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PREFACE a

Every person living in the United States !or the world) is exposed to sources of ionizing
radiation--radiant energy that produces ions as it passes through cells. There are three
general types of radiation sources: those of natural origin unaffected by human activities,
those of natural origin but enhanced by human activities, and those produced by human
activities (manmade).

The first group includes terrestrial radiation from natural radiation sources in the ground.
cosmic radiation from outer space, and radiation from radionuclides naturally' present in the
body. Exposures to natural sources may' var3"depending upon the geographical location and
even the altitude at which a person resides. When such exposures are svbstantially higher
than the average, they' are considered to be elevated.

The second group includes a variety of natural sources that have been increased by'
human action. For example, radon exposures in a given home may' be elevated because of
natural radionuclides in the soil and r_k on which the house is built: however, the radon

exposures of occupants may be enhanced by characteristics of the home. such as extensive
insulation and weatherizing. Another e::ample is the increased exposure to cosmic radiation
that airplane passengers receive when traveling at high altitudes.

The third group includes a variety of exposures from manmade materials and devices
such as x-rays in medicine, radiopharmaceuticals in the diagnosis and treatment of disease.
and consumer products containing minute quantities of radioactive materials. Exposures
may also result from radioactive fallout from nuclear weapons testing, accidents at nuclear
power plants, and other such episodic events caused by man's activities in the nuclear
industry. Except tor major nuclear accidents, such as the one that occurred at Chernobyl,
exposures to workers and members of the public from activities at nuclear industries are
ve_' small compared to exposures from natural sources.

To verify that exposures resulting from operations at the Department of Energy (DOE)
nuclear facilities have remained very small, each site at which nuclear activities are under-

way operates an environmental sur_'eillance program to monitor the air, _ater, and any'
other pathway' where radionuclides from operations might conceivably reach workers or
members of the public. The monitoring results are reported annually to the DOE-
Headquarters (DOE-HQi Environmental Compliance Division. This report presents data
collected in 1989 tor the routine environmental surveillance program conducted by the
Radiological and Environmental Sciences Laboratory' ¿RESLj of DOE and the U.S.
Geological Survey (USGS) at the Idaho National Engineering Laborator)' (INEL) Site. The
report is prepared in accordance with the requirements in DOE Order 5400.1 and is not
intended to cover the numerous special environmental research programs being conducted
at the INEL by RESL and others.

a lntr_Kluctor_ int ormatitm is paraphrased triam the National Council on Radiati_m Pr_Iccli_n ant] Measure-
ments. I,,ntzln,_, Radtatt_,n [___p_surt' _,l th_' P_,putatt,,vt ,,! th_' l tttt_ x gtatc_. Nf'RP Rcp_rl N_ t,_3.
September 1. 19X7. p. 1.
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EXECUTIVE SUMMARY OF THE
ENVIRONMENTAL SURVEILLANCE PROGRAM

The results of the various monitoring programs for of the geographical distribution and Site operations
1990 indicate that most radioactivity from the Idaho information provided no evidence that these concert-

National Engineering Laboratory (1NEL) operations trations were related to Site activities.
could not be distinguished from `'vorld`'`'ide fallout and

natural radioactivit`" in the region surrounding the Hmsever, during De_:cmber 1990, low concentra-
INEL Site. Although some radioactive materials were tions of tritium were found in precipitation samples

discharged during Site operations, concentrations and onsite. The presence of tritium in tilese samples may
doses to the surrounding population were of no health be due to Site activities because no tritium was

consequence and were far less than State of Idaho and detected in rain samples from Idaho Falls or a snow
Federal health protection guidelines. The first section sample from Monida Pass. (See "'Tritium" in the Envi-

of the report summarizes Calendar Year 1990 and ronmental Radiological Program Information section.)
Januarx ! through April I. 1991. 1NEL activities

related to compliance with environmental regulations
Approximately 29c//- of ali drinking water samplesand laws. The balance of the report describes the sur-

collected during 1990 contained detectable concentra-veillance program, the collection of foodstuffs at the
tions of gross alpha activity and about 15q containedINEL boundary and distant offsite locations, and the
detectable gross beta activity. Ali concentrations werecollection of air and _,`.ater samples at onsite locations
near the minimum detectable concentration. Both

and offsite boundarx and distant locations. The report

also compare,,, and evaluates the sample results and gross alpha and gross beta concentrations ,,,,'ere prob-
ably due to natural radioactivity or to statistical varia-discusses implications, if an`'. Nonradioactive and
lion in the analyses. Annual averages tk)r ali onsite and

radioactive effluent monitoring at the Site. and the
offsite drinking water samples were below the Envi-L'.S. Geolo_9.ical_ Su_'ev (USGS) __round-`.vater moni-

toring program are also summarized, ronmental Protection Agency (EPA) maximum con-
taminant level for community drinking water systems.

No offsite s`.ater samples contained detectable tritiumGros.,, beta measurements. _ahich are used as a
concentrations,. Five onsite production (drinking

screenin,,_, technique for air sampler filters. `.,,ere water) w'ells contained measurable concentrations of
in`'esti_ated b`' makin,, .,,tatisticai comparisons

" _" tritium..An effective dose equi`.'alent of 0.77 mrem/vrbet`'`.een onsite or boundar_ location concentrations
`.`.a.,, estimated for INEL v, orkers at CFA. the location

and the distant communit,, group concentrations. In
with the highest tritium concentration in drinking

none of those comparisons in `.`.hich a statistical differ-

ence existed (4G- of the total number of comparisons v,ater. Concentrations of volatile organic compounds
madel was there an_, evidence that gross beta concen- measured in producticm _,`.ells at TAN in 1987. w'hich

tr_qion.,, increased due to INEL operations. Gross beta `'`.ere slightl._ abm, e the EPA maximum contaminant
le`"els (MCL.,,_. have been in compliance v. ith theconcentrationy also show trend_, for natural and man-
MC[.:, through 1990 after appropriate remedial actionmade radionuclides.
v. as taken.

.Air ,,amples v, ere al,,o anal`'zed for specific radio-
nuclides. Some radionuclides v.ere detected ,_.toflsite None of the milk samples contained detectable con-

locationy, but their presence `'sa.,, attributab!e to nalural centrations of 1-13 I. Sr-C_(). or tritium. Some ,a heat
,,ources. x_,orld_s ide fallout, or statistical `' ariation,_ in and lettuce samples contained small amounts of Sr-90.

the anal`' ses rather than to Site operations. The annual The presence of Sr-9(I in food _,arnples is probabl 5 due
concentration.,, of ali specific nuclide,, detected at ali to it,, dep_,,ition on ,,oil a,, a resul_ of '_.orldv, ide
locati(m_, `'`.ere v.ell belov, the deri`.ed concentration fallout. A Io,a concentration of ('_,-137 ,..,as found in

guide,, for radiation protection. The pre,,ence of muscle tissue of one _heep that had grazed on.,,ite and
Am-241 and Pu-239/24() al onsite location,, ,aa,, _.`.a_,c_m,,istent with the concentrations from contnd

probabl} due t_ ,aindblov, n re,,m, pen,,ion of _,lightl\ sheep ,,ampled in earlier `.ear,,.
c(mtaminated _oil at the facilities ,ahere the nuclide,,

'aere detected. C(mcentration,, _l radionuclide,, in oflsite ,,oil sam-

plt,, in 1,4t_()v,ere v. ithm dlc ran,,e,, recorded at each

Concentrations of tritium in a;r ,,ample,, _erc ,ecn I(_calion Ill pa'_t >ear,,. -Ihc reported concentration,, in
in hall the total number o! ,,ample,,. but ,,',ere highc,q al b(mndar`' and di,,tanl h_cation sample,, ,.,.ere c(m,,istent

the di,,tant, off,,ite locali_m in ldah_ Fall,,. |{xalninatl_m ,._.ilh lc,. ct,, expected lrc_nl v,orldv, id¢ fallout.



Ionizing radiation measured simultaneously at the effective dose equivalent of approximately 350 mrem

Site boundary and distanw !,)cations showed only per year in this area. Tile 1990 effective dose equiv-
natural background levels, alent calculated using the required CAP-88 code was

0.001 mrern and ,xas compared with EPA radiation
For details on monitoring results, see the appro- protection standards. (See the section entitled "'Maxi-

priate sections that summarize results of radioactive, mum Individual Dose--Airborne Emissions Pathway

nonradioactive, and ground-water monitoring and sur- Only.") The maximum calculated dose to an individual
veiilance programs, by either of the methods is clearly in compliance with

the applicable radiation protection standards.

A measurable amount of radioactivity, primarily in
the form of noble gases and tritium, is released into the The maximum potential population dose from sub-

atmosphere annually from various plant facilities and mersion, ingestion, inhalation, and deposition to the

is subsequently carded offsite. Upon reaching the Site approximately 121,000 people residing within an
boundary, this radioactivity is in such a low concert- 80-km (50-mi) radius from the center of the TRA-
tration that its effect on direct radiation levels cannot ICPP area of the INEL Site was estimated to be

be measured: but its potential contribution to offsite 0.04 person-rem (4 x 10 -4 person-Sv) using the
dose equivalents is nevertheless calculated. MESODIF air dispersion model. This population dose

is about 0.00009% of the estimated 42,400 person-rem
The hypothetical maximum individual effective (424 person-Sv) population dose from natural back-

dose equivalent was found to occur near Atomic Cit), ground radioactivity. These calculations and their
and was calculated to be 0.006 mrem (6 x 10-5 mSv) implications are discussed in the section "'Assessment

using the MESODIF air dispersion model. The caicu- of Potential Radiation Dose to the Public."
lation considered continuous submersion in and

inhalation of radioactivity in air. ingestion of radio- Calculations indicate that the maximum potential
activity in leafy vegetables, and exposure to radio- 50-year dose commitment to an individual from

active particulates deposited on the ground surface at ingestion of wild game animals is about 2% of the

that location. This calculated effective dose equivalent DOE radiation protection standard for individuals at
is about 0.0017% of the natural background radiation points of maximum probable exposure.

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 responsi-
bility 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. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, 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.
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ACRONYMS

Acronym Definition

ACB Analytical Chemistry Branch of RESL
ANL-W Argonne National Laboratory--West
ARA Auxiliary Reactor Area
CAA Clean Air Act

CERCLA Comprehensive Environmental Response. Compensation. and Liability Act
CFA Central Facilities Area

CFR Code of Federal Regulations
CFSGF Coal-Fired Steam Generating Facility
CWA Clean Water Act

DOE U.S. Department of Energy
DOE-HQ Department of Energy. Headquarters in Washington. D.C.
DOE-ID Department of Energy. Idaho Operations Office
EA Environmental Assessment

EBR-I Experimental Breeder Reactor-I
EBR-II Experimental Breeder Reactor-II
EDE Effective dose equivalent
EFS Experimental Field Station
EG&G EG&G Idaho. Inc.

EIS Environmental Impact Statement
EMSL-LV Environmental Monitoring Systems Laboratory in Las Vegas
EPA U.S. Environmental Protection Agency
EPA- !0 EPA Region 10
lAG Interagency Agreement
ICPP Idaho Chemical Processing Plant
INEL Idaho National Engineering Laboratory
ISU Idaho State University
IWM1S Industrial Waste Management Information System
LDR Land Disposal Restrictions
MCL Maximum Contaminant Level
MDC Minimum Detectable Concentration
NCRP National Council on Radiation Protection and Measurements
NEPA National Environmental Protection Act
NESHAP National Emission Standards lhr Hazardous Air Pollutants

NIST National Institute of Standards and Technology
N()AA National Oceanic and Atmospheric Administration
NON Notice of Noncompliance
NPDES National Pollutant Discharge Elimination System
NRF Naval Reactors Facilit_
NWPA National Waste Policy Act
PBF Pov_er Burst Facility,

PCB P_l,,-chiorinated Biphenyl
PREPP Process Experimental Pilot Plant
PSC Public Sep, ice Compan5 of Colorado
RCRA Resource Conservation and Recover\ Act

RESI. Radiological and Environmental Sciences Laborator\
RIFR Rifle Firing Range
RVIVV Radioactive mixed x_aste

RWMC Radi_mcti_ c Waste Management ('c_mplex
R_,MIS Radioacti_ c '_,:astc Management Inl¢_nnati{m S', ,,tem
SD\k-\ Sale Drinking \Valor Act
TAN lc,t Area Nt_rth



Acronym Definition

TCE Trichloroethylene
TLD Thermoluminescent dosimeter
TRA Test Reactor Area
TSCA Toxic Substances Control Act
USGS U.S. Geological Sum'ey
WEC Westinghouse Electric Corporation
WERF Waste Experimental Reduction Facility
WINCO Westinghouse Idaho Nuclear Company
WIPP Waste Isolation Pilot Plant, Carlsbad, New Mexico
WRRTF Water Reactor Research Test Facility
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THE IDAHO NATIONAL ENGINEERING
LABORATORY SITE ENVIRONMENTAL REPORT FOR

CALENDAR YEAR 1990

INTRODUCTION

The Idaho National Engineering Laboratory, (INEL) (50 mi) of the Site's operational center, but there are no
of the Department of Energy (DOE) was established residents within 16 km (10 mi) of that center.
by the Federal Government in 1949 to conduct
research and further the development of nuclear reac- Vegetation and wildlife on the Site are typical of
tors and related equipment. Major DOE programs at those found in a cool, desert-shrub biome. Figure 2
the Site include test irradiation services, uranium shows a part of the Site and its vegetation. In 1975, the
recovery from highly enriched spent fuels, calcination INEL was the second area to be designated as one of
of liquid radioactive waste solutions, light-water- the nation's seven National Environmental Research
cooled reactor safety testing and research, operzfion of Parks, where scientists from universities, government,
research reactors, environmental restoration at the and private agencies study environmental changes
Site, and storage and surveillance of solid transuranic caused by man's activities and obtain data subse-
wastes. Major facilities at the INEL are operated by quently applied to making land-use decisions.
Argonne National Laboratory--West (ANL-W),

EG&G Idaho, Inc. (EG&G), Rockwell-INEL, The surface of the plain is a combination of basalt
Westinghouse Electric Corporation (WEC), and (lava) outcrops and alluvial sedimentary deposits.
Westinghouse Idaho Nuclear Company (WINCO). There are no surface streams or rivers flowing from

onsite to offsite locations, but the Snake River Plain

aquifer lies beneath the INEL Site. The Big and Little
The 2300-km 2 (890-mi 2) INEL Site is located on Lost Rivers and Birch Creek, which originate in moun-

the upper Snake River Plain in southeastern Idaho. The tains to the northwest, flow onto the Site and sink into
nearest INEL Site boundaries are 35 km (22 mi) west its porous soils. Water from the aquifer and from
of Idaho Falls. 37 km (23 mi) northwest of Blackfoot, surface streams and rivers of the Snake River Plain is
71 km (44 mi) northwest of Pocatello, and 11 km used for drinking water and crop irrigation.
(7 mi) east of Arco, Idaho (see Figure 1). With a pop-
ulation of about 1100, Arco is the largest boundary A more detailed description of the Site location,
community in the area surrounding the Site. Approxi- environment, and current major activities is given in
mately 121,000 people reside within a radius of 80 km Appendix A.

Figure 2. Typical vegetation on the INEL Site.



ENVIRONMENTAL COMPLIANCE INFORMATION SUMMARY

Compliance Status ment of Energy Facilities."' The EPA revised these
standards on December 15, 1989. The revisions

The INEL is committed to operating in compliance included a lower dose standard to members of the pub-
with ali environmental laws, regulations. Executive lic (lowered from 25 mrem per year to 10 mrem per
Orders DOE Orders, and compliance agreements with year), prescriptive monitoring and emission testing
Environmental Protection Agency (EPA) and State procedures for certain emission sources, and additional

annual reporting requirements.
agencies. The following is a summary of the INEL's
current compliance s_,atus with major environmental
statutes for the period JantJary 1990 through The 1990 effective dose equivalent (EDE) to the
April 1991. public resulting from INEL radiological air emissions

was well below the EPA dose standard of 10 mrem per

Comprehensive Environmental year. The calculated dose for 1990, using the EPA-
Response, Compensation, and Liability approved CAP-88 model, was 0.0017 mrem/yr

( 1.7 × 10-5 mSv/yr). This dose, used to demonstrate
Act (CERCLA) INEL compliance with NESHAPs, was calculated dif-

ferently from the 0.001 mrem ( 1 x 10-5 roSy) reported
In November o ¢ 198c). the INEL was placed on

EPA's National Priorities List (NPL), which is the list in the Executive Summary. See the section entitled
"'Maximum Individual Dose-Airborne Emissions

of hazardous waste sites identified by EPA tbr possible
long-term remedial action under CERCLA. During Pathway Only'" for the discussion of differences in
1990, DOE-ID entered into negotiations concerning approach.
an Interagency Agreement (IAG) with the State of
Idaho and EPA Region 10 (EPA-I(,_L The purpose of In 1990, the DOE began evaluating ali potential
the IAG is to establish the criteria for the restoration of radiological emission sources at the INEL. One pur-

the INEL, as required by section 120 of CERCLA reg- pose of the evaluation was to identify those sources
ulations. Negotiations are nearly completed and the required to meet the emission monitoring and testing
IAG is expected to be signed in late 1991. procedures of 40 CFR 6 I, Subpart H (see Reference 1).

Concurrent with this evaluation, on June 18, 1990,

Clean Air Act (CAA) DOE requested a waiver from the emission monitoring
and test procedures to allow for completion of the
evaluation.

The INEL has several facilities with air quality per-
mits from the State of Idaho. These facilities are oper-
ated in compliance with permit concli_.ions. Permit On October 23, 1990, EPA-10 granted the INEL _
applications are currently pending with the State of two-yea;" waiver from the emission monitoring

and test procedures. The waiver is retroactive toIdaho for proposed nev' or modified emission sources.
Table I lists current permits, under the CAA. in effect December 198% and is valid through December 1991.

Th_ wu,ver was based on information provided to EPAand pending at the INEL (through April 1, 1991 ).
by INEL and on information gathered during a

In addition, an inventory of ali potential radioactive May 1990, EPA-10 ons_.te visit. The waiver was
and criteria pollutant emission sources were completed granted subject to the following conditions:
and sent to the State of Idaho in April 1991. The inven-
tory contains information necessary for the State to • Radioactive emissions from INEL meet the
issue the rNEL a Permit to Operate. 10 mrem per year standard

National Emission Standards for Haz- • Current emission monitoring practices shall
ardous Air Pollutants (NESHAPs) continue

RadiJactive emissions at the INEL are regulated • Submission to EPA-10 by November 30,
under both EPA and State of Idaho requirements. EPA 1990. nn inventory cff radiological release
statutory rt:quirements are contained in 40 CFR 61. points and a determination of those points
Subpar! H "'National Emission Standards for Emis- requiring continuous monitoring per 40 CFR
sions of Radionuclides Other than Radon from Depart- 6 !, Subpart H requirements



TABLE I

AIR PERMITS IN EFFECT a (1990)

Compliance
Facility Issued By Status

Coal-Fired Steam Generation Facility EPA In Compliance
(CFSGF) at ICPP

Fuel Processing Restoration Facility (FPR) State of Idaho Under Construction
at ICPP

Hot Fuel Examination Facility/South State of Idaho In Compliance
(HFEF/S) at ANL-W

Small Incinerator for burning classified State of Idaho In Compliance
documents at TAN

Boilers at TAN State of Idaho In Compliance

Waste Experimental Reduction Facility State of Idaho In Compliance
(WERF) at PBF

Boiler at CFA 609 State of Idaho In Compliance

Boiler Modification at ICPP State of Idaho In Compliance

Drum Venting Facility at RWMC State of Idaho In Compliance

Hazardous Chemical/Waste Handling Facility State of Idaho In Compliance
at ICPP

A1W Temporary Boiler at NRF State of Idaho In Compliance

Sodium/Potassium Processing System at State of Idaho In Compliance
WRRTF near TAN

Fluoric Acid Handling System State of Idaho In Compliance
at ICPP

Paint Booth at ANI_-W State of Idaho In Compliance

SMC Research and Development State of Idaho In Compliance
at TAN

TSA Retrieval Building at RWMC State of Idaho In Compliance

Evaporation Pond at TRA State of Idaho Not Constructed

a. Ali are Permits to Construct (PTC) or Prevention of Significant Deterioration (PSD) permits.



• Submission to EPA-10 by July 31, 1991, a lations have been resolved and long-term technical
detailed assessment of the release points solutions for the Radioactive Waste Management
requiring continuous monitoring Complex tRWMC_ and ICPP have been agreed upon.

However. the issue of sodium storage at Argonne

• Submission to EPA-10 bv October 31, 1991. National Laboratory-West (ANL-W) has been

a plan for an.,,'upgrades to monitoring equip- elevated to DOE and EPA headquarters for resolution.
ment required to meet the 40 CFR 61, Sub-
part H monitoring requirements, t)uring September 1990, the State of Idaho and the

EPA conducted a week-long RCRA inspection. The

The INEL is currently meeting ali conditions of the inspection was conducted by the State with the EPA
waiver, providing oversight. The State of Idaho notified DOE

that there will be an enforcement action stemming

On November 30. 1990, an inventor,,' and moni- from the inspection: however, as of April no letter h td

toting evaluation of ali INEL radioactive airborne been received and the issues and units involved _erestill unknown.
emission points was submitted to EPA-10. The evalu-
ation identified t_o sources at the Idaho Chemical

In November 1990. the State of Idaho determined
Processing Plant (ICPP) and two sources at the Waste
Experimental Reduction Facility (WERF) that require DOE had established equivalency with secondary coq-
continuous monitoring per the EPA requirements, tainment requirements for lines embedded in concreteat the ICPR
These emission points are currently monitored on a

continuous basis. An evaluation of the monitoring In a letter dated March 13. 1991, the State of Idaho
systems is currently underway. A schedule for

notified DOE-lD of an upcoming inspection of theperforming any upgrades to the existing moni-
torin_ systems wili be submitted to EPA-10bv ICPP. The inspection took place during the week of

" March 18, 1991. To date, the state has not discussed the

October 1991. results of the inspection with the DOE-lD.

