
^ ^ \ ^ % 
^ -iL 

7 

@ 

fe>>e-^^^<?-a 
DOE/EA - 0254 

JT'S//^* 

United States Department of Energy 

Environmental AsMSsment 

Remedial Action 
at the Riverton 
Uranium Miii Taiiings Site 
Riverton, Wyoming 

June, 1987 DO NOT MICROFILM 
COVER 

Uranium Mill Tailings Remedial Action Project 

DI8TRIBUTI0H OF THJS DOCUMENT 18 U P - W n f i i 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



DOE/EA—0254 

DE87 011700 

ENVIRON«MTAL ASSESSMENT OF 

REttDIAL ACTION AT THE RIVERT« 
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ABSTRACT 

This docuKnt assesses and con^ares the environmental impacts of variois 
alternatives for ranedial action at the inactive Riverton uranium mil l ta i l ings 
si te 2 miles southwest of Riverton, Wyoming. The site covers 173 acres and con™ 
tains 70 acres of ta i l ings and SOUK of the original mil l structures. T i t l e I of 
the Uranium Mil l Tailings Radiation Control Act of 1978 (UMTRCA), Public Law 
95-604a authorized the U.S. Department of Energy to clean up the inactive si te 
to reduce the potential health inpacts associated with the residual radioactive 
materials remaining at the si te and at associated properties off of the s i te . 
T i t l e I I of the UMTRCA authorized the U.S. Nuclear Regulatory Commission or 
agreement state to regulate the operations of active uranium mil l sites and the 
eventual reclamation of these active s i tes. The U.S. Environmental Protection 
Agency pronulgated standards for the renedial actions (T i t le 40, Code of Federal 
Regulations, Part 192, Subparts A through E). Remedial actions at the inactive 
and active min sites must be perforiKd in accordance with these standards and 
with the concurrence of the U.S. Nuclear Regulatory Commission. The proposed 
action 1s to relocate the Riverton tai l ings and contaminated materials to Gas 
H i l l s , an area 45 to 60 road miles east of the Riverton site that contains sever­
al active (T i t le I I ) uranium mil l ta i l ings si tes. The Riverton (T i t le I ) t a i l ­
ings and contaminated materials would be consolidated with the ta i l ings at a 
selected active si te and then stabil ized in accordance with the active s i te 's 
remedial action plan to be approved by the U.S. Nuclear Regulatory Commission. 

For more information contact: 
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UMTRA Project Manager 

U.S. Department of Energy 
UMTRA Project Office 

5301 Central Avenue, N.E., Suite 1720 
Albuquerque, New Mexico 87108 
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1.0 SUMimRY 

1.1 PROJECT SUMMARY 

The inactive Riverton tailings site 1s 2 miles southwest of Riverton 
in Fremont County, Wyoming (Figure 1.1). The site Is on an alluvial ter­
race that forms the drainage divide between the Wind River and Little Wind 
River. The topography of the area consists of the Mind River basin sur™ 
rounded by relatively flat, desert range!and. Major topographic features 
are the Mind and Little Wind Rivers and the Wind River tountain Range to 
the west. 

The Riverton area has an arid to semi-arid climate with annual preci­
pitation averaging 9 inches. Vegetation consists of willows and cotton-
woods along the rivers and sagebrush and desert grasses on the rangeland. 
The dominant land uses are agriculture and livestock grazing. Riverton Is 
the closest urban center with an estimated 1983 population of 10,438, and 
the nearest residence Is 900 feet from the tailings pile. 

• The Riverton site consists of a rectangular tailings pile, part of 
the original mill structures and equipment, a potable water well with a 
punphouse and iKtal water tower, and an active sulfuric acid plant. The 
site is bordered by drainage ditches and irrigation canals. The tailings 
pile covers 70 acres and contains approximately 1 million cubic yards of 
tailings. The total volune of contaminated materials Including the tail­
ings, contaminated soils beneath and around the tailings, and other asso­
ciated materials 1s approxinately 1.5 million cubic yards. The shallow 
groind water beneath the tailings has been contaminated by natural dewater-
Ing of the tailings, and lesser contamination continues due to precipita­
tion filtering through the pile and possibly the rising of the shallow 
grojnd water Into the pile. Twenty-five vicinity properties (e.g., homes, 
comnercial sites, and vacant lots) have been identified as needing ranedi­
al action because they may have been contaminated by the use of tailings 
or crushed ore from the mill during their construction. These 25 vicinity 
properties contain an estimated 4,000 cubic yards of contaminated mate­
rials. 

The principal potential hazard associated with the tailings results 
from the production of radon, a radioactive decay product of the radium 
contained in the tailings. Radon, a radioactive gas, can diffuse through 
the tailings and be released into the atmosphere where it and its radioac­
tive decay products (radon daughters) may be inhaled by humans. If the 
concentration of radon and its decay products is high enough and the expo­
sure time long enough, health effects (i.e., cancers) may develop in per­
sons living and working near the pile. Exposure to gamma radiation, the 
inhalation of airborne radioactive particulates, the ingestion of contami­
nated food produced in the area around the tailings, and the ingestion of 
surface and ground waters contaminated by the tailings also pose potential 
hazards. If the tailings are not properly stabilized, erosion or human 
removal of the contaminated materials could spread the contamination over 
a much wider area and Increase the potential public health nazards. 

Title I of the Uranium Mill Tailings Radiation Control Act of 1978 
(UMTRCA), Public Law 95-604 (PL95-604), authorized the U.S. Department of 
Energy (DOE) to perform remedial action at the inactive Riverton tailings 
site (as well as at many other Inactive sites) to reduce the potential 
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public health inpacts from the residual radioactivity remaining in the 
tailings. Title II of the UMTRCA authorized the U.S. Nuclear Regulatory 
Commission (NRC) or agreement state to regulate the operation and eventoal 
reclamation of active uranium mill tailings sites. The U.S. Environmental 
Protection Agency (EPA) promulgated standards. Title 40, Code of Federal 
Regulations, Part 192, Subparts A through E (40 CFR Part 192, Subparts A 
through E), In March and December, 1983, for renedlal actions at the inac­
tive and active mill si tes. 

The proposed ranedial action alternative for the inactive (Title I) 
Riverton tailings site Is relocation to Gas Hills. Gas Hills is an area 
containing several, active (Title II) uranium mill tailings sites in the 
Gas Hills Uranium Mining District 45 to 60 road miles east of the Riverton 
site (Figure 1.1). Uranium mining and milling have occurred extensively 
in the Gas Hills District, but the land 1s also used for low-density live­
stock grazing. The district is sparsely populated with the closest urban 
center being Jeffrey City approximately 30 miles to the south. A specific 
site in Gas Hills has not yet been aetermined but would be selected by com­
petitive bidding from owners and operators of active mill sites in the Gas 
Hills District. All of the tailings and contaminated materials would be 
moved from the Riverton site to the selected active site and then stabi­
lized in accordance with the EPA standards for active sites (40 CFR Part 
192, Subparts D and E) and a remedial action plan prepared by the ower 
and oprator of the site and to be approved by the NRC. The Riverton site 
would be backfilled with uncontamlnated soil to a level conpatible with 
the surrcwnding terrain, recontoured to promote surface drainage, revege-
tated as necessary, and released for use consistent with existing land use 
controls. 

Trie no action alternative would consist of taking no remedial action 
at the Riverton tailings site and vicinity properties. The tailings would 
remain in their present location and condition and would continue to be 
susceptible to erosion and unauthorized removal and use by man. The ta i l ­
ings and contaminated materials at the vicinity properties would not be 
cleaned up and would continue to pose potential public health hazards. 
This alternative would not be consistent with the UMTRCA (PL95-604) and 
would not result 1n the Riverton si te 's conpliance with the EPA standards 
(40 CFR Part 192, Subparts A, B, and C). 

Stabilization in place would involve consolidating all of the tai l ­
ings and other contaminated materials with the existing tailings pile. The 
pile would be recontojred to have 20 percent sides!opes (fa horizontal to 1 
vertical) and a slightly convex top. The pile would then be covered with 
6 feet of comipacted earth to inhibit radon emanation and water infiltra­
tion and to assure conp!lance with the EPA standards. Tne top and sides 
of the pile would be covered with 1-foot and 2-foot thick layers of graded 
rock, respectively, to protect the pile against erosion, penetration by 
animals, and inadvertent human intrusion. A tapered, riprap (rock) apron 
5 feet thick and 32 feet wide would be placed around the base of the stabi­
lized pile to protect i t against erosion resulting from flooding and river 
meanaer. Tne top of the stabilized pile would be approximately 27 feet 
above the surrounding terrain. The ground surroinding trie stabilized pile 
woula be graded to divert surface runoff around and away from the pile. 
All areas disturbed by ranedial action at the tailings site would be back-
fillea with uncontarainated soil to a level conpatible with the surrounding 
terrain, recontoured to promote surface drainage, revegetated as neces­
sary, and released for use consistent with existing land use controls. 
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Disposal at the Dry Cneyenne alternate aisposal s i te would Involve 
moving all of the tail ings and contaminated materials to Federal land 15 
roaa miles east of the tailings site (Figure 1.1). This land is admini­
stered by the Bureau of Land Manageirent and is used primarily for low-den­
sity livestock grazing. The s i te is approximately 4 miles from the near­
est residence. The tail ings and contaminated materials would be consoli­
dated in a partially below-grade pile and covered with conpacted earth and 
graded rock similar to stabilization in place. The top of the stabilized 
pile would be an average of 30 to 35 feet above the surrounding terra in . 
The Riverton tailings si te would be backfilled witn uncontamlnated soil to 
a level compatible with the surrounding terrain, recontojred to promote 
surface drainage, revegetated as necessary, and released for use consis­
tent with existing land use controls. 

All of the remedial action alternatives except no action Include rane­
dial action at the estimated 25 off-site vicinity properties. 

1.2 IWACT SUMMARY 

The environmental inpacts presented In this section (Table 1.1) ana 
elsewhere in this envlronnental assessment (EA) are based on conservative 
assunptlons and inpact assessment procedures and thereby represent a real­
i s t i c upper limit on the severity of the Impacts that may occur. The 
actual lnpacts that would occur would probably be less severe than those 
Identified In tnis EA. The environmental inpacts presented In this EA are 
also based on continuous remedial action schedules ( I . e . , reiKdial action 
would be conducted throughout tne year). In rea l i ty . Inclement weather 
during the winter months would prAably necessitate the cessation of rane­
dial action, and the associated Inpacts would cease or decrease according­
ly. Section 4.0 and the appendices to this EA contain descriptions of the 
impacts assessment assumptions and proc^ures. 

The proposed reiredlal action for the inactive (Title I) Riverton t a i l ­
ings si te Is relocation to Gas Hills. Gas Hills is an area containing 
several active (Title II) uranium mill tailings si tes in the Gas Hills 
Uranium Mining Distr ict , but a specific si te in Gas Hills has not yet been 
determined. A specific si te would be selected by conpetltive bidding from 
owners and operators of active tailings sites In the Gas Hills Distr ic t . 

For tne in^acts analyses in this EA, i t was assuned that the selected 
active tail ings si te in Gas Hills is 45 to 60 miles east of the Riverton 
s i t e . Therefore, the Inpacts Identified for relocation to Gas Hills are 
conservative and represent a real is t ic upper limit on the severity of the 
impacts that may occur. I t should be notea that the inpacts Identified 
for relocation to Gas Hills are the inpacts of renedlal action at the 
Riverton site and, when appropriate, the inpacts along the transportation 
route to the Gas Hills selected site ( I . e . , iinjacts on gamma radiation 
levels, air quality, surface water, noise levels, traffic volunes, and 
traffic accident injuries and f a t a l i t i e s ) . 

Trie remedial action at the active (Title II) tail ings si te would be 
consistent with the EPA standards for active sites (40 CFR Part 192, Sub­
parts D and E) and would be performed in accordance with a remedial action 
plan prepared by the ower and operator of the si te and to be approved by 
the NRC. The generic inpacts of the EPA standards were addressed in an 
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Table 1.1 Environmental impacts of the proposed action, 
relocation to Gas Hills 

Environmental 
component 

Environmental 
inpacts 

Remedial action 
worker health a 

Public health*^'' 

Air quality (nop-
raaiological) 

Soils" 

Mineral resources 

Water resources 

Vegetation 

Wildlife 

Threatened and 
endangered species 

Land use 

Noise 

Aesthetic resources 

Archaeological and .c 
historic resources 

Population 

0.009 fatal cancers; 28,1 injuries (from equipnent use 
only). 

0.03 fatal cancers during 2.6 years of remedial action. 

Maximum 24-hour TSP concentrations at the Riverton 
tailings si te (172 2niicrog/m ) and Little Wind borrow 
si te (183 ra1crog/ra ) tenporarily exceed Federal sec­
ondary and State of Wyoming 24-hour TSP standards; pos­
sible temporary exceedances of Federal annual TSP stan­
dards at these s i t e s . 

118 acres of soils lost; 172 acres of soils temporari­
ly disturbed. 

Consunption of 438,000 cubic yards of borrow materials 
(earth and gravel). 

No contamination of surface water in the vicinity of 
the Riverton tailings s i te ; gradual, natural cleansing 
of shallow, alluvial ground water at the Riverton t a i l ­
ings site with existing concentrations of contaminants 
being reduced to background concentrations in approxi­
mately 45 years. 

360 acres of vegetation temporarily disturbed. 

360 acres of habitat temporarily disturbed. 

No impacts at the Riverton tailings s i te ; potential im­
pacts at the Lit t le Wind borrow s i t e . 

Release of the Riverton site for use consistent with 
existing land use controls. 

Maxieum noise level of 68 decibels at the nearest res i ­
dence during the aay; maximum noise level of 84 deci­
bels along the transportation route during truck haul­
age; annoyance but no adverse hearing inpacts. 

Tailings pile removed from Riverton. 

Potential impacts at the Riverton tailings si te and 
Litt le Wind borrow s i t e . 

Short-term Increase of up to 19 persons; negligible 
increase 1n the local population. 
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Table 1.1 Environmental iif>acts of the proposed action, 
relocation to Gas Hills (Continued) 

Environmental 
conponent 

Env1ronraental 
Impacts 

Enploynent 

Social services 

Transportation networks 

Energy resources 

Water consumption^ 

Construction costs 
(1987 dollars)" 

Average enploynent of 70 persons for 31 months; peak 
employnent of 93 persons for 1 year; Indirect enploy-
ment of up to 74 persons. 

No inpacts on local social services. 

Maxlnum of 950 t r ips per day on Wyoming State Highways 
135 and 136 (each are two-lane, lightly travelled); 
0.52 traffic accident fa ta l i t i es ; 9.29 traffic accident 
injuries. 

Consumption of 2,082,000 gallons of fuel and 415,000 
kilowatt-hours of e lectr ic i ty . 

5,580,000 gallons. 

$21,161,000. 

The estlraatea health inpacts of relocation to Gas Hills do not include the 
health impacts during remedial action at the selected active uranium mill tail­
ings site in Gas Hills. The health impacts at the selected active site in Gas 
Hills would be assessed by the NRC for its compliance with the National Environ-
lental Policy Act, Public Law 91-190. 

^Public health inpacts were calculated for a constant population which in­
cludes the workers at the active sulfuric acid plant at the Riverton tailings 
site (see Section 4.1.4). The public nealth inpacts for the no action alterna­
tive were calculated to be 0.2 fatal cancers in the first 10 years and 20 fatal 
cancers in 1,000 years. These inpacts were calculated assuming that the tail­
ings would not be dispersed in the future by natural erosion or man because 
there 1s no way to accurately predict the level or rate of dispersion. Without 
remedial action, dispersion would occur over tine, and the actual health im­
pacts for the no action alternative might be greater than those calculated. 

c 3 
TSP - total suspended particulates; microg/m - micrograms per cubic neter. 
The existing tailings pile would contribute suspended particulates to the ai*i-
ent atmosphere due to dispersion of the tailings by winds. Tnis contribution 
of particulates was not quantified but would be somewhat greater than that from 
undisturbed rangeland due to the sparse vegetative cover on the existing tail­
ings pile (see Section 4.2). Remedial action would result 1n nitrogen oxide 
and carbon monoxide emissions that would exceed the EPA significance levels of 
40 and 100 tons per year, respectively; iiowever, the prevention of significant 
deterioration regulations (40 CFR Part 51) do not apply to tenporary emissions 
sources such as those in the remedial action. 
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Table 1.1 Environmental inpacts of the proposed action, 
relocation to Gas Hills (Concluded) 

For impacts assessment purposes, all contaminated soi ls , except those beneath 
the existing tailings p i le , that are consolidated and stabilized with the t a i l ­
ings are lost . Soils tinat are stockpiled and then replaced or used to restore 
a disturbed area are teiiporarily disturbed. 

No threatened and endangered species are know to be present at the Riverton 
tail ings s i t e . Tnere is a possibility for the occurrence of prairie dog towns, 
and hence the presence of the endangered black-footed ferret, at the Little 
Wind borrow s i t e . Prior to remedial action, a site-specific survey of the 
Lit t le Wind borrow si te would be conducted to verify the presence or absence of 
trie black-footed ferret (see Section 4.6). 

f A Class III cultural resource survey of the Riverton tailings site identified 
a concentration of historic homestead materials near the s i t e , and additional 
data are required to determine the e l ig ibi l i ty to the National Register of His­
toric Places for this concentration. If this concentration is determined to be 
eligible and would be affa ted by remedial action, a data collection program 
would be developai and implemented. A Class III survey was not conducted at 
tne Lit t le Wina borrow s i t e . Prior to remedial action, a Class III survey of 
the borrow si te to be affected would be conducted to determine the presence or 
absence of archaeological or historic resources at the site (see Section 
4.9.2) . 

^The gallons of water consunred are only those used for remedial action activi­
t ies such as dust control. These amounts do not include the water consumed by 
in-migrant reiredial action workers and tneir families. Peak in-migrant water 
consunptlon is estimated to be 1,900 gallons per day for 1 year for relocation 
to Gas Hills (see Sections 4.11 and 4.14). 

These construction costs do not Include the remedial action cost for the es t i ­
mated 25 off-site vicinity properties. 
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environnental inpact statement published by the EPA (EPA 520/1-83-008-1 
and 2). Tne short- and long-term impacts of reiredial action at the active 
site would be assessed by the NRC for its compliance with the National 
Environmental Policy Act (NEPA), Public Law 91-190. It should be notea 
that the Riverton tailings and contaminated materials (1.5 million cubic 
yards) are only 31 percent of the smallest active tailings pile (4.8 mil­
lion cubic yards) in Gas Hills that could be selected as the final dispos­
al si te. 

The borrow sites included in this EA were selected as the sources of 
the necessary borrow materials for inpacts analyses purposes. Although 
the borrow sites to be used for the remedial action will be selected dur­
ing the final design, the inpacts identified for the borrow sites included 
in this EA are conservative and represent a realistic upper limit on tne 
severity of the inpacts that may occur. All of the renedlal action alter­
natives except no action include reiredial action at the estimated 25 off-
slte vicinity properties; however, only those inpacts of reirealal action 
at the vicinity properties that make an appreciile contribution to the 
impacts of the overall remedial action are included in this EA (e.g., 
excess health effects to the general public and renedlal action workers 
and inpacts on soils). The inpacts of renedlal action at the vicinity pro­
perties were previously assessed by the DOE in a programmatic environment­
al report (UMTRA-DOE/AL-150327.0000). 

Relocation to Gas Hills - the proposed action 

Inplementation of this alternative would reduce the radiological haz­
ards of the inactive (Title I) Riverton tailings site to a level consis­
tent with the EPA standards for the cleanup of open lands and habitable 
buildings. The tailings and contaminated materials would be removed from 
the vicinity of the city of Riverton in accordance with a renedlal action 
plan prepared by the DOE and stabilized at an active (Title II) mill site 
in Gas Hills in accordance with a renedlal action plan prepared by the 
owner and operator of tne active site. Both renedlal action plans would 
be consistent with the EPA standards for inactive and active sites (40 CFR 
Part 192, Subparts B through E) and would be approved by the NRC. Tne 
Riverton site would be released for use consistent with existing land use 
controls. 

The shallow, alluvial ground water beneath and southeast of the River­
ton tailings pile has been contaminated primarily by percolating leachate 
generated by the natural dewatering of the tailings during and imnediately 
after the uranium milling. Lesser but continuing contamination 1s due to 
precipitation filtering through the tailings pile and possibly the rislny 
of the shallow ground water into the pile. This contamination does not 
pose a public health hazard, ana the natural flow of the shallow grouno 
water toward the Little Wind River dissipates the contamination. Reloca­
tion of the tailings and contaminated materials to Gas Hills would remove 
the source of any future contamination, and the natural flow and discharge 
of the shallow ground water into the Little Wind River would reduce tne 
existing concentrations of contaminants to background levels in approxi­
mately 45 years. At this tine, aquifer restoration would not be a cost-
effective ireans of controlling or cleaning up the ground-water contamina­
tion at the Riverton site. 

When the EPA issues revisions to the water protection standards (40 
CFR Part 192.20(a)(2)-(3)) that were remanded by the U.S. Tenth Circuit 
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Court of Appeals, the DOE will re-evaluate the ground-water issues at the 
Riverton site to assure that the revised standards are net. Performing 
reriKdial action to relocate the tailings prior to the EPA issuing new stan­
dards will not affect the neasures that are ultimately required to reet 
the revised EPA water protection standards. The DOE has characterized the 
conditions at the Riverton site and does not anticipate that any substan­
tial changes to the reiredial action would be necessary. However, after 
the EPA re-issues the water protection standards, the DOE will determine 
the need for institutional controls, aquifer restoration, or other con­
trols and will take appropriate action so as to conply with the re-issued 
standards. 

No action alternative 

Selection of the no action alternative would not be consistent with 
the Intent of Congress in the UMTRCA (PL95-604) and would not result in 
the Riverton s i t e ' s compliance with the EPA standards (40 CFR Part 192, 
Subparts A, B, and C). In Title I of the UMTRCA, the U.S. Congress autho­
rized the DOE to perform remedial action at the inactive Riverton site con­
sistent with the standards developed by the EPA. The Riverton site would 
not fleet the EPA standards without remedial action. 

Tnis alternative would result in the continued dispersion of the t a i l ­
ings over a wide area by water and wind erosion. The shallow groind water 
would continue to be contaminated. Ttie tailings would not be protected 
against unauthorized removal by humans. Continued dispersion and unauthor­
ized removal and use of the tailings could cause radiological contamina­
tion of other areas and could result in greater public health inpacts than 
those calculated for this alternative. 

Stabilization In place alternative 

The mjor environmental inpacts of the stabilization in place al ter­
native would be: 

0 The stabilized tailings and contaminated materials would remain 2 
miles southwest of the city of Riverton, and 80 acres of land 
would be subject to restricted use. 

0 In terms of restricted access and foreseeable future land uses, 
the Riverton tailings site would be more valuable than the select­
ed active mill s i te in Gas Hills. 

0 The stabilization in place alternative would result in 2 estimated 
excess fatal cancers over the next 1,000 years. 

0 Stabilization in place would result in tenporary exceedances of 
Federal secondary and State of Wyoming 24-hour TSP standards. 

0 Stabilization in place would result in the consunption of approxi­
mately 1 million cubic yards of mineral resources and 22 million 
gallons of water. 

0 Stabilization in place would substantially decrease the generation 
and migration of contamination from the tailings pi le , and the 
natural movement and discharge of the unconfined ground water into 
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the Lit t le Wind River would reduce the existing concentrations of 
contaminants to background levels in approximately 65 years. 

0 The construction costs of the stabilization in place alternative 
(excluding the cost of reiiedial action at the vicinity properties) 
would be approximately $10 million. 

Dry Cheyenne disposal alternative 

The major environnental inpacts of the Dry Cheyenne disposal alterna­
tive would be: 

0 The Dry Cheyenne alternative would result in 0,03 estimated excess 
fatal cancers over the next 1,000 years. 

0 The Dry Cheyenne alternative would result in temporary exceedances 
of Federal secondary and State of Wyoming 24-hour TSP standards. 

0 Disposal at the Dry Cheyenne site would result in a maxlnum of 762 
tr ips per day on Wyoming State Highways 135 and 136. 

0 The Dry Cheyenne alternative would result in the consunption of 
approximately 1 million cubic yards of mineral resources and 35 
million gallons of water. 

0 Relocation of the tail ings and contaminated materials to the Dry 
Cheyenne si te would remove the source of any future ground-water 
contamination, and the natural flow and discharge of the shallow 
ground water Into the Lit t le Wind River would reduce the existing 
concentrations of contaminants to background levels in approximate­
ly 45 years. 

0 Tne construction costs of the Dry Cheyenne alternative (excluding 
the cost of remedial action at the vicinity properties) would be 
approximately 119 million. 
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2.0 REMEDIAL ACTION ALTERNATIVES 

2.1 THE NEED FOR REMEDIAL ACTION 

2.1.1 Background 

In response to public concern over the potential public 
health hazard related to uranium mill tailings and the associated 
contaminated materials left abandoned or otherwise uncontrolled at 
inactive processing sites throughout the United States, Congress 
passed the Uranium Mill Tailings Radiation Control Act of 1978 
(UMTRCA), Public Law 95-604, which was enacted into law on 
November 8, 1978. In the UMTRCA, Congress found that uranium mill 
tailings located at inactive mill sites may pose a potential 
health hazard to the public and identified 24 sites that were in 
need of remedial action. The Riverton tailings site is one of 
these s i t e s . 

Title I of the UMTRCA authorized the U.S. Department of 
Energy (DOE) to enter into cooperative agreenents with affected 
states or Indian tribes to clean up those inactive sites contami­
nated with uranium mill tailings and required the Secretary of the 
DOE to designate sites to be cleaned up. On Decenfcer 23, 1983, 
the DOE and the State of Wyoming entered into a cooperative agree­
ment under Title I of the UMTRCA. Tne cooperative agreenent set 
forth the terms and conditions for the DOE and Wyoming cooperative 
remedial action efforts including the DOE's development of a reme­
dial action plan (concurred in by Wyoming), the DOE's preparation 
of an appropriate environnental aocunent, real estate responsibili­
t i e s , and other concerns. 

All remedial actions perfomed under Title I of the UMTRCA 
must be conpleted in accordance with the U.S. Environmental Pro­
tection Agency (EPA) standards discussed below and with the concur­
rence of the U.S. Nuclear Regulatory Commission (NRC). The NRC 
has not and does not intend to issue regulations applicable to the 
Title I renedlal actions at the inactive uranium mill tailings 
si tes but will issue licenses for the long-term surveillance and 
maintenance (including monitoring) of the disposal sites after the 
remedial actions are conplete. Tiiese licenses may require the DOE 
or other Federal agency having custody of the sites to perform 
such surveillance, maintenance, and contingency neasures as neces­
sary to ensure that the sites continue to function as designed. 

Title II of the UMTRCA authorized the NRC or agreement state 
to regulate tne operation of active uranium mil! tailings s i t es . 
An agreement state is a state that regulates the active mill si tes 
within i t s boundaries in accordance with NRC regulations through a 
cooperative agreement with the NRC. Following the cessation of 
milling, remedial actions at the active mill sites are the respon­
s ib i l i t i e s of the mill owners and o|»rators pursuant to a renedlal 
action plan approved by the NRC or agreement s ta te . Within the 
Gas Hills area are several active (Title II) uranium mill s i tes 
whose renedlal action plans will be subject to approval, or have 
been conditionally approved, by tne NRC. 
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The UMTRCA also required the EPA to promulgate standards, 
Title 40, Code of Federal Regulations, Part 192, Subparts A 
through E (40 CFR Part 192, Subparts A through E), for remedial 
actions at the inactive (Title I) and active (Title II) uranium 
mill tailings sites. The EPA published environmental impact state­
ments (EIS) on the development and impacts of the standards (EPA, 
1983; 1982). Final standards for the active sites (40 CFR Part 
192, Subparts D and E) were issued in Volume 48, Federal Register, 
pages 45926 through 45947 (48 FR 45926-45947), and became 
effective on December 6, 1983; final standards for the inactive 
sites (40 CFR Part 192, Subparts A, B, and C) were issued in 
Volume 48, Federal Register, pages 590 through 604 (48 FR 
590-604), and became effective on March 3, 1983. In developing 
these standards, EPA determined "that the primary objective for 
control of tailings should be isolation and stabilization to 
prevent their misuse by man and dispersal by natural forces" and 
that "a secondary objective should be to reduce the radon 
emissions from the piles." A third objective should be "the 
elimination of significant exposure to gamma radiation from 
tailings piles." Detailed discussions of the EPA standards as 
they pertain to the inactive tailings sites are provided in 
various DOE documents (DOE, 1986; 1985a, b; 1984a, b). 

The EPA standards are essentially the same for the Inactive 
(Title I) and active (Title II) uranium mill tailings sites except 
that the water protection standards for the active sites are, by 
design, fundamentally different than those for the inactive sites. 
The EPA water protection standards for active sites are clearly 
intended to be applied to "regulated units" that are in operation 
and require specific design features for water protection (e.g., 
leak prevention and detection features) (DOE, 1987a). 

On September 3, 1985, the United States Tenth Circuit Court 
of Appeals set aside the EPA water protection standards for the 
Title I, Uranium Mill Tailings Remedial Action (UMTRA) Project 
sites, 40 CFR Part 192.20(a)(2)-(3). The water protection stan­
dards were remanded to the EPA for further consideration in light 
of the Court's opinion that the water standards promulgated by the 
EPA on March 7, 1983, were site specific rather than of general 
application as required by the legislation. The EPA has not identi­
fied a date for re-Issuance of 40 CFR Part 192.20(a) (2)-( 3), and 
it is anticipated that such re-issuance will not occur until after 
remedial action has been Initiated at the Riverton tailings site. 

At inactive (Title I) uranium mill tailings sites (e.g., 
Riverton, Wyoming), the EPA standards require characterization of 
the hydrogeologic regime at and around each site. These standards 
state that "Judgements on the possible need for remedial or protec­
tive actions for ground-water aquifers should be guided by rele­
vant considerations described in EPA's hazardous waste management 
system (47 FR 32274, July 26, 1982) and by relevant State and 
Federal Mater Quality Criteria for anticipated or existing uses of 
water over the term of the stabilization." Until the EPA issues 
revisions to the water protection standards, the DOE will continue 
to guided by these relevant considerations and criteria. When the 
EPA issues revisions to the water protection standards, the DOE 
will re-evaluate the ground-water issues at the Riverton site to 
assure that the revised standards are met. Performing remedial 
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action to relocate the tailings to Gas Hills prior to the EPA issu­
ing new standards will not aff«t the ireasures that are ultimately 
required to meet the revised EPA water protection standards. The 
DOE has characterized the conditions at the Riverton site and does 
not anticipate that any substantial changes to the remedial action 
would be required. However, after the EPA re-issues the water pro­
tection standards, the DOE wil! determine the need for institution­
al controls, aquifer restoration, or other controls and will tAe 
appropriate action so as to conply with the reissued standards. 

The remedial action process 

The remedial action process for the Riverton tailings site 
began with site characterization and will conclude with conpletlon 
of the rewKdial action. Preliminary radiological Investigations 
and engineering assessments have been conpleted and published. 
Related studies that address the site-specific engineering con­
cepts have been prepared. 

The Riverton tailings site 

The Riverton tailings site is in Fremont County, Wyanlng, 2 
miles southwest of the city of Riverton (Figures 2.1 and 2.2). 
The site Is on private land that is within the boundaries of the 
Wind River Indian Reservation (Arapahoe and Snoshone Indian 
Tribes). 

The tailings site is on alluvial deposits that form the drain­
age divide between the M1nd River to the north and the Little Mind 
River to the south. Tne confluence of ttie rivers Is 2.5 miles 
east of the si te. The clInBte of the area is arid to semi-arid 
with average annual precipitation of 9 inches. Vegetation con­
sists of species common to the river valleys (e.g., willow, cotton-
wood, and grasses) and the surrounding desert shrub!and (e.g., 
sagebrush, grasses, and forts). 

The former Susquehanna-Western mill was operated at the River­
ton site from 1958 until 1963. Remaining at the site are the ta i l ­
ings pile, part of the original mill building, sone of the asso­
ciated mill structures and equipment (scale and wash houses and 
process bins), a potable water well with a pump house and netal 
water tower, and an active sulfuric acid plant. The site Is bor­
dered by drainage ditches and irrigation canals (Figure 2.2). 

Tailings are the residue of the uranium ore processing opera­
tions and are in the form of finely graind rock, nwch like sand. 
The rectangular tailings pile 1n the southern half of the site 
covers 70 acres of the 173-acre designated site and contains 
approximately 1 minion cubic yaras of tailings. The total amount 
of contaminated materials. Including the tailings, soils beneath 
and arojnd the tailings, and materials at 25 vicinity properties 
(off-site locations contaminated with tailings), is estimated to 
be 1.5 million cubic yards. The shallow ground water beneath the 
pile has been contaminated by natural dewatering of the tailings. 
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and lesser contamination continues due to precipitation f i l ter ing 
through the pile and possibly the rising of the shallow ground 
water into the p i le . 

The principal potential hazard associated with the tai l ings 
pile results from the production of radon, a radioactive gas, from 
the radioactive decay of the radium contained within the t a i l ings . 
Radon can move through the tailings into the a i r . Increased expo­
sure to radon and i t s decay products will increase the prAabi l i ty 
that health effects ( i . e . , cancers) may develop in persons living 
and working near the ta i l ings . 

Exposure to garaw radiation, the inhalation and ingestion of 
airborne radioactive particulates, the Ingestion of surface or 
ground water contaminated by the ta i l ings , and the ingestion of 
contaminated food produced in the area around the tai l ings also 
pose potential hazards. If the tailings and the associated conta­
minated materials are not properly stabilized, natural processes 
such as water and wind erosion or removal of the material by man 
could spread the contamination and increase the potential public 
health hazards. 

2.1.4 The purpose of this document 

This environmental assessment (EA) is prepared pursuant to 
the National Environmental Policy Act (NEPA), Public Law 91-190, 
which requires Federal agencies to assess the inpacts that their 
actions may have on the environment. This EA examines the short-
term and long-term effects of the proposed remedial action for the 
Riverton tail ings s i t e . Alternatives to the proposed action are 
also examined. 

The information and analyses presented here will be used to 
determine whetner the proposed action would have a significant 
Impact on the environment. If tlie impacts are determined to be 
significant, an "environmental inpact statement" (EIS) will be 
preparal. If the' inpacts are not judged to be" significant, an 
official "Finding of No Significant Inpact" (FmSI) will be Issued 
and the proposed action will be inplenented. Tnese procedures and 
docunents are defined in regulations Issued by the Council on 
EnvironiKntal Quality (CEQ) in 40 CFR Parts 1500 through 1508. 

Section 2.0 of this EA describes the proposed action, reloca­
tion to Gas Hil ls , and the alternatives to i t . Gas Hills i s an 
area containing several active (Title II) uranium mills, one of 
which would be selected through the Federal procurement process 
for disposal of the Riverton (Title I) tail ings and contaminated 
materials. Prior to relocation to Gas Hills, the NRC would 
approve a renedial action plan (developed by the active mill owner 
and operator) for reclamation of the selected active s i te and the 
Title I inactive wastes. In addition, the DOE has prepared a rene­
dlal action plan that addresses relocation of the inactive wastes 
and restoration of the Riverton site (DOE, 1987b). Following rerre-
d1al action, the NRC would issue a license for the long-terra sur­
veillance and maintenance of the selected s i t e . 
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The remedial action at the selected active site in Gas Hills 
would be consistent with the EPA standards for active si tes (40 
CFR Part 192, Subparts D and E), and the generic inpacts of these 
standards were addressed in an EIS published by the EPA (EPA, 
1983). The NRC would conply with the NEPA by preparing an environ­
mental docurrent that assesses the short- and long-term inpacts of 
the remedial action at the selected active site (Pett ingil l , 
1987). Therefore, this EA does not contain descriptions of the 
present condition of the environment or the reiredial action 
impacts at Gas Hills. For the proposed action, relocation to Gas 
Hil ls , this EA provides descriptions of the present condition of 
the environment and the reiredial action impacts at the Riverton 
tail ings si te and along the transportation route to Gas Hills. 

Section 3.0 of this EA discusses the present condition of the 
environirent; Section 4.0 assesses the environmental inpacts of the 
proposed action and other alternatives. This EA does not contain 
all of the details of the studies on which i t Is based. The 
aetails are contained in the appendices at the end of this EA and 
in the referenced supporting docunents. 

In summary, remedial action at the Riverton site is needed to 
minimize or eliminate the potential health hazards produced by the 
radioactive materials in the tailings pile and associated off-site 
materials. Tne U.S. Congress has mandated that renedlal action be 
performed, and the EPA has issued standards applicable to such 
actions. 

2.2 THE PROPOSED ACTION - RELOCATION TO GAS HILLS 

The proposed action for the inactive (Title I) Riverton tailings site 
is relocation to Gas Hills 45 to 60 road miles east of the Riverton site 
(Figure 2.1). The Gas Hills area contains several active (Title II) urani­
um mill tail ings sites in the Gas Hills Uranium Mining District . Uranium 
mining and milling have occurred extensively in the d is t r ic t , but the land 
is also us«l for low-density livestock grazing, Tne dis t r ic t is sparsely 
populated, and the closest urban center is Jeffrey City approximately 30 
miles to the south. Ttie tailings and contaminated materials would be 
moved from ttie Riverton si te and vicinity properties, consolidated with 
the tail ings at the selected active mill si te in Gas Hills, and then stabi­
lized. Remedial action at the selected active site would be consistent 
with the EPA standards for active sites (40 CFR Part 192, Subparts D and 
E) and would be conducted in accordance with a remedial action plan to be 
prepared by the active mill owner and o|»rator for approval by the NRC. 
The Riverton tail ings site would be backfilled with uncontamlnated soil to 
a level conpatible with the surrounding terrain, recontojred to promote 
surface drainage, revegetated as necessary, and released for use consis­
tent with existing land use controls. 

The conceptual design for relocation to Gas Hills was developed to 
comply with the EPA standards for the cleanup of open lands and habitable 
buildings and the major aesign features are summarized below. Details of 
the conceptual design are provided in Section A.2 of Appendix A, Concep­
tual Designs, and in the remedial action plan for relocation to Gas Hills 
(DOE, 1987b). 
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Design objectives 

The purpose of a l l remedial actions under the UMTRCA (Tit les I and 
I I ) is to stabi l ize and control the uranium mi l l ta i l ings and associated 
contaminated materials in a manner that conplies with the EPA standards. 
Consistent witn the EPA standards applicable to relocation and with renK-
dial action objectives^ the following major design objectives were estab­
l ished: 

0 Reduce contaminant levels of radium-22fa CRa-Z26| in areas released 
for unrestricted use to 5 picocuries per gram CpC1/g) averaged In 
the f i r s t 15 centireters fciii) of soil below the surface, and 15 
pCi/g averaged In 15-cm-th1ck layers of soi l more than 15 era below 
the surface. 

0 Make a reasonable e f for t to acnieve. In any occupied or habitable 
buildings an annual average for equivalent) radon decay product 
concentration (including background) not to exceed 0.02 working 
level fWL). In any case^ the radon decay product concentration 
(including background) shall not exceed 0.03 WL, and the level of 
ganma radiation shall not exceed the backgraind level by more than 
20 raicroroentgens per hour (microR/hr). 

0 Protect against releases of contaminants from the Riverton si te 
during construction. 

0 Minimize the areas disturbed at the Riverton site during construc­
t ion and minimize human exposure to contaminated materials. 

0 Ensures to the extent practicable^ that existing or anticipated 
beneficial uses of surface and ground waters at the Riverton s i te 
are not adversely affected. 

Major construction act iv i t ies 

For relocation to Gas H i l l s , ttie major construction act iv i t ies at the 
Riverton ta i l ings si te would be: 

Site preparation 

0 Grubbing and clearing (as necessary), erection of a temporary secu­
r i t y fences and construction of an o f f -s i te staging area and on-
si te access roads. 

0 Demolition of the mi l l building and wash house at the s i te . 

0 Construction of a waste-water retention pond according to applic­
able regulations (Appendix G, Permits, Licenses^ and Approvals) to 
protect against the release of contaminants from the si te during 
construction. 

0 Construction of arainage control neasures according to applicable 
regulations (Appendix G, Permits^ Licenses^ and Approvals) to 
direct a l l generated waste-water and storm-water runoff to the 
retention pond during construction. 
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0 Installation of measures to control erosion from all disturbed 
areas during remedial action. 

0 Decontamination of the scale and punp houses at the site. 

Tailings relocation 

0 Consolidation of contaminated materials from the windblown areas 
and vicinity properties onto the tailings site. 

0 Excavation of all tailings and contaminated materials from the 
tailings site and relocation of all of the materials (including 
demolition debris) by truck to Gas Hills. 

Borrow materials 

0 Excavation of the earthen borrow materials required for site resto­
ration from the Little Wind borrow site (Figure 2.3). 

Site restoration 

0 Backfilling^ recontojring to promote surface drainage^ and revege-
tation (as necessary) of all areas disturbed at the Riverton site 
during remedial action. 

0 Reclamation of the Little Wind borrow site according to applicable 
regulations (Appendix G, Permits, Licenses, and Approvals). 

It Is estimated that relocation to Gas Hills would be conpleted in 31 
months. 

Description of final condition 

The Riverton tailings and contaminated materials would be relocated 
to an active (Title II) uranium mill tailings site in Gas Hills to be sta­
bilized In accordance with a renedial action plan prepared by the owner 
and operator of the active site and to be approved by the NRG. After 
decontamination of the Riverton tailings site, the disturbed areas at the 
site (153 acres) would be backfilled with uncontaminated soil to a level 
conpatible with the surrounaing terrain^ recontoured to promote surface 
drainage, and revegetated as necessary. Tne Riverton site (173 acres) 
would then be released for use consistent with existing land use controls. 

Radon control and long-term stability 

Control of radon emanation from the Riverton tailings site would be 
accomplished by relocating all of the tailings ana contaminated materials 
to Gas Hills. 
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Ground-water protection 

The shallow ground water beneath and southeast of the tailings pile 
has been contaminated primarily by percolating leachate generated by the 
natural dewatering of the tailings during and imnediately after the urani­
um milling. Lesser but continuing contamination is due to precipitation 
fi l tering through the tailings pile and possibly to tne rising of the shal­
low ground water into the pi le . Relocation of the tailings and contami­
nated materials to Gas Hills would remove the source of any future ground­
water contamination at the Riverton s i t e , and the natural flow and dis­
charge of the shallow ground water into the Litt le Wind River would reduce 
the existing concentrations of the contaminants to background levels In 
approximately 45 years. At this t ine , aquifer restoration would not be a 
cost-effective reans of controlling or cleaning up the ground-water conta­
mination at the Riverton si te (Section C.2.6 of Appendix Cj Water). 

When the EPA issues revisions to the water protection standards (40 
CFR Part 192.20 (a)(2)-(3)) that were remanded by the U.S. Tenth Circuit 
Court of Appeals, the DOE will re-evaluate the ground-water issues at the 
Riverton site to assure that the revised standards are net. Performing 
renedial action to relocate the tailings prior to the EPA issuing new stan­
dards will not affect the measures that are ultimately required to meet 
the revised EPA water protection standards. The DOE has characterized the 
conditions at the Riverton si te and does not anticipate that any substan­
t ia l changes to the renedial action would be required. However, after the 
EPA re-issues the water protection stwdards, the DOE will determine the 
need for institutional controls, aquifer restoration, or other controls 
and will take appropriate action so as to comply with the re-issued stan­
dards. 

Construction estimates 

Estimates of equipment and personnel requirements, energy and water 
consumption, volunes of materials, construction costs, and the renEdial 
action schedule for relocation to Gas Hills are provided in Sections A.2 
and A.5 of Appendix A, Conceptual Designs. 

2.3 OTHER ALTERNATIVES 

The alternatives to the proposed action^ no action^ stabilization in 
place at the Riverton tail ings site^ and disposal of the tailings at the 
Dry Cheyenne s i t e , are discussed here. Tne alternate disposal si te (Dry 
Cneyenne) was selected through the si te selection process discussed in 
Section 2.6. Figure 2,1 shows the location of this alternate disposal 
s i t e . 

The design objectives for the stabilization in place and Dry Cheyenne 
disposal alternatives are identical to those objectives selected for the 
proposed action and also include the following objectives for the disposal 
s i t e : 

0 Reduce the average radon flux fî om the site to 20 pIcoCuries per 
square ireter per second (pCi/m s) or 0.5 pIcoCuries per l i t e r 
(pCi/1) above background outside the disposal s i t e . 
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0 Design controls to remain effective for up to 1^000 years, to the 
extent reasonably achievable, and, in any case, for at least 200 
years. 

0 Minimize the land area to be occupied by the stabilized ta i l ings . 

0 Prevent inadvertent human intrusion into the stabilized ta i l ings . 

0 Minimize plant root penetration and burrowing by animals Into the 
stabilized ta i l ings . 

These design objectives are aiscussed in Section 2.2 and Section A.l of 
Appendix Â  Conceptual Designs. The conceptual design for stabilization 
in place Is based on field studies, laboratory test ing, and various model­
ing techniques. Tne conceptual design for the Dry Cfieyenne disposal a l ter­
native is based on existing published data. If the alternate disposal 
s i te were to be selected, additional site-specific data would be obtained 
before the final engineering design was prepared. 

All of the remedial action alternatives except no action Include rane-
dial action at the estimated 25 off-site vicinity properties. Conceptual 
details and engineering estimates for reiredlal action at the vicinity pro­
perties are Included in Section A.6 of Appendix A, Conceptual Designs. 
Tne engineering estimates for the vicinity properties are Included in the 
text of this docunent only when they have an appreciable effect on the 
overall renedial action estimates. 

2.3.1 No action 

This alternative consists of taking no steps toward remedial 
action at the tailings site or the vicinity properties. The tail­
ings would ranain in their present location and condition and 
would continue to be subject to dispersal by water and wind ero­
sion and unauthorized removal and use by man. The tailings and 
contaminated materials at the vicinity properties would not be 
cleaned up and would continue to pose a potential public health 
hazard. The selection of this alternative would not be consistent 
with the intent of Congress in tne UMTRCA (PL95-b04) and would not 
result in conpllance with the EPA standards (40 CFR Part 192, Sub­
parts A, B, and C ) . 

2.3.2 Stabilization in place 

Stabilization in place would consist of stabilizing the tail­
ings pile at its present location in tne southern half of the inac­
tive Riverton site. All contaminated materials from around tne 
pile and from the vicinity properties would be consolidated with 
the tailings, and the pile would be covered with compacted earth 
(raaon barrier) to Inhibit radon emanation, water Infiltration, 
and plant root penetration. A rock erosion protection barrier 
would be placed over the pile to protect against erosion and bur­
rowing by animals and to discourage human intrusion. The erosion 
protection barrier would tie into a riprap (rock) apron around the 
base of the pile to protect the stabilized pile against flooding 
and river meander. Details of the conceptual design are provided 
in Sections A.3 and A.6 of Appendix A, Conceptual Designs. 
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Tne top of the stabilized pile would be approximately 27 feet 
above the surrounding terrain. An unpaved access road would be 
located on top of the riprap apron, and a drainage ditch would be 
constructed around the outside edge of the riprap apron. A securi­
ty fence with locked gates and warning signs would enclose the 80-
acre si te containing the pi le , access road, and drainage ditch. 
After remedial action, the remaining 93 acres of the 173-acre 
designated tai l ings si te would be backfilled with uncontaminated 
soil to a level compatible with the surrounding terrain, recontcwr-
ed to promote surface drainage, revegetated as necessary, and 
released for use consistent with existing land use controls. I t 
is estimated that stabilization in place would be completed in 2 
years. 

Disposal at the Dry Cheyenne site 

The Dry Cheyenne alternate disposal s i te (Figure 2.1) is 15 
road miles east of the Riverton tailings site on Federal land admi­
nistered by the Bureau of Land Managenent (BLM). The area arojnd 
the s i te is used for low-density grazing of livestock and oil and 
gas development. The nearest residence is approximately 4 miles 
northeast of the Dry Cheyenne s i t e . 

Tne Dry Cheyenne disposal alternative would consist of moving 
the tailings and contaminated materials from the inactive Riverton 
tail ings si te and adjacent areas and consolidating them into a 
gently contour^ pile at the Dry Cheyenne s i t e . A disposal area 
would be constructed partially below grade at the s i t e . The sur­
face materials excavated from the disposal area would be stock­
piled and used later to cover the pile and restore disturbed areas 
at the Riverton s i t e . The tailings and contaminated materials 
would be covered with a compacted, earthen radon barrier to con­
trol radon emanation and Inhibit water infil tration and plant root 
penetration. Tne radon barrier would be covered with rock to pro­
tect against water and wind erosion. 

Tne connjleted disposal area would be a gently contoured, sta­
bilized pile occupying an area of 40 acres within the Dry Cheyenne 
s i t e . Tne maximum height of the pile above the surrounding ter­
rain would be 30 to 35 feet. Tne rock layers over the stabilized 
pile would t i e into an unpaved access road and drainage ditch 
araind the t « of the p i le . A security fence with locked gates 
and warning signs would enclose the 47-acre area containing the 
p i le , access road, and drainage ditch, -After conpletion of the 
stabilized pile at the disposal s i te and decontamination of the 
Riverton tail ings s i t e , the disturbed areas at each site would be 
backfilled witn uncontaminated soil to a level conpatible with the 
surrounding terrain, recontoured to promote surface drainage, and 
revegetated as necessary or reclained according to applicable regu­
lations (Appendix 6, Permits, Licenses, and Approvals). I t is 
estimated that this alternative would be conpleted in 2.5 years. 

23 



2.4 REJECTED ALTERNATIVES 

Alternate disposal sites 

The DOE used an extensive process to locate, evaluate, and select 
alternate disposal sites for the Riverton ta i l i ngs . The State of Wyoming, 
Federal and local agencies, concerned Individuals, and industry representa­
tives were contacted to locate possible disposal s i tes. Private, state, 
t r i b a l , and Federal lands were considered in the alternate disposal s i te 
selection process (FBDU, 1981). 

Original ly, 18 alternate disposal sites were considered, and a recon­
naissance survey was made of each. Eleven of the original 18 sites were 
eliminated from further consideration because of possible residential deve­
lopment, excessive haulage distance, steep te r ra in , excessive surface 
drainage, or insuf f ic ient borrow materials for the stabi l izat ion cover. 
Between 1978 and 1981, an additional site was ident i f ied, and the resul t ­
ing eight alternate disposal sites were evaluated further (FBDU, 1981). 

Tne eight alternate disposal sites were evaluated on the basis of 
existing hydrologic, rreteorologic, geologic, ecologic, and economic condi­
t ions. Hydrologic and neteorologic conditions were assessed for factors 
such as water and wind erosion, water contamination, drainage and flooding 
characterist ics, precip i tat ion, and location of confined aquifers. Spe­
cial consideration was given to arainage basin configuration, surface and 
subsurface drainage, and natural storage basin features. Geologic evalua­
t ion addressed s tab i l i t y and soil characteristics such as the presence of 
slides or faults and types of unconsolidated and bedrock materials. The 
ecologic evaluation assessed land use potent ia l , animal habitats, proxi­
mity to population centers, and aesthetics. Economic considerations i n ­
cluded estimates of Inpacts to support f ac i l i t i e s such as highways, d is­
tance from the Riverton s i t e , and the extent of s i te preparation and long-
term maintenance (FBDU, 1981), This evaluation led to the selection of 
three alternate disposal sites for detailed evaluation. 

The detailed evaluation of the three alternate disposal sites used 
c r i t e r ia from various sources which were developed to be appropriate for 
below-grade disposal of the ta i l ings and to rreet the EPA standards. Tnese 
c r i t e r i a included geolog/ and geologic hazards, nydrology, economics, land 
ownership and use, and potential public conf l ic t (FBD, 1983). Tne de ta i l ­
ed evaluation resulted in the DOE's selection of the Dry Cheyenne and 
L i t t l e Wind River alternate disposal s i tes. Tne DOE later deleted the 
L i t t l e Wind River site because i t Is on lands of the Wind River Indian 
Reservation, and the Arapahoe and Shoshone Indian Tribes have expressed 
strong opposition to relocation of the ta i l ings onto their lands. The 
L i t t l e Wind River site Is also less than 1 mile from a developing housing 
project. The Dry Cheyenne alternate disposal s i te (Figure 2.1) Is 
addressed In this docunent. 

Since completion of the above evaluations, detailed consultation has 
continued with the State of Wyoming, the NRC, Industry representatives, 
and other concerned Individuals to Identify other uranium mi l l ta i l ings 
sites within a reasonable distance of the Riverton site for disposal of 
the ta i l ings and contaminated materials. On the basis of th is consulta­
t i o n , a variety of specific sites within the Gas Hi l ls Uranium Mining Dis­
t r i c t were considered to be acceptable. Tiierefore, relocation to Gas 
Hil ls is considered in th is docunent. 
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In addition to evaluating alternate disposal s i t es , the DOE also con-
slderal two alternative nethods for disposal of the Riverton tail ings: 
returning the tailings to the original source mines and reprocessing the 
ta i l ings . 

Returning tne tail ings to the original source mines 

I t was determined that I t would not be feasible to return the t a i l ­
ings to the mines from which the uranium ores were originally obtained. 
The ores care from many mines scattered over a wide area, and these mines 
are much farther from the Riverton site than Gas Hills and the Dry 
Cheyenne alternate disposal s i t e . This alternative disposal rethod was 
not considered further (FBDU, 1981). 

Reprocessing the tailings 

The feasibility of reprocessing the tailings to recover residual ura­
nium, vanadium, and molybdenum was evaluated. A drilling and sanpling pro­
gram was conducted to determine the total recoverable amcunts of these 
metals in the tail ings and underlying materials. Laboratory testing deter­
mined that heap leaching would be the most technically and economically 
feasible iiethod of reprocessing the ta i l ings , and the economics of this 
reprocessing nethod were evaluated (I^RD, 1982). 

Tne evaluation concluded that the technical feasibility of recovering 
vanadium from the tailings was marginal and that the capital cost of a 
vanadium extraction process would be much greater than the recoverable 
value. The recovery of uranium and molybdenum from the tailings is techni­
cally feasible but would not be economical at the present market values 
for these pr^ucts ($32 per pound combined value in 1982). The market 
values for uranium and molybdenum would have to increase to $153 and $57 
per pound, respectively, for the reprocessing to "break even" (I^RD, 
1982). 

Reprocessing of the tailings would not reduce the radium content of 
the ta i l ings . Since radioactive decay of radium is the source of radon 
gas, there would be no reduction of the hazard from radon and radon daugh­
ters ; hence, the reprocessed tailings would s t i l l require reiredial action 
to meet the EPA standards. Reprocessing was therefore eliminated from fur­
ther consideration. 

Borrow si tes 

The proposed action, relocation to Gas Hills, would require earthen 
borrow materials for restoration of the areas disturbed at the Riverton 
tail ings s i te during remedial action. The Little Wind borrow site (Table 
2.1 and Figure 2.3) was chosen as the source of these borrow materials. 
This borrow si te is within the Wind River Indian Reservation, but both the 
surface and minerals of the site are privately owned. Gravel for the 
access roads at the Riverton si te would be purchased from a comnercial 
source. 
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Table 2.1 Borrow sites for the renedial action alternatives 

Remedi al 
action 

alternative 
Earth 

Borrow sites 

Gravel and rock 

Relocation to 
Gas Hi l ls 

Stabilization 
In place 

Disposal at Dry 
Cheyenne s i te 

Lit t le Wind 
borrow s i te 

Borrow si te 10 

Dry Cheyenne 
disposal s i te 

None 

Boulder Flats 
borrow site 

Borrow site 2 

The stabilization in place and Dry Cheyenne disposal alternatives 
would require earthen and rock borrow materials for road construction, sta­
bilization of the tailings and contaminated materials, and restoration of 
disturbed areas at the affected s i t e s . For these alternatives, the earth­
en and rock materials used for stabilization of the tailings would be 
required to have specific engineering properties (e .g . , rock size and dura­
bi l i ty for erosion protection). In i t ia l ly , ten sites were identified as 
potential sources of borrow materials for renedial action at the Riverton 
s i t e . Preliminary investigations eliminated three of these sites from 
further consideration because of unsuitable conditions such as insuffi­
cient quantities of materials and existing drainage patterns. Detailed 
studies and evaluations of the renalning seven sites resulted In the selec­
tion of borrow sites 2 and 10 as sources of borrow materials (Figure 2.4) . 

Borrow si te 2 was originally selected as the source of gravel and 
rock for both stabilization In place and disposal at the Dry Cheyenne 
s i t e . This borrow si te is within the designated tail ings s i t e , and the 
surface and minerals of tne si te are privately owned. Conpletion of the 
flood analysis for the tail ings site revealed that stabilization In place 
would require large-dianeter rocks to armor the stabilized tailings pile 
against erosion from flooding and river neander. The rock sizes required 
are not available from borrow si te 2, and another investigation was con­
ducted to Identify sites as potential sources of the required rock sizes. 
Only one site could be Identified nearby, and this s i t e , the Boulder Flats 
borrow si te (Figure 2,5), was chosen as the source of gravel and rock for 
stabilization In place (Table 2,1). This si te 1s within the Wind River 
Indian Reservation, but both the surface and minerals of the si te are pr i ­
vately owned. Borrow si te 2 would be used as the source of gravel and 
rock for the Dry Cheyenne alternative (Table 2.1). 

Earthen borrow materials for stabilization In place would be obtained 
from borrow si te 10 (Table 2.1). This si te is on Federal land administer­
ed by the BLM. Earthen borrow materials for the Dry Cheyenne alternative 
would be obtained from the partially below-grade excavation of the dispos­
al s i te Itself, 
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Tne borrow sites included in this EA were selected as the sources of 
the necessary borrow materials for iirpacts analyses purposes. Although 
tne borrow si tes to be usai for the remedial action will be selected dur­
ing the final design^ the impacts identified for the borrow sites included 
in this EA are conservative and represent a real is t ic upper limit on the 
severity of the inpacts that may occur. 

Stabilization in place with a slurry wall 

Originally, the design for stabilization in place included the con­
struction of an underground bentonite slurry wall araind the perlneter of 
the stabilized tail ings pile to minimize the migration of contaminants 
from the pile into the underlying alluvial aquifer. This slurry wall 
would be approximately 3 feet wide by 30 feet deep^ extending 5 feet into 
the subsurface bedrock. 

Further evaluation of the slurry wall (Section C.2.6 of Appendix C, 
Water) has shown that the wall would not be an effective means of control­
ling contaminant migration. The slurry wall would create a second contami­
nant plurre beneath the tailings p i le , and this second plune would have 
much higher concentrations of contaminants thm the original plune because 
I t would not be dissipated by the natural ground-water flow in the alluvi­
al aquifer. The long-term stabil i ty of the slurry wall could not be assur-
edg and the second contaminant plune would eventually breach the wall to 
move dowgradient toward the Litt le Wind River. The second plune would 
also take a longer tine to dissipate than the original contaminant plume 
due to the slurry wall 's effect on the flow pattern of the alluvial aqui­
fer. The slurry wall was therefore deleted from the conceptual design for 
stabilization in place. 
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3.0 ^FECTED ENVIRONMENT 

The existing environmental conditions at the Riverton tailings site. Dry 
Cheyenne alternate disposal site, and borrow sites are described In this sec­
tion. Gas Hills is an area 45 to 60 road miles east of the Riverton tailings 
site that contains several active (Title II) uranium mill tailings sites in the 
Gas Hills uranium mining district. A specific site In Gas Hills for the dis­
posal of tne inactive (Title I) Riverton tailings and contaminated materials 
would be selected by competitive bidding from owners and operators of active 
tailings sites In the Gas Hills District. The descriptions for the Riverton and 
Dry Cheyenne sites also apply to the transportation route from the Riverton site 
to Gas Hills (Wyoming State Highway 136) except where specifically noted in this 
section. The existing environmental conditions at the selected active site In 
Gas Hills would be described by the U.S. Nuclear Regulatory Commission (NRC) for 
Its coirpliance with the National Environmental Policy Act (NEPA), Public Law 
91-190 (Pettingill, 1987). 

3.1 BRIEF DESCRIPTION OF THE AFFECTED AREA 

The Riverton tailings site, Gas Hills, and the Dry Cheyenne alternate 
disposal site are In Fremont County, Wyoming. Figure 3.1 shows the loca­
tion of each site and the major demographic features of the area. The 
closest urban center is the city of Riverton with a 1983 estimated popula­
tion of 10,438. The nearest residence Is 900 feet from the tailings pile. 

The climate of the area ranges from arid to semi-arid with an average 
annual precipitation of 9 inches. Prevailing winds are from the west, and 
the strongest winds are from the north. 

The tailings site Is within the Wind River and Little Wind River val­
leys. Vegetation consists of willows, cottonwoods, and grasses In the val­
ley bottoms along the rivers and sagebrush, forbs, and grasses in the des­
ert rangeland surrounding the valleys. The disposal sites are in the aes-
ert rangeland east of the tailings site. 

The tailings site is on the drainage divide between the Wind and 
Little Wind Rivers (Figure 3.2). Although situated within the boundaries 
of the Wind River Indian Reservation, the site and adjacent lands to the 
north, east, and west are privately owned. The land imnediately south of 
the site 1s owned by the Arapahoe Indians. The land around the tailings 
site Is used for residential, agricultural, and grazing purposes. Some of 
the original mill structures and an active sulfuric acid plant are imnedl-
ately northwest of the tailings pile, and the tailings site is bordered by 
drainage ditches and irrigation canals. 

Gas Hills is 45 to 60 road miles east of the Riverton tailings site 
(Figure 3.1) and contains several active (Title II) uranium mill tailings 
sites in the Gas Hills Uranium Mining District. Uranium mining and mill­
ing have occurred extensively in the district, but the land is also used 
for low-density livestock grazing. Tne district is sparsely populated, 
and the closest urban center is Jeffrey City approximately 30 miles to the 
south. 
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The Dry Cheyenne alternate disposal s i te is 15 road miles east of the 
tailings si te (Figures 3.1 and 3.3) on gently rolling terrain on a north­
east-facing slope at the head of a small ephemeral drainage. The s i te i s 
on Federal land which is administered by the Bureau of Land Management 
(BLM) and used for low-density livestock grazing. The closest residence 
is approximately 4 miles away. 

Inpleraentation of any of the rerredial action alternatives except no 
action would require the acquisition of earthen and rock materials from 
borrow s i t e s . Four sites have been selected as sources of the necessary 
borrow materials (Figures 3.4 and 3.5). 

3.2 DESCRIPTION OF THE EXISTING TAILINGS PILE 

The mill at the Riverton tailings site was constructed In 1958 and 
operated in i t ia l ly by Fremont Minerals, Inc., to treat a variety of urani­
um ores from the surrounding area. The milling coinjany's nane was subse­
quently changed to Susquehanna-Western, Inc., who operated the mill until 
i t was shut down in raid-1963 (FBDU, 1981). 

The mill included both acid and carbonate circuits to provide flexibi­
l i ty for the many types of uranium ore received. The ini t ia l capacity of 
the mill was 500 tons of ore per day. By 1960, the mill capacity had been 
increased to 450 to 500 tons of ore per day In the acid circuit and 250 to 
300 tons of ore per day in the carbonate circui t . During I ts 4 years of 
operation, approximately 900,000 tons of ore were processed at the mill . 
The mill also Included a sulfuric acid plant which used sulfur made from 
sour gas (FBDU, 1981), and this acid plant Is s t i l l in operation. 

The waste solids from the milling of the uranium ores were transfer­
red to the tai l ings pi le . This rectangular pile (Figure 3.6) covers 70 
acres, has an average thickness of 9 feet, and contains approximately 1 
million cubic yards of ta i l ings . The moisture content of the tai l ings 
averages 6 percent, and the bulk density ranges from 69 to 128 pounds per 
cubic foot (MSRD, 1982). 

The tailings pile slopes gently dowward toward the east and has an 
average height of 9 feet above the surrounaing terrain. The ground around 
the base of the pile has been graded to divert runoff around and away from 
the pile or impound runoff from the pile i tself . The pile nas been con­
toured and stabilized with an earthen cover averaging 18 inches in thick­
ness. This cover consists of well mixed, river-run aggregate including 
rocks with a maximum size of 6 Inches. Planted wheatgrass and invading 
natural vegetation (weeds) grow without irrigation on about 20 percent of 
the p i le . The earthen cover and vegetation appear to have controlled wind 
and water erosion to some degree. The pile is fenced with barbed wire, 
but the fence has deteriorated substantially (FBD, 1983a; FBDU, 1981). 

Dispersion of the tailings by wind has contaminated 47 acres of the 
land adjacent to the tailings pile and outside the designated s i te boun­
dary. Another 71 acres within the 173-acre designated site have been con­
taminated by wind dispersion of the tailings and by act ivi t ies around the 

36 



R « E B M W 

• ^ 

X 

DISPOSAL SITE 

DIRT ROAD 

SURFACE DRAINAGE 

WF: MODFIED FROM THE ALKALI BUTTE AND 
CAMBELL BDGE 7.6MINUTE QUADBAN6LES. 

1000 1000 2000 

SCALE IN FEET 

FieyRE 3.3 
DRY OTEYENNE ALTERNATE D I » O m L SITE 

37 



R.4E. R.5E. 
T.1N 

BORROW 
SITE 2 

TAILINGS 
PILE 

BORROW 
SITE 10 

31 : R,95W. 

1 

SCALE IN MILES 
FIGURE 3.4 

LOCATIONS OF LITTLE WIMD BORROW SITE AND BORROW SITES 2 AND 10 

38 



T-1-N 

f 
N 

T - l - S 

T.2-S 

MILFORD \ \ 1 3 6 I 3^ 

R-100 W 

SCALE IN MILES 

FIGURE 3.5 

LOCATION OF BOULDER FLATS BORROW SITE 



4a. 
O 

FIGURE 3.6 
PRESENT CONFIGURATION OF THE RIfERTON SITE 



mm buildings and in the former ore storage area. Twenty-five vicinity 
properties (e .g . , homeSs corairercial sites^ and vacant lots) have been iden­
tified as needing remedial action because they may have been contaminated 
by the use of tai l ings or crushed ore from the mill during their construc­
tion. These 25 off-site vicinity properties contain an estimated 4,000 
cubic yards of contaminated materials. The total volume of contaminated 
materialss including the tailings and underlying soils and materials at 
the off-site vicinity properties^ is estimated to be 1.5 million cubic 
yards. 

Part of the original mill building, sone of the associated mill struc­
tures and equipment (scale and wash houses and process binsl^ a potable 
water well with pump house and metal water tower, and the sulfuric acid 
plant remain at the tailings s i t e . The add plant on the west side of the 
s i te is s t i l l in operation and consists of a parking lot , administration 
and laboratory buildings, process tanks, and the acid plant. The original 
mill scale house is used in the acid plant operations, and the potable 
water well and tower provide water for the acid processing and fire protec­
tion. Access to the tailings si te 1s restricted to a minimal extent by 
chain-link fencing and gates at the entrance to the acid plant. 

3.3 WEATHER 

The climate in the Riverton area is semi-arid to arid, due largely to 
the influence of nearby, large mountain ranges which hinder the passage of 
moisture. The «teorological data d t e d below are derived from U.S. 
Department of ComnKrce reports (DOC, 1976; 1970). Detailed meteorological 
data are provided in Appendix B, Meather and Air Quality. 

The average annual precipitation in Riverton for a 30-year perial 
from 1931 to 1960 was 8.79 inches, with the greatest amount occurring from 
April through June. Much of the precipitation is in the form of showers 
and thundershowers from the spring through the fa l l . Snow occurs primari­
ly in the fall and spring months with an annual average of 35.8 inches. 

The Riverton area experiences wide and sudden variations in tempera­
ture due to the high elevation and presence of ary air which permits much 
radiation of heat. Due to Its location, Riverton is influenced both by 
cold masses from Canada and prevailing, warm westerly winds. The highest 
and lowest temperatures recordal in Riverton from 1931 to 1960 were 104 
degrees Fahrenheit ( T ) and -45*'F, respectively. During the sarre peri­
od, an average of 202 days per year had mininum tenperatures less than or 
equal to 32*^, and an average of 37 days per year had maxinuni tempera­
tures of 90^ or greater. In general, the warmest months are July and 
August, and the coldest period is from December through February. The 
average monthly tenperature ranges between 15°F In January to 70T in 
July. 

The predominant wind direction at Riverton is westerly, occurring 10 
percent of the t i r e . The average annual wind speeds for all 16 conpass 
directions for which neasurements were recorded are quite similar, ranging 
from 6 to 8 miles per Hour. Periods of calm occur 32 percent of the t ine. 
On a seasonal basis, winter winds are generally stronger (14 to 15 miles 
per hour) than sumirer winds (9 to 10 miles per hour). 
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No site-specific neteorological data exist for the Dry Cneyenne al ter­
nate disposal s i t e . However, the si te is 15 miles from Riverton, and 
meteorological conditions are likely to be very similar to those of the 
Riverton area. 

AIR QUALITY 

The Riverton tailings s i t e , the transportation route to Gas Hills 
(Wyoming State Highway 136), and the Dry Cheyenne alternate disposal s i te 
l ie within the Casper Intrastate Air Quality Control Region, a large a i r ­
shed In the central portion of Wyoming. The air quality in this region is 
generally good with only total suspended particulate (TSP) concentrations 
approaching the limits of applicable anbient air quality standards. Detail­
ed air quality data and standards are presented in Appendix B, Weatner and 
Air Quality. 

Air quality monitoring data are currently not gathered in these 
areas. Tne most recent monitoring data for the Riverton area were collect­
ed in 1981 when annual and 24-hour TSP concentrations were recorded. The 
geometric nean annual nTSP concentration for 1981 was 51.7 micrograms per 
cubic i^ter (m1crog/m ) , and the raaxlnum 24-nour concentration was 111 
raicrog/m (Dailey, 1987; WDEQ, 1983a). Both concentrations are within 
Federal primary and secondary anfeient air quality standards. The Federal 
primary annual TSP antsient air quality standard 1^ 75 microg/ra , and the 
Federal secondary annual standard Is 60 microg/m . The Federal primary 
and secondary 24-hour TSP standards are 260 m1crog/m and 150 microg/ 
m , respectively (40 CFR Part 50). Trie State of Wyoming TSP standards 
are the sane as the Federal secondary TSP standards (WDEQ, 1985). 

I t is likely that TSP concentrations along Wyoming State Highway 136 
and at the Dry Cheyenne alternate disposal s i te are less than the concen­
trations in Riverton due to the absence of man-made emission sources. 

SURFACE AND SUBSURFACE FEATURES 

Trie Riverton tailings site l ies within the Wind River basin, part of 
the Myoming Basin subdivision of the Middle Rocky Mountain physiographic 
province. Tne Laramide orogeny that formed the Rocky Mountains was also 
responsible for the formation of the Wyoming Basin which subsided and 
received terrestr ia l sediments during the Cenozoic era (ANL, 1979). Struc­
tural ly , the Wind River basin is bounded by Precanbrian uplifts to the 
north, south, and west and by a broad structural upfold to the east 
(Hausel and Holaen, 1978). 

The topography of the Wind River basin nas been greatly influenced by 
gldelation during the Quaternary peric^ (1 million years ago) and is cha­
racterized by glacial and post-glacial deposits including terrace and pedi­
ment gravels and modern river alluvium (SHE, 1985). Major topographic fea­
tures in the area are the Wind and Lit t le Wind Rivers and the Wind River 
and Owl Creek Mountains with peaks up to 13,000 feet above rrean sea level. 
The elevation of the site is approximately 4,950 feet above nean sea 
level. 
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The regional stratigraphy (Figure 3.7) 1s dominated by the Wind River 
Formation of Eocene age (36 to 58 minion years ago). This sedimentary 
formation consists of an interbedded sequence of lent icular, nearly hor i ­
zontal, f ine- to coarse-grained sandstones, sl l tstones, and shales with 
smaller amounts of bentonite, t u f f , and lirestone (GECR, 1983). The stra-
tigraphic units extend to a depth of at least 2,000 feet (FBDU, 1981). 

Riverton ta i l ings s i te 

The ta i l ings site is situated on the valley floor between the Mind 
and L i t t l e Mind Rivers^ 5 feet above the low-flow level of the Wind River. 
Most of the sur f lc la l deposits on the valley f loor are f luv ia l deposits of 
the Wind and L i t t l e Wind Rivers (SHB, 1985), and the origin of these depo­
s i ts is evident from river neander scars that are v is ib le on aerial photo­
graphs. The f luv ia l deposits consist mostly of sandy gravel that is l ub r i ­
cated and local ly cross-bedded, and a thin layer of fine-grained sand 
f i l l s some of the abandoned reander scars. Tne layers of sandy gravel and 
f ine sand act as a water table aquifer in connection with the underlying 
sandstone layer. Trie f luv ia l or al luvial materials were deposited on an 
Irregularly eroded bedrock surface and may vary In thickness beneath the 
ta i l ings si te from 5 to 15 feet (FBD, 1983a). 

Directly beneath the ta i l ings p i l e , borings show discontinuous, f ine­
grained, brown and gray, s i l t y sands in layers varying from zero to 3 feet 
in thickness. A deposit of cobbly alluvium underlies the entire ta i l ings 
p i l e , and, toward the east side, the cobbles are overlain by sandy gravel 
(CSU, i983a). A cross-section (Section C.2.4 of Appendix C, Water), ind i ­
cates that the alluvium is relat ively uniform in thickness over a large 
distance, with thicknesses ranging from 14 feet beneath the p i le to 18 
feet southeast of the p i l e . I t appears that the alluvium l ies unconformab-
ly on the upper shale and si l tstone unit of the Wind River Formation be­
tween the southern part of the ta i l ings site and the L i t t l e Wind River. 
The alluvium may actually rest on the second sandstone unit of the forma­
t ion jus t north of the L i t t l e Wind River, prAably due to migration of the 
r iver southward and associated incision of the bedrock. 

The upper sandstone unit of the Wind River Fomation has a raaxinum 
thickness of 14 feet In the northwest portion of the ta i l ings site and 
appears to grade out to zero thickness toward the southeast corner of the 
ta i l ings p i l e . Likewise, the shale and sandstone layers that underlie the 
upper sandstone unit grade to zero thickness between the southeast corner 
of the pi le and the L i t t l e Wind River. The maxlium total thickness of 
these shale and sandstone layers 1s 14 feet beneath the p i le . Below the 
shale and sandstone layers l i e 15 to 40 feet of sandstone, followed by 
alternating layers or stringers of shales, si Itstones, claystones, and 
sandstones. 

Near-surface soils around the ta i l ings pi le within the designated 
ta i l ings si te are highly disturbed but generally consist of sandy loam 
over gravel (Blgwin series) and sandy loam formed on al luvial fans (Apron 
series) (I lanB, 1984). The Blgwin series consists of sonewhat poorly 
drained, sandy loams that are underlain by sand and gravel to a depth of 
20 to 40 inches. Tne Apron series consists of well-drained, sandy loams 
that formed on al luvia l fans. Runoff is slow, and the hazard of water 
erosion Is s l ight for both soils (SCS, 1974). 
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No earthquakes greater than Intensity VI (modified Mercalli scale) 
have been recorded in the Riverton area. One earthquake, Interpreted as 
intensity V I I , occurred in 1897 near Casper which is approximately UO 
miles east of Riverton. Few people lived In the Casper area in 1897, and 
the interpretation of this earthquake Is questionable. In general^ the 
region has a low seismic risk (ANL^ 1979). 

For establishing earthquake design parariEters, the Impact of a Maxi­
mum Credible Earthquake (^E) was used. An ICE of magnitude 6.a (Richter 
scale) was estimated for the North Granite Mountain faul t system 29 miles 
southeast of the existing ta i l ings s i te . An earthquake of this magnittide 
would generate an on-site horizontal ground acceleration of 0.13 g (gravi­
ty ^ §8 is a force expressed as acceleration equal to 32 feet per second 
per second). The effective duration of ground motion greater than 0.05 g 
would range from 11 to 16 seconds in soi l and 3 to 8 seconds in rock (SHB̂  
1983). 

There are important deposits of industrial minerals^ fossi l fuels, 
and retail 1c ores in the Mind River basin and the adjacent Precaribrian up­
l i f t s . Oil and gas exploration and development are ongoing in the area 
arojnd Riverton. Al luvial sand and gravel deposits exist beneath and 
around the ta i l ings s i t e , and similar deposits are widespread throughout 
the Wind River val ley. The mineral r ights for the designated site are p r i ­
vately owned and, therefore, are not subject to mining clalns cr mineral 
or o i l and gas leasing. 

Dry Cheyenne alternate disposal si te 

The area surrounding the Dry Cheyenne disposal site Is characterized 
by low-lying mesas, buttes, and h i l l s that have been highly dissected by 
ephemeral streaniB. Surf icial materials consist ,of shallow (less than 20 
Inches) col luvlal and al luvia l soils (Youngston and Worland series) that 
have originated from the Wind River Fomation (Momack, 1984). Bedrock In 
the v ic in i ty is part of the Wind River Formation which consists of s i l t -
stone and claystone with a few fine-grained, sandy lenses (FBD, 1983b). 
The area Is seisraically stable with l i t t l e risk of an earthquake of large 
magnitude (SHB, 1983). 

Potential conf l icts with mineral resources are minimal. The su r f i ­
cial materials at and around the site may have a potential value as borrow 
materials. There are o i l and gas exploration and development in the gene­
ral area, and the site is within an existing o i l and gas lease. Tnere Is 
no o i l and gas act iv i ty at the site i t s e l f , and no mining clainB or mine­
ral leases are on f i l e for the site (Weber, 1987). 

Borrow sites 

Four borrow sites are proposed as sources of borrow materials for 
remedial action. Tne L i t t l e Wind borrow site is 3 road miles south of the 
ta i l ings si te and would be the source of earthen materials for relocation 
to Gas H i l l s . The borrow site is on a gravel terrace south of the L i t t l e 
Wind River, and the moderately deep soils (20 to 40 inches) at the site 
are well drained loam to clayey loams (Hams, 1987). The mineral rights 
for the L i t t l e Wind borrow site are privately owned and are not subject to 
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raining claims or mineral or oil and gas leasing (Birk, 1987; Nation, 
1987). 

Borrow si te 2 is within the designated tailings site imnediately 
north of the tailings pile and would be a source of gravel and rock for 
the Dry Cheyenne disposal alternative. Deposits consist of moderately 
deep (20 to 40 inches) sandy loam soil underlain by sand and gravelly cob­
bles (Hams, 1984). The mineral rights for borrow site 2 are privately 
owned and are not subject to mining claims or mineral or oil and gas 
leasing. 

Borrow si te 10 Is 13 road miles southeast of the tailings si te and is 
proposed as a source of earthen materials for stabilization In place. 
Moderately deep to deep soils formed over bedrock are present. Textures 
are generally sandy loam, loam, and sandy clay loam. There are oil and 
gas exploration and development in the general area, and a small portion 
of the site Is within an existing oil and gas lease. However, there is no 
oil and gas activity at the s i t e , and there are no raining clainB or miner­
al leases on f i le for the s i te (Weber, 1987; Womack, 1984). 

The Boulder Flats borrow si te is 27 road miles southwest of the t a i l ­
ings s i te and is proposed as a source of gravel and rock for stabilization 
in place. Moderately deep soils are formed over parent material derived 
from glacial outwash deposits. Textures range from loam to sandy gravel, 
with sandy lenses throughout the soil profile (Hams, 1985). The mineral 
rights for the Boulder Flats borrow si te are privately owned and are not 
subject to raining claiK or mineral or oil and gas leasing. 

mTER 

3.6.1 Surface water 

Section 3.6.1 describes surface-water features, flow pat­
terns, uses, and quality for the Riverton tailings s i t e , the Dry 
Cheyenne alternate disposal s i t e , borrow sites 2 and 10, and the 
Lit t le Wind and Boulder Flats borrow s i t e s . Tne transportation 
route to Gas Hills (Wyoming State Highway 136) crosses the Lit t le 
Wind River and nunerous small, epheneral drainages. Additional 
details on surface water are provided in Section C.l of Appendix 
C, Water. 

Riverton tailings s i te 

The Riverton tailings site is on a nearly level alluvial ter­
race in the Wind River basin, 2.5 miles upstream of the confluence 
of the Wind and Lit t le Wind Rivers. Tne Wind River is 1 mile 
north of the s i t e , and the Lit t le Wind River is 0.5 mile southeast 
of the site (Figure 3.1). Tne si te is bordered by drainage ditch­
es and Irrigation canals (Figure 3.8). 

The Wind River has a drainage basin of approximately 2,300 
square miles. The Lit t le Wind River drains an area of approximate­
ly 2,000 square miles. Peak monthly flows for both rivers general­
ly occur during the month of June as a result of snowirelt runoff 
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(FBD, 1983a). The U.S. Geological Survey (USGS) maintains gauging 
stations on each river between the tail ings site and the conflu­
ence of the r ivers . A inaximjm flow of 13,300 cubic feet per sec­
ond (cfs) was recorded in 1935 for the Wind River (period of rec­
ord, 1913 throjgh 1983), and a raaxinum of 14,700 cfs was recorded 
In 1963 for the Lit t le Wind River (period of record, 1942 through 
1983) (USGS, 1984a). 

Evidence of extensive channel migration by the Wind and 
Lit t le Wind Rivers can be seen by viewing historical sets of aer i ­
al photographs. These photographs show paleo-channels from the 
Wind River on or near the tailings s i te and neander scars from tne 
Li t t le Wind River within 0.42 mile of the s i t e . The thalweg of 
the largest paleo-channel from the Wind River (hereafter referrea 
to as the neander scar) i s 2,100 feet southwest of the s i t e (SHB, 
1985). 

The Wind River nas a mixed load channel typical of rivers in 
which the bed load forms a significant part of the total load. I t 
has an irregular, single-phase, ireandering pattern that locally Is 
serai-confined by the valley sides. Common bars and islands resul t 
from cutoff neander loops. In contrast, the Li t t le Wind River has 
a suspended load channel typical of rivers in which the bed load 
forms a small part of the total load. The single-phase, meander­
ing channel is more deeply Incised than the Wind River (SHB, 
1985). 

The Wind River is the main source of water for Riverton's 
municipal uses during the spring and sumiKr (April thraigh 
Oct*er ) . During the fall and winter, the c i ty ' s only source of 
water is i t s well system which taps the confined aquifer of the 
Mind River Formation (Scott, 1987). The waters of both the Mind 
and Lit t le Wind Rivers are used locally for irrigation and l ive­
stock watering. 

The USGS has monitored water quality from 1950 to the present 
at the gauging stations on the Wind and Lit t le Wind Rivers down­
stream of the Riverton si te (USGS, 1984b). The Wind River gauging 
station Is 1.4 miles upstream from the confluence of the two 
r ivers , and the Lit t le Wind River gauging station 1s 1.8 miles 
upstream from the r ivers ' confluence. The levels of sulfate in 
the Li t t le Wind River exceeded the Federal secondary standard of 
250 mg/1 during periods of low f l « (40 CFR Parts 141 and 143). 
The USGS monitoring data (USGS, 1984b) show no increases of conta­
minants in either river due to the presence of the tai l ings pile 
during periods of normal or high flow; however, these aata Indi­
cate that the concentration of sulfate In the Lit t le Wind River 
may be slightly increased auring periods of low flow due to trie 
discharge of contaminated ground water, ftere recent water-quality 
data indicate no perceptible contamination of the Lit t le Wind 
River due to the discnarge of contaminated ground water (Section 
C.l.3.1 of Appendix C, Mater). 

A radiological survey of the tail ings si te showed slightly 
Increased levels of radlum-226 (Ra-226) dowstream of the ta i l ings 
pile in the Irrigation canal along the northern edge of the p i le ; 
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however, sanples taken from the drainage ditch west of the t a i l ­
ings pile showed no significant increase In Ra-226 downstream of 
the pile (FBDU, 1981). None of the sanples contained Ra-226 con­
centrations that exceeded the State of Wyoming's allowable limit 
of 5 picoCurles per l i t e r (pC1/l) (WDEQ, 1983b). 

Dry Cheyenne alternate disposal s i te 

The Dry Cheyenne alternate disposal site is within the Wind 
River basin on an east-facing slope at the head of a small, ephe­
meral tributary to Dry Cheyenne Creek (Figure 3.3). The site is 
11 miles east of the confluence of the Wind and Litt le Wind 
Rivers. Surface-water flows occur only during rainfall and snow-
melt. No data on historical flows or water quality are available. 

Borrow si tes 

Surface-water information for the Litt le Wind borrow si te is 
the sane as that provided for the tailings s i t e . Snail ephaneral 
tributaries of ttie Lit t le Wind River drain the borrow s i t e , but 
flows occur only during rainfall and snownelt. No data on histori­
cal flows or water quality are available for this borrow s i t e . 

Borrow si te 2 is imnediately north of the tailings pi le . 
Surface-water information for this borrow si te is the sane as that 
provided for the tai l ings s i t e . 

Borrow si te 10 is near the head of a small ephemeral tribu­
tary to Kirby Draw. Surface-water f l « s occur only during rain­
fall and snowrrelt, and earthen aaiiB have been built across the 
small drainages northeast and southeast of the borrow si te to 
impound the ephemeral flows for livestock and wildlife. No data 
on historical flows or water quality are available for borrow si te 
10. 

The Boulder Flats borrow site Is on a terrace north of and 
above the North Popo Agie River. The Reynolds Ditch taps the 
river west of the s i te and courses generally aue east to aead-end 
south of the s i t e . This ditch provides irrigation water for small 
agricultural plots, pastures, and gardens during the spring and 
sumner. Trie flows in the Reynolds Ditch are intermittent, and 
water-quality aata are not available. 

Floodplains 

The 500-year flood flows In the Wind and Little Wind Rivers 
would have upper limits of 18,164 cfs and 24,233 cfs, respectively 
(USGS, 1984c). These flow rates were used in the HEC-2 computer 
model (COE, 1982) to determine the surface-water elevations of the 
500-year floods. The HEC-2 analysis was performed separately for 
each river because Interflow between the rivers at these upper 
limits does not occur until dowstream of the tailings si te near 
the present confluence of the rivers. 
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Tne 500-year flood flow in the Wind River has estimated 
surface-water elevations in the vicinity of the tailings site rang­
ing from 4,940 to 4,944.5 feet above mean sea level. These eleva­
tions are not high enough for flow over the escarpment directly 
north of the road that runs along the northern boundary of the 
tailings site nor are they high enough for flow to enter the old 
meander scar southwest of the s i t e . The flow levels would 
approach witnin 2,000 feet of the edge of the tailings pile and 
within 800 feet of the northern boundary of the tailings s i t e . 
Trie 500-year flooa flow in tiie Litt le Wind River has a coiiputed 
surface-water elevation In the vicinity of the si te of 4,930 feet 
above sea level. At this elevation, the flow level would be 3,500 
feet from the boundary of the tailings s i t e . The analysis reveal­
ed that the tailings site (including borrow si te 2) and the adja­
cent areas of windblom tailings are not located within the 500-
year floodplain of either river. 

The Dry Cheyenne alternate disposal si te and borrow si te 10 
are not near any floodplains, and visual inspections of the s i tes 
did not reveal the presence of any floodplains. The Lit t le Wind 
borrow site is 60 to 80 feet above the Lit t le Wind River, and cal­
culation of the 500-year flood elevation for the Litt le Wind River 
revealed that the borrow si te Is not within the floodplain of the 
r iver. Tne Boulaer Flats borrow si te is above the floodplain of 
the North Popo Agie River (Gooley, 1985). 

Ground water 

Existing ground-water conditions at the Riverton tailings 
s i t e . Dry Cheyenne alternate disposal s i t e , and the proposed bor­
row sites are sunmarized in this section. Ground-water data for 
the sites and detailed analyses of these data are presented in 
Section C.2 of Appendix C, Water. 

Riverton tailings s i te 

Ground water occurs under unconfined and confined conditions 
within the alluvial deposits and the sedlnentary strata of the 
Wind River Formation in the Riverton area. Two ground-water sys­
tems nave been identified In the vicinity of the tailings s i t e . An 
unconfined system exists in the shallow, alluvial deposits and the 
hydrologically connected, upper sandstone unit of the Wind River 
Formation. A confined system exists in the deeper sandstone 
strata of the Wind River Formation. 

Tne stratigraphy of the unconfined aquifer at the Riverton 
si te varies (Section C.2.4.1 of Appendix C, Water). Directly be­
neath the entire tailings pi le , the discontinuous, fine-grained 
foundation materials consist of brown and gray layers of s i l ty 
sands from zero to 3 feet thick. These foundation materials are 
underlain by a deposit of cobbly alluvium, and, under the eastern 
side of the pi le , the cobbly alluvium and foundation materials are 
separated by sandy gravel (CSU, 1983a). The alluvial deposit be­
neath the pile is 20 feet thick with a saturated thickness of 14 
feet ( I . e . , the water table is 6 feet below the natural ground 
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surface). The pile and foundation material are underlain by 6 to 
10 feet of shale, sanay shale, or claystone (FBD, 1983a). Between 
the tail ings pile and the Inactive mill f ac i l i t i e s , the alluvium 
Is 14.5 feet thick and is underlain by 12 to 14 feet of saturated 
sandstone. 

The ground-water flow direction in the unconfined aquifer is 
predominantly to the south-southeast toward the Little Wind River. 
The nydraulic gradient is 12 feet per mile or 0.0023. Recharge to 
the aquifer Is from precipitation, snownelt, and irrigation seep­
age. The ground water aischarges into the Lit t le Wind River 2,800 
feet downgradient from the tailings site (LBL, 1984). A punp tes t 
in the entire saturated thickness of the unconfined aquifer had a 
sustalnea yield of 5 gallons per minute (gpm) for 24 riours with a 
total drawdowi of 4.08 feet at the pump well. 

Beneath the saturated sandstone of the unconfined aquifer l ie 
12 to 24 feet of saturated siltstones ana shales. These strata 
act as an aquitara between the unconfined and confined aquifers, 
and cores from these strata revealed no evidence of fracturing in 
the 12- to 24-foot interval. Below the saturated siltstones and 
shales l i e 13.5 to 16 feet of sandstone which represents the top 
of the confined ground-water system. Within the confined aquifer, 
interbedded layers and lenses of shale, s i l ts tone, and mudstone 
confine the ground water in the sandstone beds; however, the en­
t i re sequence can behave as a single aquifer in response to long-
term stresses (FBDU, 1981). 

Intensive use of the confined aquifer by the city of Riverton 
has formed a cone of depression around the city well field which 
is located In an area 1.5 to 9 miles north and nortneast of the 
tailings s i t e . This has reversed the confined hydraulic gradients 
to the northeast (CSU, 1983b), and USGS Map HA-270 (Whitcoi* and 
Lowry, 1968) shows a hydraulic gradient of 0.0455. Recharge 
occurs along outcrops of the Wind River Formation sandstones and 
apparently is insufficient to replace the water withdrawn from 
municipal and other privately owned wells (Anderson and Kelly, 
1976). The water levels in 500- to 800-foot deep municipal wells 
have dropped 60 to 70 feet during the last 50 years (FBDU, 1981). 

Communication between the unconfinrt aquifer and the f i r s t 
two confined sandstone units was assessed by conducting pump tests 
and analyzing water sanples for radiogenic tritium. Two 24-nour 
punn) tests aid not reveal any appreclAle changes in water levels 
in the unstressed system while pumping either the unconfined or 
confined system. However, studies conducted by the State of 
Wyoming show that communication does exist between the unconfined 
aquifer and the f i r s t confined sandstone units (Askew, 1987). 

The concentrations of three constituents were consistently 
higher than background concentrations in the unconfined aquifer 
beneath and dowgradient of the tail ings pi le . Measured concentra­
tions of sulfate, uranium, and molybdenum were as high as 5,510, 
2.4, and 3.7 mg/1, respectively. The maximum sulfate concentra­
tion is greater than the Federal secondary standard and the 
Wyoming Class I (donestic), II (agriculture), and II (livestock) 
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standards. The maximum uranium concentration is within the 
Wyoming Class I , I I , and III standards but exceeds the recomnended 
health advisory level (Cothern et a l . , 1983). There are no 
Federal or Wyoming standards for molybdenum in ground water (40 
CFR Parts 141 and 143; WEQ, 1980). In addition, concentrations 
of arsenic, chromium, thor1um230, radium, iron, selenium, and man­
ganese were higher than background concentrations in sore sanples 
from the unconfined aquifer. Trie area of contamination in the un­
confined aquifer 1s between the fomer mill and ore storage areas 
and the Litt le Wind River (Figures 3.9 through 3.11). 

Trie concentrations of uranium and sulfate in the unconfined 
aquifer are greater at the Lit t le Wind River than beneath the t a i l ­
ings s i t e . This Indicates that the contamination in the uncon­
fined aquifer is due primarily to percolating leachate generated 
by tne natural dewataring of the tailings during and after the ura­
nium milling. Lesser but continuing ground-water contamination is 
caused by precipitation fi l tering through the tailings pile and 
possibly by the shallow ground water rising Into the lower por­
tions of tne p i le . 

Water sanples from the confined aquifer were taken from on-
si te monitor wells and local donestic wells. Concentrations of 
total dissolved solids (TDS) were generally greater tnan the 
Wyoming Class I standard but within the Class II and III stan­
dards. The Federal standards and the Wyoming Class I standards 
are almost identical (Section C.2.4.4 of Appendix C, Water). Sul­
fate concentrations in the on-site monitor wells were greater than 
the Wyoming Class I and II standards but within the Class III stan­
dard. Sulfate concentrations in the domestic wells varied; howev­
er , all were greater than the Wyoming Class I and II standards but 
within the Class III standard. Uranium concentrations In all of 
the wells were within tlie Wyoning Class I standard, but the concen­
trations in the on-site monitor wells were higher tnan those In 
the domestic wells (WDEQ, 1974). 

Presently, the unconfined aquifer is not used downgradient of 
the tail ings s i t e . Sone shallow wells upgradlent of the s i te and 
beyond the Lit t le Wind River are used for stock watering, and the 
Lit t le Wind River is usal for Irrigation (Scott, 1987). 

The city of Riverton is the principal user of the confined 
aquifer in tne area. The c i ty ' s eleven wells are located upgradl­
ent In an area 1.5 to 9 miles north and northeast of the tai l ings 
s i t e . Tne wells have a corrtined annual yield in the range of 475 
to 500 minion gallons {Scott, 1987). Tne major non-rnuniclpal 
usage occurs at the sulfuric acid plant at the tailings s i te and 
approximates 42 million gallons per year (Larson, 1987). A golf 
course west of Riverton uses two wells for irrigation with an e s t i ­
mated annual punpage of 13 million gallons (fcFarland, 1987), and 
an estimated 15 to 25 million additional gallons per year (based 
on discharge rates) are withorawn from privately owned, donestic 
wells in suburban areas (Anderson and Kelly, 1976). 
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Dry Cheyenne alternate disposal s i te 

No ground-water data have been collected at the Dry Cheyenne 
s i t e ; however, one well was drilled approxinately 1 mile south of 
the s i t e . This well was dry; no additional well information i s 
available (Packer, 1984). Four other water wells were dr i l lea 5 
to 8 miles southeast and southwest of the s i t e . The water produc­
ing zones in these wells are from 55 to 402 feet below the ground 
surface, and yields range from 1 to 50 gpm. Two of the wells had 
TDS concentrations of 4,130 and 5,500 n^/l (Kelly, 1984). Ttie 
Wyoming Class III standard for TDS is 5,000 rag/1 (WDEQ, 1980). 

Borrow sites 

No tes t pits or borings were conpleted at the Li t t le Wind bor­
row si te so the depth to ground water at the s i te Is unknow. 
There is no other available ground^water information for th is bor­
row s i t e . Tne groynd-water conditions at borrow si te 2 would be 
the same as those described for the tail ings s i t e . 

Test pits and borings at borrow si te 10 reached a maxiinira 
depth of 31 feet. No ground water was encountered in these pits 
and borings, and there Is no other available ground-water informa­
tion for this s i t e . 

The Boulder Flats borrow site is just north of an active gra­
vel p i t oprated by the Wycwilng Highway Departirent. This pi t Is 
15 to 18 feet deep, and no ground water has been encountered. The 
Myorning Highway Department has conducted an exploratory dri l l ing 
program at the Boulder Flats borrow s i t e . The boreholes penetrat­
ed shale bedrock at a depth of 40 feet and Indicated that ground 
water could be encountered at depths of 20 to 40 feet (Darr, 
1985). There is no other ground-water information for this borrow 
s i t e . 

3.7 ECOSYSTEMS 

Tne Riverton tailings s i t e . Gas Hills, and Dry Cheyenne alternate d is ­
posal s i te have a serai-arid to arid, high-desert environment. Vegetation 
includes typical low desert shrubs, grasses, and forbs. Tne riparian 
zones along the Wind and Lit t le Wind Rivers contain dense populations of 
Cottonwood, Russian olive, and willow trees . Appendix D, Ecosystems, con­
tains detailed l ist ings of the plant and animal species that could be 
found at or In the vicinity of the Riverton, Dry Cheyenne, and borrow 
s i t e s . 

Riverton tailings si te 

Tne tail ings s i t e , including the large empty fields north of the t a i l ­
ings p i le , has been severely disturbed. As a resul t , 30 percent of trie 
plant species at the si te are of the primary succession type that Invade 
disturbed areas, such as Russian knapweed and Swainson's pea. Typical 
native species include wheatgrass, sand dropseed, big sagebrush, and rab­
bi tbrush (FBD, 1983a). 
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There are no w i ld l i fe data for the area around the tai l ings site as 
no surveys or inventories have been conducted. Human act iv i ty in and 
araind the area discourages use of the area by w i l d l i f e ; however, the 
marsny areas nearby contain pheasant, chukar, hawk, owl, blackbird, small 
game, and ground-dwelling rodent populations (Baldes, 1984). Mule deer 
and white-tai led deer are confined neinly to the riparian zone along the 
Wind River and brushy drainages approximately 1 mile from the site (W6FD, 
1983). 

Reptiles found in the area are the short-horned l izard and the fence 
l i za rd . The garter snake is l ike ly to occur in the marshy areas adjacent 
to the s i t e . Depending on seasonal weather conditions and runoff, the 
marshes contain water Intermittently and could provide breeding habitats 
for amphibians such as the leopard frog ana spadefoot toad (Behler and 
King, 1979). 

A large variety of waterfowl, including many riparian species, are 
found along the rivers and adjacent marshy areas. Canadian geese and snow 
geese as well as many duck and shorebird species are common in these areas 
(MGFD, 1983). 

The M1nd and L i t t l e Wind Rivers contain rainbow, brown, and brook 
t r o j t , "ttiree species of suckers, carp, flathead chub, and the longnose 
dace (BLM, 1984). Any of these fishes could be found in the canals and 
ditches adjacent to the ta i l ings site depending on the avai labi l i ty and 
source of the water in these drainage courses. 

Dry Cheyenne alternate disposal-site 

This site is relat ively undisturbed and supports a diverse population 
of plants, almost a l l of which are native. Low desert shrubs cover about 
50 percent of the ground surface and Include big sagebrush, black sage­
brush, fringed sagewort, rubber rabbitorush, Douglas rabbitbrush, and seve­
ral small, riHt-formlng species. Grasses found in the area include blue 
grama, gal leta, and Indian ricegrass. A few small forbs common to the 
area are vetch, fleabane, aster, and phlox. Patches of prickly pear cac­
tus are abundant in sore areas. Species such as snakeweed and Patagonia 
Indian wheat are present and indicate overgrazing (FBD, 1983a). 

Sore of the more comnion small mammals to be found are the kangaroo 
ra t , white-tai led jackrabbit, pocket gopher, cottontail rabbit , and ground 
squi r re l . Common birds Include the American kestre l , mourning dove, nea-
dowlark, red-tai led hawk, raven, and blackbird. Reptiles include the b u l l -
snake, pra i r ie rattlesnake, short-horned l i za rd , and sagArush l izard. No 
waterfowl or anphibians are l i ke ly to be present due to the lack of stand­
ing water (BLM, 1984). 

Although not confirmed by f i e ld studies, the habitat in the area of 
the disposal si te may be inportant winter range for pronghorn antelope 
which use mainly black sagebrush and big sagebrush as forage. There is 
also a possibi l i ty that mule deer may use surface drainages in the area as 
winter range (Welch, 1984). 
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Sage grouse have been found in the area around the alternate disposal 
s i t e . Triis gane bird species breeds exclusively in sagebrush-shrubland 
habitat and Is a year-round resident. Nesting usually occurs within 2 
miles of a lek (a mating and display area). Sone of the surface drainages 
near the si te may provide suitable habitat for these leks; however, none 
have been identified (FBD, 1983a). During a September, 1984, reconnais­
sance of the s i t e , sage grouse scat were found at a few locations, but no 
grouse were observed (Peel, 1984). 

Borrow sites 

The plants and animals at tne Litt le Mind borrow si te and .borrow si te 
2 are the sane as those described for the Riverton tailings s i t e . Borrow 
si te 10 is ecologically quite similar to the Dry Cneyenne alternate dispos­
al s i t e , and the plant and animal species present at this s i te are also 
very similar. Tnis si te is not inportant winter range for pronghorn ante­
lope or mule deer. Tne si te includes habitat suitable for use as leks by 
sage grouse (Melch, 1984). 

Tne Boulder Flats borrow si te is located in a transition zone between 
the sagebrush-shrubland nabitat of the Sand Hills to the northeast and the 
riparian habitat of the Nortn Popo Agie River to the southwest. The 
Boulder Flats borrow si te could therefore have a mixture of plant and ani­
mal species comwn to both types of nabitat ( i . e . , common to the Riverton 
tailings si te and the Dry Cheyenne disposal s i te) (Baldes, 1985; Hockley, 
1985). 

Wetlands 

Consultations with the U.S. Army Corps of Engineers (COE) and the 
U.S. Fish and Wildlife Service (FMS) have confirmed that there are no wet­
lands at or in the vicinity of the Riverton tailings s i t e , borrow sites 2 
and 10, and the Boulder Flats borrow si te (Anderson, 1985a,b, 1984; 
Gooley, 1985; Miller, 1984). Therefore, species commonly associated with 
wetlands or riparian habitats would not be found at the borrow si tes as 
permanent residents. Earthen daire have been buil t across the small drain­
ages northeast and southeast of borrow si te 10 to impound the ephemeral 
surface-water flows and provide inportant sources of water for wildlife 
and livestock (Anderson, 1984). The Lit t le Wind borrow si te (Figure 3.4) 
Is adjacent to the riparian zone along the Lit t le Wind River that contains 
dense populations of cottonwood, Russian olive, and willow trees; the FWS 
has indicated that wetlands or riparian habitats would not exist more than 
300 feet from the river (Street, 1987). The Dry Cheyenne alternate dispos­
al s i te is not near any wetlands or riparian areas, and no riparian spe­
cies were observed during an inspection of the site (Peel, 1984). 

Threatened and endangered species 

Both the Dry Cheyenne alternate disposal site and borrow site 10 con­
tain habitat possibly suitable for Artemisia porterl (Porter sage­
brush) and Cryptantha subcapitata (no common nane). Porter sagebrush 
was proposed for listing as threatened in the Federal Register (40 FR 
27887) of July 1, 1975 (Clark and Dorn, 1979). Tne species is, however. 
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more abundant than was previously believed and Is not subject to any iden­
t i f iable threat (FWS, 1985). The forb Cryptantha subcapitata is cur­
rently under review by the FWS as a Category 2 species (current Informa­
tion indicates, but aoes not adequately support, the probably appropriate 
l is t ing as threatened or endangered) (FWS, 1985), and the species is consi­
dered rare in Wyoming (Clark and Dorn, 1979). 

The bald eagle (Haliaeetus leucocephalus) and peregrine falcon 
(Falco peregrinus anatui] are l isted as endangered species by the 
FW^niarms, 1984; FWS, 1983). Ttie FWS and the Wyoming Garre and Fish 
Departirent report no nesting sites for these species in the Riverton area; 
however, both agencies agree that these birds could occur In the area as 
transients or migrants. Bald eagles are know to winter along the Wind 
River approximately 35 miles northwest of Riverton, but the closest know 
nesting sites are on the Big Horn River in the northern part of the state 
(Harms, 1984; Oakleaf, 1984; W6FD, 1983). No bald eagle nests were found 
during a September, 1984, reconnaissance of the tailings s i t e . Dry 
Cheyenne alternate disposal s i t e , and borrow sites 2 and 10 (Peel, 1984). 
The closest peregrine falcon nesting sites are in the Wind River Canyon 
area 35 miles north of Riverton (Harms, 1984; Oakleaf, 1984; WGFD, 1983). 

Bald eagles and peregrine falcons could occur at or armind the 
Boulder Flats borrow si te (Taylor, 1985). However, this area does not 
nave significant habitat for these species, and any occurrences of these 
species would be as transients or migrants. Some bald eagles may winter 
in the area surrounding the borrow s i t e , but there is no docunentation of 
any sightings or significant populations of either species in the area 
(Oakleaf, 1985). 

The black-footed ferret (Mustela nigripes) is listed as an endan­
gered species by the FWS (Taylor, 1985; Harms, 1984; FWS, 1983). The black-
footed ferret occurs only in or near prairie dog towns. The presence of 
prair ie dogs at or around the Riverton tailings site Is unlikely due to 
the presence of human act ivi ty, and none have been found at the s i t e . The 
Dry Cheyenne alternate disposal s i te and borrow si te 10 contain habitat 
suitable for prairie dogs, but none have been sighted at either si te 
(Peel, 1984). Tne presence of the black-footed ferret at any of these 
si tes is unlikely due to the lack of prairie dog tcMis. 

Tne black-footed ferret could occur at or around the Boulder Flats 
borrow si te (Taylor, 1985). Tnere is no infonnation on the presence of 
prairie dog t ^ s or black-footed ferrets at the Boulder Flats borrow 
s i t e . 

Tnere are no data on the presence of threatened and endangered spe­
cies at the Lit t le Mind borrow s i te and in the area aajacent to the trans­
portation route to Gas Hills Wyoming State Highway 136. Due to the loca­
tions of the borrow si te and highway, i t is expected that the above discus­
sions for threatened and endangered species at the Riverton and Dry 
Cheyenne sites would apply to this borrow si te and highway. 
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3.8 RM)IATION 

The existing radiation levels at the Riverton tail ings s i t e . Gas 
Hil ls , and the Dry Cheyenne alternate disposal s i te are discussed below. 
Section F.l of Appendix F, Radiation, contains detailed discussions of 
radiation and radiation measurements. 

3.8.1 Background radiation 

Radioactive elen«nts occur naturally throughout the a i r , 
water, so i l , and rock of the earth. The concentrations of these 
elanents vary greatly throughout the United States, and the concen­
trations in the Riverton area are generally higher than the aver­
ages for other areas because of local mineralization. 

The background gamma radiation exposure rate was neasured at 
three locations 10 to 20 miles from the Riverton tai l ings s i t e . 
Tne average background gamna exposure rate from both te r res t r ia l 
and cosmic sources, rreasurea at 3 feet above the ground, Is 13 
microroentgens per hour (microR/hr) with a range of 12 to 13 
microR/hr (ORNL, 1980). (iosraic rays (radiation from the sun ana 
other sources external to the earth) contribute approximately 7.7 
microR/hr (55 percent) of the 13 microR/hr background yamne expo­
sure rate in the Riverton area (EG&G, 1983), 

The average outdoor background radon concentration in the 
Riverton area is 1.1 pC1/l based on neasurements at two locations 
southwest and north of Riverton, The range of radon concentra­
tions for these 24-hour sanples was 0.8 to 1.3 pCi/1 (FBDU, 1977; 
Mound, 1985, 1984). 

The average background concentration of radioactive particu­
lates in air has not been neasured in the Riverton area. Due to 
the lack of any sources for emissions of radioactive part iculates. 
I t can be assumed that the average background concentration would 
be essentially zero. 

The average background levels of radiation in ground and sur­
face waters in the Riverton area can be estimated from the concen­
trations of Ra-226 in water sanples taken upgradient of the t a i l ­
ings pi le . The maximum Ra-226 concentrations in upgradient domes­
t ic water wells conpleted In the confined aquifer of the Wind 
River Formation were ireasured to be less than 1.0 pCi/1 (Section 
C.2.4 of Appendix C, Water). Two surface-water saii|)les taken from 
a drainage ditch northeast and Imnediately upstream of the t a i l ­
ings pile had Ra-226 concentrations of 0.141 and 0.206 pCi/1 
(GECR, 1983). San^jles taken from the Lit t le Wind River upstream 
of the tail ings s i te had Ra-226 concentrations of 0.4 pCi/1 (Sec­
tion C. l . i of Appendix C, Water). 

Background soil radioactivity levels typical of the Riverton 
area and not influenced by the Riverton tail ings pile have been 
established as 0.9 picoCurie per gram (pCi/g) for Ra-226. Tnese 
levels were determined from samples taken at the sane three loca­
tions used to measure the background gamma radiation exposure rate 
(ORNL, 1980). 
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3.8.2 Radiation levels 

Riverton tail ings s i te 

The average Ra-22fa content of the tailings pile and the exist­
ing earthen cover is 342 pCi/g (Section F.3 of Appendix F, Radia­
t ion) . The Ra-226 concentrations ranged from 180 to 1,200 pCi/g 
(BFEC, 1983a). The thoriura-230 (Th-230) concentrations of the 
tailings pile were not measured; however, if the Ra-226 is in equi­
librium with the Th-230, the average Tii-230 concentration would be 
approximately 342 pCi/g. Tne uranium-238 (U-238) content of the 
tailings pile Is 25 pCi/g (MSRD, 1982). 

Gamma radiation exposure rates nave been measured around the 
Riverton tailings s i te by many organizations (EG&G, 1983; BFEC, 
1983b; ORNL, 1980; EPA, 1977), and all reported rates are in gene­
ral agreerent. Over the eastern half of the mill s i t e , the ganma 
exposure ranges from 180 to 360 mIcroR/hr. Over the western half 
of the pile and araind the edges of the ore storage area, the expo­
sure rates range from 90 to 180 mIcroR/hr. Along a band about 200 
feet wide ringing the entire s i t e , the exposure rate is about 60 
to 90 microR/hr. To the southeast of the pile, extending about 
2,000 feet. Is an area of windblown contamination producing an 
exposure rate of 20 to 60 microR/hr. Background ganma exposure 
rates are reached within about 1,000 feet of the pile in all other 
directions. 

