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ANALYSIS OF COBBLY SOILS FOR COBBLES-TO-FINES CORRECTIONS TO RADIONUCLIDE
CONCENTRATIONS AT THE NEW RIFLE, COLORADO, PROCESSING SITE EXECUTIVE SUMMARY

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 contaminatad 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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Acronym Definition

ALARA as low as reasonably achievable

cm centimeter

DOE U.S. Department of Energy

EPA U.S. Environmental Protection Agency
ft foot

m meter

m2 square meter

NRC U.S. Nuclear Regulatory Commission
pCi/g picocuries per gram

pCi/L picocuries per liter

pCi/m3s picocuries per square meter per.second
pH acidity

Ra-226 radium-226

Rn-222 radon-222

Th-230 thorium-230

UMTRA Uranium Mill Tailings Remedial Action
UMTRCA Uranium Mill Tailings Radiation Control Act
UR/hr microroentgens per hour

DOE/AL/62350-127 APRIL 14, 1994
VER. 1t

--

RFLO10V1.WP



ANALYSIS OF COBBLY SOILS FOR COBBLES-TO-FINES CORRECTIONS TO RADIONUCLIDE
CONCENTRATIONS AT THE NEW RIFLE, COLORADO, PROCESSING SITE INTRODUCTION

1.1

1.0 INTRODUCTION

STANDARDS AND CRITERIA

Remedial action at the New Rifle, Colorado, processing site is being performed
under the Uranium Mill Tailings 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 in'40 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 resuit 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?) 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 15-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 Protocol 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 1000 years in the future, including both in
situ Ra-226 and Ra-226 produced by natural decay of Th-230 over a
1000-year period, averaged over 100 m2, will not exceed background levels
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ANALYSIS OF COBBLY SOILS FOR COBBLES-TO-FINES CORRECTIONS TO RADIONUCLIDE
CONCENTRATIONS AT THE NEW RIFLE, COLORADO, PROCESSING SITE INTRODUCTION

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/mzs) and
expected long-term conditions are 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 bu/k 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 and 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? grid (see Appendix
A). Bulk radionuclide concentration can be determined using the mass partition
function, the radionuclide concentration on the larger size soil fraction, and
radiometric/radiochemical measurements of only the finer soil fraction passing a
#4 sieve.

The standards given above are based on bu/k Ra-226 concentrations elevated
above background level. Measurements 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 (uR/hr).

® Background Ra-226 concentrations in the soil near the processing site
average 1.2 pCi/g.
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ANALYSIS OF COBBLY SOILS FOR COBBLES-TO-FINES CORRECTIONS TO RADIONUCLIDE
CONCENTRATIONS AT THE NEW RIFLE, COLORADO, PROCESSING SITE INTRODUCTION

® 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
tailings and contaminated materials to meet the EPA bu/k 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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ANALYSIS OF COBBLY SOILS FOR COBBLES-TO-FINES CORRECTIONS TO RADIONUCLIDE
CONCENTRATIONS AT THE NEW RIFLE, COLORADO, PROCESSING SITE PHYSICAL AND RADIOLOGICAL EVALUATION

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. Lithologica!
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 initial
samples may have been accidentally cross-contaminated during the first
sampling. The granular materia! 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.

DOE/AL/62350-127 APRIL 14, 1994
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ANALYSIS OF COBBLY SOILS FOR COBBLES-TO-FINES CORRECTIONS TO RADIONUCLIDE
CONCENTRATIONS AT THE NEW RIFLE, COLORADO, PROCESSING SITE PHYSICAL AND RADIOLOGICAL EVALUATION

Table 2.1 Summary of mass partition functions and radionuclide concentrations for
composite scil sample= retained on a #4 mesh sieve

Radionuclide concentration
mass fraction > #4 sieve

Test pit ID and Mass partition Ra-226 Th-230
statistical summary Location function® {pCilg) (pCilg)
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 0.7
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-24 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% confidence level® 3.20 1.4 0.9
Average Background 4.11 1.4 0.8
Standard deviation 0.47 0.5 0.3
95% confidence level? 3.32 2.2 1.3
Average Subpile 3.99 1.2 0.9
Standard deviation 2.20 0.8 0.5
95% confidence level® 2.7 1.6 1.2
Average Offpile 3.54 1.0 0.7
Standard deviation 1.22 0.3 0.2
95% confidence level® 2.72 1.2 0.8
Average Subpile and 3.79 1.1 0.8
Standard deviation offpile 1.80 0.7 0.4
95% confidence level® 3.05 1.4 1.0

9Mass partition function equates to cobbles-to-fines ratio, f = (M > #4)/(M < #4).
bThe upper 95 percent confidence level value is shown for the radionuclide concentrations, and the
lower 95 percent confidence leve! value for the mass partition functions.
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2.2

In addition to the requirements in the cobbles-to-fines protocol, an aliquot of the
fine soil size fraction (< #4 mesh sieve) was obtained from each 1-ft (0.3-m)
test pit depth increment (except in tailings) and separately analyzed for Ra-226
and Th-232. One to four of these increment samples for each test pit were also
analyzed for Th-230 to determine the potential for significant Th-230
contamination at depth below Ra-226 contamination. Measurements of acidity
(pH) in selected soil layers in subpile and offpile test pits were also taken in the
field to determine whether there were acidic conditions that would enhance
Th-230 mobility (see data in lithological logs of Appendix C).

STATISTICAL PARAMETERS FOR COBBLES-TO-FINES CORRECTIONS

‘The original plans developed for test pit locations had a total of approximately
30 subpile and offpile test pits. Ten of these locations were inaccessible during
the study because they were underneath about 50 ft (15.3 m) of tailings.
However, the data gathered from this study are considered to be sufficient for
obtaining the necessary parameters to implement the statistical approach of
cobbles-to-fines corrections at the site due to the following:

® Observed consistency in the mass partition functions and low radionuclide
concentrations in the cobbles (Table 2.1).

® Spatial representativeness of pit locations (Figure 2.1).

® Uniformity of the geological conditions in the underlying natural cobbly soil
(Appendix C).

Additionally, the protocol’s method for determining conservative values for the
statistical mass partition functions and cobble radionuclide concentrations was
reviewed. This review revealed that using data from less than 30 test pits
should actually result in more conservatism in developing the statistical values
when using representative sampling plans.

The average, standard deviation and statistical values for the mass partition
function and cobble radionuclide concentrations for 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 partition function was available
for test pit M-CF-06, because technical problems (cave-in) rendered the
measurement nonrepresentative.

This information demonstrates the relative consistency in the physical and
radiological characteristics of the cobbly soil layer in all of the test pits. In
determining the correct values for calculating bulk concentrations from cobbles-
to-fines corrections, the subpile and offpile combined data appear to be the
most applicable because of the proximity to areas that may apply the
corrections. These critical values that will be used in the correction calculations
are 3.05 for the statistical mass partition function, 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 buik 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 frcm O ft to 16 ft (O 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
sand/silt/clay layer was 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

Excavation based on

Plan excavation depth cobbles/fines profiles Deita®

Area ft m ft m ft m

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

5 13 4.0 1 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 1.6 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 (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 24 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)

8Numbers within parentheses indicate amount of reduced excavation; numbers without parentheses
indicate amount of increased excavation.
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4.0 CONCLUSIONS

Site cleanup, including the excavation control and verification, will involve the cobbles-to-
fines corrections in remediated areas when applicable. Th-230 was not observed to be a
gignificant concern in excavation design, and iis residual concentrations will be further
verified according to the requirements in the Generic Protocol for Thorium-230
Cleanup/Verification at UMTRA Project Sites (Appendix A). Whenever the application of
the cobble-to-fines correction is in doubt (for example, when it appears that there is only a
small percentage of cobbles), grid verification based on a representative sample will be
used or grid-specific mass partition functions will be measured to demonstrate compliance
with EPA soil cleanup standards.

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 used to determine allowable fines concentrations in subpile and offpile
areas (calculation JEG-RFL-03-94-09-06-00). On this basis, for cobbly subsoil to comply
with the bulk cleanup standards (tota/ 1000-year Ra-226 concentrations from residual
Ra-226 and Th-230 not to exceed 15 pCi/g above background = 1.4 pCi/g bu/k Ra-226
concentration), the corresponding concentrations in the finer soil size fraction (passing a
#4 mesh sieve) in the subpile and offpile areas could vary as follows:

1. Ccpapa = 62.2 pCi/g Ra-226, when the Th-230 concentrations on the finer
fraction, C . 44 1. are less than or equal to 63.7 pCi/g;

2. CpsaT1h = 176.5 pCi/g Th-230, if there is evidence that the Th-230 has
differentially migrated relative to Ra-226, and the residual bu/k Ra-226
concentration is 1.4 pCi/g (C .44 pa = 1.2 pCi/g), corresponding to average
background concentrations; or

3. Th-230 concentrations (pCi/g) determined by the following relation for residual
Ra-226 concentrations measured on the finer soil size fraction, (C 44 gg). in the
range of 1.2 to 62.2 pCi/g,

Ceyath = 178.8-1.85xC_y4Ra

DOE/AL/623560-127 APRIL 17, 1994
VER. 1 RFLOTOV1. WP
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APPENDIX A

U.S. DEPARTMENT OF ENERGY/U.S. NUCLEAR
REGULATORY COMMISSION CORRESPONDENCE

PROCEDURE FOR BULK RADIONUCLIDE
DETERMINATION, EXCAVATION CONTROL, AND SITE
VERIFICATION FOR SOILS CONTAINING COBBLES

GENERIC PROTOCOL FOR THORIUM-230
CLEANUP/VERIFICATION AT UMTRA PROJECT SITES
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REGULATORY COMMISSION CORRESPONDENCE



Department of Energy
Albugquerque Operations Office
P.O. Box 5400

Albuquerque New Mexico 87115

BEP 2 o 199

Mr. John Surmeier A

Chief, Uranium Recovery Branch

Division of low-level Waste
Management § Decamissioning

Office of Nuclear Materials Safety
and Safegquards

U.S. Nuclear Requlatory Camission

Mail stop S5-E-2

1 White Flint Nerth

11555 Rockville Pike

Rockville, MD 20852

Dear Mr. Surmeier:

At both sites, which were located on alluvial flocdplains, subsurface
soils consisted of a large percentage of cobbles and gravels which were
retained on a #4 sieve (4.76 mm). In addition, it was determined that
approximately 95 percent of the total concentration of radicactivity was
deposited on the fines (those soils passing a #4 sieve).

Pased on these considerations and the fact that cleamp verification
sampling routinely employed by the Remedial Action Contractors did not
yeadily accarmcdate sanpling and aralysis of materials greater than #4
sieve, the folléwing protocol for Th-230 clearup/verification to a bulk
subsurface tion of 35 pCi/g was adopted and aprroved by the

U.S. Department of Energy (DCE) ard the U.S. Nuclear Regulatory Comission
(NRC) in modifications to the Remedial Action Plans for those sites.