Clean Water Act (CWA) In a letter dated March 15, 1991. the state requested
information on the ICPP concerning air permits, moni-

The INEL does not discharge liquid effluents to sur- toring records, procedures, new construction activities,
face waters. Sewage treatment plants are operated in waste streams, and solid waste management. DOE-ID
compliance with applicable State regulations, compiled the information and sent it to the State.
DOE-ID is currently assessing the need for storm

water discharge permits under the new National National Environmental Policy Act
Pollutant Discharge Elimination System (NPDES_ (NEPA)
regulations•

Activities to ensure compliance with NEPA are
Resource Conservation and Recovery ongoing at the INEL. Seven Environmental Assess-
Act (RCRA) ments (EAs) were submitted to DOE-HQ for

approval• The ICPP Process Equipment Waste/Process
DOE-lD has a Consent Order and Compliance Waste Liquid Collection System and the Fort St. Vrain

Agreement (COCA) with EPA-10 governing correc- Fuel Shipments to ICPP EAs were both approved
tive action and compliance activities at the INEL. In with a Finding of No Significant Impact. During
preparing for the transition to the CERCLA Inter- 1990. 49 Categorical Exclusions were approved by
agency Agreement, letters were sent to EPA-lO and DOE-HQ.
the State of Idaho in February 1991 to reclassify cer-
tain Solid Waste Management Units to Land Disposal Work on the New' Production Reactor (NPR) Envi-

Units. Closure plans for 18 units were submitted to ronmental Impact Statement (EIS) is ongoing. When
EPA and 31 Summary Assessments were approved, complete, the EIS will assess the potential impacts

concerning a proposed action to provide new tritium
In February 1990. DOE-ID received a Notice of production capacity. The EIS will evaluate impacts

Noncor,_pliance (NON_ from EPA-10 for 28 alleged related to air quality noise levels: surface water,
violations of RCRA regulations arising from an groundv, ater, and w'etlands: land use: recreation"
inspection in June 19X9 DOE-IDi._ne_otiatin,,a vi_ualenvironment: biotic resources: historical• ,... _

consent order w'ith the State of Idaho that addresses archaeological, and cultural resources: socioeconom-
the_,e allegalions. The majority, of the alle,,ed__rio- its: transportation: waste mana_,ement:_ and human



health and safety. The EIS will also describe in detail April, EPA-10 responded by agreeing that the lAG
the potential radioactive releases from the new pro- Action Plan should be implemented prior to the sign-
duction reactors and support facilities and will assess ing of the lAG.
the potential doses to workers and the general public.

CWA Permits
Safe Drinking Water Act (SDWA) The issue of whether the State of Idaho has the

SDWA Underground Injection Control regulations authority to issue permits for waste water treatment
require that deep injection wells be permitted or that facilities on the INEL is still unresolved. Information
permits be submitted to the state, and that shallow concerning these facilities is given to the State of Idaho

as a matter of comity.wells be inventoried. DOE-ID filed nine injection well

permit applications with the State of Idaho which are RCRA Compliance
currently being reviewed. The injection wells are used

to dispose of storm water runoff. DOE also inventoried In February 1990, DOE-ID received a Notice of
shallow injection wells at the INEL and submitted the Noncompliance (NON) from EPA-10 addressing
information to the State as required. A sanitz,ry survey 28 alleged noncompliance issues. DOE-lD developed
was conducted by the State of Idaho in Decerr'ber 1990 a response to the allegations and in April 1990, a settle-
and followup actions are being coordinated uith the ment conference was held between DOE-ID, the State

State. of Idaho, and EPA-10. An agreement to settle rile
NON via a State consent order was reached. To date

Toxic Substances Control Act (TSCA) the agreement has not been signed. DOE-lD is
expecting a draft consent order from the State of Idaho

Efforts to comply with TSCA included the in July 1991. The issue of sodium storage at ANL-W
implementation of a plan to remove or retrofill will be incorporated into the consent order, as neces-
poly-chlorinated biphenyl (PCB) and PCB- sary, at a later date once resolved by DOE-HQ and
contaminated transformers and capacitors. Following EPA-HQ.
a September 1988 inspection, EPA issued a Com-

plaint and Notice for Opportunity for Negotiation con- Land Disposal Restrictions (LDRs)
cerning alleged TSCA violations. The Complaint
alleged that the INEL violated the record keeping and The INEL generates LDR waste that is classified as
use provisions of the PCB regulations. After attending hazardous and other LDR waste that is classified as
a settlement conference with the EPA, DOE-ID radioactive mixed waste (RMW), which is a mixture

implemented a plan to remove or retrofill PCB and of hazardous and radioactive wastes. Some RMW does
PCB-contaminated transformers and capacitors. Dur- not currently have an active treatment method, while
ing 1990, 69 PCB capacitors and 16 PCB--contami- other RMW is being stored prior to disposal at Waste
hated transformers were removed from service or Isolation Pilot Plant (WIPP). Transuranic waste stored

retrofiiled and reclassified as non-PCB. There are at RWMC will be disposed of at WIPP, and ali other
currently no PCB capacitors and only two PCB- LDR waste will be disposed after a treatment method
contaminated transformers in service at the INEL. is developed. DOE-ID has formally proposed to enter

into a compliance agreement with EPA-lO and the

Current Issues and Actions State of Idaho concerning the storage and continued
generation of LDR waste until a treatment method is

CERCLA Interagency Agreement (lAG) developed and WIPP is open for disposal. However,EPA-10 and the State of Idaho have informed

Negotiations DCE-ID that they currently do not have adequate
resources to initiate negotiations.

DOE-lD has negotiated the terms, conditions,

schedules, and authorities of the lAG with the State of Independent Monitoring
Idaho and EPA-10. To date, the IAG has not been

signed due to unresolved funding issues between The Idaho State University (ISU/ Environmental
DOE-ID and EPA. The funding issues have been ele- Monitoring Program operates an independent moni-
vated to DOE-HQ and EPA-HQ. and resolution is toting program at the INEL which samples air, water.
expected b_ the end of July 1991. In the interim, milk, and soil and analyzes these samples for radio-
DOE-ID sent a letter, dated March 1991, to EPA-10 activity. ISU reports their results to the State of Idaho
and the State of Idaho recommending implementation each quarter. Results of the 1990 ISU monitoring
of the IAG Action Plan prior to IAG signature. In efforts were in agreement with INEL results.



In May i99(I. DOE-ID and the State of Idaho signed the State of Idaho on September 4. 1990. Comments.
an Environmental Oversight and Monitoring Agree- dated October 18, 1990. were received from the
ment for independent environmental monitoring by the State and responded to. The Finding of No Signifi-
State. cant Impact on th," environment was approved on

February 5, 1991, with State notification on
Clean Air Act February 6. 1991.

As a result of new requirements formulated by EPA
There are currently three lawsuits pending, one inunder 40 CFR 61 _see Reference I ) on December 15,

!989, the INEL began evaluatine potential radiological the United States Court of Appeals for the 9th Circuit,"- and two in the United States District Court for theairborne emission sources. The evaluation was to deter-

mine if the monitoring and emission test procedure District of Idaho. In the 9th Circuit Court litigation, the
requirements of 40 CFR 6 !. Subpart H were being met. State of Idaho seeks an order pursuant to the National

Waste Policy Act (NWPA) declaring, among otherIn conjunction with the evaluation, DOE-ID requested
things, that the spent fuel Environmental Assessmenta waiver from the emission monitoring and test proce-
and the Finding of No Significant Impact issued by thedure requirements of 40 CFR 61, Subpart H. On
DOE is in violation of NEPA and applicable regula-October 23. 1990. the INEL was granted a two, year

waiver, retroactive to December 15, 1989. Conditions tions. The State of Idaho is also seeking an order

of the waiver are included in the "'Compliance Status" enjoining DOE from accepting or storing the Fort St.
section of this report. In 1990, the INEL began identi- Vrain spent nuclear fuel at the INEL until DOE has

complied with ali applicable environmental laws andlying and upgrading those monitoring systems that are
required to meet the 40 CFR 61, Subpan H require- regulations. In the District Court cases, DOE and the

Public Service Company of Colorado are seekingments. Their efforts are expected to be completed
durintz 1991 injunctions enjoining Idaho and Governor Andrus

+ " from interfering with the transportation and storage of

NEPA (Fort St. Vrain Litigation) Fort St. Vrain spent nuclear fuel.

In 1965, the DOE signed a contract with the Public Self-Assessment
Service Company of Colorado (PSC). The contract
requires that the DOE reprocess or pay for the
reprocessing of fuel from the Fort St. Vrain gas-cooled During 1990, DOE-HQ directed ali DOE line man-
reactor, located near Piatteville, Colorado. The Con- agement organizations to implement comprehensive
tract states that the PSC is responsible for delivering sell-assessment programs to identify and characterize
the spent fuel to the INEL. at which time the DOE environmental safety and health concerns. DOE-ID's
takes title. This contract was modified in 1980 to state self-assessment program includes functional and man-
that DOE would accept and store the spent fuel in a agement appraisals of contractors by DOE line man-
facility built in the early 1970s for that purpose, agement, as well as internal appraisals conducted by

contractors and DOE operating-level staff. Also, man-
The draft Fort St. Vrain Fuel Shipments to ICPP agement performance within the DOE line organiza-

Environmental Assessment was prepared and sent to tions is being assessed.



ENVIRONMENTAL PROGRAM INFORMATION

General Summary of the 540o. 1.2 The radiological portion of the program is
considerably more extensive than the nonradiological

Environmental Surveillance portion, which is appropriate for operations at the

Program INEL. As shown in Table I1, air and ground waler were
routinely monitored for radioactivity at a number of
onsite, boundars. +.and distant locations. Table III sum-

During normal operation of the reactors, fuel repro- marizes the USGS portion of the routine _round-water
cessing plant, and other facilities at the INEL some "-
materials are released to the environment. The envi- monitoring program for radiological and nonradio-

logical substances. Concentrations of radionuclides
ronmental pathways by which radioactive and nonra- were measured in samples of milk. wheat, and lettuce
dioactive materials may be transported from the Site to

from boundary and distant locations in 1990. Environ-
nearby populations include passage directly through mental radiation exposure rates (cumulative from
atmospheric transport or indirectly through soils, food- November 1989 through October 1990) were
stuffs, or animals. Through 1990. substances origi- measured at onsite, boundary, and distant locations.
nating from Site operations have not been detected in Offsite soil samples were also collected during 1990.
the ,xater of the Snake River Plain aquifer beyond the
INEL southern boundary: thus. the aquifer is not Measurements at boundary andonsite locations are
presently a pathv,'ay to members of the public living
near the Site. compared with measurements at distant locations to

assess the impact of INEL operations on the environ-
ment. Concentrations of radioactive pollutants in the

The environmental surveillance program for the environment are compared to applicable standards and
INEL and vicinity for 1990 included the collection and guides (see the section "Environmental Standards and
analysis of samples from potential exposure pathways Regulations") and to background and natural radio-
Isee Figure 3). Three basic groups of samples w'ere activity. Most radioactive concentrations in this report
collected. Those collected within the INEL boundaries are compared to the derived concentration guides
will be referred to as onsite or Site samples. Samples given in DOE Order 5400.5. 3 Calculated doses are
collected offsite, but near the Site boundaries, will be compared to DOE and EPA standards, and nonradio-
referred to as boundary samples or part of a group of active pollutants are compared to applicable EPA
offsite samples. Samples collected from locations con- standards and guides.
siderabiv beyond the Site boundaries will be referred

to as distant samples or part of the offsite group. With In the text. more detailed descriptions of each
the exception of Craters of the Moon National Monu- routine program, radioactive and nonradioactive, are
ment. the distant locations are sufficiently remote from given in a specific section follov,'ed bv a summary of
the Site to ensure that detectable radioactivity is pri- the results for 1990. Data summary tables are

maril_ due to natural background or sources other than presented in Appendix B.
INEL ,_perations. The Craters of the Moon location is

too distant to be considered a boundar_ location, but is The section on "'Quality Assurance" provides infor-
close enough that radionuclides from Site operations marion on RESL's quality control and quality assur-
are occasionally detected there at low concentrations. ance activities while conducting its environmental

surveillance program. Appendix C gives a brief dis-
Table II summarizes the RESL environmental sur- cussion of the statistical method.,, used to analyze the

_eillance program that is required b_ DOE Order data in this report.





TABLE II
RESL ENVIRONMENTAL SURVEILLANCE PROGRAM SUMMARY

Number of Loc'_tlon ,_.ndF,_cltlenc_' =Nllnlmum ['ctc¢_-hie
._ledJurn C{-ncent rnLo¢',n

S,'u'nFicd T_'p,eoiAJI.llvs=s Ons=tc Off, lte _,*.U')C_

:_r Low-_.'olu me Samplers:

Gross:alpha 4 _vcel,dv _, weekly 3 x 10"-16 I.=C=.,mL
Oros_ beta 12 u,.ecidy li weekly _ x lO-IS ttCumL
Spec:t3c gamma 12 qt;._u_erly 11 quarterly I _o 10 x I0 "=_ _CdmL

6 qu._'tctiy 4 ClU_rtcrty 6 x I0 "-=# IJCL/mL
6 quarterly 4 quarterly ._ x 10''al pCi/mL

Sr-90 2 quarterly 4 quarterly I x 10-_^ tiCi/n)L

P:ul]culate manet 12 quanerly I I quarterly I0 llg,,m 5

lliI_l)-Volume S',mplers:
Oros_ g_mma _. U:uly _ ,N/A =

Spec=Rc gamma 2 rnonddy _ I to 10 x lC-*" I,tCu'ml

Kr-85 Sampler I biu.'¢ckJy _ 2 x 10"-!: l=C.'n=L-

Tritium Samplers:

H-3 .'ts HTO _ at I to 2iquancr ! to 2/quarter I x I0 "-II _lCi/m[

TSP Sampler 1 "a_eckly_ _ 2 )l_/m j

Waler Drinkin_ _;/aler:

Oto,_ alpha 25 monody 13 _m,',nnually ¢ 3 x 10-9 l_Ci/m_
Oro_$ beta 26 monU'd._ 13 _miannuo_ly 4 x lO"9 pCi/mL
H-3 "_'_HTO 2,5 monthly 13 _mlannuaily 4 x I0 "_ HCi/mi
Sr-90 " monthly _ 5 x I('?"In lJCi,'mz

Arnm.'dTi._;uesd IJeef_tuscle, Liver

SIx'c_ficgaznm2 _ b_enma|ly 2 h,enn_ly 7 x _U"u I,tCi/ml-

Pu-239/240 2 biennially 2 b_cnn_ally 5 x 10-11 HCitmL
_rn-241. Pt)-23_ 2 b)enn_ly 2 bicr)n)ally I x 19r"m tJCi/mL

Shee_tusele. Li_er
Spcc_[ic ca.rnma .I' annually 2 nnnually 7 x 10"_ 14Ci/mL

Game Ammals----,%luscle

SF'cc_fic g_Lrnma %'.'triesannually 'c _ ",'',( 10"Q _tCi/mL

Foodst uffs Milk:

1-13l None produced I ,._,ecldy I x I0-'_ pCitmL
1-131 None produced 10 monOdy 1 x I0 -_ I_Ci/mL
Sr-90 None produced I0 annually 2 x 10-9 IJCi/mL
H-] "_sHTO None produced lO :s'mu',/ly 4 x If)-7 ;_CiimL
i-l._ Noneproduccd 3 annually 3 x I(T"_° )iCi/mL

Wheat:

Specific gamma Non= preduccd I0 _.nnu_lly 4 x 10-9 pCi/mL
Sr-',)O None produced I0 :u'_nu_lly 4 x I0 -_ pCb'mL

Lettuce:

Spec:Ec gamma Nnneproctuced _ annually 2 x lO-) _CiimL
St-_W) None pro,cluced _ .'_=mally 3 x lpr _ _JC.ImL

Sod Socc=_ic_snma Vm-te_annually f l _. biennt,'dly 4 x 10-= _C,/mL
Pu Vancs annually 12 biennially ") x I0 "-_ ¼Ci/mL
Am ',::_une_annually 12 hienn=ally _ x I0-_ t_CihttL
Sr-90 ",'_n,.-.s_rmually 12 b_er_n_ally 9 x I0 "_t pCiimL

Direct R_auon _,-herrnolummesccnt 135 sem_annuaOy I3 s_rn_armuaiiy 5 mR
Ex_osur_ Do_mem_

Gamma R.a_auon V:unesannuallyl _ NIA
Surveys

a. Not appbc._le.

b. S_n_ier o,_r_te_ for 24 h every s_ days.

:.. -__ _ addjt_n_ _T_ dz1_k4_gwa_e__`'_e= ;u-_d_hr_e _r_a_e `_3t_t sam_ _r_m _1?nnt__n_h_ _k1ae)__¢a_y ar'ea_ _r_ _ m_n_y w_U1[dahoSta/e L,rntver_tyEnvtrl:w'ullent=J
_onHonn_ Gr'_u O]3J'tua_rvlhrougn June 199_ argJ qu_.'1_rty July U'_ougn _)ec..¢ntber I(_;W}.

d "Or'_lte" _rum_s .grJ.Zedon._te for ={ |e'ts! four we¢i_ _for_ I:_tng satnpled. "{'.)fTs_te" _'t=m:_ have never gr_'ed o_te "_ndserve :_ co_tmts.

e. Ordy mad.-_dlcd _a_ne _J_=m;dsa_¢ sampled onstte. No controls ar_ _enet_lly co11¢c_¢_Iexcer_ for _ec_fic ccolopcnl studies.

f On.,;_tesod s:u'npbng _s .I_.rformed each yea,rat _tTe_nt or_s_te fac_iiues on a rc_aung ?-}car _cnedule,

g Surveys _ perl"om'_d each ve_ at differentons_te fa_liues on a rotating .x-.-ye_ schedule.



TABLE III
USGS GROUND-WATER MONITORING PROGRAM SUMMARY

Radiological Monitoring:
=Minimum Detectable

Frequency of Number of Concentralion iMDC)

Type of Analysis Analysis Samples (!uCi/mL)

Gross alpha Semiannually a 5 3 x 10-_

Gross beta Semiannually a 5 4 x 10-9
Tritium b Quarterly 48 4 x 10-7

Tritium Semiannually ,a 83 4 x 10 -7

Specific gamma Quarterly 9 1 to 10 x 10-_'

Specific gamma Semiannually 17 1 to 10 x 10-_
Specific gamma Annually 26 1 to 10 x 10-4;

Sr-90 Quarterly 29 5 X 10 -9

Sr-90 Semiannually 26 5 x 10-9

Am Quarterly 4 5 x 10 -ll

Am Semiannually 4 5 x l0 -li
Pu Quarterly 5 4 X 10 -11

Pu Semiannually 4 4 x l0-lI
I-129 =5 ,,'ears 20-35 6 x 10-11

Nonradiological Monitoring:
=Minimum Detectable

Frequency of Number of Concentration (MDC)
Ty,pe of Analysis Analysis Samples (mg/L)

Specific conductance Quarterly, 48 N/A d
Specific conductance Semiannually a 83 N/A
Sodium ion Quarterly 5 5
Sodium ion Semiannually 2 5

Sodium ion Annually !04 5
Chloride ion Quarterly 48 5
Chloride ion Semiannually a 83 5
Nitrates (as NO3_ Annually, 62 0.5
Chromium (total) Quarterly 21 0.05
Chromium Itotal) Semiannually 31 0.05

Purgeable organic compounds e Monthly I 0.(X)02
Quarterly 4 0.(X)02
Semiannually 3 0.(X)02

Major inorganic water =5 years 65 Varies
qualit_ _constituents

a. Irl additi-m, one otT,,ite ,aell is sampled annually.

b. "Irltmted water.

c. Vane, depending upon radinnuclldt/- pre,ent m lhc ,,ample.

d N_I applicable.

c _:ach ,ampl_- analyzed h_r 3t, crimp,und,. Olher __-II,, ma: ht.- ,,amplcd h_r ,,peclal ,lud_c',

1()



ENVIRONMENTAL RADIOLOGICAL PROGRAM INFORMATION

Summary of Results of ofpaniculateatmosphericradioactivityand makesit
Environmental Monitoring possible to differentiate INEL releases from world-wide fallout and long-lived natural radioactivity.
Performed

Each air sampler maintains an average air flow of

Air Sampling about 40 L/min (1.5 ft3/min) through a set of filters
consisting of a membrane filter (Gelman Model

V-1200) followed by an activated charcoal-

Low-volume Samplers--Airborne particulate impregnated cellulose fiber filter (Gelman Model
radioactivity is monitored continuously by a network AC-I )._ The filters are 99°k efficient for airborne par-

of 12 air samplers within the INEL and I l air samplers ticulate radioactivity and elemental iodine vapor.
outtside the Site boundaries at the locations shown in

Figure 4. Locations ofonsite samplers were selected to Gross Alpha, Gross Beta--The filters from the
give adequate coverage in the event of facility releases low-volume air samplers are collected weekly and aria-

of radioactivity. Seven offsite air samplers are located iyzed after waiting a minimum of four days to allow the

near the Site boundary in communities, when possible, naturally occurring, short-lived radon and thoron
or at noncommunity locations when necessary to daughters to decay. "'Gross" (nonspecific) analyses of

encompass the perimeter of the Site. Four samplers are the airborne particulates trapped on the membrane
located at the distant communities of Blackfoot, filters are performed weekly, and the activity detected
Craters of the Moon National Monument, Idaho Falls,

and Rexburg to provide background measurements for
comparison with data from boundary or onsite sam-

piers that might be affected by INEL operations. The a. Use of commercial product names is for accuracy intechnical reporting and does not constitute endorsement of
whole network provides comprehensive surveillance the product by the United States Government.

RenoRanch

• _ "Lm Mo.t=,i.
oTAN

,_oML,LI ud Lake Rexburg •

H_e
I_.

