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EXECUTIVE SUMMARY

A contamination depth and cobbly soil characterization study was performed in November
and December 1993 at the Uranium Mill Tailings Remedial Action (UMTRA) Project's New
Rifle, Colorado, processing site. This study was initiated due to a concurrence by the U.S.
Nuclear Regulatory Commission (NRC) clarifying that the allowable residual contamination
in soil should be averaged over the total mass of the soil volume, including cobbles and
gravels (i.e., bulk concentration). The New Rifle processing site has a high percentage of
cobbles and gravels underlying the pile and other contaminated areas, which preliminary
excavation designs have identified for removal and disposal. The main purpose of this
study was to evaluate the relative mass percentage and radionuclide concentrations of
cobbles and gravels in order to determine the bulk contamination concentrations, revise the
underlying excavation design depths, and improve verification methods. Another
important goal of the study was to acquire more accurate contamination depth data
(profile) for the subpile material. The observations from these cOmponents of the study
resulted in the following conclusions:

• On average, 75 percent of the cobbly soil beneath the pile and contaminated areas is
cobble and gravel having radionuclide levels below the cleanup standards. The cobbles
and gravels will not require excavation, although excavation was indicated in previous
designs.

• Radium-226 (Ra-226) contamination depths from past characterization studies were
significantly overestimated in many areas; therefore, less excavation will be required in
these areas.

• Thorium-230 (Th-230) has not migrated preferentially in suspect areas at the site in
significant levels that would require excavation below the excavation depths required
for Ra-226.

• The amount of excavation to be carried out below the water table has decreased
significantly because 1) more accurate data on contamination depth have been
compiled, and 2) cobble/gravel parameters have been used to meet the bulk
concentration limits for contamination. These two factors have resulted in lower
contamination levels at depth.

In summary, this recharacterization study will probably reduce the volume of material for
excavation/disposal by several hundred thousand cubic yards and significantly reduce the
amount of ground water expected to be pumped out of the excavation during cleanup.
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1.0 INTRODUCTION

1.1 STANDARDS AND CRITERIA

Remedial action at the New Rifle, Colorado, processing site is being performed
under the Uranium Mill Tai/ings Radiation Control Act (UMTRCA) of 1978 (42
USC §7901 et seq.). Under the UMTRCA, the U.S. Environmental Protection
Agency (EPA) is responsible for developing appropriate and applicable standards
for the cleanup of radiologically contaminated land and buildings at 24
designated sites, including the New Rifle, Colorado, inactive processing site.
The UMTRCA states that the U.S. Department of Energy (DOE) shall "select and
perform remedial actions at the designated processing sites and disposal sites in
accordance with the general standards" prescribed by the EPA. Regulations
governing the required remedial action at inactive uranium processing sites were
promulgated by the EPA in 1983 and are contained in40 CFR Part 192 (1993),
Health and Environmental Protection Standards for Uranium and Thorium Mill

Tailings.

Subpart B of 40 CFR Part 192 consists of standards for the cleanup of land and
buildings. The standards applicable to land cleanup activities are as follows:

Remedial actions shall be conducted so as to provide
reasonable assurance that, as a result of residual
radioactive materials from any designated processing site,
the concentration of radium-226 in land averaged over an
area of 100 square meters (m 2) shall not exceed the
background level by more than --

1) Five picocuries per gram (pCi/g), averaged over the first
15 centimeters (cm) of soil below the surface, and

2) Fifteen pCi/g, averaged over 1 5-cm-thick layers of soils more
than 15 cm below the surface.

In addition, 40 CFR Part 192 provides criteria for applying supplemental
standards for the cleanup and stabilization of other radionuclides that present a
hazard commensurate with radium-226 (Ra-226)(40 CFR § 192.21 (1993)),
such as thorium-230 (Th-230). The Generic P(,otocol for Thorium-230
Cleanup/Verification at UMTRA Project Sites (Appendix A) under development
by the DOE UMTRA Project Office has received oral NRC approval for
implementation. Fundamental provisions of the protocol are as follows:

• Th-230 concentrations exceeding Ra-226 concentrations will be remediated
such that Ra-226 concentrations 1OO0 years in the future, including both in
situ Ra-226 and Ra-226 produced by natural decay of Th-230 over a
lO00-year period, averaged over 100 m2, will not exceed background levels

DOEIALI62350-127 APRIL 18, 1994
VER. I RFLOIOVI .WP

1-I



ANALYSIS OF CGEBLYSOILS FOR COBBLES-TO-FINESCORRECTIONSTO RAOIONUCLIOE
CONCENTRATIONS AT THE NEW RIFLE,COLORAOO, PROCESSINGSITE INTROOUCTION
i ill |l i i i ill i i . i

by more than 5 pCi/g in the first 15-cm surface soil layer or 15 pCi/g in
successive 15-cm subsurface layers.

• For deeply buried material, excavations will be stopped when the RAECOM
computer code, using site-specific parameters, calculates a radon-222
(Rn-222) flux of 3.9 picocuries per square meter per second (pCi/m2s) and
expected long-term conditions ere appropriate, or when construction safety
or feasibility becomes a concern.

• Excavation of elevated Th-230 encountered below the water table in the
saturated zone will be assessed relative to the practicality with which
dewatering can be performed. An as-low-as-reasonably-achievable (ALARA)
analysis using pathway techniques will be performed in cases where a major
portion of the site contains Th-230 that extends into the saturated zone,
and excavation into the zone is impractical.

The EPA standards were originally based on an understanding of radiologically
contaminated, fine-grained, tailings-like soil. However, the NRC has concurred
that the soil cleanup standards for cobbly soil should have a universal
interpretation of bulk soil concentrations, where bulk is defined as the total
activity in picocuries divided by the total sample mass in grams, independent of
the radionuclide distribution as a function of soil size fraction (Appendix A).
Recognizing that UMTRA Project site cleanup activities will entail the cleanup of
radiologically contaminated cobbly soil, the NRC also has concurred on a
procedure developed by the DOE for excavation control end verification of
cobbly subsoil (Appendix A). The accepted protocol is based on establishing a
representative mass partition function that is the ratio of the mass of the soil
fraction retained on a #4 sieve to the mass of the soil fraction passing a #4
sieve, and the characteristic radionuclide concentration on the larger soil size
fraction retained on a #4 mesh sieve. The mass partition function can be
developed and applied for the entire site or for each 100-m 2 grid (see Appendix
A). Bulk radionuclide concentration can be determined using the mass partition
function, the radionuclide concentration on the larger size soil fraction, end
radiometric/radiochemical measurements of only the finer soil fraction passing a
#4 sieve.

The standards given above are based on bulk Ra-226 concentrations elevated
above background level. IVleasurements of background radioactivity near the
New Rifle, Colorado, processing site, have resulted in the following
determinations (DOE, 1992'.):

• Background gamma exposure rates at 1 meter (m) above the earth average
15 microroentgens per hour (pR/hr).

• Background Ra-226 concentrations in the soil near the processing site
average 1.2 pCi/g.
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• Background Rn-222 concentrations in air at various locations near the
processing site average approximately 0.4 picocuries per liter (pCi/L).

1.2 REMEDIAL ACTION

The remedial action at the processing site will be conducted to remove the
railings and contaminated materials to meet the EPA bulk soil cleanup standards
for surface and subsurface soils, The site areas disturbed by remedial action
excavation will be either contoured or backfilled with uncontaminated soil and
contoured to restore the site. The final contours will produce a final surface
grade that will create positive drainage from the site.
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2.0 PHYSICAL AND RADIOLOGICAL EVALUATION

A site characterization study was conducted in November and December 1993 to
determine the nature of the cobbly subsoil profile and contamination levels underlying the
New Rifle, Colorado, processing site and to ascertain 1) the mass partitioning of the
subpile soil relative to a #4 mesh sieve, and 2) the radiological contamination associated
with the cobbly soil size fractions passing and retained on a #4 mesh sieve. The purpose
of this investigation was to obtain the necessary parameters to characterize the bulk
radionuclide concentrations for the site foundation soil, particularly the subpile area. With
these more recent site characterization data, appropriate depths for excavating
radiologically contaminated cobbly subsoil may be determined. These data also provide
necessary information regarding the way in which excavation control and verification
should be performed in cobbly soils.

2.1 TEST PIT OPERATION AND CHARACTERIZATION RESULTS

Operations consisted of excavating 22 test pits with a backhoe. Lithological
logging, sampling, and photographing of the pits were also carried out. Test pit
locations are shown in Figures 2.1 and 2.2, and selected photographs of pits
and operations are found in Appendix B. Pits were distributed over accessible
areas of the subpile (11 total), around the north, south and east sides of the pile
perimeter (8 total), and in areas representing background conditions for the site
(3 total). Lithological logging data for each test pit are found in Appendix C.

Test pits were excavated into the cobbly soil layer underlying the site and
sampled in accordance with the NRC-approved protocol (Appendix A). Sampling
was terminated in general at or slightly below the level that free water was
encountered in the test pits. This was done because of difficulty in obtaining
representative samples from below the water surface. Test pit location 4
(M-CF-04 and M-CF-04A, Appendix C) was excavated a second time to obtain
additional 1-foot (ft) (0.3-m) increment samples at depths from which the initia!
samples may have been accidentally cross-contaminated during the first
sampling. The granular material in test pit location 29 (M-CF-29) was
determined to be contaminated fill material from earlier site backfill operations;
therefore, its cobbles-to-fines ratio (mass partition function) and radionuclide
data were not representative of the site's natural cobbly soil. These data were
not used in the study.

For each pit, a representative composite sample of the cobbly soil layer was
divided using appropriate gradation techniques into fractions greater and less
than a #4 mesh sieve to determine mass partition functions (Appendix D).
Composite samples of both soil fractions in the cobbly soil were analyzed for
Ra-226 and Th-230 (Appendix E). Table 2.1 lists the individual, average, and
statistical mass partition functions and cobble (> #4 mesh) radionuclide
concentrations for the test pits.
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Table 2.1 Summary of mass partition functions and radionuclide concentrations for
composite soil sample_ retained on • #4 mesh sieve

Radionuclideconcentration
mass fraction > #4 sievei i i i

Test pit ID and Mass partition Ra-226 Th-230
statistical summery L°cation function= _pci/g) ....(pCi/9)

M-CF-01 Offpile 4.92 1.1 1.1
M-CF-02 Offpile 2.15 0.7 0.9
M-CF-03 Offpile 2.38 1.7 0.5
M-CF-04 Subpile 3.18 0.6 t3.7
M-CF-05 Subpile 3.46 1.4 0.3
M-CF-06 Subpile No data 3.3 1.6
M-CF-07 Subpile 2.72 2.0 1.7
M-CF-11 Offpile 3.24 0.8 0.4
M-CF-15 Offpile 2.88 0.9 0.8
M-CF-19 Offpile 3.22 0.8 0.7
M-CF-20 Subpile 5.41 0.5 0.8
M-CF-21 Subpile 4.49 1.6 1.2
M-CF-22 Subpile 3.83 0.9 0.9
M-CF-;L4 Subpile 1.84 0.9 0.7
M-CF-25 Subpile 3.65 0.8 1.3
M-CF-26 Subpile 1.90 0.7 0.5
M-CF-27 Offpile 5.67 0.8 0.8
M-CF-28 Subpile 9.42 0.8 0.5
M-CF-30 Offpile 3.85 1.2 0.6
M-CF-31 Background 3.59 0.9 0.7
M-CF-32 Background 4.21 1.8 1.1

M-CF-33 Background 4.52 1.6 0.5
Average All 3.83 1.2 0.8
Standard deviation 1.67 0.6 0.4
95% confidencelevelb 3.20 1.4 0.9

Average Background 4.11 1.4 0.8
Standard deviation 0.47 0.5 0.3
95% confidencelevelb 3.32 2.2 1.3
Average Subpile 3.99 1.2 0.9
Standard deviation 2.20 0.8 0.5
95% confidencelevelb 2.71 1.6 1.2

Average Offpile 3.54 1.0 0.7
Standarddeviation 1.22 0.3 0.2
95% confidence levelb 2.72 1.2 0.8
Average Subpileand 3.79 1.1 0.8
Standarddeviation offpile 1.80 0.7 0.4
95% confidence levelb 3.05 1.4 1.0

aMass partition function equatesto cobbles-to-finesratio, f : (M > #4)/(M < #4).
bThe upper95 percent confidencelevel value is shown for the radionuclideconcentrations,and the
lower 95 percent confidencelevel value for the mass partitionfunctions.
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In addition to the requirements in the cobbles-to-finesprotocol,an aliquot of the
fine soil size fraction (< #4 mesh sieve) was obtainedfrom each 1-ft (0.3-m)
test pit depth increment (except in tailings) and separately analyzed for Ra-226
andTh-232. One to four of these increment samplesfor each test pit were also
analyzed for Th-230 to determinethe potential for significantTh-230
contaminationat depth below Ra-226 contamination. Measurements of acidity
(pH) in selected soil layers in subpileand offpile test pits were also taken in the
field to determine whether there were acidic conditionsthat would enhance
Th-230 mobility (see data in lithologicallogsof Appendix C).

2.2 STATISTICAL PARAMETERSFOR COBBLES-TO-FINESCORRECTIONS

The originalplansdeveloped for test pit locations hada total of approximately
30 subpileand offpiletest pits. Ten of these locationswere inaccessibleduring
the study because they were underneathabout 50 ft (15.3 m) of tailings.
However, the data gathered from this study are Consideredto be sufficient for
obtainingthe necessaryparametersto implement the statistical approachof
cobbles-to-finescorrectionsat the site due to the following:

• Observed consistencyin the mass partitionfunctionsand low radionuclide
concentrationsin the cobbles (Table 2.1 ).

• Spatial representativenessof pit locations (Figure 2.1).

• Uniformity of the geologicalconditionsin the underlyingnatural cobbly soil
(AppendixC).

Additionally,the protocoi's method for determiningconservative values for the
statistical mass partitionfunctionsand cobble radionuclideconcentrationswas
reviewed. This review revealedthat using data from less than 30 test pits
shouldactually result in more conservatismin developingthe statistical values
when using representativesamplingplans.

The average, standard deviation and statistical values for the mass partition
function and cobble radionuclideconcentrationsfor each grouping(subpile,
offpile, background,and all combined)of test pits are shown at the bottom of
Table 2.1. The data from test pit M-CF-29 were not used because of its
apparent unnatural contents (backfill). No mass partitionfunction was availablJe
for test pit M-CF-06, becausetechnical problems(cave-in) rendered the
measurementnonrepresentative.

This informationdemonstratesthe relative consistency in the physical and
radiologicalcharacteristicsof the cobbly soil layer in all of the test pits. In
determiningthe correct values for calculating bulkconcentrationsfrom cobbles-
to-fines corrections,the subpileand offpile combineddata appearto be the
most applicablebecauseof the proximity to areas that may apply the
corrections. These critical values that will be used in the correctioncalculations
are 3.05 for the statistical mass partitionfunction, and 1.4 and 1.0 for the
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statistical Ra-226 and Th-230 cobble radionuclide concentrations, respectively.
Using the statistical mass partition function and statistical Ra-226 cobble
concentration for all of the pits (1.4 pCi/g, which is more appropriate than using
2.2 pCi/g from the small number of background test pits), a bulk Ra-226
background concentration of 1.4 pCi/g is established in this study.
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3.0 CHANGES TO EXCAVATION DESIGN

From the lithological logging data (Appendix C), the thickness of the layers of relatively
clean fine-grained soil (sand, silt, clay, etc.) above the cobbly soil interface in these pits
ranged from 0 ft to 16 ft (0 m to 4.9 m), and averaged 5 ft (1.5 m). Cobbly soil was
encountered immediately at the surface in five of the subpile test pits where the
sandsiltclay I_yeLwas previously removed with the tailings (all on the south side of the
pile). At other UMTRA Project sites, Ra-226 adsorbs or precipitates within the first 1 or
2 ft (0.3 or 0.6 m) of soil below the pile or other contaminated material (DOE, 1994). This
process was also apparent in many of the test pits at New Rifle. From the results for
Th-230 characterization of the fines (1-ft [0.3-m] increment samples, Appendix E), it can
be concluded that mobilization of Th-230 below the Ra-226 contamination was not

apparent in most of the test pits (see Ra-226 and Th-230 profile data in test pit logs of
Appendix C). This was somewhat expected when considering the typically neutral-to-
basic pH observed in the soils. The few pits that showed Th-230 mobilization
(disequilibrium with Ra-226) did not reveal levels that would require excavation beyond the
Ra-226 excavation depth.

From these observations and the profiling (1-ft [0.3-m] increment samples) data on the
radionuclide contamination, it is apparent that the cobbles-to-fines corrections may not be
needed in most remediated areas because the contamination does not extend into the

cobbly subsoil. This has resulted in a significant change in contamination depths. Original
site characterization data (DOE, 1985) used in the remedial action excavation design
showed the contamination in many of the test pit areas to be deeper, from 1 to 6 ft (0.3
to 1.8 m). This change in known contamination depths affects estimated excavation
depths in the design, as shown in Table 3.1. The data changes are most likely due to the
original study using bore hole drilling techniques, which involved drilling and sampling the
subpile soil through various depths of tailings and contaminated materials. It appears that
using a backhoe and not having a large (approximately 50-ft [15-m]) layer of tailings to
penetrate for sampling subpile soil improved the accuracy of data for the actual
contamination depth. The availability of these improved contamination depth data enables
engineering and scheduling efforts to more accurately handle disposal of the actual volume
of contaminated material. These data indicate that the total volume of contaminated
material is less than that originally identified by an estimated several hundred thousand
cubic yards, if test pit conditions are representative of the remaining site contaminated
areas.
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Table 3.1 New Rifle, Colorado, estimated excavation depth based on cobbles-to-fines ratio
and contamination profiles

Excavationbasedon
Plan excavation depth cobbles/finesprofiles Deltaa

Area f_ m ft m ft m
ii i

1 6 1.8 1 0.3 (5) (1.5)

2 5 1.5 0 0 (5) (1.5)

3 5-6 1.5-1.8 2 0.6 (3-4) (0.9-1.2)

4A 13 4.0 9 2.7 (4) (1.2)

5 13 4.0 11 3.4 (2) (0.6)

6 16 4.9 13+ 4.0+ ....
Insufficient

data
available

7 14 4.3 14 4.3 0 0

11 5 1.5 2 0.6 (3) (0.9)

15 5 1.5 4 1.2 (1) (0.3)

19 6 1.8 1 0.3 (5) (1.5)

20 5 1.5 0 0 (5) (1.5)

21 5 1.5 0 0 (5) (1.5)

22 6 1.8 6 1.8 0 0

24 4 1.2 0 0 (4) (1.2)

25 6 1.8 1 0.3 (5) (1.5)

26 6 1.8 1 0.3 (5) (1.5)

27 6 1.8 8 2.4 2 0.6

28 2 0.6 1 0.3 (1) (0.3)

29 3 0.9 Insufficient ....
data

available

30 6 1.8 4 1.2 (2) (0.6)

aNumberswithin parenthesesindicateamount of reducedexcavation; numberswithout parentheses
indicate amount of increasedexcavation.
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4.0 CONCLUSIONS

Site cleanup, includingthe excavation control and verification, will involvethe cobbles-to-
fines correctionsin remediated areas when applicable. Th-230 was not observedto be a
significant concernin excavation design,and its residualconcentrationswill be further
verified accordingto the requirementsin the Generic Protocol for Thorium-230
Cleanup/Verification at UMTRA Project Sites (AppendixA). Whenever the applicationof
the cobble-to-finescorrection is in doubt (for example, when it appearsthat there is only s
small percentage of cobbles), gridverification basedon a representativesample will be
used or grid-specific mass partition functionswill be measuredto demonstrate compliance
with EPA soil cleanupstandards.

For site verification, the statistical cobbles radionuclide concentrations at the upper 95
percent confidence limit and the statistical mass partition function at the lower 95 percent
confidence limit are usedto determine allowable fines concentrationsin subpileand offpile
areas (calculationJEG-RFL-03-94-09-06-O0). On this basis, for cobbly subsoilto comply
with the bulkcleanup standards(total lO00-year Ra-226 concentrationsfrom residual
Ra-226 and Th-230 not to exceed 15 pCi/g above background = 1.4 pCi/g bulk Ra-226
concentration), the correspondingconcentrationsin the finer soil size fraction (passinga
#4 mesh sieve) in the subpileand offpile areascould vary as follows:

1. C<#4 Ra -'- 62.2 pCi/g Ra-226, when the Th-230 concentrationson the finer
fraction, C< #4 Th, are less than or equal to 63.7 pCi/g;

2. C<#4 Th = 176.5 pCi/gTh-230, if there is evidence that the Th-230 has
differentially migrated relative to Ra-226, and the residualbulk Ra-226
concentration is 1.4 pCi/g (C<# 4 Ra = 1.2 pCi/g), correspondingto average
backgroundconcentrations;or

3. Th-230 concentrations(pCi/g)determined by the following relationfor residual
Ra-226 concentrationsmeasuredon the finer soilsize fraction, (C< #4 Rs), in the
range of 1.2 to 62.2 pCi/g,

C <#4 Th = 178.8 - 1.85 x C<#4 Ra

i ii lira i ill, i .
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Department of Energy
NhJquerqueOperationsOff_e

P.O.Box5400
NbucpjerqueNewMex_,oB7115

|EP 0 6 Bit

Mr. _dm Sunmlez'
chief, urania=l_ccvz_ ann=_
Division of I,o,P,Z.m_

Officeof Hucleaz'l,_z'ia_ Sa.f_'y'

v.s._=laar_agulat=-_cm=Ltslcn
StopS--Z-2

1 _'xica Flint North
11555 _c]_ville Pi_
RocloTille, JC:) 20852

Dear Mr. Suz=eier:

Historically,the majorityof Ra-226 _tad mn_$ _ cleaned

¢onstsc_ of ta.LlLrsgs,_ spo_Ls, _;.,cp _ vi_ ZLraPqn._
ro_ (vL.x_lov_ and vicLr_ty l:rOp--'_es) and ZL,aPC_a._ soils

o=ndi_ons erccunCa--_ _¢Lle zw_at-tr_ '_-230 ¢='¢a,m._on _'u.m
pe_--sLvCad¢rx=eRa-226 had ]:men_ at: both the RlvezCcn, _,
Duz'a_o,Colcmado,sites_mre mabctantlallydifferent.

At both sites, -,_ic_ vm-e lcs:a¢_ on alluvial fl_laL_s, _aoe
roilscons_ of a _ pe.m:::er_ge of cobblesand _:avels_ic_

on a #4 iieve(4.76_B_)._ add/tlon,it was de%e.rm/2_dChat
a_roxi_tely 95 _ of the _ c:=x:n.,'vtza_on of radioactivitywas
_ited on the fines (_/x:se soils psssL"R a |4 sieve).

Basedon _ _craldaraticrsand the fact that clem_ verifi_tion
sa=p_ing roucJr_y m,p_oy_ b_ the _ k.,-tion _ct.ors did not
z',_,_y accccex_ate s.s_lLrs;l and ar_ysLs of mtm-Lals q=_.z than #4
aieve,r.hefollbwin__I Zor _-230 c/_/verific_.ion

U.S. Dz;_z_on_ncof _ (_) and the U.S.mz:_eaz_/a_z_ Ommission
_) in =diZioationsto the Rmmd/al ActionPlansZor those alias.

_. mcaml,,the"fins,assn-action"W =n_ _ (i0)
ze_r_sarCativebulkfieldmsmples,and mepaz'atingfractions_tar
¢Mn and lessthan• #4 aiem:

fines m._ Zmcti¢_ = mass Z_/_sss total= uni_l_._¢ractim



2. D_.__ Ra-226 (or _h-230) c_mntz_tian (p_sing tJ_ i4 sieve) in
_fication m=Vles collect_ and analyzed _=o_ to rcan:_

"Verification__ forVicinityP_es and Tailin;sSitJs.N

3. _ _ ]Ra-226 (or _-230) ccn:m_a_on _ clea_ and
verification b_ c_nc_g the Ra-226 (or _1_-230)c_mrt_b:n al
fines as fo11_: °

bu_k Ra-226 o_=snt_a_ion -. (finn Ra-22Gca__-a,JLon) X (fines

Znctinn)

Do_ _ to _ _ basic _I, on a sit,_cific _sls,
as a _ ope.-'a_ practice farcleanupandveriZi_tianof
z_si_ _a-226 and _3_-230o_-_c_=_aticn at _ sites _ to be
__. _I_ bulk c=n_n_z_ti_s of _-226 _ _1_-230_ by

a_ve _ _ o=_ly vi_ the __i_n _ fc_ 1_a-226,
and _l_ clean_ _ for_h-230, as specified in 40 CI_
192. Bu_k _a-226 ccr_:__icms viii not _ 5 and 15 pC._/gfor
__ive IS c_ _ suz_a_e and _ace lalm--s w e._ ov_ 100

t_1_; _ nudm_ of sables _ to p_v!_ thinInitialva1_ Zc_
the fines=ass _mct1_n;the frmR_n_ of u;_a_ve_i_ the Zlnes
=ass fraction as _z=k _ across a sitm__ the fir_sross
fractionusedwillbe 1c_ on field da_a sh_.s, etc. It rillalso
includedin ZUtur_u__s of the T_chnicalAp_r-_c_Do==_nt and
referencedas a;___ in _ AcOrn PI&-_for si_s _ itwill
be applied.

_he aitw vher_thisI:_I czz_d be applied-,.o:.Zdlik_y include
Grard3_nction,Gu_, Rifle,SlickRcck,and _a_ita, Colc_, _Lmc_
Theyar_all Icca_ on alluvialflco_lainsp:ssessir_d,J_ac_J_istlcs
sL_1.ar to _,hcse_escz'_b_ _. __, _ I:Z>E_ _ l_:'s
ccr,_;_-erce _a'c m.x:ba p_o=l is _rslstentvi_ the _ of
40Cm _2 and_a1: i_ _cu=l __ be _ 1:o__y

its_ a;_lica_ianin si_.__ Action_lans.



Mr. _ct-,nS=.meier - 3 - $_ 0 6 199I

If_ shouldhaveany _ _esticcsz_ thisz_, pleas_
call Mr. D_n Metzler of my staff at (PTS)845-5657.

S_y,

Mark L. Ma_, P.E.

t_Imi=MillTailu_s_ Action
ProjectOffio_

F. _iljevac,
S. Hill, _C
M. Miller, _C
D. Gcr_mles,
J. Oldham, MK-P
D. Carlson, MK-F
M. Mads_n, C__
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it_j_ NUCLEAR REGULATORYCOMMISSION

_, ,, '. WASHINGTON. D. C. 295_
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SEP ; ? 1991

Mr. Mark L. Matthe,s P.E.
Project Manager
Uranium Mill Talllngs Ren_dlalAction
Project Office

Oepartjnentof Energy
Albuquerque Operations Office
P.0. Box 5400
Albuquerque, New Iqex|co 87115

Dear Mr. Natthews:

Your letter of September 6, 1991, requestedU.S. Nuclear Regulatory Commission
(NRC) concurrence in the use of a procedurefor determining and verifying
radium-226 concentrationsat locationswith large quantitles of cobbly
materlal. Your letter states that at severalTitle I sltes, DOE has
encountered large quantitiesof radium-Z26or thorium-230 contaminated
mterlal with a high contentof cobblymaterial (greater than a No. 4 sieve
size). Your tests show that the containedradioactivityis concentratedin
the finer fraction with the coarsefraction containingnegllglble quantities
(less than S percent). Procedurespresentlyin use by your contractorsfor
sampling and analyses are deslgnedfor relativelyfine grained homogeneous
soils with a minimum of largermaterialand are not adequate to characterize
the radioactive concentrationsin the heterogeneoussize m_aterialbeing
encountered. Your proposedapproachwould rely on masurement of the
radium-226 or thorlum-230contentin the finer fraction to obtain an average
concentration for the entire sample.

We agree that determiningan averageradium-226or thorium-Z30 contentover
an entlre sample would be consistentwith the [nvironmental Protection Agency
(EPA) standards In 40 CFR 192 if the radium-Z26content of the two size
fractions and the percentageof each size fraction are properly factored.
Part 192.12 states that the concentrationof radium-226 in land can be
averaged over an area of 100 squaremeters to meet the standards of not
exceeding background level by more than 5 pCi/g averaged over the first 15 cm
of soll below the surface and 15 pCl/g averagedover 15 = thick layers of
$oii m_re than 15 cm below the surface.

You plan to address the detallsof the procedure in a section to be added to
Procedure RAC-OI§ which w111 definewhen the procedurewo_Id be used, the
nurber and dlstrlbutlonof samplesto be taken, the deter_Inatlon of the
rmdlum-226 dlstrlbutlonend $1ze fractions,and other approprllte detalls.

We aIjreethat the proposedapproachhas the potentlmlfor mlntmlnlng
colq)iimncewlth EPA's stlndard$while lvoldlngover excavatlon of contaminated
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materlal. However, for final concurrence,we will have to review the details
of your revised ProcedureRAC-OI5and the effectsof Its Implementationon a
site-specificbasls. An.vquestionscan be addressed to Allan Mullins of my
staff at FTS-492-0578.

SIncerely,

Surmeler, thief
Uranium Recover_ B_'anch
Dtvtsion of Low-Level Waste Management
and Decommissioning, NMS$

co: O. I_etzler, DOE, Alb.
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Mr. Albert R. Chernoff, Pro_ect Nanager
Uranium Mtll Titltngs Remedtil Action

Project Off|ce
U.S. Department of Enerlty.
Albuquerque Operations Office
P.O. Box S400
Albuquerque, Ne_ Mexico 87115

Dear Iqr. Chernoff:

Me have revteved the procedure on "Bulk Radtonucltde Determination. Excavation
Control, and Site Verification For Cobbly So41$" sent wtth your letter of
Flarch 26, 1992, end supplemented by a revised Page 12 sent by facsimile on
March 30, 1992. We hereby concur with its use on U.$. Department of Energy
Uranium Mtl! Tatlings Remedtal Action Project sites containing a high
percentage L_f cobbly subsoll. This procedure, designated RAC-0P.003, should be
referenced tn the specific Remedial Action Plans for those sites where it will
be used.

One item of note concerns the section of the procedure discussing authority
(Section 1.3). This sectton should be revised I;o reference this letter of
concurrence rather than the September 17, 1991, letter cited, which agreed
with the concept but did not concur with the procedure,

Any questions should be addressed to Allan Mulltns of W staff at FT$ 964-2=_78.

Si ncere ly,

/_l_hnJ. Surmeler, Chief
VUranlum Recovery Branch
Division of Low-LevelWaste Management
and Decommissioning,I(I_SS

co: D. Metzler,DOE Alb
P. Mann, DOE A1b
D. Gonzalez,TAC
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1.0 SCQPE
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1.1 Purpose

This procedure will be used for determining and verifying average bulk
radionuclide concentrations for radium-226 (Ra-226), thorium-230 (Th-230),
and, if necessary, thorium-232 (Th-232) at locations where the subsoil consists
of a percentage of cobbles in the bulk sample sufficient to affect measurement
of the total radionuclide concentration. Excavation control and verification will

be based on bulk concentrations determined by this procedure.

1.2 Applicability

This procedure may be applied in areas designated for routine soil excavation
and verification (see RAC-OP-O03) where the subsoil media contains a high
percentage of cobbles.

1.3 Authority

Letter to A.R. Chernoff, DOE/UMTRA from J.J. Surmeier, NRC dated April 4,
1992.

.o

2.0 REFERENCES

2.1 RAC Health Physics Procedure RAC-RP-O05 - Radiological Instrumentation.

2.2 RAC Health Physics Procedure RAC-OP-O02 - Excavation Control Procedure

2.3 RAC Health Physics Procedure RAC-OP-O03

3.0 DEFINITIONS

3.1 Cobbles - The portion of a composite soil sample which will not pass through
a #4 mesh sieve.

3.2 Fines - The portion of a composite soil sample which will pass through a #4
mesh sieve.

3.3 Mass partition function, f, of a cobbly soil sample - the ratio of the dry mass
of the cobbles (M,,,), to the dry mass of the fines (M,,,):

f = M,,,/M,,, (cobble to fine ratio),

i, i,, =1, i,, , iii i ,

 po.no,x:IRev.No.:OP-003-4 0 Page 2 of 15
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MT = M,, + M,,.

3.4 Radiological concentration (Ra-226, Th-230, or Th-232), in picocuries per gram
(pCi/g), for the fines or cobbles, are designated by C,,, and C,,,, respectively.

3.5 Bulk radionuclide concentration (Ra-226, Th-230, or Th-232), in pCi/g, is
designated by C,, and calculated using

C. = Total Sample Radioactivity (pCi) / Total Dry Mass of Sample (g)

C. -._ ( C,,, x M,,, + C,,, x M,,, )/( M(,, + M,,, )

C, = C,,, (1/(1 +f)) + C,,, (f/(1 +f)).