1. Determine the "fines mass fraction" by collecting several (10)
representative bulk field samples, ard separating fractions greater
than and less than a #4 sieve:

fines mass fraction = mass fines/mass total = unitless fraction
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2. Deternine Ra-226 (or Th-230) concentration (passing the #4 sieve) in
verification sarples collected and analyzed according to stamdard
methodology described in MK-Fergusan Campany (MK-F) Procedure RAC-01S,
"erification Procedures for Vicinity Properties and Tailings Sites.®

3. Determine "bulk® Ra-226 (cr Th-230) concentration during clearup and
verification by ccrrecting the Ra-226 (or Th-230) concentration an
fines as follows: ~

Bulk Ra-226 concentration = . (f£ines Ra-226 concentration) X (fines
mass fraction) or, .

Bulk Th-230 concentration = (£ines Th-230 concentration) X (fines
mass fraction)

The DOE proposes to adept this basic protocol, on a site specific basis,
as a standard cperating practice for cleamp and verification of both
residual Ra-226 and Th-230 contamination at UMIRA sites yet to be
remediatad. The bulk concentrations of Ra-226 ard Th-230 determined by
the above procedure will camply with the remediation stardard for Ra-226,
and supplemental cleamp requirements for T™h-230, as specified in 40 GR
192. Bulk Ra-226 concentraticns will not exceed § and 15 pCi/g for
tive 15 o deep surface and subsurface layess averaged over 100

. Similarly, the bulk concentraticn of subsurface Th-230 pLN- .}
depth increments will not exceed 35 pCi/g averaged over 100 m™. The
dutails of the protocol will be more carpletely described in an added
section to Procedure RAC-015 which will address when the protocol woul
irplementad; the number of samples needed to provide the initial value for
the fines mass fraction; the frequency of updating/verifying the fines
pass fraction as work progresses across a site; hos the fines mass
fraction used will be logged on field data sheets, etc. It will also be
included in futire updates of the Technical Appreach Docznent amd
referenced as appropziate in Remadial Action Plars for sites where it vill
be applied.

The sites where this protocol could be applied wauld likely include

Grard Junction, Gumnison, Rifle, Slick Rock, and Naturita, Colarado, since
they are all located on alluvial floodplains possessing characteristics
similar to those described above. Therefore, the DOE requests the NRC's
concurrence that such a protocol is consistent with the requirements of

Wumprmlmmmmﬂmmmm
its potential application in site Remedial Action Plans.
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Itymﬂmndhaveanyfurmerqustimnguﬂingﬁﬁanmst, please
call Mr. Don Metzler of my staff at (FTS) 845-5657.

Sincerely,

Gt

é,ﬂark L. Matthews, P.E.

Uranium Mill Tailings Remedial Action
Project Office
cc:
F. Bosiljevac, BMIRA
S. Hill, TAC

M. Miller, TAC

D. Gonzales, TAC

J. Oldham, MK-F

D. Carlson, MR-F

M. Madsen, QON-Gectech
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Mr. Mark L. Matthews P.E.

Project Manager

Uranium Mi11 Tailings Remedial Action
Project Office

Department of Energy

Albuquerque Operations Office

P.0. Box 5400

Albuquerque, New Mexico 87115

Dear Mr. Matthews:

Your letter of September 6, 1991, requested U.S. Nuclear Regulatory Commission
(NRC) concurrence in the use of a procedure for determining and verifying
radium-226 concentrations at locations with large quantities of cobbly
material. Your letter states that at several Title I sites, DOE has
encountered large quantities of radium-226 or thorium-23C contaminated
material with a high content of cobbly material (greater than a No. 4 sieve
size). Your tests show that the contained radioactivity is concentrated in
the finer fraction with the coarse fraction containing negligible quantities
(1ess than 5 percent). Procedures presently in use by your contractors for
sampling and analyses are designed for relatively fine grained homogeneous
s0ils with a minimum of larger material and are not adequate to characterize
the radiocactive concentrations in the heterogeneous size material being
encountered. Your proposed approach would rely on measurement of the
radium-226 or thorium-230 content in the finer fraction to obtain an average
concentration for the entire sample.

We agree that determining an average radium-226 or thorium-230 content over
an entire sample would be consistent with the Environmental Protection Agency
(EPA) standards in 40 CFR 192 if the radium-226 content of the two size
fractions and the percentage of each size fraction are properly factored.
Part 192.12 states that the concentration of radium-226 in land can be
averaged over an area of 100 square meters to meet the standards of not
exceeding background level by more than 5 pCi/g averaged over the first 15 cm
of soil below the surface and 15 pCi/g averaged over 15 o thick layers of
soil more than 15 cm below the surface.

You plan to address the details of the procedure in a section to be added to
Procedure RAC-015 which will define when the procedure would be used, the
number and distribution of samples to be taken, the determination of the
radium-226 distribution and size fractions, and other appropriate details.

We agree that the proposed approach has the potential for maintaining
coupiilnce with EPA's standards while avoiding over excavation of contaminated
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material. However, for final concurrence, we will have to review the details
of your revised Procedure RAC-015 and the effects of its implementation on a

site-specific basis. Any questions can be addressed to Allan Mullins of my
staff at F1S-492-0578.

Sincerely,

o nsiaic

John J. Surmeier, fhief

Uranium Recovery Bianch

Division of Low-Level Waste Management
and Decommissioning, NMSS

ct: D. Metzler, DOE, Alb.
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Mr. Albert R. Chernoff, Project Manager

Uranfum M111 Tailings Remedfal Action
Project Office

U.S. Department of Energy.

Albuquerque Operations Office

P.0. Box 5400

Albuquerque, New Mexico 87115

Dear Mr. Chernoff:

We have reviewed the procedure on "Bulk Radionuclide Determination, Excavation
Control, and Site Verification For Cobbly Soils" sent with your letter of
March 26, 1992, and supplemented by a revised Page 12 sent by facsimile on
March 30, 1992. We hereby concur with its use on U.S. Department of Energy
Uranfum Mi11 Tailings Remedial Action Project sites containing 2 high
percentage of cobbly subsoil. This procedure, designated RAC-0P-003, should be
referenced in the specific Remedial Action Plans for those sites where 1t will
be used. ’

One jtem of note concerns the section of the procedure discussing authority
(Section 1.3). This sectfon should be revised to 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 Mullins of my staff at FTS 964-2578.

Sincerely,

hn J. Surmeier, Chief

Uranium Recovery Branch

Division of Low-Level Waste Management
and Decommnissfoning, NMSS

cc: D. Metzler, DOE ATD
P. Mann, DOE A1D
D. Gonzalez, TAC
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1.1

Soil Verification Using Cobbles-To-Fines Correction

1.0 SCOPE

FOR INFORMATION ONLY
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 designate'd for routine soil excavation
and verification (see RAC-OP-003) 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,

2.0 REFERENCES

2.1 RAC Health Physics Proccedure RAC-RP-005 - Radiological Instrumentation.

2.2 RAC Health Physics Procedure RAC-OP-002 - Excavation Control Procedure

2.3 RAC Health Physics Procedure RAC-OP-003

3.0 DEFINITION

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),

Appendix: Rev. No.:

OP-003-4 0] Page 2 of 15
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where the total dry mass of the sample, M,, is

FOR INFORMATION ONLY
Mr = M>u + M<u'

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)
CB = ( C<:4 X M.:n + C>x4 X M)N )/ ( M<M + M>M )
Co = C.(1/01+1) + C,,0 (f/{1+1)).

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 (f,) - 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,,) - The cobble radionuclide
concentration (C,,,) at the upper 95 percent confidence value calculated from
test pit or running average data.

4.0 REQUIREMENTS

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.

Appendix: Rev. No.:
OP-003-4 0 Page 3 of 15
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4.2 Tools, Material, EquipmeE\QR INFORMATION Ohﬁ.Q ‘

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

5.1.3 Approximately 30 (preferably uniformly distributed) sampling locations
(test pits) should be used for the entire site. Fewer test pits may be
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 (f) shall be obtained by
calculating arunning average of the corresponding parameters obtained
as test pit work progresses across the site.

OP-003-4 Rev. 0 ICN-01 Page 4 of 15

@ CWM Federal Environmental Services, Inc.
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5.2 Test Pit Soil Sampling and Analysis " OKLYFOR INFORMATION ONLY

5.2.1 Dig each test pit to the estimated depth of contamination at the
location, and record the test pit surface elevation and maximum depth
of each test pit. If groundwater is encountered, the elevation of the
water level at the time of test pitting shall be recorded.

5.2.2 Collect one composite sample from each test pit. The composite soil
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/cobbly soil
interface and continue through a minimum of 5 feet of cobbly material
or all the cobbly material (whichever is less).

5.2.3 Sieve the composite sample through a #4 mesh sieve, collecting the
fines and cobbles in separate buckets of known weight. Weigh both
fractions separately. Thoroughly mix the fine fraction and extract two
(2) representative 500 gram can samples.

5.2.4 Determine the percent moisture content by weight of one of the can
samples and calculate the adjusted dry weight of the fines. Calculate
the adjusted dry weight of the cobbles assuming a moisture content of
1.5 percent. Record all pertinent information on the Cobbles to Fines
Calculation Sheet (Attachment 1). Calculate the mass partition
function (f) for the test pit using the 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
(and Th-232 if necessary) and sent to the vendor laboratory for Ra-226
and Th-230 analysis (and Th-232 if necessary). Record on-site and
vendor analysis results on Attachment 1.

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

5.2.6.1  Using the initial on-site analysis results and the vendor
analysis results for all test pit or running average samples,
a Ra-226 correction factor shall be established using the
following equation:

R + R, + . R,
n

Ra-226 C.F. =

Procedure No.: Rev. No.:
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where, CF. = correction factor,

R, = Vendor results (pCi/g) divided by
initial OCS, results (pCi/g) for the
n™ sample ('.e., 1, 2, ...n), and

n = number of ratios.

5.2.6.2 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 (Cg) 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.,), and the
radiological concentration of the cobbles (C, ,,) 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 containing cobbly I
subsoil of similar geologic deposition.

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:

fL =7 - f(SI\,/I—T)

where, f, = 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.
Procedure No.: Rev. No.:

OP-003-4 Rev. O ICN-0O1 Page 6 of 15
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5.4.2 The mean of the sample population is determined as follows:

fe oy
n

7-

where, f,,,n = 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:

S = \n-t

where, S = sample standard deviation,
f, = value of f for sample n,
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,, = C + H(sIVn)

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 = npumber of samples.

Procedure No.: Rev. No.:
OP-003-4 Rev. O ICN-01 Page 7 of 15
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5.5 Statistical Mass PHIREW BEMATIAN AMdrnative 2 (Running Average)

5.5.1 The statistical mass partition function (f,) 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 f_ 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 gnly be used for excavation control
to obtain an gstimate 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.

6.6.1 By solving the equation in section 3.5 for C_,, and using the statistical
mass partition function (f) and the statistical cobble radionuclide
concentration (C, ) an estimate of the allowable fines radionuclide
concentration may be obtained as follows:

Cy - C,, I1J(1 + 1))
(a -+ 4

C«u =

where, C .. The estimated fines radionuclide concentration,

W

Cs the applicable limit (i.e., 5 or 15 pCi/g for Ra-226 or
Th-232 or 35 pCi/g for Th-230),

f. = 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 yd? (-100 m?). Grids shall be
uniformly distributed over the site so as to obtain representative data.
Record location and elevation for each 100 yd? 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 |
be discarded. The soil plug will be taken to a depth of 15 centimeters
(cm). Sample collection shall be random (non-biased).