Arco
• ANLW

'_'_AA Tower IdahoFalls

O

Cratersof theMoon
• NationalMonument al_

AtomicCity

0 10 2o
Kilometers 1.0178

• Low-volumeAir Samplers •
Blackfoot

Figure 4. INEL Site and vicinity air sampling network.



is termed "'grossalpha" or "'gross beta" lo di,qerentiate different locations, and uneven distribution of world-

these results from analyses for specific radionuclides, wide fallout radioactivilv as a resull of diverse local

Because the distant communib: group is small, a Iov, meteorological conditions. For example, wood smoke

concentration al only one or two locations can cause loading of fillers in communities sometimes occurs

the statistical test to indicate that o0,sile mean concen- during cold weather. When an indi`,,idual filler's pores
tta|ions are significantly higher than thai of the distant are plugged early in the week, abnormally low gross
community group. This variable alone can make inter- beta concentrations often result.

pre|at|on of results of nonspecific gross alpha or beta

measurements difficult. Therefore, when interpreting The 199() results of gross beta analyses of parlicu-
air sampling data. RESL relies on ',he results and com- lales on the membrane fillers are summarized in

par|sons of specific nuclide data rather than on gross Table B-2, Appendix B. The gross beta aclivily mea-
alpha and beta concentrations. Furlhermore, the source sured at each onsite and boundary location was slat|st|-

of the radioactivity can be determined more easily call,, compared lo gross beta activity measured al the
from the specific nuclide concentrations than the non- group of distant locations for each month and for the

specific"gross"concentrations. Specific nuclide anal- entire ,,'ear. Table B-3. Appendix B. show's 1990

yses are also more sensitive than gross alpha and gross results of the monthly and annual statistical compari-
beta analyses, sons of boundary and Site loc,llions lo the distant com-

munity group mean gross beta activity'. Site operations
Analvses for gross alpha activity are performed on information and meteorological data were considered

eight selected filters: Blackfoot, Craters of the Moon. in each case where a location or group was statistically,

Arco. Mud Lake. ANL-W, the Experimental Field greater than the distant location group. A statistical
Station (EFS). Radioactive Waste Management difference was found in about 4q of the comparisons.
Complex (RWMC). and Test Area North (TAN). Gross

alpha concentrations are sometimes greater at the During the last week of December 1990. four

distant location of Blackfoot than al the other locations weekly fillers with relatively high gross beta concen-

because of sources outside the INEL Site. The annual |rations were submitted for gamma spectrometry.
mean concentration at Mud Lake for 1990 was These filters were from samplers located at Craters of
statistically' greater than the distant community mean the Moon National Monument, Howe, Naval Reactor

concentration, but this appears to be due to an unusu- Facilit\ (NRF). and Idaho Chemical Processing Plant
all`, low concentration at Craters of the Moon rather (ICPP). Gamma spectrometry showed no detectable
than to an,, Site operations. Gross alpaca data for 1990 concentrations of an`, manmade radionuclides. No Site

is presented in Table B-I. Appendix B. eperations intormalion could be found to explain the
elevated gross beta concentrations on filters trom those

Analysis for gross beta ac|iv|t,, is performed on each four samplers during that week in December.
membrane filter from ali 23 locations in a low back-

ground beta counter. If the gross beta act|vii\ on a filter One onsite location had a monthly mean gross beta

exceeds un action level of 1 x 1()-12 _Ci/mL. or if concentration statistically greater than background for
a Site release ix suspected, the filler is analyzed Oct()ber 199(). and five onsile locations und one

b 5 gamma spectrometrx. Ali gross beta aclivit`, boundar`, Iocamm hud monthly mean gross beta con-

detected on the charcoal-impregnated filters is centrations statistically greater than the distant gr(mp

|nit|all`, assumed to be 1-131. If the gross beta activit,, for November 1990. The on.,,ite und boundary group
on the charcoal filter exceeds an action level of means _ere also statist|call,, greater than the distant

7 x ]li -}a laCi/mL, the filter is analyzed by gamma group mean for November (see Table B-2. Appen-
spectromet D to determine the 1-131 component, dix B _. Mud Lake showed a higher annual gross beta

mean concentration than the distant group. After anal-

The gross beta acti`,_it_ is de:ermined weekl`, tor ali vsis of INEl_ release data und examination oi results oi
filters as a screening technique to give timel_ infor- specific radionuclide analyses reported in the next
mat|on in the exent of INEL release,, or v_orld_ide section, no evidence could be found to indicate that the

fallout. This information ma,, be difficult lo interpret, higher gross beta concentrations al an`, o! these I(_ca-
hov.e,.er, becau,,e of local var|ali(ms in beta concen- lions during an_ 1990 time period _,ere due to man-

made radionuclide,, _r t_ Site _perati_ms.trail(ms oi airborne particulates al an)gJ`,en time ()r

location..An`, (_I se_ eral lact(_rs ma,. be resp(msible t(_r

the ,. aria|ion,, obser,.ed. Examples (d these lactors "lhc a\erage rn_mthl_ c(mcentrati(m,, (_t gr(p,,, beta
include dust (_r s(_(_l I(_ading (m indix idual filter,, aL'li\lt\ l(_r (_nsitc. b(_undar,,, and disltJllt l(_cati(,n

ar\ JIl_- L_,n,.entrall(m,, {_f natural radi(_acti\iI,, al gr(,ups are sh_v,n in Figures 5 and (_ t{_r 1_×2 199(l.

t2
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Figure 5. Site and distant gross beta concentrations in air.
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Figure 6. Boundary and distant gross beta c'oncentrati(ms in air.
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The figured bar represents the time of the Chernoby'l Two gamma--emiuing radionuclides. Cs-137 and
accident after which gross beta activity peaked Ru-106. were measured at concentrations near their
dramatically. In recent years, there appears to be a minimum detectable concentrations. When the
small pauem of variation, with slightly higher concen- reported concentrations are this low. it is difficult to
trations occurring near the end and the beginning of draw firm conclusions about the source of the radio-
most years. Reasons for this variation are most likely, activity (see Appendix C).
related to meteorological conditions.

Strontium-90, a nuclide deposited on soil world-
wide as a result of fallout from nuclear weapons tests,

Specific Radionuclides---Specific radionuclide is often detected at concentrations near the minimum
analyses are more sensitive indicators than gross beta detectable concentration on both onsite and off site
analvses of concentrations of manmade radionuclides
in air. Therefore, the membrane filters of the low- samplers. Although not detected during 1990 on filter

volume samplers are composited according to location composites from any location, the annual average for
at the end of each quarter, and all composites are the distant group was calculated as statistically signifi-
analyzed for specific radionuclides by gamma cant at 1.1 + 1.0 x 10-16 laCi/mL. RESL does not
spectrometry. Selected composites are then submitted interpret this as meaning that Sr-90 was indeed pres-
for analyses for alpha-emitting radionuclides or ent. However, if the assumption is made that it was,
Sr-90. The analyses for alpha-emitting nuclides this annual concentration is 0.001 _ of the annual
utilize chemical separation techniques followed by derived concentration guide for radiation protection of

the public.alpha spectrometry: for Sr-90, the chemical separation
is followed by beta counting. Because both of the Plutonium-239/240 and Am-241 are frequently
followup analyses consume the entire sample, only detected on RWMC filters as a result of resuspension
one of the two types can be performed on a given com- of contaminated soil by the wind during quarters when
posite. The composites from one distant location and there is no snow cover. During 1990 Am-241 was
four onsite locations are analyzed each quarter for detected at RWMC during the third quarter at a
specific alpha-emitting radionuclides. The composites concentration of 2.5 + 1.0 × 10-17 laCi/mL andfrom another distant location and four other onsite

locations are analtzed each quarter for Sr-90. In addi- Pu-239/240 during the fourth quarter at a concen-
tion. six offsite and four onsite location composites are tration of 4.4 + !.0 × 10-17 laCi/mL. However, the con-

centration of Pu-239/240 measured was greater thananalyzed on alternating schedules, giving a total of ten
rotating analyses. (Five composites are submitted for typically detected at RWMC. Extensive ground distur-

bance has occurred in the vicinity of the sampler whilealpha-emitting nuclides and live for Sr-90 one
a new office building has been under construction. The

quarter: during the next quarter, the groups are
reversed and submitted for the other type of analt'sis._ presence of Pu-239/240 mat' have been due to soil

resuspension by the ground disturbance activities, the
wind, or a combination of both. The annual concentra-

The quantitt' and identity of radionuclides released tions of both nuclides were less than 0.()6_,_ of the

from INEL facilities are reported quarterly in the appropriate annual derived concentration guide.
Radioactive Waste Management Information System Americium-241 was also detected at Experimen-
(RWMIS) report. Whenever ant' question exists as to tal Breeder Reactor-I (EBR-I) at a concentration of

the impact of Site operations on the environment, 1.1 +_0.6 × 10 -17 laCi/mL and at ICPP at a concentra-
results of the specific radionuclide analyses are tion of 5+4× 10-1_ laCi/mL during the fourth quarter.
compared to release data from the RWMIS reports in

an attempt to determine the source of the detected Comparisonsofonsite group meanconcentrations to
material, boundary' group means and distant community means

revealed no statistical differences for any manmade

Results of the quarterly specific radionuclide anal- radionuclides. After examination of the geographical
xses of membrane filter composites are summarized in pattern and magnitude of detectable concentrations, the
Table B-4, Appendix B. Beryllium-7, a naturally presence of Am-241 and Pu-239/24() at RWMC
occurring radionuclide produced by the interaction of appears to be related to RWMC operations or to resus-
cosmic radiation and nitrogen in the atmosphere, is pension of slightly, contaminated soil at the RWMC
excluded. Although Be-7 is also a manmade radio- area. Although EBR-I is located near the RWMC, and
nuclide produced at some National Laboratories, it is the presence of Am-241 could conceivabl ! be
not a significant product of the processes al the INEL. explained by operations at the RWMC area. it is
Radionuclides included in Table B--4 are those that unlikely'. No specific source for the nuclide at EBR-!
could potentially be released from INEL operations, has been determined. The reported concentration at
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ICPP was near the minimum detectable concentration continuing and conclusions will be summarized in the
and cannot be easily interpreted (see Appendix C). 1991 annual report.

Krypton-85---Krypton-85 is monitored at one Site
Tritium--Samplers for tritium in water vapor are location, CFA. Ambient air is collected continuously
located in Idano Falls and at the EFS and Van Buren in a large Tedlar bag. Twice a month, the sample (about
locations on the INEL. In these samplers, air is passed 0.75 m3 of air) is compressed into a cylinder. Two cyl-
through a column of silica gel at a rate of 0.3 L/min inders are shipped each month to the EP.& Environ-
(0.65 ft3/h). Tritium concentrations are determined by mental Monitoring Systems Laboratory in Las Vegas
liquid scintillation counting of water extracted from (EMSL-LV) for analysis. The EMSL-LV analyzes for
the silica gel columns. Kr-85 by condensing the samples at liquid nitrogen

temperature and using gas chromatography to separate
the krypton gas. The separated gas is dissolved in aTritium concentrations at the three locations are
scintillation cocktail and counted in a liquid scin-summarized in Table B-5, Appendix B. During 1990. tillation counter, a

three of the four samples collected at Idaho Falls an ,'_

three of the eight Site samples (two at EPS and one at Compressed air samples from CFA were analyzed
Van Buren) contained detectable concentrations of for Kr-85 from December 26, 1989 to December 27,

tritium. No significant dift'erence was found between 1990: and results are reported in Table B--6, Appen-
onsite and offsite locations. Because Idaho Falls lies dix B. The results are typical of levels found in the
outside the prevailing wind patterns for the Site and is western United States by EMSL-LV, and are consis-
distant from the INEL, it is unlikely that the tritium tent with the lower-than-normal releases of Kr-85 by
detected there originated from Site operations, the INEL during 1989 and 1990. The annual average
Furthermore, the tritium concentrations in Idaho Falls

concentratic, n of 3 x 10-li btCi/mL is 0.001% of the
samples were higher than those from the onsite sam- derived concentration guide for radiation protection of
piers. No tritium was detected in any onsite or oftsite the public. (See the section entitled "Environmental
1981-1987 samples, but it was detected during 1988 at Standards and Regulations.")
ali locations and during 1989 at Idaho Falls and once at

Van Buren. Examination of Site facility releases and Aerial Monitoring for Radioactivity--An aerial
meteorological information showed no evidence that radiological survey of the entire INEL Site was con-
the presence of tritium at any of these locations was ducted during June and July of 1990 by EG&G Energy
due to INEL operations. Future tritium monitoring Measurements, Inc., Las Vegas, Nevada, for DOE. The
results will continue to be closely examined tor trends survey consisted of aerial measurements of both nat-
in an attempt to discover a definite explanation for ural and manmade radiation from the ground surface
these detectable t.,-itium concentrations. Table B-5, on and around the INEL Site using helicopter flights.
Appendix B, shows that the annual mean tritium con- The distribution of isotopic concentrations in the sur-
centration at each location is a very small percentage vey area will be estimated from these measurements. A
(0.0007% or less) of the annual derived concentration report, is expected to be completed in mid-1991. Simi-
guides for radiation protection of the public, lar, but less extensive, surveys were conducted in

1966.1974, and 1982.

Tritium in air in the form of water vapor may also be FIESLWater Sampling
detected in rain and snow samples. Precipitation sam-

ples are routinely collected at CFA and Idaho Falls and General,---No streams or rivers flow from within the
analyzed for pH and tor tritium. The December 1990 INEL to locations outside the boundaries. Therefore,
sample from CFA contained detectable tritium at a water sampling at the Site is limited to ground-water
concentration of 1.3 + 0.4 pCi/L. Snow samples monitoring. Oft'site community drinking water is also
collected for research purposes approximately 1 km sampled, plus surface water samples from the Snake
northeast and 1 km southwest of ICPP in late River, which flows at a consi(k,7_ble distance outside

December also had detectable concentrations of the Site boundarie,_, and a few :;uff,:_ springs in the
tritium at 2.8 _+.0.6 pCi/L and 1.9 + ().4 pCi/L, respec- Twin Falls, Idaho area. The Snake Rive, Plain aquifer,
tivelv. One snow sample collected on Monida Pass did which lies beneath the INEL Site, serve_ as a primary
not have detectable tritium. Releases of tritium source for drinking wate_ al_0 crop irrigation in the
reported in the Radioactive Waste Management Intor- Snake River Basin.
marion System _RWMIS) appeared to be too small to
result in concentrations of these levels unless meteoro- Onsite and off'site water samples are collected
logical co_ditions were unusual. [nvestigati(,ns are routinelvtomonitorthemovementofwastesubstances,
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both radioactive and nonradioactive, through the aqui- trations were lower than 5 x 10 -9 p.Ci/mL and repre-
fer. RESL collects drinking water from boundary, and sent measurements near the minimum detectable
distant communities and Snake River water samples concentration (see Appendix C). Annual gross alpha
and submits them for radionuclide analyses, (see average concentrations for the 1990 samples at ali
Table II). Approximate locations of RESL offsite locations were less than 2.5 x 10- 9 laCi/mL, which is
water sample collection sites are shown in Figure 7, within the expected concentration range for naturally
along with locations of tour of the observation wells occurring alpha activity in the aquifer underlying
beyond the southern and western Site boundaries that the INEL and surrounding areas. 5 According to recent
the USGS samples routinely. During the last half of USGS reports, 6,7 alpha-emitting wastes from
1989 and the first halfof1990, three sufface water loca- Site operations have not migrated far from their
tions in the Magic Valley area (Twin Falls and points entrance into the aquifer near ICPP. Therefore, the
west) were added to the RESL pro_am and two from offsite gross alpha activity is unlikely to be due to
communities (Shoshone and Minidoka) were sampled migration of wastes from Site operations, and ali
monthly. Each sample was split between RESL and the onsite drinking water wells lie outside the migration
ISU Environmental Monitoring Program for their inde- plumes for alpha-emitting nuclides. Gross alpha con-
pendent environmental surveillance program. Begin- centrations in ali samples were less than the EPA com-
ning in July 1990 the frequency of this sampling was munity drinking water standard for gross alpha activity
changed from monthly to quarterly. Onsite drinking of 15 x 10-9 !LtCi/mL.
water samples are collected monthly from production
(drinking water) wells in use at active Site facilities.
ISU also splits some samples with the USGS. Forty-eight of the 329 Site samples and 14 of the

76 boundary and distant samples showed gross beta

concentrations of 10 + 4 × 10-9 t,tCi/mL or lower, i.e.,
In addition to the production well monitoring near the minimum detectable concentration. At these

performed by RESL, the USGS extensively monitors low concentrations, it is difficult to draw firm conclu-
ground water on the INEL Site. The USGS portion of
the water sampling program and two maps showing sions about the presence of the radioactivity (_ee
locations of USGS sampling wells are described in the Appendix C). Annual averages for gross beta activity

at ali locations were below the EPA community drink-
section "Ground-Water Monitoring, Program
Information." '- ing water standard of 50 x 10-9 l.tCi/mL.

Gross Alpha, Gross Beta---Each RESL water Natural radioactivity is found in the Snake River
sample is submitted for gross (nonspecific) analyses Plain aquifer in areas upgradient, parallel to, and dis-
for alpha and beta-emitting radionuclides that might tant from the INEL Site. The natural radioactivity is
be present in the water. For gross alpha analysis, a the probable source of the presence of low concentra-
portion of the sample is evaporated on a stainless steel tions of gross alpha and gross beta activity.
planchet and counted with a scintillation counter

system. For gross beta activity, a portion is evaporated Specific Radionuclides--Tritium analyses are
and counted in a Iov,-background beta counter. The routinely performed on the water samples collected by
minimum detectable concentrations for gross alpha RESL: and Sr-90 analyses are performed each month
and gross beta are 3 x 10-o and 4 × 10-'_ laCi/mL, on samples from drinking water wells in the ICPP area
respectively, or abot_ 10% and 4% of the DOE derived because two of these wells lie within the Sr-90 waste

concentration guides for radiation protection of the plume as determined by the USGS. Figures 8 and 9
public (see the section entitled "'Environmental Stan- taken from USGS reports (References 7, 8) illustrate
dards and Regulations"). These minimum detectable the approximate extent of the tritium and Sr-90 waste
concentration.,, are also 20q and 8ck, respectively, of plumes. A waste plume is defined as the spread of vari-
maximum contaminant levels for community drinking ous contaminants in the aquifer and perched water
water listed by the EPA in 1990. originating from INEL facilities. The draw'ing of

plumes, such as those sho'_'n in Figures 8 and 9.

Approximately 29q of ali drinking water samples utilizes judgment of competent professionals based on
collected in 199() contained detectable concentrations points of data from the wells shown. Scientists must
of gross alpha activity. Sixteen of the 54 boundary and interpret the data in order to represent it on maps. As
distant water sample.,, collected and analyzed by RESL seen in Figures 8 and 9. lhe 0.5-pCi/mL concentration
in 1Ot_()contained detectable gross alpha activity, and contour, w'hich represents the leading edge of each
I0() of the 329 Site drinking water samples had plume, was inside the Site boundary in 1988 for both
detectable _ross__, alpha activit,,. Ali detectable concen- Sr-9() and tritium.
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Concentrations of tritium are determined by using a rent effective dose equivalent calculation was based on
liquid scintillation counter. Strontium-90 is separated the 1990 average tritium concentration of 16.8 × 10-6

from the sample chemically and after an ingrowth _Ci/mL (16.8 pCi/L) in the samples from the CFA dis-
period, its Y-90 daughter is separated chemically and tribution system (Table B-7, Appendix B). CFA Well
counted in a low-background beta counter to deter- #2 was used for more than 96ch of the drinking water at
mine the amount of Sr-q0 initially present in the sam- CFA during 1990. Although CFA # 1 contained a
pie. The minimum detectable concentrations for detectable concentration of 1-129 in the 1986 study,
tritium and Sr-90 are 4 × 10-7 and 5 × 10-1° laCi/mL, CFA #2 did not; therefore, no I-129 component

or about 0.02c/c and 0.05c_, respectively, of the DOE appeared in the 1990 dose estimate. The assumption
derived concentration guides for radiation protection wt.s made that each worker's total water intake came
of the public. These minimum detectable concentra- from the CFA #2 weil. This assumption actually over-
tions are also 2c,_ and 6c_, respectively, of maximum estimates the dose because workers typically consume
contaminant levels for community drinking water only about half their total intake during working hours,
listed by the EPA in 1990. and they typically work only 240 days rather than

365 days per year. The estimated effective dose equiv-

None of the boundary or distant community water alent to a worker from consuming drinking water at
samples contained detectable concentrations of CFA during 1990 was 0.77 mrem/year. This is clearly
tritium. Some samples from onsite wells that lie within below the EPA standard of 4 mrem for community
the tritium plume consistently contain detectable con- drinking water systems.
centrations of tritium. Data from these wells are

presented in Table B-7, Appendix B. Samples from Foodstuff Sampling
two of the ICPP production wells sometimes have

detectable concentrations of Sr-90. These data are also General Information---Milk, wheat, and leafy gar-
presented in Table B-7. The highest annual average den lettuce are sampled annually. Muscle and liver
concentration of tritium in Site drinking water (at samples from sheep are also collected annually.
CFA) is 0.8c,_ of the derived concentration guide for Muscle and liver samples from beef cattle are usually
radiation protection. For Sr-90, the highest annual sampled biennially, but were not sampled in 1988
average concentration (at ICPP) was 0.079_- of the through 1990 because the grazing areas near the
derived concentration guide. RWMC were not used due to drought conditions.

Because they are part of the typical American diet, ali
The USGS detected tritium in water samples from these foodstuffs could be pathways to the public for

some of the observation `._ells just inside the southern radionuclides from fallout or from INEL operations.
Site boundary for the first time in 1983, but it has not Boundary areas are compared to distant areas to assess
been detected in samples collected from those wells possible impacts from INEL operations. Milk and
since January 1986. In the nearest offsite weil. which is wheat sampling locations are shown in Figure 7. Let-
about 0.8 km I0.5 mi l south of the Site boundary, tuce was collected at Arco, Atomic City, Blackfoot.
tritium has never been detected above the minimum Caret,,',Howe, Idaho Falls. Mud Lake. and Pocatello.
detectable concentration of 4 × 10 -7 _Ci/mL.