Radon flux through the cover of the existing pile r ages from 
51 to 81 picoCuries per square neteR per second (pCi/m s ) , with 
an area averaged flux of 65 pCI/m s (FBDU, 1977). The radon 
flux source term was calculated using the RAECOM model (NRG, 
1984). The calculation resulted in an annual average radon flux 
of 210 pCi/m s from the bare tailings based upon an average 
Ra-226 concentration of 342 pCi/g. Using a tailings pile surface 
area of 70 acres, the radon flux of 210 pCi/m s Is equivalent to 
a radon source term of 1,880 Curies per year. 

The soil beneath the tailings pile exceeds the EPA standard 
of 15 pCi/g of Ra-226 to an average depth of about 3 feet. The 
Ra-226 concentration in this material ranges from 4 to 1,300 pCl/g 
based on data from the analyses of interface sanples collected by 
Mountain States Research and Development (MSRD, 1982). 

Dispersion of the tailings by wind and water erosion has con­
taminated soils adjacent to the tailings pile. A field survey of 
the designated tail ings site and the area surrounding i t was con­
ducted to determine the areal extent of the displaced tail ings 
(BFEC, 1983b). Figure 3.12 shows the areas contaminated by disf^r-
sion of the tail ings (96 acres) as well as the contaminated ore 
storage and mill areas (22 acres) witnin the designated tailings 
si t e , 

Along the eastern half of the ore storage area, contaminated 
material is relatively shallow, less than 1 foot deep. Along the 
western half of the ore storage area, and over most of the mill 
area, the contaminated material ranges from 2 to 4 feet in depth. 
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Contamination in tnese areas is slightly elevated above the EPA 
standard for radium In soil with isolated spots of higher acti­
vity. Windblown contamination around the tailings pile consists 
of diluted tailings and is generally slightly elevated above the 
EPA st»dard. Tne total nuntoer of acres of off-pile contamination 
is approximately 118 acres (BFEC, 1983b). 

Dry Cheyenne alternate disposal site 

No data exist on the backgraind gamma exposure rate and 
Ra-226 concentration in soil at the Dry Cheyenne alternate dispo­
sal s i te . Tne site is believed to have radiation levels typical 
of non-mineralized areas near Riverton. These are 13 ralcroR/hr 
for gamma exposure at 3 feet above the ground surface and 0.9 
pCi/g for Ra-226 (ORNL, 1980). Tne backgrcwnd radon concentration 
at the site was neasured from July throigh Octdser of 1984 and 
averaged 1.26 pCi/1 (Mound, 1984). 

3.9 L^D USE 

Over 90 percent of the total acreage of Fremont County (9 million 
acres) is in agricultural use, with over 5 million acres being nonirrigat­
ed rangeland usrt for grazing purposes. Roughly 216,000 acres are in Irr i ­
gated agricultural use, with about 10 percent of this total used as crop­
land and the remaining 90 percent used for pasture and hay production 
(Fremont County Planning Commission, 1978). 

Nearly 1 million acres In Fremont County are managed by the U.S. 
Forest Service. Of this total, 321,000 acres are classified as comnercial 
forest by the U.S. Forest Service. The nearly 1.9 million-acre Wind River 
Indian Reservation lies mostly in Fremont County, with sone acreage extend­
ing into Hot Springs County (FBD, 1983a). 

As of 1978, the six incorporated municipalities in Fremont County 
encompassed 8,475 acres, witn this total expanding yearly due to annexa­
tions of surrounding areas by the minicipall t ies . Approximately 49 per­
cent of this urban acreage is undeveloped land within the nunici pall t ies ' 
boundaries (Fremont County Planning Commission, 1978). 

The pralomlnant land use in the iranediate vicinity of the existing 
tailings site Is agricultural (Figure 3.13), with hay the primary crop. 
Trie active sulfuric acid plant is imnediately adjacent to the forirer mill 
area northwest of the tailings pile. A nunber of residences exist along 
the tailing si te 's northern and southern boundaries and residential deve­
lopment Is just northwest of the si te. The St. Stephen's Mission School, 
a contract school for the Bureau of Indian Affairs (BIA), Is 0.6 mile from 
ttie s i te . Tne lands surrounding the tailings site are generally owned by 
the Arapahoe and Snoshone Indian Tribes, although there are scattered sec­
tions of fee land as well. 

63 



ST. STEPHEN^S 
SCHOOL 

0 RESIDENTIAL 

Q INDUSTRIAL 

• VACANT AMD 
AQRICULTOPIAL 

0 OTHER 

1/4 1/4 

SCALE m MILES 

FIGURE 3J3 
LAND USE AROUND THE RIYERTON SITE 

64 



There are both Indian tribal lands (administered by tne Arapahoe-
Shoshone Joint Business Council) and Indian allotted lands (reserved for 
use by individual Indians or allottees) in the vicinity of the existing 
tailings s i t e . Reportedly, most of the allottees are living on the a l lo t t ­
ed lands rather than leasing them for other purposes such as grazing. In 
terms of land use plans and policies for the area around tne tail ings 
s i t e , the controlling factor is a tribal zoning ordinance administered by 
the Arapahoe-Shoshone Joint Business Council. This ordinance governs vir­
tually all types of developrerit activity (e.g. , trader permits, conces­
sions, and residential development) within the boundaries of the Wind 
River Indian Reservation, and i t effectively nalted the residential deve­
lopment on fee land northwest of the tailings site (Price, 1985; Robert­
son, 1985a). 

Gas Hills is an area that contains several active uranium mill t a i l ­
ings sites in the Gas Hills Uranium Mining District. Uranium mining and 
milling nave occurred extensively in the d i s t r ic t , but the land is also 
used for low-density livestock grazing. The dis t r ic t is sparsely populat­
ed, the closest urban center being Jeffrey City approximately 30 miles to 
the soutn. Gas Hills is 45 to 60 miles east of the Riverton tailings site 
via Wyoming State Highway 136. The majority of the lands along this high­
way are managed by the BLM and used primarily for lowdensity livestock 
grazing and oil and gas exploration and development. 

Trie Dry Cheyenne alternate disposal site is managed by the BLM, with 
the area in use for low-density grazing. There is oil and gas exploration 
and developrent activity in the vicinity, and the site Is within a current 
oil and gas lease (Weber, 1987). However, there is no apparent oil and 
gas activity on the s i te at present, and the nearest producing wells are 
approximately 3 miles from the s i t e . The nearest residence to the s i te is 
approximately 4 miles to the northeast. 

The Litt le Wind borrow si te and borrow site 2 are privately owned, 
and land use In the area around these borrow sites Is as described above 
for the tail ings s i t e . The primary land use at and near borrow si te 10 is 
low-density grazing. Tne s i te is managed by the BLM. There Is an active 
oil and gas lease that covers part of the s i t e , but there is no oil and 
gas activity on the s i te at present. There are ongoing oil and gas explo­
ration and production in the general area but not in the imnediate site 
vicinity. Tnere are two natural gas pipelines in the vicinity of borrow 
site 10, one running parallel to Wyoming State Highway 135 less than 1 
mile southwest of the si te and the other running diagonally through the 
borrow si te in a northeasterly direction. There are no residences in the 
imiKdiate area. Tnere is a county landfill on the other side of Wyoming 
State Highway 135 across from the s i te (Weber, 1987). 

In terms of land use plans and policies for the areas around the Dry 
Cheyenne alternate disposal s i te and borrow site 10, both sites and the 
surrounding areas are managed by the BLM as stated above. According to 
the BLM, there are no existing or proposed special use lands (e.g. , recrea­
tional f ac i l i t i e s , wilderness areas, and the like) in close proximity to 
either s i t e , and there are no plans for uses other than those currently in 
effect (grazing and oil and gas leasing). While land use plans for the 
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areas may change, i t is not expected that such changes would involve any 
new or special uses, tore than likely, such changes would consist of 
shifting the emphasis from one current land use to the other based on tne 
current BLM evaluation of the surface and mineral resources. For exanple, 
lands previously promoted for grazing may be promoted for oil and gas leas­
ing (Weber, 1987; Womack, 1985). 

The Boulder Flats borrow s i te is on private lana within the Wind 
River Indian Reservation. Tne North Popo Agie River runs generally west 
to east approximately 0.5 mile south of the si te and marks the southern 
boundary of the Reservation. The lands to the east, north, and west of 
the site are checkerboard Indian tribal and allotted lands and, as with 
the Riverton tailings s i t e , the controlling factor for land use plans and 
policies for the area is the tribal zoning ordinance administered by the 
Arapahoe-Snoshone Joint Business Council. In the vicinity of the borrow 
s i t e , the land is used primarily for rural residences with sone small 
farms and pasture lands. Tnere is a small comnercial can^ground north of 
the s i t e , and the Wyoming Highway Department operates a gravel pit just 
south of the s i t e . U.S. Highway 287 (north-south) passes just west of the 
s i t e , and the small, rural town of Mil ford is 1 mile south of the s i t e , 
across the North Popo Agie River and off of the Wind River Indian Reserva­
tion (Robertson, 1985b). 

3.10 NOISE LEVELS 

A background noise survey was perforired in the vicinity of the River­
ton tailings si te (FBD, 1983a). Noise levels at and around the tailings 
pile ranged from 50 to 65 decibels (dBA) as recorded on the A-weighted 
scale which most closely approximates the human ear. Three sensitive 
noise receptors (residences) are located from 900 to 2,700 feet from the 
tailings pi le . Noise neasureirents recorded at these three residential 
areas were 51, 54, and 56 dBA. Tne highest noise level recorded, 65 dBA, 
occurred at the intersection of Wyoming State Highways 789 and 138 (Figure 
3.2). 

Noise neasurements were not taken along the transportation route to 
Gas Hills (Wyoming State Highway 136) and at the Dry Cheyenne alternate 
disposal s i t e , borrow s i te 10, and the Lit t le Wind and Boulder Flats bor­
row s i tes ; however. I t is likely that noise levels along this highway and 
at these sites would generally be lower than those at the Riverton site 
since they are removed from population centers and major transportation 
routes. Based on the National Academy of Sciences' nethod of relating 
noise levels to population densities, noise levels along Wyoming State 
Highway 136 and at the Dry Cheyenne si te and borrow si te 10 (undeveloped 
rural areas) wuld be equivalent to an average day-night noise level (Ldn) 
of 35 dBA (NAS, 1977). The Ldn is a noise rating system which assigns a 
10-dBA penalty to the nighttlne period to account for the heightened per­
ception to noise during that t ine . Tne Litt le Wind borrow si te is 0.5 
mile from the St. Stephens Mission, and the Boulder Flats borrow si te is 1 
mile from the small, rural tow of Milford. Using Figure 3.14, i t i s es t i ­
mated that the noise level at either of these borrow sites would be 50 
dBA. 
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3.11 SCENIC AND CULTURAL RESOURCES 

3„11.1 Scenic resources 

The scenic resources of the Riverton tailings s i t e . Li t t le 
Wind borrow slte^ and borrow site 2 are characterized by a combi­
nation of suburban and pastoral views with distant vistas of the 
Wind River Mountains to the west. Noticeable features in the imne-
diate vicinity include the active sulfuric acid plant, the mill 
building and water tower, St. Stephen's Mission (0.6 mile south of 
the tail ings s i t e ) , farm lands, pastures, low-density residential 
areas, and clusters of cottonwood trees. Trie tailings pile 1s not 
visible from the city of Riverton, but i t can be seen from nearby 
residences and the roadway and highways passing by the ta i l ings 
s i t e . 

Scenic resources along the transportation rojte to Gas Hills 
(Wyoming State Highway 136) and at the Dry Crieyenne alternate dis­
posal s i te and borrow si te 10 consist primarily of views of riills 
covered with grass and sagebrush and distant mountains. The sce­
nic resources at the Boulder Flats borrow si te are characterized 
by nearby views of the rural surroundings and the valley of the 
North Popo Agie River. The grass- ana sagArush-covered foothills 
of tne Wind River fountains are visible to the west; however, the 
most noticeable feature in the area Is the distant vista of the 
lofty peaks of the Wind River Mountains. 

3.11.2 Cultural resources 

Cultural resources incluae historic, archaeological, and eth­
nographic resources. Class III cultural resource surveys are 
field examinations conducted to identify historic and archaeologic­
al resources and to determine if the identified resources are 
potentially eligible for l ist ing in the National Register of 
Historic Places (NRHP). Ethnographic surveys include field exami­
nations and interviews with local residents and other concerned 
parties (e .g. , the Arapahoe and Shoshone Indians). 

Historic resources 

The history of the Wind River basin reflects many act ivi t ies 
including mineral prospecting and raining, ranching, and farming. 

Fur trappers, including John Colter, intermittently used the 
area in tne early 1800s. Several rendezvous (mountain roan gather­
ings) are believed to have been held at the confluence of the Wind 
and Lit t le Wind Rivers at a location called Double Dives Z.b miles 
east of the tai l ings s i te (Snakespeare, 1971). 

The Shoshone Indians have occupied the region since before 
recorded nistory, and the Northern Arapahoe Indian Tribe was relo­
cated to the area by the Federal Government in 1878. Tne Snoshone 
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and Arapahoe Indians jointly occupy the Wind River Indian Reserva­
tion which surrounds the tailings si te and the city of Riverton 
(Shakespeare, 1971). In 1884, a Jesuit priest from Buffalo, New 
York, established the St. Stephen's Indian Mission (Brown, 1984). 

In 1904, the Federal Soverniient Initiated an irrigation pro­
ject that encompassed the area north and west of the Wind River. 
This project led to the establlshnent of the d t y of Riverton in 
1906 (SCS, 1974). 

Uranium processing at the Riverton tailings si te began in 
1958 after the mill was buil t by Fremont Minerals, Inc., later 
know as Susquehanna-Western, Inc. Tne milling operations conti­
nued until 1963 when the mill was closed. 

A Class III cultural resource survey of the tailings site and 
surrojnding area (including borrow site 2) identified one concen­
tration of historic horrestead materials. Adaitional data from 
this concentration are required before a determination of e l igibi­
l i ty for l is t ing In the NRHP can be made. A Class III cultural 
resource survey of borrow si te 10 did not Identify any historic 
resources (Reher e t a l . , 1986). The Dry Cneyenne alternate dispos­
al s i te and the Lit t le Wind and Boulder Flats borrow sites have 
not been surveyed for cultural resources. There Is no information 
available as to the presence of historic resources at these s i t e s . 

Archaeological resources 

The Riverton area lies within the Northwestern Plains Culture 
Area (Prison, 1978). Distinct cultural traditions of big game 
hunting and foraging by small, nomadic grojps persisted until the 
area was set t l rf by Euro-Anericans. Tne ear l ies t known habitation 
of some locations within the Wind River basin has been correlated 
with the Paleo-Indian Period approximately 10,000 years before the 
present (Zier and Zier, 1980). The latest of prehistoric occupa­
tions of the basin involved primarily the Snoshone Indians who 
were present when the f i r s t Euro-Anerican trappers arrived in the 
early 1800s (Prison, 1978). 

A Class III cultural resource survey of 340 acres at and 
around the tai l ings s i te (including borrow s i te 2) Identified two 
small l l th ic scat ters . These two scatters are not eligible for 
l ist ing in the NRHP. A Class III cultural resource survey of 370 
acres at borrow si te 10 and i ts haul road Identified four large 
l l th ic scat ters . Tnese l l th ic scatters are extensive in nature 
and are considered eligible for l ist ing In the NRHP (Reher et a l . , 
1986). 

The Dry Cheyenne alternate disposal s i te and the Litt le Wind 
and Boulder Flats borrow sites have not been surveyed for cultural 
resources. There Is no infonnation available on the presence of 
archaeological resources at these s i t e s . 
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Ethnographic resources 

An ethnographic survey of the area within a one-mile radius 
around the Riverton tailings site was conducted In conjunction 
with the Class III cultural resource survey. This survey was con­
ducted to identify any religious, sacred, or herb gathering si tes 
or landmarks inportant to either the Arapahoe or Snoshone Indians, 
Only one site of concern, an Arapahoe Indian historic si te associ­
ated with the early 1900s, was Identified within the area to be 
affected by remedial action ( i . e . , the tailings site and adjacent 
areas of windblow contamination). Other si tes Identified by the 
survey are outside the area to be affected, the primary site being 
St. Stephen's Mission which 1s listed In the NRHP (Reher et a l . , 
1986). 

3.12 SOCIOECONOMIC CHARACTERISTICS 

The foil wing is a brief description of the socioeconomic characteris­
tics of the Riverton area. This description summarizes the more detailed 
data presented in Section E.l of Appendix E, Socioeconomics. 

The 1983 populations of Fremont County and the city of Riverton were 
41,071 and 10,438, respectively (Fremont County Planning Commission, 
1984). These values rqjresented Increases from 1980 census levels of 
38,992 (county) and 9,588 (c i ty) . In 1980, the city of Riverton housing 
stock totaled 3,653 units plus over 500 motel-type rooms. The total 1980 
county-wide housing stock was 14,570 units . Vacancy rates for rental 
units in Riverton were 7.3 percent, while county-wide rental vacancy rates 
were 8.5 percent (DOC, 1982). 

The Fremont County enploynent base Included over 13,300 workers in 
1982, with services and retail trade the largest sectors in terms of 
employnent. Mining (Iron and uranium) has been an important part of the 
local economy in recent years, but depressed conditions In the mining 
Industries have reduced county raining enploynent to less than half of the 
1979 levels (Fremont County Planning Commission, 1984). The average coun­
ty unenploynent rate for 1983 was 10.8 percent which is considerably high­
er than the statewide average of 8.4 percent (WESC, 1984). The U.S. 
Department of Labor has classified Fremont County as a labor surplus area; 
i t Is the only Wyoming county so classified (Askew, 1987). 

Assessed valuations in 1983 for Fremont County and the city of River­
ton were 1512.0 million and $23.7 million, respectively. The total 1983 
tax levy for Riverton was 84.97 mills per |1,000 in assessed valuation, or 
$20,146.50 (»RT, 1983). Sales tax collections In Fremont County in f i s ­
cal year 1982 were $10,369,648. Under State of Wyoming law, 2 percent of 
sales tax collections are returned to the city or county of origin (WDRT, 
1982). 

Riverton's d t y police force has 20 sworn officers; the Fremont 
County Sheriff also maintains nine officers In Riverton to serve unincor­
porated areas in the vicinity. Fire protection Is provided by a 52-person 
volunteer force which Is housed In two stations. There are seven public 
schools and one junior college In Riverton. Total enrollment at these 
institutions exceeds 4,100 pupils. Tne seven public schools could accommo­
date an additional 300 pupils (FED, 1983a). 
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Riverton obtains i t s water supply from wells and from the nearby Wind 
River. Trie water system has a current capacity of 4 million gallons per 
day (gpd) which could be doubled with developnent of additional water 
l ines . The c i ty ' s sewage system was expanded in 1986 and now has a capa­
city of 5 million gpd. Flows into the system range from 1.85 million gpd 
during the winter to 3 million gpd during the suniner (Scott, 1987). 

Tne Riverton area Is served by the Chicago and Northwestern Railroad 
(C&NWRR) and a regional airport with comnercial service. In the past, the 
C&NWRR passed by the Riverton tail ings site and continued on to the south­
west; the railroad terminates in Riverton just north of the Wind River 
(Figure 3,2). Major transportation routes Include U.S. Highway 26 (east-
west) and Wyoming Slate Highway 789 (north-south). 

In addition to the roadway in the Iranediate vicinity of the existing 
tai l ings s i te (Goes In Lodge Roaa), the roadways affected by the remedial 
action alternatives would be Wyoming State Highways 789, 135, and 136 
(Figure 3.1). Average dally traffic volunes on these routes In 1985 were 
4,470 tr ips per day on Wyoming State Highway 789, 520 tr ips per day on 
Wyoming State Highway 135, and 270 tr ips per day on Wyoming State Highway 
136 (Taylor, 1987). No traffic data are available for Goes In Lodge Road. 

Wyoming State Highways 789, 135, and 136 are generally two-lane road­
ways in the areas that would be affected by the remedial action alterna­
t ives . The design capacity (Level of Service "E") of a two-lane roadway 
is 2200 vehicles per hour. When flows approach '1,400 vehicles per hour 
(Level of Service "C"), the Wyoming Highway Department believes that the 
threshold has been "reached where sone corrective action should be t * e n . 
The desired capacities at which an acceptable level of service is maintain­
ed must be adjusted to take into account factors such as the amojnt of 
truck traffic and roadway grades and width. Considering these factors, 
the desired maxiimim capacities at which adequate service is s t i l l maintain­
ed are 950 vehicles per hour for Wyoming State Highways 789 and 136, and 
820 vehicles per hour for Wycming State Highway 135. Up to 15 percent of 
daily traffic flows occur in the peak hour; therefore, current, peak hour­
ly flows approximate 670 vehicles per hour on Wyoming State Highway 789, 
80 vehicles per hour on Wyoming State Highway 135, and 40 vehicles per 
hour on Wyoming State Highway 136. Thus, each of the above roadways are 
currently operating at levels of service considerably above Level of 
Service "C" (Lane, 1985). 
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4.0 ENVIRONMENTAL IMPACTS 

The environmental inpacts of the remedial action alternatives presented in 
this environmental assessment (EA) are based on conservative assunptions and 
impact assessment procedures and therAy represent a real is t ic upper limit on 
the severity of the impacts that may occur. The actual inpacts that would occur 
would probably be less severe than those identifieci in this EA. Tne environment­
al inpacts presented in this EA are also based on continuous remedial action 
schedules ( i . e . , remedial action would be conducted throughout the year). In 
rea l i ty , inclenent weather during the winter months would probably necessitate 
the cessation of remedial action, and the associated inpacts would cease or 
decrease accordingly. This section and the appendices to this EA contain des­
criptions of the impacts assessment assunptions and procedures. 

The proposed remedial action for the inactive (Title I) Riverton tailings 
site is relocation to Gas Hills. Gas Hills is an area that contains several 
active (Title II) uranium mill tailings sites 1n the Gas Hills Uranium Mining 
Distr ict . Tne specific active site for disposal of the inactive Riverton t a i l ­
ings and contaminated materials would be selected by conpetitive bidding from 
owners and operators of active tailings sites in the Gas Hills District . 

For the impacts analyses in this EA, i t was assuned that the selected 
active tail ings site in Gas Hills is 45 to 60 road miles east of the Riverton 
s i t e . Therefore, the inpacts identified for relocation to Gas Hills are conser­
vative and represent a real is t ic upper limit on the severity of the inpacts that 
may occur. Tne inpacts identified for relocation to Gas Hills are the Inpacts 
of remedial action at the Riverton site and, when appropriate, the inpacts along 
tne transportation route to Gas Hills ( i . e . , impacts on gamma radiation levels, 
air quality, surface water, noise levels, traffic volunes, and traffic accident 
injuries and f a t a l i t i e s ) . 

The renedial action at the selected active tailings site in Gas Hills would 
be consistent with the U.S. Environirental Protection Agency (EPA) standards for 
active s i t e s . Title 40, Code of Federal Regulations, Part 192, Subparts D and E 
(40 CFR Part 192, Subparts D and E) and would be performed in accordance with a 
remedial action plan prepared by the owner ana operator of the selected active 
si te and to be approved by the U.S. Nuclear Regulatory Commission (NRC). The 
generic Inpacts of the EPA standards were addressed in an environmental inpact 
statement (EIS) published by the EPA (EPA, 1983). The short- and long-term 
inpacts of ranedial action at the selected active site would be assessed by the 
NRC for i t s compliance with the National Environmental Policy Act (NEPA), Public 
Law 91-190 (Pet t ingi l l , 1987). I t should be noted that the Riverton tailings 
and contaminated materials (1.5 million cubic yards) are only 31 percent of the 
smallest active tailings pile (4.8 million cubic yards) in Gas Hills that could 
be selected as ttie final disposal s i te (Garcia, 1987). 

The borrow sites included in this EA were selected as the sources of the 
necessary borrow materials for inpacts analyses purposes; tne borrow sites to be 
used for the remedial action will be selected during the final design. The Im­
pacts identified for the borrow sites included in this EA are conservative ana 
represent a real is t ic upper limit on the severity of the inpacts that may occur. 

All of the remedial action alternatives except no action include remedial 
action at the estimated 25 off-site vicinity properties. However, only those 
Impacts of remedial action at the vicinity properties that make an appreciable 
contribution to the Inpacts of the overall remedial action are included in this 
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EA {e,g,, excess healtri effects to the general public and remedial action work­
ers and inpacts on so i l s ) . The inpacts of remedial action at the vicinity pro­
perties were previously assessed In a programmatic environmental report (DOE, 
1985). 

4.1 RADIATION 

4.1.1 Exposure pathways 

There are five principal radiological pathways by which indi­
viduals could be exposed during the remedial action (Figure 4.1). 
These are: (1) Inhalation of radon and radon daughters; (2) dirat 
exposure to gamma radiation emitted; (3) Inhalation and Ingestion 
of, and submersion in, airborne radioactive particulates; (4) 
ingestion of surface or ground water contaminated with radioactive 
materials; and (5) ingestion of contaminated foods produced In 
areas contaminated by tailings. For the calculation of excess 
health effects, only those pathways that would result In the larg­
est radiological doses to the general public were considered in 
detail (I.e., Inhalation of radon and radon daughters, direct expo­
sure to gamma radiation, and inhalation and ingestion of airborne 
radioactive particulates), and the general public included the 
workers at the active sulfuric acid plant at the Riverton tailings 
site. Section F.3 of Appendix F, Radiation, contains calculations 
that estimate the radiation exposures and excess health effects to 
the general public from the water ingestion pathway and to a maxi­
mally exposed Individual from the contaminated foods Ingestion 
pathway, 

Radon is an inert gas (I.e., does not react chemically with 
other elements) produced from the radioactive decay of radium-226 
(Ra-226) In the uranlym-238 (U-238) decay series. As a gas, radon 
can diffuse through the tailings and into the atmosphere where it 
is transported by atmospheric winds over a large area. In the 
atmosphere, radon decays into its solid daughter products that 
attach to airborne dust particles and are inhaled by humans. 
These dust particles, with the radon daughter products attached, 
may adhere to the lining of the lungs and decay with the release 
of alpha radiation directly to the lungs. 

Gamma radiation 1s also emitted by many nembers of the U-238 
decay series, Gaiiia radiation behaves Independently of atmospher­
ic conditions and travels in a straight line until it inpacts with 
matter. Gamma radiation emitted from the tailings delivers an 
external exposure to the whole body. Gamma radiation levels emit­
ted from the tailings become negligible beyond 0.3 mile from the 
perlneter of the tailings due to the Interaction of the gamma rays 
with matter in tne air. 

The general public Is presently being exposed to radon daugh­
ters and direct ganma radiation from the partially stabilized tail­
ings pile. Radon 1s diffusing into the antient atmosphere where 
it Is being dispersed by winds over a large area (I.e., radon inha­
lation pathway). Gamma radiation is being emitted and Is exposing 
any person living or working within 0,3 mile of the tailings 
(I.e., direct gamma exposure pathway). Currently, there are no 
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effective barriers to prevent continued dispersion and unauthoriz­
ed removal and use of the tailings that could increase the general 
public's exposure to radon daughters and gamma radiation. 

During inplementation of any of the action alternatives, the 
exposures to the general publ1c from these two pathways and from 
the airborne radioactive particulates pathway would increase as 
the tailings are disturbed on the site or as the tailings are 
transported to another disposal site. Remedial action workers 
would also be exposed to these three pathways during remedial 
action. 

After relocation to Gas HillSs there would be no exposure 
above that allowea by the EPA standards (40 CFR Part 192, Subparts 
Ag Bg and C) to radon and radon daughters or direct gamniB radia­
tion at or in the vicinity of the Riverton tailings site because 
the tailings and contaminated materials would have been ranoved. 
Following stabilization in place or disposal at the Dry Crieyenne 
site8 there would be no exposure to direct gamma raaiation at the 
Riverton or Dry Cheyenne site since botn of these alternatives 
include the construction of a coiipacteds earthen radon barrier 
that gamma radiation could not penetrate. However, there would 
continue to be a small public exposure to radon and radon daugh­
ters following remedial action because the eartnen radon barrier 
for these alternatives would substantially reduce but not elimi­
nate the release of radon. In Is would result in a small lung dose 
to the nearby population with the excess health effects proportion­
al to the size of the population. Tne earthen radon barrier for 
these action alternatives would have a very low permeability and 
thereby slow the rate of radon diffusion through the barrier. 
Most of the radon would decay into its solid daughter products 
before it could diffuse through the barrier and enter the atmos­
phere. The rate of radon emanation would be no greater than the 
allowable levels contained in the EPA standards (40 CFR Part 192, 
Subpart A ) . 

Ttie following sections discuss tne excess health effects that 
would result during and after the inpleiientation of each ranedial 
action alternative and tne excess health effects of construction 
related acclaents that might occur. Exposure to gamma radiation 
may cause genetic health effects in addition to somatic riealth 
effects (e.g», cancer). Tne genetic risk is approximately two-
thirds of the somatic risk for gamma radiation^ and a genetic 
health effect in general may be considered less severe. Measures 
taken to reduce the somatic health effects would also reduce the 
genetic effects. The discussions in the following sections ana 
the excess health effects calculations in Section F.3 of Appendix 
F, Radiation, reflect only the sonatic health effects. 

Health effects during remedial action 

Ttie estimates of excess health effects (i.e., fatal cancers) 
in this section are based on the procedures discussed in Sections 
F.2 and F.3 of Appendix F, Radiation. Tnese procedures are based 
on realistic but conservative assunptions to estimate the levels 
of excess nealth effects. Table 4.1 lists the estimated excess 
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Table 4 . i Excess health effects during remedial action' 

Reiiieai al 
ac t ion . 

a l t e r n a t i v e 

Relocat ion to 
Gas H i l l s 

S t a b i l i z a t i o n 
In place 

Disposal at Dry 
Cheyenne s i t e 

General publ ic 
radon daughters 
l e a l t h e f f ec t s 

0.025 

0.033 

0.021 

General 
pub l ic 

gamma hea l th 
e f f ec t s 

0.00037 

0.00024 

0.00032 

General 
publ ic 

t r anspo r ta t i on 
gamnH hea l th 

e f f ec t s 

Neg l i g i b l e 

0.00000 

Neg l i g i b l e 

General 
publ ic 

rad ioac t i ve 
pa r t i cu la tes 

nea l th e f f ec t s 

0.00063 

0.00086 

0.0016 

Remedi al 
ac t ion worker 
radon daughters 
hea l th e f f ec t s 

0.0056 

0.0060 

0.0090 

Remedi al 
ac t ion worker 

ganma heal th 
e f fec ts 

0.0026 

0.0028 

0.0042 

Remedial ac t ion 
worker 

rad ioac t i ve 
pa r t i cu la tes 

neal th e f fec ts 

0.00047 

0.00090 

0.0019 

Total 
excess 
Ileal th 
e f fec ts 

0.03 

0.04 

0.04 

^Sections F.2 and F.3 of Appendix F, Radiation, contain detailed discussions of the rrethods and assuin)tions used to estimate these excess health effects. 

The no action alternative would result in 0.02 total excess health effects per year (0.023 general public radon daughters health effects and 0.00016 
general public ganma health e f fec ts) . 

^The estimated excess health effects for relocation to Gas Hi l ls do not include the excess health effects during remedial action at the selected active 
urdniura mi l l ta i l ings s i te in Gas H i l l s . The health effects at the selected active s i te in Gas Hi l l s would be assessed by the NRC for i t s compliance with 
the NEPA. Public Law 91-190 ( P e t t i n g i l l . 1987). 

*'o.000000020 excess health ef fects. 



health effects that would occur for each reiredial action alterna­
tive during remedial action. 

As presented In Section F.3 of Appendix F, Radiation, the per­
centage increase in radon released from the tailings due to remedi­
al action activit ies would be small relative to the radon released 
prior to remedial action because there Is a large radon flux from 
the existing tailings pile under no action conditions. During 
remedial action, increases In gamma exposure rates and airborne 
radioactive particulates concentrations would be larger than the 
radon concentration increases compared to levels prior to remedial 
action. Gamma exposure rates would increase as tne pile is reshap­
ed and the existing cover is removed or disturbed because more 
tailings would be exposed; airborne radioactive particulates con­
centrations would also Increase from near zero background levels 
to rreasurable levels due to disturbance of the ta i l ings. 

The elevated gamna exposure rates would increase the excess 
health effects primarily to the ranedial action workers at the 
tailings s i t e . Inhalation of radon daughters woula be the domi­
nant exposure pathway in the excess health effects for the general 
public. Tne innalation of airborne radioactive particulates would 
have almost equal effects on the general public and rerredial 
action workers for any of the action alternatives. 

The excess health effects to the general public during remedi­
al action are principally dependent on the amount of tailings and 
contaminated materials to be moved and the nunter of people who 
live and work nearby. Tne excess health effects estimated for 
each of the remedial action alternatives are very small in conpari­
sen to the natural Incidence of cancer. In the United States, an 
individual has a 16 percent chance or approximately one chance in 
six of contracting cancer (NAS, 1980). 

As a comparison, the excess radon daughters health effects to 
an individual in the general public during rerredial action for sta­
bilization in place were estimated to be 0.U0025 percent (determin­
ed by dividing 0.032 excess nealth effects by an exposed popula­
tion of 13,001 people) or one chance in 400,000 of contracting 
fatal cancer from exposure to radon daughters. Tne excess health 
effects for the remedial action alternatives are, therefore, a 
very small fraction of the normal cancer Incidence rate of 16 per­
cent (approximately one chance in s ix) . 

Relocation to Gas Hills would result In 0.03 total excess 
health effects during remedial action. This is due primarily to 
the length of the tiire required to remove tne tailings and contami­
nated materials from the Riverton site (28 months) which increases 
the general public's exposure to raaon and radon daughters. The 
excess gamma health effects to the general public due to transpor­
tation of the tail ings and contaminated materials would be negli­
gible (0.000000020 excess health effects). 

The no action alternative would result In 0.02 total excess 
health effects per year. This nuntoer of total excess nealth 
effects is not directly conparable to the total excess health 
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effects listed in Table 4.1 because the total excess health 
effects for the remedial action alternatives are for the duration 
of the remedial action: 31 months for relocation to Gas Hills, 24 
months tor stabilization in place, and 30 months for the Dry 
Cneyenne alternative. In addition, the total excess health 
effects tor tne no action alternative do not consider any disper­
sion or unauthorized removal and misuse of the tailings. Conti­
nued dispersion and unauthorized removal and use of the tailings 
could result in greater excess nealtri effects than those calcu­
lated. 

Stabilization in place would result in 0.U4 total excess 
health effects during remedial action. All of the tailings and 
contaminated materials would remain at the Riverton site resulting 
in increased exposure to raaon and radon daughters for the general 
public (Table 4.1). 

During remedial action, the Dry Cneyenne alternative would 
result in 0.04 total excess health effects. Tne increased health 
effects to renedial action workers (Table 4,1) would be due to the 
nuniaer of workers (an average of Si worKers) while the decreased 
nealth effects to the general public would be aue to tne tine 
required to remove the tailings and contaminated materials from 
the Riverton site (24 months). The excess gamma nealth effects to 
tne general public due to transportation of the tailings and conta-
minatea materials to tne Dry Cneyenne site would be also negli­
gible (U.O0U000U20). 

4.1.3 Hypothetical acclaents 

The Riverton tailings contain radioactive elements in low con­
centrations that emit low levels of radiation. A long exposure 
tine is required to proauce excess health effects. For any action 
alternative, a spillage of tailings resulting from a traffic acci-
aent Involving a truck loaaea with tailings would be cleaned up 
imreaiately and woula thererore cause a snort exposure iine to per­
sons living or working near the spill. Contractors would be 
required to establish approved procedures for cleaning up spills. 

Tne only spill which could not be cleaned up would be one 
that occurs as a truck crosses a river or flowing watercourse. 
Tne prAabillty of such an accident would be very low. Relocation 
of the tailings to either Gas Hills or the Dry Cheyenne alternate 
disposal site would have the possibility of this occurring since 
the transportation route would cross the Little Wind River. In 
this case, niich of the tailings could not be recovered; however, 
the concentrations of radioactive elements would be rapidly dilut­
ed by the flowing waters, and little or no excess health effects 
would occur (Section F.3.3 Appendix F, Radiation). All reasonable 
mitigative iKasures would be tacen if such an event occurred. 

4.1.4 Healtn effects after remedial action 

Tne procedures used to calculate the excess health effects 
after remedial action for each of the alternatives are discussed 
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in Section F.3.5 of Appendix F, Radiation. These procedures are 
based on rea l i s t ic but conservative assunptions to estimate the 
levels of excess health effects. Table 4.2 l i s t s the estimated 
yearly excess health effects for each of the alternatives after 
remedial action. 

As stated previously in Section 4 .1 .1 , tfiere would be no ex­
posure above that allowed by the EPA standards (40 CFR Part 192, 
Subparts A, B, and C) to radon and radon daughters or direct gamma 
raaiation at or in the vicinity of the Riverton site after tne 
tailings and contaminated materials were relocated to Gas Hil ls . 
Therefore, there would be no general public excess health effects 
at or in the vicinity of the Riverton si te after this al ternative. 
Tnere would be no exposure to o i r a t gamma radiation after s tabi­
lization In place or disposal at the Dry Cheyenne si te because 
these alternatives include the use of an earthen radon barrier for 
the tai l ings which would also attenuate gamma radiation to approxi­
mately backgrcwnd levels. This radon barrier would ensure that 
the radon releases for these alternatives, after remedial action, 
would be no greater than allowed by the EPA standards. The no 
action alternative would result in continued exposures due to e le­
vated ganma exposure rates and radon emanation from the unaltered 
tailings p i le . 

The no action alternative would result in the greatest yearly 
excess health effects to the general public (0.02 total excess 
effects per year) which is 10 t i « s greater than after s tabi l iza­
tion in place. These effects would occur because the tai l ings 
would not nave a radon barrier to inhibit radon emanation and 
ganma radiation. Tne excess health effects to the general public 
resulting from radon emanation would exceed those from gamna radia­
tion by a factor of almost 145 for the no action alternative. 

Tne excess health effects calculations for the no action 
alternative assume that the tailings would not be dispersed in the 
future by natural erosion or removal and use by man because there 
is no way to accurately predict the level or rate of dispersion. 
However, without remedial action, dispersion would occur over 
t ine , and the actual total excess health effects of the no action 
alternative might be greater than the 0.02 per year shown in Table 
4.2. 

Stabilization in place would result in 0.002 total general 
public excess health effects per year after renedial action. 
These effects would occur because the tailings would remain near 
the city of Riverton. The Dry Cheyenne alternative would resul t 
in 0.0000004 total excess health effects per year to the general 
public after remedial action. The alternate disposal s i te is rela­
tively ranote and located in a sparsely populated area, resulting 
in minimal excess health effects following remedial action. 

Table 4.3 l i s t s the estimated total excess health effects for 
each alternative that would occur over 5, 10, 100, 200, and 1,000 
years following remedial action. This table adds the total excess 
health effects that would occur during remedial action to the inte­
grated yearly excess health effects that would occur after remedi­
al action. Tne data in Table 4.3 reflect a stable population, and 
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Table 4.2 Yearly excess health effects after remedial action* 

Remedial action 
a l te rna t ive 

Relocation to 
Gas Hills^ 

S tabi l iza t ion 
in place 

No action 

Disposal a t Dry 
Cheyenne s i t e 

General public 
radon daughters 
health effects 

per year 

0.00 

0.0020 

0.023 

0.00000039 

General 
public gamma 
nealth effects 

per year 

0.00 

0.00 

0.00016 

0.00 

Total 
excess 
health 
effects 
per year 

0.00 

0.002 

0.02 

0.0000004 

Sections F.2 and F.3.5 of Appendix F, Radiation, contain discussions 
methods and assumptions used to estimate these excess health effects. 

of the 

The estimated excess health effects for relocation to Gas Hills do not in­
clude tne excess health effects after remedial action at the selected active 
uranium mill tailings si te In Gas Hills. The health effects at the selected ac­
tive si te in Gas Hills would be assessed by the NRC for I ts conpliance with the 
NEPA, Public Law 91-190 (Pet t ingi l l , 1987). 
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Table 4.3 Total excess health effects 5, 10, 100, 200, and 
1,000 years after remedial action 

Remedial 
action , 

alternative* 5 years 

Number of years after remedial action 

10 years 100 years 200 years 1,000 years 

S 

Relocation to 
Gas Hills° 

Stabilization 
in place 

No action^ 

Disposal at Dry 
Cheyenne site 

0.03 

0.05 

0.1 

0.04 

0.03 

0.06 

0.2 

0.04 

0.03 

0.2 

2 

0.04 

0.03 

0.4 

4 

0.04 

0.03 

2 

20 

0.04 

These estimates assune that the population 
excess health effects during remedial action. 

in the vicinity of each si te remains constant and include the total 

The total excess health effects for the Gas Hills and Dry Cheyenne relocation alternatives appear to be constant 
throughout the time intervals shown because the total excess health effects per year after remedial action (Table 
4.2) are very small (e .g. , 0.0000004 for the Dry Cheyenne alternative) even when multiplied by the maximum tine 
interval (e.g. , 0.0000004 total excess health effects per year multiplied by 1,000 years equals 0.0004 total 
excess health effects). Hence, the total excess health effects shown for these alternatives are those that would 
occur during remedial action (0.03 and 0.4 from Table 4 ,1 , respectively). 

'The calculations for no action assuire that the tailings would not be dispersed by natural forces or by man be­
cause there is no way to accurately predict the level or rate of dispersion. However, if the dispersion could be 
predicted and were factored into the above estimates, the total excess health effects for the no action alterna­
tive would greatly increase. 



\ 

the total excess health effects would increase If the nearby 
population increased. 

4.1.5 Health effects at vicinity properties 

All of the remedial action alternatives except no action 
would include the cleanup of tne estimated 25 off-site vicinity 
properties. Trils cleanup would involve the removal and transporta­
tion of contaminated materials from the vicinity properties to the 
existing tailings s i t e . Tne contaminated materials would be conso­
lidated with the stabilized ta i l ings . Conservative estimates of 
the excess health effects during the 24-month vicinity property 
cleanup period are 0.066 total excess health effects to the gener­
al public and 0.00060 total excess health effects to the ranedial 
action workers. 

Tne no action alternative would consist of taking no reiredial 
action at the estimated 25 off-site vicinity properties. The t a i l ­
ings and contaminated materials at the properties would not be 
cleaned up and would continue to pose potential public health haz­
ards. Tne no action alternative would result in 0.03 total excess 
health effects per year to the general public, and the exposure of 
the general public would continue for thousands of years. Since 
there would be no renedial action, there would be no excess health 
effects to renedial action workers. 

4.2 AIR QUALITY 

Air quality impacts were estimated for relocation to Gas Hills, stabi­
lization in place, and disposal at the Dry Cheyenne s i t e . For relocation 
to Gas Hills , only the air quality impacts at the Riverton tailings site 
and Lit t le Wind borrow si te and along the transportation route to Gas 
Hills (Myoming State Highway 136) were estimated. Tne inpacts assessment 
consisted of a detailed emissions inventory and translation of these emis­
sions into ambient air pollutant concentrations through the use of compu­
ter simulation techniques. Tne modeling is conservative in nature and 
thus overpredlcts potential inpacts. Additional details concerning the 
a i r quality assessment (e .g . , description of the coiiputer model used) are 
presented in Sections B.3 and B.4 of Appendix B, Weather and Air Quality. 

Air emissions inventory 

Tne emissions Inventory includes estimates of combustion emissions 
from construction equipment and fugitive dust emissions for relocation to 
Gas Hil ls , stabilization in place, and disposal at the Dry Cheyenne s i t e . 
Emissions were calculated for hydrocarbons (HC), nitrogen oxides (NO ) , 
sulfur oxides (SO ) , carbon monoxide (CO), and total suspended particu­
lates (TSP). Trie estimates Include emissions from activities occurring at 
the Riverton and Dry Cheyenne s i t e s , from vehicles traveling on paved 
roads and gravelled haul roads, and from equipment operating at the Little 
Wind borrow si te and borrow si te 10. 
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Combustion emissions were calculated based on emissions factors for 
construction equipment (EPA, 1979). Fugitive dust emissions were based on 
emissions factors from a variety of sources (Section B.3 of Appendix B, 
Meather and Air Quality), with the most frequently used values being those 
recomnended by the Wyoming Department of Environmental Quality (WDEQ, 
1979). I t was assuned that sources of fugitive dust would be controlled 
through the application of water at each of the sites and chemical suppres­
sants on gravelled haul roads. Total emissions for each case were based 
on fuel consunption rates , vehicle-miles traveled, vehicle speed, soil com­
position, the size of the area of disturbance, and the volunes of materi­
als moved. 

Combustion and fugitive dust emissions were not calculated for the 
borrow act ivi t ies at the Boulder Flats borrow si te because the act ivi t ies 
at this borrow s i te would be very small in conparison to the ac t iv i t ies a t 
the Riverton tailings s i t e . Dry Crieyenne disposal s i t e . Li t t le Wind borrow 
s i t e , and borrow site 10. For exanple, the activit ies at borrow s i te 10 
would disturb 59 acres to obtain 783,000 cubic yards of earth while the 
act ivi t ies at the Boulder Flats borrow site would disturb 15 acres to ob­
tain 195,000 cubic yards of gravel and rock. The Boulder Flats borrow 
act ivi t ies would involve much less equipnent, most of which would be haul­
age trucks operating over a wide area between the borrow si te and the t a i l ­
ings si te (27 road miles), and therefore much lower confcustion emissions. 
The Boulder Flats borrow activi t ies would also produce considerably less 
fugitive dust because the much smaller amcwnt of material to be moved 
would consist primarily of rock. Tiie corAustion and fugitive dust emis­
sions from the act ivi t ies at the Boulder Flats borrow site would be minor 
conpared to the emissions at the other s i tes . 

Table 4.4 provides a sumnary of emissions for relocation to Gas 
Hil ls , stabilization In place, and disposal at the Dry Cheyenne s i t e . 
Fugitive dust emissions would well exceed confcustion emissions for each 
alternative. Relocation to Gas Hills would generate 380 tons of fugitive 
dust. A total of 458 tons of fugitive dust emissions would result from 
stabilization 1n place, while disposal at the Dry Cneyenne s i te would gene­
rate 1,700 tons of fugitive dust. Tne no action alternative would not 
create emissions of hydrocarbons, nitrogen oxides, sulfur oxides, and 
carbon monoxide; however, i t would contribute suspended particulates to 
the anbient atmosphere due to dispersion of the tail ings by winds. This 
contribution of particulates was not quantified but would be soirewhat 
greater than that from undisturbed rangeland due to the sparse vegetative 
cover on the existing tail ings p i le . 

As shown in Table 4.4, conbustlon emissions would be substantially 
higher for relocation to Gas Hills than for the other two action alterna­
t ives . This would be attributable to the relatively long haulage distance 
Involved (45 to 60 road miles), and the major portion of these emissions 
would be distributed over the transportation route (Wyoming State Highway 
136) from the Riverton tail ings si te to Gas Hills. Emissions of NO and 
CO would be the nighest of the contoustion emissions; HC, SO ,̂ ana TSP 
eraissions would be sirnilar in magnitude and the lowest of the contustion 
emissions. Tne emissions in Table 4.4 for relocation to Gas Hills do not 
include the combustion and fugitive dust emissions at Gas Hills. For the 
other action alternatives, NO emissions would be the nighest of the com­
bustion emissions follow«l by CO emissions; emissions of HC, SO , and 
TSP would be similar in magnitude and the lowest of the combustion erais­
sions. The combustion emissions for stabilization in place would be 
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Table 4.4 Summary of emissions for remedial action alternatives 

Remedi al action 
alternative 

Relocation to 
Gas Hills 

Stabilization 
in place 

Source 

Combustion emissions 
Fugitive dust 

Totals 

Combustion emissions 
Fugitive dust 

HC 

48 
— 

48 

10 
— 

Emi 

NOx 

283 
— 

283 

102 
— 

ssions (tons) 

SOx 

34 
--

34 

10 
— 

CO 

294 
--

294 

55 
--

TSP 

17 
380 

397 

6 
458 

Total s 10 102 10 55 464 

Disposal at Dry 
Cheyenne si te 

Combustion emissions 
Fugitive dust 

Totals 

25 

25 

209 

209 

21 

21 

137 

137 

12 
1,700 

1,712 

The no action alternative would not create emissions of hydrocarbons, nitrogen oxides, sulfur oxides, and carbon 
monoxide; however, i t would contribute suspended particulates to the anfcient atmosphere due to dispersion of the 
tailings by winds» Tnis contribution of particulates was not quantified but would be somewhat greater than that 
from undisturbed rangeland due to the sparse vegetative cover on the existing tailings pile. 



substantially lower than those for the relocation alternatives because the 
tailings and contaminated materials would not be transported by truck to 
another s i t e . 

The NO emissions for all of the action alternatives would exceed 
the EPA significant level of 40 tons per years, and the CO emissions for 
relocation to Gas Hills would exceed the EPA significance level of 100 
tons per year. However, the prevention of significant deterioration regu­
lations do not apply to temporary emissions sources such as those in the 
remedial action alternatives (40 CFR Part 51; WDEQ, 1984). 

Air pollutant concentrations 

AiAient air pollutant concentrations were estimated through the use 
of EPA-approved conputer simulation models. These models translate air 
pollutant emissions into ambient air pollutant concentrations under conser­
vative neteorological conditions. 

Emphasis was placed upon the modeling of fugitive dust emissions be­
cause these emissions would be much higher than combustion emissions 
(Table 4.4). Further, TSP Is the only pollutant type for which the River-
ton area either exceeds or approaches the limits of applicable air quality 
standards, and preliminary calculations indicated that only the 24-hour 
TSP concentrations woula approach or exceed applicable standards. 

Modeling of 24-hour TSP increments due to remedial action was based 
on the use of the Industrial Source Conplex Dispersion Model for short-
terra application (ISCST). This model is described in further detail in 
Section B.4 of Appendix B, Weather and Air Quality. Tne ISCST model i s 
particularly appropriate for an application of this type since 1t consi­
ders particulate deposition and can also accommodate large area emission 
sources and line emission sources such as trucks traveling on haul roads. 
The emissions used as inputs to the model are presented in Section B.4 of 
Appendix B, Weather and Air Quality, and correspond to the project phase 
in which the maximum emissions rates occur. 

Modeling was performed for the following cases: (1) impacts at the 
Riverton tailings site resulting from tailings removal activit ies under 
the Gas Hills relocation and Dry Cheyenne disposal alternatives; (2) stabi­
lization 1n place at the Riverton s i t e ; (3) disposal at the Dry Cheyenne 
alternate disposal s i t e ; and (4) act ivi t ies occurring at the Lit t le Wind 
borrow si te and borrow si te 10. Also included in the emissions modeling, 
where appropriate, were fugitive dust emissions from trucks traveling on 
the gravelled haul roaas. Tne modeled 24-hour TSP concentrations associat­
ed with the reiredial action were added to the maximum 24--hour TSP concen­
tration measured in the area (111 micrograiiB per cubic neter) to determine 
If the TSP standards woula be exceeded. 

Table 4.5 presents the maximum 24-hour TSP Incraients as well as the 
estimated total 24-hour TSP concentrations for the renedial action alterna­
t ives . Relocation to Gas Hills would result 1n an increase of bl micro-
granB per cubic ireter (microg/m ) in the 24-hour TSP concentration at 
the Riverton tail ings s i t e . Tnis would be slightly lower than the sane 
increase for stabilization in place but slightly higher than that for 
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Table 4.5 Estimated incranental and total 24-hour TSP 
concentrations for the remedial action alternatives 

Remedi al 
action 

a l t e rna t ive 

Relocation 
to Gas Hills 

S t a b i l i z a ­
t ion in 
place 

Disposal a t 
Dry Cheyenne 
s i t e 

Location 

Riverton 
s i t e 

L i t t l e Mind 
borrow s i t e 

Riverton 
s i t e 

Borrow 
s i t e 10 

Dry 
Cheyenne 

Riverton 
s i t e 

24-
inci 

-lir TSg 
'•emento 

(microg/m ) 

61 

72 

70 

59 

132 

50 

Total 24-hr 
TSP concen­

t ra t ion 2 
(microg/m ) 

172 

183 

181 

170 

243 

161 

Federal 
secondary 
24-hour , 
standard 2 
(microg/m ) 

150 

150 

150 

150 

150 

150 

Federal 
pri 
24-

stanc 

mary 
•hour 
lard° o 

(microg/m ) 

260 

260 

260 

260 

260 

260 

Tne no action alternative would not create emissions of hydrocarbons, nitro­
gen oxides, sulfur oxides, and carbon monoxide; however, i t would contribute 
suspended particulates to the anfcient atmosphere due to dispersion of the t a i l ­
ings by winds. This contribution of particulates was not quantified but would 
be somewhat greater than that from undisturbed rangeland due to the sparse vege­
tat ive cover on the existing tail ings pi le . 

^Based on emission inputs and reteorological conditions specified in Section 
B.4 of Appendix B, Weather and Air Quality. 

"Based on the addition of 24-hour TSP oincrorents to the maxinium recorded TSP 
concentration in the area (111 microy/ra ) . 

^Ref. 40 CFR Part 50. The State of Wyoming 24-hour TSP standard is the sare 
as the Federal secondary 24-nour standard (WDEQ, 1985). 
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disposaUat the Dry Cheyenne s i t e . There would also be an increase of 72 
microg/m at the L i t t l e Wind borrow s i t e . Ta ta ! , estimated 24-hour TSP 
concentrations would be 172 and 183 microg/m at the Riverton s i t e and 
L i t t l e Wind borrow s i t e , respect ive ly . Both of these concentrations would 
exceed the F^e ra l secondary and State of Wyoiing 24-hour TSP standards of 
150 fflicrog/m but would ^be less than the Federal primary 24-nour TSP 
standard of 260 microg/ra . The Federal secondary standard defines the 
level of a i r qua l i t y deemed necessary t o protect the publ ic welfare from 
any know or ant ic ipated adverse ef fects of the po l lu tan t whi le the 
Federal primary standard defines the level of a i r qua l i t y deened neces­
sary, w i th an adequate margin of sa fe ty , to protect the publ ic health (40 
CFR Part 50). 

S tab i l i za t i on of the t a i l i n g s in place would resu l t in increasef o f 
the 24-nour TSP concentrations of approximately 70 and 59 raicrqg/m at 
the Riverton s i te and borrow s i t e 10, respect ive ly . Total estimated 24-
hour TSP concentrations would be 181 raicrog/m at the Riverton s i t e and 
170 microg/m at borrow s i t e 10. Both concentrations would exceed the 
Federal ^secondary and State of Wyoming 24-hour TSP standards of 150 
microg/m^ but would be less than the Federal primary standard of 260 
microg/m . 

The modeled 24-hour TSP incranente resu l t i ng from disposal at the Dry 
Ctieyenneo s i te would be 132 microg/m at the Dry Cheyenne s i t e and 50 
microg/ra at the Riverton s i t e . The l a t t e r increment would resu l t from 
the removal of the t a i l i n g s from the Riverton s i t e . Total estimated 24-
hour TSP con&entrations f o r the Dry Cheyenne disposal a l te rna t i ve would be 
243 microg/m at the Dry Cneyenne s i t e and 161 microg/m at the River­
ton s i t e . Both concentrations would exceed the Federa"k secondary and 
State of Wyoming 24-hour TSP standards of 150 microg/|i but would be 
less than the Federal primary standard of 260 microg/ra . I t should be 
noted that the maxiimim TSP concentration to which pro ject increments were 
added t o detegnine to ta l TSP concentrations was that f o r the Riverton area 
(111 microg/m ) since no data ex i s t f o r the Dry Cheyenne s i t e . Actual 
TSP concentrations in the Dry Cheyenne area may be considerably less than 
at Riverton due to the absence of emission sources ( e . g . , construct ion 
a c t i v i t i e s , farming, and t ravel on d i r t and gravel led roads) unrelated t o 
remedial ac t i on . 

The annual emission rates and ant ient TSP data f o r Riverton are such 
that i t i s expected that any of the action a l ternat ives could resu l t in 
s i m i l a r , minor exceedances of the Federal annual T ^ standards. The 
Federal secondary annual TSP standard i s ^ 0 microg/m , and the Federal 
primary annual TSP standard i s 75 microg/m (40 CFR Part 50). I t should 
be noted that the modeling uses a conservative approach which assumes 
simultaneous occurrence of maximum emission rates and conservative neteoro-
log ica l condit ions ( i . e . , l i g h t winds blowing pers is ten t ly from a s ing le 
d i rec t i on under stable mixing cond i t i ons ) ; there fore , the modeled values 
should be viewed as r e l a t i v e rather than absolute concentrat ions. A l l pre­
d ic ted maximum increments are l oca l i zed , occurring at or near the boundary 
of each of the s i t e s . 

4.3 SOILS 

Each of the act ion a l ternat ives would resu l t in both the temporary 
disturbance and permanent loss of s o i l s . Tnese impacts would resu l t from 
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surface disturbances caused by the excavation of contaminated soils and 
borrow materials and the construction of haul roads, staging and stockpile 
areas, and the Dry Cneyenne alternate tailings disposal s i t e . The cleanup 
of the off-site vicinity properties would also result in soil disturbances 
and losses. For impacts assessment purposes, all contaminated soi ls , 
except those beneath the existing tailings pi le , that are consolidated and 
stabilized with the tailings are lost . Soils that are stockpiled and then 
replaced or used to restore disturbed areas are tenporarily disturbed. 

Relocation to Gas Hi l ls 

Relocation of the tailings and contaminated materials to Gas Hills 
would result in the loss of 118 acres of soils (approximately 113,000 cub­
ic yards) at the Riverton tailings si te for the cleanup of the forner ore 
storage and mill areas (22 acres) and the windblow tailings (96 acres). 
These contaminated soils would be consolidated with the tailings and relo­
cated to Gas Hills. Approximately 12 acres of soils at the Riverton site 
would be temporarily disturbed for on-site access roads (4 acres) and the 
off-site construction staging area (5 acres) and waste-water retention 
pond (3 acres). After remedial action, all of the areas disturbed at the 
Riverton site would be backfilled with uncontaminated soil to a level com­
patible with the surrainding terrain, recontoired to promote surface drain­
age, and revegetated as necessary. 

Relocation to Gas Hills would require the use of the Litt le Wind bor­
row si te to provide earthen materials for restoring the disturbed areas at 
the Riverton tail ings s i t e . Approximately 160 acres (430,000 cubic yards) 
of soils would be removed from the borrow site and backfilled into the dis­
turbed areas at the Riverton s i t e . After remedial action, the disturbed 
acreage at the Lit t le Wind borrow si te would be reclaimed according to the 
requirements of the permit to mine issued by the State of Wyoming (Appen­
dix G, Permits, Licences, and Approvals). 

No action 

The no action alternative would not Involve raiedial action; there­
fore, no new disturbance or loss of soils would occur. Contamination 
(with Ra-226) of soils adjacent to the tailings site due to dispersion of 
the tailings by water and wind erosion would continue. Tne rate of this 
continuing contamination cannot be accurately quantified, but 96 acres of 
soils have been contaminated to date. 

Stabilization in place 

Stabilization in place would result in the permanent loss of 118 
acres of soils (approximately 113,000 cubic yards) during the cleanup of 
the areas contaminated by the former ore storage and mill facilities (22 
acres) and the windblown tailings (96 acres). These contaminated soils 
would be consolidated with the tailings pile. Tne areas disturbed during 
the cleanup of the contaminated soils within and adjacent to the tailings 
site would be backfilled with uncontaminated soil to a level conpatible 
with the surrainding terrain, recontcwred to promote surface drainage, and 
revegetated as necessary. 
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Stabilization in place would require the use of borrow si te 10 and 
the Boulder Flats borrow s i t e . Borrow site 10 would be the source of ear­
then materials for covering the consolidated tailings and contaminated 
materials and restoring the areas disturbed during cleanup of the contami­
nated so i l s . Nine acres would be disturbed to construct 1 mile of haul 
road to the s i t e , and 50 acres would be disturbed for the borrow act ivi­
t i e s . Prior to surface disturbance, the soils from these acreages would 
be scraped to a depth of 6 inches and stockpiled near the borrow si te for 
reclamation of the si te and haul road according to the requiranents of the 
free use permit (Appendix 6, Permits, Licenses, and Approvals) issued by 
the Bureau of Land Management (BLM). 

The Boulder Flats borrow site would be the source of gravel and rock 
for graveling the haul roads to the borrow sites and armoring the stabi­
lized tail ings pile against erosion. Fifteen acres would be disturbed to 
construct 0.5 mile of haul road to the si te and to excavate the required 
quantities of gravel and rock. The disturbed acreage would be reclained 
according to the requirements of the permit to mine issued by the State of 
Myoming (Appendix G, Permits, Licenses, and Approvals). 

Disposal at the Dry Cheyenne s i te 

Disposal of the tailings and contaminated materials at the Dry 
Cheyenne site would result in the disturbance of 77 acres of soils at the 
alternate disposal s i t e . Seventeen (17) acres would be disturbed by the 
construction of 2 miles of haul road to the s i t e , and 13 acres would be 
disturbed for a construction staging area at the s i t e . Excavation of the 
part ial ly below-grade disposal area would disturb another 47 acres. Soils 
from the haul road and staging area would be scraped to a depth of 6 inch­
es and stockpiled with the surface materials excavated from the disposal 
area. The stockpiled materials would be used later to cover the tai l ings 
and contaminated materials and to restore the construction staging area at 
the disposal s i te and the disturbed areas at the Riverton tail ings s i t e . 

At the Riverton tailings s i t e , 118 acres of soils (approximately 
113,000 cubic yards) would be lost In the cleanup of the fonrer ore stor­
age and mill areas (22 acres) and the windblown tailings (96 acres). 
These contaminated soils would be consolidated with the tailings and relo­
cated to the Dry Cheyenne s i t e . The areas disturbed during the cleanup, 
consolidation, and removal of the tailings and contaminated materials 
would be backfilled with uncontaminated soil to a level conpatible with 
the surrounding terrain, recontoired to promote surface drainage, and reve­
getated as necessary. Tne materials for this restoration would be obtain­
ed from the surface materials excavated and stockpiled at the Dry Cheyenne 
s i t e . 

Disposal of the tailings at the Dry Cheyenne site would require the 
use of only borrow si te 2, and the 15 acres that would be disturbed by the 
borrow activi t ies at this s i te would have already been disturbed by the 
cleanup of the windblow ta i l ings . Tne 15 acres of borrow si te 2 would be 
restored in accordance with the requirarents of the permit to mine issued 
by the State of Wyoming (Appendix G, Permits, Licenses, and Approvals). 
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Vicini ty properties 

Assuming that an average of 0.25 acre of soils would be removed dur­
ing the cleanup of each v ic in i ty property, approximately 6 acres (approxi­
mately 5,000 cubic yards) of soils would be lost during renedial action at 
the 25 properties. Tnese contaminated materials would be consolidated 
with the ta i l i ngs . Restoration at the v ic in i ty properties would be achiev­
ed by backf i l l ing the disturbed areas with uncontaminated soil to levels 
compatible with the surrounding ter ra in , adding topsoi l , ana revegetating 
the areas as necessary. 

4.4 MINERAL RESOURCES 

All of the remedial action alternatives, except no action, would 
result in the consumption of borrow materials (earth, gravel, and rock). 
The consumption of borrow materials from the proposed local sources would 
have a negligible inpact on the avai lab i l i ty and cost of these resources 
in the area as a l l of these materials are comrrercially available in large 
quantities throughout the Riverton area. None of the alternatives would 
have an inpact on other mineral resources in the area. The existing t a i l ­
ings s i t e , the Dry Cheyenne alternate disposal s i t e , borrow site 10, and 
the L i t t l e Wind and Boulder Flats borrow sites are underlain by the Wind 
River Formation. Although mineralized in sorre areas, this fonnation 1s 
not know to contain economic mineral reserves in the v ic in i ty of River­
ton. 

The use of the Riverton or Dry Cneyenne site for stabi l izat ion of tne 
ta i l ings would not necessarily preclude future development of any mineral 
or o i l and gas resources beneath the s i te . Public Law 95-604 requires 
that the mineral rights be transferred to the Federal Government along 
with the disposal s i t e . Public Law 95-604 also authorizes the Secretary 
of the In ter ior , with the concurrence of the Secretary of Energy and the 
Nuclear Regulatory Commission, to dispose "of any subsurface mineral 
r ights by sale or lease.. . i f the Secretary 'of the Interior taKes such 
action as the Commission deems necessary pursuant to a license issued by 
the Commission to assure that the residual radioactive materials w i l l not 
be disturbed by reason of any act iv i ty carr ia i on following such disposi­
t i o n . " Any recovery of mineral, o i l , or gas resources from beneath the 
s i te would be governed by license conditions to prevent any disturbance of 
the stabi l ized ta i l ings p i l e . I f the cost of avoiding disturbance of the 
p i le were too high, resource recovery would be precluded. 

Relocation to Gas Hi l ls 

The in-place volumes of uncontaminated borrow materials that waild be 
required for relocation to Gas Hi l ls are 430,000 cubic yards (cy) of earth 
for restoration at the Riverton ta i l ings site and 8,000 cy of gravel for 
road construction at the ta i l ings s i te . The earttien borrow materials 
would be obtained from the L i t t l e Wind borrow s i t e , and the gravel would 
be purchased from a loca l , coraiercial source. Relocating the tai l ings to 
Gas Hi l ls would allow access to the sand and gravel deposits beneath the 
existing ta i l ings p i l e . 
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No action 

The no action alternative would not require the consunption of borrow 
materials because there would be no remedial action. Access to the sand 
and gravel deposits beneath the existing tailings pile would be r e s t r i c t ­
ed, but tnis would not be expected to affect the availability or cost of 
these resources in the area. 

Stabilization in place 

The in-place volumes of uncontaminated borrow materials that would be 
required for stabilization in place are 958,000 cy of earth, gravel, and 
rock for construction of the radon and erosion protection barriers and 
restoration at the tai l ings si te and 20,000 cy of gravel for road construc­
tion to borrow si te 10. Tnese borrow materials would be obtained from bor­
row site 10 (earth) and the Boulder Flats borrow si te (gravel and rock). 
Access to the sand and gravel deposits beneath and around the stabilized 
tail ings pile would be restricted; however, this would not be expected to 
affect the availabili ty or cost of these resources in the area. 011 and 
gas exploration and developnent could occur immediately adjacent to the 
stabilized tai l ings pile without affecting the s tabi l i ty of the p i le . 

Disposal at the Dry Cheyenne si te 

Tne in-place volumes of uncontaminated borrow materials that would be 
required for disposal at the Dry Cheyenne site are 919,000 cy of earth, 
gravel, and rock for the radon and erosion protection barriers and restora­
tion at the existing tail ings site and 52,000 cy of gravel for road con­
struction to the disposal s i t e . These borrow materials would be obtained 
from excavation of the partially below-grade disposal s i te (earth) and bor­
row site 2 (gravel and rock). Relocating the tai l ings to the Dry Cheyenne 
s i te would allow access to the sand and gravel deposits beneath the exist­
ing tail ings pile but would preclude access to any borrow materials be­
neath and around the alternate disposal s i t e . Oil and gas exploration and 
development could occur immediately adjacent to the stabilized tai l ings 
pile without affecting the s tabi l i ty of the p i le . 

Borrow sites 

The mineral rights for the Lit t le Wind borrow si te are privately own­
ed, and the si te is therefore not subject to mining clainB or mineral leas­
ing. The tenporary borrow act ivi t ies at the si te would not permanently 
preclude future borrow or oil and gas activit ies because the site would be 
reclaiiiBd in accordance with applicable regulations (Appendix G, Permits, 
Licenses, and Approvals). 

The mineral rights for borrow si te 2 are privately owned, and the 
s i te is not subject to mining claiire or mineral leasing. I t is possible 
that oil or gas is present below the site (Woraack, 1984). The temporary 
borrow act iv i t ies at the si te for the Dry Cheyenne alternative would not 
permanently preclude future borrow or oil and gas act ivi t ies because the 
area disturbed by the borrow activit ies would be reclaineD in accordance 
with the permit to mine issued by the State of Wyoming (Appendix G, 
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Permits, Licenses, and Approvals). If the tailings were stabilized in 
place, the Federal Government would acquire the mineral rights for the 
portion of the designated tailings site north of the stabilized tailings 
pi le to res t r ic t future borrow activit ies on the north side of the t a i l ­
ings pi le . Trie geomorphic evaluation of the tailings site area recommend­
ed such a restriction to protect the stabilized tailings pile against 
erosion from river meander (SHB, 1985). 

Tnere are no mining clainB on f i le for borrow site 10; however, a 
small portion of the s i te is within an existing oil and gas lease (Weber, 
1987). The temporary borrow act ivi t ies at the site would not permanently 
preclude future borrow or oil and gas activit ies because the site would be 
reclainKd in accordance with the free use permit Issued by the BLM (Appen­
dix 6, Permits, Licenses, and Approvals). 

The mineral rights for the Boulder Flats borrow site are privately 
owned, and the site is not subject to mining clainB or mineral leasing. 
The temporary borrow act ivi t ies at the si te would not permanently preclude 
future borrow or oil and gas act ivi t ies because the site would be reclaim­
ed in accordance with the permit to mine issued by the State of Wyoming 
(Appendix G, Permits, Licenses, and Approvals). 

WATER 

Section 4.5.1 describes the potential surface-water impacts from each 
reiredial action alternative. Section 4.5.2 summarizes the predicted 
ground-water impacts for the remedial action alternatives and discusses 
restoration of the unconfined aquifer at the Riverton tailings s i t e . The 
predicted ground-water irrpacts are based on ground-water data and modeling 
techniques that are detailed in Section C.2 of Appendix C, Water. The 
amcwnt of water consuired during remedial action and the resulting impacts 
on water sources are described in Section 4,14. 

4.5.1 Surface water 

Relocation to Gas Hi l ls 

During remedial action, the cleanup and consolidation of the 
tailings and contaminated materials would result in surface distur­
bances, and runoff from the disturbed areas could likewise be con­
taminated. Also, contaminated waste water would be generated by 
act ivi t ies such as the washing of equipment. Tne remedial action 
design Includes the construction of drainage controls and a waste­
water retention pond during site preparation to prevent the dis­
charge of contaminated water from the s i t e . The drainage controls 
and waste-water retention pond would be constructed according to 
applicable regulations (Appendix G, Permits, Licenses, and Approv­
a l s ) . The contaminated water would be retained for evaporation or 
used for dust control on the tailings and contaminated materials; 
any sediments from the pond would be relocated with the tailings 
and contaminated materials to the Gas Hills disposal s i t e . 

The cleanup of the windblown tailings north of the tailings 
pile may require the temporary rerouting of the irrigation canal 
that courses west to east along the northern edge of the tailings 
p i le . This reroute would be conducted according to applicable 
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regulations and coordinated with users of the canal to minimize or 
avoid any interference witn use of the canal. 

No action 

The no action alternative would result in the continued expo­
sure of the tail ings pile to erosion from surface runoff. The 
existing earthen cover on the pile is not adequate to provide pro­
tection against sheet ana gully erosion created by severe rainfall 
events. Eventual erosion of the existing cover would result in 
the transport of contaminants from the tailings pile into local 
surface waters. 

The existing earthen cover on the tailings pile is also not 
adequate to provide protection against erosion caused by flooding 
or river meander. As Indicated by the flood analysis and geomor­
phic evaluation, the tail ings site is potentially subject to both 
of these events. Without properly designed protection, the pile 
would be subject to severe erosion resulting from flooding or 
river meander. 

Stabil ization in place 

As with relocation to Gas Hills, contaminated surface runoff 
and waste water would be generated by act ivi t ies such as the clean­
up and consolidation of the tail ings and contaminated meterials 
and the washing of equipment. The reiredial action design includes 
the construction of drainage controls and a waste-water retention 
pond during site preparation to prevent the discharge of contami­
nated water from the s i t e . The drainage controls and wastewater 
retention pond would be constructed according to applicable regula­
tions (Appendix G, Permits, Licenses, and Approvals). Trie contami­
nated water would be retained for evaporation or use in the conpac-
tion of the tailings and contaminated materials and any sedinents 
from the pond would be consolidated with the tailings during the 
final reshaping of the tailings p i le . 

As with relocation to Gas Hills, the irrigation canal along 
the northern edge of the tailings pile may be temporarily rercwted 
during the cleanup of the windblown tailings north of the pi le . 
This reroute would be conducted according to applicable regula­
tions and coordinated with users of the canal to minimize or avoid 
any Interference with use of the canal. 

Several control features were incorporated into the remedial 
action design to prevent erosion of the stabilized pile and subse­
quent contamination of adjacent surface waters. The sideslopes of 
the pile would be limited to 5 horizontal to 1 vertical (20 per­
cent) , and the top of the pile would be gently crowned (2 per­
cent) . Tnese shallow slopes would promote drainage from the pile 
with non-erosive flow velocities. The area around the pile wcwld 
be graded to direct surface runoff around and away from the pi le . 
Tne rock erosion protection barrier placed on the top (1 foot 
thick) and sideslopes (2 feet thick) of the pile is designed to 
withstand the erosive forces of severe rainfall events such as a 
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Probable Maximum Precipitation (PMP). For the Riverton s i t e , the 
PMP was calculated to be 8.3 inches of rain in 1 hour with a maxi­
mum intensity of 25 inches per hour for a 5-m1nute p e r i ^ ; this 
PMP would generate sheet flow rates ranging from 0.4 to 1.2 cubic 
feet per second per foot of slope width on the pile (Section A.3.5 
of Appendix A, Conceptual Designs, and Section C.1.2 of Appendix 
C, Water). 

Due to the location of the tailings site witn respect to the 
Wind and Lit t le Wind Rivers, there are two design concerns related 
to flooding. If the pile were inundated or surrainded by flood 
flows, there would be a possibility that high flow velocities 
could damage the rock erosion protection barrier or cause rapid 
channel shifts or localized scour that would undercut and erode 
the p i le . 

The flood analysis for the tailings site area (Section A.3.5 
of Appendix A, Conceptual Designs, and Section C.1.2 of Appendix 
C, Water), indicated that a Probable Maximum Flood (PMF) wcwld 
result in the stabilized tailings pile being surrainded by water 
depths less than 10 feet around the sides of the pile with flow 
velocities less than 15 feet per second (fps). Tne 5-foot thick, 
32-foot wide, tapered, riprap apron around the base of the stabi­
lized pile is designed to protect the pile from water depths of 10 
feet with flow velocities of 15 fps and would also protect the 
pile against any river channel shifts caused by flooding. 

A geomorphic evaluation of the tailings site area (SHE, 1985) 
has been performed to assess the possibility that the channels of 
the Mind and Lit t le Wind Rivers could move toward the s i t e . Geolo­
gic evidence indicates that the Wind River could migrate laterally 
across i t s floodplain within a 2,000-year perir t . Tne extent of 
possible channel migration is unpredictable, but the rate of migra­
tion could exceed 0,5 mile per 1,000 years. The present Wind 
River channel is about 1 mile north of the s i t e . I t also appears 
that aggradation (channel f i l l ing) or large-scale flooding could 
result in avulsion, or rapid channel shift , of the Wind River 
across the floodplain. Tne Litt le Wind River is more stable and 
more deeply Incised, and the potential for i t s migration toward 
the s i te is much less . 

The stabilized tailings pile would be surrainded with a r ip­
rap apron to protect the pile against erosion that could result 
from a Probable Maximum Flood. This riprap apron would also pro­
tect the pile against erosion that could result from river meander 
or sudden shifts in the channels of the Wind and Little Wind 
Rivers. 

Disposal at the Dry Cheyenne s i te 

Both during and after remedial action, tne Dry Cheyenne dis­
posal alternative would incorporate the sane erosion protection 
measures as stabilization in place to prevent the release of conta­
minants from the si tes and to assure the long-term stabil i ty of 
the stabilized tail ings p i le . These measures would include con­
struction of drainage controls and waste-water retention ponds at 
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both tne tail ings and disposal s i t e s , placement of a rock erosion 
protection barrier over the stabilized p i le , and grading of the 
area around the stabilized pile to divert surface runoff around 
and away from the pi le . As with stabilization in place, the i r r i ­
gation canal along the northern edge of the tail ings pile may be 
temporarily rerouted during the cleanup of the windblown tai l ings 
north of the pi le . This reroute would be conducted according to 
applicable regulations and coordinated with users of the canal to 
minimize or avoid any interference with use of the canal. 

Flooding and river meander are not s tabi l i ty considerations 
for the Dry Cheyenne disposal alternative because of the disposal 
s i t e ' s distance from (11 miles) and elevation above (approximately 
600 feet) the confluence of the Wind and Lit t le Wind Rivers. The 
Dry Cneyenne si te is located at the head of a small, ephemeral 
drainage, and the only surface-water flows are those from runoff 
from the s i te I tself ; therefore, flash flooding would not be a 
hazard to the stabilized tail ings p i le . The small drainages west 
of the disposal s i te could advance toward the s i t e ; however, the 
potential for this advancement has not been evaluated. If the Dry 
Cheyenne alternative were to be selected, the potential for 
advancement of these drainages would be evaluated, and the ranedi-
al action design would be revised, if necessary, to include ade­
quate protection against erosion resulting from the advancement. 

Borrow sites 

During remedial action, appropriate drainage controls would 
be used at the borrow si tes to minimize or prevent erosion and any 
corresponding surface-water inpacts. The controls used at borrow 
si te 2 during the Dry Cheyenne disposal alternative would be the 
sane as those implemented for the Riverton tail ings s i t e . At bor­
row si te 10, the earthen dans across the small drainages north­
east and southeast of the s i te would not be disturbed by the bor­
row ac t iv i t i es . After remedial action, the borrow sites would be 
reel aimed in accordance with the requiraients of the applicable 
permit to mine issued by the State of Wyoming or free use permit 
issued by the BLM (Appendix G, Permits, Licenses, and Approvals). 
Generally, these requirenents consist of grading and revegetation 
ireasures to control erosion and return the s i te to a condition com­
patible with the surrounding terrain. 

Floodplains determination 

Calculations of the surface-water elevations of the 500-year 
floal flows in the Wind and Litt le Wind Rivers have shown that the 
designated Riverton tail ings site (including borrow si te 2) and 
the adjacent areas of windblowi tailings do not l i e within the 500-
year floodplain of either r iver. Tne calculation for the Li t t le 
Wind River also showed that the Lit t le Wind borrow si te is not 
within 'the 500-year floodplain of the r iver. According to the 
U.S. Array Corps of Engineers (COE), the Boulder Flats borrow s i te 
is above the floodplain of the North Popo Agie River (Gooley, 
1985). Therefore, remedial action would not affect any flood-
plains at these s i t e s . 
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The Dry Cheyenne alternate disposal site and borrow site 10 
are not near any floodplains, and visual inspections of the sites 
did not reveal the presence of any floodplains. Prior to any sur­
face disturbance at either of these s i tes, the COE would be con­
sulted regarding the presence of any floodplains at or near the 
site to be affected. 

Ground water 

Relocation to Gas Hi l ls 

During relocation to Gas H i l l s , the consolidation and excava­
tion of the ta i l ings and contaminated materials at the Riverton 
site could increase drainage from the tai l ings p i le . Tnis could 
cause a small increase in contamination of the unconfined aquifer; 
however, this increase would be only for a short duration unt i l 
a l l of the ta i l ings and contaminated materials were removed. 

After remedial action, the im^jact to ground water would con­
s is t of the reduction of the existing contamination in the uncon­
fined aquifer. Relocation of the tai l ings and contaminated materi­
als to Gas Hi l ls would remove the source of any future grojnd-
water contamination. Existing contamination, including any addi­
tional contamination generated by the remedial action, would con­
tinue to migrate dowgradient and discharge into the L i t t l e Wind 
River unt i l the existing concentrations of contaminants in the 
aquifer had returned to backgrcwnd levels. Tne tine required for 
this natural reduction In the contamination is estimated to be 45 
years. 

The depth to ground water at the L i t t l e Wind borrow site is 
not know. However, the borrow act iv i t ies at th is si te would not 
be expected to penetrate any water-bearing formations, and, there­
fore, no groind-water inpacts would be anticipated at the borrow 
site during and after rafiiedial action. 

No action 

Implementation of the no action alternative would result in 
the continued i n f i l t r a t i on of water through the tai l ings pi le and 
the associated leaching of contaminants from the tai l ings into the 
unconfined aquifer. The contaminated ground water would continue 
to move dowgradient and discharge into the L i t t l e Wind River. 

Both processes would continue unt i l the tai l ings pi le was 
effect ively leached of a l l transportable contaminants and the con­
centrations of contaminants In the unconfined aquifer were reduced 
to background levels, Tne time required for these natural pro­
cesses to be completed is estimated at 65 years. Tne potential 
for downward migration of the contamination in the unconfined aqui­
fer to the deeper, usable units of the confined aquifer exists, 
but 1t is estimated that th is migration wojld take 1,700 years. 
However, studies conducted by the State of Wyoming show that the 
effects of comnunication between the aquifers would occur much 
sooner than 1,700 years (Askew, 1987). 
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Stabil ization in place 

During stabi l izat ion in place, consolidation and conpaction 
of the ta i l ings and contaminated materials could increase drainage 
from the ta i l ings p i l e . This could cause a small increase in con­
tamination of the unconfined aquifer d i r a t l y beneath the tai l ings 
p i l e ; however, this increase would be for only a short duration. 
After remedial act ion, there would be a substantial decrease in 
the contamination of the unconfined aquifer. Sloping of the top 
and sides of the stabil ized ta i l ings p i le would promote the drain­
age of precipitation off of the p i l e , and the compacted, earthen 
radon barrier over the p i le would inh ib i t the f i l t r a t i o n of pre­
c ip i ta t ion through the p i l e . Tnese treasures would minimize the 
leaching of contaminants into the underlying unconfined aquifer. 

With the substantial decrease in the generation and migration 
of contamination from the ta i l ings p i l e , the natural movement and 
discharge of the unconfined graind water into the L i t t l e Wind 
River would eventually reduce the existing concentrations of the 
contaminants to background levels. I t is estimated that this natu­
ral reduction in the contamination of the unconfined aquifer would 
take 65 years. Although there Is a potential for downward migra­
t ion of the contamination in the unconfined aquifer to the confin­
ed aquifer, th is migration would be slowed by the various low-
pernieability strata (shale, s i l ts tone, and claystone) of the Wind 
River Formation. I t Is estimated that dowward migration of the 
contamination to the deeper, usable units of the confined aquifer 
would take 1,700 years. However, studies conducted by the State 
of Wyoming show that dowward migration would occur much sooner 
than 1,700 years (Askew, 1987). 

There is no ground water within 30 feet of the land surface 
at borrow si te 10, and no graind water has been encointered within 
15 to 18 feet of the land surface at the Boulder Flats borrow 
s i te . Tne borrow act iv i t ies at these sites would not extend be­
yond these depths; therefore, no grcwnd-water impacts are ant ic i ­
pated during and after remedial action. 

Disposal at the Dry Cheyenne si te 

During relocation of the ta i l ings and contaminated materials 
to the Dry Cneyenne s i t e , there would be no impacts on the ground­
water regioK at the Dry Cheyenne s i te . The par t ia l ly belowgrade 
disposal area for the ta i l ings and contaminated materials would be 
excavated to an average depth of 16 feet and would not encainter 
any water-bearing formations. I t should be noted that no f ie ld 
investigations have been conducted at the Dry Cheyenne s i t e , and 
the exact depth to the uppermost water-bearing formation is not 
know. However, information for water wells In the surrounding 
area indicates that the depth to ground water far exceeds the pro­
posed depth of the disposal area (Sections C.2.2.3 and C.2,4.4 of 
Appendix C, Water). 

After ronedial action, the impacts to the graind water at the 
Dry Cheyenne site would be minimal. Sloping of the top and sides 
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of tne stabilized tail ings pile would promote the drainage of 
precipitation off of the p i le , and the compacted, earthen radon 
barrier over the pile would inhibit the fi l tration of precipita­
tion through the pi le . These measures would minimize water inf i l ­
tration through the tail ings and thereby rainimize the leaching of 
contaminants into the underlying s trata . Although the exact depth 
to ground water at the Dry Cheyenne site is not known, information 
for the surrounding area Indicates that the minor seepage of conta­
minants from the stabilized tailings would not enter any water­
bearing formations. 

During disposal at the Dry Cheyenne s i t e , impacts at the 
Riverton tailings site would be very similar to those for reloca­
tion to Gas Hills, Consolidation and excavation of the tailings 
and other contaminated materials could increase contamination of 
the unconfined aquifer; nowever, this increase would be only for a 
short duration until all of the tailings and contaminated miateri-
als were removed. Tne borrow activit ies at borrow site 2 could 
require some aewatering of the unconfined aquifer. This dewater-
Ing would be minimal and for a short duration, and the water remov­
ed would be used for conpaction and dust control or evaporated. 
The impact to ground water after remedial action would be the same 
as that for relocation to Gas Hills. 

Aquifer restoration 

Relocation of the tail ings and contaminated materials to Gas 
Hills or the Dry Cneyenne alternate disposal site would remove the 
source of any future ground-water contamination. Stabilization in 
place would mini raize contamination of the unconfined aquifer at 
the Riverton tail ings site by effectively reducing the generation 
and migration of contaminants from the tailings pile. With any 
remedi al action alternative, the natural movenent and discharge of 
the graind water in the unconfined aquifer would eventually reduce 
the existing concentrations of the contaminants to background 
levels. The time required for this natural reduction of the conta­
mination is estimated to be 45 years for the relocation alterna­
tives and 65 years for no action and stabilization in place. 
Aquifer restoration, the removal and treatment of contaminated 
ground water, is a potential method for accelerating this natural 
process. 

Aquifer restoration Is generally very costly in comparison to 
ground-water protection techniques such as physical containment. 
The selection of an optimum restoration method must consider the 
cr i ter ia of technical feasibi l i ty , effectiveness, and cost; these 
cr i te r ia are governed by the volume of the contaminated ground 
water and the abili ty to remove and treat that volume of water. 
The evaluation of aquifer restoration must also consider the pre­
sent and future uses of the contaminated ground water, the possi­
ble development of other water sources to replace the contaminated 
grcund water, and the potential health hazards associated with con­
sumption of the contaminated ground water. 

A possible irethod of restoring the contaminated unconfined 
aquifer includes: 
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0 Installation of eight wells, each well capable of withdraw­
ing 30 gallons per minute for 20 years. 

0 Transfer of all withdrawn water to a central treatment 
facil i ty with subsequent treatment of the water to meet 
applicable water-quality standards. 

0 Discharge of all treated water into the Litt le Wind River. 

This retried of aquifer restoration could be effective for the 
removal of mobile contaminants such as sulfate but less effective 
for less mobile contaminants such as molybdenum. 

A cost-benefit evaluation of the aquifer restoration rrethod 
described above was performied by dividing the estimated cost of 
the restoration process by the estimated value of the graind water 
to be restored. The value of the ground water to be restored is 
limited by the areal extent of the contaminated grcwnd water and 
the restricted present and future use of the ground water ( l ive­
stock watering and i r r igat ion) . Tne evaluation resulted in an 
estimated cost-benefit ratio of 28. Several alternative water 
supplies are readily available, including the Wind and Li t t le Wind 
Rivers and the deeper sandstone units of the Wind River Formation, 
and the potential health hazards associated with consumption of 
the contaminated grojnd water are low (Section F,3.2 of Appendix 
F, Radiation). Confining these factors with the high cost-benefit 
ratio for the aquifer restoration process indicates that aquifer 
restoration is not warranted at the Riverton tail ings s i t e . 

Regardless, when the EPA issues revisions to the water pro­
tection standards (40 CFR Part 192.20 (a) (2)-(3)) that were 
remanded by the U.S. Tenth Circuit Court of Appeals, the DOE will 
re-evaluate the ground-water Issues at the Riverton si te to assure 
that the revised standards are net. Performing reiKdial action to 
stabilize the tai l ings prior to the EPA issuing new standards will 
not affect the measures that are ultimately required to meet the 
revised EPA water protection standards. The DOE has characterized 
the conditions at the Riverton site and does not anticipate that 
any substantial changes to the remedial action would be required. 
However, after the EPA re-issues the water protection standards, 
the DOE will determine the need for institutional controls, aqui­
fer restoration, or other controls and will take appropriate ac­
tion so as to comply with the re-issued standards. 

4.6 ECOSYSTEMS 

The temporary and permanent losses of vegetation and wildlife nabi-
ta t woild be the primary biological impacts from remedial action. These 
impacts would result from surface disturbances caused by the excavation of 
contaminated soils and borrow materials; the construction of haul roads 
and staging and stockpile areas; and remedial action at the Dry Cheyenne 
alternate tail ings disposal s i t e . 
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Relocation to Gas Hills 

Relocating the tailings and contaminated materials to Gas Hills would 
result in the disturbance of 200 acres at and around the Riverton tailings 
s i te and, consequently, the loss of the vegetation on that acreage. 
Seventy (70) acres would be disturbed with the excavation of the ta i l ings , 
and 71 acres would be disturbed during the cleanup of the on-site wind­
blown contamination and mill and ore storage areas. The cleanup of the 
off-site windblown contamination would disturb 47 acres, and another 12 
acres would be disturbed for on-site access roads (4 acres), the off-site 
construction staging area (5 acres), and waste-water retention pond (3 
acres). After remedial action, these 200 acres would be restored to a 
level conpatible with the surrounding terrain and revegetated as neces­
sary. 

Tne remedial action activit ies would result in the displacement of 
wildlife (mammals, birds, rept i les , and amphibians) inhabiting the dis­
turbed areas at and around the tail ings s i t e . Most of the wildlife would 
relocate to the similar, surrounding habitat although a few individuals 
unable to relocate would not survive. Following renEdial action, restora­
tion and revegetation of 200 acres at and around the tailings si te would 
provide suitable habitat for many of the displaced species. During the 
trucking of the tail ings and contaminated materials from the Riverton t a i l ­
ings site to Gas Hills , there could also be a limited, temporary Increase 
in wildlife mortality along the transportation route (Wyoming State High­
way 136). 

Relocation to Gas Hills would require the disturbance of 160 acres of 
land and i t s vegetation at the Lit t le Wind borrow s i t e . This disturbed 
acreage would be reclained according to the reclamation requirarents of 
the permit to mine issued by the State of Wyoming (Appendix G, Permits, 
Licenses, and Approvals), The borrow activit ies would result in the dis­
placement of wildlife inhabiting the borrow s i t e . While there is habitat 
for the displaced species In the surrounding area, some individuals unable 
to relocate would not survive, and truck xransportation of the borrow mate­
r ia ls to the tail ings si te could cause a limited, temporary increase In 
wildlife mortality along the transportation roi te . Reclanetion of the bor­
row si te would re-establish suitable habitat for any displaced wildlife. 

No action 

The no action alternative would not involve any remedial action and, 
therefore, would not create any surface disturbance. There would not be 
any impacts on vegetation, wildlife, or wildlife habitat. 

Stabil ization in place 

Stabilizing the tail ings pile in place would result in the distur­
bance of 188 acres at and aroind the tailings site and, consequently, the 
loss of the vegetation on that acreage. Seventy (70) acres would be dis­
turbed with the consolidation of the ta i l ings , and 71 acres would be dis­
turbed during the cleanup of the on-site windblown contamination and mill 
and ore storage areas. The cleanup of the off-site windblown contamina­
tion would disturb another 47 acres. 
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Following remedial action, 108 of the 188 acres disturbed at and 
around the tail ings si te would be restored to a level compatible with the 
surrainding terrain and revegetated as necessary. The 80 acres contain­
ing the rock-covered stabilized tail ings pile would not be revegetated. 

Tne remedial action act ivi t ies would result In the displacement of 
wildlife (mammals, birds, rept i les , and amphibians) inhabiting the disturb­
ed areas at and around the tail ings s i t e . Most of the wildlife would relo­
cate to the similar, surrounding habitat although a few individuals unable 
to relocate would not survive. Following remedial action, restoration and 
revegetation of 108 acres at and around the tailings si te would provide 
suitable habitat for many of the displaced species. The 80 acres contain­
ing the rock-covered tail ings pile would not be suitable for wildlife habi­
t a t . 

Stabilization in place would require the disturbance of 74 acres of 
land and i t s vegetation at the borrow s i t e s . At borrow si te 10, 9 acres 
would be disturbed by the construction of a l-mile haul road to the s i t e , 
and 50 acres would be disturbed by the borrow excavation. The 59 acres 
disturbed would be reclaimed according to the reclamation requirements of 
the free use permit issued by the BLM (Appendix G, Permits, Licenses, and 
Approvals). At the Boulder Flats borrow s i t e , 15 acres would be disturbed 
by the construction of a 0.5-mile haul road to the site and the borrow 
excavation. The 15 acres disturbed woild be reclaimed according to the 
reclamation requirements of the permit to mine issued by the State of 
Wyoming (Appendix G, Permits, Licenses, and Approvals). 

The borrow activi t ies would result in the displacement of any small 
wildlife species inhabiting the borrow s i t e s . While there is habitat for 
the displaced species in the surrainding areas, some individuals unable to 
relocate would not survive. Borrow si te 10 and the Boulder Flats borrow 
si te contain suitable habitat for pronghorn antelope, mule deer, and sage 
grouse, and the borrow activit ies could therefore result in the displace­
ment of these large mammals and the disruption of the breeding and nesting 
of the sage grouse. However, the surrounding areas contain adequate habi­
t a t for these species. Truck transportation of the borrow materials from 
the borrow sites to the tail ings site could cause limited, temporary 
Increases in wildlife mortality along the transportation routes. 

Reclamation of the haul roads and borrow areas at borrow si te 10 (59 
acres) and the Boulder Flats borrow s i t e , (15 acres) would re-establish 
suitable habitat for any displaced wildlife. The earthen dans northeast 
and southeast of borrow si te 10 that impound ephemeral surface-water f l « s 
for wildlife and livestock would not be disturbed by the borrow act ivi t ies 
in accordance with the free use permit issued by the BLM (Appendix G, 
Permits, Licenses, and Approvals). 

Disposal at the Dry Cheyenne s i te 

At the Dry Cheyenne disposal s i t e , 87 acres would be disturbed by the 
construction of 2 miles of haul road to the si te (17 acres), preparation 
of a staging area (13 acres), stockpiling of the surface materials exca­
vated from tne partially below-grade disposal area (10 acres), and con­
struction of the enclosed, stabilized tailings pile (47 acres). Tne vege­
tation on these 87 acres would be aestroyal by these surface disturbing 
ac t iv i t ies . Following remedial action, 23 of the 87 acres disturbed would 
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be reel aimed. The 64 acres containing the haul road to the site and the 
enclosed, stabilized tai l ings pile would not be revegetated. 

The surface disturbing act ivi t ies at the Dry Cheyenne site would 
result 1n the displacement of the small wildlife species (maranals, birds, 
and reptiles) inhabiting the s i t e . Most of these species would relocate 
to suitable nabitat in the surrounding area, but a few individuals unable 
to relocate would not survive. The Dry Cheyenne site contains suitable 
habitat for pronghorn antelope, mule aeer, and sage graise, and may be 
part of the pronghorn antelope's important winter range (Welch, 1984). 
The surface distorbances at the site could result in the displacement of 
these large mammals and the disruption of the breeding and nesting activi­
t ies of the sage grouse; however, the surrounding area contains adequate 
habitat for these species. 

Following ronedial action, 23 acres at the disposal s i te would be 
reclairied and made suitable for wildlife habitat. The 64 acres covered by 
the haul road to the site and the rocK-covered tailings pile would not be 
revegetated and would not be suitable for wildlife habitat. 

Relocating the tailings and contaminated materials to the Dry 
Cheyenne site would result in the disturbance of 188 acres at and around 
the Riverton tailings s i t e . The individual surface disturbances and 
resulting inpacts on vegetation would be the sariK as those for stabiliza­
tion in place. Following raiedial action, all of the 188 acres disturbed 
would be restored and revegetated as necessary. 

The Dry Cheyenne alternative would nave the same impacts on wildlife 
at and aroind the Riverton tail ings si te as stabilization in place. Dur­
ing the trucking of the tai l ings and contaminated materials from the t a i l ­
ings si te to the Dry Cheyenne s i t e , there could also be a limited, tempo­
rary increase in wildlife mortality along the transportation route 
(Wyoming State Highway 136). 

Relocating tiie tail ings and contaminated materials to the Dry 
Cheyenne site would require the disturbance of 15 acres at borrow si te 2. 
Tnis acreage would have been previously disturbed during the cleanup of 
the wincfclow contamination so the borrow activit ies would not create any 
additional impacts on the vegetation and wildlife at the s i t e . Following 
remedial action, borrow si te 2 would be r e s to re and revegetated as neces­
sary with the other disturbed areas at the tailings site and therefore 
would be suitable for wildlife habitat. There would be no borrow activi­
t ies at borrow si te 10 because the earthen radon barrier for the tailings 
pile would be obtained from the surface materials excavated from the par­
t ia l ly below-grade disposal area. 

Vicinity properties 

All of the remedial action alternatives except no action include reme­
dial action at the estimated 25 off-site vicinity properties in the River­
ton area. These vicinity properties include personal residences, commer-
cial structures, and vacant lo ts . Assuming that the reiredial action at 
each property would affect 0.25 acre, approximately 6 acres would be dis­
turbed by the cleanup of contaminated materials at the vicinity proper­
t i e s . These cleanup act ivi t ies coula result in the loss of any vegetation 
and wildlife associated with each micro-environnent. After remedial 
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action, the disturbed areas at the vicinity properties would be restored 
and revegetated as necessary. 

Wetlands determination 

According to the COE and the U.S. Fish and Wildlife Service (FWS), 
there are no wetlands or riparian areas within the designated Riverton 
tail ings site (including borrow si te 2) and the adjacent areas of wind­
blown contamination, borrow si te 10, and the Boulder Flats borrow s i te 
(Anderson, 1985a,b; 1984; Gooley, 1985; Miller, 1984). Therefore, reme­
dial action act ivi t ies at these sites would not affect any species commion-
ly associated with wetlands or riparian habitats. Tne Lit t le Wind borrow 
si te is adjacent to the riparian zone along the Lit t le Wind River, and the 
FWS has recoramended that a 300-foot minimiim buffer zone be maintained 
between the borrow si te and the river for the protection of wetlands, ripa­
rian habitats, and the river. The FWS also recomirended that the borrow 
act ivi t ies be conducted to avoid disturbance of any riparian habitats 
(Street, 1987). 

The Dry Cheyenne alternate disposal si te is not near any wetlands or 
riparian areas, and no riparian species were observed during an inspection 
of the si te (Peel, 1984). Prior to any surface disturbance at the s i t e , 
the COE and FWS would be consulted regarding the presence of wetlands or 
riparian areas at or near the s i t e . 

Threatened and endangered species 

The Dry Cneyenne alternate disposal s i te and borrow s i te 10 contain 
habitat suitable for the Federal candidate plant species Cryptantha 
subcapltata (no commun nai«). Prior to any surface disturbance at 
either of these s i t es , a field survey would be conducted to determine the 
presence or absence of this species. 

None of the sites that would be affected by remedial action contain 
habitat suitable for nesting of the endangered bald eagle (Haliaeetus 
leucocephalus) or peregrine falcon (Falco peregrinus anatum), and 
the presence of these species in the areas around the si tes as transients 
or migrants would be rare (Harms, 1984; Oakleaf, 1985, 1984; Peel, 1984; 
W6FD, 1983), Tnerefore, the remedial action would have no impact on the 
endangered bald eagle or peregrine falcon (BLM, 1984). 

Tne Riverton tailings s i t e . Dry Cheyenne alternate disposal s i t e , bor­
row si te 10, and the Lit t le Wind and Boulder Flats borrow si tes contain 
haDitat suitable for the occurrence of prairie dog towns and hence the 
possible presence of the endangered black-footed ferret (Mustela 
nigripes) (Harms, 1984; Taylor, 1985). No prairie dog twns have been 
*served at the tail ings s i t e , alternate disposal s i t e , or borrow s i te 10 
(Peel, 1984); therefore, the presence of the black-footed ferret at these 
s i tes would not be expected. Tne Lit t le Wind and Boulder Flats borrow 
sites have not been examined for the presence of prairie dog tows . Prior 
to surface disturbing act ivi t ies at either borrow s i t e , the site would be 
examined for prairie dog towis. If i t were determined that prairie dog 
towns of sufficient size were present, a black-footed ferret survey would 
be conducted. 
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4.7 L^D USE 

Relocation to Gas Hi l ls 

The Gas Hills alternative would result in relocation of the Riverton 
tailings and contaminated materials to a selected active uranium mill t a i l ­
ings s i t e , thereby precluding the construction of a new tailings disposal 
s i t e . The Riverton tailings site would be released for use consistent 
with existing land use controls. Tne existing tailings s i t e , in the 
valley between the Wind and Lit t le Wind Rivers, would be more valuable 
land tnan the selected active tailings site in the remote Gas Hills area 
in terms of foreseeable future land uses. 

Relocation to Gas Hills would involve the temporary disturbance of 
188 acres at and adjacent to the Riverton tailings site for cleanup of the 
ta i l ings , the former ore storage and mill areas, and the areas contami­
nated by windbloMi ta i l ings . Another 12 acres would be temporarily dis­
turbed at the Riverton site for on-site access roads and the off-s1te con­
struction staging area and waste-water retention pond. These areas would 
be restored as necessary and released for any use consistent with existing 
land use controls. Part of the active sulfuric acid plant is located with­
in an area contaminated by windblown tai l ings, and portions of the scale 
and pump houses used in the acid plant operations have been contaminated. 
Cleanup of the windblown tailings and decontamination of the scale and 
pump houses may interfere with the acid plant operations. The cleanup and 
decontamination activit ies would be conducted to minimize interference 
with the acid plant operations. 

One hundred sixty acres would be disturbed at the Little Wind borrow 
s i t e . This acreage would be reclained In accordance with the permit to 
mine Issued by the State of Wyoming (Appendix G, Permits, Licenses, and 
Approvals). 

No action 

The no action alternative would allow the tailings pile to continue 
to affect existing land use patterns. Tne acreage presently occupied by 
the pile (70 acres) would not be available for alternative uses. In addi­
t ion, dispersion of the tailings by water and wind erosion would continue 
to contaminate lands adjacent to the pi le . The existing cover on the pile 
was not designed to provide protection against erosion from severe weath­
er , and erosion of the tail ings has contaminated 96 acres of land adjacent 
to the p i le . 

Stabil ization in place 

The final restricted area containing the stabilized tailings pile (69 
acres) would encompass 80 acres, and other uses of these 80 acres at the 
Riverton tailings site would be permanently precluded. Tne stabilized 
tailings site would be under the control of the Federal Government and 
would be permanently restricted from public access and developent. How­
ever, the remaining contaminated and uncontaminated acreage at and around 
the si te (140 acres) would be decontaminated, restored as necessary, and 
released for use consistent with existing land use controls. 
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stabilization in place would Involve the temporary disturbance of 118 
acres at and adjacent to the tailings site for cleanup of the former ore 
storage and mill areas and the areas contaminated by windblown ta i l ings . 
These areas would be restored as necessary and released for use consistent 
with existing land use controls. As with relocation to Gas Hills, the 
cleanup activit ies and decontamination of the scale and punp houses would 
be conducted to minimize interference with the acid plant Derations. 

Fifty-nine additional acres would be disturbed at borrow si te 10, 
This acreage would be recla1«d in accordance with the free use permit 
issued by the BLM (Appendix 6, Permits, Licenses, and Approvals) and 
released for use consistent with existing land use controls. Tne proposed 
activit ies at borrow si te 10 could affect the natural gas pipeline that 
traverses the s i t e ; however, the borrow activit ies would be planned and 
conducted to avoid impacts to the pipeline in accordance with the free use 
permit. Tne borrow activit ies at the Boulder Flats borrow site would dis­
turb 15 acres. This acreage would be reclaimed in accordance with the per­
mit to mine Issued by the State of Wyoming (Appendix G, Permits, Licenses, 
and Approvals). 

The stabilized tailings pile would not have an appreciiile effect on 
land use in the surrainding area. Studies of unstabilized tailings piles 
have indicated that the development and values of adjacent lands were not 
affected by the pi les . At the tail ings site near Salt Lake City, Utah, a 
study reveal al that land values at and adjacent to the pile were dependent 
primarily on the current and planned uses of these lands (DOE, 1984). In 
Grand Junction, Colorado, residential and comnerclal developments adjacent 
to the tail ings site nave increased over the las t 10 years. During that 
tiiie, a sawmill and lunter yard, several warehouses and businesses, and 50 
to 60 housing units have been located near the tail ings site (Metzner, 
1984). 

Disposal at the Dry Cheyenne s i te 

The final restricted area containing the stabilized tailings pile (40 
acres) would encompass 47 acres, and other use of this acreage at the Dry 
Cheyenne site would be permanently precluded. This acreage represents a 
very small portion of the lands available for grazing in the general area 
(approximately 5 ralllion acres in Fremont County). The access road to the 
disposal s i te (17 acres) would be available for public use and would pro­
vide access into the area for the existing land uses (grazing and oil and 
gas exploration and development). Relocation of the tailings to the Dry 
Cheyenne site would allow release of the existing tailings site for use 
consistent with existing land use controls. The existing tailings s i t e , 
located in the valley between the Wind and Lit t le Wind Rivers, would 
almost certainly be considered more valuable land than the remote Dry 
Cheyenne site in terms of foreseeable future land uses. 

As was described above for relocation to Gas Hills , the Dry Cheyenne 
alternative would involve the temporary distoirbance of 188 acres at and 
adjacent to the tailings site for cleanup of the ta i l ings , the former ore 
storage and mill areas, and the areas contaminated by windblown tailings 
and for the borrow activi t ies at borrow si te 2. These areas would be 
restored as necessary and released for use consistent with existing land 
use controls. Borrow site 2 would be reclaimEd in accordance with the 
permit to mine issued by the State of Wyoming (Appendix 6, Permits, 
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Licenses, and Approvals). As with the Gas Hills alternative, the cleanup 
act ivi t ies and decontamination of the scale and pur^ houses wojld be con­
ducted to minimize interference with the acid plant operations. 

Relocation of tne tai l ings to the Dry Cneyenne alternate disposal 
s i te also would require the disturbance of 23 acres at that si te for a con­
struction staging area and stockpiling of surface materials. Tnis disturb­
ed land would be reclained and released for use consistent with existing 
land use controls in accordance with the applicable permits issued by the 
BLM. 

4.8 NOISE LEVELS 

Noise inpacts were estimated for the action alternatives. The major 
noise producing sources would be the construction equipment used at the 
sites and the trucks used to haul tailings and borrow materials. Typical 
sound levels generated by the types of equipment that would be used in tne 
alternatives are presented in Table 4.6. The no action alternative would 
not involve any remedial action, and, consequently, there would be no 
increased noise levels. 

Table 4.6 Noise levels for equipment used for reiredial action 

Type of Maximum noise level at 50 feet 
equipment (decibels) 

Bulldozer 

Front-end loader 

Scraper 

Water truck 

Haulage truck 

Compactor 

Grader 

88 

85 

87 

89 

86 

87 

83 

Ref. Kessler et a l . , 1978. 

A noise prMiction model (Kessler et a l . , 1978) was used to estimate 
the maximum A-weighted sound level in decibels (dBA) emitted from each of 
the sites during the remedial action. The model is based on the numbers 
and types of equipment ofKrating on the s i t e , usage factors for operation 
in the noisiest modes, and the distance from the activity to the nearest 
noise-sensitive receptors (residences). Tne model tends to overestimate 
noise levels since i t assumes a clustering of equipment. In real i ty , the 
equipment would be located over a nuntoer of acres. 
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The estimated maximum noise level at the Riverton tailings s i te dur­
ing relocation to Gas Hills is 93 dBA at a location 50 feet from the cen­
ter of activity. The residences closest to the Riverton site are 900 feet 
away. The maximum noise level would be attenuated by 25 dBA over this dis­
tance, resulting in a noise level of 68 dBA at the closest residence. Tne 
estimated maxinum noise level from act ivi t ies at the Lit t le Wind borrow 
site is 90 dBA. This maximum noise level would be attenuated by 30 dBA 
over tne 1,700 feet to the nearest residence in St. Stephens, resulting in 
a noise level of 60 dBA. The noise levels at the residences closest to 
the sites exceed the EPA's recomrended 55-dBA level for annoyance from out­
door activity but are less than the 70-aBA level established for the pro­
tection of hearing (EPA, 1974). Tnese noise levels would occur only dur­
ing normal daytime working hours. 

The maximum noise level estimated for the Riverton site during stabi­
lization in place is 94 dBA 50 feet from the center of act ivi ty. This 
noise level would be attenuated by 25 dBA over 900 feet resulting in a 69-
dBA noise level at the nearest residence, Tnis noise level i s greater 
than the EPA's recommended annoyance level (55 dBA) but less tnan the 
level established for the protection of hearing (70 dBA). Tnis noise 
level would occur only during normal daytinE working hours. 

Estimated maximum noise levels from act ivi t ies at the Dry Cheyenne 
alternate disposal s i te and borrow si te 10 are 94 dBA and 90 dBA, respec­
tively. There are no residences near enough to either si te (within 4 
miles) to be affected by the elevated noise levels. The estimated miaxi-
raura noise level from act ivi t ies at the Boulder Flats borrow s i te is 90 
dBA, The nearest residence is estimated to be 1,000 feet fr^m the borrow 
s i t e . The maximum noise level would be attenuated by 25 dBA over this dis­
tance, resulting in a b5-dBA noise level at the nearest residence. This 
noise level is greater tlian the recommended 55-aBA annoyance level but 
less than the 70-dBA level es tabl i sh^ for the protection of hearing. The 
noise l-jvels at the Dry Cheyenne s i t e , borrow site 10, and the Boulder 
Flats borrow si te would occur only during normal daytime working hours. 