Procedure No.: Rev. No.:
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5.7.3

5.7.4

FOR INFORMATION ONLY
FOR INFORIATION ONLY

(307)
0 0 0
(30') 0] 0 0
0 0 0

0 = sample location

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

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

5.8.2

5.8.3

5.8.4

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

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

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).

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.

l”
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5.8.6 Calculate the bulk radionuclide concentration Cy for the grid using the
grid specific mass partition function, radionuclide 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-003-4.

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 (Cg) for the grid.

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

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

§.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 (f,)
and the statistical cobble radionuclide concentration (C,.) in the
formula from section 3.5 as modified below.

Cp = Cou1(1 + 1)) + G, 11/ + 1)]

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. |

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

Procedure No.: Rev. No.:
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- 5.10 The verification sample from the 25th 100 m? 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 RDS/REPORTS/NOTIFICATI

6.1 All data shall be recorded on the appropriate data sheet.

7.0 "TACHMENT
7.1 Attachment 1 - Cobble to Fines Calculation Sheet (F1-OP-003-4)

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)

"Procedure No.: Rev. No.:
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FOR INFORMAHGH firoRmATION ONLY
Attachment 1

COBBLES TO FINES CALCULATION SHEET

Site: Sheet of
Sample/Grid 1.D. Date:
Fines Cobbles Moisture Content Fines
Wi. Sample W1, Sample

& Bucket _____ * & Bucket Wet Wt. Sample/Pan
Wwt. Bucket Wi1. Bucket ) Dry W1, Sample/Pan
Wt Sample Wi. Sample Tare Wt. Pan-
Adjusted Adjusted Wt. Water*
DryWtLiMo,d® [ Dry WM, 0% wt. Soil**

Percent Water(*/**)
¢ Adjusted Dry Wt. of the Fines = Wi, Sample x (1 - % water)
¢+ Adjusted Dry Wt. of the Cobbles = Wt. Sample x (1 -.015)
Mass Partition fufction (f] = M, /Mgy =
Radiological . 22%Ra 230Th 2Th
Analysis (pCi/g) (pCi/g) {pCi/g) COMMENTS

Cobbles

(Csue)

On-Site Analysis ¢

Fines . N/A

(Ceud

*ee

Vendor Analysis

Fines
(Ceud)
Bulk Radionuclide #
Concentration
t 24
(Ce)
L2
* initsl; ** initial Corrected; *e*+ 20 day (N/A for Test Pit or Running AVE.)
# Using Vendor; ## Using Initial Corrected; a## Using 20 day (N/A for Test Pits or Running AVE.)
228Ra Correction Factor:
Reviewed By: Date:
F1-0P-003-4

_ lAppendix: Rev. No.:
: OP-003-4 0 . Page 12 of 15
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r “FCRAATION ONLy  FOR INFORMATION ONLY
Attachment 3
CRITICAL VALUES OF t
n-1 toso
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
Appendix: Rev. No.:
3 OP-003-4 0 Page 14 of 15
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Bulk 2°Th
Vend C 6
(pCi/g)

2oTH
Resuits

DATE:

Bulk PTh
c .
(pCi/g)

C <0
PTH
(pCing

Date:

F4-0P-003-4

Statistical Mass Pasrtition Function f, 195 correction factor

Bulk **Ra

Concentration (pCi/g)

Initial Corrected
20 Day

ALTERNATIVE 2 BULK CONCENTRATION DATA SHEET
Radiological Analysis (Fines)

lmcmm
20 Day

Ccn

e (pCifg) -

Statistics! Cobbles Radionuclide Concentration C,,
Reviewed By:

Bulk Concentration Cq = C 1 /(1 + N1+ C,IF/01 + 1)}

SITE:

~\ppendix: Rev. No.:
OP-003-4 0o Page 15 of 15




GENERIC PROTOCOL FOR THORIUM-230
CLEANUP/VERIFICATION AT UMTRA PROJECT SITES



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

The excavation of materials contaminated with thorium-230 (Th?*°) at one or more UMTRA
Project sites may require extensive, deep removal of soil materials to ensure that the radium-
226 (Ra?*®) 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?*° at the UMTRA Sites.

1. introduction

The cleanup of radiologically contaminated soils on UMTRA Project sites provides explicit
requirements for the remediation of soils contaminated with Radium-226 (Ra??°), whichinclude
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?2. If other radionuclides are
ancountered 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 reasonabie achievable.

Thorium-230 (Th#*°), which naturally decays, with a half-life of 77,000 years, to form Ra??
is also present in uranium mill tailings and contaminated soils. Therefore, it may be readily
shown that for soils containing initial Ra®?® and Th?*° concentrations, at time t=0, of
Ra??(t =0) and Th?*%(t =0), respectively, the Ra??*® concentration at any later time, t, is:

Ra?2(t) = Ra?(t=0) e** + Th**(t=0) (1 - &™),
where A is the decay constant for Ra??®, or 4.32 x 10 yrs™'.

Furthermore, the geochemical behavior of Ra??° and Th?*° in typical UMTRA site environments
have been observed to be significantly different. Under neutral or basic soil conditions, neither
Ra??*® nor 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 Th?*° being more mobile than Ra??°,

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??® and
Th?3° 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 Ra??® according to EPA standards would also reduce
the Th?*° concentrations to acceptable levels by default, and the total Ra??® as a function of
time will not exceed 5 or 15 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 Ra??® and Th?*° will cause these radionuclides
to differentially migrate. Generally, under these conditions, Ra??® is adsorbed or co-
precipitated on soil within a depth of one to two feet, and Th?*° 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, Th?*° 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?*°
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 Ra??® contamination according to standards
does not necessarily mitigate against the ultimate ingrowth of residual Ra?® with time due to
the radioactive decay of residual Th?*° in all areas within a site. As a consequence, residual
Ra??® concentrations at a later date, due to ingrowth from Th?*° contamination, may pose an
undesirable health hazard. Therefore, the supplemental standards provision of 40 CFR 192
requires the development of a cleanup criterion for Th?*°, 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 cencentration limits for Th2%°,
and is proposed to be implemented at UMTRA Project sites after concurrence from all
governirig agencies involved with activities at each site agree to its implementation.

2. Generic Protocol

As can be seen from the equation presented in the introduction, the overall 1000-year
maximum concentration of Ra??® in the soils will either be equal to the present Ra??® inventory
(if Th?*° concentrations are equal to or less than Ra??® concentrations), or the total Ra®?®
inventory one thousand years in the future (if Th?*° concentrations exceed Ra??*
concentrations). If Ra??® concentrations are equal to or exceed Th?*° concentrations, the site
will already meet the Th?*° supplemental standard by default when the site is remediated to
the 40 CFR 192 standards for Ra??¢,

(1)  Therefore, the supplemental standard chosen for Th?*° needs only to ensure that the
overall Ra??*° concentration 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 Ra?*® concentrations are considered to be bulk concentrations, as
determined by the recently developed, NRC-approved protocol for excavation control and soil
verification of cobbly subsails.

2.1  Protocol for Contamination at Depth
As the depths of excavations become deeber to remove elevated Th?*°, the thickness of
overlying fill material that is eventually used to remediate the site will increase. As a result,
attenuation of radon-222 (Rn?%?) 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 Ra?*® will allow higher residual
concentrations of Th?*° to be left in place, while still attaining a level of protection equivalent
to the intent of the Ra??® soil cleanup standards. To determine this concentration, the NRC
mode! (presented in the Draft Generic Environmental Impact Statement on Uranium Milling;
NUREG-0511; April 1979) can be used to determine the radon-222 (Rn???) flux that would
produce 0.02 Working Levels (WL) in a hypothetical structure built on a 100 square-meter
(m?) grid. The following equation was used:

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

C = Rn??2 concentration (pCi/l)

F = Rn?? flux (pCi/m?-s)

A = Area over which the flux enters (m?)

B = Flux reduction factor for entering structure (unitless)
V = Volume of the structure (m?)

R = Effective Rn??? removal rate (s'')

1000 = conversion factor (I/m?)

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? B = 0.5, V = 250m?® and R =
1.98x10* s, a flux of 3.9 pCi/m?-s would produce indoor air concentrations of approximately
4.0 pCif Rn??2, 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
shall use 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?*° concentrations
is when groundwater is encountered at shallow depths. Since the Th?*° contamination has
been present within the saturated zone long enough for soluble constituents to have been
mobilized, it is reasonable to assume that any remaining Th?*° 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 reaches values typical of water (Radon Attenuation Handbook for Uranium
Mill Tailings Cover Design; NUREG/CR-3533; April 1984). It is therefore reasonable to
assume that Rn?*? generated within a saturated zone generally will not diffuse to the surface.
Finally, it is very difficult to perform deep, cost effective excavations within a saturated zone.

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

(a) Excavation into the saturated zone will be considered when water pumping
or other controls are reasonable and when high concentrations of Th?*° extend
only a short distance into the saturated zone.

(b) An ALARA analysis will be performed in cases where a major portion of 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 assumptions to project future doses. |f water pumping or other
controls are not reasonable, excavation will halt at the level of the water table
(a nominal extra foot of excavation may be considered so long as it does not
require pumping/dewatering).

3. Verification Sampling

Under typical site conditions, verification of the Th?*° supplemental standard is to be achieved
by a three-tiered sampling approach.

(4) In areas within an UMTRA processing site that are suspected of preferentially
mobilizing thorium contamination over radium contamination (e.g., under raffinate pits),
based upon process knowledge or other sources such as previous sampling data,
100% of the grids are to be sampled and analyzed for Th?*°,

(5) In subpile areas, 10% of the grids will be sampled.

(6) In areas where process knowledge and characterization data indicates no potential for
preferential mobilization (e.g., windblown tailings), grids will not be sampled for Th?*.

An analysis of verification data from the Tuba City, Arizona, UMTRA site, which has
completed remediation and used this strategy, found no instances in the area sampled at the
rate of 1 out of 25 grids where Th#*° concentrations would cause future (i.e., at t= 1000
years) expected Ra?*® concentrations to exceed 40 CFR 192 standards for Ra??®, Furthermore,
preliminary results confirm the expectation that Th?*° concentrations are generally equal to or
less than Ra??® concentrations in areas other than beneath the raffinate pits, and Ra??®
concentrations are well correlated to Th?*° concentrations in these areas.

If any verification samples exceed the Th?*® criteria of this protocol, the surrounding eight
grids will be examined to determine whether or not these grids also exceed the criteria. |f
sample results have not been generated for the surrounding grids already, archived samples
of such grids will be analyzed. If any of the surrounding grids also exceed the Th?* criteria,
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the surrounding eight grids around such grids will also be examined. This process will
continue until no more of the surrounding grids exceed the Th?*° criteria. All grids that exceed
the criteria will undergo further remediation unless there is sufficient justification and
concurring parties 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:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Excavate bulk Th?*° to a 1000-year corrected bulk Ra??® concentration of 5 or 15 pCi/g
(as appropriate) in 16-cm layers;

For deeply buried material, stop excavations when the RAECOM computer code, using
site-specific parameters, calculates a Rn?*? flux of 3.9 pCi/m?-s and expected long-term
conditions are appropriate or when construction safety or feasibility become a concern;

Consider the following options whenever shallow groundwater is encountered:

(a) Excavate into the saturated zone when water pumping or other controis are
reasonable, especially when high concentrations of Thm extend only a short
distance into the saturated zone.