Milk--Milk samples (158 total) were collected fram
Strontium-90 analyses were abo,,;e the minimum dairies and single-family milk cows in the INEL

detectable concentration (5 × 10 -9 _Ci/mL) only for vicinity. Samples are normally collected monthly
those samples collect.:d within 3.2 km (2.0 mil of the except in Idaho Falls. where a sample is collected
former disposal w'ell at ICPP. or approximately 9.8 km weekly. Ali milk samples are passed through an anion
_6.1 rail inside the nearest Site boundary, As seen in exchange resin, which is then analyzed for 1-131 by
Figure 8. those wells lie within the Sr-90 plume, gamma spectrometry. Milk from each location is
Isotopes of cesium and plutonium are even less mobile analyzed for Sr-90 and tritium annually. In addition to

in the aquifer than strontium, and the locations at which the tritium and Sr-90 analyses, three September sam-
detectable concentrations oi these isotope.,, can be pies. one each from Carey. Idaho Falls. and Mud Lake
detected are still near the point of entrance into the are submitted for I-!29 analysis each year. For 1-129
aquifer, analysis, when the gamma spectrometric analysis of

the three samples for 1-131 is complete, the iodide is
The eflective dose equi,,alent from drinking water chemicall_ stripped from the anion exchange resin.

to a v,orker at CFA _ as calculated. CFA was selected activated in a reactor to convert 1-129 to 1-130. and

because the tritium concentrations found in these ,.,,ells anal\zed for 1-130 by gamma spectrometr`.. During
are the highest of anx drinking water ,aells. The cur- 199() the "'rabbit" loop of the reactor at the INEL used
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for activation of the sample.,, wa,, removed from ser- ences in concentrations were seen when compared to
,,ice and the I-129 analyses could not be done. result.,, of recent ):ears.

In 1990. no milk samples contained detectable con- Because concentrations of Sr-90 in lettuce and

centrations of 1-131. and none of the ten milk samples wheat samples were at typical levels and were statisti-
submitted for tritium and Sr-90 analyses showed call'., the same at distant and boundary locations, the
detectable concentrations of those nuclides, origin of this radionuclide is assumed to be deposition

of worldwide fallout on the soils of southeastern Idaho

Lefluc_-Lettuce samples ````erewashed with water during past ),,,ears.
to remove an,, soil las in normal food preparation)then
dried and weighed. Ali lettuce samples ````ereanalyzed
for Sr-90 and gamma-emitting radionuclides. No She_,l:_--Muscle and liver samples were taken from
gamma-emitting radionuclides ``,,'erefound, and Sr-90 sheep that had grazed onsite (see Figure 10). During

1990. two sheep were sampled from the southern areaconcentrations reported in most samples were at
approximately the same levels as in past .,,'ears. Com- and two were taken from the eastern area of the INEL.
parison of average concentrations of Sr-90 for bound- In addition, two sheep from the Blackfoot area. which
ar'. and distant communities showed no statistical had never grazed on the INEL. were sampled as

difference bet'.veen the tv,o groups. The Sr-90 results controls.
are shown in Table B-8. Appendix B.

Cs-137 was detected near the minimum detectable

WheatmWheat samples were weighed prior to analv- concentration in the muscle tissue of one onsite animal

sis but not washed. No manmade gamma-emitting at a concentration of 3 + 2 × 10-8 p.Ci/g wet weight.
radionuclides '.``ere detected in any sample. Ali wheat This nuclide was not detected in the tissues of any
samples ````erealso analyzed for Sr-90: and results are other sheep sampled, nor ``,,'ereany other nuclides
_,hown in Table B-g. Appendix B. Average concentra- found in any sheep tissue samples for 1990. This con-
tions of Sr-9(I in wheat were statistically the same for centration is similar to those seen in onsite, boundary.
boundar\ and distant samples, and no major differ- and control sheep from previous years.

. - '

• _,_', , .

Figure I0. Sheep,.e'-ra/_n.,..:_r_the IX_-l..



Soil Sampling dry weight) and also in units of areal activity (nCi/m2),
which is the total activity in each soil sample divided

To establish background levels of natural and fallout by the surface area (0.039 m 2) of the sample.
radioactivity in surface soil and to assess any potential
buildup of radioactivity from Site operations, soil sam- Surface soil concentrations of Cs- 137, Sr-90,
pies were collected annually from distant and bound- Pu-238, Pu-239/240, and Am-241, as measured from
ary locations from 1970-78 (except 1972 and 1977). 1970--75, are compared to biennial samples since 1978
The biennial soil sampling program was established in in Table B-9, Appendix B. The 1976 data are not
1978. and Figure 11 shows routine offsite sampling included because the sampling locations used that year
locations. A rotating seven-year schedule is used to are not considered to be representative of the area.
sample onsite soils around major INEL facilities. Three samples from 1984--Mud Lake No. 1, Mud

Lake No. 2, and Crystal Ice Caves--were excluded

Soil samples collected in 1970, 1971. and 1973 from 1984 data because the concentrations were
represented a composite of five cores of soil from a uncharacteristically low compared to previous years.
1-m 2area. Each core was a cylinder 10cm in diameter This may have been caused by disturbance (farming,
and 5 cm in depth. In ali other years, the five cores erosion, vehicular traffic, etc.) of the sampling loca-
were collected from a l(_--m 2 area. A number of sam- tions. These sampling locations, plus the location at

pies from the 5- to 10--cm depth were also collected. Monteview, were re-evaluated and moved to more
representative undisturbed locations in 1986.

Concentrations of natural radioactivity in the sur-
face soil were reported in 1977. 9 The Th-232 and The boundary group average concentrations for
U-238 activities were determined from those of the 1990 were not statistically greater than the distant

progeny radionuclides, Ac-228 and Pb-214. Oakley I° group concentrations for any radionuclide, lt is con-
indicated that the average concentrations of uranium, cluded, therelore, that ali of the radionuclides detected
thorium, and K-40 in the earth's upper crust, when are present as a result of worldwide fallout.
translated from ppm to pCi/g, are 0.9. 1.1, and
17 pCi/g, respectively. The local soils averaged about Environmental Radiation Measurements
1.5, 1.3 and 1_ pCi/g, respectively, values that are
slightly higher in natural radioactivity than earth Thermoluminescent dosimeters (TLDsl are used to
crustal averages. Although much of the surface rock on measure ionizing radiation exposures (beta greater
the Snake River Plain is basalt, the local soil is largely than 200 keV and gamma greater than 10 keV). The
derived from silicic volcanics, which have higher ura- TLDs measure ionizing radiation exposures from
nium and thorium concentrations than basalt, natural radioactivity in the air and soil, cosmic

radiation from outer space, fallout from nuclear

Estimates of the average external dose equivalent weapons tests, radioactivity from fossil fuel burning.
received from U-238 plus daughters. Th-232 plus and radioactive effluents from Site operations and
daughters, and K-40 in average Site area soil were other industrial processes.
calculated to be 21.28. and 27 mrem/yr, respectively,
for a total of 76 totem/yr. Because heavx +snow cover At each location, a dosimeter card containing five
can reduce the effective dose equivalent Idaho tesi- individual Harshaw TLD-700 chips (3.18 x 3.18 x
dents receive from the soil of the area, a correction for ().89 mm) is placed 1 m above ground level. The
the snov, cover reduction of the terrestrial dose is made dosimeter card at each location is changed semi-
in the following section entitled, "Environmental annually. There are seven distant community locations
Radiation Measurements." and six boundary locations (see Figure 7). The

measured cumulative exposure for the time period from
Currently ali soil samples are analyzed tbr gamma- November 1989 to November 1990 for offsite locations

emitting radionuclides. Ali offsite surface samples is shown in ]'able B-10, Appendix B. For purposes of
(0-5 cml are also analyzed for Sr-9() and alpha- comparison, annual exposures from 1987-89 are also
en-litting radionuclides. The soils are dried at least included for each location. As reported in the 1987
three hours at 12():C. Only soil particles less than annual report. 11dosimeter exposures for that ,,'ear

500 !urn ir_diameter (35 meshj are analyzed. The data appeared unusually love as a group due to drift of the
are reported in units of activitx per gram of soil (pCi/g TLD reader used to analyze the TLD chips.
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The mean annual exposures for distant and bound- TABLE IV
ary community locations in 199(I were 115 + 9 mR and ESTIMATED NATURAL BACKGROUND

115 _+7 mR. respectively, as measured by TLDs. This EFFECTIVE DOSE EQUIVALENT (1990)

exposure is approximately' equivalent to 118 mrem
when a dose equivalent con,`,ersion factor of 1.0312 is Total Average Annual
used to convert t'rom mR to mrem in tissue. Effective Dose

Equivalent (torero)

Table IV summarizes the calculated dose equivalent Source of Radiation Measured
rate an individual receives on the Snake River Plain Dose Equivalent Estimated" (TLD) b

from various background radiation sources. The External TerrestnaP 71 --
terrestrial portion of this value varies from year to year, Cosmic,t 39 --
depending on the amount of snow cover.13 For 1990,
the snow cover resulted in about a 7_ dose reduction: Subtotal 110 118

the terrestrial background dose equivalent rate was cal-
culated to be about 71 torero. Internal Cosmogenic _" 1

Inhaled radionuclides f 20(1
K--40 and others 39

The cosmic component varies primarily with alti-
Subtotal 240

tude. The average annual dose equivalent of 26 mrem
at sea level essentially' doubles with each 2000 m Total 35(I
(6560 ft) increase in altitude. 14 The INEL Site altitude

is approximately 1500 m (4900 ft). The sum of the esti-
mated terrestrial and cosmic components is 110 mrem,

a. Total average annual effective dose equivalents for com-
which is similar to the 118 mrem measured by TLDs at ponents as estimated in NCRP Report No. 93. ja
distant locations.

b. For conversion from mR in air to mrem in tissue, the dose

equivalent coversion factor used was 1.03.

The component that ,,,aries the most is that of
c. The terrestrial component for the INEL Site vicinity is based

inhaled radionuclides. According to the National upon soil sampling tor natural radionuclides in 1976. and a

Council on Radiation Protection (NCRP) (Ref- correcti(m f0r snow cover dunng vdnter months of 1989.

erence 13). the major radionuclides contributing to this

component are short-lived decay products of radon, d. The cosmic component is denved from the estimate in NCRP•, Rel_wt No. q3. I_

and the amount of radon in buildings and ground v.ater

depends upon the natural radionuclide content of the e The cosmogenic component is due primarily to C-14 m

soil and rock of the area. There is also variation nssues and is unifolTllglobalb, la

betv,een buildings of a given geographic area depend- 1. The inhaled radmnuclides component varies v,idel_ with
ing upon the materials they' contain, the amount of yen- geographic location. The 20(_ mrem _ho,an represents the
tilation and air movement, and other factors. The U.S. u.s. populanon average.

average of 20(I mrem has been used in Table IV for this
component of the total background dose because no

INEL _as part of an offslte hunting unit for pronghorn
specific estimate for ¢,outheastern Idaho has been
made. and measurements in homes in this area are fev,, and elk in 1989 and for pronghorn only' in 199(.I. The

hunts were scheduled in response to farmers" claims of
Therefore. the eflective dose equivalent from natural

background radiation for residents in the INEL vicin- significant big game animal depredation and were

it,, ma,, actually, be higher or lov, er than the 350 mrem negotiated between the Idaho Department of Fish and
Game and DOE-ID. Just prior to the 1989 pronghornshov, n and w'ill ,`arv from one location to another.
hunt. RESL collected three antelope from farms adja-

cent to the INEL and submitted tissue samples for

Game Species analysis to document radionuclide concentrations, if
any. No manmade radionuclides were detected in the

edible tissues of an,,' of the animals.

Hunting and fishing are not usually, alloy, cd (m the

INEL Site. Hor, ever. beginning in 1989. an exception By migrating to and trom the Site, game animals

,a as made by permitting hunter access to one-halimile represent a potential, bul not vet,` l ikel,`, exposure
v, ithin lhc n(_rthern INEl_ boundaries facilitatin_,__ pathwa\. The probabilJt,, thal an individual in the

acces,, I¢_the adjacent tarm lands. l-his portion _1 the populalic_n v,ould consume an animal c_>ntaining



detectable amounts of radioactivity is small becau,,e 199() x'`ith detectable Cs-137 in muscle tissues had

most animals thai migrate from the INEL do not con- concentrations lo,a'er than those levels.
tain elevated le`.'el,, of contaminants. While onsite.

some game animals max use the _ a.,,te infiltration No fish `.,,ere collected from the portion of the Big

ponds at TRA and ICPP for water. Although the ponds Lost River within the INEL boundaries during 199(I
are fenced to exclude antelope, the TRA fence may not because it was dry the entire year.
exclude ali deer. Neilher. c,f course, do the fences

exclude game birds, which have used the ponds in the Summary of Radioactivepast for resting and feeding sites. Larger game animals

ma_, also ingest vegetation and soil that has been con- EffluentMonitoring
laminated by Site operations. Hor, ever, these particu-

lar animals are not likels to be harvested before the Radionuclides in airborne and liquid effluents
radionuclides have been eliminated from their bodies, released to the environment are carefully' monitored at

potentially significant release points. Effluent moni-

Data from game species ma 3 be obtained as pan of toting is summarized in Appendix H of Reference 15.
DOE research programs rather than as part of the The Radioactive Waste Management Information Svs-

routine en`. ironmental surveillance program. Gen- tem reports the results of the effluent monitoring by
erall',, data from onlx; road-killed animals are sum- month, facility, and radionuclide.

marized in this report. Results from the radioecolog,,

and ecolog_ research programs, which use the exper- A summary of the radionuclides released to the
tise of university facult\ and graduate students, are atmosphere from Site facilities in 1990 is shown in

reported in the scientific literature and supplement the Table B-I 1. Appendix B. Because of radioactive
results of the routinelx scheduled environmental moni- deca,,' of the short-lived radionuclides and the over-

toting included in this report. Results from some of the estimation of Kr-85 releases for classification reasons.

radioecolog._ studies that investigated potential doses the activity thai _ould reach offsite areas is less than

to man from game animals migrating from the Site are the 24,(XR) Ci (9 × 1014 Bq) indicated in Table B-I 1.
discussed in the section entitled "'Maximum Individual The ICPP and TRA facilities were the source of about

Dose--Game AnimalPathv.a3.'" 97c)_ of the total radioactivity released to the

atmosphere. Noble gases comprised more than 99q of
the total airborne radioactive effluent.

Muscle and li`.er samples Irom three mule deer. ten
pronghorn antelope, and two elk. ali killed bv vehicles
on Site roads in 199(I. v, ere submitted for analysis by Air emissions from nonpoint sources (RWMC. TRA

gamma spectrometr 5 . ponds, and 1CPP ponds) were evaluated. None of these
sources emitted sufficient amounts to warrant

including the eflluents in the dose calculations.
Anlong the ten pronghorn onsite road-kills, two had

detectable concentrations of Cs-137 in muscle tissue
The total annual airborne radioactive effluent varies

at 1.2 + i.0 × I() -s t.lCi/g and 2.0 + 0.8 × 1(I-_ DCi/g from ','ear to year, depending on which processes are
v,et v, eighl. None oithe other pronghorn tissues active at INEL facilities. The 1990 annual total of less

sampled contained manmade radionuclides, and no than 24.(XXI Ci was a little higher than the 1989 total.
manmade radionuclides v,ere found in the tissues of The difference is due to a small increase in the amount

the road-killed elk or mule deer. of noble gases, primarils Ar----41 released from TRA.
For purposes of comparison, total airborne radioac-

\Vhile il is known thai the soil around some facilities live effluent releases for the past five ','ears were
is contaminated with Cs-137. this nuclide ,,,,as also a as follov, s 1986--14.500 Ct. 19b;7--iess than

constituent of _aorldv, ide fallout during atmo_,pheric 165.(Xt_1 Ct. lgl',;8--1ess than 124.(X){) Ct. 1989--1ess

`.'`capons testing and ha_, been found in the soil at than 22.(1()() Ct. and 199(l-----less than 24.()1){1Ct.
locations distant from the Site. ,As a result _,ame

animals sampled treml off site distanl areas I c_mtrol Nc_ liquids were released directl\ to the offsite envi-
animals_occasi_mall`. ¢.cmtain(Ts-137 m lheirmuscle ronmt.-nt. (')nsite releases are sun*lrnari_,ed in

arid ti_er tis,,ues. The l C/b_(tnlorlii_rin,e rep{_rt gave the -Iable B- 12. Appendix B. Most liquid radioactixe
a\ cragc conccnlrati_m, oi (7,,- 137 found in tissues _1 ell]uents arc di,<harged int{_ seepage ponds. The effiu-

c_ntr_l aninlal, ,,amplcd in Mudics {,1 earlier ,,car,, as en! li-ted l_r ('I':A i,, di,,charged thr{_ugh a ser ag_:

._.g , I(t " ,D.('l/g 1(11- IllU',¢Ic and 4.7 ,. l(I '_'_('i/g l_l- trual_l_enl lat.ilil\. Site-related rad_oacti_ ¢ liquid,, t,:_xc
li,.er Ii_.'-,tl_.',,. The t_, _,-,_lv pr_neh_rn ,,alnplcd in n_tl bccn dctcctcd {_tllsldC lhc IX|'.l. b{tundaric-,. _=i;=



the possible exception of CI-36 ¢see the sec- lions ,ailh bolh air dispersion models. Because the
lion entitled "'Ground-Water Surveillance Program hypothetical efleclive dose equi'_alenl to the maxi-
lnformation"), mali', exposed individual residing near the INEL is so

iov,. no allowance was made for shielding b.v housing

Assessment of Potential materials or residence time in the community in any of
the calculations usinglhe MESODIFdispersion

Radiation Dose to the Public model. The CAP-88 code which is used by ali sites.

regardless of the magnitude of the hypothetical dose,
General Information does include a factor to allow for shielding and

¢_ccupancy time.
Usually, the radiological impact of INEL operations

on the resident public surrounding the Site has been The possible exposure pathways by which radio-
too small to be measured by the routine monitoring active materials from Site operations could be trans-
program. Therefore, the radiological impact of INEL ported to offsite environs are shown diagrammatically
operations by the air pathway has traditionally' been in Figure 12. No surf ,_.• streams flow from within the
estimated using the known amounts of various radio- INEL to offsite locations. The leading edge of the
nuclides released during the year from Site facilities tritium plume (shown earlier in Figure 8), the most
and appropriate air dispersion models, described in the mobile low-level radioactive waste in the aquifer,
next section, to determine the concentrations at reached the Site boundary in 1983 at low concen-
selected locations in the vicinity. During 1990, this trations. However. tritium from the INEL has never

was done for the radionuclides released from Site been detected in any' of the wells south of the Ix)undar)'.
facilities to the atmosphere, as summarized in Thus, atmospheric transport is the principal potential
Table B-11, Appendix B. exposure pathway from the Site and is described in the

section "'Maximum Individual Dose--Airborne

Because of the different applicable standards for Emissions Pathway Only.'"
radiation protection of the public (see the section
entitled "'Environmental Standards. Regulations. and Several indirect exposure pathv,'ays are beingPermits"_ and reasons discussed below,. RESL uses

studied at the INEL to determine their effect, if any, on
two different air dispersion models to calculate the

the highest possible dose that could have been received
by a member of the public. The principal indirect

• effective dose equivalent to the maximally exposure pathway involves eating animals of game
exposed individual residing offsite using the species that have spent time on the Site. Radioactivity
EPA-required CAP-88 model present in game species depends upon the length of

residence al each onsite location, the time elapsed
• effective dose equivalent to the maximally, = since migration from the Site. and the metabolism of

exposed indi,_idual residing offsite using the the animal. Estimates of the maximum potential dose
MESODIF di,,persion model 1_, to a person consuming meat from different game

animals is described in the section "'Maximum Indi-

• collecti,,e effective dose equivalent (popu- vidual Dose---Game Ingestion Pathway.'"
lation dose J within an {_(k-kml Sfl--mi_ radius

of the operations center of the Site (TRA and Maximum Individual Dose---Airborne
ICPPI using the MESOD1F dispersion model.