3.6 Student t distribution (t) - the mathematical quantity used to define the
distribution of test statistics for small sample populations; used herein to
determine the lower and upper 95 percent confidence values for mass partition
function and cobble radionuclide concentrations respectively.

3.7 Running Average - The determination of statistical quantities based on the
available data and recalculated as more data becomes available.

3.8 Statistical Mass Partition Function (fL) " The mass partition function (f), at the
lower 95 percent confidence value calculated from test pit or running average
data.

3.9 Statistical Cobble Radionuclide Concentration (C>u) - The cobble radionuclide
concentration (C>,4) at the upper 95 percent confidence value calculated from
test pit or running average data.

4.0 R_EQUIREMENTS

4.1 Prerequisites

4.1.1 All instruments used under this procedure shall have valid
calibration.

4.1.2 Backup data (correlations, etc.) must be acquired, retained on-
site, and made available for audit, on all methods and analyses
used for excavation control and verification measurements.

i i ill i H, i,
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4.2 Tools, Material, Equipment

4.2.1 Buckets, wheelbarrows, #4 mesh sieves or screens (4.8
millimeter), shovels or backhoe, weighing scale up to 200 Ibs.,
drying oven, and other materials, as necessary, to obtain
representative bulk soil samples. It should be noted that a 1/4
inch hardware cloth is approximately equivalent to a #4 mesh
sieve, and may be used in lieu of a #4 mesh sieve.

4.3 Precautions/Limits

N/A

4.4 Acceptance Criteria

N/A

5.0 PROCEDURE

5.1 Site Evaluation

5.1.1 This guidance applies to processing sites and vicinity property areas.
If the work area under consideration is less than 0.5 acre, the mass
partition function (f) will be based on soil sampling from one centrally
located test pit.

5.1.2 The statistical mass partition function (fL) and statistical cobble
radionuclide concentration (C>u) may be determined by analysis of
samples collected from test pits prior to construction. The purpose for
developing a statistical mass partition function is _ to obtain an
i_ of the excavation depth required for compliance with
radiological cleanup standards.

5.1.3 Approximately 30 (preferably uniformly distributed) sampling locations I
(test pits) should be used for the entire site. Fewer test pits may be I

used on small sites with prior approval from the HP & E Manager.

5.1.4 If test pit excavation activities are performed during remedial action,
the statistical mass partition function (fL) shall be obtained by
calculating a running average of the corresponding parameters obtained
as test pit work progresses across the site.

i_'rocedureNo.: JRev. No." ...... i .........0P-003-4 Rev. 0 ICN-01 Page 4 of 15i i , i am iii
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5.2 Test Pit Soil Sampling and Analysis

5.2.1 D=g each te,;t pit to the estimated depth of contamination at the
location, and recordthe test pit surface elevation and maximumdepth
of each test pit. If groundwater is encountered, the elevation of the I
water level at the time of test pitting shall be recorded. I

5.2.2 Collect one composite sample from each test pit. The compositesoil
sample shall be comprised of all the material contained in a standard
shovel from each one foot increment (no material shall be discarded).
Sampling shall begin at the cobbly soil surface or tailings/cobblysoil
interface and continuethrough a minimumof 5 feet of cobblymaterial
or all the cobbly material (whichever is less).

5.2.3 Sieve the composite sample through a #4 mesh sieve, collectingthe
fines and cobbles in separate buckets of known weight. Weigh both
fractions separately. Thoroughly mix the fine fraction and extract two
(2) representative500 gram can samples.

5.2.4 Determine the percent moisture content by weight of one of the can
samples andcalculate the adjusted dry weight of the fines. Calculate
the adjusteddry weight of the cobblesassuminga moisturecontent of
1.5 percent. Recordall pertinent information on the Cobblesto Fines
Calculation Sheet (Attachment 1). Calculate the mass partition
function (f) for the test pit usingthe adjusted dry weight of the fines
and cobbles in the relation defined in Definition 3.3.

5.2.5 The second can shall be analyzed by the site laboratory for Ra-226
(andTh-232 if necessary)andsent to the vendor laboratoryfor Ra-226
and Th-230 analysis (and Th-232 if necessary). Recordon-site and
vendor analysis resultson Attachment 1.

Note: Analysis for Th-232 shall only be performed if the site
characterizationindicates Th-232 is present.

5.2.5.1 Using the initial on-site analysis results and the vendor
analysisresults for all test pit or runningaverage samples,
a Ra-226 correction factor shall be established usingthe
following equation:

Ra-22b C.F. = t:/1 + R2 + ...R,
n

..... m i

OP-003-4 Rev. 0 ICN-01 ....... page 5 of 15 _
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where, C.F. = correction factor,
Rn = Vendor results (pCi/g) divided by

Initial OCS, results (pCi/g) for the
nth sample ('.e., 1, 2, ...n), and

n = number of ratios.

5.2.5.2 The correction factor shall be updated using the pertinent
analyses results from QA samples (section 5.10).

5.2.6 Ship the fraction retained on the #4 sieve from each test pit to the
vendor laboratory, in the 5-gallon bucket. This material shall be
cleaned, crushed, and analyzed for Ra-226, Th-230 and, if necessary,
Th-232. Record vendor analysis results on Attachment 1.

5.2.7 Calculate the bulk radionuclide concentration (CB)for the test pit using
the mass partition function (f) for the test pit (section 5.2.4), the
vendor radiological concentration of the fines (C<w4), and the
radiological concentration of the cobbles (C>,4) in the equation defined
in Definition 3.5. Bulk radionuclide concentrations should be
calculated for Ra-226, Th-230, and Th-232 (if necessary).

5.3 Establish background bulk radionuclide concentrations for Ra-226, Th-230, and,
if necessary, Th-232, by the sampling and analyses detailed in steps 5.2.1

through 5.2.6 at three uncontaminated background locations contai_ I
subsoil of similar-geologic Oep0sition. "

5.4 Statistical Mass Partition Function- Alternative 1 (Test Pits)

5.4.1 Upon completion of test pit sampling, pertinent data shall be compiled
on the Statistical Data Sheet (Attachment 2), and the statistical mass

partition function shall be calculated using the following equation:

f, = T - t(slvr'n)

where, fL = statistical average mass partition function at the
lower 95 percent confidence value,

"f - mean mass partition functions of n samples,
s = sample standard deviation for the n samples,
t = t from Attachment 3, and
n = number of observations.

i
i
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5.4.2 The mean of the sample population is determined as follows:

7- r,+r,.
n

where, fl.2 o,. = the value of f for sample 1, 2, or n; and
n = the number of samples.

5.4.3 The standard deviation is calculated as follows:

(f,,- T)"S=_ n-l_
n-1

where, S = sample standard deviation,

fn = value of f for sample n,
m

f = mean of f for n samples, and

n = number of samples.

5.4.4 The statistical cobble radionuclide concentration for Ra-226, Th-230
and Th-232 (if necessary) shall be calculated using the following
equation:

C>u = _ + t(slvrn)

where, C>, = The statistical cobble radionuclide concentration at
the upper 95 percent confidence value,

C = mean radionuclide concentration of the n samples,
s = standard deviation of the 30 samples,
t = t from Attachment 3, and
n = number of samples.

l l|ll = "-
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I 5.5 Statistical Mass P_ait:_T_,_ _natlve 2 (Running Average)

5.5.1 The statistical mass partition function (fL) and the statistical cobble
radionuclide concentration (C>,) may be obtained by calculating a
running average of the corresponding parameters using the equations
in sections 5.4.1 and 5.4.4 respectively. Compile data on the
Statistical Data Sheet and recalculate fL and C>, as data is obtained
from each new test pit.

5.6 The statistical mass partition function and statistical cobble radionuclide
concentration for alternative 1 or 2, will 2QJ.Ybe used for excavation control
to obtain an _ of the final excavation depth to comply with EPA's
radiological cleanup standards. Final excavation depths and verification will be
determined as described in section 5.7 through 5.9.

5.6.1 By solving the equation in section 3.5 for C<w4and using the statistical
mass partition function (fL) and the statistical cobble radionuclide
concentration (C>u} an estimate of the allowable fines radionuclide
concentration may be obtained as follows:

c,,, . ca-c,uw( +r;!]
+ fL)]

where, C<w4 = The estimated fines radionuclide concentration,
C8 = the applicable limit (i.e., 5 or 15 pCi/g for Ra-226 or

Th-232 or 35 pCi/g for Th-230),
fL = statistical mass partition function, and
C>, = statistical cobble radionuclide concentration.

5.7 Verification Soil Sampling & Analysis

5.7.1 Grid the entire site into squares of 100 yd2 (-100 m2). Grids shall be
uniformly distributed over the site so as to obtain representative data.
Record location and elevation for each 100 yd2 grid.

5.7.2 Further subdivide each grid where excavation control is being
performed into approximately 10 x 10 foot squares (see below).
Subdividing grids may normally be done visually by the technician
performing the survey. Soil sample extraction will be performed at
each of the nine 10 x 10 foot squares within the grid. Each soil plug
should consist of all the material contained in a standard shovel. This

will include soil, rock, small/large gravel and cobble. No material is to I
be discarded. The soil plug will be taken to a depth of 15 centimeters
(cm). Sample collection shall be random (non-biased).

i i
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0 = sample location

5.7.3 The nine soil plugs (80-100 Ibs combined weight) comprise a
composite sample.

5.7.4 Sieve the composite sample through a #4 mesh sieve, collecting the
fines and cobbles in separate buckets of known weight. Thoroughly
mix the fine fraction.

5.8 Site Verification Alternative 1 (Grid Specific)

5.8.1 For verification alternative 1, weigh both fractions separately and
record information on Attachment 1.

5.8.2 Extract two (2) 500g can samples of the fine fraction for moisture
content and radiological analysis.

8

5.8.3 Determine the moisture content of the fines and calculate the adjusted
dry weight. Calculate the adjusted dry weight of cobbles assuming a
moisture content of 1.5 percent. Calculate and record the mass
partition function for the grid (Attachment 1).

5.8.4 Analyze the second can sample of fines for Ra-226 and, if necessary,
Th-232 with the on-site OCS. Calculate the corrected radionuclide
concentration using the site Ra-226 correction factor determined in
section 5.2.5.1.

ProcedureNo.: Rev',NO.:........ I .......0P-003-4 Rev. 0 ICN-01 Page 9 of 15
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5.8.5 Calculate the bulk radionuclide concentration CBfor the grid using the
grid specific mass partition function, radionucltde concentration of the
fines (the initial corrected concentration shall be used for calculating
the Ra-226 bulk radionuclide concentration) and the statistical
cobbles radionuclide concentration (C>,)in the formula In section 3.5.
All data shall be recorded on Form F1-OP-OO3-4.

5.8.6 Dry, seal and store the sample for 20 day on-site analysis.

5.8.7 After a minimum of 20 days, reanalyze the sample and calculate the
final bulk radionuclide concentration (CB) for the grid.

5.9 Site Verification Alternative 2 (Statistical- Running Average) I

5.9.1 For each 100 m2 grid, a 9-plug composite soil sample of the fines soil
will be obtained following the technique outlined in Section 5.7.

5.9.2 Extract a 500g can sample of the fine fraction for radiometric
analysis. Discard the larger size soil fraction.

5.9.3 Analyze the can sample for Ra-226 and, if necessary, Th-232 with
the on-site OCS. Calculate the corrected radionuclide concentration

using the site correction factor determined in section 5.2.5.1.

5.9.4 Calculate the bulk radionuclide concentration for the grid using the
radionuclide concentration of the fines (the initial corrected
concentration shall be used for calculating the Ra-226 bulk
radionuclide concentration), the statistical mass partition function (fL)
and the statistical cobble radionuclide concentration (C>,) in the
formula from section 3.5 as modified below.

Ca = C<_411/(1 * fL)] * C>, [fJ(1 . fL)]

Record the pertinent data on the Alternative 2 Bulk Concentration
Data Sheet (Attachment 4).

5.9.5 Dry, seal and store the sample for 20 day on-site analysis. I

5.9.6 After a minimum of 20 days, reanalyze the sample and calculate the I
final bulk radionuclide concentration (C8) for the grid.

i i i i• Procedure No.: I Rev. No.:
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5.10 The verification sample from the 25th 100 m2 grid of each block will be sent "
to an outside Vendor laboratory for independent Ra-226, Th-230, and, if
necessary, Th-232 analyses in accordance 'with Quality Assurance
requirements.

6.0 RECORDS/REPORTS/NOTIFICATIONS

6.1 All data shall be recordedon the appropriate data sheet.

7.0 ATTACHMENTS

7.1 Attachment 1 - Cobble to FinesCalculation Sheet (F1-OP-O03-4)

7.2 Attachment 2- Statistical Data Sheet (F2-OP-003-4)

7.3 Attachment 3 - Critical Values of t.

7.4 Attachment 4- Alternative 2 Bulk Concentration Data Sheet (F4-OP-003-4)

i ii ill
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Attachment 1

COBBLES TO FINES CALCULATION SHEET

Site: Sheet _ of

Sample/Grid I.D. Date:

Fines Cobbles Moisture Content Fines

Wt. Sample Wt. Sample

& Bucket & Bucket Wet Wt. Sample/Pan

Wt. Bucket Wt. Bucket Dry Wt. Sample/Pan

Wt. Sample Wt. Sample Tare Wt. Pan"

Adjusted Adjusted Wt. Water"

Dry Wt.(M<a,)* Dry Wt.(M>,,)* * Wt. Soil* *
Percen{ Water(*/* ")

., ,,

• Adjusted Dry Wt. of the Fines = Wt. Sample x (1 - % water)

• * Adjusted Dry Wt. of the Cobbles = Wt. Sample x (1 - .01 5)
,,.

Mass Partition fur_ction (f} = M>,,/M<,4 =
, ,

Radiological 226Ra 23°Th 2_2Th

Analysis (pCi/g) (pCi/g) (pCi/g) COMMENTS
,,

Cobbles

(C>,,)

On-Site Analysis *
" N/AFines .,

(C<,,)
ee.

,,. ,,,

Vendor Analysis
Fines

(C<,,) ....

Bulk Radionuclide #

Concentration ##
(C8)

###
,,,

• Initial; ** init=81 Corrected; *•* 20 (:lay (N/A for Test P=t or Running AVE.)

if Using Vendor; Wit Using Initial Correcte¢|; ### Using 20 clay (N/A for Test Pits or Running AVE.}

=26RaCorrection Factor:
, ,,

Reviewed By: Date'
I I, ',,;;

F 1-0P.003-4

I I i
i

. Appendix: Rev. No.:
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Attachment 3
CRITICAL VALUES OF t

n-1 t.oso

1 6.314
2 2.920
3 2.353
4 2.132

5 2.015
6 1.943
7 1.895
8 1.860
9 1.833

10 1.812
11 1.796
12 1.782

• 13 1.771
14 1.761

15 1.753 ',

16 1.746
17 1.740
18 1.734
19 1.729

•20 1.725

21 1.721

22 1.717
23 1.714
24 1.711
25 1.708

26 1.706
27 1.703
28 1.701
29 1.699

inf. 1.645

-- i i i • i i, ii .i
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GENERIC PROTOCOL FOR THORIUM-230
CLEANUPNERIFICATION AT UMTRA PROJECT SITES



I I

Generic Protocol for Thorium-230 Cleanup/Verification at UMTRA Project Sites

The excavation of materials contaminated with thorium-230 (Th 2_°)at one or more UMTRA
Project sites may require extensive, deep removal of soil materials to ensure that the radium-
226 (Ra22e)concentrations will comply with EPA's surface and subsurface soil cleanup
standards (i.e., 40 CFR 192). The following discussion presents a unified approach for the
future application of standards for Th 2_°at the UMTRA Sites.

1. Introduction

The cleanup of radiologically contaminated soils on UMTRA Project sites provides explicit
requirements for the remediation of soilscontaminated with Radium-226 (Ra==°),which include
limits of 5 and 15 picocuries/gram (pCi/g) for the initial and successive 15 centimeter (cm)
deep layers, respectively, averaged over an area of 100 m =. If other radionuclides are
encountered in sufficient quantities and concentrations to constitute a significant radiological
hazard, the supplemental standards provisions of 40 CFR 192.21 and 40 CFR 192.22 provide
guidance for performing remedial action for these radionuclides to reduce residual radioactivity
to levels that are as low as reasonable achievable.

Thorium-230 (Th2Z°), which naturally decays, with a half-life of 77,000 years, to form Ra==6
is also present in uranium mill railings and contaminated soils. Therefore, it may be readily
shown that for soils containing initial Ra226 and Th=3° concentrations, at time t=0, of
Ra=26(t= O) and Th23°(t = 0), respectively, the Ra22econcentration at any later time, t, is:

Ra22e(t) = Ra226(t=O) e"At + Th23°(t=O) (1 -e'A'),

where vt is the decay constant for Ra22°,or 4.32 x 104 yrs"1.

Furthermore, the geochemical behavior of Ra22eand Th 23°in typical UMTRA site environments
have been observed to be significantly different. Under neutral or basic soil conditions, neither
Ra=26nor Th=_° are preferentially mobile geochemically (i.e., both radionuclides will form
chemical compounds that have similar potential for migrating into soils). However, under
acidic conditions, the chemical forms taken by these radionuclides are significantly different
in their potential for depth migration in soil, with Th2_°being more mobile than Ra2_6.

In windblown tailings areas, mill yards, and ore storage areas of UMTRA sites, it has been
observed that: 1) the surface and subsurface soils are normally at neutral pH; 2) the
radiological material does not contain abundant quantities of free acid; and 3) the Ra=26and
Th 23°concentrations are in near secular equilibrium (their activities are approximately equal).
The near secular equilibrium for the radiological contamination in these areas results from the
fact that most of the uranium ores processed were in near equilibrium. Therefore, the
application of soil cleanup procedures for Ra226according to EPA standards would also reduce
the Th z_°concentrations to acceptable levels by default, and the total Ra2=°as a function of
time will not exceed 5 or 1 5 pCi/g, for surface and subsurface soil respectively.

However, under acidic soil conditions that may prevail in the foundation soil under uranium
mill tailings, the subpile region, or in surface and subsurface soils of raffinate or evaporation
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pond, the different geochemical interactions of Ra22eand Th 2_°will cause these radionuclides
to differentially migrate. Generally, under these conditions, Ra_2e is adsorbed or co-
precipitated on soil within 8 depth of one to two feet, and Th23° migrates deeper into the
subsoil until neutralization of the transporting pore water occurs, where it is removed from
solution by the formation of insoluble precipitates or co-precipitates (thorium or thoro-ferro
hydroxides, for example). For example, at the Spook, Wyoming site, Th23° differentially
migrated as deep as 20 feet below the raffinate pond before being stabilized by neutralization.
In order to be in harmony with the supplemental standards provisions to reduce Th 2_°

concentrations to as low as reasonably achievable (ALARA), and to come as close to meeting
otherwise applicable standards as is reasonable under the circumstances, an excavation depth
less than 20 feet was selected as a viable solution for this site.

It may be concluded that the cleanup of the initial Ra22econtamination according to standards
does not necessarily mitigate against the ultimate ingrowth of residual Ra22ewith time due to
the radioactive decay of residual Th 23°in all areas within a site. As 8 consequence, residual
Ra22econcentrations at 8 later date, due to ingrowth from Th2s°contamination, may pose an
undesirable health hazard. Therefore, the supplemental standards provision of 40 CFR 192
requires the development of a cleanup criterion for Th23°, which is health protective by
reducing exposures to levels that are ALARA, keeping in consideration the measures
necessary to implement the remedial actions under the circumstances that exist at the site.
The following procedure establishes appropriate remedial action concentration limits for Th 23°,
and is proposed to be implemented at UMTRA Project sites after concurrence from all
governir_g agencies involved with activities at each site agree to its implementation.

2. Genedc Protocol

As can be seen from the equation presented in the introduction, the overall l O00-year
maximum concentration of Ra226in the soils will either be equal to the present Ra226inventory
(if Th 23°concentrations are equal to or less than Ra22econcentrations), or the total Ra226
inventory one thousand years in the future (if Th23° concentrations exceed Ra226
concentrations). If Ra226concentrations are equal to or exceed Th 23°concentrations, the site
will already meet the Th 23°supplemental standard by default when the site is remediated to
the 40 CFR 192 standards for Ra22e.

(1) Therefore, the supplemental standard chosen for Th 23°needs only to ensure that the
overall Ra22econcentration one thousand years in the future, when averaged over 100
square-meter areas, will not exceed either 5 pCi/g in the first 15 cm layer or 15 pCi/g
in successive 15 cm layers.

It should be noted that the Ra226concentrations are considered to be bulk concentrations, as
determined by the recently developed, NRC-approved protocol for excavation control and soil
verification of cobbly subsoils.

2.1 Protocol for Contamination at Depth

As the depths of excavations become deeper to remove elevated Th 23°, the thickness of
overlying fill material that is eventually used to remediate the site will increase. As a result,
attenuation of radon-222 (Rn 222)diffusing through the overlying fill material will also increase.
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Therefore, as the overlying clean fill material thickness increases, the resultant attenuation of
the radon generated from the associated ingrowth of Ra22ewill allow higher residual
concentrations of Th 2s°to be left in place, while still attaining a level of protection equivalent
to the intent of the Ra226soil cleanup standards. To determine this concentration, the NRC
model (presented in the Draft Generic Environmental Impact Statement on Uranium Milling;
NUREG-051 1; April 1979) can be used to determine the radon-222 (Rn222)flux that would
produce 0.02 Working Levels (WL) in a hypothetical structure built on a 100 square-meter
(ms) grid. The following equation was used:

C - FAB/(VR* 1000), where:

C = Rn222concentration (pCi/I)
F = Rn222flux (pCi/m2-s)
A = Area over which the flux enters (m2)

B = Flux reduction factor for entering structure (unitless)
V = Volume of the structure (ms)
R = Effective Rn222removal rate (s"1)
1000 = conversion factor (I/m3)

In areas where basements are feasible (based on local construction practices and deep

groundwater table), it should be assumed that the thickness of fill material is eight feet less
than the depth of the excavation. Using A = 103m 2, B = 0.5, V = 250m 3, and R =
1.98xl 0 4 s"1,a flux of 3.9 pCi/m2-s would produce indoor air concentrations of approximately
4.0 pCi/I Rn222. Assuming radon daughters are present at 50% equilibrium, this would
correspond to 0.02 WL.

(2) Thus, the RAECOM computer code can be used to calculate the resultant flux from
higher concentrations at depth as one factor to consider in determining if further
excavation is warranted. As long as the calculated flux is less than 3.9 pCi/m2-s, it
can be assumed that equivalent protection is provided as long as the backfill thickness
is maintained. Therefore, the analysis will consider the potential future (at least 200
years) erosion and land use in the determination of excavation depth. The calculations
shalluse site-specific parameters when available. Reasonably conservative parameters
that consider the expected site conditions shall be used when site-specific data are
unavailable. Selection on backfill materials with superior (low) diffusion coefficients
may be included in the ALARA considerations of the design. When evaluating this
option for the Th-230 supplemental standard, considerations of the construction
hazards to remedial action workers and the feasibility of the anticipated construction
requirements should be taken into account.

2.2 Protocol for Contamination in the Saturated Zone

Another scenario potentially impacting excavations to remove elevated Th 23°concentrations
is when groundwater is encountered at shallow depths. Since the Th 2_°contamination has
been present within the saturateJ zone long enough for soluble constituents to have been
mobilized, it is reasonable to assume that any remaining Th 23°that may be encountered within
a saturated zone will not be appreciably mobilized by pH neutral groundwater. Furthermore,
it is known that the diffusion coefficient decreases dramatically as soils approach full
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saturation until it reachesvaluestypical of water (RadonAttenuation Handbookfor Uranium
Mill Tellings Cover Design; NUREG/CR-3533; April 1984). It is therefore reasonableto
assumethat Rn_2_generatedwithin a saturated zonegenerallywill not diffuse to the surface.
Finally, it is very difficult to performdeep, costeffective excavationswithin a saturatedzone.

(3) Therefore, whenever shallow groundwater is encountered, the following optionswill
be considered:

(a) Excavationintothe saturatedzonewill be consideredwhen water pumping
or othercontrols are reasonableand when high concentrationsof Th23°extend
only a short distance into the saturated zone.

[b) An ALARA analysiswill be performedin caseswhere s major portionof the
site contains Th-230 which extends into the saturated zone, and excavation
into the zone is impractical. The ALARA analysis will use reasonably
conservative assumptionsto project future doses. If water pumping or other
controlsare not reasonable,excavation will halt at the level of the water table
(a nominal extra foot of excavation may be consideredso long as it doesnot
requirepumping/dewatering).

3. Vedflcation Sampling

Undertypical siteconditions,verificationof the Th23°supplementalstandard isto be achieved
by a three-tieredsamplingapproach.

(4) In areas within an UMTRA processing site that are suspected of preferentially
mobilizingthoriumcontaminationoverradiumcontamination(e.g., underraffinate pits),
based upon process knowledge or other sources such as previous sampling data,
100% of the gridsare to be sampledand analyzed for Th2s°.

(5) In subpileareas, 10% of the gridswill be sampled.

(6) Inareas where processknowledgeandcharacterizationdata indicatesno potentialfor
preferentialmobilization(e.g., windblown tailings),gridswill not be sampledforTh23°.

An analysis of verification data from the Tuba City, Arizona, UMTRA site, which has
completed remediation andusedthis strategy, foundno instancesin the area sampledat the
rate of 1 out of 25 grids where Th2_°concentrations would cause future (i.e., at t = 1000
years) expectedRa22econcentrationsto exceed 40 CFR192 standardsfor Ra=2e.Furthermore,
preliminaryresultsconfirmthe expectationthat Th=3°concentrationsaregenerallyequal to or
less than Ra=2econcentrationsin areas other than beneath the raffinate pits, and Ra22e
concentrationsare well correlatedto Th23°concentrationsin these areas.

If any verification samplesexceed the Th23°.criteria of this protocol, the surroundingeight
grids will be examined to determinewhether or not these grids also exceed the criteria. If
sample results have not beengeneratedfor the surroundinggridsalready, archivedsamples
of such gridswill be analyzed. If any of the surroundinggridsalsoexceed the Th23°criteria,
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the surroundingeight grids around such grids will also be examined. This process will
continueuntil no moreof the surroundinggridsexceed the Th=3°criteria. All gridsthat exceed
the criteria will undergo further remediation unless there is sufficient justification and
concurringparties agreement to do otherwise.

4. Conclusion

Based upon the above discussions, the following generic protocol shall be used for the
excavation of Th==°at all future UMTRA Project sites:

(I ) Excavate bulkTh2s°to s 1000-year correctedbulkRa==6concentrationof 5 or 15 pCi/g
(as appropriate)in 15-cm layers;

(2) Fordeeplyburiedmaterial,stop excavationswhen the RAECOM computercode,using
site-speclficparameters,calculatesa Rn222fluxof 3.9 pCi/m2-sandexpectedlong-term
conditionsareappropriateorwhen constructionsafety orfeasibilitybecomea concern;

(3) Considerthe following optionswhenever shallow groundwater is encountered:
!

(a) Excavate into the saturatedzone when water pumpingor othercontrolsere
reasonable,especiallywhen high concentrationsof Th23°extend only a short
distanceinto the saturatedzone.

(b) An ALARA analysiswill be performedin caseswhere a majorportionof the
site contains Th-230 which extends into the saturated zone, and excavation
into the zone is impractical. The ALARA analysis will use reasonably
conservativeassumptii)nsto projectfuture doses. Halt excavationsat the level
of the water table when water pumpingor othercontrols are not reasonable(a
nominal extra foot of excavation may be considered so long as it does not
require pumping/dewatering).

(4) Perform verification sampling for bulk Th_3°in all grids underneath raffinate pits or
other areas suspected of having a mechanism to preferentially mobilize Th23°over
Ra226;

(5) Perform verification samplingfor bulk Th23°in 10% of the grids underneathsub-pile
areas; and

(6) Do not perform verification sampling for bulk Th23° in grids for which process
knowledgeand characterizationdata indicatesno potential for preferential migration.

(7) When practical, delay backfillinguntil verification results are obtained.
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APPENDIX B

PHOTOGRAPHS OF TEST PITS AND OPERATIONS



PHOTOS OF FIELD SAMPLING
AND GRADATION DETERMINATION



Test Pits were locatedaroundthe perimeterof the railingspile and
in areas where the tailingshave been removed.

lest Pit Locations
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Gravel sampleswere collectedin one-foot intervalsand placed on
plastic sheets in order to carry out the gradationanalysis.

Sample of sand gravel and cobbles taken from the test pits.
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PHOTOS OF TEST PITS





TP M-CF-01.Note sands,gravels,cobblesand bouldersin the bottom
of the test pit. Note the carbonaceouscoating on the gravels and
the film on the water surface.
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TP M-CF-07.Tailingsoverlyingclay soil and gravels.Perchedwater
in the tailingsand equipmentvibrationcausedseverecaving of the
tailingsresultingin contaminationof samplesfrom the underlying
material.

F :\HL\RI FLEAPE.WPI
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TP M-CF-11. Excavationat old collectionpond. Note oxidized and
acidifiedupper sediments(yellowpockets)of tailings.Gravelsare
highly organic (carbonaceous).





TP M-CF-19.Below 5 feet, the backhoebucketencounteredrefusalon
a cemented layer of gravels and cobbles.
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TP M-CF-20.Beginningexcavation.Note one inch of tailingson the
surface.

TP M-CF-20.Bottom of test pit in sand, gravel and cobbles.Ground
water encounteredat a shallowdepth.

F:\HL\RIFLEAPE.WP1
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TP M-CF-26. Water encountered at the interface of the soil
overburdenand the underlyingcobblesand gravels.

TP M-CF-26.Water level two hours after excavation.

F:\HL\RI FLEAPE.WPI
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TP M-CF-27.About 4 feet of fill and wood trash overlyingtailings.
Bottomof the test pit is in gravelsand cobbles.

T a _j _,_,m:a,

TP M-CF-28.Entiretest pit in gravel,cobbles,and boulders.Black
organic coating at 3 feet.
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TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.

UMTRA RIFLE NEWRIFLE, COLORADO 3885-70 IT-CF-O1

GREEN BACKHOE N25130E46890 l 1/30/93 l 1/30/93 5275.0 16.5 J. CERCONE/G.LINDSEY, ,.

(FT) NO. LOG AND C LASSIFICAT I0@4 pCl/gr pCi/9r pCi/gr PHOT_J_H

,,,

: ss-224z_ S,LlV_v. (eL),lo. ,:o.d,.,. pl_,:,_i_y. 24.o 2.z
_- _ brown, dry to moist, verticalroots.

I _ 55-2243 _// 5.5 1.6

2 _ SS-Z244 _ 4.3 1.8 IO+_l FINES:Ra-226 (I,000year) = 6.3 pCi/gr. --__

3 -__ SS-2245 _ Some calcite casts and stringers at Z to 2.5 1.1 -
- _ 4 feet.
m

4 _ $5-2246 _ 5.9 1.4 PVC pipe at 4 feet connecti_ two adjacentsumps. -

5 --_ SS-2247 _ 1.9 1.8 3.8+_0.8 FINES:Ra-226 (I,OODyear) = 2.6 pCi/gr. -

- _
6 ---_ 5S-2248 _ 1.4 1.8 -Plan Exc. Depth at 6.0". _ _

'-: SS-2249 _///_,_ I.7 I.7 ,
-

8 --__ SS-2250 _/_ _ CI_Y-SILI, (CL-ML), low plasticity,dark 1.5 2.0 Heavy odor. --_

9 --_-SS-2251 _ with depth. 1.3 1.3 ---
-

,o--_ _s-2_s2_ 2.o ,.s --

" ---_s22_= __I_ -

11- SS-2253 _/ /// --_--- _ 1.6 1.5 -

-- "_4 L, ,_ ORGIUIICCLAY, (OL), dark gray to black, --

13 _ sS-2255''_dlL,_ moist to saturated. I.B 1.9 4.5+._0.9 FINES:Ra-226 (I,000year) = 2.1 pCi/gr. -
_- _ ,mli_kp Strong odor. :

14 _ SS-2256 Z.O 1.6 9.6 -
- "._m__ 6RAVELS, (G-W),with cobblesto 12",well
_- SS-2257 4m-__ graded, approx. 30-35X fines, cobbles are 0.9 1.7

.... _ TEST PIT NO.

O NORRISONKNUDSENCORPORATION 1
o_ INCF-OI

ENVIRONMENTALSERVICESDIVISION 2
.......

I IN ]]



TEST PIT LOG

PROJECT SITE LOCATION J06 NO. J TEST PIT NO.

URTRA RIFLE NEWRIFLE, COLI)_M_ 3885-70 ! H-CF-O1......