Finally, ttiere would also be noise produced by the haulage trucks 
traveling between the various s i t es . Moise produced by the trucks could 
be expected to be 84 dBA at a location 50 feet from tne transportation 
route. Such levels woula prove annoying to residents along the transporta­
tion routes, but the elevated noise levels would be extranely brief in 
duration at any single location as the trucks passed by and would occur 
only during normal daytime working nours. 

4 . 9 SCENIC AND CULTURAL RESOURCES 

4.9.1 Scenic resources 

Relocation to Gas Hi l ls 

Relocation to Gas Hills would have a minor impact on scenic 
resources. Trie immediate view around the Riverton tailings si te 
would be permanently changed due to the removal of tne tai l ings 
and contaminated materials and possible demolition of the existing 
mill structures. Demolition of the ml 11 building would remove an 
obstruction to the distant view of the Wina River Mountains for 
residents nortn and east of the tailings s i t e , but the active 
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sulfur ic acid plant and water tower would remain to par t ia l ly 
block th is view. The permanent changes in the views would be 
subordinate to the regional view, and a l l of the disturbed areas 
at the Riverton site would be restored to a level conpatible with 
the surrounding ter ra in . 

The removal of vegetation and borrow materials at the L i t t l e 
Wind borrow site would temporarily alter the elements of color, 
contrast, and texture at the s i te . Tne site would be reclaimed 
according to the reclamation requirenents specified in the permit 
to mine issued by the State of Wyoming (Appendix G, Permits, 
Licenses, and Approvals). These requirements typical ly Include 
grading and revegetation measures to return a site to a condition 
compatible with the surrounding ter ra in. 

No action 

The no action alternative would not involve any remedial 
action and, therefore, would have no effect on existing scenic 
resources. 

Stabil ization in place 

Stabi l ization in place would have a minor inpact on scenic 
resources. The new shape and height of the stabilized ta i l ings 
p i le and the possible demolition of the existing mi l l structures 
would cause a permanent but sl ight change in the immediate view 
around the ta i l ings p i l e . During the decontamination ac t i v i t i es , 
the removal of vegetation and surf ic ia l materials would temporari­
ly al ter the foreground view around the pi le unt i l restoration of 
these areas to a level compatible with the surrounding terrain was 
complete. The stabil ized ta i l ings p i le could block, at least par­
t i a l l y , the distant view of the Wind River Mountains for residents 
north and east of the ta i l ings s i te . Demolition of the mi l l bui ld­
ing would remove an obstruction to the sane view, but the active 
sulfur ic acid plant and water tower would remain to par t ia l ly 
block th is view. Both the permanent and temporary changes in the 
views would be subordinate to the regional view. 

During stabi l izat ion in place, the removal of vegetation and 
borrow materials at borrow site 10 and the Boulder Flats borrow 
site would temporarily alter the elements of color, contrast, and 
texture at the s i tes. The sites would be reclained according to 
the reclamation requirements specified in the free use permit 
issued by the BLM and the permit to mine issued by the State of 
Wyoming, respectively (Appendix G, Permits, Licenses, and Approv­
a ls ) . These requiranents typical ly include grading and revegeta­
t ion measures to return a si te to a condition conpatible with the 
surrounding ter ra in . 

Disposal at the Dry Cheyenne site 

Disposal of the ta i l ings at the Dry Cheyenne site would cause 
the views across the alternate disposal site to be changed due to 
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tne truncated pyramid appearance of the stabilized tail ings pi le . 
The rock layers covering the pile would contrast slightly with the 
surroinding terrain in texture and color. These changes would be 
minor because the visual sensitivity at the si te is low due to i t s 
location outside the view of any land users (residents). The 
impacts to scenic resources at the Riverton tailings si te would be 
the sarre as those describea for relocation to Gas Hills except for 
the below-grade excavation at borrow site 2. All of the disturbed 
areas at the Riverton site would be restored to a level conpatible 
with the surroinding terrain. 

Cultural resources 

Historic resources 

No si tes currently listed in the National Register of Histor­
ic Places (NRHP) would be affected by any of the remedial action 
alternatives, including renedial action at the vicinity proper­
t i e s . Prior to remedial action^ the l i s t of vicinity properties 
would be checked to determine if any of the structures involved 
are more than 50 years old and of such architecture and construc­
tion to be eligible for l is t ing in the NRHP. Tnis assessment can­
not be completed until the specific vicinity properties warranting 
remedial action have been determined. 

Additional data are required to aetermine the e l ig ib i l i ty to 
the NRHP for a concentration of historic horestead materials iden­
tified near the Riverton tailings site (Reher et a l . , 1986). If 
this si te is determined to be eligible and if the si te would be 
affected by remedial action, a data recovery plan would be deve­
loped and inpleinented in consultation with the Bureau of Indian 
Affairs (BIAK the Arapahoe and Snoshone Indians^ and the State 
Historic Preservation Officer (SHPOl as appropriate. 

The Dry Cneyenne alternate disposal s i te and the Lit t le Wind 
and Boulder Flats borrow si tes have not been surveyed for cultural 
resources. Prior to surface disturbance at any of these sites^ a 
Class III cultural resource survey of the si tes would be conduct­
ed to determine the presence of historic resources eligible to the 
NRHP. If eligible historic resources would be affected by reme­
dial action, a data recovery plan would be developed and inple-
nented in consultation with the BLM, BIA, Arapahoe and Shoshone 
Indians, and SHPO as appropriate. 

Archaeological resources 

No known archaeological resources would be affected by rane-
dial action at the Riverton tailings site and borrow si te 2. An 
archaeologist would be present at these sites during subsurface 
excavations because some archaeological s i tes have been found in 
the area at depths of up to 4 feet beneath the surface (Reher e t 
a l . , 1986). If arcnaeological si tes eligible to the NRHP are 
found during remedial action, a data collection program would be 
developed and inplenented in consultation with the BIA, Arapahoe 
and Shoshone Indians, and the SHPO as appropriate. 
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The borrow act ivi t ies at borrow site 10 would be performed to 
avoid the four large l i thic scatters identified at the s i t e . If 
the scatters could not be avoided, a data collection program would 
be developed and inpleraented in consultation with the BLM and 
SHPO. 

The Dry Cheyenne alternate disposal si te and the Litt le Wind 
and Boulder Flats borrow si tes have not been surveyed for cultural 
resources. Prior to surface aisturbance at any of these s i tes , a 
Class III cultural resource survey of the site would be conducted 
to determine the presence of archaeological resources eligible to 
tne NRHP. If eligible archaeological resources would be affected 
by remedial action, a data collection program would be developed 
and implemented in consultation with the BLM, BIA, Arapahoe and 
Snoshone Indians, ana SHPO as appropriate. 

Ethnographic resources 

Additional data will be collected for the Arapanoe Indian 
historic si te identified in the ethnographic survey to determine 
i t s importance to the Arapahoe Indians. If the site is inportant 
and would be affected by reiredial action, the BIA and Arapahoe 
Indians would be consulted to determine proper mitigation 
measures. 

Tne Boulder Flats borrow si te is within the Wind River Indian 
Reservation but was not incluaed in the ethnographic survey. 
Prior to surface disturbance at this borrow s i t e , the Arapahoe and 
Snoshone Indians would be consulted to determine the need for an 
ethnographic survey of the s i t e . If a survey were necessary and 
important ethnographic resources were identified, the Arapahoe and 
Shoshone Indians would be consulted to aetermine proper mitlgative 
Masures for resources that would be affected by raiBdial action. 

4.10 POPULATION AND EMPLOYICNT 

Tne following section suniniarizes the inpacts of the remedial action 
alternatives on the Riverton area's population and work force. More 
detailed information is provided in Section E.2.1 of Appendix E, Socio­
economics. 

Relocation to Gas H i l l s 

Relocation to Gas Hills woula involve an overall average work force 
of 70 workers over a 31-month period. The 12-month periM when activit ies 
would be at their highest levels would involve 93 workers, including 
workers involved in the vicinity properties cleanup. I t is expectea that 
all but 10 of these workers would be nired from within Fremont County. 
Five of ttiese in-migrants would bring their families with them, and total 
in-migration relatea to direct enploynent is estimated at 19 indiviauals. 

Using an indirect enploynent multiplier of l.ti (0.8 new indirect jobs 
created for each oirect job) , the 93 direct renKdial action jobs would 
create an additional 74 indirect jobs. Tnis multiplier is based on a 
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study of the Fremont County economy by the Denver Research Ins t i tu te , as 
cited in the Final Environmental Statement on the Gas Hills Uranium Pro­
ject (NRG, 1980b). Because of the relatively short duration of the Indi­
rect employnent and because there is substantial local unenploynent (lO.tf 
percent in 1983), i t 1s assuned that the indirect jobs would be t * e n by 
local residents. 

Over the 12-month peak perial of relocation to Gas Hil ls , there would 
be a population increase of up to 19 persons and up to 167 new jobs 
created. Tnis woula represent a minor increase in the 1983 county 
population of over 41,000 and an increase in county enployirent of 1.2 
percent over 1982 levels. 

No action 

The no action alternative woula not involve any renedial action and, 
therefore, would have no inpacts on the size of the local population or 
the area's employnent base. 

Stabilization in place 

Stabilization in place would involve an overall average work force of 
68 workers over a 24-month period. Tne 18-month perial when act ivi t ies 
would be at their highest levels would involve 78 workers. Including work­
ers involved in the vicinity properties cleanup. I t i s expectea that all 
but 12 of these workers woula be nirrf from within Fremont County. Total 
in-m1grat1on related to direct enploynent is estlnated at 23 Individuals. 
Up to 62 indirect jobs could be created, and i t is assured that the inal-
rect jobs would be taken by local residents. 

Over the 18-month peak perial of stabilization in place, there would 
be a population increase of up to 23 persons, and up to 140 new jobs would 
be created. This would represent a minor increase in the 1983 county popu­
lation and an increase in county enployirent of 1.0 percent over 1982 
levels. 

Disposal at the Dry Cheyenne si te 

Tailings disposal at the Dry Cheyenne si te would Involve an overall 
average work force of 81 workers over a 30-raontn period. During the 19-
month peak perioa, the average work force would Include 101 workers, in­
cluding the vicinity properties cleanup work force. I t is estimatea that 
88 of these workers would be current Fremont County residents. In- migra­
tion related to direct project enploynBnt is estimated at 24 individuals. 
Up to 81 indirect jobs could be createo, and i t is assuned that the indi­
rect jobs would be taken by local residents. 

The Dry Cneyenne alternative would result in a population increase of 
up to 24 persons and could create up to 182 new jobs for a 19-fflonth peri­
od. Tnis would represent a minor Increase in the 1983 county population 
and a 1.4-percent Increase In county enploynent over 1982 levels. 

120 



4.11 HOUSING, SOCIAL STRUCTURE, AND COMMUNITY SERVICES 

The following section summarizes the Impacts of the remedial action 
alternatives on housing, social structures, and community services in the 
Riverton area. Section E.2.2 of Appendix E, Socireconomics, provides more 
detailed information. 

Relocation to Gas Hills would involve hiring up to 10 workers from 
outside Fremont County during the peak period of remedial action. Stabi­
lization in place would involve hiring 12 in-migrant workers, and the Dry 
Cneyenne alternative would bring 13 workers into the area. Given a 1980 
housing stock in Riverton of 3,653 units plus an additional 500 moteltype 
rooms, negligible Impacts would be expected on the local housing situa­
tion. As the no action alternative would not Involve any in- migration of 
workers, tnere would be no inpact on the local housing situation. 

Because of tne low levels of population in-migration (19 to 24 depend­
ing on the al ternative), none of the action alternatives would have an 
appreciable effect on the local social structure. Tne no action alterna­
tive would involve no in-migration and would have no iirpact on the local 
social structure. 

The In-migrant population would be expected to include four or five 
school-age children depending on the action alternative. Given a total 
enronnent in Riverton area public schools of over 3,300, no impacts would 
be expected from an additional four to five pupils. 

In-migrant population water consunption would be expected to be 
1,900, 2,300, or 2,400 gallons per day (using a 100-gallonds per day per-
capita consunptlon factor) , depending on the alternative. D i r a t reredial 
action uses (mostly nonpotable water for compaction, dust control, and the 
like) would range from 5,580,000 gallons for relocation to Gas Hills to 
35,471,000 gallons for disposal at the Dry Cneyenne s i t e . Adequate sourc­
es of water are available to provide the required quantities without 
Impacting local water supplies. 

Trie in-migrant, sewage generation would range from 1,900 gallons per 
day (gpd) to 2,400 gpd for the action alternatives, using a per-capita sew­
age generation factor of 100 gpd. Tne Riverton sewage system currently 
operates at 50 to 60 percent of i t s 5 million gpd capacity and can easily 
accommodate the small in-migrant sewage generation. 

Because of the low levels of population increase associated with any 
action alternative, no adverse impacts would be expected on local public 
safety, health care, or recreational fac i l i t i es . Tne no action alterna­
tive would not involve any in-migration and therefore, would have no 
Impacts on local community services. 

4.12 ECOIOMIC STRUCTURE 

This section summarizes the impacts of the remedial action alterna­
tives on the local Fremont County economy. More detailed inforriBtlon is 
provided in Section E.2.3 of Appendix E, Socioeconomics. 
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Implementation of any of the action alternatives (including remedial 
action at the vicinity properties) would inpact the local econony through 
wages and salaries paid to raiedlal action employees; through local spend­
ing for ranedial action equipment and materials; and through indirect 
expenditures as remedial action dollars spent locally are respent locally 
on other gooas and services. There also would be sales tax revenues that 
would accrue to state and local governments. 

The total direct input to the local economy from relocation to Gas 
Hills is estimated at $17,346,000. Tnis total includes $2,767,000 in 
local wages and salaries, and $14,579,000 in local expenditures for equip­
ment and materials (e .g . , gravel). Tnis estimate Is based on the assump­
tion that all materials and 33 percent of the equipment would be obtained 
in Fremont County and 67 percent of the equipment would be obtained else­
where in Wyoming. Using an indirect spending multiplier of 1.2238 for 
local expenditures ( I . e . , every dollar spent locally generates an addi­
tional $0.2238 In indirect spending) (WDEP«, 1979), an additional 
$3,882,000 in local expenditures would be generated. Tiie total local eco­
nomic impact of disposal at the Gas Hills site would be up to $21,228,000. 

There would be no local expenditures for the no action alternative. 
Consequently, there would be no local economic inpact. 

Tne total direct input to the local economy from stabilization in 
place is estimated at $8,878,000. Tnis total includes $2,658,000 in local 
wages and salaries and $6,220,000 in local expenditores for equipment and 
materials. An additional $1,987,000 in local indirect expenditures would 
be generated. Trie total local economic impact of stabilization In place 
would be up to $10,865,000. 

Tne total local economic impact for disposal at the Dry Cneyenne site 
would be up to $19,822,000. This total includes $4,455,000 for local 
wages and salar ies , $11,742,000 for local equipment and materials expendi­
tures, and $3,625,000 in local indirect expenditures. 

4.13 TRANSPORTATION NETWORKS 

Traffic impacts were assessed by estimating the peak reredial action 
traffic for each action alternative and conparing those estimates with the 
existing traffic volumes and capacities for the highway segments to be 
affected (Section 3.12). The estimated traffic impacts are conservative 
because rei»d1al action traffic would be distributed over local highways 
rather than occurring entirely on any single nighway. Traffic Impacts 
would be short-term ( i . e . , for the duration of the remedial action); no 
long-term impacts would occur. All remiedial action traffic would occur 
during normal weekday working hours. For any action alternative, there 
would be a substantial increase In traffic on Goes In Lodge Road in the 
vicinity of the Riverton tailings s i te ; However, no quantitative assess­
ment is possible because there are no traffic data for this road. The no 
action alternative waild not Involve any remedial action so there would be 
no traffic impacts. 

Relocation to Gas Hills 

Relocation to Gas Hills woula primiarily affect segments of Wyoming 
State Hignways 789, 135, and 136 between tne existing tailings s i t e , the 
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Lit t le Wind borrow s i t e , and Gas Hills 45 to 60 road miles to the east. 
Incremental remedial action traffic would stem from worker comimuting, si te 
preparation, the naulage of the tai l ings and contaminated materials to the 
disposal s i t e , the haulage of borrow materials from the Little Wind borrow 
s i t e , and from miscellaneous t r i p s . 

Maximura traffic impacts would occur during months 20 thraigh 31 of 
the 31-raonth schedule for relocation to Gas Hills. During these months, 
in addition to worker commuting, relocation of the tailings and contami­
nated materials to Gas Hills and the transportation of borrow materials 
from the Lit t le Wind borrow si te would be occurring simultaneously. Esti­
mated traffic volumes would be 326 tr ips per day for tailings relocation 
(including return tr ips to the tail ings s i t e ) , 218 t r ips per day for the 
transportation of borrow materials, 3b tr ips per day for cleanup activi­
ties at the vicinity properties, 170 tr ips per day for worker commuting 
(85 workers tines two tr ips per day, assuming one occupant per vehicle), 
and 200 t r ips per day for miscellaneous purposes. 

If all of these tr ips were to occur on Wyoming State Highway 789, tne 
total increase in traffic f lws on this roadway would be 950 trips per day 
which would represent an increase of 21 percent over 1985 volumes. This 
same incranental volune (950 tr ips per day) on Wyoming State Highway 136 
and 136 would represent 183- and 352-percent Increases over the 1985 vol-
unES on these lightly travelled roadways, respectively. In terms of pe* 
hourly traffic flows, remedial action activit ies would add a maximum of 
120 vehicles per hour on any roadway. Even if all remedial action traffic 
were added to each of these roadways, existing peak hourly traffic f lws 
on both Wyoming State Highways 789, 135, and 136 are such that more than 
acceptable levels of service would s t i l l exist. 

Stabilization in place 

Stabilization in place would primarily affect segments of Wyoming 
State Highways 789 and 135 between the existing tailings site and borrow 
si te 10. IncremKntal remiedial action traffic would stem from worker com­
muting, si te preparation, the haulage of borrow materials from borrow si te 
10, and from iniscellaneous t r ip s . 

Maximum traffic impacts would occur during months 17 through 20 of 
the 24-month schedule for stabilization in place. During these months, in 
addition to worker commuting, the transportation of borrow materials from 
borrow si te 10 would be ongoing. Estimated traffic voluncs would include: 

0 216 tr ips per day for the transportation of borrow materials. 

0 36 t r ips per day for cleanup activit ies at the vicinity proper-
t1 es . 

0 144 t r ips per day for worker commuting (72 workers times two tr ips 
per day, assuming one occupant per vehicle). 

0 200 tr ips per day for miscellaneous purposes. 

If all of these t r ips were to occur on Wyoming State Highway 789, the 
total increase in traffic flows on this roadway would be 596 tr ips per day 
which wojld represent an increase of 13 percent over 1985 volumes. This 
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samK Incremental volu« (596 tr ips per day) on Wyoming State Highway 135 
would represent a 115-percent Increase over the 1985 volumes on this 
lightly travelled roadway. In terms of peak hourly traffic f l w s , project 
act ivi t ies would add a maximum of 75 vehicles per hour on my roadway. 
Even if all remedial action traffic were added to each of these roadways, 
existing peak nourly traffic flows on both Wyoming State Highways 789 and 
135 are such that more than acceptable levels of service would s t i l l 
exist . 

Disposal at the Dry Cheyenne si te 

Disposal at tne Dry Cheyenne s i te would primarily affect short seg­
ments of Wyoming State Highways 789 and 135 and a segment of Wyoning State 
Highway 136 between Riverton and the alternate disposal s i te to the east. 

Peak vehicular traffic Impacts would occur between months 9 and 27, 
when tail ings relocation and the transportation of clean f i l l (site resto­
ration) and rock (erosion protection) waild all be ongoing. During this 
period, remiedial action traffic volunes would include: 

0 316 t r ips per day for tailings relocation, including return t r ips 
to the tai l ings site with clean f i l l for site restoration. 

0 36 t r ips per day for cleanup activit ies at the vicinity proper-
t i es. 

0 24 tr ips per day for transportation of rock for erosion protec­
tion. 

0 186 t r ips per day for worker commuting (93 workers tines two t r ips 
per day, assuming one occupant per vehicle). 

0 200 t r ips per day for miscellaneajs purposes. 

If the above maximum of 762 tr ips per day were to occur on Wyoming 
State Highway 789, i t would represent an increase of 17 percent over 1985 
volumes. The sane increnental flow on Wyoning State Highways 135 and 136 
would represent increases of 147 and 282 percent over 1985 volumes on 
these lightly travelled roadways, respectively. Peak hourly renedlal 
action traffic would not be expected to exceed 95 vehicles per hour. 
Given existing peak hourly traffic f lws on these roadways, more than 
acceptable levels of service would s t i l l exist on the three roadways even 
if all remedial action traffic were added to each roadway. 

4.14 ENERGY AND WATER CONSUMPTION 

All of the rerredial action alternatives except no action would 
require the expenditure of energy to operate construction equipment and 
for on-site operations. In addition, water would be needed for personal 
consumption by xne remedial action workers, coiipaction of the tai l ings and 
radon barrier , washdow of the haul trucks, and dust control. Table 4.7 
l i s t s the fuel, e lec t r ic i ty , and water requirements for the action alterna­
t ives . Tne energy requlraients for the relocation alternatives are much 
nlgner than for stabilization In place primarily due to transportation of 
the tail ings and contaminated materials. Tne water requirement for tne 
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Table 4.7 Summary of fuel, e lectr ic i ty , and water consumptions, 
Riverton remeaial action alternatives 

Fuel Electricity Water^ 
Alternative (gallons) (kilowatt-hours) (gallons) 

Relocation to 2,082,000 415,000 5,580,000 
Gas Hills 

Stabilization 1,160,000 293,000 22,221,000 
In place 

Disposal at Dry 1,697,000 621,000 35,471,000 
Cheyenne s i te 

Excludes water consumed by in-migrant workers and their families (1,900 
gallons per day for a 12-month peak p e r l ^ during relocation to Gas 
Hills; 2,300 gallons per day for an 18-month peak period during stabiliza­
tion in place; and 2,400 gallons per day for a 19-month peak period dur­
ing disposal at Dry Cneyenne). 

Gas Hills alternative Is the lowest because water consumption at Gas Hills 
1s not considered. Section A.5 of Appendix A, Conceptual Designs, provid­
es greater details on energy and water consumption; in-migrant water con­
sumption is addressed in Section 4.11. 

Fuel for construction equipmient would be purchased from a local com­
mercial source and would prAably be stored in tanks at the site involved. 
No impacts on local fuel sources would be expected. At the Riverton t a i l ­
ings s i t e , electr ici ty would prc*ably be supplied by the sane local u t i l i ­
ty that services the active sulfuric acid plant at the s i t e . This^would 
not be expected to affect the availability of electrici ty at the sfte or 
In the Riverton area. Electricity at the Dry Cheyenne site would be sup­
plied by diesel-powered generators at the s i t e . 

Potable water would be required for personal consumption by the reme­
dial action workers ( I . e . , drinking water, showers, and laundry), and non-
potable water would be required for the construction activit ies (e .g. , 
compaction and dust control). The water would be obtained in accordance 
with the applicable laws and regulations (Appendix 6, Permits, Licenses, 
and Approvals). The city of Riverton water distribution system (Section 
E.1.5 of Appendix E, Socioeconomics) has adequate capacity to provide the 
araaint of potable water required for any of the remedial action alterna­
t ives . Nonpotable water for the construction activit ies would probably be 
s ta ined from the Wind or Litt le Wind Rivers, and this should not affect 
the availability of water for other local uses. The maximum amoint of non-
potable water required, 35,400,000 gallons or 109 acre-feet for the Dry 
Cneyenne alternative (Section A.5 of Appendix A, Conceptual Designs), rep­
resents less than 1 percent of the average annual discharge of the Wind 
River (approximately 673,000 acre-feet) or the Little Wind River (approxi­
mately 738,000 acre-feet) (Section C.1.1 of Appendix C, Water). Use of 
the well at the Riverton tail ings site to provide water for ranedial 
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action could cause a small, short-term Iwer ing of the local water level 
in the confined aquifer. For disposal at the Dry Cneyenne s i te , potable 
and nonpotable water would be trucked from sources in the Riverton area to 
the Dry Cneyenne site unless adequate water sources could be found closer 
to the disposal s i te . 

4.15 ACCIDENTS NOT INVOLVING R«IATION 

All of the remedial action alternatives except no action would i n ­
volve the extensive use of heavy construction equipmient (e .g . , bulldozers, 
scrapers, and front-end loaders) and many heavy truck t r ips as ta i l i ngs , 
contaminated materials, and clean borrow materials were transported be­
tween the f inal ta i l ings disposal and borrow s i tes. Remedial action work­
ers would also be commuting between their nom«s and the work s i tes. Be­
cause a high proportion of the remedial action work force is expected to 
be available loca l ly , an average one-way commuting distance of 15 miles 
was assumed for remedial action workers for the Gas Hi l ls and Dry Cheyenne 
relocation alternatives, with an average one-way commuting distance of 10 
miles for stabi l izat ion In place. 

Trie construction equipment used and transportation act iv i t ies associ­
ated with each action alternative pose the risk of accidents and result­
ing injuries and f a t a l i t i e s . Based on nationwide data, the operation of 
a l l types of equipmient (e .g . , tractors, f o r k l l f t s , cranes, bulldozers, and 
trucks) would result In approximately 0.15 non-fatal accidents leading to 
the loss of work time per man-year (DOT, 1977). 

Tne following 1982 motor vehicle (including both trucks and automo­
bi les) accident rate data for Fremont County are based on data obtained 
from personnel of the Wyoming Highway Department (Steen, 1984) and from a 
report on t r a f f i c accidents In Wyoming published by the Wyoming Highway 
Department (WHO, 1982). Fatal accidents in Fremont County occurred at the 
rate of one fatal accident for each 23,180,000 miles travelled (15 fatal 
accidents in an estimated 347,700,000 vehicle-miles t ravel led); injury 
accidents occurred at the rate of one for each 1,163,000 vehicle-miles 
travelled (299 Injury accidents in 347,700,000 vehicle-miles t ravel led). 
Basel on a 1982 report (Rao et a l . , 1982), nationwide truck travel in both 
urban and rural areas resulted in one fa ta l i t y per 20,833,000 miles t ravel ­
led and 0.82 injur ies per 1 raillion miles travelled (equivalent to one 
Injury per 1,270,000 miles travel led). Tne analyses presented below 
express expected transportation fa ta l i t i es and injuries In terms of both 
of the above accident rate factors. 

Non-radiological accident impacts associated with the action alterna­
tives (Table 4.8) are estimated below based on the vehicle-miles travelled 
and man-years of labor associated with each alternative. I t should be 
noted that the equipment use accident data Include truck use and thus 
appear to be partly redundant with the purely transportation accident 
data. 

Relocation to Gas Hi l ls 

Relocation to Gas Hi l ls would have the most o f f -s i te vehicular travel 
among the action alternatives because the ta i l ings and contaminated materi­
als would be transported 45 to 60 road miles. As shown in Table 4.8, 
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Table 4,8 Non-radiological accident impacts 

Remedial action 
alternative 

Total Traffic Traffic Equipment 
man-years accident accident,^ use accident 

Total o f f -s i te 
vehicle-miles man-years accident accident, 

travelled of labor fatal i t ies injuries injuries 
Total Total 

fa ta l i t ies injuries 

Relocation to 
Gas Hills 

10,809,000 187 0.47-0.52 8.51-9.29 28.1 0.47-0.52 Jb.6-37.4 

Stabilization 
in place 

1,965,000 143 0.08-0.09 1.55-1.69 21.5 0.08-0.09 23.1-23. c! 

Disposal at Dry 
Cheyenne site 

3,565,000 209 0.15-0.17 2.81-3.07 31.4 0.16-0.17 34.2-34.5 

^Includes 6 man-years of labor for vicinity properties cleanup activit ies (Section A.6 of Appendix A, Conceptual 
Designs). 

b. 
Injury accidents are defined as those leading to loss of work tine, 



10,a09,000 total vehicle-miles would be involved, including the vicinity 
properties cleanup. Based on historical Fremont County accident rate 
data, 0.47 fatal accidents and 9.29 injury accidents would occur. Baseo 
on the nationwide, truck-only accident rate (which is simiilar to the 
Fremont County confined trucK and automd)11e accident r a t e ) , 0.52 fatal 
accidents and 8.51 injury accidents would occur. 

Relocation to Gas Hills would involve an estlmiated 187 man-years of 
labor including the vicinity properties cleanup. Assuming an equipment 
use accident factor of 0.15 injury accidents per man-year of labor, 28.i 
Injury accidents leading to loss of work tine would be expected. Trie s ta­
bilization in place alternative would be expected to produce a total of 
0.47 to 0.52 fa ta l i t ies and 36.6 to 37.4 injuries. 

No action 

The no action alternative would not Involve any remedial action and, 
therefore, would have no impacts in terms of construction or transporta­
tion accidents. 

Stabil ization in place 

Stabilization In place would have the least off-site vehicular travel 
among the action alternatives because there would be no off-site transpor­
tation of the tail ings and contaminated materials. As shown in Table 4 .8, 
1,965,000 total venicle-miles would be Involved, Including the vicinity 
properties cleanup. Based on local accident rate data, 0.08 fatal acci­
dents and 1.69 Injury accidents would occur. Based on the nationwide, 
truck only accident ra te , 0.09 fatal accidents and 1.55 injury accidents 
would occur. Stabilization In place would Involve an estimated 143 man-
years of labor (including the vicinity properties cleanup), and 21.5 inju­
ry accidents leading to loss of work tine would be expected. Tne s tabi l iza­
tion in place alternative would be expected to produce a total of 0.08 to 
0.09 fa ta l i t ies and 23.1 to 23.2 injuries. 

Disposal at the Dry Cheyenne si te 

Disposal at the Dry Cheyenne site would involve a total of 3,565,000 
vehicle-miles travelled. Fatal accidents would be expected to range from 
0.15 (local data) to 0.17 (nationwide, truck only data); accident injuries 
would be expected to range from 2.81 (nationwide, truck only data) to 3.07 
(local data). The 209 man-years of labor associated with disposal at Dry 
Cheyenne (Including vicinity properties cleanup) would produce an est lnat­
ed 31.4 equipment-use accidents. Thus, the Dry Cheyenne alternative would 
result in 0.15 to 0.17 fa ta l i t i es and 34.2 to 34.5 injuries. 

4.16 MITIGATIVE MEASURES 

As stated in previous sections. Gas Hills is an area that contains 
several active (Title II) uranium mil 11 tailings s i t e s , and the specific 
active si te for disposal of the inactive (Title I) Riverton tailings ana 
contaminated materials would be selected by the Federal procurement pro­
cess. Remedial action at the selected active si te would be consistent 
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witn the EPA standards for active si tes (40 CFR Part 192, Subparts D and 
E) and would be performed in accordance with a remedial action plan prepar­
ed by the owner and operator of the selected active si te and to be approv­
ed by the NRC. Tne conceptual design for relocation to Gas Hills consi­
ders only remedial action at the Riverton tailings site and transportation 
of the tai l ings and contaminated materials to Gas Hills. Remedial action 
at the selected active tail ings site may include mitigative measures that 
are not discussed in this document. 

As stated in Section 2.3, the conceptual design for the Dry Cneyenne 
alternative is based on existing, published data. If this alternative 
were selected, additional site-specific data would be obtained before the 
final engineering design is made. Tnis could necessitate the incorpora­
tion of miitlgative measures that are not discussed in this document. 

4.16.1 Mitigative measures during remedial action 

The following mitigative neasures were incorporated into the 
design and approach for each of the remiedial action alternatives 
in order to reduce the environmiental impacts: 

0 Excavation of the ta i l ings , contaminated materials, and 
borrow materials at the Riverton site and borrow si te 2 in 
the presence of an archaeologist to Identify subsurface 
archaeological s i t es . 

0 Application of water and chemical dust suppressants to 
d i r t and gravelled haul roads to Inhibit dust emiissions. 

0 Covering of haulage trucks to prevent the dispersion of 
tailings during relocation. 

0 Immediate cleanup of any off-site spills of contamiinated 
materials in compliance with applicable regulations. 

0 Selection of borrow sites which are as close to the dis­
posal si tes as possible to reduce costs and eliminate the 
impacts of long haulage distances. 

0 Reclamation, including grading, topsoiling, and revegetat-
ing of borrow si tes as required, 

0 Cleanup of any equipment used for remedial action before 
release to prevent the spread of contaminated materials. 

0 Use of local labor whenever possible to reduce the sociolo­
gical impacts to the local communities and to provide eco­
nomic benefits. 

0 Conducting operations only during normal daytime working 
hours to minimize noise disturbance to local residents. 

0 Maintaining close communications with the local population 
through an established public Information task force. 

Tne following mitigative measures were Incorporated into the 
individual alternatives: 
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Relocation to Gas Hills 

0 Location of the Lit t le Wind borrow si te to avoid any ripariai 
habitats and maintenance of a 300-foot (minimum) buffer zone be­
tween the borrow si te and the Litt le Wind River to protect wet­
lands, riparian habitats, and the river. 

0 Backfilling, recontajrlng, and revegetating (as necessary) the 
areas disturbed at the Riverton tailings si te by the removal of 
the tail ings and contaminated materials. 

0 Release of the Riverton tailings site after ranedial action for 
use consistent with existing land use controls. 

Stabilization in place alternative 

0 Stockpiling of the surface soils encountered at the borrow 
s i tes for future reclamation of the s i t e s . 

0 Location of borrow si te 10 to avoid disturbance of the nearby 
natural gas pipeline and the earthen damB northeast and south­
east of the borrow s i t e . 

0 Backfilling, recontajrlng, and revegetating (as necessary) the 
areas disturbed during the cleanup and consolidation of the 
tail ings and contaminated materials. 

Dry Cheyenne alternative 

0 Backfilling, recontcwring, and revegetating (as necessary) the 
areas disturbed at the Riverton tailings si te by the removal of 
the tailings and contaminated materials. 

0 Backfilling, grading, and revegetating areas dlsUirbed at the 
Dry Cheyenne disposal si te for the construction staging area 
and the surface materials stockpile. 

0 Release of the Riverton tailings si te after renKdial action for 
use consistent with existing land use controls. 

4.16.2 Worker protection during remedial action 

Training sessions applicable to the radiation hazards present 
at the site would be conducted for all enployees prior to and dur­
ing the remwlial action. These sessions would Include discussions 
of the industrial and radiological safety procedures, emergency 
procedures, and the effects of prenatal radiation exposure. Rec­
ords would be miaintained to document successful completion of the 
training by employees. 

Controlled areas would be designated and conspicuously mark­
ed. Access to tnese areas would be restr icted, and all personnel 
and equipmient v»uld be monitored for contamination. Access con­
trol records would be maintained. Those records would include a 
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log of personnel and equipment entering and leaving the controlled 
areas and a log of dosimeters issued. 

Protective clothing would be distributed to enployees at the 
access control points when conditions warrant. Change and cleanup 
faci l i t ies would be provided. 

Thermoluminescent dosimeters (TLDs) or film badges would be 
supplied to employees working in controlled areas for 40 hours in 
any 3 consecutive months. Dosimeters would be changed quarterly 
or more frequently if necessary. Urinalysis would be used to moni­
tor employees internal exposures where potential ingestion of radi­
oactive materials is indicated by air sampling data. Additional 
dosime'b'y might be required if positive results were noted. A sys­
tem of employee exposure records would be maintained to document 
individual radiation exposures and the results of personnel dosi­
metry and bioassays. 

Air particulate samples would be collected in work areas and 
at si te boundaries. Samples would be analyzed for gross alpha 
levels and would be stored for later isotopic analyses, if neces­
sary. Additional samples would be collected In work areas with 
limited ventilation and analyzed for radon daughter concentra­
t ions. 

A respiratory protection program, with procedures for train­
ing employees and checking for the adequate f i t of respirators, 
would be developed. Respirators would be used in work areas where 
the average mass dust loading Is expected to reach 5 milligramB 
per cubic meter. Industrial hazards (e.g. , noise levels) would be 
controlled In accordance with Occupational Safety and Health Admi­
nistration (OSHA) regulations (e.g. , the issuance of hearing pro­
tection) . 

Additional details regarding worker protection are available 
in the UMTRA Project Health and Safety Plan (DOE, 1983) and the 
remedial action plan (DOE, 1987). 

Surveillance and maintenance 

Title I of the UMTRCA defines the authorities and roles of 
the U.S. Department of Energy (DOE) and the U.S. Nuclear Regu­
latory Commission ("Commission") and the Intent of licensing 
regarding inactive tailings site's in the various s ta tes . In part. 
Section 104(f)(2) of the UMTRCA reads: 

"...upon completion of the remedial action program.. .(the 
s i te) shall be miaintained pursuant to a license issued by the 
Commission in such manner as will protect the public health, 
safety, and tne environment. The Commission may, pursuant to 
such license or rule or order, require...monitoring, mainte­
nance, and emergency measures necessary to protect public 
health and safety and other actions as the Commission deems 
necessary to comply with the standards (EPA) of Section 
275 . . . " . 
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Title II of the UMTRCA authorized the NRC or agreement state 
to regulate active uranium mill tailings si tes for operation and 
made the owers and operators of active sites responsible for rere-
d1al actions at the s i t e s . Following remedial actions at the 
active s i t e s , the s i tes will be under the direct control of the 
Federal Government, and the Federal agency naving custody of the 
sites will monitor and maintain the sites as required by the NRC. 

For tne inactive and active uranium mill tail ings s i t e s , the 
NRC will Issue licenses for the long-term surveillance and mainte­
nance (including monitoring) of the disposal s i tes after the reme­
dial actions are complete. Tnese licenses may require the DOE or 
other Federal agency having custaly of the sites to perform such 
surveillance, maintenance, and contingency measures as necessary 
to ensure that the si tes continue to function as designed. 

The surveillance and maintenance program for Gas Hills will 
be defined by the NRC; therefore, this program is not described in 
this document. For stabilization in place or disposal at the Dry 
Cneyenne s i t e , the DOE would conduct the monitoring and mainten­
ance of the disposal s i te pursuant to the requlrerrents of the 
NRC's license until termination of the cleanup authority under the 
UMTRCA ( I . e . , 1993). At that tinE, the DOE or another agency to 
be designated by the President would maintain the s i te as required 
by the NRC. A detailed custmial surveillance and maintenance pro­
gram would be defined jointly by the DOE and the NRC during the 
NRC license application and approval process. Tnis program may 
include any or all of the following ac t iv i t ies . 

Site Inspections 

Site inspections would constitute a visual and definitive 
verification that the disposal s i te continues to function as 
designed and would assure continued conpliance with the design 
standards. The DOE or another agency designated by the President 
would be responsible for the site inspections. 

The site inspections would consist of two phases: Pnase I , a 
systematic walk-over, 1s designed to qualitatively evaluate the 
condition of the disposal s i t e ; Phase II would consist of investi­
gations to quantitatively assess changes in the disposal s i te that 
could lead to failure of the functional design in the absence of 
custmial miaintenance. The Phase I inspections would be conducted 
on a specific schedule, sucn as annually, by a team of qualified 
professionals. Tne inspection team would review as-buil t draw­
ings, engineering de ta i l s , aerial photographs, and supporting docu­
mentation. A site walk-over would then be perfonied to evaluate 
any changes at the site with regard to factors such as erosion, 
flood effects, slope/cover systemi s tabi l i ty , settlement, displace­
ment, plant or animal Intrusion, and access control. 

Based upon the evaluation ana recommendations of the inspec­
tion team, Phase II studies might be conducted to quantitatively 
determine the magnitude and rate of effect of changes in the above 
factors. Fromi these studies, the need for a corrective action 
( i . e . , custmial maintenance) would be ascertained. 
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Aerial photography 

Aerial photography might be used to supplement si te inspec­
tions. The objectives might be to Identify changes in site condi­
tions (e .g . , patterns of developing erosion that could affect the 
functional design), provide visual documentation of year-to-year 
variations in si te conditions, and to identify activities (e.g. , 
road conditions and storm drainage construction) adjacent to the 
s i te that might affect i t s function. 

Aerial photography might be conducted on the same schedule as 
the s i te inspections. Photographs would be t*en at both low 
( i . e . , high resolution) and higher ( i . e . , for adjacent activities) 
altitudes and at oblique and vertical angles. The types of film, 
ground control, camera specifications, amount of aerial overlap, 
interpretative keys, and other requirements would be established 
prior to completion of ranedial action. 

Ground-water monitoring 

Certain existing wells would be preserved during construction 
for use as monitoring wells after conpletion of the remiedial 
action. In addition to these wells, a series of both shallow and 
deep wells might be installed for the purpose of monitoring ground­
water quality. Tne locations for these wells would be selected in 
order to monitor the performance of the disposal s i t e . Details of 
the ground-water monitoring would be developed during the NRC 
licensing process. 

Reporting 

Summary surveillance and monitoring reports that evaluate the 
results of these activit ies and recomnend needed custodial mainten­
ance ( i . e . , corrective actions) and future surveillance and moni­
toring would be prepared. Reports and supporting documentation 
would be placed on f i le with the DOE, NRC, State of Wyoming, and 
Fremont County, 

Custodial maintenance 

The need for custodial maintenance ( i . e . , corrective action) 
could only be determined by the site inspections and monitoring 
and by the NRC's and DOE's evaluation of the reports of these act i ­
v i t i e s . However, i t is anticipated that custodial maintenance 
would consist primarily of the following: 

0 Limited earth/rock replacement because of unanticipated 
erosion, human or animal intrusion, or cover system distur­
bance. These activit ies are expected to be required infre­
quently. 

0 Control of deep-rooted plants by infrequent application of 
herbicides or physical removal as required. 
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0 Mechanical repairs to the security fence, gates, locks, 
and warning signs when necessary. 

Contingency plans 

In case of severe natural events (e .g. , extreme rainfall or 
seismic events) or unusual human intrusion, procedures would be 
developed to in i t ia te inspection and to inst i tute custodial main­
tenance of the disposal s i t e . 
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GLOSSARY 

absorbed dose, 
radiological 

aggradation 

al luvium 

alpha particle 

anabranching 

anisotropy 

anomaly 

aquifer 

atom 

Radiation energy 
units of rads. 

absorbed per unit mass, usually given in 

avulsion 

A-weighted 
scale 

background 
radiation 

beta part icle 

bloassay 

Filling and raising the level of 
river by deposition of sediment. 

the bed of a streami or 

Sediirent deposited by a flowing river. 

A positively charged particle emitted from certain radionuc­
l ides. I t 1s composed of two protons and two neutrons, and 
is identical to the helium nucleus. 

The*division of a river by islands with widths greater than 
three times the water width at average discharge. The 
degree of anabranching is the percentage of reach length 
tnat is occupied by large bars or islands. 

A variation in the general water flow direction within an 
aquifer. Water in an anisotropic aquifer may not flow paral­
lel to the hydraulic gradient. 

A departure from the usual. 

A subsurface formation containing sufficiently saturated per­
meable material to yield usable quantities of water. 

A unit of matter; the smallest unit of an element consisting 
of a dense, central, positively charged nucleus surrounded 
by a system of electrons, equal in nunfcer to the numfcer of 
nuclear protons and characteristically remaining undivided 
in chemical reactions except for a limited removal, trans­
fer, or exchange of certain electrons. 

A rapid shift in a river or stream channel. 

Sound pressure level scale which most closely matches the 
response of the human ear. This scale is most commonly used 
to measure environmental noise and is often supplemented by 
the tine and duration of the noise to determine the total 
quantity of sound affecting people. 

Radiation arising from radioactive material other than that 
under consideration. Background radiation due to cosmic 
rays and natural radioactivity is always present, and there 
1s always background radiation due to the presence of radio­
active substances in building material, and the like. 

Charged particle emitted from the nucleus of an atom during 
radioactive decay, with mass and charge equal to those of an 
electron, 

A method for quantitatively determining the concentration of 
radionuclides in a body by measuring the quantities of tnose 
radionuclides that are eliminated from the body, usually In 
the urine or tne feces. 



Class I to III 
archaeological 
surveys 

colluviuro 

confined aquifer 

confining layer 

cross-bedded 

Curie (Ci) 

daughter 
product(s) 

decay, radioactive 

decontamination 

differential 
settlement 

disintegrations 
per minute or 
second 

Relates to an archaeological investigation of prcfcable oc­
currence of cultural resources within a given locale. A 
Class I survey is a l i terature search for predetermined 
archaeological features of historic significance; a Class II 
survey Is a contination of a l i terature review and a partial 
but cursory excavation of an area to determine the presence 
of cultural resources; a Class III survey is an in-depth in­
spection of an area to determine the presence of archaeologi­
cal mHterlals where the likelihood of their occurrence is 
high, based on the history of the area. 

Weathered geologic material transported by gravity. 

An aquifer boundai above and below by relatively InpernKable 
rock layers. 

A stratum imnediately above or below an aquifer with a 
hydraulic conductivity less than that of the aquifer, 

Inclinal at right angles to the current direction. 

Tne unit of radioactivity of any nuclide, defined as precise­
ly equal to 3.7 x 10 disintegrations per s«;ond. 

A nuclide resulting from radioactive disintegration of a 
radionuclide, formed either directly w as a result of suc­
cessive transformations in a radioactive series; i t may be 
either radioactive or stable. 

Disintegration of the nucleus of an unstable nuclide by spon­
taneous emission of charged part icles, photons, or both. 

Tne reduction of radioactive contamination from an area to a 
predetermiined level set by a standards-setting body such as 
the EPA, by reiroving the contaminated material. 

The relative movement of two parts of a structure. 

Ttie nuniier of radioactive decay events occurring per minute 
or second. 

disposal The planned, 
waste. 

safe, and permanent placement of radioactive 

dose 

dose, absorbed 

dose commitment 

A general term denoting the quantity of radiation or energy 
absorbed, usually by a person; for special purposes, i t must 
be qualified; if unqualified. I t refers to absorbed dose. 

The amount of energy imparted to matter by ionizing radia­
tion per unit mass of irradiated material at tne point of 
interest ; given In units of rads. 

The cunwlatlve dose equivalent tnat results and will result 
from exposure TO radioactive materials over a discrete tine 
period; given in units of rems. 



dose equivalent 

eolian 

endemic 

erg 

exposure 

external dose 

floodplain 

fluvial 

flux, radon 

frost heave 

gamma 

gamma dose 

yammia logging 
(or logs) 

gamma ray 

gamma spectral 
analysis (gamma 
spectroscopy) 

geomiorpnic 

ground water 

Tne quantity that expresses all kinds of radiation on a com­
mon scale for calculating the effective absorbed dose; defin­
ed as the product of the absorbed dose in rads and modifying 
factors, especially the qualifying factor; given in terms of 
remis. Often abbreviated "dose." 

Deposited after transport by wind. 

Belonging to or native to a locality or region. 

A unit of work or energy. 

The presence of gamma radiation that may deposit energy in 
an individual; given in units of roentgens. 

The absorbed dose that is due to a radioactive source exter­
nal to the individual as opposed to radiation emitted by in­
haled or ingested sources. 

Lowland or relatively flat areas that are subject to flood­
ing. A 100-year floodplain has a 1 percent or greater proba­
bility of flooding in any given year. 

Of or pertaining to rivers; produced by river action. 

Tne emission or emanation of radon gas from the earth or 
other miaterial, usually measured in units of picoCuries per 
square meter per second. 

Trie lifting of a surface by the Internal action of frost 
within the soil structure. 

A nigh energy and deep penetrating form of radiation. 

Radiation dose caused by gamma radiation. 

A technique for determining gamma radiation levels at vari­
ous depths in a borehole. 

High energy electromagnetic radiation emitted from some 
radioactive radionuclides. The energy levels are specified 
for different radionuclides. 

An analytical technique for identifying radionuclides based 
on their different gamma energy levels. 

Of or like tne earth, its shape, or surface configuration; 
georaorpnology is the geological study of the configuration 
and evolution of land forms. 

Water below the land surface, generally In a zone of satura­
tion. 

half-life The tlmie required for 50 percent of the quantity of a radio­
nuclide to decay into i t s daughters. 



health effect 

hydraulic 
conductivity 

hydraulic 
gradient 

infcricated 

inert gas 

in-situ 

internal dose 

i sotopes 

leachate 

lek 

licensing 

liquefaction 

lithic (scatter) 

loam 

maintenance, 
custodial 
(passive) 

Adverse physiological response to radiation exposure. In 
this report, one excess health effect Is defined as one can­
cer death from exposure to radioactivity which is In addi­
tion to the normal occurrence of fatal cancer. 

Ratio of flow velocity to driving force (for viscous flow 
under saturated conditions of a specified liquid in a porous 
medium). 

Pressure gradient; rate of change of pressure head per unit 
of distance of flow at a given point. 

Overlapped by stream flow (a "shingled" effect). 

One of the chemically unreactive gases: helium, neon, 
argon, krypton, xenon, and radon. 

In the natural or original position. 

Tne absorbed dose or dose commitment resulting from inhaled 
or ingested radioactivity. 

Nuclides having the sane number of protons in their nuclei, 
but differing in the nunter of neutrons; the chemical proper­
t ies of isotopes of a particular element are almost identi­
cal . 

A solytion obtained by leaching, as in the downward percola­
tion of water through soil or solid waste containing soluble 
substances. 

A miating and display area for various upland game birds, in­
cluding the sage grouse. 

In this report, the process by which the NRC wil l , after the 
remedial actions are completed, approve the final disposi­
tion and controls over a disposal s i t e . I t will include a 
finding that the si te does not and will not constitute a dan­
ger to the public health and safety. 

A condition where a soil undergoes continued deformation at 
a constant low residual stress or with low residual resis­
tance, due to the buildup and maintenance of high pore water 
pressures In excess of the effective confining pressure. 

Pertaining to stone. 

Soil material that contains 7 to 27 percent clay, 28 to 50 
percent s i l t , and less than 52 percent sand. 

The repair of fencing, the repair or replacemient of monitor­
ing equipment, revegetation, minor additions to soil cover, 
and general disposal s i te upkeep such as mowing grass. 



man-rem 

mass wasting 

meander 

ntanaer scar 

micro 

mill! 

Unit of population exposure obtained by summing individual 
dose-equivalent values for all people in the population. 
Thus, the nurrber of man-rems attributed to 1 person exposed 
to 100 rems is equal to that attributed to 100 people each 
exposed to 1 rem. 

Tne slow downslope movement of rock debris (due to gravity). 

One of a series of somewhat regular ana looplike bends in 
the course of a stream. 

Crescentic cuts in the upland bordering a stream. 

A prefix meaning one millionth (x 1/1,000,000 or 10"^). 

A prefix meaning one thousandth (x 1/1000 or 10" ) . 

mitigative neasure A reasure inplemented to reduce the adverse environmental 
measure impacts of remedial action (e.g. , the application of water 

and chemical dust suppressants to a i r t and gravelled haul 
roads to inhibit dust emissions.) 

Modified 
Mercalli scale 

monitor 

National Register 
of Historic 
Places 

native ground 
water 

nuclide 

orogeny 

paleo-channel 

passive 
institoJtional 
controls 

A standard scale for the evaluation of the local intensity 
of earthquakes based on observed phenomena such as the re­
sulting level of damage. Not to be confused with magnitude, 
such as reasured by tne Richter scale, which is a measure 
of the comparative strength of earthquakes at their sources. 

To observe and make reasurements to provide data for evaluat­
ing the performance and characteristics of the disposal 
s i t e . 

Established by the Historic Preservation Act of 1966. The 
Register is a l ist ing of archaeological, historical , and 
arcnitectural s i tes nominated for their local, s ta te , or na­
tional significance by state and Federal agencies and ap­
proved by the Register staff. 

Naturally occurring ground water which tias not had i t s chemi­
cal character altered as a result of human act iv i t ies . 

A general term applicable to all atomic forms of the ele­
ments; nuclides conprise all the isotopic forms of all the 
elements. Nuclides are distinguished by their atomic num­
ber , atomic mass, and energy s tate . 

The process of mountain building, especially by folding and 
faulting of the earth 's crust. 

Old or ancient channel. 

Those controls which preclude human contact with the waste 
or require a continuing social order. Examples include 
Federal ownership of a disposal s i t e , monunents on the s i t e , 
records with agencies, and physical barriers (e.g.j riprap 
covers, vegetation, waste burial) . 



perched ground 
water 

percolate 

permeability 

permissible dose 

person-rem 

pi CO 

picoCurie 

piezonetric 
surface 

primary suc­
cession type 

proton 

rad 

radioactive 
decay chain 

radioactivity 
(radioactive 
decay) 

radioisotope 

radionuclide 

radium-226 
(Ra-Z26) 

radon-222 
CRa-222) 

Ground water separated from an underlying body of groind 
water by unsaturated rock. 

To pass (a liquid) through a porous substance. 

The ease with which liquids or gases penetrate or pass 
through a layer of so i l . Technically, i t is the volume of 
fluid that will flow through a unit area under a unit hydrau­
l ic gradient, measured in centinteters per second or equiva­
lent units . 

Tnat dose of ionizing raoiation that is consiaered accept­
able by standards-setting bodies such as the EPA. 

Same as roan-rem. 

A prefix meaning one i r i l l ionth (1 x 1/1,000,000,000,000 or 
10 ^^). 

A unit of radioactivity defined as 0.037 disintegrations per 
second. 

The potentiometric surface of an aquifer. This represents 
the pressure exerted on a confined aquifer, or the water 
table in an unconfined aquifer. 

A plant that colonizes an area not previously covered by 
vegetation. 

An electrically positive elementary particle found in the 
nucleus of an atcwi. Also, the nucleus of a hydrogen atom. 

A unit of measure for the absorbed dose of radiation. I t is 
equivalent to 100 ergs per gram of material. 

A succession of nuclides, each of which transforms by radio­
active disintegration into the next until a stable nuclide 
resul ts . 

The property of some nuclides of spontaneously emiitting 
particles or gamma radiation or of spontaneous fission. 

A radioactive isotope of an element with which i t shares 
almost identical chemical properties. 

A radioactive nuclide. 

A radioactive daughter product of uraniura-238. Radium is 
present in all uranium-bearing ores; i t nas a half- l ife of 
1620 years. 

Tne gaseous radioactive daughter product of radium-226; i t 
has a half- l i fe of 3.8 days. 



radon daughter One of several short-lived radioactive daughter products of 
product radon-222. All are solids. 

range type A distinctive kind of rangeland that has a certain potential 
for producing rangeland plants. Each type has i t s own combi­
nation of environmental conditions and characteristic plant 
communities. 

recharge Resupply, replenish. 

rem A unit of dose equivalent equal to the absorbed dose in rads 
times quality factor tines any other necessary modifying 
factor. I t represents the quantity of radiation that is 
equivalent In biological damage to 1 rad of x-rays. 

Richter scale A logarithmic scale ranging from 1 to 10, used to express 
the magnitude or total energy of an earthquake. 

riparian Of, on, or pertaining to the bank of a natural course of 
water. 

riprap Rock used for the protection of bluffs or structures exposed 
to erosional forces from direct surface runoff or adjacent 
floailng. 

roentgen A unit of measure of ionizing radiation in air ; 1 roentgen 
in air is approximately equal to 1 rad and 1 rem in t issue. 

scat The feces or fecal droppings of w i l d l i f e . 

soil infi l t rat ion The rate at which water enters toe soil surface and n»ves 
rate vertically downward. 

soil percolation The rate at which water mioves through soil in all direc-
rate t ions. 

solifluction The process of slow flowage from higher to lower ground of 
soils saturated with water. 

stabilization The reduction of radioactive contamination in an area to a 
predetermined level by encapsulating or covering the contami­
nated material. 

surveillance Tne observation of the disposal s i te for purposes of visual 
detection of need for custodial care, evidence of intrusion, 
and compliance with other license and regulatory require­
ments . 

t a i l ings . The wastes remaining after roost of the uranium has been ex-

uranium mill tracted from uranium ore. 

thalweg The line joining the deepest points of a stream channel. 

thorlura-230 A radioactive-daughter product of uranium-238; i t has a 
CTn-230) half-life of 80,000 years and is the parent of raaium-226. 



transmissivity, 
nydraulic 

UWTRA Project 

unconfined 
aquifer 

uranium-238 
(U-238) 

vicinity property 

water table 

working level fWL) 

working-level 
month CWLM) 

A measure of the abili ty of an aquifer to transmit water 
equal to the product of the permeability and the thickness 
of the aquifer, expressed in gallons per day per foot of 
drawdown. 

Uranium Mill Tailings 
Oepariment of Energy. 

Remedial Action Project of the U.S. 

An aquifer witnout an upper confining 
phreatic or water-table aquifers. 

layer. Also known as 

A naturally-occurring radioisotope with a half-life of 4.5 
billion years; i t Is the parent of uranlum-234, thorium-230, 
radium-226, radon-222, and others. 

A property in the vicinity of a designated UMTRA Project 
tail ings site that 1s determined by the DOE, In consultation 
with the NRC, to be contaminated with residual radioactive 
material derived from that s i t e , and which is determined by 
the DOE to require remedial action. 

The surface of a body of unconfined ground water at which 
pressure is equal to that of the atmosphere. 

A measure of radon daughter product concentrations. Tech­
nically, i t 1s any comibination of short-lived radon decay 
products in 1 l i t e r of air that will result 1n the ultimate 
emission of alpha particles with a total energy of 130,000 
million electron volts . 

The exposure resulting from Inhalation of air with a month 
(WLMI concentration of 1 WL for 170 working hours. Continu­
ous exposure of a memiber of the general publ ic to 1 WL for 
one year results in approximately 53 MLM. 

xeric Extremely dry. 
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ANL Argonne National Labora to ry , Argonne, I l l i n o i s 
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BLM Bureau o f Land Management , U . S . D e p a r t m e n t o f t h e I n t e r i o r 

BRH Bureau of Radiologica l Hea l th , U.S. Department of Heal th , 

Educa t ion , and Welfare 

°C Degrees Centigrade or Celsius 

CEQ Council on Environmenta l Q u a l i t y 

CFR Code of Federal Regulations 

cfs Cubic feet per second 

cfs / f t Cubic feet per second per foot 

Ci Curie; a unit of radioactivity = 3.7 x 10 disintegrations 

per second 

cm Cen t ime te r s ; a u n i t of length = 0.394 inch 

CO Carbon monoxide 

CSU Colorado S t a t e U n i v e r s i t y , Fo r t C o l l i n s , Colorado 

cy Cubic y a r d s ; a u n i t of volume = 27 cubic f e e t 

D Diameter; for example, 0^^ denotes the diameter of 50 percent 
of an araoint of rock by weight 

dBA Decibels on the A-weighted sound iieasurenent s c a l e ; a l o g a r i ­
thmica l ly based u n i t of sound i n t e n s i t y weighted t o account for 
human aud i to ry responses 

DOC U . S . D e p a r t m e n t o f Commerce 
DOE U . S . D e p a r t m e n t o f Energy 
DOT U.S. Department of Transportation 



EA Environmental assessment 

e.g. For example 

EGR External gamma radiation 

EIS Environmental impact statenent 

EPA U.S. Environmental Protection Agency 

et al. And others 

et seq. And the following 

F Degrees Fahrenheit o 

FBD Ford, Bacon & Davis Inc., Salt Lake City, Utah (1983 and there­
after) 

FBDU Ford, Bacon & Davis Utah Inc., Salt Lake City, Utah (prior to 
1983) 

FONSI Finding of No Significant Impact 

fps feet per second 

FR Federal Register 

2 
ft Square feet; a unit of area = 144 square Inches 

ft Foot; a unit of length = 12 inches 

FWS U.S. Fish and Wildlife Service, U.S. Department of tne Interior 

g GranB; a unit of weight = 0.035 ounce 

g Gravity; a force expressed as acceleration equal to 32 feet per 
second per second 

GECR Geochemistry and Environmental Chemistry Research, Inc., Rapid 
City, South Dakota 

gpd Gallons per aay 

gpm Gallons per minute 

HC Hydrocarbon 

HGCC Hydrogeochemlcal Characterization Committee, Colorado State Uni­
versity, Fort Collins, Colorado 

hr Hour; a unit of tine = 60 minutes 

ICRP International Commission on Radiological Protection 

i.e. That is (to say) 



ISCST 

kw 

kwh 

1 

LBL 

Ldn 

^eq 

m 

/ 

ICE 

mg 

mg/1 

mg/m 

raicrog/m 

microR/hr 

Mound 

mR/hr 

MSRD 

MWR 

NAAQS 

NAS 

NEPA 

NOAA 

NO2 

NRC 

Industrial Source Complex Dispersion Model; an air quality 
computer code 

Kilowatt 

Kilowatt hours 

Liter; a unit of volume = 1.057 quarts 

Lawrence Berkeley Laboratory, University of California, Berk­
eley, California 

Day-night sound level, measured in decibels 

Equivalent sound level, measured in decibels 

Meter; a unit of length_2= 3.28 feet; also mil l i , a prefix 
meaning one-thousandtn (10" ) 

Square meter; a unit of area = 10.76 square feet 

Maximum Credible Earthquake 

i inigram; a thousandth of a gram 

MilllgrauB per l i t e r 

Milligrams per cubic meter 

Micrograms per cubic meter 

Microroentgens per hour 

Monsanto Research Corporation - Mound, Miamisburg, Ohio 

Milliroentgens per hour 

Mountain States Research and Development, Tucson, Arizona 

fountain West Research, Inc., Billings, Montana 

National Amtient Air Quality Standards 

National Academy of Sciences 

National Environmental Policy Act of 1969 (PL91-i90) 

National Oceanic and Atmospheric Administration, U.S. Department 
of Commerce 

Nitrogen dioxide 

Nitrogen oxioes 

U.S. Nuclear Regulatory Commission 



NRHP National Register of Historic Places 

0^ Omne 

ORNL Oak Ridge N a t i o n a l L a b o r a t o r y , Oak R i d g e , T e n n e s s e e 

OSHA Occupational Safety and Health Administration, U.S. Department 
of Labor 

-12 

p Pico, a prefix meaning one t r i l l ionth (10 ) 

Pb-210 Lead-210 

pCI/g PicoCuries per gram 
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Services 
PL Public Law 
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Rn-222 Radon-222 

SCS Soil Conservation Se rv i ce , U.S. Department of Agr icu l ture 
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SHPO State Historic Preservation Officer 
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SOo Sulfur dioxide 
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A.l INTRODUCTION 

PURPOSE 

This appendix provides the information needed to understand the 
conceptual designs for the remedial action alternatives addressed in 
this environmental assessment. This appendix is intended to provide 
sufficient details for the reader to evaluate the feasibility and 
assess the impacts of each remedial action alternative; however, this 
appendix 1s not Intended to provide the detailed engineering necessary 
to implement the alternatives. 

The conceptual design for the proposed action (relocation to Gas 
Hills) is based on data and calculations applicable to the stabiliza­
tion in place alternative (e.g., the total volume of tailings and con­
taminated materials), and the details of these data and calculations 
are available in the remedial action plan (RAP) (DOE, 1987). The pro­
posed action consists of relocating the tailings and contaminated mate­
rials from the inactive (Title I) Riverton tailings site to an active 
(Title II) uranium mill tailings site. The tailings and contaminated 
materials would be stabilized at the active site in accordance with a 
remedial action plan prepared by the owner and operator of the site and 
to be approved by the U.S. Nuclear Regulatory Commission (NRC); there­
fore, the engineering details for stabilization at the active site 
(e.g., design features for control of radon emanation and erosion pro­
tection) are not considered in this conceptual design. 

The conceptual design for the stabilization in place alternative is 
based on field studies, laboratory testing, and various modeling tech­
niques. For disposal at the Dry Cheyenne site, the conceptual design 
is based on existing, published data and assumptions for various fac­
tors (e.g., soil type and availability) that are based on the data and 
calculations applicable to the stabilization in place alternative. 

DESIGN OBJECTIVES 

Title I of the Uranium Mill Tailings Radiation Control Act 
(UMTRCA), Public Law 95-604, authorized the U.S. Department of Energy 
(DOE) to perform remedial action at the inactive Riverton tailings site 
(as well as at many other inactive sites) to reduce the potential pub­
lic health impacts from the residual radioactivity remaining in the 
tailings. Title II of the UMTRCA authorized the NRC or agreement state 
to regulate the operation and eventual reclamation of active uranium 
mill tailings sites. The purpose of all remedial actions under Titles 
I and II of the UWTRCA is to stabilize and control the uranium mill 
tailings (residual radioactive wastes) and other contaminated mate­
rials in a manner that complies with the U.S. Environmental Protection 
Agency (EPA) standards. Title 40, Code of Federal Regulations, Part 
192, Subparts A through E (40 CFR Part 192, Subparts A through E). Con­
sistent with this purpose and the EPA standards applicable to the clean­
up of open lands and habitable buildings, the following major design 
objectives were established for the proposed action: 

0 Reduce contaminant levels (radlum-226) in areas released for un­
restricted use to levels consistent with the EPA standards. 
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0 Reduce radiation levels in nabitable builaings (including vici­
nity properties) to levels consistent with the EPA standards. 

0 Protect against releases of contaminants from tne Riverton s i te 
during construction. 

0 Minimize areas disturbed at the Riverton si te during construc­
tion, and minimize human exposure to contaminated materials. 

0 Ensure, to the extent practicable, that existing or anticipated 
beneficial uses of ground and surface waters at trie Riverton 
tail ings si te are not adversely affected. 

The major design objectives tor tne other remedial action alterna­
tives (stabilization in place and disposal at the Dry Cneyenne s i te) 
are Identical to trie oDjectives established for tne proposed action and 
also include tne following objectives for tne disposal s i t e : 

0 Reduce tne average radon flux from tne disposal s i te to levels 
consistent witn tne EPA standards. 

0 Design controls to be effective for up to 1,000 years to the 
extent reasonably acnievable, and, in any case, for at least 
200 years. 

0 Minimize the land area to be occupied by the stabilized t a i l ­
ings. 

0 Prevent inadvertent numan intrusion into the stabilized t a i l ­
ings. 

0 Minimize plant root penetration and animal burrowing into tne 
stabilized ta i l ings . 

Borrow sites 

The proposed action, relocation to Gas Hil ls , would require eartii-
en borrow materials for restoration of ttie areas disturbed at trie River­
ton tailings s i te during remedial action. Trie Little Wind borrow s i te 
(Table A.1.1 and Figure A.l . i ) was chosen as trie source of these borrow 

Table A.i . l Borrow sites for trie remedial action alternatives 

Remedial action Borrow sites 
alternative Earth Gravel and rock 

Relocation to Gas Hills Litt le Wind borrow si te None 

Stabilization in place Borrow si te 10 Boulder Flats 
borrow si te 

Disposal at Dry Dry Cheyenne Borrow site 2 
Cheyenne site disposal site 
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materials. Tnis borrow site is within tne Mind River Indian Reserva­
tion, but both the surface and minerals of the site are privately own­
ed. Gravel for the access roads at the Riverton site would be pur­
chased from a comnercial source. 

The stabilization in place and Dry Cheyenne disposal alternatives 
would require earthen and rock borrow materials for road construction, 
stabilization of the tailings ana contaminated materials, and restora­
tion of disturbed areas at the affected sites. For these alternatives, 
tfie earthen and rock materials used for stabilization of the tailings 
woula be required to have specific engineering properties (e.g., rock 
size and durability for erosion protection). Initiallys ten sites were 
identified as potential sources of borrow materials for remedial action 
at the Riverton site. Preliminary investigations eliminated three of 
these sites from further consideration because of unsuitable conditions 
such as Insufficient quantities of materials and existing drainage pat­
terns. Detailed studies and evaluations of the remaining seven sites 
resulted in the selection of borrow sites 2 and 10 as sources of borrow 
materials (Figure A.l.i). 

Borrow site 2 was originally selected as the source of gravel and 
rock for both stabilization in place and disposal at the Dry Cheyenne 
site. Tnis borrow site is within the designated tailings site, and the 
surface and minerals of the site are privately owned. Completion of 
the flood analysis for the tailings site revealed that stabilization in 
place would require large-diameter rocks to armor the stabilized tail­
ings pile against erosion from flooding and river neander. The rock 
sizes required are not available from borrow site 2, and another inves­
tigation was conducted to identify sites as potential sources of the 
require rock sizes. Only one site could be identified nearby, and 
this site, the Boulder Flats borrow site (Table A.l.i and Figure 
A.1.2) J, was chosen as the source of gravel and rock for stabilization 
in place. This site is within the Mind River Indian Reservation, but 
both the surface and minerals of the site are privately owned. Borrow 
site 2 (Table A.l.i) would be used as the source of gravel and rock for 
the Dry Cheyenne alternative. 

Earthen borrow materials for stabilization in place would be 
obtained from borrow site 10 (Table A.l.i). This site is on Federal 
land administered by the BLM. Earthen borrow materials for the Dry 
Cheyenne alternative woula be obtained from the partially below-graae 
excavation of the disposal site itself. 

The borrow sites included in this EA were selected as the sources 
of the necessary borrow materials for impacts analyses purposes. The 
borrow sites to be usea for the remedial action will be selected during 
the final design. 
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A.2 PROPOSED ACTION - RELOCATION TO GAS HILLS 

MAJOR CONSTRUCTION ACTIVITIES 

Tne principal feature of the conceptual design is the relocation of 
the Riverton tailings ana contaminated materials (Title I) to Gas Hills 
(Figure k.Z.i). Gas Hills is an area 45 to 60 road miles east of xne 
Riverton site that contains several active (Title II) uranium mill t a i l ­
ings s i t es . A specific Title II si te within the Gas Hills woulo be 
selected by the Federal procurement process. Trie Riverton tailings and 
contaminated materials would be consolidated with the Title II tailings 
at tne selected si te and trien stabilized in accordance with a remedial 
action plan to be approved for the active site by the NRC. 

The areas disturbed at the Riverton tailings site during remedial 
action would be backfillea with uncontaminated soil to a level compati­
ble with the surrounding terrain, recontourea to promote surface drain­
age ̂  revegetated as necessary, and releasea for use consistent with 
existing land use controls. The uncontaminated soil for backfilling of 
tne disturbed areas woula be excavated from the Little Wind borrow si te 
J roao miles south of the Riverton site (Figure A . i . i ) . 

This design woula require the following major construction activi­
ties at tne Riverton tailings s i te : 

Site preparation 

0 Grubbing and clearing (as necessary), erection of a temporary securi­
ty fences and construction of an off-site staging area and on-site 
access roads. 

0 Demolition of the mill builaing and wash house at tne s i t e . 

0 Construction of a waste-water retention pond according to applicable 
regulations (Appendix 6̂  Permits, Licenses, and Approvals) to pro­
tect against the release of contaminants from the site during con­
struction. 

0 Construction of drainage control measures according to applicable 
regulations (Appendix G, Permits, Licenses, and Approvals) to direct 
all generated waste-water and storm-water runoff to the retention 
pond during construction. 

0 Installation of measures to control erosion from all disturbed areas 
curing remedial action. 

0 Decontamination of the scale and pump houses at the s i t e . 

Tailings relocation 

0 Consolidation of contaminated materials from the windblown areas ana 
vicinity properties onto the tailings s i t e . 

A-7 



WASHAKIE 
CO. 

W Y O M I N G 

CHEYENNE • 

MAP LOCATION 

SCALE IN MILES 

FIGURE A.2J RI¥ERTON SITE LOCATION 



0 Excavation of tne tailings and contaminatea materials from the tail­
ings site and relocation of the materials (including aemolition 
debris) by truck to Gas Hills. 

Borrow materials 

0 Excavation of tne earthen borrow materials requirea for site restora­
tion from tne Little Wind borrow site (Figure A.i.l). 

Site restoration 

0 Backfilling, recontouring to promote surface drainage, and revegeta-
tion (as necessary) of all areas aisturbed at the Riverton site dur­
ing remedial action. 

0 Reclamation of the Little Wind borrow site according to applicable 
regulations (Appendix G, Permits, Licenses, and Approvals). 

DESCRIPTION OF FINAL CONDITION 

The Riverton tailings and contaminatea materials would be relocat­
ed to Gas Hills to be stabilized at a selected active uranium mill tail­
ings site. Stabilization of the tailings and contaminated materials at 
the selected site woula be conducted in accordance with a remedial 
action plan prepared by the owner and operator of tne active site and 
to be approved by the NRC. After decontamination of the Riverton tail­
ings site, the disturbed areas at the site (153 acres) woula be backfil­
led with uncontaminated soil to a level conpatible with the surrounding 
terrain, recontoured to promote surface arainage, and revegetated as 
necessary. The 173-acre Riverton site would then be released for use 
consistent with existing land use controls. 

mJOR ASSUMPTIONS 

0 The quantity of contaminatea soils beneath tne tailings is based on 
70 acres contaminated to an average depth of 3 feet. 

0 Demolition debris would be relocatea to Gas Hills with the tailings 
and contaminatea materials. 

0 Uncontaminated soil woula be obtained from the Little Wind borrow 
site 3 road miles south of the Riverton tailings site. 

0 All disturbed areas at the Riverton tailings site would be backfil­
lea with uncontaminatea soil to a level compatible with the surround­
ing terrain, recontoured to promote surface drainage, and revege­
tated as necessary. 

0 Tne Little Wind borrow site would be reelaired according to the 
requirements of the permit to mine Issued by tne State of Wyoming 
(Appendix G, Permits, Licenses, and Approvals). 
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A.2.4 RADON COMTROL AND LONG-TERM STABILITY 

Control of raaon emanation from the Riverton t a i l i n g s s i t e would 
be acconplished by re locat ing a l l of the t a i l i n g s and contaminated mate­
r i a l s to Gas H i l l s . 

A.2.5 GROUND-WATER PROTECTION 

The shallow grouna water Deneath and southeast of the Riverton 
t a i l i n g s p i l e has been contaminatea pr imar i l y by percolat ing leachate 
generated by the natural oewatering of the t a i l i n g s during and imnEai-
a te ly a f ter the uranium m i l l i n g . Lesser but cont inuing contamination 
i s due to p rec ip i t a t i on f i l t e r i n g through the t a i l i n g s p i l e and possib­
l y to the r i s i ng ot the shallow ground water i n to the p i l e . Relocation 
of the t a i l i n g s and contaminated materials to Gas H i l l s woula remove 
the source of any fu tu re graind-water contamination at the Riverton 
s i t e , and the natural f low ana ai scharge of the shallow ground water 
in to the L i t t l e Wind River woula reduce the ex is t ing concentrations of 
the contaminants to backgraind levels in approximately 45 years . At 
t h i s t ime, aquifer res tora t ion would not be a cos t -e f fec t i ve rreans of 
con t ro l l i ng or cleaning up the ground-water contamination at the 
Riverton s i t e (Section C.2.6 of Appendix C, Water). 

When the EPA issues revis ions to the water protect ion standards 
(40 CFR Part 192.20 ( a l ( 2 ) - { 3 ) ) tha t were remanded by the U.S. Tenth 
C i r cu i t Court of Appeals, the DOE w i l l re-evaluate the graind-water 
issues at the Riverton s i t e to assure tha t the revised standards are 
met. Performing renedial act ion to relocate the t a i l i n g s p r io r t o the 
EPA issuing new standards w i l l not a f fec t the measures tha t are u l t i ­
mately required t o meet the revised EPA water protect ion standards. The 
DOE has characterized the condit ions at the Riverton s i t e and does not 
ant ic ipate that any substant ial changes to the renedial act ion would be 
requi red. 

A.2.6 CONSTRUCTION SEQUENCE 

The fo l lowing construct ion sequence i s out l ined as a possible 
means of accomplishing re locat ion to Gas H i l l s . 

I n i t i a l l y , a s i t e secur i ty system would be set up and coordinatea 
wi th staging and vehic le decontamination areas. This would provide con­
t r o l of t r a f f i c enter ing and leaving the Riverton t a i l i n g s s i t e . 

The next major item of s i t e preparation would consist of construc­
t i on of a waste-water re tent ion pond. Materials excavated from the 
pond area would be stockpi led f o r la te r use as f i l l . S i te preparat ion 
would also incluae construct ion of access roads at the Riverton t a i l ­
ings s i t e and construct ion of drainage and erosion contro l measures at 
the Riverton s i t e and the L i t t l e Wind borrow s i t e . Concurrent w i th 
these i n i t i a l a c t i v i t i e s , the bu i ld ing demoli t ion and decontamination 
would be performed. 

Next, the contaminated materials from tne windblown areas and the 
v i c i n i t y propert ies would be consolidated at the Riverton t a i l i n g s 
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site. The tailings and contaminated materials would then be excavated 
from the Riverton site ana relocatea (with trie aemolition debris) by 
trucK to Gas Hills. The final stages of remeaial action would involve 
backfilling, recontouring, and revegetating (as necessary) the dis­
turbed areas at the Riverton site and reclaiming the Little Wind borrow 
si te. 

Figure A.2.2 shows a construction schedule for relocation to Gas 
Hills. 
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FIGURE A.2.2 REMEDIAL ACTION SCHEDULE, RELOCATION TO GAS HILLS 
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A.3 STABILIZATION IN PLACE 

MAJOR CONSTRUCTION ACTIVITIES 

Tne principal feature of the conceptual design is tne consolida­
tion of all of the tailings and other contaminated materials onto the 
present location of the existing tailings pile as indicated in Figure 
A.J.I. 

The tailings and contaminated materials woula be covered with a 
layer of earthen materials to control radon emanation and inhibit water 
infiltration and plant root penetration. This earthen cover, herein 
referred to as a radon barrier, would consist of materials excavated 
from borrow site 10 tnat is 13 road miles southeast of the tailings 
site (Figure A.i.l). Generally^ the major soil type available at this 
borrow site is a low plasticity^ silty clay with occasional thin string­
ers of silty sand and sand. 

Tne radon barrier would oe covered with rock to protect against 
water and wind erosion and burrowing by animals. The rock for tnis ero­
sion protection barrier would be excavated from the Boulder Flats bor­
row site 27 road miles southwest of the tailings site (Figure A.1.2). 
Gravel for haul road construction would also be obtained from this 
borrow site. The materials available at this borrow site are well-
rounded cobbles of igneous origin. 

This design would require the following major construction activi­
ties: 

Site preparation 

0 Grubbing and clearing (as necessary)^ erection of a temporary securi­
ty fences and construction of an on-site staging area and access 
roads. 

0 Demolition of the mill building and wash house at the s i t e . 

0 Construction of a waste-water retention pond according to applicable 
regulations (Appendix Ĝ  Permits^ Licenses^ and Approvals) to pro­
tect against tne release of contaminants from the site during con­
struction. 

0 Construction of arainage control measures according to applicable 
regulations (Appendix G, Permits, Licenses, and Approvals) to uirect 
all generated waste-water and storm-water runoff to the retention 
pond during construction. 

0 Installation of neasures to control erosion from all disturbed areas 
Quring remedial action. 

0 Decontamination of tne scale ana pump houses at the s i t e . 
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Tailings relocation 

0 Consolidation of all contaminatea materials from tne windblown, 
mill, and ore storage areas, and from the vicinity properties, onto 
the existing tailings pile. 

0 Even distribution of the demolition debris witnin an area of the 
existing tailings pile. 

Borrow materials 

0 Construction of 0.5 mile of gravelled haul road to the Boulder Flats 
borrow site and excavation and sorting of the gravel to be placed on 
the riaul roads to borrow site 10 and the Boulder Flats borrow site. 

0 Construction of 1 mile of gravelled haul road to borrow site 10 and 
excavation of the borrow materials required for the radon barrier 
over tne tailings pile and for site restoration. 

0 Excavation and sorting of the rock to be placed over the tailings 
pile from the Boulder Flats borrow site. 

Radon barrier 

0 Placement of a b-foot-ttilck, compacted, earthen cover over the 
tailings and contaminated materials to Inhibit radon emanation, 
water Infiltration, and plant root penetration. 

Erosion protection barrier 

0 Placement of rock over trie radon barrier (1 foot thick on the top 
and 2 feet tnick on the sideslopes) to protect against erosion and 
penetration by burrowing animals. 

0 Placement of a tapered, 5-foot-th1ck, 32-foot-wide, riprap (rock) 
apron around the base of the stabilized tailings pile to protect 
against flooding and river ireander. 

Site restoration 

0 Construction of an unpaved access road on top of the riprap apron 
around the base of the stabilized tailings pile. 

0 Construction of a drainage ditch around the outside edge of the 
riprap apron. 

0 Backfilling, recontouring to promote surface drainage, and revegeta-
tlon (as necessary) of all areas disturbed at the Riverton site 
during remedial action. 

0 Installation of a security fence with locked gates and warning signs 
around the stabilized tailings pile to discourage Inadvertent human 
intrusion. 
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0 Reclamation of borrow si te 10 and the Boulder Flats borrow si te 
according to applicable regulations (Appendix G, Permits, Licenses, 
and Approvals). 

DESCRIPTION OF FINAL CONDITION 

The stabilized tailings pile would be rectangular in shape, treasur­
ing approximately 2,500 feet long In tne east-west direction and 1,200 
feet wide 1n the north-south direction (Figure A.3.1). The final 
restricted area Inside the security fence would encompass 80 acres. 
The consolidated contaminated materials would be covered with a 
6-foot-th1ck, compacted, raaon barrier. The stabilized pile would have 
maximum sideslopes of 20 percent (5 riorizontal to 1 vertical) and a 
slightly convex top. Tne top and sides would be covered witn 1-foot 
and 2-foot-th1ck layers of graded rock, respectively, for erosion 
protection. The final stabilized pile would be a maximum of approxi­
mately 27 feet above the surrounding terrain (Figure A.3.2). 

The rock erosion protection barrier would t i e Into a tapered, 
5-foot-th1ck, 32-foot-w1de, riprap (rock) apron placed around the base 
of the tail ings p i le . An unpaved access road would be constructed 
around the base of the pile on top of the riprap apron, and a drainage 
ditch would be constructed around the outside edge of the riprap apron. 
The ditch would divert surface-water runoff around and away from the 
pi le . A security fence with locked gates and warning signs would 
enclose the pi le , road, and ditch. 

The remaining disturbed areas at the Riverton site would be 
backfilled with uncontaminated soil from borrow si te 10 to a level 
conpatible with the surrounding terrain, recontoured to promote surface 
drainage, revegetated as necessary, and released for use consistent 
with existing land use controls. 

mJOR ASSUMPTIONS 

0 The quantity of contaminated soils beneath the tailings Is based on 
70 acres contaminated to an average depth of 3 feet. 

0 Tne pile would be constructed with 20 percent sideslopes (5 hori­
zontal to 1 vertical) and 1 to 2 percent topslopes. 

0 Demolition debris would be evenly distributed within an area of the 
tail ings pile that would be adequately covered with relocated t a i l ­
ings and contaminated materials during reshaping of the pi le . 

0 All soils contaminated by windblown tailings would be spread evenly 
over the reshaped tailings pi le . 

0 Radon barrier materials would be obtained from borrow si te 10 that 
Is 13 road miles southeast of the existing tailings s i t e . 

0 All gravel and rock materials would be obtained from the Boulder 
Flats borrow s i te 27 road miles southwest of the tail ings s i t e . 
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0 All disturbed areas outside the fenced disposal site would be back­
filled with uncontaminated soil to a level compatible with the sur­
rounding terrain, recontourea to promote surface drainage, and reve­
getated as necessary. 

0 Borrow site 10 and the Boulder Flats borrow site would be reel allied 
according to the free use permit issued by the Bureau of Land Hanage-
ment (BLM) and the permit to mine Issued by the State of Wyoming 
(Appendix G, Permits, Licenses, and Approvals). 

4 RADON CONTROL 

Control of radon emanation from the stabilized tailings pile would 
be accomplished througri a combination of techniques including the fol­
lowing: 

0 Decontamination of a large portion of the present tailings site 
by excavating and placing contaminated materials on the exist­
ing tailings pile. 

0 Placing windblown soils and lesser contaminated soils over the 
reshaped tailings and contaminated materials. 

0 Placing a 6-foot-thick, compacted, radon barrier over the conso­
lidated tailings and contaminated materials. 

Data on the distribution of radium In the tailings and the proper­
ties of the borrow materials available at borrow site 10 nave been used 
to estimate the radon barrier thickness. Using the concentration of 
radium In the tailings and the type and thickness of borrow materials, 
the computerized RAECOM model (NRC, 1984) was then used to estimate the 
post-remedial action radon fliix of the stabilized tailings pile. This 
flux was estimated at 20 pCI/m s. 

5 LONG-TERM STABILITY 

Tne remedial action has been designed so the stabilized tailings 
pile would withstand the forces of nature for a long period of tine (up 
to 1,000 years, to the extent reasonably achievable, or. In any case, 
for at least 200 years). Several conceivable forms of natural erosion 
have been Investigated and are discussed below. 

A.3,5.1 Water erosion 

To reduce the potential for water erosion by surface 
runoff, several control features were Incorporated Into the 
design to reduce surface runoff velocities. The sideslopes 
of the stabilized tailings pile would be limited to 5 hori­
zontal to 1 vertical (20 percent). The top of the pile 
would be gently crowned (1 to 2 percent) to promote drain­
age. 

Severe rainfall events have the potential to develop 
rills and gullies on the steeper (20 percent) sideslopes of 
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the stabilized tailings pile and erode some or all of the 
radon barrier in small, undefinable areas. One such poten­
tial rainfall event Is the Probable Maximum Precipitation 
(PMP). Tne PMP is defined as the maximum precipitation 
that could occur from the most severe combination of ireteo-
rological conditions that are reasonably possible in a 
region. For the Riverton site, the PMP was calculated to 
be 8.3 inches of rain in 1 hour with a maximum intensity of 
25 Inches per hour for a 5-minute period. This PMP would 
generate sheet flow rates ranging from 0.4 to 1.2 cubic 
feet per second per foot of slope width (cfs/ft) on the 
pile. 

To protect tne tailings pile from the impact of an un­
likely PMP, the pile would have a layer of rock as part of 
the cover system. The rock protection requirements to with­
stand sheet erosion on the pile top and sideslopes during a 
PMP event are shown In Table A.3.1. 

Table A.S.i Sheet flow rock protection requirements 

Location Rock size 
Rock 

thickness a 

PMP design 
sheet flow 

rates 

Top DgQ >_ 1.5 inches 

^100 ™ ^'^ inches 

^ l . b xD^oo 

12 Inches minimum 

0.4 cfs/ft 

Sideslopes DjQ >_ 6.0 inches 

^100 - ^^'^ inches 

> 1.5 X D 
100 

18 Inches plus 
6-1nch filter 
layer 

1.2 cfs/ft 

D̂ f. and D,oo are the diameters of 50 and 100 percent of the rock by 
'50 
weight, respectively. 

A.3.5.2 Wind erosion 

High winds gusting to more than 75 miles per hour can 
occur during intense summer storms in the Riverton area 
(FBDU, 1981) and could damage the radon barrier of the sta­
bilized tailings pile. The same rock layers used to pro­
tect against water erosion would protect against any haz­
ards posed by wind erosion at the site. 
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3 Flood protection 

The Riverton ta i l ings si te is on a low floodplain ter­
race 1n the Wind River valley 2.5 miles upstream of the con­
fluence of the Mind and L i t t l e Wind Rivers (Figure A.3.3). 
The Wind River modern channel approaches to within 1 mile 
of the si te on the north, and the present channel of the 
L i t t l e Mind River is 0.5 mile southeast of the s i te . 

Because of the topography and the location of the t a i l ­
ings s i te with respect to the Wind and L i t t l e Wind Rivers, 
flooding presents a potential hazard to the long-term stabi­
l i t y of the stabil ized ta i l ings p i le . Flood flows surround­
ing the pi le with high flow velocities could damage the com­
pacted, earthen radon barr ier; furthermore, flooding could 
cause rapid shifts of the r iver channels or localized scour 
that could undercut and erode the p i l e . 

In order to design adequate protection against f lood­
ing for the stabil ized ta i l ings p i l e , a flood analysis of 
the ta i l ings si te area was performed using the HEC-1 (COE, 
1981) and HEC-2 (COE, 1982) computer models. This analysis 
evaluated the Probable Maxlnum Flood (PMF) using the PMP 
for a severe sunmKr storm as recorairended by Hydrometeorolo-
glcal Report No. 55 (NOAA, 1984). Section C.i.2.1 of Appen­
dix C, Water, contains a detailed discussion of this flood 
analysis. 

The flooa analysis resulted In calculations of the 
peak f loat flow in each r iver , the corresponding flow in 
the other r i ver , and the combined peak flows as shown in 
Table A.3.2. The analysis Indicated that the worst flood 
flow situation woula occur on the Mind River side of the 
stabil ized ta i l ings p i le when the Wind River Is at I ts peak 
flood flow of 403,000 cubic feet per second (c fs ) . At th is 
peak, approximately 25 percent of the flood flow would be 
down the neander scar southwest of the pi le resulting In 
Inundation of the area shown in Figure A.3.4. The stabi­
l ized ta i l ings p i le would be an Island witn water depths 
less than 10 feet around the pi le sides and flow velocities 
less than 15 feet per second ( fps). To protect the stabi­
l ized ta i l ings pi le from these maximum flood conditions, a 
design flow with a water depth of 10 feet and a flow veloci­
ty of 15 fps was chosen. 

The rock protection requirements for the design flow 
are shown In Table A.3.3, A tapered, riprap apron 5 feet 
thick and 32 feet wide with 15- to 18-inch mean diaireter 
rocks would be placed around the base of the stabil ized 
ta i l ings pi le to satisfy these requirements. This apron 
would also protect the stabil ized p i le against rapid shif ts 
of the r iver channels and localized scour. 
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Table A.3.2 Peak river flood flows. Wind and Lit t le Wind Rivers 

Flows In cubic feet per second 

Lit t le Mind Maximum 
Wind River River combined flow 

Peak 403,000 657,000 

Corresponding 
flow In Little 
Wind River 214,000 —- 481,000 

Corresponding 
flow In Wind 
River —- 123,000 239,000 

Combined peak 617,000 680,000 720,000 

Table A.3.3 Flooding rock protection requirements 

Rock size* Rock thickness* Design flow 

D̂Q ^ 15.0 Inches ^ 1.6 x D^QQ 10 feet deep 

DgQ £ 18.0 inches 5 feet minimum 15 feet per 
second 

*DgQ and DJ^QQ are tne dianeters of 50 and 100 percent of the rock hy 

weight, respectively. 
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Geomorphology (river meander) 

A geomorphic evaluation of tne tailings site area 
(SHB, 1985) was performed to assess the possibility that 
the channels of the Wind and Little Mind Rivers could move 
toward the si te. Geologic evidence indicates that tne Mind 
River could migrate laterally across Its flooaplain within 
a 2,000-year perioa. Tne extent of possible channel migra­
tion Is unpredictable; however, the rate of migration could 
exceed 0.5 mile per 1,000 years. The present Wind River 
channel is 1 mile north of the site. It also appears that 
aggradation (channel filling) or large-scale flooding could 
result in avulsion, w rapid channel shift, of the Wind 
River across the floodplain. The effect of Boysen Reser­
voir (20 miles northeast of Riverton) on the long-terra beha­
vior of tne Mind River near the tailings site is difficult 
to predict. The acomulation of sediment in the reservoir 
could result in a raising of the base level of the river 
and consequent channel aggradation. The Little Mind River 
is more stable and more deeply incised, and the potential 
for its migration toward the site is much less. 

The stabilized tailings pile would be surrounded with 
a riprap apron to protect the pile against erosion that 
could result from a PMF. This riprap apron would also pro­
tect the pile against erosion that could result from river 
meander cr sudden shifts in the channels of the Wind and 
Little Wind Rivers. 

Slope stability and seismic risk 

Slope failure due to slope instability under static 
and seismic loading is another phenonena that could affect 
tne integrity of the stabilized tailings pile. With the 
dense foundation soils beneath the tailings pile and the 
use of relatively flat (5 horizontal to 1 vertical) side-
slopes, It Is anticipated that the stabilized tailings pile 
would be stable under all loading conditions (MSRD, 1982). 

Several standard nethods of stability analysis were 
performed for each loading condition to estinate factors of 
safety against slope failure. In particular, the seismic 
loading conditions were evaluated by applying the horizon­
tal ground acceleration resulting from a iaxlnum Credible 
Earthquake (^E). The evaluation estimated an MCE of magni­
tude 6.8 (Richter scale) whicn would generate an on-site 
peak horizontal ground acceleration of 0.13 gravity (SHB, 
1983). Gravity (g) is a force expressed as acceleration 
equal to 32 feet per second per second. 

The principal seismic hazard to the stabilized ta i l ­
ings pile is the potential for slope failure due to selsnil-
cally induced liquefaction of the tailings or underlying 
soils. The coarse-grained alluvium underlying the Riverton 
tailings site should not be susceptible to seismically 
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induced liquefaction, and zones of saturated s l i « tailings 
that might be susceptible to liquefaction unaer Horizontal 
ground accelerations of 0.10 to 0.15 g are not present in 
the Riverton tailings pile (SHB, 1983). 

The factors of safety against slope failure under both 
s tat ic and seismic loaalng for the designed slopes exceed 
tne generally accepted limits of 1.5 and 1.0, respectively 
(COE, 1970). 

Differential settlement 

Differential settlement of the stabilized tailings 
pile nas the potential hazard of cracking the radon barrier 
due to horizontal strains and thus could affect the integri­
ty of the p i le . Differential settlement could also in­
crease the potential for gullying action aue to concentra­
tions of surface runoff. 

Due to the difficulty 1n controlling differential set­
tlement of the reshapea tailings pi le , settlement monitor­
ing devices would be installed to iieasure the total se t t le ­
ment of the tailings and underlying soils caused by reshap­
ing of the ta i l ings . Upon the conpletion of a majority of 
all of the settlement, the earthen radon barrier would be 
placed over the tailings p i le , and the settlement would be 
monitored again. Final grading and compaction of the radon 
barrier would be performed only after sufficient settleirent 
had occurred to prevent cracking of the radon barrier and 
concentrating surface runoff flows. 

Frost heave and solifluction 

Frost heave and solifluction are processes which pose 
a hazard to the long-term performance of any structure con­
structed to isolate the tailings at the s i t e . Climatic con­
ditions at the si te favor the occurrence of these processes 
during the winter. 

Frost neave and associated frost creep or frost slough­
ing are processes which probably would occur under the c l i ­
matic conditions at the tailings s i t e . The lat ter two 
occur in fine-grained seoinents on slopes (Lindell and 
Lobacz, 1980) and can be mitigated by using an aggregate 
(rock) cover. 

Frost heave is the expansion toward the surface from 
the freeze-thaw cycle and generally has the largest move­
ment from the winter-sumner cycle of freeze-thaw. Tne pro­
cess requires that adequate soil moisture be present to 
form ice lenses in fine-grained soi l . Tne remedial action 
design Includes the use of sufficiently impermeable earthen 
materials to res t r i c t ice lens formation and sufficiently 
porous aggregate to res t r i c t water builoup over the radon 
barrier to mitigate tnis problem. 
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Solifluction is tne action of slow flowage In satu­
rated soils in periglaclal regions (Ritter, 1978). Only 
trie surface layer is affected, and very low slopes can flow 
if saturated. Tne remedial action design includes the use 
of a permeable aggregate (rock) in the upper portion of the 
cover system which would reiove the saturation prerequisite 
for this process, and the hazard would be mitigated. 

A.3.6 GROUND-WATER PROTECTION 

Two ground-water systems have been identified in the vicinity of 
the tail ings s i t e . An unconflned aquifer exists in the shallow, a l lu­
vial deposits and the nydrologically-connected, upper sandstone of the 
Wind River Fomation. A confined aquifer exists in the deeper sand­
stone strata of the Mind River Formation. Presently, the unconflned 
aquifer is not used downgradient of the tailings s i t e . Some shallow 
wells upgradlent of the s i te and beyond the Lit t le Mind River are used 
for stock watering, and the Li t t le Wind River is used for Irr igat ion. 
The confined aquifer is heavily used for the city of Riverton's munici­
pal water supply and for other Industrial and private supplies. 

The shallow, unconflned ground water beneath and southeast of the 
tailings pile has been contaminated prlnarily by percolating leachate 
generated by the natural dewatering of the tailings during and imiedl-
ately after the uranium mming. Lesser but continuing contamination 
Is due to precipitation f i l tering through the tail ings pile and possib­
ly to the rising of the shallow ground water into the pi le . The natu­
ral flow of the ground water toward the Lit t le Wind River would even­
tually dissipate ttie contamination. 

For the protection of ground water, tne goal of the stabilization 
in place remedial action alternative is to ensure, to the extent practi­
cable, that existing w anticipated beneficial uses of ground water and 
Interconnected surface water are not adversely affected. This goal was 
assessed in terms ofi 

0 Existing and predicted contamination of aquifers and usable sur­
face waters. 

0 Background water quality. 

0 Pertinent EPA and State of Wyoning water-quality standards. 

0 Known health effects w other known adverse effects associated 
with the existing and predicted ground-water contamination. 

0 The availability of alternate water supplies. 

0 Costs of ground-water protection or restoration ireasures. 

For stabilization in place, the design features considered for 
ground-water protection included: 

0 Sloping the top and siaes of the stabilizea tailings pile to 
promote the drainage of precipitation off of the p i le . 
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0 Placing a low permeability cover over the tai l ings pi le to inh i ­
b i t the f i l t r a t i o n of precipitation through the p i le . 

0 Placing a low permeability l iner under the tai l ings pi le to i n ­
h ib i t the migration of contaminants from the pi le into the shal­
low ground water. 

0 Placing an underground bentonite slurry wall around the base of 
the ta i l ings p i le to minimize the migration of contaminants 
from the p i le into the shallow ground water. 

0 Restoration of the shallow ground water. 

Evaluations of these features (Section C.2.b of Appenaix C, Water) 
revealed that , at this t i ne , a l i ne r , a slurry wal l , and restoration of 
the shallow ground water are not feasible or cost-effective iieans of 
control l ing or cleaning up the yround-water contamination. Sloping the 
top and sides of the ta i l ings pi le and placing a low permeability cover 
over the ta i l ings have been included in the remedial action design. 

After remedial act ion, there would be a substantial decrease in 
the contamination of the unconflned aquifer. Sloping of the top and 
sides of the stabil ized ta i l ings p i le would promote the drainage of pre­
c ip i ta t ion off of the p i l e , and ttie conpactrt radon barrier over the 
p i le would inh ib i t the i n f i l t r a t i o n of precipitation through the p i le . 
These neasures would minimize the leaching of contaminants into the 
underlying ynconfinrt aquifer. With the substantial decrease In the 
generation and migration of contamination from the tai l ings p i l e , the 
natural movement and discharge of the unconflned ground water Into the 
L i t t l e Wind River would eventually reduce the existing concentrations 
of the contaminants to background levels. I t is estinated that th is 
natural reduction in the contamination of the unconflned aquifer would 
take 65 years. Although there is a potential for dowward migration of 
the contamination in the unconflned aquifer to the confined aquifer, 
th is migration would be slowed by the various low-permeabllity strata 
(shale, s i l ts tone, and claystone) of the Wind River Formation. I t is 
estimated that downward migration of the contamination to the deeper, 
usable units of the confined aquifer would take 1,700 years. 

When the EPA issues revisions to the water protection standards 
(40 CFR Part 192.20 (a)(2)-(3)) that were remanded by the U.S. Tenth 
Circui t Court of Appeals, the DOE wi l l re-evaluate the ground-water 
issues at the Riverton site to assure that the revised standards are 
met. Performing remedial action to stabil ize the tai l ings prior to the 
EPA issuing new standards w i l l not affect the ireasures that are u l t i ­
mately required to neet the revised EPA water protection standards. The 
DOE has characterized the conditions at the Riverton site and does not 
anticipate that any substantial changes to the remedial action would be 
required i f the stabi l izat ion in place alternative were selected. 

COISTRUCTION SEQUENCE 

The following construction sequence is outl inal as a possible 
means of accomplishing stabi l izat ion in place. 
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Initially, a site security system would be set up and coordinated 
with staging and vehicle decontamination areas. Tnis would provide con­
trol of traffic entering and leaving the Riverton tailings site. 

The next major Item of site preparation would consist of construc­
tion of a waste-water retention pond. Materials excavated from the 
pond area would be stockpiled for later use as fill. Site preparation 
would also Include construction of 1.5 miles of gravelled haul roads to 
borrow site 10 and the Boulder Flats borrow site and construction of 
drainage and erosion control neasures at the tailings site, borrow site 
10, and the Boulder Flats borrow site. 

Concurrent with these initial activities, the builaing demolition 
and decontamination would also be perforned. However, the movenent of 
debris from demolition would not begin until a sufficient area had been 
prepared within the existing tailings pile to allow final placement. 

Mext, the existing tailings pile would be partially excavated to 
reshape its configuration. As this wrk was being perfomea in stages, 
windblown contaminants »uld be relocated and placed in an even layer 
over the existing tailings. 

The radon barrier construction wuld be conducted in stages begin­
ning when all the contanlnated materials were in place on the tailings 
pile. The earthen borrow naterlals wuld be obtained from borrow site 
10 southeast of the tailings site and placed and coiijacted in lifts to 
the design thickness of 6 feet. The final stages of reiedlal action 
would Involve placement of the erosion protection barrier over the 
radon barrier; construction of the riprap apron arcwnd the base of tne 
stabilized tailings pile; construction of an access road, drainage 
ditch, and security fence around the stabilized tailings pile; overall 
site drainage graaing; backfilling, recontouring, anfl revegetating (as 
necessary) the disturbed areas at the Riverton site; and ralaimlng bor­
row site 10 and the Boulder Flats borrow site. 

Figure A.3.5 shows a construction schedule for stabilization in 
place. 

A-28 



FIGyBE A.3.5 REMEDIAL ACTION SCHEDULE, STABILIZMIOi l i PLACE 
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A.4 DISPOSAL AT THE DRY CHEYENNE SITE 

A.4.1 mJOR CONSTRUCTION ACTIVITIES 

Ttiis remedial action alternative would involve moving all of the 
tailings and contaminated materials and consolidating them into a par­
t ia l ly below-grade, gently contoured pile at the Dry Cheyenne site 
(Figure A.2.1). The surface materials removed from the below-grade dis­
posal area would be stockpiled and used later for the radon barrier and 
uncontaminated soil at tne Riverton tailings s i t e . The surface materi­
als at the Dry Cheyenne si te are assumed to have the sane characteris­
t ics as borrow materials from borrow site 10 proposed for stabilization 
in place (Section A.1.3). 

The contaminated materials would be covered with a radon barrier to 
control radon emanation ana inhibit water infi l tration and plant root 
penetration. The radon barrier would be covered with rock to counter 
the erosional effects of water and wind. All gravel and rock materials 
would be obtained ana processed from borrow site 2 at the existing t a i l ­
ings s i te (Figure A.1.1). This design would require the following major 
construction act iv i t ies : 

At the Riverton tail ings s i te : 

Site preparation 

0 Grubbing and clearing (as necessary), erection of a temporary 
security fence, and construction of an on-site staging area and 
access roads. 

0 Demolition of the mill building and wash house at the s i t e . 

0 Construction of a waste-water retention pond according to appli­
cable regulations (Appendix G, Permits, Licenses, and Approvals) 
to protect against the release of contaminants from the si te dur­
ing construction. 

0 Construction of drainage control neasures according to applic­
able regulations (Appendix G, Permits, Licenses, and Approvals) 
to direct all generated waste-water and storm-water runoff to 
tne retention pond during construction. 

0 Installation of neasures to control erosion from all disturbed 
areas during remedial action. 

0 Decontamination of the scale and punp nouses at the s i t e . 

Borrow materials 

0 Excavation and sorting of the gravel to be placed on the haul 
road to the Dry Cheyenne s i te from borrow si te 2. 

0 Excavation and sorting of the rock to be placed over the t a i l ­
ings and contaminated materials from borrow si te 2. 
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Tailings relocation 

0 Consolidation of contaminated materials from the windblown areas 
and vicinity properties onto the existing tailings site. 

0 Excavation of all tailings and contaminated materials from the 
tailings s i te , ana relocation of all of the materials (includ­
ing demolition aebrls) by truck to the Dry Cheyenne si te. 

Site restoration 

0 Backfilling, recontouring to promote surface drainage, and reve-
getation (as necessary) of all areas disturbed at the site 
during reredial action. 

0 ReclaiMtlon of borrow site 2 according to applicable regulations 
(Appendix G, Permits, Licenses, and Approvals). 

At the Dry Cheyenne alternate disposal site: 

Site preparation 

0 Construction of a Z-mile gravelled haul road from State Highway 
136 to the disposal s i te . 

0 Grubbing and clearing (as necessary), erection of a tenporary 
security fence, and construction of staging and stockpile areas. 

0 Construction of a waste-water retention pond according to applic­
able regulations (Appendix G, Permits, Licenses, and Approvals) 
to protect against the release of contaminants from the site 
during construction. 

0 Construction of drainage control neasures according to applic­
able regulations (Appendix G, Permits, Licenses, and Approvals) 
to direct all generated waste-water and storm-water runoff to 
the retention pond during construction. 

0 Installation of neasures to control erosion from all disturbed 
areas during remedial action. 

Tailings relocation 

0 Excavation of the partially below-grade disposal area witn stock­
piling of the excavated surface materials. 

0 Placeirent of the tailings and contaminated materials into the 
disposal area to form a partially below-grade, gently contoured 
pile. 

0 Even distribution of the demolition debris within the tailings 
and contaminated materials. 

A-32 



Radon barrier 

0 Placement of a 6-foot-thick, compactea, earthen cover over the 
tailings and contaminated materials to inhibit raaon emanation, 
water infiltration, and plant root penetration. 

Erosion protection barrier 

0 Placement of rock over the radon barrier (1 foot thick on the 
top and 2 feet thick on the sideslopes) to protect against ero­
sion and penetration by burrowing animals. 

Site restoration 

0 Construction of an unpaved access road around the toe of the sta­
bilized tailings pile and a drainage ditch around three sides of 
tne pile. 

0 Installation of a security fence with locked gates and warning 
signs around the stabilized tailings pile to discourage inadver­
tent hunan intrusion. 

0 Reclanatlon of all areas disturbed at the site during remedial 
action according to applicable regulations (Appendix G, Permits, 
Licenses, and Approvals). 

DESCRIPTION OF FINAL CONDITION 

The stabilized tailings pile would cover 40 acres of the disposal 
site (Figure A.4.1), and the final restricted area would cover 47 acres. 

The below-grade excavation of the disposal area would extend to an 
average depth of 16 feet. The tailings and contaminated materials would 
be covered with a 6-foot-thick, compacted, radon barrier obtained from 
tne stockpiled surface materials excavated from the disposal area. The 
stabilized tailings pile would have maximum sideslopes of 20 percent and 
a slightly convex top. The top and sides would be covered with 1-foot 
and 2-foot-thick layers of graded rock, respectively, for erosion protec­
tion. The final stabilized pile would be a maxinum of 30 to 35 feet 
above the surrounding terrain (Figure A.4.2). 

The rock erosion protection barrier would tie into an unpaved 
access road which would loop the toe of the stabilized tailings pile. A 
security fence with locked gates and warning signs would enclose the 
pile and roadway. A drainage ditch adjacent to the roadway on three 
sides of the pile would provide drainage and divert surface runoff 
around and away from the pile. 

After conpletion of tne stabilized tailings pile at the disposal 
site and decontamination of the Riverton tailings site, the disturbed 
areas at each site would be backfilled witn uncontaiinated soil to a 
level compatible with the surrounding terrain, recontoured to promote 
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surface drainage, and revegetated as necessary or reclainBd according to 
applicable regulations (Appendix G^ Permits, Licenses, ana Approvals). 

A.4.3 mjOR ASSUMPTIONS 

0 Partially below-grade disposal would be possible to an average deptn 
of 16 feet below the existing grade at the alternate disposal site. 

0 Surface naterlals excavated from the disposal area would be suitable 
for use as radon barrier materials and would have the sane characte­
ristics as analyzed borrow materials from the borrow site proposed 
for stabilization in place (borrow site 10). 

0 The quantity of contaminated soils beneatn the tailings Is based on 
70 acres contaminated to an average depth of 3 feet. 

0 No ground water is assuiiEd to exist In the surface soils at the Dry 
Cneyenne alternate disposal site. 

0 The disposal area would be excavated to the extent necessary to 
obtain all radon barrier and site restoration materials. 

0 All gravel and rock materials would be obtained from borrow site 2 
within the existing tailings site. 

0 All disturbed areas at the Riverton tailings site wuld be backfilled 
with uncontaminated soil to a level conpatlble with the surrounding 
terrain, recontoured to promote surface drainage, and revegetated as 
necessary. 

0 All disturbed areas outside the fenced disposal site (except xhe haul 
road to the disposal site) would be reclaiiKd according to applicable 
regulations (Appendix G, Permits, Licenses, and Approvals). 

A.4.4 RmOU CONTROL 

Control of radon emanation from the existing tailings site would be 
accomplished by relocation of the tailings and contaminated materials to 
the alternate disposal site. Control of radon emanation from the stabi­
lized tailings at the disposal site would be acconplished through a com­
bination of techniques Including the following: 

0 Placing the tailings and contaminated materials in a partially 
below-grade aisposal area. 

0 Placing a 6-foot thick, confjacted, radon barrier over the conso­
lidated tailings and contaminated materials. 

Data on the alstributlon of radium In the tailings and the proper­
ties of the borrow materials available at borrow site 10 have been usea 
to develop the estimate of radon barrier thickness. 
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LONG-TERM STMILITY 

The remedial action for the stabilization In place alternative (Sec­
tion A.3) has been designed to withstand the forces of nature for a long 
period of tine (up to 1,000 years) . Tne conditions for reiedlal action 
at the Dry Cheyenne alternate disposal si te would be similar to those 
for stabilization in place except for the potential hazards from flood­
ing and river neander. Therefore, ttie erosion protection requirements 
are assuned to be the same except for the protection required for flood­
ing and river meander. 

The Dry Cheyenne relocation alternative would incorporate the sane 
measures to assure long-term stabil i ty against water and wind erosion^ 
slope failure and seismic r i sk , differential settlenent, and frost heave 
and solifluction as discussed for stabilization in place (Section 
A.3.5). 

No flood flows are expected to impact the alternate disposal si te 
because of i t s distance from and elevation above the closest stream chan­
nel. Therefore^ flood protection and river neander are not stabil i ty 
considerations for this ranedial action alternative. 