(b) An ALARA analysis will be performed in cases where a major portion of 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 assumptions to project future doses. Halt excavations at the level
of the water table when water pumping or other controls are not reasonable (a
nominal extra foot of excavation may be considered so long as it does not
require pumping/dewatering).

Perform verification sampling for bulk Th?*° in all grids underneath raffinate pits or

other areas suspected of having a mechanism to preferentially mobilize Th**° over
Ra!!ﬂ

Perform verification sampling for bulk Th?*° in 10% of the grids underneath sub-pile
areas; and

Do not perform verification sampling for bulk Th?*® in grids for which process
knowledge and characterization data indicates no potential for preferential migration.

When practical, delay backfilling until verification results are obtained.
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APPENDIX B
PHOTOGRAPHS OF TEST PITS AND OPERATIONS




PHOTOS OF FIELD SAMPLING
AND GRADATION DETERMINATION
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Test Pits were located around the perimeter of the tailings pile and
in areas where the tailings have been removed.

2/2)

Test Pit Locations
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Excavation depths were
measured using a survey
rod.

Depth of test pit is
measured upon completion
of the pit.
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Samples for
radiological
analysis were
collected from
test pit walls.

Samples of the
gravel were taken
for determination
of radioactivity.
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Gravel samples were collected in one-foot intervals and placed on
plastic sheets in order to carry out the gradation analysis.

Sample of sand gravel and cobbles taken from the test pits.
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Sample too wet to screen (See photo above).
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-

Screening and weighting gravel samples in order to determine the
cobbles to fines ratio.
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PHOTOS OF TEST PITS



TP M-CF-01. Note organic rich clay layer above gravel deposit.
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TP M-CF-01. Note sands, gravels, cobbles and boulders in the bottom
of the test pit. Note the carbonaceous coating on the gravels and
the film on the water surface.
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TP M-CF-02. Note highly
carbonaceous (peat)
layer.

TP M-CF-02. Note film
and gas bubbles on water
surface in bottom of the
test pit.

]
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TP M-CF-04. The top five feet of the test pit is in tailings.
Personnel are collecting tailings samples for radiological analysis.

TP M-CF-04. Soil profile beneath tailings with gravels in the
bottom.
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TP M-CF-05. Test pit profile showing lavender colored tailings on
top of the original vegetated ground surface. Bottom of test pit
shows gravels with a black carbonaceous coating.
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TP M-CF-06. Lavender and yellow tailings overlying clayey soil.
Bottom of test pit shows slightly carbonaceous gravels.
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TP M-CF-07. Tailings overlying clay soil and gravels. Perched water
in the tailings and equipment vibration caused severe caving of the
tailings resulting in contamination of samples from the underlying
material.
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TP M-CF-11. Excavation at old collection pond. Note oxidized and
acidified upper sediments (yellow pockets) of tailings. Gravels are
highly organic (carbonaceous).

TP M-CF-11. Sampie of highly carbonaceous gravels and cobbles.
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TP M-CF-15. Pond sediments overlying tailings which overlie clay
soil in the bottom of the test pit.
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TP M-CF-19. Below 5 feet, the backhoe bucket encountered refusal on
a cemented layer of gravels and cobbles.
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TP M-CF-20. Beginning excavation. Note one inch of tailings on the
surface.

TP M-CF-20. Bottom of test pit in sand, gravel and cobbles. Ground
water encountered at a shallow depth.
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TP M-CF-22. About 4-feet of road fill overlying the in-situ cobbles
and gravels.

TP M-CF-22. Sample of cobbles and boulders with a carbonaceous
coating.
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TP M-CF-25. Unsuccessful attempt to dewater the pit to allow
collection of samples below the water table.

TP M-CF-25. Sample obtained from below the water table (Note how
fines have been removed by the flushing action of the water when the
water drains out of the sample).
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TP M-CF-26. Water encountered at the interface of the soil
overburden and the underlying cobbles and gravels.
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TP M-CF-26. Water level two hours after excavation.
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TP M-CF-27. About 4 feet of fill and wood trash overlying tailings.
Bottom of the test pit is in gravels and cobbles.

TP M-CF-28. Entire test pit in gravel, cobbles, and boulders. Black
organic coating at 3 feet.
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TP M-CF-29. Gravels, cobbles, and boulders overlying a clay layer.
Water encountered near the interface.

TP M-CF-31. Sand gravel and cobbles in a background pit.
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TEST PIT LOG

PROJECT SITE LOCATION JO8 NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 N-CF-01
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOGGED 8Y:
GREEN BACKHOE N25130E46890 | 11/30/93| 11/306/93 | 5275.0 16.5 J.CERCONE/G.LINDSEY
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 Th-230 " Es REMARKS
(FT) NO. LOG AND CLASSIFICATION pCifgr | pCifgr | pCifgr P gg PHOTOGRAPH
- Ss-2242 YA/ SILTY CLAY, (CL), Tow t di lasticity, 24.0 2.2 -
- g%% brown, dry to m?:t,ov::tzr:lpr;:t;?‘ ! i
= 7T g%é 5.5 1.6 =
3 GH % 3
2 —{s5-2244 é%% 4.3 1.8 101 FINES: Ra-226 (1,000 year) = 6.3 pCi/gr. 3
. :
3 — SS-2245 g%% Some calcite casts and stringers at 2 to 2.5 1.1 “5
- / / 4 feet. 3
4 3 S5-2246 ?%% 5.9 1.4 PVC pipe at 4 feet connecting two adjacent sumps.
3 / / / . . pipe S . =
552247 1.9 1.8 |3.8:0.8 FINES: Ra-226 (1,000 year) = 2.6 pCi/gr. -
T ’ E
§ ss224s Z%é 1.4 1.8 -Plan Exc. Depth at 6.0°. ]
= 2% 3
T é%é 1.7 1.7 —E
. 4, -
8 $5-2250 2444 CLAY-SILT, (CL-ML), low plasticity, dark 1.5 2.0 Heavy odor. =
3 éééé " gray brown, moi st,o:egm:?n;ct:\o{e cT;yey évy ) 3
s 77 =
? ~IssmazEt /,4/% With depth. 13 | 1.3 =
3 55 % - : -
. E
R 7T éégé 20 | 1.5 3
- % =
W 557753 ééé% 16 | 1.5 -
12 — /é ?é —
55225 ) 0.9 | 1.6 9.5 -
- (RGM_IC CLAY, (OL), dark gray to black, ]
B 55 maist to saturated: 1.8 1.9 [4.5:0.9 gufs: r;:;zzs (1,000 year) = 2.7 pCi/gr. 3
rong r. _
14 7
7] 5572256 e ams  CRAVELS, (GW), with cobbles to 127, well 2.0 1 1.6 9.6 J
3 ss-2257 [ graded, approx. 30-35% fines, cobbles are| 0.9 1.7 -
SHEET TEST PIT MNO.
MORRISON KNUDSEN CORPORATION 1
ENVIRONMENTAL SERVICES DIVISION °2' H-CF-01




TEST PIT LOG
PROJECT SITE LOCATION JO8 NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-01
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | SROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N25130E46890 | 11/30/93| 11/30/93 | 5275.0 16.5 J.CERCONE/G. LINDSEY
[+ 4
DEPTH SAMPLE | GRAPHIC MATERIAL DESCRIPTION Ra-226 | Th-232 | Th-230 o g& REMARKS
(FT) NO. 106 AND CLASSIFICATION pCifar | pCifar | pCi/ar §g PHOTOGRAPH
— $5-2258 | gmmmt coated with a black organic stain. 1.0 1.4 [0.9+0.4 FINES: Ra-226 (1,000 year) = 0.1 pCi/gr. =
3 TS5 [ 0.9 1.6 Strong organic odor. Film of organic matter -
16 —] > ) ’ on top of ground water. -
— $5-2260 | g 1.3 1.4 9.0 —
— M g ! :
T 55-2261 | v 0.9 1.2 = 3
17 el —
- [ - _
= =

BOTTOM OF TEST PIT AT 17.5°

COBBLES (Composite): Sample Depth 15° to 17°.
Ra-226 Th-232 Th-230 Ra-226(1,000 yr)
1.140.6 1.1+0.4

FfINES (Composite): Sample Depth 15" to 17°.
Ra-226 Th-232 Th-230 Ra-226{1,000 yr)

4.6+1.1 3.1+0.7
+#4 sieve = 83.1%
-#4 sieve = 16.9%

TEST PIT NO.

M-CF-01

MORRISON KNUDSEN CORPORATION
ENVIRONMENTAL SERVICES DIVISION
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TEST PIT LOG
PROJECT SITE LOCATION JO8 NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-02
CONTRACTOR EXCAVATION METHOD CCORDINATES BEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N25130 E47190| 12/2/93 | 12/2/93 5274.6 15.0 J.CERCONE/G. LINDSEY
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Re-226 Th-232 Th-230 o g& REMARKS
(FT) NO. L0G AND CLASSIFICATION pCifgr | pCifgr | pCt/ar gg PHOTOGRAPH
- 55-2492 7727 SILTY CLAY, (CL), low plasticity, med. 22 | 13 Upper 6" frozen ground.
- é// " brown, slightly moist to dry, some roots. Soil profile appears L -
1 — // to represent several periods of deposition 7
552433 %/% 1.1 1.6 (Paleo Soils). =
3 5/% ]
2 — 15577404 /// 1.9 2.8 |1.0+0.4 FINES: Ra-226 (1,000 year) = 1.6 pCi/gr. -
3 —s57249% é%% 3.0 | 2.2 3
] 0 -
4 — 55-2496 ZZ% 1.0 1.8 ’E
- % / % -
_ Z / T
5 -1 S5-2497 /%% 1.1 1.8 -Plan Exc. Depth at 5°. —
] -
;3 / =
—J §5-2498 SILT, (ML), lTow plasticity, reddish brown, 1.3 1.5 -
7 moist, loose. :
7 - 55-2499 2.3 1.6 9.2 =
8 —T5572500 /7 SILTY CLAY, (CL), low plasticity, gray to 1.5 1.6 Strong aromatic odor. 3
. é black, moist, abundant organic material -
9 1 / (carbonaceous). -
1s5-2501 g 14 | 1.2 =
3 %/ 3
) Z 06 | 1.3 =
17 E
1 - ss-2503 é 1.3 1.7 B
552504 Y/ 1.7 1.3 -
- -
12 -] 55-2505 PEAT, organic material layer. 1.4 1.3 9.3 n
5 55-2506 [ BT GRAVELS, (GM), 2.5" max., poorly graded ina| 20 | 1.5 =
] $5-2507 — silty matrix. 1.2 1.4 3
] 55-2508 | | e 1.8 1.5 3
SHEET TEST PIT NO.
MORRISON KNUDSEN CORPORATION 1
ENVIRONMENTAL SERVICES DIVISION °2' H-CF-02




|
TEST PIT LOG
PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UNTRA RIFLE NCW RIFLE, COLORADO 3885-70 R-CF-02
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N25130 E47190( 12/2/93 | 12/2/93 5274.6 15.0 J.CERCONE/G.LINDSEY
[+ 4
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Re-226 | Th-212 | Th-230 ot ._m_ff REMARKS
(FT) NO. LOG AND CLASSIFICATION pCijgr | pCijgr | pCifgr gg PHOTOGRAPH
7552509 [T rem 1.1 1.3 .
. S350 1.8 1.6 Film of organic matter on water surface 7
15 §5-251 - . - ! (gas bubbling up to surface). ]
— $S-2511 |~ _'-.-' GRAVELS, (GP), with cobbles to 12", poorly 1.1 1.5 - —
e - graded in a sandy matrix (20-50%) cobbles .
16 35-2512 b e average 3"-6" (30-35%). 1.4 1.3 7
- e —
JSS2513 | 1.0 | 1.8 3
$5-2514 | wam 1.4 1.9 7
- —_— —
- $S-2515 | _-,"-" 1.1 1.4 9.2 =
—1.55-2516 | '-;-_-,' 1.6 1.5 ]
18 Soewn 1 -8 13
$5-2518 BOTTOM OF TEST PIT AT 18.0’ 1.7 1.3

COBBLES (Composite): Sample Depth 13’ to 16°.
Ra-226 Th-232 Th-230 Rz-226 (1,000 yr)
0.7+0.5 0.9+0.4 !
FINES (Compusite): Sample Depth 13’ to 16°.
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

1.740.7 2.340.6
+#4 sieve = 68.3%
-#4 sieve = 31.7%

TEST PIT MNO.