GREEN BACKttOE N25130E46890 l l/30/93 11/30/93 5275.0 !6.5 J. CEBCONE/6.LIMDSEY
ev

DEPTH SAMPLE GRAPHIC MATEIZ ]AL DESCRIPTION Ra-Z26 Th-232 Xh-230 LLICI_. _S

(FT) NO. LOG ANO CLASSIF ICAT ION pC4 Jgr pCi Jgr pCt/gr Fq41OTOGllAFq4

- SS-2258 _ Q coated with a black organic stain. 1 0 1.4 0.9+0.4 FINES: Ra-226 (1,000 year) = 0.1 pC,i/gr. -

- SS-2259 _ 0.9 1.6 Strcmg organic odor. Filmmof organic matter :
16 -- Im-.m_ on top of ground water.

-ss-226o ,.3 ,.4 9.0 :
_-sS-226i 'mlm'-._mmi. 0.9 1.2

17--" -,m-
-- ,mm-,,.m.

BOTTOMoF TEST PIT AT 17.5'

COBBLES(Composite)- SampleDepth 15" to 17".
Ra-225 Th-232 Th-230 Ra-226(1,000 yr)

1.1_+0.6 1.1_+0.4
FINES (Composite): Sample Depth 15" to 17'.
Ra-226 Th-Z32 Th-230 h-226(1,000 yr)
4.5+_I.I 3.1_+o.7
+#4 sieve = 83.1X
-#4 sieve = 16.¢_

SH_T TEST PIT NO.

iqORRISONKNUDSENCORPORATION 2oF II-CF-O1
ENVIRONMENTALSERVICESDIVISION ,



TEST PIT LOG
,,,

PROJECT SITE LOCATION Jl_ NO. TEST PIT NO.

UHTRA RIFLE NEWRIFLE, COLORADO _5-70 M-CF-02

GREEN BACKHOE 1125130 E47190 ]2/2/93 12/2/93 5274.6 15.0 J.CERCONE/G.LINOSEY.........

rye
hll.. nENAmcsOEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th°Z32 Th-230

EFT) NO. LOG AINll) CLASSIFICATION pCt/gr pCt/gr pCt/gr Pt410TOGIIAPN

.....

• - SS-2492 SILTY CLAY, (CL), low plasticity, reed. 2'.2 1.3 Upper 6" frozen ground. -
- brown, slightly moist to dry, someroots. Soil profile appears -
- to represent several periods of deposit/on

] --_ SS-2493 ].! !.6 (Paleo Soils). _

2 --_ SS-2494 1.9 2.8 1.0+_.0.4 FINES: Ra-ZZ6 (1,000 year) = ].6 pCi/gr. -_

-
3 --_ SS'2495 3.0 2.2 --_

4 _ SS-2496 1.0 1.8 -__

-
5 --_ SS-2497 1.1 i.8 -Plan Exc. Depth at 5". --_-

6--_ SS-2498 SIL____T,(NL), low plasticity, reddish brown, 1.3 1.5 -_-

Z_ i moist, loose. _
- SS-2499 i! 2.3 1.6 9.2 -

8 ---- SS-2SO0 ///._ SILTY CLAY, (CL), low plastic,ty, gray to ].S 1.6 Strong aromtic odor. _.

___ black, moist, abundant organic material

- ' (carbonaceous).

9 --_ SS-2501 _ 1.4 !.Z -
- _

-
11 --_ SS-2503 1.3 I.7 _-

-__SS-2504 I.l 1.3

!2 -'-_ Ss-2505 I_1 _.j_l', organic Ill_terial layer. _.4 1.3 9.3 --

- $5-2506 --- GRAIflELS,(GR), 2.5" max., poorly graded in a 2.0 1.5

13 --_ SS-2SOI silty matrix. 1.2 1.4 __-

_- ss-zsoe !.e !.s -

...... SI.nLe:T TESt PIT NO.

HORRISON _SEN CORPORATION l N--.CF-02
ENVIRONMENTALSERVICESDIVISION 2



TEST PIT LOG

IIFXC,AVATT,101N M_THO0 1CCIO,_,N, IIIkl"ES BFC1UN COII,'_I'|...E"_'ImD _,1_ _II_ATER D_PTH (F'T) r=

GREEN BACKHOE [ N25]30 E47]90[ 12/2/93 ]2/2/93 15.0 [ ,1.CERCONIE/G.LiNDSEY
SAF_ LE HATERIAL DESCRI PT [ON REMARKS

NO. ANO CLASSIFICATION PHOT_

Film of organic rotter on water surface
(gas bubbling up to surface).

6RMflELS,(GP), with cobbles to 12", poorly
graded in a sandy matrix (20-50_) cobbles
average 3"-6" (30-35_).

1

BOTTONOF TESTPIT AT 18.0'

COBBLES(Camposite): Sample Depth 13' to 16'.
Ra-226 Th-232 Th-230 Rc-226 (1,000 yr)

O.7+_0.5 O.9+0.4
FINES (Composite): Sample Depth 13" to 16".
Ra-226 Th-Z32 Th-Z30 Ra-Z26 (l,OOO yr)

1.1+_.0.7 2.3+_.0.6
+#4 sieve = 68.3_
-#4 sieve = 3].7Y,

-- TEST PTT NO.

!_ _RR I S0N KNUDSEN c0RPOMT ]_ _-CF-,.02

ENVIRONMENTALSERVICESDIVISION



__l J i .I ._lb i , ,

TEST PIl LOG

PROJECT SITE LOCATION JOB _. TEST PIT _.

URTRA RIFLE NEWRIFLE, COLORADO 3885-70 M-CF-03

CONTRACTOR l EXCAVATI_ METHOD C_RDINATES ' BEGUN .... I C_PLETED IGR_NDELEV. GROUND'ATERDEPTH(FT) L_EDBY:GREEN BACKHOE N25)70 E47450 ]2/2/93 12/2/93 5278.4 21.0 _.CERCONE/G.LINDSEY....

DEPTH S_PLE GRAPHIC _TERIAL DESCRIPTION Ra-226 Th-232 Th-230 _ RE_RKS

(FT) _. LOG AND CLASSIFICATION pCi/gr pCi/gr pCl/gr P_T_RAPH
....

Z _ P_ID SEDI_NT, silt in a CaC03matrix,buff Z

Z __th a surfacecoveringof 2"-3" Z

1 _ of yellowish slimy sand. --_

Z 2

2 --_ SS-2519 V_._/_ SILTY CLAY, (eL), low plasticity,light 1.4 1.5 5.7 --_

_Z _ brow, dry, roots (trace). _ Z3 ---2 S-ff2-__25-_ 2 0 1.5 4.1+0.8 FINES: Ra-226 (1,000 year) = 2 7 pCi/gr. -

- __ " _ • =

4 - SS-_ 2 0 1.7 8.8 Z

Z Z

5 --_ SS'2522 Sandy silt, light brown,dry. 9 8 1.6 -Plan Exc. _pth at 5' to 6' Z

Z __2

6 -"L SS-2523 i l.S 1.3 Z

7 --2Z_SS-2524 _ Silty-clay,slightly_ist.l°wplasticity, med. brown, 1.1 1.5 _--Z
8 --- SS-2525 _ 1.4 1.4 8.8 _Z

/ -Z --

10-_ ss-zs27 l.a _.s :

Z __ CLAY, (CL), _d. to low plasticity, brown, Z

lI _ SS-2528 _ist, 4" to 6" thick layers. 1.2 1.4 _-

,,_ ,., ,.4-
-13 --Z SS-2530 _ Interlayeredseams of sand and silt. 0.9 1.4 Z

14 ---_SS-2531' _ 1.2 1.3 Z

- _ -...... SHEET TEST PIT _.

_RORRISON KNUDSENCORPORATION 1
OF R-CF-03

ENVIRONMENTALSERVICESDIVISION 2
.,.

iii I III



TEST PIT LOG

P_JECT SITE LOCAT]_ 'JOB NO- TEST PIT NO.

UNTRA RIFLE NEWRIFLE, COLORADO 3885-70 R-CF-03

GREEN BACKHOE N25170 E47450 1212193 12/2/93 5278.4 21.0 O.CERCONE/G.LINDSEY

(FT) NO. LOG A_ C_SSIFICATI_ pCt/gr pCt/gr pCt/gr P_T_RAPH

-

18 -- SS-2535 61_J_¥ELS,(6P),with cobblesand boulders, Strongaromatic(organic)odor. Z

SS-2536 coatedwith black carbonaceousmaterial. Z

19- SS-2537 Z

SS-2538

20 -- SS-2539 8.2 Z

SS-2540 _lr --

(Gas bubblesc_ing up throughthe water).

22

BOTTOM OF TEST PIT AT 22.5'

COBBLES(Composite):SampleDepth 18' to 21'
Ra-226 Th-232 Th-230 Ra-226 (1,000yr)

1.7+_O.l 0.5+__0.3
FINES (Composite): Sample Depth 18' to 21'.
Ra-226 Th-232 Th-230 Ra-226 (I,000yr)

1.9±0.7 5.7+__].0
+#4 sieve = 70.4%
-#4 sieve = 29.6%

__..__...J SHEET TEST PIT NO.

NORRISONKNUDSENCORPORATION OF N-CF-03
ENVIRONMENTALSERVICESDIVISI_- "_



TEST PIT LOG

PROJECT SITE L_ATI_ JOB _. TEST PIT _.

URTRA RIFLE NEWRIFLE, COLORADO 3885-70 N-CF-04
• .

GREEN BACKHOE N24890 E46900 11/30/93 11/30/93 5274.5 16.5 J.CERCONE/G.LINDSEY.,

DEPTH S_PLE GRAPHIC _TERIAL DESCRIPTI_ Re-226 Th-232 Th-230 _ REMARKS

(FT) _. LOG A_ C_SSIFICATION pCi/gr pCl/gr pCt/9 r _ P_TOGRAPH
....

_ t .I. _ TAILIlIGS, (ML-SP), silty sand, gray to _
Z I I I reddish br_n, Mist, yellowish-bro_• .

1 -- I i I seam (1.0 ft thick).
Z I i a

- I I I
• .2 --_ 1 i: I S 45 pH Depth: 1'-4' -

• .

3 __ i i i Color changedto gray with brown spots. _

z !i! z

4 i . !

z ;i; z

--'_o_, moist to wet.
6

92.0 4.0 32+3.0 FINES:Ra-226 (1,000year) = 71.0 pCilgr.

SS-2268

7 ss-zz69_

Z

__ Saturated (Perched w, ter_). ,._1.4 __:'--8
SS-2?70 _ _ 44.0 2.?

9 SS-2271_ G_s_ stringers. 1.6 1.4 Z

I0 SS-2272 B_ 13.0 1.9 7.6_I.I FINES:Ra-ZZ6 11,000year) = 11.1 pCi/gr. --__

sS-2273_ _ 12.0 1.8

• _

-_ SILTYfiRA_L, (GM),aromaticorganicodor, 8.1
I2 -- _-mm_ sceneorganic coating.

Z __
- _='='_" GRAVELS,(GW-GP) with cobbles andboulders

_-_ to 16"
13 --_ 55-2274 -_- " 2.7 1.6 -Plan Excav. Depth 13'. -

- _-m- Z
- SS-2275 -mm- 2.I I.S -

14 -- I_"mm"
- SS-2216 -emm- * I0.0 1.8 -

4roB'- .Brag.

ss-??ll _ * I4.0 1.8 -_-_-

NORRISONKNUDSEHCORPORATION 1 II-CF-04
ENVIRONMENTALSERVICESDIVISION 2



TEST PIT LOG

P_JECT SITE L_ATI_ JOB NO. TEST PIT NO.

URTRA RIFLE NEWRIFLE, COLORADO 3885-70 N-CF-04

GREEN BACKHOE N24890 E46900 11/30/93 11/30/93 5274.5 16.5 O.CERCONE/G.LINDSEY

DEPTH S_PLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 Th-230 iW_
REHARKS

P" i_g(FT) NO. LOG _D C_SSIFICATION pCt/gr pCt/gr pCt/9 r P_TOGRAPH

- SS-2278 _ 2.7 1.6
---..,,w,- 3.2 1.2 V -_ SS-2279 -Iv_ .z.
w_-..m_! * II.0 1.3 - =16 _ $5-2280

• 10.0 1.4
= SS-2281 __'_-"-!

17 _ SS-2282_mm-._ * 28.0 2.4 _:
- "_" "51.0 2.5 -- SS-2283 4_-._m.

18 __ SS-2284 _ * 15.0 1.7 1.B _• Possiblecross contamination.

BOTTOMOF TEST PIT AT 19.0'

SHEET 1 TEST PIT NO.RORRISONKNUDSENCORPORATION OF R-CF-04



TEST PIT LOG

PROJECT SITE L_ATION JOB NO. TEST PIT NO.

UNTRA RIFLE NEWRIFLE, COLORADO 3885-70 R--CF-O4A
, .

GREEN BACKHOE N24890 E46900 11/30/93 11/30/93 5274.5 16.5 O.CERCONE/G.LINDSEY._
.

DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPT ION R.-226 Th-Z32 Th-230 hll_. REII_RKS

(FT) NO. LOG AND CLASSIFICATION pCt/gr pCl/gr pC|/gr l

2_ -_-

3_ --Z

4_

5 -_ Not LoggedSee Test Pit H-CF-04. --_

Z This test pit was dug to collect

6 -- uncontaminated samp]es between [1' and _ _
- 17'.

7-- -_

9-- --_

11 ---_SS-2463 -- _ SILI_GRAVEL,(GM),aromaticorganicodor, 8.5 1.6 Z

- 4m-'_p some organiccoating. 11.0 2.0 9.3+1.21 FINES-Ra-226 (1,000year) = 10.4 pCi/gr. Z
Z SS-2464 m_-'_b4

12 _ _ SS-2465 4_ 17.0 2.0 8.1 Z
- SS-2466 _- -mm- GRMflELS,(GW-GP) with cobblesand boulders 17.0 1.5 Z

13 _ sS-2467 -- _ to 16".- _ 9.2 1.9 -PlanExcav.Depth 13 Z
"_._

" SS-2468 "am" 11.0 1.4 -

3.2 1.5 -14 -__ SS-2469 4m..m .

Z SS-2470 _mm-I 4.2 1.5 Z
, I , SHEET TEST PiT NO.

_#q_IqORRISON KNUDSENCORPORATION 1oF IT-CF-O4A
ENVIRONMENTALSERVICESDIVISION



TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.

UHTRA RIFLE NEWRIFLE, COLORADO 3885-70 M-CF-O4A

GREEN BACKHOE N24890 E46900 11/30/93 11/30/93 5274.5 16.5 J.CERCONE/G.LINDSEY
c_41"

DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Re-226 Th-232 Th-230 LIJ_I
REHRRKS

(FT) NO. LOG AND CLASSIFICATION pCt/gr pCt/gr pCt/gr PHOTOGRAPH

- 55-2471 '-- =i=- 1.9 1.5 •

5S-2472 --.1-"l- 2.4 1.6 _
411" .li.

16 --_ $5-2473 _ 2.4 1.1 Z
N ram= ,,ii.

- SS-2474 ,,roD- 2 I 1.2 -
-- ,iN- ,.ii,. o

17 -- _

-- ,Ha.. ,.i, -

18 _ ,ii-.,_. Z
Z .i-._. Z

I0 BOTTOMOF TEST PIT AT 19.0'

COBBLES(Composite): Sample depth 11' to 16'.
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

0.6+_0.5 0.7+._0.3
FINES (Composite): Sample depth 11' to 16'.
Ra-226 Th-232 Th-Z30 Ra-ZZ6 (1,000 yr)

7.4+_].4 6.6+.,.1.0
+#4 sieve = 76.1%
-#4 sieve = 23.9%

SHEET " TEST PIT NO.

1_ aO_i SON KNUDSEN CORPORAT iON 2

R-CF-O4A
ENVIRONMENTALSERVICESDIVISION ')



TEST PIT LOG

URTRA RIFLE NEWRIFLE, COLORADO__[ 3885- 7________0J N--CF-0___5

CONTRACTOR EXCAVATION METHOD [ COORDINATES BEGUN COMPLETED GROUND WATER DEPTH (FT) IL_T_ED BYRGREEN BACKHOE N24890 E47140 11/30/93 11/30/g3 18.0 ]J.CE CONE/G. LINDSEY

DEPTH MATERIAL DESCRIPTION REMARKS

(FT) AND CLASSIFICATION PHOTOC_qAPH

TAILINGS, (SM), silty sand, gray, moist to Z
saturated, with i nterbedded 6" to 8"

! thick layers of slimes.

2 pH Depth: 1'-6'. --_

3

4 --z

5

5.5'-6.0' Slime layer lavender color,
6 saturated.

7

8

9 CLAV, (CL), low plasticity, brown, moist, Vegetation visible at interface.

10 dry vegetation and roots. _ ,

SS-2295
SAND¥SILT, (ML), dark brown, with some

12 SS-2296 roots. FINES:Ra-226 (1,000year) = 1.3 pCilgr. -

CLAY, (CL),black,moist to saturated,
13 SS-2297 carbonaceous. -PlanExc. Depth at 13' _- _;

SS-2298

15
SS-2300 Silty clay, light brown,thinlybedded.

16 SS-2301 GRAVELS, (GP),with cobblesto 6". COBBLES(Composite):SampleDepth ]6' to 21'. --_
Ra-226 Th-232 Th-230 Ra-226 (1,000yr) -

17 SS-2304 1.4+._0.6 0.3+--0.2
SS-2305 FINES (Composite):SampleDepth ]6' to 2]'. z

18 Ra-226 Th-232 Th-230 Ra-226 (1,000yr)
SS-2307 2.5+--0.8 2.3_0.6

19 +#4 sieve = 77.6% _ _
-#4 sieve = 22.4%

BOTTOMOF TEST PIT AT 20.0'

!_ SHEET TEST PIT NO.

NORRISONKNUDSENCORPORATION 1OF Iq-CF-05
ENVIRONMENTALSERVICESDIVISION I



TEST P]T LOG
......,

P_JECT SITE L_AT]_ JOB _. TEST PIT _.

UNTRA RIFLE NEW R]FLE, COLORADO 3885-70 R-CF-06

GREEN BACKHOE N24890 E47380 11/30/93 11/30/93 5276.8 I8.8 .CERCONE/G.LINDSEY_

_PTH S_PLE G_PHIC _TERIAL DESCRIPTION Ra-226 Th-232 Th-230 pH _ REMARKS

(FT) _. L_ AND C_SSIFICATI_ pCi/gr pCt/gr pCt/gr _O P_TOGRAPH

_ i i ]

I _=" ''m' TA[L]BGS, (SM)" silty sand, gray, moist,_ -. I ! loose, several seamsand pockets of green
1 _ I I I slimes.

Z I J I

-- I I I
2_ _ --_

z j i!.
- iil

Z Ii I Z

4 _ _ _ _ pH Depth: 1"-8".

- i i i
..

5--Z- Ill
- ii J

6_ aJ i

z ii_ z

7 _ .l.J I Becomingpale yellow. - '
.i J I Z

Z ii i ----
8--__ iJ i Z

- _it
9_ i i_

. ,

Z I J I Tailingswere cavinginto the pit 2

I0 -- I J I duringtheeexcavation. _
Z i i I Consequently, no cobbles to fines Z
2 i"Jl samples were taken. --

ll ---_ ! J I

- fi_
12 _ I J I b pH Depth: 8'-15' Z

13 _ I.1 ) .j Original ground surface. --_
- _'//_/_S_-'_CLA¥, (CL), brown, mist.

14 - - - FINES: Ra-226 (l,O00 year) = 2.1 pCi/gr.

MORRISOHKNUDSENCORPORATION
ENVIRONHENTALSERVICESDIVISION



TEST PIT LOG

PROJECT SITE LOCATION OOB NO. TEST PIT NO.

UNTRA RIFLE NEWRIFLE, COLORADO 3885-70 I'I-CF-06 ....

i " ! ! ICONTRACTOR EXCAVATION METHOD COORDINATES BEGUN CONPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOC_D BY:

GREEN BACKHOE N24890 E47380 11/30/93 11130/93 5276.8 18.8 3.CERCONE/G.LINDSEY
ev'd:
LU j,._ REIMIARKS

DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-23Z Th-230 pH

(FT) NO. LOG AND CLASSIFICATION pCi_gr pC1/gr pCl/gr ._ _ PHOT_PH

16 --2 -Plan Exc. Depth 16'. ;
- .'u"- "_" _LS, IGPi, with cobbles to 6', sand -
- 9m-.-mM matrix of 30%-40%fines,averagesize

- 4m-.i. cobble is 3"-4",max. cobble size is 8".

-_ 4m-.=m,
18 -- "_"

• m_8 .i .

_ 4m-_ _ -
. .el W . m

19 -- 4m"uM Water rose to this level
- •"_ after pit was excavated. -- _._.
- :-_. (Freewater was not encountered
_ 4_-._ duringexcavationto 25"). -__

2o--_ ,__.,
- _m-.m_

21 -- ,_-________ 6.5 pH Depth: 20'-?S' -
-' !'._

z2-_ "-_-- -z

- !'- -I"
23 _ . -_"

- O_ --
- !'.-_

24--_ ss-2313i_--_ * es.0 3.o 6.s z
- SS-2314 7_ * 41.0 2.5 * Possible Cross Contamination. -

•_ __ --e_,a
BOTTOMOFTEST PIT AT ?5.0"

COBBLES(Composite)- Sample Depth 18' to 22'
Ra-226 Th-232 Th-230 Ra-226 (1,000yr)
3.3+0.g I.6+0.5

, | l _-IEET TEST PIT NO.

_MORRISON IOlU_SENCORPORATION 2
oF IT'-CF-06

ENVIRONMENTALSERVICESDIVISION



TEST PIT LOG
,,

PROJECT SITE LOCATION _ NO. TEST PIT NO.

UHTI_ RIFLE NE_ RIFLE9 C0L0_ 3885--70 iI_CF-07

CONTRACTOI_ ! EXCAVAT I ON METHOD COORDINATES BEG_JN 1 COlUlPLETEO I -- ELEVI GI2OUNO JATER DEPTH (FT) --- LOGC:dr-D BY: "GREEN BACKHOE N24850 E47500 12/2/93 12/2/93 5277.9 Not Encountered 6. LINDSEY
o_

DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPT ION R.-226 Th-232 Th-230 Ld_. REIMiARI(S

(FT) NO. LOG AND CLASSIFICATION pCi/9r pCt/gr pCi/gr PHOT_PH

......_

- i i i TAILENGS, (SM), silty sand, fine, gray.

! l il
- I I t Reddish brown color from 1'-5'.

2--= iii -:
- lil

3 - i i i

4 - j it _ _
Z Ill

• .

5 _- I.i I Turning to purple col or. --
- i!

6 --_ I I I Clayey slimes. _
• ,

7 Z i!_t -:

L!i. !
9___= I I t

: Jil Z
. .

10 -__ I i ! Very wet, possibly perched water. Perched water in tailings and -

11 I I . i, 1 equipment vibration cause severe -
" I i I caving and possible cross contamination.

l il
13 .i.i I•

lit
14 $5-2541 _,_/_ CLAY, (CL), silty, dark gray, carbonaceous. 1.5 1.6 4.9 -Plan Exc. Depth at 14'

-15 SS-2542 3.0 1.4 1.8+__0.54.9 FINES: Ra-226 (I,000 year) = 2.6 pCilgr. -

:6- ss-2s43 2.0 1.2 _7
- SS-2544 _4m- GRAVELS, (GP) with cobbles to 12" 5 9 ! 3 4.2+0.8 FINES: Ra-226 (I,000 year) = 5 3 pCilgr. __ _ - . . _

17 $5-Z545 I-.i..i. 8.2 1 3 * Possible Cross Contamination. -
- SS-2546 _==_-m= * 17.0 1.5 COBBLES (Composite): Sample Depth 17'-21". -

18 - SS-254l _==-mm-'m" * 20.0 ].5 Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) -
-- _ 2.0+0. l l.7+._0.5 _-

- _'_ FINES (Composite)" Sample Depth 17'-21"19 -=i- - _
- _-II= Ra-226 Th-232 Th-230 Ra-226 (I,000 yr) -

20 - _" ..II. 220+_]0 120+4_ -II- +#4 steve = 73 1%.

21 - -m- -#4 ._ipvP= _fi_9"L -
BOTTOM OF TEST PIT AT 21.0'

'1ir( I SHEET TEST PIT NO.

RORRISONKNUDSENCORPORATION 1o_ IT-CF-07
_-_'I';nlw1u-'IMiAl.SERVICES DIVISIO



TEST PIT LOG
,,

P_JECT SITE LOCATI_ JOB _. TEST PIT _.

UHTRA RIFLE NEW RIFLE, COLORADO 3885-70 I_-CF-]]

GREEN BACKHOE N24700 E47670 12/2/93 12/2/g3 5268.0 10.0 G.LINDSEY,, ..,

DEPTH SAMPLE GRAPHIC _TERIAL DESCRIPTI_ Ra-Z26 Th-232 Th-230 W_ RFJ4ARKS

(FT) _. L_ AND CLASSIFICATI_ pCl/gr pC|/gr pC|/gr PTtOTOGRAPH

,,,

_ i i i _ILI_S, (ML), silt, light gray with red Z
Z I .i. i . br_n oxidized yellow sli_s. Z

1-- I i S --:
Z ii t Z
- i il __:-

32_Z ____// CLA,, (CL), silty, dark brow, _ist. =:
--_ SS-2437 _ 0.9 1.3 1.2+0.516.6 FINES Ra-226 11,000year) = _ilgr,.

4 _ SS-2438 _ 16.0 2.2 8.5 2

- Silty clay, carbonaceous.

S --_ SS-2439 6.5 1.5 8.2 -Plan Exc. _pth at 5'.

6 --_ SS-2440 "--m- 6RAELS, (GP) with cobblesto 12", black, 2.4 1.7 7.7+I 1 FINES:Ra-226 (I,000_ar) = 4.3 _i/gr. -

-- SS-2441 4m''z_'-m- carbonaceous. 2.5 1.2

7 --_ SS-2442 _ 3.2 1.3 22+2 FINES:Ra-226 (I,0_ _ar) = 9.8 _i/gr. - ,
-- _-_I- _

- SS-2443 _ 3.6 1.0 -

8 -- SS-2444 _ 2.0 1.1-- "_" -giB-

E SS-2445 _m-_ 2.2 1.1 -

9 ---_ SS-2446 _ 7.1 1.3 25+2 B.B FINES: Ra-226 (1,000 year) = 16.3 _i/gr. _
- _'_" 7.I 1.2 -
Z SS-2447 _ _

10 _ ,m",.mD. _

_ _.,_

II _ __ PartlyCement_ Z

- _'-m-i Conglomerate(Refusalto backhoe).

12 BOTTOMOF'TESTPIT AT 12.0' COBBLES(Composite): Sample Depth 6' to 10'.
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

O.8_. S O.4+0.3
FINES (Composite): Sample _ptb 6' to 10'.
Ra-226 Th-232 Th-230 Ra-226 (I,000yr)

4.2+_.I B.9+_.2
+#4 sieve = 76.4%.
-#4 sieve = 23._.

, SNEET TESTPIT _.

_HORRISON KNUDSENCORPORATION l
I$-CF-ll

ENVIRON_NT_ SERVICESDIVISION



TEST PIT LOG

P_ECT s,,E LOC,T,O- [Joe.o. 1TEST_,, .0.
URTRA RIFLE NEWRIFLE, COLORADO| 3885-70 _ R-CF-15

GREEN BACKHOE N244]0 E47825 ]2/]/93 ]2/l/93 10.5 '

DEPTH MATERIAL DESCRIPTION [_MARI_

(FT) AND 0LASSIF ] CAT |014 I_IOTO_.APH

SILT, (ML), clayey, dark brown, pond
sediments with oxidized seams.

I
(FILL)per field staff.

2 TAILINGS, (HL), silt, light gray. Z

3 , (CL), silty, med. to low plasticity, _-
---'dark brown, moist.

4 SS-Z452 FINES: Ra-ZZ6 (I,O00 year) = 9.8 pCi/gr.

5 FINES: Ra-ZZ6 (1,000 year) = 4.0 pCi/gr. -
-Plan Exc. Depth at 5".

6

l CLAY, (CL), silty, low plasticity, dark
brown, moist to saturated.

8 FINES: Ra-ZZ6 (1,000 year) = 18.5 pCi/gr. -
COBBLES(Cmeposite): SampleDepth lO' to ]3'.
Ra-226 Th-232 Th-230 Ra-226 (1,OOOyr)

9 O.9+_0.5 O.8+_.0.4
FINES (Composite): Sample Depth IO' to 13".

10 Ra-226 Th-232 Th-Z30 Ra-226 (I,O00 yr)
55-2458 GilAI_S, (GV), with cobbles to 5", dark gray 6.3+1.4 13+._1 _

to black, carbonaceous. +#4 sieve = 74.2_. -

11 -#4 sieve = Z5.8_. --
5S-2460 Cementedbelow II.O' FINES:Ra-ZZ6 (I,000year) = 8.Z pCi/gr. -_

SS-2461

zz
SS-2462 Refusalto Backhoebucket.

BOTTOMOF TEST PIT AT 1_.0'

Note: Pit locatedin the bottomof a gypsum
pond.

1111_.!_ RORRISONIQIUDSENCORPORATION oF R-CF-15
_-f,,_,_ --_- _I _r'_"_'¢ _)'IW'_¢ "



TEST PET LOG

PROJECT SITE I LOCATION _ NO. TEST PIT NO.

UIqTRA RIFLE [ NEWRIFLE, COLORADO 3885-70 Iq-CF-19

CONTRACTOR I EXCAVAT ION METHOD COORDINATES OEGU,, J CO,,_LE:TEOj -- ELEV.C,J_."O"TEAOEPTH("T) LOC'r'EO'':6REFN BACKHOE N24150 E47900 12/1/93 12/1/93 5267.1 not encountered O.CERC_/G.LINDSEY
n_ (Z; mEN_RKS

DEPTH SAMPLE GRAPHIC MATERIAL _SCRIPTION Ra-Z26 Th-232 rh-23o JJI,J i._P" _ dE
(FT) NO. LOG AJWOCLASSIFICATION pCt/gr pCf/gr )C|/9r _z..qrO

PHOTOGRAPH

- 55-242B . SAND, (SM), silty, light brown, moist. .8

I --_ SS-2430 .6 4.8+_.0.9 FINES Ra-ZZ6 (I,O00 year) = 3.0 pCi/gr. -
-

2 _ SS-2429 ALLUVIUN .9 -__
- __-

3---_ I -

- SS-2431 ._ GRAVELS, (6P),with cobbles in a sand .5
_'_ matrix, iron oxide and calcite .5 FINES Ra-ZZ6 (1,04)0 year) = 20 pCi/gr.

4 --_ SS-2432 -_- cementation. ---- 41BI,.._B.

- SS-2433 -m, .5 -

5 -- SS-Z434 "_" Hard digging with backhoe bucket below 5 .9-- _ =lli-

- -_- feet. .6 FINES Ra-226 (1,000 year) = 10.5 pCi/gr. _
- SS-2435 _z-_ Cemented with CaC03.

6 __ SS-2436 __ .7 -Plan Exc. Depth 6". -
- _ Refusal to Backhoe. __

BOTTOM OF TEST PIT AT 6.7'. COBBLES (Composite): Sable Depth 3.5" to 5.5".
Ra-225 Th-232 Th-230 Ra-226 (1,000 yr)

O. 8+0.5 O. 7+_0.3
FINE'S (Composite): Sample Depth 3.5" to 5.5'.

Ra-226 Th-232 Th-Z3O Ra-226 (1,000 yr)
6.5+_z.3 16+_2
+#4 sieve = 76.3%.
-#4 sieve = Z3./%.

Note: Pit located in the bottom of a gypsum
pond.

SHEET TEST PIT INIO.

NORRISONKNUDSENCORPORATION _ Iq-CF-19
ENVIRONMENTAL SERVICES DIVISION ]



TEST PET LOG

PROJECT SITE LOCATION JOB NO. ( TEST PIT NO.LEITRA RIFLE NEWRIFLE, COLOREOO 3885-70 ! II-CF-20

CONTRACTOR i EXCAVAT ION METHOD COORDINATES "EGUNICOI4PLETEDI G4I_OUt#DELE¥'-WATERDEpTH(FT)'LO'_'C'_D.¥:
._REEN BACKHOE N23900 E46900 ]2/1/93 12/1/93 5262.0 4.8 G.LINDSEY

DEPTH SAMPLE GRAPHIC MATERIAL DESCFII PT ION Ra-Z26 Th-232 Th-230 LIJ I,_.._ REMARKS

i pH I-" _:
EFT) NO. LOG AND CLASSIFICATION pCt/gr pCt/gr pCt/gr ._C_I NTOGitAPH

- _ ERAIflELS, (GP), with cobbles to 12", light ! inch of tailir_s on the surfa_ce.
- .m-.m. -- brown.

l _ "_P'_ 1.3 1.3 -- SS-2353 i

- SS-2354 _ 2.1 1.5 2./+0./ FINES:Ra-226 (1,000year) = 2.3 pCi/gr. -
2.7 12 -

2 _ SS-2355 _-mm- " _
--

- SS-2356 _m'-mi. 2.0 1.4 --

3 --_ SS-235/ __ l.l 1.2 0.6+0.4 FIRES:Ra-226 (I,000year) = 1.3 pCi/gr. _-

-- SS-2358 --.m=."" 1.6 I. 1 __

4 ---_'SS-2359 -L_- 8.6 1.4 7.4 --

-- Ira,, ,_ _ --- "_" 9.0 1.1 16+2.0 FINES: Ra-226 (1,000 year) = 11.2 pCi/gr. _
_ SS-2360 mm-_ - -- --

5 -- _ -Plan Exc. Depth at 5'. -

6-- __

__ 4_,, ._

7 - BOTTOMOF TEST PIT AT 7.0'

COBBLES (Composite}:SampleDepth 4' to l'.
Ra-226 Th-232 Th-230 Ra-226 (I,OCO yr)

O.5+_.0.4 O.8+0.4
FINES (Composite): Sample Depth 4' to l'.
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

8.6+1.5 t72_2
+#4 sieve = 84.4%.
-#4 sieve = 15.6%.