GROUMD-MATER PROTECTION 

The top and sides of the s tab i l ized t a i l i ngs p i le would be sloped 
to promote the drainage of prec ip i ta t ion off of the pile^ and the com­
pacted, earthen radon barrier over the pile wuld inhibit the Inf i l t ra­
tion of precipitation through the pi le . Tnese neasures would minimize 
the leaching of contaminants into the underlying s trata . Since i t is 
assunKd that no shallow ground water exists at the Dry Cheyenne al ter­
nate disposal site^ no additional ground-water protection neasures are 
considered necessary for this ranedial action alternative. On-site data 
woyld be obtained to verify ttie absence of snallow grmjnd water if this 
alternative were to be selected. 

Relocation of the tail ings and contaminated naterlals to the Dry 
Cheyenne s i te would roiove the source of any future ground-water contami­
nation at the Riverton tail ings s i t e , and the natural flow and dis­
charge of the shallow ground water into the Litt le Wind River would 
reduce the existing concentrations of contaminants to background levels 
in approximately 45 years. At this t ine , aquifer restoration would not 
be a cost effective weans of controlling or cleaning up the graind-water 
contamination at the Riverton s i te (Section C.2.b of Appendix C, Mater). 

When the EPA Issues revisions to the water protection standards 
(40 CFR Part 192.20 (a |(2)-(3)) that were remanded by the U.S. Tenth 
Circuit Court of Appeals, the DOE will re-evaluate the ground-water 
Issues at the Riverton s i te to assure that the revised standards are 
net . Performing reiedlal action to stabilize the tailings prior to trie 
EPA Issuing new standards will not affect the neasures that are u l t i ­
mately required to neet the revised EPA water protection standards. The 
DOE has characterized the conditions at the Riverton site and does not 
anticipate that any substantial changes to the reiiedial action would be 
required if this alternative were selected. 
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CONSTRUCTION SEQUENCE 

This remedial action alternative would involve similar ac t i v i t ies 
at the Riverton ta i l ings si te and the Dry Cheyenne alternate disposal 
s i te . The following construction sequence is outlined as a possible 
neans of acconplishing the renedlal action. 

I n i t i a l l y , 2 miles of gravelled naul road would be constructed from 
Highway 136 to the alternate disposal s i te . A si te s a u r i t y system 
would then be established at each si te and coordinated with staging and 
vehicle decontailnation areas. Tnis would provide control of t r a f f i c 
entering and leaving each site and prevent unauthorized t r a f f i c from 
entering either s i t e . Tne next najor Item of s i te pr^arat ion would 
consist of constructing waste-water retention ponds at each s i t e . I * te -
r ia l s excavated from each pond waild be stockpiled for later use as 
f i l l . Site preparation wu ld also Include construction of drainage and 
erosion control measures. 

Once the I n i t i a l s i te preparation at ttie Dry Cheyenne si te was com­
pleted, preparation of the disposal area wu ld begin. Tnis wu ld 
Involve the excavation and stockpiling of surface naterlals to allow 
for par t ia l ly below-grade disposal of the ta i l i ngs . Concurrently, the 
building demolition ana decontamination at the Riverton si te woula be 
performed. Contaminated materials wuld be excavated from the wind­
blown areas and consolidated with the existing ta i l ings p i l e . However, 
the f inal wveient of ta i l ings and denwlitlon debris would not begin 
unt i l the naul road to the disposal si te was conpleted and a suf f ic ient 
area had been o^ned and prepared at the disposal s i te . 

Radon barrier naterlals obtained from the surface materials exca­
vated from the disposal area would be added to the relocated p i le after 
the ta i l ings and contaninated materials were In place. The f ina l 
stages of remedial action would involve placenent of the erosion protec­
t ion barrier over the radon barr ier ; ttie construction of an access 
road, drainage d i tch , and security fence aroind the stabil ized ta i l ings 
p i l e ; re-establishing overall s i te drainage; and reclanatlon of d is turb­
ed areas at the alternate disposal s i t e . 

The disturbed areas at ttie Riverton ta i l ings site wu ld be back­
f i l l e d , r t tonto i red, and revegetatal (as necessary). The f i l l would be 
obtained fron the surface materials excavated and stockpiled at the Dry 
Cheyenne alternate disposal s i t e . Borrow si te 2 would be reclained. 

Figure A.4.3 shows the scheaule for the Dry Cheyenne al ternat ive. 
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FIGURE A.4.3 REMEDIAL ACTION SCHEDULE, DISPOSAL AT DRY CHEYENNE SITE 
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A.5 CONSTRUCTIOM ESTIMATES 

Estimates of equipment and personnel requirements; fuel, electricity, and 
water consunptions; major earthwork volumes; and construction costs for each 
remedial action alternative are summarized in Tables A.5.1 through A.5„ll„ 
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Table A.5.1 Equipment use, relocation to Gas Hills* 

Type of 
equipment 

Pieces of equipment per month of project tin 

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

Total equip-
nent-nioriths 
per type of 

>, equi pnent 

4s-
r\3 

Bulldozer-DS 

Front-end 
loader 

lOcy'' truck 
with 8cy pup 

Grader 

Compacter 

Water truck 

Crane 

Seeaer 

2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5 5 5 5 5 5 5 5 6 5 5 

0 0 0 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5 5 5 5 5 5 5 5 5 5 5 

0 0 0 41 41 41 41 41 41 41 41 41 41 41 41 41 41 41 41 48 48 48 48 48 48 48 48 48 48 48 

2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 

1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

114 

108 

48 

3 

0 

1 

0 

2 

1,232 

17 

3 

31 

2 

3 

Total pieces 
of equipment 
per month of 
project tine 5 48 48 48 48 48 48 48 48 48 48 48 48 48 48 48 48 59 60 60 60 60 60 bO 60 60 60 61 64 l.blO'' 

^Does not include the equipn»nt used for remedial action at t te selected active tailings s i te at Gas Hills . 
.Cubic yard. 
"Average = 1,510 total equipment-months/Sl montns = 49 pieces of equipment per nwnth. 



Table A.5.2 Personnel requirements, relocation to Gas Hills 

Total man-
months per 

Type of Wuniier of personnel per aonth of project time type of 
personnel ^ ^ 3 ^ 5 ^ -j ^ 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Pê 'sonnel 

Truck drivers 3 1 1 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 42 49 49 49 49 49 49 49 49 49 49 49 51 1,267 

Equipment 
operators 5 4 4 b 6 6 6 6 6 b 6 6 6 b 6 6 6 6 6 U U 11 11 11 11 11 11 11 11 12 13 244 

Operator 
supervisors 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 105 

Laborers 13 4 4 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 15 15 15 15 IS 15 15 15 15 15 15 20 398 

General 
supervision 
and field 
services 5 & 5 5 5 5 S 5 5 S 5 S S 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 155 

Total man-
months per 
month of pro­
ject tine 29 17 17 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 84 84 84 84 84 84 84 84 84 84 85 93 2,169 

*Does not Include the personnel required for renedial action at the selected active tailings s i te at Gas Hills; personnel requirements based on one 
8-hour shift per day, 5 days per week; peak employnent = 93; average enfloynent = 2,169 total iiian-nionths/31 nwnths = 70. 



Table A.5.3 Equipment use, stabilization In place 

Type of 
equipment 1 2 3 4 5 

Pieces of e p I p K n t per nwnth of project time 

6 7 8 9 10 11 12 13 14 15 Ifi 17 18 19 20 21 22 23 24 

Total equi pwent-months 
per type of equi pnent 

Bull dozer-D8 

Front-end 
loader 

lOcy* truck 
with 8cy pup 

Grader 

Scraper 

Conpactor 

Mater truck 

Backhoe 

Crane 

Hydraiwlcher 

0 

0 

0 

0 

0 

0 

0 

0 

5 

1 

2 

1 

1 

0 

1 

0 

5 27 27 27 38 38 44 44 44 44 44 44 44 44 44 44 44 44 38 12 

I 1 

0 0 

3 

2 

2 

2 

0 

0 

0 

3 

2 

2 

2 

0 

0 

0 

3 

2 

2 

2 

0 

0 

0 

3 

2 

2 

2 

0 

0 

0 

2 2 

0 0 

1 1 

1 1 

0 0 

0 0 

0 0 

2 2 

0 0 

1 1 

1 1 

0 0 

0 0 

0 0 

2 2 2 2 

0 0 0 0 

1 1 1 1 

1 1 1 1 

0 1 1 1 

0 0 0 0 

0 0 0 0 

2 

0 

1 

1 

1 

0 

0 

2 1 

1 0 

1 1 

1 1 

1 0 

0 0 

1 1 

0 

0 

0 

0 

0 

0 

0 

0 

91 

72 

74& 

49 

18 

28 

28 

6 

3 

3 

Total pieces 
of equlpiKnt 
per j»nth of 
project tine 0 17 18 47 42 42 54 54 61 56 56 56 56 56 56 56 58 58 58 58 55 23 6 0 1.043^ 

*Cubic yard. 
Average = 1,043 total equ1piiKnt-ii»nths/24 nwnths = 43 pieces of equlpnKnt per month. 



Table A.6.4 Personnel requirements, stabilization in place^ 

I 

Type of 
personnel 1 2 3 4 5 b 

Numfcer of personnel per nwnth of project tine 
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Total man-months per 
type of personnel 

Truck drivers 0 5 5 27 27 27 38 38 44 44 44 44 44 44 44 44 44 44 44 44 38 12 0 0 745 

EquipiKnt 
operators 0 12 13 20 15 15 16 16 17 12 12 12 12 12 12 12 14 14 14 14 17 11 6 0 298 

Operator 
supervisors 0 2 2 5 4 4 5 5 6 f e 6 f a 6 b b 6 6 6 6 6 6 2 1 0 108 

Laborers 0 2 2 3 3 3 3 3 3 2 2 2 2 2 2 2 3 3 3 3 3 2 1 0 54 

General 
supervision 

y» and field 
services 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 432 

Total nan-months 
per month of 
project tine 18 39 40 73 67 67 80 80 88 82 82 82 82 82 82 82 85 85 85 85 82 45 26 18 1,637 

Personnel requirements based on one 8-hour shift per day, 5 days per week. 
Peak enploynent = 88. 
Average employnent = 1,637 total man-iBonths/24 months = 68. 



Table A.5.5 EspipiiBnt use, disposal at Dry Cheyenne site 

Type of 
equi pnent 

Bulldozer-Oe 

Front-end 
loader 

lOcy* truck 
with 8cy pup 

Grader 

Scraper 

Compactor 

Water truck 

Crane 

Hydraiulcher 

Total pieces 
of equi pnent 
per month of 
project t ine 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

6 

I 

8 

1 

0 

1 

1 

1 

0 

19 

3 

6 

I 

8 

I 

2 

1 

1 

I 

0 

21 

4 

8 

41 

0 

60 

5 

8 

4 

41 

2 

2 

1 

I 

1 

0 

60 

b 

5 

5 

38 

3 

2 

1 

1 

0 

0 

55 

7 

5 

5 

38 

4 

2 

2 

2 

0 

0 

58 

8 

S 

6 

38 

4 

2 

2 

2 

0 

0 

58 

Pieces of 

9 

5 

S 

41 

4 

2 

2 

2 

0 

0 

61 

10 

5 

b 

41 

4 

2 

2 

2 

0 

0 

61 

11 

5 

5 

41 

4 

2 

2 

2 

0 

0 

61 

ecplpiKnc per month 

12 

5 

6 

41 

4 

2 

2 

2 

0 

0 

61 

13 

5 

5 

41 

4 

2 

2 

2 

0 

0 

61 

14 

5 

5 

41 

4 

2 

2 

2 

0 

0 

61 

15 

6 

5 

41 

4 

2 

2 

2 

0 

0 

61 

16 

5 

5 

41 

4 

2 

2 

2 

0 

0 

61 

Of 

17 

5 

5 

41 

4 

2 

2 

2 

0 

0 

61 

proj 

18 

5 

5 

41 

4 

2 

2 

2 

0 

0 

61 

BCt 

19 

5 

5 

41 

4 

2 

2 

2 

0 

0 

61 

t ine 

20 

S 

s 

41 

4 

2 

2 

2 

0 

0 

61 

21 

5 

b 

41 

4 

2 

2 

2 

0 

0 

61 

22 

5 

5 

41 

4 

2 

2 

2 

0 

0 

61 

23 

5 

i> 

41 

4 

2 

2 

2 

0 

0 

61 

24 

5 

5 

41 

4 

2 

2 

2 

0 

0 

61 

25 

5 

5 

41 

4 

2 

2 

2 

0 

1 

62 

26 

5 

5 

41 

4 

2 

2 

2 

0 

1 

62 

27 

5 

5 

41 

4 

2 

2 

2 

0 

I 

62 

28 

2 

2 

3 

2 

2 

1 

1 

0 

I 

14 

29 

1 

2 

J 

1 

0 

1 

I 

0 

0 

9 

JO 

1 

0 

0 

0 

0 

0 

0 

0 

1 

2 

Total equipment-
•wnths per type 
of equi pnent 

142 

124 

997 

96 

52 

49 

49 

4 

5 

1,518^ 

Jcubic yard. 
Average = 1,518 total equ1piiKnt-ii»nths/30 iiwnths ^ 51 pieces of equipment per nwnth. 



Table A.5.6 Personnel requirements, disposal at Dry Cheyenne site 

Total man-months 
Type of Mumber of personnel per month of project tin« per type of 
personnel ^ ^ 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 °^ personnel 

Truck drivers 0 8 8 41 41 38 3« 38 41 41 41 41 41 41 41 41 41 41 41 41 41 41 41 41 41 41 41 3 3 0 997 

Equipment 
operators 0 11 13 19 19 17 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 21 21 21 11 6 2 521 

Operator 
supervisors 0 2 3 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 2 1 1 172 

Laborers 0 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 1 81 

General 
supervision 
and field 
services 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 660 

Total man-
months per 
month of 
project 
tlBK 22 45 48 91 91 86 89 89 93 93 93 93 93 93 93 93 93 93 93 93 93 93 93 93 94 94 94 40 34 26 2,431 

^Personnel requirements based on one 8-hour shift per day, 5 days per week. 
Peak employment = 94. 
Average enploynent = 2,431 total man-nionths/30 months = 81. 



Table A,5.7 Fuel consunptlon, Riverton remedial action alternatives 

Type of equip 

D8 dozer 

iment 

Front-end loader 

lOcy^ truck 
with 8cy pup 

Grader 

Scraper 

Compactor 

Water truck 

Backhoe 

Crane 

Hydroimilcher 

Totals 

or seeder 

Relocation to 
Gas Hills 

211,000 

200,000 

1,630,000 

15,000 

m' 
7,000 

16,000 

UA^ 

1,000 

2,000 

2,082,000 

Fuel consunption fgallonsl 

Stabilization 
In place 

132,000 

85,000 

788,000 

40,000 

31,000 

52,000 

15,000 

11,000 

4,000 

2,000 

1,160,000 

Disposal at 
Dry Cheyenne 

si te 

206,000 

147.000 

1,053,000 

76,000 

89,000 

91,000 

26,000 

NÂ  

6,000 

3,000 

1,697,000 

• Cubic yard. 
Mot applicable. 
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Table A.5,8 Electricity consunptlon, Riverton 
remedial action'alternatives 

Faci l i ty 

Field of f ice(s) 

Change-shower trai lerCs) 

Laundry 

Dewatering 

Totals 

E lec t r ic i ty 

Relocation to 
Gas Hi l ls 

91,000 

208,000 

104,000 

12,000 

415,000 

consunptlon (kilowatt-hours) 

Stabil ization 
In place 

36,000 

162,000 

81,000 

14,000 

293,000 

Disposal at 
Dry Cheyenne 

site 

90,000 

410,000 

103,000 

18,000 

621,000 
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Table A.5.9 Mater consumption, Riverton remedial action alternatives 

Water use 

Coipactlon 

0 Site preparation 

0 Tailings relocation 

0 Radon cover 

0 Erosion protection 

0 Restoration 

Conpaction Totals 

Laundry and showers 

Daontami nation 

Dust control 

Totals 

Mater 

Relocation to 
Gas Hills 

230,000 

MÂ  

NA« 

NA* 

NA® 

230,000 

740,000 

3,180,000 

1,430,000 

5,580,000 

consunption (gallons! 

Stabilization 
in place 

340,000 

2,500,000 

15,400,000 

1,750,000 

1,385,000 

21,375,000 

41,000 

110,000 

695,000 

22,221,000 

Disposal at 
Dry Cheyenne 

s i te 

890,000 

15,000,000 

9,000,000 

1,000,000 

5,210,000 

31.100.000 

71,000 

2,500,000 

1,800,000 

35,471,000 

*Not applicable. 
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Table A3.10 Sumnary of major earthwork voluires, Riverton 
remedial action alternatives 

Estimated in-place volume (cubic yards) 

Activity 
Relocation to 
Gas Hills 

Stabilization 
In place 

Disposal a t 
Dry Cheyenne 

site 

Site preparation 
0 New haul road 

1. Base course NA, 
2 . Gravel NA* 

0 Strip and stockpile 
topsoil at borrow si te MA 

12,000 
6,000 

40,000 

36,000 
16,000 

NA* 

Tailings relocation 
0 Excavate, haul, 

spread, 
and coiijact 1,500,000 250,000 1,500,000 

Radon barrier 
0 Excavate and stockpile 

for s i te restoration NA* 
0 Excavate, haul, 

spread, and contact NA° 

NA" 

670,000 

430,000 

390,000 

Erosion protection NA' 175,000 99,000 

Site 
0 

0 

restoration 
Backfill 
excavations 
Replace stripped 
topsoil 

430,000 

a 
NA® 

113, 

40. 

000 

000 

430,000 

a 
NA* 

^Not applicable. 
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Table A.5.11 Sunmary of construction costs, Riverton 
remedial action alternatives 

Activity 

Site preparation 

Tailings relocation 

Radon barrier 

Erosion protection 

Decontamination 

Site restoration 

Fencing 

Subtotals 

Construction 
contingency 

Vicinity properties 

Totals 

Relocation to 
Gas Hills 

1,767,000 

17,390,000 

NÂ  

NÂ  

96,000 

1,906,000 

2,000 

21,161,000 

1,058,000 

1,484,000 

23,703,000 

Costs (1987 dollars) 

Stabilization 
In place 

844,000 

269,000 

4,861,000 

2,722,000 

43,000 

1,001,000 

134,000 

9,874,000 

1,481,000 

1,484,000 

12,839,000 

Disposal at 
Dry Cheyenne 

site 

1,506,000 

10,536,000 

2,171,000 

1,408,000 

246,000 

3,156,000 

99,000 

19,122,000 

2,868,000 

1,484,000 

23,474,000 

These cost estimates do not include the costs of: 

0 Property acquisition. 
0 Engineering design. 
0 Construction management (including field supervision). 
0 Overall project management. 
0 Long-term surveillance and maintenance. 

The costs of these Items would differ between the remedial action alternatives 
depending on the type and ownership of the property, the type and amount of 
engineering design required, and the duration of the reredlal action. 

Not applicable. 

'The construction contingencies are 5 percent of the subtotal for relocation 
to Gas Hills and 15 percent of the subtotals for stabilization in place and dis­
posal at the Dry Cheyenne si te. 

A-52 



A3 VICIMITY PROPERTIES 

Vicinity properties are properties outside the designated Uranium Mill Tail­
ings Remedial Action (UMTRA) Project s i te boundary that may have been contami­
nated by tail ings dispersed by water or wind erosion or by removal by man before 
the potential hazard of the tail ings was known. Properties that are identified 
as vicinity properties are typically located by aerial radiological surveys or 
s t reet-by-street , mobile, ganma-ray scanning. The EPA standards are used to 
determine which properties are eligible for reraeaial action. 

A street-by-street , mobile gaima-ray scan of the Riverton area was perform­
ed in 1971 and identiflrt 87 radiation anomalies. On-site surveys found evi­
dence of the presence of tailings at 14 of triese locations. In September, 1980, 
an aerial radiological survey identified several locations, 1n addition to the 
ta i l ings p i le , exhibiting above-background garaia radiation levels. Another 
mobile ganma-ray scan in June, 1982, resulted in the identification of 50 vicini­
ty properties that required detailed on-site surveys. On-site surveys were con­
ducted, and the results were compared with the EPA standards. Twenty-five of 
the vicinity properties were determined to be eligible for remedial action. 

The 25 vicinity properties in the Riverton area include single-family resi­
dences, coimerclal structoires, a vacant lo t , and a motel. Detailed on-site sur­
veys of all of the properties have been conducted by Oak Ridge National Labora­
tory. The results of these surveys will be usm to determine If the properties 
warrant remedial action under the UMTRCA of 1978, Public Law 95-604. The 25 
vicinity properties eligible for renKdial action were used in the calculation of 
the environmental Impacts discussed in this docunent. The inpacts of remedial 
action at the vicinity properties were previously assessed in a programmatic 
environmental report (DOE, 1985). 

All of toe remedial action alternatives except no action include remedial 
action at the vicinity properties. The major construction activit ies associated 
with remedial action at the vicinity properties include: 

0 Excavation of the contaminated materials (usually 200 cubic yards or 
less per property) with front-end loaders and hand-held shovels. 

0 Relocation of the contaminated materials using 10-cub1c yard capacity 
trucks to the Riverton tail ings s i te for tenporary storage. 

0 Restoration of the vicinity properties ( I . e . , backfilling, recontouring, 
and revegetating disturbed areas) as needed. 

0 Final stabilization of the contaminated materials with the ta i l ings . 

The following engineering estimates were used to assess the inpacts of each 
remedial action alternative (except no action) addressed In this docurrent: 

0 Numter of properties. 25 

0 Average distance from Riverton tail ings site (miles). 4 

0 Estimated average volurre (maximum) of contaminated 200 
materials per property (cubic yards). 
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0 Average nuntoer of truck trips to renove 
contaminated materials and return 
uncontaminated fill to each property. 

0 Duration of project (construction seasons). 

0 Total man-years of labor. 

0 Engineering and management costs (1987 dollars 

0 Remedial action costs (1987 dollars). 

0 Total costs (1987 dollars). 
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B . l INTRODUCTION 

The following appendix provides detailed meteorological data and informa­
tion on the air quality assessment techniques and assunptions. Specifically in­
cluded are the rethodologles used in the emissions calculations and computer 
modeling, a description of the conputer model, and supporting technical Informa­
tion. 
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B.2 METEOROLOGICAL DATA 

Meteorological data are presented 1n Tables B.2.1 and B.2.2. Table B.2.1 
presents average daily, monthly, and annual temperature data and average monthly 
and annual precipitation data. Table B.2.2 presents annual average wind speeds 
and the frequency of occurrence for winds in each of the 16 compass directions. 

B-3 



Table B.2.1 Temperature and precipitation at Riverton, Wyominĝ  

Temperature (T) Precipitation (inches) 

Nunfcer 
of days 

Average Average that have Average 
daily daily Average 0,10 Inch snow and 

Month Mxiiiiim minliniii monthly Average v more sleet 

January 
February 
March 
Apri 1 
May 
June 
July 
August 
Septenter 
October 
November 
December 

30.1 
37.1 
47.3 
59.3 
69.7 
79,6 
89.2 
87.0 
76.4 
62.9 
43.5 
34.0 

0.5 
6.7 
18.5 
29.2 
38.5 
45.9 
51.1 
48.5 
39.4 
29.5 
14.6 
5.4 

15.3 
21.9 
32.9 
44.3 
54.1 
62.8 
70.2 
67.8 
57.9 
46.2 
29.1 
19.7 

0.21 
0.25 
0.52 
1.32 
1.81 
1.26 
0.67 
0.44 
0.76 
0.82 
0.53 
0.20 

1 
1 
2 
3 
5 
3 
2 
1 
2 
2 
2 
1 

3.4 
4.2 
6.5 
6.1 
1.8 
0.6 
0.0 
0.0 
0.6 
2.9 
6.5 
3.2 

Year 59.7 27.3 43.5 8.79 25 35.8 

Hhe elevation of Riverton, Myoming, is 4,954 feet above nean sea level. 
Degrees Fahrenheit. 

Ref. DOC, 1970. 
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Table B.2.2 Average annual wind speeds at Riverton, Wyoming 

Frequency^ Average speed 
Direction (percent) (miles per hour) 

N 
NNE 
NE 
ENE 
E 

ESE 
SE 
SSE 
S 

ssw 
sw 
MSM 
W 

WNM 
NM 
NNW 
Calm 

n directions 

6.0 
3.9 
4.8 
3.4 
5.6 
1.3 
1.4 
1.1 
3.4 
2.1 
3.3 
6.4 
10.1 
5.8 
5.8 
2.9 
31.9 

99.2 

8.0 
7.2 
6.5 
6.1 
5.9 
5.7 
5.7 
5.7 
6.0 
6.8 
6.7 
6.8 
7.4 
7.9 
6.9 
6.8 
0.0 

6.8 

The percentages do not total 100 percent due to rounding. 

Ref. DOC, 1976. 





B.3 EMISSIONS INVENTORY 

The emissions inventory Includes estimates of combustion emissions from 
the construction equipment and fugitive dust emissions from the various remedial 
action activities. For relocation to Gas Hills, the emissions inventory includ­
ed only the combustion and fugitive dust emissions from the remedial action acti­
vities at the Riverton tailings site and Little Wind borrow site. 

Combustion emissions (Tables B.3.1, B.3.2, and B.3.3) are based on the 
emissions factors presented In Table B.3.4 and the equipment fuel consuinjtion 
rates presented in Tables B.3.1 through B.3.3. Fugitive dust emissions (Table 
B.3.5) are based on the emissions factors presented In Table B.3.6 and the quan­
t i t ies of materials moved and the equipment usage estimates as detailed in Sec­
tion A.5 of Appendix A, Conceptual Designs. The estimates of fugitive dust emis­
sions assure a 50-percent reduction in emissions due to the inpleraentation of a 
dust control program at each of the sites and a 60-percent reduction in emis­
sions due to the use of a chemical dust suppressant on gravelled haul roads 
(WEQ, 1979). Fugitive dust emissions due to wind erosion of the areas disturb­
ed by remedial action activities were not considered. Combustion emissions 
(Tables B.3.1 through B.3.2) have been estimated for the entire remedial action, 
while fugitive dust emissions have been calculated for each lonth of the remedi­
al action alternatives (Table 8,3.5). Federal and State of Myoming antiient air 
quality standards are presented in Table B.3.7. 
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Table B.3.1 Construction equipment contustlon emissions, relocation to Gas Hills 

Fuel 
consuiption 

Equipment type (gallons) 

Bulldozer 

Front-end loader 

Motor grader 

Compactor 

Water truck 

Crane 

Seeder 

Haulage truck 

Totals 

10,672 

99,584 

15,120 

6,864 

15,624 

384 

2,016 

NÂ  

4,361 

2,635 

263 

167 

542 

13 

70 

88,784 

96,835 

'Based on the emissions factors presented In Table B. 
Appendix A, Conceptual Designs. 

'Based on the emissions factors presented in Table B 
applicable. 

Emissions (pounds)* 

NOx 

94,803 

47,900 

5,655 

3,350 

7,718 

190 

996 

405,241 

565,853 

SOx 

6,573 

6,227 

470 

213 

486 

12 

63 

54,501 

68,545 

CO 

13,884 

13,153 

1,179 

783 

1,472 

36 

190 

556,437 

587,134 

TSP 

3,118 

4,789 

336 

166 

470 

12 

60 

25,492 

34,443 

1.4 and the fuel consunption rates given In Section A.5 of 

3.4 and 8,790,500 vehicle-miles traveled; NA indicates not 



Table B.3.2 Construction equipment combustion emissions, stabilization in place 

Equipment type 

Bulldozer 

Front-end loader 

Motor grader 

Scraper 

Compactor 

Mater truck 
00 1 

"̂  Backhoe 

Crane 

Hydromulcher 

Haulage truck 

Fuel 
consunption 
Cgallons) 

132,132 

85.536 

39,600 

30,888 

51,744 

14,784 

10,560 

4,356 

1,584 

NÂ  

Enissions (pounds) 

HC iO^ SOx 

4,123 

2,669 

1,232 

964 

1,609 

460 

329 

135 

49 

7,909 

19,479 

CO 

8,707 

5,637 

3,089 

3,036 

5,899 

1,393 

696 

410 

149 

80,745 

109,761 

TSP 

1,956 

2,053 

879 

843 

1,252 

445 

253 

131 

48 

3,699 

11,559 

2,735 59,459 

1,129 20,529 

629 14,810 

1,303 12,942 

1,257 25,251 

513 7,303 

139 2,534 

151 2,152 

55 782 

12,884 58,805 

Totals 20,795 204,567 

*Basal on the emissions factors presented in Table B.3.4 and the fuel consunption rates given in Section A.5 of 
Appendix A, Conceptual Designs. 

Based on the emissions factors presented in Table B.3.4 and 1,275,600 vehicle-miles traveled; NA Indicates not 
applicable. 



Table B.3.3 Construction equipment combustion emissions, disposal at Dry Cheyenne si te 

Equipment type 

Bulldozer 

Front-end loader 

Motor grader 

Scraper 

Compactor 

Mater truck 

Crane 

Hydromulcher 

Haulage truck 

Totals 

Fuel 
consunption 
(gallons) 

206,184 

147,312 

76,032 

89,232 

90,552 

25,872 

5,808 

2,640 

M'> 

HC 

4,268 

1,945 

1,323 

3,766 

2,200 

898 

202 

92 

35,552 

50,246 

NO^ 

92,783 

35,355 

28,436 

37,388 

44,189 

12,781 

2,869 

1,304 

162,272 

417,377 

Emissions (pounds! 

SO^ 

6,433 

4,596 

2,365 

2,784 

2,816 

805 

181 

82 

21,824 

41,886 

,a 

CO 

13,588 

9,708 

5,930 

8,772 

10,323 

2,437 

547 

249 

222,816 

274.370 

TSP 

3,052 

3,535 

1,688 

2,436 

2,191 

779 

175 

79 

10,208 

24,143 

^Based on the emissions factors presented In Table B.3.4 and the fuel consunption rates given in Section A.5 of 
Appendix A, Conceptual Designs. 

'̂ Based on the emissions factors presented in Table B.3.4 and 3,520,000 vehicle-miles traveled; NA Indicates not 
applicable. 



Table B.3.4 Construction equipment combustion emissions factors 

Equipment type Units HC NO^ SO^ CO TSP 

Bulldozer 

Front-end loader 

Motor grader 

Scraper 

Compactor 

Water truck 

Backhoe 

Crane 

Hydromulcher or seeder 

Haulage truck 

Pounds/1000 gallons 

Pounds/1000 gallons 

Pounds/1000 gallons 

Pounds/1000 gallons 

Pounds/1000 gallons 

Pounds/1000 gallons 

Pounds/1000 gallons 

Pounds/1000 gallons 

Pounds/1000 gallons 

Pounds/1000 miles traveled 

20.7 

13.2 

17.4 

42.2 

24.3 

34.7 

13.2 

34.7 

34.7 

10.1 

450.0 

240.0 

374.0 

419.0 

488.0 

494.0 

240.0 

494.0 

494.0 

46.1 

31.2 

31.2 

31.1 

31.2 

31.1 

31.1 

31.2 

31.1 

31.1 

6.2 

65.9 

65.9 

78.0 

98.3 

114.0 

94.2 

65.9 

94.2 

94.2 

63.3 

14.8 

24.0 

22.2 

27.3 

24.2 

30.1 

24.0 

30.1 

30.1 

2.9 

Ref. EPA, 1979. 



Table B.3.5 Fugitive dust emissions as a function of tine, 
Riverton remedial action alternatives 

Emissions (tons) 

Relocation Stabil ization Disposal at Dry 
Project month to Gas Hi l ls in place Cheyenne si te 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

4.22 
4.22 
4.22 
8.80 
8.80 
8.80 
8,80 
8.80 
8.80 
8.80 
8.80 
8.80 
8.80 
8.80 
8.80 
8.80 
8.80 
8.80 
8.80 

18.84 
18.84 
18.84 
18.84 
18.84 
18.84 
18.84 
18.84 
18.84 
18.84 
18.84 
18.84 

NA 
9.11 
9.11 

27.40 
22.60 
22.60 
23.65 
23.65 
25.98 
22.81 
22.81 
22.81 
22.81 
22.81 
22.81 
22.81 
23.90 
23,90 
23.90 
23.90 
26,08 

7.80 
4.45 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.86 

12.05 
70.04 
70.04 
65.40 
66.57 
66.57 
69.66 
69.66 
69.66 
69.66 
69.66 
69.66 
69.66 
69.66 
69.66 
69.66 
69.66 
69.66 
69.66 
69.66 
69.66 
69.66 
69.66 
69.66 
69.66 

9.55 
5.26 
1.11 
NA 

Totals 379.54 457.70 1,699.99 

Based on the emissions factors presented in Table B.3.6 and the volunes of 
la ter ia ls moved and equipment usage estimates as presented in Section A.5 of 
Appendix A, Conceptual Designs. Fugitive dust emissions assune a 50-percent 
reduction for equipment working on the sites due to a dust control (watering) 
program and a 60-percent reduction for vehicles traveling on gravelled haul 
roads due to the use of a chemical aust suppressant. NA indicates not appl i ­
cable. 
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Table B.3.6 Fugitive dust emissions factors 

Act iv i ty Emissions factor Reference 

w 
I 

Overburden removal and 
haul road work: 

scrapers 
graders 
bulldozers 

Tailings removali 

front-end loader 

Haul road travel^ 

Open-bed truck transport 

Backhoe 

32 pounds/hour 

0.003 pound/ton removed 

5.88 pounds/vehicle-mlle traveled 

0.0057 pound/vehicle-mle traveled 

0.04 pound/cubic yard removed 

lOEQ, 1979 

WDEQ, 1979 

EPA, 1979 

CDH, 1981 

»EQ, 1979 

a Based on the equation (EPA, 1979): 

EF = (0.81) (s) ( V ) (365™M) i^/J fO.62) flOO-̂ C) 
•"^ 15F" TOT" 

Where: 

EF = emission factor. 
s = s i l t content (15 percent). 
V = vehicle speed (30 miles per hour). 
W = nunfcer of days with precipitation of 0.01 inch or greater (80) 
N = number of truck wheels (10). 
C = percent reduction In emissions (60 percent). 



Table B,3.7 Suinnary of Federal and State of Wyoming antoient air quality standards 

Pollutant 
Averaging period 

Federal 
primry . 
standard* ̂"̂  

Federal 
secondary ^ 
standard®^° 

State of 
Wyoming 
standard a,c 

Ozone 
1-hour average 

Carbon monoxide 
8-hour average 

1-hour average 

Nitrogen dioxide 
annual average 

Sulfur dioxide 
annual average 

24-hour average 

3-hour average 

Total suspended particulates (TSPl 
annual average 
24-hour average 

Lead 
quarterly (3-month average) 

0.12 ppm 3 
(235 microg/ra ) 

9 ppm 3 
(10,080 microg/m ) 

35 ppm 3 
(40,000 raicrog/m ) 

0.05 ppm 3 
(100 mlcrog/m 1 

0.03 ppfflo 
(80 microg/ra ) 

0.14 ppm 3 
(365 microg/m ) 

None 

75.0 microg/mg 
260.0 microg/m 

1.5 microg/m 

0.12 ppm 3 
(235 microg/ra ) 

9 ppm 3 
(10,080 microg/ra ) 

35 ppm 3 
(40,000 microg/m'') 

0.05 ppm 3 
(100 microg/ra ) 

None 

None 

None 

60.0 microg/ffln 
150.0 microg/ra 

None 

None 

10 mg/m^ 

40 mg/m^ 

3 100 microg/m 

3 60 microg/m 
3 260 microg/m 

3 1,300 microg/ra 

3 60.0 microg/mo 
150.0 microg/m 

None 

?Parts per million - ppm; minigrams per cubic ireter - mg/m ; micrograms per cubic Kter - raicrog/m . 
Ref. Title 40, Code of Federal Regulations, Part 50. Federal standards, other than ttose based on annual 
averages or annual geometric Mans, are not to be exceeded more than once per year. The Federal primary standard 
defines the level of air quality deemed necessary, with an adequate margin of safety, to protect the public 
health while the Federal secondary standard defines the level of air quality deemed necessary to protect the 
public welfare from any known or anticipated adverse effects of the pollutant. 
Ref. WDEQ, 1985. State of Wyoming standards are not to be equaled or exceeded. 



B.4 COMPUTER MODEL DESCRIPTION ^D METHODOLOGY 

The maximum 24-hour increases in ambient particulates concentrations were 
estimated using the Industrial Source Complex Dispersion l%del for short-term 
applications (ISCST) (Bowers et a l . , 1979). Trie ISCST was developed for the 
U.S. Environmental Protection Agency (EPA) and is recomnended for use in the 
analysis of fugitive dust emissions. The ISCST allows examination of imltiple-
point, area and volune sources, multiple neteorological conditions, gravitation­
al se t t l ing, and dry deposition. 

Fugitive dust emissions calculated for the remedial action alternatives 
were apportioned among area and volune sources representing the dust producing 
activit ies expected during remedial action operations. Tailings excavation and 
relocation and cover placement operations which involve earthmoving activities 
within the designated disposal sites were defined as area sources. The effec­
tive height of the emitting area was assuned to be equivalent to the physical 
height of the tailings p i le , storage pi le , or other appropriate emissions source 
as suggested by the ISCST User's Guide. Dust emissions frai truck transport 
traffic along the gravelled haul roads and paved highways were represented by a 
string of surface-based VOIUHK sources. The lateral and vertical dispersion 
parameters defining the Init ial volunK from which emissions are dispersed were 
determinea by following procedures suggested in the ISCST User's Guide (Bowers 
et a l . , 1979). 

Receptors were placed downwind of each set of emissions sources along pre­
selected, wind direction radials within areas where high anbient concentrations 
would be expected. All receptors were located outside the fence!ine surrcwndlng 
each activity area. Several receptors were placed along each radial at varying 
distances downwind to provide information on the behavior of particulates concen­
trations as a function of distance from the source. 

Gravitational settling of particles within the plune and dry deposition of 
those particles on the ground surface are acconpllshed in the ISCST throjgh the 
use of a t i l t ed pluire and a surface reflection coefficient. The mass fraction, 
gravitational sett l ing velocity, and surface reflection coefficient are required 
for each particle size category into which the total emissions are subdivided. 
A site-specific particle size distribution for the tailings was unavailable. A 
size distribution derived from reasurements made at surface mining operations 
throughout the Rocky Mjuntain region was substituted. Although dust emitted by 
mining operations would be expected to differ in terms of conposltion and chemic­
al properties from dust emitted by the movement of uranium ta i l ings , many of the 
excavation operations and types of equipment used are similar. Based on the 
size distribution derived for mining and excavation emissions and characteristic 
diareters assured for each category, the settling velocity and surface reflec­
tion coefficient were determined for eacn category using techniques outlined in 
the ISCST User's Guide (Bowers et a l . , 1979). The particle size distribution 
and deposition paraneters used in the analysis are presented In Table B.4.1. 

Site-specific, hourly, sequential neteorological data were not available 
for use in the m^eling analysis; therefore, a sin^lified, conservative approach 
was adopted. Light winds (2.5 meters per second) were assumed to blow persis­
tently from a single direction under stable mixing conditions (Pasqulll-Glfford 
Category E). Tnis neteorologlcal scenario produced maxinum ground-!evel concen-
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Table B.4.1 Particle size distribution and deposition parameters used in the air quality Inpacts analysis 

Particle 
size class 

1 

2 

3 

4 

5 

Dlaneter 
range 

(microns) 

0-2.5 

2.5-5 

5-10 

10-15 

>15 

Mass 
distr ibut ion 

(percent) 

3 

4 

9 

5 

79 

Characteristic 
di aireter 

(microns) 

1.1 

3.3 

7.0 

12.0 

25.0 

Gravitational 
set t l ing 
velocity 

fmeters per second) 

7.20 x 10"^ 

6.48 X 10"^ 

2.92 X 10"^ 

8.57 x 10"^ 

3.72 X 10"^ 

Surface 
ref lect ion 
coeff icient 

1.00 

1.00 

0.90 

0.78 

0.65 

Based on a particle density of 2 grams per cubic meter. 



tratlons from near-surface emission sources. Tne persistence of these condi­
tions was assumed not to exceed 6 hours during a single 24-hour perir t . This 
assunption is consistent with other screening models. 

Emissions considered In the modeling runs were those occurring in the peak 
phase of act ivi ty. Invariably, act ivi t ies in this peak phase included consoli­
dation or relocation of the ta i l ings . Also included, where appropriate, were 
emissions generated by travel on the paved roads and gravelled haul roads. For 
relocation to Gas Hills , maximum emissions would occur in months 20 through 31 
when remedial action act ivi t ies would include tailings excavation and relocation 
and s i te restoration at the Riverton s i t e . In the case of stabilization in 
place, maximum emissions would occur in the ninth month when act ivi t ies would 
include s i te preparation, consolidation of the ta i l ings, placement of the radon 
barr ier , and erosion protection neasures. For disposal at the Dry Cheyenne 
s i t e , maximum emissions woula occur in the fourth month during site preparation, 
relocation of the ta i l ings , and placement of the radon barrier. For modeling 
purposes, act ivi t ies were assigned to several areas at each s i t e . In the case 
of gravelled haul roads, emissions were distributed over the length of the 
roads. The specific Inputs used in the model and the area over which emissions 
were distributed are presented in Table B.4.2. 
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Table B.4.2 ISCST model TSP emissions inputs, 
Riverton renedial action alternatives 

Remedi al 
action 

alternative 

Relocation 
to Gas Hi l ls 

Stabi l ization 
in place 

Disposal at 
Dry Cheyenne 
site 

Location 

Riverton si te 

L i t t l e Wind 
borrow si te 

Riverton s i te 

Borrow si te 10 

Dry Cheyenne 
«;ite 

Riverton si te 

1 

Act iv i ty 

Tailings relocation 
Site restoration 

Excavation and 
loading 

Haul road 

Tailings consolidation 
Erosion protection 
Radon barrier 
Site restoration 

Excavation and loading 

Haul road 

Site pr^arat lon 
Tailings relocation 
Radon barrier 

Haul road 

Tailings relocation 

Imisslons rate 
(graiK per 

second) 

4.21 

0.91 

7.49^ 

5.38 

0.75 

10.38^ 

4.71 

36.20^ 

3.45 

Area 
of ac t i v i t y 

(square neters) 

62,500 

90,000 

UA' 

250,000 

90,000 

NÂ  

187,500 

NÂ  

62,500 

®Based on 24 hours per day for modeling dally averages. 

Haul road emissions considered travel on 0.5 mile of gravelled road to the 
borrow si te; NA Indicates not applicable. 

c 
Haul road emissions considered travel on 1 mile of gravelled road to the bor­
row site; NA indicates not applicable. 

Haul road emissions considered travel on 2 miles of gravelled roal to the Dry 
Cheyenne site; NA indicates not applicable. 
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c . l SURFACE WATER 

1 SURFACE-WATER FEATURES 

C.1.1.1 Riverton tail ings si te 

The Riverton tai l ings site is on a nearly level allu­
vial terrace that forms the drainage divide between the 
Wind River, 1 mile north of the s i t e , and the Little Wind 
River, 0.5 mile southeast of the si te (Figure C.1.1). The 
confluence of these two rivers is 2.5 miles east of the 
s i t e . The minimum elevation of the tailings site is 4,940 
feet above mean sea level. 

A drainage ditch runs south along the eastern boundary 
of the tai l ings si te to the northeast corner of the t a i l ­
ings pile and then turns east and flows into a marshy area 
east of the site (Figure C.1.2). Another drainage ditch 
runs through the field west of the tail ings pile and into a 
marshy area south of the s i t e . A system of irrigation 
canals in the northeast corner of the tail ings site flows 
generally south to the northern edge of the tail ings pile 
and then off the s i te to the south and east. A separate 
irrigation canal runs south along the eastern site boundary 
and then parallel to the drainage ditch flowing into the 
marshy area to the east. 

The Mind River drainage basin above the confluence of 
the Wind and Litt le Wind Rivers consists of 4,300 square 
miles (Figure C.1.3) bordering the east slope of the Con­
tinental Divide in the west-central portion of Wyoming. 
The Wind River basin consists of 2,300 square miles while 
the Little Wind River basin contains 2,000 square miles. 
The Litt le Wind River drainage basin can be further divided 
into three tributary basins consisting of the Little Wind 
River, Popo Agie River, and Beaver Creek. The drainage 
areas for each specific drainage basin were calculated and 
are as follows: 

Drainage basin Drainage area (square miles) 

Wind River 2,270 
Litt le Wind River 740 
Popo Agie River 810 
Beaver Creek 450 

Total 4,270 

The Wind River basin above the confluence of the 
rivers is surrounded by a series of mountain ranges com­
posed of faulted and folded Precambrian, Paleozoic, and 
Mesozoic rocks. These include the Wind River Range on the 
west, the Absaroka Range and Owl Creek Mountains on the 
north, and the Granite Mountains to the southeast. The 
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Wind, Litt le Wind, and Popo Agie Rivers drain primarily the 
northeast slope of the Wind River Mountains while Beaver 
Creek drains the northwest side of the Granite Mountains 
from Beaver Divide. The area south of the Owl Creek Moun­
tains and north of the Wind River between Riverton and the 
Wind River Diversion Dam drains east and enters the Wind 
River below the confluence of the rivers (Mlg 1981a). 

Of the four watercourses, the Wind River has the long­
est travel distance. From i ts headwaters^ the Wind River 
flows 77 miles to the Wind River Diversion Dam, the only 
structure on the upper Wind River. The river flows another 
37 miles from the diversion dam to i t s confluence with the 
Little Wind River (0)1, 1981a). 

The Wind River Mountains are rugged with steeply erod­
ed slopes. The crest varies from about 9,000 feet near the 
head of the Wind River to 12,000 feet at the head of the 
Little Wind River and down to about 7,000 feet at the ex­
treme southern t ip of the watershed. The maximum elevation 
of 13,785 feet is on Gannet Peak. These mountains are of 
granite with some sandstones and linestones lying along 
their lower flanks. In the upper reaches, there are many 
small glacial lakes and a few glaciers which maintain sum­
mer stream flow. Irregular, small patches of conifers 
cover the slopes between 7,000 and 10,000 feet, and the 
remaining slopes are bare rock or covered with grass and 
brush ( t»I , 1944). 

The Mind River basin appears to have once been a large 
floodplain of the Wind River. A few gravel-capped terraces 
reveal the extent and height of the original deposition. 
Rough, sharp sandstone and shale breaks and gently sloping 
alluvial valleys mark the basin's topography. The slopes 
and bottomlands consist of poorly consolidated sandstone 
and shale of the Wind River Formation of Eocene Age. This 
formation consists of interbedded, lenticular, red, blue, 
and green shales; gray si l tstone; and yellow to brown sand­
stones. This is the parent material of the soil mantle of 
the Wind River basin which is shallow and coarse textured 
on the higher slopes grading to fine textured soils of mode­
rate depths near the bottom of swales (DOI, 1981a). 

The U.S. Geological Survey (USGS) maintains gauging 
stations on both the Wind and Little Wind Rivers close to 
the Riverton s i t e . The Mind River gauging station is 1.4 
miles upstream from the confluence of the two r ivers . Flow 
records are available for this station from 1913 to the pre­
sent. A maximum flow of 13,300 cubic feet per second (cfs) 
was measured on June 15, 1935 (USGS, 1984a). Table C.1.1 
contains the yearly mean and maximum discharges recorded at 
this station. Monthly average flows at the same station 
for a 34-year period are given in Table C.1.2. 

The gauging station on the Little Wind River is 1.8 
miles upstream from i t s confluence with the Wind River, and 
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Table C.1.1 l^an and raaximuii discharges for the Wind River 
at Riverton, Wyoming (Station No. 06228000) 

Mater year Mean discharge 
(Oct-Sept) (cfs)* 

1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 

1,626 
1,315 

Incomplete data for water year 
1,339 
1,460 

no data for water year 
611 

1,366 
1,343 
1,273 
1,423 
1,339 
1,377 
1,009 
1,496 
1,520 

Incomplete data for water year 
1,194 
911 
992 
944 
511 
944 
937 
863 
759 
607 
417 
779 
985 

1,282 
1,005 
917 
737 

1,262 
917 
775 
978 

1,243 
812 
529 
634 
316 

9,490 
7,900 

7,120 
9,080 

2,220 
7,880 
11,200 
6,900 
8,350 
7,850 
7,360 
4,220 
9,400 
10,100 

7,960 
6,270 
7,700 
8,990 
2,500 
11,400 
5,570 
5,550 
3,520 
3,310 
2,780 
4,680 
5,820 
6,220 
6,630 
5,340 
2,830 
8,250 
5,510 
4,160 
4,450 
6,950 
4,770 
6,570 
4,590 
1,930 

Maxinum discharge 
(cfsl^ 
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Table C.1.1 Hean and maximum discharges for the Wind River 
at Riverton, Wyoming (Station No. 06228000) (Concluded) 

Water year Mean discharge Maximum discharge 
(Oct-Sept) (cfs)^ (cfs)® 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

966 
1,080 

702 
466 
254 
402 
787 
741 
657 

1,056 
420 

1,061 
594 
582 
411 

1,117 
973 
561 
834 
754 
683 
250 
712 
461 
602 
377 
666 
929 

7,600 
8 J 7 0 
5,600 
3,580 
1,130 
3,430 
6,210 
7,050 
4,890 
7,010 
2,080 
9,090 
3,490 
3,280 
3,620 
8,990 
7,310 
4,390 
7,430 
6,960 
3,710 
1,110 
4,880 
3,870 
4,820 
6,650 
5,190 
6,340 

Cubic feet per second. 

Ref. USGS, 1984a. 
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Table C.1.2 Monthly average flows. Mind River at 
Riverton, Wyoming (Station No. 06228000) 

Average Maximum Minimum 
Month* (cfs)° (cfs)° (cfs)° 

1,020 334 

670 330 

490 285 

423 294 

441 287 

428 224 

691 152 

2,916 170 

4,800 703 

2,690 410 

947 132 

710 150 

^Water years 1950-1983. 
Cubic feet per second. 

Ref. USGS, 1984a. 

October 

November 

December 

January 

February 

March 

April 

May 

June 

July 

August 

September 

651 

475 

380 

360 

365 

325 

370 

970 

2,364 

1,283 

364 

338 
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flow records for this station are available from 1942 to 
the present. A maximum flow of 14,700 cfs was measured by 
the USGS on June 17, 1963 (USGS, 1984a). Table C.1.3 con­
tains mean and maximum discharges for the Little Wind River 
at this station. Monthly average flows at this station for 
a 34-year period are given in Table C.1.4. Table C.1.5 
l i s t s historical peak flows for both the Wind and Little 
Wind Rivers, 

The Wind River is the main source of water for River-
ton's municipal uses during the spring and summer (April 
through October). The water is taken from an irrigation 
ditch at the c i ty ' s water treatment plant 2.5 miles north 
of the tai l ings s i t e , and the ditch taps the river several 
miles northwest (upstream) of the s i t e . During the fall 
and winter, the c i ty ' s only source of water is i t s well sys­
tem which taps the confined aquifer of the Wind River Forma­
tion (Scott, 1987). The waters of both the Wind and Little 
Wind Rivers are used locally for irrigation and livestock 
watering. 

A geomorphic evaluation by Sergent, Hauskins, & Beck-
with (SHB, 1985) states that evidence of extensive channel 
migration by the Wind and Little Wind Rivers can be seen by 
viewing historical sets of aerial photographs. These photo­
graphs show paleo-channels from the Wind River on or near 
the tai l ings s i te and meander scars from the Little Wind 
River within 0.42 mile of the s i t e . The thalweg of the 
largest paleo-channel from the Wind River (hereafter refer­
red to as the meander scar) , is 2,100 feet southwest of the 
s i t e . 

The geomorphic report describes the Wind River as hav­
ing a mixed load channel typical of rivers in which the bed-
load forms a significant part of the total load. It has an 
irregular, single-phase meandering pattern that locally is 
semi-confined by the valley sides. Meander length and 
amplitude, sinuosity, gradient, and the degree of anabranch-
ing vary over distances on the order of 1 to 2 miles. The 
average gradient increases from about 7 feet per mile near 
Boysen Reservoir to 15 feet per mile near the s i t e . Aver­
age sinuosity typically ranges from 1.1 (sinuous) to 1.3 
(ireandering) although i t is locally higher. Common bars 
and islands result from cutoff meander loops (SHB, 1985). 

In contrast, the Lit t le Wind River has a suspended 
load channel typical of rivers in which the bedload forms a 
small part of the total load. The single-phase meandering 
channel has variable but high sinuosity, averaging about 
1.9 between the junctions with the Wind and Popo Agie 
Rivers. The average gradient for this reach is about 4.3 
feet per mile (SHB, 1985). 

The geomorphic evaluation of the tailings site area 
also assessed the possibility that the channels of the Wind 
and Lit t le Wind Rivers could move toward the s i t e . Geolo-
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Table C.1.3 Item and maxiraum discharges for the Li t t le Mind River 
near Riverton, Myoming (Station No. 06235500) 

Water year Mean discharge Maximum discharge 
(Oct-Sept) (cfs)* (cfs)* 

1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

524 
743 
765 
694 
460 
914 
477 
554 
738 
678 
755 
411 
422 
327 
561 
825 
509 
313 
236 
339 
642 
558 
528 
846 
306 
872 
608 
621 
488 
826 
697 
785 
701 
631 
469 
237 
623 
441 
689 
410 
520 

1,020 

3,850 
4,510 
6,120 
4,990 
3,020 
9,360 
2,970 
5,080 
4,590 
4,780 
7,180 
5,180 
3,760 
1,960 
5,120 
7,330 
6,060 
2,930 
1,160 
2,920 
6,540 
12,800 
5,070 
8,740 
1,020 
8,560 
5.740 
6,770 
3,780 
7,520 
5,450 
4,300 
4,340 
4,280 
2,620 
1,670 
4,860 
3,830 
4,880 
4,480 

% 3,530 
^,300 

Cubic feet per second, 

Ref. USGS, 1984a. 
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Table C.1.4 Monthly average f lows. L i t t l e Wind River 
near Riverton, Wyoming (Stat ion No. 06235500) 

Average Maximum Minimun 
Month^ (cfs)° (cfs)° (cfs)' 

429 238 

345 183 

261 165 

228 145 

448 158 

370 187 

609 213 

2,677 370 

4,666 1,140 

2,145 380 

546 160 

494 164 

October 

November 

December 

January 

February 

March 

April 

May 

June 

July 

August 

September 

325 

274 

209 

180 

220 

257 

337 

1,064 

2,420 

1,028 

270 

277 

^Mater years 1950-1983. 
Cubic fee t per second. 

Ref. USGS, 1984a. 
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Table C.1.5 Historical peak flows, Wind and Little Mind 
Rivers at Riverton, Wyoming 

Wind Ri 
Riverton, 

June 14, 1933 

June 8, 1957 

June 24, 1967 

May 29, 1913 

May 28, 1928 

June 17, 1911 

July 25, 1923 

June 8, 1921 

June 14, 1906 

June 15, 1935 

ver at 
, Wyoming 

12, 

12, 

13, 

9,510 

9,550 

9,550 

10,900 

10,900 

11,100 

11,400 

,200 cfs 

,300 cfs 

,300 cfs 

Little Wind River 
near Riverton, Wyoming 

June 11, 

June 22, 

Feb. 11, 

June 17, 

1965 

1947 

1962 

1963 

9,550 

9,820 

10,300 

14,700 

*Peak flows are reasured manually in the vicinity of the established gauging 
stations and, therefore, may differ from maximum discharges recorded at the 
gauging stations. Flows are in cubic feet per second (cfs). 

Ref. USGS, 1984a. 
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gic evidence indicates that the Wind River could migrate 
laterally across its floodplain within a 2,000-year period. 
The extent of possible channel migration is unpredictable; 
however^ the rate of migration could exceed 0.5 mile per 
IgOOO years. The present channel is 1 mile north of the 
tailings site. It also appears that aggradation (channel 
filling) or large-scale flooding could result in avulsion^ 
or rapid channel shift, of the Wind River across the flood-
plain. The effect of Boysen Reservoir on the long-term 
behavior of the Wind River near the site is difficult to 
predict. Accumulation of sediment in the reservoir could 
result in a raising of the base level of the river and con­
sequent channel aggradation. The Little Wind River is more 
stable and more deeply incised^ and the potential for its 
migration toward the site is much less (SHB^ 1985). 

C,1.1.2 Dry Cheyenne alternate disposal site 

The Dry Cheyenne alternate disposal site is within the 
Wind River basin on an east-facing slope at the head of a 
small, ephemeral tributary to Dry Cheyenne Creek. Surface-
water flows occur only during rainfall and snowmelt. Dry 
Cheyenne Creek, located 3.5 miles northeast of the site, 1s 
also ephemeral and is about 200 feet lower in elevation 
than the site. » data on historical flows are available 
for the tributary or Dry Cheyenne Creek. 

C.1.1.3 Borrow sites 

The Little Wind borrow site is 3 road miles south of 
the tailings site on a terrace south of^ and 60 to 80 feet 
above, the Little Wind River. Surface-water information 
for the Little Wind River at this borrow site is the same 
as that provided for the tailings site. Small ephemeral 
tributaries of the Little Wind River drain the borrow site^ 
but flows occur only during rainfall and snowmelt. No data 
on historical flows are available for this borrow site. 

Borrow site 2 is located immediately north of the tail­
ings pile. Surface-water information for this borrow site 
is the same as that provided for the tailings site. 

Borrow site 10 is 13 road miles southeast of the tail­
ings site on a north facing slope near the head of a small 
ephemeral tributary to Kirby Draw. Surface-water flows 
occur only during rainfall and snowmelt, and earthen dams 
have been built across the small drainages northeast and 
southeast of the borrow site to impound the flows for live­
stock and wildlife. No data on historical flows are avail­
able for the tributary or Kirby Draw. 

The Boulder Flats borrow site is 27 road miles south­
west of the tailings site on a terrace north of and above 
the North Popo Agie River. The land surface slopes gently 
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to the southeast tward the r iver, and the Reynolds Ditcli 
taps the river west of the si te and courses generally due 
east to dead-end south of the s i t e . This ditch is used to 
provide river water for irrigating small agricultural 
plots , pastares, and gardens during the spring and sumer. 

C.1.2 FLOO) ANALYSIS 

C»1.2.1 Riverton tail ings s i te 

A flood analysis has been perforned to assure that the 
remedial action design for the uranium min tail ings s i te 
at Rivertona Myoming, satisfactorily addresses short- and 
long-term flood protection. Short-term flood protection 
sinply defines the extent of the 500-year flood and the 
lnpact, if any^ on the stabilized tailings or on renedial 
action construction ac t iv i t ies . Tne primary purpose of 
this part of the analysis 1s for conpliance with the U.S. 
Department of Energy's (DOE) floodplain and wetlands envi­
ronmental review requireiKnts of Title 10, Code of Federal 
Regulations, Part 1022 (10 CFR Part 1022). To accomplish 
the Ajectlve of long-term flood protection, the standard 
design approach for the Uraniui Mill Tailings Remedial 
Action (UMTRAl Project Is to determine the magnitude and 
potential inpacts resulting from a PrAable Maxiwii Flood 
(PMF) event. If a design for this event is not pract ical , 
then alternative design events or solutions are assessed. 

The use of the PMF as the design floM event to ach­
ieve long-term control of uraniui tail ings is not clearly 
defined. The U.S. Env1ronnental Protection Agency's (EPA) 
standards (40 CFR Part 192, Subparts A, B, and C) require 
that control of the uranium tail ings iMJSt be effective for 
1,000 years (to the extent reasonably achievable) and, in 
any case, for at least 200 years. The standards do not 
specifically state that a PMF event imst be used for design 
In order to achieve the stated containient l i f e . An analy­
s is of exceedence prAabi l i t ies for various events with 
respect to the contalnient l i fe (Junge and Deznan, 1983) 
suggests that design events with a ^ery long retoirn peri at 
(e .g. , 10,000 years) nust be usrf to neet a long-term con-
tainnent objective. However, the liiiited s ta t i s t ica l data 
that are available cannot be extrapolated accurately to 
such long retorn p e r i l s . The generally accepted alterna­
t ive , therefore, is to use extreme events such as the PMF 
for design. Since a PMF event by definition is the worst 
event possible, a tai l ings disposal system designed to with­
stand such an event waild have an infinitely small risk of 
failure and, thus, would neet both the intent and long-term 
containnent objective of the EPA standards. 

The PHF analysis f i r s t requires the use of Hydroneteo-
rological Report No. 55 (NOAA, 1984) to determine the appro­
priate Probable Maxiimim Precipitation (PMP) that could 
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occur over the various drainage basins. Tne analysis then 
involves the consecutive use of the U.S= Army Corps of Engi­
neers HEC-1 (COE, 1981) and HEC-2 (COE, 1982) models. The 
HEC-1 maiel is designed to simulate the runoff response of 
a drainage basin to precipitation by representing the basin 
as an interconnected system of hydrologic and hydraulic com­
ponents. It is utilized to determine the PMF flows result­
ing from a PMP event. Then a aetermination of stream 
hydraulics, resulting in water surface elevations and velo­
city graaients at tne tailings s i t e , is developed for the 
PMF flows using the dynamic HEC-2 model. 

500-year flood 

As stated above, an estimate of the 500-year flood is 
usrf primarily for conpliance with 10 CFR Part 1022. How­
ever, i t is also helpful for comparison with the maximim 
recorded historical floods and the PMF estimates. This com­
parison emphasizes the extreme magnitude and rarity of a 
PMF event. Flood flow frequencies out to the 500-year 
flood event are easily obtained with historical data and 
uti l ization of the Log Pearson Type III nethod as outlined 
in Bulletin No. 17B of the Hyarology Subcommittee (DOI, 
1981b). 

The MATSTORE Data Retrieval System used by the US6S 
contains flow records for gauging stations and also has the 
capability of automatically performing the peak flow fre­
quency analysis for station data. The model analyzes the 
data following the guidelines in Bulletin 17B (DOI, 1981b). 
Flood flow frequency forecasts that were obtained from 
WATSTORE (US6S, 1984b) are summarized in Table C.1.6. 

A HEC-2 analysis was performea separately for the 
upper 500-year flood estimates for the Wind and Litt le Mind 
Rivers. A 500-year flood flow of 18,164 cfs was used for 
the Wind River with coeputea water surface elevations in 
the vicinity of the tailings site ranging from 4,940 feet 
to 4,944.5 feet above nean sea level. The resulting water 
surface elevations are not high enough to result in flow 
over the scarp directly north of the road running along the 
northern boundary of the site nor are they high enough for 
flow to break into the ireander scar southwest of the s i t e . 
Tne computed flow levels woula approach within 2,000 feet 
of the edge of the tailings pile and within 800 feet of the 
north boundary of the tailings s i t e . 

A 500-year flood flow of 24,233 cfs was used for the 
Litt le Wind River with a computed water surface elevation 
adjacent to the tail ings site of approximately 4,930 feet 
above mean sea level. This results in a distance of 3,500 
feet between the boundary of the site and the limit of the 
500-year floodplain on the Little Wind River. 

As shown in Figure C.1.4, these results indicate that 
the tailings si te would not be inrpacted by 500-year flood 
events from either river. In addition, the cleanup of the 
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Table C.1.6 Flood flow frequency forecasts. Wind and 
Little Wind Rivers at Riverton, Myoming 

Recurrence Annual Flow rate (cfs)® 
interval exceedence 95% confidence limits 
(years) probability Lower Upper 

10 
50 
100 
200 
500 

10 
50 
100 
200 
500 

Wind River flood flow frequency 

0.1 
0.02 
0.01 
0.005 
0.002 

9,399 
11,441 
12,156 
12,801 
13,568 

11,641 
14,672 
15,822 
16,881 
18,164 

Little Wind River flood flow frequency 

0.1 
0.02 
0.01 
0.005 
0.002 

7,629 
10,377 
11,573 
12,796 
14,463 

10,218 
15,349 
17,810 
20,448 
24.233 

a Cubic feet per second. 

Ref. USGS, 1984b. 
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windblown tailings and the activities at borrow site 2 for 
the Dry Cheyenne alternative would not occur within the 
500-year floodplains. 

P f̂ hydrologic analysis 

Prior to the use of the HEC-1 model, the analysis 
required determination of appropriate general storm PMP 
amoints over the drainage basin. For the purpose of the 
HEC-1 analysis, the drainage basin above the confluence of 
the Wind and Little Wind Rivers was alvided into 11 sub-
basins, as shown in Figure C.1.5, 

Tne Wind River drainage basin was divided into six sub-
basins: 

Wl - Upper Wind River sub-basin. 
W2 - Middle Wind River sub-basin. 
W3 - Bull Lake sub-basin. 
W4 - Dry Creek sub-basin. 
W5 - Enos sub-basin. 
W6 - Lower Mind River sub-basin. 

The Little Wind River drainage basin was divided into 
three sub-basins: 

LWl - Upper Little Wind River sub-basin. 
LW2 - Middle Little Wind River sub-basin. 
LW3 - Lower Little Mind River sub-basin. 

The remaining sub-basins were: 

Bl - Beaver Creek sub-basin. 
PAl - Popo Agie sub-basin. 

Tne PMP determinations for each sub-basin were made 
according to tne techniques publlshea in Hydroneteorologi-
cal Report No. 55 (NOAA, 1984). Tn1s report provides a l l -
season general storm PMP estimates for durations from 1 to 
72 hours for the region between the Continental Divide and 
the 103rd Meridian. For the non-orographic portions of 
eastern Montana, Wyoning, North and South Dakota, Colorado, 
New Mexico, and western Texas, estimates are available for 
area sizes from 10 to 20,000 square miles. For orographic 
regions of these states east of the Continental Diviae, 
estimates are available for areas from 10 to 5,000 square 
miles. At present, the report does not address a spring 
PMF with snownelt. 

A step-by-step procedure for conputing a general storm 
PMP is presented in Hydroneteorological Report No. 55 and 
was used for this analysis. The first step required deter­
mination of the 1-, 6-, 24-, and 72-hour lO-square-mile 
average PMP over each sub-basin. Table C.1.7 l ists the cal-
culatea PMP amounts for this first step. 
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Table C.1.7 Average PMP amounts per drainage sub-basin 

10-square-mile general storm PMP (inches) 

Drainage sub-basin 1-hour 6-hour 24-hour 72-hour 

Wind River 
Wl 
W2 
W3 
W4 
W5 
W6 

Litt le Wind 
River 

LWl 
LW2 
LW3 

Beaver Creek 
Bl 

Popo Agie River 
PAl 

7.6 
9,2 
9«8 
7.9 
8.7 
8.8 

10.1 
8.5 
8.5 

8.4 

10.0 

12,7 
Ifa.l 
16.9 
12.8 
14.7 
14.8 

17.0 
14.4 
13.5 

14.5 

17.1 

20.5 
24.7 
27.1 
21.0 
22.6 
23.2 

26.6 
23.0 
21.0 

23.0 

26.7 

27.3 
33.1 
34.2 
27.2 
29.0 
29.3 

34.4 
27.0 
25.0 

29.7 

34.3 
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The next step required selection of the appropriate 
sub-region and subdivision that contains each sub-basin in 
order to select the appropriate set of depth-area-duration 
relations for the full 4,300-square-nii le drainage area 
above the s i t e . The entire area lies within sub-region A 
with over 80 percent of the drainage area within the orogra­
phic subdivision. The remaining area lies within the mini­
mum non-orographic and sheltered orographic subdivisions 
(NOAA, 1984). The sub-basin lying within different subdivi­
sions was areally weighted to determine the appropriate 
area! reductions (as a percent of the average 10-square-
mile PMP amount) to apply to the average PMP amounts from 
the f i r s t step. The areally-reduced PMP amounts for the 
sub-basins are shown in Table C.1.8. 

After reducing the average PMP estimates, the results 
were plotted on linear graph paper as amount versus dura­
tion with smooth curves of best f i t drawn. The PMP amounts 
for the remaining, incremental 6-hour durations from 0 to 
72 hours were then interpolated from the curves. The incre­
mental PMP amounts at each 6-hour period were then derived 
by subtracting each durational amount from the amount at 
the next longer duration. 

In order for the HEC-1 model to compute the flood 
hydrograph for a PMP, i t is necessary to specify the tem­
poral distribution of the precipitation. The 6-hour incre­
mental rainfall amounts developed in the previous step 
should be arranged In a sequence that will result in a reas­
onably cr i t ical flood hydrograph. This is performed when 
no predominant rainfall pattern Is evident from past storms 
or has not been developed. Recommended guidelines for deve­
loping the temporal distribution are published in Hydrome-
teorological Report No. 52 (NOAA, 1982). These guidelines 
are listed as follows: 

0 Arrange the individual 5-hour increments such that 
they decrease progressively to either side of the 
greatest 6-hour increment. This implies that the 
lowest 6-hour increment will be at either the begin­
ning or the end of the sequence. 

0 Place the four greatest 6-hour increments at any 
position in the sequence except within the f i rs t 
24-hour period of the storm sequence. During major 
storms (exceeding 48-hour durations), maximum rain­
fall rarely occurs at the beginning of the 
sequence. 

Several sequences were evaluated for the Wind River 
drainage basin. The distribution that resulted in the larg­
est hydrograph was one in which the four greatest 6-hour 
increments were placed in the middle 24-hour period of the 
72-hour storm sequence. This temporal distribution was 
used throughout the remainder of the analysis. 
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Table C.1.8 Areally reduced PMP amounts per drainage sub-basin 

10-square-mile general storm PMP (inches) 

Drainage sub-basin 1-hour 6-hour 24-hour 72-hoyr 

Wind River 
Wl 
M2 
W3 
W4 
W5 
W6 

Little Wind 
River 
LWl 
LW2 
LW3 

Beaver Creek 
Bl 

Popo Agie River 
PAl 

1.8 
2.3 
2.5 
1.8 
1.6 
1.1 

2.4 
1.1 
1.1 

2.0 

2.5 

5.6 
6.9 
7.8 
5.5 
5.2 
4.0 

7.4 
3.9 
3.6 

6.5 

7.8 

11.8 
14.7 
16.3 
11.6 

9.8 
7.2 

15.2 
7.1 
6.5 

13.4 

15.9 

17.3 
21.6 
22.6 
16.5 
13.9 
10.0 

21.6 
9,2 
8.5 

19.0 

22.4 
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Several other parameters were required in order to run 
the HEC-1 model. These parameters were as follows: 

0 Hydrograph time interval. 
0 Soil infiltration rate. 
0 Lag times for each sub-basin. 

It was concluded that a time interval of less than 1 
hour would be too small for a PMF analysis. Therefore, the 
72-hour storm was divided into 1-hour increments. The 
1-hour PMP amounts were obtained by equally dividing each 
6-hour incranent into 1-hour amounts. 

The COE recommends the use of the map of "Soil Infil­
tration by Generalized Soil Groupings" (MBIAC, 1966) for 
PMF analyses. From the soil infiltration map, the Wind 
River drainage basin is comprised of three soil groupings 
as summarized in Table C.1.9. Since over 80 percent of the 
basin is covered with medium textured soil, a conservative 
soil infiltration rate of 0.5 inch per hour was used for 
the entire basin. 

Table C.1.9 Wind River drainage basin soil groupings 

Generalized soil 
infiltration groupings 

Associated 
infi Itration rate 
(inches per hour 
at saturation) 

Percent of 
drainage 

basin 
covered 

Clay and clay pans - slow 
permeability and intake 0.05 to 0.20 

Moderately fine textured-
moderately slow 
permeability and intake 0.20 to 0.60 

Medium textured - moderately 
permeable and moderate 
intake 0.60 to 2.00 82 

Ref. MBIAC, 1966. 

Lag tiires for each watershed were initially computed 
using the empirical relationship contained in Design of 
Small Dams (0)1, 1977) as follows: 

Lag time = 0.6T^ 

T„ = time of concentration in hours = (11.9)L'' c 1̂  
0.385 
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where 

L = length of longest watercourse in miles. 

H = elevation difference in feet. 

This relationship generally gives longer, less conser­
vative lag times than what might actually occur. These 
t i res were used in an ini t ia l run to establish a lower 
bound for the PMF. The result was a PMF of 656,000 cfs at 
the confluence of the Wind and Litt le Wind Rivers. In 
order to establish an upper bound, a velocity of 15 feet 
per second (fps) was estimated for the routing sections, 
and new lag times were calculated by dividing the channel 
lengths by the velocity. The result was a PMF of 942,000 
cfs. 

In order to determine a better estimate of channel 
velocity, cross-sections at each channel length were e s t i ­
mated using USGS quadrangle maps. The slope of the reach 
at each cross-section was also estimated. These values, 
along with the peak flow for each hydrograph derived in the 
previous run, were entered into Manning's Equation, and 
values for velocity were calculated. The velocities were 
used to recalculate the routing lag t ines . 

The resulting flow amounts from this analysis were 
used as input to the HEC-2 model and are summarized in 
Table C.1.10. 

Table C.1.10 PMF runoff summary. Wind and Lit t le 
Wind Rivers at Riverton, Wyoming 

a Flow in cfs , tiire in hours' 

Wind Litt le Combined 
Time to River Wind River flow at 

Description peak flow flow confluence 

Litt le Wind 
River peak 45 123,000 557,000 680,000 

Combined peak 47 239,000 481,000 720,000 

Wind River peak 51 403,000 214,000 617,000 

'Cubic feet per second. 
Hours in the 72-hour hydrograph. 

C-24 



In order to check tne conservativeness of these magni­
tudes, a comparison was made to charts published in Maxi-
muro Flood Flows in the Conterminous United States (Crippen 
and Bue, 1977). These charts are based on raaximui recorded 
flood flows within regions and indicate peak discharge 
versus drainage area. The Wina River basin is located in 
Region 13. The calculated peak PMF flows can also be 
compared to tne nistorical peak flow (Table C.1.5) and the 
forecasted 500-year flood flows (Table C.i .6). Tnese 
comparisons are summarized in Table C i . l l . 

PMF nydraulic analysis 

The selection of cross-sections for the HEC-2 analysis 
can become extremely conplex when modeling occurs near the 
confluence of tributary streams. 

Boundary geometry for the analysis of flow in natural 
streams is specified in terms of ground surface profiles 
(cross-sections) and tne treasured distances between them 
(reach lengths). Cross-sections are located at intervals 
along a stream to characterize the flow carrying capability 
of the stream and i ts adjacent floodplains. Tney should 
extend across the entire floodplain and shoula be perpendi­
cular to the anticipatea flow lines. Occasionally i t 1s 
necessary to arrange cross-sections in a curved or dog-leg 
alignment to meet this requirement. Efforts were be made 
to obtain cross-sections tiiat accurately represent the 
stream and floodplain geometry (COE, 1982). 

Complicating this process is the fact that preliminary 
results indicate that interflow from the Wind River to the 
Litt le Wind River occurs upstream of the si te without being 
fully combined flow. This ireans that the flow has tnree 
directions and water surface elevations within this area. 
The situation is further conplicated by varying flood lev­
els in each tributary stream. 

Tne alignment of cross-sections chosen to best model 
tne complex flow patterns arouna the Riverton site is shown 
on Figure C.1.6. The cross-sections are characterized by 
dog-leg alignments and extensions across the floodplains of 
both r ivers . In order to assure the most valid range of 
resul t s , i t was very inportant to recognize divided flow 
versus fully combined flow across an entire cross-section. 

If fully confined flow was not entirely evident, then 
the different flow combinations were restricted to specific 
areas within the cross-section. Figures C.1.7, C.1.8, and 
C.1.9 represent the three HEC-2 model flow areas used In 
the analysis. Ttiis allowed specific modeling of the Wind 
River, Lit t le Wind River, and meander scar channels while 
keeping the entire confined flow cross-section intact. 

C-25 



Table C . l . l l Flood flow comparison summary. Wind and L i t t l e Wind Rivers at Riverton, Wyoming 

Drainage 
basin 

Wind River 

L i t t l e Wind 
River 

Corabuied 
rivers at 
confluence 

Drainage 
(square m 

2,300 

2,000 

4,300 

area 
lies) Recorde* 

13,300 

14,700 

_. 

Cubic feet per second, 
"fable C.1.5. 
^Table C.L6. 
Ref. Crippen and Bue, 1977. 

Table C.1.10. 

Peak flows (cfs) 

500-year^ 

18.164 

24,233 

Region 13 

275,000 

275,000 

350,000 

Calculated 
PMF® 

403,000 

t>57,000 

720,000 

Ratio of PMF to 

Recorded 

30 

38 

bOO-year 

22 

23 

Region 13 

2.0 

2.0 
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In developing the cross-sections^ the only major diffi­
culty was that 2-foot contour topography maps were not 
available except for the site and a small area nearby. 
Outside of the area of the site, the only available maps 
were the USGS 7.5-minute quadrangle series with 20-foot con­
tour intervals. However, the field studies from the geomor-
phic evaluation (SHB^ 1985) provided information on scarp 
heights of the terrace levels and bank heights of the river 
channels. Also available was an aerial photograph in which 
the scarps and meander scars were clearly visible. A combi­
nation of all the above information was used in estimating 
the cross-sections across the floodplain. 

As stated previously and shown in Figure C.1.10, the 
results indicate that the PMF would completely surround the 
tailings pile. However^ interflow between the Wind and 
Little Wind Rivers does not become fully combined until 
downstream from the site. As the flow in the Wind River 
increases, it eventually splits upstream of the pile to par­
tially flow down the meander scar southwest of the site. At 
this location^ there are actually three different flow 
directions: flow east down the Wind River, flow southeast 
down the meander scar intersecting with the Little Wind 
River, and flow slightly northeast down the Little Wind 
River. Figure C.l.ll illustrates these flow directions. 
The Little Wind River, however, is fairly entrenched on the 
south side of the valley and does not overbank or spread 
out until downstream from the site. 

In order to model this situation effectively, several 
different flow combinations with flow levels above and 
below those listed in Table C.1.10 were analyzed. This 
allowed different types of data curves to be formulated for 
the various flow combinations. These curves allow for an 
assessment of critical areas, regardless of the flow combi­
nation, and also provide an indication of how sensitive the 
flow regime behaves in response to changes in flow. The 
various flow designations used on these curves are identi­
fied on Figure C.l.ll, and the roughness coefficients used 
in the analyses are 0.025 for areas covered by 5 feet of 
water or greater and 0.05 for overbank areas above a 5-foot 
depth. 

It was initially recognized that at high levels of 
flow in the Wind River, the flow would split around the 
tailings pile with a portion flowing down the meander scar 
to the Little Wind River. Therefore, Wind River flow could 
affect both sides of the tailings pile. On the other hand, 
flow in the Little Wind River would not combine fully with 
the Wind River until downstream of the tailings pile. The 
Little Wind River would, therefore, not directly affect the 
Wind River side of the tailings pile except from a poten­
tial backwater effect. 
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The analyses began by determining the split flow rela­
tionship in the Wind River channel and the meander scar 
with different flows in the Wind River. This relationship 
is shown in Figure C.1.12 and assumes no increase in flow 
at the confluence due to contribution from the Little Wind 
River. Figures C.1.13 and C.1.14 were developed for this 
flow condition to show the depth of flow at the edge of the 
tailings pile and the mean channel velocity for stations 70 
and 80. Additional analyses were performed that increased 
the flood level at the confluence of the rivers in order to 
model any effect from the Little Wind River. The results 
were negligible in changing the Wind River split flow combi­
nations as shown in Figure C.1.12. However, there was a 
definite effect on flow depths and mean channel velocities 
as shown in Figures C.1,15 and C.1.16. The increased flow 
at station 60 reflects flow contribution from the Little 
Wind River and tends to produce a backwater effect of in­
creased depth and decreased energy slope at station 70. 
However, the decreased velocity and gradient at station 70 
tend to increase the potential for a hydraulic jump or 
supercritical flow condition at station 80. As a result, 
the depths decrease at station 80 and the velocities In­
crease for increases 1n Q^ (total flow downstream of the 
pile). ^ 

The remaining analyses concentrated on the flow ef­
fects on the south side of the tailings pile resulting from 
the combination of the flows in the meander scar and the 
Little Wind River. Several values of Q, (Wind River 
flow) varying from 200,000 cfs to 600,000 cf^ were used in 
combination with a range of Little Mind River flows (Q.) 
varying from zero to 800,000 cfs. The initial situation 
modeled the meander scar for the different levels of flow 
splitting out of the Wind River without contribution from 
the Little Wind River. The depth of flow at the south edge 
of the tailings pile and the mean channel velocities for 
stations 70 and 80 are shown in Figures C.1.17 and C.1.18. 

At this point, the range of Little Wind River flows 
(Q.) were added to the different levels of flow in the 
Wirld River. Figure C.1.19 illustrates the depth at the 
south edge of the pile versus the total flow (Qg) down­
stream of the pile. This figure portrays a band of data 
points for each station at each constant value of Q^. 
The bands of data represent the variance in depth depending 
on the different combinations of Q- and Q^ to maintain 
a constant value of Qg. The figure indicates a maximum 
range in the difference of less than 2 feet. The maximum 
depths at the pile occur when the flow in the meander scar 
is maximized. 

Figures C.1.20 and C.1.21 indicate the mean channel 
velocities south of the pile for the various combinations 
of flow shown on Figure C.1.19. The curves show that for 
any flow level of Q the mean flow velocities would 
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decrease as the flow from the L i t t l e Wind River Is increas­
ed. This Is a result of a decrease In the energy gradient 
due to a backwater ef fect . I t is pointed out that I f Q̂  
becon«s large enough, however, a drastic Increase In the 
velocit ies occurs. This marks the area of" L i t t l e Wind 
River flow where the flow is large enough to break across 
the drainage divide at station 85 and becone contolned flow 
with the neander scar. At lower levels, Q. and Qo do 
not coiAine unt i l below station 70. RegardlSss, the PMF 
flows aeterinined from the HEC-1 analysis are well below 
this drastic Increase in veloci t ies. 

The previous analyses reveal that the maxlmiiii flood 
effect of greatest concern occurs on tne Wind River side of 
the ta i l ings p i le at the maximiiii peak of the Wind River. 
As Indicated in Table C.l.iO^ the maxlnum Wind River peak 
flow Is 403,000 cfs with the L i t t l e Mind River flow at 
214,000 cfs. Table C.i. iZ 1s a sumary of the depths and 
velocities that would occur with and without f l « contr ibu­
tion from the L i t t l e Wind River when the Wind River Is at 
i t s peak. Ttiese values are also emphasized on Figures 
C.l . lZ throjgh C.1.21 by the dashed l ines. 

These results Indicate that water depths less than 10 
feet along the sides of the stabil ized ta i l ings p i le and 
mean channel velocit ies less than 15 feet per second (fps) 
would occur during a PMF. The Mind River side of the p i le 
is a more c r i t i ca l flow situation tnan the L i t t l e Wind 
River side. An erosion protection barrier placed araind 
the base of the p i le and designed for 10-foot depths and 
15-fps velocit ies would adequately protect the p i le against 
the PMF. I t would also protect the p i le more than adequate­
ly against erosion due to long-term r iver meander. 

C.1.2.2 Dry Cheyenne alternate disposal s i te 

No data on histor ical floods are available for the Dry 
Cheyenne alternate disposal s i te . The disposal s i te is at 
the head of a small, epherreral tr ibutary to Dry Cheyenne 
Creek, and the only surface-water flows are runoff from the 
si te I t se l f . Due to the low annual precipi tat ion, the re la­
t ive ly f l a t terrain at the s i t e , and the distance from 
major surface drainages, flood flows would not be expected 
at th is s i te . 

C.1.2.3 Borrow sites 

Due to i t s height above the L i t t l e Wind River, flood 
flows would not be expected to affect the L i t t l e Wind bor­
row s i te . Calculation of the 500-year flood elevation for 
the L i t t l e Wind River revealed that the L i t t l e Wina borrow 
si te 1s not within the 500-year floodplain of the r iver . 
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Table C»1.12 Summary of maximum design flow conditions, Riverton site 

Flow combination Depth at Mean 
Flow (cubic feet edge of pile channel velocity 
channel per second) (feet) (feet per second) 

Wind River 

Meander scar 

Ql = 

Ql = 

Ql = 
Qi = 

= 403,000 
= 0 

= 403,000 
= 214,000 

= 403,000 
= 0 

= 403,000 
= 214,000 

8.5 to 9.0 

8.0 to 9.5 

4.0 to 7.0 

6.0 to 9.0 

10.0 to 11.5 

10.0 to 11.0 

4.5 to 7.5 

3.5 to 6.0 
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Borrow site 2 would be imirediately north of the tail­
ings pile and would be exposed to the same flood hazards as 
the tailings site. No data on historical floods are avail­
able for borrow site 10| however, due to the very small 
watershed above the site, flood flows would not be expect­
ed. Flood flows would not be expected at the Boulder Flats 
borrow site due to its height above and distance from the 
North Popo Agie River. 

3 SURFACE-WATER QUALITY 

The State of Wyoming and EPA surface-water quality standards appli­
cable to the remedial action are summarized in Tables C.1.13 and 
C.1.14. 

C.1.3.1 Riverton tailings site 

Surface-water quality monitoring has been performed by 
the USGS at the gauging stations located on the Wind and 
Little Wind Rivers (locations 22 and 23, Figure C.1.22 and 
Table C.1.15) from about 1950 to the present. The USGS ana­
lyses generally include all of the water quality parameters 
listed in Table C.1.16. Levels of sulfate exceeded the EPA 
secondary standard of 250 mg/1 during periods of low flow 
in the Little Wind River (USGS, 1984c). 

Two sets of samples were collected by the DOE in March 
and June, 1984, from the Little Wind River at locations up­
stream of the tailings site and along the axis and down­
stream of the contaminant plumes generated in the shallow 
ground water at the site. These sampling locations are 
described in Table C.1.15 and shown on Figure C.1.22 (loca­
tions 24, 25, and 26). The results of the water quality 
analyses are listed in Table C.1.17. These results indi­
cate no perceptible contamination of the river water result­
ing from ground-water discharge into the river. The 
decrease in major and trace constituents from March to June 
is probably associated with the increased flow during that 
period. 

Paired values of flow and sulfate concentration were 
compared for three periods of record for the USGS gauging 
station on the Little Wind River (location 23 on Figure 
C.1.22) (USGS, 1984c). These time periods (November 1, 
1965, to September 20, 1967; February 1, 1970, to August 1, 
1973; and March 26, 1979, to January 3, 1984) relate respec­
tively to a period when plume migration to the river had 
not occurred, a period when contamination may have reached 
the river, and a period when contamination had definitely 
reached the river (as confirmed by drilling and sampling). 
Linear regressions of the flow versus sulfate concentration 
and on the logarithms of flow versus the logarithms of sul­
fate concentration are presented in Figures C.1.23 and 
C.1.24. These graphs indicate that low-flow sulfate during 
the last time period may be slightly increased over low-
flow sulfate for the first two periods of record. This 
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Table C.1.13 State of Wyoming surface-water quality standards 

Section 21. Toxic Materials. 

a. Ammonia - In all Class I, 11, and III waters which are designated as cold 
water fisheries, the concentration of unionized ammonia (as N) shall not 
exceed 0.02 milligrams per liter (mg/1). 

b. Benzedine - In all Class I, II, and III waters the concentration of benze-
dine shall not exceed 0.0001 mg/1. 

c. Chlorine - In all Class I and II waters designated as cold water fisheries, 
the total residual chlorine concentration shall not exceed 0.002 mg/1. In 
those Class I and II waters designated as warm water fisheries and in all 
Class III waters the total residual chlorine content shall not exceed 0.01 
mg/1, 

d. Others - All other toxic or potentially toxic materials attributable to or 
influenced by the activities of man shall not be present in any Wyoming sur­
face waters in concentrations or cor*inations which would damage or irrpair 
the normal growth, function, or reproduction of human, animal, plant, or 
aquatic life. Unless otherwise specified in these Standards, maximum allow­
able concentrations shall be based on the latest edition of Quality Crite­
ria for Water, published by EPA or its successor agency, and/or more gene­
rally accepted scientific information. 

In those cases where maximum allowable concentrations must be determined 
through bioassay, the appropriate protocol and application factors as out­
lined in the latest edition of Standard Methods for the Examination of 
Water and Waste Water or other methods approved by the EPA shall be used. 

Section 22. Radioactive Material. In all Wyoming surface waters radioactive 
materials attributable to or influenced by the activities of man shall not: 

a. Be present in any amount which reflects failure in any case to apply all 
controls which are technologically feasible as determined by the Administra­
tor of the Environmental Protection Agency; 

b. Exceed a concentration of 5 picoCuries per liter (pCi/1) of total radium-226 
plus radium-228; 

c. Exceed a concentration of 8 pCi/l of total strontium-90; 

d. Exceed the radiological limits established in the most recent Federal 
Primary Drinking Water Standards published by the EPA or its successor 
agency; or 

e. Be present in the water or in sediments in amounts which could cause harmful 
accumulations of radioactivity in plant, wildlife, stock, or aquatic life. 

Ref. WOEQ, 1983. 
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Table C.1.14 Federal drinking water standards 

Parameter 

Drinking water standards ^ i_ . 

Primary Secondary 

Arsenic 
Barium 
Cadmium 
Cnromium 
Copper 
Fluoride 
Lead 
Mercury 
Nitrate 
Selenium 
Silver 
Zinc 
Cnloriae 
Iron 
Manganese 
pH (standard units) 
Sulfate 
Total dissolved solids (TDS) 
Uranium (health advisory level 

in picoCuries per l i t e r ) 
Rad1um-226 and -Z28 contoined 

(In picoCuries per l i t e r ) 

0.05 
1.0 
0.01 
0.U5 

4.0 
0.05 
0.002 

10.0 
0.01 
0.05 

10.0 

5.0 

1.0 

5.0 
250.0 

0.3 
0.05 

b.5-8.5 
250 
500 

All values in milligrams per l i t e r (mg/1) unless otherwise noted. Dashed 
. l ines indicate noi applicable. 
Prlnary arinking water standards 
public nealth (40 CFR Part 141). 
Secondary drinking water standards are 
primarily affect the aestnetic qualities 
.drinking water (40 CFR Part 143). 
Ref. Cothern et a l . , 1983. 

are contaminant concentrations that affect 

for contaminant concentrations tnat 
relating to the public acceptance of 
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Table C.1.15 Descriptions of Riverton surface-water sample locations 

Location Location 
nuiter identification Location description 

Slew on north side of road, south of tail­
ings. 

Marshy area south of tailings, adjacent 
to nlghway. 

Small runoff pond adjacent to and west of 
tailings. 

Runoff at southwest corner of tailings. 

Ditch In Riverton, 1.9 miles northeast of 
tailings. 

Wind River, 2.5 miles northwest of tail­
ings. 

Itouth of ditch entering Little Wind 
River, 1.0 mile southwest of tailings. 

Ice from Beaver Creek, 3.1 miles south of 
tailings. 

Ice from Wind River, 1.2 miles north of 
tailings. 

Irrigation canal 450 yards north of tail­
ings. 

Irrigation canal 20 yards northeast of 
tailings pile. 

Ditch 250 yards west of tailings. 

Northwest side of road, across from main 
entrance to mill site. 

Drainage ditch 50 yards southwest of tail­
ings. 

Drainage ditch 380 yards south of tail­
ings pile near highway. 

Ditch northwest and upstream of tailings. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

RIV 134, GECR 

RIV 19, GECR 

RIV 142, GECR 

RIV 138. GECR 

RIV 7, GECR 

RIV 18, GECR 

RIV 22, GECR 

RIV 8, GECR 

RIV 15, GECR 

YW5, ORNL 

YW6, ORNL 

YW2, ORNL 

YWi, ORNL 

YW3, ORNL 

YW4, ORNL 

A, FBDU 
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Table C.1.15 Descriptions of Riverton surface-water sample locations 
(Concluded) 

Locatioo Location 
number identification Location description 

17 B, FBDU Ditch northwest and upstream of tailings. 

18 C, FBDU Ditcn at southwest corner of tailings. 

19 D, FBDU Ditch south of tailings downstream from 
tailings at road bridge. 

20 E, FBDU • Irrigation canal north of tailings, stand­
ing water. 

21 F, FBDU Irriyation canal northeast of tailings, 
standing water. 

B, 

c. 

D, 

E, 

F, 

FBDU 

FBDU 

FBDU 

FBDU 

FBDU 

USGS 

USGS 

DOE 

DOE 

DOE 

22 USGS Gauging station for Wind River at 
Riverton, Wyoming (Station No. 06228000). 

23 USGS Gauging station for Little Wind River 
near Riverton, Wyoming (Station No. 
06235500). 

24 DOE Little Wind River, upstream of tailings 
site. 

25 DOE Little Wind River, along axis of contami­
nant plurres. 

26 DOE Little Wind River, downstream of tailings 
site at USGS gauging station. 

^Location nunters correspond to locations shown on Figure C.i.22. 

Ref. FBDU, 1981; GECR, 1983; ORNL, 1980. 
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Tdble C. i . l6 U.S. Geological Survey water quality paraneters 

Pdraneter Units of neasurement 

Water temperature 
Stream flow 
Turbidity 
Specific conductance at 25®C 
Dissolved oxygen 
Total alkalinity as CaCO^ 
Bicarbonate 
Carbonate 
Dissolved nitrate 
Total phosphate 
Total hardness as CaCô  
Dissolved calcium 
Dissolved magnesium 
Dissolved sodium 
Sodium absorttlon rat io 
Dissolved potassium 
Total sulfate 
Dissolved fluoride 
Dissolved s i l ica 
Fecal conform 
Dissolved solids 
Dissolved solids 
Dissolved nitrate 
Suspended solids 
Suspended solids 

Celsius degrees 
Cubic feet per second 
Turbidity units 
Micromhos 
Milligrams per l i t e r 
Milligrams per l i t e r 
Mi 11i g rams per 11ter 
Milligrams per l i t e r 
Milligrams per l i t e r 
Milligrams per l i t e r 
Milligrams per l i t e r 
Milligrams per l i t e r 
Milligrams per l i t e r 
Milligrams per l i t e r 
None 
Milligrams per l i t e r 
Milligrams per l i t e r 
Milligrams per l i t e r 
Milligrams per l i t e r 
Mi 11i on per 100 mi 11111ters 
Milligrams per l i t e r 
Tons per acre-foot 
Milligrams per l i t e r 
Milligraras per l i t e r 
Tons per day 

Ref. USGS, 1984c. 
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Table C.1.17 Surface-water quality analyses. Lit t le Wind River 
near Riverton^ Wyoming 

Location 24 Location 25 Location 26 
Constituent 3/28/84 6/5/84 3/29/84 6/5/84 3/29/84 6/6/84 

Al 
As 
Ba 
Cd 
Ca 
Cr 
Cu 
Fe 
Pb 
My 
Mn 
Hg 
Mo 
Ni 
K 
Ag 
Se 
Na 
V 
Zn 

Sb-* 
CI 
CN 
F 
NO, 
p -3 

SO, 
SIO9 
TDŜ  
Ra-226 
Th-230 
Pb-210 
U 

Flow^ 

<0.003 
<0.001 
<0.1 
<0.0001 

115 
<0.001 
0.003 

<0.03 
<0.001 

115 
0.05 

<0.U002 
<0.001 
<0.04 

5.80 
<0.01 
<0.002 

125 
<0.004 
<0.005 
<0.1 
<0.003 
27.8 
<0.001 
<0.1 

2.6 
<0.1 

719 
12.1 
1,390 
0.4+0.3 
O.O-fO.4 
1.6+1.2 
0.0T29 

420 

<0.1 
<0.01 
<0.1 
<0.005 
28.4 
<0.01 
<0.02 

0.U5 
<0.01 
10.3 
<0.01 
<0.0002 
<0.01 
<0.04 

1.7 
<0.01 
<0.005 
52.5 
<0.01 
<0.005 
<0.1 
<0.003 

26 
<0.01 
<0.1 
<0.1 
<0.1 

102 
3.9 
227 

0.4+0,2 
0.0+0.4 
0.0+2.0 
0.0027 

1,900 

<0.003 
<0.001 
<0.1 
<0.0001 

134 
<0.001 
<0.001 

0.06 
<0.001 
72.4 

0,09 
<0.0002 
<0.001 
<0,04 

5.26 
<0.01 
<0.002 

156 
<0.004 
<0.005 
<0.1 
<0.003 
29.0 
<0.001 
<0.1 

2.3 
<0.1 

718 
6.5 

1,360 
0.5+0.4 
0.1+0.5 
1.0+1.1 
0.0T32 

393 

<0.1 
<0.01 
<0.1 
<0.005 
34.7 
<0.01 
<0.02 

0,05 
<0.0i 
11.0 
<0.1 
<0.0002 
<0.01 
<0.04 

1.6 
<0.021 
<0.005 
26.3 
<0.01 
<0.005 
<0.1 
<0.003 

30 
<0.01 
<0.1 
<0.i 
<0.1 
69.2 

3.9 
231 

0.0+0.1 
0.0+0.4 
0.0+1.9 
U.0013 

1,900 

<0.003 
<0.001 
<0.1 
<0.0001 

113 
<0.001 
<0.001 

0.54 
<0.001 

105 
0.08 

<0.002 
<0.001 
<0.04 

3.81 
<0.01 
<0.002 

113 
<0.004 
<0.005 
<0.1 
<0.003 
26.2 
<0.001 
<0.01 

2.1 
<0.1 

702 
7.0 

1,360 
0.5+0.4 
0.0+0.3 
1.7+1.0 
0.0127 

393 

<0.01 
<0.01 
<0.1 
<0.005 
31.2 
<0.01 
<0.02 

0.05 
<0.01 
11.6 
<0.01 
<0.002 
<0.01 
<0.04 

1.4 
<0.01 
<0.005 
20.9 
<0.01 
<0.005 
<0.1 
<0.003 

14 
<0.01 
<0.1 
<0.1 
<0.1 
65.4 

3.6 
249 

0.2+0.2 
1.5+1.0 
0.0+0.8 
0.002 

1,670 

location nunters correspond to locations shown on Figure C.i.22 and described 
In Table C.1.15. All units of reasurerent are minigrais per l i te r except for 
Ra-226, Th-230, and Pb-210 which are picoCuries per l i te r and flow which 1s 
cubic feet per second. 

Provisional data from the USGS rreasured at Station No. 06235500 (location 
23). 
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increasea su l fa te appears to be greatest^ about 10 percent , 
at base f low (approximately 100 c fs) and decreases t o equal 
concentrations of su l fa te at flows greater than 220 c f s . 
Although tnese data and analyses are not conclusive^ they 
Indicate that the concentration of su l fa te In the L i t t l e 
Wind River may be s l i g h t l y Increased during periods of low 
f low due to discharge of contaminated grcwnd water. 

A conputer s lnu la t lon of the shallow ground-water f l w 
regliite (Section C,2.6.3) confirms the potent ia l for conta­
mination of the L i t t l e Wind River water from graind-water 
discharge during perloas of low f low. Based on a steady-
state s lnu la t lon of f low In the a l l u v i a l aqu i fe r , the seep­
age of contaminated groind water In to the L i t t l e Wind River 
occurs at a rate of approxlnately 1.1 cubic ire ters per sec­
ond (39 c f s i s conpared to the t o ta l seepage of a l l ground 
water in to the r i ve r of approxlnately 2.8 cubic meters per 
second (100 c f s l . Although the calculated seepage rate i s 
almost 40 percent of the t o ta l seepage, the l inear regres­
sions on data co l lected from locat ion 26 indicate a maxlimim 
Increase In su l fa te of only 10 percent (Figure C.1.24) , and 
the two sanple sets taken in March and June, 1984, upstream 
and dowstream of the t a i l i n g s s i te Indicate no increase o f 
uranium or su l fa te in the L i t t l e Mind River. In conc lu­
s i on , although sone analyses indicate the potent ia l fo r 
surface-water contamination resu l t ing from the discharge o f 
contaminated grmind water, the most recent water qua l i t y 
data for the L i t t l e Mind River indicate no, or at leas t 
undetectable, contamination. 

Raalologlcal analyses of surface waters near the River­
ton s i te were conducted by Ford, Bacon & Davis Utah Inc . 
(FBDU). Tne FBDU sanple locat ions (16 through 21) and des­
c r ip t i ons are provldea in Figure C.1.22 and Table C.1.15. 
Four sanples were taken f ran tne drainage d i t ch tha t f lows 
i n te rm i t t en t l y along the western boundary of the t a i l i n g s 
p i l e . Two sanples taken upstream from the t a i l i n g s p i l e 
contained 0.206 and 0.141 picoCuries per l i t e r fpC1/ l ) o f 
Ra-22b, whi le the two sanples taken dowstream from the 
p i l e contained 0.155 and 0.239 pC1/l of Ra-226, showing no 
apprec lA le Increase in the Ra-226 content. However, sam­
ples t * e n from the I r r i g a t i o n canal that f l « s along the 
north edge of tne t a i l i n g s p i l e indicated an increase in 
the Ra-226 content from 0.144 (upstream) to 0.404 (down­
stream) pCi/1 (FBDU, 1981). This upper value i s s t i l l wel l 
below the State of Wyoming's allowable concentration f o r 
to ta l Rd-22b of 5 pCi/1 (Table C.1.13). 

Addit ional analyses of surface waters adjacent to the 
t a i l i n g s s i te were performea by Geocnemistry and Environ-
rerital Criemlstry Research, Inc. (GECR). Figure C. i .22 
shows the GECR saiipling loca t ions , and locat ion descr ip­
t ions ire provided in Table C,1.15. A suimary of the water 
qual i ty data is provided in Table C. i .18 . The GECR analy­
s is showed the waters to De s l i g h t l y oversaturated w i th c a l -
c i t e and s l i g f i t l y unaersaturated wi th gypsum (GECR, 1983). 
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Table C.1.18 Summary of Riverton surface-water quality analyses 

Location 
number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Al 

0.280'* 

— 

— 

— 

— 

— 

— 

— 

— 

As 

__c 

— 

0,04 

— 

— 

— 

— 

— 

— 

Ba 

0.083 

0.044 

0.037 

0.022 

0.026 

0.067 

0.044 

0.021 

0.069 

Ca 

0.018 

0,920 

0.910 

0.012 

0.740 

0.490 

0.012 

0.570 

O.bOO 

CI 

0,620 

0.800 

0.530 

0.012 

0.027 

0.400 

0.130 

0,160 

0.400 

Fe 

0.180 

~ 

0.060 

0.020 

— 

— 

— 

— 

0.040 

K 

31.0 

21.0 

15.0 

18.0 

3.40 

1,00 

2.90 

2.30 

1.00 

Mg 

110.0 

22.0 

68.0 

0.720 

— 

— 

0,040 

— 

— 

Mn 

0.150 

0.050 

1,10 

0.720 

— 

— 

0.040 

— 

— 

Na 

0,053 

0,620 

0.054 

0.048 

0.017 

0.200 

0.011 

0.200 

0.200 

Si 

17.0 

7.50 

23.0 

22.0 

8.50 

6,70 

11.0 

1.40 

7.20 

SO, 

0.002 

0.029 

0.001 

0.001 

0.023 

0.740 

0.034 

0.024 

0.750 

Sr 

1.70 

0.745 

1,30 

1.47 

0,596 

0.301 

1.43 

0,751 

0.298 

U 

0.020 

0.012 

0.098 

0.021 

0.036 

0.003 

0.032 

0.003 

0.004 

Gross alpha 
(pCI/i) 

0.240 

7.90 

U.880 

U.180 

0.220 

3.10 

0.115 

0.00 

4.20 

pH 

8,1 

7,8 

8.3 

8,1 

7.4 

8.0 

S.i 

tij 

7.4 

?Location numbers correspond to locations shown on Figure C.1.22 and described in Table C.1.15, 
All values in milligrams per liter unless otherwise noted. 
Dashed line indicates below detectable limit. 

Ref. GECR, 1983. 



Some of the surface waters sampled In the area adjac­
ent to the tai l ings si te contained contaminants characteris­
t i c of the ta i l ings; however, there were no elevated concen­
trations of uranium, and the gross alpha activit ies of the 
water samples were only slightly above the background 
level. Contamination of standing water at the base of a 
dike west of the tai l ings pile (location 3) is most likely 
due to runoff from the tai l ings or to leaching of windblown 
tail ings in the area. The ionic composition of the surface 
water from the marsh south of the tailings (location 2) 
also reflects a possible influence from the ta i l ings . The 
slightly elevated gross alpha activity in the marsh south 
of the tailings is accompanied by alkalinity lower than the 
background level (GECR, 1983). 

In addition, the potential for ground-water mounding 
beneath the tailings pile due to local irrigation was as­
sessed because mounding beneath the pile could allow direct 
contact between ground water and contaminated soils or t a i l ­
ings. Ground-water levels were measured in November, 1982, 
following the irrigation season and during the irrigation 
season in July, 1983. There was no appreciable difference 
in the two sets of measurements beneath the tailings p i le ; 
however, a ground-water mound formed south of the pile dur­
ing irrigation (Section C.2.4.2). The increased water lev­
el appearing south of the pi le , rather than directly be­
neath the pi le , probably is due to the southward drainage 
of the irrigation canal and drainage ditch along the north­
ern and eastern boundaries of the tail ings s i t e . 

C.1.3.2 Dry Cheyenne alternate disposal s i te 

Since surface-water flows are ephemeral at the Dry 
Cheyenne s i t e , no surface-water quality data are available 
for th1s s i t e . 

C.1.3.3 Borrow sites 

Water-quality information for the Little Wind River at 
the Litt le Mind borrow si te is the same as that provided 
for the Riverton tail ings s i t e . No water quality data are 
available for the ephemeral tr ibutaries that drain the 
Litt le Wind borrow s i t e . Surface-water quality informa­
tion for borrow s i te 2 is the same as that provided for the 
tai l ings s i t e . Surface-water flows are ephemeral at borrow 
si te 10, and no surface-water quality data are available 
for the s i t e . Flows in the Reynolds Ditch at the Boulder 
Flats borrow site are intermittent, and no surface-water 
quality data are available for the s i t e . 
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C.2 GROUND WATER 

C.2.1 INTRODUCTION 

Due to the ability of ground water to act as a universal solvent 
and to transport dissolved substances over substantial distances, conta­
mination of ground-water resources by uranium mill tailings has been 
identified as a primary environmental concern. Although airborne and 
surface-water contaminants constitute much of the health hazard of ura­
nium tailings, contamination of ground water can not easily be characte­
rized or reversed and may involve transport of toxic chemicals into 
valuable water reserves that serve long-term population needs. The 
issue of existing and potential ground-water contamination, particu­
larly with regard to the proposed remedial action strategies, can be 
addressed only through collection of relevant hydrologic data, data syn­
thesis through analytical or numerical modeling techniques, and evalua­
tion of the predicted quality of the rernedial-act ion decision with 
respect to protection of ground-water and surface-water supplies. The 
proposed remedial action alternatives that have been formulated repre­
sent potential strategies for containment of contaminated materials and 
for control of further contaminant movement as required by Title I of 
Public Law 95-604, the Uranium Mill Tailings Radiation Control Act of 
1978. 

Section C.2 of Appendix C, Water, presents ground-water data, as 
well as data analysis and evaluation, for the Riverton tailings site, 
Dry Cheyenne alternate disposal site, and proposed borrow sites. 
Results regarding the technical feasibility and the effectiveness of 
the various remedial actions have been based on evaluation of the data 
using various analytical and numerical techniques. 

C.2.2 WATER USE 

C.2.2.1 Unconfined aquifer 

Unconfined ground water in the Riverton area can be 
developed from terrace gravel deposits, river valley allu­
vium, or the upper sandstone in the Wind River Formation. 
Unconfined ground water is not the primary source for domes­
tic, municipal, or industrial water supplies in the River­
ton area because of the insufficient quantity or poor che­
mical quality of the water. Development of the unconfined 
aquifer in the Riverton area has been primarily limited to 
areas upstream and upgradient from the site (McGreevy et 
al., 1969). This is due to the natural decrease of the 
quality of unconfined ground water in the downstream direc­
tion and the availability of better quality water in the 
nearby Wind and Little Wind Rivers and in the confined 
aquifer. Water obtained from the unconfined aquifer is 
generally used for irrigation and livestock watering pur­
poses, with yields varying widely from less than 10 gallons 
per minute (gpm) to over 100 gpm. These wells are not pres­
ently metered. Records of current ground-water rights in 
the Riverton area are on file at the UMTRA Project Office 
in Albuquerque, New Mexico. 
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Confined aquifer 

Figure C.2.1 shows registered wells in the vicinity of 
the Riverton site which are used to fulfill domestic, irri­
gation, and livestock watering needs. Well use is provided 
in Table C.2.1. Clearly, the majority of registered wells 
are completed in the confined system. 

Confined ground water in the Riverton area is develop­
ed from the lower sandstone units of the Wind River Forma­
tion which represent the major source of water for rural, 
domestic, municipal, and Industrial use in the vicinity of 
Riverton. All domestic and industrial wells sampled by the 
TOE were completed in the confined aquifer (Table C.2.1), 
although some of the wells may be open through the unconfin­
ed aquifer. In the Riverton area, wells completed in the 
confined aquifer are commonly 400 to 900 feet deep (Ander­
son and Kelly, 1976). 

The city of Riverton maintains and operates 15 wells 
which are completed in the confined system at depths of 500 
to 800 feet. These wells can yield up to 500 gpm. Munici­
pal well locations are given in Table C.2.2. The munici­
pal well field is the major ground-water development in the 
Riverton area. Total water rights established for city 
wells 2 through 14 amount to 4.5 million gallons per day. 
Discharge from all individual wells is now metered to pro­
vide a record of the total volume of water pumped, which 
can be used to estimate the average discharge rate. Total 
annual pumpage is currently in the range of 575 to 600 mil­
lion gallons. However, even this rate of pumpage is barely 
adequate to fulfill peak daily pumping requirements during 
the high demand of summer months (Anderson and Kelly, 
1976). In 1985, Bernard Scott of the city of Riverton indi­
cated that the long range plans are to obtain municipal 
water from the Wind River upstream of the water treatment 
plant. There are two reasons for this proposed change: 

0 Although the water derived from the Wind River sand­
stone is very soft, the high sodium content is a 
medical concern. 

0 The cost of expanding the well field is prohibitive 
because to avoid influence between wells, new wells 
would be outside city limits and the cost of run­
ning mains to these wells would be exorbitant. 