Emissions Pathway Only
For simplicity, the term d_,._c v_iii mean _t_e_'tire

d_,._' cqturaletzt in the foil(e,,, ing dose assessment sec- During 199(). EPA regulations (Reference 1) were in
lions, unless another term is specifically, stated. The effect that limited the amount of airborne radio-
etiectixe do,,e equixalent v,as calculated by summing nuclides released from DOE facilities lo that which
the committed dose equix alenls to organs, each multi- will produce an effective dose equivalent of l() mrem/
piled bx a v,eighting factor thai is proportional lo the \r lo an,, member of the public. The EPA has specified
organ's ,,.,dio,,en_,itivitx. The ettectixe d(_se equivalent thal the CAP-Kg computer code he used l(_ dcta(m-
includes doses recei_.ed from both exlernal and inter- slrale compliance unless an alternale m(_del has been

nal sources and represents the same risk as ii an indi- approved b\ the Adminislrat(_r ot lhc [_:,PA.
xidual's ',,,h(fle b(_d\ v,ere irradiated unilorml_. DOE

dose conxersiCm tactors and a 5(l-\'r integrali(m peri(_d t,_ng the CAP-gF; _.(,de and I('PP and "IRA
are used l(,r internall', dep(_siled radi(muclide, and f(_r emis,,itms, a l_C_(ihy,p(_lhelical e|le_.li_e d(,sc equi_a-
radionuclides dep(_sited (m grtmnd ,,urlaces in calcula- lent (_i ().(Xll lllrt2lrl ( 1 / l(t _'nl._\ ) \_.a'.,c;.llLulated l(_r
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Figure 12. Detailed diagram of possible exposure pathways oi the INEL Site radioactive materials to members of
the public.

a member of the public at Atomic Cit,,', Idaho. 19 km doses occur at a variety of receptor (nearest resident)
(12 mi )southeast of the operations center of the INEL locations. For the NESHAPs report, the offsite dose
Site. This dose is 0.01(;; of the EPA radiation protec- was calculated for the nearest resident to each INEL
tion standard. ICPP and TRA emissions were summed facility that reported airborne releases in 1990. and
for 1990 because the,, represented more than 97_:;_of then the doses from ali facilities were summed. The
the total INEL emissions, and Atomic Cit,,' is the loca- total dose of 0.(X)I7 mrem( ! .7 × !0 -5 roSy) assumes

lion of the nearest offsite resident to both facilities, that an individual resides at ali off site receptor loca-
tions simultaneously. This is a conserxative ()r maxi-

This do,,e calculation u,,es a diffeient appr()ach mi/ing approach rather than a realistic approach. The
tr()n3 that used l(_r dem(_,nstraling _.ompliance for the calculation in this section for a residen! ()f At()mic'
lC)4()NESHAP_, report. Because the INEl_ ()perati(_n,, ('ilx based ()n I('PP and ]'RA emis,,i()ns is more real-
are ,,pread (_ era v, idc area. lhc pt)tenlla] ()||'_,ilC i_.IiC.A more th_r_ugh discussion ()I lhc NESttAPs

2_



calculations appears in the 199(I INEL NESHAPs 19-km (12-mi) transit of the radionuclides from the
Annual Report submitted to EPA on June 3(1. 1991. TRA-ICPP complex to the Atomic City location, the

potential effective dose equivalent from ali radio-

The MESODIF air dispersion moc_el has been used nuclides released was calculated to be 0.006 mrem
for 18 years to calculate doses to members of the (6 × I(_--_roSy) (see Table V). This dose is ().006_ of

public residing near the INEL. lt is included here to the DOE radiation protection standard for a prolonged
allow comparison to previous years. Although the period of exposure to a member of the public from ali
MESODIF model usually calculates somewhat higher pathways and ().06ck of the EPA standard. The 1990 air
doses to the public than the EPA-approved models, the dispersion coefficient for Atomic City was lower than
more complicated puff Gaussian plume model used in the usual value in the past. According to NOAA, the dif-
MESODIF appears to be more appropriate to air dis- ference is most likely because they have begun using
persion at the INEL than the straight-line Gaussian the EPA-approved calculation method for stability
Plume model used in the air dispersion portion of the classes rather than their previous method which
CAP-88 model. The doses and offsite concentrations assumed clear skies each day. (No data for cloud cover

calculated using the MESODIF model were compared is available. )This leads to a smaller number for disper-
to monitoring results at offsite locations in 1986, 1987, sion coefficients at data stations.
and 1988 with good agreement. A detailed discussion
of differences between the two air dispersion models The ICPP was not operating for most of calendar year
was given in the 1986 annual report. 17The MESODIF 1990.thusTRA releases result in the highest proportion
diffusion curves, developed from tests at the INEL and of the doses for this year as in some previous years. In
Hanford desert environments, appear to be more 1989. about 60c_ of the 0.007-mrem computed dose
appropriate for the INEL Site. Therefore, the effective was due to Argon-41, which was also the major contrib-
dose equivalent calculated using the MESODIF model utor to the 1990 dose. Figures 14 and 15 illustrate the
is included in this report as well as the value calculated proportion of specific nuclides comprising the maxi-
using the EPA-required model, mum individual dose for 1989 and 199f), respectively.

The mesoscale meteorological map (Figure 13) One of the parameters necessary to convert air
shows the calculated 1990 concentrations normalized concentrations into dose equivalents is the deposition

to a unit release rate for the INEL Site and vicinity. This velocity--the rate at which the particulates are depos-
map has been prepared by the National Oceanic and ited on the surface of the ground. For the calculations
Atmospheric Administration (NOAA) at the INEL based on the MESODIF model, a deposition velocity
using the MESODIF model and data gathered continu- for particulates of 0.18 cm/s was used, which is con-
ousl`, at meteorological stations on and around the Site. sistent with other INEL dose assessments. A deposition
To facilitate the display, the dispersion coefficient val- velocity tor elemental iodines oi 1.8 cm/s was used.
ues are given in whole numbers and must be multiplied Organic iodides, which make up two-thirds of the ICPP
bv 1(/-9 h2/m3. To obtain the average air concentration I- 129 releases, have a much lower deposition velocity
<Ci/m3 Jfor a radionuclide released from TRA or ICPP to ground surfaces (0.018 cm/s_.

along an_ dispersion coefficient isopleth in Figure 13.

the value of the 1990 a`,'erage dispersion coefficient The effective dose equivalent for 199(I for a resi-
le.g.. 3(1 × l(r -9 h2/m3_ was multiplied by the number dent of Atomic City. calculated using CAP-88, is

oI curies of the radionuclide released during 199(I and 0.0(11 mrem (1 × 10-5 mSvl and the dose using
divided by the number of hours in a year squared MESODIFis0.OO6mremt6× IO-SmSv). As discussed

17.67 × 1(I7_. earlier, there are differences in the atmospheric disper-
sion portions of the two codes, and RESL has chosen to

As indicated in Figure 13. the MESODIF model pre- use the MESODIF doses for comparison to standards.
dicts that the highest concentrations of radionuclides in The effective dose equivalent calculated by CAP-88 is
air f,_r an inhabited area v,ouid occur at Atomic Cit,,, primarily due to Ar-41 and Kt-85.

Idaho. The maximum hypothetical dose was calculated
for an adult resident of that location from inhalation of ]'he calculated do:,e ((i.()1,_6mrem i re',ulting from
air. submersion in air. ingestion ofradioactivitv on leafy INEL operations is very small compared to the
vegetables, and exposure due to deposition of panicu- measured i 1_;mrem average dose individuals in south-
late,, on the ground surface. The calculation v,as based eastern Idaho received from cosmic and terrestrial
un data presented in Table B- 11and Figure 13. Using radiation during 199(_. The calculated dose is even
24 ,_ 1(_'; h-/m as the dispersion coefficient for Atomic smaller compared to the total estimated effective dose
Cii\ and allowing for radioactixe deca`, during the equivalent fr_m natural background radiation t_t+
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Figure 13. 1990 average of mesoscale dispersion isopleths of air concentrations at ground level, normalized to
unit release rate.

350 mrem (see Table IV). For perspective, the calcu- for the disposal of low-level reactor effluents. In one
lated do_e may also be compared to the approximately study, wild ducks using liquid waste ponds at TRA
30--mrem average dose received from medical diag- were collected. The average potential whole body dose
nostic procedures, the 4--mrem average dose received equivalent from gamma-emitters due to consumption
from highway and road construction materials, and the of the meat of cooked ducks (not including the juices in
0.04 to 0.1 mrem received from luminous watches and the pan) was calculated to be 10 mrem. 19
clocks. 14 Another source has estimated that the

average five-hour jet flight contributes a dose of about In another study, wing-clipped mallards were
0.7 mrem to passengers, and that the average television released on the TRA pond for 56-188 days before
viewer receives about 0.05 to 0.1 mrem annually. 18 collection. Various tissues were analyzed for concen-

trations of Sr-90, Pu-238, Pu-239/240, Am-241,

Maximum Individual Dose--Game Cm-242, and Cm-244. The potential effective dose
IngestionPathway equivalent to a human consuming the entire muscle

and liver mass of one experimental duck with average
Potential dose to an individual from occasional nuclide concentrations was 0.046 mrem from those

• O

ingestion of meat from game animals continues to be specific nuchdes. -° In the most recent study, migratory
investigated. One group of studies involves the calcu- waterfowl were collected from several ponds onsite
lation of potential doses to individuals who might eat ranging from the sewage disposal pond at NRF, where
ducks that reside briefly upon liquid waste ponds used no radioactive contaminaticm wa,_ expected, to the
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TABLE V
MAXIMUM INDIVIDUAL EFFECTIVE

DOSE EQUIVALENT (1990) Kr-87 (1.6%) _ Xe-133 (1.1%)
1-12C(1.8% Other (1.3%)

Xe-135 (2.6%1
Maximum Maximum Effective

Offsite Dose

Concentration b Equivalent c

Radionuclide a (gCi/mL) (mrem) (mSv) KJ'-85

Ar-41 7.1 × 10-13 0.0047 5 × 10-5 (7.8%)

Kr-88 + D 2.2 × 10-14 0.0004 4 × 10-6

1-129 3.7 × 10-19 0.0002 2 X 10-6 Xe- 138/Cs-138 \
Xe-138 + D 3.4× 10-15 0.0002 2× 10-6 (11.6%)
Kr-87 1.7 × 10-14 0.0001 1 × 10-6 At..41

Xe-135 5.7 x 10-1'* 0.0001 l x 10-6 (59.9%)
Kr-85 6.3 x 10-12 0.0001 1 × 10-6 Kr-88/Rb-88

(12.3%)

Rounded Totals 0.006 6 x 10-5

a. Table includes only radionuclides that contribute a dose of

0.0{R)I mrem (l X 10-_'mSv)or more. When indicated

(+ D). the contribution of daughter decay products was 1-0177
included in the dose calculations.

b. Estimate of radioactive decay obtained by using the 1991) Figure 14. Nuclides contributing to maximum indi-" " vidual dose in 1989.
average v, indspeed from 315°-325 ° of 18.84 km/h and a

distance of I9.1 km from TRA-ICPP to the Atomic Cit,,' area.

the location where the hypothetical maximally exposed indi- Xe-138/Cs-138 (3.3%)
Kr-87 (1.3%)

vidual _ould have resided. For nuclides where parent- 1-129(3.4%)-I Xe-135 (1.3%)
daughter equilibria were used in dose calculations, Kr-88/Rb-.88[ Kr-85 (1.2%)
concentration of the parent is shown. (6.3%) Other (1.0%)

c. Effective dose equivalent estimated using dose conversion

factors for inhalation and ingestion from Reference 31 and

dose conversion factors for submersion and deposition from

Reference 32.

radioactive ,*aste pond at TRA. Several tissues from
these birds were analyzed for gamma--emitting radio-
nuclides. The predicted committed effective dose
equivalent to an individual eating the entire muscle and
liver mass of the most contaminated duck (collected

from the TRA radioactive waste pond) was 5.0 mrem Ar-41
_0.050 mSv _. The average predicted committed effec- (82.2%)
tive dose equivalent, based on ali w'aterfowl in the
study. ,.,,as0.27 mrem (0.0027 mSvt.

During a previous study, it was determined that
Idaho hunters harvest about 25.()(g) ducks per ,.'ear. oi
which about six have spent time on INEL pond.,,.21 1-0176
Since the ,.olume and surtace area ot TRA ponds have
decreased, and since other less-contaminated ponds
have been constructed nearbs, the number of ducks Figure 15. Nuclides contributing to maximmn indi-
visiting the TRA ponds has most likel,, decreased vidual dose in 199().
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since that stud,,' was done. The doses calculated above ber in each square mile 26by the MESODIF dispersion
are based on the assumption that the duck would be coefficient at that point (h2/m 3) and the normalized
killed and eaten immediately after leaving the pond. lt dose received at the location of the maximally exposed
is very unlikely that a duck would be killed imme- individual (rem per year/h z per m3). The calculation
diately after leaving the pond, so a lower dose would overestimates dose. however, because radioactive
be more realistic due to biological elimination of the decay of the isotopes was not calculated during trans-
radioactivity. For example, the largest contributor to port over distances greater than the 19 km ( 12 mi) from
the dose, Cs-137, has an effective half life in ducks of the TRA-ICPP midpoint to the Atomic City maximum
11.2 days. 22 This means that half of the Cs-1 37 location. Idaho Falls, tor example, is about 66 km
present when a given duck leaves the pond would be (41 mi) from TRA-ICPP. Neither residence time nor
eliminated in 11.2 days. At the end of the next shielding by housing was taken inte account when
11.2 days. half of the remaining radioactivity lot one- calculating the maximum dose (using the MESODIF
fourth of the original activityl would be eliminated, modelt on which the collective dose is based.
and so on until the amount of Cs-137 present in the

duck's tissues can no longer be detected. The 1990 population dose within each census divi-
sion (see Table VI) was obtained by summing, the

The highest estimated potential whole-bod,, dose results from appropriate areas contained within those
equivalent to a person eating the entire muscle mass of divisions. The total 80--km 150--mi_ population dose
a sage grouse that summered near the TRA-ICPP area was the sum of population doses for the various census
is 2 torero. 23 The maximum whole-body dose divisions. The estimated potential population dose was
equivalent from consumption of sage grouse from other 0.04 person-rem (4 x 10-4 person-Sv) to a popula-
onsite locations and offsite areas ranges from 0.01 to tion of about 121,000. When compared with an
0.04 totem, approximate population dose of 42.400 person-rem

(424 person-Svt from natural background radiation.
The maximum potential whole-body dose equiva- this represents an increase of only about 0.00009c/c

lent to a person eating the muscle tissue of one
9 x 10-5c/_). The dose of 0.(/4 person-rem can also be

mourning dove from the TRA pond area is 0.3 mrem. compared to the following estimated population doses
The average whole-body dose equivalent to people for the same size population: 3600 person-rem for
consuming doves migrating from onsite to offsite areas medical diagnostic procedures, about 480 person-remis 0.01 mrem. which is the same as for control birds

from exposure to highway and road construction mate-
collected tar from the INEL. 24 rials (see Reference 141 or 6 to 12 person-rem tor tele-

vision viewing tsee Reference 181.
A conservative (or highl estimate of the potential

whole-body dose equivalent which could be received
by a single individual eating the entire muscle and liver Table VII summarizes the calculated annual effec-
mass of an antelope Icollected on the INEL after tive dose equivalents from 1990 INEL operations for
August 19751 with the highest levels of radionuclides both CAP-88 and MESODIF calculational methods.
is 0.2 mrem. 25

The contribution of game animal consumption to
80-Kilometer Population Dose the population dose has not been calculated because

only a small percentage of the population hunts game.
An estimate was made of the collective effective few of the animals killed have spent time on the INEL.

dose equivalent (population dose t from inhalation, and most of the animals that do migrate from the 1NEL
submersion, ingestion, and deposition that could have have background concentrations of radionuclides in
been received b_ ali members of the public within an their tissues. The total population dose contribution
80-km 15()-rail radius of the TRA-ICPP complex, from these pathways would, realistically, be less than
This population dose (person-reml is calculated by a the sum oi" population doses from inhalation of air,
computer program that multiplies the population num- submersion in air, and deposition on soil.
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TABLE VI
80-KILOMETER POPULATION DOSE (1990)

Population Dose b

Population a
Census Division 1990 (person-rem) (person-Sv)

Aberdeen 2850 0.0020 2.0 × 10-5

Alridge (part) 160 0.000020 2.0 x 10-7

American Falls Ipart) 110 0.000057 5.7 x 10-7
Arco 2950 0.00062 6.2 x 10--6

Atomic City (city) 35 0.00013 1.3 x 10-6
Atomic City (division) 2300 0.00024 2.4 x 10-6
Blacktbot 13.380 0.0035 3.5 x 10-5

Carey 120 0._8 8 x 10-8

Challis 10 0 0

Firth 3720 0.00081 8.1 x 10-6

Fort Hall {part) 3930 0.00065 6.5 x IO-6
Hamer 2590 0._J47 4.7 x 10-5

Howe 450 0.0020 2.0 x 10-5
Idaho Falls 62.060 0.018 1.8 x 10."_

Idaho Falls West 2060 0.00023 2.3 x 10-6

Leadore 15 0.000011 1.1 x 10-7

Lewisville-Menan (part) 2440 0.00067 6.7 x 10-6

Mackay I100 0.000015 1.5 x 10-7
Moreland 8500 0.0041 4.1 x 10-5

Rigby 640 0.00015 1.5 x 10-6
Roberts 1430 0.0014 1.4 x 10.5

Shelley 6550 0.0017 1.7 x 10-5
Ucon 3690 0.00087 8.7 x 1(.)-6

West Clark 90 0.00018 1.8 x l0 -6

Totals 121.18(I 0.042 4.2 x 10-4

a. Population for each dlvi,,_ion _as ba,ed on the 1980 Ad_ ante Census Report for Idaho adjusted to estimated 199{) levels. The 1990 censu_
report w a, not vet available al press time.

b. The_e population dose_ do not include radioactive deca_ beyond 19.1 km.
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TABLE VII
SUMMARY OF ANNUAL EFFECTIVE DOSE EQUIVALENTS DUE TO 1990 INEL OPERATIONS

Maximum Dose to Collective Dose to

an Individual a Population within 80 km

MESODIF b CAP_88 c MESODIF

Dose 0.006 mrem 0.(X)I mrem 0.04 person-rem
(6 x 10--smSv) (l × IO-5 mSv) (4 x 10-4 person-Sv)

Location Atomic City Atomic City Area within 80-km circle

Applicable Radiation 10 mrem i0 mrem --
Protection Standard d

Percentage of Standard 0.()6_)_ 0.01 c/_ __

Natural Background 350 mrem 350 mrem 42.400 person-rem
(3.5 mSv) (3.5 mSv) (424 person-Sv)

Percentage of Background 0.0017_7_ 0.0003% 0.00009c_

a. H3pothetical dose to a maximall,, exposed individual residing near the INEL Calculations do not consider occupancy time or shielding
b,, buildings,.

b. Effective dose equivalent calculated v, ith the MESODIF air dispersion model used for 18 years to calculate doses to members of the public
residing in the INEL vicimt,,.

c. Effective dose equivalent calculated u,,mg the CAP-88 cc_,.terequired to demonstrate compliance.

d. Although the DOE standard for ali expo,,ure m(_e,, is l/_) mrem/yr as given in DOE Order 5400.5. _DOE guidance states that DOE facili-
ue,, v, ill compl._ v, ith the EPA standard oi tri torero/yr.
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GROUND-WATER SURVEILLANCE PROGRAM INFORMATION

General USGS Program D,,n_ 1990. USGS personnel collected 583 sam-

Information pies from ground-v, ater and surface-water sites at the
INEL. including routine samples summarized in
Table III. that were analyzed by the Analytical Chem-
istry Branch at RESL for radionuclides. Sixty-five

No streams or rivers flow from within the INEL to samples were sent to the USGS Laboratory in A_,ada.
locatiom, outside the boundaries. Therefore, water Colorado for nutrient analyses (nitrates, phosphates.
sampling is limited to onsite and offsite ground-water etc.). 48 samples for purgeable organics, 180 for trace
monitoring plus samples from the Snake River and elements, and 297 for common inorganic ions.
other surface streams and tributaries in the INEL vicin-

it)', some of which flow onto the Site and sink into its Summary of Radiological
porous soils. A brief description of the hydrogeology
of the INEL and the movement of water in the Snake Surveillance Results
River Plain aquifer is given in Appendix A. Further
information may be found in References 6 and 7. The Ali radioactivity detected in drinking water samples
Snake River Plain aquifer, which lies beneath the collected by RESL is evaluated in this report and sum-
INEL. serves as one of the primary sources for marized in the "'Environmental Radiological Program
drinking water and crop irrigation in the Snake River Information" section and Appendix B tables. USGS
Basin. Therefore, the USGS extensively monitors the results are briefly discussed here. Results of moni-
aquifer, and perched water bodies above it, on the toting or surveillance activities that are published in
INEL and al a few' locations beyond the southern and USGS reports are summarized in the year of publi-
western boundaries. The USGS maintains more than cation but may refer to sampling programs of earlier

90 aquifer observation wells on or near the INEL, and years. If data are not to be published, a summary will
more than 170 wells and auger holes are available for be made as soon as results are available. USGS results
sampling perched ground-water bodies. Figures 16 are also available upon request from the USGS INEL
and 17 show USGS sampling locations. Water levels in Project Office at CFA.
wells and various radiological and nonradiological
substances in the aquifer are monitored. References 6 Two samples from each of the four offsite USGS
and 7 contain maps showing the frequency of water wells beyond the southern and western Site boundaries
level measurements and water sample collections, as were submitted for gross alpha, gross beta. and tritium
well as information on the shape and extent of waste in 1990. The September sample for Well #14 had a
plumes (i.e.. the spread of various contaminants in the reported gross alpha concentration of 3 + 2 × 10-'_ _Ci/
aquifer and perched water from INEL facilities) as mL. and the April and October samples at Cerro
the',' were betv,'een 1982 and 1988. Bv examining both Grande well had a reported gross beta concentration at
references, one can observe the changes which have 5 + 4 × lfr -`) laCi/mL. None of the samples showed
occurred over the six-year period, detectable concentrations of tritium or gamma-

emitting radionuclides. The reported concentrations of
gross alpha and gross beta were within the range

In the v_'atersampling portion of the "'Environmental expected due to natural radionuclides in the soil and
Radiological Program Information" section, the RESL rocks of this area.
portion of the radiological ground-v, ater surveillance

program was described and 1990 results svere sum- In addition to samples collected as part of the
marized. The USGS routine ground-water surveil- routine ground-water monitoring program at the
lance program vsas summarized in Table III in the INEL. water samples svere collected from 19 down-
section "'Environmental Program Information." How- gradient ground-w'ater sites. These ,,amples w'ere
ever. the USGS also conducts special studies of the submitted to the USGS Laboratorx in Arvada.
ground v,ater of the Snake River Plain thai are not Colorado. for analyses for radionuclides, trace
included in the Table III _,ummar','. These special elements, and nutrients. Tritium concentrations xxere
studies provide more specific geological and hydro- at background levels.
logical information on the ilo,.,, and recharge of the
aquifer and the movements of radioactive and non- In June 199(). the USGS published zt report giving
radioactive substances in the ground v,ater. Most of the re.suits of their stud,, of tritium in ground water at the
information from these studies is published in USGS INEL <see Reference 8i. Between 1952 and 198_4.
reports, approximatelx 3(t.90(J Ci of tritiunl were contained in
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v.a,,tev, ater di,,p_,,ed to ``,,ells and infiltration p_mds ,tr b_ the EG&(} Environmental Hygiene Laborator,,.

tile 1NEl.. ,'kl_tst of the tritium was generated and di,,- .&ppr¢lxinlatel.,, 32 samples per month are collected

posed al tv_o facilities, the I('PP and the "]RA. troln the drinking water distribution systenis at INEL
facilities, if one colon\ is found in a sample bx the

The averacc concentration of tritium in v, aler from laboratorx, ihal particular drinking water system is
26 ``,,ells iii lhc INEl.. decrea,,cd lrorn 25() p('i/rrll_ iri resampled and retested urltil ii is clear of bacteria.