_-- ']" SHEET TEST PIT 1tO.

FIORRISONKNUDSENCORPORATION oF i$--CF-20
"__ ENVIRONMENTALSERVICESDIVISION _--
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TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PXI Iqg3.

UFITRA RIFLE NEWRIFLE, COLORADO 3885-70 N-CF-21

GREEN BACKHOE N23900 E47180 12/1/93 12/1/93 5261.4 4.5 I G.LINDSEY
Ra-226 Th-232 Th-230 JLIJI__ RE]N_RKS

DEPTH SAMPLE GRAPHIC NtATERIAL DESCRIPTION i pH _(E

(FT) NO. LOG AND C_SSIFICATION i_ pCf/gr pC4/er pCt/gr -_u PHOTO6RAPtl
'

- SS-2361 _ 4.7 1.3 -S_.7_0.9] FINES-Ra-226 (1,000year) = 5.1 pCi/gr. _-_, COBBLES, (GP),to 12", some sand and gravel. I inch of tailingson the surface. -

I -- ,om..._, ll.O 1.4 Z- SS-2362 _
- _'-_-! i

SS-2363 _ i 16 O 1.5Z _m,_ I " -__
12.0 1.7 8.4 _2 -- SS-2364 _m'-mz.

- .ID. 13.0 1.9 -- SS-2365 iz-,_.

3 --_ SS-2366 _ 25.0 1.7 Z

- SS-2367 _ 28.0 I.l -

4 _ SS-2368 t 11.0 1.2 _Iw

- SS-2369 -elm- 9.5 1.2 12+I.0 FINES:Ra-ZZG (1,000year) = 10.4 pCi/gr. -- _J'-mm- -- +#4 sieve = 81.8%. _-

- _,_. -#4 sieve = 18.2%. Z
- _ ! -PlanExc. Depth S' --- _ -I_I-

BOTTOMOF TEST PIT AT 6.0' i

COBBLES(Composite):SampleDepth 2' to 6'.
Ra-226 Th-232 Th-230 Ra-226 (],OOOyr)

i 1.6±0./ 1.?_0.4
t FINES (Composite):SampleDepth 2' to 6'.

Ra-226 Th-232 Th-230 Ra-226 (],000yr)

32+_3 55+_.3

I t J ' SHEET I TEST PIT NO.

FIORRISONKNUDSF.NCORPORATION of FI-CF-21
ENVIRONMENTALSERVICESDIVISION 1



TEST PIT LOG

PROJECT u_rrJ_ SITE RIFLE LOCATION RIFLE, I JOB NO. Ii TEST PIT NO.NEd COLORADO I 3885-70 N-CF-22

CONTRACTOR { EXCAVATION" METHOD i COORDINATES BEGUN ( COMPLETED J GROUND ELEV. GROUND WATER DEPTH EFT) J LOCKED BY:
GREEN BACKHOE N23900 E47430 12/1/93 12/1/93 5262.9 6.0 J.CERCONE/G.LINDSEY

DEPTH SAlUlPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 Th-230 pH _J_ REMARKS

(FT) NO. LOG AND CLASSIFICAT ION pC|/gr pCt/gr pCt/gr _t'l PHOTOGRAPH

,-

-- F4_OO4_' FILL, gravels and cobbles in a silty sand- _eeee_
-- Hb000 matri x.

t _ _eeee
_ _eeee z
z _eeee,

z -- _eeee
- ,eeee COBBLES (Composite): Sample Depth 4' to 8'. -_
-- _041_0! Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) -
- _004b0i O. 9+0. S O. 9+0.4 --

3 _0000_ FINES (Composite): Sample Depth 4' to 8'. -
-- k0000! Ra-226 Th-232 Th-230 Ra-226 (I,000 yr) -- _eee4_

4 _ _eeee_ 2.4+0.8 2. S+O.6
-- H_4_4H_w +#4 sieve = /9.3%. -
- ---m- COBBLES, (GP) with boulders, black -#4 sieve = 20.7%. -

5 _ _-mm-.m. carbonaceous, little sand and gravel. --

- wmm-,mm, l _Ir

6 - SS-2388 _m''mm" 2.6 1.0 1.9+0.6 _ FINES: Ra-226 (1,000 year) = 2.4 pCi/gr. -
- _ -- -Plan Exc. Depth at 6'. -
- SS-2389 _' 3.3 l.Z 7.3

7 _! _-m-

,_,_

8 BOTTOM OF TEST PIT AT 8.0 _

J__J_ I SHEET " TEST PIT 1'40.

iqORRISONKNUDSENCORPORATION 1oF M-CF-22
ENVIRONMENTAL SERVICES DIVISI ° •



TEST PIT LOG

PROJECT SITE LOCATION JOB _. TEST PIT _.

uITrRA RIFLE NEWRIFLE, COLORADO 3885-70 R-CF-24

C_TRACTOR ( EXCAVAT I_ METHOD C_I'TES BEGUN COMPLETED ! GR_ND ELEv- GROUND WATER DEPTH (FT) L_GED BY:
_.EEN BACKHOE N23700 E46915 12/1/93 12/1/93 5259.2 2 8 G LINDSEY

DEPTH S_PLE G_PHIC _TERIAL DESCRIPT ION Ra-226 Th-232 Th-230 _) REMARKS

p"(FT) _. L_ ANDCLASSlFICATI" pC|/gr pCt/gr pCi/gr P_T_RAPH

- 55-2390"_r',gm_!COBBLES, to 4" with sand. 1.6 0.8

llN-,,NM
I : $5-2391 : _ l.l 1.6 -

- !'-u_
-- . _m ml.

- !'_
2 _ SS-2392 _ GRAI#IZLS(6P),with cobbles. I.B 1.0 1.9+--0.6 FINES:Ra-226 (1,000year) = 1.8 pCilgr. Z

- _'_ 1.7 I.O 7.9 _V ZZ 55-2393 _ -----

3 --_ 55-2394 ,,,mm- 2.7 1.2 -
'lmlm ,,iN B.

- SS-2395 _ 3.0 1.3 -
-mm- I 8 0.8 -Plan Exc. Depth at 4'. -4 ---_ SS-2396 _'-mm- " Z

-- -imm-

- SS-2397 _m-_ 2.0 1.3 -
£

BOTTOMOF TEST PIT AT 5.0'

COBBLES(Composite):SampleDepth Z' to 5'.
Ra-226 Th-232 Th-230 Ra-2Z6 (1,000yr)

0.9±0.5 0./_0.4
FINES (Composite):SampleDepth Z' to 5'.
Ra-226 Th-232 Th-230 Ra-226 (1,000yr)

2.6+_0.8 3.6+-0.8
+#4 sieve= 64.8%.
-#4 sieve= 35.2%.

I i
I SHEET TEST PIT NO.

IIORRISONKNUDSENCORPORATION OF M-CF-24
ENVIRONMENTALSERVICESDIVISION ]



TEST PIT LOG

P_JECT J I SITE I L_ATI_ I _B _. TEST PIT _.

CONTRACT_ EXCAVATI_ _THOD J COORDINATES BEGUN COMPLETED GROUND ELEV. ! GR_ND WATER DEPTH (rr) LOGGED BY:

GREEN BACKHOE N23640 E47180 12/1/93 12/1/93 5263.2 I 8.0 J.CERCONE/G.LINDSEY
DEPTH S_PLE _F C _TERIAL DESCRIPTION Ra-226 Th-232 Th-230 "_ REMARKSpH ---

(FT) _. LC AND C_SSIFICATI_ pCi/gr pCi/gr pC|/gr i_ P_TOG_PH
!

- SS-2311 _ _ SILTYbrown,CLAY,moist(CL),tomed.saturated.plasticity,dark I0.0 1.6

I Z SS-2312 _ 1.5 1.6 1.2+_0.5 FINES:Ra-226 (I,000year) = 1.4 pCi/gr. _
Z

Z __ / 7.51 Z
3 Z SS-2316 _ Very moist. 1.0 I.I

4
- SS-2317 _ _ 1.4 1.0 Z

5 - SS-2319 CLAYEYSILT, (ML),reddishbrown-probably 1.0 1.0 Z ,
Z from oxidation, i Z

I6 - SS-2318 6.7 1.4 5.2+0.9 FINES: Ra-226 (1,000 year) = 6.2 pCi/gr. Z
- -- -Plan Exc. Depth at 6'.
Z _ _ COBBLES, (GW-GP),to 12", with sand and 7.0 --

7 - SS-2320 4 _ gravel,clean material. 0.9 1.4 - Z
__ ., _ l --

- ss-.21 . . 1.5 1.2 T I -
8 - SS-2322 _ ' 0.6 1.0 -- Note: Attemptedto dewaterthe pit with a 300 gpm Z

pun_o.Unableto obtaina representativesanq}le_' 1.1 1.0 -Z SS-2323 -, _ below the water table.

9 - SS-2398 .= _ 12.0 1.4 -
4 J

- SS-2399 _ _ 8.5 1.5 -
i i

10
BOTTOMOF TESTPIT AT 10.0'

COBBLES(Composite): Sample Depth 6.5' to 8.5'.
i Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
i0.8+__0.5 1.3+__0.5
FINES (Con_3osite):Sanq_]eDepth6.5' to 8.5'.
Ra-226 Th-232 Th-230 Ra-226 (1,000yr)

5.4.__1.2 4.1+--0.8
! +#4 sieve = 78.5%.

i -#4 sieve = 21.5%.

i
i I

I _EET TEST PIT _.
NORRISONKNUDSENCORPORATION OF N-CF-25
ENVIRONMENTALSERVICESDIVISI"_"



TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO-

UIqTRA RIFLE NEWRIFLE, COLORADO 3885-70 N-CF-26

GREEN BACKHOE N23640 E47480 12/1/93 12/1/93 5263.5 7.5 0.CERCONE/G.LINDSEY
,.=,¢

DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Re-Z26 Tfl-232 Th-230 i..i._ REMARKSpH

EFT) NO. LOG AND CLASSIFICATION pC1/9 r pCi/gr pCt/gr _qA..._D PHOTOGRAPH

- SS-2324 )0000' FILL, dark brown, fine grained,with a lot II.O 1.8- )_4HH),
Z )04H_0' of debris.

"#0@_ 7.1 1.5 B.l+I.I FINES: Ra-226 El,ODD year) = 1.5 pCi/gr. -
1 --__ SS-2325 )0000' - Debris and fill to 3 feet on north side of the pit. -

Z ' SMID, (SP),littlesilt, gray to brown,med.
Z _ SS-2326 dense. 6.8 1.6 7.5 Z

- .

3 --_ SS-2327 . . 0.9 1.5

-..- . _ --4 _ SS-2328 " t 0 1.2 0.6+0.4 FINES:Ra-226 (1,000year) = 0.9 pCi/gr. -

•

5 __ SS-2329 Oxidizedseam. 1.2 0.8 7.6 -

::: iI i i 7.I :

6 _ SS-2330 .- " 1.0 0.9 7.0 -PlanExc. Depth at 6'. Z
_.

.

7 --, SS-2331 . 7.6 1.0 15!2.0 7.1 V FINES:Ra-ZZ6 El,DO0year) = 10.2 pCi/gr. Z
.

. • . " .

- ---'; . 2.0 0.8 2.6+0.7 FINES:Ra-226 El,DO0year) = 2.2 pCi/gr.B --L SS-2400 _ GRAVELS, (GP),with cobblesto 6"
Z __ Z

9 _ '_'_

BOTTOMOF TEST PIT AT 9.5'

COBBLES (Composite):SampleDepth8' to 9.5'.
Ra-226 Th-232 [h-230 Ra-226 (I,O00yr)

0.7+__0.5 0.5±0.3
FINES (Composite): Sample Depth 8' to 9.5".
Ra-226 Th-232 Th-230 Ra-226 El,DO0 yr)

1.9+--0.7 1.4+_0.5
+#4 sieve = 65.5%.
-#4 sieve = 34.5%.

I ' SHEET TEST PIT NO.

_FiORRISON I(NI_SEN CORPORATION 1

OF M-CF-26

ENVIRONMENTALSERVICESDIVISION 1



TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.

URTRA RIFLE NEWRIFLE, COLORADO 3885-70 R-CF-27

GREEN BACKHOE N23640 E47725 12/1/93 12/1/93 5267.0 11.0 ,3.CERCONE/G.LINDSEY
o:c

DEPTH SAMPLE GRAPHIC 14ATERI AL DESCRI PT ION Ra-226 Th-232 Th-230 IIi _1,_... REMARKS

,"(FT) NO. LOG AN{3 CLASSIFICATION pCt [gr pCl/gr pCt/gr PHOTOGRAPH

- 55-2332 _4HHkO' FILL, mixed soil with tailings wood. 281.0 8.3- _HHHI,__ "
- _.4Hi,.4_e!

. .A..,L .al,..A J
_vvvT_ 336.0 5.2 -_

I--._ SS-2333 _'OOOO_
- b.4Hi,e4F
- _44F4_e_

2 --_ $5-2334 _41_I_00 370.0 7.8 __-
- _4_04_0_

_¢'#0¢_' 349.O 7.I --
3 _ SS-2335 _4_000w

- _004_4_' Oxidizedzone at 3 to 4 feet,
- _4Hb04_ 6.8

4 _ SS-2336 i I ! TAILINGS,(CL-ML),reddishbrownwith orange 364.0 8.7
-- I i ( seams (3").

5 _ SS-233/ ! i. ! 150.0 4.5 _-- i i i

- i ii
6 __ SS-2338 I J I Slimes, gray, saturated. 1103.0 44.0 -Plan Exc. Depth at 6" -

- I I I 6.9 -

7 _ SS-2339 .! J I 2792.0 64.0
-- j-j j

8 _ SS-2340 .... SILffCLAY, (CL),dark brown,some roots. 9.0 1.5

Z 8.2

9 --_ SS-2345 _,Zl,_' GI_I/ELS, (GP),with cobblesto 12". 9.4 1.8 7.3+1.1 FINES:Ra-226 (1,000year) = 8.7 pCi/gr. _-

- SS-2346 _ I0.0 1.1 -
41B" .IBB-

I0 _ SS-234] _ 2.3 1.0 _

Z SS-2342 _--_'mm" 2.3 1.0 _ -
11 _ _ . 'SS-2343 BOTTOMOF TEST PIT AT 11.0' 1.8 1.3 COBBLES(Cc,T_Josite):SampleDepth 9 5 to 11.0'.

Ra-226 Th-232 Th-230 Ra-226 (I,000yr)

SS-2344 7.6 1.3 0.8+0.5 0.8+_0.4
FINES (Composite):SampleDepth 9.5' to ]1.0'.
Ra-226 Th-232 Th-230 Ra-226 (I,000yr)

3.2+_0.9 I.4+_0.5
+#4 steve = 85.0%.
-#4 sieve= 15.0%.

SHEET ' TEST PIT NO.

IqORRISONKNUDSENCORPORATION _ M-CF-27
ENVIRONMENTALSERVICESDIVISION



TEST PIT LOG

P_JECT SIIE LOCAT[ON JOB NO. TESI V|i _u.

UNTRA RIFLE NEWRIFLE, COLORADO 3885-70 H-CF-28

GREEN BACKHOE N23400 E46900 12/1/93 12/1/93 5258.0 2.0 G.LINDSEY

DEPTH SAMPLE GRAPHIC NIATERIAL DESCRIPT ION R.-226 Th-232 Th-230 LLi_

REMARKS

gg(FT) NO. LOG AND CLASSIFICATION pCi/gr pCi/gr pC|/gr PHOTOG_PH

SS-2401 _ --10.4 I.-8---38+2 - FINES:Ra-226 (I,000year) = 20.1 pCt/gr. -- -_ COBBLES, (GP),to 12", with black organic -
Z _'-mm- silt

1 _- SS-2402--_'mm'_ 13.0 1.2 40+2_.0 FINES"Ra-226 (1,000year) = 22.5 pCi/gr. _-_ iz-_!

- -mm- 12.0 1.0_ SS-2403 _-,_.
2 _ _ 6.9 1.1 6.5 - -PlanExc. Depthat 2' Z- SS-2404 _-,_,

- _ 1 2 1.3 30+2.0 FINES:Ra-226 (1,000year)= 15.2 pCi/gr. -
- SS-2405 _'_" " -- J

3 _ I

4 _ -Ira"

--------__ BOTTOMOF TEST PIT AT 4.5'

COBBLES(Composite):SampleDepthO' to 4.5'.
Ra-226 Th-232 Th-230 Ra-226 (1,000yr)

0.8+_0.5 0.5+__0.3
FINES (Composite): Sample Depth O' to 4.5'.
Ra-226 Th-232 Th-230 Ra-226 (1,000yr)

4.2+J.0 11+_I
+#4 sieve = 90.4%.
-#4 sieve = 9.6%.

, SHEET i TI:_T PIT NO.

1
tlORRISONKNUDSENCORPORATION o_ H-CF-28

- DIVISION]__ ENVIRONNENTALSERVICES I



TEST PIT LOG

PI_OECT SITE LOCATION JOB NO. TEST PIT NO.

UFITRA RIFLE NEWRIFLE, COLORADO 3885-70 R-CF-29

GREEN BACKHOE N23450 E47130 12/1/93 12/1/93 5262.2 3.8 G.LINDSEY
tw

DEPTH SAMPLE GRAPHIC NATERIAL DESCRIPIION Ra-226 Th-232 Th-230 WI._._ REMARKS

(FT) NO. LOG AND CLASSIFICATION pet 19r pCt/gr pCt ]9r PHOTOGRAPH

- SS-2406 _4HV4_O' FILL, mixed sand, gravel and cobbles to 12", 186.0 5.4
- L4646464_--'-dark brown. 178 0 4.5 Z- SS-2407 _OOOO' " --

1_0000' 99.0 3.0 -
I _ _ SS-240B F4F4F00' -

- SS-2409 _OOOO" 96.0 3.1 -
- HHHH_,

2 _ SS-2410 ;41H_OO' 115.0 3.7 290+--10 Ra-226(I,000yr) = 176.0pCilgr. -
- ,4FO4HF.
_- SS-2411 _0000' 131.0 3.4 ___

,vwvT -Plan Exc. Depth at 3 .
z H_OO'
- _.0_4,- _ -

4 _- _O4HH_ - Perchedwater table? --_

5 -- with carbonizedroots.
-- Med. gray seam at 4.5' - 5.0'. --

6---_ 6.9

BOTTOMOF TEST PIT AT 6.5'

COBBLES(Composite):SampleDepth O' to 4'
Ra-226 Th-232 Th-230 Ra-226 (1,000yr)

2.1+0.8 ?.3+--0.6
FINES (Composite): Sample Depth O' to 4'
Ra-226 Th-232 Th-230 Ra-226 (l,00Oyr)

110+__10 230+I0
+#4 sieve = 78.2%.
-#4 sieve = 21.8%.

i L SHEET ' TEST PIT NO.

HORRISONKNUDSENCORPORATION oF N-CF-29
ENVIRONMENTALSERVICESDIVISION iiii



TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.

UMTRA RIFLE NEWRIFLE, COLORADO 3885-70 /I-CF-30

GREEN BACKHOE N23400 E47265 12/1/93 12/1/93 5262.2 8.3 J.CERCONE.

(FT) NO. LOG AND CLASSIFICATION pC|/9r pCl/gr pC|/9r PHOTOGRAPH
.....

$5-2412 FOOOO FILL, silty gravel, poorly graded, brown, 34.0 2.5
k_Hk00--_ist, low plasticity.- _eO_

_, _@@0' ll 0 1.5 -
Z _ SS-2413 k0000 " -

- HH_

-- 55-2414 k0000 236.0 4.3 7.3 _

3 _ k _ _Ak _kTvvvv' 142 0 3.5
-- SS-2417k4__4__4_4l_i - -
- i] ii.'lSILTY SAND, (SH),gray,moist. Tai]ings? -

, low to med. plasticity,black, 9.8 1.4

4 _ SS-241B l_ist to saturated,organic.- ' - 13.0 1.5 32+2.0 FINES:Ra-226 (1,000year) = lg.l pCi/gr. _
_ SS-2419 GRAVELS, (GW),with cobbles,well graded, -

5 _ $5-2420._mz'.-_M cobbles to 8" max. finesare med. to 16.0 1.4
- !"-___W -., '
- 5S-2421ITT'_. _ coarse sand. 12.0 1.1

6 __. _-- m.. Plan ExcavationDepthat 6'.

--SS-2422 -.w_--_ 30.0 1.5 _
- SS-2423":"_. - 30.0 1.5 -

1 __ SS-2424 _.m_!i 4.4 1.2 22+2.0_ FINES:Ra-226 (l,O00year) = I0.6 pCi/gr. _-

- SS-2425 .._.,_""J" 6.0 1.1 __-
8 _-_ 55-2426 __ * 52.0 2.7 _.. -

-- SS-242l _'_4nM. * 47.0 1.3 -

9 'BOTTOMOF TEST PIT AT 9.0'

* PossibleCross Contamination. COBBLES (Conq}osite):Sanq_leDepth 4.5' to 1.5".
Ra-226 Th-232 Th-230 Ra-226 (l,O00yr)

1.2+_0.6 0.6±0.4
FINES (Composite): Sample Depth 4.5' to 7.5'.
Ra-226 Th-232 Th-230 Ra-226 (I,000yr)

3.0±0.9 6.9_+I.0
+#4 sieve = 79.4%.
-#4 sieve = 20.6%.

| SHEET ' TEST PIT INK).

MORRISONKNUDSENCORPORATION oF M-CF-30
ENVIRONMENTALSERVICESDIVISION I



TEST PIT LOG

PROJECT SITE LOCATION o_B NO. TEST PIT NO.

UIITRA RIFLE NEWRIFLE, COLORADO 3885-70 N-CF-31

1 ! ICONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOC_IED BY:

GREEN BACKHOE N25252 E49005 12/3/93 12/3/93 5272.8 8.5 3.CERCONE/G.LINDSEY
,.

DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 Th-230 _J_' REMARKSpH

EFT) NO. LOG AND CLASSIFICATION pCt Jgr pCt/gr pCt/gr _l_--i PHOTOGRAPH

- SS-2475__ _¥, (CL),light brown,slightlyne)ist, 1.6 1.9 Z

"-_ oots.i --_ ss-2470 _ 1.1 2.3 -
- __2-

2 --_ SS-2477 1.5 2.8 Z

Z ___
3

- SS-2418 :n SANDY SILT, (ML), to SILTY SAND, (SM),dark 1.5 2.3
Z brown,moist, loose.

4 ----_ SS-2479- 1.8 2.0 Z
.

5 ---_SS-2480 '- 0.6 1.5 Z
-,

ss-2481!'Ci' 0.8 1.5 _-
- _ "w GRAVELS (GP-GW) with cobblesto il_',matrix- .i-imw. , ,

1 _ SS-2482 ;T-_,-- of fine sand. 0.9 1.6 Z '
- __
- SS-2483 "_'- 1.3 1.5 -

8 --_ SS-2484 • "_" 0.8 1.4 -_ _ -
- 55-2485 __ GRAVELS (GP-G$_) witl_ cobbles to 6" matrix ].3 ].3

Immmm , • ,

9 _ SS-2486 -_ of coarsesand. O.l 1.0 COBBLES(Composite):S_mpleDepth 8.5' to 11.5'. ___
- -_P'-_m- Ra-226 Th-232 Th-230 Ra-226 (I,O00yr)
- SS-2487 -ram, 0./ 1.1 0.9±0.5 0.7_+0.4 -

10 ---_SS-2488 _ 0.8 1.2 FINES (Composite):SampleDepth 8.5' to 11.5' -
- _''_" Ra-226 Th-232 Th-230 Ra-226 (I,000yr) -
- SS-2489_--n_. 1.0 1.2 1.8+_0.8 2.2+--0.6 _Z

11 ---ZSS-2490_'-n_- 0.6 1.2 +#4 sieve = 78.2%. Z
_ -ram- -#4 sieve = 21.8%.
- SS-2491_-m- 1.0 I I -o ,......

12 -- ' BOTTOMOF TEST PIT AT 12.0'

(BACKGROUNDPIT LOCATEDAT NORTHEASTCORNER
OF NEW RIFLE SITE).

.... ''" SHEET " TEST PIT NO.

_MORRISON KNUDSENCORPORATION !
OF IT"CF-31

ENVIRONMENTALSERVICESDIVISION



TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.

UHTRA RIFLE NEWRIFLE, COLORADO 3885-70 M-CF-32z

_D • • •..EEN BACKHOE N24648 E51357 12/2/g3 12/2/93 5271 5 3 0 3 CERCONE

_BTH SAMPLE GRAPHIC MATERIAL DESCRIPTION R.-226 Th-232 Th-230 W_! REJML_RKS

EFT) NO- LOG AND CLASSIFICATI_ PC|/9 r pCilgr PCi/gr j PHOTOGd@JAPH. '

SS-2370 GRAVELS,(GP), with cobbles to 12", poorly --_3--]_0--.0_-- _Z
: SS-2371i--_-_'_-.'- graded,with coarsesand, slightlymoist, 1.2 1.3

I __ Wn_-_._, all gravelsand cobblesappear clean and 0.9 1.0SS-2372 _

__ fresh.SS-2374 1.5 I.] -
- .F'-_ COBBLES (Composite)"SampleDepth 0'to 4 0'-- '-- ..m,,, 1.4 14 " -

2 Z $5-2373 Im-_ " Ra-226 Th-232 Th-230 Ra-226 (I,000yr) Z
- SS-2375 Im-..n- 1.3 1.3 _ 1.8+_0.7 1.1+_.0.4 --
- ,,,,m-'. -- FINES (Composite):SampleDepth 0'to 4 0' -

3 _ SS-2376 _ "_" I I 1.0 " "_ .-_ " Ra-226 Th-232 Th-230 Ra-226 (1,000yr) Z
- SS-2377 .-T-_-_ 1.0 1.0 1.7+0.7 0.9+__0.4 --

4 _ SS-2378 :-l_-. 1.2 1.2 +#4 sieve = 80.8%. Z
_ _l_-mm- -#4 sieve = 1g.2%. -
_ --.: ,.,m., 08 1.0 -
_ SS-2479 ___ _

S BOTTOMOF TEST PIT AT 5.0'.

(BACKGROUNDPIT LOCATEDIN CON SY INC.
GRAVELPIT).

l SHEET I TEST PIT NO.
I I

IIORRISONKNUDSENCORPORATION o, M-CF-32
ENVIRONMENTALSERVICESDIVISION I [



TEST PIT LOG

PROJECT RIFLE, COLORADO 85=70 N-CF-33URTRA

FOORDINATE S BEGUN COMPLETED GROUNDELEV. GR_ND WATER DEPTH (FT) ILOGGED

GREEN EXCA,ATI_BACKHoEMETHODJN24877 E51355 12/2/93 12/2/93 5275.2 7.2 l 3.CERCONE
C_TRACTOR

_ I REMARKS

DEPTH MATERIAL DESCRIPT|_ Th-232 Th-230 pH _1 PHOTOGRAPH

(FT) AND CLASSIFICATION pCt/gr pCt/gr ._

CLAY, (CL), (TOP SOIL), someroots. Z

"SILT, (ML), light brown, moist.
!

u

2 Z
I.I

_ CLAY, (CH), med. to high plasticity, black, --_

3 _" ----saturated, organic . Z
1

4 Z

---2_
5 Z

COBBLES(Composite): Sample Depth 7.0' to 9.0'.
' Ra-226 Th-232 Th-230 Ra=226 (I,000 yr)

6 .-----m- GRAVELS,(GW), with cobbles to 4", well l.I -.
Z SS-2380 4m-7_. graded, black to gray, organic coating. 1.6+0.? 0.5+0.31.3 FINE--S(Composite): Sampl_Depth 7.0' to 9 O'. -

$5-238I_-mm- _ Ra-226 Th-232 Th-230 Ra-226 (1.000yr)
1.2 _ -

7 - SS-2382 ,mz-.m_, 1.6+_.7 1.3+_.0.5 -
_ -m- 0.9 +#4 s,eve = 81.9%. -
- SS-2383 ,m.-,.il.

l" -#4 sieve= 18.1%. -
B _ -- 0.8 -

1.3

BOTTOMOF TEST PIT AT 9.0".

(BACKGROUNDPIT LOCATEDIN CON SY INC.
GRAVEL PIT).

-- i"---- SHEET F TEST PIT NO.

! !NORRISON_SDI CORPORATION oF R-CF-331

ENVIRONMENTALSERVICESDIVIS]"



APPENDIX D

MASS PARTITION FUNCTIONS
(COBBLES-TO-FINES RATIOS)



(_MK-FERGUSON COMPANYA MORRI$ON KNUOSEN COMPANY

INTER-OFFICE CORRESPONDENCE

OATt December 13, 1993

_ Grant Cherrington ,no, David Farr

LXAT_N_ San Francisco _XAT,O. Rifle, CO 3050

su_tc,. Cobbles to Fines Test Result

As requested, we have performed particle size analyses on New Rifle
site subpile material test pit samples obtained by TAC, MKES and
DOE representatives during recent test pit investigations.
Enclosed are the results.

As discussed during initial test pit examination, the cobble to
fine analyses were performed on composite bulk samples ranging in
weight from 1000 to 1500 pounds each. The larger sized samples
were required due to concerns about the smaller samples originally
specified being representative. To expedite this process, the bulk
samples were reduced to manageable proportions in accordance with
the ASTM C-136 practice of sample reduction. An explanation of
this practice has been provided in the attached calculation sheet
(Attachment 1).

The dry weight of the +1" and +#4 fractions was calculated using an
assumed 1.5% moisture as recommended by ASTM C-136. A
representative sample of the +1", including a proportionate amount
of the -1" to +#4 material, was collected for radium and thorium
analysis. These samples were then given to site H.P. personnel to
be sent out for analysis.

..

It should be noted that a few of the calculation sheets do not

indicate the depth of the sample as this data was not provided to
US,

Should you require further information, please advise.

File: 4.15 w/ enclosure

cc: Randy Withee w/o enclosure
QC File w/ enclosure



ATTACHMENT 1
CALCULATIONS

1. A representative sample of between 1000 to 1500 pounds of
material was split on the i" sieve and weights of each
fraction were obtained. The +1" fraction was corrected

assuming a 1.5% moisture and the -1" fraction corrected by
actual moisture content. Dry weights were calculated and
added together to determine the total sample weight.

2. The -1" fraction was reduced to a manageable sized
representative sample ofapproxlmately 50 pounds, split on the
#4 sieve and weights were obtained for each fraction. A
moisture sample was obtained from the -#4 material for
correction and the +#4 fraction was corrected using an assumed
moisture content of 1.5%. Dry weights were calculated.
Percentages of the +#4 and -#4 were then calculated.

3. The percentages of +#4 and -#4 obtained from the reduced -1"
fraction were then adjusted back to a whole sample basis by
multiplying by the original dry weight of the whole -1"
fraction. This weight was then added to the +1" fraction to
determine the +#4 weight on a whole sample basis.

4. The weight of the +#4 and -#4 (cobbles and fines) is then
expressed as a percentage of the total sample weight.



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: _/ DATE TESTED: /Z- 6"93

]JLJ ,JDEPTH: /,.,IT,#"- / 7.O' TECHNICIAN: ..... ,- ,

CHECKED BY: __ __I_ii I

/-

BULK SA.MpLE WEIGHTS
+ I" WET WEIGHT __i_. -I" WET WEIGHT 3@_ 9Z. [_5.
% MOIST ._ /5"__% % MOIST //,_. %
DRY WEIGHT ,__lt_, DRY WEIGHT ,3@2,tZ. 1_5.

TOTAL SAMPLE WEIGHT _&_.

REDUCED SAMPLE _WEIGHTS(-1" FRACTION)
+#4 WET WEIGHT 2_.0/ _1¢,_. -#4 WET WEIGHT 35":.12 I_.
% MOIST /.5" % % MOIST . 9.(=, 'Pie
DRY WEIGHT Z3._,6 I I0_. DRY WEIGHT 32.0# lids.

REDUCED SAMPLE WEIGHT _._3E.Zd_Z_.