M-CF-02

MORRISON KNUDSEN CORPORATION
ENVIRONMENTAL SERVICES DIVISION




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-03
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N25170 E47450| 12/2/93 | 12/2/93 5278.4 21.0 J.CERCONE/G.LINDSEY
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 Th-230 oH EE REMARKS
(FT) NO. LOG AND CLASSIFICATION pCifgr | pCifgr | pCifgr gg PHOTOGRAPH
. POND SEDIMENT, silt in a CaC03 matrix, buff ]
- colored with a surface covering of 2"-3" ]
1 — of yellowish slimy sand. —
E .
2 — > — : ]
1755-2519 L4/~ SILTY CLAY, (CL), low plasticity, light 1.4 i.5 5.7 .
E g%g brown, dry, root:"(zr:ze;‘.:' . E
3 —s5-2520 %%% 2.0 1.5 |4.1+0.8 FINES: Ra-226 (1,000 year) = 2.7 pCi/gr. '?
4 — ?%% —]
552 é%é 2.0 | 1.7 8.8 E
> ; $5-2522 g%é Sandy silt, light brown, dry. 9.8 1.6 -Plan Exc. Depth at 5’ to 6°. =
. :
552523 g%% 15 | 1.3 3
. w9247 3
7 — $5-2524 /%é Silty.-c]ay, lov{v plasticity, med. brown, 1.1 1.5 -
E é%% slightly moist. _:_
8 s Z%Z 1.4 | 1.4 8.8 3
- 2% % 2
9 Issose é%é 13 | 13 8.8 ]
o %% E
 ss-2527 P [24 1.3 | 1.5 3
a1 - VY4 CLAY, (CL), med. to low plasticity, brown, -
11 — <=5 /%% T moist, i to 6"oth?:kpl:;e:‘? Yo 1.2 1.4 —]
N N E
7] % -
12 —5577%29 é%? 1.4 1.4 =
e :
13— = /// Interlayered seams of sand and silt. ]
755-2530 g%% 0.9 | 1.4 -
W —T5s7mm %%% 1.2 1.3 3
U -
> SHEET TEST PIT NO.
\ MORRISON KNUDSEN CORPORATION 1
@ ENVIRONMENTAL SERVICES DIVISION °2F M-CF-03

EEEE—————————————— |



TEST PIT LOG

PROJECT SITE LOCATION Jo8 NO. TEST PIT NO.
UNTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-03
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N25170 E47450| 12/2/93 | 12/2/93 5278.4 21.0 J.CERCONE/G.LINDSEY
o
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 | Th-232 | Th-230 " E!ff REMARKS
(FT) NO. L0G AND CLASSIFICATION pCifgr | pCifar | pCi/gr g gg PHOTOGRAPH
> ,

3 $5-2532 é%% 1.1 1.6 .
16 5572533 ééé 1.6 | 1.4 9.0 =
- /0//// -
U 55753 é%% 10 | 17 =
- ?2;¢422 -
18 — $5-2535 GRAVELS, (GP), with cobbles and boulders, 1.7 1.3 Strong aromatic (organic) odor. —iz
E $S°7536 coated with black carbonaceous material. 0.9 0.6 -
1 Jssama 0.9 1.2 =
7] $5-2538 1.6 2.1 3
20 1552539 0.9 | 1.0 8.2 =
7] $S-2540 0.9 1.2 ! -
21 — = | Film of organic matter on water surface _jE
] (Gas bubbles coming up through the water). —
22 —— I

BOTTOM OF TEST PIT AT 22.5°

COBBLES (Composite): Sample Depth 18' to 21°.

Ra-226 Th-232
1.740.7

FINES (Composite)

Th-230
0.5+0.3
: Sample Depth 18’ to 21°.

Ra-226 (1,000 yr)

Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
1.940.7 5.7+41.0
+#4 sieve = 70.4%
-#4 sieve = 29.6%
I SHEET TEST PIT NO.
MORRISCN KNUDSEN CORPORATION 2
: o M-CF-03

ENVIRONMENTAL SERVICES DIVISI™




TEST PIT LOG

PROJECT SITE LOCATION JoB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-04
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N24890 E46900( 11/30/93} 11/30/93 | 5274.5 16.5 J.CERCONE/G.LINDSEY
i
DEPTH SAMPLE | GRAPHIC MATERIAL DESCRIPTION Ra-226 | Th-232 | Th-230 | E& REMARKS
(FT) NO. LG AND CLASSIFICATION pctsar | pcijar | pcisar | © gg PHOTOGRAPH

— TT TAILINGS, (ML-SP), silty sand, gray to -
- N reddish brown, moist, yellowish-brown -
] — i !" seam (1.0 ft thick). ]
7 Fion .
- R -
2 - R —
- Cin 5.45 pH Depth: 17-4". 3
. T -~
3 — i i Color changed to gray with brown spots. —E
3 IR -
4 — A —
= vt =
5 IR =
—55-2267 |/ % CLAY, (CL), low plasticity, (TOPSOIL), 85.0 3.7 Vegetation visible at interface. ~
3 % brown, moist to wet. -
6 - ss-2268 % 92.0 4.0 |32+42.0 FINES: Ra-226 (1,000 year) = 71.0 pCi/gr. s
- ) =
- ss-2269 % 1.2 | 1.4 =
8 - $5-2270 é Saturated (Perched water?). 440 2.2 ——_'__:
- Z -
¥ sz Z Gypsum stringers. 1.6 | 1.4 =
10 —1 S§-2272 % 13.0 1.9 7.641.1 FINES: Ra-226 (1,000 year) = 11.1 pCi/gr. —:
] SS-2273 % 12.0 1.8 :
11— / —3
3 _
3 -] | SILTY GRAVEL, (GM), aromatic organic odor, 8.1 -
12 — some organic coating. ]
o _
- -1 GRAVELS, (GW-GP), with cobbles and boulders -
B 557 o I 2.7 | 1.6 -Plan Excav. Depth 13°. =
. — ]
T S5-2275 | e 2.1 | 1.5 3
M 552276 e, *10.0] 1.8 ]
1 S5-2277 pemme gy * 14.0 1.8 -

—— SHEET TEST PIT NO.

MORRISON KNUDSEN CORPORATION 1 M-CF-04

ENVIRONMENTAL SERVICES DIVISION 2




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-04
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N24890 E46900| 11/30/93| 11/30/93 | 5274.5 16.5 J.CERCONE/G. LINDSEY
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 Th-230 5& REMARKS
(FT) NO. LOG AND CLASSIFICATION pCi/gr pCi/gr pCifgr P ;c:g PHOTOGRAPH
552278 | e 2.7 1.6 .
155°2279 | - 3.2 1.2 \ 4 3
16 =155 7280 | == *11.0) 1.3 = =
- — -
T} 55-2281 e cmm- *10.0f 1.4 -
1V 75572767 [ camm- ~28.0| 2.4 e
= s5-2283 -—-'_:-'_- *51.0) 2.5 -
18— 55 2088 [ *15.0| 1.7 7.8 =
- ____-._—- * Possible cross contamination. ]
1 e BOTTOM OF TEST PIT AT 19.0°
SHEET TEST PIT NO.
Ve MORRISON KNUDSEN CORPORATION OZF M-CF-04

WF coamawaa e SERYIPTS Y S D




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-04A
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N24890 E46900| 11/30/93| 11/30/93 [ 5274.5 16.5 J.CERCONE/G.LINDSEY
[+ 4
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 Th-230 H E& REMARKS
(FT) NO. LOG AND CLASSTIFICATION pCifgr | pCifar | pCifgr P gg PHOTOGRAPH
- -
1 — —]
2 — —
— —
7 -
3 —] ]
j :
s — =
5 — Not Logged See Test Pit M-CF-04. —
] This test pit was dug to collect =
6 —1 uncontaminated samples between 11’ and _
- 17°. -
7 — —
8 —] =
s 3 E
10 — —
7 .
1 —1"5577463 [ SILIY GRAVEL, (GH), aromatic organic odor, | 8.5 | 1.6 =
—1755-2464 | | ~mm- some crganic coating. 11.0 | 2.0 |9.341.2 FINES: Ra-226 (1,000 year) = 10.4 pCi/gr. -
R T ) 17.0 | 2.0 8.1 e
—55-2466 ["riom=-| GRAVELS, (GW-GP), with cobbles and boulders | 17.0 | 1.5 -
B 67 [ | to 167 9.2 | 1.9 _Plan Excav. Depth 13'. =
— e _
] 55-2468 | .- 11.0 1.4 -
14 __ [ e -
755-2465 lamm. 3.2 1.5 =
] _
755-2470 e e 4.2 1.5 -
-— SHEET TEST PIT NO.
MORRISON KNUDSEN CORPORATION 1 R-CE-04A
ENVIRONMENTAL SERVICES DIVISION 2




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-04A
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N24890 E46900| 11/30/93| 11/30/93 | 5274.5 16.5 J.CERCONE/G.LINDSEY
o
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 Th-230 " E& REMARKS
(FT) NO. LOG AND CLASSIFICATION pCifar | pCi/gr | pCifar P gg PHOTOGRAPH
T SS-2ATL [ 1.9 1.5 . =
T55-2472 | 2.4 1.6 \ 4 -
16 —<5a73 - 2.4 1.1 = =
— —r . . =
] 55-2474 | e vama- 2.1 1.2 3
17 < ]
— b . -
h i~ 3
= b - -
18 — - —
— = -
] [ - -

e
$

BOTTOM OF 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 0.740.3

FINES (Composite): Sample depth 11’ to 16°.

Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
7.441.4 6.6+1.0
+#4 sieve = 76.1%
-#4 sieve = 23.9%
SHEET TEST PIT NO.
MORRISON KNUDSEN CORPORATION ' 2 N-CF-04A
ENVIRONMENTAL SERVICES DIVISTON 2




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-05
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N24890 E471404§ 11/30/93| 11/30/93 | 5273.7 18.0 J.CERCONE/G. LINDSEY
[14
DEPTH SAMPLE | GRAPHIC MATERIAL DESCRIPTION Ra-226 | Th-232 | Th-230 y '_u;lff REMARKS
(FT) NO. LoG AND CLASSIFICATION pCi/gr pCi/gr pCi/gr P gg PHOTOGRAPH
- T T T T TAILINGS, (SM), silty sand, gray, moist to 3
= 1 saturated, with interbedded 6" to 8" 3
1 — s X N —
o i thick layers of slimes. 3
2 — I 3
= i 5.0 pH Depth: 1°-6". 3
o i E
4 —= bt _3
= SRS =
5 —] i —
= ! | 5.5"-6.0" Slime layer lavender color, =
6 — e saturated. =
7 3 A 3
IE N} 3
8 — IR _3
- e -
9 —3 AT — . . ) —
- /V // CLAY, (CL), Tow plasticity, brown, moist, Vegetation visible at interface. pn
10 _ 4 g%% dry vegetation and roots. ]
= //% 4.9 3
1 ——55=229% Q//// 3.0 | 1.8 =
12 HEE ﬁSAllﬂV SILY, (ML), dark brown, with some _
o s5-2296 7 \ roots. [ 1.3 1.8 }1.240.5§7.4 FINES: Ra-226 (1,000 year) = 1.3 pCi/gr. =
13 — CLAY, (CL), black, moist to saturatied, ]
=1 SS-2297 carbonaceous. 1.8 1.6 -Plan Exc. Depth at 13°. 3
1 55720 1.1 | 19 =
I IS Silty clay, Tight brown, thinly bedded. 1.1 | 1.6 =
= p
16 — 55301 GRAVELS, (GP), with cobbles to 6°. 1.6 1.2 7.2 COBBLES (Composite): Sample Depth 16” to 21°. 3
17 3-55~-2362 5.5 1.3 Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) 3
 s5-2304 5.7 1.3 1.4+0.6 0.340.2 =
18 g $S-2305 1.1 1.1 ! FINES (Composite): Sample Depth 16’ to 21°. =
—1 55-2306 1.3 1.1 = | Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) —j
19 5$5-2307 4.1 1.2 2.5+0.8 2.31+0.6 _
=1 55-2308 3.6 1.4 +#4 sieve = 77.6% 3
a3 SS-2309 3.1 1.1 -#4 sieve = 22.4% 3
= BOTTOM OF TEST PIT AT 20.0°
1
SHEET TEST PIT NO.
MORRISON KNUDSEN CORPORATION OIF M-CF-05
ENVIRONMENTAL SERVICES DIVISION 1 -




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-06
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N24890 E47380| 11/30/93| 11/30/93 | 5276.8 i8.8 J.CERCONE/G.LINDSEY
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 Th-230 ES REMARKS
{FT) NO. LOG AND CLASSIFICATION pCifgr pCt/ar pCifgr P gg PHOTOGRAPH

‘| TAILINGS, (SM), silty sand, gray, moist,
loose, several seams and pockets of green
slimes.

i
[
i
i
i
I
l
i
[

= =

s -

2 — i
— -

3 — P —
. I ]

4 — i =
E SRR 5.0 pH Depth: 1°-8". 3

5 ] I =
3 e -

m AR Z

6 —] i —
3 A ]

— - : N —

7 — : : : ‘| Becoming pale yellow. -
N R -
7 e =

- b 3
i i —
E bt U Tailings were caving into the pit .

10 — L during the excavation. —
- I Consequently, no cobbles to fines 3

1 _E e samples were taken. _E
- v -

- A .
2 S 5.0 pH Depth: 8°-15°. —
- Vi 3

13 % "1 1 |original ground surface. } __:
- //9 SANDY CLAY, (CL), brown, moist. =

M —Ts57En é%% 2.3 | 1.4 [1.6205 FINES: Ra-226 (1,000 year) = 2.1 pCi/gr. =
= % =

SHEET TEST PIT NO.

MORRISON KNUDSEN CORPORATION 1
ENVIRONMENTAL SERVICES DIVISION M-CF-06




S
TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-06
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N24890 E47380| 11/30/93| 11/30/93 | 5276.8 18.8 J.CERCONE/G.LINDSEY
[+ 4
DEPTH SaMPLE | GRAPHIC MATERIAL DESCRIPTION Ra-226 | Th-232 | Th-230 " P_.I,ﬁ‘. REMARKS
(FT) NO. LOG AND CLASSIFICATION pCifgr | pcifgr | pCifar P %:g PHOTOGRAPH
= 7 3
16 "] / -Plan Exc. Depth 16°. =
7 e | GRAVELS, (GP), with cobbles to 6°, sand -
17 ] - - matrix of 30%-40% fines, average size .
— -'-?-. cobble is 3"-4", max. cobble size is 8". —
- o -
= - - -
18 — e e —]
. . ) _]
— M o ! ]
] | e ) 4 . ]
19 — [ Water rose to this level —]
= Lo after pit was excavated. -
—_— (Free water was not encountered 7
l-_-. —
20 —3 .. ) during excavation to 25°). —]
= - 3
- P -
21 — == . 20°-25° -
— o — 6.5 pH Depth: 20°-25". -
- (- e —
3 - .
22 — - - —]
. . ]
— M 1
- o - 7
23 — L —
- S — .
. [ - =
24 - —
- $5-2313 - * 85.0 3.0 6.5 -
-
. ] 55-2314 | e *41.0) 2.5 * Possible Cross Contamination. ]
= BOTTOM OF TEST PIT AT 25.0°
COBBLES (Composite): Sample Depth 18° to 22°.
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
3.3+0.9 1.6+0.5
SHEET TEST PIT NO.
MORRISON KNUDSEN CORPORATION OZF M-CF-06
ENVIRONMENTAL SERVICES DIVISION 2 '




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-07
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUM COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) | LOGGED BY:
GREEN BACKHOE N24850 E47500| 12/2/93 | 12/2/93 5277.9 | Not Encountered G.LINDSEY
o
DEPTH SAMPLE | GRAPHIC MATERIAL DESCRIPTION Ra-226 | Th-232 | Th-230 " Ef_: REMARKS
(FT) NO. LoG AND CLASSIFICATION pCifar | pCifar | pCifar P %: g PHOTOGRAPH
= ;_ ; ; TAILINGS, (SM), silty sand, fine, gray. =
= B R —3
1 = i1 1 [Reddish brown color from 1°-5". 3
2 bt —
= L 3
i Pt 3
- P —
3 P 3
5 3 "1 1 | Turning to purple color. =
6 — l | , | Clayey slimes. —
7 i —
3 S =
8 — Vi E
9 —3 S 3
= i =
10 —3 i t ibl hed L taili —
] A U1 1 Very wet, possibly perched water. Perched water in tailings and
11 3 RN equipment vibration cause severe j
?_ 1 1 caving and possible cross contamination. =
12 3 N —
— -8 ) -
= bt =
B v =
14 —3 j 1] 3
o ss-2541 I CLAY, (CL), silty, dark gray, carbonaceous. 1.5 1.6 4.9 -Plan Exc. Depth at 14°. 3
15— 3.0 | 1.4 [1.8:0.5/4.9 FINES: Ra-226 (1,000 year) = 2.6 pCi/gr. BE
16 — §5-2543 7 2.0 1.2 =
=] 55-2544 | GRAVELS, (GP), with cobbles to 12". 5.9 1.3 }4.240.8 FINES: Ra-226 (1,000 year) = 5.3 pCi/gr. =
17 ——3.55-2545 [ —am- 8.2 1.3 * possible Cross Contamination. -3
- $5-254 - * 17.0 1.5 COBBLES (Composite): Sample Depth 17°'-21". ;‘__
18 $5-2547 .-:-'___ * 20.0 1.5 Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) ]
3 | 2.0+0.7 1.740.5 =
19 — ~mm—— FINES (Composite): Sample Depth 17°-21". ]
= - Ra-226  Th-232  Th-230  Ra-226 (1,000 yr) 3
20 —3 — 220+10 120+4 —
E - +#4 sieve = 73.1%. 3
21 = - -#4 sipyp = 26 9% —
BOTTOM OF TEST PIT AT 21.0°
SHEET | TEST PIT NO.
MORRISON KNUDSEN CORPORATION l 1
Q o M-CF-07