1961 t_ 1,'.4p('i/ml, in 1_4,',4,',;._r t_ 7q; ol the 1t_¢_I a``.er- C¢_rrective action to purif.', the water ma,, var,, from

age. These particular v,clls ``,.cre ,,elected beuause the _me facility lo another.
1,_:SGS had sampled each durirlg the ,,ears uncter _,iud``.

In 19_1. the maxiinum tritium concentration in ground In J ulx 19t)(I. ll)ur samples fron, the ICPP dislri-

v, ater at the INEL ``,,as X44 -+ 5 p('i/mL, in ]98S. the bution s,,stem indicated bacteria w'ere present. The

rna\irnurn tritium concentrati{m in ground v. ater v, as drinking v,ater system w'as flushed and chlorinated and

hl.h _ 1.1 pCi/nl'., t-qmr factors respunsible for ftle ,,ubsequent samples ``,,ere demonstrated clear _t
bacteria. ,,'kt the time. ICPP did not have an active

decrease in tritium concentration iri ground v, ater
``',ere: la_ the ltJ61-blS decrease iri the amount of chlorination program for the water supply----chlorine

tritium disp_sed annuall,, to ponds and ``,,ells. _b)the ',,,as added on an "'as-needed'" basis determined b_
chance finn1 the use of the ICPP disposal ,>``ellto infil- ,,arnpling results. Hoe, ever. WINCO management sub-

tration ponds. !c_ radioactive deca,,, and _cltdilution sequenil> implemented an in-line gas chlorination

lron_ recharge, program that now operates continuously.

In September 1990. one sample from the drinkingIn October 1'49(L DOE and USGS released infor-
v, ater s,,'stem at TAN proved to be contaminated by

malion from a gnmnd-v, aler stud,, in v, hich minute
colitornl. The system ,a'as cleaned, chlorinated,

c_mcerltrati_ms _I CI-3(_ ``,,ere detected in lilt? INEl.
re-tested and v, ithin a few days was clear of bacteria.

vicillit``. The C(Ulcenlralions ``,.ere to(_ Iov, t(_ po,,e a

hcallh hazard t{_ v,orkers or members _t the public. Chemical MonitoringThe _.'(mccnirali(iris detected were ab()ul 1 million
linle _, ](_v_ er than lhc EPA maxinlum contaminant Icxel

The USGS monitors for nonradiological v.astes in_1 7(}() p('i/l.. ('(mcenirati(ms iri ``,,ells upgradient
ln_rlh and northv, e,,l) tnm-i the INEl_ ranged lr(ml the aquifer b`` measuring specific conductarlce and

,,_diurrl. chloride, total chromium, trace elements, and
(i.l)()()£ t() ().(}()1 '7 p('i/l_: conLentration> in _,nsite

v, elt, ranL,ed lr¢m-I¢L(l(ll3 p('i/l, t_,¢}.14 p('i/l.: and nitrate concentrations. All oithese v,a,,le products
v, cll, he,._nd the s_uthcrn b_undar,, ranged tn_m v,ere at background levels at least4 km (2.5 mii inside

_t.llt_ll" p(i/l.i_i.It(tl4p('i/l., lhc ncaresl Site boundar,,, indicaling that INEl..
__'r_,und-v. ater n_,nradi_logical plumes had not

t'_",ditld[l,!l/ _l} |ht.' IC",I.I][', {li thi, .,tudx indi_.<_tc thai niigriitcd(_lt',ile b`` theend_fl 199(L_Concentrati_ms{fl
,,>diun_. chl_,ridu, and nitrate i_)n_, ab_lxc backgnmrld

iilr?v: p_t[-'lit.i<ii-.,.,tiruc.'- _{ lhc ('l _,(_ v.._,i.,!- i;.l, [h;tltllHi
iv",v'l, h_,x_: been l{mnd d_ngradieni ln_In ICPP. bul

tl(q (qlsltC. l)_,t,_,ram, l(>r _ii,,le t)Junlc, _ti lhc,.,.- _tib-
,_}IL" :_#4(1,. <lii,l !tJl-ift,, <tilt! (vi ":_tllLt'- ,11 !tlv' !\t;t.
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Purgeable Organic Compounds 1,l,l-trichloroethane (0.4 lag/L), and tetrachloroethy-
Monitoring lene (0.2 lag/L). Only the first three compounds have

existing maximum contaminant levels, and when their

Sampling for purgeable organic compounds in annual concentrations are compared to those stan-
ground water was conducted by the USGS at the INEL dards, the percentages are, respectively, !6c;'_-, 0.3_g.
Site during January to December 1990. Water samples and 0.2%.
from five production wells and 27 ground-water
quality monitoring wells that tap the Snake River Plain At TAN, the production wells and distribution
aquifer were collected and analvzed for 36 purgeable systems are sampled monthly by the EG&G Environ-

mental Monitoring Group since the discover}' in 1987t,,ganic compounds. The ground-water samples were
analyzed at the USGS National Water Quality Labora- that the trichloroethylene (TCE) concentrations in
tory in An, ada. Colorado. A 1990 USGS report on the drinking water in that area exceeded the maximum

contaminant level. This was determined to be the resultpurgeable organic compounds sampling program
describes in detail the methods used to collect the of contamination from organic wastes migrating from

water samples and to ensure sampling and analytical a former injection (disposal> well used between 1955
quality.27 and 1972. Samples taken at the point of consumption

were below the maximum contaminant level, but

EG&G management decided to develop and imple-
In the 199(> USGS sampling at the INEL, eight

ment a corrective action plan by installing an aerating
purgeable organic compounds were detected (above device between the wellhead and the distribution sys-
0.2 lag/Li, including carbon tetrachloride, chloroform, tem to remove the volatile TCE from the drinking
1,1,l-trichloroethane. trichloroethylene, tetrachloro- water in the tank at TSF. A routine monitoring pro-
ethylene.dichiorodifluoromethane, 1, l--dichlorothane, gram sampling the water entering and exiting the tank
and toluene. As with any type of analytical procedure, indicated the aeration system was working well and a
concentrations near the minimum detectable concentra- plan for remedial action to address the localized con-
tion are difficult to interpret, and because of analytical tamination in the aquifer was developed.
and sampling uncertainties, mat' not actually be present

in the sample (see Appendix C). Therefore, to simplify During 1989 and early 1990, a 60---ftcolumn of sedi-
the data table, only concentrations equal to or greater ment was removed from the former TAN injection
than 1.0 lag/L (1.0 part per billiont for the individual weil. With removal of the source of the contaminants,

wells are reproduced in Table B-13. Appendix B. In it is anticipated that concentrations in the water will
1990 the USGS samples which contained purgeable gradually decrease. Monitoring and treatment will
organic compound concentrations above 1.0 lag/L were continue as long as is necessary to follow the contami-
ali in the RWMC area. nants already present in the water.

The only drinking water well sampled by the USGS During August 1990, the concentration of TCE in
in 1990 that contained purgeable organic compounds the distribution system slightly exceeded the EPA
was the RWMC production weil. The concentrations maximum contaminant level of 5 lag/L for that one
of carbon tetrachloride are shown in Table B- 13, month. Investigation revealed that the aerating sparger
Appendix B. The annual average concentration for this was not working properly. The elevated level was not
compound of 1.7 p,g/L is equal to 34c;_ of the EPA a compliance issue because the regulation states that
maximum contaminant level. Also reported were aver- the concentration must be above that level for four

age concentrations, not shown in the table, for quarters or must be four times the regulation (20lag/L)
trichloroetht'lene <0.8 lag/Li, chloroform <0.3 lag/LI, for the facility to be out of compliance.
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ENVIRONMENTAL NONRADIOLOGICAL PROGRAM INFORMATION

Summary of RESL Air Sampling thanl(_bimdiameteri:thercforc, theCl:Apuruuntagei_,

Results "<,I,.,,,o\++cstm-u.ttcd.

lk_ fulfill one of the conditions H_ccificd in thf.' Pen+nn

tt_ (_'onstruct the Fuel Processing Rc_,toration fauilit,, _,

Atmospheric' particulate matter is routmcl\ moni- tv, o llitl+o_¢n oxide monitorin_ stations v, crc activated
tored at the Iov,-volume air sarnplin_ stations usin_ the bx RES[+. One sampler is located nc'ar the intersection

filters pre,,iousl,+ described. A summary of the results of US ttighv, a,+ 2(I/26 und Van Buren Boulevard

for lO90 is given inTable B-14. Appendix B. Thcanal- IVANBI and the second is at the Experimental Field
\si_ in,solves detenninine the net v,eight of the particu- Station (EFS). The analyzers used are EPA equivalent

late matter on the quarterly composite of v, eeklx filters method,,. The VANB sampler operated sati,<tactoril,,

at each station. The concentrations of the samples onlx 7(Iq of the lirne during the first quarler, but more

ranged from 7 to 9() _g/m 3. The distant mean x_'a+,, than 07+,;; of the time for the remaining three quarters.

36 + 12 _tg/n+ 3, the boundary mean was 32 + t__g/m 3. At VANB. the annual mean concentration of NOx for

and the onsite mean v, as 2() + 9 _g/m _. The distant 199() was about 4 _g/m 3 (4+__ of the applicable EPA

mean is greater than the onsite mean. probably because standard I. At EFS, the sampler operated satisfact_rilv

of the amount of resuspended dust from agricu)tural for more than 049; of the time. and the annual mean
operations near the distant sampling locations. Most of cencentration wa,, 9 _g/rn 3 (9+.;+of the standard ). Al

the airborne particulates in the Sile vicinity are vdnd- these locations, the mean concentrations of these gases

biotin dust from the desert floor. The revi.,,ed EPA pri- are calculated to be grealer than at the nearest Site
marx and seuondar'_ standard for paniculate matter is boundary in the directions of the prevailing w'inds.

50 p.g/rn 3, but it applies only to "paniculate.,, with an Hor, ever. even at the onsite locations both annual

aerodynamic diameter less than or equal to a nominal means are v,eil below the national primary' ambient air

l(i micrometers." Measurement.,, of total suspended quality standard of I()() _g/m 3.
paniculates, such as those reported here. v, iii overe.,,ti-

Ambienl sulfur dioxide was measured only at
mate paniculate concentrations in the 1(I p.m and belov,

VANB. and the mean concentration was (L5 btg/m 3
size range (appear greater than is actually true_ in com-

t0.5c,4 ,_1 the EPA annual standard). The SO2 .samplerparis, on x_lth the ne_ standard. Fc_rexample, the distant
operated satisfactoril\ more than _1 _)_-oithe time it ,,,,as

rnean of 36 _g/m 7_appears to he 7"_c_ of the standard.
- on line during Itlt)(I.

v,hereas the actual percentage is lov,er. The standard

applies Ohi\ to particle_, on the filter _'ilh diameters of The average sulfur dioxide and nitrogen dioxide
1()bin1or less. bcl manx oithe parlicle_, on the RESI_ til- cxmcentrations at the Site boundary arc calculated each

ters arc actuall\ larger than thai si/e because there i,, no ',car u',ine lhc l_tal Itlg(t discharge,, a,, reponed h\ the

dc_ ice _m thu ,,ampler, to ,<Teen tltll lhc lcr,gcr particle,,. Industrial \Vastc Management lnlt,rmati_m Svslum."
Particle _, larucr than l()um arc nt_t c++n,,idcrud b\ lhu (',+nccntralit_n,, are calculated Irt_m lhc rch:a,,c,, lrt_In

t:_P.\ t_+ he +u',pirabl_: b,, [ltilllall-, b¢c;.luxc lhc', ch_ m_t the ('(+al -|:irud Steam (k:ncratinf l-acilit\ lll','dlil{Hill b'

u,,u<_ll,, enter the lun_:,, v, ith ini_alud air. lhc larger par- dat_ alld the Mt{SC)I)IF air di,,pcrsitm mt+dci _scc

tictu-, tstax tail t,t!l hcl+.Hu thcx reach the nt,',c, ht_trapped Nel UIUIILU ]('_ Litld t i_tJI+C 1.'_ ). lhc c',tlculal it_llal
+:', ll/.I-,,_lJ +l,t=t -. c_l bv + ttll[+:.i,,..l_.'d t+li lt'.-,t|e'- ici tlP,.' llli',t_ptl'+i- nlcth(kl i, rh,."",;.tlllC ;.t'-.dcscribcd iii tile ",cUll Hl ""-\-+',U-,',

t'.l!',+ alid [)d,',Ct] tllrt,tJell lttc i+t,d,, ', i+t Ilk + ,..]+_c,,tt'.,t.' lllclit _! lJ_+lcilti_tl t,_,tdiatit_n l)t_,,c l,_ lilt' lJtibli,

• _"., -,tL'Ili. (;t'llt'l,_l] "' [J",ili _' lll{l",'. IllIII', t_'_T ICl,..', sL'-, ll!',lc;tt] {

idtlil;Ac!!_, I|\ tlllll,,

{ )lte' ",<lii!!>iCl dc'dlv,ilc+tt I_, ttic lltc';.i-tlit_'lliCllt (ll t_,!<it 1 _.,iill ._tlllttr otis+, itfv tc'ica,.cd til t tjtjti. ,_ii{_',t i_ !+

-.ti-.l,<+ti,.icct.. I,,;ltlctil_ilc,: ,lltd hat iii<., ,Iii cil_pr,>\l,_i_iit',,. 'l<ii,tc' t _, t5. -\pl+c+li<!i 14. \_,;.t,. iit'n>til 1.__' - llt<_l,:_' lily
fled," lllitlill _.ltl/ct:lilliillc_l_, t,t '-,l,lll tit cli_' ictc at ltlc

llill!tlll{llli dvlv__tiiblc c.,_iict.'ll!l{illttll t>_ " ,[i_'ll!'. I',

! .... ti,.'cJ tj! ('I k '1 ii- ..... tilil'}cl 'i<,l:ilit!l" ,It',Ct<lit" l,ll ',+,tittle'l-liI\l:l In,till<ltir',. \_ilc'lc+ ![iv \lt S;<)l,ill llt<l.<.lct

_--+ Jib,tit.. ¢,,¢1_ flltl ,,Li,,. !ilo ;.llrilltl{tt Hllllti11ullc tl]t'dli l)tc<ti:ic'<.t it_,..'tiiL!li,..',_i C(Hlv. c'llll{t!lt!l_ ;til-, li If_ tiL' Ill

l),lllic, tli,llC l]ldltc?i c__llCt_'llil{tll(_l, i>t ",,i!lil,lt_'-, tlt)lli ttic' \',i_,+tl i', (_.-2', _I tt_c it/ili_}il/.li t'l!_!t:ii" itll!l_lt'lil ,.i l

(t+\ -,tillpiCl >,,l'- "__,x+ f, !AgIii \_,lll: <t t<ttt'='c _t _, t_, ctti_tl!l\ ',t;.llitl,tlt] _ll X! l.t.7 lli:.

Ilik 1_17/i1l_ lili'-. nit:,il) i, Sf;:, +_1iii,, f+1'.\ -.,i,llidci!ct

lilCllliitltt:(l <it"lt',C'.lh_ .... lilll3Jwl J-.Ililt Cqtlipl+c'cl \', liti <t ......
d,'xi<c Cit",iL'lit',! (t_ -=.CuL'!i_tll idlL?U ,'_,,rti,.lc'- t_l_'{ilL'l ,_ t'y.+!_, _:,,', i'.ti :, !, ,:_.,_.:.<,,(_, _...... , !_, !<,<,+- _ ,

4li



The releases of nitrogen oxides during 1990 are also Contained Test Facility (CTFt, TAN, TRA, ICPE and
shown in Table B-15, Appendix B. When the nitrogen WRRTF: a lined evaporation pond at the Power Burst
oxide was converted to nitrogen dioxide, the total Facility (PBF): an industrial waste pond at ANL-W:
released was about 1.9 × 105 kg. The calculated maxi- and sewage treatment facilities at various locations (see
mum Site boundary concentration of nitrogen dioxide Reference 15).

was 0.25 ktg/m3from ali INEL sources. This concentra-
tion is 0.25e/c of the national primary ambient air quality Routine direcl disposal of wastes to the Snake River
standard of 100 _g/m 3. Plain aquifer ceased in 198,.l. The only other injection

wells on the INEL are used for storm runoff water. Most

Summary of Contractor of these wells are monitored when the storm runoff
reaches the level when it flows into the injection weil.

Nonradioactive Effluent Potential for contamination via this pathway is small.

Monitoring No waste is discharged to the Big Lost River, the only
surface stream on the INEL that might conceivably

Nonradioactive airborne effluents originate from accept waste water.
five primary sources at the INEL, ta) calcination of

The extent of effluent monitoring for liquid wastehigh-level radioactive liquid waste at the New Waste
streams varies depending on the nature of the effluents.Calcining Facility (NWCF), (b) combustion of coal for
The largest INEL effluent stream, from the ICPP. issteam generation at the Coal-Fired Steam Generating

Facility (CFSGF), tc) combustion of fuel oil for heating monitored by monthly composite samples analyzed for
at all INEL facilities, td) motor vehicle exhausts, and arsenic, barium, cadmium, chromium, lead, mercury,

le) fugitive dusts from waste burial and construction selenium, silver, chloride, fluoride, nitrate, sulfate, con-
activities, ductivity, total dissolved solids, and pH. According to

WINCO personnel, ali analytical results for 1990 were
less than concentrations defined as hazardous waste in

Nitrogen oxide emissions are routinely monitored at 40 CFR 261.24. a
the NWCE Sulfur dioxide, nitrogen oxides, and carbon
oxides are monitored at the CFSGF. Emissions of sulfur

Other waste effluents are calculated from the
dioxide from heating oils are calculated from sulfur amounts of chemicals used for water treatment, corro-content and the amount of fuel used. Emissions ofnitro-

sion control, and demineralization: as cleansers, and
gen oxides from fuel are calculated using emission fac-
tors developed b) the EPA'_ and the amount and type algicides: and occasionally from waste acids. Sewage
of fuel burned at each facility as reported by the Indus- processed by treatment facilities is monitored for bio-

chemical oxygen demand, dissolved oxygen, settleabletrial Waste Management Information System. Molor
vehicle exhausts and fugitive dusts are not monitored at solids, and pH. Results are reported annually by the

Industrial Waste Management Information System.their sources. Major nonradioactive airborne effluents
for 1990 are given in Table B-15, Appendix B.

Nonradioactive liquid effluents are disposed of pri- a K.R. Knvanek,Personalcommunicatitm.WINCO.INEL,
marily to a _'aste ditch at the NRF: seepage ponds at the April 30. 19t_l.
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QUALITY ASSURANCE

A qualit', L'_mtr_l and as,,urancc wogram i,, main- • Analysisof reagenl blank,, Io _t..ril"_ thai there
tained hx RESL to ensurc c_msinlenl and reliable moni- is no radiochemical contamination

toring result,,. An internal qualit'_ control program is • Propagalion of random and s\slemalic
maintained h_ the follov, ing: uncertainties.

• Adherence lo ,_ ritten procedures l_r sample The calibration of counting instrument.', is carefully
collection 2`-'and analytical methods *_ perlommd and is traceable to the National Institute of

Slandards and Technology (NIST_. The Analytical
_, Documentation _l' program changes Chemistr,, Branch (ACB ! of RESL has participated

• Periodic calibrati_m of instrumen',s each ._ear since 197a in a Traceability Program _ith the
NIST. Several alpha-, beta-, and gamma-emitting

• Equipment perlormance checks for back- nuclides, generally in liquid media, are determined and
ground and counting rates of standards the results are reported directly to NIST. NIST issues a

• Routine ,,ield determinalion,, of radio- Report oiTest in which the ACB results are compared

chemical procedures with the previously undisclosed NIST--certified value.,,.
In addition. ACB prepares tv_o traceability samples

• Replicate samples to determine precision each year and sends them to NIST for analysis and com-

• Anal,, si,, oi t_ltpld duplicate and replicate parison betv, een the ACB and the NIST measured val-
ues. The criterion for traceability is that the ACB results

samples agree to within five percent of the NIST values. The

• Anal,,sis oi qualit_ control standards in re'ultsf°rACBanalysesc°mparedt°NISTkn°v'nval

appropriate matrices to test accurac,, ues tbr 1990 are given in Table VIII.