% + #4 IN REDUCED SAMPLE _Z..,,_" °I°

%-#4 IN REDUCED SAMPLE . _Zb" '='/o

CONVERSION OF REDUCEDSAMPLE PERCENTAGES TO WHOLE .,,SAMPLEWEIGHT_;
% + #4 IN REDUCED SAMPLE X DRY WT. OF-1" IN BULK SAMPLE . /4,"._T.¥.,e' II0_.
+ DRY WT. OF + 1" IN BULK SAMPLE 823'. 9Z, iron.
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE ..?_9.5_,/,_,,.

MO!STURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT _ 'YS_.'_.,'_
DRY WEIGHT _ ....."ti,"b.# _
WT. OF WATER _,7.6..._ q2. 9
% MOISTURE , //. b ":Io _--b _,/o

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 )(,,P.Jb Ito_.
TOTAL SAMPLE WEIGHT _I_.

% + #4 (COBBLES) / %

%-#4 (FINES) /b. 9 %



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: #_P DATE TESTED: /R.-6"_3

#

CHECKED BY: c/__/__ /.(/_ _

BULK SAMPLE WEIGHT_;
+ 1" WET WEIGHT 7_(_(z_E.Z__,Ejb5 -1" WET WEIGHT 5_'3.(_ 7 II_s
% MOIST /,d" % % MOIST /o._r" I_/o
DRY WEIGHT _;_Z 85 IW. DRY WEIGHT 3-D/. D6 11o5.

TOTAL SAMPLE WEIGHT //5"ZY 9Z/_.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT /2. _O IIo_ -#4 WET WEIGHT 3Z/8 1io5

% MOIST /.5 _ % % MOIST 9.2. c'[o
DRY WEIGHT _ /2. _'/ I1_. DRY WEIGHT J_"._,_ (1,.,'5

REDUCED SAMPLE WEIGHT z/_.q_ /6=.

% + #4 IN REDUCED SAMPLE 26.7 %
%-#4 IN REDUCED SAMPLE 73.3 _

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHT_
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE /3:7 78 I1_:_
+ DRY WT. OF + 1" IN BULK SAMPLE _ 86t_.
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 79/. 6_/it=.

MOISTURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT _-?Z.9 q _ _.72.(, ]
DRY WEIGHT "_ #J2.7 cI
WT. OF WATER ',_-_"_ ';!, 39'=2 _
% MOISTURE /O.,5"'7o 9.2 _

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 7_1.$,Y'll,J5
TOTAL SAMPLE WEIGHT !159..9Z its.

% + #4 (COBBLES) 3%

%-#4 (FINES) J/. 7 "D



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: ,#'_R' DATE TESTED: /2-_ 7- _,,,_..

DEPTH: /_.0" -_/0" TECHNICIAN" _ ,

CHECKED BY: _

BULK SAMPLE WEI,QHTS
+ 1" WET WEIGHT .__llo_ -1" WET WEIGHT __.
% MOIST /.d" % % MOIST /,/. _ %
DRY WEIGHT _, I_. DRY WEIGHT _/(/91. _3 I1_

TOTAL SAMPLE WEIGHT //,FZ 3"_/_.

REDUCED SAMPLE WEIGHTS (-1" FRACTION}
+ #4 WET WEIGHT /5":.8_ I1_ -#4 WET WEIGHT flY. 75- I_
% MOIST t'.:_- '7o % MOIST /3. 7 _/_
DRY WEIGHT /5:,_x_ I_. DRY WEIGHT _), 3G 11o5

REDUCED SAMPLE WEIGHT b-_ Z_ /as.

% + #4 IN REDUCED SAMPLE ,2_.q °_
%-#4 IN REDUCED SAMPLE , 7,./.:_ %

CONVERSION OF REDUCED SAMPLE pERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF-1" IN BULK SAMPLE /_¢).5 _) IIo$
+ DRY WT. OF + 1" IN BULK SAMPLE #9,_.._ _lo,s.
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE g3#:'.'/_/_=..

MOISTURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT "/97.9 _ .6_3./
DRY WEIGHT #35":.7q _l(_.O ,I
WT. OF WATER #z',Z _$./ ,_.
% MOISTURE /_".,5 "_, _,,

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 _8,Y_,"/d" [_._.
TOTAL SAMPLE WEIGHT //SZ 3Y9 lIOn.

% + #4 (COBBLES) 70.

%-#4 (FINES) Zg. %



CALCUL.ATIONS FOR COBBLES TO FINES RATIO

TEST PIT: _ # _ DATE TESTED: ./,_,'I_7- g,,_''

CHECKED BY: ____.,q,¢./--_,,(_
/-

BULK SAMPLE WEIGHTS

+ 1" WET WEIGHT 7,_V.7711_. -1"WET WEIGHT _,",,_.&/I_
% MOIST Z.#" % % MOIST _'._ %
DRY WEIGHT 77_. 2Z. ll_ DRY WEIGHT . ,,f,'#,fT.//!_

TOTAL SAMPLE WEIGHT /ZO,,tT,_:_/_.

.REDUCED SAMPLE WEIGHTS (-1" FRACTION) _'_ ,=.,,-,:_
+ #4 WET WEIGHT ZZO'/I_ -#4 WET WEIGHT _ _/x_571b-_
% MOIST /,0-.% % MOIST _,/ %
DRY WEIGHT 2#. 73 llos DRY WEIGHT "/O.fO Ib5

REDUCED SAMPLE WEIGHT .._123 I_

% + #4 IN REDUCED SAMPLE .3'3.9 "/,,
%-#4 IN REDUCED SAMPLE _ £_,1%

CONVERSI._ONOF REDUCED SAMPLE PERCENTAGES TO WHQLE SAMPLE WEIGHT_
% + #4 IN REDUCED SAMPLE X DRY WT. OF-1" IN BULK SAMPLE /_7.._ Ib5
+ DRY WT. OF + 1" IN BULK SAMPLE .770._'2 I_s
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE (_/7.72 I1,_,.

MQ!STURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT _",._'9.,_,r ,f'_..:Y ,_
I

DRY WEIGHT _ ,./_/,7
I

WT. OF WATER z_._, ,,/ 2z.b
% MOISTURE '52.9 "_ ._T./ "/@

COBBLES TOF.!NES RATIO
TOTAL DRY WEIGHT OF + #4 917.7Z !_5
TOTAL SAMPLE WEIGHT /205";_:7 !to_

% + #4 (COBBLES} 76./%

%-#4 (FINES) ZE. %



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: ,_ DATE TESTED: _/_'-,7"gJ ='

OPTH:
CHECKED BY: _ //(/X._

/

BULK SAMPLE WEIGHTS
+ 1" WET WEIGHT __¢__._1_ -1" WET WEIGHT ._...ZS.&_I/os
% MOIST /..b" % % MOIST 1.?.3 _/o
DRY WEIGHT _1,_ DRY WEIGHT _90.5"6 Ib._

TOTAL SAMPLE WEIGHT 1!7'2. _,t/&.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT 2¥.3Y I_ -#4 WET WEIGHT .:,'_.ff_ 1_:,'5.
% MOIST /. 5- "[_ % MOIST /t.o '_/,_
DRY WEIGHT Z3. ?8 I_ DRY WEIGHT 27.67 I[js

REDUCED SAMPLE WEIGHT :,',',_/._.,,'-/__.

% + #4 IN REDUCED SAMPLE ,_,._ ?'o
%-#4 IN REDUCED SAMPLE : ,.#'3.6 _o

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO W ,H,,,OLESAMP,,LEWEIGHT_
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE zzT.(.2 Ibs
+ DRY WT. OF + 1" IN BULK SAMPLE (_,_/._7 I1_

= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 907._)/b..

MOISTURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT ._'z(,.-_ _f _-._'7.7 ?_
DRY WEIGHT _ ,, ._/._.9 q_

WT. OF WATER 3S'.3 _ 5_.B
% MOISTURE 7, Z- _ tZ._ _/o

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 =209.'/?t_,._
TOTAL SAMPLE WEIGHT 1172.,/3 II_

% + #4 (COBBLES) 77.b %

%-#4 (FINES) 2Z,"( %



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: # 7 DATE TESTED: /_.7.?_r .

/

CHECKED BY: _ /¢'Z,'_
I

BULK SAMPLE WEIGHTS
+ 1" WET WEIGHT 7aO.TZ15"J - 1" WET WEIGHT SO'. 8Z_ I8s
% MOIST . /. _ _o % MOIST ...//_ '7o
DRY WEIGHT _lbs, DRY WEIGHT 4,'5"_./Z. Ib r,

TOTAL SAMPLE WEIGHT //x/P.._"3 _/&r.

RE.DUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT ..../6,/Z tb_ -#4 WET WEIGHT 5'25"/ lb5
% MOIST /.#_ "I_ % MOIST //.2. %
DRY WEIGHT /ZS,.f_.tb_ DRY WEIGHT ,._.z3 Ib'_

REDUCED SAMPLE WEIGHT _-d.08./6=

% +#4 IN REDUCED SAMPLE __,.._,8 %
%-#4 IN REDUCED SAMPLE . _#.2- _f_,

.CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE /437./q 165

+ DRY WT. OF + 1" IN BULK SAMPLE _/__.,_._._s
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE , _._3.55-/6j

ht,OISTURE CORRECT!0NS
BULK SAMPLE-i" FRACTION REDUCED SAMPLE-#4

WET WEIGHT _'d./
DRY WEIGHT ,'/7_._ ¢t
WT. OF WATER _S'/.& ..,_ _3.5 e
% MOISTURE //5" % #. 2.. %

C 9BBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 _L_33.55- I_
TOTAL SAMPLE WEIGHT //q8,5,_ Ibs

% + #4 (COBBLES) 7J./ 7o

%-#4 (FINES) 9



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: _ _'// DATE TESTED: _ /2- 7..93 '

DEPTH: _ ¢.0"- l_..i_' TECHNICIAN: ......
J

CHECKEDBY' ....
BULK SAMPLE WEIGHTS

+ 1" WET WEIGHT _lk_ -1" WET WEIGHT ..,$'7_/7 16_,
%MOIST _ _/._=- ?o %MOIST t_.=) .°TQ
DRY WEIGHT _ Ib_ DRY WEIGHT L,53#" /0 I b"

TOTAL SAMPLE WEIGHT __Lj_,2 /_.,,.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT /J_.62 Ib_ -#4 WET WEIGHT ,-//7"./ Ibs
% MOIST t_" % % MOIST /0.2 %
DRY WEIGHT /5.3=2 Ib_ DRY WEIGHT 37,88 Ib_

REDUCED SAMPLE WEIGHT ,:5"3.Z7/_.

% + #4 IN RE_DUCEDSAMPLE _ Z_. =) _"-'
%-#4 IN REDUCED SAMPLE 7/./ %

..CONVERSIONOF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% +#4 IN REDUCED SAMPLE X DRY WT. OF-1" IN BULK SAMPLE /'./5:(,8 It,s
+ DRY WT. OF + 1" IN BULK SAMPLE I0/¢,/I Ib=
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 1/61. 7'<) ,_J.

MOISTURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT _8_.0q .'/.f',., y
DRY WEIGHT _ _ _&.5" 9
WT, OFWATER _'_'.Z. ,_ .._Z.¢,
% MOISTURE /3.? ,_ /D.2. "7c

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 _/Z_/. 7_ Ibs
TOTAL SAMPLE WEIGHT /SZ_. 21 I1_,

% + #4 (COBBLES) "7,_.#%

%-#4 (FINES) ZE.6 %



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: _/_" DATE TESTED:_ /2.,,_ "9_ ,.

DEPTH'. /0 0"-1_._" TECHNICIAN:: _,.___, =_'_

CHECKED BY: .c/'_ {-,6",_'

BULK SAMPLE WEIGHTS
+ 1" WET WEIGHT . _d'<Y.¥5"'1b_, -1" WET WEIGHT O"Z_.97 l_$
% MOIST /,5" % % MOIST _. //,2. _ %
DRY WEIGHT _ IH, DRY WEIGHT ,E'ZT.dS'" Ib$

TOTAL SAMPLE WEIGHT /._6. 6 _/_=f

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT Zz,_O Ibs -#4 WET WEIGHT _Ib_,
% MOIST . /.S" % % MOIST d.Z %
DRY WEIGHT /.__Z,Z___Z__Ibs DRY WEIGHT zY.Z/ Ik=

o

REDUCED SAMPLE WEIGHT _.

% + #4 IN REDUCED SAMPLE _2. _ _=
%-#4 IN REDUCED SAMPLE 57,_/ "/o

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE ZZ_.qS"
+ DRY WT, OF + 1" IN BULK SAMPLE _;a/0.8¥
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE ,_76.29/_,.

' MOISTURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT _ _--'_8.__r
DRY WEIGHT ,y'y2,_ _ 5Z#'.J ,,
WT. OF WATER _O,,_ _ _J.3 q
% MOISTURE /l.Z, "/o 8,Z.. do

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 <F_,ZZ_ ll)s
TOTAL SAMPLE WEIGHT //_;8.(_ Ib_

% + #4 (COBBLES) 7z/.Z 7,

%-#4 (FINES) '7,.,



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: _ _/9 DATE TESTED: 7,_-3-"9,,_ .

DEPTH' 3.5"" ,._.,,,_"" TECHNICIAN: .. .

CHECKED BY: ,t-_. f/(/x._(

BULK SAMPLE WEI6HTS
+ 1" WET WEIGHT 7/Z/7 ib_ -1" WET WEIGHT . _t#.O_ Ibs
% MOIST /.,,,=" _ % MOIST 7..,','Y _c.
DRY WEIGHT _ Ibm, DRY WEIGHT .Js1'¥7.37 Ibm,

TOTAL SAMPLE WEIGHT //_:1 _¥/_=.

REDUCED .SAMPLE WEIGHTS (-1" FRACTION)
+#4 WET WEIGHT /9_ Ib_ -#4 WET WEIGHT J/._,/ Ibs
% MOIST /,5" % % MOIST 7._ "t,
DRY WEIGHT /J, 7,# Ibm, DRY WEIGHT Z9.60 Ibs

REDUCED SAMPLE WEIGHT el. _¥/_.._.

% + #4 IN REDUCED SAMPLE Jg.8 %
%-#4 IN REDUCED SAMPLE • 6/.2. _c

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO W.HOLE SAMPLE WEIGHTS
%+#41NREDUCEDSAMPLEXDRYWT. OF-1" IN BULK SAMPLE _1_
+ DRY WT. OF + 1" IN BULK SAMPLE 7_.$ .7_lbs
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE ,_'8,0,/5"/_.

MOISTURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT _ "/'gZ.I q
DRY WEIGHT .. ,_3¢2./ = _,¢5".9",,!
WT. OF WATER _/@'_ I ,.t_.Z ,_
% MOISTURE 7. 3 % 7.? "_,_

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 ¢_tO./_-...l_,
TOTAL SAMPLE WEIGHT 1153."),./ Ibs

% + #4 (COBBLES) %

%-#4 (FINES) Z3. 7 '7,



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: #ZO DATE TESTED: I_-.J" _ ....
/ i /n____A

P

CHECKED BY: L__ l--_.'/_ _
/-

BULK SAMPLE WEIGHTS
+ 1" WET WEIGHT _S_____._lbt - 1" WET WEIGHT J_8,28 I$t
% MOIST _q, % MOIST 7.2.
DRY WEIGHT _lb_, DRY WEIGHT JZ'.Z._9 Ibf,

TOTAL SAMPLE WEIGHT .//5"8.d2/_,.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT 2,_..Y._ Ibs -#4 WET WEIGHT ....._7,#/ li_
% MOIST /.5" ......q_ % MOIST ..... Z._ .. %
DRY WEIGHT _._. / II_._ DRY WEIGHT _7"/'.Yd II_s

REDUCED SAMPLE WEIGHT (_Z.9//a_.

% + #4 IN REDUCED SAMPLE /__./_,z--_o
%-#4 IN REDUCED SAMPLE 5_,,5" '7_

CONVERSION OF.REDUCEDSAMPLE pERCENTAGES_TO WHOLE _;AMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF ..1" IN BULK SAMPLE ../'Y_. _ 16s
+ DRY WT. OF + 1" IN BULK SAMPLE ,_33./J Ibs
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 97Z 7/ /_J.

MOISTURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT _
DRY WEIGHT _/Z_" _ -_.Z

WT. OF WATER __. if' ,_ J'S';_ =
% MOISTURE 7.Z ;/_ 7.2.. q_

COBBLES TO FINESRAT!O
TOTAL DRY WEIGHT OF +#4 c_7Z7/ 105
TOTAL SAMPLE WEIGHT /!_',_. 02_ lt_

% + #4 (COBBLES) (fv./,/ 7.

%-#4 (FINES) %



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: ....._2/ DATE TESTED:. /2-3"q5

DEPTH: =: - _ TECHNICIAN:
f

CHECKED BY: c' '_,,...
--f-

BULK SAMPLE .WEIGHTS

+ 1" WET WEIGHT _lbs -1" WET WEIGHT _ Ib_
% MOIST /,v_' I/o % MOIST 9.9 ff_
DRY WEIGHT ,_r_zo..8_tbs DRY WEIGHT .. ,7/_.3Z- 18s

TOTAL SAMPLE WEIGHT _/lJ.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #_,.WET WEIGHT __Zg._#__lt,_ -#4 WET WEIGHT . 3_,68 ..fbs
% MOIST ,,, /.3r" % % MOIST 8,7 %
DRY WEIGHT /9,,,e'_ Ibs DRY WEIGHT Zg.gZ Ibs

REDUCED SAMPLE WEIGHT . x/Z,_//_s.

% + #4 IN REDUCED SAMPLE Lf'[D %
%-#4 iN REDUCED SAMPLE • ,5"_,0 %

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF-1" IN BULK SAMPLE /,_;,_. Ib_
+ DRY WT. OF + 1" IN BULK SAMPLE _tc_o.SB_b_
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE , _7/,87/_s.

MOISTURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT 7//. d 4 _'_-./]
DRY WEIGHT _'ZS" oI
WT. OF WATER _fO _ ,:19_
% MOISTURE _ _ ..qc _',7 %

_',OBBLE$ TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 9 7/.d7 Ib',
TOTAL SAMPLE WEIGHT //_7. Z0 Ibr,

% + #4 (COBBLES)

%-#4 (FINES) /g. 2.. %



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PiT: ,_'ZZ DATE TESTED: _P_9;/-9_

' Js!, ADEPTH:-. Z - _ _ TECHNICIAN:

CHECKED BY: _ /-'(".,_
/

BULK SAMPLE WEIG.HT..S.
+ 1" WET WEIGHT 8't,"Z85" Ibs -1" WET WEIGHT _11_
% MOIST 1.5" "Iv % MOIST ./j,,,y, o/,
DRY WEIGHT 6a"./.83 .Ib, DRY WEIGHT "f'/,._:80 t6s

TOTAL SAMPLE WEIGHT ,/2._.. _/_._.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT _lb_, -#4 WET WEIGHT 3'8.'Y/ |(_s
% MOIST . /.3" Y, % MOIST t3.8 "i,_
DRY WEIGHT _ zo.37 Ib_ DRY WEIGHT 33.73" Ib"

REDUCED SAMPLE WEIGHT __'_.IZ/,_.

% + #4 IN REDUCED SAMPLE ,.,_..6 7,,

%-#4 IN REDUCED SAMPLE .2._.. "/o

CONVERSION OF REDUCED SAMPLE PER(_ENTA_OLE
% + #4 IN REDUCED SAMPLE X DRY WT. OF-1" IN BULK SAMPLE 1,,_.,_,/' tbs
+ DRY WT. OF + 1" IN BULK SAMPLE 8,3'¥.$,5 Jb_
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 9PI. 17/,8,.

MOISTURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT 7J_,,Z .It.
DRY WEIGHT _,YZ_ ,_/.._".
WT. OF WATER _ _(o.=2 ,,
% MOISTURE /3.=/ _/_ /3. 8

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 ¢YJ/./7 I_
TOTAL SAMPLE WEIGHT /250.63 Ib_

% + #4 (COBBLES) 7_ ?o

%-#4 (FINES) Zd 7 %



CALCULATIONS FOR .COBBLES TO FINES RATIO

TEST PIT: _'2¥ DATE TESTED: /.4?:Z" 9._

DEPTH: 2 °5 TECHNICIAN"

CHECKED BY: _
/

BULK SAMPLE WEIGHTS
+ I" WET WEIGHT _/7._ Jbs -I" WET WEIGHT _._'/ IG_

% MOIST .___L._ '/o % MOIST /S,o e/,.
DRY WEIGHT _IL_ DRY WEIGHT L _z./8 I_

TOTAL SAMPLE WEIGHT //30. _J/_,.

REDUCED SAMPLE WEIGHT_.. (-1" FRACTION)
+#4 WET WEIGHT /2.92. I_ -#4 WET WEIGHT _/,/.1_7 .l_s
% MOIST /.#" ....% % MOIST Y.2 %
DRY WEIGHT . /Z. 7,8 I1_, DRY WEIGHT q"/.O_ Ib',,

REDUCED SAMPLE WEIGHT _3._fZ/_._.

% + #4 IN REDUCED SAMPLE rE. 7 _/,
%-#4 IN REDUCED SAMPLE _=

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF-1" IN BULK SAMPLE /23.76 tl_
+ DRY WT. OF + 1" IN BULK SAMPLE _08.75" 165
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 7,,_.5"//_,,.

MOISTURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT _ZS.0 o ,5"39.9q ..

DRY WEIGHT _WT. OF WATER =/3".3 e
% MOISTURE /v_,O =to Z.2-- %

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 7#Z,5"/ I_I,
TOTAL SAMPLE WEIGHT //30. _)3 Ib',

% + #4 (COBBLES)

%-#4 (FINES) J.2 %



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: #_'" DATE TESTED: /_',r/'_3_

7-

CHECKED BY: __ /.YJX_
/-

BULK SAMPLE WEIGHTS

+ 1" WET WEIGHT __z_ -1" WET WEIGHT _1_
% MOIST .___ % MOIST /o,8 _,,
DRY WEIGHT _7,_. 7/ Ib_ DRY WEIGHT x//,_.crO Ibs

TOTAL SAMPLE WEIGHT //'gd':OI/X=.

.REDUCED SAMPLE WEIGHT_ (-1" FRACTION)
+ #4 WET WEIGHT _Ibs -#4 WET WEIGHT //S.38 _ll,s
% MOIST 1,5" '% % MOIST //.._ '7,
DRY WEIGHT .....,.,.73.5"1 I1,,,,. DRY WEIGHT __._l.Z7 .Ibm,

REDUCED SAMPLE WEIGHT J_Z____J_..

% + #4 IN REDUCED SAMPLE /-/_,g _,_
%-#4 IN REDUCED SAMPLE _,.,_p__,__.'fs

CONVERSION OF REDUCED SAMPLE.PERCENTAGES TO.WHOLE SAMPLE WEIGHTS
% +#4 IN REDUCED SAMPLE X DRY WT. OF-1" IN BULK SAMPLE __,__j:Z_I_}
+ DRY WT. OF + 1" IN BULK SAMPLE 7Z8....7/!6_
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 937._//_.

MOISTURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT _ _L--
DRY WEIGHT 771#" =, J'_ Y •

WT. OF WATER _'3.7 s _.S____
% MOISTURE _ _ //. _' elo

COBBLES TO, FINES RATIO
TOTAL DRY WEIGHT OF + #4 L_)37._/.Ib_
TOTAL SAMPLE WEIGHT //9_0/_J b',

% + #4 (COBBLES) 7EO- %

%,.#4 (FINES) ,2/.5" %



.CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: /_26 DATE TESTED: /Z,'6"9,_ ......

DEPTH: _,O'- _.5"" TECHNICIAN: .- ....

CHECKED BY: (_./._

BULK SAMPLE WEIGHTS
+ 1" WET WEIGHT ._TS._,,,l_s -1" WET WEIGHT _2f._Y3 l_s
% MOIST /.0" % % MOIST _. _/ -q/.

DRY WEIGHT _l_'_ DRY WEIGHT d'_. _ 7 I_,

TOTAL SAMPLE WEIGHT ./Zb-_,5_/_5

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT _Z__/_L, tb_ -#4 WET WEIGHT __K2._0 I_
% MOIST /,5" ?. % MOIST _,D 9_
DRY WEIGHT l#._/f/ II_ DRY WEIGHT _'0. _7 I_

REDUCED SAMPLE WEIGHT _5"_.9//Js. 1
% + #4 IN REDUCED SAMPLE ______%
%-#4 IN REDUCED SAMPLE . 73.7 =to

CONVERSION OFREDU(_ED SAMPLE PERCENTAGES.TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE /_'_. 35" I#_
+ DRY WT. OF + 1" IN BULK SAMPLE ./=(=_.(,?' iI, s
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE _'ZO 02/_,.

MOISTURE CORRECTION_
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT _ __fZ/_
DRY WEIGHT _ crz,f,_ / _
WT. OF WATER 3Z.9 _ 31,6
% MOISTURE _.¥ ._ _¢} _/c

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 Z_I _S
TOTAL SAMPLE WEIGHT IZ,5",#,_'/ [ I_'_

% + #4 (COBBLES) . %

%-#4 (FINES)



0

CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: ._ _'Z7 DATE TESTED: t2=-3°93

DEPTH: ,_.5 _//._" TECHNICIAN" /I_//,_ =,-_J_,_,_3_ .

CHECKEDBY:
BULK SAMPLE WEIGHTS

+ 1" WET WEIGHT _1o5 -1" WET WEIGHT 3/_._=_ I/o2
% MOIST /, 5" °/o % MOIST __/___/o
DRY WEIGHT ,,_8ZD5"1105 DRY WEIGHT 2_Z_.._'I_s

TOTAL SAMPLE WEIGHT __S.

R,E,.DUCE,DSAMPLE WEIGHT_ (-1" FRACTION)
+#4 WET WEIGHT 2/._ I_ -#4 WET WEIGHT 37./_ (Io2
% MOIST _.Z_-___ % MOIST II, D ,,,_/o
DRY WEIGHT 2/,_ tl_ DRY WEIGHT 33 "/2- I_s

REDUCED SAMPLE WEIGHT 5_. ?Y//_,

% + #4 IN REDUCED SAMPLE 38.9 _/_
%-#4 IN REDUCED SAMPLE 61./ %

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE //Z.O/ ....]to._
+ DRY WT. OF + 1" IN BULK SAMPLE ______jl05
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE _99.0(o/_=

k_OISTURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT _ b_'_.B!
DRY WEIGHT _J_.,3"'_
wT OFWATER 6 J.
% MOISTURE //.8 °_o //,/.) _'/_p.

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 9_.o6 II05

TOTAL SAMPLE WEIGHT //75_._0{_ 5

% + #4 (COBBLES) _,0%

%-#4 (FINES) /&T.d %



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: ,_8 DATE TESTED: ,2-3"9_
// /7..._"

DEPTH' _ _Q0' - '¢ 5"" TECHNICIAN: [_/)__[_ .........

CHECKED BY: . _;_,¢, ...._ .....

BULK SAMPLE WEIGHTS
+ 1" WET WEIGHT . c)38,*/711o5 -1" WET WEIGHT . ./#Z _ 11o5
% MOIST .. /,_' _/o % MOIST 2/.3" "_/o
DRY WEIGHT 9t'/'. _;0 II_s DRY WEIGHT /3'Z. 7? Ilos

TOTAL SAMPLE WEIGHT .tJEZ 59 I_.

REDUCED SAMPLEWEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT /3.87' llo_ -#4 WET WEIGHT 1-/I.77 Ibs
% MOIST /,_" "/, % MOIST 9.5" %
DRY WEIGHT _1_o_ DRY WEIGHT e'¥._?t, Ibs

REDUCED SAMPLE WEIGHT 58.21/_,

% + #4 IN REDUCED SAMPLE . 28.5- _/o
%-#4 IN REDUCED SAMPLE 7"6,5"_'/o

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF-1" IN BULK SAMPLE ..,TI.2/ ..llos
+ DRY WT. OF + 1" IN BULK SAMPLE =2Z..'f_2 Ib$
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 9d'_.,_//_.

MOISTURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT 87_,5" f /_._=¢_.CE._jL.
DRY WEIGHT _ _',1_.7 q,
WT. OF WATER /5"3.3 __ _¢./t
% MOISTURE Z/._'_o _._*-"_/o

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 .. _0-_.8/_145
TOTAL SAMPLE WEIGHT /05-7,39 11o3

% + #4 (COBBLES) 90.

%-#4 (FINES) 0.6 %



_ I _ I

CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: #30 DATE TESTED: /2-_ _J ,
// // ,f,,._f

DEPTH: z/_-; ?,_' .......... TECHNICIAN: ////Lu___ J_///_,_ _/ ......

CHECKED BY: , "_ _/'._'

BULK SAMPLE WEIGHTS
+ 1" WET WEIGHT _l_._._l_s -1 " WET WEIGHT ,_=_.__._.t{_
% MOIST /,_" _/o % MOIST _ 4_,6 ...._o
DRY WEIGHT ,F_. 8,5" .Ibm, DRY WEIGHT ,_'7/.8.,',-...Ibm,

TOTAL SAMPLE WEIGHT /_=_

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT _/._'/ It,s -#4 WET WEIGHT _l_s
% MOIST . /.,5" q_ % MOIST _ _o
DRY WEIGHT ._..2.L._L_Ib_, DRY WEIGHT 29._7 )/_

REDUCED SAMPLE WEIGHT ,._.5"6/6=.

% + #4 IN REDUCED SAMPLE z-//, 7 .?o
%-#4 IN REDUCED SAMPLE .. ..,_'_,,_ a/o

CONVEBSIQ_N_OFR_ED__U_ED_D_SA_M.PL_EPERCENTAGESTO WHOLE AMPLE I T
% +#4 IN REDUCED SAMPLE X DRY WT, OF -1" IN BULK SAMPLE _._lb_
+ DRY WT. OF + 1" IN BULK SAMPLE ,96/. ,_3" It_
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE /L::LTB.6//_,.

MOISTURE CORRECT!ONS_
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT (,_9_" e #25.9

DRY WEIGHT _ ,FDZ_"WT. OF WATER . 21.:P ,_
%MOISTURE _,6 _ _.B _o

COBBLES TO FINES R.A..T!O
TOTAL DRY WEIGHT OF + #4 ./___. 11_5
TOTAL SAMPLE WEIGHT _/353, 70 iI_f_

% + #4 (COBBLES) %

%-#4 (FINES) Z0.6 "1,,



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: 3]_'ROU_D _lr _c_.s,,r_#'31 DATE TESTED: t2_ 7- 9_-- //--fi . _/

CHECKED BY: ,:_--_ _-_/_/
[

.BULK SAMPLE WEIGHTS
+ 1" WET WEIGHT ...78{,._;)/I=. -1" WET WEIGHT ,f,'_"_.Dd'/b_
% MOIST /5"'fo % MOIST . /0,7 _1_
DRY WEIGHT ......;_7_.34 II_ DRY WEIGHT __41/#.9Zl Ib'_

TOTAL SAMPLE WEIGHT //#_; #s.

RED..UCED.SAMPLEWEIGHTS (- 1" FRACTION}
+#4 WET WEIGHT Do.51 II_ -#4 WET WEIGHT a?.9_- l_
% MOIST /.5" 9_ % MOIST _, //.Z t/o
DRY WEIGHT _ 20.ol _1_ DRY WEIGHT 3_.t_ II_',

REDUCED SAMPLE WEIGHT _-#.// 4,.

% + #4 IN REDUCED SAMPLE ___370 ..%
%-#4 IN REDUCED SAMPLE . <;;_,0 q_

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
%+#41NREDUCEDSAMPLEX DRYWT, OF-I"INBULK SAMPLE ,/_'2._ ib>
+ DRY WT. OF + 1" IN BULK SAMPLE 77f, 38 Ibm,
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 92_._# t=L

MOISTURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT _3<_,'/q _____
DRY WEIGHT _ _'_J_"L_
WT. OF WATER , _/_, ..f'/._
% MOISTURE , ./0.7 _o t/. ?--

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 _Z_,._¥ .l_s
TOTAL SAMPLE WEIGHT //a.,¢'.3(, 16_

% + #4 (COBBLES) 7B.Z %

%-#4 (FINES) z/.



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: _'G?2 DATE TESTED: /_'-_"95 .

/-
I

BULKSAMPLEWEIGHTS
+ 1" WETWEIGHT _lb5 -1" WETWEIGHT_lb_
% MOIST ...../,,.f" % % MOIST 3. 7 .....qo
DRY WEIGHT _._.___._..__lb_ DRY WEIGHT _ Ib5

TOTAL SAMPLE WEIGHT /37/. _Y/_

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT 3___.___T.___II_ -#4 WET WEIGHT =/z._LI_
% MOIST /._" % % MOIST 3.1 _%
DRY WEIGHT ___3____zJL_lb_ DRY WEIGHT ,Y/.3_ Ibm,

REDUCED SAMPLE WEIGHT 7#._.