The change to greater surface-water use and lesser 
ground-water use was originally planned for the 1990s. Due 
to the decline in growth associated with lower levels of 
raining and gas and oil development, the change is now lb 
years away (Scott, 1985). 

The major non-municipal pumpage occurs at the active 
sulfuric acid plant at the tailings site which uses 42 
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TAILINGS PILE' 

X 

X ' 

X 

toeation in Town­
ship 1 South; 
Range 4 East 

SE SE Section 4 
m SW 
SE SW 
SE m 
Sh NW 
HW NW 
MM m 
m SW 
ME SW 
MW SE 
NE SH 
HE W 
SM NE 
SE SE 
SE SE 
ME MM 
ME NW 
SE SE 
ME NW 
ME NW 
HE MW 
•E M 
»E »W 
NE MM 
m m 

Section 4 
Section 4 
Section 9 
Section 9 
Section 2 
Section 2 
Section 2 
Section 4 
Section 4 
Section 4 
Section 3 
Section 9 
Section 2 
Section 2 
Section 4 
Section 2 
Section 4 
Section 2 
Section 2 
Section 2 
Section 2 
Section 2 
Section 2 
Section 2 

• SWL * static wat€ 
MWB2 « Mam watei 

" A « Artesian flo*. 
p • » Pumped well 

TOWNSHIP 1 SOUTH 

X 

X X X 
4 

X X X 

•w 

X " 

9 

Mame 

Mayland #1 
Western Nuclear #2 
Fremont Minerals il 
Hestlake «1 
Fremont Minerals # 2 
KWRL well 
Riverton Auction 
Elwood #1 
Lucas il 
Raymond #2 
Bunnies #1 
Island 11 
Moss 11 
Wicker il 
Guthrie il 
Willis 11 
Pearl #2 
Weber il 
Lufimus #1 
Macks 11 
Lye il 
Mahafley il 
Pebbles #1 
Petty #1 
Gaines il 

>r level 
-bearing zone 

r 

X 

3 

10 

X X 

X 

Static Water Level* 

SWL 150 ft 
SWL 26 
WBZ 3B5 
IWBZ 250 
MWBZ 44 SW 6 
MWB2 185-205 SWL+11 
SWL 30 
SWL 9 
SWL 10 
MWBZ 300 SWL 15 
SWL 20 
SWL 70 
SWL 25 ft 
SWL 30 
SWL 15 
completed 12/28/76 

MWBZ 130-180 SWL 40 
SWL 40 

MWBZ 145-168 SWL 63 

SWL 42 

REF 

FIGURE C2J 

KXX 
XX X 
XX 

2 

11 

X 

X K 

Total 

265 ft 
60 
450 
267 
63 
205 
45 
63 
25 
320 
400 
160 
160 
160 
50 
200 
160 
350 
180 
165 
170 
170 
160 
170 
75 

ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft(?) 
ft{?) 
ft 
ft 
ft 
ft 
ftC') 
ft 
ft(?S 
ft 
ft 

RANGE 4 EAST 

b 
Flow in gpm 

A 3 
P 100 
A 100 P 550 
A 8 
P 100 
A 12 
P 20 

P 6 
P 15 
P 10 
P 15 
P 10 
P 10 
P 25 

P 15 
P 12 

P 20 

P 25 

, FBDU. 1081. 

REaSTERED WELLS NEAR RIVERTON , WYOMING 
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Table C.2.1 Domestic well Information, Riverton, Wyoming 

I 

o 

Well owner 

Church 
Larsen 
Green 
W1 His 
Roylance 
Fremont Minerals 
Western Nuclear 
Western Nuclear 
Kranz 
Fremont Minerals 
Rocky Mountain 

Pre-Mix 
Harris 
Moss 
Goggles #1 
Goggles #2 
Westlake #1 
Westlake #2 
Blackburn 
W111ow 
Blomberg 
Blomberg 
Blomberg 
Blomberg 
Blomberg #1 
Clarke 
Weber 
Mayland 
Hilyard 
Whiteman 
Raymond 
Lucas 
Schletter 

Depth of 
well (feet) 

80 
160 
135 

Unknown 
270 
385 
50 
450 
60 
63 

12̂  
200 
200 
100 
100 
250 
100 
360 
NA 
600 
390 
390^ 
35^ 
260 
350 
400 
255 
390 
290 
280b 
25̂  
360 

Distance 
from 

tailings 
site (feet) 

1435 
1750 
1505 
1435 
1960 
525 
735 
945 
1715 
140 

2205 
245 
175 
595 
700 
1050 
1155 
2695 
2695 
280 
280 
735 
2205 
1855 
1155 
1330 
770 
1750 
2800 
1610 
1820 
1505 

Direction 
from 

tailings 
site 

NW 
NW 
NW 
NW 
NW 
N 
NW 
NW 
NW 
SW 

SW 
S 
S 
SE 
SE 
E 
E 
E 
E 
E 
E 
E 
E 
E 
NE 
NE 
NE 
NE 
NE 
N 
N 
N 

Use of wel1 

Not In use 
Domestic 
Domestic 
Domestic 
Domestic 
Process water 
Not in use 
Not in use 
Domestic 
Abandoned 

Abandoned 
Domestic 
Domestic 
Domestic 
Domestic 
Domestic 
Domestic 
Domestic 
Domestic 
Irrigation 
Irrigation 
Irrigation 
Livestock 
Domestic 
Domestic 
Domestic 
Domestic 
Domestic 
Domestic 
Domestic 
Irrigation 
Domestic 

Sampled by 

DOE LBL^ 

X 
X 

X X 

X 
X 
X X 

X 
X 

X X 
X 

X X 

X 

?Lawrence Berkeley Laboratory, Berkeley, California. 



Table C.2.2 Riverton, Wyoming, municipal well locations. 
Township 1 North, Range 4 East 

Well nunfcer Section Quarter 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

35 
34 
27 
27 
27 
34 
34 
34 
34 
29 
27 
26 
29 
27 
28 

NWiNWiNWl 
SEiSEiNEl 
SEiSEjSEi 
SEjSWiSEi 
NEiSEjSWi 
SWiNEjNWi 
SEiNWjNWi 
NWjNWiNWi 
NWjNEiSWj 
SWjSWiSEj 
NEiSWiNEj 
NEiNEiSWi 
NWiNWiSEj 
NEJNEJSEJ 
SEiSEiNEi 

Ref. Anderson and Kelly, 1976. 
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million gallons a year (Larson, 1987). Tne plant operates 
continuously so that the punping, although operating Inter­
mittently at several nundred gpm, is roughly equivalent to 
a continuous pumping rate of 80 gpm. The golf course west 
of Riverton uses two, 400 feet deep wells for irrigation 
with total annual purnjage estimated (based on well dis­
charge rates) to be 13 million gallons (McFarland, 1987). 
Based on well aischarge rates , Anderson and Kelly (1976) 
estimated that an additional 15 to 25 million gallons are 
used for suburban domestic supplies puni|>ed from privately 
owned wells. 

Prior to development of the Riverton well field begin­
ning in tne 1920s, the artesian pressure in low areas along 
the Wind River valley was sufficient to produce flowing 
wells. Intensive developnrent of the area's ground water 
has affected water levels and artesian pressures. In the 
imnKdiate vicinity of the city of Riverton, water levels in 
wells have dropped 60 to 70 feet during the 50-year develop­
ment periol (Table C.2.3). Differential lowering of aqui­
fer pressures within tne confined aquifer near Riverton has 
altered the regional flow pattern, causing diversion of con­
fined grouno water from all directions toward the field 
(Anderson and Kelly, 1976). When the city of Riverton 
decreases or eliminates Its dependence on i t s well f ie ld , 
artesian pressures above tne land surface may be re-estab-
1i shed. 

Sone area residents have conplained of falling water 
levels in confined wells In the suburban subdivision areas 
west of tne city along Riverview Road. Water levels in 
these wells undoubtedly fluctuate seasonally, largely be­
cause of nwniclpal well field o^ra t ion . In otner cases, 
tnere is probably mutual interference between closely spac­
ed wells. However, there is no evidence to substantiate 
clainK that water levels outside of tne wniclpal well 
field are aecreasing significantly (Anderson and Kelly, 
1976). 

Both the chemical and bacteriological quality of 
ground water in the confined aquifer at Riverton are s a t i s ­
factory for municipal use without treatment (Anderson and 
Kelly, 1976). Trie contamination potential associated with 
diversion of ground water from the area of the tai l ings 
pile to the municipal well field Is considered mini ml due 
to the large distance (1.5 to 9 miles) between the field 
and the p i le . Rural ground-water supplies near the pile 
which are obtained from the confined system presently 
remain untreated. 

3 Dry Cheyenne alternate disposal s i te 

Tne four wells located in the vicinity of tne Dry 
Cneyenne s i t e , l isted in Table C.2.4, are used for water­
ing livestock (Kelly, 1984). 
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Table C.2.3 Annual puin>age rates and depths to water, 
Riverton, Wyoming, 1920-1975 

Depth to water Annual pun|)age 
Year (feet) (millions of gallons) 

1920s - 1930s 
1951 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

10-20* 
31 
55 
52 
63 
65 
68 
67 
75 
74 

Unknown 
365^ 
502 
557 
535 
524 
530 
547 
596 
573 

uDepth questionable. 
Approximate. 

Ref. Anderson and Kelly, 1976. 
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Table C.2.4 Suinmary of wells near the Dry Cheyenne alternate disposal s i te 

Well name 

Cash 

Clay 
H i l l 

Oil 
Springs 

Carter 
#0427 

Well 
location 

T34N, R95M, 
Section 25, 
NEi, NWi 

T34N, R94H 
Section 12, 
SWJ, NHi 

T34N, R94W 
Section 27 
SEi, SWi 

T34N, R95W 
Section 29 
Sm, SWi 

Total 
depth 
( feet) 

403 

225 

312 

133 

Water-bearing 
zones (feet) 

24b - 315 
320 - 34b 
388 - 402 

55 - 70 
195 - 220 

106 - 107 
260 - 29b 

90 - 100 (?) 
120 - 130 (?) 

Yields 
(gpm) 

3 
1 
5 

2 
5 

2 
18 

5 - 50 

Static 
water level 

(feet) 

235 

40 

75 

20 

Total 
dissolved solids 
concentration 

(mg/1) 

"-

4,130 

5,500 

" • • " 

Remarks 

Water came in small amounts 
between shale and sandstone 
ledges in upper port ion; 
brackish taste 

Water clear; taste f a i r ; no 
odor 

Water clear; taste f a i r ; no 
odor 

Water qual i ty not tested; used 
for livestock 

^Unknown indicated by —. 

Ref. Kelly, 1984. 



C.2.3 DATA COLLECTION 

Data have been collected at the Riverton site for the purpose of 
evaluating the present and future characteristics of the ground-water 
regine. From this evaluation, tne projected changes in water levels 
and the present and future ra tes , characteristics, and concentrations 
of contaminant migration have been estimated. 

C.2.3.1 Data collectors 

Various researchers have conducted field studies to 
estimate tne geologic and hydraulic properties of the allu­
vium and shallow bedrock materials, to determine the d i s t r i ­
bution of contaminants in the ground water, and to assess 
the nature and extent of solute transport in the vicinity 
of the Riverton s i t e . Triese field studies have been con­
ducted by: 

0 Geochemical and Environmental Ciiemistry Research, 
Inc. (GECR) in 1982 and 1983. 

0 Lawrence Berkeley Laboratory (LBL) in 1983 and 
1984. 

0 Colorado State University (CSU) in 1982 and 1983. 

0 Ford, Bacon & Davis Utah Inc. (FBDU) in 1980 and 
1981. 

0 U.S. Department of Ener^ (DOE) in 1983, 1984, and 
1985. 

The GECR effort involved geochemical characterization 
of the tail ings site and i t s imnKdiate environment, deter­
mination of the contaminant distribution resulting from for­
mer milling activit ies and the tai l ings, and inference of 
chemical pathways and transport nechanisms for purposes of 
Identifying cr i ter ia for long-term reneaial action meas­
ures. San^les of soils and water from the tailings p i le , 
i t s adjacent areas, and the background area were used to 
define contaminant aistributions, geochemical environments, 
and transport nechanisms at the s i t e . The activities per­
formed by GECR included chemical analyses of: 

0 Borehole water sanrples. 

0 Soil , ta i l ings , and cover sanples. 

0 Water and acid elutriates of so i l , ta i l ings, and 
cover sanples. 

Tne primary objective of the LBL investigation was 
identification of the hydrologic and geochemical reginfis in 
the tai l ings p i le , as well as determination of nechanisms 
by which important chemical constituents are mobilized and 
transported into trie underlying ground-water flow system. 
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Tnis necessitated the study of tine-dependent changes in 
f l u id potentials within the ta i l ings ; the disposition of 
the shallow water table; the hydraulic conductivity, mois­
ture content, and related properties of the ta i l ings materi­
a ls; and the ra in fa l l patterns in the v ic in i ty of Riverton 
over the past 10 years. The act iv i t ies performed by LBL i n ­
cluded: 

0 Collection and analyses of water sanples from the 
unconfined aquifer system. 

0 Instal lat ion of piezometers, and monitoring of the 
water table elevation in the unconfined a l l u v i a l -
sandstone aquifer. 

0 Monitoring of soi l suctions at various depths i n , 
and direct ly below, the ta i l ings p i l e . 

0 Sampling of soi l moisture at various depths 1n the 
vadose zone through the ta i l ings p i le for geochemi­
cal analysis. 

0 Analyses of soi l moisture sanples for major ions, 
trace rretals, and radionuclides. 

0 Laboratory determination of saturated hydraulic con­
duct iv i ty , saturabi l i ty , and other physical proper­
t ies of representative ta i l i ngs , cover, and subsoil 
sanples. 

0 Radiometric neasureirents of radionuclide prof i les 
across a l l material Interfaces. 

Researchers from CSU investigated the physical proper­
t ies of the ta i l i ngs , cover, and subsoil, and collected sam­
ples from the unconfined aquifer. These research efforts 
helped to define existing conditions at the s i te and ident i ­
fy problem areas that may influence the design of suitable 
remedial action schemes. The act iv i t ies performed by CSU 
involved: 

0 Characterization of the materials within the t a i l ­
ings p i le witn respect to moisture content. 

0 Measurements of hydraulic properties of the t a i l ­
ings that are relevant to reneaial action at the 
s i te . 

FBDU work efforts were oriented toward site assessment 
as i t related to the potential for p i le s tab i l izat ion. The 
FBDU act iv i t ies included: 

0 Dr i l l i ng of geotechnical boreholes, 

0 Extraction of NX cores. 

0 Performance of packer tests in tne shallow bedrock. 
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0 Execution of a punp tes t in the unconfined aquifer. 

0 Compilation of data from other researchers. 

DOE investigations have focusea on synthesis and eval­
uation of data obtained by GECR, LBL, CSU, and FBDU, as 
well as collection and synthesis of additional data when i t 
was determined that sufficient information for a conprehen-
sive environmental assessment was lacking. Field studies 
performed by the DOE included: 

0 Extraction of NX cores. 

0 Performance of one purrp test in the unconfined 
ground-water aquifer and another punf) test in the 
f i r s t confined sandstone layer. 

0 Exeoition of slug and bailer t es t s . 

0 Sampling of ground water in both the unconfined and 
confined aquifers. 

0 Determination of subsurface materials properties 
using geophysical logging techniques. 

0 Determination of local water users. 

0 Conpilation of previous research results . 

No ground-water investigations were conducted by the 
DOE at the Dry Cheyenne s i t e . However, the Bureau of Land 
Management (BLM) records contain data for four wells in the 
vicinity of the site that can be used to estimate general 
hydrologic characteristics at the Dry Cheyenne s i t e . Inves­
tigations at the proposed borrow sites included several bor­
ings and tes t pits that were logged by the DOE. 

Data collection procedures 

Riverton tail ings s i te 

Tne following describes itie procedures used by GECR 
for saiiijling waters and soli as and determining the geoche­
mical conditions at the site (GECR, 1983), Locations of 
the sanples are shown in Figure C.2.2, with corresponding 
descriptions given in Table C.2.5. The sanpling locations 
included four boreholes through the tailings pile and 1 
meter (m) into underlying soi ls . Care was taken to mini­
mize contamination of sarrples from the sanpling devices and 
cross-contamination between sanples. Accurate representa­
tion of the fiela conaitions required imnediate neasure-
ments of pH and En and the preservation of san|)les. 

Sediment samples were collected with a stainless steel 
scoop and were stored in polyethylene bags. Tne Eh and pH 
of the sedinent sanples were neasured before the bags were 
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Table C.2.5 Descriptions of GECR Riverton sanpling locations 

Location 
or sample 
nunber 

1 
2 
3 
4 
5 
6 
7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 

20 
21 
22 

100 
101 
102 
103 
104 

105 

106 

Area^ 
type^ 

S 
s 
s 
A 
A 
S 
B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 
A 

B 
B 
B 

A 
S 
A 
S 
A 

A 

A 

Sample 
type 

SF 
SF 
C 
SF 
SF 
C 
W,S 

W 

W,S 

W,S 

W 

W,S 

W 

W 

w 

w 

c 

w,s 
w,s 
w 
M 
W 

c 
c 
c 
c 
c 
c 

c 

Description 

Southwest corner of tailings 
Southwest corner of tailings 
Southeast corner of tailings 
Sand from bank of ditcn north of tailings 
Soils north of ditch north of tailings 
Center of tailings 
Ditch behind US6S gauging station 1.9 miles 
northeast of tailings 
Ice from Beaver Creek 3.1 miles 
tailings 
6.2 miles north of 
Creek 
Small, deep draw 5.6 miles northwest of 

south of 

tailings on Haymaker 

ta i l ings 
4.3 miles north of 
depth 
Ditch 5.d miles north 
arains septic system) 
5.6 miles north of 
depth 
5.d miles north of 
depth 
Ice from Wind River 
tailings 
1.2 miles northeast 
in depth 

Wind River 

tai l ings; 440 feet in 

of tailings (ditch 

tai l ings; 279 feet in 

tai l ings; 98 feet in 

1.2 miles northeast of 

of tai l ings; 328 feet 

2.5 miles northwest 

.5 miles northwest of tailings 
southwest of tailings adjacent 

Adjacent to 
of tailings 
Wind River 2, 
Marshy area 
to highway 
Developed spring 2.2 miles west of tailings 
2.2 miles west of tailings 
Mouth of ditch entering Little Wind River 
0.9 mile southwest of tailings 
Outside of south tailings dike 
South edge of tailings pile 
Outside southwest corner of tailings dike 
Near center of tailings 
On western bank of aitch northeast of 
ta i l ings , midway between tailings & road 
Bottom of ditch northeast of ta i l ings, 
midway between tailings and road 
On western bank of ditch northeast of 
tailingss just south of road 
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Table C.2.5 Descriptions of GECR Riverton sampling locations (Continued) 

Location 
or san|ile 

nurrfcer 

107 

108 

109 

110 
111 
112 
113 
114 
115 
116 
117 

118 

119 

120 

121 
122 
123 

124 

125 

126 

127 

128 

129 

131 

133 

134 

135 
136 

Area 
type 

A 

A 

A 

A 
A 
A 
A 
S 
S 
A 
A 

A 

A 

A 

A 
A 
A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 
A 

Sanple 
type 

C 

C 

C 

c 
C 
C 

c 
C 
c 
c 
C 

c 

c 

c 

c 
w 
w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 
w 

Description 

Bottom of ditch northeast of tailings, just 
south of roaa 
North of ditch at northeast corner of 
tailings 
Bottcm of ditch off the northeast corner of 
tailings 
Northeast corner of tailings 
Nortli edge of tai l ings 
North edge of tail ings 
Northeast corner of tailings 
Northeast corner of tailings 
Northeast corner of tailings 
Outside of the northeast corner of tai l ings 
Southern bank of ditch outside northeast 
corner of tailings 
Southern bank of 
corner of tailings 
Between tailings 
ta i l ings 
Between ta i l ings 
tailings 
Outside west dike of tailings 
Building in mill area 
South of tailings and adjacent 
328 feet in depth 
Southeast of tailings on south 
highway; 361 feet in depth 
0.2 mile east of tailings; 394 
depth 
Northeast of tailings 
roaa; 318 feet in depth 
Northeast of tailings 
road; 13 feet in depth 
North of tailings on 
394 feet in deptn 

in ditch off northeast 

ditch outside northeast 

and ditch north of 

and ditch north of 

to highway; 

side of 

feet in 

on north side of 

on north side of 

north siae of road; 

corner of 

137 

Borehole 
tailings 
Borehole in dry, sandy aitch just north of 
tailings 
Swanpy area just off southeast corner of 
tailings on north side of highway 
Slew on north side of the road 
tailings 
Gravel pi t east of tailings 
Ditch in a grove of trees northeast 
tail ings 
Stagnant ditch near road northeast of tail 
ings 

south of 

of 
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Table C.2.5 Descriptions of GECR Riverton sanpUng locations (Concluded) 

Location 
or sanple Area Sample 

nuiter type tjfpe Description 

138 A W Runoff a t southwest corner of t a i l ings 
139 A W Borehole in ditch north of t a i l ings 
140 A W Borehole in ditch north of t a i l ings 
141 A W Borehole near ditch northeast of t a i l ings 
142 A W Small runoff pond adjacent to and west of 

tailings 
143 S W Borehole in the southwest corner of 

tailings 
144 S W Borehole in southwest corner of t a i l ings 
145 S C Borehole in northwest part of t a i l ings 
146 A C Adjacent to and east of t a i l ings 
147 A C Adjacent to and east of t a i l ings 
148 A SF Mill and ore storage areas 
149 A SF Mill and ore storage areas 
150 A C Mill and ore storage areas 
151 A C Adjacent to and north of mill and we 

storage areas 
152 S C Cover-tailings interface in east part of 

tailings 
153 S W Borehole in west-central part of t a i l i ngs 
154 S W Borehole in northeast corner of t a i l i ngs 
155 B SF 0.7 mile southwest of t a i l ings on the north 

side of road 
156 B SF 1.6 miles southwest of t a i l ings on the 

northeast side of road intersection 
157 B SF 1.6 miles west of t a i l ings taken on eas t 

side of road at intersection of irrigation 
ditches 

158 A C South of and adjacent to t a i l ings 
159 S C West par t of t a i l ings 
160 B SF 4.2 miles north of t a i l ings on north side 

of road 
161 B SF 4.0 miles north of tailings from cut at 

road 
162 B SF Intersection 2.8 miles north of tailings 
163 B SF High terrace 3.0 miles north of tailings 

®S - source area; A - potentially contaminated area aajacent to source area; 
B - background area. 

W - water sanple; S - sediment sanple; C - core sample; SF - surface sanple. 

Ref- GECR, 1983. 
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sealed. The borehole sediments sampled in December, 1979, 
were drilled with an 18-inch spl i t tube sanpler (ASTM 
D1586) on a 1.5-inch outsiae diarieter dri l l rod. The dr i l l 
rod was driven into the soil with a sledge hammer. The 
spl i t spoons were o^ned in the field, and the top 10 to 20 
centiHEters (cm) were discarded to prevent cross-contamina­
tion. Additional sediment samples were obtained from bore­
holes sampled in June, 1981, which were rotary drilled with 
a 4-inch outside diameter core sampler. Ttie core was sanpl-
ed at intervals where the color^ moisture content, particle 
size, or mineralogy changed. Tiie depth of the sanple inter­
val was recorded. A one to four, solids to water slurry 
was prepared from each solid sample, and pH and En were mea­
sured in the field or in a field laboratory nearby. 

Water from within or below the tailings was sanpled 
from piezometers and cased boreholes installed by LBL. 
Water was punped from the hole through Tygon tubing into a 
glass flask with a hand-operated vacuum pump. The borehole 
water was collected in new polyethylene bottles after r ins­
ing the bottles with tne sample water. Tne bottles were 
completely fi l led to exclude air bubbles and sealed. The 
cations, chloride, and sulfate in the water were stabilized 
by fi l tering the sanple through a 0.45-microneter f i l t e r 
and acidifying with ni tr ic acid to a pH less than 2.0. 

Both Eh and pH were determined potentiometrically. A 
contination, platinum saturated, calonel electrode for the 
Eh neasuraients was calibrated in Zobell solution. A combi­
nation, glass saturated, calomel electrode for pH neasure-
ments was calibrated with standard buffer solutions of pH 
4.0 and 7.0. The 1-I1ter sanple collected for total gross 
alpha analysis was not filtered or acidified. 

The following describes the procedures used by LBL for 
field installation of piezoneters, suction water sanplers, 
and tensioneters (LBL, 1984). Exploratory dril l ing was con­
ducted at the Riverton site in June ana July, 1981. Figure 
C.2.3 shows the locations of all LBL boreholes. Continuous 
7.6-cra diameter Shelby tube sarrples were taken through the 
pile to the top of the alluvium. Triese holes were then 
reaned with a 14-cm rotary b i t and extended into the unaer-
lying alluvium. There were sone problems associated with 
bit penetration in the cobbles beneath the pile and erosion 
of the borehole by circulating drilling water. Despite 
these diff icul t ies , casing with a 10-cra inside aiaiEter was 
installed in RA-2 ana RB-2 through the tailings but not 
into the cobbles, and RC-2 was cased to a depth of 3.9 
meters below ground surface or 3.0 neters below the bottom 
of the pi le . The rotary dril l ing resulted in a hole only 
slightly larger than the casing, and the tailings were 
allowed to collapse around the casing without introducing 
any backfill materials. 

The second drill ing and sanpling program at Riverton 
took place in July, 1981. A 18.5-cni diameter auger was 
used to produce a hole only slightly larger than the 
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couplings on the lO-cii inside dianeter casing. Tlie annulus 
was kept to a rainirauiii and was filled with washed 0.5-crn 
gravel. Borenoles RA-3, RB-3, and RC-3 were conpleted 
through the alluvium with this nethod. Continuous Shelby 
tube samples also were taken through the tailings in each 
of these boreholes before the auger dril l ing began. 

Some of the Shelby tubes were examined with the higti-
resolution Ge-detector gamma-spectrometer system. The 
intensity of specific gamma lines provided information 
related directly to the abundance of particular radionuc­
l ides. The relative abundance of uraniura-238 (U-238) and 
radium-Z26 {Ra-226) was determined for at least one posi­
tion along each tube by placing the desired section of a 
tube against the relatively small detector in an unshielaed 
counting geometry in a low background counting room. Tne 
lower 1 to 2 cm of materials were extracted from each of 
these Shelby tubes and then analyzed with the high resolu­
tion, Ge-detector yamma-spectroneter for a nuntoer of speci­
fic radionuclides5 including those which are used as indica­
tors for U-238 (thorium-234) and Ra-226 (lead-214 and/or 
-210). 

Materials usm to measure activity at the ta i l ings-
soil interface were removed from the tube starting at the 
lower end, working carefully with a narrow-blade spatula. 
Depth of excavation was registered along the outside of the 
tube and was never greater than required. Each freshly 
exposed face was carefully cleaned of loose debris before 
starting the next sanpling. Tne empty tube section was 
removed with a pipe cutter after a 3- to 4-cm excavation 
depth. 

Shelby tube sanples also were used for laboratory 
determination of saturated hydraulic conductivity of the 
ta i l ings . Trie tube was marked at 1.5 cm above and 1.5 cm 
below the depth of interest and then cut at the upper mark 
with a large tubing cutter while the upper section was sup­
ported. A thin metal sheet was placed in the cut and used 
to prevent spillage from the upper tube during i t s removal. 
Ttie cut end of the upper tube was then sealed and stored. 
A labeled, tared sanpling ring was centered on the cut 
upper surface and then driven into the tailings until the 
upper rims of the ring and Shelby tube were coplariar. The 
Snelby tube then was cut at the lower mark while the sanple 
was supported^ and a netal sheet was placed in tne new cut 
after which the upper portion was removed while supported 
by the sheet. An annular space of the 3-cm section was 
then trimmed and stored in a sealed plastic bag that was 
labeled by location, depth, and date. In the laboratory, 
the sample surfaces were leveled, and the outer surface of 
the ring was wipea clean. After weighing, the sanple was 
ready for saturation and neasureirent of saturated hydraulic 
conductivity. 

Tempe pressure cells (SHE #1400A) were mooified to 
allow laboratory measurements of saturated hydraulic conauc-

C-74 



t iv i ty (Kg)* The Shelby tube sanple was placed in a modi­
fied Teiipe cell with f i l te r paper and screens at the expos­
ed ends of the ta i l ings . A tare weight of the permeaneter 
was determined. One end-cap was connected to a water f i l l ­
ed burette standpipe while the other end-cap was left to 
atmospneric pressure and placed over a beaker to receive 
effluent. A minimum of about three pore volumes of water 
was permeated through the sanple before any K measure­
ments were made. Tin's brought the sanple as clo^e to satu­
ration as is practically achievable in a laboratory. 

The "falling-head" method was used to obtain a measure­
ment for" K . After' rieasureraent of K , the standpipe 
was disconnected and the saturated permeameter was weighed. 
Trie sample was tiien allowed to desaturate slightly to pro­
vide cohesion auring preparations for neasurements. All 
effluents were stored tenporarily in a S-gallon carboy. 

Measurement of the voluiietric water content ratio 
(water volune V per unit bulk voluire V )̂ as a function 
of matric suction head was perforr«d in both Tempe ce l l s , 
as well as in a pressure plate chanter (SME #1500). Drain­
age curves were neasured over a suction range of at least 
zero to minus 6 meters of water. While the two devices 
operate under the sane principle, there were slight differ­
ences in experinental procedures for each method. For suc­
tions larger than 1 bar, the pressure plate extraction neth­
od was used. 

Piezometers P-11 through P-i6 were installed in the 
alluvium below and arouna the pile during the second d r i l l ­
ing program by using the 18.5-cra hollow stem augers and 
inserting a 3.9-cm polyvinyl chloride (PVC) pipe down 
through the hollow stem. The lower 60 cm of pipe was slot­
ted with a hand saw to allow water entry (Figure C.2.4). 
Piezometers P-1 through P-7 nad been previously installed 
in June using a drive point technique. Piezometers P-8 
through P-10 were installed in June by digging holes in the 
alluvium and installing slotted PVC standpipes. In Septem­
ber, piezometers P-17 through P-21 were installed using hol­
low stem augers. Tne locations of the piezometers are 
shown on Figure C.2.3. 

Tensioraeters were purchased from Soil Moisture Equip­
ment Corporation (SME) ana various lengths (0.5 to 5 feet) 
of SME Model #2725 ARL tensioneters were used. Tnese tensi-
orneters came witn zero to 100 centibar (cb) suction Bourdon 
gages with adjustable zeroing. To monitor hydraulic poten­
t ia ls at depths greater than 5 feet, extension sections of 
5-foot lengths (SME Moael #2720 LbO) were attached to short­
er tensioraeters. After assembling the tensiometers and 
adjusting the ini t ial reading, the tensioneters were filled 
with dis t i l lea vrater and were ready for installation. 

Three types of suction water sanplers (SWS) were used 
to oDtain water quality samples from the partially saturat­
ed ta i l ings . For sampling at shallow deptns of § feet or 
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less, SME Model #1900 SWSs were used. At greater depths, 
two otner SWS types were used. One was trie pressure vacuum 
SWS by SME (Model #1920). Trie other type was a modifica­
tion of the SME Model #1900. In this modification, extra 
lengths of PVC pipe were joined to SME Model #1900 sanplers 
to allow use at greater depths. All SWS tubes were rinsed, 
and the ceramic t ips were leached with d i s t i l l ed water 
prior to instal lat ion in the ta i l ings . 

The following aescribes the collection procedures used 
by LBL to obtain precipi tat ion, piezometer, suction water, 
and gas samples (LBL, 1984). A precipitation collector was 
instal led at Riverton to obtain the t r i t i um, aeuterium, and 
oxygen-18 contents of the recharge water. Tne precipita­
t ion was collectea in double-ply plastic bags suspended in 
an 18-inch vert ical standpipe. A constriction in the lower 
th i rd of tne bag allowed a minimum of atmospheric interac­
tion once the water haa flowed down through the narrow o r i ­
f i ce . Two separate precipitation sanples were collected. 

Water was extractea from piezometers conpleted in the 
unconfined aquifer using a per ista l t ic puup. To ensure a 
representative sanple of ground water, at least three well 
bore volunes were punped prior to sanple col lect ion. Speci­
f i c conductance was continually monitored unt i l a constant 
reading was obtainea prior to col lect ion. Sanples were 
trien imnediately f i l te red through a 0.45-niicroneter acetate 
f i l t e r and collected in two 16-ounce Nalgene lock top b o t t l ­
es. Trie sanples for anion analysis were preserved. Tne 
isotope and trace netal sanples were acidif ied to a pH of 
1.0 using Ultrex grade n i t r i c acid. Temperature, pH, Eh, 
ana dissolvea oxygen were measurea in ynf i l terea samples at 
the well s i t e . Alkal in i ty t i t ra t ions were perforned on f i l -
terea, unacidified sanples within 2 hours of col lect ion. 

Water sanples from the three nests of SWSs in the t a i l ­
ings pi le were collectea following 24 to 48 hours of appl i­
ed vacuum using a generator-powered punp. Water was sam­
pled by lowering a vacuum-ariven syringe to the base of the 
porous cups and extracting the f lu id contents. These pore 
f lu ids were then forced through 0.45-micrometer acetate f i l ­
ters f i t t ed direct ly on the end of the luger-tipped sy­
ringe. Sanples were collected from the deeper SWSs by 
applying a vacuum to one of the exit lines and flushing the 
sanple into an aspirator bot t le . Both acidif ied and unaci­
d i f ied san|)les were collected, and f ie ld pH and Eh were 
measured. 

Deuterium and oxygen-18 sanples from shallow wells and 
SWSs were collected in 2-ounce glass bott les. Tritium sam­
ples were collectea in 500-mi H i l i t e r glass bott les. Trie 
bottles were flushed with several voluries of water before 
trie f inal aliquots were collected. The sanple bottles were 
f i l l e a completely to preclude potential contamination of 
isotopic fractions with a gaseous phase. One-gallon sam­
ples from selectea shallow wells were collected for 
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sulfur-34 analysis. Sulfate was then precipitated in the 
field using one-normal barium chloride. 

Gas sanples from several piezoireters conpleted within 
the partially saturated tailings pile were collected by 
punping the wells using a per is ta l t ic punp to inflate 1-
l i t e r Teflon gas sanpling bags. Approximately 5 l i t e r s of 
gas, or two to three pore volunes, were extracted prior to 
gas collection. 

Tne following describes the procedures used by CSU for 
the installation of tes t borings and for in-situ sanpling. 
Six borings were completed in 1979, and 15 additional bor­
ings were made in 1981. The locations of the seven borings 
where piezometers were installed are shown on Figure C.2.5. 
The borings were advanced through the tail ings and into the 
cobbly foundation materials. A 4-inch hollow stem auger 
was used, and sanples were retrieved either as sp l i t spoon 
sanples (ASTM D1586), Snelby tube sanples (ASTM C1587), or 
California tube sanples. The California tube sanpler con­
sisted of a driven sanple spoon containing 4-inch long 
brass tube inserts which were 2 inches in dianeter. Soil 
sanples recovered from standard spl i t spoons were highly 
disturbed witn respect to in-situ soil structure. Califor­
nia tube sanples were less disturbed and were better sam­
ples for density and water content evaluation. Bulk sam­
ples were also t*en for laboratory analyses requiring lar­
ger amounts of so i l . Tne PVC standpipe piezoneters were 
installed in seven CSU boreholes for subsequent water level 
and water quality monitoring (CSU, 1983a). Logs for the 
CSU boreholes are on f i le in the UMTRA Project Office. Al­
though ground-water sanples were collected and analyzed by 
CSU, the sanpling procedures have not been aocunented. 

Capillary retention curves, or pressure-saturation 
curves, were constructed with data obtained from intact 
California tube sanples using a porous nentrane with an a i r 
entry pressure of 6 pounds per square Inch (psi) on the bot­
tom of the sanple. For these t e s t s , the axis translation 
technique was used to control the capillary pressure. 
Capillary pressure is the difference between the air pres­
sure ana pore water pressure. Using the axis translation 
method, pore water pressure was maintained at a value of 
zero while the air pressure was increased to a greater 
value, thus sinwlating capillary pressure by the value of 
air pressure applied (CSU, 1983a). 

The following aescribes the procedures used by FBDU 
(1981) for borenole dr i l l ing , double packer tes ts in the 
coral bedrock, raaion^tric neasurements, and punp test ing. 
Tnree holes were drilled through the tailings to collect 
geologic and hydrologic data. A fourth hole was drilled 
north of the tailings pile to obtain background informa­
tion but was abanaoned because of ar i l l ing diff icul t ies . 
Upon abandonment, the nole was backfilled with cuttings 
from the nole. Tne locations of the three boreholes are 
show in Figure C.2.b. 
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Split spoon samples were obtained at 5-foot intervals 
from the holes drilled through the ta i l ings . Each hole was 
advanced during sanpling with an auger. Upon reacning refu­
sal with the auger r ig , tne holes were advanced with a 10-
inch tri-cone bit to bedrock, using a biodegradable guar-
based dri l l ing fluid to maintain nole integrity. Steel cas­
ing of 8-inch diameter then was set to bedrock, and the 
hole was cleaned to bedrock inside the steel casing with a 
7.75-inch tri-cone b i t . Raaioactivity profiles were neasur­
ed in these noles with a collimated Geiger Mueller tube. 
Soil samples were also taken from selected holes for radio­
metric analyses. 

Cores of the bedrock were obtained from each hole with 
an NX core barrel to a deptn of at least 20 feet oelow the 
alluvium-bedrock interface. After coring, double packer 
hydraulic conductivity tests were conducted at selected 
intervals in the cored section of the holes. Water used 
for the packer tests was obtained from a deep well conplet­
ed in the Wind River Formation at the s i t e . 

Following completion of the packer t es t s , the bedrock 
was reamed a short distance with a 6.75-inch tri-cone b i t , 
and the holes were conpleted as monitoring wells. Typical 
well completion details are given in Figure C.2.7. Each 
well was constructed using 4-inch dianeter acrylonitrile 
butadiene styrene (ABS) casing and a 4-inch dianeter, 
continuous-slot well screen (0.050-inch aperature s ize) . 
Tne annulus between the borehole wall and the casing or 
screen was selectively backfilled with 4- to tJ-mesh gravel, 
bentonite, and cement following placement of the casing. 
Steel surface casing and a cap were provided to protect 
against unauthorized intrusion. 

After well conpletion, each well was developed by punp-
ing with a subnersible punp to correct any damage to or 
clogging of the water-bearing sands and gravels tnat occurr­
ed as a side effect of dr i l l ing. Punping continued until 
the water obtained from each hole was clear, usually for a 
period of 10 minutes. 

As an aid in determining the nyaraulic characteristics 
of the alluvial aquifer, a 7-day pumping tes t was conducted 
by Hydro Geo Cnem, Inc., in well DH-4 at a constant rate of 
0.88 gallon per minute. Drawdown was neasured in six obser­
vation wells within a 50-foot radius of the punping well. 
No well completion records or geologic logs are available 
for the locations shown in Figure C.2.6. 

Tne following describes the procedures used by the DOE 
for rock coring, well instal lat ion, punp testing, slug test­
ing, and ground-water sanpling. The DOE fieldwork was per­
formed during two separate drilling programs. The f i r s t 
dri l l ing site was several hunared feet north of the nortn-
ern edge of the tailings between tne pile and the former 
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ore storage area (Figure C.2.8)« Data obtained from four­
teen wells at this site included stat ic water levels, water 
quality samples, geologic logs and cores, and drawdown meas­
urements obtained during two pump tes t s . In addition, 
three cores were drilled at this site into bedrock to 
depths of 65 to 100 feet below the land surface using an NX 
core barrel. These cores were inspected visually in the 
field for stratigraphy and degree of saturation, stored in 
wooden boxes in 10-foot sections, and shipped to 
Albuquerque, New Mexico, for archiving. 

Table C.2.6 l i s t s surface elevations, diameters, 
depths, screened intervals, and zones of completion for 
each of the 14 wells. All wells which were constructed for 
purposes of monitoring drawdown during pump testing consist­
ed of 2-inch, schedule 40 PVC pipe centered in a 6-inch 
borehole. The casing was threaded and flush-jointed. Two 
feet of blank casing extending from the bottom of the hole, 
followed by a slotted well screen 5 feet in length, were 
installed using devices to assure that they were centered 
in the hole. The slotted well screen had three rows of 
slots cut on 120-degree centers, with 0.01-inch wide slots 
spaced 0.25 inch apart. Some of the borings were partially 
grouted and redril led. in order to place the well screen 
within the unit chosen to be monitored. Backfill material 
for the annular space extending from the bottom of the well 
to approximately 2 feet above the screened interval consist­
ed of a graded sand that met ASTM C33 requirements for fine 
aggregate. A 2-foot bentonite seal comprised of bentonite 
pellets was installed directly above the graded sand back­
f i l l . Following installation of the seal, the annular 
space then was grouted to the surface. The surface grout 
subsequently was allowed to set t le for 24 hours, with addi­
tional grout added to bring the grout level to the ground 
surface. 

Observation wells were developed by pumping, bailing, 
or a ir l i f t ing until clear water was obtained. The top of 
each well was then fi t ted with a flush-jointed threaded cap 
and protected with a standard 6-inch inside diameter steel 
pipe 4 feet in length and a locking cap. Figure C.2.9 
shows a schematic representation of a typical observation 
well. 

Pump wells were constructed by installing a 6-inch in­
side diameter standpipe and well screen in a 9-inch bore­
hole. A 6-inch, schedule 40 PVC pipe consisting of 2 feet 
of blank casing followed by a minimum of 10 feet of slotted 
screen was centered in the standpipe. The well screen had 
a slot size of 0.015 inch with an equivalent intake area of 
at least 10 square inches per foot of screen. Backfill 
material consisted of well graded sand which fulfilled ASTM 
C33 fine aggregate gradation standards. Each pump well was 
protected with a 10-inch inside diameter steel pipe 4 feet 
in length and a locking cap. A typical pump well is schema­
t ica l ly shown in Figure C.2.10. Geologic logs for all 14 
wells are on f i le at the UMTRA Project Office. 
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Table C.^.b Well information for f i r s t OOE drill ing program, Riverton site 

Well 
Well Surface Top of diaiieter Screened^ Zone of Total deptti 

identification elevation casing (inches) interval" completion (feet) 

RVT-100 

RVT-101 

RVT-102 

RVT-103 

RVT-104 

RVT-105 

RVT-lOb 

RVT-107 

RVT-i08 

RVT"i09 

RVT-110 

RVT-lli 

RVT-llZ 

4,946.1 

4.94t..^ 

4.946.3 

4,946.0 

4,945.3 

4,94t).3 

4,946.2 

4,946.0 

4,946.2 

4,945.8 

4.946.2 

4,946.1 

4,946.Z 

4,946.2 

4,946.6 

4,946.7 

4,946.4 

4,945.9 

4,946.8 

4,945.9 

4,946.0 

4,946.0 

4,946.1 

4,946.4 

4,946.9 

4,947.3 

6.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

6.0 

6.0 

4.940.1 -

4.935.2 -

4,936.3 -

4,936.0 -

4.936.3 -

4,936.J -

4,897.2 -

4.B97.0 -

4,897.2 -

4,896.8 -

4,885.2 -

4.907.1 -

4,937.7 -

4,932.1 

4,930.2 

4,931.3 

4,931.0 

4.931.3 

4,931.3 

4,892.2 

4,892.5 

4,892.2 

4,891.8 

4,880.2 

4,892.1 

4,917.7 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

F i r s t confined sandstone 

F i r s t confined sandstone 

F i r s t confined sandstone 

F i r s t confined sandstone 

Second confined sandstone 

F i r s t confined sandstone 

Alluvium and 

17.0 

17.1 

17.0 

17.0 

15.5 

17.5 

56.0 

67.0 

56.0 

68.0 

72.0 

56.0 

32.0 
unconfined sandstone 

RVT-113 4,946.2 4,946.4 2.0 4,925.2 - 4,920.2 First unconfiged J4.0 
sandstone 

feet above mean sea level. 
'Tnis well has been completed so tnat i t is hydraulically connected with the overlying alluviurn. 



LOCKING CAP^ 

T o o c A r k c r \ B%#r̂  /» * o 
r 
I 1 »1 n •h . r tu 'k .u ' » ^ \^ \^r%i - i 

1 ^ ^ 

«• DIAMETER STEEL - ^ 
PROTECTIVE CASING 

CEMENT-BENTONITE GROUT -

^ 0 

5 3 

e 

3 e 

e 

o 

© 

s e 

a © 

> e 

© 

© 
® 

9^ 

© 

e g 

3 
© 

® 

@ 
& 

@ 
@ 
© 

® 

^ 

g 

:<;: 

^ 

i —3 

1- 5" 

^ ® % 

© .® 

© • s 
© ' 

@ & 
s > « 

5 S 
0 > © 
© 3 

< ;̂  

® o 

® 6 

« 0 

J, ^ 

1 ^ ^ 
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Two 24-hour pump tests were conducted, one on well 
RVT-112 which was completed through the entire saturated 
thickness of the unconfined aquifer and the other on well 
RVT-111 which was completed through the entire saturated 
thickness of the first confined layer of sandstone. A sub­
mersible pump was used to withdraw sufficient water from 
each well to achieve measurable drawdown without causing 
the water level to drop below the well screen = The dis­
charge rate was metered continiwusly throughout the test. 
All pumped water was discharged to the ditch surrounding 
the pile. Water levels were measured prior to, during^ and 
after the tests with water level sounders and periodically 
checked with steel tapes and blue chalk. During both 
tests, water samples were collected from the pump well near 
the beginning, middle^ and end of the pumping period. 

Slug tests were performed on three of the wells. The 
procedures used were: 

0 Measure static water level in the test well. 

0 Submerge a metal slug of known volume into the well 
and measure the water level. 

0 Allow the water level to return to, or close to, 
the static water level. 

0 Quickly remove the slug and measure and record the 
water level every 0.5 minute until complete reco­
very or close to complete recovery Is achieved. 

Ground-water samples for water quality analysis were 
withdrawn with a peristaltic pump and preserved in accor­
dance with EPA recomnendations (EPA, 1983). The tempera­
ture, pH, alkalinity, and specific conductance of each sam­
ple were measured in the field. Field measuranents and sam­
ple withdrawals were performed in accordance with proce­
dures developed by the DOE. The procedures and records of 
field sampling procedures for each sample collected are 
available at the UMTRA Project Office. 

The second DOE drilling program was initiated to 
obtain additional information regarding stratigraphy, poten­
tial communication between the confined and unconfined aqui­
fers, the location of the unconfined ground-water divide 
between the Wind and Little Wind Rivers, and potential con­
tamination north of the tailings site and south of the 
Little Wind River. Wells that were drilled approximately 
2,000 feet southeast of the southeastern corner of the pile 
and 1,500 feet east of the pile were geologically or geophy-
sically logged and sampled for water quality. In addition, 
a sampling well was completed in the alluvium south of the 
Little Wind River. A line of six wells was installed along 
the abandoned Chicago and North Western Railroad tracks 
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north of the s i t e . Surface elevations, diameters, depths, 
screened intervals, and zones of conpletion for the 15 
wells are l isted in Table C.2.7. Well locations are shown 
in Figures C .2a i and C.2.12. 

All wells were constructed according to the sanB proce­
dures usea to construct the DOE wells north of the pile. 
However, four wells located southeast and east of the site 
were dril lea to 200-foot depths in order to obtain a deep 
core and both geologic and geophysical logs for construc­
tion of a stratigraphic profile beneath the s i t e . The bor­
ings for these wells were f i r s t advanced to the top of bed­
rock; surface casing was then set and left open. One of 
the borings was cored to a 200-foot aepth, and the remain­
ing three were advanced to 200 feet without coring. Tne 
entire bedrock length of each of tne four boreholes was 
trien geophysically logged using res is t iv i ty , spontaneous 
potential, natural gamma, gamma yarama, neutron, density, 
and caliper log tecrmiques. Following the logging proce­
dure, the boreholes were then grouted and redrilled to the 
desired completion level. 

Due to low yield in the punp wells tnat were conpleted 
in the f i r s t and the second confined sandstones, punp tests 
were not conducted at the new drilling site southeast of 
the p i le . A bailer tes t was performed at a well conpleted 
in the shale aquiiard for purposes of defining horizontal 
nydraulic conductivity of the shale. Trie bailer tes t proce­
dures used were: 

0 Measure s ta t ic water level in the tes t well. 

0 Rapidly remove a known volurre of water from ttie 
well. 

0 Periodically record the water level until conplete 
recovery or close to conplete recovery 1s achieved. 

Packer tests also were performed at the other well com­
pleted in the shale aqultard. A aouble packer system was 
used to pressure tes t from a depth of 20 feet to 160 feet 
using tes t intervals of 5.92 feet. Air pressures ranged 
from 110 to 162 ps1, and water pressure varied from 2 to 72 
psi during the testing procedures. 

Dry Cheyenne alternate disposal s i te 

Five wells have been aril led in the general vicinity 
of the Dry Cheyenne s i t e . One well is 1 mile south of the 
s i t e , and the other four wells are 5 to 8 miles southeast 
and southwest of the s i t e . Tne well conpletion and sanpl-
1ng procedures us«l at these wells are not known; however, 
dril l ing logs are available for four of the wells at the 
UMTRA Project Office, ana limited water quality analyses 
are available for three of the wells (Kelly, 1984; Packer, 
1984). 
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Table C.2.7 Well inforradtion for second DOE d r i l l i n g programs Riverton s i te 

Well 
Well Surface Top of dianeter Screened Zone of Total depth 

10 elevation casing (inches) interval completion (feet) 

RVl-701 

RVT-70Z 
RVT-70J 
kVT-704 
RVT-7U5 
RVT-;06 
RVT-707 
RVT-70B 

RVT-709 
kVT-710 
RVT-711 
RVT-7i2 
RVT-713 
RVT-714 
RVT-715 

4,930.2 

4,9J0.^ 
4 ,9J0 . / 
4 ,9Jb . l 
4 ,9 i0 .1 
4,931.1 
4 , 9 J 0 . 4 
4,9J0.J 

4,930.2 
4,947.2 
4,943.5 
4,943.5 
4.941.fa 
4 , 9 4 1 . / 
4,938.5 

4,930.3 

4,930.7 
4,930.b 
4,93&.b 
4,930.7 
4,931.6 
4,930.0 
4.930.6 

4,930.7 
4,947.4 
4,943.9 
4,944.2 
4,942.2 
4,941.7 
4,939.0 

2.0 

2.0 
2.0 
2.0 
b.O 
2.0 
2.0 
2.0 

b.O 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

4,904.9 -

4,691.5 -
4,837.b -
4,903.7 -
4,B92.7 -
4,917.1 -
4,920.b -
4,904.8 -

4,845.7 -
4,93b.2 -
4,933.1 -
4,933.6 -
4,931.9 -
4,930.2 -
4,927.0 -

4,899.9 

4.8b6.b 
4,d32.6 
4,898.7 
4,882.7 
4.912.1 
4,915.6 
4,903.8 

4,825.7 
4,931.2 
4,928.1 
4,928.6 
4,926.9 
4,925.2 
4,922.0 

Aquitard below 
unconfined aquifer 
1st confined sandstone 
2nd confined sandstone 
1st confined sandstone 
1st confined sandstone 
Unconfined aquifer 
Unconfined aquifer 
Aquitard below 
unconfined aquifer 
2nd confined sandstone 
Uri< *ined aquifer 
Uik ^ ,! ined aquifer 
Unconfined aquifer 
Unconfined aquifer 
Unconfined aquifer 
Unconfined aquifer 

32.3 

53.0 
99.6 
39.0 
49.4 
21.5 
16.7 
28.3 

111.0 
20.0 
21.5 
19.5 
16.5 
18.0 
18.5 

'Feet above nean sea leve l . 
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Borrow sites 

No nydrologlc aata were collected at the L i t t l e Wind 
borrow s i t e or borrow s i t e s 2 and 10. Some geochemical 
data were obtained in the v ic in i ty of borrow s i t e 2 by GECR 
researchers . Borings and t e s t p i t s were completed at bor­
row s i t e iO to co l lec t geologic data , and tne Wyoming Hign-
way Department collected yeologic aata at the Boulder Flats 
borrow s i t e . Tne procedures used and the data collected 
are on f i l e in the UMTRA Project Office. 

DATA SUMMARY 

This section summarizes the data collected by the organizations 
involved in hyarologic investigations at Riverton, Wyoming. Table 
C.2.8 summarizes the well designations, approximate aepths, and loca­
tions for each research organization's boreholes at the Riverton s i t e . 
As si te investlyations progressed, there was considerable interchange 
and refinement of collected data in order to accurately evaluate pre­
sent ground-water characteristics and to moael projected future inpacts 
to the ground-water regine. 

C.2.4.1 Geology 

Riverton tail ings si te 

The Riverton tailings site is on trie floodplain bound­
ed on the riortn by the Wina River and on the south by the 
Lit t le Wind River. The tailings consist of coarse and fine­
ly yround sands and s l ines . Although the pile is principal­
ly comprised of acid ta i l ings , some carbonate tail ings 
appear to exist toward the east end In a layer near the 
base of the tail ings (GECR, 1983). The carbonate tailings 
are characterized by the sane sands and slines consistency 
as the acid ta i l ings . Floodplain deposits consist of a few 
feet of soil and approximately 15 feet or 4.5 neters of 
coarse alluviuin which, in turn, is underlain by the Wind 
River Foniation. Terrace deposits do not underlie the si te 
but are exposed at higher elevations nearby. 

The Wind River Formation of the lower Eocene age under­
lies all of the Riverton area to a probable aepth of 2,000 
feet (blO meters). Triis sediiientary formation consists of 
a sequence of lenticular, Interbedded sandstones, s i l t -
stones ^ and shales with minor amounts of bentonite, tuff, 
and lines tone. The beds are nearly norizontal beneath the 
si te (FBDU, 1981). Tributaries of the Wind River are erod­
ing the Wind River Formation. This formation is uranium 
bearing in soire places and may contribute to the background 
radiation in the vicinity of the pile (GECR, 1983). A sim­
plified regional stratiyrapnic colunii is given in Figure 
C.2.13. 

Directly beneath the tailings p i le , borings show a dis­
continuous layer of foundation materials consisting of 
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Table C.2.8 Well summary for the Riverton site 

Research 
organization 

Study purpose 

GECR 

Hydrogeochemical cha­
racterization and 
cheinical transport 
mechanisms 

LBL 

Contaminant plurre defi­
nition; geochemical and 
hydrodynamic modeling 

CSU FBDU DOE 

Geotechnical investi­
gation of tailings 
pile; chemical trans­
port Kchani sms 

Engineering assessment 
and draft environmental 
assessment (EA); hydrau­
lic testing 

Plume characterization; 
aquifer hydraulics 

Well locations No wells constructed On tai l ings pile and down-
gradient of tai l ings pile 
to the Litt le Wind River 
(Figure C.2.3) 

Borings at 700-foot 
centers on the t a i l ­
ings pi le; some pie­
zometers installed 
(Figure C.2.5) 

On tai l ings pile (Figure 
C.2.6) 

Tai lings si te (Figure 
C.2.8); northwest and 
southeast of tailings 
pile (Figures C.2,11 and 
C,2.12) 

S 
Approximate 
depth 

No wells constructed 4 to 26 feet 4,5 to 19 feet Drilled to 45 feet; com­
pleted at 20 to 27 feet 

Shallow wells at 15 to 
20 feet; deeper wells at 
55 to 110 feet 

Mel] 
designations 

Sampled existing on-
and off-site wells as 
designated in Figure 
C.2.2 

P series: P-1 through -36 
Tensioneter and suction 
water sampling nests: RA^ 
RB, and RC 

RIV series: Riy-200, 
-203, -205, -206, 
-207, -209, -213 

m series: DH-2, -3, -4 RVT series: RVT-100 
through -113 and RVT-700 
through -715 

Data collected Water quality from 
background, on and ad­
jacent to , and tailings 
p i le . Water-quality 
samples distance from, 
adjacent to , and on the 
tailings pi le 

Hydraulic properties of 
tail ings safi|)les; water 
level data; water quality 
of tailings and ground 
waters 

Borehole logs; mecha­
nical properties of 
tail ings from bore­
hole samtles; water 
quality; water levels 

Borehole logs; water-
quality data collected 
by LBL 

Boring logs; water 
levels; water quality; 
hydraulic tes ts ; geophy­
sical logs 
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brown and gray, silty and clayey sands in layers varying 
from zero to 3 feet in thickness (original surface alluvi­
um). A deposit of cobbly allyviuii underlies the entire 
pile, and, toward the eastern siae, ttie cobbles are over­
lain by sandy gravel (CSU, i983a). 

Geologic cross-sections constructea on the basis of 
geologic and geophysical logs obtained at DOE boreholes 
RVT-106, RVT-701, and RVT-704 and FBDU borehole DH-2 are 
shown in Figures C.z»14 through C.2.17. The cross-sections 
indicate that the alluvium is of approximately uniform 
thickness over a long distance^ with thicknesses ranging 
from about 14 feet beneath the pile to 18 feet southeast of 
the pile. The upper sandstone unit of the Wind River Forma­
tion is characterizea by a maximum thickness of roughly 14 
feet at borehole RVT-i06 and appears to grade out to zero 
thickness northwest of borehole DH-2. The shale and si l t -
stone layers which underlie the alluvium or upper sandstone 
unit appear to be continuous across the study area. The 
laxlmura total thickness of these layers Is roughly 14 feet 
beneath the pile. Tne cores show no signs of fracturing or 
chemical precipitation within these layers, characteristics 
which would indicate a significant pathway for vertical 
graind-water movement. Below the shale and siltstone lay­
ers lie 15 to 20 feet of sandstone, followed by alternating 
layers or stringers of shales, si Itstones, claystones, and 
sandstones. Approximately 60 percent of the upper Wind 
River Formation appears to be shale, claystone, or s i l t -
stone. 

Dry Cheyenne alternate disposal site 

The Dry Cneyenne site is near the edge of tne Wind 
River Basin and 1s In an area where the coarse grained 
sequence of the Wind River Formation predominates. This 
sequence Is characterized by green and gray, largely arkos-
ic sandstone and conglomerate beds which are yery well sort­
ed, loosely cemented, and very porous. Tne coarse grained 
sequence intertongues with a finer grained sequence. In 
general, the bedrock does not nave well defined outcrops in 
this area as It is easily weathered and covered with recent 
deposits (FBDU, 1981). 

Due to tne presence of the coarse grained fades of 
the Wind River In this area, most of the soils also are 
coarse grained and may not be effective for incorporation 
into a radon barrier. 

2 Hydrogeology 

Riverton tailings site 

Ground water In the Riverton area occurs under both un­
confined and confinea conaltions. An unconfined system 
exists in the floodplain alluvium, the adjacent terrace 
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deposi ts , and the hydrau l ica l l y connected upper sandstone 
of the Wind River Formation. A confined system exists in 
lov«r sandstone uni ts of tne Wind River Formation. The 
shales of the formation act as conf in ing layers by r e s t r i c t ­
ing ve r t i ca l movement of grouna viater fFBDU^ 1981). 

The unconfined system 

Tne al luvium and over ly ing so i ls are roughly 20 feet 
th ick beneath the p i l e , with a saturated thickness of 
approximately 14 fee t . Recharge to the unconfinea system 
occurs through seepage of p rec ip i ta t ion^ snowmelt^ and 
surf ace-viater i r r i g a t i o n return f low. Local discharge 
occurs to the L i t t l e Wind River about 2^800 feet downgradi-
ent from the s i te flBL^ 1984). Due to tne natural topoyra-
pny and retoirn i r r i g a t i o n f lows, much of the area surround­
ing the s i te i s water-logged fo l lowing the i r r i g a t i o n sea­
son (May tnrough September) (FBDUg 19a l | . Beneath the 
s i t e , the water table l i e s about 6 feet below the natural 
ground surface. During wetter t i r e s of the year, i t i s con­
ceivable that the water table may r i se in to tne t a i l i n g s 
IFBDU, 1981) although water level ireasurements have not con­
firmed t h i s . 

Contours of water level riKasuremerits from 36 LBL piezo­
meters in the a l l u v i a l aquifer are shown for November, 
1982, and Ju ly , 1983, in Figures C.2.18 and C.2.19. Tne 
f low d i rec t i on i s predominantly south-southeast toward the 
L i t t l e Wind River, wi th an average hydraulic gradient of 
0.0023. Temporal aif ferences between the two water table 
conf igurat ions d i r e c t l y southeast of the s i te but not under 
the p i l e can be a t t r i bu ted t o the greater ef fects of i r r i g a ­
t i on return f low on the November water table aue to ag r i cu l ­
tu ra l appl icat ion of surface waters to the surrounding land 
during the Apr i l t o July i r r i g a t i o n season. Water level 
measurements used to develop the water table maps are l i s t ­
ed in Table C.2.9. 

Tne degree of d i tch-aqu i fe r in teract ion need not be 
quant i f ied because the e f fec ts are seasonal and do not 
appear to inf luence ground-water levels beneath the p i l e . 
Only the long-term, steady state response of the nydraulic 
system i s necessary to define the solute transport charac­
t e r i s t i c s of the aqu i fer ; the inf luence of drainage and i r ­
r i ga t i on d i t ch f low on plune migration i s minimal. Water 
levels soutn of the p i l e but not beneath the p i l e appear to 
be nigher in ^lovember than in Ju ly . This character is t ic of 
the November water table inp l ies an increased source of re -
cnarge j u s t south of the p i l e . I t appears that the i r r i g a ­
t i on ditches and canals which traverse the s i te along tiie 
northern and eastern edges of the p i l e probably are c o n t r i ­
but ing to the arainage berm which surrounds the p i l e (see 
Figure C.1.2) . Under a preaominantly southward topograph­
ic graaient , the i r r i g a t i o n water entering tne berm woula 
tend to c o l l e c t along the southern edge of the p i l e and 
coula proauce the observea mounding e f fec t south of the 
p i l e . 
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Table C.2.9 LBL water level measurements in the unconfined 
aquifer, Riverton s i t e , 1982-1983 

November 3, 1982 July 15, 1983 
Well Water table Mater tabJe Change in water 

nunfcer elevation elevation table elevation 

P-8 
P-9 
P-14 
P-i5 
P-16 
P-17 
P-18 
P-19 
P-20 
P-22 
P-23 
P-Z4 
P-25 
P-26 
P-27 
P-28 
P-29 
P-30 
p.31 
P-32 
P-34 
P-35 
RA-3 
RB-4 
RB-5 
RB-6 
RB-7 
RB-8 
RC-3 
H-1 
H-2 
H-3 
H^4 
H-5 
H-7 
H-8 

4,930.92 
4,931.52 
4,934.01 
4,938.37 
4,934.60 
4,931.94 
4,934.17 
4,928.95 
4,927.45 
4,928.72 
4,932.01 
4,930.20 
4,931.09 
4,928.20 
4,927.94 
4,919.80 
4,925.18 
4,920.50 

__ 
4,928.69 
4,928.66 
4,935.51 
4,934.86 
4,933.81 
4,934.56 
4,933.97 
4,934.01 
4,931.18 
4,935.58 
4,932.17 
4,921.97 

__ 
4,937.09 

__ 
— 

4,931.05 
__ 

4,933.87 
4,935.68 

— 
__ 

4,934.23 
4,928.b9 
4,927.90 
4,928.56 
4,931.84 
4,930.10 
4,930.86 
4,927.97 
4,927.54 
4,929.31 
4,926.92 
4,926.30 
4,927.02 
4,925.67 
4,928.89 

— 
4,935.51 
4,934.96 
4,933.97 
4,934.79 
4,934.20 
4,934.20 
4,931.45 
4,935.38 
4,932.a9 
4,931.74 
4,936.17 
4,936.30 
4,935.84 
4,933.25 

- 0.13 
__ 

+ 0.13 
+ 0.92 

__ 
__ 

- 0.06 
+ 0.26 
- 0.46 
+ 0.07 
+ 0.16 
+ 0.10 
+ 0.23 
+ 0.23 
+ 0.39 
- 9.51 
- 1.74 
- 5.ai 

__ 
__ 

- 0,20 
__ 
0.00 

- 0.10 
- 0.16 
- 0.23 
- 0.23 
- 0.20 
- 0.26 
+ 0.20 
- 0.72 
- 9.77 

__ 
+ 0.79 

__ 
— 

Dashed lines indicate that water level data were not collected. 

Feet above mean sea level. 

c November water table elevation minus July water table elevation in feet. 
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The confined system 

A confined aquifer system occurs in the lower sand­
stone units of the Wind River Formation. Interbedded lay­
ers and lenses of shale, siltstone, and claystone confine 
the ground water in the sandstone beds. Because the forma­
tion strata are lenticular, interflngered, and varied in 
thickness, there is some migration from one horizon to 
another (CSU, 1983a). This migration causes the entire 
stratigraphic sequence to behave as a single aquifer on a 
regional scale in response to long-term hydraulic stresses 
(FBDU, 1981). 

Intensive use by the city of Riverton has formed a 
cone of depression around the city well field 1.5 to 9.0 
miles north and northeast of the tailings site (CSU, 
1983b). Significant development of the confined aquifer 
has also occurred at the tailings site. Figure C.2.20 
shows the equipotential surface in the deeper confined sand­
stones as represented on USGS Map HA-270 (Whitcomb and 
Lowry, 1968). This regional potentiometric surface indi­
cates that flow in the sandstones is predominantly to the 
northeast and may be influenced by pumping from the munici­
pal well field, as shown by the sharp upgradient flexures. 
The magnitude of the gradient, as indicated by Figure 
C.2.20, is 3.6 X 10"^. 

A local representation of the potentiometric surface 
in the first confined sandstone was obtained using informa­
tion from three wells completed in the confined aquifer for 
which top of casing elevations and depth to water measure­
ments were available. Because only three unique potentio­
metric measurements could be obtained from the DOE wells at 
the three drill sites shown in Figure C.2.21, a plane was 
fit through the three potentiometric elevations. The equa­
tion describing head as a function of distance is: 

h = -0.0022X + 0.00091y + 4967.55 

where 

h = head in the confined unit in feet above mean sea 
level. 

X = east coordinate with positive values measured in 
the eastern direction in feet. 

y - north coordinate with positive values measured in 
the northern direction in feet. 

The data used were: 

X y h 
Well RVT-107 24131.4 24092.4 4936.4 
Well RVT-702 27736.9 21012.9 4925.7 
Well RVT-704 27033.8 22396.6 4928.5 
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The gradient vector associated with this plane is: 

h = -0.0022i + 0.00091j 

where: 

1 = the unit vector in the x direction. 

j = the unit vector in the y direction. 

Based on the gradient vector equation, the resultant 
vector for the hydraulic gradient is oriented in the S67E 
direction and is of magnitude: 

|vh. vh|= [j-0.0022)^ + (0.00091)^ ^̂ ^ 

= 0.0024 

The local hydraulic gradient in the confined system 
therefore appears to correspond closely to the local hydrau­
lic gradient in the unconfined system, which is of magni­
tude 0.0023 and of southeasterly orientation. This local 
gradient In the first confined sandstone cannot be reconcil­
ed with the regional gradient of the deeper confined sand­
stones shown in Figure C.2.20. A greater degree of coniiu-
nicatlon between the unconfined aquifer and the first con­
fined sandstone than between the first confined sandstone 
and sandstones deeper than 200 feet lay be Indicated. 

Recharge to the confined aquifer occurs along outcrops 
of the Wind River Forinatlon sandstones to the west and 
southwest where runoff from the Wind River mountain range 
infiltrates the outcrops under unconfined conditions. Re­
charge to the confined ground-water system also occurs by 
infiltration of stream water crossing outcrops^ percolation 
through saturated overlying alluvium Into sobcropSg and 
Irrigation return flow and canal seepage Into outcrops. 
This recharge apparently does not satisfy the draft dis­
charge from municipal and industrial wells. Municipal well 
water levels have dropped 60 to 70 feet in wells that are 
500 to 800 feet deep during the last 50 years of pumping 
(FBDU, 1981K 

Intercownunlcatlon between confined and unconfined systems 

During the Riverton site assessment, attention was 
focused on the first confined sandstone layer at a depth of 
40 to 55 feet beneath the site to assess the potential for 
downward roovement of contaminated ground water from the un­
confined to the confined aquifer. Geologic cores between 
the mill area and the tailings pile show 12 to 14 feet of 
siltstones and shales between the confined and unconfined 
systeis. Conmunication between the two aquifers was assess­
ed during two 24-hoyr pump tests. No significant water 
level changes were noted In the unstressed system while 
pumping from either the unconfined or confined system. 
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The issue of communication was further addressed by 
analyzing both unconfined and confined ground-water samples 
for tritium. The activity of radiogenic tritium was deter­
mined in samples from four on-site monitor wells completed 
in the unconfined aquifer and three on-site wells completed 
in the confined aquifer. Although some background tritium 
due to cosmic ray bombardnent is present in all ground 
water^ the dominant source of tritium in modern water is 
above-ground thermonuclear testing initiated in 1952. Meas­
ured tritium values are given in Table C.2.10: 

Table C.2.10 Tritium levels in ground water^ Riverton si te 

Well ident i f icat ion 

Unconfined aquifer 
RC- 1 
P - 8 
P -10 
RVT-100 
RVT-113 (unconfined 

Confined aquifer 
RVT-106 
RVT-110 
Mi l l site well 

sandstone) 

Tritium units 

96 
69 
72 
70 
15 

24 
26 
38 

Tritium data presented in Table C.2.10 indicate a maxi­
mum tritium concentration in the alluvial aquifer. How­
ever, the tritium concentration in the hydraulically con­
nected unconfined sandstone was significantly lower than in 
the confined sandstone. Tritium levels in the confined 
sandstone were consistently lower than the 70 tritium units 
(TU) concentration measured in the alluvium, indicating the 
greater influence of modern recharge to the alluvial aqui­
fer. These tritium concentrations from the confined system 
were all significantly larger than the generally accepted 
value of 5 to 10 TU for pre-bomb water and implied that 
some amount of water has recharged the shallow Wind River 
Formation since 1952. 

Given the small likelihood that ground water sampled 
in the lower confined systems at a depth of 385 feet from 
the mill s i te well has been subject to contamination from 
the mill alluvial water and considering the anomalously 
high tritium concentration at that depth, i t is possible 
that the high tritium concentrations observed in the f i r s t 
and second confined sandstone layers may be the result of 
sampling or analytical error. At this pointy the tritium 
analysis should be considered inconclusive and should not 
be used to support any definite claims of vertical inter­
communication or lack of intercommunication between the un­
confined and confined systems. 
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Dry Cheyenne alternate disposal site 

There are no wells in the Wind River Formation in the 
immediate vicinity of the Dry Cheyenne site. The water 
level is roughly 220 feet deep in an industrial well 2.5 
miles to the southwest. The site is in an area that has a 
mean annual precipitation of only 5 to 10 inches. High eva-
potranspiration rates preclude the percolation of the limit­
ed precipitation into the deep water table (FBDU, 1981). 

Borrow sites 

No test pits or borings were completed at the Li t t le 
Wind borrow si te so the depth to ground water at the s i te 
is unknown. There is no other available ground-water infor­
mation for this borrow s i t e . 

Borrow si te 2 is immediately north of the tai l ings 
pi le , and the ground-water conditions at this s i te would be 
the same as those described for the tail ings s i t e . 

Test pits and borings at borrow s i te 10 reached a maxi­
mum depth of 31 feet. No ground water was encountered in 
these pits and borings^ and there is no other available 
ground-water information for this s i t e . 

The Boulder Flats borrow si te is just north of an 
active gravel pit operated by the Wyoming Highway Depart-
rrent. This pit is 15 to 18 feet deep^ and no ground water 
has been encountered. The Wyoming Highway Department has 
conducted an exploratory dri l l ing program at the Boulder 
Flats borrow s i t e . The boreholes penetrated shale bedrock 
at a depth of 40 feet and indicated that ground water could 
be encountered at depths of 20 to 40 feet (Darr, 1985). 
There is no other ground-water information for th is borrow 
s i t e . 

3 Ground-water and tail ings pore water hydraulics 

Riverton tail ings site 

The movement of tailings contaminants through the 
ground-water system at Riverton is controlled by the hydrau­
lic properties of the tailings and the unconfined and con­
fined aquifers. Aquifer and tailings parameters such as 
hydraulic conductivity and s torat ivi ty , as well as vari­
ables related to vertical and horizontal hydraulic gradi­
ents, are required in order to predict future impacts of 
various remedial action measures using analytical or numeri­
cal modeling techniques. Hydraulic conductivity, s tora t iv i -
ty, and vertical communication relationships between hydro-
stratigraphic units have been assessed by purap t e s t s , sever­
al slug and bailer t e s t s , and water level measuranents con­
ducted by the DOE. Values of hydraulic conductivity from 
slug and bailer tests are indicative of the relat ive, s i t e -
specific variability between tested intervals. Tables 
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C.2.11 and C.2.12 report the final drawdown measuranents in 
observation wells during two pump tests performed at the 
location shown in Figure C.2.8. Slight water level rises 
observed in the unstressed aquifer during both pump tests 
are believed to be related to factors other than the re­
charge of pumped ground water. Field measurements and data 
analyses obtained from the pump, slug, and bailer tests are 
on file at the UMTRA Project Office in Albuquerque, New 
Mexico. 

The vertical movement of residual pore water and infil­
trating rainfall through the pile is the principal driving 
force for migration of tailings contaminants into the 
ground-water system at the Riverton site. Dissolved conta­
minants in the tailings pore water move through the partial­
ly saturated pile in response to both the downward and up­
ward hydraulic gradients shown in Figure C.2.22 for LBL 
locations RA, RB, and RC (Figure C.2.3). 

It is particularly instructive to look at the profiles 
at locations RA and RB where the tailings are quite thick. 
At both the locations^ the hydraulic heads decrease toward 
the bottom below a depth of 0.5 to 1 meter from the tail­
ings surface. Between the tailings surface and about 1 
meter in depths the hydraulic head decreases upward. Thus^ 
a "water divide" exists at a depth of approximately 1 meter 
below the tailings surface at both RA and RB. Above this 
divide^ water moves predominantly upward due to evapotrans-
piration. Below the water divide, water moves downward 
toward the water table. Below the divide, the hydraulic 
head distributions as observed at location RB show little 
temporal variation. At location RA, the profiles show a 
greater temporal variation from each other down to a depth 
of 2.75 meters (LBL, 1984). 

The similarity of the profiles measured at different 
times suggests that the presently observed profiles have 
been evolving over a long period of time, perhaps the 20 
years since the time the pile was abandoned (1963). The 
difference in the profiles at shallow depths is indicative 
of the response of the system to daily and seasonal changes 
in precipitation and evaporation. The sharp change in the 
slope of the profile at location RB at a depth of 3 meters 
is due to the presence of a low permeability layer at that 
depth. The steady-state potential profile within the lower 
half of the tailings pile can be used to estimate the long-
term rate of net infiltration of rainfall through the tail­
ings, provided that the effective hydraulic conductivity is 
known (LBL, 1984). 

Measured in-situ water contents obtained by CSU 
California tube sampling were extremely variable (Table 
C.2.13). The highest water contents were associated with 
the finest grained samples. However, water contents are 
not related generally to either gradation or depth. This 
points out the variability of drainage conditions within 
the pile which is probably a result of local layering. 
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Table C.2.11 Final drawdowns in Riverton observation wells 
during punp tes t on unconfined aquifer 

Mell nunber 

RVT-100 

RVT-101 

RVT-102 

RVT-103 

RVT-104 

RVT-105 

RVT-113 

RVT-112^ 

RVT-106 

RVT-107 

RVT-108 

RVT-i09 

RVT-110 

P-14 

P-23 

P-24 

Radi al 
d1stance 

punp well 

5 

12 

17 

46 

187 

28 

10 

0 

15 

73 

30 

115 

27 

195 

3,330 

3,600 

from 
(fee t ) 

Drawdown 
after 24 hours 

( feet) 

0.55 

0.40 

0.07 

0.16 

-0.08 

0.10 

0.48 

4.08 

-0.08 

-0.30 

-0.08 

0.00 

-0.10 

0.10 

-0.01 

0.04 

Conpletion stratum 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Underlying sandstone 

Alluvium and underlying 
sandstone 

F i r s t confined sandstone 

F i r s t confined sandstone 

F i r s t confined sandstone 

F i r s t confined sandstone 

Second confined sandstone 

Alluvium 

Alluvium 

Alluvium 

^Negative values Indicate a r ise in the water level rather than drawdown, 

Average discharge at punp well RVT-il2 was 5 gpm. 
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Table C.2.12 Final drawdowns in Riverton observation wells 
during pump tes t on f i rs t confined sandstone 

Radi al Drawdown 
distance from after 24 hours 

Well number pump well (feet) (feet) Completion stratum 

RVT-106 

RVT-107 

RVT-108 

RVT-109 

RVT-lll'^ 

RVT-110 

RVT-100 

'RVT-101 

RVT-102 

RVT-103 

RVT-104 

RVT-105 

RVT-112 

15 

73 

40 

110 

0 

24 

7 

10 

11 

40 

181 

23 

6 

6.31 

5.19 

5.69 

4.58 

25.85 

2.70 

"0.01 

"0.12 

-0.03 

-0.12 

"U.IO 

-0.11 

-0.03 

Firs t confined sandstone 

F i r s t confined sandstone 

F i r s t confined sandstone 

F i r s t confined sandstone 

Fi rs t confined sandstone 

Second confined sandstone 

Alluviym 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium and underlying 
sandstone 

RVT-113 16 0.00 Underlying sandstone 

P-23 3,325 -0.02 Alluvium 

P-24 3,500 0.02 Alluvium 

Negative values indicate a r ise in the water level rather than drawdown. 

'Average discharge at pump well RVT-111 was 18 gpm. 
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WATER TABLE 
AT - 7 . 4 m 

1™J L _ L _ L - J 

LOCATION 
RB 

WATER TABLE 
AT - 6 . 6 m 

I I i 1 i I 

LOCATION 
RC . 

WATER 
T A B L E 

AT - 2 . 1 m 

0 . 0 7 m 1 0 6 - 1 3 - 8 2 * 
R A I N - I 7 - 1 - 8 2 
S T O R M J o 7 » 2 » 8 2 

• 8 - 2 - 8 2 

J I t 
- 6 - 4 - 2 0 - 6 - 4 ^ 2 0 - 4 - 2 0 

^,rTiH2 0 ^ . m H 2 0 ^ , m H 2 0 

REF. LBL, 1 i 8 4 . 

FIGyRE C.2.22 
PROFILES OF HYDRAULIC HEAD AT LBL LOCATIONS RA, RB, AND RC 
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Table C.2.i3 Measured tailings pile water content in CSU 
California tube sanples, Riverton site 

Borehole Depth Water content Saturation 
nunter (feet) (percent) (percent) 

RIV-200 

RIV-200 

RIV-200 

RIV-200 

RIV-201 

RIV-202 

RIV-205 

RIV-206 

RIV-207 

RIV-208 

RIV-209 

RIV-209 

RIV-210 

RIV-210 

RIV-210 

RIV-210 

RIV-213 

RIV-214 

5.0 

5.0 

10.0 

15.0 

5.0 

2.5 

10.0 

5.0 

7.5 

5.0 

Surface 

2.5 

2.5 

10.0 

10.0 

15.0 

2.5 

2.5 

6.6 

54.1 

13.5 

6.0 

5.8 

— 

55.7 

7.1 

— 

30.6 

10.1 

48.2 

12.2 

25.6 

34.8 

40.7 

11.3 

60.4 

18.8 

93.9 

--

— 

19.8 

— 

— 

31.7 

— 

83.2 

33.5 

88.1 

45.2 

74.4 

67.8 

87.2 

35.6 

87.5 

Ref. CSU, 1983a. 
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Local variability of adjacent materials was frequently 
A served through differences in gradation and plasticity 
between subsanples from tiie sane tube sanple. Those sam­
ples taken from the eastern side of the pi le , where i t s sur­
face and depth are lowest, showed fairly high water con­
tents . These high water contents could be related to both 
surface drainage toward that side and close proximity to 
the water table (CSU, i983a). 

Tne sanples obtained from the California tubes had 
saturations ranging from 19 to 94 percent with an average 
of 63 percent for the sandy sanples and 54 percent for the 
sand-sline mixtures. Many of the sanples were at or below 
their resiaual saturation. Based on these data^ i t appears 
that the pile is not now saturated. SOK of the water fa l l ­
ing on the pile will percolate through the pile under the 
partially saturated conditions. Ttie amount of water flow­
ing through the tailings aepends a great deal on the poten­
tial for water to pond on the surface. Grading the reclaim­
ed surface woula miniinize subsequent percolation through 
the system. 

Critical information needed for long-term tailings 
managerrent is the magnitude of vertical infil tration into 
the tailings resulting from natural precipitation. I t is 
recognized that a major portion of the total annual precipi­
tation is lost back to the atmosphere in the form of evapo-
transpiration. For the Riverton p i le , neglecting overland 
flow, the annual infi l trat ion is essentially equal to annu­
al precipitation less evapotranspiration. Tne percolation 
rate through the pile is a function of the temporal d i s t r i ­
bution of precipitation and evapotranspiration over the 
s i t e . The clinate at Riverton is semi-arid to aria and is 
characterized by great deviations from normal precipita­
tion. During the past 29 years, tne annual precipitation 
measure at Riverton nas ranged from 6.05 to 18.43 Inches 
with an average of 9.62 inches (CSU, 1983a). A recent 
study showed in one particular case that approximately 15 
percent of the average precipitation movea downward in unco­
vered tailings during a suniBr tine p e r i ^ in a semi-arid 
environment (Lewis and Stephens, 1985). Fifteen percent of 
the annual average rainfall at Riverton is 1.4 inches (3.7 
cm). 

The mean monthly climatic data between 1972 and 1981 
at Riverton are listed in Table C.2.14. Tne nean annual 
rainfall at Riverton for the 10-year duration of study is 
21.2 cm, with the period of greatest rainfall being April 
to June. Trie data indicate that 52 percent of the average 
annual rainfall during this period fell during April, May, 
and June. Air temperature, relative humidity, wind speed, 
and solar radiation data were used to estimate potential 
evapotranspiration from the pi le . 
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Table C.2.14 Mean montnly c l i n a t i c da ta , Riverton, Wyoming, 1972-1981 

Jan Feb Har Apr May Jun Jul Aug Sep Oct Nov Dec 

Prec ip i t a t ion 
(cent imeters) 0.43 O.bJ 1.25 2.97 4.J2 4.17 1.55 0.91 1.91 1 .% 1.17 0.53 

Air temperature 
CC) -9.4 -4 .9 -0 .2 b.b 12.2 16.7 21.1 19.9 14.0 7.6 - l . S -7.7 

Relative 
humidity 0.68 0.63 0.57 0.53 0.52 0.42 0.39 0.40 0.42 0.52 0.63 0.6b 

Wind speed 
(k i lone te r s 

per day) 220 224 282 297 309 328 301 286 270 228 212 232 

N 0.61 O.bS 0.66 0.64 0.62 0.75 0.75 0.75 0.77 0.65 0.56 0.58 

R̂ ** 280 430 660 790 940 990 9bO 830 640 510 320 250 

Soil 
temperature'^ 3.6 1.9 2.5 6.b 8.9 12.5 16.1 18.3 lb .8 13.9 10.0 6.3 

^n 
- i s the actual duration of br ight sunshine per the nHxiirum poss ib le . 
N 

U^ i s the maximum upper atmosphere radia t ion a t 43^N la t i tude in ca lor ies per square centimeter per day. 

^"C a t a depth of 1 meter. 

Ref. LBL. 1984. 



C.2.4.4 Ground-water quality 

Water quality data should be reviewed in the context 
of water use and water quality standards because the inpl i -
cations of observed contaminant concentrations can be deter­
mined only when related to acceptable concentrations associ­
ated with a particular type of water use. Current Federal 
and Wyoming water quality standards are listed in Tables 
C.2.i5 and C.2.i6. An evaluation of local water use was 
presented in Section C.2.2. 

Water quality san|)les, collected according to the pro­
cedures outlined in Section C.2.3, were obtained in all 
in te rs t i t i a l waters associated with the s i t e . Pore waters 
from the partially saturated tailings p i le , as well as from 
the unconfined ana confined aquifers, were analyzed for a 
suite of constituents related to pile leachate. Detection 
limits for the constituents in all samples obtainea by the 
DOE are listed in Table C.2.17. These detection limits are 
based on limits recomrrended by the EPA (EPA, 1983), modifi­
cations by the DOE for requirarents of the UMTRA Project, 
and analytical laboratory capabili t ies. 

Criemlcal profiles corresponding to the partially satu­
rated tailings pore water at LBL location RB are presented 
in Figure C.2.23, and the contaminant concentrations used 
to define the profiles are l isted in Table C.2.18. Tne pro­
files at location RB are representative of the vertical dis­
tribution of key constituents throughout the tai l ings p i le . 
Figure C.2.23 Il lustrates the extreme variation in contami­
nant concentrations observed throughout the pile and sug­
gests that tne pH of tailings pore water may be influencing 
tne benavior of some constituents. 

Cnemical analyses for all wells sanpled by the DOE are 
presented in Tables C.2.19 through C.2.25. These tables 
l i s t constituent concentrations in the unconfined and con-
fineo ground water and are sorted by sanpled interval and 
level of contamination. Table C.2.19 l i s t s sanples for 
wfiich the cation-anion balance error was greater than plus 
or minus 5 percent, 

Raaionuclide abundances have been determined by LBL 
for several vertical sections on the Riverton tail ings pile 
in columis that extend from the surface of the present t a i l ­
ings cover, throigh the ta i l ings , and into the underlying 
natural floodplain materials. Trie major results have been 
citainea by laboratory nigh-resolution, 6e-detector ganina-
spectrometry on materials obtained either through continu­
ous coring with Snelby tube saeplers or carefully control 1-
ea, hand excavation. Tne profiles of various reasured nuc­
lides across the cover-tailings and tailings-soil inter­
faces are presented in Figures C.2.24 and C.2.25, respec­
tively. Tne abundance of each nuclide is expressea on an 
absolute scale in terms of equivalent U ppm; plotted U con­
centrations are those which would be present if the uranium 
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Table C.2.15 Federal drinking water standards 

Paraneter 
Drinking water standards 

5 r 
Primary Secondary 

Arsenic 
Barium 
Cadmi urn 
Chromium 
Copper 
Fluoride 
Lead 
Mercury 
Nitrate 
Selenium 
Silver 
Zinc 
Cnloride 
Iron 
Manganese 
pH (standard units) 
Sulfate 
Total dissolved solids (TDS) 
Uranium (health advisory level 

in picoCuries per l i t e r ) 
Radium-226 and -228 confeinea 

(in picoCuries per l i t e r ) 

0.U5 
1.0 
0.01 
0.05 

4.0 
0.05 
0.002 

10.0 
0.01 
0.05 

10.0 

5.0 

1.0 

5.0 
250.0 

0.3 
0.05 

6.5-8.5 
250 
500 

All values are in railligraras per l i t e r (mg/1) unless otherwise noted. Dashed 
. l i n e s Indicate not applicable, 

primary drinking water standards 
public nealth (40 CFR Part 141). 
Secondary drinking water standards are 
primarily affect the aes thet ic qua l i t i e s 
.drinking water (40 CFR Part 143). 
Ref. Cothern e t a l . , 1983. 

are contaminant concentrations that affect 

for contaminant concentrations tha t 
re la t ing to the public acceptance of 
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Table C.2.1b State of Myoming ground-water standards* 

Underground water class and use suitability 
— f n or 
Domestic Agriculture Livestock Constituent or paraneter 

^ „ 

0.5 
0.05 
1.0 
__ 
0.75 
0.01 

250.0 
0.05 
__ 
1.0 
0.2 

1.4-2.4 
0.05 
0.3 
0.05 
— 
0.05 
0.002 
__ 

10.0 
1.0 

rtually free 
0.001 
0.01 
0.05 

250. U 
500.0 

5.0 

5.0 
6.6-9.0 

"°"~" 

— 

5 

8 

5.0 
__ 
0.1 
__ 
0.1 
0.75 
0.01 

100.0 
0.1 
0.05 
0.2 
__ 
__ 
__ 
5.0 
5.0 
2.5 
0.2 
__ 
0.2 
— 
— 

10.0 
— 
0.02 
__ 

200.0 
2,000.0 

5.0 
0.1 
2.0 

4.5-9.0 
8 

1.25 rreq/1 

5 

8 

Aluminum (Al) 
Anmonia (NH^-N) 
Arsenic (Asf 
Barium (Ba) 
Beryllium (Be) 
Boron (B) 
Cadmium (Cd) 
Chloride (CI) 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu) 
Cyanide (CN) 
Fluoride (F) 
Hydrogen sulfide 
Iron (Fe) 
Lead (Pb) 
Lithium (Li) 
Manganese (Mn) 
Mercury (Hg) 
Nickel (Ni) 
Nitrate (NO..-N) 
Nitrite (NOf-N) 

(NOo+NO^)-
Oil and grease 

(H^S) 

•U 

Vi 

(TDS) 

Phenol 
Selenium (Se) 
Silver (Ag) 
Sulfate (SO.) 
Total dissolved solids 
Uranium (U) 
Vanadium (V) 
Zinc (Zn) 
pH (standards units) 
Sodium adsorption ratio (SAR) 
Residual sodium carbonate 

(RSC in mi Hi-equivalents 
per liter) 

Combined total radium-226 
and radium-228 
(in picoCuries per l i t e r ) 

Total stront1um-90 
(in picoCuries per l i t e r ) 

Gross alpha particle radio­
activity (including radium-
226 but excluding radon 
and uranium; in picoCuries 
per l i t e r ) 

5.0 

0.2 

5.0 
0.05 

2,000.0 
0.05 
1.0 
0.5 

0.1 

0.00005 

10.0 
100.0 
10.0 

0.05 

3,000.0 
5,000.0 

5.0 
0.1 

25.0 
5.5-8.b 

5 

8 

15 15 15 

C-i20 



Table C.2.1b State of Wyaning grouna-water standards (Concluded) 

Undergrouna water class and use suitability 
SpecTaTTAl 

Fisti-Aquatic Life Constituent or parareter 

Aluminum (Al) 
Ainmonia (NH )̂ 
Arsenic (Asf 
Barium (Ba) 
Beryllium (Be) 
Boron (B) 
Cadmium (Cd) 
Cnloride (CI) 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu) 
Cyanide (CN) 
Fluoride (F) 
Hydrogen sulfide (H^S) 
Iron (Fe) ^ 
Lead (Pb) 
Lithium (Li) 
Manganese (Mn) 
Mercury (Hg) 
Nickel (Ni) 
Nitrate 
Nitri te 

(NOo-N) 
(NO -̂N) 
(NO^+NO^)-

J3?- ^ 
•N 

grease 

solids (TDS) 

Oil and 
Pnenol 
Selenium (Se) 
Silver (Ag) 
Sulfate (SO,) 
Total dissolved 
Uranium (U) 
Vanadium (V) 
Zinc (Zn) 
pH (standard units) 
Combined total radium-

and radium-228 
(in picoCuries per l i t e r ) 

Total strontium-90 
(in picoCuries per l i t e r ) 

Gross alpha particle radioactivity 
(including radium-226 but 
excluding radon and uranium 
in picoCuries per l i t e r ) 

-226 

0.1 
0.02 
0.05 
5.0 

0.011-1.1 

0.0004-0.015 

0.05 

0.01-0.04 
0.005 

0.002 
0.5 

0.004-0.15 

1.0 
0.U0005 

0.05-0.4 

Virtually free 
0.001 
0.05 

0.0001-0.00025 

.0*^-1,000.0^-2,000.0^ 
0.03-1.4 

0.05-0.6 
b.5-9.0 

5 

8 

15 

All values are in milligrams per l i t e r (mg/1) unless otherwise indicated, 
Dashed lines indicate not applicable. 

?Eyg hatching. 
'Fish rearing. 
Fish and aquatic l i f e 

Ref. WDEQ, 1980. 
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Table C.2.17 Detection limits for DOE water quality analyses 

Constituent Detection limit Unit 

Aluminum (Al) 
Arsenic (As) 
Barium (Ba) 
Cadmium (Cd) 
Calcium (Ca) 
Chromium (Cr) 
Copper (Cu) 
Iron (Fe) 
Lead (Pb) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Molybdenum (Mo) 
Nickel (Ni) 
Potassium (K) 
Silver (Ag) 
Selenium (Se) 
Sodium (Na) 
Vanadium (V) 
Zinc (Zn) 
Ammonia (NH )̂ 
Antimony (SB) 
Chloride (CD 
Cyanide (CN) 
Fluoride (F) 
Nitrate (NO.) 
Phosphorus fp) 
Sulfate (SO.) 
Si l ica (SiOp) 
Total dissolved solids (TDS) 
Radium-226 (Ra-226) 
Thorium-230 (Th-230) 
Lead-210 (Pb-210) 
Uranium (U) 

0.003 
0.001 
0.002 
0.0001 
0.01 
0.001 
0.001 
0.03 
0.001 
0.001 
0.01 
0.0002 
0.001 
0.04 
0.01 
0.01 
0.U02 
0.002 
0.004 
0.005 
0,1 
0.003 
0.2 
0.001 
0.1 
0.1 
0.01 
0.1 
0.1 

10 
0.2 

200 
1.0 
0.0003 

mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
rag/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
pCi/1 
pCi/1 
pCi/1 
mg/1 
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pH 

7.0 6 .0 3 .0 1.0 0 

C u . S e . Z n ( m a / l ) 

2 0 40 60 80 100 
T 

U (mfl/X) 

50 100 

7 .0 5 ,0 3.0 1.0 0 
pH 

Na .Ca .Mg {mg/Itlo3} 
1,0 2 .0 3 . 0 4 . 0 

0 

20 40 60 80 100 1.0 2 .0 3.0 4 .0 5,0 6.0 
Cu. S e , Zn ImgU) Mo (mfl/X) 

Mn Imgi4tl0^} HCO3. CI f m a / i x l O ^ ) 
1.0 2 .0 3.0 4 .0 5 .0 

• 1 1 1 1 1 
0.5 1,0 1.6 

' 1 1 

_̂/ i 

rt CI ^~"~~~—-• 

1 p.——''''•"'•""804 

\ H C 0 3 

, • > • jk 

-

\ 
J. 

1 f 1 

1 , 0 2 . 0 3 . 0 4 . 0 1.0 2 . 0 3 , 0 4 , 0 5 . 0 
N a . C a . M g Cmg/ . ( x1o3) F e . A l ( m g / l . ^ ' I O ^ ) 

0 .5 1.0 1.5 
SO4 Cmg/( x105 ) 

_ W A T E R T A B L E 6 . 6 m REF. LBL, 1984. 

FIGURE C.2.23 
CHEMICAL PROFILES OF TAILINGS PORE WMEB AT LBL LOCATION RB 
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Table C.2.18 Cliemical analyses of unsaturated t a i l i n g s pore water, Riverton s i t e 

Sample 

nunter 

Concentration in milligrams per l i t e r 

Na Mg Ca Fe Al SO. CI Si 

RA-i 
RA-2 
RA-3 
RA-4 
RA-b 
RA-7 
RA-11 
RA-19 
RB-1 
RB-2 
RB-3 
RB-4 
RB-5 
RB-6 
RB-7 
RB-9 
RB-11 
RB-13 
RB-15 
RC-1 
RC-2 
RC-3 
RC-4 
RC-5 

1 
2 
2 
2 
2 
2 

259 
89 
60 
30 
20 
80 
319 
60 
268 
209 
310 
239 
209 
20 
180 
30 
689 
,760 
,450 
,550 
,370 
,480 
,760 
658 

0.7a 
0.70 
0.78 
0.27 
2.51 
11.3 
5.8 
11.5 
0.27 
0.55 
0.94 
0.25 
0.29 
0.22 
2.93 
0.22 
32 
41.0 
48.5 
68 
19 
256 
37 
11 

430 
208 
320 
169 
80 
330 

1,280 
250 

1,110 
1,450 
1,280 
1,100 
1,149 
1.900 
1,990 
2.620 
l.blO 
279 
128 

1,180 
799 
677 
690 
109 

300 
410 
309 
389 
480 
290 
220 
539 
300 
212 
228 
228 
220 
140 
160 
IbO 
460 
609 
689 
559 
509 
621 
562 
309 

15 
31 
27 
78 
32 
305 
306 
2.i 

1714 
1.58 X 
8,150 
8,150 
1.01 X 
4.32 X 
5.05 X 
5.65 X 
2.65 X 

< 
< 
< 
< 
< 
< 
< 

10^ 

loj 

10 

76 
408 

1,326 
678 
250 

1,436 
8,285 

109 
1,510 
3,490 
3,070 
3,250 
4,000 

10 
10 
10^ 

1.16 X 
1.18 X 
1.26 X 

567 
0.54 
0.27 

32 
9.1 
0.81 
1.0 
1.1 

8,850 
4,590 

11,800 
5,600 
2,957 , 

1.51 X 10^ 
2.68 X 10^ 

2,900 
1.76 
4.74 
4.42 
4.49 
6.50 
1.69 
1.73 
1.99 
1.39 

IO4 

loj 

10^ 
10= 
10= 

loj 
10^ 4,950 

5,540 
1.31 X 10 

8,420 
7,830 
7,540 
1,970 

-1 

76 
14 
26 
64 
21 
55 
78 
250 
213 
241 
127 
127 
93 
115 
174 
87 
98 
104 
98 
49 
73 
43 
158 
50 

53 
62 
85 
75 
75 
105 
57 
17 
42 
38 
32 
36 
45 
4J 
35 
35 
67 
17 
13 
13 
13 
18 
13 
17 



Table C.2.18 Chemical analyses of unsaturated ta i l ings pore water, Riverton s i te (Concluded) 

Concentration in milligrams per l i t e r 
Sanple ___— . . .—.—_—_—. 

number*̂  U Mo Cd Cr Se Zn Cu 

RA-i 
RA-2 
RA-3 
RA-4 
RA-fa 
RA-7 
RA-11 
RA-19 
RB-1 
RB-2 
RB-3 
RB-4 
RB-5 
RB-6 
RB-7 
RB-9 
RB-11 
RB-13 
RB-16 
RC-1 
RC-2 
RC-3 
RC-4 
RC-5 

1,090 
618 

3,330 
l,ld6 

— 

2.33 X 10^ 
880 
18 
18 
46 
58 
68 
54 
64 
108 
1J8 
20 
19 

1,730 
618 
31 

1,660 
218 

0, 
1, 
1, 
1, 
1, 
5, 
8, 
4. 
4. 
4, 

9 
31 
99 
36 
16 
9 
— 
3.' 

.26 X 

.7 X 

.1 X 

.1 X 

.6 X 

.0 X 

.7 X 

.5 X 

.9 X 

.4 X 
--
13 
90 
72 
30 
13 

IS 
loj 
loj 
loj 

10^ 

10^ 

__ 
— 
— 
--
__ 
— 
— 

— 
— 
— 
— 
— 
— 
— 
— 
__ 
__ 
— 
__ 
— 
— 
— 
— 

99 
99 
301 
98 
< 

301 
080 
< 

301 
b20 
b20 
btiO 
680 
780 
680 

1,100 
987 
< 
< 
0. 
0. 
0. 
0. 
0. 

01 
05 
39 
02 
01 

4.7 
3.8 
9.5 
3.8 
3.8 
5.7 
89 
3.8 
13 
33 
00 
58 
41 
70 
92 
98 
U 
< 
< 
< 
< 
< 
< 
< 

3.4 
1.8 
3.1 
1.7 
1.0 
6.0 
25 
1.0 
4 
14 
9 
16 
12 
45 
26 
30 
20 
1.0 
0.0 
1.0 
< 
< 
< 
< 

7/0 
18 
82 
20 
b.8 
20 
21 
U.3 
l.b 
8.2 
9.1 
10 
10 
80 
19 
31 
0.4 
0.1 
0.2 
< 
< 
< 
< 
< 

Concentrations below aeiection l imi ts indicated by <; dashed lines Indicate concentrations that were not determined, 
'sample nunters correspond to LBL locations RA, RB, and RC on Figure C.2.3. 

Ref. LBL. 1984. 



Table C.2.19 Unacceptable Riverton ground-water quality analyses^ 

1 
1—* 
ro 
en 

Well 

RVT-706 
RVT-710 
RVT-714 
RVT-llO 
RVT-101 
RVT-104 
RVl-110 
Bloomberg 

#1 
Goggles #1 

St . Stevens 
School 

Moss #1 
Kranz #1 
P-30 
P-Jl 
P-32 
P-33 
P-3b 
Scfi l e t t e r 
Harris 
Raymond #1 
P-5 
P-8 
P-12 
P-14 
P-15 
P-17 
P-20 

Date 

01/13/85 
01/13/85 
01/10/85 
01/10/84 
12/08/83 
12/08/83 
12/08/83 

12/08/83 
12/08/83 

12/08/83 
12/08/83 
12/08/83 
11/03/82 
11/03/82 
11/03/82 
11/04/82 
11/04/82 
07/21/Bl 
07/02/81 
06/12/81 
0t . / l l /81 
06/15/81 
07/14/81 
07/14/81 
07/14/81 
07/28/81 
07/28/81 

T iX) 

8.0 
5.0 
5.0 

11.5 
— 
— 
— 

--
--

— 
— 
— 

11.0 
— 
--

14.0 
— 

20.0 
17.0 
21.0 
25.0 
21.0 
18.0 
19.0 
18.0 
22.0 

— 

Elec t r ica l 
conductivity 
(micromhos 

per centimeter) 

1,390 
1,116 

643 
765 

--
— 
— 

— 
— 

— 
— 
-_ 
--
__ 
— 
— 
— 
— 
— 
— 
— 
-_ 
_. 
__ 
— 
— 
. . 

TDS 

1,000 
560 
510 
658 

1,410 
1,280 

719 

592 
607 

4t>5 
604 
633 

--
--
„ 

--
_. 
. . 
— 
— 
— 
_-
— 
. . 
— 
— 
— 

pH 
(standard 

un i t s ) 

7.59 
7.04 
7.10 
7.93 
._ 
— 
__ 

— 
— 

__ 
--
— 

8.05 
7.20 
6.80 
8.21 
7.46 
7.75 
9.55 
8.90 
7.24 
7.61 
7.61 
7.50 
7.50 
6.97 
6.60 

F 

0.25 
0.35 
0.43 
0.3 

<0.1 
<0.1 
<0.1 

1.6 
1.6 

1.0 
1.7 

<0.1 
— 
— 
--
— 
— 
— 
— 
. . 
--
--
— 
— 
— 
— 
— 

CI 

29 
14 
4.1 

35 
35 
71 
19 

5.9 
7.9 

1.9 
2.9 

15 
81 
97 

184 
233 

24 
138 
32 

8.3 
35 
12 
49 

108 
92 

103 
61 

NO3 

<1 
2 

<1 
<1 
15 
15 
42.5 

12 
13 

25.5 
12 
14.5 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

Alkal ini ty 
U s CaCOj) 

221 
506 
229 
100 
— 
— 
— 

— 
--

— 
— 
__ 

634 
439 
732 
707 
45o 
244 
45 

197 
329 
301 
360 
421 
392 
677 
762 

SO, 

490 
190 
59 

260 
577 
544 
277 

263 
310 

170 
289 
227 

3.470 
1,330 
3,770 
3,800 

374 
149 
212 
205 
384 
185 
517 
460 
624 

2,420 
2,380 

Na 

103 
70.0 
69.9 

13t. 
190 
222 
189 

214 
218 

208 
204 
128 

1,140 
761 

1,270 
1,380 

140 
123 
H8 
154 

77 
71 

214 
158 
155 
570 
708 

K 

2.95 
2.60 
1.83 
2.00 
7.30 
7.18 
4.40 

0.94 
0.89 

0.82 
0.81 
2.67 

28.10 
8.80 

21.20 
18.40 
8.00 
5.20 
0.27 
0.39 
9.50 
7.90 
8.70 

36.10 
8.60 

36.40 
16.60 



Table C.2,19 Unacceptable Riverton ground-water qual i ty analyses* (Continued) 

W e l l Date Mg Ca Al Fe Mn As Ba Cd Cr Hg Pb Sb Se 

ro 

RVT-70b 
RVT-710 
RVT-714 
RVT-110 
RVT-710 
RVT-104 
RVT-110 
Bloomberg 

#1 
Goggles #1 
St . Stevens 

School 
Moss #1 
Kranz #1 
P-30 
P-31 
P-32 
P-33 
P-36 
Schloiter 
Harris 
Raymond #1 
P-5 
P-8 
P-12 
P-14 
P-15 
P-17 
P-20 

01/13/85 
01/13/85 
01/10/85 
01/10/84 
12/08/83 
12/08/83 
12/08/83 

12/08/83 
12/08/83 

12/08/83 
12/08/83 
12/08/83 
11/03/82 
11/03/82 
11/03/82 
11/04/82 
11/04/82 
07/21/81 
07/21/81 
06/12/81 
06/11/81 
06/15/81 
0//14/81 
07/14/81 
07/14/81 
07/28/81 
07/28/81 

46.1 
21.9 
15.5 

7.8 
50,4 
45.6 

7.89 

0.08 
0.066 

0.075 
0.068 

12.7 
265 
85 

260 
248 

36 
18 
0.14 

34 
19.8 
27 

no 
53 

163 
137 1 

111 
77.1 
61.5 
61 

177 
164 

59.3 

6.06 
7.33 

3.55 
7.05 

81 
589 
345 
669 
609 
184 
76.9 
10.2 

5.29 
128 
87 

101 
373 
182 
829 

,040 

<0,1 
<0,1 
<.0.1 
<0.1 
<0.003 

0.004 
^0.003 

<0.003 
<0.003 

<0,U03 
<.0.003 
<0.03 

0.002 
0.051 
0.25 
0.005 

0,62 
0,027 

0,25 

0,26 

<0.03 
0,07 

<.0,03 
0.05 
0.14 
0.06 
0,58 

0.27 
0,14 

0.13 
<0.03 

0.14 

0.16 
0.89 
0.24 

0.11 
0.11 
0.11 
0.011 
0.012 
0,5 
0.34 
0.11 
0.5 

21 

1.37 
2.32 
1.46 
0.55 
0.22 
0.27 
0.64 

0.02 
0.03 

0.02 
0.03 
0.07 

-0.01 
<.0.01 
vO.Ol 
<0.005 
vO.OOl 
••0.001 
«.0.001 

<0.001 
^0.001 

.̂O.OOl 
<,0,001 
<0.001 

<0.1 
0.1 
0.1 

<0.1 

0.008 
0.005 

0.009 
0,004 
0,019 

<0.001 
<0.001 
«.0.001 
<0.005 

<0.0001 
<0.0001 

<0,01 
<0.01 
<0.01 
<0.001 
<0.001 
<0.001 
•lO.OOl 

<0.001 
<0.001 

<0.001 
<0.001 
<0.001 

0.002 
0.018 
0.02 

<0.0002 <0.01 <0.003 v0.005 
<0.0002 lO.Ol <0.003 -,0.005 
<0.0002 <0.01 <0.003 •'xO.OOb 

<0.001 <0.003 <0.005 
<0.001 0.017 <r0.002 
<0.001 0.013 <0.002 
<0.001 <0.003 -.0.002 

<0.001 -(0.003 <.0.002 
<0.001 <0.003 <s0.002 

<0.001 <0.003 <.0.002 
<0.0002 <0.001 <0,003 v0.002 
<0.0002 <0.001 <0.003 <0,002 

0.01 



Tattle C.2.19 Unacceptable Riverton groyna-water quality analyses^ (Concluaedl 

Kel i 

RVT-700 
RVI-71U 
RVI-714 
ftVT-UO 
8VT-710 
8VI.W4 
W I - U U 
BloomDerg 

#1 
Goggles #1 
St . Ste»ens 

SCIsQOl 
Moss ^1 
Kranz 11 
P-30 
P-Jl 
P-32 
P-Jj 
P-Jo 
Sen l e t t e r 
Harr is 
Raymona ^1 
? - i 
P-8 
P-IZ 
P-14 
P-lb 
P-17 
P-20 

Date 

01/13/Si 
01/13/BS 
01/10/86 
01/10/84 
ia/UB/83 
12/08/83 
12/08/83 

12/0li/83 
12/08/83 

I2/OB/a3 
12/03/83 
12/08/83 
U/03/82 
l l /OJ /82 
U/03/82 
11/04/82 
U/04/82 
07/21/81 
07/21/81 
06/12/a i 
0 6 / U / 8 ! 
06/15/81 
07/14/al 
07/14/81 
U7/14/tfl 
07/28/81 
07/28/81 

U 

0.019 
0.01 

<0.003 
0.005 
0.22 
0.159 
0.003 

— 
— 

<0.003 

— 
1.0 
0.072 
2.4 
0.3 
0.052 

.. 
— „ 

0.J2 
0.11 
0.016 
1.4 
0.18 
0.64 
0.4 

Mo 

<0.01 
to .01 
<0.01 
0.04 
0.03 
0.034 
0.072 

<0.U01 
<0.001 

<0.001 
<0.001 
<0.001 

— 
0.029 
0.038 
0.028 
0.031 
„ 

— 0.004 
0.12 

--
0.038 
0.13 
0.39 
0.9 
3.7 

CN 

„ 
„ 

<0.001 
<0.001 
<0.00l 

<a.ooi 
<0.001 

<0.001 
<0.001 
<0.001 

.. 
„ „ 

.. 

— 
— 
.. 
— 

— 
— 

PO, 

<0.15 
<0.15 
<0.15 

„ 

— 

— 
— 
0.04 

— 
— 
— 
.. 
— 
— 
- „ 

„ „ 
„ „ 

— 

SiO^ 

U . l 
23.3 
29.5 

33.6 
J2.1 
21.4 

10.3 
9.e 

10.3 
9.8 

23.1 
„ 

„ 

— 
„ -
„ 

„ „ 

— 

— 

NH, 

0.3 
0.2 
0.1 

— 
<0.1 
<0.1 
<0.1 

<0.1 
<0.1 

<0.1 
<0.1 
<0.1 

.. 
— 
-. 
— 
-» „ 

— „ 

— 

-. 
~ 

Ag 

<0.01 
<o.oi 
<0.01 
<0.01 
0.001 
0.001 
„ 

— 
.. 