TABLE VIII

NIST QUALITY ASSURANCE COMPARISON TEST RESULTS

Relerence Ratio
Date Radionuclide RESL Re,,ult a NIST Result a RESL_IST b

9-26-89'- Pu-239/240 36.7 _'k"1.6 Bq/g 36.6 +_ 0.9 Bq/g 1.00
3-26-9(t Pu-238 26. I _+ 1.7 Bq/g 25.9 _+ 0.6 Bq/g 1.01

4--3-9(1 H-3 3770 _ 3 Bq/g 3787.0 _+ 0.8 Bq/g 1.00
8--6-9() Sr-89 6482.0 ___1.6 Bq/g 6729.0 .+_1. ! Bq/g 0.96

Sr-9() 1203.0 _ 1.8 Bq/g 12()5.6 + 1.2 Bq/g I.(K}

9-1-9(I Ce-144 6057 __2 7/s/g 6287 _+5 ¥1s/g 0.96
1(r--5-90 Cs-134 5376 _ 2 "(Islg 55(39.0 + 1.8 "t/s/g 0.98
10-3(r-90 Fe-55 3700 z 4 Bq/g 3819 + 4 Bq/g 0.97

12-1-900 88.0 229 __4 "(fs/g 230 + 2 -//s/g 0.99

122.1 106 + 3 y/slg 1(.)6 + 2 ylslg 1.00
165.9 25 z 6 y/s/g 25 +_1.4 "[/s/g 0.99

391.7 40 z 7 7/s/g 38 _ 3 "//s/g 1.06
661.6 2402 __3 "//s/g 2380.5 _. 1.7 "f/s/g 1.01

89_.() 79 + 8 y/s/g 813.4 _+ 1.6 "//s/g 0.98
1173.2 2583.0 ___1.4 "fts/g 2547.1 z 1.3 ¥/s/g 1.01
1332.5 2617.0 _ 1.8 "[/s/g 2544.6 _ 1.0 "lNg 1.03

1836.0 83 z 3 "[/s/g 84.4 -4-1.6 "[/s/g 0.99

a. Rc,,uit- _ _,_cralJ un_.ertamt'. _e gt_en. The _,_era|l uncer'tamt_ i,, three times the cumbmcd uncerta]nt? !the quadratic sum o| ali random

_.rtd _', ,,lcrrlo.lJ_. urJ_.er'tainties al the one .,tn.nctarO cte_ _alJon level, One Bq equals 2 " ,'¢ J0 _ u(.'_

_-, (_,omp_r_,orJ ratio, m 'ahJ_h the RES[. _aJuc _., d_ded h_ the NISI _aJuc

Sample prcpetrcd h', Rf-SI_ anti _r_t I_ ",,IS]

d Sp,c_._!_ _:amma ra'..-:r_erg_, m kt\
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During some )'ears. ACB send,: samples to other The USGS submits most ground-_'ater samples
INEL contractor and prc0ect office laboratories _ho requiring radioactive analyses to ACB. Samples
voluntaril) participate in the INEL lntercomparison requiring nonradioactive or organic analyses are sub-
Test Program. Results reported by ali laboratories are milled to lh_ USGS Latx_ratorx in Arvada. Colorado
then compared to RESL values. This program was not which is certified by EPA. The INEl, USGS Projecl
operated in 1c)90. Office operates a quality assurance program which

includes periodically submitting reagent and equip-
The ACB has pa.'-ticipated each year since 1976inthe ment blank samples, and blind duplicate samples lo

Quality Assessment Program IQAP) administered by both laboratories.
the DOE Environmental Measurements Laboratory

tEML I. EML prepares the quality control samples con- Each contractor laboratory which analyzes INEL
taining various alpha-, beta-, and gamma--emitting samples operates quali_y assurnnce programs similar to
nuclides in water, soil, air filter, vegetation, and tissue that of ACB described above including participation in
media and distributes them to numerous DOE- iniercomparisonprograms. When possible, contractors
contractor laboratories throughout the country. The send samples which cannot be analyzed onsite to certi-
program is an interlaboratory comparison in that results fled commercial laboratories for analysis.
from the participants are compared with the exper-
imentally determined results of EML. EML issues

"QAP'" Reports in which the identities of participating To verify the quality of the environmental dosimetry
laboratories, their results, and comparison to EML program, RESL participated in eight International
results are presented. ACB results for 1990 compared Environmental Dosimeter lntercomparison Studies.
to the EML results are reported in Table IX. The eighth intercomparison was conducted in 1986.

RESL results were within 10cTtof the test exposure

ACB may also participate in the International values on ali intercomparisons.
Atomic Energy Agency (IAEA)interlaboratory com-
parison on those occasions when the IAEA provides A Cs-137 calibration source is used for the RESL
sample media of the type and level of radionuclide environmental dosimetry program. The exposure rates
concentrations normally analyzed in ACB routine pro- for this source are verified quarterly using a transfer
cedures. As time or opportunity permits, ACB partici- chamber calibrated by NIST. Measurement Quality
pates in the American Society for Testing Materials" Assurance (MQA) data st,_w that they agree within
round-robin testing of standard methods. + 2.()c/¢of the NIST values.
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TABLE IX

DOE ENVIRONMENTAL MEASUREMENTS LABORATORY QUALITY
ASSURANCE PROGRAM RESULTS COMPARISON

RESL EMU'

Sample RESL Uncertainty Uncertainty Ratio
Medium Units Radionuclide lD# Value (%)b Value (%) RESL/EML ¢

(April 1990)

Air Bq/filter Be-7 1 47 8 5 i .4 7 0.91
Be-7 2 47 8 51.4 7 0.9 l
Mn-54 l 9.7 5 9.6 4 1.0 l
Mn-54 2 9.7 5 9.6 4 1.0 l
Co-57 1 6. I 4 6.5 6 0.94
Co-57 2 6.3 4 6.5 6 0.97
Cc,-60 1 8.7 5 9.4 6 0.93
Co--60 2 7.7 5 9.4 6 0.82
Sr-90 1 0.25 8 0.24 16 1.04
Cs-134 1 19.4 4 18.2 8 1.07
Cs- 134 2 19.9 4 18.2 8 1.09
Cs- 137 1 19.4 4 20.4 3 0.95
Cs-137 2 20.5 4 20.4 3 1.00
Ce-144 I 33.0 9 31.2 4 1.06
Ce-144 2 32.0 9 31.2 4 1.03
Pu-239 I 0.041 7 0.039 12 1.05
Am-241 1 0.051 5 0.054 11 0.94
U-234 1 0.0260 7 0.0255 5 1.02
U-238 I 0.0270 7 0.0255 5 1.06

Vegetation Bq/kg K--40 1 247 8 323 0 0.76
K-40 2 290 8 323 0 0.90
Sr-90 I 71.0 5 70.2 2 1.01
Sr-90 2 72.0 5 70.2 2 1.03
Cs-137 I 29.0 6 28.5 1 1.02
Cs-137 2 30.0 6 28.5 1 1.05
Pu-239 1 0.360 11 0.333 4 1.08
Pu-239 2 0.350 11 0.333 4 1.05
Am-241 1 0.360 ! I 0.307 4 I. 17
Am-241 2 0.300 9 0.307 4 0.98
U-234 1 0.700 8 0.530 5 1.32
U-234 2 0.700 8 0.530 5 1.32
U-238 1 0.520 9 0.530 5 0.98
U-238 2 0.550 9 0.530 5 1.04

Water Bq/L H-3 1 1940 2 1960 2 0.99
H-3 2 1880 2 1960 2 0.96
Mn-54 1 98 6 103 4 0.95
Mn-54 2 97 6 103 4 0.94
Co-57 1 191 3 198 5 0.96
Co-57 2 189 3 198 5 0.95
Co--60 1 173 4 206 4 0.84
Co--60 2 167 4 206 4 0.81
Sr-90 1 107 2 111 4 0.96
Sr-90 2 104 2 111 4 0.94
Cs-134 I 455 3 462 5 0.98
Cs- 134 2 459 3 462 5 0.99
Cs-137 1 188 4 198 5 0.95
Cs-137 2 187 ,l 198 5 0.94
Ce- 144 1 424 _ _Oq a !.05
Ce- 144 2 396 9 403 4 0.98
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TABLE IX

(continued)

RESL EML _

Sample RESL Uncertainty Uncertainty Ratio
Medium Units Radionuclide lD# Value (%)b Value (%) RESL/EML _

Bq/L Pu-239 1 I. 18 3 1.04 9 1.13
Pu-239 2 1.20 4 1.04 9 1.15
Am-241 1 0.87 4 0.86 9 1.01
Am-241 2 0.90 4 0.86 9 1.05
U-234 1 0.89 3 1.00 5 0.89
U-234 2 0.99 4 1.00 5 0.99
U-238 1 0.91 3 1.00 5 0.91
U-238 2 0.96 4 1.00 5 0.96

So_ld .......

(September 1990) _

Soil Bq/kg U-234 1 28.5 3 28.3 4 1.01
U-234 I 25.9 3 28.3 4 0.92
U-234 I 28.9 3 28.3 4 1.02
U-234 1 26.3 3 28.3 4 0.93
U-238 1 27.4 3 27.3 3 1.00
U-238 1 25.2 3 27.3 3 0.92
U-238 1 27.4 3 27.3 3 1.00
U-238 I 26.3 3 27.3 3 0.96
Pu-239 1 1.37 8 1.15 6 1.19
Pu-239 I 1.26 9 1.15 6 1.10
Pu-239 1 1.18 9 1.15 6 1.03
Pu-239 1 1.18 9 1.15 6 1.03
Am-241 1 0.888 13 0.738 16 1.20_
Am-241 1 0.851 13 0.738 16 1.15 f
Am-241 1 0.814 14 0.738 16 1.10_
Am-241 l 0.999 11 0.738 16 1.35 f

Water Bq/l_ U-234 1 0.248 4 0.236 3 1.05
U-234 I 0.252 4 0.236 3 1.07
U-238 1 0.229 5 0.244 5 0.94
U-238 1 0.229 5 0.24_ 5 0.94
Pu-239 1 0.981 4 1.09 1 0.90
Pu-239 1 0.958 4 1.09 l 0.88
Am-241 1 0.603 4 0.567 6 1.06
Am-241 1 0.648 5 0.567 6 1.14

a. The EML value is the mean of replicate determinations for each nuclide. The EML Uncertainty is the standard error of the mean.

b The RESL uncertainty _sbased on the ts estimated analytical uncertainties

c. Comparison ratio in v,hlch the RESL value is divided b', the EML vaJue.

d. Not analyzed because activit? levels of _me nuclides v.ere deemed to_ high to handle in RESL's tov,-level laboratorx.

e RESL does not usuall_ analyze autumn samples The re_uh, shov,n here v,ere obtained b_ RESL analyses before EML values v,ere
known, but after the E_IL reporting deadline

f Resuh_ re_._rtedb,, most other participating lab_)ratoriesreflect the values obtained by RESL
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ENVIRONMENTAL STANDARDS AND REGULATIONS

The follov,'ing environmental standards and regula- Air Pollution in Idaho, 1972, as amended
tions are applicable, in whole or in part, on the INEL through 1984.
Site or at the INEL Site boundary.

Department of Health and Welfare. State of

U.S. Environmental Protection Agency, Idaho. Idaho Regulations for Public Drinking
"'National Prima_' and Secondar2:' Ambient Air Water Systems, 1977.
Quality Standards," 40 CFR 50, 1990.

The principal standards and guides for release of

U.S. Environmental Protection Agency. radionuclides at the INEL are those of DOE Order
"'National Emission Standards for Hazardous 5400.5 (see Reference 3), dated February 8, 1990,
Air Pollutants." 40 CFR 61. 1990. entitled "'Radiation Protection of the Public and the

Environment." The DOE standard is shown in Table X

along with the EPA standard tor protection of the _,ub-U.S. Environmental Protection Agency,
"'National Interim Prima_' Drinking Water Re_,- lic, airborne pathway only. The Derived Concentration
ulations.'" 40 CFR 141. 1990. * Guides (DCG) from Reference 3 are base,._,on the stan-

dard and have been calculated using new models and
parameters.31.32 They are shown in Table XI. The most

U.S. Environmental Protection Agency, restrictive guide is listed when there is a difference
"'Hazardous Waste Management System: Gen- between the soluble and insoluble chemical forms. The

eral,'" 40 CFR 260. 1990. DCGs consider only the inhalation of air, the ingestion
of water, or submersion in air.

U.S. Environmental Protection Agency. "'Identi-
fying and Listing of Hazardous Wastes,"

40 CFR 261. 1990. TABLE X
RADIATION STANDARDS FOR PROTECTION

L'.S. Environmental Protection Agency. "'Stan- OF THE PUBLIC IN THE VICINITY OF DOE
dards Applicable to Generators of Hazardous FACILITIES
Waste." 40 CFR 262, 1990.

U.S. Environmental Protection Agency, "'Start- Effective Dose
dards Applicable to Transporters of Hazardous Equivalent
Waste," 40 CFR 263, 1990.

(mrem/yr) (mSv/yr)

U.S. Environmental Protection Agency. "'Stan-
dards for Owners and Operators of Hazardous DOE Standard for
Waste Treatment, Storage and Disposal Facili- routine DOE activities a 100 1
ties." 40 CFR 264, 1990. (all pathways)

U.S. Environmental Protection Agency, EPA Standardfor
"Interim Status Standards for Owners and Oper- site operations b 10 0.10
ators of Hazardous Waste Treatment, Storage (airborne pathway only)
and Disposal Facilities." 40 CFR 265. 1990.

U S. Environmenta; Protection Agency. a. The effectivedose equivalentfor any memberof the public• fromali routineDOEoperationsincludingremedialactivities
"InT.enm Standards for Owners and Operators of and releaseof naturally--occurnng radionuclidesfrom DOE

processesshallnot exceedthese values. IRoutineoperations
New Hazardous Waste Land Di sposal Faci- refersto normal,plannedoperationsanddoesnot includeacci-
lities.'" 40 CFR 267, 1990. dental or unplanned releases.)

b Limitsof40 CFR61. SubpanH, establishedDecember1989,
Department of Health and Welfare, State of b, the EPA.

Idaho. Rules and Regulations Ibr the Control of
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Ambient air quality standards are shown in in40CFR 141. New regulations were promulgated by
Table XII. Water quality standards are dependent on the EPA for volatile organic compounds in the Federal
the type of drinking water system sampled. Table XII1 Register on July 1. 1987. 33 State of Idaho regulations
is a partial list of maximum contaminant levels set by are the same for the first five contaminants listed in
the EPA for public community drinking water systems Table XIII.

TABLE XI
DERIVED CONCENTRATION GUIDES FOR RADIATION PROTECTION

Derived Concentration Guide a Derived Concentration Guide a

(gCi/mL) (gCi/mL)

Radionuclide In Air In Water Radionuclide In Air In Water

Gross Alpha _ 2 × 10-14 3 × 10-8 Xe-131m 2 × 10--6 --
Gross Beta c 3 x 10-12 1 x 10- 7 1-131 4 x 10.1° 3 x 10. 6

H-3 l x 10 .7 2 x 10- 3 1-132 4 x 10.8 2 x 10.4
Na-24 d 4 x 10.9 1 x 10-.4 1-133 2 x 10-9 1 x 10.5

At-41 1 x 10.8 -- Xe-133 5 x 10.7
Cr-51 5 x 10.8 1 x 10- 3 Xe-133m 6 x 10-7

Mn-54 2 x 10.9 5 x 10-5 1-134 1 x 10. 7 7 x 10-4
Co-60 8 x 10-11 5 x 10--6 Xe-135 8 x 10-8

Br-82 9 X 10- 9 8 X 10-5 Xe-135m 5 x 10.8
Kr-85 3 x 10-6 -- Xe-138 2 x 10.8

Kr-85m 1 x 10.7 -- Cs-134 2 x 10-10 2 X 10 .6

Kr-87 2 x 10-_ -- Cs-137 4 x 10-10 3 x IO-6

Kr-88 9 x 10.9 -- Cs-138 1 x 10. 7 9 x 10.4
Rb-88 d 3 x 10. 8 8 x 10-4 Ba-139 7 x lO-_ 3 x 10.4

Rb-89 3 x 10. 7 2 x 10.3 Ba-140 3 x 10-9 2 x 10-5
Sr-90 9 x 10-12 1 x 10.6 Ce-141 1 x 10-9 5 x 10. 5

Y-91m 4 x 10--7 4 x 10.3 Ce-144 3 x 10.11 7 x 10-6
Tc-99m 4 x 10.7 2 x 10-3 Pu-238 3 × 10 -14 4 x 10. _-

Ru-103 2 x I0-'_ 5 x 10.5 Pu-239 2 × 10 -14 3 x 10. s
Ru-106 3 x 10-lI 6 x 1(1-.6 Pu-240 2 x l0 -14 3 _"10.-8

Sb--125 1 x 10-'_ 5 x 10.5 Am-241 2 x 10 -14 3 x lt.)-_
1-129 7 x 10.11 5 x 10. 7

a. [)eri_ed concentration .guides IDC(is_ are from DOE Order 54(_.5" anti arc ba,,cd c_n an effective do,,c equivalent of IO1) mrem/._ r.

b. Ba,,ed on Am-241, Pu 23tL arid Pu-24(l.

Ra-___.c. Ba,,ed _n thr: mo_t rt:,,lrlcll_,e b,2ta emitter q "_ '

d Submer,,ion m a ch_ud ot ga-, J, more rcqncme than the mhalamm pathv, a)
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TABLE Xll
AMBIENT AIR QUALITY STANDARDS

Type of EPAb

Pollutant Standard a Sampling Period (tag/m 3)

SO,, S 3-hour average 1300
P 24-hour average 365
P Annual average 80

NO2 S&P Annual average IfX)

Total Particulates c S 24-hour average 150
S&P Annual average 50

a. National primary (Pl ambient air qualit.,, standard.,, define levels of air quality to protect the public health. Seconda_ (SI ambient air
quality standards define levels of air quality to protect the public welfare from any known or anticipated adverse effects of a pollutant.

b. The State of Idaho has adopted these same ambient air qualit,, standards.

c. The pnma_' and secondary standard for the annual average applies only to "'particulates with an aerodynamic diameter less than or equal
to a nominal 10 micrometers."

TABLE Xlll
MAXIMUM CONTAMINANT LEVELS FOR PUBLIC COMMUNITY D_iNKING WATER SYSTEMS

Gross alpha 1.5 x 10-8 _Ci/mL

Gross beta 5.0 × 10--8 laCi/mL

Manmade radionuclides Concentrations resulting in 4 mrem
total body or organ dose equivalent

Nitrate (as N) a I0 mg/L

Chromium 0.05 mg/L

Trihalomethanes 0. I mg/L

Carbon tetrachloride b 0.005 mg/L

I, 1.l-trichloroethane b 0.20 mg/L

Trichloroethylene b 0.005 mg/L

a. Applies to noncommunity water svstems also.

b. Applies to nontrans|ent noncommumty water systems also.
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APPENDIX A

MAJOR PROGRAMS, LOCATION, GEOLOGY, AND CLIMATOLOGY

The INEL Site was established in 1949 as the perature at the Site is 5.6°C (42°F), with extremes of
National Reactor Testing Station to provide an isolated 39°C (103°F) and --44°C (-47°F). A-1 Vegetation is
station where various kinds of nuclear reactors and typical of the Great Basin, with sagebrush conspicuous
support facilities could be built and tested, and to over 80cb of the Site. Frequenting the Site are the
demonstrate that nuclear energy could be safely pronghorn antelope, a few deer and elk, coyotes, bob-
harnessed for generating electricity and other peaceful cats, rabbits, large populations of small mammals, and
uses. More nuclear reactors have been built at the various kinds of birds and reptiles. The INEL is one of
INEL Site than at any other location in the world, seven National Environmental Research Parks, where
Fifty-two reactors have been built at this Site, 12 of scientists from DOE. other federal and state agencies,
which are operating or operable. The broad mission of universities, and private research foundations can
the INEL is to develop economic energy sources by study changes caused by human activities and obtain
applying its engineering and scientific expertise to data for use in making decisions on land use. At
DOE research and development programs. Major present, about 20 different environmental studies are
DOE programs currently underway at the INEL Site being conducted at the INEL.
fall into eight categories:

The surface of the plain is a combination of basaltic
• Providing test irradiation services from the lava outcrops and alluvial sedimentary deposits. The

high-flux Advanced Test Reactor (ATR) sediments range from gravels and sands deposited by
• Recovering uranium from highly enriched streams (as alluvial fans, channel fillings, and deltas)

spent fuels and calcining liquid radioactive to silts and clays deposited in playas. The subsurface of
waste solutions into a solid form for storage the plain is principally composed of basalt flows inter-
at the ldaho Chemical Processing Plant bedded with lacustrine and alluvial sedimentary
(ICPP) deposits to a depth of about 760 m (2500 ft). The most

A"recent volcanism, occurring about 2000 years ago, --
• Conducting light-water--cooled reactor safety is evident in the scenic basalt flows at Craters of the

testing and research Moon National Monument, about 30 km (19 mi) to the

• Operating the Experimental Breeder Reactor southwest of the Site.
No. 2 (EBR-II)

• Operating the Naval Reactors Facility (NRF) Annual precipitation in the Site area has averaged
22 cm (8.7 in.) over the past 15 years, Underlying the

• Storing. processing, and monitoring radio- desert plain is a natural aquifer in the basaltic rock.
active wastes Ground-water underflow from the Henry's Fork of the

• Special manufacturing of defense components Snake River supplies a significant amount of water to
the Snake River Plain aquifer below the INEL.• Conducting environmental restoration at the
Additional recharge to the aquifer comes from the Big

INEL Site, and Little Lost Rivers and Birch Creek, which origi-
nate in the mountains to the northwest of the INEL,

See Figure A-! and Table A-I for the location of
flow onto the Site during at least a few months of theINEL Site facilities and an explanation of their
year, and sink into its porous soils. The undergroundacronyms.

" water moves laterally at an average rate of 1.5 to 6 m/d

The Site is situated on the upper Snake River Plain in (5 to 20 ft/d) to the south and west, emerging in springs
southeastern Idaho at an average elevation of 1500 m along the Snake River between Milner and Bliss.
(49(t0 ft). The Site encompasses 23(X) km" (890 mi2): Idaho. Discharge volumes from springs in this region
itextends63 km (39 mi ) from north tosouth and isabout are approximately 4.3 x 10'_m3 (3.5 × 106 acre-ft) per

58-km (36-mi) wide at its broader southern part. Land year, Both the aquifer and surface waters of the Snake
immediately beyond the boundaries of the Site is either River Plain are used for crop irrigation.
desert or agricultural. Most of the nearby famling is
concentrated northeast of the Site. Large areas of agri- Winds are predominantly along the SW-NE axis of
cultural land are farmed in the Snake River Valley, but the plain, with the most frequent and strongest winds
these regions are more distant from the Site. from the SW. The NE winds are mostly nocturnal.

Spring is the windiest time oflhe year. while winler has
The desert plain on which the INEL Site is located is more calm period.,, and more nighttime temperature

pan ola cool desert shrub biomc. A_,erage annual tem- inversion.,,.

. ° .
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APPENDIX B

ENVIRONMENTAL SURVEILLANCE PROGRAM DATA SUMMARIES

This appendix contains data summary Tables B-I through B-15 for the RESL Environmental Surveillance
Program and tor some contractor monitoring data at the INEL Site for 1990.