% + #4 IN REDUCED SAMPLE '_L/.6 _=

%-#4 IN REDUCED SAMPLE .__._'_'_,,

CONVERSION OF REDUCED SAMPLE pERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE 2//. 77 I1_
+ DRY WT. OF + 1" IN BULK SAMPLE _'P6,'r_ I1_
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE //Z)8. 2b/_s.

MOISTURE CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT _#_".') f _'I.L¢"q
DRY WEIGHT _,yZ,,,¢' =,.... ,_N.Z"
WT. OF WATER _ _. lZ.3
% MOISTURE _. 3'.7' "re 3. / '7c

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 //_.20 ll_')
TOTAL SAMPLE WEIGHT /37Z Z_ IbS

% + #4 (COBBLES) 80., %

%-#4 (FINES) /7.2 %



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: ......;_3_ _: ... DATE TESTED: /2_2t'=/_ ....

DEPTH: .... 7. 0,_" 9.0" TECHNICIAN: , _ . .

CHECKED BY: _,_____. l_'_'_

BULK SAMPLE WEIGHTS
+ 1" WET WEIGHT ........Y2.,,-i'.Zh{k_ -1" WET WEIGHT z-./'!3..d8!1o5
% MOIST ..... /,3" % % MOIST ._.___._'/.
DRY WEIGHT J_j_los DRY WEIGHT 3"_, .5?--Ibs

TOTAL SAMPLE WEIGHT 12_'=)./_/_= .

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT _.2J J6 ll0s -#4 WET WEIGHT _4.0._? I_._
% MOIST ........./.#" % % MOIST _.? %
DRY WEIGHT j.L25".77 Ires DRY WEIGHT _/,_=/ ..liDs

REDUCED SAMPLE WEIGHT _ 7.0Z../_.

% + #4 IN REDUCED SAMPLE ._E/o
%-#4 IN REDUCED SAMPLE _'/'o

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF-1" IN BULK SAMPLE /,y'_,/2_lbs
+ DRY WT. OF + 1" IN BULK SAMPLE _lbs
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE _/DS"S,7_ ;_J.

M..OISTU.RE.CORRECTIONS
BULK SAMPLE-1" FRACTION REDUCED SAMPLE-#4

WET WEIGHT _'3_/¢ 5'Z_,Z •
DRY WEIGHT ,Vg/.//_ .. "t_/.,/;,_.
WT. OF WATER _/_O _ ....83.g
% MOISTURE 9,¢9 _7o _.9 _/0

COBBLES..TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 /____1o5
TOTAL SAMPLE WEIGHT /ZS_./=/' .liDs

% + #4 (COBBLES) 8/? %

%-#4 (FINES) /g, / %



APPENDIX E

LABORATORY RADIOLOGICAL TEST RESULTS



VENDOR LABORATORY RADIOLOGICAL
MEASUREMENTS: COMPOSITE SOIL SAMPLES >#4

MESH SIEVE
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ANALYTICAL REPORT PACKAGE

CASE NARRATIVE ................................. i

ANALYTICAL RESULTS ........................... R-I

QUALITY CONTROL REPORT ....................... Q-1

Meeting The Anah, tical Challenges Of A Changing World



FORINFORMATIONONLY

RRINGER LABORATORIES INC.
15000W. 6TH AVE.,SUITE 300 GOLDEN,CO 80401 (303) 277.1687 FAX(303)277-689

31 -Jan- 94

ATTN: Site Manager
MK- FERGUSON (Rif ie ) Page : i
P.O. Box 151 Copy: 1 ot 3
Rifle, CO 81650

Attn: Received: 21-Dec-93 11:38

Project: Rifle PO #: 3050-511-10740 #338

Job: 93935!E Status : Final

CASE NARRATIVE

A total of 23 Soil samples were received on 21-Dec-93. All were properly
preserved and in good condition. As stated in the chain of custody,
the samples were run for the following analyses: Ra-226 and Th-230.
Our procedures are summarized on the Quality Control Data Sheet. All
samples were extracted and analyzed within the proper holding times.

Quality control standards for organic and inorganic analyses followed
the appropriate SW-846 or EPA methodology. For radiochemistry, the
acceptance criteria for spikes and laboratory control standards is
fifteen percent, plus the counting error. Duplicates will pass if
the Replicate Error Ratio (RER) is 1.00 or less. The RER is defined
as follows:

RER = ABS(R2 - RI)
SQRT(ERRORI 2 + ERROR22 )

where: RI/R2 = original/duplicate sample result
ERRORI/ERROR2 = total 2 sigma uncertainty of RI/R2

All QC checks, including duplicates, spikes, and blanks, passed.

Signed: -___.2.c_.-7-.S..'4 A '\... lJ...........
Steven L. Sincoff, Ph._/
Director of Operations'/

_

Meeting The Analytical Challe.ges Of A Changing World



FORINFORMATIONONLYRRINGER LABORATORIES INC 31-Jan-94Page : R- 1

I 15000W.6THAVE.,SUITE300 GOLDEN,CO80401 (303)277-1687FAX(303)277-1689 Copy : 1 Of 3Status : Final

MK- FERGUSON (Rifle)

Analyte: Ra-226 Project: Rifle
Fraction: Total Date Analyzed: 01/25-01/31
Method: SM-705 LLD: 0.3

Units: pCi/g
Date

Lab Id Sampled Matrix sample Id Concentratione 2a
939351-1 30-Nov-93 Soil ._RFL-SS-2649-01-CTF 1.1±0.6 --

939351-2 6-Dec-93 Soil RFL-SS-2650-02-CTF 0.7±0.5 --

939351-3 7-Dec-93 Soil RFL-SS-2651-03-CTF 1.7±0.7 -

939351-4 7-Dec-93 Soil RFL-SS-2652-04-CTF 0.6±0.5 --

939351-5 7-Dec-93 Soil RFL-SS-2653-05-CTF 1.4±0.6 --

939351-6 30-Nov-93 Soil RFL-SS-2654-06-CTF 3.3±0.9--

939351-7 7-Dec-93 Soil RFL-SS-2655-07-CTF 2.0±0.7--

939351-8 7-Dec-93 Soil RFL-SS-2656-11-CTF 0.8±0.5

939351-9 6-Dec-93 Soil RFL-SS-2657-15-CTF 0.9±0.5-

939351-10 3-Dec-93 Soil RFL-SS-2658-19-CTF 0.8±0.5--

939351-11 2-Dec-93 Soil RFL-SS-2659-20-CTF 0.5±0.4--

939351-12 2-Dec-93 Soil RFL-SS-2660-21-CTF 1.6±0.7--

939351-13 10-Dec-93 Soil RFL-SS-2661-22-CTF 0.9±0.5 --

939351-14 2-Dec-93 Soil RFL-SS-2662-24-CTF 0.9±0.5--

939351-15 l-Dec-93 Soil RFL-SS-2663-25-CTF 0.8±0.5--
939351-16 6-Dec-93 Soil RFL-SS-2664-26-CTF 0.7±0.5--

939351-17 6-Dec-93 Soil RFL-SS-2665-27-CTF 0.8±0.5

939351-18 3-Dec-93 Soil RFL-SS-2666-28-CTF 0.8±0.5-
939351-19 3-Dec-93 Soil RFL-SS-2667-29-CTF 2.1±0.8--

939351-20 6-Dec-93 Soil RFL-SS-2668-30-CTF 1.2±0.6--

939351-21 7-Dec-93 Soil RFL-SS-2669-31-CTF 0.9±0.5--

939351-22 9-Dec-93 Soil RFL-SS-2670-32-CTF 1.8±0.7--

939351-23 9-Dec-93 Soil RFL-SS-2671-33-CTF 1.6±0.7_

Meeting The Analytical Challenges Of A Changing Worm
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FORINFORMATIONONLY

RRINGER LABORATORIES INC. 31- an-94Page : R- 2

r 5000w. 6THAVE.,SUITE300 GOLDEN,CO80401 (303)277.1687 AX(303)277-1689 Copy : 1 Of 3
Status : Final

MK- FERGUSON (RI fle)

Analyte: Th-230 ProJectz Rifle
Fractionz Total Date Analyzed: 01/20-01/26
Method: USAEC LLD: 0.4

Unit.: pCi/g
Date

Lab Id Sampled Matrix, s_mpl_ Id Concentration± 2a
939351-1 30-Nov-93 Soil RFL-SS-2649-01-CTF 1.1±0.4.--

939351-2 6-Dec-93 Soil RFL-SS-2650-02-CTF 0.9±0.4--

939351-3 7-Dec-93 Soil RFL-SS-2651-03-CTF 0.5±0.3--

939351-4 7-Dec-93 Soil RFL-SS-2652-04-CTF 0.7±0.3--

939351-5 7-Dec-93 Soil RFL-SS-2653-05-CTF 0.3±0.2-

939351-6 30-Nov-93 Soil RFL-SS-2654-06-CTF 1.6±0.5--

939351-7 7-Dec-93 Soil RFL-SS-2655-07-CTF 1.7±0.5

939351-8 7-Dec-93 Soil RFL-SS-2656-11-CTF 0.4±0.3

939351-9 6-Dec-93 Soil RFL-SS-2657-15-CTF 0.8±0.4

939351-10 3-Dec-93 Soil RFL-SS-2658-19-CTF 0.7±0.3 --

939351-11 2-Dec-93 Soil RFL-SS-2659-20-CTF 0.8±0.4--

939351-12 2-Dec-93 Soil RFL-SS-2660-21-CTF 1.2±0.4--

939351-13 10-Dec-93 Soil RFL-SS-2661-22-CTF 0.9±0.4_

939351-14 2-Dec-93 Soil RFL-SS-2662-24-CTF 0.7±0.4--

939351-15 l-Dec-93 Soil RFL-SS-2663-25-CTF 1.3±0.5

939351-16 6-Dec-93 Soil RFL-SS-2664-26-CTF 0.5±0.3--

939351-17 6-Dec-93 Soil RFL-SS-2665-27-CTF 0.8±0.4--

939351-18 3-Dec-93 Soil RFL-SS-2666-28-CTF 0.5±0.3-

939351-19 3-Dec-93 Soil RFL-SS-2667-29-CTF 2.3±0.6--

939351-20 6-Dec-93 Soil RFL-SS-2668-30-CTF 0.6±0.4_

939351-21 7-Dec-93 Soil RFL-SS-2669-31-CTF 0.7±0.4--

939351-22 9-Dec-93 Soil RFL-SS-2670-32-CTF 1.1±0.4 -

939351-23 9-Dec-93 Soil RFL-SS-2671-33-CTF 0.5±0.3-

Meeting The AnaA'tical Challenges Of A Changing World



FORINFORMATIONONLY

BARRINGER LABORATORIES INC 31-Jan- 94
Page : Q- 1

15000 W. 61"HAVE., SUITE 300 GOLDEN, CO 80401 (303) 277.1687 FAX (303) 277-1689 Copy : 1 of 3
Status : Final

MK- FERGUSON (Rifl6)

QUALITY CONTROL REPORT

Ra-226 Th-230
Total Total

Sample Id pCi/g _ 2G pCi/g _ 2G
Duplicate 3.8 +I.0 0.7 ±0.4
Duplicate 4.2 ±i.0 0.4 ±0.3
RER 0.18 0.46
Std (found value) 80 ±6 I01 +7
Std (true value) 99 97
Std % rec. 81 104
Blank 0.0 ±0.i 0.0 +0.I

Spike % rec. 96 77

Meeting The Analytical Challenges Of A Changing Worm



FORINFORMATIONONLY

BARRINGER LABORATORIES INC.
15000W. 6THAVE.,SUITE 300 GOLDEN,CO 80401 (303) 277-1687 FAX(303)2'77-1889

31 -Jan- 94
ATTN: Site Manager
MK- FERGUSON (Rifle) Page: Q-2
P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650

Attn: Received: 21-Dec-93 11:38

Project: Rifle PO #: 3050-511-10740 #338

Job: 939351E ........ Status: Final

Abbreviations:

Parameters :
Ra-226 : Radium-226
Th-230 : Thorium-230

Units :

pCi/g : picoCuries per gram

Meeting The Analytical Challenges Of A Changing World



FORINFORMATIONONLY

RRINGER LABORATORIES INC

r 15000w. 6TH AVE.,SUITE 300 GOLDEN,CO 80401 (303) 277.1687 FAX(303)277.1689 31-Jan-94

ATTN: Site Manager
MK- FERGUSON (Rifle) Page: Q-3
P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650

Attn: Received: 21-Dec-93 11:38

Project: Rifle PO #: 3050-511-10740 #338

Job: 939351E Status: Final

QUALITY CONTROL DATA SHEET

Received by: rc Via: Client

Sample Container Type: 5gal bucket
Additional Lab Preparation: None

Analysis
Parameter Method Preservative Analyst Dates

Ra-226 SM-705 None Lowrey 01/25-01/31
Th-230 USAEC None Kyle 01/20-01/261

Meeting The Analytical Challenges Of A Changing World
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FORINFORMATIONONLY

RRINGER LABORATORIES INC.

15000W. 61"HAVE.,SUITE300 GOLDEN,CO 80401 (303) 277-1687 FAX(303) 277-1689
31 -Jan- 94

ATTN: Site Manager
MK- FERGUSON (Rifle) Page: Q-4
P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650

Attn: Received: 21-Dec-93 11:38

Project: Rifle P• #: 3050-511-10740 #338

Job: 939351E Status: Final

Radiochemistry Manager

Barringer Laboratories, Inc. will return or dispose of your samples
30 days from the date your final report is mailed, unless otherwise
specified by contract. Barringer Laboratories, Inc. reserves the right
to return samples prior to the 30 days if radioactive levels exceed
our license•

cc: Helene Langlois, MK-FERGUSON (Rifle)

Meeting The Analytical Challenges Of A Changing World



.,_ r_I._-FERGUSONCOMPANY @ CWM Federal EnvironmentalServices, Inc.,._om=ON,,uo=D,co,,A,Y ONLY ('z'.$5(
' RIZATIONFORM " .-LABORATORY SERVICES AUTHO FORINFORMAT!QN_

_\_ Page ._J__ of .._

Requisitioner Date :::..,., .-,,. : ,,. ,,;..;.' ,,

Rifle_ CO 3050-511-In7An R-eauestNo I_:::_r'_, ._ts;:.;;':r_:::_."_tces_.:__
Locati on .... P.O. Number _ " [Refer_..e !:LPO.::and:R_est;iNOs

=

tEe of Sample" Water _ Soil EnvironmentalAir Sample
-- Occupational Air Sample Vegetation

Th-230 Nat U. Gross Al_
_pe of Analysis" _ Ra-226 Y, ......- - Gross Be-ta Solubility

Other (Specify under special instructions)

ecial Instructions/Comments"

DATE

I.D.NO COLLECTED VOL DESCRIPTION

c .%_- - - _
_.-_%- • . _

. - .,, .
"_- ¢3%- " " _ _ • _, _.

CHAIN-OF-CUSTODY

Date/Time

070o)ate/Time

_re) * Date/Timeleceived :at0 e g •at.J.ab by !Lab Bepres.ent - .2./ _

• ' r contract will be attached __

I _ _ ..........

:chnical Review: Date'

ipto: Approved Vendor Copyto" HPPManager
For Radioanalytical Services

F2-RP-O06-4ICN-01
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]AN-05-i994 lq':16 F_OM TO BARRINGER LABS P.02
Q •

I

" ENGINEERS _-_ "AND

CONSTRUCTORS t_,_,,a4,,_, 9 '
,MK.FERGUSONCOMPANY FOR INFORMATIONONLY clqA MOfI_II_N KNI, IOQIN ¢OMN, ICV

M{A30.k_.=S.C_FCE (_

OP_I II!_E,AEw PLAZA

GLE'v_.Ar,D.OM'C_,S._44'_,0
P.4ONE ,;;'6) .*]3-.t_'-,RL£ x t,1S_42 m.lPi, v "O. MK.PIPQt._i_N '-'CMI_,_,YREME_A_. AC'rlC.NS

OONllnl,_¢l_,. m.L:lVrllIa P;mCJ;C"
=0.Ik_xe_30
A.B;_Cujw.RC}UE, NEV_ M,_<!C_ ..;_.,t,. t1,_1"_)

January 5, 1994

]_minger Labo_tories
15000 West 6th Avenue, Suite300
Golden,Colorado80401
Attn:JuneBrennan

Subject: Job No_ Rifle Site

Dear Ms. Brennan:

As per discussions todaywith JimTurner, BarringerLaboratoriesis authorizedto subcontract
sample prepaxarionwork for samples containinglarge stone and cobbles for the subjectJ'ob

: Number.

Plca_ contact]'iraTurnerat (505) 845.5868, if youhaveanyquesdons.

Sincerely,

MK-Ferguson Company

Don L. Blasdel
Procurement Manager

DI._/]'BT/jmg
Fa: "'_ 9 z./-3-_'

...................
Deiivereo_o u

=l_l_P__. t, _---'moB_ m¢'

o_IO XsoI.1.94 ¢_ju_I
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BARRINGER LABORATORIES INC
15000W, 61"HAVE,,SUITE 300 GOLDEN,CO 80401 (303) 277-1687 FAX(303) 277-1689

9-Mar-94

ATTN: Site Manager
MK- FERGUSON (Rifle)
P.O. Box 151

Rifle, CO 81650

Attn: Received: 28-Feb-94 09:20

Project: Rifle PO #: 3050-511-10740 #356

JQb" 94_417E 8_at_s; F_nal

ANALYTICAL REPORT PACKAGE

CASE NARRATIVE ................................. i

ANALYTICAL RESULTS ........................... R-I

QUALITY CONTROL REPORT ....................... Q-I

_._.,p._., __"_1

_

ii,

"- --'_

-I , I I_I'¢II

bfppti,,o Thp Analvti:'al Chall_,,,f,e_ ()f A Chanpinp WoHd
_.



FOR NFORMATIONONLY

BARRINGER LABORATORIES INC.
15000W.6THAVE.,SUITE300 GOLDEN,CO80401 (303)277-1687FAX(303)277-1689

9-Mar-94

ATTN: Site Manager

MK-FERGUSON (Rifle) Page : i

P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650

Attn: Received: 28-Feb-94 09:20

Project: Rifle PO #: 3050-511-10740 #356

Job: 941417E Status: Final

CASE NARRATIVE

A total of 22 Soil samples were received on 28-Feb-94. All were properly

preserved and in good condition. As stated in the chain of custody,

the samples were run for the following analyses: Ra-226 and Th-230.

Our procedures are summarized on the Quality Control Data Sheet. All

samples were extracted and analyzed within the proper holding times.

Quality control standards for organic and inorganic annlyses followed

the appropriate SW-846 or EPA methodology. For radiochemistry, the

acceptance criteria for spikes and laboratory control standards is

fifteen percent, plus the counting error. Duplicates will pass if

the Replicate Error Ratio (RER) is 1.00 or less. The RER is defined
as follows:

RER = ABS (R2 - RI)

SQRT(ERRORI 2 + ERROR22)

where: RI/R2 = original/duplicate sample result

ERRORI/ERROR2 = total 2 sigma uncertainty of RI/R2

All QC checks, including duplicates, spikes, and blanks, passed.

Signed:

Steven L. Sincoff,

Director of Operations



FORINFORt ,'IATION v

9-Mar- 94

RRINGER LABORATORIES INC Page: R-1

I 15000 W. 6'1"HAVE,, SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Copy : 1 of 3Status : Final

MK- FERGUSON (Rifle)

Analyte: Ra-226 Project: Rifle

Fraction: Total Date Analyzed: 03/04-03/08
Method: SM-705 LLD: 0.3

Units: pCi/g
Date

Lab Id Sampled Matrix Sample Id Concentration± 2a
941417-1 6-Dec-93 Soil RFL-SS-2596-TP-I-CTF 4.6±1.1

941417-2 6-Dec-93 Soil RFL-SS-2598-TP-2-CTF 1.7±0.7

941417-3 7-Dec-93 Soil .RFL-SS-2600-TP-3-CTF 1.9±0.7
941417-4 7-Dec-93 Soil RFL-SS-2602-TP-4-CTF 7.4±1.4

941417-5 7-Dec-93 Soil RFL-SS-2604-TP-5-CTF 2.5±0.8

941417-6 7-Dec-93 Soil RFL-SS-2606-TP-7-CTF 220±10

941417-7 7-Dec-93 Soil RFL-SS-2608-TP-II-CTF 4.2±1.1

941417-8 6-Dec-93 Soil RFL-SS-2610-TP-15-CTF 6.3±1.4

941417-9 2-Dec-93 Soil RFL-SS-2612-TP-19-CTF 6.5±1.3

941417-10 2-Dec-93 Soil RFL-SS-2614-TP-20-CTF 8.6±1.5

941417-11 6-Dec-93 Soil RFL-SS-2616-TP-21-CTF 32±3

941417-12 6-Dec-93 Soil RFL-SS-2618-TP-22-CTF 2.4±0.8

941417-13 l-Dec-93 Soil RFL-SS-2620-TP-24-CTF 2.6±0.8

941417--14 l-Dec-93 Soil RFL-SS-2622-TP-25-CTF 5.4±1.2

941417-15 6-Dec-93 Soil RFL-SS-2624-TP-26-CTF 1.9±0.7

941417-16 3-Dec-93 Soil RFL-SS-2626-TP-27-CTF 3.2±0.9

941417-17 9-Dec-93 Soil RFL-SS-2628-TP-28-CTF 4.2±1.0

941417-18 6-Dec-93 Soil RFL-SS-2630-TP-29-CTF II0±I0

941417-19 6-Dec-93 Soil RFL-SS-2632-TP-30-CTF 3.0±0.9

941417-20 9-Dec-93 Soil RFL-SS-2634-TP-32-CTF 1.7±0.7

941417-21 9-Dec-93 Soil RFL-SS-2636-TP-33-CTF 1,,6±0.7

941417-22 7-Dec-93 Soil RFL-SS-2638-TP-BKG-CTF 1.8±0.8



FORINFOR   ATIONONLY

BARRINGER LABORATORIES INC 9-Mar-94
Page : R- 2

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Copy : 1 of 3
Status : Final

MK- FERGUSON (Rifle)

Analyte: Th-230 Project: Rifle

Fraction: Total Date Analyzed: 03/03-03/08
Method: USAEC LLD: 0.4

Units: pCi/g
Date

Lab Id Sampled Matrix Sample Id Concentration± 2e
941417-1 6-Dec-93 Soil RFL-SS-2596-TP-1-CTF 3.1±0.7

941417-2 6-Dec-93 Soil RFL-SS-2598-TP-2-CTF 2.3±0.6

941417-3 7-Dec-93 Soil RFL-SS-2600-TP-3-CTF 5.7±1.0

941417-4 7-Dec-93 Soil RFL-SS-2602-TP-4-CTF 6.6±1.0

941417-5 7-Dec-93 Soil RFL-SS-2604-TP-5-CTF 2.3±0.6

941417-6 7-Dec-93 Soil RFL-SS-2606-TP-7-CTF 120±4

941417-7 7-Dec-93 Soil RFL-SS-2608-TP-11-CTF 8.9±1.2

941417-8 6-Dec-93 Soil RFL-SS-2610-TP-15-CTF 13±1

941417-9 2-Dec-93 Soil RFL-SS-2612-TP-19-CTF 16±2

941417-10 2-Dec-93 Soil RFL-SS-2614-TP-20-CTF 17±2

941417-11 6-Dec-93 Soil RFL-SS-2616-TP-21-CTF 55±3

941417-12 6-Dec-93 Soil RFL-SS-2618-TP-22-CTF 2.5±0.6

941417-13 l-Dec-93 Soil RFL-SS-2620-TP-24-CTF 3.6±0.8

941417-14 l-Dec-93 Soil RFL-SS-2622-TP-25-CTF 4.1±0.8

941417-15 6-Dec-93 Soil RFL-SS-2624-TP-26-CTF 1.4±0.5

941417-16 3-Dec-93 Soil RFL-SS-2626-TP-27-CTF 1.4±0.5

941417-17 9-Dec-93 Soil RFL-SS-2628-TP-28-CTF II±I

941417-18 6-Dec-93 Soil RFL-SS-2630-TP-29-CTF 230±10

941417-19 6-Dec-93 Soil RFL-SS-2632-TP-30-CTF 6.9±1.0

941417-20 9-Dec-93 Soil RFL-SS-2634-TP-32-CTF 0.9±0.4

941417-21 9-Dec-93 Soil RFL-SS-2636-TP-33-CTF 1.3±0.5

941417-22 7-Dec-93 Soil RFL-SS-2638-TP-BKG-CTF 2.2±0.6

Meeting The Analytical Challenges Of A Changing Worm



" FORiNFORMATiONONLY

BARRINGER LABORATORIES INC 9-Mar-94
Page : Q- 1

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1887 FAX (303) 277-1889 Copy: 1 of 3
Status : Final

MK- FERGUSON (Rifle)

QUALITY CONTROL REPORT

Ra-226 Th-230
Total Total

sample Id pCi/g • 2a DCi/u + 2_
Duplicate 0.0 +0.2 16 +2
Duplicate 0.3 +0.4 16 +2
RER 0.58 0.00
Std (found value) 91 +6 311 +12
Std (true value) 99 305
Std % rec. 91 102
Blank 0.0 _0.i 0.2 ±0.2

Spike % rec. 92 94

Meeting The Analytical Challenges Of A Changing Worm



| i

FORINFOR,k,IATIONONLY

RRINGER LABORATORIES INC.
I 15000W. 6THAVE.,SUITE 300 GOLDEN,CO80401 (303) 277-1687 FAX(303) 277-1689 9-Mar-94

ATTN: Site Manager

MK-FERGUSON (Rifle) Page : Q-2
P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650

Attn: Received: 28-Feb-94 09:20
Project: Rifle PO #: 3050-511-10740 #356

Job: 941417E Status: Final

Abbreyiati0ns:

Parameters:
Ra-226 : Radium-226
Th-230 : Thorium-230

Units:

pCi/g : picoCuries per gram

Meeting The Analytical Challenges Of A Changing World



RRINGER LABORATORIES INC. ONL
15000W. 6THAVE.,SUITE 300 GOLDEN,CO 80401 (303) 277-1687 FAX(303)277-1689 9-Mar- 94

ATTN: Site Manager
MK-FERGUSON (Rifle) Page : Q-3
P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650

Attn: Received: 28-Feb-94 09:20
Project: Rifle PO #: 3050-511-10740 #356

Job: 941417E Status: Final

QUALITY CONTROL DATA SHEET

Received by: rc Via: UPS

Sample Container Type: 500g can
Additional Lab Preparation: i00 mesh

Analysis
Parameter Method Preservative Analyst Dates

Ra-226 SM-705 None Lowrey 03/04-03/08)
Th-230 USAEC None Melcher 03/03-03/081

Meeting The Analytical Challenges Of A Changing Worm
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BARRINGER LABORATORIES ING.Oa N Oa  'r ON
15000W. 6TH AVE.,SUITE 300 GOLDEN,CO 80401 (303)277-1887 FAX(303) 277-1689

9-Maz'- 94
ATTN: Site Manager
MK-FERGUSON (Rifle) Page : Q-4
P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650

Attn: Received: 28-Feb-94 09:20

Project: Rifle PO #: 3050-511-10740 #356

Job: 941417E Stat_s: Final

Signed :
• , • • • • • • • • • • • • , ,' • •

Radiochemlstry Manager

Barringer Laboratories, Inc. will return or dispose of your samples
30 days from the date your final report is mailed, unless otherwise
specified by contract. Barringer Laboratories, Inc. reserves the right
to return samples prior to the 30 days if radioactive levels exceed
our license•

cc: Helene Langlois, MK-FERGUSON (Rifle)

Meeting The Analytical Challenges Of A Changing World



_ MK4=ERGUSONCOMPANY |)JD CWM FederalEnvironmentalServices,Inc.^.o.=o._._°,=_°"'" _ _",.//,-(IT
• LABORATORYSERVICESAUTHORIZATIONFORM

_&

,fle;, CO 3050-5] ]-I0740 _.(P i_i_ii;,:_:_!!_no,T,o,i:_,o,,Y= :,:
Location - P 0 Number Request No. I_i;:repoP.ts;;:::ilnd-:fnv°lces:must

_eof.sample: Water _ Soil EnvironmentalAir Sample
OccupationalAir Sample ....... Vegetation

,eof Analysis: /Ra-226 _Th-230 Nat U. GrossAlph_
GrossBeta Solubility
Other(Specifyunderspecialinstructions)

.cialInstructions/Comments: _;_,'__ _ ,,_,,_4__



(_) _MK-FERGUSON COMPANY CWM Federal Environmental Services, Inc.
A MORlUION MA,'OIEN COMPANY

• _/q_
• LABORATORY SERVICES AUTHORIZATION FORM

(CONTINUATION PAGE)

FOR I_'cO'_'_'tON O_L'_ Page ..._--of_
3o5o-511-10740

p.o. Number/Request Nul
ii i
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F2-RP-O06-4 (continuation)
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VENDOR LABORATORY TH-230 MEASUREMENTS OF
1-FT DEPTH INCREMENT SOIL SAMPLES <#4 MESH



RRINGER LABORATORIES INC

151_X)W. _'H AVE., SUITE 300 GOLDEN, CO 80401 1303) 277-1687 FAX 13031277-1689

ATTN: Site Manager _ 1-Feb-94
MK-FERGUSON (Rifle)_ '_._ _ _k.

_.o. _oxisi # ..- ;._
Rifle, CO 81650 : "-V$,o_ ,_ FOR INFORMATION ONLV

Attn. i R';/;'O_''_0_" J Received: 30-Dec-93 09:30

• X_ ' t/("& j/Project: Rifle I"_";'_ii.;'_"",., PO #: 3050-511-i0740 #341
JQ_: 939420E : ' __ , , Status; Fina_

ANALYTICAL REPORT PACKAGE

CASE NARRATIVE ................................. i

ANALYTICAL RESULTS ........................... R- 1

QUALITY CONTROL REPORT ....................... Q- 1

Meeting The Analytical Challenges Of A Changing World



I

RRINGER LABORATORIES INC.

150_W.6"rHAVE.,SUITE300 GOLDEN,CO80401(303)277.1681FAX(303)277.1689 1 -Feb- 94

ATTN: Site Manager
MK-FERGUSON (Rifle) FOR I!4FORMATIONONLY Page: i
P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650

Attn: Received: 30-Dec-93 09:30

Project: Rifle PO #: 3050-511-10740 #341

Job: 939420E S_atus : Final
f

CASE NARRATIVE

A total of 30 Soil samples were received on 30-Dec-93. All were properly

preserved and in good condition. As stated in the chain of custody,
the samples were run for the following analysis: Th-230. Our procedures
are summarized on the Quality Control Data Sheet. All samples were
extracted and analyzed within the proper holding times.

Quality control standards for organic and inorganic analyses followed
the appropriate SW-846 or EPA methodology. For radiochemistry, the
acceptance criteria for spikes and laboratory control standards is
fifteen percent, plus the counting error. Duplicates will pass if
the Replicate Error Ratio (RER) is 1.00 or less. The RER is defined
as follows:

RER = ABS(R2 - RI)
SQRT(ERRORI _ + ERROR22)

where: RI/R2 = original/duplicate sample result
ERRORI/ERROR2 = total 2 sigma uncertainty of RI/R2

All QC checks, including duplicates, spikes, and blanks, passed.