<0.0002 
<0.0002 

— 

„ 

„ „ 

--
— „ „ 

" 

Cu 

<0.02 
<0.02 
<0.02 
<U. l 
<0.02 
•CO. 02 
<0.02 

<0.02 
<0.02 

<0.02 
<0.02 
<0.02 

.. 
— 
— 

„ 

— 
._ 

~ 

Nl 

<0.04 
<0.04 
<0.04 
<0.04 

0.1 
0.148 
0.057 

0.015 
0.022 

0.024 
0.024 
o.ozz 
.. 
— 
.. 
— 
— 
— 
--
— 
— 
.. 
.. 
--

« 

<0.01 
0.02 
0.02 

<0.004 
<0.004 
<0.004 
<0.004 

<0.004 
<0.004 

<0.004 
<0.0M 
<0.004 

— 
— 
— 
— 
0.009 

.. 
— 
— 
— 
0.001 

— 

Zn 

<0.005 
0.007 
0.013 

<0.00b 
0.017 
0.O5 
0.023 

0.039 
0.006 

0.033 
0.0192 
0.025 

— 
— 
.. 
— 
— „ 

— 
— 
— „ „ 

— 
.. 
— 

Pb-210 
( p C l / l ) 

<1.5 
< l . b 
<1.5 
<1.5 

— 
— 
— 
— 
— 
— 0.0 * 2.1 

0.5 * 2.4 
„ 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
"" 

Ra-226 
( p C i / l j 

<1 
<1 
<1 

— 
-. 
— O.b 

— 
— 
— 0.1 • 0.2 

0.1 7 0.3 

— 
— „ 

— 
— 
— 
— 
" 
— 
— 
— 
— 
— 
— 
— 

Ra-228 
(pCl /1) 

— 
— <1.0 

— 
— 
.. 
— 0.1 

0.1 

— 
— 
— 
— 
— 
— 
— 
" 
— 
_. 
— 
— 
— 
— 
— 
— 
— 

T(i-230 
(pCi/1) 

<1 
<:l 
<1 
<1.0 

— 0.001 
„ 

— 1.0 

0.4 
0.0 » 0.003 
0.0004 7 0.0005 

~ 
— 
.. 
--
— 
— 
— 
.. 
— 
--„ 

--
— 
— 
— 

Saneles with cation-anion Dalances in excess ef plus or minus 5 
otnerwise notea. Dasned lines indicate no analyses. 

percent. All values are in milligrams per l i t e r (mg/lj unless 



Table C.2.20 Water quality analyses used to define background concentrations in the unconrined aquifer at Riverton, Wyoming" 

Hell 

RVT-711 
rtVT-715 
Raymond #2 
Whiteman 

#2 

Date 

01/10/85 
01/10/85 
04/14/84 

05/05/84 

T iX) 

7 
6 
8 

8.2 

Elec t r ica l 
conductivity 

(micromhos per 
cen t ine te r ) 

2,170 
459 
— 

— 

TOS 

1,400 
290 
707 

1,270 

pH 
(standard 

uni t s ) 

7.78 
6.97 
7.2fa 

7.07 

F 

0.23 
0.25 

<0.1 

<0.1 

CI 

110 
3.6 

45 

92 

NO3 

<1 
<1 
<0.1 

<0.1 

Alkal ini ty 
(as CaCOj) 

287 
193 
255 

280 

SO4 

560 
JJ. 

244 

582 

Na 

152 
25.7 
95 

190 

K 

4.48 
2.24 

14.6 

b.b 

Mg 

50.1 
11.9 

26b 

35.5 

Well Date Ca Al Fe m As Ba Cd Cr Hg Pb Sb Se Mo 

RVT-711 01/10/85 
RVT-715 01/10/85 
Raymond #2 04/14/84 
Whiteman 

#2 O D / 0 5 / 8 4 

173 
51.b 
96 

163 

<0.1 
<0.1 
<0.1 

<0.1 

0.19 
0.14 

<0.03 

0.4b 

3.91 
1.91 
0.59 

0.15 

<0.01 
<0.01 
<0.01 

<0.01 

0.2 
0.1 

<0.1 

<0.1 

<0.001 
<0.001 
<0.005 

<0.005 

<0.01 
<0.01 
<0.01 

<0.01 

<0.0002 
<0.0002 
<0.0002 

<0.002 

<0.01 
<0.01 
<0.01 

<0.01 

0.003 
0.003 

<0.003 

<0.003 

<0.006 
<0.00S 
<0.005 

<0.005 

0.01 
<0.003 
0.0077 

0.0079 

<0.01 
<0.01 
<U.01 

<0.01 



Table C.2.20 Water quality analyses used to define background concentrations in the unconfined aquifer at Riverton, Wyoming (Concluded) 

Well 

RVT-711 
RVr-715 
Raymond 
Whiteman 

#2 

#2 

Date 

01/10/85 
01/10/85 
04/14/84 

06/18/84 

CN 

— 
<0. 

<0. 

01 

01 

PC 

<0, 
<0. 
<0, 

<0. 

'4 

,15 
,15 
,24 

,1 

SiO ,̂ 

22 
21, 
11, 

11, 

.9 

.4 

.7 

.0 

NH4 

0.2 
0.2 

<0.1 

<0.1 

Ac 

<0. 
<0. 
<0. 

<0. 

1 

01 
,01 
,01 

01 

Cu 

<.0.02 
<0.02 
<0.02 

<0.02 

Ni 

<0. 
<0. 
<0. 

<0. 

,04 
04 
,04 

04 

V 

<0, 
<0, 
<0. 

<0, 

.01 
,01 
,01 

.01 

/n 

0. 
0. 
0, 

<0. 

,019 
019 

,121 

,005 

0 

0 

Pb-210 
(pCi/1) 

<1.5 
<1.5 

.2 + 1.9 

.8 + 1.3 

Rd-22b 
CpCi/1) 

<1 
<1 

0.2 + 0.2 

0.1 + 0.1 

Ra-228 
(pCi/1) 

-.-
— 

— 

rh-230 
(pCi/1) 

<1 
<1 

0.0 + 0.9 

0.5 + 0.6 

All wells located upgradient ot tailings pile. All values in milligrams per liter (mg/l) unless otherwise noted. Dashed lines indicate no analy­
ses. 



Table C.2.21 Water quality analyses used to define background concentrations in the confined aquifer at Riverton, Wyoming^ 

Electrical 
conductivity 
(micromhos per 

Well Date T (̂ C) centimeter) 

Kranz #1 

Clarke 
Larson #1 
Whitman #1 
Raphael 
Norse 

Raymond #1 

St. Stevens 
School 

01/10/84 
04/04/84 
12/08/8J 
07/21/81 
07/21/82 
04/04/84 
06/05/84 

03/30/84 
01/10/84 
04/14/84 
12/08/83 

01/10/84 
06/05/84 

0.5 
— 
— 
21 
21 
— 
— 

— 
— 
— 
— 

— 
— 

568 
— 
-_ 
__ 
— 
— 
— 

— 
_. 
._ 
.-

— 
— 

pH 
(standard 

TDS units) F CI NO3 

582 
635 
681 
— 
— 
814 
438 

701 
494 
460 
493 

536 
426 

6, 
— 
— 
9, 
8, 
— 
— 

.. 
— 
— 
— 

— 

.99 

.10 

.91 

0.4 
<0.1 
<0.1 
— 
— 

<0.1 
<0.1 

<0.1 
0.9 
<0.1 
1.3 

0.8 
<0.1 

18.0 
49.0 
1.0 
5.3 
12.0 
58.0 
23.0 

36.2 
12.0 
38.0 
4.9 

11.0 
25.0 

<1.0 
<0.1 
15.5 
— 
__ 
<0,1 
<0.1 

<0.1 
<1.0 
<0.1 
12.5 

15.0 
<0.1 

Alkalinity 
(as CaCO^) SO. Na K Mg 

180 
— 
— 
211 
150 
— 
— 

„ „ 

180 
— 
--

180 
— 

200 
305 
222 
200 
229 
366 
80.3 

341 
180 
198 
189 

160 
168 

93 
165 
114 
131 
164 
197 
126 

176 
160 
191 
180 

160 
168 

2.2 
1.5 
2.75 
0.31 
0.39 
0.80 
0.40 

0.87 
0.47 
0.40 
0.83 

0.48 
0.30 

12.0 
11.5 
12.9 
— 
0.09 
10.3 
<0.001 

5.23 
0.062 
0.059 
0.062 

0.065 
<0.001 



Table C,2.21 Mater qual i ty analyses used to define background concentrations in the confined aquifer at Riverton, Wyoming* (Continued) 

Well 

Kranz #1 

Clarke 
Larson fl 
Whitman #1 
Raphael 

Norse 
Raymond #1 

St. Stevens 
School 

Date 

01/10/84 
04/04/84 
12/08/83 
0//21/81 
07/21/82 
04/04/84 
06/05/84 

03/30/84 
01/10/84 
04/14/84 
12/08/83 

01/10/84 
06/05/84 

Ca 

81.0 
52.1 
81.5 
3.6 
7.4 

68.5 
4.21 

51.2 
4.1 
5.31 
6.55 

4.1 
3.52 

Al 

<0.1 
^0.1 
\0.003 
0,18 
0.89 

<.0.1 
vO.l 

<0.003 
<.0.1 
sO.l 
N.0.003 

<0.1 
<.0.1 

Fe 

0.03 
<,0.03 
0.45 
0.17 
0,11 
0,16 
0.06 

0.05 
0.05 
0.04 
0.1 

0,08 
<0,03 

Mn 

0,06 
^0.01 
0,07 
— 
__ 

0,13 
<.0.01 

0,04 
vO.Ol 
<.0.01 
0.01 

<.0.01 
<0.01 

As 

^0.005 
\0,01 
^0.001 

--
— 

-0.01 
xO.Ol 

«.0.001 
^0.005 
<,0.01 
<.0.001 

-.0.005 
-.0.01 

Ba 

'.0.1 
<,0.1 
0.018 
— 
— 

•0.1 
<.0.1 

.0.1 
<v0,l 
vO.l 
0.007 

<.0.1 
lO.l 

Cd 

•0,005 
<0,005 
vO.OOOl 

--
__ 

.0,005 
vO.005 

-.0.0001 
<0.005 
-.0.005 
-.0.0001 

<0.005 
-.0.005 

Cr 

<0.001 
'.0.01 
<.0.001 

.. 
--

vO.Ol 
<-o.oi 

<0.001 
-.0.001 
<0.01 
vO.OOl 

•̂ '0.001 
lO.Ol 

Hg 

-.0.0002 
vO.0002 
.0.0003 

--
--

<0,0002 
<0.0002 

<0,0002 
<0.0002 
<.0.0002 
<0.0002 

'.0.0002 
<0.0002 

Pb 

0.001 
-.0.01 
<0.001 

--
--

'.0.01 
'.O.Ol 

-.0.001 
lO.OOl 
'.0.01 
'.0.001 

<0.001 
10.01 

Sb 

-.0.003 
•kO.003 
-.0.003 

.. 
--

-.0.003 
<.0.003 

-0.003 
-.0,003 
<.0.003 
-.0.003 

0,003 
<-0.003 

Se 

-0,005 
-.0,005 
<0,002 

.. 
--

•0,005 
-.0,005 

•.0,002 
<0.005 
<0,005 
<,0.002 

'0.005 
-.0.006 

u 

0.006 
0.0011 
0.005 
--
--

0.0013 
<0.0003 

0.0008 
-.0.002 
<0.0012 
-.0.0003 

v0.002 
-0.0003 

Mo 

0.006 
.0.01 
0.001 
.. 
--

-0.01 
^0,01 

0,OUl 
<.0.005 
<0.01 
<0.001 

-0.005 
-0.01 

file:///0.003


Table C.2.21 Water quality analyses used to define background concentrations in the confined aquifer at Riverton, Wyoming (Concluded) 

n 

OJ 
0 0 

Well 

Krantz #1 

Clarke 
Larson #1 
Whitman #1 
Raphael 

Norse 
Raymond #1 

S t . Stevens 
School 

Date 

01/10/84 
04/04/84 
12/08/83 
07/21/81 
07/21/82 
04/04/84 
a / 0 5 / 8 4 

03/30/84 
01/10/84 
04/14/84 
12/08/83 

01/10/84 
06/05/84 

CN 

<0.01 
<0,001 

— 
— 

<0.01 
<0.01 

<0.001 
— 

<0.01 
<0.001 

— 
<0.01 

P04 

<0.10 
<0.1 
<0M 

— 
— 

<0.1 
<0.1 

<0.1 
<0.10 
<0.1 
<0.04 

<0.10 
<0.1 

SiOg 

20.1 
6.6 

23.1 
— 
— 
6.6 

<0.1 

8.2 
8.3 

<0.1 
9.8 

9.0 
<0.1 

NH4 

<0.1 
<0,1 

- -
— 

<0.1 
<0.1 

<0.1 
— 

<0.1 
<0.1 

— 
<0.1 

Ag 

<0.01 
<0.01 

— 
— 
— 

<0.01 
<0.01 

<0.01 
<0.01 
<0.01 

— 

<0.01 
<0.01 

Cu 

<0.01 
<0.02 
<0.02 

- . 
— 

<0.02 
<0.02 

<0.001 
<0.01 
<0.02 
<0.02 

<0.01 
<0.02 

Ni 

<0.04 
<0.04 

0.02 
__ 
— 

<0.04 
<0.04 

<0.04 
<0.04 
<0.04 
<0.018 

<0.04 
<0.04 

V 

<0.004 
<0.01 
<0.004 

— 
— 

<0.01 
<0.01 

<0.004 
<0.004 
<0.01 
<0.004 

<0.004 
<0.01 

/n 

0.015 
<0.005 
0.029 

— 
— 

0.016 
<0.005 

<0.005 
<0.005 
<0.005 
<0.014 

0.025 
<0.005 

Pb-210 
(pCi/1) 

2.0 
0.0 + 1.6 

0.2 
— 
~ 

0.2 + 2.0 
0.5 + 1.2 

6.4 
<1.5 

0.0 + 1.3 
0.0 + 2.1 

<1.5 
0.0 + 1.3 

Ra-226 
(pCi/1) 

<1.0 
0.1 + 0.1 
0.0 •»• 0.2 

— 
— 

0.0 + 0.1 
0.5 + 0.3 

0.1 -I- 0.2 
<170 

0.5 + 0.3 
0.2 + 0.3 

<1.0 
0.2 + 0.2 

Ra-228 
(pCi/1) 

<1 
— 
- -
- -
-_ 
- -
— 

- -
<1 
__ 
— 

__ 
— 

Th-230 
(pCi/1) 

<1.0 
0.0 + 0.4 
0.6 -̂  0.7 

- -
- -

0,0 -̂  0.0004 
0.0 + 0.0004 

— 
<1.0 

0.2 + 0.6 
__ 

<1.0 
0.0 + 0.4 

*A11 wells locateo upgradient of tailings pile. All values in milligrams per liter (rag/1) unless otherwise noted. Dashed lines indicate no analy­
ses. 



Table C.2.22 Water quality analyses of unconfined ground-water samples obtained downgradient of the Riverton ta i l ings pi le ' 

Well Date T C O 

DH-3 

1-707 
P-9 
P-IO 
P-13 
P-18 
P-19 
P-21 
P-22 
P-2J 

P-24 

P-25 
P-26 

P-27 
P-28 
P-29 
P-31 
P-32 

P-34 
P-35 

06/18/84 
01/10/84 
12/08/83 
11/14/84 
06/10/81 
06/15/81 
07/15/81 
07/28/81 
07/28/81 
08/06/81 
08/05/82 
06/18/84 
11/04/82 
Ob/18/84 
08/05/82 
08/05/82 
06/18/84 
08/06/82 
11/02/82 
11/04/82 
11/04/82 
06/05/84 
06/07/84 
01/10/84 
12/08/83 
11/04/82 
11/04/82 

— 
— 
— 
5 
22 
22 
28 
22 
19 
22 
15 
.-
15 
— 
24 
19 
— 
19 
11 
10 
12 
— 
— 
3 

— 
— 
12 

Electrical 
conductiv 
(micromhos 

ity 
per 

centimeter) 

--
— 

a, 000 
— 
— 
— 
— 
__ 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
696 
— 
— 
--

TDS 

3,590 
3,414 
3.4/0 
7,590 
— 
— 
— 
._ 
— 
— 
— 

3,280 
— 

4,010 
— 
— 

4.530 
— 
._ 
— 
— 

4.220 
9,700 
8,864 
8,960 
— 
_-

pH 
(standard 
units) 

6.40 
— 
0.89 
7.50 
7.40 
0.55 
6.70 
6./0 
6.79 
7.00 
— 

6.70 
— 
6.80 
7.20 
— 
7.05 
6.80 
8.00 
7.69 
— 
._ 

0.70 
— 
7.bO 
7.55 

F 

<0.1 
0.4 
— 

0.89 
— 
— 
— 
_-
-. 
— 
— 

<0.1 
— 

<0.1 
__ 
__ 

<0.1 
__ 
__ 
— 
— 

<0.1 
<0.1 
0.7 
1.1 
— 
— 

CI 

390 
100 
95 
220 
146 
— 
103 
80 
62 
45 
39 
300 
50 
750 
120 
109 
480 
169 
134 
46 
57 
550 
630 
640 
220 
32 
88 

NO3 

<0.1 
<1.0 
11.5 
<1.0 
— 
— 
— 
-_ 
__ 
— 
— 

<0.1 
— 

<0.1 
— 
— 

<1.0 
— 
— 
— 
— 
<0.1 
<0.1 
— 
10.5 
— 
— 

Alkalinity 
(as CaCOj) 

300 
— 
452 
646 
414 
395 
921 
380 
664 
376 
— 
464 
— 
533 
381 
— 
518 
567 
213 
359 
--
— 
620 
__ 
402 
352 

SO4 

2,140 
1,900 
2,000 
4,300 
--
— 

2.170 
2.210 
1.910 
1,260 
587 

1,920 
1,810 
2.360 
2.200 
1,440 
2,600 
2,280 
2,590 
470 
826 

2,410 
6,000 
4.400 
5.510 
643 
268 

Na 

683 
330 
421 

1.450 
632 
__ 
397 
425 
222 
301 
264 
640 
328 

1.030 
505 
452 
990 
029 
653 
161 
294 
822 

2,190 
l.bOO 
1.610 
223 
142 

K 

8.2 
10.0 
12.3 
15.3 
27.0 
--

24.8 
48.1 
38.4 
8.5 
24.4 
12.7 
1.5 

13.8 
1.5 
1.0 
12.b 
1.2 

14.8 
0.4 
7.2 
7.8 
19.1 
24.0 
ii.i 
7.6 
0.0 

Mg 

67.0 
76.0 
85.0 
208 
130 
— 

98.0 
11/ 
87.0 
82.0 
__ 

45.8 
77.0 
90.3 
119 
77.0 
118 
140 
172 
22.0 
39.0 
88.3 
293 
340 
348 
46.0 
22.0 



Table C.2.^2 Water qual i ty analyses of unconfined ground-water sanples obtained aowngradient of the Riverton t a i l i n g s p i l e (Continued) 

W e l l Date Ca Al Fe Mn As Ba Cd Cr Hg Pb Sb Se Mo 

o 

CO 
en 

D-H3 

RVT-707 
P-9 
P-10 
P-13 
P-18 
P-19 
P-21 
P-22 
P-23 

P-24 

P-25 
P-26 

P-27 
p-2a 
P-29 
P-31 
P-32 

P-34 
P-35 

06/18/84 
01/10/84 
12/08/83 
11/14/84 
06/15/81 
06/15/81 
07/15/81 
07/28/81 
07/28/81 
08/06/81 
08/05/82 
Ob/I8/84 
11/04/82 
»/I8/84 
08/05/82 
08/05/82 
06/18/84 
08/06/82 
11/02/82 
11/04/82 
11/04/82 
06/05/84 
06/07/84 
01/10/84 
12/08/83 
11/04/82 
11/04/82 

505 
560 
557 
405 
584 
— 
557 
717 
705 
404 
--
429 
565 
462 
529 
312 
361 
408 
521 
152 
157 
584 
582 
600 
600 
220 
116 

<0.100 
<0.100 
0.015 

<0.100 
— 
— 
— 
— 
— 
— 
--

<0.100 
__ 

<0.100 
— 
— 

<0.100 
— 
0.002 
0.005 
0.008 

<0.100 
<0.100 
<0.100 
0.029 
0.003 
0.008 

31.8 
21.0 
26.7 
1.1b 
1.95 
— 

219 
4.19 
2.68 
0.89 
— 
2.14 
__ 
3.26 
— 
— 

0.12 
— 
— 
— 
— 
0.11 
0.27 
0.39 
0.57 
0.014 
0.04 

4.43 
4.60 
3.93 
8.22 
— 
— 
— 
— 
— 
— 
— 
3.47 
— 

6.75 
— 
— 
3.95 
— 
— 
— 
— 
3.11 
7.25 
11.0 
11.3 
— 

<0.010 
0.019 
0.021 

<0.010 
— 
— 
— 
— 
— 
— 
0.001 

<0.010 
— 

<0.100 
— 
— 

<0.010 
— 
— 
— 
— 

<0.010 
<0.010 
o.oos 
0.020 
— 
„ -

<0.100 
<0.100 
0.023 

<0.100 
— 
— 
— 
— 
— 
— 
— 

<0.100 
~ 

<0.100 
— 
— 

<0.100 
— 
— 
— 
— 

<0.100 
<0.100 
<0.100 
0.026 
— 

<0.0050 
<0.0050 
— 

<0.0010 
— 
— 
— 
— 
— 
— 
— 

<0.00S0 
— 

<0.0050 
— 
— 

<0.0050 
— 
— 
— 
— 

<0.0050 
<0.0050 
<0.0050 
0.0065 
_. 
„.-

<0.010 
0.008 

<0.001 
<0.010 
__ 
— 
— 
— 
— 
— 
— 

<0.010 
— 

<0.010 
— 
— 

<0.010 
— 
— 
— 
0.002 

<0.010 
<0.010 
0.031 

<0.001 
— 
-.™ 

<0.0002 
«_ 
— 

<0.0002 

— 
— 
— 
— 
— 
— 

<0.0002 
— 

<0.0002 
— 
— 

<0.0002 
— 
— 
— 
— 

<0.0002 
<0.0002 
— 
— 
— 
-.» 

<0.010 
<0.001 
0.015 

<0.010 
_. 
— 
— 
--
— 
— 
— 

<0.010 
— 

<0.010 
— 
— 

<0.010 
— 
— 
— 
— 

<0.010 
<0.010 
<0.001 
0.064 
— 
__ 

<0.003 
<0.003 
0.030 
<0.003 
._ 
— 
— 
__ 
— 
--. 
— 

<0.003 
— 

<0.003 
--
— 

<0.003 
— 
— 
— 
— 

<0.003 
<0.004 
0.003 
0.098 
— 
- „ 

<0.005 
<0.005 
0.023 

<0.005 
™™ 

.-
--
__ 
— 

— 
<0.005 
— 

<0.005 
— 
— 

<0.005 
— 
._ 
--
— 

<0.005 
<0.005 
<0.005 
0.127 
— 
„ „ 

0.509 
0.690 
__ 
1.470 
1.500 
0.050 
0.350 
1.600 
1.100 
0.500 
0.960 
1.360 
1.200 
0.424 
0.220 
0.056 
<0.339 
0.340 
1.000 
0.005 
0.004 

<0.0874 
1.590 
2.300 
1.760 
0.060 
0.016 

<0.010 
0.070 
0.062 
0.800 

_ „ 

__ 
0.260 
0.730 
0.220 
0.610 
0.026 

<0.010 
0.460 

<0.010 
0.240 
0.031 

<0.010 
0.130 
0.220 
0.00013 
0.012 

<0.010 
<0.0i0 
0.510 
0.118 
0.019 
0.009 



Table C.2.22 Water quality analyses of unconfined ground-water saiiples obtained downgradient of the Riverton ta i l ings p i le (Concluded) 

o 

oa 
o^ 

Well 

D-H3 

RVT-707 
P-9 
P-10 
P-13 
P-ltt 
P-19 
P-21 
P-22 
P-23 

P-24 

P-25 
P-26 

P-27 
P-28 
P-29 
P-31 
P-32 

P-34 
P-35 

Date 

06/18/84 
01/10/84 
12/08/83 
11/14/84 
06/15/81 
06/15/81 
07/15/81 
07/28/81 
07/28/81 
08/06/81 
08/05/82 
06/18/84 
11/04/82 
06/18/84 
08/05/82 
08/05/82 
06/18/84 
08/06/82 
11/02/82 
11/04/82 
11/04/82 
06/05/84 
06/07/84 
01/10/84 
12/08/83 
11/04/82 
11/04/82 

CN 

<0.010 
— 

<0.001 
— 
— 
— 
— 
— 
— 
— 
— 

<0.010 
--

<0.010 
— 
— 

<0.010 
__ 
__ 
__ 
_. 

<0.010 
<0.010 

— 
<0.001 

— 
- -

P04 

<0.10 
— 
— 

<0.15 
--
— 
— 
— 
__ 
— 
— 

<0.10 
__ 

<0.10 
--
— 

<0.10 
._ 
--
— 
— 

<0.10 
<0.10 

— 
— 
— 
--

SiO^ 

1.6 
— 

13.1 
31.0 

--
— 
— 
— 
-_ 
— 
— 

3.4 
__ 

9.8 
— 
__ 

11.8 
--
— 
— 
— 

12.6 
13,1 

— 
33.6 

— 
--

NH4 

<0.10 
_ „ 

<0.10 
0.50 
— 
— 
— 
— 
__ 
__ 
— 

<0.10 
__ 

<0.10 
__ 
_-

<0.10 
— 
__ 
— 
— 

<0.10 
<0.10 

— 
<0.10 

— 
--

Ag 

<0.010 
<0.010 
0.003 

<0.010 
— 
— 
— 
— 
— 
— 
— 

<0.010 
— 

<0.010 
— 
— 

<0.010 
— 
— 
— 
— 

<0.010 
<0.010 
<0.010 

0.0135 
— 
- -

Cu 

<0.02 
<0.01 
<0.02 
<0.02 

. -
— 
— 
— 
— 
— 
— 

<0.02 
— 

<0.02 
— 
— 

<0.02 
— 
--
— 
— 

<0.02 
<0.02 
<0.01 
<0.02 

— 
--

Ni 

O.ObO 
<0.040 
0.074 
0.130 
__ 
— 
— 
— 
— 
— 
— 

0.050 
— 

0.080 
— 
— 

<0.040 
— 
--
— 
— 

0.070 
0.130 

<0.040 
0.054 
— 
- -

V 

<0.010 
<0.004 

0.027 
<0.001 

— 
— 
— 
— 
— 
— 
— 

<0.010 
— 

<0.010 
— 
— 

<0.010 
— 
— 
— 
— 

<0.010 
<0.010 
<0.004 

0.010 
— 
--

Zn 

0.033 
<0.005 

0.015 
<0.005 

__ 
— 
— 
— 
--
— 
— 

0.023 
_. 

0.006 
— 
__ 

0.130 
__ 
— 
__ 
__ 

0.010 
0.009 
0.007 
0.038 
— 
"-

Pb-210 
(pCi/1) 

1.0 •!• 1.2 
3.0 
1.0 

<1.5 
--
— 
— 
— 
__ 
--
— 

0.0 + 1.5 
. . 

1.4 + 1.2 
— 
— 

0.0 ••• 1.7 
--
__ 
--
— 

1.1 + 1.8 
12.0 + 2.0 

3.-0 
5.0 
— 
--

Rd-226 
(pCi/1) 

6.3 + 0.9 
6.9 
5.7 

<1.0 
--
— 
— 
— 
--
— 
— 

2.0 + 0.2 
. . 

0.1 + 0.1 
— 
__ 

0.1 + 0.1 
— 
--
--
— 

0.2 f 0.2 
0.3 + 0.2 

<1.0 
— 
— 
--

Ra-228 
(pCi/1) 

— 
— 
— 
--
— 
— 
— 
--
— 
— 
— 
--
--
— 
._ 
--
— 
_. 
--
— 
— 
— 
— 
— 
— 
--

Th-230 
(pCi/1) 

0.1 * 0.5 
<1.0 
0.003 

<1.0 
. -
— 
— 
— 
__ 
— 
— 

0.0 + 0.6 
__ 

0.0 + 0.4 
— 
__ 

0.0 + 0.4 
— 
-_ 
— 
— 

0.0 + 0.4 
0.6 + 1.2 

<1.0 
13 
— 
--

'All values are in milligrams per l i t e r (mg/l) unless otnerwise noted. Dashed lines indicate no analyses. 



Table C.2.23 Water quality analyses of unconfined ground-water sanples obtained upgradient of the Riverton ta i l ings pi le ' 

o 
l»«j 

0 0 
•«»1 

Well 

RVT-101 

RVT-104 

RVT-105 

RVT-112 
RVT-113 

P-11 
P-lb 

Date 

06/18/84 
01/10/84 
06/18/84 
11/10/84 
00/18/84 
03/29/84 
12/02/83 
06/18/84 
01/10/84 
12/08/83 
07/14/81 
07/21/81 

T iX) 

13.8 
— 
9.8 
— 
— 

13.7 
— 

10.3 
— 

Z8.0 
18.0 

Electr ici 
conductiv 

(micromhos 

Jl 
i ty 
per 

centimeter) 

1.438 
— 

1.272 
— 
— 

744 
— 

1,264 
--
— 
— 9 

TDS 

1,180 
1,314 
1,250 
1,332 
1,1«0 
1.230 
1,238 
1,190 
1,180 
1,300 
__ 
„ - , 

pH 
(standard 

un i t s ) 

7.31 
— 

7.30 
— 
— 

7.66 
— 

7.31 
— 

7.40 
7.60 

F 

<0.1 
0.4 

<0.1 
0.4 

<0.1 
<0.1 

__ 
<0.1 

0.2 
<0.1 

— 
_ „ 

CI 

77.0 
78.0 
92.0 
78.0 
77.0 
68.1 
85.0 
73.0 
72.0 
70.2 

105.0 
Z9.0 

NO3 

<0.1 
<1.0 
<0.1 

2.0 
<0.1 
<0.1 

<10.0 
<0.1 
<1.0 
15.0 
— 

Alkalini ty 
(as CaCOj) 

300 
__ 

300 
— 
— 

220 
— 

220 
— 

370 
289 

SO4 

360 
520 
289 
520 
284 
520 
600 
535 
550 
583 

1,380 
224 

Na 

209 
150 
155 
150 
162 
152 
170 
178 
109 
182 
393 
109 

K 

4.30 
7.10 
5.10 
7.30 
4.10 
4.63 
b.lO 
2.60 
6.00 
5.23 
9.10 
4.20 

Mg 

25 . j 
50.0 
35.1 
50.0 
27.3 
43.8 
50.0 
23.4 
22.0 
24.9 
82.0 
22.0 



Table C.2.23 Water q u a l i t y analyses o f unconfined ground-water sain)1es obtainea upgrad ient o f t i ie R iver ton t a i l i n g s p i l e * (Continued) 

Well Date Ca Al Fe Mn As Ba Cd Cr Hg Pb Sb Se U Mo 

c-> 
1 

GO 

m 

RVT-lOl 

R¥T-104 

RVT-105 

RVT-112 
RVT-113 

P-11 
P-H) 

Ofa/ia/84 
01/10/84 
0t)/18/a4 
11/10/84 
Ob/18/84 
03/29/84 
12/02/83 
0lj/l«/84 
01/10/84 
12/08/83 
07/14/81 
07/21/81 

82. 
180 
10b 
160 

9b. 
157 
190 
148 
220 
212 
303 

71. 

b 

0 

0 

<0.100 
<0.100 
<0.100 
<0.i00 
<0.100 
<0.003 
<0.010 
<0.100 
<0.100 
<0.003 

0.070 
1.180 

<0.0J 
<0.03 
<0.03 
<0.03 
<0.03 
^0.03 

0.02 
0.16 
0.4^ 
0.7b 
0.17 
0.17 

0.22 
0.23 
0.06 
0.26 
0.08 
0.15 
0.b2 
0.73 
5.20 
4.33 
— 
— 

<0.010 
0.005 

<0.010 
<0.006 
<0.010 
<0.001 
<0.010 
<0.010 
<0.005 
<0.001 

— 
— 

<0.10 
<0.10 
<0.10 
<0.10 
<0.10 
<0.10 
<0.0b 
<0.10 

0.20 
0.58 
— 
— 

<0.005 
<0.005 
<0.005 
<0.005 
<0.00b 

— 
<0.010 
<0.005 
<0.005 

— 
— 
— 

<0.010 
0.001 

<0.010 
0.001 

<0.010 
<0.001 
<0.020 
<0.010 

0.001 
<0.001 

— 
— 

<0.0002 
__ 

<0.0002 
__ 

<0.0002 
__ 
— 

<0.0002 
— 
— 
— 
--

<0.U10 
<0.001 
<o.oio 
<0.001 
<0.010 
<0.001 

0.020 
<0.010 

0.002 
<0.001 

— 
— 

<0.003 
<0.003 
<0.003 
<0.003 
<0.003 
<0.003 

— 
<0.003 
<0.003 
0.007 
__ 
— 

<0.005 
0.009 

^0.005 
0.010 

^0.005 
<0.002 

0.010 
<0.006 
<0.005 
<0.002 

__ 
™ ™ 

0.41s 
0.190 
0.159 
0.140 
0.373 

„ ™ 

-^ 
0.306 
0.110 

™.™ 

O.Olt) 
0.070 

0.001 
0.080 

<0.U10 
0.080 

<0.010 
O.OJJ 
0.090 

<0.010 
0.300 
0.175 
0.001 

„ „ 



Table C.2.23 Water quality analyses of unconfined ground-water samples obtained upgradient of the Riverton ta i l ings p i le (ConcluuedS 

Pb-210 Ra-226 Ra-228 Th-230 
Well Date CM PO^ S i O g NH^ Ag Cu Ni V In (pCi/1) (pCi/1) (pCi/1) (pCi/1) 

RVT-lOl 

RVT-104 

RVT-105 

RVT-112 
RVT-113 

P-11 
P-16 

Ob/18/84 
01/10/84 
06/18/84 
11/10/84 
06/18/84 
03/29/84 
12/02/83 
06/18/84 
01/10/84 
12/08/83 
07/14/81 
07/21/81 

<0.010 
— 

<0.010 
— 

<0.010 
<0.001 

— 
<0.010 

— 
<0.001 

— 
— 

<0.1 
— 

<0.1 
— 

<0.1 
<0.1 

— 
<0.1 

— 
— 
— 
— 

12.7 
— 

12.2 
— 

13.0 
11.0 
— 

10.5 
— 

27.0 
. . 
_-

<0.1 
— 

<0.1 
— 

<0.1 
<0.1 

— 
<0.1 

— 
<0.1 

- . 
._ 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

— 
<0.01 
<0.01 

— 
— 
. . 

<0.020 
<0.010 
<0.020 
<0.010 
<0.020 

0.002 
<0.020 
<0.020 

0.070 
<0.020 

_. 
— 

<0.040 
<0.040 
<0.040 
<0.040 
<0.040 
<0.040 
<0.500 
<0.040 
<0.040 

0.031 
._ 
._ 

<0.010 
0.005 

<0.010 
0.005 

<0.010 
<0.004 
<0.010 
<0.010 
<0.004 
<0.004 

. . 
--

0.007 
<0.005 
<0.005 

0.013 
0.012 
0.007 
0.050 

<0.005 
0.007 
0.021 
._ 
— 

0.2 + 1.9 

<o 0.3 + 1.2 
<175 

O.b + 1.6 
471 

<2.0 
1.0 + 1.1 

<1705 
— 
. . 
— 

0.3 + 0.2 
— 

0.1 + 0.1 
— 

0.1 + 0.1 
071 
— 

0.2 + 0.2 
— 

0.2 
— 
--

— 
<1 

— 
<1 

— 
— 

<1 
— 

<1 
— 
~ 
._ 

0.2 + O.b 
<1.0 

0.0 + 0.4 
<1.0 

1.7 + 0.9 
— 
2.6 

0.6 + O.b 
<1.0 

0.001 
— 
--

^Wells located 400 feet north of ta i l ings p i l e . Al l values are in milligrams per l i t e r |mg/l) unless otherwise noted. Dashed lines indicate no ana­
lyses. 



Table C.2.24 Water quality analyses of confined ground-water samples obtained downgradient of the Riverton ta i l ings pi le ' 

Electr ical 
conductivity pH 

(mcroinhos per (standard A lka l in i ty 
Date T ("CI centiiiKter) TOS units) F CI NO3 (as CaCOjS SO^ Na K Mg 

„ „ 

658 

„ _ 

620 
«-
™ „ 

.__ 
680 
-_ 
„ ~ 

_-
„ „ 

535 
654 
™ „ 

602 
614 
664 

554 
528 
622 
581 
™ ™ 

1,610 

8.60 
8.81 

„ „ 

8.95 
— 
8.81 

™ „ 

8.79 
„ „ 

__ 
7.85 
6.88 

<0.1 
1.1 
— 

<0.1 
1.2 

<0.1 
— 

<0.1 
1.2 

<0.1 
1.7 
~«, 
<0.1 

26.0 
16.0 
17.0 
_-
18.0 
22.4 
— 
25.0 
13.0 
17.0 
9.9 
22.0 
36.0 

<0.1 
<1.0 
— 

122.0 
<1.0 
<0.1 
— 
<0.1 
3.0 

<0.1 
15.0 
22.0 
<0.1 

— 
140 
15b 
127 
100 
__ 
134 
— 
100 
— 
— 
140 
— 

117 
250 
264 
0.4 

290 
319 
— 
127 
260 
292 
291 
264 
691 

124 
180 
180 
0.025 

200 
208 
.. 
126 
180 
189 
213 
178 
242 

0.400 
0.500 
0.390 

0.510 
0.540 
__ 
0.400 
0.470 
0.530 
0.861 
0.390 
7.100 

0.038 
0.074 
0.097 

0.069 
0.07 
._ 
0.031 
0.056 
0.01 
0.06 
0.09 
29.0 

06/07/84 
01/10/84 
06/12/84 
06/07/84 
01/10/84 
03/28/84 
11/03/82 
Ob/07/84 
01/10/84 
03/28/84 
12/08/83 
07/21/81 
06/07/84 

_. 
8.2 
— 
— 
8.0 
__ 
11.0 
— 
10.9 
— 
— 
__ 



Table C.2.24 Water quality analyses of confined ground-water samples obtained downgradient of the Riverton tai l ings pile^ (Continued) 

n 

Well Date Ca Al Fe Mn As Ba Cd Cr Hg Pb Sb Se U Mo 

Blomberg #1 

Goggles #1 

Moss #1 

06/07/84 
01/10/84 
06/12/84 
06/07/84 
01/10/84 
03/28/84 
11/03/82 
06/07/84 
01/10/84 
03/28/84 
12/08/83 

6.91 
6.00 
8.40 
7.70 
6.60 
6,96 
— 

6.80 
5.70 
6.81 
5.50 

<0.100 
<0.100 
0.400 

<0.100 
<0.100 
<0.003 
— 

<0.100 
<0.100 
<0.003 
<0,003 

<0.03 
0.09 
11.00 
0.06 
0.08 
0.07 
— 

<0.03 
<0.03 
0.05 

<0.03 

<0.01 
<0.01 
— 

<0.01 
<0.01 
<0.01 
— 

<0.01 
<0,02 
<0.01 
0.02 

<0.010 
<0.005 

— 
<0.010 
<0.005 
<0.001 

— 
<0.0i0 
<>0.00b 
<0.001 
<0.001 

<0.100 
<0.100 
-_ 

<0.100 
<0.100 
<0.100 
.. 

<0.100 
<0.100 
<0.100 
0.004 

<0.0050 
<0.0050 
_-

<0,0050 
<0.0050 
<0.0001 
— 

<0.0060 
<0,0050 
<0.0001 
— 

<0.010 
<0.001 
__ 

<0.010 
<0.001 
<0.001 
— 

<0.010 
<0e001 
<0.001 
<0.001 

<0.0002 
0.0005 
— 

<0.0002 
<0.0002 
<0.0002 

._ 
<0.0002 
0.0003 
<0.0002 

— 

<0.0i0 
<0.001 
— 

<0.010 
<0.001 
<0.001 
— 

<0e010 
<0.001 
<0.001 
<0.001 

<0.003 
<0.003 
._ 

<0.003 
<0.003 
<0.003 
— 

<0.003 
<0.003 
<0.003 
<0.003 

<0.005 
<0.005 
— 

<0.005 
<0.005 
<0.002 
— 

<0.005 
<0.005 
<0.002 
<0.002 

0.0008 
0.0020 
— 

<0.0030 
0.0020 

<0.0003 
— 

<0.0030 
<0.0050 
<0.0003 

— 

<0.010 
<0.005 

— 
<0.010 
<0.005 
<0.001 

_. 
<0.010 
<0,005 
<0.001 
0.040 

07/21/81 15.40 0.220 0.11 
Westlake #1 06/07/84 158.00 <0.100 0.08 1.32 <0.010 <0.100 <0.0050 <0.010 <0.0002 <0.010 <0.003 <0.005 0.23/0 <0.010 



Table C.2.24 Water quality analyses of confined ground-water samples obtained downgradient of tne Riverton ta i l ings p i le (Concludea) 

o 
1 

f — » 
4=> 
ro 

Well 

Blomberg #1 

Goggles #1 

Moss #1 

Westlake #1 

Date 

06/07/84 
01/10/84 
06/12/84 
Ob/07/84 
01/10/84 
03/28/84 
11/03/82 
06/07/84 
01/10/84 
03/28/84 
12/08/83 
07/21/81 
06/07/84 

CN 

<0.010 
— 
— 

<0.U10 
— 

<0.001 
__ 

<0.010 
— 

<0.001 
<0.001 

— 
<0.010 

P04 

<0.10 
<0.10 

— 
<0.10 
<0.10 
<0.10 

_. 
<0.10 

0.19 
<0.10 

— 
— 

<0.10 

SiOg 

3.60 
7.70 

— 
<0.10 

7.70 
8.60 

- -
<0.10 

7.06 
9.60 
9.40 
9.20 
9.40 

NH4 

<0.100 
— ' 
— 

<0.100 
— 

<0.003 
__ 

<0.100 
— 

<0.100 
<0.100 

— 
<0.100 

Ag 

<0.01 
<0.01 

- -
<0.01 
<0.01 
<0.01 

. . 
<0.01 
<0.01 
<0.01 

— 
— 

<0.01 

Cu 

<0.020 
<0.010 

- -
<0.020 
<0.010 
<0.001 

- -
<0.020 
<0.010 
<0.001 
<0.020 

— 
<0.020 

Ni 

<0.040 
<0.040 

__ 
<0.040 
<0.040 
<0.040 

__ 
<0.040 
<0.040 
<0.040 

0.003 
— 

<0.040 

V 

<0.010 
<0.004 

— 
<0.010 
<0.004 
<0.004 

._ 
<0.010 
<0.004 
<0.004 
<0.004 

— 
<0.010 

2n 

<0.005 
0.012 

— 
<0.005 
<0.005 
<0.005 

- -
<0.005 
<0.005 
<0.005 

0.012 
— 

0.421 

Pb-210 
(pCi/ l ) 

0.0 + 1, 
<1.5 
— 
__ 

1.5 
1.8 

— 
0.0 + 1, 

<l .b 
1.4 

__ 
0.0 + 1, 

.4 

• b 

.6 

Ra-226 
(pCi/1) 

0.1 + 0.1 
<1.0 
— 
— 
<1.0 

0.3 + 0.3 
— 

0.4 + 0.2 
<1.0 

0.7 + 0.4 

— 
0.2 + 0.2 

Ra-228 
(pCi/1) 

<1.0 
__ 
~~ 
<1.0 
<0.3 
__ 
„ „ 

<1.0 
0.7 
0.3 

__ 

rh-2J0 
(pCi/1) 

0.2 + O.b 
<1.0 
._ 
__ 
<1.0 
-_ 

0.0 + 0.3 
0.0 + 0.4 

<1.0 
0.2 
0.4 

0.3 + 0.9 

^All values are in milligrams per l i t e r (mg/l) unless otherwise noted. Dashed lines indicate no analyses. 



Table C.2.25 Water quality analyses of confined ground-water sanples obtained upgradient of the Riverton ta i l ings p i le^ 

o 
1—s 

OJ 

Well 

RVT-106 

RVT-110 
RVT-111 

Date 

06/18/84 
01/10/84 
12/08/83 
(»/18/84 
12/02/83 

T (°C) 

10.2 
— 
— 

13.9 

Elec t r ica l 
conductivity 

(micromhos per 
cen t i iKter ) 

1,348 
— 
-_ 

1,256 

TOS 

1.350 
1,414 
1.450 

482 
1,422 

pH 
(standard 

un i t s ) 

7.69 
— 

7.31 

F 

<0.1 
0.1 

<0.1 
<0.1 

— 

CI 

94 
72 
34 
39 
81 

NO3 

<0.1 
<1.0 
14.0 
<0.1 

<10.0 

Alkalini ty 
(as CaCOj) 

72 
— 

220 

SO, 

583.0 
<1.0 

747.0 
88.5 

580.0 

Na 

248 
100 
162 
110 
IbO 

K 

2.40 
700 

9.33 
0.8 
6.0 

Mg 

19.8 
21.0 
24.2 

1.42 
49.0 

Wel l Date Ca A l Fe Mn As Ba Cd Cr Hg Pb Sb Se U Mo 

RVT-lOb 

RVT-110 
RVT-111 

Ob/18/84 
01/10/84 
12/08/83 
Ob/18/84 
12/02/83 

142.0 
250.0 
227.0 

19.7 
190.0 

<0.100 
<0.100 

0.005 
<0.100 
<0.010 

<0.04 
0.06 
0.02 

<0.03 
0.03 

0.39 
0.8b 
0.83 
0.30 
0.55 

<0.010 
<0.005 
<0.001 
<0.010 
<0.010 

<0.100 
<0.100 

0.038 
<0.100 

0.050 

<0.005 
<0.005 

- -
<0.00S 
<0.010 

<0.010 
0.001 

<0.001 
<0.010 
<0.020 

<0.0002 <0.010 
0.001 

— <0.001 
0.0002 <0.010 

— <0.020 

<0.003 
<0.003 

0.010 
<0.003 

— 

<0.006 
<0.005 
<0.002 
<0.005 

0.010 

0.0111 
0.012 

— 
0.0007 

__ 

<0.010 
1.100 
0.196 

<0.010 
0.070 



Table C.2.25 Water quali ty analyses of confined ground-water samples obtained upgradient of tne Riverton t a i l i n g s p i l e (Concluded) 

Well 

RVT-i06 

RVT-ilO 
RVT-111 

Date 

06/18/84 
01/10/84 
12/08/83 
06/18/84 
12/02/83 

CN 

<0.010 
— 

<0.001 
<0.010 

— 

P04 

<0.1 
— 
— 

<0.1 
._ 

SiOg 

6.6 
— 

17.8 
6.2 

__ 

NH4 

<1.0 
— 

<0.1 
<0.1 

— 

Ag 

<0.010 
<0.010 

0.001 
<0.010 

. . 

Cu 

<0.02 
<0.01 
<0.02 
<0.02 
<0.02 

Pb-210 Ra-226 Rd-228 Tli-230 
Ni V Zn (pCi/ l ) (pCi/1) (pCi/ l ) (pCi/1) 

<0.040 <0.010 0.0005 0 . 9 + 1 . 3 0 . 1 + 0 . 1 — 0 . 4 + 0 . 0 
<0.040 <0.004 0.0050 <0.15 — <1.0 <1.0 

0.102 <0.004 0.0150 — 0.1 
<0.040 <0.010 O.OOSO 0 . 0 + 1 . 6 0 . 4 + 0 . 2 — 0 . 0 + 0 . 4 
<0.500 <0.010 0.0800 <2.0 — <1.0 <1.0 

4^ ^Wells located 400 feet north of the t a i l i n g s p i l e . All values are in milligrams per l i t e r (mg/l) unless otnerwise noted. Dashed l ines indicate no 
analyses . 
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ser ies were in equilibrium^ as determined by the quality of 
each measured nuclide. At equilibrium, al l nuclide depth 
a c t i v i t i e s or equivalent U concentrations from a given 
sanple would plot as a single point . Disequilibrium ex i s t s 
to the extent tha t the several nuclides plot as different 
values. 

Dry Cheyenne a l te rna te disposal s i t e 

Data from the four wells in the vic ini ty of the Dry 
Cheyenne s i t e are summarized in Table C.2.4 (Section 
C.2 .2 .3) . The water producing zones encountered are as 
shallow as 55 feet below the surface and as deep as 402 
fee t . Yields range from 1 to 50 gpm^ and the two wells sam­
pled for tota l dissolved solids (TOS) had concentrations of 
4,130 and 5,500 rag/1 (Kelly, 1984). 

Borrow s i t e s 

No water quality data have been collected at the 
L i t t l e Wind borrow s i t e , borrow s i t e s 2 or 10, or the 
Boulder Flats borrow s i t e . 

DATA ANALYSES 

C.2.5.1 Hydraulic data analysis 

Pump t e s t 

Data obtained from the DOE punp t e s t s were analyzed to 
estimate the hydraulic conductivity and s to ra t iv i ty of both 
the unconfined system and the f i r s t confined sandstone of 
the Wind River Foniiation. Data obtained from the Hydro Geo-
Chera punp t e s t performed in the unconfined aquifer were not 
consiaered usable because the small average punping ra te of 
0.88 gpm did not induce suff ic ient drawdovti in the onconfin-
eci aquifer to permit r e l i ab le estimates of aquifer para­
meters. In ef fec t , the small observeo drawdowns were sub­
j ec t to excessive rreasurerrent error and resulted in wide 
variat ion of aquifer paraneters between analyses of data 
for the various observation wel ls . 

More consis tent and responsive se ts of drai^owi data 
were * t a i n e d during two 24-nour punp tes t s perforned by 
the DOE on wells RVT-ili and RVT-112 conpleted in the f i r s t 
confined sandstone and in the hydraulically connected a l l u ­
vium and unconfined sandstone, respectively (Figure 0 . 2 . 8 ) . 
A conplete record of the purrp t e s t data and analysis i s on 
f i l e at the UWTRA Project Office in Albuquerque, New 
Mexico. 

C-147 



Pump test analyses were based on various drawdown solu­
tions to the radial ground-water flow equation which allow­
ed determination of aquifer properties^ given a known con­
stant discharge rate and drawdown versus tlrre relation as 
well as certain assumptions regarding physical properties 
of the aquifers. In all cases, transient flow was assumed 
throughout the duration of the pump te s t . Other assump­
tions included: 

0 The aquifers are of infinite areal extent. 

0 The aquifers are homogeneous, isotropic^ and of uni­
form saturated thickness within the radius of influ­
ence. 

0 The stat ic potentiometric surface is horizontal 
within the radius of influence. 

0 The aquifers are pumped at a constant discharge 
ra te . 

0 The pumped wells penetrate the entire thickness of 
the aquifers and, as a result^ induce only horizon­
tal flow components in the aquifers. 

0 The well diameter is infinitesimally small relative 
to the areal extent of the aquifer, thereby permit­
ting storage in the pump well to be neglected. 

Analysis of pump test data obtained in the f i r s t con­
fined sandstone was in i t ia l ly based on the Theis solution 
which describes drawdown in an aquifer for which transmis-
sivity is constant in time and space, delayed yield is not 
occurring^ and vertical leakage from overlying or underly­
ing units is not significant. For large values of time and 
small radial distances from the well, the Jacob-Cooper 
approximation to the Theis solution was used (Davis and 
Dewiest, 1966). The Hantush-Jacob solution was used to 
refine the estimates of aquifer parameters when the draw­
down became constant or plotted below the Theis type curve 
during later stages of the test which indicated that leak­
age from underlying or overlying units was significant 
(Kruseman and DeRidder, 1976). 

Pump test data obtained for the unconfined alluvial 
and sandstone aquifer were analyzed using the same methods 
as those used to evaluate aquifer properties in the f i r s t 
confined sandstone. Also, recovery data obtained from the 
unconfined aquifer were analyzed using the Jacob-Cooper 
approximation. This method was used to validate hydraulic 
conductivity obtained from the other methods but could not 
be used to estimate storativity (Bouwer, 1978). Drawdown 
versus time plots for the unconfined aquifer reflected 
Insignificant delayed yield effects except during early 
stages of the pump t e s t . Because the maximum drawdown at 
the pumped well in the unconfined aquifer amounted to 20 
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percent of the ini t ia l saturated thickness, the maxiiiim 
drawdown values for the observation wells were corrected 
using the relation (Walton, 1970): 

s' = s - s^/2b 

where 

s' = drawdown in an equivalent confinea aquifer 
( feet) . 

s = measured drawdown in the unconfined aquifer 
( t ee t ) . 

b = ini t ial saturated thickness of the unconfined 
system (feet) . 

Trie maximum correction was 0.01 foot for a drawaow of 0.54 
foot. Because the maximum correction was insignificant, 
actual drawdowns were used for the analyses. 

Although the monitoring wells did not fully penetrate 
the punpea aquifer, both the RVT-111 and RVT-il2 punp wells 
penetrated the entire thickness of respective punped aqui­
fers. Under conditions of horizontal flow induced by these 
wells, assuming negligible vertical leakage, the sane draw­
down would be observed at each monitoring well regardless 
of the depth of completion as long as the water level did 
not arop below the screened interval. Tnus, there was no 
need to account for partial penetration effects. 

Trie unconfined aquifer tes t was perfonmed by applying 
an average punping rate of 5.0 gprn at well RVT-112. Tnis 
rate was the maximum rate possible that dia not result in 
lowering of the water table below the screened interval. 
Because freasurable drawaown was not observed in either the 
f i r s t or second confined sandstones and the curve for obser­
vation well RVT-100 f i t the Trieis type curve for later tine 
data, upward leakage was not deened to be significant and 
the Hantush-Jacob solution was not considered applicable. 
The saturated thickness was assuned to equal the distance 
between the ini t ia l water level elevation ana the elevation 
at the bottom of the screened interval. Table C.2.26 l i s t s 
results of the various punp tes t analyses for monitoring 
wells RVT-IUO, RVT-iOl, RVT-102, and RVT-113. Calculated 
values of tiydraulic conductivity show a tight range of val­
ues indicating an isotropic condition in the cobbly alluvi­
al deposits ana connected sandstone. The reported values 
of tiydraulic conductivity are within the range of values 
expected for alluvium in the area (McGreevy et a l . , 1969). 
An estimate for average, horizontal riydraulic conductivity 
of 56 feet per day (ft/aay) for the entire unconfined sys­
tem was calculated. 

Trie estimated seepage velocity of the Riverton uncon­
fined system can be calculated from tne equation: 
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Table C.2.26 Results of pump test on unconfined aquifer, pump well RVT-112, Riverton site 

o 
1 

t—s 

O 

Well 
number 

RVT-

RVT-

RVT-

RVT-

RVT-

RVT-

RVT-

-100 

-100 

-100 

-101 

-102 

-102 

-113 

Completed 
stratum 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Sandstone 
underlying 
alluvium 

Radi 
fr 
we 

al distance 
om pump 
11 ( fee t ) 

5 

5 

5 

12 

17 

17 

10 

Method of 
analys is 

Theis 

Jacob-Cooper 

Jdcob-Cooper 
(recovery) 

Jacob-Cooper 

Jacob-Cooper 

Jacob-Cooper 
(recovery) 

Jacob-Cooper 

Transmissivity 
(square feet 

per day) 

901 

1,188 

964 

1,273 

1.188 

1,273 

1,049 

Hydrauli 
conducti^ 

( feet per 

44.2 

58.2 

47.3 

62.4 

58.2 

62.4 

51.4 

fity^ 
day) Specific yie ld 

0.070 

0.014 

— 

0.017 

0.018 

— 

0.073 

^Saturated thickness is 20,4 feet. 



-K Vh 

where 

q = seepage velocity (feet per day). 

K = hydraulic conductivity (56 ft/day from the DOE 
pump t e s t ) . 

h = hydraulic gradient ( Vh = -0.0023 from LBL 
measured water levels). 

n = effective porosity (0.30 for the alluvium and 
^ unconfined sandstone). 

Tne seepage velocity was estimated to be 0.43 ft/day or 157 
feet per year ( f t /y r ) , requiring a time of 17.9 years for 
all contamination now present in the aquifer to reach the 
Lit t le Wind River 2,800 feet downgradient of the pi le , 
assuming no attenuation, dispersion, or diffusion which may 
increase the tiiiK of dissipation and reduce the contaminant 
concentration. 

Tne second punf) tes t was perfomed in the f i r s t confin­
ed sandstone at well RVT-111 by punping at an average rate 
of 18 gpm. The drawdown data indicated that upward leakage 
was occurring at later tines from the second confined sand­
stone in response to punpage from the f i r s t confined sand­
stone. I t was evident that water was being released from 
storage in the lower confining layer, and the data were ana­
lyzed by the Hantush method for semi-confined aquifers with 
vertical seepage (Lohman, 1972). Results of the analyses 
are presented in Table C.2.27. Tne average nydraulic con­
ductivity of the f i r s t confined sandstone was estimated to 
be 30 ft/day. 

The storage of water in each of the aquifers is charac­
terized by the storage coefficient which is equal to the 
volume of water an aquifer releases from storage per unit 
area per unit change in head. For an unconfined system, 
the storage coefficient is almost equal to specific yield 
(S ) because most of the water is released by gravity 
drtinage. For unconfirwd systems, this value is on the 
order of 10" to 10" . An arithmetic average of the 
specific yield values presented in Tab_'̂  C.2.26 indicate an 
estimated specific yiela of 3.0 x 10" for the unconfined 
aquifer. Tne f i r s t confined sandstone was characterized by 
a geometric- average storage coefficient of 1.3 x 10' and 
3.9 x 10' when storativity obtained for well RVT-106 
using trie Hantush modified method was not included. In a 
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Table C.2.27 Results of pump test on first confined sandstone, pump well RVT-111, Riverton site 

Observation 
well 

number 

RVT-106 

RVT-106 

RVT-107 

RVT-108 

RVT-109 

RVT-109 

Radial distance 
from pun|j 
well ( fee t ) 

15 

15 

>3 

40 

110 

110 

Method 
of 

analysis 

Hantush Modified 

Jacob-Cooper 

Jacob-Cooper 

Jacob-Cooper 

Hantush Modified 

Jacob-Cooper 

Transmissivity 
(square feet 

per day) 

212 

633 

423 

488 

230 

334 

Hydrauli 
conductiv 
(feet per 

16.3 

43,3 

32.5 

37.5 

17.7 

25.7 

c" 
I t y 
day) S to ra t i v i t y 

5.7 X 10"^ 

1.1 X 10"^ 

3.7 X 10"^ 

1.1 X 10"^ 

7.1 X 10"^ 

7.8 X 10"^ 

(ft /day) 

4.9 X 10"^ 

— 

— 

— 

4.0 X 10"^ 

— 

.All observation wells completed in first confined sandstone. 
"saturated thickness is 13.0 feet. 
Vertical hydraulic conductivity assuming that the specific storage of the aquifer is equal to the specific storage of 
the aquitard and that leakage is through either overlying or underlying aquitard. Pump test results, i.e., drawdown in 
underlying sandstone but not in overlying unconfined aquifer, support leakage primarily from below. 



confined system, most of the water is released by conpres-
sion of the aquifer and expansion of the water, and the 
storage coefficient is on the order of 10" to 10" 
(Freeze and Cherry, 1979). 

Packer tests 

Double packer hydraulic conauctivity tests conducted 
by FBDU in the confined sandstone and overlying confining 
shale and siltstone units beneath the tailings revealed 
horizontal conductivity values of between 0 and 0.2 ft/day 
in the units (Table C.2.28). Tnis Indicates a potential 
for leaicage between the unconfined and confined aquifer sys­
tems. Horizontal hyaraulic conductivity in the f i r s t and 
second confined sandstones ranged from 4.6 to 40,600 
ft/day, but the lat ter value was believed to nave been 
caused by fracturing in the second confined sandstone induc­
ed by the packer test ing. An intermediate value of 14.7 
ft/day was considered more representative of horizontal con­
ductivity in the confined sandstones. Tnis value was the 
same order of magnitude as the hydraulic conductivity of 30 
ft/day estimated for the f i r s t confined sandstone on the 
basis of punp tes t results and thus substantiated previous 
calculations. 

Slug and bailer tests 

Estimates of hyaraulic conductivity also were made on 
trie basis of slug and bailer tes t s . The DOE slug tests 
results from tne unconfined aquifer were analyzed using the 
Bouwer-Rice irethod for partially penetrating wells in uncon-
finea aquifers (Bouwer, 1978). Trie geometric mean of 
hydraulic conductivity values obtained from the tests in 
the unconfined aquifer was 1.8 ft/aay. This low hydraulic 
conductivity value reflects only a very small portion of 
the aquifer and is sensitive to configuration of the aeve-
loped zone arcwnd the screened interval. Because the 
length of the sand pack or developed zone is typically 
twice the length of the screened interval in the DOE wells, 
i t is likely that the low values reflect sone percentage of 
a vertical conponent of flow. 

A bailer tes t was also performed at well RVT-708 which 
was completed in the siltstone-shale-siltstone sequence un­
derlying the unconfined system. Within 7 days after conple-
tion, the 2-inch well accumulated 0.420 cubic foot of 
ground water. Analysis of the bailer tes t data i^ shown in 
Table C.2.29. A hydraulic conductivity of 10" centirre-
ter per secona (cm/s) was estimated for large tines after 
bailing (Ferris et a l . , 1962). Although the last neasured 
hydraulic riead was 7.09 feet below the init ial head in the 
well, the conductivity appeared to be approaching a value 
on the order of 10" cm/sec. Tnus, the shale confining 
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Table C.2.2B Results of double packer hyaraulic conductivity 
t e s t s , Riverton s i te 

Borehole 
number 

2 

2 

3 

4 

4 

4 

Stratigraphic 
unit 

S»iale 

Sandstone 

Sandstone 

Siltstone, 
sandstone 

Sandstone 

Sandstone 

Interval 
tested* 
(feet) 

23.0 - 28.0 

30.5 - 45.0 

27.0 - 45.0 

28.0 - 33.0 

42.0 - 47.2 

46.0 - 47.2 

Hyaraulic 
conductivity 

(ft/day) 

0.2 

14.7 

4.6 

0.2 

40,600'' 

0.0 

Remarks 

Water rose to top of 
casing after test. 

Fractured at 24.0 feet; 
lost circulation during 
drilling. 

Fractured at 44.0 feet; 
lost circulation during 
drilling. 

Took no water during 
test. 

Depths ireasured from surface. 

High value probably due to fracturing during tes t . 
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Table C.2.29 Bailer t e s t resu l t s for shale aquitard, Riverton s i t e 

Drawdown Tine Transmissivity 
(feet) (seconds) (square feet per day) 

15.95 
15.93 
15.92 
15.92 
15.88 
15.93 
15.82 
15.76 
15.52 
13.21 
11.12 
10.08 
8.32 
7.09 

600 
900 

1,200 
1,500 
1,800 
2,700 
3,600 
6,600 
12,b00 
73,920 
161,580 
188,680 
250,080 
278,880 

Transmissivity was determined with the equation (Ferris et a l . , 1962): 

T = q / t s ' 

where 

T = transmissivity (square feet per day), 
q ^ volume of well (0.420 cubic foot ) , 
t = t ine (seconds). 
s ' = drawdown ( f ee t ) . 

3 
2 
1 
1 
1 
1 
5 
3 
1 
3 
1 
1 
1 
1 

49 
33 
75 
40 
17 
77 
87 
21 
71 
42 
86 
76 
61 
70 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

10' 
10 
10' 
10' 
10" 
10" 
10' 
10 
10" 
10" 
10 
10 
10 
10" 

-6 

-6 

„7 

-8 
-8 
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layer will tend to res t r ic t contaminant migration, even 
though the downward vertical hydraulic gradient indicates 
there is a potential for downward ground-water flow. 

The potential for vertical movement of ground water 
was further assessed by determination of hydraulic nead 
levels in the unconfined and confined aquifers. Table 
C.2.30 l i s t s static water levels at soire DOE wells and one 
LBL well. The data suggest that a downward vertical hydrau­
lic gradient exists with a difference in head, i . e . , the 
head in the unconfined aquifer minus the head in the f i rs t 
confinea sandstone ranged from 0.06 to 2.43 feet. Together 
with the neasurable hydraulic conductivity associated with 
the shale confining layer, the downward gradient suggests 
that unconfined water may be moving into the underlying con­
fined system. 

The time for ground water to move to the f i r s t con-
final sandstone and to the more prolific and used deeper 
sandstones can be estimated with Darcy's Law. The assunp-
tions made are: 

0 The average vertical hydraulic conductivity of the 
shale, claystone, and siltstone layers is 0.1 
f t /yr . This value was from the bailer test results 
for horizontal hydraulic conductivity which is 
usually greater than vertical hydraulic conductivi­
ty. The value is reasonable for these types of 
sedinent (Davis and DeWeist, 1966). 

0 Tne magnitude of the vertical gradient between the 
unconfined aquifer and f i rs t confined sandstone is 
2.5 ft/10 ft = 0.25. Tnis is the maximum ireasured 
value. 

0 The magnitude of the vertical nydraulic gradient 
between the f i rs t confined aquifer and the deeper 
confined aquifer is 5.0 ft/180 ft = 0.028. This 
value is conservative in areas away from a well 
punping from the deeper sandstones because a conpa-
rison of Figure C.2.20 and measured water levels 
reported on Table C.2.31 (see page C-163) indicate 
that the vertical hydraulic gradient may be upward 
rather than downward. 

0 The total thickness of shale, si l tstone, and clay-
stone between the unconfined aquifer and the f i r s t 
confined sandstone is 10 feet (see Figure C.2.15). 

0 The total thickness of shale, si l tstone, and clay-
stone between tne f i r s t confined aquifer and deeper 
confined aquifer is 100 feet (see Figure C.2.i5). 

0 The effective porosity of the shale, claystone, and 
siltstone is 0.05, a conservatively low value 
(Davis and DeWiest, 1966). 
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Table C.2.30 Water levels at Riverton drilling sites, January, 1985 

Well 

RVT-100 
RVT-lOl 
RVT-102 
RVT-i03 
RVT-i04 
RVT-105 
P-14 
RVT-112 

RVT-li3 
RVT-106 

RVT-107 

RVT-108 

RVT-109 

RVT-nO 

RVT-708 
RVT-707 

RVT-702 

RVT-705 

Completion stratum 

Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvi urn 
Alluvium 

Alluvium and un­
confined sandstone 
Unconfined sandstone 
1st confined sand­

stone 
1st confined sand­

stone 
1st confined sand­

stone 
1st confined sand­

stone 
2nd confined sand­

stone 

Shale aquitard 
Alluvium 

1st confined sand­
stone 

1st confined sand­
stone 

Top of 
casing 
(feet) 

4,946,21 
4,946.58 
4,946.73 
4,946.43 
4,945.90 
4,946.79 
4,946.85 

4,947.27 
4,946.40 

4,945.88 

4,945.98 

4,946.02 

4,946.08 

4,946.44 

4,930.60 
4,930.60 

4,930.70 

4,930.70 

Depth to 
water 

(feet) 

7.40 
7.88 
8.00 
7.93 
7.93 
7.98 
9.56 

8.50 
7.61 

9.26 

9.60 

9.40 

8.92 

9.55 

8.66^ 
3.89 

5.00 

4.65 

Water 
level 
(feet) 

4,938.81 
4,938.70 
4,938.73 
4,938.50 
4,937.97 
4,938.81 
4,937.29 

4,938.77 
4,938.79 

4,936.62 

4,936.38 

4,936.62 

4,937.16 

4,936.99 

4,921.94^ 
4,926.11 

4,925.70 

4,925.05 

^Measured 1 week following well completion. 
Unrecovered hydraulic head 1 week following well completion. 
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The estimated seepage velocity between the unconfined 
aquifer and first confined sandstone is: 

(0.1 ft/yr) (0.25) 
— = 0.5 ft/yr 

0.05 

The estimated tiire needed to travel the 10 feet Be­
tween the systems is 10 ft/0.5 ft/yr = 20 years. 

The estimated seepage velocity between the first con­
fined aquifer and deeper confined aquifers is: 

(0.1 ft/yr) (0.028) 
= 0,056 ft/yr 

0.05 

The estimated time needed to travel through the 100 feet of 
shale, claystone, and siltstone is: 

100 ft/0.056 ft/yr = 1786 years 

2 Geochemical data analysis 

Analysis of ground water and tailings pore water quali­
ty data indicate that: 

0 Sulfate, molybdenum, uranium, and other contami­
nants have been transported into the unconfined 
aquifer. 

0 There is some geochemical evidence suggesting that 
the confined aquifer may have been contaminated by 
the unconfined ground water. 

0 The source of the contamination is the uranium mill 
tailings pile. 

Figures C.2.26, C.2.27, and C.2.28 show the sulfate 
(SO^), uranium (U), and molybdenum (Mo) plumes that are 
presently observed in the unconfined ground water downgra­
dient of the site. Elevated concentrations of other major 
dissolved species, including Na and Ca, also occur in the 
unconfined aquifer downgradient from the pile. As shown by 
the contaminant plumes for sulfate, uranium, and molybden­
um, the contaminant migration parallels the hydraulic gradi­
ent. The plumes of sulfate and uranium appear to be mobile 
with the highest concentrations closest to the Little Wind 
River. The molybdenum plume appears to be attenuated or 
generated at a later tine than the other two plumes. The 
highest concentrations of molybdenum are directly beneath 
the tailings pile. 

An interesting feature of the sulfate and uranium 
plumes is that maximum concentrations occur downgradient 
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near the Little Wind River. This concentration offset from 
directly beneath the tailings pile Indicates that accelerat­
ed past dewatering of the pile probably occurred during 
deposition of a tailings slurry. The current lower sulfate 
and uranium concentrations beneath the pile indicate contin­
ued mixing with tailings pore water but at reduced rates. 
It is possible that some of the sulfate contamination is 
due to sulfuric acid spills at the acid plant within the 
designated tailings site. However^ it was conservatively 
assumed that all sulfate contamination resulted from the 
tailings. 

Uranium concentrations in the shallow ground water 
beneath and downgradient from the pile are more than two 
orders of magnitude elevated above background concentra­
tions. Aside from uranium, no appreciable elevated radio­
nuclide activities were detected in the ground water of the 
unconfined aquifer. 

The contaminant plume for molybdenum shows a different 
configuration relative to sulfate and uranium with maximum 
concentrations of 0.9 mg/l directly beneath the pile and 
decreasing concentrations downgradient. These elevated 
concentrations correlate with high molybdenum values in the 
base of the tailings. The observation that the highest con­
centrations of molybdenum are not found downgradient^ as is 
the case for uranium and sulfate, could suggest that it is 
retarded by sorption. However, the anionic speciation of 
molybdenum at neutral ground-water pH, which was observed 
beneath the pile, would tend to minimize such effects. A 
lack of downgradient molybdenum may be related to more re­
cent mobilization by intrusion of ground water into the 
base of the pile, neutralization of the pore water by the 
intruding ground water, and by the presence of carbonate 
tailings. 

The neutralization mechanism has been documented in 
both LBL and GECR geochemical studies (GECR, 1983; Narasim-
han et al., 1982; LBL, 1984). These studies have shown 
that, despite significant mixing with acidic tailings 
water, the pH of contaminated ground water beneath the pile 
varies from 6.35 to 6.99. This range of pH values Is only 
slightly lower than uncontaminated ground water upgradient 
from the pile, which is characterized by a pH range of 7.50 
to 7.60. This is indicative of significant buffering capa­
city resulting from dissolution of carbonate minerals in 
the sediments and from dissolved bicarbonate in the unconta­
minated ground water. In addition, LBL researchers have 
calculated that these aquifers are supersaturated with 
respect to calcite, suggesting that the calclte buffering 
capacity has not been exceeded by reaction with acid. 

The pH buffering due to acid neutralization by carbo­
nate minerals in the soil and alluvium and by dissolved bi­
carbonate in the uncontaminated ground water under low pH 
conditions is governed by the reactions: 
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CaC03 + 2H^ ^Z± c/^ + COg + HgO 

(soil) (tailings) 

and 

HCO3 + H"̂  ^ CO2 + H2O 
(ground water) (tailings) 

Production of CO2 gas by these reactions is confin­
ed by high partial pressures of CO2 measured in pore gas­
es within the pile shown in Table C.2.31. The high concen­
trations of CO2 relative to atmospheric concentrations 
indicate that Cu^ is being generated within the pile from 
dissolved bicarbonate at the low pH interface. 

Table C.2.31 LBL gas component analysis from 
the Riverton tailings pile 

Saiple location 

RB 
RA 
P»2 
P-7 

'2^h 

76.8 
75.7 
92.9 
59.5 

CO2 

13.4 
18.2 
0.45 

31.4 

HgO 

9.8 
6.2 
6.6 
9.1 

Ref. LBL, 1984, 

At the present time, insufficient data exist to actual­
ly predict the long-term buffering capacity of the ground 
water beneath the pile. Given the large amount of acidic 
tailings pore water that has already migrated from the pile 
into the underlying ground water and the subsequent reduc­
tion of acid sulfate concentrations in the remaining pore 
waterg depletion of the carbonate buffer in the future 
appears to be unlikely (Mhite et al., 1984). 

The LBL geochemical studies have also suggested that 
unconfined ground water upgradient from the pile is subse­
quently undersaturated with respect to gypsum^ whereas 
water beneath and downgradient of the pile is saturated or 
supersaturated (Figure C.2.29). The areal extent of gypsum 
saturation overlies the sulfate contaminant plume, indicat­
ing that the increase in tailings derived sulfate is a 
major cause of gypsum precipitation. An additional contri­
bution is the aqueous calcium produced from dissolution of 
calcite. The overall chemical reaction leading to gypsum 
precipitation is: 

CaC03 + HgSO^ + H 2 O — > CaS0^2H20 + COg 

(soil) (tailings) (gypsum) (gas) 

Precipitated gypsum has been observed at the base of 
the tailings due to the above reaction of ĤgQ with 
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carbonate minerals. Such gypsum deposits will remain 
stable or undissolved as long as pH conditions at the base 
of the pile do not become strongly acid. Proposed construc­
tion activities are expected to promote continued dissolu­
tion of carbonate minerals from the natural sediments^ 
thereby preventing the basal pore waters from becoming 
acid. In fact, column tests performed by Pyrih (1982; 
1983) using natural sediments and acid raffinate solutions 
suggest that additional sulfate minerals such as gypsum, 
bassanite, jarosites and possibly anhydrite are likely to 
be precipitated at the base of the p11e« These precipita­
tion mechanisms may occlude pore space in the strata and 
thus act as natural barriers to further downward movement 
of contaminated percolating water In the future. 

Profiles of major and selected trace elements are 
shown for location RB In Figure C»2.23. As Indicated,, maxi­
mum chemical concentrations occur at intermediate depths 
within the pile. Clearly these high concentrations^ parti­
cularly iron and aluminum sulfate^ are associated with very 
low pH. This chemistry is Indicative of residual process 
water containing concentrated H^SO^ used to leach urani­
um during milling. Low pH water is effective In dissolving 
large amounts of iron and aluminum as well as trace metals 
such as selenium^ copper^ and zinc from silicate and oxide 
minerals (LBL, 1984). 

In the upper 1.5 reters of the tailings pile, pore 
water pH is higher. This pH increase corresponds to a 
sharp drop in dissolved chemical concentrations, particular­
ly in iron and aluminum. The normally occurring upward 
hydraulic gradients in the top meter of the tailings 
(Tokunaga and Naraslmhan, 1982) Indicate that the bulk of 
the annual precipitation is lost by evapotranspiration. 
However, the chemical data In Figure C.2.23 show consis­
tent decreases in dissolved concentrations in the upper 1 
meter and not Increases as would be expected for simple eva­
poration. Relatively rapid infiltration measured in artifi­
cial recharge tests, coupled with heavy precipitation 
events such as summer thunderstorms, suggest periodic re­
charge events. Dilution and vertical displacement of the 
low pH pore water by recharge would result in the loss of 
acid soluble iron and aluminum salts (LBL, 1984). 

The lower third of the tailings pile contains even 
more dilute neutral pore water than the upper 1.5 meters. 
Although the water table Is normally 1 to 2 meters below 
the land surface, major and sustained flood events during 
spring runoff in the Wind River Mountains may raise the 
water levels in the alluvium close to land surface. This 
rise could result in intrusion of the shallow ground water 
into the base of the tailings, which appear to be below 
grade relative to the natural land surface. Dilution can 
also occur by upward movement of ground water into the par­
tially saturated zone in the tailings by capillary action. 
Dilution by ground water is indicated by similar concentra-

C-165 



tions of major ions of pore water at the base of the tail­
ings and ground water in the underlying alluvium. Such 
dilution also results in near background concentrations of 
iron, aluminum, and trace metals other than molybdenum and 
uranium in the pore water at the base of the tailings. As 
indicated in Figure C.2.23, however, molybdenum exhibits 
significant increases with depth. The dominMt molybdenum 
species at neutral pH is the soluble MoO,' anion (Baes 
and Messraer, 1976) which may be mobilized oy ground-water 
intrusion. Decreased but still significantly elevated con­
centrations of uranium also are present in the base of the 
tailings. Indicating aqueous complexation at neutral pH 
(LBL, 1984). 

In the case of the Riverton site, it appears that the 
sharp increase in the pH of tailings pore waters between 
2.8 and 4.0 meters in depth is related to the presence of 
alkaline carbonate tailings at this depth rather than to 
the dilution effects of ground-water inundation of the pile 
base. Under certain conditions, a number of toxic elements 
associated with the tailings could become desorbed from 
pile materials with an increase in pH, This is particular­
ly true for oxidizing ground water in which adsorption pro­
cesses tend to influence trace elements concentrations far 
more than solubility mechanisms (Henry et al., 1982). Both 
the ground water and the tailings pore water at Riverton 
are characterized by oxidizing conditions. These oxidizing 
conditions, along with the high pH levels that may be due 
to some combination of a ground-water dilution-neutraliza­
tion mechanism and a carbonate tailings neutralization 
mechanism, may be responsible for the observed depletion of 
trace elements in the lower third of the pile. The pH meas­
urements of samples from the four cores through the pile 
indicate that carbonate tailings occur near the base of the 
central part of the pile where the representative chemical 
profile was located (GECR, 1983). The acid tailings are 
characterized by a pH of less than 4.0, while the carbonate 
tailings have a pH of between 5.0 and 7,0 and contain a sig­
nificant amount of sulfate derived from the acid leaching 
process indicating a mixture of carbonate and acid tail­
ings. 

Although it is possible that trace elements such as 
uranium, molybdenum, arsenic, and selenium may form soluble 
and potentially mobile species in oxidizing water at River­
ton under both high and low pH conditions, the mobility of 
these constituents Is controlled more by adsorption process­
es than by solubility. These elements appear to be adsorb­
ed by amorphous ferric hydroxides, as well as by other 
oxides, clay minerals, and carbonaceous minerals present in 
the tailings. According to laboratory studies, adsorption 
of these elements is at a maximum under low or intermediate 
pH conditions and decreases with Increasing pH levels 
(Henry et al., 1982). 
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Another geocnemical nechanism that contributes to the 
low observed aqueous concentrations of trace elements in 
the pile base is co-precipitation and occlusion of these 
elements with precipitating ferric oxyhydroxides at the pH 
interface. The potential for precipitation of oxides and 
hydroxides is significant because these conpounds have high 
surface energies and are effective in co-precipitation, 
occlusion, and adsorption of trace r«ta ls . Thermodynaniical-
ly, the aqueous iron species in the tailings water would 
precipitate as tailings water mixes witn the buffered 
ground water underlying the tai l ings. The precipitation of 
iron and manganese oxides and hydroxides, along with neutra­
lization, forms an interface zone within 1 meter of the 
tailings base and generally serves as a Mchanism to pre­
vent the migration of trace iretals into the environment. 

Precipitation of contaminants at the lower interface 
or witiiin a short ai stance below the tailings is well docu-
irented for the Riverton s i t e . Trie mechanism of neutraliza­
tion and dilution of the sulfate coup!exes from the acid 
tailings near the carbonate tai l ings, followed by precipita­
tion of carbonate and nydroxiae salts in the so i l s , may 
explain the observed profiles of the chemical eleirents 
across the interface (GECR, 1983). 

Tnus, i t appears that the presence of carbonate t a i l ­
ings and calcium-carbonate oversaturation of the ground 
water may actually buffer the free acidity of the acidic 
tailings pore water, causing the pra ip i ta t ion of iron 
hydroxiaes together with adsorbed trace constituents. Only 
if the pH at the base of the pile were to increase to 8.0 
or 10.0 and if oxidizing infiltration were not reduced, 
would potential increased migration of constituents such as 
U, Mo, Se, and As becone a concern. No significant changes 
in either pH or Eh are expected as a result of any of the 
proposed ranedial action measures. 

Interestingly, the neutralization zone at roughly a 
3-nKter depth corresponds to a zone having low permeability 
(see Figure 0.2.22). I t appears that precipitated species 
have clogged some of the pore spaces. Such a zone could 
effectively inhibit movement of many otherwise mobile con­
st i tuents . 

Given the high calcite buffering capacity of the 
ground water and the similarity of the major chemistry be­
tween pore water in the pile base and in the underlying 
aquifer, the possibility that the chemical interface in the 
lower part of the pile was developed solely in response to 
dilution caused by inundation events was investigated. 
Historical records from the Little Wind River indicate a 
maximum flood discharge after pile disposal of 14,700 cfs 
on dune 17, 1963 (SHB, 1984). Tne raaxiraym discharge of the 
Wind River north of the site after tne 1958 water year was 
9,550 cfs on June 24, 19&7 (USGS, 1984c). Neither of these 
floal flows could alone have caused ground-water inundation 
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of the pi le . However, couplrt with the large irrigation 
return flows characteristic of spring and sumner months, a 
flood event could have caused inundation of the tail ings 
base. 

For purposes of accurately defining the extent of 
ground-water contamination in the unconfined and confined 
ground-water systems, only those sanples which had a cation-
anion balance error of plus or minus 5 percent or less were 
given consideration. All other sanples were assurred to 
have been subject to sampling or iKasurement error and 
would not nave been r e l i i l e indicators of contamination 
from the pi le . Table C.2.19 l i s t s all samples judged to be 
invalid on the basis of this cri terion. 

A review of the ground-water quality for a nuntjer of 
wells completed in the unconfined and confined aquifers 
reveals some evidence of contamination in the confined 
ground water. Tiie review included confined ground water 
sampled from the domestic wells shown in Figure C.2.30. In 
particular, three wells completed in the confined system 
appear to have been contaminated by constituents originat­
ing in the tailings pi le . Elevated concentrations of alka­
li and alkali-earth metals, chloride, sulfate, and uranium, 
which are present in high concentrations within the t a i l ­
ings p i le , have been found in wells RVT-106 and RVT-111 and 
in the Westlake domestic well. 

Four samiples taken upgradient of the tailings pile 
were usal to characterize the chemistry of the native, or 
background, unconfined waters (see Table C.2.20). These 
samples were fresh to slightly brackish with total dissolv­
ed solids (TDS) values ranging from 290 nq/1 to 1,400 mg/1 
and were dominated by HCÔ  or SO^ and Na or Ca. Tneir 
pH values were near neutral, ranging from 6.97 to 7.78. 
None of these samples contained an inorganic constituent in 
excess of the EPA primary drinking water standards, but all 
of them contain at least one constituent in excess of the 
EPA secondary drinking water standards. Above standards 
concentrations of TDS, CI, SO ,̂ Fe, or Mn are present in 
soK of these samples. Trie primary standards are based on 
health considerations, and the secondary standards on aes­
thetic considerations. State of Wyoming Class I standards 
for TDS, CI, 50^, Fe, Mn, Se, or Ra were exceeded in somie 
samples. 

Thirteen samples taken upgradient of the tailings pile 
were used to characterize the chemistry of the background 
confinea ground water. Water quality analyses for these 
samiles are presented in Table C.2.21. The samples had TDS 
values ranging from 426 to 814 mg/1, and most of the sam­
ples were dominated by Na and SO .̂ The water tends to be­
come less sod1c with depth. The Ca content of deeper sam­
ples was much lower than that of the shallower samples. 
Most of the samples indicated alkaline conditions witn pH 
values between 8.0 and 9.0. None of these samples contain­
ed any inorganic constituents in excess of the EPA primary 
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drinking water standards, but several of them exceeded the 
EPA secondary standards for TDS, SO., Mn, or pH. 

With one exception, the background waters of the con­
fined aquifer are alkaline, with pH values ranging from 
7.80 to 8.91. Tne pH values of confined ground water down-
gradient of the pi le , again with one exception, range from 
6.88 to 8.95, about the sane as the background waters (see 
Table C.2.24); therefore, a high pH aoes not appear to be 
an indication of contamination. Confined ground water con­
taining indications of contamination has relatively low 
values of pH; pH in the Westlake well sample was 6.88 while 
pH values in wells RVT-106 and RVT-111 ranged fromi 7.7 to 
7.9. Low values of pH are also a r e l i i t l e indicator of con-
tamiination in the unconfined aquifer. 

Information regarding contamination of unconfined and 
confined ground water can be obtained by reasurenrent of the 
concentrations of certain conservative species in the con­
fined water. Some sample properties are relatively conser­
vative and are unaffectea by processes which al ter solution 
composition. Chloride is a conservative species whose con­
centration in solution is usually altered only through mix­
ing with other solutions. The sane can be said of SO, as 
long as i t is not supersaturated with respect to gypsum or 
other sulfate minerals. Uranium in the form of UÔ  is 
not as conservative as CI or S0» but will often remiaiii in 
solution by forming complexes with COo or SO-. Final­
ly, although Na, K, Mg, and Ca commonly participate in 
cation exchange reactions, the sum of their equivalencies 
will often remain nearly constant because they tend to ex­
change with one another on an iso-equivalent basis. 

On tlie basis of tnese properties, a definition of con­
tamination was established using the conservative t racers . 
A ground-water sample is defined as being contaminated by 
the uranium tail ings pile if any of the following observa­
tions can be made: 

0 Tne sample contains more than 92 rn^/l of cnloride 
or more than 582 m /̂1 of sulfate and more than 
19.47 mi Hi equivalents per l i t e r (meq/l) of total 
sodium, potassium, magnesium, and calcium. Tnese 
are the maximum concentrations found in any uncon­
fined background sanple. 

0 The sanple contains more than 0.01 ny/1 of uranium. 
Tnis is the highest concentration found in any 
background sanple. 

0 Trie sanple contains a detectable amount of molybden­
um. Tne tailings pore water contains high concen­
trations of molybdenum while none nas been found in 
any unconfined background sanple. 
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According to the above definition of contamination in 
tne unconfined ground water, a nuntoer of contaminated wells 
in the unconfined aquifer were identified and listed in 
Table C.2.32. 

Comparison of background unconfined samples with uncon­
fined saiples taken near to and downgradient of the pile 
shows that the la t ter samples may contain elevated concen­
trations of Na, K, Mg, Ca, CI, SO., Al, Fe, Hn, As, Cr, 
Mo, Se, U, Pb-210, Ra-226, Ra-228, and Tn-230. There are 
no EPA drinking water standards for Na, K, Mg, Ca, Al, Mo, 
or U. Altnough concentrations of Th-230, As, and Cr are 
elevated in some wells, they do not exceed the EPA primary 
drinking water standards. Above-standards concentrations 
of Ra-226 plus Ra-228 have been found only in one well, 
DH-3, which is conpleted d i r a t l y beneath the pile. Above-
standards concentrations of Se have been found in two 
wells, DH-3 and P-32. Well P-32 is 0.5 mile southwest of 
the pi le . I t should be noted that above-standards concen­
trations of Se have been reported in only two of six sam­
ples taken from these wells. Selenium was not detected in 
the other four samples. Concentrations of Fe, Mn, and 
SO. exceeding the EPA secondary drinking water standards 
arS found in most of tne alluvial wells installed south and 
southwest of the pile as well as those in the ore storage 
area north of the p i le . Table C.2.32 shows which wells con­
tain elevated or above-standaras concentrations of As, Cr, 
Mo, U, Tli-230, Ra-226 plus Ra-228, Se, Fe, Mn, or SO.. 
Most of these constituents are known to exist in high con­
centrations within the tailings pore solution (see Table 
C.2.18). Tnerefore, i t is reasonable to assure that they 
originated in the pile or the ore storage area and not in 
some as yet undetermined source. 

Contaminated samples from the unconfined aquifer will 
not necessarily contain elevated concentrations of all the 
constituents listed above for the following reasons: 

0 The chemical conposition of the pile is spatially 
variable. 

0 The chemical environment may change as constituents 
are transported away from the pi le . Tnis could 
cause many species to leave solution. 

0 Some constituents may be retarded and would be 
transported more slowly than others. 

0 Many species are subject to cation exchange. 

Figure C.2.31 is a bivariate plot of sulfate and chlor-
iae for analyses from the contaminated unconfined system 
and the confined system. Sulfate ana chloride act conserva­
tively and are not subject to significant chemical precipi­
tation or Qissolution after participating in reactions imne-
diately beneatri the pi le . Contaminated confined water 
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Table C.2.32 Riverton wells indicating contamination of unconfined ground water 

Elevated concentrations 
but not above Federal or state standards Concentrations above Federal or state standards 

I 

ro 

Ra-226 
Well As Cr Mo U Th-230 Fe Mn SO^ + R a - 2 2 8 Se CI 

m-3 X X X x x x x x x 
RVT-707 X X X X X 
P-9 X X 
P-10 X X 
P-13 X X X X 
P-18 X X X X 
P-19 X X X X 
P-21 X X X X 
P-22 X X X X 
P-23 X X X X X X 
P-24 X X X X X X 
P-25 X X X X 
P-26 X X X X 
P-27 X X X 
P-28 X X 
P-29 X X 
P-31 X X X X X 
P-32 X X X X X X X X X 
P-34 X X X 
P-35 X X 
RVT-101 X X X X 
RVT-104 X X X X 
RVT-105 X X X X X 
RVT-112 X X X X X 
RVT-113 X X X X X 
P-11 X X 
P-16 X 
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would plot on a line intermediate to contaminated unconfin­
ed water and uncontaminated water from the confined system. 
Figure C,2.31 indicates that CI and SO^ concentrations of 
ground-water samples from well RVT-106 and the Westlake 
domestic well have been shifted from those associated with 
uncontaminated confined ground water toward those associat­
ed with contaminated unconfined ground water. The bivariate 
plots for samples from these wells therefore imply that a 
certain amount of mixing of contaminated unconfined water 
and uncontaminated confined water may have occurred. 

Contamination is also indicated by Figure C«2.32 which 
is a bivariate plot of uranium concentrations and the sum 
of major cation equivalences. Agaln^ these elements repre­
sent conservative indicators of so|.ute tpovemegt. According 
to this figure, the sum of Na ^ K ^ Mg , and Ca 
concentrations and uranium concentrations indicate a shift 
toward the composition of contaminated unconfined ground 
water in samples obtained from wells RVT-106g RVT-111, and 
the domestic Westlake well. 

The contamination in the sample from the Westlake well 
may be due to perforated or screened casing through the un­
confined aquifer in addition to the confined aquifer. Logg­
ing of the Westlake well to determine the contributing 
interval and additional sampling of the Westlake^ RVT-106, 
and RVT-111 wells may be needed to identify the sources of 
the observed^ elevated contaminant concentrations. 

Elevated sulfate and uranium concentrations observed 
north of the pile and east of the mill area appeared to be 
related to contamination from the ore storage area situated 
in the northern portion of the site. These concentrations 
are not likely to be associated with northward radial flow 
of residual tailings pore water due to initial pile drain­
age because these constituents are mobile and would probab­
ly have been transported downgradient of the pile by this 
tire. Moreover^ concentrations to the west of the pile are 
not similarly elevated. 

Contamination of unconfined ground water north of the 
pile by the ore storge area implied that the direction of 
flow in the northern part of the site was toward the south­
east, consistent with the flow direction observed downgra­
dient of the site. The possibility of northward movement 
of contaminated ground water toward the Wind River was 
investigated by installing a series of piezometers between 
the pile and the Wind River (Figure C.2.33). Together with 
measurements obtained from other piezometers north of the 
pile^ the water levels in the piezometers indicated that 
the shallow ground-water aivide between the Wind and Little 
Wind Rivers is near the ore storage area (Figure C.2.34). 
Thus, any ground-water contamination originating from the 
pile would not migrate toward the Wind River in advecting 
ground water. 
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Mater-quality neasyrements obtained from well RVT-706 
indicated no contaminations thereby Indicating that the 
plunes shown in Figures C.2.26, C.2.27, and C.2.28 do not 
extend south of the L i t t l e Mind River (see Table C.2.22). 
Moreover^ the stat ic water level neasured in th is well was 
s igni f icant ly higher than the stage neasured at the L i t t l e 
Mind River d i rect ly north of the we l l , indicating sha l lw 
grcwnd-water moweiient from the south to the L i t t l e Wind 
River. 

3 Hydrologic modeling 

Purpose 

Conputer codes that can be used to characterize the 
ground-water flow regine and the geochemical environment In 
an aquifer system have becone increasingly available over 
the past several decades. These codes are based on general­
ly accepted physical principles which govern the behavior 
of ground water and the so lub i l i ty of chemical constituents 
in hydrologic systems affected by ta i l ings disposal. They 
are useful part icular ly for p r r t i c t ion of short- and long-
term inpacts of various renedial action plans because they 
account for conplex interactions of mass and energy within 
the physical systen before and after i iplei ientation of the 
proposed remedial act ion, subject to certain assunptions. 

Several coufwiter codes have been ident i f ied as r e l i ­
able algorithuB for both cal ibrat ion and pr«! ic t ive model­
ing. These codes have been used to describe the observed 
vert ical d istr ibut ion of water in the Riverton ta i l ings 
pi le^ the predoninantly downward migration of contaminants 
throjgh the pi le^ the chemical precipitation of key consti-
toents in the p i l e , and the inovenent of remaining mobilized 
contaminants thrcwgh the unconfined ground-water system. 
Calibration and coupling of these models has permitted quan­
t i t a t i ve characterization of the Riverton s i t e , both with 
respect to the iiwveiient of grmnd water and the transport 
of chemical constituents. 

Given the conplexities of natural physical systems, 
especially those which are in physical or chemical disequi-
l ibr iuni , the use of coiiiuter models to rigorously describe 
djserved or predicted processes can greatly f ac i l i t a t e s i te 
characterization efforts and ranedial action i ipac t analys­
es. Although the models do not exp l ic i t l y account for dise-
qunibrium conditions that prevail at the s i te with respect 
to geochemical behavior^ they do supply a basis for def in­
ing approximate inpacts of various renedial action strate­
gies. Five coaes have been calibrated and used to repro­
duce past behavior of both tne ground-water flow regine and 
the geochemical environirent. The calibrated models were 
subsequently usal to predict geohydrologic ana geochemical 
impacts of proposed renedial action neasures. 
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TRUST code 

The TRUST code can be used to describe unsaturated 
ground-water flow within the tailings due to vertical inf i l ­
tration and 1s well suited to the characterization of mill 
tailings s i t es . TRUST is an integrated finite-difference 
code that can be used to solve the nonlinear Richards' equa­
tion over a one-, two-, or three-GinKrisional space domain 
in a aeformable medium. Ttie TRUST code 1s particularly use­
ful for application to tne semi-arid Riverton site where 
steep moisture gradients across the infil tration front may 
cause nunerical instabil i ty because the code Incorporates a 
variety of nunerlcal s tabi l i ty controls. 

The TRUST algorithm has been used successfully to 
match the observed and simulated fluid potential distribu­
tions within the unsaturated tailings pi le . The vertical 
distribution of fluia potential provides the driving force 
for contaminant movement from the pile Into the underlying 
unconfined aquifer and is used as input to a coupled solute 
transport and chemical speciation code that describes migra­
tion of contaminants through the tailings-soil interface 
(Reisenauer et a l . , 1982; Narasimhan and Witherspoon, 
1978). 

PHREEQE code 

The PHREEQE code, developed by the USGS, Is an ion 
association, aqueous speciation code that defines the geo­
chemical environment in terms of user-defined chemical spe­
cies that are assumed to dominate the environment (Park-
hurst et a l . , 1980). I ts precursors include the WATEQ, 
SOLWJEQ, WATEQF, and WATEQ2 aqueous speciation models. The 
PHREEQE model can predict the speciation 1n a solution 
which either mixes with another solution or reacts with 
solid phase mineral constituents. I t does so by simjltane-
ously solving a set of independent, nonlinear equations 
describing chemical mass balance, mass action, electroneu-
t r a l i t y , and electron balance under conditions of chemical 
equilibrium for a set of independent concentration varia­
bles. The model also can account for multiple phase bounda-
ri es. 

The user f i r s t identifies the species which Influence 
geochemical conditions in the tailings and aquifer. After 
all species are laentified, a mass balance equation Is writ­
ten for each species whereby the total concentration of all 
species associated within a given element 1s defined as a 
sum of aqueous concentrations. The mass balance equations 
serve to uniquely define the activit ies of free ions In 
solution. 

Additional equations for electrical neutrality and con­
servation of electrons are required because mass balance 
equations for oxygen and hydrogen cannot be conpletely 
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defined. The pH of the solution is automatically adjusted 
until electroneutrality is attained within a specified 
error tolerance. Given aqueous species molalities, electri­
cal neutrality, and identification of geochemical proces­
ses, pH can be calculated theoretically by PHREEQE. Alter­
natively, the pH can be defined analytically. In which case 
the electrical neutrality constraints are no longer needed. 
Electron balance equations are used to state that electrons 
cannot be created or destroyed. Electron molalities are 
not included explicitly in other equations because free 
electrons never actually occur in solution. Conservation 
of electrons uniquely defines prevailing Eh conditions. 

In addition to mass balance, electroneutrality, and 
electron balance equations, mass action equations must be 
written In order to define changes in the geochemical sys­
tem due to pairing of anions and cations. Mass action equa­
tions for mineral phases must also be considered. The mass 
action equations involve use of equilibrium constants which 
are defined internally with the thermodynamic data base. 
These constants are allowed to vary according to specified 
temperature inputs. 

Other equations used to characterize the geochemical 
system include the mass action equation for the dissocia­
tion of water and equations which relate molalities to ther­
modynamic activities. PHREEQE computes activity coeffi­
cients using calculations based on ionic strength of the 
solution (Parkhurst et al., 1980), 

TRUMP code 

The TRUMP integrated, finite difference algorithm uti­
lizes a discrete form of the advect1on-dispersion equation 
to simulate reactive and non-reactive chemical transport In 
up to three dimensions. External sources or sinks, linear 
adsorption, and first order reactions can be specified 
(Edwards, 1972). For this particular investigation, it was 
assumed that the contaminated, unconfined aquifer is govern­
ed by steady state conditions within the area affected by 
the tailings. Therefore, a single execution of the TRUST 
flow model and specification of a constant lateral ground­
water velocity were sufficient to define the behavior of 
the flow regime for the TRUMP solute transport simulation. 

DYNAMIX code 

Advective and dispersive transport of contaminants 
through the Riverton pile and simultaneous chemical specia­
tion of key contaminants have been simulated using a coupl­
ed, chemical transport code called DYNAMIX. This newly 
developed, multiple species, chemical transport code can be 
used to simulate, in one, two, or three dimensions, the 
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simultaneous transport of multiple chemical species and 
their aqueous Interactions in the presence of a buffer such 
as calcite. It nas been used to simulate advective move­
ment of dissolved sulfate, as well as the chemical precipi­
tation of sulfate that appears to be occurring at the base 
of the pile (LBL, 1984; Narasimhan et al., 1984). 

DYNAMIX is an explicit linkage of TRUMP, a numerical 
analog of the advection-dispersion equation, and PHREEQE, a 
chemical speciation code that simulates chemical reactions 
such as precipitation and ion association under assumed 
equilibrium conditions. Fluid potential distributions in 
the pile obtained from TRUST were used to define the advec­
tive driving force of contaminant migration across the 
tailings-soil interface. The PHREEQE component of DYNAMIX 
performed mixing of tailings water and unconfined ground 
water in the presence of a calcite buffered neutralization 
zone at the interface. Precipitated sulfate obtained from 
the vertical mixing procedure acted as a sink term for simu­
lating the observed sulfate plume in the unconfined aquifer 
using the TRUMP algorithm. 

Although the DYNAMIX algorithm has not yet been vali­
dated by the DOE, it does appear to realistically duplicate 
the observed geochemical conditions beneath the pile. The 
DYNAMIX code is based solely on the validated TRUST and 
PHREEQE algorithms (LBL, 1984). 

USGS code 

The USGS finite difference code can be used to des­
cribe saturated flow in three dimensions and was applied to 
simulate the effects of slurry wall emplacement and aquifer 
restoration on shallow ground-water flow at and around the 
Riverton processing site. With the code, heterogeneous and 
anisotropic material properties and flow fields with irregu­
lar hydraulic boundaries can be modeled. Stress on the sys­
tem can be from precipitation or discharging or recharging 
wells. A variable spaced grid can be used, and one or more 
layers of nodes can be used to represent each hydraulic 
unit. A strongly implicit procedure is used to solve the 
simultaneous difference equations (Trescott, 1976). 

Modeling procedures 

The method used to characterize the hydrologic and geo­
chemical system at the Riverton site first Involved cali­
bration of the three models, TRUST, DYNAMIX, and TRUMP, by 
LBL researchers. Calibration, or history matching, was per­
formed by adjusting parameters and input variables of each 
model until the simulated physical or chemical response ade­
quately corresponded to the observed response. Sulfate was 
chosen as an indication of chemical response because of its 
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conservative behavior in ground water. The sulfate plume 
was therefore a representative measure of the extent of con­
tamination caused by advective, dispersive, and diffusive 
solute transport. The sequence of procedures for the cali­
bration was as follows: 

0 Approximate reproduction of the measured fluid 
potentials within the partially saturated tailings 
using the TRUST algorithm. 

0 Determination of precipitation-dissolution reac­
tions controlling the water quality resulting from 
the mixing of tailings fluid and ambient shallow 
ground water using the PHREEQE algorithm. 

0 Simulation of chemical mixing of the tailings fluid 
and the shallow ground water using the DYNAMIX algo­
rithm resulting in the definition of the rate of 
sulfate precipitation. 

0 Duplication of the observed sulfate plume in the un­
confined aquifer using the TRUMP algorithm by remov­
ing precipitated sulfate from incoming tailings 
pore fluid. 

Table C.2.33 summarizes various parameter values used 
in the hydrodynamic and solute transport modeling. 

Simulation of fluid potentials in unsaturated tailings 

Fluid potentials were simulated with the TRUST code 
using a one-dimensional, 6.75-meter column representation 
of the tailings and subsoils. The 6.75-meter height was 
chosen because it was equal to the average distance between 
the tailings surface and the water table. The tailings 
column was subdivided into finite difference elements based 
on assumed material properties and observed hydraulic poten­
tial gradients. Mean monthly climatic data presented In 
Table C.2.14 were used to define the surface boundary condi­
tions. 

Fluid potential profile data from LBL location RB were 
used to represent the entire pile. In order to duplicate 
the ground-water divide observed at 1 meter of depth shown 
in Figure C.2.22, the Complimentary Relationship Areal Eva­
poration (CRAE) model (Morton, 1978) was used to estimate 
potential evapotranspiration. It was assumed that average 
evapotranspiration losses at the site would represent rough­
ly 55 percent of net losses. Figure C,2,35 shows the 
results of a 20-year simulation when 22 centlneters of rain­
fall, along with evapotranspiration calculated from the 
CRAE model, were lumped into quarterly averaged sources and 
sinks. The calculated quarterly fluxes, along with tempera­
ture dependent viscosity values, are listed in Table 
C.2.34. Agreement between simulated and currently observed 

C-182 



Table C.2.33 Hydrologic, solute transport, and physical 
modeling parameters, Riverton site 

Parameter Value 

Ground-water Darcy velocity 6.34 x 10" m/s (20 m/yr) 

Aquifer porosity 0.30 

Aquifer hydraulic conductivity 2.82 x 10"** m/s (80 ft/dayl® 
-9 

Slurry wall hydraulic conductivity 10 m/s 

Aquifer transmlsslvlty 2.822 x 10""̂  to 2.822 x 10"^ t//s 

Slurry wall transmlsslvlty 9.09 x 10 m/s 

Aquifer storage coefficient 0.0 

Steady state Infil tration flux 6.98 x 10"^° m/s (2.2 cm/yr) 

Aquifer saturated thickness 10.0 m 

Pile length 800.0 i 

Pile width 350.0 m 

Pi le height 2.9 ra (9.5 f t ) 

Pile saturated moisture content 0.45 

Dilution front velocity 1.90 x 10"^ m/s (0.197 ft/yr) 
3 

Pile surface concentration 1,757 moles/m 
Aquifer background 2 

sulfate concentration 2.34 moles/m 

Aquifer longitudinal disperslvity 1.0 m 

Pile longitudinal disperslvity 0.30 m̂  

Aquifer transverse disperslvity 0.1 m 
c 

Pile transverse disperslvity 0.03 m 
-9 2 

Aquifer diffusion coefficient 1.6 x 10 m/s 
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Table C.2.33 Hydrologic, solute transport, and physical 
modeling paraneters, Riverton site (Concluded) 

Paraneter Value 

Pile diffusion coefficient 

Distance from pile surface to water 
table 

Distance from stabilized pile 
surface to water table 

Slurry wall depth 

Hydraulic head at Lit t le Wind 
River 

2.6 X 10"^ to 3.0 x 10"^ m^/s 

6.75 m 

6.60 ra 

9.00 m 

1,501.0 m 

Based on the 20-m/yr Darcy velocity from sulfate plune movenent and 30 
.percent porosity. 
Steady state conditions, 
'Assures an aquifer porosity of 30 percent. 
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fluid potential profiles at location RB indicates that the 
mechanism of water redistribution within the tailings was 
estimated accurately using the specified rainfall and evapo­
transpiration rates over the 20-year period. Thus, the 
effects of potential remedial actions can be estimated us­
ing the specified rainfall and evapotranspiration rates 
with appropriate changes in material properties. 

Table C,2.34 Quarterly surface boundary fluxes and 
viscosity values, Riverton site 

Quarter Flux (m/s) Viscosity (kg/m-s) 

1 -2,551 X 10"Q 
2 6.219 X lO"^ 
3 2,319 X 50 Q 
4 -1,208 X 10"^ 

Figure C.2.36 i l l u s t r a t e s the change in the r a t e of 
simulated percolation through the base of the t a i l i n g s as a 
function of t i n e . To describe rapid dewatering of the p i l e 
throughout the 5 years of active disposal , the p i l e was 
maintained at close to 100 percent sa tura t ion . Subsequent 
ra tes during p i le drainage were calculated through tirre on 
the basis of the 20-year TRUST estimate of the hydraulic 
potent ial gradient . The estimate of unsaturated hydraulic 
conductivity was obtained from the i n t r i n s i c permeability 
versus hydraulic potential re la t ion given in Figure C,2,37. 
Percolation ra tes were estimated from the gradient and 
hydraulic conductivity using Darcy's Law. 

Mixing at t a i l i n g s - s o i l interface 

The pH is the prine variable in control l ing contami­
nant speciation and concentration both in the t a i l i n g s pore 
water and in the ground water. The pH of contaminated 
unconfined ground water beneath the p i le i s s l i gh t ly lower 
than the pH of uncontaminated ground water upgradient of 
the p i l e . The s l ight pH depression occurs in sp i te of 
s ignif icant mixing with low pH t a i l i n g s water, as evidenced 
by corresponding high sulfate concentrat ions. This pH 
buffering is indicat ive of acid neutra l iza t ion by carbonate 
minerals in the soi l and alluvium and, to a lesser ex tent , 
by dissolved bicarbonate in the uncontaminated ground 
water. At low pH, these react ions can be wr i t ten : 

CaC03 + 2H'^ t z : ^ Ca^^ + CO2 + HgO (1) 

( so i l ) ( ta i l ings^ 

and 

1.6 x 10"3 
1.3 X lO'o 
1,1 X 10" , 
1,3 X iO'-^ 
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HCO3" + H"̂  t z ^ COg + HgO (2) 

(ground water) (tailings) 

Production of COg gas by reactions (1) and (2) above is 
confirmed by hip partial pressures of CO^ measured in 
pore gases within the pile (see Table C,2.31). 

The saturated state of the ground water relative to 
calcite^ which is governed by reaction (1)^ was calculated 
by the PHREEQE code. A plot of the ionic activity products 
(lAP) for Ca and CO2 versus Ca and SO. in ground waters 
are shown 1n Figure C.2.29. The horizontal and vertical 
lines are the respective values for the solubility products 
(K ) for calcite and gypsum at comparable temperatures. 
Ground-water compositions with lAP's greater than these 
K values are supersaturated with respect to the solid 
pnase^ and samples with lAP's less than K are undersatu-
rated. ^ 

The lAP data in Figure C.2.29 indicate that almost all 
of the ground water in both the unconfined aquifer and the 
confined aquifer is supersaturated with respect to the ther­
modynamic solubility constant for calcite. Supersaturation 
with respect to calcite of the unconfined ground water be­
neath and downgradient of the tailings pile indicates that 
the calcite buffering capacity has not been exceeded by the 
acid neutralization reaction, given by reaction (1). This 
explains why the pH of the contaminated ground water re­
mains near neutral. 