TABLE B-1
GROSS ALPHA ACTIVITY IN AIR (1990)

Concentration

( 10-15_Ci/mL)

Number of Annual

Group Location Samples Range Average a

Distant Blackfoot 51 0.9-6.3 2.01 + 0.22

Craters of the Moon 50 0.3-4.1 1.23 + 0.18

Grand Mean a -- w 1.62 + 0.16

Boundary. Arco 52 0.5-4.9 1.63 + 0.20
Mud Lake 49 0.7-4.2 1.84 + 0.17

Grand Mean a w 1.73 + 0.13

Site AI_:L-W 51 0.5-3.9 1.51 + 0.17
EFS 52 0.5-4.7 1.52 + 0.20

RWMC 50 0.4-3.7 1.59 + 0.18

TAN 52 0.7-6.6 1.79 + 0.25

Grand Mean a -- -- 1.60 + 0.10

a. .arithmeticmeanv,iththe95c7_confidenceintervalforthe mean IseeAppendixC).
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TABLE B-2

GROSS BETA ACTIVITY IN AIR (1990)

Concentration

(10-15_tCi/mL)

Number of Annual

Group Location Samples Range Average a

Distant Blackfoot 52 6-86 28 + 3

Craters of the Moon 52 5-100 25 + 4
Idaho Falls 49 7-63 25 + 3

Rexburg 51 8-71 27 + 3

Grand Mean a m -- 26 + 2

Boundary Arco 52 8-76 27 + 3

Atomic City 52 7-97 28 + 4

FAA Tower 52 4-80 27 + 3
Howe 50 7-102 27 + 4

Monteview 52 9-107 28 + 4
Mud Lake 51 9-80 29 + 4

Reno Ranch 52 9-101 26 _+ 4

Grand Mean a m -- 27 _+_1

Site ANL-W 51 5-55 23 + 2

ARA 51 6-91 26 + 3

CFA 52 6-99 25 + 4
EBR-I 52 6-99 29 + 4

EFS 52 6-98 28 + 4
ICPP 48 5-107 29 + 4

NRF 50 5-Ill 29 + 4
PBF 52 6-102 29 + 4

RWMC 50 6-89 27 + 4

TAN 52 7-89 29 + 4
TRA 52 7-103 29 + 4

VANB 51 6-113 28 + 4

Grand Mean a -- w 27 + 1

a. Arithmetic mean with the 95% confidence interval for the mean (see Appendix C).
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TABLE B-4
SPECIFIC RADIONUCLIDE ACTIVITY IN AIR (1990)

Concentration

( 1(} is _C/mL)

Denved

Compo.,qte Concentration
Radionuclide Group "_ Minimum h Maximum h Mean" Guide d = MDC _

C'_- 137 Distant <MDC <MEK" NSS 400.0(_) 1
Boundar_ <MDC <MDC NSS

Site <MDC 0.8 + 0.6 ().13 + ().1()

Ru- 1(_ Di_,tant <MDC 9 4- 8 NSS 30,()O0 10
Boundar} <MDC <MDC NSS
Site <MDC <MDC NSS

Concentration

_I(.1I_, /_C/mL)

Am-241 Distant <MDC <MEK" NSS 20.OiX) 8
Boundarx <MDC <MDC NSS

Site <MDC 25 4- 10 NSS

Pu-239/240 Distant <MEK" <MDC NSS 20.(._D 6

Boundar 5 <MDC <MDC NSS
Site <MDC 44 + 10 NSS

m

a. Sampling ,,ration,, are shov, n in Figure 4 of this report_

b. Single quarterly compos,te sample analytical results 4- 2 ,,. deca,, corrected assuming a constant concentration and buildup during the
,,ampling period (see Appendix C).

c. Arithmetic mean v, ith the 95'_ confidence lnter_'al for the mean (see Appendix C).

d. Annual den',ed concentration guides given m Reference 2.

e. The mimmum detectable concentrations i MDCs) are approximate and are calculated for typical values for airflov, volume, counting time.
radionuclide composition of the sample, and time elapsed between collection and analysis. The_ values ma} vary slightly tor actual
samples.

f. Below. mimmum detectable concentrauon.

g. Mean l_ not >tatisticall} significant (NSS). or zero is included v,ltl_ 'he 95c?i confidence mte_'al for the mean (see Appendix C).
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TABLE B-5
TRITIUM (HTO) CONCENTRATIONS IN AIR (1990)

Concentrations a (10-7 pCi/mL)

Sample Dates Idaho Falls EFS Van Buren

12/29/89-03/30/90 2.2 + 0.5 <MDC b <MDC

03/30/90--06/29/90 15.9 + 0.8 11.2 + 0.8 <MDC

06/29/90-09/28/90 <MDC <M DC <MDC

09/28/90-12/28/90 9.5 + 1.0 4.0 + 1.0 6.5 + 1.0

Annual Mean c 7 + 12d 4 + 8d 2 + 5d

% DCG e 0.0007 0.0004 0.0002

a, Analytical results ___2s (see Appendix C).

b, Below minimum detectable concentration,

c, Arithmetic mean with the 95% confidence interval lhr the mean (see Appendix C).

d. Mean is not statistically significant because zero is included in the 95c_, confidence inter_'al.

e. Mean is compared to the derived concentration guide. 1 x 10-7 /_Ci/mL, which corresponds to 0.1 pCi/mL.
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TABLE B-6
KRYPTON-85 CONCENTRATIONS IN AIR AT CFA (1990)

Concentration a

Sample Dates _10-12 _Ci/mL)

Dec 26. 1989 to Jan 8 28 + 3
Jan 8 to Jan 23 28 + 3

Jan 23 to Feb 7 30 + 3
Feb 7 to Feb 22 30 + 3

Feb 22 to Mar 8 28 + 3

Mar 8 to Mar 22 31 _+ 5

Mar 22 to Apr 5 29 + 4

Apr 5 to Apt 19 27 + 3
Apr 19 to May 3 25 + 4
May 3 to May 17 27 + 3

May 17toMay31 27 + 3
May31 toJun 14 25 + 3
Jun 14 to Jun 28 28 + 3

Jun 28 to Jul 12 28 + 3
Jul 12 toJul 26 26 + 3

Jul 26 to Aug 9 25 + 3

Aug 9 to Aug 23 25 + 3

Aug 23 to Sep 6 27 _+ 3

Sep6 to Sep 21 28 + 3
Sep21 to Oct4 25 +_ 3

Oct 4 to Oct 18 29 + 3

Oct 18 to No,,' 1 28 + 3

Nov 1 to Nov 15 30 + 3
Nov 15toNov29 28+ 3

Nov 29 to Dec 13 29 + 3
Dec 13 to Dec 27 30 + 3

Annual Mean t' 27.7 + 0.7

a. Results +_.2s analytical uncertainty reported b_ EPA Environmental Monitonng Systems Laboratory, Las Vega.s, Nevada.

b. Arithmeuc mean _ith the 95_ confidence interval for the mean !.see Appendix C._.
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TABLE B-8

STRONTIUM-90 CONCENTRATIONS IN WHEAT AND LETTUCE (1990)

Concentrations a

(10-9 _tCi/g dry wt)

Wheat Garden Lettuce
Sample

Group Location Sr-90 Sr-90

=Minimum detectable -- -- 4 80
concentration

Distant American Falls 10 + 3 NA b
Blackfoot 21 + 4 150 + 60

Carey NA 180 + 40
Dietrich 9 + 3 NA
Idaho Falls 13 + 4 __c

Minidoka 12 + 4 NA
Pocatello NA 210 +_ 60

Mean d 13 + 6 180 + 70

BoundaD' Arco 13 + 4 50 + 40
Atomic City NA 140 + 40
Howe NA 50 4- 40

Monteview 9 + 3 NA
Mud L-,_ke 7 + 3 90 4- 60

Taber 10 + 3 NA

Terreton 12 + 3 NA

Mean d 10 4- 3 80 4- 70

a. Analytical results ___2s (see Appendix C_.

b. No analysis.

c, Sample lost m analysis,

d. Arithmetic mean with the 959k confidence interval for the mean (see Appendix C).
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TABLE B-9
RADIONUCLIDES IN OFFSITE SURFACE SOILS a (1990)

Geometric Mean _ith

95q Confidence Interval t' =MDC t

Number of

Radionuclide Year J pCi/g nCi/m z Samples pCi/g nCi/m 2

Cs- 137 970-75 0.94 10.78-1.1 ) 54 (49-591 60 0.01
978 0.94 10.72-1.2) 58 {44-75 _ 10 0.01

980 0.64 (0.46-0.901 41 (29-57 ) 10 0.01
982 0,90 (0,64-1,2 ) 44 (31 --621 !0 0,01

984 0.69 (0.49--0.97) 43 (31 --60 ) 7 0.01

986 0.81 (0.54-1.21 48 (34-671 13 0.01
988 0.06 (0.34-1.3 ) 47 (46-48) 12 0.0 I
99(1 0.73 (0.54--0.99) 43 (,33-56) 12 0.01

Sr-90 1970-75 0,54 (0.43--0.59l 34 (31-37 ) 55 0.09 10

1978 0.52 (0.40-0.68 ) 32 (23--451 !0 0.09 10
i 980 0.35 (0.25--0.49) 22 (15-33 ) i 0 0.09 10

1982 0.37 (0.26-0.52) 18 (11-291 l0 0.09 10
1984 0.45 (0.32--0.63 ) 28 (20-39) 7 0.09 10

1986 0.52 (0.43-0.62) 30 (25-37) 13 0.09 10
1988 0.38 (0.28-0.53) 23 (17-31 ) 12 0.09 10
1990 0.30 (0.22-0.40) !7 (13-231 i 2 0.09 10

1%-238 1970-75 0.0028 (0.0023-0.0034 0.15 (0.13-0. !8 ) 55 0.002 0.1

1978 0.0010 [0.0005--0.0020 0.06 (0.03-0.11 ) 10 0.002 0.1
1980 0.0007 (0.0005---0.0(0 0.05 (0.04--0.07 ) !0 0,002 0.1

!982 0.0011 (0.0007-41.0017 0.05 (0.03-0.08) 10 0,002 0.1
1984 0.0015 (0.0008-0.0027 0.08 (0.04-0. !5) 7 0.002 0.1

1986 0.0021 {0,0010--0.0(06 0.12 (0.06-0.27) 13 0.002 0.1
1988 0.0014 (0.0(K)9--0.0024 0.09 (0.05-49.14) 12 0.002 0.1

1990 0,0006 (0.0003--0.0012 0.04 (0.02--0.09 ) 12 0.002 0.1

1%-239/240 1970-75 0.020 (0.017-0.024 } 1.06 (0.96-1.17 ) 54 0.002 0.1
1978 0.018 {0.013-4).025 ) 1.09 (0.78-1.53 _ 10 0.002 0.1

1980 0.010 (0.006--0.0171 0.63 (0.37-1.07 j 10 0,002 0.1
1982 0.022 (0.016-0.031 ) 1.06 (0.76-1.48 ) 10 0.002 O.!
1984 0.016 (0.011-0.0221 1.02 (0.73-1.431 7 0.002 0.1
1986 0.018 (0.012-4).0271 1.05 (0.70-1.581 13 0.002 0.1

1988 0.021 (0.015--0.0291 1.22 (0.91-1.65) 12 0.002 0.1
1990 0.024 (0.017-0.0351 1.43 t 1.01-2.031 12 0.002 0.1

Am-24; 1970-75 0.0(.)4 (0.003-4).005) 0.24 (0.20---0.29} 37 0.003 0.2

1978 0.006 (0.(KJ4-0.(K_ i 0.38 (0.29-0.49 _ 10 0.003 0.2
980 0.003 (0.002-0.004) 0.20 (0.14-0.28 ) 10 0.003 0.2

982 0.004 (0.003-0,0061 0.21 (0.13-0.34) 10 0.003 0.2
984 0.004 (0.002-0.007 _ 0.26 (0.15-0.441 7 0.0(13 0.2

986 0.004 (0,002--0.007 _ 0.23 (0.13-0.411 13 0.003 0.2
988 0.005 (0.004-43.008 _ 0.31 !0.22-045/ 12 0.003 0.2

990 0.005 (0.003-4).008) 0.27 (0.16-4).45 / 12 0.(,_)3 0.2

a. Soil samples collected to a depth ot 5 cm.

b. Geometr|c mean v, ith/he 95t;} confidence interval fl)r the mean _see Appendix CI.

c. Approximate mimmum detectable concentration.

d, Excludin_ 1972 in _hich no samples _ere taken.
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TABLE B-10

ENVIRONMENTAL RADIATION EXPOSURES (1987-1990)

Annual Exposures
(mR)_'

Location 1987b 1988 1989 199(i)

Distant Group:

Aberdeen 104 ± 4 108 _+4 114 ± 6 114 _+ 4

Blackfoot 100 + 2 112 _+ 5 117 + 8 118 + 5
Craters of the Moon 98 + 4 118 +_ 4 123 +_ 7 !16 + 4

Idaho Falls 113 -4-4 113 _+ 4 c 126 ± 4

Minidoka 95 _ 4 92 _+ 3 108 + 6 99 + 4

Rexburg 94 _+ 3 114 _+ 4 114 _+ 5 !10 +__4
Roberts d 122 _+ 6 127 _+ 6 125 + 5

Mean e 101 + 7 111 + 9 117 + 7 115 + 9

Boundary Group:

Arco 100 + 4 106 + 6 117 + 5 114 + 4

AtomicCit3 95 -4-_4 118 + 7 125 + 6 121 + 4
Howe 98 ± 4 105 + 6 117 +_ 6 --f

Monteviev, 98 + 4 101 + 5 12(3 + 6 110 _ 4

MudLake 1114+ 4 111 ± 5 125 _4-6 121 + 6
RenoRanch 93 ± 3 110 ± 4 105 ± 6 110 ± 4

Mean e 98 ± 4 1(19 ± 6 118 +_ 8 115 ± 7

a. Annual exposure 4- 2s _see Appendix C).

b. Some or ali annual exposures listed for 1987 ma', be li cz_lov,. See text.

c. Dosimeter missing at November 1989 collection time.

d. Dosimeter missing at May 1987 collection time.

e. Arithmetic mean with the 95ct - confidence interval t6r the mean csee Appendix C_

f. Dosimeter missing at May 1990 collection time.

B-12





TABLE B-12

RADIONUCLIDE COMPOSITION OF LIQUID EFFLUENTS RELEASED ONSITE (1990)

Liquid Effluent
(Ci) a

Radionuclide Half-Life ANL-W CFA ICPP TRA Total b

H-3 i 2.3 yr 0.26 2.5 c 0.47 !80 180

Cr-51 27.8 d .... 3.4 3.4

Na-24 15.0 yr b -- -- O. 12 0.12

Co--60 5.26 yr b -- 1.1 x 10.3 O.10 0.10

Cs-137 30.2 yr _ -- 5.0 x 10-2 4.9 x 10-3 5.4 x 10- 2

Sr-90 28.6 yr -- 6.4 x 10--4 3.3 x l(J-2 -- 3.3 x 10.2

Ce-144 2.84 d -- __ w 2.8 x 10-2 2.8 x 10-2

Pu--ttotal) -- -- -- 4.8 × 10-4 -- 4.8 x 10-.4

Ali Others -- -- 5.8 x 10-3 3.2 x 10. 2 1.1 1.1

Grand Totals (I.26 2.5 0.59 190 190
( rounded

a. Radioacti,,it) pro'_ Jded b) Radioacti_,e Waste Management Information System. Values are not corrected for decay alter release. Data are
preliminary.

b. Totals include, mali amounts t rom tactlmes not listed.

c. "l-ril_um m the effluenl is due to trmum Jn the v,ater suppl) at CFA.
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TABLE B-14 TABLE B-15
PARTICULATE MATTER NONRADIOACTIVE AIRBORNE

CONCENTRATIONS IN AIR (1990) EFFLUENTS (1990)

Concentration a

(btg/m3) Emissions
(Mg)

Group Locations Range Mean b Facility NO NO2 a SO2

Distant Blackfoot 20--40 36 + 15 ANL-W -- 3.6 6.0
Craters of 7-14 11 + 6 CFA -- 1.6 3.9
the Moon CFSGF b 54.5 -- 18.0
Idaho Falls 40-90 60 + 40 ICPP (oil) -- 0.9 6.0
Rexburg 20-60 40 + 20 ICPP (main stack) c 6.8 60.9

Grand Mean b 36 + 12 CTF -- 0.3 0.8
NRF q 17.6 52.0
PBF -- 0.2 0.6Boundary Arco 20-90 60 + 40
TRA -- 3.8 10.9

Atomic City 13-50 30 + 20
TSF -- 6.5 22.8FAA Tower 7-17 13 + 7
WERF -- 0.3 0.8

Howe 18-60 40 + 30
Monteview 14-50 30 + 20 Totals 61.3 95.7 121.8

MudLake 20-50 39 + 19

Reno Ranch 9-20 15 + 13
a. Calculated from fuel oil usage reported by IWMIS and emis-

Grand Mean b 32 _+_8 sion factors given in Reference 28.

Site ANL-W 11-20 18 + 9 b. Calculated from CFSGF plant operating data supplied by

ARA 7-17 13 ___7 T.W. Chesnovar of WINCO.

CFA 10-30 19 + 16
c. Reported in IWMIS on ICPP Airborne Summary. page.EBR-I 9-18 13 + 7

EFS 9-30 17 + 15
ICPP 13--40 24 + 16

NRF 15-50 30 + 30
PBF 10-20 16 + 9

RWMC 12-40 22 + 19

TAN 19-30 22 + 4
TRA 13-20 17 + 9

VANB 7-20 13 + 10

Grand Mean b 20 + 9

a. The appro,_l:nate minimum detectable concentration

t=MI)C! _s lOug/m _. The EPA'_nationalprlmar._ and

,,eu'ondar,, ambient air qualit.', standard is 50.ug/m _. annual

average, lor particulates v, ith diameter less than or equal to
Ilium.

b. Arithmetlt_ mean v. lth the _5':; confide,ce mter_,al tor the

mean, ,,ee Append,_. L'_.
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APPENDIX C

STATISTICAL METHODS

Indi,`idual analytical results are given in the report information are ali considered ,,,,'hen interpreting and

`aith plus or minus _+_1t_'o analytical standard devi- evaluating the results.
ations (2sl. `ahere ali analytical uncertainties ha_e

been calculated and "'s'" is an estimate of the population If the result exceeds 3s. there is confidence that the

standard deviation "'P.'" Man_ of the results `aere less material v, as detected b`" tile analysis.
than or equal to 2s land. in fact. some `aere negativek
`ahich means that the,` ,aere belo,a the minimum .Arithmetic means v_ere calculated using actual

detectable concentration. Gamma spectrometric anal- assa,` results, regardless of their being alx_ve or belo`a

``se.s differ from other types because the radionuclide is the minimum detectable concentration. The uncer-
not considered detectable unless the net count in the taint,, of the mean. or the 95c4 confidence inter_al. ,a'as

peak is equal to or greater than three times its esti- determined by multiplying the standard deviation of
mated analytical uncertaint,` 13s I. A deliberate search the mean lalso called the standard error of the mean _or

for specific nuclides can be made and results reported, s/Cn _1,2bv the t_tt_5, statistic. Means for `ahich the 95q
but such results might include negative ,`alues. confidence inter_al does not include zero ,aere

assumed to indicate detectable amounts of acti`` it``. In

If the result lies in the range of t`ao to three times its situations ,ahere the anal`"tical results of a group of
c,timated anal``tical uncertaint,` ¢2s to 3.,,_. and samples are near the minimum detectable concentra-

assuming that the result belongs to a Gaussian distri- tion. the 95% confidence interval for the mean ma,` not
bution, detection ofthe material b,. the anal,,'sis ma,, be include zero and thus appears to be statisticall,,

_s-to-_squestionable becau-.e of statistical ,,ariations `a ithin significant even though, on the basis of the _ "

the group of _,amples. Analyses ,a ith results in the criterion, it is doubtful that an,, individual sample

questi.'mable range are public, bed in this report ,a lth the contained detectable radioacti`` it,`.
understanding that there ma\ be some doubt as to

`a hether the material `aa> actuall,, present. Geometric means ,aere calculated b`` summing the
natural logarithms I ln_ of the positive analytical

There are man,, factors that can influence the result results, di,` iding by the number of samples _n_. and

to ,,ome degree, and these factor.,, are considered and then transforming the quotient. 11"the result `aas either
included in the methods used to determine the esti- a negative number or a zero. the In of the smallest

mated uncertaint_ of the measurement. Uncertainties positi,`e, nonzero measurement in the group `a a.,, used.
in mea,,urement_, near the minimum detectable con- The 95c_ confidence interval ``_as determined b_

centration are primarily caused b,` counting statistics, muhiplying the standard dexiation of the geometric
For 1o``_ concentrations near the minimum detectable mean b,. the t_ps, statistic and then transforming the
concentration, the uncertaint,` in the measurement is result. The actual inter``al is determined b_ dividing

nearlx equal to the measurementit,,elf, andthelo`aer the transformed mean b\ the transformed 95q
limit of the range of the measurement approaches confidence interval term for the lo,aer limit, then

"'zero." Such a result might not be _er,` reliable multipl._ing the mean b_' the confidence interval term
because the uncertaint,` i_, onl\ an estimate and the for the upper limit.

actual probability, distribution of the results is not

u_suall _ knov. n. In realir,, the material being measured Unpaired t-tests `aere used to determine ,a hether the
ma', not actual],, be pre_,,ent in the sample. Therefore. annual mean,, for the Site or boundarx stations ,aere
_ hen anal', tical result.,, sho`a a nleasurement very near greater than the annual mean,, for the distant stations.
the minimum detectable concentration, statistical Ali ,,tati,,ti_.al tests used a le``el of ,,ignificance of 5c;;

tool>, meteorological data. and Site release _ct.=0.05_. c-1
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