S igne d: Si ___70!_ i_oP_7 _

Meeti.g The Analytical Challenges Of A Changi.g World



1 -Feb- 94
RRINGER LABORATORIES INC Page: R-I

15000 W. 6'1"HAVE.,SUITE300 GOLDEN,CO 80401 (303) 277-1687 FAX(303) 277-1689 Copy : 1 of 3Status : Final

MK- FERGUBON (Rifle)

FORINFORMATIONONLY

Analytez Th-230 Projects R:l.fle
Fraotions Total Date Analyzedz 01/28-01/02
Methodz USAEC LLDz 0.4
Unitsz pCi/g

Date

Lab Id ,, $_mple_ Matrix Sample Id ..........Concentration_ 2o .
939420-I l-Dec-93 Soil RFL-SS-2360 J 16+2
939420-2 l-Dec- 93 Soil RFL-SS-2354 J 2.7+0.7
939420-3 l-Dec-93 Soil RFL-SS-2312J 1.2+0.5
939420-4 l-Dec-93 Soil RFL-SS-2392J 1.9+0.6
939420-5 l-Dec-93 Soil RFL-SS-2419J 32+2
939420-6 l-Dec- 93 Soil RFL-SS-2402 / 40+2
939420-7 l-Dec-93 Soil RFL-SS-23314 15+2
939420-8 l-Dec-93 Soil RFL-SS-2345J. 7.3+1.1
939420-9 l-Dec-93 Soil RFL-SS-23885 1.9+0.6
939420-10 3-Dec-93 Soil RFL-SS-2464/ 9.3±1.2
939420-11 2-Dec- 93 Soil RFL-SS-2452 J 12±1
939420-12 2-Dec-93 Soil RFL-SS-2460_ 8.8+1.2
939420-13 2-Dec- 93 Soil RFL-SS-2437/ 1.2+0.5
939420-14 2-Dec-93 Soil RFL-SS-2494_ 1.0±0.4
939420-15 30-Nov- 93 Soil RFL-SS-2268,/ 32+2
939420-16 30-Nov-93 Soil RFL-SS-2247/ 3.8+0.8
939420-17 30-Nov-93 Soil RFL-SS-2258/ 0.9+0.4
939420-18 30-Nov- 93 Soil RFL-SS-2244 J I0+I
939420-19 30-Nov-93 Soil RFL-SS-2255J 4.5+0.9
939420-20 2-Dec-93 Soil RFL SS 2520,/ 4.1+0.8
939420-21 l-Dec- 93 Soil RFL-SS-2435/ 19+2
939420-22 l-Dec-93 Soil RFL SS-2361_ 5.7+0.9
939420-23 2-Dec-93 Soil RFL SS-2542_ 1.8±0.5
939420-24 2-Dec- 93 Soil RFL-SS-2440J 7.7+1.1
939420-25 2-Dec-93 Soil RFL SS-2544J 4.2+0.8
939420-26 30-Nov-93 Soil RFL SS-2310_ 1.6+0.5
939420-27 30-Nov-93 Soil RFL SS-2296/ 1.2±0.5
939420-28 l-Dec-93 Soil RFL SS-2325J 8.1+1.1
939420-29 l-Dec- 93 Soil RFL-SS-2369J 12+1
939420-30 l-Dec-93 Soil RFL-SS-2318_ 5.2+0.9

Meeting The Analytical Challenges Of A Changi.g World



1 -Feb- 94

RRINGER LABORATORIES INC Page: Q-I

I 15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Copy : 1 of 3
Status : Final

MK- FERGUSON (Rifle)

QUALITY CONTROL REPORT

Th-230

Total FORINFOR,IATIC"'_'"

.....sample Id pCi/u _ 2a ........

Duplicate 5.2 ±0.9

Duplicate 4.6 ±0.9
RER 0.24

Std (found value) 292 ±12

Std (true value) 305

Std % rec. 96

Blank 0.i ±0.2

Spike % rec. I01

Meeting The Analytical Challenges Of A Changing World



BARRINGER LABORATORIES INC
15000W. 6'rHAVE.,SUITE 300 GOLDEN,CO80401 (303) 277.1687 FAX(303)277.1689

1- Feb- 94

ATTN: Site Manager
MK-FERGUSON (Rifle) Page : Q-2

P.O. Box 151 FOR INFORMATION ONLY copy: 1 of 3
Rifle, CO 81650

Attn: Received: 30-Dec-93 09:30

Project: Rifle PO #: 3050-511-10740 #341

Job: 939420E • Status : Final

Abbrevi a tions :

Parameters :
Th-230 : Thorium-230

Units :

pCi/g : picoCuries per gram

Meeting The Analytical Challenges Of A Changing World



BARRINGER LABORATORIES INC.
15000W. 6THAVE.,SUITE 300 GOLDEN,CO 80401 (303) 277.1687 FAX(303) 277.1689

1 -Feb- 94

ATTN: Site Manager
MK- FERGUSON (Rifle) Page: Q-3
P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650 FOR INFORMATIONONLY

Attn: Received: 30-Dec-93 09:30

Project: Rifle PO #: 3050-511-10740 #341

Job: 939420E QUALITY CONTROL REPORT Status: Final

QUALITY CONTROL DATA SHEET

Received by: rc Via: UPS

Sample Container Type: 500g can
Additional Lab Preparation: I00 mesh

Analysis
Parameter Method Preservative Analyst Dates

Th-230 USAEC None Ortiz 01/28-02/01

Meeting The Analytical Challenges Of A Changing WoHd



MK-FERGUSON COMPANY CWM F, "_ralEnvironmental Services, Inc.A MORNSON KNUDSEN COMPANY

LABORATORY SERVICES AUTHORIZATION FORM

d-=,w-!_m[q_ Page .._L../ of
Robert _n_l ....... ]Z /, 2 ? / =)3 _ _:_i_i;i!y:%!_i_Liii_ii;_ii_i_;i_!_.S_i_!!i!!;ii_ii!!_i_iii/;_J_i_i!;!:i_i_ii;_`iii!;iiii!i_;i_;_i;_`!/_i_!i;_!!!_i_;i._%i_.!i_!_
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R,ifle, CO 3050-511- 10740 _)C/'l !ii;!i!!;;;;;i;;i;/i!!i/_l'iOli;i;!:_?oRy::_;;!L;
Location P 0 Number Request No :l_L[;!-re_.Ytlll;_;/::i_lr;fn_|C_:::i;:mu:

" " " leferer_ei!_;;!PO,.ahd Re_est Nos

FORINFORMATIONONLY

ype of Sample: Water ,/_'___ Soil EnvironmentalAir Sample
Occupational Air Sample Vegetation

Ype of Analysis" Ra-226 " X Th-230 - Nat U. Gross Al_
Gross Beta Solubility
Other (Specify under special instructions)

;pecialInstructions/Comments:.........



MK-PERGUSON |_JP CWM FederalEnvironmental Services, Inc.
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I I

RRINGER I,ABORA
9-Mar-94

ATTN: Site Manager _ii_ _'" j/
MK- FERGUSON (Rifle) k. UA_T;$__ ,

P:O. Box 151 ,_, hi'_
Rifle, CO 81650 __

Attn: Received: 15-Feb-94 09:30
Project: Rifle PO #: 3050-511-10740 #353

Job: 941337E Status: Final

ANALYTICAL REPORT PACKAGE

CASE NARRATIVE ................................. i

ANALYTICAL RESULTS ........................... R-I

QUALITY CONTROL REPORT ....................... Q-I

_..-L "'_........;t.... i-.-_
1:.................,....._....

Meetin.e The Anal},tical Challenges O[A Changing World



BARRINGER LABORATORIES
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277.1687 FAX (303) 277-1689

9-Mar-94
ATTN: Site Manager

MK-FERGUSON (Rifle) Page : i
P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650

Attn: Received: 15-Feb-94 09:30
• Project: Rifle PO #: 3050-511-10740 #353

Job: 941337E Status; Fin_l

CASE NARRATIVE

-.

A total of 5 Soil samples were received on 15-Feb-94. All were properly
preserved and in good condition. As stated in the chain of custody,
the samples were run for the following analysis: Th-230. Our procedures
are summarized on the Quality Control Data Sheet. All samples were
extracted and analyzed within the proper holding times.

Quality control standards for organic and inorganic analyses followed
the appropriate SW-846 or EPA methodology. For radiochemistry, the
acceptance criteria for spikes and laboratory control standards is
fifteen percent, plus the counting error. Duplicates will pass if

. the Replicate Error Ratio (RER) is 1.00 or less. The RER is defined
as follows:

RER = , AB$(R2 - RI)
SQRT(ERRORI 2 + ERROR22)

where: RI/R2 = original/duplicate sample result
ERRORI/ERROR2 = total 2 sigma uncertainty of RI/R2

All QC checks, including duplicates, spikes, and blanks, passed.

........

IMppti,,o The Annlvticol C'hallenpes Of A Chanpine World



9-Mar-94

BARRINGER LABORATORIES INC Page: R-1

15o00w._. AVE..8u,'rEsooGOUOEN.COSo40,<SOS)_;,.,6S7FAX<SOS)R INFORMATI : Final
MK- FERGUSON (Rifle)

Analytez Th-230 ProJectz Rifle
Fractlonz Total Date Analyzedz 03/07-03/09
Method: USAEC LLD: 0.4

Units: pCi/g
Date

Lab Id,,. S_mpled Mat_ ,sample ......Id , Conc_n_,ration. 2G
941337-1 l-Dec-93 Soil RFL-SS-2405-TP28-CTF 30±2

941337-2 l-Dec-93 Soil RFL-SS-2410-TP29-CTF 290±10

941337-3 i-Dec-93 Soil RFL-SS-2424-TP30-CTF 22±2

941337-4 2-Dec-93 Soil RFL-SS-2442-TPII-CTF 22±2

941337-5 2-Dec-93 Soil RFL-SS-2446-TPII-CTF 25±2

M.,ati. o Thp A,,alvtiral Chalh,. pe_ Of A Chart ein p World



BARRINGER LABORATORIES INC 9-Mar-S4
Page: Q-I

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 _,, ,C,QI::_Y:' l of 3
FOR JNF_J,_i_,,,,sE_t u;s: Final

MK- FERGUSON (Ri fle)

QUALITY CONTROL REPORT

Th-230
Total

Sample Id pCi/q • 2._
Duplicate 25 +2
Duplicate 28 +2
RER 0.35
Std (found value) 103 ±8
Std (true value) 97
Std % rec. I06
Blank 0.I i0.3
Spike % rec. 121

Maatino Tha ,4,_nl't,tirnl ("hnllen_,e_ Of A Chanoine World



BARRINGER LABORATORIES INC
15000W. 6THAVE.,SUITE 300 GOLDEN,CO 80401 (303) 277.1887 FAX(303)277-1689 9-Mar- 94

ATTN: Site Manager

MK-FERGUSON (Rifle) i_-^_7!(%N_)_I_i__ 0N_' Page: Q-2P.O. Box 151 _0_ Copy: 1 of 3
Rifle, CO 81650

Attn: Received: 15-Feb-94 09:30

Project: Rifle PO #: 3050-511-10740 #353

Job; 94!337E $_tus: Final

Abbreviations:

Parameters:
Th-230 : Thorium-230

Units:

pCi/g : picoCuries per gram

Meeting, The Analytical Chailenees Of A Chan_,in_, World



BARRINGER LABORATORIES INC.
16000 W, 8TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1887 FAX (303) 277-1889

ATTN: Site Manager FOR }NFOR_.'.;,,,- 9-Mar-94
MK- FERGUSON (Rifle) Page: Q-3
P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650

Attn: Received: 15-Feb-94 09:30
Project : Rifle PO # : 3050-511-10740 #353

Job;, 94_37E .......................................... $tatu_; Final .,

QUALITY CONTROL DATA SHEET

Received by: rc Via: UPS

Sample Container Type: 500g can
Additional Lab Preparation: i00 mesh

Analysis
Parameter Method Preservative Analyst Dates

Th- 230 USAEC None Orti z 03 / 07- 03/09

wAr_.,,:.._ "r'l.., 4 ,..I.,,:_.IC'h.,ll ...... o (1/" A ("l,-,,.,n;.n 1_lr_,.Id
ep"



BARRINGER LABORATORIES INC.
15000W. 6'THAVE.,SUITE 300 GOLDEN,CO80401 (303)277.1687 FAX(303)277-1689

9-Mar-94

ATTN: Site Manager

MK- FERGUSON (Rifle) _0_ iI_0_I,_A_I0_0_ Page: Q-4
P.O. Box 151 Copy: I of 3
Rifle, CO 81650

Attn: Received: 15-Feb-94 09:30

Project: Rifle P• #: 3050-511-10740 #353

Jobl _413_7_ ............................. Status: ........ Final

Signed: ._.:._'_. _ ._._

Radiochemistry Manager

Barringer Laboratories, Inc. will return or dispose of your samples
30 days from the date your final report is mailed, unless otherwise
specified by contract. Barringer Laboratories, Inc. reserves the right
to return samples prior to the 30 days if radioactive levels exceed
our license _

cc: Helene Langlois, MK-FERGUSON (Rifle)



I
............ i

_, Mi_.F=-RGUSONCOMPANY _' CWM Federal Environmental Services,
Inc.

^."°_'°".• '"= °°"'*" _ )337
,; LABORATORY SERVICES AUTHORIZATION FORM

Page_/__ of .._

i - .i.._ ' .-,:-_...-_.-.;:i::.....;'";,',k"'i ;_,!; ,_,,',':":'"",i"_,"-'"" "::_,,:;,,"'_:,;, _,; ,_,,.,,,; .... ,:,

;:I..f I e, Co 305_0-,$1.] - .1o74o _,,_:_'_ I_!i::i'i!..ili!i_!'_BTl_:'_T=Yi:/iiii.

Cocat ion P.O. Number FOR I_OR___" IIllifeFer_l :_C:po._::.i:!:re_rti:!i:::ind:. fnvoleei;m,,.andRequist:No=

oe of Samole: Water JSoll .... Environmental Air Sample
- Occupatlonai Air Sample Vegetation

De of Ana!vs!s: Ra-226 _/ Th-230 Nat U. Gross Alp
Gross Beta- Solubllity
Other (Specifyunder special Insl;ructions)

ecial Instructions/Comments:

, _ ,H,I_

DATE
I.D. NO COLLECTED VOLUME DESCRIPTION

ILL_-_Vlo-7-I)_-_F ...../_:J/lq,'R ?_ / _ _ _ _ -_ '_>_

..... .__ ¢ ..... " . _._
i i i i ii i i n i i ill i i ill i i i _1 _"_ i i iil,li

I _ _._.._..a_-_ .....................I .... i i ,ll i, i i i, i

CHAIN-OF-CUSTODY

,y (Site_re_e¢_Signature): _ /_,0b

rier: U Date_:v)
by b RepresentativeSignaturel:e Date/Time

- f (P_'j'O
er Chain-of-Custodyas percontractwill beattached

er _ealth PhysicsSTteManager

Review: Date:
i i i iiii i_,, i

IlL, l Ill ]' I' [ Ill lll,l_ll l 1'I ......... '! ' IT I l l- I l _- I I, l :: lT II I II III I llf]l[ I 1 [ I_! : i lffl I III II I i I I I IIHI ii I I[_: IIIII[I II

to: ApprovedVendor Copyto: HPPManager
For Radioanal_ical Services

F2-RP-OO_-4_eN-01



BARRINGER LABORATORIE
24-Mar-94

ATTN: Site Manager

MK-FERGUSONRifle,P" O. BOXco 15181650(Rifle) _OR I_FORMATtON _!_
Attn: _'_/__ged: 16-Mar-94 09:25

Project: Rifle PO #: 3050-511-10740 #360

Job : 941524E Status : Final

ANALYTICAL REPORT PACKAGE

. CASE NARRATIVE ................................. i

ANALYTICAL RESULTS ........................... R-I

QUALITY CONTROL REPORT ....................... Q-1

%

Meeting The Analytical Challenges Of A Changing Worm



BARRINGER LABORATORIES INC.
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689

24-Mar-94

ATTN: Site Manager
MK-FERGUSON (Rifle) Page : i

P.O. Box 151 _0_ INFORMATIO,NONLY Copy: 1 of 3Rifle, CO 81650

Attn: Received: 16-Mar-94 09:25

Project: Rifle PO #: 3050-511-10740 #360

Job: 941524E Status: Final

CASE NARRATIVE

A total of 9 Soil samples were received on 16-Mar-94. All were properly
preserved and in good condition. As stated in the chain of custody,
the samples were run for the following analysis: Th-230. Our procedures
are summarized on the Quality Control Data Sheet. All samples were
extracted and analyzed within the proper holding times.

Quality control standards for organic and inorganic analyses followed
the appropriate SW-846 or EPA methodology. For radiochemistry, the
acceptance criteria for spikes and laboratory control standards is
fifteen percent, plus the counting error. Duplicates will pass if
the Replicate Error Ratio (RER) is 1.00 or less. The RER is defined
as follows:

RER = ABS(R2 - RI)
SQRT(ERRORI 2 + ERROR22)

where: RI/R2 = original/duplicate sample result
ERRORI/ERROR2 = total 2 sigma uncertainty of RI/R2

All QC checks, including duplicates, spikes, and blanks, passed.

= Steven L. Sincoff

Director of Operations
i

Meeting The Analytical Challenges Of A Changing World



RRINGER LABORATORIES INC 24-Mar-94Page: R-I

I 15000W._H _E.,SUITE300 GOLDEN, CO80401 (303) 277-1687 _X(303)_-1689 Copy: 1 of 3Status: Final

MK-FERGUSON (Rifle)

_0_ I_VrOR,_IATIONONLY
Analyte: Th-230 Project: Rifle
Fraction: Total Date Analyzed: 03/21-03/22
Method: USAEC LLD: 0.4

Unitsz pCi/g
Date

Lab Id Sampled Matrix Sample Id Concentration_ 2_
941524-1 30-Nov-93 Soil RFL-SS-2272-CTF 7.6±1.1

941524-2 l-Dec-93 Soil RFL-SS-2328-CTF 0.6±0.4

941524-3 l-Dec-93 Soil RFL-SS-2357-CTF 0.6±0.4

941524-4 l-Dec-93 Soil RFL-SS-2400-CTF 2.6±0.7

941524-5 l-Dec-93 Soil RFL-SS-2401-CTF 38±2

941524-6 l-Dec-93 Soil RFL-SS-2430-CTF 4.8±0.9

941524-7 l-Dec-93 Soil RFL-SS-2432-CTF 44±3
941524-8 2-Dec-93 Soil RFL-SS-2453-CTF 5.0±0.9

941524-9 2-Dec-93 Soil RFL-SS-2456-CTF 23±2

Meeting The Analytical Challenges Of A Changing Worm



I

24-Mar-94

BARRINGER LABORATORIES INC Page: Q-1
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Copy : 1 of 3

Status : Final

MK- FERGUSON (Rifle)

QUALIWX_CDh'TROL REPORTr uI'i/NFOR,vlT'""AT_uj_/ONLY
Th-230

Total

,Sample .,Id DCi/q .....± 2o"

Duplicate 23 ±2

Duplicate 21 ±2
RER 0.28

Std (found value) 327 ±13

Std (true value) 305
Std % rec. 107

Blank 0.0 ±0.2

Spike % rec. 90

t

Meeting The Analytical Challenges Of A Changing WoHd



BARRINGER LABORATORIES INC.
15000W.6THAVE.,SUITE300 GOLDEN,CO80401 (303)277-1687FAX(303)277-1689

_J,'q0' ,_L'_' 24 -Mar- 94
ATTN: Site Manager FOR INF0 _[_'I_'_I''_"

MK-FERGUSON (Rifle) Page : Q-2

P.O. Box 151 Copy: 1 of 3

Rifle, CO 81650

Attn: Received: 16-Mar-94 09:25

Project: Rifle PO #: 3050-511-10740 #360

Job: 941524E Status: Final

Abbreviations:

Parameters :

Th-230 : Thorium-230

Units :

pCi/g : picoCuries per gram

Meeting The Analytical Cha//enges Of A Changing Wor/d



BARRINGER LABORATORIES 1NC.
15000W.6THAVE.,SUITE300 GOLDEN,CO 80401 (303)277-1687FAX(303)277-1689

24-Mar-94

ATTN: Site Manager FO_ INFO_,_Tt_,_,
MK-FERGUSON (Rifle) ....,u_vO[41Z Page: Q-3
P.O. Box 151 Copy: 1 of 3

Rifle, CO 81650

Attn: Received: 16-Mar-94 09:25

Project: Rifle PO #: 3050-511-10740 #360

Job: 941524E Status: Final

QUALITY CONTROL DATA SHEET

Received by: cs Via: UPS

Sample Container Type: 500g can
Additional Lab Preparation: I00 mesh

Analysis

Parameter Method Preservative Analyst Dates

Th-230 USAEC None Ortiz 03/21-03/22

Meeting The Analytical Challenges Of A Changing World



RRINGER LABORATORIES INC.
15000W.6THAVE.,SUITE300 GOLDEN,CO80401 (303)277-1687FAX(303)277-1689 24 -Mar- 94

ATTN: Site Manager

Page : Q- 4MK-FERGUSON (Rifle) _0_ iI_J_'(%_L_/_'r',,..,,.
P.O. Box 151 ""-"',,,,:_HuI_ONlY copy: 1 of 3

Rifle, CO 81650

Attn: Received: 16-Mar-94 09:25

Project: Rifle PO #: 3050-511-10740 #360

Job • 941524E Status : Final

Signed: _._J___

Radiochemistry Manager

Barringer Laboratories, Inc. will return or dispose of your samples

30 days from the date your final report is mailed, unless otherwise

specified by contract. Barringer Laboratories, Inc. reserves the right

to return samples prior to the 30 days if radioactive levels exceed
our license.

cc: Helene Langlois, MK-FERGUSON (Rifle)

Meeting The Analytical Challenges Of A Changing World



,$ MK.I='ERGUSONCOMPANY (_ CWM Federal Environmental Services, inc.A.ore.oNm_= _,mr, t 5"'Z-ff
8

LABORATORY SERVICES AUTHORIZATION FORM Pge_L ofJ_.

• ....,_ ........ ::_.:::<:::.:&.:.:.:.:.:.$_::_!_-:-'.:_:'-:': :!$i::_._::._'-::;_]:i:'__ #::_i:_:i:_._:i_:i"::$K::]::._.';]:i:

_-.::;.e_ _._.:.:.x..,:.: T,_. ,...:,.,..:._.!.:.:x4.:...:.::!_i:._";...,., ...................j....w... ... ;*-.,'._.'....;,:.:.:_;:::.':'::;'.:".:;-'.'$:::'
- l i "..... """'"";"'''"'""'"*''""'": ....................

................

Ifle, CO 3050-511- .I07__ I/_I_'mr_,,_-, ,-_.._ _,C) _i!]i__i:_i_i:i_i_._::]:ililil.
Location - P 0 Number .... _, ,,v,.,,,ON L_i_[,uest No. I__[t:_:_i__.'_-!_!._i_:_!_i_ t• •

oeof Sample: Water ./ Soil EnvironmentalAir Sample
-- " 0ccupati0nal Air Sample-'-'_ Vegetation

)e of Anal,ysis: Ra-226 J Th-230 Nat U. Gross Alph
' Gross Beta Solubility

- - Other (Specifyunder special instructions)

_cial Instructions/Comments:

DATE

I.D. NO COLLECTED VOLUME DESCRIPTION

-_3- - C_Tf" I _ d_
•# ,2o

0

CHAIN-OF-CUSTODY

by (Site ,resentativeSignature): /__.00_

trier" _ _'7o,3. 07 7 4 I

ceivedat Labby (LabRepresentativeSignature}:* Date/Time I_. zg"

arringer ihain-of-Custodyas percontractwillbe attached

_alth I_hysicsSiteManager
Date

to: ApprovedVendor Copyto: HPPManager
, , , ,





ON-SITE RADIOLOGICAL MEASUREMENTS OF 1-FT
DEPTH INCREMENT SOIL SAMPLES <#4 MESH SIEVE





(_ MK-FE JSON COMPANY (_ CWM Federal Environmental _ :ices, Inc.A MORRI:" ,(NUDSEN COMPANY

OCS SAMPLE LOG F0g INFORMATIONONLY
RIFLE, C0.

SITE NAME

COUNT _ I _ oC_ ' _'214 _ _ _'_0"_" _ MAS_ R':22_ _'_ _ _ _ T_23 _ O_H :_ _TE_ _ _"

DATE SAMPLE ID DATE 1 DATE . : pCI . pCi . " (grams) pCi/g =: ):i : pCi/g "_: ";r""" COMMENTS

IMTIAL & LOCATION SAMPLED SEALED _ INITIAL "_ W1ET i_llTIAl:/cOf*i_, i; IFII'fIAL < 15cm _ i;
20DAY >15cm " :20DAY ,,

! , 0 _L-ss-o7#,-/--7 ' °52a NS. ;3,7 ,.,'_L)7 /, G '_ ',1_.,__.,__3-T __ / /_-/-_.3bs_-l._-_ _o_,_,/too - l, q 2-q / : _-'-6 "

' :_q/pt3 :l,_: <_o I"4::,:':::2.5 /:::_::::: 6- 7"

i Imlq>_'_-s_-_a ,, 4a_qo,:),gg1¢-_6:)? ..../,a: :: a_ '_ --_";
:.__-v_ I _lqx ......... ,_,,-__s _,o /. _, /7c/z: _o-_t'

i\l_3Dl,_.%!_-ss-,_o_-55 g-/O ¢oo"/.'-[':i15/!Go'-/ : l,O I,q :::_-7P e/

lal_)'_ -t-P_! //-_-93 t;-145lq#O%_,,t_a__.._5i_ l,e:: /,_ ,/ ,_-... ;._'-/4'
,/._..q-_ RVL-SS-aa,5"E, qq,,ZT#O..,O,/(945 /.4':::]!7 /'_/ l.&, ':,_J_: 'rP*U

VP Correction Factor (if applicable) = c,',_, 0 REVIEWED BY: . . . -=_ : ,. ;

Count Time = _)00 sac. .., unless otherwise noted



F5-1N-O01-1, ICN-01





"_._> _L__ 7//_" Image Management ,_ _ @@





A MORRIS,, .,NUDSEN COMPANY _ u, VVlVlq-eueral t:nvlronmental __ /Ices, Inc.

RIFLE, CO. OCS GAE/IPLE LOG FOR INFORMATION ONLY
SITE NAME

COUNT .OCS • Bi-214 T1-2OR: . MASS Ra-220 Th-232 DEPTIt TECH

DATE SAMPLE ID DATE DATE : pCi .: pCi (gramal pCi/g .. pCi/g " :!:ii:i COMMENTS
INITIAL & LOCATION SAMPLED SEALED INITIAl: INITIAL ii':_ .' WET ' _ INITIAL <15cm _::i

20 DAY 20 DAY 20 DAY i 20 DAY . DRY 20 DAY 20 {)AY > 15cm - 20 DAY:

l l_;30x_RF'L-SS-_,,_72 5"_ ;C,l_ 1103 C,_O ff,g I, g _" -rP_:"/
f._.,_.ct3.... -i1:_q-:_,oe 11-.._0_51_-.2-q3___:,_ss_v:).oill__....................5v._ Iq " I.q ,/" _P-C:'/4'-15' ,5o"eened_
i i-_-q=_ _._-ss, az78 .q-/q Ioq55__116._-7:_"L3q .......l,q _ i, _ :::.W_).:F_)_q

i,l-_O"O_RFL-SS-_:_TC_ ' 575,dq7 Clol,4 '788 o?,.3 /,Z ::'_:_P_q

n, d-O p : >4
/W-/-g3 RFL-SS-_,,2,,_,,, _'02 /Sq_ttO /g_:K_ r]7 2 o_0..., o(O,4 ,,.:._" "TP*L_|

!;_-21-13 qI0_4 II-BOz__,__1_-_"_[3 406 Iq325 I_:II:: L_q7 2,g a.o v / .b_.C: /-/,7 t1_' 5er_,_ed. q-

•/,--q"/-9-3a_-ss-,._,2_'B qoa :_.s,?'zq_../q,sq '7.90 B.3 ;_,..,i_, :_::Un-p_q
- -'-" ..... - '-7 ,/_',:o_c_,_qf-i,_'&_,)ed#!,:,z.;_-')3-rp_ff buP II-m 9_ /._-_-'t_55e3q0.._3:q_a):,_,q : ._.. '

/c_'/- {3 EFL-SS-°_&'_t'_ NI } _'SqQ It_.v..,,_CCj.C'7_75 I :lI :::: i,'7 '::_::: TP_'/
/_-a_-q5TPq //-_o-,-7....3I_:n-%_qoq,_o_-,a,:1o,o7o_, _5:: _J'___v/ o_c,__8'- tq_

i a.. [--q.g _FL-SS- a_.8_9 ' "

_-_ / _,'U "I _.) , -- , ......

Silo Corroction Factor= \,_' ._.__£._ "_VP Correction Factor (if applicable) = o_ ,. 0 REVIEWED BY:

Count Time = c)('}0 ,qe('. , unless otherwise noted ; - " " "_ii°--HIS-Manag°r _"

FS-IN-OO1-1, ICN-01







(_ MK-FE JSON COMPANY _[_ CWM Federal Environmental S_.,vices, Inc.A MORRI$ON KNUDSEN COMPANY

OCS SAMPLE LOG FOR INFORMATIONONLY
RIFL]_, CO.

SITE NAME
. .: :. • ..... . : . :. ::.'.: ...

COUNT :OC£i • Bi-214 !. TI-2OBii. MASS . i:_i :Ra.-220 ..:i.:!.i I Th-232 DEPTH .i::i:.TECH .7.

DATE SAMPLE ID DATE DATE i:.:) :: .:. pCI :-..!ii!pCI. ::?i [grams] pCllg ' _[!i.iii::i:i:il.ii:!: i ::: COMMENTS
INITIAL & LOCATION SAMPLED SEALED _ INITIAL :-_):: WET INITIAL/COl'Ill, ::: INITIAL < 15cm i_ :-..:
2.ODAY .20DAY 20 DAY : ;20DAY DIIY ,2.0DAY " 20 DAY > I6cm ::2.0DAY

/Yt/,_:"'-_-__7 ,, +,_.)17¢_ ' '

_<>w',I<_ .,=.-ss-__g -_8. ;,;g_z/rag:-,76,o ),.4, SI:_:!'_# e_
i_l-_._/<_s-rp_,m-&_o,Jll_ks ,3-.,/ak-__-: ,-.,7 _. .......:_::,:..._::,:/_i(_':;/¢-/ '_r+,<_,x• :t.._a-,,:z__s_,%5,_547 ::;:,>:::,,.,-:.:I,.3 ?

I..?_I.,19g>'=-'-_-<::?..sro :5_0:.r_'z.S,c.;7:_.__7¢o::::::-I,;_:::.:.::_::::',i.-):74!<:::_i_:i_':1-7-P_

' _4','/U'4_,/,-¢-_<s,:.::-lo:.-o:::_./,7 , D-z"

/_, 1%._.'-==-_._u [ / . -7--/>- . .=;;3'/sxC.,i W;_,:I ..So:s i,,0 : i,.7 I /,/.Oe-.O _._-_,£"

SitoCorroctionFactor = ll_ __<,'< .,_,VP Correction Factor (if applicable) = _, D REVIEWED BY: . . .

Count Time = _00 se.c. , unless otherwise noted / Site HP Manager
1



-A-MoRRIsu,, KNdD;EN COMPANY' ' _f CWM Federal Environmental S,.,vices, Inc.

F5-1N-O01-1, ICN-01
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,,,,_-,-¢ _.o,.,,= ,,...=.¢=--_ ; _CWM Federal Environmental Services, Inc.
_ A MORRISON KNUDSEN COMPANY

OCS SAMPLE LOG FORINFORMATIONONLY
RIFLJ_, CO.

SITE NAME
: ' • i " " : : . . • ' • I :: :: '.: -.: •-:' :

COUNT -OCS # Bi-214 :: T|-208i:. : MASS Ra:2213 .i .. ..... Th-232 DEPTH ':7 TECH::i ::i.

DATE SAMPLE ID DATE DATE ..... pCI :. pCi. i_i [g,emal pCi/g 4.: " :: pCilg :!Ti:i:i::::; : :!!i

INITIAL & LOCATION SAMPLED SEALED _:: INITIAL i:: _ WET INiTIAL/CORt!, i : INITIAL < 15cm !:! : COMMENTS

20 DAY 20 DAY 20 DAY .1:20 DAYII DRY 20 DAY 20 IIAY >16¢m _.20 DAY:::I
,

. q-.-s__-_6,35,1_5_/._ ,5:,:--,_: 6.-7 ,/::_:'_::,..':'::::-,:._'-_"'_ _ I ,

.... '_73_._'L, . .t_._.__FL-SS-._S3_- 5;._!g_:l,,_.V_,_:,_.SCq.._:0 .....:"/4 :'_.::_-r-C__?
" _ -" ' _ -... . -.- - .... t" (

/,)._/.._.,>RFL-SS-_,._4O ,; _L4&;:i:i:i_/._./_,._".:$:_i:_:i::: S._'L: =============================/..._'_ :::;_:i:' -[ ¢ _2 '3

_.

•,') . O ._

..... - ,,_,.,:__;,_ / I IIII I

!a/;-a_/_ _rg_._-___ _"_q_ _];.,._5:55,_,_o_,,.,_:_,.Tq_ ;.::5::.: /,3 _ ¢o_:::_i,'::::::_..,/° -__,_.,_.,,,,

IZ-2Y-':_ "_ ,,, , " ,
12--c5> _-,-ss-_5,14 ..... ::

D.a._ff_ T ff_7 i).3-']_ -.:.:. :::: ....
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VP Correction Factor (if applicable) = G_, 0 REVIEWED BY:

Site HP ManagerCount Time = 500 sec ..... unless otherwise noted
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MK-FE JSON COMPANY _ CWM Federal Environmental S,.rvices, Inc.A MORRISON KNUDSEN COMPANY
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_ _,,. _,_ .... ,-,.=. " _, CWM Federal Environmental 5_.vices, Inc.

OCS SAMPLE LOG FORINFORMATIONONLY
RIFLE, CO.