Unconfined ground water upgradient from the pile is 
substantially yndersaturated with respect to gypsum whereas 
water beneath and downgradient of the pile is saturated or 
supersaturated. An important contribution of gypsum is the 
aqueous calcium produced from dissolution of calcite, given 
by reaction (1). The overall chemical reaction leading to 
gypsum precipitation is: 

CaCOj + H2SO4 + H2O - CaS0^2H20 + COg (3) 

(soil) (tailings) (gypsum) (gas) 

Other precipitation reactions during contaminant mix­
ing involve high concentrations of dissolved metals in the 
tailings pore waters, principally iron and aluminum. Assum­
ing oxidizing conditions within the tailings based on meas­
urable O2 partial pressures, precipitation can be repre­
sented as: 

Fe"^^ + SHgO - Fe(0H)3 + SH"^ (4) 

and 

Al^^+SHgO ~ AKOH)^ + 3H* (5) 

While the specific iron and aluminum hydroxides represented 
in reactions (4) and (5) may not be the exact phases formed 
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by mixing, the stoichlonBtry involving the production of 
hydrogen ions is correct. Based on high alssolved iron and 
aluminum concentrations, precipitation of hydroxides at 
near neutral pH accounts for a greater total hyarogen ion 
input during mixing than do hydrogen ions in i t ia l ly present 
in the low pH tail ings water. 

Using the PHREEQE code, reactions (1) through (5) can 
define pH changes as a function of mixing between in i t i a l ly 
uncontaminated, unconfined ground water and pore water con­
tained in the ta i l ings . Clearly, the pore water in the 
base of the pile is much more dilute than in the Interior 
of the tail ings pi le . The RB-6 sanple was assured to be 
the end mentoer tailings conposition prior to mixing, with 
the P-16 sanple used to represent the end nentser of uncon­
fined yround-water composition. 

Constraints on ground-water mixing similatlons includ­
ed continual equilibration with Fe(OH)o and AUOHia and 
equilibrium with gypsum after saturation has been achieved. 
Tne partial pressure of CO2 was fixed at 0.1 atmosphere 
which is the average partial pressure. The Eh was not meas­
ured but was |ssuif^d to be oxidizing (0.4 volts) and 
control lea by Fe /Fe equilibrium. 

The VOIUHK fraction of tailings water that mixed with 
the ground water was estimated from the intersection of the 
calcite equilibrated mixing curves with the pH range of the 
contaminated ground water beneath the tailings p i le . As 
indicated in Figure C.2.38, the percentage of pore water 
can range from a minimum of 0.2 percent, assuming thermcxiy-
namic equilibration with calc i te , to a raaxinijm of 1.6 per­
cent assuming maximum calcite supersaturation. 

The two lower pH mixing curves assunK continued cal­
cite equilibrium and dissolutiogcbased on thermodynamic cal­
cite saturation (^ ^ ^ ^ ^ 0 " ' ) and « ta s t ab le calcite 
saturation (K = 113" ' ) . The third curve corresponds 
to pore water mixing with ground water without continued 
calcite saturation. Tne loss of such buffering, which cor­
responds to complete removal by dissolution of calcite from 
the aquifer, would result in rapid decreases in pH which, 
in turn, would increase the potential for transport of pH 
sensitive radionuclides and trace netals. Clearly, this 
has not occurred and is unlikely to occur at the Riverton 
s i t e . 

An Independent check on the mixing fraction can be 
made by also considering the volune of tailings water re­
quired to produce gypsum saturation in the ground water as 
was docunented for contaminated ground water. Trie logari­
thm of the lAP to K ratio (lAP/K ) ratio for gypsum is 
plotted In Figure C.2.39 against the mixing fraction of 
pore water. As Indicated, the ground water, saturated witti 
calcite but in i t ia l ly undersaturated with gypsum, reaches 
gypsum saturation (lAP/K = 0) after mixing with approxi­
mately 0.4 percent tailings water. Tnis VOIUK percent is 
within the range predicted from the pH mixing moael. 

C-i90 



pH 

0 0 .4 0 .8 1.2 1.6 2 . 0 

M i x i n g of t a i l i n g s wa te r (%) 

REF. LBL, 1684 . 

FIGURE C.2.38 
RELATION BETWEEN MIXING AND pH 

FOR THE RI¥ERTON TAILINGS-GROUNDWATEB SYSTEM 

C-191 



E 
• 
a 
>« 
m 
m 

< 

m 

3 

RELATION 

0.4 

0.2 

0 

- 0 . 2 

- 0 . 4 

-o .e 

- 0 . 8 

. - 1 . 0 

1 1 1 1 

^/ Qypsum saturation 

- A 
P ^ C a l c I t * •quI l lbr l i iB i 

/ 1 l o Ca lc l t « 
- 1 1 •qMl l lbr lu in 

f i / ^ ^ ' * t a l l i n i * wat«r 
r ^ r 1^- r«qu i r«d for CaSO^.H^O 
4 ^ 1 •a tu ra t l on 

W \ 1 1 1 1 
0 0.2 0.4 0.6 0.8 1. 0 

M i x i n g o f t a i l i n g s w a t e r (%) 

REF. L B L , 1 9 8 4 , 

FIGURE C.2.39 
BETWEEN MIXING AND LOG lAP/Kg GYPSUM, RI¥ERTON SITE 

C-192 



Mixing percentages required to produce observed urani­
um concentrations in ground water beneath the tailings pile 
plot over a comparable mixing range of from 0.2 to 0.9 per­
cent to that predicted from pH and gypsum saturation calcu­
lations (Figure C.2.40). This confirms that uranium be­
haves conservatively in the unconfined ground-water system 
and is subject only to concentration changes related to mix­
ing. Soluble uranium represents one of the greatest poten­
t i a l s for contamination from mill ta i l ings, particularly in 
shallow, oxidizing ground-water systems. 

The following broad pattern of chemical changes was 
observed as the tailings water mixed with the ground water. 
Simulation of mixing was carried out using the DYNAMIX algo­
rithm with the assumption of abundant calcite present in 
the so i l . The mineral species of interest were gypsum^ cal­
c i te , gibbsite^ and iron hydroxide. During mixing^ calcite 
was dissolved and gypsum^ gibbsite, and iron hydroxide were 
all precipitated. The time steps chosen were on the order 
of a few months to a year, and the mixed water continuously 
moved downgradient. 

Geochemical characteristics of the tailings water and 
the ambient unconfined ground water were specified with 
respect to concentrations of certain key elements shown in 
Table C.2.35. The tailings pile was idealized as a rectan­
gle measuring 850 meters by 350 meters^ and the mixing prob­
lem was done in two stages to reflect variable drainage 
patterns in time (Figure C.2.41). During the f i rs t stage, 
instantaneous mixing of percolating tailings water and 
ground water was assumed beneath the entire pi le. The 
ground-water reservoir imriediately below the tailings was 
treated as a single cell measuring 850 meters by 350 meters 
by 10 meters. In the second stage^ differential mixing was 
initiated using these average concentrations from the f i r s t 
stage. The single cell of Stage 1 was divided into seven 
cells with their long dimensions oriented perpendicular to 
the direction of ground-water flow. Each upgradient cell 
acted as a source to the cell immediately downgradient. In 
both stagess the ground-water reservoir was considered to 
be 10 meters thick, with the tailings and the ambient 
ground water supplying chemical species at the concentra­
tions given in Table C.2.35. In addition, the tail ings 
were assumed to be 50 percent saturated. 

Output from the mixing model consisted of sulfate pre­
cipitation rates that varied temporally and spatially 
across the p i le . These precipitation rates constitute the 
sink terms for the TRUMP plume simulation. Advection of 
percolating tail ings water with high sulfate concentrations 
represents the source mechanism for the subsequent TRUMP 
simulation. The average concentrations of the various 
species at the end of Stage 1 are listed in Table C.2.36. 
Time-dependent rates of sulfate precipitation generated 
during Stage 2 of the mixing procedure are shown in Figure 
C.2.42. 
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FIGURE C.2.41 
GEOMETRY OF RIYERTON GROUNDWATER RESERVOIR 

FOR MIXING CALCULATIONS 
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Table C.2.35 Concentrations of key elements used for 
mixing ca lcu la t ions , Riverton s i t e 

Concentrations 1n mi H i moles per l i t e r 

Element Ground water Tailings water 

pH 7.b 1.43 
Ca 1.76 3.70 
Mg 0.905 78.6 
Na 3.93 8.0 
K 0.105 0.0056 
Fe 0.003 773.0 
Al 0.001 431.0 
Si 0.548 1.53 
CI 0.8174 3.25 
CO^ 4.73 0.001 
SO^ 2.34 1,757.0 

Ref. Narasimhan, 1984. 

Table C.2.36 Concentrations of key elements af ter 
Stage 1 mixing, Riverton s i t e 

Element 

pH 
Ca 
Mg 
Na 
K 
Fe 
Al 
Si 
CI 
S 

Concentrations in mi 111 moles per l i t e r 

5.74 
28.5 
54.87 
b.961 
0.0365 
0.00033 
1.23 
2.507 

1,238.0 
22.6 

Ref. Naraslmhan, 1984. 
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Simulation of observed sulfate plume 

Sulfate was chosen to perform the calibration for che­
mical transport through the unconfined aquifer because it 
is one of the least sensitive constituents with regard to 
changes in the geochemical environment and was therefore a 
good indication of advective^ dispersive^ and diffusive 
solute transport. After the PHREEQE and DYNAMIX codes were 
used to characterize geochemical conditions at the tailings-
soil interface, the TRUMP code was executed by LBL in order 
to simulate the movement of sulfate from beneath the tail­
ings pile through the unconfined aquifer. Initial concen­
trations of sulfate in the aquifer were selected as those 
which prevailed 25 years ago prior to emplacement of the 
tailings and essentially reflected background sulfate lev­
els. Boundary conditions were also chosen to represent 
background sulfate concentration. 

The integrated finite difference mesh used for the 
simulation was oriented in a direction parallel to the 
Idealized streamlines as indicated in Figure C.2.43. Uncon­
taminated ground water entered the system across the north­
ern and western edges of the tailings from the upgradient 
element at a Darcy flux of 20 meters per year (Narasimhanj 
1984)s and contaminated water discharged into the downgradi­
ent element at the same rate. 

The upgradient and downgradient elements were speci­
fied to have sufficient volume so that the sulfate concen­
tration at the boundaries would be maintained at background 
level despite outflux and influx of sulfate. Also^ the 
tailings element was large enough to force sulfate concen­
trations in percolating water to be maintained at 1^757 
moles per cubic meter during the simulation (Narasimhan^ 
1984). The dimensions of all aquifer elements were assign­
ed on the basis of expected sulfate gradients; all elements 
located near the pile-aquifer interface were specified to 
be smaller than those located at a distance from the pile. 
Aquifer element heights were defined using a saturated 
thickness of 10 meters and a porosity of 30 percent. 

The water table near the pile was insensitive to the 
percolation rate within the range of seasonal variation 
expected for the site. Hence^ any seasonal changes in 
infiltration would have little effect on the hydraulic head 
distribution, and use of an "average" or steady state water 
table would have little bearing on characterization of 
solute transport mechanisms. Mounding and radial flow 
effects during active stages of disposal would probably 
have been significant during the first 5 to 10 years follow­
ing pile disposal. However^ relative to the dynamics of 
the flow regirre, the hydrodynamic perturbation represented 
by such mounding would be minimal and would probably not 
significantly affect the modeling results. 
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Percolation was applied in TRUMP by inputting the 
infiltration function predicted by TRUST (Figure C.2.36). 
The rapid initial drainage and subsequent desaturation of 
the pile with Increasing time were therefore explicitly con­
sidered during the history matching procedure. By the end 
of the 25-year simulation^ the infiltration rate predicted 
by TRUST had stabilized at 2.15 centirreters per year 
(Narasimhan, 1984). 

Sulfate precipitation was incorporated in the TRUMP 
model by inputting the DYNAMIX - generated function shown 
in Figure C.2.42. The predicted precipitation rate decreas­
ed to roughly a constant level at 25 years^ reflecting an 
approach to chemical equilibrium in the mixed water. 

The longitudinal and transverse hydrodynamic disper­
sion coefficients were calculated by the TRUMP algorithm 
using the relations: 

B^ = a^y + D 

dj = a,v + D 

where 

D. = the longitudinal dispersion coefficient des­
cribing dispersion along a given streamline 
(mVs). 

Qj = the transverse dispersion coefficient des­
cribing dispw-sion perpendicular to a given 
streamline (m /s). 

a. = the longitudinal dispersivity (m), 

a, = the transverse dispersivity (m). 

V = the average linear seepage velocity along a 
given streamline (m/s). 

* 2 
D = the diffusion coefficient (m /s). 

The hydrodynamic dispersion coefficients describe the 
sum of mechanical dispersion^ or dispersion caused by mix­
ing of fluid elements^ and molecular diffusion caused by 
chemical gradients. The two effects are additive and^ toge­
ther with the advection mechanism^ characterize conserva­
tive solute transport properties of the flow medium. 

Mechanical dispersion in both the longitudinal and tra­
verse directions^ which is described by the first term in 
both relations^ is directly proportional to the average 
linear velocity along the streamlines. The factor of pro­
portionality is equal to the dispersivity which is general­
ly much smaller in the transverse direction than in the 
longitudinal direction. This parameter describes the 
"characteristic" mixing length involved in the mechanical 
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mixing process, and is necessarily much smaller in the 
transverse direction oue to lower mixing forces in this 
direction. 

Tne second term in the dispersion coefficient reflects 
purely diffusive transport of sulfate under chemical gra­
dients and is entirely indepenaent of ground-water move­
ment. This diffusion coefficient is theoretically a proper­
ty of the solute only. 

While tne value of average linear velocity, v, was 
known with some certainty on the basis of punp test results 
a p hydraulic gradients, the values ot a. and a^ and 
D were not known. In particular^ a, and â  are 
scale dependent pararieters that cannot be extracted from 
lab data and must be estlmajea through t r ia l and error ca l i ­
bration. Tne value of D is more physically based but 
must s t i l l be estimated through tr ial and error adjustment. 
Tne nistory matching prc^edure ultimately involved simulta­
neous adjustment of D and a, , with â  estimated to 
be 10 percent of the value of a, in accordance with 
djserved field conditions (Freeze ana Xnei^ry, 1979). The 
final values of D were 1.6g x ^'^0' m /s for sulfate 
in the aquifer and 2^6 x 10" m /s for sulfate in the 
tailings pi le . The D value for the tai 11 ngs_qwas2 later 
increased at a tine of 9 years to 3.0 x 10" m /s in 
order to maintain correspondence between simulated and ob­
served plunes. Final estimates of a. ana a, were 1.0 
meter and 0.1 meter^ respectively. These values of disper­
sivity effectively damped severe oscillations caused by 
nunerical instabil i ty (Narasirahan, 1984). 

Tne 25-year simulated sulfate plun^ obtained by LBL 
after t r ia l and error adjustment of 0 and a, is pre­
sented in Figure C.2.44 along with the observed sulfate 
pluriK, TRUMP accurately estimated the general configura­
tion and some of the major features of the observed plurre, 
particularly near the ta i l ings . Tne predicted peak sulfate 
concentration near the Little Wind River was roughly twice 
tne observed concentration but could not be reduced with­
out changing the overall plune configuration. 

An absence of significant lateral spreading of the sul­
fate plurre was described using the TRUMP solute transport 
model. Tne elongated shape of the sulfate, molybdenum^ and 
uranium plunes can be attributed to the directional nature 
of solute dispersive transport mechanisms and the relative­
ly small value of transverse dispersivity. 

The overall results of the plurie simulation represent 
a semi-quantitative description of the various processes 
that occur. Trie exact nunters should be considered accept­
able relative to the magnitudes observed in trie field. Be­
cause the simulation tends to overestimate current sulfate 
levels, use of the calibrated models for prmictive purpos­
es snoula define upper bounds on future contaminant levels 
In the unconfined aquifer. 
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Development of a calibrated finite difference ground-water 
model 

Prior to prediction of the effects of slurry wall in­
stallation and aquifer restoration on the geochemical 
regime of the unconfined alluvial aquifer^ i t was necessary 
to develop a ground-water flow model which could be used to 
simulate the altered flow regime due to the existence of 
the wall. This altered flow regime was expected to cause 
significant changes in advective solute transport mecha­
nisms and to strongly influence future contaminant migra­
tion in the unconfined aquifer. 

The US6S three-dimensional finite difference algorithm 
(Trescott, 1976) was chosen for the design of a two-
dimensional ^ steady state ground-water flow model of the un­
confined aquifer. Given the lack of development in the 
aquifer and the predominance of horizontal hydraulic gradi­
ents ^ the assumptions of steady state conditions in a two-
dimensional flow field were considered justified. The flow 
model was calibrated by reproducing the currently observed 
hydraulic head distribution through t r ia l and error adjust­
ment of aquifer parameters^ subject to assumed boundary con­
ditions. For the purposes of developing a long-term^ 
steady state description of the flow regine^ an average 
water table obtained from seasonal measuranents in a series 
of roughly 30 piezometers was used for the t r ia l and error 
calibration procedure (White et a l . , 1984). The "averaged" 
water table configuration is shown in Figure C.2.45. 

A regular f ini te difference grid with variable spacing 
was superimposed on the unconfined flow domain. The grid 
shown in Figure C.2.46 was designed to be similar to the 
grid used in the TRUMP modeling of the f i r s t three remedial 
action scenarios. Continued use of the original TRUMP grid 
ensured that , in the event that slurry wall installation 
did not substantially deflect ground-water flow^ the grid 
would not have to be redefined for predictive modeling of 
future plume movement. The 20 by 14 grid for the USGS simu­
lation was oriented parallel to streamlines and perpendicu­
lar to equipotential lines and included all the nodes previ­
ously defined in the original grid^ but was extended out­
ward in three directions to minimize propagation of flow 
disturbances from the vicinity of the wall to the grid boun­
daries. A 18 by 12 grid of active nodes was defined, for a 
total of 216 nodes. 

Boundary conditions were defined according to charac­
te r i s t i c s of the observed water table. From visual inspec­
tion of Figure C.2.45, i t became apparent that, if the 
hydraulic gradient were extended downgradient from the 
1,501.5-meter equipotential line, the Little Wind River 
would act as a constant head boundary of 1,501.01 meters, 
thereby acting as a discharge sink for unconfined ground 
water. Although the stage level of the river would tend to 
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fluctuate seasonally, tne nead level at the river was assum­
ed, on tne average, to be equal to l^SOl.O neters. A con­
stant head bounaary was therefore established at all nodes 
near the Lit t le Wind River during the steady state calibra­
tion as shown in Figure C.2.46. 

Along the northeastern and southwestern boundaries^ i t 
was assured that flow streamlines would remain oriented In 
a northwesterly-southeasterly direction as long as the boun­
daries were located sufficiently far from the slurry wall 
to be unaffected by flow disturbances attributed to wall 
emplacen^nt. Because^ by definition^ no flow occurs perpen­
dicular to streamlines^ the corresponding parallel northwes­
terly-southeasterly trending grid lines would act as no-
flow boundaries. This was acconplished by setting aquifer 
transmissivity at all nodes along this boundary equal to 
zero. 

Tne northwestern boundary was considered to supply all 
lateral ground-water inflow to the unconfined system be­
cause all water entering tne moael area would have to pass 
through this boundary. Under steady state conditions^ the 
rate of inflow would be constant in tine along this bounda­
ry and was assuned to be equal to a Darcy velocity of 20 
m/yr obtained from plune migration calculations and from 
punp tes t resul ts . This value of 20 m/yr was multiplied by 
the cross-sectional area associated with each node and 
assigned to the corresponding node as a constant rate re­
charging well as shown in Figure C.2.46. Precipitation re-
cnarge was assigned to all nodes underlying the pile using 
the estimated value of 2.15 cm/yr. 

Under steady state conditions^ the behavior of a con­
fined system Is equivalent to that of an unconfined system. 
In order to obtain instantaneous convergence to a steady 
state head distribution within a single tine step^ tne sto-
rat ivi ty was set to zero^ effectively forcing the tine deri­
vative to zero. Tnis eliminated the need to Iterate over a 
long period of tine to obtain a long-term, steady state hy­
draulic response in the unconfined aquifer. Thus^ the only 
unknowns in the set of differential equations and ini t ia l 
and boundary conditions were the transmissivity values 
Txx(x,y) = Kxx(x,y) b{x,y) and Tyy(x,y) = Kyy(x,y) b(x,y) 
where Kxx(x,y) and Kyyfx^y) are equal to the nydraulic con­
ductivity (m/s) in tne x and y directions^ respectively, 
and b(x,y) equals the saturated thickness of the unconfined 
aquifer. 

Trie t r ia l and error calibration procedure was i n i t i ­
ated using arbitrary ini t ial head values of 0.0 ireter at 
nodes at which constant head conditions-, were not specified 
and transmissivities of 2.d222 x 10" m/s at all ac­
tive nodes. This value of transmissivity was obtained 
using an estimated nydraulic conductivity of 80 ft/day or 
Z.822Z X 10" m/s and a saturated thickness of 10 m. 
Figure C.2.47 shows the steady state hydraulic head d i s t r i -
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butlon generated using the USGS algorithm with a urMforanly 
d i s t r ibu ted transraissivity value of 2.8222 x 10" m / s . 
Trie simulated d is t r ibut ion appears to reasonably duplicate 
the observed hydraulic head d i s t r i bu t i on , with the excep­
tion of observed upgradient features beneath the p i l e area 
and closely spaced equipotentials located s l igh t ly north of 
the p i l e . Because these features were indicat ive of a low 
permeability region beneath the pile^ transmissivity was 
continuously reduced at selected nodes under the p i le area 
unt i l flexures were simulated beneath the p i l e . However, 
even an order of magnitude reduction in transraissivity with­
in t h i s area aid not en t i re ly reproduce the observed sharp 
upgradient flexures (Figure C.2.48). Further reduction in 
t ransmissivi ty beneath the p i le through the t r i a l and error 
procedure was cons ider^ un jus t i f iab le . I t should be noted 
that reduction of transmissivi ty by a factor of 10 could be 
a t t r ibu ted to the contoined effects of reduced hydraulic con­
duct ivi ty due to chemical precipi ta t ion f i l l i n g pore spaces 
and dec rease saturatea thickness beneath the p i l e . I t i s 
also possible tha t the t a i l i ngs p i le represented an overbur­
den s t r e s s on the floodplain alluvium tha t caused consolida­
t ion ^ reducrt pore Interconnection, and reduced conductivi­
ty of the alluvium beneath the p i l e . 

IMPACTS AMALYSES 

Tne two basic approaches to mitigation of ground-water contamina­
tion include ground-water protection and aquifer res to ra t ion . Trie 
former approach involves technologies that will preclude the spread of 
exist ing contamination within an aquifer or reduce the potential of 
future contamination. Low permeability covers and l i n e r s , s lurry wall 
emplacenent, and relocation to more innocuous locations are exanples of 
graind-water protection measures. The technical f e a s ib i l i t y of inpTe-
irenting these rreasures has been determined through renedial action 
impact modeling. Aquifer res tora t ion involves physical removal and 
treatment of contaminated ground water, coupled with reinject ion or 
surface alscharge of the t reated water. Restoration may be used to 
remove residual contamination 1n the unconfined aquifer after reloca­
t i o n , s t a b i l i z a t i o n , or slurry wall containment nethods have been inple-
irented. A decision regarding the u t i l i t y of aquifer res torat ion i s to 
be made af ter the primary protection measure has been selected. 

On September 3 , 1985, the United States Tenth Circuit Court of 
Appeals se t aside the EPA water protection standards for the UMTRA 
Project s i t e s , 40 CFR Part 192,Z0(aH2)-(3), and the EPA has not yet 
re-Issued these s tanaards. Tne water protection standards were 
remanded to the EPA for further consideration In l ight of the Court 's 
opinion that the water standards promulgated by the EPA on March 7, 
1983, were s i t e specif ic rather than of general application as required 
by the l eg i s l a t i on . The EPA has not Identif ied a date for re-Issuance 
of 40 CFR Part 192.20(a)(2)-(3) , and i t Is ant icipated tha t such 
re-Issuance will not occur unt i l af ter remedial action has been 
init iated at the Riverton tailings s i t e . 
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At inactive (Title I) uranium mill tailings s i t e s , the EPA stan­
dards (40 CFR Part 192, Subparts A, B, and C) require characterization 
of the hydrogeologic regine at and around each s i t e . These standards 
state that "Judgements on the possible need for renedial or protective 
actions for "ground-water aquifers should be guided by relevant consider­
ations describea in EPA's hazardous waste management system (47 FR 
32274, July 26, 1982) and by relevant State and Federal Water Quality 
Criteria for anticipated or existing uses of water over the terra of the 
stabil ization." Until the EPA issues revisions to the water protection 
standards, the' DOE will continue to be guided by these relevant consi­
derations and c r i t e r i a . When the EPA issues revisions to the water 
protection standards, the DOE will re-evaluate the ground-water issues 
at the Riverton si te to assure that the revised standards are net. Per­
forming renedial action to stabilize or relocate the tail ings prior to 
the EPA issuing new standards will not affect the neasures that are 
ultimately required to neet the revised EPA water protection stantords. 
The DOE has characterized the conditions at the Riverton s i te and aoes 
not anticipate that any substantial changes to the remedial action will 
be required. However, after ttie EPA re-issues the water protection 
standards, the DOE will determine the need for institutional controls, 
aquifer restoration, or other controls and will take appropriate action 
so as to conply with the re-Issued standards. 

Tne history matching procedure discussed previously, which Involv­
ed adjustment of certain hydrologic and geochemical v a r i i l e s and para­
meters until observed field conditions were adequately estimated, repre­
sented the foundation upon which predictive renedial action modeling 
was based. For purposes of remedial action Inpact modeling, i t was 
assuned that physical and chemical properties of the s i t e , as Identi­
fied by the history matching procedure, continued to characterize the 
hydrologic ana geochemical systems thrmghout the expected period of 
neasurable inpact. Several of these properties were systematically 
altered for each reiredlal action case in order to describe expected 
changes in the physical and chemical properties of the site a t t r ibut ­
able to the specific reiKdial action measure. 

Sulfate concentrations were used to judge the effectiveness of 
relocation, no action, stabilization in place, and stabilization in 
place with a slurry wall because sulfate is a relatively conservative 
hydr^hemlcal tracer. Use of sulfate distributions as a Masure of per­
formance was consistent with the application of sulfate as a means of 
calibrating the TRU^ solute transport algorithm, which served as a 
basis for subsequent remedial action sinwlatlons. Moreover, tracking 
of predicted contaminant movenent was a direct indication of the extent 
to which future beneficial use of the unconfined ground water would be 
protected due to inpleirentatlon of any given renedial action strate®'-

C.2.6.1 Disposal at the Dry Cheyenne s i te 

Relocation of the tail ings and other contaminated 
materials to the Dry Cheyenne alternate disposal s i te 
would be acconpanied by minimal inpacts on the ground-water 
regirre at the disposal s i t e . The partially below-grade a i s -
posal area for the tailings would be excavated to an aver­
age depth of 16 feet and would not encounter any water-
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bearing formations. Although no field Investigations have 
been conducted at the Dry Cneyenne s i t e , and the exact 
depth to the uppermost water bearing formation is not 
known, information for water wells in the surrounding area 
indicates that the depth to ground water far exceeds the 
proposed depth of the tail ings disposal area. 

At the Riverton tailings s i t e , consolidation and exca­
vation of the tail ings and other contaminated materials 
could cause a short-term increase In ground-water contamina­
tion, but this increase would be only until all of the mate­
r ials were removed. The cleanup and excavation of the t a i l ­
ings and contaminated materials ana the borrow activit ies 
at borrow si te 2 could require some dewatering of the uncon­
fined aquifer. This dewatering would be minimal and short-
term, and this water would be used for conpaction and dust 
control or evaporated. Ground-water contamination due to 
application of this water to the pile would be negligible. 
The only impact to the confined aquifer woula be the in­
creased demand for water for the renedial action act ivi t ies 
and associated personal consunption. There are adequate 
local sources to supply this increased demand. 

After renedial action, the impacts to the ground water 
at the Dry Cheyenne s i te would be minimal due to the ab­
sence of ground water at shallow depths. Enrplacenent of 
the relatively impermeable, earthen cover over the stabi­
lized tail ings would minimize percolation through the t a i l ­
ings and therAy minimize the leaching of contaminants into 
the underlying s t ra ta . Although the exact depth to ground 
water at the Dry Cheyenne si te is not known, information 
for the surrounding area Indicates that the minor seepage 
of contaminants from the stabilized tailings would not 
cause significant contamination of any water bearing forma­
tions. Due to the lack of surface-water supplies near the 
Dry Cheyenne s i t e , the source of construction water at the 
s i te would probably be ground water from deep confined 
units . 

At the Riverton tailings s i t e , the Inpact to ground 
water after remedial action would consist of the reduction 
of the contaminant flux into the unconfined aquifer. Relo­
cation of the tailings and contaminated materials to the 
Dry Cheyenne si te would remove the source of future ground­
water contamination. Existing contamination woula continue 
to migrate oowgradient and discharge into the Little Wind 
River until the concentrations of contaminants In the aqui­
fer nad returned to background levels. 

Physical effects of tailings pile relocation on sul­
fate plume development were Investigated using the TRUMP 
solute transport algorithm. The impacts of inpleirenting tne 
relocation alternative were predicted through continuation 
of the history matching simulation, with suitable modifica­
tion of the Input data to reflect the imnediate relocation 
of the tailings pile and other contaminated materials. 
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Only the effects of relocation at the processing si te were 
adaressed auring the modeling study. 

Removal of the tailings implied removal of all contami­
nation entering the aquifer through aownward advecting per­
colation, as well as deletion of chemical precipitation 
mechanisms occurring within the pile prior to downward move-
nent of contaminants. All other pnysical processes defined 
by the nistory matching procedures. Including chemical boun­
dary conditions and advective and dispersive transport para­
meters for sulfate currently in the aquifer, were continued 
during the relocation simulation. Because the slmjlation 
was init ialized at the present t ine , ini t ia l concentrations 
in the aquifer were specified to be those that were sinulat-
ed 25 years after the onset of active di sposal. 

Given the uncertainty regarding future inf i l t ra t ion, 
the relocation option was simjlated with 0.0 and 2.2 cm/yr 
net percolation ra tes . Simulation of no percolation and 
continued percolation at the present rate therefore placed 
bounds on the rate of tine required for flushing the sul­
fate plurre from the unconfined aquifer. 

Results of the relocation Intact modeling with the two 
percolation rates are shown in Figure C.2.49. There are no 
significant differences in sulfate pluie develofuent be­
tween the simulations perforned with and without Inf i l t ra­
tion. The similarity of plune development was attributed 
to the negligible contribution of infi l t rat ing water to the 
overall water balance within the aquifer. At the current 
rate of net percolation of 2.2 cm/yr, the vertical flux 
accounts for roughly 0.1 percent of the total flow through 
the aquifer system. Therefore, the rate of plume movement 
after relocation was insensitive to the rate of percolation 
within the range of 0.0 to 2.2 cm/yr, and the question of 
whether infi l t rat ion would continue after relocation was 
not relevant to the reiredial action decision. 

The IMW results indicated that current sulfate con­
tamination would be conpletely flushed from the system to 
levels of 3.00 moles per cubic neter through natural advec­
tive and dispersive Kchanisms after 45 years from the pres­
ent tirre. Although the background level of sulfate is 
actually 2.34 moles per cubic neter, a value of 3.00 moles 
per cubic meter was chosen to determine the tInB of flush­
ing because nunerlcal instabil i ty caused slight oscil la­
tions at low concentrations. The tine estimate of 45 years 
for flushing all sulfate and other mobile constituents is 
based on the assunptions that the pile would be conpletely 
relocated 1n the near future and that changes in the p r a l -
pitatlon regine or significant Increased developnent of the 
unconfined system would not occur during the next 45 years. 

C.2.6.2 Relocation to Gas HUls 

At the Riverton tailings s i t e , consolidation and exca­
vation of the tail ings and otner contaminated materials 
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could cause a short-term increase in ground-witer contamina­
tion, but this increase would be only until all of the t a i l ­
ings and contaminated materials were removed. The cleanup 
and excavation of the tai l ings and contaminated materials 
could require some dewatering of the unconfined aquifer. 
This dewatering would be minimal and for a short durations 
and this water woula be used for dust control or evaporat­
ed. Ground-water contamination due to application of this 
water to the pile would be negligible. The only impact to 
the confined aquifer would be the increased demand for 
water for the remedial action activit ies and associated per­
sonal consumption. There are adequate local sources to sup­
ply this increased demand. 

The impact to ground water at the Riverton tai l ings 
site after remedial action would consist of the reduction 
of the contaminant flux into the unconfined aquifer. Relo­
cation of the tail ings and contaminated materials to Gas 
Hills would remove the source of future ground-water conta­
mination. Existing contamination would continue to migrate 
downgradient and discharge into the Little Wind River until 
the concentrations of contaminants in the aquifer had 
returned to background levels. The TRUMP solute transport 
modeling performed for the Dry Cheyenne disposal alterna­
tive would also apply to relocation to Gas Hil ls . The 
TRUMP results indicated that current sulfate contamination 
would be conpletely flushed from the system through natural 
advective and dispersive mechanisms after 45 years from the 
present time. The time estimate of 45 years for flushing 
all sulfate and other mobile constituents is based on the 
assumptions that the pile would be completely relocated in 
the near future and that changes in the precipitation 
regime or significant increased development of the unconfin­
ed system would not occur during the next 45 years. 

The depth to ground water at the Little Wind borrow 
site is not known. However, the borrow activit ies at this 
s i te would not be expected to penetrate any water bearing 
formations^ and^ therefore, no ground-water impacts would 
be anticipated at the borrow si te during and after remedial 
action. 

3 No action 

Effects of the no action strategy were simulated using 
the TRUMP solute transport algorithm by again modifying 
input data used for the history matching procedure. Modifi­
cation included the extension of both current sulfate che­
mical precipitation rates and infiltration rates into the 
future. In addition^ the rate of sulfate influx and chemic­
al precipitation of sulfate was set to zero after a speci­
fied time that was calculated on the basis of observed dilu­
tion front movement throughout the pile. The existence of 
such a dilution front is believed to be governed by the con­
tinued downward flushing of pile contaminants by initially 
uncontaminated rainwater. It was assumed that under a no 
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action strategy, infiltrating rainfall would continue to 
dilute sulfate generated in the pile and that the future 
rate of movement of the dilution front would be equal to 
the current rate of movement. Extrapolation of the current 
dilution front rate of movement into the future was consi­
dered to be a realistic means of describing the continued 
flushing action of downward percolating fresh rainwater, 
assuming that no major changes in the precipitation rate 
occur during the time period of predicted impact. 

The present rate of dilution front movement was obtain­
ed by assuming that dilution has been migrating since 
active disposal began. Strictly speaking, the pile had not 
yet been completely formed until 5 years after the onset of 
active disposal. However, the method of disposal involved 
successive waste deposition and spigot movement, a situa­
tion in which the present pile thickness at any given point 
was attained soon after disposal began. Under the circum­
stances, the dilution front at any given point began form­
ing almost immediately after disposal. Assuming that the 
point at which the current dilution front measuranent was 
made had been subject to deposition soon after disposal 
began, a 25-year period could be used to calculate the rate 
of front movement. 

According to Figure C.2.23, the present location of 
the front for sulfate dilution is roughly 1.5 meters or 
4.92 feet below the top of the tailings. Assuming that 25 
years were required for development of the dilution front 
to occur in response to infiltrating rainfall, the average 
rate of dilution front movement from the top of the pile 
would be equal to 0.197 ft/yr. Given a 9.5-foot pile thick­
ness, the remaining thickness of the pile through which the 
dilution front would have to move before it dropped below 
the base of the tailings contaminant source would be equal 
to 4.58 feet. The length of time required for the front to 
drop below the tailings, assuming that it would continue to 
move at a rate equal to the current rate, would be roughly 
23 years from the present time. 

Using the 23-year estimate, the no action simulation 
was performed by eliminating both the sulfate concentration 
in the tailings fluid and the sulfate chemical precipita­
tion rates in the pile after 23 years. As in the reloca­
tion simulation, all other physical processes defined dur­
ing the history matching phase remained unchanged. Initial 
concentrations were again specified to reflect the present 
distribution of sulfate in the contaminated aquifer. 

Sulfate plume development due to a no action policy is 
shown in Figure C.2.50. Plume development for this option 
appears to lag 20 years behind development for the reloca­
tion option. The time required to completely flush the 
plume from the aquifer would be 65 years from present tine. 
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The no action strategy woula require a longer period of 
tine for natural aquifer restoration because the contami­
nant source is not actually removed until 23 years from the 
present. 

4 Stabilization in place 

During stabilization in place, impacts to the unconfin­
ed and confinea aquifers at the tailings site would be mini­
mal. Consolidation and conpactlon of tlie tailings and con­
taminated materials could increase drainage from the t a i l ­
ings p i le . This could cause a small short-term increase in 
contamination of the unconfined aquifer directly beneath 
the tail ings p i le . Cleanup of the windblow tailings and 
other contaminated areas could require some dewatering of 
the unconfinea aquifer. Tnis dewatering would be minimal 
and for a short t ine , and the water removed would be usea 
for compaction and dust control purposes or evaporated. 
Tnere is no ground water within 30 feet of the land surface 
at borrow si te 10, and the borrow activit ies would not 
extend beyond that deptn. Impacts associated witn the per­
colation of contaminated, coipaction, or dust control water 
to the ground water beneath ana aowngradient of the pile 
would tend to be minimal. 

According to the TRUST estimation of water drainage 
from the contacted pi le , roughly 0.5 neter per year would 
drain from the pile during the f i r s t 9 years following 
disposal. Tnis rate of influx would not be sufficient to 
cause a measurable r ise 1n the water table beneath the sta­
bilized pi le . No significant capillary rise of water 
beneath the si te was predictea by the TRUST model. Given 
the lack of praiicted capillary r ise and the small amount 
of contamination in the compaction water relative to the 
current contamination 1n ground water beneath the s i t e , the 
possibility of major changes in the redox potential or pH 
are unlikely. 

Implementation of stabilization in place woula cause 
an increase in water consunption for renedial action activi­
ties such as compaction and dust control and for personal 
consumption by the renedial action workers ana any associat­
ed in-raigrants. If this water were supplied from the con­
fined aquifer, i t could cause a small, short-term lowering 
of the local water level. A local well could adequately 
supply the increased demnd without any major difficulty. 

A conservative upper bound for percolation through the 
tailings would be 2.2 cm/yr, the sane percolation rate cal­
culated for present conditions. The actual percolation 
rate should oe sonewhat reduced because the 2-percent slope 
and the low permeability of the clay cover should cause in-
creasal runoff thus aecreasing ponding, inf i l t ra t ion, and 
percolation. As a worst case, the plune migration shown in 
Figure C.2.50 and a tiiie of 65 years for plume dissipation 
snould be representative. 
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C.2.6.5 Simulation of ground-water flow after slurry wall ins ta l la -
t ion 

Deflection of ground water around the stabilized t a i l ­
ings pile doe to slurry wall installation was numerically 
simulated with the calibrated USGS flow model in order to 
determine the ultimate effect of changing advective, disper­
sive, and diffusive solute transport mechanisns after wall 
emplacement. Changes in the ground-water flow regirre were 
predicted by assigning expected transmissive properties of 
the wall to all f ini te difference nodes located near the 
proposed wall. The lowest hydraulic conductivity of the 
slurry wall material which could be practically attained in 
the field would be on the order of 10" m/s. This value 
was multiplied by an expected wall depth of 30 feet o r_ | 
meters in order to obtain a transmissivity of 9.0 x 10" 
m /s which was considered the lower limit on wall t rans­
missivity. Although assignment of this transmissivity 
value to each node near the slurry wall implied that the 
entire cell associated with the node would be characterized 
by this transmissivity, thereby underestimating the t rans­
missivity at the periphery of the pile, the resulting simu­
lation would predict a conservative estiinate of sulfate 
migration from inside the confines of the wall. 

Given that the greatest deflection of ground water 
around the pile would tend to cause greater isolation of 
contaminants, interest was in i t ia l ly focused on determining 
the effect of the lowest permeability wall material on pile 
integrity. Specifically, the possibility that mounding of 
percolating water within the confines of the wall had to be 
addressed. The steady state hydraulic head distribution 
generated using the minimum wall transmissivity of 9.0 x 
10 mVs is shown in Figure C.2.51. Clearly, the wall 
would cause no significant mounding of percolating water 
over the long term. As indicated by the stream lines, 
which were constructed perpendicular to the equipotentials, 
most of the water that originally passed through the pile 
area would be deflected northeastward and southwestward 
around the pile (Figure C.2.52). Ground water passing 
beneath the pile does so at a greatly reduced velocity as a 
result of rapid divergence of stream lines originating 
along the northwestern boundary. 

Due to the significant deflection of ground water as a 
result of the low permeability slurry wall, the directional 
aspect of advective and dispersive contaminant transport 
processes would become altered after well emplacenent. The 
TRUMP solute transport grid therefore was redefined in 
order to reflect these new directional properties. A new 
grid was designed on the basis of the flow net shown in 
Figure C.2.52 such that the sides of each nodal element con­
formed to the direction of flow or to the direction per­
pendicular to flow. This eliminated the need to introduce 
a dispersivity tensor and allowed dispersion processes to 
be described solely on the basis of scalar longitudinal and 
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transverse dispersion coefficients^ The new TRUMP grid 
used to simulate contaminant migration after slurry wall 
construction is shown in Figure C.2.53. 

The TRUMP simulation was initiated using the current 
sulfate distribution in the unconfined aquifer because this 
distribution reflected present geochemical conditions in 
the aquifer prior to installation of the wall. Sulfate 
influx and chemical precipitation were removed at 23 years 
after the current time to account for the dilution front 
drop mechani sm« 

Development of the sulfate plume after slurry wall 
construction is shown in Figure C.2.54. That part of the 
current plume which would be outside the confines of the 
wall would dissipate in 30 to 40 years. Within the walU 
sulfate would continiausly accumulate and would form a 
second plume. This plume would ultimately break through 
the wall and migrate downgradient very slowly due to the 
small velocities southeast of the wall, and this plume 
would be intensified due to the fact that there would be 
more time to add sulfate to the slowly moving plume. Con­
centrations above 3.00 moles per cubic meter would persist 
even 300 years following remedial action. 

C.2.6.6 Aquifer restoration or ground-water protection 

Specific criteria which should be used to judge the 
effectiveness of aquifer restoration or protection include 
technical feasibility^ cost of implementation, future value 
of the affected ground-water resource, availability of 
alternative ground-water supplies^ and the likely degree of 
human exposure which would occur without restoration or pro­
tection. 

The first phase of aquifer restoration requires with­
drawal of contaminated ground water from the aquifer. Eith­
er passive trench collection systems or active pumping well 
collection systems may be used to extract the contaminated 
ground water. Passive methods allow contaminated ground 
water to be intercepted and diverted to a treatment plant 
and are useful when the depth to the base of the aquifer is 
less than 30 feet, as is the case for the unconfined system 
at Riverton. Active methods involve pumpage of ground 
water from one or more wells completed in the contaminated 
portion of the aquifer. These methods are particularly 
attractive when management of the aquifer through hydraulic 
control is considered desirable. A system of pumping and 
injecting wells can be designed for purposes of locally con­
trolling or reversing hydraulic gradients such that an equi-
potential ridge surrounds the area of contamination. 

Either active or passive methods could be used in con­
junction with the proposed remedial action of stabilization 
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or pnysical subsurface containment using slurry walls. The 
intercepted water could then be diverted to a treatment 
plant and subsequently discharged into the Little Wind 
River or Input back to the aquifer through art if icial re­
charge or forced injection. Artificial recharge of the 
treated ground water into the unconfined aquifer or forced 
injection into the underlying confined system through well 
heaas would allow greater control over the prevailing flow 
regine. For exanple, injection of the treated water into 
the confined units would replenish the fresh water supply 
and would lessen or reverse the downward hydraulic gradient 
between the confined and unconfined systems^ thereby fur­
ther protecting the fresh water resources. Injection wells 
also may be used to create graind-water mounds between the 
contaminant source and the Little Wind River discharge 
area, in effect serving to locally reverse the regional 
southeastward movement of contaminants until they can be 
withdrawn and treated. The amount of tirre required to com­
pletely flush the aquifer in the region outside of the con­
tainment area would depend on the natural hyaraulic dis-
cnarge. Advantages of the interception-injection strategy 
include nigh aesign flexibil i ty and a high degree of re l ia­
b i l i ty with proper monitoring. Disaavantages are high 
operating ana maintenance costs. 

Although the technical feasibility of aquifer restora­
tion or protection has not yet been determine! ^ a prelimina­
ry simulation to predict effects of applying interception 
punpage in the unconfined aquifer along the dowgradient 
edges of the pile suggests that over the long-term very 
small punpage rates would be required to induce a hydraulic 
cone of depression around the tailings contaminant source. 
Because contamination of tne confined aquifer does not 
appear to be extensive at the present tine and is ultimate­
ly related to contamination of the overlying unconfined sys­
tem, restoration of the unconfinea aquifer was considered 
to be sufficient to protect all usable ground-water resourc­
es . Figure C.2.55 i l lustrates that , with 0.002 cubic 
rreters per second (m /s) (31 gpm) of punpage along the 
south and eastern edges of the pi le , the calibrated USGS 
steady state flow model praiicts a cone of depression that 
extends southward to the Little Wind River. Wnile this 
intensity of punpage would divert uncontaminated water 
outside the extent of the plune and is probably unwarrant­
ed, i t does indicate othat the effects of steady state pump­
ing of just 0,002 ni /s in the highly transmissive uncon­
fined aquifer would, after a sufficiently long period of 
t ine , propagate significant distances from the s i t e . Tne 
constant rate of pumping which would create a more localiz­
ed cone of aepression may be significantly less than 0.002 
ffl-^/S. 

Effects of aquifer restoration on sulfate pluiie deve­
lopment were simulated using the TRUMP solute transport 
algorithm. The cone of depression caused by continuous, 
steady state punpage of 0.002 m /s along the southern and 
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eastern edges of the pile is shown in Figure C.2.55. This 
hydraulic depression was expected to act as a sulfate sink 
that would eventually draw all current sulfate contamina­
tion out of the unconfined aquifer and contain a zone of 
limited areal extent. 

Input to the TRUMP simulation included ground-water 
flow rates between nodes which were calculated on the basis 
of the steady state hydraulic head distribution generated 
by the USGS model. The TRUMP grid used for the history 
matching and remedial action impact modeling simulations 
was used to perform the restoration plume simulation 
(Figure C.2.43). The simulation did not account for the 
effects of radial flow toward the interception wells. The 
sulfate precipitation rate was assumed to be constant at 
the 25-year rate shown in Figure C.2.42 until the dilution 
front dropped below the tailings base 23 years from the 
present time. Initial sulfate concentrations were speci­
fied to be those simulated for the present time by the his­
tory matching analysis. 

Operation of the interception wells appears to effec­
tively draw contaminated ground water south and east of the 
pile and also contains sulfate to the area beneath the 
pile. Comparison of the sulfate plume after 5 years of 
interception pumpage to the current sulfate plume also indi­
cates that sulfate would tend to accumulate within the pile 
area due to reversal of the regional ground-water flow 
direction south and east of the pUe, Sulfate that conti­
nues to enter the flow system from upgradient of the site 
would become stagnated beneath the pile and^ in the absence 
of an advective flow path, would accumulate within the cone 
of depression. Also, there is evidence of some northwest­
ward migration of sulfate that had previously been located 
near the Little Wind River, Clearly, the magnitude of pump­
ing which would cause such migration is in excess of the 
amount that would actually be required to clean the aquifer 
of sulfate because flushing of most of the downgradient 
sulfate to the Little Wind River would occur naturally. 

After 15 years, additional sulfate has accumulated 
beneath the pile area. This suggests that treatment of con­
taminated ground water would have to intensify over tirre in 
order to account for higher concentrations in intercepted 
waters; also, continued northwestward movement of sulfate 
that originated downgradient of the pile is indicated. The 
occurrence of a new plume south of the pile cannot be 
explained on the basis of physical processes and appears to 
be related to numerical instability of the TRUMP algorithm. 
It appears that steep chemical gradients near the periphery 
of the pile may have caused large oscillations of concentra­
tions that propagate rapidly through the solute transport 
domain under conditions of intensive pumpage. The oscilla­
tions became excessive after 15 years and prohibited fur­
ther evaluation of the restoration alternative. 
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While sulfate is an excellent tracer for deteriniriirig 
the impacts of aquifer restoration with respect to conserva­
tive contaminants, i t s distribution does not reflect the 
geochemical behavior of major cations and trace metals. 
The behavior of these constituents is affected significant­
ly by adsorption in addition to advection, dispersion, and 
diffusion. Adsorption may ultimately make complete aquifer 
restoration an unrealistic remedial action goal because no 
amount of pumping can remove adsorbed constituents unless 
geochemical conditions are ar t i f ic ia l ly manipulated as part 
of the remedial action plan. 

Following the collection of contaminated ground water^ 
the next step in aquifer restoration would involve t reat ­
ment of the water to suitable standards and the eventual 
reinfi l t rat ion or reinjection into an aquifer or discharge 
to the surface-water system. Depending on applicable regu­
lations, the contaminated ground water must be physically 
treated to satisfy water quality standards prior to reintro-
duction into the hydrologic envirorment. Dilution is not 
considered to be a viable treatment alternative. 

A variety of methods have been successfully employed 
in treating ground water contaminated with uranium, metals, 
sulfate, and dissolved solids. The water is f i r s t subject­
ed to flow equilization, a procedure which dampens flow and 
concentration fluctuations, and is then routed through a 
treatment fac i l i ty . 

A typical treatment plant would involve the following 
processes: 

0 Neutralization to a pH of 8.0 to 9.0 in order to 
precipitate most metals and neutralize the residual 
acid. Lime could be used as a neutralization 
agent. 

0 Settling of the neutralized sludge generated in the 
neutralization step by set t l ing, and then chemical­
ly stabilizing the sludge after dewatering. It 
could then be handled by normal construction equip­
ment for di sposal. 

0 Reverse osmosis to remove TDS and sulfate so that 
the treatment plant effluent would meet site-speci­
fic effluent limitations (WDEQ, 1980) for the 
Litt le Wind River. 

A hydrated lime (Ca(0H)2) precipitation-fil tration 
plant would be adequate for removal of contaminants to 
acceptable concentrations. After treatment, concentrated 
contaminants would usually be in solid form as either a 
sludge or a coating on the exchange material. The sludge 
would then be dried by natural evaporation in lined ponds 
at the treatment plant. Within 2 years after completion of 
treatment, these solids could be buried at a specified 
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disposal site. Treated ground water would be routed to 
bodies of surface water or allowed to infiltrate or be 
injected into the unconfined or confined aquifer. While 
injection is usually more expensive due to both high fixed 
and operating costs, it can be used as a tool for residual 
plume containment. 

In view of the negligible quantities of irrigation and 
livestock watering supplies that are obtained from the un­
confined aquifer downgradient of the site, replacement 
water could probably be most easily obtained from unclained 
water in either the Wind or Little Wind Rivers or by obtain­
ing uncontaminated water from deeper confined aquifers. 
The increased demand could also be accommodated by expan­
sion of the municipal water service. The cost of water 
from the municipal field, based on the user's ability to 
pay, would be a maximum of $20 per acre-foot (Penz, 1985). 

A technically feasible and realistic aquifer restora­
tion approach was devised for the contaminated portion of 
the unconfined aquifer beneath and downgradient of the 
Riverton tailings site. Sulfate, iron, manganese, and pro­
bably uranium would be removed effectively. The removal of 
molybdenum would be less certain because of its attenuation 
in the solid phase. 

The aquifer restoration system would include: 

0 Eight wells to pump 31 gpm each for 20 years. 

0 Eight initial pumps and eight replacement pumps. 

0 Ten additional monitor wells. 

0 One central water treatment plant. 

0 One evaporation pond. 

0 One collection system to route water from the pro­
duction wells to the treatment plant, to the evapo­
ration pond, and to the Little Wind River. 

0 An average of 100 water quality analyses per year 
for 20 years. 

0 Operation and maintenance of all facilities and 
wells. 

The total system cost is estimated to be $4.4 million. 

The monetary benefit of this system can be estimated 
as the value of the total volume of ground water extracted, 
treated, and discharged through the 20-year treatment peri­
od. To calculate this benefit: 

0 31 gpm per well x 8 wells = total discharge of 248 
gallons per minute. 
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0 Tne t o ta l volune produced in 20 years i s 248 
gallons/minute x 0.133 f t /gal x 60 mins/hr x 2 | 
nr i /day x 365 days/yr x 20 years = 3,47 x 10, 
ft*^ X 2.3 x 10"^ a c r e - f t / f f * = 7.98 x 10"* 
acre- fee t . 

0 At a value of $20/acre-foot , the t o ta l monetary 
benef i t would be 1160,000. 

A cost of $4.4 m i l l i o n and a benef i t of $160,000 
resul ts in a cos t -benef i t r a t i o of 27.5. 

Aquifer res tora t ion would not be a cost e f f ec t i ve 
neans of con t ro l l i ng or cleaning up the contaminated ground 
water at the Riverton t a i l i n g s s i te due to the fo l low ing 
considerat ions. 

0 Tne lack of know health e f fec ts associated w i th 
the contamination. 

0 Tne l imi ted present ana expected use of the uncon­
f ined grcwnd water. 

0 Tne long, calculated t ravel t i ne (1,700 years) f o r 
water to move from the unconfined aquifer t o the 
more p r o l i f i c confined sanastones at depths greater 
than 200 f ee t . 

0 The a v a i l a b i l i t y of a l te rna t i ve water suppl ies. 

0 The larger cost -benef i t r a t i o f o r a r e a l i s t i c t r e a t ­
ment system and a r e a l i s t i c monetary bene f i t . 

More r e a l i s t i c ireans of con t ro l l i ng or cleaning up the 
contamination could include: 

0 Allowing the contaminatea grcwnd water to continue 
to aischarge na tu ra l l y t o the L i t t l e Mind River. 

0 Rest r ic t ing the uses of the contaminated ground 
water. 

0 Requiring wel l head treat irent of the contaminated 
ground water to neet appl icable water qua l i t y s tan­
dards i f wells are t o be used. 

Regardless, when the EPA issues revisions to the water 
protect ion standards (40 CFR Part 192.20 Ca)C2l-C3)) tha t 
were remanded by the U.S. Tenth C i r cu i t Court of Appeals, 
the DOE w i l l re-evaluate the ground-water issues at the 
Riverton s i te to assure tha t the revisea standards are wet. 
Performing remedial act ion to s tab i l i ze or relocate the 
t a i l i n g s p r io r to the EPA issuing new standards w i l l not 
a f fec t the treasures that are u l t imate ly requ i ra l t o meet 
the revised EPA water protect ion standards, Tne DOE nas 
characterized the condit ions at the Riverton s i te and does 
not ant ic ipate that any substant ial changes to the remedial 
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action will be required. However, after the EPA re-Issues 
the water protection standards, the DOE will determine the 
need for Institutional controls, aquifer restoration, or 
other controls and will take appropriate action so as to 
conply with the re-issued standards. 
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D.l BIOLOGY 

This appendix contains l ist ings of plant and animal species that occur at 
or in the vicinity of the Riverton tailings s i t e , the Dry Cheyenne alternate dis­
posal s i t e , borrow sites 2 and 10, and the Litt le Wind and Boulder Flats borrow 
s i tes . Many of the plant species (Table D.1.1) are common to all of the s i t es . 
The habitat in the vicinity of the tailings s i t e , borrow si te 2, and the Lit t le 
Wind borrow s i te includes the Wind and Litt le Wind Rivers, and the l i s t of wild­
life for this area (Table D.1.2) contains many riparian species. The Dry 
Cheyenne alternate disposal s i te and borrow si te 10 have similar sagebrush-
shrubland habitats, and the wildlife l i s t for these sites (Table D.1.3) contains 
species adapted primarily to xeric conditions. 

The Boulder Flats borrow site is located in a transition zone between the 
sagebrush-shrubland habitat of the Sand Hills to the northeast and the riparian 
habitat of the North Popo Ayie River to the southwest. Therefore, the Boulder 
Flats borrow s i te could have a mixture of plant and aninal species conmion to all 
of the other sites (Baldes, 1985; Hockley, 1985). The area adjacent to Wyoming 
State Highway 136 between the Riverton tailings s i t e . Dry Cheyenne alternate dis­
posal s i t e , and Gas Hills is also expected to contain a mixture of plant and ani­
mal species common to all of the other s i tes . 
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Table D.1.1 Plant species found in the Riverton, Wyoming, area 

Site location Scientific name Coraraon name 

1 

2 

1 

1 

1 

1 

2 

2 

1, 2 

2 

2 

1 

1 

2 

1, 2 

2 

2 

2 

2 

2 

1 

1 

TREES 

Elaegnus angustifolia 

Juniperus sp. 

Populus fremonti i 

Populus tremuloides 

Salix amygdaloides 

Tamari x pentandra 

SHRUBS mU SUCCELENTS 

Artemisia arbuscula 

Artemisia frigida 

Artemisia tridentata 

Atrip!ex confertifolia 

Atrip!ex flacata 

Atrip!ex rosea 

Brickellia longifolia 

Chrysothamnus greenei 

Chrysothamnus nauseosus 

Chrysothamnus viscidiflorus 

Eriogonum leptocladon 

Gutierrezia microcephala 

Gutierrezia sarothrae 

Leptodactylon pungens 

Lonicera sp. 

Opuntia fragilis 

Russim olive 

Juniper 

Fremont cottonwood 

Quaking aspen 

Peachleaf willow 

Saltcedar tamarisk 

Low sagebrush 

Fringed sagewort 

Basin big sagebush 

Shadscale saltbush 

Sickle saltbush 

Redscale 

Longleaf brickellbush 

Green rabbitbrush 

Rubber rabbitbrush 

Douglas rabbitbrush 

Finebranched buckwheat 

Thread!eaf snakeweed 

Broom snakeweed 

Granite pricklygilia 

Honeysuckle 

Brittle prick!ypear 
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Table D.1.1 Plant species found in the Riverton, Wyoming, area (Continued) 

Site 

1, 

1. 

1. 

i^ 

1. 

location 

2 

1 

2 

1 

1 

1 

2 

1 

2 

2 

1 

2 

2 

1 

2 

2 

1 

1 

2 

1 

2 

2 

Scientific name 

SHRUBS mD SUCCULENTS (Concluded) 

Opyntia polyacantha 

Rhus trilobata 

Ribes cereum 

Salix sp. 

Salix bebbiana 

Salix exigua 

Sarcobatus vermlculatus 

Shepherdia argentea 

Yucca sp. 

GRASSES AND GRASS-LIKE PL«TS 

Agropyron cristatum 

Agropyron dasystachyura 

Agropyron smithli 

Agropyron spicatum 

Agrostis alba 

Bouteloua gracilis 

Bromus tectorum 

Distich!is s t r ic ta 

Echinochloa crusgalli 

Elymus cinereus 

Eragrostis sp. 

Festuca sp. 

Hesperochloa kingii 

Common nane 

Plains pricklypear 

Skunkbush sumac 

Wax currant 

Wi11ow 

Beaked willow 

Coyote willow 

Black greasewood 

Silver buffaloberry 

Yucca 

Crested wheatgrass 

Thickspike wheatgrass 

Western wheatgrass 

Bluebunch wheatgrass 

Redtop bentgrass 

Blue grama 

Cheatgrass brome 

Inland saltgrass 

Barnyard grass 

Basin wildrye 

Lovegrass 

Fescue 

King splkefescue 
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Table D.1.1 Plant species found in the Riverton, Wyoming, area (Continued) 

Site location Scientific nane Common nane 

GRASSES AND GRASS-LIKE PLMTS (Concluded) 

HI!aria jamesil 

Hordeum brachyantherum 

Hordeum Jubatum 

Juncus torreyi 

^ihlenbergja asperifolla 

Oryzopsis hymenoi des 

Sitanion hystri x 

Sporobolus alroides 

Sporobolus cryptandrus 

Sti pa coroata 

Trlticum aestivum 

Gall eta grass 

Meaaow barley 

Foxtail barley 

Torrey rush 

Scratch grass 

Indian ricegrass 

Bottlebrush 
squirrel tail 

Alkali sacaton 

Sand dropseed 

Neddle-and-thread 
grass 

Cultivated wheat 

2 

1 

1 

1 

1, 2 

2 

2 

1 

1 

1 

FORBS 

Antennaria parvifolia 

Arctium minus 

Asclepias speciosa 

Asparagus officinale 

Aster sp. 

Astragalus kentropnyta 

Astragalus praelongus 

Bassia hyssopifolla 

Cardaria draba 

Centaurea repens 

Small-leaf pussytoes 

Common burdock 

Showy milkweed 

Garden asparagus 

Aster 

Spiny ml Ikvetch 

Stinking mllkvetch 

Fivehook bassia 

Mhitetop pepperweed 

Russian knapweed 
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Table D.1.1 Plant species found in the Riverton, Wyoming, area (Continued) 

Site location 

1 

1 

2 

1, 2 

1 

1 

1 

2 

1 

2 

1 

1 

2 

2 

1, 2 

2 

1 

1, 2 

1. 2 

1, 2 

2 

1 

1 

Scientific name 

FORBS (Continued) 

Chenopodiura album 

Cirsium arvense 

Cleome lutea 

Comandra pallida 

Convolvulus arvensis 

Conyza canadensis 

Crepis acuminata 

Cryptantha sp. 

Delphinium sp. 

Descuraninia pinnata 

Epilobium sp. 

Equisetum sp. 

Erigeron divergens 

Eriogonum sp. 

Eupnorbia fendleri 

Gllia congesta 

Glycyrrhlza lepidota 

Grindelia squarrosa 

Haplopappus sp. 

Helianthus annuus 

Hymenoxys acaulis 

Iva axillaris 

Iva xanthifolia 

Common nane 

Lambsquarters 
goosefoot 

Canada thistle 

Yellow beep!ant 

Bastard toadflax 

Field bindweed 

Canada horseweed 

Tapertip hawksbeard 

Cryptantha 

Larkspur 

Tansynustard 

Willow weed 

Horsetail 

Spreading fleabane 

Buckwheat 

Fendler spurge 

Ball head gilia 

Anerican licorice 

Curlyeup gumweed 

Goldenweed 

Common sunflower 

Sterol ess actinea 

Poverty sunpweed 

Rag sumpweed 
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Table D.1.1 Plant species found in the Riverton, Wyoming, area (Continued) 

Site location 

1 . 2 

1 

2 

2 

2 

1 , 2 

1 

2 

1 

1 

1 

1 

2 

2 

1 

2 

1 

1 

1 

1 

1 

Scient i f ic nane 

FORBS (Continued) 

Kochia scoparia 

Lactuca serriola 

Lepidium densiflorura 

Lesquerella sp. 

Lygodesmia sp. 

Machaeranthera parvif lora 

Machaeranthera tanacetlfol ia 

Malacothrix sonchoides 

telllotus alba 

Iteli lotus o f f i c ina l i s 

tentha arvensis 

Oenothera hookeri 

Penstemon sp. 

Phlox hoodii 

Physalls longi fol ia 

Plantago patagonica 

Polygonum douglasii 

Polygonum lapathifolium 

Polygonum ramosissimum 

Portulaca oleracea 

Potenti l la biennis 

Common name 

Fireweed 
suimercy press 

Prickly lettuce 

Prair ie pepperweed 

Bladderpod 

Skeleton weed 

Small flower machae­
ranthera 

Tansyleaf aster 

Sowthistle desert 
dandelion 

White sweetclover 

Yellow sweetclover 

Field mint 

HoAer's evening 
prifirose 

Beardtongue 

Hood's phlox 

Longleaf groundcherry 

Patagonia Indian wheat 

Douglas knotweed 

Curlythunb knotweed 

Bushy knotweed 

Common purslane 

Biennial cinque f o i l 
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Table D.1.1 Plant species found in the Riverton, Wyoming, area (Concluded) 

Site location Scientific nane Common name 

1, 

FORBS (Concluded) 

Psoralea lanceolata 

Ranunculus sp. 

Rumex crispus 

Sal sol a kali 

Sisymbrium altissimum 

Soli dago canadensis 

Soli dago occidental is 

Sphaeralcea coccinea 

Sphaerophysa salula 

Suaeda torreyana 

Vicia araericana 

Lemon scurfpea 

Buttercup 

Curly dock 

Russian th is t le 

Tuntolemustard 

Canada goldenrod 

Western goldenrod 

Scarlet globemallow 

Swainson's pea 

Torrey seepweed 

American vetch 

Site location: (1) Riverton tailings s i t e . Litt le Wind borrow s i te , and 
borrow s i te 2; (2) Dry Cheyenne alternate disposal s i te and borrow site 10. 

Ref. FBD, 1983. 
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Table D.1.2 Wildlife at or In the vicinity of the 
Riverton tailings site 

Scientific naire 

Antilocapra americana 

Arvlcola richardsoni^ 

Canis latrans 

Castor canadensis^ 

Clethrionomys gapperi 

Cynomys leucurus 

D1podomys ordi1 

Epteslcus fuscus 

Erethizon dorsatum 

Eutamias minimus 

Eutamias umbrinus 

Lagurus curtatus 

Lepus townsendii 

Lynx rufus 

Martes americana 

Mephitis mephitis 

Microtus longicaudus 

Microtus montanus^ 

Microtus pennsylvanicus' 

Mus musculus 

Mustela ermi nea^ 

Mustela frenata 

Mustela vison 

Common naire 

Pronghorn antelope 

Water vole 

Coyote 

Beaver 

Capper's red-backed vole 

White-tailed prair ie dog 

Ord's kangaroo rat 

Big brown bat 

Porcupine 

Least chipmunk 

Uinta chipmunk 

Sagebrush vole 

White-tailed jackrabbit 

Bobcat 

Marten 

Striped skunk 

Long-tailed vole 

ftontane vole 

Meadow vole 

House mouse 

Ermine 

Long-tailed weasel 

Mink 
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Table D.1.2 Wildlife at or in the vicinity of the 
Riverton tailings site (Continued) 

Scientific nane 

MAMMALS ( 

Myotis evot i s 

Myotis l e i b i i 

Myoti s luc i fugus 

Neotoma c i n e r e a 

Odocoileus hemionus 

Odocoileus virginianus 

Ondatra zibethicus^ 

Onychomys leucogaster 

Perognathus fasciatus 

Peromyscus maniculatus 

Procyon lotor 

Reithrodontomys megalotis 

Sciurus niger 

Sorex cinereus^ 

Sorex obscurus 

Sorex palustris^ 

Spermophilus ricnardsonii 

Spermophllus tridecern!ineatus 

Spilogale putorius 

Sylvilagus audubonii 

Sylvilagus nut tal l i i 

Taxidea taxus 

Thomomys talpoides 

Common nane 

nued) 

Long-eared myotis 

Small-footed myotis 

Little brown myotis 

Bushy-tailed woodrat 

Mule deer 

White-tailed deer 

Muskrat 

Northern grasshopper mouse 

Olive-backed pocket mouse 

Deer mouse 

Raccoon 

Western harvest mouse 

Fox squirrel 

Masked shrew 

Dusky shrew 

Water shrew 

Richardson's ground 
squirrel 

Thirteen-lined ground squirrel 

Spotted skunk 

Desert cottontail 

Mountain cottontail 

Badger 

Northern pocket gopher 
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Table D.1.2 Wildlife at or In the vicinity of the 
Riverton tail ings si te (Continued) 

Scientific nane Common naire 

MÂWALS (Concluded) 

Vulpes velox 

Vulpes vulpes 

Zapus princeps' 

Crotalus viridis 

Pituophis melanoleucus 

Phrynosoma douglasi 

Sceloporus graclosus 

Ambystoma tlgrinym 

Bufo cognatus 

Pseudacris t r i seri ata 

Rana pi piens 

Scaphiopus intermontanus 

Acciplter cooperi i 

Acciplter str iatus 

Acti t1s macularia^ 

Aechmophorus occidental I s ' 

Aeronautes saxatali s 

Agelaius phoeniceus^ 

REPTILES 

AMPHIBIANS 

BIRDS 

Swift fox 

Red fox 

Western jumping mouse 

Prairie rattlesnake 

Bull snake 

Short-horned lizard 

Sagebrush lizard 

Tiger salamander 

Great plains toad 

Boreal chorus frog 

Leopard frog 

Great basin spadefoot 
toad 

Cooper's hawk 

Sharp-shinned hawk 

Spotted sandpiper 

Western grebe 

White-throated swift 

Red-winged blackbird 

D-10 



Table D.1.2 Wildlife at or in the vicinity of the 
Riverton tailings s i te (Continued) 

Scientific naire 

Alectoris chukar 

Ammodramus savannarum 

Amphispiza be! 1i 

Anas acuta^ 

Anas americana^ 

Anas clypeata 

Anas crecca® 

Anas cyanoptera^ 

Anas discors^ 

Anas platyrhynchos^ 

Anas strepera^ 

Anthus splnoletta^ 

Aquila chrysaetos 

Ardea herodlas 

Arenaria interpres 

Asio flaimieus 

As10 otus 

Aythya americana^ 

Aythya affinis^ 

Aythya collaris^ 

Aythya roarlla^ 

Aythya valislneria^ 

Bartramia longicauda 

BIRDS (Continued) 

D-H 

Common name 

Chukar 

Grasshopper sparrow 

Sage sparrow 

Pintail 

American widgeon 

Northern shoveler 

Green-winged teal 

Cinnamon teal 

Blue-winged teal 

Mallard 

Gadwal1 

Water pipit 

Golden eagle 

Great blue heron 

Ruddy turnstone 

Short-eared owl 

Long-eared owl 

Redhead 

Lesser scaup 

Ring-necked duck 

Greater scaup 

Canvasback 

Upland sandpiper 



Table D.1.2 Wildlife at or In the vicinity of the 
Riverton tail ings s i te (Continued) 

Scient i f ic name Common nane 

BIRDS (Continued) 

Bombycilla cedrorum 

Bombycilla garrula 

Botaurus lentiginosus^ 

Branta canadensis 

Bubo virginianus 

Bucephala albeola^ 

Bucephala clangula^ 

Bucephala islandica^ 

Buteo jamalcensis 

Buteo lagopus 

Buteo regal Is 

Buteo swainsoni 

Calamospiza iKlanocorys 

Calcarlus lapponicus 

Calcarius mccownii 

Calcarlus ornatus 

Calidrls alba 

Calldris balrdii 

Calidrls mauri 

Calidrls melanotos 

Calidrls minutllla 

Calidrls pusilla 

Cape!la gallinago 

Cedar waxwing 

Bohemian waxwing 

African bittern 

Canada goose 

Great horned owl 

Buffi ahead 

Common goldeneye 

Barrow's goldeneye 

Red-tailed hawk 

Rough-!egged hawk 

Ferruginous hawk 

Swainson's hawk 

Lark bunting 

Lapland longspur 

IfcCown's longspur 

Chestnut-collared longspur 

Sander! ing 

Baird's sandpiper 

Western sandpiper 

Pectoral sandpiper 

Least sandpiper 

Serai pal wted sandpiper 

Common snipe 
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Table D.1.2 Wildlife at or in the vicinity of the 
Riverton tailings site (Continued) 

Scientific nanK Common nane 

BIRDS (Continued) 

Carpodacus cassinil 

Carpodacus mexicanus 

Cathartes aura 

Catharus guttatus 

Catharus ustulatus 

Catherpes mexicanus 

Catoptrophorus semi palmatus^ 

Contopus sordidulus 

Centrocercus urophasianus 

Certhia familiaris 

Charadrius montanus 

Charadrlus semi palmatus 

Charadrius voclferus 

Chlidonias niger 

Chondestes grammacus 

Chordeiles mi nor 

Chen caerulescens 

Circus cyaneus 

Coccyzus americanus^ 

Coccyzus erythropthalmus^ 

Colaptes auratus 

Corvus brachyrhynchos 

Corvus corax 

Cassln's finch 

House finch 

Turkey vulture 

Hermit thrush 

Swainson's thrush 

Canyon wren 

Willet 

Western wood pewee 

Sage grouse 

Brown creeper 

Mountain plover 

Semi pal mated plover 

Kill deer 

Black tern 

Lark sparrow 

Common nighthawk 

Snow goose 

Marsh hawk 

Yellow-billed cuckoo 

Black-bilied cuckoo 

Common flicker 

Common crow 

Coraraon raven 
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Table D.1.2 Wildlife at or in the vicinity of the 
Riverton tailings site (Continued) 

Scientific nane Common nane 

BIRDS (Continued) 

Cyanoltta stelleri 

Dendrocopos pubescens 

Dendrocopos vlllosus 

Dendroica coronata 

Dendroica fusca 

Dendroica townsendl 

Dendroica petechia 

Dollchonyx oryzivorus 

Dumatella carolinensis 

Egretta thula 

Empidonax difficilis 

Empidonax minimus 

Empidonax oberholseri 

Empidonax trail!11^ 

Eremophila alpestris 

Euphagus cyanocephalus 

Falco colunfcarius 

Falco mexicanus 

Falco peregrinus 

Falco sparverius 

Fulica americana^ 

Geothlypis trlchas^ 

Grus canadensis* 

Steller's jay 

Downy woodpecker 

Hairy woodpecker 

Yellorf-runped warbler 

Blackburnian warbler 

Townsend's warbler 

Yellow warbler 

Bobolink 

Gray catbird 

Snowy egret 

Western flycatcher 

Least flycatcher 

Dusky flycatcher 

Willow flycatcher 

Horned lark 

Brewer's blackbird 

Merlin 

Prairie falcon 

Peregrine falcon 

Anerican kestrel 

American coot 

Coraraon yellowthroat 

Sandhill crane 
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Table D.1.2 Wildlife at or in the vicinity of the 
Riverton tail ings s i te (Continued) 

Scientific name Common nanre 

BIRDS (Continued) 

Hallaeetus leucocephalus 

Hesperiphona vespertina 

Himantopus mexicanus 

Hirundo rustica 

Histrionicus histrlonicus^ 

Hydroprogne caspia 

Icteria virens^ 

Icterus galbula 

Iridoprocne bicolor 

Junco hyemal1s 

Lanius excubltor 

Lanius ludovicianus 

Larus californicus 

Larus delawarensis 

Leucosticte tephrocotis 

Limnodromus scolopaceus 

Limosa fedoa 

Limosa haemastica 

Lophodytes cucullatus^ 

Megaceryle aleyon 

Melanerpes erythrocephalus 

Melospiza georgiana 

Melospiza lincolnii^ 

Bald eagle 

Evening grosbeak 

Black-necked s t i l t 

Barn swallow 

Harlequin duck 

Caspian tern 

Yellow-breasted chat 

Northern oriole 

Tree swallow 

Dark-eyed junco 

Northern shrike 

Loggerhead shrike 

California gull 

Ring-billed gull 

Gray-crowned rosy finch 

Long-billed dowitcher 

Marbled godwit 

Hudsonian godwit 

Hooded wrganser 

Belted kingfisher 

Red-headed woodpecker 

Swanp sparrow 

Lincoln's sparrow 
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Table D.1.2 Wildlife at or in the vicinity of the 
Riverton tailings site (Continued) 

Scientific nanK Common nane 

BIRDS (Continued) 

Melospiza meloflia 

Mergus merganser^ 

Mergys serrator 

Mi mus polyglottos 

Molothrus ater 

Myadestes townsendl 

Myiarchus cinerascens 

Numenius americanus^ 

Numenius phaeopus^ 

Nyeticorax nycticorax^ 

Oporornis tolmiei^ 

Oreoscoptes montanus 

otus asio 

Oxyura jamalcensis 

Pandlon haliaetus^ 

Parus atricapillus 

Passer domesticus 

Passerculus sandwichensis 

Passerina amoena 

Pelecanus erythrorhynchos 

Perdix perdi x 

Petrochell don pyrrhonota 

Phalacrocorax auritus® 

Song sparrow 

Common nerganser 

Red-breasted nerganser 

tockingbird 

Brown-headed cowbird 

Townsend's solitaire 

Ash-throated flycatcher 

Long-bilied curlew 

Wh Infer el 

Black-crowned night heron 

MacGillivray's warbler 

Sage thrasher 

Screech owl 

Ruddy duck 

Osprey 

Black-capped chickadee 

House sparrow 

Savannah sparrow 

Lazuli bunting 

White pelican 

Gray partridge 

Cliff swallow 

Double-crested cormorant 
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Table D.1.2 Wildl i fe at or In the v ic in i ty of the 
Riverton tai l ings site (Continued) 

Scientif ic nane Common name 

BIRDS (Continued) 

Phalaenoptilus nuttal1i1 

Phasianus colchicus 

Pheucticus melanocephalus 

Pica pica 

Plpilo cnlorura 

Pipllo erythrophthalmus 

Piranga ludoviclana 

Plegadls chihi^ 

Pluvialis dominica 

PluvialIs squatarola 

Podiceps auritus 

Podiceps nigrlcollis 

Podilymbus podiceps 

Pooeceies gramineus 

Porzana Carolina 

Qui sea!us quiscalus 

Rallus limicola^ 

Recurvirostra americana 

Riparia riparia^ 

Salpinctes obsoletus 

Sayornis saya 

Seiurus noveboracensis 

Si all a currucoides 

Poor-will 

Ring-necked pheasant 

Black-headed grosbeak 

Black-billed magpie 

Green-tailed towhee 

Rufus-sided towhee 

Western tanager 

White-faced Ibis 

Airerican golden plover 

Black-bellied plover 

Horned grebe 

Eared grebe 

Pied-billed grebe 

Vesper sparrow 

Sora 

Common grackle 

Virginia ra i l 

American avocet 

Bank swallow 

Rock wren 

Say's phoebe 

Northern waterthrush 

Mountain bluebird 
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Table D.1.2 Wildlife at or in the vicinity of the 
Riverton tailings site (Continued) 

Scientific nane Common nane 

BIRDS (Continued) 

Selasphorus platycercus 

Setophaga ruticil la^ 

Si all a si a!is 

Sitta canadensis 

Siita carolinensis 

Sitta pygmaea 

Speotyto cunlcularia 

Spinus t r i sti s 

Spizella brewerl 

Spizella passerina 

Sphyraplcus varius 

Steganopus tricolor 

Stelgidopteryx ryficollis^ 

Sterna forsteri 

Sturnella neglecta 

Sturnus vulgaris 

Tachycineta thalassina 

Telmatodytes palustris^ 

Toxostoma rufum 

Tringa flavlpes 

Tringa melanoleuca^ 

Tringa solitaria^ 

Troglodytes aedon 

Broad-tailed hummingbird 

American redstart 

Eastern bluebird 

Red-breasted nuthatch 

White-breasted nuthatch 

Pygmy nuthatch 

Burrowing owl 

Anerican goldfinch 

Brewer's sparrow 

Chipping sparrow 

Yellow-bellied sapsucker 

Wilson's phalarope 

Rough-winged swallow 

Forster's tern 

Western neadowlark 

Starling 

Violet-green swallow 

Long-billed marsh wren 

Brown thrasher 

Lesser yell owlegs 

Greater ye!low!egs 

Solitary sandpiper 

House wren 
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Table D.1.2 Wildlife at or In the vicinity of the 
Riverton tailings si te (Concluded) 

Scientific nane Common nane 

BIRDS (Concludea) 

Turdus migratorlus 

Tyrannus tyrannus 

Tyrannus vertical is 

Vermivora eelata 

Vireo gilvus 

Wilsonia pusilla^ 

Xanthocephalus xanthocephalus' 

Zenaida macroura 

Catostomus catostomus 

Catostomus comfiersoni 

Catostomus platyrhynchus 

Cyprlnus carpio 

Hybopsis gracilis 

Rhinichthys cataractae 

Salmo galrdneri 

Salmo trutta 

Salvellnus fontinalis 

FISHES 

Anerican robin 

Eastern kingbird 

Western kingbird 

Orange-crowned warbler 

Warbling vireo 

Wilson's warbler 

Yellow-headed blackbird 

burning dove 

Longnose sucker 

White sucker 

fountain sucker 

Carp 

Flathead chub 

Longnose dace 

Rainbow trout 

Brown trout 

Brook trout 

A riparian species. 

Ref. WGFD, 1983; BLM, 1984. 

D-19 



Table D.1.3 Wildlife at or in the vicinity of the Dry Cheyenne 
alternate disposal site and borrow site 10 

Scientific nane Common nane 

MAMMALS 

Antilocapra americana 

Canis latrans 

Cynomys leucurus 

Pipodomys ordi1 

Equus cabalus 

Eutamias minimus 

Lagurus curtatus 

Lepus townsendl1 

Lynx rufus 

Mephitis mephitis 

Microtus sp. 

Mustela frenata 

Mustela nigripes 

Myotis lucifugus 

Neotoma cinerea 

Odocoileus hemionus 

Onychomys leucogaster 

Perognathus fasciatus 

Peromyscus maniculatus 

Reithrodontomys megalotis 

Sorex sp. 

Spermophllus ricnardsonii 

Pronghorn antelope 

Coyote 

White-tailed prairie dog 

Ord's kangaroo rat 

Wild horse 

Least chipmunk 

Sagebrush vole 

Mhlte-tailed jackrabbit 

Bobcat 

Striped skunk 

Vole 

Long-tailed weasel 

Black-footed ferret 

Little brown myotis 

Bushy-tailed woodrat 

Mule deer 

Northern grasshopper mouse 

Olive-backed pocket mouse 

Deer mouse 

Western harvest mouse 

Shrew 

Richardson's ground 
squirrel 
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Table D.1.3 MUdlife at or in the vicinity of the Dry Cheyenne 
alternate disposal s i te and borrow si te 10 (Continued) 

Scientific nanK Corainon name 

REPTILES 

mMMALS (Concluded) 

Spermophilus tridecemlineatus 

SyIvilagus audubonii 

Sylvilagus nuttal1i i 

Taxidea taxus 

Thomomys talpoides 

Vulpes vulpes 

Crotalus viridis 

Pituoptiis melanoleucus 

Phrynosoma douglasi 

Sceloporus graclosus 

Ambystoma t i grinum 

Bufo cognatus 

Pseudacris t r i ser ia ta 

Rana pi pi ens 

Scapliiopus intermontanus 

Amphispiza be! 1i 

Aquila chrysaetos 

Â PHIBIANS 

BIRDS 

Inirteen-lined ground 
squirrel 

Desert cottontail 

tountain cottontail 

Badger 

Northern pocket gopher 

Red fox 

Prairie rattlesnake 

Bullsnake 

Short-horned lizard 

Sagebrush lizard 

Tiger salamander 

Great plains toad 

Boreal chorus frog 

Leopard frog 

Great basin spadefoot toad 

Sage sparrow 

Golden eagle 
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Table D.1.3 Wildlife at or in the vicinity of the Dry Cheyenne 
alternate disposal site and borrow site 10 (Continued) 

Scientific nane Common naie 

BIRDS (Continued) 

Asio flammeus 

Bubo virginianus 

Buteo jamaicensis 

Buteo lagopus 

Buteo regal is 

Buteo swainsoni 

Calamospiza melanocorys 

Centrocercus urophasianus 

Chordeiles mi nor 

Chlorura chlorura 

Circus cyaneus 

Corvus corax 

Eremophna alpestris 

Euphagus cyanocephalus 

Falco mexicanus 

Faico peregrinus 

Falco sparverlus 

Hallaeetus leucocephalus^ 

Lanius ludovicianus 

Oreoscoptes montanus 

Petrochelidon pyrrhonota 

Pooecetes gramineus 

Riparia riparia^ 

Short-eared owl 

Great horned owl 

Red-tailed nawk 

Rough-legged hawk 

Ferruginous hawk 

Swainson's hawk 

Lark bunting 

Sage grouse 

Common nighthawk 

Green-tailed towhee 

Marsh hawk 

Common raven 

Horned lark 

Brewer's blackbird 

Prairie falcon 

Peregrine falcon 

American kestrel 

Bald eagle 

Loggerheaa shrike 

Sage thrasher 

Cliff swallow 

Vesper sparrow 

Bank swallow 

D-22 



Table D.1.3 Wildlife at or 1n the vicinity of the Dry Ctieyenne 
alternate disposal s i te and borrow site 10 (Concluded) 

Scientific nane 

Salpinctes obsoletus 

Sayornis saya 

Speotyto cynicularJa 

Spizella breweri 

Sturnella neglecta 

Zenaida raacroura 

A riparian species. 

Ref. BLM, 1984. 

BIRDS (Concluded) 

Coraiion name 

Rock wren 

Say's phoebe 

Burrowing owl 

Brewer's sparrow 

Western neadowlark 

Mourning dove 

0-23 -.1^ 
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E.l SOCIOECONOMIC CONDITIONS 

The following sections describe socioeconomic conditions in the Riverton 
area of Fremont County, Wyoming. Brief discussions are provided on population, 
housing, employment and the local economic base, public finance, transportation, 
recreation, and a variety of governmental service systems (e.g., police and fire 
protection, schools, water, and sewer). 

E.1.1 POPULATION 

The rate of population growth or decline In Fremont County has 
fluctuated considerably over the years. The most dramatic growth occur­
red between 1970 and 1980 (from 28,352 to 38,992, an increase of 37.5 
percent) when mining act ivi t ies increased significantly. During the 
1970s, the population of the city of Riverton increased by 19.9 percent 
from 7,995 (1970) to 9,588 (1980). From 1980 to 1983, the county popu­
lation increased by 5 percent to 41,071, and Riverton's population In­
creased by 9 percent to 10,438 (Fremont County Planning Commission, 
1984). 

State of Wyoming projections forecast steady growth into the 1990s 
for Fremont County, with the 1993 population expected to be over 47,600 
(WDAFC, 1983). I t should be noted that these projections may under­
state future population, as the projection series from which the 1993 
value was taken estimated the 1985 population at 37,022 which is appro­
ximately 4,000 less than the estimated actual 1983 county population. 

E.1.2 HOUSING 

In 1980, the city of Riverton had a total housing stock of 3,653 
units . There were also over 500 motel-type rooms. Tne vacancy rate 
for rental units was 7.3 percent In 1980. The total Fremont County 
housing stock In 1980 was 14,570 units . County-wide vacancy rates were 
8.5 percent for rental units and 1.7 percent for owner-occupied units. 
About 80 percent of county residents lived in single family dwellings, 
6 percent in multi-family residences, and 13 percent in mobile hones 
(DOC, 1982). 

E.1.3 EMPLOYMENT AND ECONOMIC BASE 

The Fremont County economy Is comprised of a number of major ele­
ments. Agriculture is a basic element in the county economy. Between 
1977 and 1983, livestock production declined while crop production has 
remained relatively stable (Fremont County Planning Commission, 1984). 

The production of minerals (Iron and uranium), o i l , and gas has 
been a mainstay of the local economy, particularly in the last decaae. 
The mining sector Is characterized by frequent boom and bust condi­
t ions. For example, because of declines in the markets for steel and 
uranium, current mining employnent in Fremont County is less than half 
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of 1979 levels. Tnere are 29 firms in the county that are classified 
as manufacturing concerns, manufacturing products such as meat and 
dairy products, wood and concrete products, fabricated s tee l , and compu­
ter printer parts (Fremont County Planning Commission, 1984). 

Data on Fremont County employnent trends are presented in Table 
E.1.1. As shown in this table, the county's 1982 employnent base in­
cluded over 13,300 workers, although because of continuing declines in 
tiie raining industry, total local employnent aecreased (total employrrent 
is projected at 12,407 for 1984) (Fremont County Planning Commission, 
1984). 

In terms of employnent, the largest sectors of the local economy 
are services and retail trade. As discussed above, mining has been a 
major employer in much of the las t decaae, althougn i t has been declin­
ing sharply. The average county unemploynent rate for 1983 was 10.8 
percent, which was considerably higher than the statewide average of 
8.4 percent (WESC, 1984). 

4 PUBLIC FINANCE 

Assessed valuation of real and personal property for 1983 in 
Fremont County as a whole was $512,014,b67 while the city of Riverton's 
assessed valuation was $23,710,124. These represent increases over trie 
1982 countywide assessed valuation of $491,751,117 and Riverton 1982 
assessed valuation of $22,597,328 (WDRT, 1982a; 1983). 

The total 1983 tax levy for the city of Riverton was 84.970 mills 
per $1,000 in assessed valuation, or $20,146.50. Tnis Includes the 
county tax levy (21.040 mills or $4,988.61) which covers a nunfcer of 
special dis t r ic ts ( f i re , cemetery, recreation, weed and pest control, 
and solid waste). Also Included in this total are the school tax levy 
of 55.020 mills (113,045.31) and the municipal tax levy of 8.910 mills 
($2,112.58). Trie 1983 total Riverton tax levy represents an increase 
over the total levy for 1982 of 77.680 mills. However, the 1982 levy 
represented a decrease from the 1981 total levy of 85.730 mills (WDRT, 
1981; 1982a; 1983). 

Wyoming nas no state income tax. Two percent of sales tax collec­
tions are returned to the city or county of origin. Sales tax collec­
tions in Fremont County In fiscal year 1982 were $10,369,648, up from 
$9,973,750 in fiscal year 1981 (WDRT, 1982b). 

5 PUBLIC SERVICES 

The city of Riverton's police department includes 20 sworn offi­
cers and 11 other law enforcement employees. The Fremont County 
Sheriff's Department, which serves the unincorporated areas outside the 
city l imits , also maintains nine officers in Riverton. Fire protection 
in the Riverton area is provided by a 52-person volunteer force which 
is noused in two fire stations. The force's equipment includes six 
engines, two tankers, an 85-foot aerial rescue unit , and a heavy rescue 
unit (FBD, 1983). 
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Table E.1.1 Employment trends, Fremont County, Wyoming 

Industrial 
classification 

Agriculture 

Mining 

Construction 

Manufacturing 

Transportation, 
utilities, and 
communications 

Wholesale trade 

Retail trade 

Finance, insurance, 
and real estate 

Servi ces 

Public administration 

Totals 

1978 

86 

3,564 

984 

718 

658 

320 

2,476 

334 

3,622 

490 

13,252 

1980 

71 

3,887 

1,103 

589 

707 

404 

2,684 

550 

4,324 

638 

14,957 

1982 

144 

2,453 

888 

514 

734 

477 

2,484 

426 

4,602 

608 

13,330 

1984^ 

175 

640 

845 

640 

777 

572 

2,498 

439 

5,151 

670 

12,407 

1986* 

205 

881 

802 

669 

820 

667 

2,512 

453 

5,699 

732 

13,440 

^Projected employnent. 

Ref. Fremont County Planning Commission, 1984. 
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There are seven public schools and a junior college (Central 
Myoiiing College) in the city of Riverton. Enrollnent at the various 
institutions excerts 4,100 pupils, as follows (FBD, 1983): 

0 Elementary schools (5) - 1,500 pupils. 
0 Middle school (1) - 820 pupils. 
0 High school (1) - 1,000 pupils. 
0 Central Myoining College - 800 pupils. 

There also is a Bureau of Indian Affairs (BIA) contract school, the St. 
Stephen's Mission School, just outside Riverton. 

There is one 70-bed, privately owned hospital in Riverton (Scott, 
1987) that is served by 27 physicians. There are also 12 dentists and 
five optoiKtrists in Riverton. Other local health care faci l i t ies In 
Riverton include the 90-bed Fremont Manor Nursing Home and three nedi-
cal c l in ics . Anijulance service is provided by a volunteer service dis­
patched through the local police department. The city maintains two 
ar*ylances and three other nedically equipped rescue vehicles (FBD, 
1983). 

The city of Riverton water distribution system can supply 4 mil­
lion gallons per day (gpd); with expenditures of approximately $2 mil­
lion for additional water l ines, this system's capacity could be doubl­
ed. During the fall and winter, water supplies are provided by 13 
wells; during the rest of the year, supplies are obtained from the Wind 
River. Assuming a 3 percent annual population growth rate , the city 
water system is considered adequate through the year 2000 (FBD, 1983). 

The city of Riverton sewage treatment system is a trickling f i l te r 
system that was expanded in 1986 to a capacity of 5 million gpd. Flows 
Into the system increase from approximately 1.85 million gpd in the 
winter to approximately 3 million gpd In the sumier when irrigation 
causes the ground-water level to rise into the sewer system (Scott, 
1987). 

Major vehicular transportation routes in the Riverton area include 
U.S. Highway 26 which runs east-west and Myoming State Highway 789 
which runs north-south. Rail transportation is provided by the Chicago 
and Morthwestern Railroad (C&NMRR) that terminates In Riverton, and 
there is a regional airport in Riverton that provides comnercial ser­
vi ce. 

Tnere are five parks in Riverton, in addition to a swimming pool, 
bowling alley, tennis courts, a roller rink, and a private golf course. 
There are also outdoor recreational opportunities (e.g. , hunting and 
fishing) in the area. 
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E.2 SOCIOECONOMIC IWACIS 

POPULATION AND WORK FORCE 

The following section analyzes the impacts of the remedial action 
a l te rna t ives on the local Fremont County population and work force. 
Tne no action a l t e rna t ive would not involve remedial action ana would, 
of course, have no impact on the local population and work force. 

The three action a l te rna t ives would have different durations (Gas 
Hills - 31 months, s t ab i l i za t ion in place - 24 months, and Dry Cheyenne 
- 30 montns), as well as different labor requirements. Rather tnan 
assessing impacts In terras of average labor requirements over the en­
t i r e project duration or in terras of maximum enployirent In a single 
peak month, an extenaed period during each of the a l ternat ives when 
remedial action a c t i v i t i e s (and consequently labor and population 
Impacts) would be at a r e l a t ive ly high level was selected. The extend­
ed peak periods for which impacts are assessed below are: Gas Hi l l s , a 
12-month period; s t ab i l i za t ion in p lace , an 18-month p e r i ^ ; and Dry 
Cneyenne, a 19-month period. 

The following assunptions were made in estimating local versus 
imported labor requirements. Each action a l te rna t ive would involve a 
"general" work force ( e . g . , truck d r ive r s , heavy equipment opera tors) , 
and a "supervisory" work force that would include a project manager, a 
project engineer, health physics personnel, and surveyors, as well as a 
small supervisory support s taff ( e . g . , security guards and secre ta ry) . 
With the exception of the supervisory support staff (which would range 
from six to nine persons depending on the par t icular a l t e r n a t i v e ) , the 
supervisory work force was assuired to come from outside Fremont County. 

I t i s assuned that workers in the raining and construction sectors 
of the local economy would have the sk i l l s needed for the "general" 
work force. In 1982, there were 3,331 workers employed in mining and 
construction in Fremont County. This represented a decrease of approxi­
mately 1,000 from 1981 leve ls ; I t i s estimated that perhaps another 
1,700 jobs were los t in the mining sector in 1983 (Fremont County Plan­
ning Commission, 1984). Tnus, tnere appears to be an anple pool of 
workers avai lable to f i l l remedial action requiranents . 

Relocation to Gas Hi l ls 

Relocation of the tail ings and contaminated materials to Gas Hills 
would involve an overall average work force of 70 workers over a 31-
month period. Tne 12-raonth peak period would Involve 93 workers Includ­
ing workers involved in the vicinity properties cleanup. Based on the 
previously stated assunptions concerning local versus In-migrant labor, 
83 of these 93 workers would be current county residents (75 for the 
"general" work force and eight supervisory support persons). 

Of tne 10 remedial action workers who would in-migrate from out­
side the county, i t was assuried that 49 percent, or five workers, would 
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bring their families with them. This estimate is based on a study of 
trie socioeconomic impacts of large energy projects In the western 
United States (MWR, 1975). Assuming that the family size of these in-
migrants would reflect the average Wyoming family size of 2.89 persons 
per family as recorded in the 1980 census (DOC, 1982), direct remedial 
action employment would result in a total of 19 in-migrants. 

Direct remedial action employwnt, however, woula also create addi­
tional indirect jobs to provide goods and services to the expanded 
local population. Analyses of the Fremont County economy by the Denver 
Research Institute indicate an indirect employment multiplier of 1.8 
(0.8 new indirect jobs for each direct job created) (NRC, 1980). Thus, 
the 93 direct remedial action jobs could create up to 74 aaditional in­
direct jobs. Because of the relatively short duration of the remedial 
action (a 12-month peak period and an overall duration of 31 months) 
and because of the 10.8-percent unemploynent rate among current county 
residents, i t is assumed that all of the 74 indirect jobs would be 
taken by current county residents. 

In summary, over the 12-raonth peak perial of relocation to Gas 
Hills, there would be a total of up to 167 new jobs created (including 
indirect jobs) and a total population increase of 19 persons. This 
would represent a negligible increase in the 1983 county population of 
over 41,000 and an increase in total 1982 county employnent of 1.2 per­
cent. 

Stabi l izat ion in place 

Stabilization in place woula involve an overall average work force 
of 68 workers over a 24-montri peri erf. The 18-month peak period woula 
involve 78 workers including workers involved in the vicinity proper­
ties cleanup. Based on the assunptions described above, all but 12 of 
these workers would be nired from within Fremont County. Of the 12 
remedial action workers who would In-migrate from outside the county, 
six workers would bring their families with them. Direct remedial 
action employnent would result In a total of 23 in-migrants. A total 
of up to 62 indirect jobs would be created, and i t is assuned that all 
of the indirect employees would be current county residents. 

In summary, over the 18-month peak period of the stabilization in 
place alternative, there would be a total of up to 140 new jobs created 
(including indirect jobs) and a total population increase of 23 per­
sons. This would represent a negligible Increase in the 1983 county 
population of over 41,000 and an increase In total 1982 county employ­
ment of 1 percent. 

Disposal at the Dry Cheyenne site 

Disposal of the tailings and contaminated materials at the Dry 
Cheyenne site would Involve an overall average work force of 81 workers 
over a 30-month perioa. Tne 19-month peak period would involve 101 
workers Including the vicinity properties cleanup work force. Based on 
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he previously stated assumptions, 88 of these workers would be current 
county residents. Six of the 13 in-migrant workers would bring their 
families; direct remedial action employiKnt thus would result In a popu­
lation increase of 24 persons. A total of up to 81 indirect jobs could 
be created, and i t Is assumed that all of the indirect employees would 
be current county residents. 

In summary, the Dry Cheyenne alternative could create up to 182 
new jobs (including indirect jobs) for a 19-montn perioa and would 
result in a total population Increase of 24 persons. This woula repre­
sent a negligible increase In the county population and a i.4-percent 
Increase in county employnent over 1982 levels. 

HOUSING, SOCIAL STRUCTURE, AND COMMUNITY SERVICES 

Housing 

Relocation to Gas Hills would bring a total of 10 in-migrant work­
ers into Fremont County. Stabilization in place and disposal at the 
Dry Cheyenne si te would bring a total of 12 and 13 in-migrant workers 
into the area, respectively. Given the size of the Riverton housing 
stock (3,653 units in 1980 plus an additional 500 motel-type rooms), 
negligible impacts on the local housing supply woula be expected for 
any of the action alternatives. Ttie no action alternative would have 
no Impact on local housing. 

Social structure 

Because of the very low level of population In-raigration associat­
ed with any of the action alternatives (19 to 24 depending on the al ter­
native), no adverse impacts on the social structures of the city of 
Riverton or Fremont County would be expected. The no action alterna­
tive would have no impacts on local social structures. 

Community services 

As stated above, population In-migration associated with the three 
action alternatives would be 19 individuals for relocation to Gas 
Hil ls , 23 individuals for stabilization in place, and 24 individuals 
for the Dry Cheyenne alternative. This In-migrant population would be 
expected to include four school-aged children for relocation to Gas 
Hills and five school-aged children for the other two action alterna­
t ives . This assumes that the in-migrant population would reflect the 
demographic characteristics of the s ta te ' s 1980 population as recorded 
in the 1980 census (23.0 percent of Wyoming's 1980 population was be­
tween 5 and 17 years of age) (WDAFC, 1983). Given that Riverton's ele­
mentary, middle, and high schools have a total enrollnent of over 3,300 
pupils, the addition of four or five pupils would have no adverse 
impacts on local schools. 

Using a per-capita water consunptlon rate of 100 gallons per day 
(gpd), remedial action in-migrants would consume 1,900 gpd over a 12-
month peak perioa for relocation to Gas Hills and 2,300 to 2,400 gpd 
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over an 18-raonth peak period for stabi l izat ion in place or a 19-nionth 
peak period for the Dry Cheyenne alternative. Total in-migrant water 
consumption over the entire peak period would approximate 707,000 gal­
lons for tne Gas Hi l ls al ternat ive, 1,280,000 gallons for stabi l izat ion 
in place, or 1,410,000 gallons for the Dry Cheyenne alternative. No 
prAleras would be expected in supplying these quantities of water from 
local water supply systems. Direct remedial action uses (mostly nonpot-
able water for uses such as conpaction ana dust control) woula be appro­
ximately 5,580,000 gallons for relocation to Gas H i l l s , 22,221,000 gal­
lons for stabi l izat ion in place, and 35,471,000 gallons for tne Dry 
Cheyenne alternative. 

Remedial action in-migrants would inpose minor additional demands 
on local sewer systems. Assuming a per-capita sewage generation factor 
of 100 gpd, the In-ralgrant sewage would be 1,900 gpd for relocation to 
Gas H i l l s , 2,300 gpd for stabi l izat ion in place, or 2,400 gpd for the 
Dry Cheyenne alternative. Tne Riverton sewage system now operates at 
only 50 to 60 percent of i t s 5 million-gpd capacity (Scott, 1987) and 
could easily accommodate these increased demands. 

Because of the low levels of population in-migration related to 
remedial action, none of the renedial action alternatives would be 
expected to have any adverse inpacts on local public safety, health 
care, or recreational systems or f a c i l i t i e s . The no action alternative 
would have no impact on local community services. 

ECONOMIC STRUCTURE 

The Implementation of any of the action alternatives would have a 
direct impact on the economy of Fremont County through wages and sal ­
aries paid to the remedial action work force as well as through local 
spending for equipment, materials, and supplies needed for the remedial 
action. There also would be indirect benefits to tne local economy as 
remedial action dollars spent locally are, in turn, respent locally on 
other goods and services. Remedial action cct iv l t ies would also gene­
rate sales tax revenues that would be received by state and local 
governments. Trie no action alternative would not involve any local 
expenditures and would therefore have no impact on the local economy. 

Relocation to Gas Hi l ls 

The cost of relocation to Gas Hi l ls is estimated to be 
$21,161,000. The cost of the v ic in i ty properties cleanup is estimated 
to be $1,484,000 so the total direct cost of this remedial action a l ter­
native would be approximately $22,645,000. 

Including the v ic in i ty properties cleanup, the total wages and 
salaries paid to remedial action workers (both "general" and "supervi­
sory" personnel) are estimated to be $2,944,000. I t Is expected that 
$2,767,000 of this total would be spent locally within Fremont County. 
The total expenditures for equipment (e .g . , equipment lease or rental) 
and materials (e .g. , gravel, f ue l , and fence) are estimated to be 
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$19,701,000, of which $14,579,000 would be spent l o c a l l y . This e s t i ­
mate i s based on the assumptions that a l l materials would be purchased 
in Fremont County, 33 percent of the equipment expeditures would occur 
in Fremont County, and 67 percent of the equipment expenaltures would 
occur elsewhere in Wyoming. Thus, the to ta l d i rec t input to the local 
economy from remedial act ion would be approximately $17,346,000. 

Di rect remedial act ion expenditures woula r i pp le througn the local 
econoiiy to generate addi t ional expenditures as the remedial action do l ­
la rs are respent. A 1979 study by the Wyoming Department of Economic 
Planning and Development indicated that an income mu l t i p l i e r of 1.2238 
i s appropriate for Fremont County (WDEPW3, 1979). Tnis means tnat fo r 
every remedial action do l la r spent l o c a l l y , an aadit ional $0.2238 would 
be generated in i nd i rec t or secondary spending. Accordingly, the e s t i ­
mated $17,346,000 in d i rec t local expenditures woula generate approxi­
mately $3,882,000 in i nd i r ec t local expenditures. Ttie to ta l impact on 
the Fremont County economy from re locat ion to Gas H i l l s would therefore 
be up to $21,228,000. 

S tab i l i za t i on 1n place 

The cost of s t ab i l i za t i on in place is estimated to be $9,874,000. 
Approximately $1,484,000 would be associated wi th the v i c i n i t y proper­
t i es cleanup so the t o ta l estimated cost of t h i s remedial act ion a l t e r ­
nat ive would be $11,358,000. 

Including the v i c i n i t y properties cleanup, tne to ta l wages and 
salar ies paid to remedial action workers are estimated to be 
$2,953,000. I t Is expected that $2,658,000 of t h i s to ta l would be 
spent l oca l l y w i th in Fremont County. The to ta l expenditures fo r equip­
ment and materials are estimated to be $8,405,000, of which $6,220,000 
would be spent l o c a l l y . Tnus, the to ta l d i rec t input to the local eco­
nomy from remedial act ion would be approximately $8,878,000. These 
d i rec t expenditures would generate $1,987,000 in i nd i rec t local expendi­
ture so the to ta l impact on the Fremont County economy from s t a b i l i z a ­
t i on in place would be up to $10,865,000. 

Disposal at the Dry Cheyenne s i t e 

The cost of disposal at the Dry Cheyenne s i te Is estimated to be 
$19,122,000. Including the cost of the v i c i n i t y propert ies cleanup 
($1,484,000), the to ta l d i rec t cost of t h i s remedial act ion a l te rna t ive 
would be approximately $20,606,000. 

Including the v i c i n i t y properties cleanup, the to ta l wages ana 
salar ies paid to remedial act ion workers are estimated to be $4,739,000 
and $4,455,000 of t h i s to ta l would be spent loca l l y w i th in Fremont 
County. The to ta l expenaltures for equipment and materials are e s t i ­
mate to be $15,867,000, of which $11,742,000 would be spent l o c a l l y . 
Trie to ta l d i rec t input to the local economy from remedial act ion would 
be $16,197,000, and these d i rec t expenditures would generate $3,625,000 
in i nd i rec t local expenditures. Thus, the t o ta l impact on the Fremont 
County economy from disposal at tne Dry Cheyenne s i t e would be up t o 
$19,822,000. 
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F.l RADIATION 

This appendix addresses the increased radiation doses and health impacts to 
the general public and remedial action workers for the alternatives under consi­
deration for remedial action at the Inactive Riverton, Wyoming, tailings s i t e . 
The slightly increased doses received by these individuals can, in a s tat is t ical 
sense, increase the potential for individual and general public nealth effects 
(excess fatal cancers) above those naturally expected. Assunptlons made during 
tne calculations of excess health effects for the general public and remedial 
action workers are real is t ic but probably conservative in order to derive an 
estimate of the excess effects that might occur because of exposure to low 
levels of radiation from the ta i l ings . 

F.1.1 BASIC FACTS ABOUT RWIATION AND ITS MEASUREMENT 

Atoms that spontaneously transfonii, or decay, into new atoms are 
termed radioactive. Tne decaying atom is called the parent, and the 
atom produced by the transformation 1s called the daughter. The rate 
at which atoms decay is the radioactivity, neasured by the unit Curie 
(C1). A more convenient unit for neasuring the radioactivity of t a i l ­
ings piles Isi^he picoCurle (pCi) which is one-millionth of one-mil­
lionth (1x10" ) of a Curie. The half-life of a radioactive sub­
stance is the tine required for i t to lose 50 percent of i t s radioacti­
vity by decay. Each radionuclide has a unique half-l ife. 

When atans undergo radioactive decay, they emit radiation. The 
most common types of radiation are alpha particles, beta particles, and 
gamma rays. Alpha and beta radiation are tiny particles with excess en­
ergy, and gamma radiation is pure energy without mass. Radiation trans­
mits energy to matter as I t travels through matter. Alpha radiation 
penetrates only a few millimeters into matter, and beta radiation pen­
etrates a few centineters, unlike gamma radiation which can travel deep­
er into matter In the same way as X-rays. Alpha radiation will not 
penetrate through a layer of skin, whereas gamma radiation can easily 
penetrate tissue and hence deliver a dose to any internal organ. 

The amount of radiation to which an individual is exposed may be 
expressed in terms of the amount of energy inparted to cells and tissue 
by the radiation and the degree of biological damage associated with 
the energy as i t is absorbed. This absorbed energy 1s termed the 
absorbed dose and is given in units of rads, where one rad equals 100 
ergs of energy absorbed per gram of material irradiated. When the i r ra­
diated material is living t issue, the damage per rad varies depending 
on the type of radiation. By applying a "quality factor" to each speci­
fic type of radiation, the degree of biological damage Can be expressed 
independently of the type of radiation causing i t . The biologically 
relevant absorbed energy is termed the dose equivalent, and tne unit is 
the rem. One rad is equal to one rem for less damaging radiations 
where the quality factor is equal to one (e .g. , gamma rays). For conpa-
rison, one raa of internal alpha-deposited energy 1s equal to 20 rem 
because alpha particles are more damaging to tissue and the quality 
factor for alpha radiation is 20. The millirem (mrem) equals one-
thousandth (1 X 10" ) of a rem and is in more common usage when 
expressing doses from environmental levels of radiation. 
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When a succession of radioactive parent atoms decay to radioactive 
daughter atoms, a radioactive decay series 1s formed. Uranium-238 
(U-238) is such a radioactive parent atom, and the U-238 decay series 
is shown In Figure F.1.1. The U-238 decay series includes thorlum-230 
(Th-230), radium-226 (Ra-226), radon-222 (radon or Rn-222), short­
lived radon daughters, and other long-lived radioactive atOK. The 
U-238 decay series ends with lead-206 (Pb-206), an atom that is stable 
and not radioactive. When the daughter products in a radioactive decay 
chain have shorter half-lives than the parent, the daughter radioactivi­
ties will increase, termed ingrowth, until they equal the radioactivity 
of tne parent. 

Radon Is the radionuclide of primary importance to the Uranium 
Mill Tailings Remedial Action (UMTRA) Project because i t represents the 
largest radiation exposure pathway to the general public. The half-
I1fe of radon (3.8 days) is short relative to the half-life of Ra-226 
(1602 years). As Ra-226 decays, the newly produced radon will begin to 
decay, and the radon radioactivity will become equal to the Ra-226 
radioactivity within 30 days. Similarly, the short-lived radon daugh­
ter radioactivities will ingrow within 4 hours to equal the radioacti­
vity of radon and Ra-226. When the radioactivities of the parent and 
its daughters are equal, the daughters are said to be in 100-percent 
equilibrium or sinply in equilibrium. If the daughters are diluted or 
carried away in the air as they are formed, they will not reach 100-
percent equilibrium. 