' W

FNInvMNTAL SERVICES DIVISIO

i
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TEST PIT LOG

PROJECT SITE LOCATION JoB NO. TEST PIT NO.
UNTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-11
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N24700 E47670| 12/2/93 | 12/2/93 5268.0 10.0 G.LINDSEY
o
DEPTH SAMPLE | GRAPHIC MATERTAL DESCRIPTION Ra-226 | Th-232 | Th-230 " Eff REMARKS
(FT) NO. LoG AND CLASSIFICATION pCifgr | pCifar | pCifar g gg PHOTOGRAPH
= C T T TyAILINGS, (ML), silt, light gray with red =
-] A !  brown oxidized yellow slimes. 3
1 — b —
3 i 3
2 _ . ]
— % CLAY, (CL), silty, dark brown, moist. -
3 — sS % FINES: R =1 i —
— $5-2437 / 0.9 1.3 }1.240.5} 6.6 INES: Ra-226 (1,000 year) = 1.0 pCi/gr. ]
s :
4 —] 55-2438 / 16.0 2.2 8.5 —
= / Silty clay, carbonaceous. 3
> {55243 % 6.5 | 1.5 8.2 -Plan Exc. Depth at 5. =
. 3 i E
—| 55-2440 - | GRAVELS, (GP), with cobbles to 12", black, 2.4 1.7 7.7+1.1 FINES: Ra-226 (1,000 year) = 4.3 pCi/gr. —
—{55-2441 ] carbonaceous. 2.5 1.2 -
7 i o —
- $5-2442 | 3.2 1.3 2242 FINES: Ra-226 (1,000 year) = 9.8 pCi/gr. ]
T]755-2443 |am s 3.6 1.0 -
8 1552000 e e 2.0 | 1.1 =
- e ad j
$5-2445 -:i- 2.2 1.1 -
9 I 55 7446 [ 7.1 1.3 | 25+¢2 | 8.8 FINES: Ra-226 (1,000 year) = 16.3 pCi/gr. —:l
SS-2447 | 7.1 1.2 -
10 —] M . ! —]
— e - -
3 h— -
3 - v 3
11 -E _:?'__ Partly Cemented —-_—;
— . Conglomerate (Refusal to backhoe). —
32 ] h———ad —
e BOTTOM OF TEST PIT AT 12.0° COBBLES (Composite): Sample Depth 6" to 10°.
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
0.8+40.5 0.4+0.3
FINES (Composite): Sample Depth 6’ to 10’.
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
4.2+1.1 8.9+1.2
+#4 sieve = 76.4%.
-#4 sieve = 23.6%.
SHEET TEST PIT NO.
MORRISON KNUDSEN CORPORATION 1 N-CF-11
ENVIRONMENTAL SERVICES DIVISION 1
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TEST PIT LOG
PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 N-CF-15
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N24410 E47825) 12/1/93 | 12/1/93 5267.2 10.5 G.LINDSEY
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 Th-230 " ;E_]E REMARKS
(F1) NO. LOG AND CLASSIFICATION pCijar pCi/gr pCi/ar P §g PHOTOGRAPH
o] 55-2448 SILT, (ML), clayey, dark brown, pond 167.0 3.3 .
- sediments with oxidized seams. -
1 —_—
o S5-2449 (FILL) per field staff. 555.0 | 10.0 3
2 —I552a50 |7 T 1 | TAILINGS, (ML), silt, light gray. 4711.0 | 9.2 =
3 b Z
3 ETOW 7 77 i i =
- SS- % V/ CLAY, (CL), silty, med. to low plasticity, 128.0 2.5 -
- 7 // dark brown, moist. ~
— -
4 =] s5-2452 ¢%¢ 8.6 1.6 | 12+1.0 FINES: Ra-226 (1,000 year) = 9.8 pCi/gr. "'-j
- 7 / % -
> ~—Js5-2a53 é%% 3.5 1.3 15.0¢4.0 FINES: Ra-226 (1,000 year) = 4.0 pCi/gr. e
- -Plan Exc. th at 5°. —
- ??? Plan Exc. Depth at 5
6 —sszasa 7 / .9 =
's5-245 é / % 1 1.2 =
— /// —
T 5575 A7/ CLAY, (CL), silty, low plasticity, dark 1.1 1.2 8.8 =
- A -
- /// brown, moist to saturated. .
8 I ss7ase /%% 16.0 | 1.3 |2312.0 FINES: Ra-226 (1,000 year) = 18.5 pCi/gr. =
] é/% COBBLES (Composite): Sample Depth 10' to 13'. -
9 — /// Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) —
- s5-2457 é%/ 1.0 | 1.1 0.940.5 0.8+0.4 3
. //% FINES (Composite): Sample Depth 10° to 13°. -
10 — Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) S
— S5-2458 GRAVELS, (GW), with cobbles to 5", dark gray| 2.0 1.3 W|6.3+1.4 13+1 -
] to black, carbonaceous. = | +#4 sieve = 74.2%. - -
W 5577460 Cemented below 11.0". 7.9 | 1.2 |8.881.2 FINES he-225 (1 000 year) = 8.2 pCi/r. =
—1 S5-2461 2.8 1.2 _
12 $5-2459 2.2 1.0 =
—] S5-2462 > Refusal to Backhoe bucket. 2.6 1.2 -
- BOTTOM OF TEST PIT AT 12.0°
Note: Pit located in the bottom of a gypsum
pond.

=

l TEST P1T NO.

{{'y '{e') HORRISON KNUDSEN CORPORATION H-CF-15

motiempc T e QIMMITNEC YTITET
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TEST PIT LOG
PROJECT SITE LOCATION JOB NO. YEST PIT NO.
UNTRA RIFLE NEW RIFLE, COLORADO 3885-70 N-CF-19
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N24160 E47900| 12/1/93 | 12/1/93 §267.1 | not encountered J.CERCONE/G.LINDSEY
o
DEPTH SAMPLE GRAPHIC MATERIAL _SCRIPTION Ra-226 | Th-232 | Th-230 o l..gﬁ REMARKS
(FT) NO. LOG AND CLASSIFICATION pCijgr | pCi/ar | pCifar gg PHOTOGRAPH

3 $5-2428 | sAMD, (SM), silty, light brown, moist. 41.0 1.8 6.9 -
3 -
SV ET) 2.1 | 1.6 |a.8s0.9[7.1 FINES Ra-226 (1,000 year) = 3.0 pCi/gr. E
2 s ALLIVIM 2.0 | 1.9 3
- T
3 —
E $5-2431 - | GRAVELS , (6P), with cobbles in a sand 7.3 1.5 9.2 =
4 —— matrix, iron oxide and calcite _ 5 . —
—{ 5S-2432 cementation. 7.1 1.5 44+3.0 FINES Ra-226 (1,000 year) = 20 pCi/gr. -
] 55-2433 | = 9.5 1.5 ]
5 gy L . —]
— 55-2434 .-'.-'_-_ Hard digging with backhoe bucket below 5 10.0 1.9 -
3 - feet. B . .
6 7] $5-2435 [em- g Cemented with CaC03. 5.9 1.6 1942.0 FINES Ra-226 (1,000 year) = 10.5 pCi/gr. =
—| 55-2436 =" am- 6.0 1.7 -Plan Exc. Depth 6°. —
- Refusal to Backhoe. 9 -
- .1 =

BOTTOM OF TEST PIT AT 6.7°.

COBBLES (Composite): Sample

Depth 3.5 to 5.5°.

Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
0.8+0.5 0.7+0.3
FINES (Composite): Sample Depth 3.5 to 5.5°.
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
6.5+¢1.3 1612
+#4 sieve = 76.3%.
-#4 sieve = 23.7%.
Note: Pit located in the bottom of a gypsum
po~d.
SHEET TEST PIT NO.
MORRISON KNUDSEN CORPORATION O{ M-CF-19
ENVIRONMENTAL SERVICES DIVISION 1




TEST PIT LOG
PROJECT SITE LOCATION JO8 NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 R-CF-20
CONTRACYOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOGGED B8Y:
GREEN BACKHOE N23900 E46900]| 12/1/93 12/1/93 5262.0 4.8 G.LINDSEY
[+ 4
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 Th-230 " E’c_ REMARKS
(FT) NO. L0G AND CLASSIFICATION pCi/gr pCtfar pCifgr P gg PHOTOGRAPH
- | GRAVELS , (GP), with cobbles to 12", light 1 inch of tailings on the surface. -
— [ . | — T - =
- - brown. -
1 - —
— $5-2353 | o= 1.3 1.3 .
7 55-2354 |am e 2.1 1.5 [2.7:0.7 FINES: Ra-226 (1,000 year) = 2.3 pCi/gr. -
2 15577355 e 2.7 1.2 —
- Pty -
N ) g 2.0 | 1.4 E
552357 [ v 1.7 1.2 {0.6+0.4 FIRES: Ra-226 (1,000 year) = 1.3 pCi/gr. B
155-2358 |_ e 1.6 1.1 -
4 p— _
- 55-2359 | qu* 8.6 1.4 7.4 -
71755-2360 |um- cgmm- 9.0 1.1 | 16+2.0 ! FINES: Ra-226 (1,000 year) = 11.2 pCi/gr. ]
> o -Plan Exc. Depth at 5°. =
3 - -
Z e .
6 — b, —
. o -
2 —d .
i BOTTOM OF TEST PIT AT 7.0’
COBBLES (Composite): Sample Depth 4’ to 7°.
Ra-226 Th-232  Th-230  Ra-226 (1,000 yr)
0.540.4 0.8+40.4
FINES (Composite): Sample Depth 4’ to 7°.
Ra-226 Th-232  Th-230  Ra-226 (1,000 yr)
8.6+1.5 17+2
+#4 sieve = 84 .4%.
-#4 sieve = 15.6%.
SHEET TESY PIT NO.

@HORRISON KNUDSEN CORPORATION of M-CF-20

PP ENVIRONMENTAL SERVICES DIVISION 1
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TEST PiT LOG

PROJECT SITE LOCAT ION JOB NO. TEST PIT NO.
UNTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-21
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N23900 E47180| 12/1/93 | 12/1/93 5261.4 4.5 G.LINDSEY
o

DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 Th-230 " Eg REMARKS

(FT) NO. LOG AND CLASSIFICATION pCifgr | pCifar | pCifgr g gg PHOTOGRAPH
{755-2361 [ e | COBBLES, (GP), to 12", some sand and gravel. 4.7 1.3 |5.720.9 FINES: Ra-226 (1,000 year) = 5.1 pCi/gr. .
. - e | T 1 inch of tailings on the surface. -
1 . —t _,_:
— 55-2362 | = 17.0 1.4 .
7155-2363 |amme am- 16.0 1.5 -
2 —— —]
1755-2364 jum g 12.0 1.7 8.4 3
47552365 P e 13.0 1.9 =
3 —] —— - . —
55-2366 [~ amm 25.0 1.7 B
1 55-2367 |_ 28.0 1.7 -
4 P — B
] 55-2368 | quurmn 11.0 1.2 ) 4 .
175572369 |amn cmmm- 9.5 1.2 | 1241.0 FINES: Ra-226 (1,000 year) = 10.4 pCi/gr. .
5  — +#4 sieve = 81.8%. —
- :]
e =

=

e ]

-#4 sieve = 18.2%.
-Plan Exc. Depth 5.

(- ]

BOTTOM OF TEST PIT AT 6.0’

COBBLES (Composite):
Ra-226 Th-232
1.620.7

Ra-226  Th-232
3243

Sample Depth 2° to 6.
Th-230 Ra-226 (1,000 yr)
1.240.4

FINES (Composite): Sample Depth 2’ to 6°.

Th-230 Ra-226 (1,000 yr)
5543

SHEET TEST PIT NO.
KNUD 1
mmf«mn smv?c?: D(]Z?IIZI:&RATION oF M-CF-21
1




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-22
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) LOGGED 8Y:
GREEN BACKHOE N23900 E47430| 12/1/93 | 12/1/93 5262.9 6.0 J.CERCONE/G.LINDSEY
¢ 4
DEPTH SAMPLE | GRAPHIC MATERIAL DESCRIPTION Ra-226 | Th-232 | Th-230 " E,ﬁ‘_: REMARKS
(FT) NO. LOG AND CLASSIFICATION pCifgr | pCifgr | pCi/fgr P gg PHOTOGRAPH
- ::z::' FILL, gravels and cobbles in a silty sand 7]
hn *0999 matrix. -
1 bbbl =
= 22204 E
7 b b ]
2 — -eobd . —
- - oobd COBBLES (Composite): Sample Depth 4’ to 8°. -
T > 664 Ra-226  Th-232  Th-230  Ra-226 (1,000 yr) -
3 :zz:z‘ 0.9+0.5 0.940.4 i
- 29994 FINES (Composite): Sample Depth 4’ to 8. ]
- 9004 Ra-226  Th-232  Th-230  Ra-226 (1,000 yr) 3
4 — cedee 2.4+0.8 2.540.6 -3
- asdll . +#4 sieve = 79.3%. =
- -1 COBBLES, (GP), with boulders, black, -#4 sieve = 20.7% -
5 —] - - carbonaceous, little sand and gravel. o ]
— o ST -
5 i . ]
6 ) 4 _ . —
—] 55-2388 —— 2.6 1.0 ]1.9+0.6 FINES: Ra-226 (1,000 year) = 2.4 pCi/gr. -
—-755-2389 w— 3.3 1.2 7.3 -Plan Exc. Depth at 6. __51
7 E

— - -
— P —
— o —
- b e -

[« J

BOTTOM OF TEST PIT AT 8.0°

T SHEET TEST PIT NO.
1
@ MORRISON KNUDSEN CORPORATION l * M-CF-22

r ENVIRONMENTAL SERVICCS DIVISI®




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-24
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N23700 E46915| 12/1/93 | 12/1/93 5259.2 2.8 G.LINDSEY
[+ 4
DEPTH SAMPLE | GRAPHIC MATERIAL DESCRIPTION Ra-226 | Th-232 | Th-230 " E!ff REMARKS
(FT) NO. LOG AND CLASSIFICATION pCifgr | pCifar | pCifgr P §§E§ PHOTOGRAPH
] 55-2390 [ e | COBBLES, to 4" with sand. 1.6 0.8 -
- P s | -
1 —] - g —]
552301 [ 1.1 1.6 -
] - ]
7 — F— —]
- $5-2392 - | GRAVELS (GP}, with cobbles. 1.8 1.0 }1.9+0.6 FINES: Ra-226 (1,000 year) = 1.8 pCi/gr. =
175572393 | 1.7 1.0 70| ¥ -
3 — il —
55-2394 | - 2.7 1.2 =
1 $5-2395 ,.-'._-;_ 3.0 1.3 :{
4 - —
— $5-2396 = g 1.8 0.8 -Plan Exc. Depth at 4°. —
— s —
71 $5-2397 [ —mm- 2.0 1.3 _
y 4 el

BOTTOM OF TEST PIT AT 5.0°

COBBLES (Composite): Sample Depth 2’ to 5°.