SITE NAME

_.2o8:. .......
i

couNT oCS#: ai-214 MASS n:-.n_:::, Th-Z32 DE_rH:::_ii:rEcH_.::i:_ii_: ":": : .: .: :'..: :i'::::::

!NITIAL " & LOCATION SAMPLED SEALED _" INITIAL .?:_: WET II_llrlAucbBtt:;i INITIAL <15cm :i_:: i ! COMMEWrS
20 DAY 20 DAY 20 DAY /:20 DAY: DRY 20 DAY ;: 20 DAY > 1Bcm ? :20 OA_i:-:

,i

I . n L

12.-2. -63 ................... : ,.
•.. - ..... :-:: .:i: :::: - :

_Z"Z_"73 R:_-SS- _)tO :' :"::":' ': ......... '.......... ""; ";' '.......
: :. :..:.::-., : ::- !

I i i
. ...: . i.... . ..

- ...

l_.-_.-f5RFL-SS-_._O._ ':ii_Sigli:::l_._4k_::::::::::::::::::::::7q0 1,5 :.;}:_(_:!tt::: 7}'-/=12_" OL, rn

s,,ocor,oc,,oo .o,o,---"'VP Co[recfion F_ctor I;f or_plicnblo) = c_. (_ REVIEWED BY: _- /_X"
• " Site HP Mm_ager

-- Count Time = _, sec. . unless otherwise noted /

F5-1N-O01-1, ICN-O1



JSON COMPANY |_ CWM Federal Environmental S=,vices, Inc.
A MORRISON KNUDSEN COMPANY

OCS SAMPLE LOG FORINFORMATIONONLY
RIFLE, CO.SITE NAME

• !!ii::i:$i:.!!.•::::::!!:i?;ii:!!!

INITIAL & LOCATION SAMPLED SEALED : INITIAl; INITIAL .-_i . WET INI_!AI, icoRll_ !y; INITIAL < 15cm ::::: i!:il!:!': COMMENTS
20 DAY 20 DAY 20 DAY ;<:20 DAY L DRY !i :20 DAY.::. :i: 20 DAY > 15cm ".):20 OA_:::!"L, I I I I I

/s./a_,h_s-re_'_ _a-_3 _:_!.u,_,a-o::.a_v__,/s' 5.1 -- ;_::_..... _-_' _<'_-_,:'
I,,Z-_--@'_ RFL-SS- _"q£O_ /:Z_I.¢i :3 :qCt;::{:.::3Zog.5 ::005:_: &G;.).. ....._.:._:"-::.:+:: a. /

_:4_; ...lit:.:: _ , ,, , ", u,, I HI

...."" ............. ......:::. +"7:L?4i:.:f!

ta-a-_s _L-ss-<z_r_ /a"<;_ _o]__q3 :_i_'g!s!':::i:q_'_i_,_:::: "7<:5_.::.-_::.,:_:_:,::.-,:,_.7 :!:::_!!i_-r-r'z /

/_,._..t)'_RFL-SS- "_II /.,Z./.¢} _ ::q_' l.t,,-/.5'oo _:_,,:{._,_.:::) -7.).. I 3. 4 ::_}{:i!- _'-n Z_ _Lt,/")

_s_o!ae]_-r-oZr>'_e _/_/_ 5:_::¢:_._ ,_mt:v,,,, , _,_ ============================================,,,,, 5,5" <,,,:i:,::!i_',:_':::',i:i:i,z-.s' ._o,,:_-___,_--_,. .

'_ :::::_ii': .:.,_a.;_<_.s_-ss-av_z_ /a,-/-,;._ ::_.¢;f._So::_i:'_:_:_::s_7 .._..::t]_::::i:._:::':i_i:_i::: a,._ _:_::::, -re _<-:,
......."...... ; ::;..,..:-,.:.:.;{!:.... ::::::::::::::::::::::::::::::::-ff_./ l

i.:_.._.7:_ i'9 ._o /a-';-,i_ .,:_:_:_.r_u.._q::-:_::?.;:_-_:,::51c, _. ,
lla_VL£(_ RFL-SS- _q.I.'_ [_A-q 3 ::::_:._:{:r:__,SgC :::_ii::i_::_7:::::,5'C7 .:.:..-::::q-;:._:.:t:_::: I <: ,. ''J -

- ;_:R{:!:,:,-(.160 .. . .... ,....

, ..!..::,.. :::::::::::::::::::::.

..:..... :......-.._.............,- _" ::" "" :: .... 'l _/' Z-].9,-:,-1"7.-"i5"1'-('3o i:_-3""]_ ::::_.:.:.:, ;::::
:::: .... -::"::'_:'L_:::_ °, :':A:;::_:_;::_:_:-:.:i:::::_ ._.a :i_:L Te zc" c,,,,__7

[ _-_- _I.} RFL-SS__^..,,...a,,..,.. l>-I-q) _:ifl_:_:,::Si.s'.5 !.:_{_:-:¢._:7a te . ,,
iii -_ I ' LI lj i ii I

' 1/O .... --: , - #_..;-_-'i,, RrL-SS-a<t'_ l.g._l.Cl3 ::_:l"-2_S .,_:"tSq _/9 :._i:i..;a::::";:l_i ::-:_.).....:. re _7 &,,_po_,7c
:2-t_.:_q -'re z'/ /.>-_<.'/3...<./g-,S,...nq "v/q.o '4i_1 i v" :/0_::" " 9,_": .-7 _i-l_' ,,

Site Correction Factor = /,,_ ( ._ ._..__.._.----------_ - _./_//)

VP Correction Factor (if applicable) = g ,('_ REVIEWED BY: _ Sito-HP Manager "--"
Count Time = 500 sec ..... unless otherwise noted S



............ _ ,-,_,. ' ' __/CWM Federal Environmental S=.-vices, Inc.A.o..,so,.E.;_&"COMPA._

RIFLE, CO. OCS SAMPLE LOG FOR INFORMATION ONLY
SITE NAME

COUNT" OCS'# Bi-214 11"_08:;i!i MASS . .:: Ra:22B.:i: :.: :: Th-232 DEPTH .F'i'TECH

DATE SAMPLEID DATE DATE "--:" :.. pCl :'-pCi." ..... . Igran,,| " :.;::: PC!/g,:i-;!:ii_i:! pci/g ;::i!:;:.;iiiili:.:::i:-;::ii!i-! COMMENTS
INITIAL & LOCATION SAMPLED SEALED (_. INITIAL ::.:_:f WET " II_II]_!AL/COIql'I/:: INITIAL < 15era :.::_.:::i:
20 DAY 20 DAY 20 DAY :i:;:20 DAY ::I DRY :: . ....20.DAY... :-:i 20 DAY >16cm :::);20 DAyI:

' RFL- SS- ' ....... . ....Iz::_-,_ z_,,,7 ,_0o,__._o ',z_zo,_.<-_z.__:is's,:_::: 3:s- :_L _: Tp.,'_'o

,;_.__-,_:] : :_'_0_:z zq_ Ln:,a_,,:t:¢_.¢ :,;,::a,0:i:i,::_';i:;::?t:.... I.q -rf.,,-

• : ... i::,..-. - " - •

B_ ._._'_ _-- S S-- Z "_ _ _ I _: _ _ _ _ _ _.; _:_ _ _'7" t _'_ :___ "'_ _0 _.I._-,_-'__"_e*_o _z-,-_ I._-_-'l:_;_:,_!,,i,,s-__'7_i_:_,_,__o _"_;i'_:_:,,_,:i_:,_,:,_:i'/.'4 .,--_',_i!_:::;__-_ _:_,,_c/ii ....

_z-__-,__""-_-z,_zo _. /_:,_,::""'- *_°_'_'::':: :!_,_',_:,:_,_,'_:_:_,,,.,-_ _::,_0i:_ rr _o

!-:: .. _ :. ::::.Yr'i;::: ,. _...... ,-" ,

_,._._..__L-ss-z,_._ ,a_;::::_,z._z_:_,_ ,.,_-t:':::i:::i;_:i:_:::i:i-_I_:i,S- !_,i_:_:,.Tp_.o

- 1.FL-SS- i.qZq :.3._:i 21_l=l . ?Z ,

..... ' '/_._/_3 _ , _ ,,.,,-,rs :,__ o_,_:__o__::':_:_d:__,_/,.,/ ../:,_::_:;: -_-_..:_o-,,-,,_,t
::_,, _.;,_,N_;:_::: _'_ =================================I._

::,:::':i:: :-::!::.:.: I_._-_-'lZ, .Tp_ sO I_-"P% /_-'_--'Z_'_,,:,:,::"o_::::._::...._f3o 2;_¢i_:_i!_:.sz,_' ":::::'_':_::_:_:::::::::::.:._,.:_,: ,, ;, .,/ C__._:.. 7'._- 8'
" ii " ii I "_'" I

/z.3oCr'_M RFL-SS- Z.q_-,6 _'.':_4::: ]lT,00q j7¢1% ,,.,:16 ....::._" :: :....... L,'? "

Site Correction Factor = _* '_ ' .-, -" " '-

VP Correction Factor (ifapplicable) = 9_= 0 REVIEWED BY .... _ite HP Manager
Count Time = 500 sac. ., unless otherwise noted /,

F5-1N-OO 1-1, ICN-O1



MK-FE LISON COMPANY _ CWM Federal Environmental S=rvices, Inc.A MORRISON KNUDSEN COMPANY

RIFLE, C0. OCS SAMPLE LOG FOR INFORMATION ONLY
SiTE NAME

COUNT OC_ S Bi-214 j i.TI-20B !_ MASS . ! R,,,-220 :ii : i: , Th-232 DEPTH _- TECHi:!-
DATE SAMPLE ID DATE DATE •: > . i . : pCl . : pC[.. ! (g,amel " : " pCitg :;111:i " pCilg !iiii:i:ii::.i!!ii:;-'::!i!il

INITIAL & LOCATION SAMPLED SEALED _ INITIAL !i _ • WET IHIT!ALICORR, iii:i INITIAL < 15cm !::_:=i: :- COMMENTS
20 DAY 20 DAY 20 DAY 20 DAY DIIY 20 UAY 20 DAY > 15cm " .20 DAY: r

_FL-ss-ZqZ7 r ' ' ' --

iZ-3-'C3 RFL-SS-&U'_._," S':tO!:: 73fll i::!_l.._:_0 : :1I_>::_:::::_::_-: i,,_. !:-

I I n I r_-

,z-._-% :_-ss-_,_z'_ :mi:L__-:_,_ :._: _,-,_ ._,,_ _.¢_ i::_::::_'::, _p-_ _9 ,,e

Ill

: / • .:. ..

it_- I-£:?, /L-6-'_3 ................ • :.>.-,:' ................ '
I I ; '" _ I

I II

,/
" "" ' I 4 , _ I J . 7 : _

VP Correction Factor (if applic-ble) = e:_0 C) REVIEWED BY: L,_.Y-/,/..e_../_,;(__'....-(J.. ..

Count Time = _Q(J sec. , unless otherwise noted / " - - Site HP Monogor --



I i I _ __ ' _CWM Federal Environmental St..,ices, Inc. I

I ll_ A MORRISO,, KNUDSEN COMPANY

OCS SAMPLE LOG :NFGRMATI0N ONLY
SITE NAME RIFLE, CO.

COUNT :OCS.#J: Bi-214 i TI-2OB:ilI. MASS " Ra'220:i!i : ::.. Th-232 DEPTH !:ii::i:i:"TECi'_i::ii!i!)? ..:.:...:: : :.: .-...>:.

20 DAY 20 DAY 2(1 DAY 20 DAY DRY • 20 DAY 20 I)AY > 15cm ,: 20 DAY: :!,, , ,,,, ,

12-3--'i'5 aFL'ss-Z__-7 _ZO qlci,'1 :/:_3_ia!-¢"_<..... i,:3'::>:i _._ ::_:;;:." Tt_ t(

,_-;"._"_3 aFL-SS- a_3_' "_:Z_ I: i_S'_ "i_F|t't.q::| _._70 :7"a:i:F|::::::.i:.... I,_ ii_ i!::::;i Tf _"'_)

.-.. :- " : :.:. :- ::::. :. :: . i : .: .::::i.::i.).:.

RFL-SS- Zi.4&_) - ..........._:" _..:i:_,:_.:-:,: :::::::::::::::::::::::::::::::::::::

• . -. : :::-:-':::::L., .:.. :': • ;

..... ._(.:_-...iTiS" " ,,, , , , .... ,
_i::::::: :"" :::::::::::::::::::::>:_ t:ii-_: i.i

l?."_.-'13 RFI".-SS-z_4_'t... ................... .: I.'S :.i!:!:_!:!:!_ T"jo _L /] (:j_,.,(_e.,,)e_,l..:_:q.,.logo ,>:_a;li3.+-%1 ,.:'."::: ':.:,i_.:_:!!!:,,':,:,!i!:'

z_/_o/_5 r_,,_,,, '::-_'::_/_/_/_._
l_.-_-q3 RFL-SS-Zqq3 :_4._-:_::::t73"8 -::_.79Ziq:::::1_,.,,--.- [,o Vp -,_ II £¢r_e.>_,

cz-3--q% ..... '

/__lq_ re•_' __.z_ /s/o/_ _:_::_,f17_e_:_:,__ /,_, _ ::::::::::::::::::::_--'t'.. :..-.-.:,..::..:.:.,

" :'.:::.:'::i.-:-: " " " ::"::::(:" __

.,z--z.f-:3 T_-_il (.,_-ZQ-L',i ;:_'/3 ::.•.:::................: .::::,:.:.::::::::::::::::::s',,_::,<s,__sD;:_::::::_z? ========================!,_ ;i:_(_f...=_,fl_,,_
" • .L " ' ": : ' ""

i Site HP MonogorCount Time = 500 see. .... unloss othorwiso notod

F5-1N-OO1-1o ICN-O1



MK-FER' ION COMPANY ¢#_-_'_CWWl Federa! Environmental Se es, Inc.A.o..,.o. JDSE.CO.PA.Y "_'_

RIFLE, C0. OCS SAMPLE LOG FOR INFORMATIONONLYSITE NAME

DATE SAMPLE ID DATE DATE pCi pCi |gfame} pCi/g.. , _ pCi/g • .-i:: . i .-.

INITIAL & LOCATION SAMPLED SEALED _ INITIAL _ WET INI]'IAL/COFtlI, I INITIAL < 15cm ii: " COMMENTS
20 DAY 20 DAY 20 DAY 20 DAY LillY 20 DAY 20 I)AY > 15cm . 20 DAY

,,

aFL-SS-g_q 7

- . ........... =__,,-:_,s--'.... q','-c__'_:*="_ z; .!......... i. s -/ __........ ........%:3a' bt'P.

#Z"._-"]_ _FL-SSi Z4'_/_ ::' " S_._' __._4;, (0 To .) l_,iZ.-g-_W, . -
. / W , .............. ..........................

/ :- _t.</_ RFL-SS- ZH_O . 5_-_tZ:• I*Oliq0 _q_[= <lz-'i &Og _.,'Z- _i 1r-to _ri 7I_

/-_-,._._.<,.>R_,.-ss-a_-i...............'..............................:_i___iL:,';;<,.'i;--_,>, . _ _,._ _ ._-,",_

IA-.'*,-q"> RFL-Sg-"_L_J 51q..... _ tcti"l te(-'-j,, _(.i ;2,,,,,. ].C _._) 7-i_ 15,, ,

/_.p7>_5_ TP i5 [1-1-5._ i_ -F ")3 _zl% q_l:>""_ f_lo.<"I _/'"> H, £, /, d> _ Dee_ -/- 6 '
I -,_ _1 .... -J-J • I J _ .I =- - - -. I -- z ": -' --]c - _ m = Ill I I _ --- __ ='___ _' I II i ....... k_t _.Jl ......... J IlL --,

i_i,.__>.i. 5 RFL-SS- _lkq 5_ 4_, I.__I _q/),q _707 " '%, _ "T (2 15"

,4_/_ .r,_,_ '__<_'UU_ " " _° "
1.2-_-(]3 R'FL-SS-_I'_5"# I"L;-__.-cI3 5"_i"#_.._,._i,,_71..,-_7_'._ .,',_,_: [-_-- L_J "re iN

Site Correction Factor = i' _ I .._) / ---"--_J _-'--"_'-""'_ /'/
VP Correction Factor (if appliciiblo} = _,_') RF:V, E_,'/F:O BY:-_..'."_ .... /i/__.j.<_.<_Jj

..... 5"iiul:t P IVltlrlii_o r ---
COUnt Time = 500 .qe(". . unless otherwise noted



.4 ,t"

Site Conection Factor = /. _ __.._;-y" :._-_ "' "

Count Time = 500 ,qec. . unless otherwise noted ,.1 Site HP Mnnngor

FS-IN-O01-1. ICN-01



I

coM,A,,A aonruso. .,_UOSENCoM_Am" CWM Federal Envirov.ne==t;ll SL -es. Inc.

TE NAME RrFLE, CO. OCS SAMPLE LOG FOR INFORMATIONONLY

count rl-2o_ _ MAss ..-220_ T_2:_2 : TEL"H
DATE SAMPLE IO DATE DATE " pCi. (gram.| pCilg " • pC_g i7_ :...:

INITIAL & LOCATION SAMPLED SEALED NITL_._[AII WET !NITIAL/COR_ x i_i i COMMENTS20DAY . __ • tN,T_AL
20 DAY DRY 20 DAY 20 DAY 20 DAY _

%- T_-- " - ..... I _= ',rl ! , _

"_ RFL-SS- _ _9_

S>o.his " :. -, <--- . .... ......_......_/,9. _-"::_i,:H .-_: -_-.__J
.,.. _.-ss-_.,,,7o,_. __c_,t _o_47.__ <_._ /,-_.... _ --r,Pt+_ _ -

J "O ._ ..,.._-'_ ' " "l '

_FL-SS-_,.../7--_ 55<7-I

,,_-_-,__ _.-,-_.->-_/z-_.-_,-._.--_,-,<_','07/,,,_,om_.s,_,_,_,_',_q /,_q /,_, -mP,__.._. I__ - _'..,,
_-ss-_-_TB/_ q_<. £7q,.<".qz3,o2Z5.

''
_-ss- Zq75_ _ ------ • • -----'-----_-----

TP"_ # _z-_-"t__-7.,,_ _ -7_7._ /.,¢4__ I,# t,5 ./ -'o:/"
_¢lrJ

i i i i. _111 .... L.._ --JJ_. - i -__ __ iJ__ _= -- ii

_-ss- 2q7(_ 5._.:,Si_4,c_ie?_i q7t l,i Z.'_ '-_):: T/O,e31 ...... -., -_ _#]._.. ! / , ........ . .. , .......... "

l_z l" 1./ o.-/ / '-z' p_f_e u,_o
lie Correction Factor = /I

• " "_# .'_ " w

ount Time = 500 ,qec. unless otherwise noted } " "-eOito HP Manerjor "-





MK-FE[ SON COMPANY _'_"
_<_CWM Federal Environmental S, .ces, inc.A MORRISG. i*_UD_ EN COMPANY

OCS SAEqPLE LOG FORINFORMATIONONLY
RIFLI_, CO.

SITE NAME
t

COUNT OCS S" Bi-214 TI-20B MASS Ra-220 Th-232 DEPTH • TECH

DATE SAMPLE ID DATE DATE pCl pCi Igramsl pCilg pCilg • COMMENTStit-

INITIAL & LOCA[ION SAMPLED SEALEb |_, INI IIAL _ WET _ IHll IAI. < 15cm

20 DAY 20 DAY 20 DAY 20 [lAY ; [)t_Y 20 bAY 20 IiAY > 15_n .iO DAY ,

IZ'3"'q3 tFL-SS-zq'_? LlrlO __.$_q E'_i'+_ Ez_ , t_q I, I _ T_ .i_ 3 | sc I'_{_¢LE-_

L'-3-q,_ qTL 'WgV _q_l_ g<lt {, i .
--- _ _ ...... ............. _ ............

--r- •

i2_ B-q'._ t'FL-SS-ZI'_0 ' _TL i-li?d,) q_,_ <]00 _;._q t. "?-- :_ T# it 3 ) 5-ccet_._;eq
'0 " 2.""

I i

1&-3-_3 7"FL-SS-ZN'_'I" fTe/ gO& 7- _/.._,l q_'O I,,_ I,e "_e-tt i

II

r 7:"
#£-- g"gS gFL-SS- Zq_(;f _"?a ell0,3 I ilS'_'---t Ltig "_- 7.+" ..... _,._l,,__"7 . TP_ z.-

/z zT-_ rp _ " i Z."Z "cl2,, 2- _ <i-_ ,_ , . .<-- 3 > ?c:) '-I 2u. 7 __S i. <7 z. s- v/ 0<% Z'--3

IZ-3-'l_ ._-ss- Za%- q?_ _'5_'.q _.cq._-,. 3_3. I,N ").,__ Tp-. a

/da'_/_ re" "- /e-_-_:_/ _ 0;1_6 zw,b<_._ ...._,o _._ .......z _ _ :.Lq

I : • -i?--_'"clL_ RFL-SS-P'-@ct/_ " ">% '._(_q,_ ,_._2 "Z] 7 J '- '_'_ _/ "/_ _t "5/__7o_/__.7r_,-_ #' '-" #'2 -. =,--_I - I

VP Correction Factor (if applicable) = (L,(,) F,EV1EWED _Y: • ...... -" " " Silo HP Maniigor

Count Time = 50[-). soC. . unhlss otherwisn nolod I
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MK-FEF SON COMPANY _ CVVM Federal Environmental St inc.A MORRISO. tUDSEN COMPANY I_

ces,

OCS SP_iPLE LOG J_MATIONONLY
RIFLE, CO.

GITE NAME

COUNT T1-208 h4ASS R,--220 Th-232 TECH:

- DATE SAMPLE ID DATE DATE pCi . [grame) pCilg pCi/g - " " : COMMENTS
INITIAL & LOCATION SAMPLED SEALED _ WET IINI.I:IAt,,/CORRr INITIAL :.INI_AL
20 DAY 20 DAY DRY 20 DAY 20 I:)AY 20 DAY "

T_oz.

075t0 -T-P'¢_





_, , , I| ,
I , " '

MK-FEF SON COMPANY _CWM Federal Environmental St. .ces, Inc.A MORRISOI, .;,dUDSEN COMPANY

RIFLJ_, CO. OCS SAMPLE LOG FOR INFORMATION ONLY
SITE NAME

COUNT OC._ if Bi-214 TI-208 MASS ' Re-.?20 '-' Th-232 DEPTH "[ [)TECH i'
DATE SAMPLE IO DATE DATE pCl pCi : (grem-,I pCilg : " pCilg .: .:. _, •

INITIAL & LOCATION S,%MPLED SEALED _ INH'IAL _ WET .. II_il]'IALICORR,- IM'HAL < 15cm :i_i(._.=:_ COMMENTS
20 DAY 20 DAY 20 DAY 20 DAY DRY 20 DAY 20 DAY > 15cm ::20 0AYI

i , ,,,, i J

RFL-S S-2 ¢',_ "e
/._- 0,- _ _>,_ (.o_.4 %¢3.9 &q 7 ._ ? /. _-- E_C <,/..-p=L

/..___ ,)_ IFL-SS-,_5"__¢ " fc.- _-_2_-_77 _:_::/:i&_5 .P_ :_: t.Cl :_. 7-P _ 5

i._l<gqD_<,<>_ ,___.<,,,_I<;Zt'I/<73_ 723,7'/_n,i;m-_ ,D<_ /,.=.______.,--:,:i_;.
,_3_-,¢,-_# [tm,-ss--a_'a? /...// G,,?G _,gT..! r,<'2oi.) GIT /,I. I,c(.__. i_._::. 1--P_ 5

'<:.. - " - " ' ........ 7'-•......................... i[_77,:--_7_:m:_+-_• i

__ . ,,

_/<_s/__>"_....._ ,:_--_-z__,o-/vl_x_ 4_I,_-_/i__ o._5:o,___--4_':_::_:_

• ' _FL- SS-_'._= " _$/=,_- _ _-,_c,:!_-_._ i!_,_ , u_,W ..P.._" /.c, !IZ=C;

RFL- SS-_._L/, " . "r,_-_,-e'_ ED_ _o,_.__-':t5"<_I /.c> I."2 _=_ "/-P=_

,:_-o.-,_:_.,,FL-ss-._<., c.__-._.__7;7u_>7 .'_,., . <_.,. _e -re-"

Site Correction Factor = /" _" ! i; / "xt-_" _v " yi/

VP Correction Factor (if opplicable) = ,_,-_.0 REVIEWED 3Y: " " - " _" _ " "Sito-HP Manuger

Count Time = SO,C) see. . unless otherwise noted 7



' " ._UDSENCOMPANY =_ " ' _ _;=i =u.L-ec,era ,-.nvlronmenta': S_ ._e_ Inc.
A MORRISOI_,

OCS sAr_PLE LOG FOR INFORMATIONONLY
RIFLE, CO.

ITE NAME
• : ' . .

COUNT oCS# ._-2_4 Ti-208_ MAss R,-228_ Th-232 DEr'TH::'_ITECi_I_:::
DATE SAMPLE ID DATE DATE pCi " pCi . Igtama) pCill] " " : pCilg ._:".::";...:i:...... COMMENTS

INITIAL & LOCATION SAMPLED SEALED _ INITIAL NL_: Al,_ . WET _ Of._._il_ NITIAL <15cm NIL_.LL_ :::•

20 DAY ;tO DAY 20 [JAY 20 DAY I)P,Y 20 DAY. 20 DAY > 15cm 20 DAY: _, , i , , ,--

"t ¢"

' , : =====================::._ .
,__(,..,3 RFL-SS-,_37 , , ::9_:£I'_"m._,>:_Ay 7_-q 23 .'r7 _';_i::,:;i!::"r'/_/_

a'l / ' ._ I

<_-s_-_rv/ .......... ............_;_d:_,._ _:_:_.9,,° _,o : t._- _:i::i: _-_'_7-c, - 9_,

,_.,,_<,__:__,.-s_-_s-,/;__ _.,_<,._._'_i_.,::s-z_ :'i:.s- :_::::_.'-( ::::'_'_:::
13<)7"/3 _ _i:;2'7"q$ _i3u'l (3a3 z_( "' ___.--.---- , , ," .scr-_<-..._

RFL_SS__E-qq ::..... -::,

I -_ .c ",_ _

}_/_,,.>/<_s,-,-r-v,g2 ,..,_,__...i_1 l_ 5_ _/I,,D)lifo _% !2 /,7' '-" de; ,7",_" Y"_"_/_
;ire Correction Factor = lf_ _; t m / / :2zfiL-_ _'_" "

: 'P Correction Factor (i, .pplicnblo) = _.,-._- O REVIEWED BY:" _,.J(/(__f/_#'1]___/r_. _'/

i " Site HP-Managor:ount Time = _00 SPC. , unless otherwise noted

FS-IN-O01-1, ICN-O1



MK-FEE SON COMPANY (l-_ CWM Federal Environmental St. :as, Inc.A MORRISOI% . _UDSEN COMPANY

OCS SAMPLE LOG FOR INFORMATION ONLY
RIFLE, CO.

SITE NAME

....

. , .. .:.: .:: -. : : ::.': :;

: : :TECHE!I

COUNT ;ilOCS# Bi-214 TI-2OBL:: MASS - Re-220 : Th-232 DEFrH iii!:_:ii:::iii:i:iii_::ii::ii::i::ilDATE SAMPLE ID DATE DATE pCi .. pCi. Ig,emal !. pCilg .-.i:!:i, - " pCilg COMMENTS

INITIAL & LOCATION SAMPLED SEALED _, INITIAL " :INITIAL: WET IHW!ALICORR; ' INITIAL < 15cm ::_::'iii::.i i

20 DAY 20 DAY 20 DAY :20 DAY DRY 20DAY. 20 DAY > 15cm : 20 DAYi ;:

_P_ 0 , . /g- 3"?._ :.: :...:-:..... I:...:..::ii: ::::::::::::::::::::::::::._.:...:::._...

TP_ _ D _ n ] _ - ! - _i_._ .......... : . " .... . _ ,, , ..... " - ,,,, .,,., ..... ,, -

I_-_ .--_ ...... _
...

_,_1 . _,_-I-q5 ,.. ,i, ,, " ,,, " ..... v_'":"i)::.::!_i_:"-_/

/r---'-°_?.4 /=_-3" "_ .:...".-:. :.._...::..:..::...::....-. '-..::.:-.::.,-:.:. _ ._ ,:f_i_:::.ii::::::::::::i:_:.:

/>_.-;_ ......... .
, : ::: : -... ;.: - : .:::. :).:::::...:::.:-:.- J

I I/I III .i III I : " :i,. i ir

VP Correction Factor (if applicable) = r_- (_ REVIEWED BY:
-- _ ' ' " Site_l_PManagor

Count Time = 500 sac. . unless otherwise noted )



, . =.,_,_._,u, ,= _-e_era_ =nvlronmema, eel as, ,nc.

A MORRISON .... JDSEN COMPANY

OCS SAMPLE LOG FORINFORMATIONONLY
RIFLE, CO.

TE NAME

COUNT TI-208 MASS Ra_.2201:.! i Th-232

DATE SAMPLE IO DATE DATE pCi _" [grem=] 'i pCilg ? i:_ " pCilg COMMENTS

INITIAL & LOCATION SAMPLED SEALED . _:: _ IHIT, IAtrlCORR; • INITIAL

20 DAY 20 DAY DRY 20 DAY 20 DAY

ss- z._-_,-"7 as"

ss-,_ss TP#'_ _"

)-/-q:_ ...... :. : : ...... ...

s : /,_"
- :::::::::::::::::::::::::::: /

. q._, :::: i :: ,: : :::_::-: ::-:::::::::::::::::::::::::::::::::
0

• . : " i i : ::::"::

• ....

a-_,-'_3 s--a I::?
j' • - .. : • .. : ::::::::::::::::::::::

:- . .. -:.:-- : -_

ss-._g,_, a-_,- _ ....' I.'? (
" "S' .

c>
| ,"

._'-7-- _ ss-,,,nS"_,s"- _, :: .... t 5-:- . , . : ,-
. !

_-2- _> ss-._s"_, d. _,._ a_, .
• . _.,. ¢_(

z-O-'-6,

ite CorrectionFactor=

'P CorrectionFactor(if applicable)= _ • _ REVIEWEDBY: _ _
Site HP Manager

:aunt Time = _)OO sac. . unless otherwise noted

F5-1N-O01-1, ICN-01



MK-FERI :ON COMPANY CWM Federal Environmental Set es, Inc.
A MORRISON . .JDSIEN COMPANY

RIFLE, CO. OCS SAMPLE LOG FOR INFORMATION ONLY
SITE NAME

_ocss Ra-22(/i.. _
q

....... •ii'!::i;:ii!L.:! .i iii:/

oAT,: _A,_,'._,O OATE DATE : _: ,,C, .i. ,_':__:,0,.-,.I :: ::.C,_,,;_:_: ,_',,, __--;_'_'_:':;:_:INITIAL & LOCATION SAMPLED SEALED ' _::! INITIAL _:_:: WET I_ilTIAL/COI_t't,: • INITIAL < 15crn :.i ' COMMENTS
20 DAY 20 DAY 20 DAY :. 20 DAY :.: DRY .20 DAY 20 DAY > 15cm :7:I20DAY::.

| 1

_FL- SS-_ _ G. 7

i i ii ...... i ,11 I I I " " i "

'_-_,-';'3_F_-s_-<_s-c<,_ <,'<_4,',.t_<r.:,!_,..j:-¢_._ o;.e_:-- --/. _/ __! _----I_-'.,t'<
F,=;s P;? I_-'_- _'$ ,. . .:,:-::.." ....,.....:.,_.,_........

i . | ii I i . "1 i ;'
.. i. 3 . i

/_" t'_ _FL-SS-)_ $_. _._ _:_:"_._ /' _ :_: " /. a [::_:_ I_P_

.,,,,p,.,.,-I-<
" " "" I 3." . .. I III . ' I I Illl' I IJ I Ill li ''"'."'" "

_..___,3 a_-ss-_, _o_:._-s_ :,__ c/__,._ _._ ,_:!__:--r_,__
• ,.. ., i ..... !. "

........... __ _ __ - _. . :;..: : " : _= _ .... •

I - ii- ..... i i ii iii I i

_ .,.,,.i / i,

__ I ! I (t_,=, --'_ --_ " " :+: " ..... : :'iL+: ::::+:i'i": !i;!!: C_%# _ ".' 2 _: I: : i i i I i i

l_, _ j_J RFL-SS- _d'lS 500 _1. a:._g,.i/ _£ 'L:::!.:"/i:I.2:: 1::.:i:;: _,_ iii_::ii_::i_::i/--"]9 # 2__, _ 4 ]_-OIS7 i"

,,.Z 71q3 iC/_/.0 __d_.:_S lff_O ,'_i O i, .C_j _i "-/_J-'f/S "...,,, ,,'7"/o,_ii. _ . _

Site Correction Factor = i" _ ,__.,,¢

Count Time = _00 sec. , unless otherwise noted " Si_e HP-tvlanagor
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RI_LZ, CO. COC.._..,..,,.;.:,__-_--.,=--..-.--._, FORINFORMATIONONLYiITE NAME
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