The only irember of the U-238 decay series that is not a solid Is 
radon. Radon Is an inert gas and does not react chemically with other 
elements; i t therefore can diffuse out of matter and into the atmos­
phere. The atmospheric radon concentration 1s measured In units of 
picoCurie per liter (pCi/1). In the uranium milling process, Ra-226, 
the parent of radon, 1s left In the tailings, which then become a 
source from which radon diffuses into the atmosphere. Once in the 
atmosphere, radon Is transported downwind and, according to Its 3.8-day 
half-life, decays into the short-lived radon daughters which can attach 
to particulates In the air. Since radon Is an Inert gas, i t 1s inhaled 
and exhaled, contributing very l i t t l e radiation exposure to the lung. 
The radon daughters are solids, however, and once Inhaled can deposit 
1n or attach to the lung and then decay, transmitting alpha ener^ in 
the lung. Because of the short half-life, these daughters will decay 
before being removed from the lung. 

Trace amounts of U-238 and its daughters are found everywhere on 
the earth; therefore, radon and its short-lived daughters contribute 
significantly to the natural background radiation exposure of the gene­
ral public. Human exposure to radiation originates from both natural 
and man-made sources. Tne major natural radiations originate from cos­
mic and terrestrial external sources and from naturally occurring radio­
nuclides which are deposited inside the body via the ingestion and inha­
lation pathways. Exposure to man-made sources results primarily from 
medical exposures (e.g., diagnostic X-rays) with minor contributions 
from other sources such as airline travel, atmospheric weapons tests, 
the nuclear industry, consuner products, and technologically enhanced 
natural radiation. 
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Medical usage of radiation 1s responsible for the highest contribu­
tion to man's radiation exposure, accounting for 45 percent of man's 
total radiation exposure. Other man-made contributors, including air­
line travel, atmospheric weapons tests, the nuclear industry, and consu­
mer and Industrial products together account for 4 percent. The remain­
ing 41 percent of man's total radiation exposure results from exposure 
to natural radiation sources (Shleien and Terpilak, 1984). 
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F.2 mimO OF ANALYSIS 

Radiation and Its associated health effects have been studied more thorough­
ly than health effects from other carcinogenic agents. The evaluation of health 
effects caused by low-level radiation Is, however, a difficult task, and many 
uncertainties are associated with tne estimation of risks from radiation. The 
traditional approach for estimating risks from low-level radiation exposures is 
to extrapolate from effects observed at nigh radiation exposures using the line­
ar dose response and no threshold assunptions. 

There are five principal pathways which could potentially result in expo­
sure of man to radiation from the tailings pile. These are: (1) Inhalation of 
radon daughters; (2) direct exposure to gamma radiation emitted from the contami­
nated area; (3) inhalation and ingestion of, and submersion in, airborne radioac­
tive particulates; (4) ingestion of ground or surface water contaminated with 
radioactive materials; and (b) ingestion of contaminated foodstuff produced in 
areas contaminated by tailings. 

For detailed calculations of excess health effects in this appendix^ only 
the most significant radiation exposure pathways are considered; they are inhala­
tion of radon daughters, direct exposure to gamma radiation, and inhalation and 
ingestion of radioactive particulates. Brief calculations are provided which 
estimate radiation exposures and excess healtn effects to the general public 
from the drinking water ingestion pathway and to the maximally exposed indivi­
dual from the ingestion of food produced on contaminated land. When excess 
health effects were estimated for the remedial action alternatives, the follow­
ing nurrtsers of significant digits were used to facilitate conparison of the 
alternatives. Estimates that were used in further calculations, such as summa­
tions of risk, were rounded to two significant digits. Final estimates, such as 
total excess health effects, were rounded to one significant digit. 

An excess health effects calculation for ingestion of contaminated drink­
ing water was done using the maximum concentrations of radionuclides neasured in 
water samples collected from beneath the tailings pile. The calculation result­
ed in a conservative individual risk estimate that is 41 percent of the indivi­
dual risk calculated for Inhalation of radon daughters and gamma exposure within 
0.1 mile from the pile perimeter. Under existing conditions, no one would be 
exposed to the radionuclide concentrations used because dilution with distance 
from the pile was not taken into account. 

The ingestion of plant material that has been "dusted" with windblown tail­
ings or the ingestion of animal food products (i.e.', neat, milk, and eggs) from 
animals that have ingested such plant material could potentially result in an 
excess health risk to a maximally exposed individual during relocation of the 
tailings to the Dry Cheyenne site thai is two tines the health risk to a member 
of the general public living within 0.1 mile of the tailings pile from radon 
daughters inhalation and gamma exposure. However, the excess health risk to a 
member of the general public from this pathway Is judgea to be insignificant 
because the contaminated agricultural land in the vicinity of the tailings pile 
does not produce enough food for human consunption to have an appreciable effect 
on the Riverton population. 
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The excess health effects estimations made in th is appendix are primarily 
based on data and models presented in the BEIR-III report (WAS, 1980). Quanti­
tat ive risk estimation of somatic effects (e .g. , cancer) for various organs of 
the body can be obtained using available human radiation exposure data. The 
manifestation of a cancer caused by radiation exposure would occur after a 
latent period of up to 25 years or more, depending on the type of cancer and the 
age of the person exposed. The risks from radiation vary with adult age and sex 
but are presented here as average values assuming that the variation due to 
adult age and sex Is small. No data are available that indicate whether r isk 
estimates for adults are appropriate for radiation exposure auring childhood. 
Because the BEIR-III report did not always make firm recomnendations for applica­
t ion of the data, health risk estimates In this appendix also make use of recom­
mendations published in sc ient i f ic journals. 

F.2.1 HEALTH EFFECTS OF EXPOSURE TO RADON DAUGHTERS 

The health effects of radon diffusion from tai l ings arise from i n ­
halation of the short-l ived radon daughters which deposit alpha energy 
in the lung. For radiation protection purposes, the International 
Commission on Radiological Protection (IWP, 1977) proposed an ind iv i ­
dual lung cancer risk factor of 20 x 10" per rem, or 20 excess fatal 
cancers where one minion individuals each receive a one-rem lung dose 
equivalent commitment from radon aaughters. 

Health effects from radon daughters inhalation can also be express­
ed as excess risk of lung cancer based on the lung collective dose equi­
valent cominltraent in person-working level-months (person-WLM). The uni t 
of working level (WL) 1s defined as any combination of short-l ived 
radon daughters In 1 l i t e r of air which, on complete decay, gives a 
total emission of 1.3 x 10 mi l l ion electron volts of alpha radia­
t ion . One ML is equivalent to 100 pCi of radon per l i t e r of air with 
the short-l ived radon daughters in 100-percent equilibrium. At equ i l i ­
brium levels less than 100 percent, the WL corresponding to a given 
radon concentration is reduced. The working level-month (WLM) is a 
unit defined as the exposure resulting from the inhalation of a i r with 
a concentration of 1 ML of raaon daughters for 170 working hours. Tne 
total dose of one or more persons Is the product of the nunter of per­
sons and the average aose they receive; the unit for the rreasurement of 
such a population dose is the person-WLM. 

The following are estimates of excess fatal lung cancers given in 
terms of person-MLM. The United Nations Scient i f ic Coraiiiittee_gOn the 
Effects of Atomic Radiation quoted a range of 200 to 450 x 10" fatal 
cancers per person-WLM (UNSCEAR, 1977), while the U.S. Nuclear Regula­
tory Commission (NRC) In i t s environmental inpact statement on uranium 
raining quoted 360 x 10" fatal cancerSgper person-WLM (NRC, 1980a). 
The BEIR-III report indicated 850 x 10" lung cancers per person-WLM 
(NAS, 1980). The ICRP (1981) has adopted 150 to 450 x 10"° as the 
risk of lung cancer per person-WLM. Evans et a l . (1981) reviewea the 
BEIR-III study, lung cancer risk estimates published by other authors, 
and epidemiological evidence. They concluded that the most defensible 
upper bound to the l l f e t i ne lung cancer risk for the general public Is 
100 X 10" fatal cancers per person-WLM, 
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The National Council on Radiation Protection (NCRP, 1984) reported 
a conversion factor of 1 WLM equal to a 12.6- to 25-rem dose equiva­
lent commitment to the lung. Using the previously mentioned ICRP ind i ­
vidual lung cancer risk factor of 20 x 10" per gem, the NCRP dose 
conversion factors correspond to 250 to, 500 x 10" lung cancers per 
person-WLM. A risk factor of 300 x 10" lung cancers per person-WLM 
was used in this appendix for calculating excess health effects due to 
exposure to radon daughters. This is equivalent to a conversion factor 
of 1 WLM equal to a 15-rem, dose equivalent commitnent to the lung. 
The risk factor of 300 x 10" is reasonable relative to the risk fac­
tors just rrentioned and provides the consistency needed to compare the 
remedial action alternatives in terms of excess healtn effects. 

F.2.2 HEALTH EFFECTS OF EXPOSURE TO GAMMA RM) I ATION 

Tailings piles emit gamma radiation that delivers an external expo­
sure to the whole body of people near the p i le . The BEIR-III report 
contains several models for estimating cancer risk resulting from expo­
sure to gamma radiat ion. Health effects estimates in this appendix for 
excess fatal cancers due to gamma radiation use a risk factor of 120 x 
10" fatal cancers per person-rem (NAS, 1980; Cohen, 1981). This is 
equivalent to 120 excess fatal cancers in an exposed population for 
each 1,000,000 person-rems of col lect ive dose equivalent. A personrem 
is the product of the radiation dose commitment multiplied by the num­
ber of people receiving that dose. 

Excess health effects estimates for gamma radiation exposure were 
calculated for remedial action workers and for the general public with­
in 0.3 mile of the ta i l ings s i te . Ttie contribution from the tai l ings 
p i le to gamma radiation levels becoiies negligible beyond 0.3 mile from 
the ta i l ings p i le perimeter. An excess health effects analysis was 
done for the general public and remedial action workers to determine 
gamma radiation effects during transportation of the tai l ings In the 
relocation alternatives. 

For garmia radiat ion, 1 rem Is equal to 1 roentgen (R) which is 
the unit for neasuring ggmma radiation intensity in a i r . A microroent-
gen (microR) is 1 x 10 R, and typical environmental gamma radiation 
levels are expressed in ralcroR per hour (microR/hr). 

The health effects attr ibuted to a gamma radiation dose are cate­
gorized into two general types: somatic and genetic. Somatic effects 
are manifested in the exposed individual (e .g. , cancer), and genetic ef­
fects are manifested In the descendants of the exposed individual. The 
ICRP (1977) reported that the average risk estimated for genetic 
ef fects, as expressed in the f i r s t two generations and considered gene­
t i ca l l y s igni f icant . Is 40 x 10" per rem. For a l l subsequent genera­
t ions, the risk 1s estimated to be equal to that expressed in the f i r s t 
two generations, g The total genetic risk (a l l generations) i s , there­
fore, 80 X 10" per rem. Measures taken to reduce the somatic 
effects would also reduce the genetic effects; thus, the calculations 
in this appendix ref lect only the somatic r isk. 
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HEALTH EFFECTS OF EXPOSURE TO AIRBORNE RADIOACTIVE PARTICULATES 

Disturbance of the tailings and contaminated materials during reme­
dial action at the Riverton site would create fugitive dust emissions 
resulting in exposures to airborne radioactive particulates for the 
general public and remedial action workers. The doses would be to the 
exposed Individual's lung from the inhalation of respirable particu­
lates (less than 10 microns in size) that contain Ra-226, Th-230, 
U-238, uranlum-234 (U-234), and lead-210 (Pb-210). For the general 
public, the concentration of each radionuclide was calculated as a 
function of distance from the edge of the tailings pile using a modifi­
cation of a standard Gaussian diffusion model (Turner, 1969) to account 
for surface deposition of particulates (AEC, 1968). The resulting dose 
from each radionuclide was then calculated using a specific dose conver­
sion factor (DOE, 1985) to account for a change In dose relative to the 
type of radiation emitted by a specific radionuclide (i.e., alpha, 
beta, or gamma raaiation). For the remedial action workers, the dose 
from each radionuclide was calculated using a nethod proposed by the 
NRC (1981) and, again, a specific dose conversion factor; it was conser­
vatively assumed that the workers were on the tailings pile for the 
entire period of tailings disturbance. For both the general public and 
remedial action workers, the radionuclide concentrations were multi­
plied by 2.4 to account for the observed higher radionuclide concentra­
tions associated with suspended particulates (PNL, 1980). The excess 
health effects were then estimated by applying the cancer risk factor 
for exposure to gamma radiation (120 x 20" fatal cancers per person­
rem) to the calculated effective committed whole body dose equivalents. 
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F.3 CALCULATIONS OF HEALTH EFFECTS 

STABILIZATION IN PLACE 

General public health effects from radon daughters exposure 

The population distribution of Riverton, Wyoming, estimated by 
Ford, Bacon & Davis Utah Inc. (FBDU) was used as a basis to calculate 
the excess health effects to the general public during stabilization in 
place. There are 11,273 people living within a 3.5-inile radius of the 
tailings pile distributed by sector as shown in Table F.3.1 (FBDU, 
1981). In this analysis, additional residents were Included at the fol­
lowing locations: (1) 500 residents each at 4.0, 5.0, and 6.0 miles 
from the tailings pile for conservation at distances beyond the FBDU 
study, primarily In the urban service area north of Riverton; (2) 17 
residents at the St. Stephen's Mission (Johnson, 1984) which is 0.6 
mile from the tailings pile; (3) 400 students and staff at the St. 
Stepnen's Mission School for 0.5 year (Doyle, 1984), equivalent to 200 
people for a full year; and (4) 11 workers at the active sulfuric add 
plant (McFarland, 1984) that is 0.1 mile from the tailings pile.. The 
population distribution In this analysis therefore consists of 13,001 
people. I t was assuirea that people spend 75 percent of their tine in 
the irainediate vicinity of their residences (25 percent outdoors and 50 
percent indoors) and 25 percent of their tine beyond a distance of 0.3 
mile from the tailings p i le . 

To develop the radon source terra during stabilization in place, 
the radon flux was calculated using the RAECOM model (NRC, 1984), assum­
ing that no cover exis ts . The pile was considered to be one layer, and 
input paraneters for the layer are shown in Table F.3.2.2 A diffusion 
coefficient of 0.015 square centiireter per second (cm /s) for the 
tailings was used, and a radon emanating fraction of 0.20 (Nielson, 
1984) was usM. For this calculation, the average Ra-226 concentration 
beneath the surface of the tailings pile was based on field data (BFEC, 
1983). Samples from 105 dri l l holes on the tailings pile (including 
the present cover and 3 feet of material underlying the tailings) were 
analyzed by gamma spectroscopy, and the sanple data were averaged to 
arrive at the Ra-226 concentration of 342 picoCuries per gram (pCi/g). 
The radon flux calculation resulted in an anr^al average flux of 210 
picoCuries per square « t e r per second (pCi/m s) from the bare t a i l ­
ings.2 Using a pile surface area of 70 acres, the radon flux of 210 
pCi/ra s from bare tail ings is equivalent to a radon source term of 
1,880 Curies per year (Ci/yr). 

The remedial action for on-site stabilization of the tailings pile 
Is expected to take 24 months. During that period, disturbance and 
exposure of the tail ings would occur for a maxinum of 18 months. Radon 
releases would be increased somewhat during disturbance of the t a i l ­
ings. I t is assuired that 25 percent of the tailings would be handled 
and moved one time during remedial action and that all radon in the 
tailings pore spaces would be released instantaneously to the atmos­
phere when the tailings were moved. Using 342 pCi/g of Ra-226 and a 
tailings volume of 1.5 x 10 cubic yards, the calculation resulted in 
a release of 22 Ci of radon. Coupled with a bare tailings source term 
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Table F.3.1 Estimated 1980 population distribution, Riverton, Wyoming 
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irect 
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0 
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18 
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0 
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1,822 

25 
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0 
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0 
0 
0 
0 
0 
0 
14 
28 
39 
18 
18 
4 

4.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

500 

5.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

500 

6.0 

0 
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47 
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4 
7 
59 
68 
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76 
29 
72 
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1,728 

106 3,374 4,b39 2,516 414 500 500 500 13.001 



Table F.3.2 RAECOM model radon flux calculation for the 
tailings pile under no action conditions 

Thickness 
(cm) 

Ra-226 
(pCi/g) 

Radon 
dif fusion 

coeff ic ient 
(CBl^/sj 

Emanating 
fract ion 

Porosity 
( fract ion) 

Bulk 
densi ty 

(g/cm^) 

Exit 
l«toisture radon flux 
fraction |pci/m2s) 

760 342 0.015 0.20 0.48 1.43 0.10 210 



of 1,880 Ci/yr and a maximum ta i l ings disturbance period of 18 months, 
the total radon source term during tw l lngs disturbance Is 2,842 CI , 
equivalent to a radon f lux of 210 pCi/m s. 

The radon concentration m the pi le during remedial action was de­
termined using the 210-pCI/iii s radon f lux , an average wind speed of 
2.0 meters per second (calculated by weighting each wind speed by i t s 
frequency of occurrence), and a pi le radius of 300 reters. For calcula­
t ion purposes, a conservative distr ibut ion of s tab i l i t y classes was 
used based upon meteorological data from Lander, Wyoming (NOAA, 1976), 
and the pi le geometry was assuired to be c i rcular . The radon concentra­
t ion at the center of the circular p i le was estimated by calculating 
the concentration for each of the six standard s tab i l i t y classes, 
weighting each by the frequency of occurrence, and sunming the weighted 
values. The concentration at the p i le center for each s tab i l i t y class 
was calculated by integrating the functional form of sigma Z as a func­
t ion of distance from the p i le center back to the p i le edge, ignoring 
crosswind spreading. This is similar to assuming that the center of 
the pi le Is always at the edge of an In f in i te s t r ip of area source, 
with the width equal to the p i le radius. The resulting radon concentra­
t ion on the p i le was calculated to average 6.2 pC1/l during remedial 
action. 

To estimate the radon concentrations and working levels downwind 
from the ta i l ings p i l e , annual average radon concentrations and working 
levels as a function of distance from the pi le were calculated using a 
sector average form of the Gaussian diffusion equation (Turner, 1969) 
and a calculation of the Ingrowth of radon daughters as a function of 
t1rtt (Evans, 1980). The area source ( ta i l ings p i le) was treated as a 
point source at the p i le center with the sane source strength as the 
p i l e . The calculated radon concentration Is a function of wind speed 
and s tab i l i t y class for each distance dowwind. A conservative d i s t r i ­
bution of wind speed and s tab i l i t y class was assuned that would resul t 
in maximized radon and radon daughters concentrations dowwind for a 
sector as sumnarized in Table F.3.3. This bi-variate j o in t frequency 
distr ibut ion was then used to tine-weight the radon concentration calcu­
lated at a given downwind distance according to the percent of the t ine 
that each wind speed and s tab i l i t y class pair occurs. Simi lar ly, the 
percent ingrowth of daughters at a given downwind distance was calcu­
lated based on the t ransi t tiire of the radon from the area source cen­
ter . The working levels due to the p i le at varying dist»ices from the 
p i le are dependent on the percent ingrowth of radon daughters. Between 
a t ransi t t i r e of 1 minute and 40 minutes, the working level grown into 
100 pCi/l of radon can be represented within plus 5 percent by the 
approximate analytical expression (Evans, 1980): 

Equation F.3.1 

WL = 0.023 T°-^^ 

where: 

WL = working level . 

T = t ransi t t ine in minutes. 
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The working level for each wind speed and stabili ty class was also t i « -
weighted using the assured joint frequency distribution. 

Table F.3.3 Joint frequency distribution between wind speed and 
stabi l i ty class for a conservative sector 

Stability 
class 

A 
B 
C 
0 
E 
F 

0-3 

0.20 
0.90 
0.37 
1.33 
0 
9.23 

Wind 

4-7 

0 
0.33 
1.00 
4.09 
8.04 
9.94 

speed (mil 

8-12 

0 
0.14 
1.09 

15.85 
22.13 

0 

es per hour) 

13-18 

0 
0 
0.57 

18.99 
0 
0 

19-24 

0 
0 
0.14 
2.71 
0 
0 

>25 

0 
0 
0 
2.33 
0 
0 

Totals 

0.20 
1.37 
3.17 

45.30 
30.17 
19.17 

®Tiie distribution of frequencies in the table refers to the percentage 
of time that wind blew for each class from the conservative sector. 

The use of the sector average model, with the area source replaced 
by a point source, tends to overestimate the concentrations at dis­
tances close to the source. At distances greater than several source 
diaiiteters from the edge of the source, the model is reasonably accu­
rate; however, overestimatlon can be up to a factor of 2 at distances 
less than several source diameters. To estimate radon concentrations 
within 1 mile of the pile edge, interpolation was done on a log-log 
basis between the previously calculated on-pile radon concentration and 
the modeled radon concentrations beyond 1 mile. Similarly, the working 
level exposures within 1 mile of the pile edge were calculated by extra­
polating on a semi-logarithmic basis from the modeled working levels 
beyond 1 mile. 

For the general public excess health effects calculations, assunp-
tlons were made which resulted in a conservative estimate of working 
levels as a function of distance from the pile edge. A wind di r a t i o n 
frequency in the conservative sector of 14.4 percent was used. Table 
F.3.4 presents wind speed and wind airection studies from Lander, 
Wyoming, which show that the maximum measured wind direction frequency 
from any direction was 14.3 percent. All of the population was assuned 
to live in this conservative sector of interest. Tnese assunptions 
provide a reasonable upper bound for the general public excess health 
effects estimates. 

The radon concentrations and working levels due to the pile at 
varying distances from the pile edge are presented in Table F.3.5. The 
percent ingrowth formula used to derive working levels assures that no 
daughter products are removed from the air by plate-out on walls or 
f i l t e r s . Plate-out occurs when the electrically charged radon daugh­
ters attach to walls or other surfaces and are removed from the a i r . 
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Table F.3.4 Wind data for Lander, Wyoming (directions of maximum 
stabi l i ty class for a conservative sector) 

Wind speed (miles per hour) 

Mind Stability 
direction class 0-3 4-6 7-10 11-16 17-21 >22 Totals 

SW 

wsw 

w 

A 
B 
C 
D 
E 
F 

A 
B 
C 
D 
E 
F 

A 
B 
C 
D 
E 
F 

0.0148 
0.0807 
0.0561 
0.1361 
0 
0.9509 

0.0285 
0.1300 
0.0526 
0.1917 
0 
1.3284 

0.0508 
0.1395 
0.0746 
0.0973 
1.0616 
1.5524 

0.0137 
0.0616 
0.1233 
0.3150 
0.6644 
1.0822 

0 
0.0479 
0.1438 
0.5891 
1.1575 
1.4315 

0.0205 
0.1096 
0.2671 
0.6576 
0.7671 
1.6164 

0 
0.0205 
0.1233 
1.2466 
1.705 
0 

0 
0.0205 
0.1575 
2.2808 
3.1849 
0 

0 
0.0616 
0.1986 
1.1713 
0 
0 

0 
0 
0.0342 
1.6987 
0 
0 

0 
0 
0.0822 
2.7328 
0 
0 

0 
0 
0.1164 
1.2397 
0 
0 

0 
0 
0 
0.2671 
0 
0 

0 
0 
0.0205 
0.3904 
0 
0 

0 
0 
0 
0.5000 
0 
0 

0 
0 
0 
0.0958 
0 
0 

0 
0 
0 
0.3356 
0 
0 

0 
0 
0 
0.2671 
0 
0 

0.0285 
0.1628 
0.3369 
3.7593 
2.3699 
2.0331 

8.6905 

0.0285 
0.1984 
0.4566 
6.5204 
4.3424 
2.7599 

14.3062 

0.0713 
0.3107 
0.6567 
3.9330 
1.8287 
3.1688 

9.9692 

a Joint frequency distribution from Lander Airport, National 
Lander, Wyoning. 

Weather Service, 
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Table F.3.5 Radon daughters excess healtn effects to the 
general public during stabilization in place 

Distance 
p i l e ec 

{mi 1 es 

0.1 
0.2 
U.3 
0.4 
0.5 
0.75 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
5.0 
6.0 

Totals 

from 
Ige Population 

(persons) 

18 
36 
26 

7 
4 

110 
251 
106 

3,374 
4,639 
2,516 

414 
500 
500 
500 

13,001 

Modeled 
outdoor 

radon 
concentration 

(pCi/1) 

1.6 
0.81 
0.50 
0.32 
0.25 
0.15 
0.10 
0.06 
0.04 
0.02 
0.02 
0.02 
0.01 
0.01 
0.01 

Modeled 
outdoor 

WL(r) 
_4 

x 10 

5.7 
5.2 
4.7 
4.5 
4.1 
3.5 
3.U 
2.4 
2.0 
1.7 
1.5 
1.2 
l . i 
0.9 
0.7 

Calculated 
WLM(r) 

X 10"^ 

3,200 
1,600 
1,000 

670 
523 
320 
220 
140 
91 
65 
62 
60 
35 
17 
15 

Excess 
health 
effects 

X 10"^ 

17 
17 

7.8 
1.5 
0.60 

11 
17 
4.5 

92 
90 
47 

7.5 
5.1 
2.7 
2.1 

320 
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thereby reducing the percent equilibrium of radon daughters in the a i r 
inhaled. To account for plate-out in health effects calculations for 
outdoor conditions, the working level in Inhaled a1r was assurred to be 
one-half of that calculated from the ingrowth formula; that i s , 50- per­
cent plate-out was assured. For Indoor working levels, the outdoor 
radon concentration as a function of distance was multiplied by a 50-
percent equilibrium factor for radon daughters. This is applied in 
Equation F.3.2 to both outdoor and indoor Inhalation. 

For each distance, the nunter of working level-months was calcu­
lated using the equation: 

Equation F.3.2 

where 

WLM(r) 

WLM(r) 

R(r) 

WL(r) 

0 

I 

H 

T 

R(r) 

100 
X I + (WL(r) X 0) H 

170 (hr/WLM) 
X T 

working level-months at distance r (WLM). 

radon concentration at distance r (pCi/1). 

working level at distance r (WL). 

fraction of tine spent outdoors multiplied by radon daugh­
ters equilibrium factor (0.25 x 0.5). 

fraction of tirre spent Indoors multiplied by radon daugh­
ters plate-out factor (0.5 percent x 0.6). 

hours per year (8,760 hours). 

duration of exposure (years). 

The results of the above calculations are presented in Table 
F.3.5. The excess health effects were calculated by multiplying the 
working level-months by the ggpulation at each d1st»ice and by the conv­
ersion factor of 300 x 10 effects per person-WLM. Excess health 
effects were then suraned over the distances. 

estimated nunfcer of excess health effects due to 
pile disturbance for the general public within 6 

The 
tailings 
Riverton tail ings pile was calculated as 320 x 10 
health effects for stabilization in place. This is 

the 18-raontn 
miles of the 

or 0.032 excess 
equivalent to an 

individual risk of contracting a fatal lung cancer of 0.00025 percent 
(determined by dividing 0.032 by 13,001 people). 

General public health effects from gamma exposure 

The general public living or working within 0.3 mile of the t a i l ­
ings pile edge will be exposed to gamma radiation from the tai l ings as 
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well as to radon daughters. The contribution from the tai l ings pi le to 
gamma radiation levels 1s negligible beyond approximately 0.3 mile from 
the ta i l ings pi le perimeter. A predictive model (Yuan et a l . , 1983) 
which plots the rat io of direct gamma exposure rate divided by tai l ings 
Ra-226 concentration (m1croR/hr per pCi/g) as a function of distance 
from a ta i l ings pi le edge was used to estimate gamma radiation exposure 
rates contributed by the tai l ings to the general public. This model 
assumes that no cover exists on the tai l ings p i l e . The measured, aver­
age Ra-226 concentration of 342 pCi/g was multipliea by the rat io at 
each distance to determine the gamma exposure rate. Input parameters 
and excess health effects results due to the 18-month tai l ings pi le dis­
turbance are shown in Table F.3.6. Since individuals are assumed to 
spend 75 percent of their time at home, the period of exposure 1s 0.75 
X 18 months, or 9,855 hours. Using the risk factor rentioned in Sect­
ion F.2.2, the estimated nunfcer of excess health effects in the general 
public l iv ing within 0.3 mile of»the p i le edge due to gamma radiation 
from the ta i l ings is 2.4 x 10" , or 0.00024 excess health effects. 
The individual risk of fatal cancer due to this exposure would be 
0.0003 percent (determined by dividing 0.00024 by 80 people). 

Table F.3.6 General public excess health effects from gamma 
exposure auring stabilization in place 

Distance from 
pile edge 

(miles) 

0.1 

0.2 

0.3 

Totals 

General publ 
particulates 

Population 
(persons) 

18 

36 

26 

80 

ic health i 

Individual 
hours 

exposed 

9,855 

9,855 

9,855 

affects from 

Excess gaiina 
exposure rate 

(microR/hr) 

8.6 

1.2 

0.2 

exposure to ai rborne 

Excess 
health 
effects 

x 10"^ 

1.8 

0.5 

0.06 

2.4 

radioactive 

As was done for the relocation to Gas Hills alternative (Section 
F.3.4), the off-site particulates concentrations as a function of dis­
tance from the tailings pile were modeled by use of the sector average 
model. The excess health effects to the general public and the effect­
ed committed whole body dose equivalent per person are shown in Table 
F.3.7. The resulting total excess health effects for the stabilization 
in place alternative are 8.6 x 10" which is only 2 percent of the 
total excess health effects from the inhalation of radon daughters. 
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Table F.3.7 General public excess health effects from exposure to airborne radioactive 
particulates during s tab i l izat ion in place 

Distance 
from Effective conwiitted whole body dose equivalent (irem per person) Excess 

p i le edge Population health effects 

^™ '̂'®^̂  (persons) Ra-226 Th-230 U-238 U-234 Pb-210 Totals x 10'^ 

0.1 18 0.840 34.0 0.888 0.962 0.861 37.6 0.81 
0.2 36 0.416 16.8 0.439 0.476 0.426 18.6 0.80 
0.3 26 0.244 9.88 0.258 0.279 0.250 10.7 0.33 
0.4 7 0.147 5.95 0.155 0,168 0.151 6.57 O.Cte 
0.5 4 0.108 4.37 0.114 0.124 0.110 4.83 0.02 
0.7b 110 0.058 2.35 0.061 0 . a 7 0.060 2.60 0.34 
1.0 251 0.048 1.95 0.051 0.055 0.049 2.15 0.65 
1.5 106 0.022 0.897 0.023 0.025 0,023 0.990 0.13 
2.0 3,374 0.013 0.514 0.013 0.015 0.013 0.568 2.J 
2.5 4,639 0.008 0.335 0.009 0.009 0.008 0.369 2.1 
3.0 2.516 0.006 0.237 0.006 0.007 0.006 0.262 0.79 
3.5 414 0.004 0.176 0.005 0.005 0.004 0.194 0.10 
4.0 500 0.003 0.136 0.004 0.004 0.003 0.150 0.09 
5.0 500 0.002 0.089 0.002 0.003 0.002 0.098 0.06 
6.0 500 0.002 0.063 0.002 0.002 0.002 0.071 0.04 

Totals 13.001 8.6 



For a person living within 0.1 mile of the s i t e , the total effective 
committed whole body dose equivalent 1s 37.6 mrem, equivalent to a one 
in 220,000 chance of contracting a fatal cancer. 

Health effects during remedial action to the maximally exposed indi­
vidual from the consumption of contaminated food 

In this section, the dose to the hypothetical, maximally exposed 
adult individual from the ingestion of contaminated food is calculated. 
I t 1s assuired that a single Individual consuires vegetables, meat, and 
milk produced only on contaminated soil and that washing ana cooking 
vegetables removes half of the radioactive contamination (MRC, 1980a). 
I t Is further assuired that the individual lives 50 meters east-north­
east of the tail ings pile In the pr^orninant wind direction. Only the 
doses from Ra-226, Tri-230, U-238, and U-234 are considered since these 
nuclides generate the majority of the dose. 

The whole body dose equivalent received from ingestion of plant ma­
terial results from the concentration of radionuclides incorporated in 
plant tissue through root uptake and from particulate deposition on fo­
liage from airborne dust resulting from remedial action. Radioactive 
concentrations in plants from root uptake are estimated from soil con­
centration data neasured during the Riverton site radiological charac­
terization and an adapted model from the NRC (NRC, 1980a). The dose 
equivalent from the dusting effect due to remedial action Is estab­
lished by the model developed for radon concentrations close to the 
pile and the NRC rartel. 

5 
The remedial action Is expected to generate 2.7739 x 10 kilo­

grams per year (kg/yr) of particulates (Section B.3 of Appendix B, 
Weatner and Air Quality). The wind blows prrtominately from the west-
southwest 14.3 percent of the t ine. Assuming that the particulates 
have the p i le ' s average concentration of radionuclides, the flux of 
RaR226 and Th-230 that is generated on the 2.8338 x 10 -square meter 
(ra^) pile i s : 

c kg year 1000 g 342 pCI 
2.7739 x 10 x J— X x 

yr 3.145 x 10 s kg g 

X = 1.06 X W pCi/m^s, 
2.8338 X 10^ ra^ 

and the flux of U-238 and U-234 i s : 
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^ kg year 1000 g 24 pCl 
2.7739 X 10^ X , X x 

yr 3.145 x lo"^s kg 

= 7.75 X 10""̂  pCi/in^s, 

2.8338 X 10^ m^ 

The flux of radioactive dust generated by the remedial action Is 
conservatively assuned to be transported In a manner similar to gaseous 
radon. Since the Gaussion sector average model tends to overestimate 
the concentration of a pollutant at distances close to an area source, 
the particulates concentration bO meters from the tailings pile edge 
was estimated by calculating the concentration for each of the six stan­
dard stabi l i ty classes, weighting each by the frequency of occurrence, 
and sunming the weighted values. The concentration 50 reters from the 
eastern pile edge for each s tabi l i ty class was calculated by integrat­
ing the functional form of sigma Z as a function of distance from 50 me­
ters off of the pile back to the western pile edge. Ignoring crosswind 
spreading. This resulted in particulates concentration values at 50 ire-
ters from the tailings pile of 5.98 x 10" picoCuwes per^cublc meter 
(pCI/m'̂ ) for Ra-226 and Tn-230 and 4.37 x 10"'* pCi/m^ for U-238 
and U-234. 

The amount of radioactivity that is deposited on plant foliage 
plus the amount of radioactivity incorporated in plant tissue can be 
calculated by the following equation (equations 7 and 8 modified from 
NRC, 1980a): 

Equation F.3.3 

C . = X . V Fr EvP - exp C~^/vM+ c . B . 
^vi 1 p I Y~% = - ^ I Sl VI 

V w 

where 

C . = the resulting concentration of isotope i in and on vegeta-
^̂  t1on V (pCI/g). 

Ev = the fraction of the foliar deposition reaching edible 
portions of vegetation v. 

Fr = the fraction of the total deposition retained on plant 
surfaces (0.2) (NRC, 1980a). 

t = the assuned duration of exposure while growing for vegeta-
V tion V (s). 
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2 
Y = the assumed yield density of vegetation v (kg/m ) . 

1 = the decay constant accounting for weathering losses (6.73 
** X 10" /s) (NRC, 1980a). 

V = deposition velocity of particle size p (ra/s). 

C . = average concentration of the radionuclide in soil 
"̂' (pCi/kg). 

B . = soil-to-plant transfer factor. 
3 X. = air concentration of the ith radionuclide (pCI/m ) . 

The value of Ev is assumed to be 1.0 for all above-ground vegeta­
tion and 0.1 for all below-ground vegetation. The value t Is t * e n 
to be 60 days except for pasture grass where a value of 3Q days is as­
suired. The yield density, Y , is takers to be 2.0 kg/m except for 
pasture grass where a value of 0.75 kg/m is applied. The deposition 
velocity, V , is conservatively assuned to be 0.0883 m/s for all 
par t ic les . ''^This corresponds to the settling velocity for particles 
ranging in size from 10 to 80 microcentlnBters which represents the 
majority of the particles (NRC, 1980a). Soil-to-plant transfer 
factors, By.j, are listed in Table F.3.8. 

The average concentrations of radionuclides in the so i l , C . , 
are estimated from site-specific data. Tne reported average Ra-226 con­
centration on the receptor field is 11.4 pCi/g. Since Th-230 is 
assuned to be in equilibrium, the concentration of Th-230 is 11.4 
pCi/g. The U-238 and U-234 concentrations are estimated by multiplying 
the Ra-226 concentration of 11.4 pCI/g by the U-238 to Ra-226 on-pile 
ratio of 7.31 x 10"^ which equals 0.833 pCi/g (BFEC, 1983). 

Concentrations of the radionuclides in the soil are expected to 
increase during the remedial action. This increase can be estimated by 
the following equation (equation 2 modified from NRC, 1980a): 

Equation F.3.4 

Csi 

1 - exp [ - ( 1 . + l g ) t ] 

^1 ^e 

where 

\ = assuned rate constant for environmental loss (equal to a 
^ 50-year half-life of 4.39 x 10" " s" ) . 

t = tine interval over which deposition has occurred ( s ) . 
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Table F.3.8 Environmental transfer coefficients 

U-238 and 
Ra-22b Tn-230 U-234 

Soil-to-plant (B^̂ .)® 

edible above ground 1.4 x 10"^ 4.2 x 10"^ 2.5 x 10'^ 

potatoes 3.0 x 10"^ 4.2 x 10"^ 2.5 x 10"^ 

other below ground 1.4 x 10"^ 4.2 x 10"^ 2.5 x 10"^ 

pasture grass 1.8 x iO"^ 4.2 x 10" 2.5 x 10' 

stored feed (hay) 8.2 x 10"^ 4.2 x 10"^ 2.5 x 10"^ 

Feed-to-iEat (F. ,) 

pCI/kg per pCI/day 5.1 x 10"^ 2.0 x 10"* 3.4 x 10"^ 

Feed-to-rallk (F̂ ^̂ .) 

pCi/1 per pC1/day 5.9 x 10"^ 5.0 x 10"^ 6.1 x 10"^ 

These transfer coefficients are the dinensionless ratios of the concentra­
tions of the 1th radionuclides in vegetation (pCi/g) to the concentrations of 
the 1th radionuclides In soils (pCi/g). 

Ref. NRC, 1980a. 
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X. = radioactive decay constant for isotope i ( s ' ) . 

P = the assumed area! soil density for surface mixing (240 
kg/m^) (NRC, 1980a). 

By using the previously calculated air concentrations of radionuclides 
and Equation F.3.4, the total concentrations of Ra-22&, Tri-230, and U-
238 and U-234 in the receptor field are L25 x 10* pCi/kg, L25 x 
10^ pCi/kg, and 9.13 x 10^ pCi/kg, respectively. 

The concentrations on and 1n vegetation obtained from applying the 
appropriate parameters in Equation F.3.3 are listed in the f i r s t four 
colurms of Table F.3.9. I t is assured that these concentrations in veg­
etables, hay, and pasture grass are uniform over the tielo where food 
for the maximally exposed individual is raised. 

The yearly whole body dose equivalent to the maximally exposed 
adult individual due to consumption of contaminated plant material is 
calculated by multiplying the radioactive concentrations in Table F.3.8 
by the food ingestion rates shown in Table F.3.10 and the dose conver­
sion factors in Table F.3.11. This value Is then divided by two since 
half of the radionuclides are assuned to be removed during food prepara­
t ion. Table F.3.12 shows the resultant whole body dose equivalents in 
iiirem per year (mrera/yr). 

The concentrations of radionuclides in meat and milk can be deter­
mined by the following equation (modified from NRĈ  1980a): 

Equation F.3.5 

Cbi = 0 " 5 F , . QCCpgi +C,^.) 

resulting average concentration of isotope i in meat or 
milk (pC1/kg). 

concentration of isotope 1 in pasture grass (pCi/kgl. 

concentration of Isotope i in hay (pCi/kg). 

feed-to-meat or feed-to-railk transfer factor for Isotope 
i (see Table F.3.8). 

assured fe«i ingestion rate (50 kilograms per day) (NRC, 
1980a). 

the fraction of the annual feed requirement assumed to be 
satisfied by pasture grass or locally grown and stored 
feed (NRC, 1980a). 

re 

•̂ bi 

"-pgi 

^h1 

^ 1 

Q 

0.5 
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Table F.3.9 Concentrations of radionuclides on and in vegetables, 
meat, and milk for stabilization in place 

Ra-226 
Th-230 
U-238 
U-234 

^ i 
above-
ground 

vegetables 
(pCi/kg) 

776,0 
765.0 
55.8 
55.8 

^ i 
below-
ground 

vegetables 
(pCi/kg) 

79.30 
80.60 

5.75 
5.75 

Sgi 
pasture 
grass 

(pCi/kg) 

1,750 
1,730 

126 
126 

Chi 
hay 

(pCi/kg) 

849.0 
765.0 
55.8 
55.8 

Cbi 
neat 

(pCi/kg) 

33.10 
12.50 

1.55 
1.55 

Cbi 
milk 

(pCi/ l) 

38.300 
0.312 
2.780 
2.780 

Table F.3.10 Food ingestion rates 

Ingestion rates by age group 

Infant Child Teen Adult 

Vegetables, total (kg/yr) 
edible above ground 
potatoes 
other below ground 

Meat (beef, fresh pork, 
and Ian*) (kg/yr) 

Milk (1/yr) 208 

48 
17 
27 

3.4 

28 

208 

76 
29 
42 

5.0 

45 

246 

105 
40 
60 

5.0 

78 

130 

Ref. NRC, 1980a, 
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Table F.3.11 Adult ingestion whole body dose conversion factors 

Internal whole body effective committed dose equivalent 
conversion factors (rarem per pCi ingested x 10 ) 

Ra-226 Th-230 U-238 U-234 

1.1 X 10"^ 5.3 X 10"^ 2.5 X 10"^ 2.3 x 10'^ 

Ref. DOE, 1985. 

Table F.3.12 Whole body dose equivalents in mrem per year for 
stabilization in place 

Above-ground 
vegetables 

Below-ground 
vegetables I»teat Milk 

Ra-226 
Th-230 
U-238 
U-234 

17.1 
8.11 
0.026 
0.028 

2.82 
1.39 
0.004 
0.004 

2.85 
0.521 
0.003 
0.003 

5.48 
0.019 
0.008 
0.009 
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Trie results of applying the appropriate data in Equation F.3.5 are 
shown in the las t two colunms of Table F.3.9, and the resulting whole 
body dose equivalents are listed in the last two coluims of Table 
F.3.12. Dose equivalents are obtained by multiplying the values in 
Table F.3.9 by the annual adult ingestion rates in Table F.3.10 and the 
whole body dose conversion factors in Table F.3.11. 

Tne total dose to the hypothetical, maximally exposed adult indivi­
dual from Ra-226, Tn-230, and U-238 and U-234 is 38.4 raran/yr or 57.5 
rarem during the 1.5-year tailings pile aisturbanc^. The excess health 
risk during the remedial action is 6.9 x 10" or a 1 in 140,000 
chance of contracting a fatal cancer. This is 0.66 percent of the risk 
of excess health effects for individuals in the general public within 
0.1 mile of the tailings pile from radon daughters inhalation and gamma 
exposure. 

Remedial action worker healtn effects from radon daughters exposure 

An average of 68 workers wuld be required during the 24-month 
remedial action for stabilization in place. To estimate an upper bound 
for excess healtn effects to remedial action workers, i t was assuired 
that each worker would spend 8 hours per day, 21 days per month, over 
24 months (4,032 hours) outside on the pile and be exposed to a radon 
concentration of 6.2 pCi/1 as calculated previously for the 18-month 
period during tailings pile disturbance. The radon daughters percent 
equilibrium on the pile was conservatively assuned to be 20 percent 
based on percent equilibrium neasurements made near the Grand Junction, 
Colorado, uranium tailings pile (Borak and Inkret, 1983). From a calcu­
lation similar to Equation F.3.1, the estimated excess health effects 
to workers due to the 24-montn renedial action are (6.2 pC1/l/l00 
pCi/l-ML) (0.2 equilibrium fractlorU (2,016 hours) (1 month/170 hours) 
(2 yr) (68 persons) (300 x 10" health effect/person-WLM), which 
equals 60 x 10" , or 0.0060 excess health effects. 

Remedial action worker health effects from gamna exposure 

Remedial action workers on the pile would be exposed to gamma radi­
ation from ttie tailings as well as to radon daughters. The estimated 
gamma exposure rate on the pile in mIcroR/hr is 2.5 tines the Ra-226 
concentration in pCI/g (Schiager, 1974), or 855 ra1croR/hr based on the 
measured, average Ra-226 concentration of 342 pCi/g. It should be 
noted that this 1s a hignly conservative estimate and represents an 
upper bound which, in practice, is not expected to be reached. On a 
partially stabilized portion of the tailings pi le , the exposure rate 
would be reduced by a factor of 10 for each 1 foot of radon barrier. 
The majority of workers would be enclosed in cabs of earthmoving equip­
ment which would provide snielding from the ta i l ings , where 1 inch of 
steel reduces gamma ray transmission by a factor of 10. A more real is ­
tic average ganma radiation exposure rate to remedial action workers 
would therefore be a factor of 10 below 855 raicroR/hr, or 85 microR/ 
hr. Based on 85 raicroR/hr, the external gamma radiation exposure that 
a worker coula be expected to receive from working 4,032 hours over a 
24-month period would be 0.36 rem which is within the standard limit 
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of 5 rem per year for occupational exposure (NRC, 1980b). For 68 reme­
dial action workers, the estimate for excess health effects due to 
gamma radiation is 28 x 10" , or 0.0028 excess health effects. 

Remedial action worker health effects from exposure to airborne radio­
active particulates 

Occupational exposures for remedial action workers breathing dust 
in the vicinity of earthmoving equipment may be estimated for com­
parison to the confcinea radon daughters and gamma radiation exposure. 
A iKthod proposed by the NRC (1981) was used to estimate doses from the 
inhalation of particulates. Tnese doses would be to the worker's lung 
from inhalation of respirable particulates (less than 10 microns In 
size) that contain trace amounts of Ra-226, Tn-230, U-238, U-234, and 
Pb-210. The equation used i s : 

Equation F.3.6 

" = < V d V s a ^ a i r ^ ^^ ^ P^^^F .̂̂  

where 

H = the 50-year dose commitment to the lung in mrem. 

f̂  - the tine delay factor which is equal to 1 for this 
application. 

0 

f. = the site design factor which is equal to 1 for this 
application. 

f = the waste fonn and package factor whicn Is equal to 1 
* for this application. 

T = the soil-to-air transfer factor (in cubic meters of 
soil per cubic meters of air). 

C = the Radionuclide concentration in the material 
" (pCi/ra"*). 

PDCF . - ^ 6 pathway dose conversion factor for air pathways 
(i.e., inhalation and direct radiation). 

The soil-to-air transfer factor, T , may be expressed in terms 
of the geometry of the prcAlem, the suspension flux (E), and the en^jir-
ical equation (NRC, 1981): 
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Equation F.3.7 

T = ExGxfr 
sa 0x3 

where 

E = the suspension rate of transportable particulates (less 
than 30 microns in size) (g/m s ) . 

G = the geoTOtry factor equal to (area subject to dusting)/ 
(width of area x mixing neight). 

fr = the fraction of suspended transportable particulates that 
are respirable (less than 10 microns in s ize) . 

3 d = the density of the soil (assured to be 1.6 g/cm ) . 

u = the wind spert (assuned to be 2.0 m/s). 

Tne following calculates the transfer factor, T , for particu­
lates from excavation for the stabilization in place aRernat i ie . The 
total emissions term for construction would be 2.7739 x 10 kg/yr, 
based on the total fugitive dust emissions of 457.7 tons for stabil iza­
tion in place as presentea in Section B.3 of Appendix B, Weather and 
Air Quality, divided by 18 wnths of tailings distorbance. Tne s i te 
consistSgOfg 70 acres of contaminated naterials or the equivalent of 
2.8 x 10 m for the construction. 

5 For the total particulates release rate of 2.7739 x 10 kg/yr, 
30 percent by weight would be particles smaller tnan 30 microns. This 
assunes that the particle size distribution of in i t ia l ly suspended dust 
is proportional to the particle size distribution in the tailings and 
assumes that only a small fraction of the tail ings mass is in particles 
too large to be disturbed by eartnmoving equipirent. The factor E is 
thus: 

E = (O.J) x (2.7739 x 10^ kg/yr) x (1,000 g/kg) x (1 yr/3.15 x 

lO^s) x 1/(2.8 x 10^ ra^) = 9.4 x 10"^ g/m^s. 

Roughly 30 percent of the particulates release rate for 30 microns and 
smaller particles would represent particles smaller than 10 microns. 
Thus tne factor fr in this calculation is 0.3. 

The yeoMtry factor was calculatea by aMuming that the area of 
construction would be 70 acres, or 2.8 x 10 m ' and that the mix­
ing height would be 3 « t e r s . Tne width of the area is best repMsent-
ed by the diaireter of a circle whose area is 2.8 x 10 m . The 
width of the area is then equal to 600 neters. These assumptions yield 
G equal to 157. Therefore: 
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T (9.4 x 10"^ g/m^s) (157) (0.3) „ ^^, , ^Q-10 
^^ (2 m/s) (1.6 x 10^ g/ra^) 

Table F.3.13 l i s t s the pathway dose conversion factors for the air 
pathways (PDCF . ) and also tailings concentrations (pCi/m ) for 
Ra-226, Tn-230,*^D-238, U-234, and Pb-210 at the Riverton s i t e . The 
radionuclide concentrations used are conservative because construction 
work during the 18-month remedial action would not always be on the 
ta i l ings . Tne PDCF . factors in Table F.3.13 are based on U.S. 
Department of Energy (DOE) guidelines (DOE, 1985) and correspond to the 
committed effective whole body dose equivalent due to the inhalation of 
radioactive particulates. Tne PDCF . factors are generically calcu­
lated as follows: 

PDCF . = (committed effective whole body dose equivalent in 
rem/pCi) x (10 mrem/rem) x (nunfcer of hours 
exposed) x (inhaled air voluM/hour) 

where the inhaled air volume per hour equals 1.25 cubic meters per 
hour, or 1250 l i ters per hour. Furthermore, the bulk tailings concen­
trations were multiplied by 2.4 to account for the observed higher 
radionuclide concentrations associated with suspended particulates smal­
ler than 10 microns (PNL, 1980). 

Table F.3.13 Occupational dose paraneters 

™^^air Concentration J n soil* 
Radionuclide (mrera-m-̂ /pCi) (pCi/m'') 

Ra-226 31.3 5.5 x 10? 
Th-230 1.270 5.5 x 10^ 
U-238 475 4.0 x 10^ 
U-234 515 4.0 x lOo 

Pb-21U 51 5.5 x 10 

a 3 
AssuiKS a density of 1.6 g/cm ana concentrations of 342 pC1/g for 
Ra-226, Tn-230, and Pb-210 and 256 pCi/g for U-238 and U-234. 

The calculated 50-year aose comraitirents to the whole body from 
Ra-226, Th-230, U-238, U-234, and Pb-210 are shown below. An assunp-
tion was made that a remedial action worker would work 8 hours per day, 
21 days per month. 
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0 50-year effective whole body dose equivalent commitment from 
Ra-226: 

H = (1.4 X 10"-^°) x (5.5 x 10^ pCi/m^) x (31.3 mrem-
ra^/pCi) 

=2 .4 mran. 

0 50-year effective whole body dose equivalent commitment from 
Th-230: 

H = (1.4 X 10"^°) X (5.5 X 10^ pCi/m^) x (1,270 mrera-
m^/pCi) 

= 98 rarem, 

0 50-year effective whole body dose equivalent commitment from 
U-238: 

H = (1.4 X 10"-̂ l̂ X (4.0 X 10^ pCi/m^) x (475 mrem-
m^/pCi) 

= 2.7 mrem. 

0 50-year effective whole body dose equivalent commitment from 
U-234: 

H = (1.4 X 10"^°) X (4.0 X 10^ pCi/m"̂ ) x (515 mrem-
m /̂pC1) 

=2 .9 mrem. 

0 50-year effective whole body dose equivalent commitnent from 
Pb-210: 

H = (1.4 X 10"^°) X (5.5 X 10® pCi/ra^) x (51 rarem-
m /̂pC1) 

= 3.9 mran. 

0 Total 50-year effective whole body dose equivalent commitment: 

2.4 + 98-1- 2.7 + 2.9 + 3.9 

= 109.9 mrem. 

Using the cancer risk factor of 120 x 10" per rem, the risk from a 
50-year dose commitment of 109.9 mran for the 68 workers is 0.00090 
excess health effects. 

The total estimated excess health effects to remedial action work­
ers during stabilization in place from radon daughters inhalation, 
gamma radiat ion, and airborne radioactive particulates inhalation is 97 
x 10" excess health effects. Tnis is equivalent to an individual 
worker risk of contracting a fatal cancer of 0.01 percent. 
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NO ACTION 

General public health effects from radon daughters exposure 

For the no action alternative, tne radon flux from the bare t a i l ­
ings pile was calculated to be an annual average of 210 pCi/ra s, 
assuming no cover exists , or 1,880 Ci/yr from the 70 acres of ta i l ings. 
A 1.5-foot cover currently exists on the pile; therefore, trie excess 
health effects calculation uses a conservative radon release rate from 
the ta i l ings . Ignoring the existing cover also conpensates for the 
slight increase in radon flux from contamination in the mill yard and 
windblown areas which was not considered in this calculation. The down­
wind radon concentrations were determined using the long-terra sector 
average model as previously applied for the stabilization in place 
alternative. Table F.3.14 gives the estimated radon concentrations and 
working levels as a function of distance from the pile edge. The radon 
concentration on the pile was determined using the same irethod as in 
the stabilization in place analysis. The resulting average raaon con­
centration on the pile was calculated to be 6.2 pCi/1. 

Equation F.3.1 was applied to determine excess radon daughters 
health effects to the general public within 6 miles of the tailings due 
to the no action alternative. Results shown in Table F.3.14 estimate 
23 x 10' excess health effects for each year of no action, or 0.023 
excess radon daughters health effects per year, equivalent to an indivi­
dual risk of one person out of 570,000 people per year. 

General public nealth effects from gamma exposure 

For the no action alternative, a tailings pile average Ra-226 con­
centration of 342 pCi/g was used. I t was assurred that no people enter 
the tailings s i t e . The predictive model (Yuan et a l . , 1983) was used 
to estimate the excess gamma exposure rate caused by the tailings as a 
function of distance from the pile edge. The model assumes that no 
cover exists on the tailings pile; therefore, a reduction in gamma expo­
sure rate by the existing 1.5-foot cover on the pile was not accounted 
for. Table F.3.15 presents the exposure rates as a function of the dis­
tance from the pile edge and the general public excess health effects 
for exposure to gamma rays for the no action alternative. The estimat­
ed nunier of excess health effects due to gamma radiation in the gene-
ral^publlc living within 0.3 mile of the tailings pile edge is 1.6 x 
10' per year, or 0.00016 excess health effects per year of no ac­
tion. 

General public health effects from ingestion of contaminated drinking 
water 

The following discussion is an assessment of the radiological risk 
to individuals living in the vicinity of the Riverton tailings pile who 
use the confined aquifer as their source for drinking water. Radionuc­
lides from the tailings can seep into the ground water and could 
migrate downgradient to existing wells In the area. 
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Table F.3.14 Radon daughters excess health effects to the general 
public with no remedial action 

Distance from 
pile edge 
(miles) 

0.1 

0.2 

0.3 

0.4 

0.5 

0.75 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

5.0 

6.0 

Totals 

Population 
(persons) 

18 

36 

26 

7 

4 

110 

251 

106 

3,374 

4,639 

2,516 

414 

500 

500 

500 

13,001 

Modeled 
outdoor 
radon 

concentration 
(pC1/l) 

1.51 

0.79 

0.47 

0.30 

0.22 

0.14 

0.09 

0.05 

0.04 

0.03 

0.03 

0.01 

0.01 

0.01 

0,01 

todeled 
outdoor 
.WL(r) 
x 10 ̂  

5.8 

5.3 

4.7 

4.5 

4.1 

3.4 

3.0 

2.4 

2.0 

1.8 

1.6 

1.3 

1.1 

0.9 

0.8 

Calculated 
WLM(r] 
x 10"^ 

2,020 

1,071 

648 

423 

315 

210 

140 

83 

63 

46 

43 

25 

24 

22 

22 

Excess health 
_effects X 

10' per year 

11 

12 

5.1 

9.0 

30 

6,9 

11 

2.7 

64 

o4 

32 

3.0 

3.6 

3.3 

3.3 

230 
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Table F.3.15 General public excess health effects 
from gamma exposure with no remedial action 

Distance from 
pile edge Population 

(miles) (persons) 

Individual 
hours 

exposed 

6.570 

6,570 

6,570 

Excess gamma 
exposure rate 
(microR/hr) 

8.6 

1.2 

0,2 

Excess healthy 
effects x 10"^ 

per year 

1.2 

0.34 

0.041 

0.1 18 

0.2 36 

0.3 26 

Totals 80 1.6 

For the no action alternative, the maximym concentrations of radio­
nuclides in sanples drawn from tes t wells in the shallow alluvial aqui­
fer directly beneath the tailings pile were usrt to calculate health 
effects. The maximum concentrations were 0.6 pCi/1 for Ra-226, 1.2 
pCi/1 for Th-230, 110 pCi/1 for U-238 and U-234, and 140 pCi/1 for Pb-
210 (see Section C,2.4 of Appendix C, Water). These concentrations are 
anticipated to be the maximum concentrations found under existing condi­
tions and were used to maximize estimated excess health effects from 
the ingestion of drinking water under current conditions. 

In the calculation, 50-year effective whole body dose equivalent 
commitments were determined per year of exposure. An F, uptake-to-
blood factor for 0-238 and U-234 of 0.05 (ICRP, 1981) wa§ used. The 
F, factors used for other radionuclides were 0.2 for Ra-226, 0.0002 
fir Th-230, ana 0.2 for Pb-210 (DOE, 1985). The average daily water in­
take for an individual was assumed to be 1.5 l i ters per day (Cember, 
1983). Dose conversion factors (DCF) in ran per microCi were taken 
from the DOE guidelines (DOE, 1985) and are summarized in Table F.3.16. 

Table F,3.16 Effective committea whole body dose equivalent 
conversion factors in rem per microCI 

Ra-226 

1.1 

Th-230 

0.53 

U-238 

0.23 

U-234 

0.26 

Pb-210 

5.1 
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Table F.3.17 presents the 50-year dose commitnents (DC-50) per 
year of consumption for each radionuclide as calculated using the fol­
lowing equation: 

Equation F.3.8 

DC-50 = (concentration pCi/1) x 1.5 liters x 365 days 
3ay year 

x 1 mlcroCi x (DCF) x 1,000 mrem = mrem 

10^ pCi '"^"" ŷ *̂̂  ' 

Table F,3.17 presents the risk estimates from ingestion of the 
ground water in terras of whole body effective dose equivalent commit­
ment per year of consunptlon. The Individual risk of excess health 
effects was determined by multiplying the 50-year dose commitment peg 
year of consunptlon times the lifetime risk coefficient of 120 x 10" 
health effects per pecson-rem. The total risk for an exposed indivi­
dual was 0.51 X 10" per year of consunptlon, or 0,0051 percent. 
This is 83 percent of the individual risk that was calculated for inha­
lation of radon daughters by a person within 0.1 mile from the pile 
under no action conditions. 

Table F.3.17 Fifty-year effective committed dose equivalent 
commitments In mrem per year of consumption of 
radionuclides In drinking water 

Ra-226 

0.361 

Th-230 

0.348 

U-238 

13.9 

U-234 

15.7 

Pb-210 

391 

Total 

421 

It should be noted that conservative assui|5tions were used in the 
calculations, and no people woula be exposed to the radionuclide concen­
trations used because dilution with distance from the pile was not taken 
into account. A more realistic estimate of the excess health effects re­
sulting from the drinking water ingestion pathway could be made by using 
the concentrations of radionuclides found in downgradient domestic 
wells. 
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The maximum concentrations of radionuclides found in downgradient 
domestic wells in the confined aquifer were 0.7 pCi/1 for Ra-226, 1.0 
pCi/1 for Tn-230, 0.001 pC1/l for U-238 and U-234, and 1.8 pCi/1 for 
Pb-210. Using tne saire procedures as in the previous calculations, the 
total individual yearly excess health risk from prinking water with 
these concentrations of radionuclides is 6.9 x 10" . This 1s 1.1 per­
cent of the excess health risk from the inhalation of radon daughters 
and indicates that the drinking water Ingestion pathway has no appra i -
able impact on the general public. 

Remedial action worker health effects from no action 

No remedial action workers would be exposed to radon daughters, 
gamma radiation, or airborne radioactive particulates for the no action 
alternative. 

DISPOSAL AT THE DRY CHEYENNE SITE 

General public health effects from radon daughters exposure 

Disposal of the tailings and contaminated materials at the Dry 
Cheyenne si te would be expected to take 30 months during which the 
tailings would be uncoveral and disturbed for a maximum of 24 months. 
All of the radon trapped in the pore spaces of the tailings is assurred 
to be released when the tailings are handled at the Riverton tailings 
s i t e . The radon flux of the uncovered tailings at the Dry2Cheyenne 
alternate disposal s i t e , then, 1s calculated to be 210 pCi/ra s, using 
the sane methods as in Section F.3.1 for stabilization in place. The 
application of the radon barrier would occur simultaneously with 
tailings placenent, and the average radon flux at the Dry Cheyenne site 
during remedial action is tterefore assurred to be one-half of the bare 
tailings flux, or 105 pCi/m s. 

2 
The average radon flux of 105 pCi/m s at the Dry Cheyenne al ter­

nate disposal s i te was used in the long-term sector average model 
(Turner, 1969) to estimate the maximum downwind radon concentrations 
and working levels. Table F.3.18 presents radon concentrations and 
working levels as a function of distance from the pile edge during rone-
dial action. Table F.3.18 also includes the general population d i s t r i ­
bution and results of the radon daughters excess health effects calcula­
tions for the Dry Cheyenne alternative. Since the distance from the 
Riverton tailings site to the alternate disposal s i te is only 15 miles, 
the nEteorological data and assumptions for stabilization in place were 
also used for the Dry Cheyenne alternative. 

Tne population aensity is significantly lower in the vicinity of 
tne Dry Cneyenne alternate disposal si te than the Riverton tailings 
s i t e . Population aata were used within 6 miles of the Dry Cneyenne 
s i te for excess health effects calculations. The population as a func­
tion of distance from the Dry Cheyenne si te is shown in Table F.3.18. 
Applying Equation F.3.1 and the working level values in Table F.3.18, 
the excess health effects for the general public within 6 miles of the 
alternate disposal si te,during the 24-month tailings disturbance is 
estimated to be 2.7 x 10' which is considered to be negligible. 
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Table F.3,18 Radon daughters excess health effects to the general 
public during disposal at the Dry Cheyenne site 

Modeled 
Distance outdoor 

from radon 
pile edge Population concentrati 

(miles) (persons) (pCi/1) 

0.1 
0.2 
0.3 
0.4 
0.5 
0.75 
1.0 
1.5 
2.0 
2.5 
3,0 
4,0 
5.0 
6.0 

Totals 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
4 

8 

0.68 
0.29 
0.16 
0.090 
0.064 
0.037 
0.027 
0.015 
0.011 
0.008 
0,006 
0.005 
0.004 
0.002 

l*deled Excess 
outdoor Calculated health 

WL(r) MLM(r) effects 
_4 „4 _4 

X 10 x 10 ^ X 10 ^ 

1,6 
1,5 
1.4 
1.3 
1.2 
0.99 
0,79 
0.64 
0.55 
0,48 
0,41 
0,30 
0,23 
0.20 

1,800 
780 
440 
253 
180 
110 
79 
48 
34 
27 
20 
16 
12 
8 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.027 
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As with relocation to Gas Hills (Section F.3.4), the general pub­
lic within 6 miles of the Riverton tailings pile would be exposed to 
radon daughters during relocation of tne tai l ings. Using tne sane 
assunptions as for the Gas Hills alternative and an exposure tliK of 24 
months, the excess health effects for the general puMic within 6 miles 
of the tailings pile were estimated to be 210 x 10" , or 0.021 excess 
health effects due to radon daughters inhalation. 

General public health effects from gamma exposure 

No excess health effects from gamma exposure would occur for the 
general public in the vicinity of the alternate disposal si te because 
no people live within 0.3 mile of the s i t e . As with the Gas Hills 
alternative (Section F.3.4), the general public within 0.3 mile of the 
Riverton tailings pile would be exposed to gamma radiation during relo­
cation of the tai l ings. Using the same assunptions as for relocation 
to Gas Hills and an exposure time of 24 months, the excess health 
effects for the general public^ within 0,3 mile of the tailings pile 
were estimated to be 3.2 x 10' , or 0.00032 excess health effects due 
to gamma radiation exposure. 

General public health effects from exposure to airborne radioactive 
particulates 

As was done for relocation to Gas Hills (Section F,3.4), the off-
site particulates concentrations as a function of distance from the 
tailings pile were modeled by use of the sector average model. The 
excess nealth effects to the general public and the effective committed 
whole body dose equivalent per person are shown In Table F.3.19. The 
resulting excess health effects for the Dry Cheyenne alternative would 
be 16 x 10' which is only 10 percent of the total excess health 
effects from the inhalation of radon daughters. For a person living 
within 0.1 mile of the s i t e , the total effective committed whole body 
dose equivalent is 67.7 mrem, equivalent to a one in 120,000 chance of 
contracting a fatal cancer. 

Health effects during remedial action to the maximally exposed indivi-
duaFTrom the consumption of contaminated food 

Disposal of the tailings and contaminated materials at the Dry 
Cneyenne site would result in a release of 1,700 tons of particulates 
(Section B.3 of Appendix B, Weather and Air Quality), One-half of 
these are assumed to be released from the Riverton s i t e . This results 
in an average on-pile particulates^ flux during the 2 years of tailings 
disturbance of 1.48 x 10"^ pCi/m^s for Ra-226 and Th-230 and 1.08 x 
10""̂  pCi/m^s for U-238. 

Health effects to the maximally exposed individual were calculated 
using the sane assumptions and models that were used to estimate food 
ingestion health effects for the stabilization in place alternative. 
The resultant concentrations of radionuclides in food are shown in 
Table F.3,20, and the whole body dose equivalents are shown in Table 
F.3.21. 
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Table F.3.19 General public excess health effects from exposure to airborne radioactive 
particulates during disposal at the Dry Cheyenne s i te 

I 
CO 
m 

Distance 
from 

p i l e edge 
(miles) 

0.1 
0.2 
0.3 
0.4 
0.5 
0.75 
1.0 
1.5 
2.0 
2.S 
3.0 
3.6 
4.0 
5.0 
b.O 

Population 
(persons) 

18 
36 
26 

7 
4 

no 251 
106 

3,374 
4,639 
2,516 

414 
500 
500 
500 

Effective 

Ra-226 

1.51 
0.757 
0.434 
0.267 
0.192 
0.106 
0.087 
0.040 
0.023 
0.015 
0.011 
0.008 
0.006 
0.004 
0.003 

committed whole body dose 

Th-230 

61.2 
30.7 
17.6 
10.8 

7.79 
4.31 
3.53 
1.62 
0.932 
0.607 
0.429 
0.319 
0.247 
0.161 
0.114 

U-238 

1.61 
0.806 
0.463 
0.285 
0.205 
0.113 
0.093 
0.043 
0.026 
0.016 
O.OU 
0.008 
0.006 
0.004 
0.003 

equivalent ( 

U-234 

1.75 
0.874 
0.502 
0.309 
0.222 
0.122 
0.101 
0.046 
0.027 
0.017 
0.012 
0.009 
0.007 
0.004 
0.003 

n ra i per 

Pb-210 

1.55 
0.776 
0.446 
0.274 
0.197 
0.109 
0.089 
0.041 
0.024 
0.015 
0.011 
0.008 
0.006 
0.004 
0.003 

person) 

Totals 

67.6 
33.9 
19.5 
11.9 
8.61 
4.76 
3.90 
1.79 
1.03 
0.670 
0.474 
0.352 
0.272 
0.177 
0.126 

Excess 
health effects 

X 10"^ 

1.5 
1.5 
0.61 
0.16 
0.04 
0.63 
1.2 
0.23 
4.2 
3.7 
1.4 
0.17 
0.16 
0.11 
0.08 

Totals 13,001 16 



Table F.3,20 Concentrations of radionuclides on and in 
vegetables, meat, and milk for disposal at 
the Dry Cheyenne site 

Ra-226 
Th-230 

U-238 
U-234 

Cvi 
above-
ground 

vegetables 
(pCI/kg) 

1076.0 
1060.0 

77.7 
77.7 

Cvl 
below-
ground 

vegetables 
(pCi/kg) 

109,0 
110.0 

7.9 
7.9 

C . 
pgi 

grass 
(pCi/kg) 

2420 
2410 

176 
176 

^hvi 
hay 

(pCi/kg) 

1140.0 
1060,0 

77.7 
77.7 

Si 
neat 

(pCi/ky) 

45.50 
17.40 
2.16 
2.16 

Si 
milk 

(pC1/l) 

52.600 
0.434 
3.870 
3.870 

Table F.3.21 Mhole body dose equivalents in mrem per year for 
disposal at the Dry Cheyenne si te .,_ 

Above-ground 
vegetables 

Below-ground 
vegetables l«teat Milk 

Ra-226 
Tn-230 

U-238 
U-234 

23.9 
11.3 
0.036 
0.041 

3.99 
1.96 
0.006 
0.007 

3,90 
0.716 
0.004 
0.005 

7.53 
0.028 
0.012 
0.014 
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Trie increased particulates f lux during the Dry Cheyenne alterna­
t ive yields a total dose equivalent to the maximally exposed Individual 
of 53 mrem per year or 106 rarem during the 2-year p i le disturbance. 
The excess health risk during the remedial action is 1.3 x 10" or a 
one in 77,000 chance of contracting a fatal cancer. This is 25 percent 
of the risk of excess healtn effects for individuals in the general pub­
l i c l iv ing within 0.1 mile of the ta i l ings p i le from radon daughters i n ­
halation and ganma exposure. However, th is health risk Is judged to be 
negligible because the acreage of contaminated agricultural land in the 
v ic in i ty of tne ta i l ings p i le (29 acres) is not large enough to produce 
suff ic ient food for hutmn consunption to have an appreciable effect on 
the Riverton population. 

Remedial action worker health effects from radon daughters exposure 

For disposal of the ta i l ings and contaminated materials at the Dry 
Cneyenne s i t e , renedial action was estimated to take 30 months using an 
average of 81 reiredial action workers for 21 workdays per month. I t 
was assuiBd that each worker would spend his entire day exposed to a 
radon concentration of 6,2 pC1/l, as calculated in Section F.3,1, for 
presence on the existing pi le during ta i l ings disturbance. Tne radon 
daugnters percent equilibrium was conservatively assumed to be 20 per­
cent. Table F.3,22 shows input data and results from a calculation 
similar to Equation F.3.1 to estimate an upper l im i t for remedial 
action worker excess nealth effects from radon daughters exposure dur­
ing remedial action for the Dry Cheyenne alternative. 

Table F,3,22 Total excess healtn effects to remedial action workers 
during disposal at the Dry Cneyenne site 

Average 
nunfcer 

of 
workers 

Hourf 
per 

worker 

Radon 
daughters 

healtn 
effects 

_4 
x 10 

Ganinia 
exposure 

health 
effects 

-4 
x 10 

Radioactive 
par t icu la tes 

health 
effects 

-4 
x 10 

Total 
excess 
health 
effects 

_4 
x 10 

81 5,040 90 42 19 151 

Remedial action worker healtn effects from ganma exposure 

Table F.3.22 also shows an estimate for renedial action worker 
excess healtn effects from external gamma radiation exposure^ based on 
an average exposure rate of 85 iiiicroR/nr as calculated in Section 
F,3.1. Tne iinaxiiium external gamma radiation exposure during ta i l ings 
relocation that an individual worker could be expectea to receive is 
0.43 rem for the Dry Cheyenne alternative. 
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Remedial action worker health effects from exposure to airborne radio­
active particulates 

For disposal at tne Dry Cheyenne s i t e , 1,700 tons of particulates 
(Section B,3 of Appendix B, Weather and Air Quality) would be released 
over the 24 months of tailings disturbance. I t was assuned that 850 
tons would be released at each s i te . Health effects to the remedial 
action workers were calculated using the model (NRĈ  1981) as outlined 
in Section F,3, l . Tnis resulted in a total lung dose from Ra-226, 
Th-230, U-23S and U-234, and Pb-210 of 199 mrem and an associated risk 
of 2.4 x 10" excess health effects per worker. 

Table F,3,22 shows the total estimated excess health effects to 
remedial action workers caused by radon daughters inhalation, ganma 
radiation, and airborne radioactive particulates inhalation. The maxi­
mum excess nealth e f f ^ t s for the Dry Cheyenne alternative were calcu­
lated to be 151 x 10' excess health effects for remedial action work­
ers . This is equivalent to an individual worker maximum risk of con­
tracting a fatal cancer of 0,019 percent, or one person out of 5,400 
people. 

Health effects from transportation during tailings relocation 

During implementation of the Dry Cneyenne alternative, there would 
be a potential for Increased gamma raaiation exposure to the general 
public and to remedial action workers as a result of transportation of 
the tailings and contaminated materials to the alternate disposal s i t e . 

The exposure rate for people living along a transportation route 
during normal transportation conditions was determined according to the 
following equation (AEC, 1972; Dames & Moore, 1975; NRC, 1981): 

where 

D = collective dose equivalent (person-raicrorein per truck-

mi 1 e ) . 

K = dose rate factor (780 microR/hr). 

P. = population density (people per square mile). 

V = truck speed (10 miles per hour), 

jj = attenuation coefficient (0.0035 per rieter). 
r = distance from source. 

F-41 



B(r) = buildup factor. 

d = minimum distance from source. 

The calculation conservatively assuned a dose rate of 855 
mIcroR/hr at 3 feet from the loaded truck as calculated In Section 
F,3.1. The population density along the transportation route is given 
in Table F,3,23. Table F.3,23 presents general public collective dose 
equivalent results in person-microrera per loaded truck-mile and the 
estimated excess health effects due to gamma radiation. A maximira of 
55,900 loaded truck t r ips was estimated based on an average of 18 cubic 
yards per t r ip . Results In Table F.3.23 show that the gamma health 
effects to the general public auring relocation of the tailings are 
negligible, primarily because few people live along the proposed trans­
portation route. 

Table F,3,23 General public excess health effects from 
garma exposure during tailings transportation 
to the Dry Cheyenne site 

Population 
density 

(people per 
square mile) 

Collective dose 
(person-microrera per 
loaded truck-mile) 

Equivalent 
loaded 
truck-
miles 

Excess 
health 
effects 

.. ,«~4 
x 10 

10 0.002 8.4 x 10̂  0.0002 

A transportation accident Involving an overturned truck and sp i l l ­
age of tailings onto the roadbed Is possible, but the magnitude of the 
raaiation exposure to the general public and subsequent health effects 
associated with such an accident would be mininal (DOE, 1984). The 
cleanup of the roadbea would be done pronptly, and the exposure of the 
cleanup crew would be small conpared to the estimated 30-month exposure 
of remedial action workers in the Dry Cheyenne alternative. This expo­
sure pathway Is therefore not addressed further in this docurrent. 

The only spill that could not be cleaned up would be one that oc­
curs as a truck crosses a river or flowing watercourse. Although the 
probability of such an accident would be very low, the Dry Cheyenne al­
ternative would have the possibility of this occurring because the 
transportation route would cross the Little Wind River, ^tost of the 
tailings could not be recovered and transport by suspension is assuned 
to be the mechanism of dispersion because the tailings are largely in­
soluble. 

The win assunption is that tne tailings would becone part of the 
wash load of the river. Once in the river, the tailings bolus (a mass 
of material moving downstream) would be subject to longitudinal disper­
sion which would reduce the concentration as i t moves downstream. 
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Assuming that tne river cross-section and velocity do not change in the 
distance of Interest , the downstream concentrations can be calculated 
by use of the one-dinensional convective diffusion equation and the 
proper boundary conditions. The convective diffusion equation used is 
(Daily and Harleman, 1966): 

Equation F.3.10 

2c(x,t) + u 2c(x,t) = E^̂  c(x, t) 

2t 2x 2x^ 

where 

c(x, t ) = concentration of Ra-226 in the river (pCi/1) at distance 
x and t i r« t . 

X = distance from the point of the spill (m). 

t = tine elapsed since the spill ( s ) . 

u = nean velocity of the river (m/s). 
2 Ej = longitudinal dispersion coefficient (m / s ) . 

The proper boundary conditions for the accident are: 

c(x, 0) = M (x), and 
A 

C(+««, t ) = 0 

where 

M = total activity of Ra-22b in the spilled material (pCi). 
2 

A = cross-sectional area of flow (m ) . 

(x) = Oirac delta function, 

Tne solution can be given as: 
,^^p- (x-u t )2 /4E^t 

c(x, t ) 

A / 4TrE.^t 
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which represents a Gaussian distribution around the maxlimiiii concentra­
tion at x = ut . Trn's maximum concentration is given by: 

M 
c(x , t ) = 

The longitudinal dispersion coefficient may be calculated from the equa­
tion (Taylor, 1954): 

Equation F.3.11 

E.̂  = 10.1 (aV*) 

where 

a = the average half-width of the river (m). 

V = the friction velocity (m/s). 

The friction velocity is equal to: 

V* = ( U Q - u ) / f ( 2 ) 

where 

U = the maximum velocity at the center of the river (m/s), 

u = the nean velocity of the river (m/s), 

f(z) = a mathematical function which applies to all straight 
line segments with circular cross-section provided that 
the flow is fully turbulent. 

The iKan flow of the Litt le Wind River (neasured over 41 years) is 
589 cubic feet per second or 16.7 cubic neters per second (Section 
C.1.1 of Appendix C, Water). Assuming an average depth of 5 feet and 
width of 30 feet yields a cross-sectional area of 14.0 square neters. 
Dividing the irean flow by the cross-sectional area yields a nean velo­
city of the river of 1 meter per second. The maxlnwra velocity of the 
r iver, U , is equal to twice the rrean velocity, or 2 neters per 
second. 

The friction velocity then becones: 

* . 1.0 
^ " f UT 
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The value for f (z) , 1,62, 1s taken from the tables in Taylor (1954), 
Substituting this value *in the equation a^ove yields a value of 0.62 
meter per second for V . Substituting V and a (15 feet) into the 
equation for Ej yields a value for the longitudinal dispersion coeffi­
cient. 

Eighteen-cub1c-yard capacity trucks would be used to transport the 
ta i l ings. Assuming that the Ra-226 concentration in the truck is the 
same as the tailings pile average concentration, the total activity 
spilled into the river is 7.5 x l o ' pCi. 

The parameters yield a maximum Ra-226 concentration of 8.9 pCi/1 
in the Litt le Mind River at 10 meters from the sp i l l . At 100 and 1,000 
meters, the Ra-226 concentrations would be 2,800 and 890 pCi/1, respec­
tively. From Appendix B, Table B-11 of Title 10, Code of Federal Regu­
lat ions, Part 20, the maximym permissible concentration (MPC) for 
Ra-226 in an unrestricted area is 30 pC1/l in a soluble form and 30,000 
pC1/l in an insoluble form (NRC, 1980b). As the Ra-226 is in an inso­
luble form, the concentrations would be well below the MPC and would 
decrease further downstream. The Th-230 and U-238 concentrations were 
not calculated for the transportation accident because their MPCs are 
higher than that for Ra-226. 

The maximum dose equivalent for a truck driver would be 8 m1cro-
reras per loaded truck-mile, based upon 10 miles per hour and 80 
mIcroR/hr which accounts for the shielding effect of the truck and the 
distance from the cab to the enclosed tai l ings. This exposure is 
accounted for in the remedial action worker excess health effects calcu­
lation. There would be no radon daughters exposures to truck drivers 
or to the general public along the transportation route since all radon 
is assumed to be released from the tailings pore spaces during handling 
at the existing tailings s i t e . 

RELOCATION TO GAS HILLS 

Gas Hills 1s an area 45 to 60 road miles east of the Riverton site 
that contains several active uranium mill tailings sites in the Gas 
HUs Uranium Mining Distr ict . The specific active site for disposal of 
the inactive Riverton tailings and contaminated materials would be 
selected by competitive bidding from owners and operators of active 
tailings sites 1n the Gas Hills District . In this section, the excess 
health effects estimates for relocation to Gas Hills are for the the 
remedial action at the Riverton site and, when appropriate, along the 
transportation route to Gas Hills ( i . e . , health effects from transporta­
tion during tailings relocation). The remedial action at the selected 
active tailings site in Gas Hills would be consistent with the U.S. 
Environmental Protection Agency (EPA) standards for active sites (Title 
40, Code of Federal Regulations, Part 192, Subparts D and E) and would 
be performed in accordance with a remedial action plan prepared by the 
owner and operator of the selected active site and to be approved by 
the NRC, The generic impacts of the EPA standards were addressed in an 
environmental impact statement published by the EPA (EPA, 1983). The 
health effects at the selected active si te would be assessed by the NRC 
for i t s compliance with the National Environmental Policy Act, Public 
Law 91-190 (Pett ingil l , 1987). 
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General public health effects from radon daughters exposure 

To develop the radon^source term for relocation to Gas Hills, the 
radon flux of 210 pCi/m s as calculated for stabilization in place 
(Section F.3.1) was used. Assuming that the tailings excavation pro­
ceeds uniformly, the 70-acre tailings pile would be reduced linearly to 
zero during the 28 months of relocation. Since the entire 1.5 x 10 
cubic yards of tailings would be relocated, 88 Ci of radon would instan­
taneously be released from the tailings pore spaces. 

tion; 
The total radon released can be described by the following equa-

Ci X 210 pCi X 4,048 m̂  x 2.68 x 10^ s 
12_^4 _2, acre month 1 X 10 pCi m s 

I 170 acres - 70 acres 
0 y I 28 months t dt + 88 Ci = 2,321 C1. 

This results in a yearly average radon release rate of 995 Ci. 

The downwind radon concentrations were determined using the long-
terra sector average model as previously applied for the stabilization 
in place alternative. Table F.3.24 gives the estimated radon concentra­
tions and working levels as a function of distance from the pile edge. 
The radon concentration on the pile was determined using the sane n«th-
od as for stabilization in place. The resulting average radon concen­
tration on the pile was calculated to be 6,2 pCi/1. 

Table F.3,24 Radon daughters excess health effects to the general 
public during relocation to Gas Hills 

Distance 
from 

p i l e edge 
(miles) 

0.1 
0.2 
0,3 
0,4 
0.5 
0,75 
1,0 
1,5 
2,0 
2,5 
3.0 
3.5 
4,0 
5.0 
6.0 

Totals 

Population 
(persons) 

18 
36 
26 

7 
4 

110 
251 
106 

3,374 
4,639 
2,516 

415 
500 
500 
500 

13,001 

Model &i 
outdoor 

radon 
concentration 

(pCi/1) 

0.84 
0.43 
0.26 
0.17 
0.13 
0.08 
0.05 
0.03 
0.02 
0.01 
0,01 
0,01 
0,005 
0,005 
0,005 

tedeled 
outdoor 

ML(r), 
X 10 

3.0 
2.7 
2.5 
2.4 
2.2 
1,8 
1.6 
1,3 
1,1 
0,89 
0.79 
0.63 
0.58 
0,47 
0.37 

Calculated 
MLM(rl 
X 10" 

2,570 
1,320 

826 
541 
427 
264 
182 
114 
79 
45 
43 
41 
24 
22 
21 

Excess 
health 
effects 

X 10" 

14 
14 
6,4 
1.1 
0,51 
8.7 

14 
3,6 

80 
63 
33 

5.1 
3.7 
3.4 
3.1 

250 
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Equation F.3.1 was applied to determine radon daughters excess 
health effects to the general public within 6 miles of the tailings 
pile due to the Gas Hi I K alternative. The results shown in Table 
F,3.24 estimate 250 x 10" excess health effects, equivalent to an 
individual risk of one person out of 520,000 persons per year. 

General public health effects from gamma exposure 

For the Gas Hills alternative, a tailings pile average Ra-226 con­
centration of 342 pCi/g was used. I t was assuned that no people enter 
the tai l ings si te and the pralictive model (Yuan et a l . , 1983) was used 
to estimate the excess gamma exposure rate caused by the tailings as a 
function of distance from the pile edge. Tne model assunes that no 
cover exists on the tail ings pi le . Table F,3.25 presents the exposure 
rates as a function of the distance from the pile edge ana the general 
public excess health effects for exposure to gamma rays for the Gas 
Hills alternative. Tne estimated excess health effects aue to gamma 
radiation in the general public living within 0,3 mile of the tailings 
pile edge is 3.7 x 10"^ — " '^"""" ..-^.^.^ „x.„„.. x... . „ , . . . 
t ion to Gas H i l l s . 

or 0.00037 excess health effects for reloca-

Table F.3,25 General public excess health effects from gamma 
exposure during relocation to Gas Hills 

Distance 
from 
p i l e 
edge 

(mi 1 es) 

0.1 
0.2 
0.3 

Population 
(persons) 

18 
36 
26 

Individual 
hours 

exposed 

15,330 
15,330 
15,330 

Excess 
gamma 

exposure 
rate 

(microR/hr) 

8.6 
1.2 
0,2 

Excess 
health 
ef fects 

x 10""^ 

2.8 
0,79 
0,096 

Totals 80 3.7 

General public health effects from exposure to airborne radioactive 
particulates 

To determine the dispersion of airborne raaioactive particulates 
concentrations to off-site locations, the long-term sector average 
model (Turner, 1969) was modified to include the removal of particu­
lates due to ground deposition with distance. Since the sector average 
model 1s valid for gases as well as particulates less than 20 microns 
1n size, the modification consisted of replacing the fixed point source 
term used for off-site radon aisperslon by a distance dependent source 
term which takes Into account surface deposition of particulates (AEC, 
1968). Tne integral equation for the reduction in source terra due to 
particulates deposition for an average deposition velocity V. (m/s) 
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was incorporated into the dispersion con|)Uter code to provide calcu­
lated airborne radioactive particulates concentrations for various 
radionuclides as a function of distance from the source. A representa­
tive deposition velocity of 0.01 m/s was used for particulates less 
than 10 microns in size. 

Tne airborne mass loading due to 28 months of tail ings relocation 
for particulates less than 10 microns in size is determined by multiply­
ing the factor E (suspension rate of transportable particulates less 
than 30 microns in size) by 0.3^ the fraction of particulates less than 
10 microns in ,size, to provide a particulate mass flux term, F , of 
1.35 X 10"° g/mS. ™ 

The average concentration of Ra-22b, Tn-2305 and Pb-210 In the 
tail ings is 342 pCi/g. Tne average U-238 and U-234 concentrations are 
24 pCi/g. Applying a radionuclide concentration factor of 2.4 for sus­
pended airborne paRticulates (PNLs 1980) yields particulates fluxes. 
FA, qf l.lOj X 10" pCi/ra^s for Ra-226, Tn-230, and Pb-210 and 7.74 
X 10 pC1/m^s for U-238 ana U-Z34. 

Calculated results for the nwdeled dispersion and deposition par t i ­
culates concentrations for these radionuclides are given in Table 
F.3.26 as a function of aistance (miles) from the source boundary. The 
50-year effective committed whole body dose equivalent for a particular 
radionucliae is generically calculated as follows: 

H = (inhaled air volune per hour) x (particulates activity per 
unit voluic) X (nunter of hours exposed) x (effective commit­
ted whole Dody dose equivalent conversion factor). 

For tiie general public exposed for 28 nwntns in the vicinity of the 
Riverton tailings s i t e , the input paraneters are: 

0 An inhaled air volurre per hour of 625 l i t e r s per hour. 

0 Tne nunter of hours exposed equals 9^855 (28 months x 75- per­
cent residency x 730 hours per month). 

0 Effective committed whole body dose equivalent conversion fac­
tors of 7.9, 320, 120, 130, and 8.1 rem per microCi for Ra-226, 
Th-230, U-238, U-234, and Pb-210, respectively (DOE, 1985). 

As an exanple, an Individual residing 1 mile from the source edge 
during the 28-month tailings relocation period would be exposed to a 
Tn-230 particulates concentration of 5.7 x 10" microCi/m which 
would produce a conniittea aose of 0.5 mrem. 

The nunter of excess health effects for the general public living 
at a given distance from the source edge is the sura of the individual 
committed doses multiplied by the whole body risk factor of 120 x 
10" excess healtri effects per person-rera. Tne excess health effects 
as a function of distance from the source edge are given in Table 
F.3.2b. For the population of 13,001 living witnin 6 miles of the 
Riverton s i t e , the estimatea nunber of excess health effects is 0.0063 
during the 28 months required to relocate the tailings and contaminated 
materials to Gas Hil ls . 
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Table F.3.26 General public excess health effects from exposure to airborne radioactive 
particulates during relocation to Gas Hills 

Distance 
from 

p i le edge Population 
(miles) (persons) 

0.1 
0.2 
0.3 
0.4 
0.5 
0.76 
1.0 
l . b 
2.0 
2.5 
3.0 
3.5 
4.0 
5.0 
6.0 

la 
36 
26 

7 
4 

110 
251 
106 

3,374 
4.639 
2,516 

414 
bOO 
500 
500 

0.622 
0.312 
0.179 

o.no 0.079 
0.044 
0.036 
0.016 
0.009 
0.006 
0.005 
0.003 
0.002 
0.002 
0.001 

t ive committed whole body dose equivalent 

Th-230 U-238 U-234 

;5.2 
.2.6 
7.25 
4.47 
3.21 
1.77 
1.46 
0.667 
0.384 
0.250 
0.177 
0.131 
0.102 
0.066 
0.047 

0.638 
0.320 
0.184 
0.113 
0.081 
0.045 
0.037 
0.017 
0.010 
0.006 
O.OOS 
0.003 
0.002 
0.002 
0.001 

0.663 
0.332 
0.191 
0.117 
0.084 
0.047 
0.038 
0.018 
0.010 
0.007 
0.005 
0.003 
0.002 
0.002 
0.001 

(mran per person) Excess 
health effects 

Pb-210 Totals x 10'* 

0.721 
0.360 
0.207 
0.127 
0.091 
0.050 
0.042 
0.019 
0.010 
0.007 
0,005 
0.004 
0.003 
0.002 
0.001 

27.8 
13.9 
8.01 
4.94 
3.55 
1.96 
1.60 
0.737 
0.423 
0.276 
0.197 
0.144 
O.IH 
0.074 
0.051 

0.60 
0.60 
0.25 
0.04 
0.02 
0.26 
0.48 
0.09 
1.7 
1.5 
0.59 
0.07 
0.07 
0.04 
0.03 

Totals 13,001 6.3 



For a person l iv ing within 0.1 mile of the Riverton site^ the 
total effective committed whole body dose equivalent is 27.9 mrem, equi­
valent to a one in 300^000 chance of contracting a fatal cancer. 

Health effects during remedial action to the maximally exposed indiv i ' 
pt MaT'Trom the consumption of contaminated food 

Relocation of the ta i l ings and contaminated materials to Gas Hi l ls 
would result in 44 percent of the particulates released during the Dry 
Cheyenne alternative. The health effects to the maximally exposed ind i ­
vidual would therefore be 44 percent of those estimated for the Dry 
Cheyenne alternative (23 mrem per year or 54 rarera during the 28-month 
p i le disturbance). The excess health risk during the remedial action 
is 6.5 X 10" or a one in 154,000 chance of contracting a fatal can­
cer. 

Remedial action worker health effects from radon daughters exposure 

For relocation to Gas H i l l s , remedial action was estinated to take 
a total of 31 months using an average of 49 reiredlal action workers for 
21 workdays per month. I t was assured that each worker would spend his 
entire day exposed to a radon concentration of 6.2 pCi/1 (as calculated 
in Section F.3.1) for presence on the existing pi le during tai l ings d is­
turbance. The radon daughters percent equilibrium was conservatively 
assumed to be 20 percent. Table F.3.27 shows input data and results 
from a calculation similar to Equation F.3.1 to estinate an upper l im i t 
for ranedial action worker excess health effects during the Gas Hi l ls 
al ternat ive. 

Table F.3.27 Total excess health effects to remedial action 
workers during relocation to Gas Hills 

Average 
nunter 

of 
workers 

49 

Hours 
per 

worker 

5,208 

Radon 
daughters 
health 
effects 
x 10'* 

56 

Gamia 
exposure 
health 

effects 
x 10'* 

26 

Radioactive 
particulates 

health 
effects 

>4 
X 10 

4.7 

Total 
excess 
health 
effects 

„4 
x 10 

87 

Remedial action worker health effects from gamma exposure 

Table F.3.27 also shows an estimate for reiredial action worker 
excess health effects from external gamma radiation exposure^ based on 
an average exposure rate of 85 microR/h as calculated in Section F.3.1. 
The maximum external gamma radiation exposure during tailings reloca­
tion that an individual worker could be expected to receive is 0,44 rem 
for the Gas Hills alternative. 
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Remedial action worker exposures to airborne radioactive particulates 

For relocation of tne tailings to Gas Hills, 380 tons of particu­
lates (Section B.3 of Appendix B, Weather and Air Quality) would be 
released at the Riverton si te over the 28 months of tailings disturb­
ance. Excess health effects to the remedial action workers were calcu­
lated using the model (NRG, 1981) as outlined in Section F.3.1. This 
resulted in an effective whole body dose equivalent commitnent of 80.3 
mrem from Ra-226g Th-230, U-238, U-234, and Pb-210 and an associated 
risk of 9.6 x 10" excess health effects per worker. 

Table F.3.27 shows the total estimated excess health effects to 
remedial action workers caused by radon daughters Inhalation, gamma 
radiation, and airborne radioactive particulates inhalation. The maxi­
mum excess healtb effects for the Gas Hills alternative were calculated 
to be 87 x 10" excess health effects for reiiedial action workers. 
This Is equivalent to an individual worker maximum risk of contracting 
a fatal cancer of 0.018 percent, or one person out of 5,600 people. 

Health effects from transportation during tailings relocation 

As shown for tne Dry Cheyenne alternative, the general public 
excess nealth effects from gamma exposure along the transportation 
route would be negligible. The gamma exposures to truck drivers are 
accounted for in the remedial action worker excess health effects calcu­
lation. The relative excess health effects during remedial action for 
the action alternatives are presented in Table F.3.28. 

F.3.5 EXPOSURES AFTER REMEDIAL ACTION 

The only radiation exposure pathway of significance after reiredial 
action would be that due to inhalation of radon daughters from the sta­
bilized tail ings p i le . Following remedial action, there would be essen­
t ia l ly no gaimia radiation exposure, and the general public excess gamma 
health effects are considered to be zero for all of the remedial action 
al ternatives. 

Independent of which alternative was chosen, tne EPA standard for 
the final stabilized tail ings pile established an upper limit for radon 
flux of 20 pCi/ra s or an upper limit for the radon concentration at 
the pile edge of 0.5 pCi/l above background. Table F.3.29 gives max­
imum radon and radon daughters concentrations downwind and calculated 
increases in excess health effects for stabilization in place following 
remedial action. The values are based upon the radon flux rate of 20 
pCi/m s and a final pile surface area of 69 acres. Table F.3.30 pro­
vides similar data for disposal at the Dry Cneyenne s i t e , assuming a 
final pile surface area of 40 acres. The excess health effects to the 
general public within 6 miles of the tailings site following stabil iza­
tion in place were calculated to be 20 x 10" per year, which is a 
factor of 12 lower than the excess health effects estimate for the no 
action alternative. 
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Table F.3.28 Suiiwiary of excess health effects from each action alternative during remedial action 

~n 

Reniedi al 
action 

alternative 

Stabi l izat ion 
in place 

Disposal at 
Dry Cheyenne 
si te 

Relocation to 
Gas Hi l ls 

General 
public 
radon 

daughters 
heal th 

effects 

x 10'^ 

320 

210 

250 

General 
public 
garma 

Health 
effects 

X 10"^ 

2.4 

3.2 

3.7 

General public 
transportation 

gaima 
health 

effects 
-4 

X 10 ^ 

0.00 

0.0002 

0.0002 

General 
public 

radioactive 
particulates 

heal th 
effects 

X 10"^ 

8.6 

16 

6.3 

Reniedi al 
action 
worker 
radon 

daughters 
health 
effects 

X 10'^ 

56 

94 

56 

Reniedi al 
action 
worker 
gamnia 
health 
effects 

X 10'^ 

26.0 

44 

26 

Reniedi al 
action 
worker 

radioactive 
particulates 

health 
effects 

X 10"^ 

7.9 

19 

4.7 

Total 
excess 
health 
effects 

X 10'^ 

400 

400 

300 



Table F.3.29 Radon daughters excess health effects to the general 
public after stabilization in place 

Modeled 
outdoor 

Distance from radon 
pile edge Population concentration 

(miles) (persons) (pCi/1) 

0.1 
0,2 
0.3 
0.4 
0.5 
0.75 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
5.0 
6.0 

18 
36 
26 
7 
4 

110 
251 
106 

3,374 
4,639 
2,516 
414 
500 
500 
500 

0.074 
0.048 
0.034 
0.025 
0.020 
0.012 
0.009 
0.005 
0.004 
0.003 
0.002 
0.002 
0.001 
0.001 
0.001 

Totals 13,001 

Excess 
todeled Calculated health 
outdoor annual effect 
WL(r) WLM(r) x 1 0 " 

0.56 
0.50 
0.45 
0.41 
0.38 
0.31 
0.26 
0.21 
0.18 
0.16 
0.13 
0.11 
0.10 
0.08 
0.06 

99 
65 
47 
35 
28 
17 
13 
8 
6 
5 
3 
3 
2 
2 
2 

0.54 
0.62 
0.36 
0.06 
0.03 
0.54 
0.99 
0.24 
6.06 
6.96 
2.28 
0.36 
0.30 
0.30 
0.30 

20 
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Table F.3.30 Radon daughters excess health effects to the general public 
after disposal at the Dry Cheyenne site 

Modeled 
outdoor 

Distance from radon 
pile edge Population concentration 
(miles) (persons) (pC1/l) 

0.1 
0.2 
0.3 
0.4 
0.5 
0.75 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
5.0 
6.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
4 

0.(M4 
0.028 
0.020 
0.015 
0.012 
0.008 
0.005 
0.003 
0.002 
0.002 
0.001 
0.001 
0.001 
0.001 
0.001 

Totals 8 

Modeled Calculated Excess 
outdoor annual health effects 
ML(r) WLM(r) x 10"* 

0.42 
0.35 
0.30 
0.26 
0.23 
0.17 
0.15 
0.12 
0.10 
0.09 
0.08 
0.07 
0.06 
0.05 
0.04 

59 
38 
28 
21 
17 
11 
7 
5 
3 
3 
1.8 
1.7 
1.7 
1.6 
1.5 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0039 
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Excess health effects after remedial action were estimated for the 
Dry Cheyenne alternative 1n the same way as for stabilization 1n place, 
based upon the population in the vicinity of the disposal s i t e . The 
excess health effects for the general public in the vicinity of the Dru 
Cheyenne si te after remedial action were calculatea to be 3.9 x 10" 
per year. With the Dry Cheyenne and Gas Hills relocation alternatives, 
there would be no general public excess health effects near the River­
ton si te after remedial action. 

Table F.3.31 is a summary table presenting conparative estimated 
excess health effects after remedial action for the action alternatives 
and for no action in units of excess health effects x 10" per year, 
assuming that tne population distributions remain constant. Following 
remedial action, the general public radon daugnters excess health ef­
fects vary greatly between stabilization in place and the Dry Cheyenne 
al ternative, because the Dry Cneyenne alternate disposal si te is far 
rerroved from the city of Riverton and is in a sparsely populated area. 

Table F.3.31 Summary of excess nealth effects after 
each reiredial action alternative 
and for no action 

Remedi al 
action 

alternative 

General public 
radon daughters tiealth 

effects x 10" 
per year 

General public 
gamma he|lth effects 

X 10" per 
year 

Stabilization 
In place 

No action 

Disposal at 
Dry Cheyenne s i te 

20 

230 

0.0039 

0.0 

1.6 

0.0 

Relocation to Gas Hills is not Included because: (1) there would be 
no excess health effects to the general public near the Riverton site 
from exposure to radon daughters and gamma exposure after remedial 
action, and (2) excess health effects to the general public at Gas 
Hills after reiredial action were not considered in this analysis. 

VICINITY PROPERTIES 

Remedial action at vicinity properties 

Trie vicinity property cleanup activit ies would consist of the 
following: 
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0 Remove contaminated materials from an estimated 25 properties 
located in the vicinity of the Riverton tailings s i t e . 

0 Transfer tne contaminated materials from these vicinity proper­
t ies to the Riverton si te for disposal. 

0 Restore the vicinity properties. 

Prior to remedial action at each vicinity property, radiological 
measurements would be necessary to delineate the existing conditions 
and to make final determinations on each property's status for inclu­
sion in the UMTRA Project. 

Radiological Impacts for the remedial action 

The worK called for in the remedial action would be similar to 
ordinary construction work and would consist of soil removal, deconta­
mination of surfaces, and possibly demolition and replacement of some 
sidewalks and other structures. Tnese act ivi t ies might cause a small, 
temporary increase in radioactivity levels by raising dust and bringing 
contaminated materials to tne surface. 

The storage of contaminateo materials from the vicinity properties 
at the Riverton site would not appreciably increase the inpacts of 
radiation already being emitted from the tai l ings s i t e . The radioacti­
vity per unit volune of the contaminated materials from the vicinity 
properties would, in most cases, be lower than that of the tai l ings 
p i le . 

Conservative estimates of excess radiation doses and est lmted ex­
cess health effects per person per year of exposure during ranedial ac­
tion for residents and for cleanup workers are presented in Table 
F.3.32. In 1 year, each nember of the local population living on a 
vicinity property undergoing cleanup would have received, on the aver­
age, a total excess dose equivalent of 0.94 working level-month and 
0.45 rem as outlinea in Table F.3.32. Tnese dose estimates are conser­
vative because they assune that nei*ers of the local public would stay 
on the property 24 hours per day. Tnis would result in excess health 
effects of 0.00028 per person per year of exposure due to inhalation of 
radon daughters and 0.000054 per person per year of exposure to exter­
nal gaiMia radiation. If an average of four people reside at each of 
the 25 properties for 24 hours per day, the estimated total excess 
health effects for the general public would therefore be 0.033 excess 
effects per year of exposure. The vicinity property cleanup is e s t i ­
mate to take 24 months, so the total general public excess health 
effects during remedial action would be 0.066 excess effects. This is 
based upon the conservative assunption that all residents would be 
exposed to the estimated excess radiation doses for the entire 24-montri 
cleanup period. 

The cleanup workers would oe exposed to the sane estimated radi­
ation levels as the local public for a working year of 2,000 hours. 
Tnus, in 1 working year, each worker would have experienced a total 
excess dose equivalent of 0.21 working level-month and 0.10 rem. This 
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Table F.3.32 Estimated excess radiation doses and excess health 
effects per person per year of exposure at vicinity 
properties 

During remedial action 

Residents 

0.018 

8,760 

0.94 

0.00028 

50 

8,760 

0.45 

0.000054 

0.00033 

Remedial action 
workers 

0.018 

2,000 

0.21 

0.000063 

50 

2,000 

0.10 

0.000012 

0.000075 

Radon daughters product concentration 
above background (WL) 

Exposure to radon daughters 
(hours per year) 

Exposure to radon daughters 
(WLM) 

Chance of an excess case of lung 
cancer per person per year of 
exposure to radon daughters 

External gamma dose rate above background 
(microR/hr) 

Exposure to ganma radiation 
(hours per year) 

Exposure to ganma radiation 
(ran per person per year) 

Chance of an excess case of cancer 
per person per year of exposure 
to gamma radiation 

Total chance of an excess 
health effect per person 
per year of exposure 

Total excess health effects 
per year of exposure 0.033 0.00030 

F-57 



would result in excess health effects of 0.000063 per person per year 
of exposure to inhalation of radon daughters and 0.000012 per person 
per year of exposure to external gamma radiation. The vicinity proper­
ty cleanup is estimated to t * e 24 months with a work force of four 
remedial action workers. The estimated nunfcer of total excess health 
effects would therefore be 0.00060 excess effects. 

The driver of a truck hauling contaminated materials would receive 
a much smaller dose than 0.10 rem. Because contaminated materials from 
vicinity properties consist of tailings interspersed with clean so i l , 
the dose rate 1 neter from a truck load of the materials is less than 
that for a load of pure ta i l ings , or 0.00002 rem per hour, and the 
driver would receive less than 3 mlcroran during a 4-mile t r ip (DOE, 
1982). 

The vicinity property cleanup act ivi t ies would reduce the average 
radiation exposure at each property to neet the EPA standards (Title 
40, Code of Federal Regulations, Part 192, Subparts B and C). The 
final EPA standards do not allow indoor gamma radiation levels to ex­
ceed the background level by more than 20 mIcroR per hour. Tnis would 
allow ganma radiation doses at each property to be 130 nreni per year, 
assuming a 75-percent rate of occupancy at the property. The EPA stan­
dard for indoor raaon decay products is 0.03 WL for radon daughters con­
centration. To the extent practicable, the limit of radon daughters in 
a building shall not be allowed to exceed 0.02 WL. The EPA est lwted 
that each Increase of 0.02 WL inside a house increases the risk of lung 
cancer to each of i t s inhabitants by approximately 0.5 to one in 100 
for an assuned lifetine of residency. 
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G.l INTRODUCTION 

This appendix contains a l i s t i ng of the permits, licenses, and approvals 
(Table G. i . l ) that would be required tor various aspects of the remedial action 
alternatives for the Riverton, Wyoming, ta i l ings s i te . The regulatory permits, 
licenses, and approvals would be obtained by the Remedial Action Contractor or 
tne U.S. Department of Energy, whichever is appropriate. 
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Table G.1.1 Permits, licenses, and approvals for remedial action at the Riverton, Wyoming, tailings site 

Permit, license, 
or approval Granting or approving agency Statute or regulation Activity 

U.S. Nuclear 
Regulatory 
Commission 
License 

U.S. Nuclear Regulatory 
Commission 

Public Law 95-604, 
Section 104(f) 

Surveillance and maintenance at the 
disposal facility after completion 
of the remedial action. 

Free Use Permit 

I 
r>3 

Sand and 
Gravel Permit 

Bureau of Land Management 

Bureau of Indian Affairs, 
Shoshone and Arapahoe 
Indian Tribes 

Material Sales Act 
of 1947; Title 43, 
Code of Federal Regu­
lations, Part 3611 

Title 25, Code of 
Federal Regulations, 
Part 216 

Extraction of common minerals 
(e.g., clay, and ra;k) on 
lands administered by tne 
Bureau of Land Management. 

Extraction of common minerals 
(e.g., earth, gravel, and rock) 
on Indian lands. 

Revokable Use 
Permi t 

Bureau of Indian Affairs, 
Shoshone and Arapahoe Indian 
Tribes 

Title 25, Code of 
Federal Regulations, 
Part 169 

Decontamination of Indian lands, 

Cultural Resource 
Clearance 

Bureau of Land Management, 
Wyoming Recreation Commission, 
Bureau of Indian Affairs 

National Historic 
Preservation Act; 
Archaeological Resources 
Protection Act 

Any action that might inpact 
archaeological or historic 
resources. 

Threatened and 
Endangered 
Species 
Consultation 

U.S. Fish and Wildlife Service Endangered Species Act 
of 1973, Section 7; 16 
United States Code 1531, 
et seq. 

Any action that might affect 
threatened or endangered species, 



Table 6.1.1 Permits, licenses, and approvals for remedial action at the Riverton, Wyoming, tailings site 
(Continued) 

Permit, license, 
or approval Granting or approving agency Statute or regulation Activity 

I 
CO 

Air Quality 
Construction 
Permit 

Approval of 
Borrow Site Soil 
Sampling Pits 

Exemption from 
Permit to Mine 

Permit to 
Appropriate 
Ground Water 

Monitor Well 
Abandonnent 

Wyoming Department of 
Environmental Quality, 
Air Quality Division 

Wyoming Department of 
Environmental Quality, 
Land Quality Division 

Wyoming Department of 
Environmental Quality, 
Land Quality Division 

Wyoming State Engineer's Office 

Wyoming Department of 
Environmental Quality, 
Water Quality Division and 
Land Quality Division, and 
Wyoming State Engineer's 
Office 

Wyoming Air Quality 
Standards and Regula­
tions 

Land Quality Division 
Regulations 

Wyoming Statutes 
35-ll-401-(e)(II); 
Land Quality Division 
Regulations, Chapter 1, 
Section 3, B(II)(b) 

State Engineer's Office 
Rules and Regulations, 
Part I I , Ground Water 

Water Quality Division 
Rules and Regulations; 
State Engineer's 
Office Rules and Regu­
lations, Part I I , 
Ground Water 

Construction or modification of 
a new source of air pollution. 

Backhoe excavation of soil 
sampling p i t s . 

Extraction of rock, clay, or 
earthen borrow materials. 

Drilling water wells and dewatering 
of tai l ings. 

Sealing of wells and dri l l holes. 



Table G.1.1 Permits, licenses, and approvals for remedial action at the Riverton, Wyoming, tailings site 
(Concluded) 

Permit, license, 
or approval Granting or approving agency Statute or regulation Activity 

I 

Drill Hole 
Abandonment 

Waste-Water 
Discharge Permit 

Permit to Con­
struct a Waste-
Water Treatment 
Facility 

Permit to 
Construct a 
Reservoir 

Wyoming Department of 
Environmental Quality, 
Land Quality Division 

Wyoming Department of 
Environmental Quality, 
Water Quality Division 

Wyoming Department of 
Environmental Quality, 
Water Quality Division 

Wyoming State Engineer's Office 

Land Quality Division 
Rules and Regulations 

Sealing of d r i l l holes. 

Water Quality Rules and Controlled surface discharge of 
Regulations waste water. 

Water Quality Rules and Construction of sedinentation 
Regulations ponds or evaporation reservoirs. 

Wyoming State Engineer's 
Office Rules and Regula­
tions, Part I , Surface 
Water 

Construction of reservoirs or 
ponds for the retention of surface 
runoff water and use of water. 

License to 
Encroach on 
Highway Right-
of-Way 

Wyoming Highway Department Wyoming Statutes 24 
through 64 

Decontamination of highway 
right-of-way. 