"Ra-226  Th-232 Th-230  Ra-226 (1,000 yr)

0.9+0.5 0.7+40.4

FINES (Composite): Sample Depth 2’ to 5°.

Ra-226  Th-232 Th-230 Ra-226 (1,000 yr)

2.6+0.8 3.640.8

+#4 sieve = 64.8%.

-#4 sieve = 35.2%.

1
SHEET TEST PIT NO.

MORRISON KNUDSEN CORPORATION 1 N-CF-24
ENVIRONMENTAL SERVICES DIVISION 1




TEST PIT LOG

ENVIRONMENTAL SERVICES DIVISI™Y

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-25
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N23640 E47180| 12/1/93 | 12/1/93 5263.2 8.0 J.CERCONE/G.LINDSEY
o
DEPTH SAMPLE | GRAPHIC MATERIAL DESCRIPTION Ra-226 | Th-232 | Th-230 [ l..f_lf_: REMARKS
{FT) NO. LGG AND CLASSIFICATION pCi/far pCifgr pCifgr P %g PHOTOGRAPH
- ss-2311 %%% SILTY CLAY, (CL), med. plasticity, dark 100 | 16 3
- /%% brown, moist to saturated. ]
1 552312 ééé 1.5 1.6 |1.240.5 FINES: Ra-226 (1,000 year) = 1.4 pCi/gr. 3
- G -
2 —Is5aIs /Zé (“"’?) 11 | 1.0 =
— / % 7.5 -
3 Jsseate ?%é Very moist. 1.0 | 1.1 =
- 7% // ]
4 —
=S 7 7% 14 | 1.0 =
3 /%% Organic seam. -
5 ] A // E
- §§-2319 CLAYEY SILT, (ML), reddish brown-probably 1.0 1.0 -
- from oxidation. -
6 -ss-2318 6.7 1.4 |5.2+0.9 FINES: Ra-226 (1,000 year) = 6.2 pCi/gr. =
- === | COBBLES, (GW-6P), to 12", with sand and 7.0 ~Plan Exc. Depth at 6. -
7 — $5-2320 - gravel, clean material. 0.9 1.4 —
- - ]
= 1.5 1.2 v :
— $5-2322 - - 0.6 1.0 = | Note: Att;mpted to dewater the pit with a 300 gpm —
I - pump. Unable to obtain a representative sample -
9 —1 §5-2323 '-:&.-' 1.1 1.0 below the water table. —
] §5-2398 == . 12.0 1.4 -
e B e 8.5 1.5 -
o BOTTOM OF TEST PIT AT 10.0°
COBBLES (Composite): Sample Depth 6.5° to 8.5°.
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
0.8+0.5 1.3+0.5
FINES (Composite): Sample Depth 6.5’ to 8.5°.
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
5.441.2 4.1+0.8
+#4 sieve = 78.5%.
-#4 sieve = 21.5%.
SHEET TEST PIT NO.
MORRISON KNUDSEN CORPORATION 1
or M-CF-25




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-26
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N23640 E47480| 12/1/93 | 12/1/93 | 5263.5 7.5 J.CERCONE/G.LINDSEY
o
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 Th-230 " Eg REMARKS
(FT) NO. L06 AND CLASSIFICATION pCifar | pCifgr | pCifar P gg PHOTOGRAPH
— $5-2324 ::z:z: FILL, dark brown, fine grained, with a lot 11.0 1.8 -
7] 29994 of debris. -
' Iss23e5 §338 e 71 | 1.5 |8.1s1 FINES: Ra-226 (1,000 year) = 7.5 pCi/gr. ]
= - SAND, (SP), Tittle silt, gray to brown, med. Debris and fill to 3 feet on north side of the pit. -
¢ s | dense. 6.8 | 1.6 7.5 =
S| 0.9 | 15 =
Y Issam| 1.0 1.2 |0.6+0.4 FINES: Ra-226 (1,000 year) = 0.9 pCi/gr. =
S 55| - |Oxidized seam. 1.2 | o8 3
. R 7.6 ]
6 —1 7.1 =
~| 55-2330 1.0 0.9 7.0 -Plan Exc. Depth at 6°. =
7 . L .
Jss-2z | 7.6 1.0 [1582.0|7.1| wp | FINES: Ra-226 (1,000 year) = 10.2 pCi/gr. -
8 —155-2400 [ | GRAVELS, (GP), with cobbles to 6" 2.0 0.8 |2.6:0.7 FINES: Ra-226 (1,000 year) = 2.2 pCi/gr. =
] —a—- .
- ~ - -
9 — S g —
— e —4
1 I-.! -
BOTTOM OF TEST PIT AT 9.5°
COBBLES (Composite): Sample Depth 8’ to 9.5°.
Ra-226  Th-232  Th-230  Ra-226 (1,000 yr)
0.740.5 0.540.3
FINES (Composite): Sample Depth 8’ to 9.57.
Ra-226  Th-232  Th-230  Ra-226 (1,000 yr)
1.9+0.7 1.440.5
+#4 sieve = 65.5%.
-#4 sieve = 34.5%.
SHEET TEST PIT NO.
MORRISON KNUDSEN CORPORATION 1 M-CF-26
ENVIRONMENTAL SERVICES DIVISION 1




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-27
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N23640 E47725| 12/1/93 | 12/1/93 5267.0 11.0 J.CERCONE/G.LINDSEY
DEPTH SAMPLE | GRAPHIC MATERIAL DESCRIPTION Ra-226 | Th-232 | Th-230 " gi:f REMARKS
(FT) NO. LOG AND CLASSIFICATION pCt/gr pCifgr pCi/gr i %g PHOTOGRAPH
— 55-2332 p o091 i : 3 ivi 281.0 8.3 —
: 290 ¢- FILL, mixed soil with tailings, wood. .
— aess ]
- §5-2333 *9 004 336.0 5.2 -
— )9 & 01 -
2 —1 p OO 4 & —
— 55-2334 p o091 370.0 7.8 —
- o odd 3
3 ] P& 9901 =
552335 02848 349.0 | 7.1 =
3 o od . -
- b9 & 094 Oxidized zone at 3 to 4 feet. —
7 1 6.8 ]
4 - §5-2336 |1 { | TAILINGS, (CL-ML), reddish brown with orange| 364.0 8.7 —jE
= I seams (3"). Z
5 —] Ao —]
— 55-2337 i 150.0 4.5 -
N I TR E
—{ $5-2338 | | i1 Slimes, gray, saturated. 1103.0 | 44.0 -Plan Exc. Depth at 6°. :
- i 6.9 |
= prern 2792.0 | 64.0 =
[ -
- I -
8 i
— 55-2340 1/ EZZ SILTY CLAY, (CL), dark brown, some roots. 9.0 1.5 =
- -
g — ,;’i: 8.2 ]
- $5-2345 e | GRAVELS, (GP), with cobbles to 12". 9.4 1.8 |7.3+1.1 FINES: Ra-226 (1,000 year) = 8.7 pCi/gr. -
1 55-2346 | —mmm 10.0 1.7 -
10 - - —
552341 | e 2.3 1.0 -
- - —
.. T]55-2342 e remn 2.3 1.0 v 3
= $5-2343 BOTTOM OF TEST PIT AT 11.0° 7.8 1.3 = | COBBLES {Composite): Sample Depth 9.5 to 11.0°.
~ Ra-226 Th-232 Th-230 Ra-226 (1,000 yr}
$5-2344 7.6 1.3 0.840.5 0.8+0.4
FINES (Composite): Sample Depth 9.5’ to 11.0°.
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
3.2+40.9 1.4+0.5
+#4 sieve = 85.0%.
-#4 sieve = 15.0%.
I SHEET TEST PIT NO.
MORRISON KNUDSEN CORPORATION 1
@ * W-CF-27

VW ENVIRONMENTAL SERVICES DIVISION




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-28
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N23400 E46900| 12/1/93 | 12/1/93 5258.0 2.0 G.LINDSEY
o
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 Th-230 " EE REMARKS
(FT) NO. L0G AND CLASSIFICATION pCifgr | pCifgr | pCifar i dztg PHOTOGRAPH
-1 55-2401 = | coBBLES, (GP), to 12", with black organic 10.4 1.8 38+2.0 FINES: Ra-226 (1,000 year) = 20.1 pCi/gr. -
= = A E
— e . j
1 - _ 7
552402 | 13.0 1.2 | 40+2.0 FINES: Ra-226 (1,000 year) = 22.5 pCi/gr. ]
7]755-2403 |aum vame- 12.0 1.0 \ 4 .
2 —557408 e 6.9 1.1 6.5| = | -Plan Exc. Depth at 2’. =
- - - -
—155-2405 == —mme- 7.2 1.3 | 30+2.0 FINES: Ra-226 (1,000 year) = 15.2 pCi/gr. -
3 — - -
— =S ]
] M ]
— L——‘.-- ]
4 — —— ]

BOTTOM OF TEST PIT AT 4.5’

COBBLES {Composite): Sample Depth 0’ to 4.5°.
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
0.840.5 0.5+0.3

FINES (Composite): Sample Depth 0’ to 4.5".

}____

Ra-226 Th-232  Th-230  Ra-226 (1,000 yr)
4.2+1.0 1141
+#4 sieve = 90.4%.
-#4 sieve = 9.6%.
SHEET TEST PIT NO.
MORRISON KNUDSEN CORPORATION 1 M-CF-28
ENVIRONMENTAL SERVICES DIVISION °1‘ L=




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-29
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N23450 E47130| 12/1/93 | 12/1/93 5262.2 3.8 G.LINDSEY
[+ 4
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 | Th-232 | Th-230 " ’Iilf_: REMARKS
(FT) NO. 106 AND CLASSIFICATION pCijgr | pCifar | pCijgr i §g PHOTOGRAPH
~ 55-2406 w FILL, mixed sand, gravel and cobbles to 12", 186.0 5.4 7
$5-2407 .’...1 dark brown. 178.0 | 4.5 -
1 L el d —]
- $5-2408 }x:: 99.0 3.0 -
] 55-2409 1 96.0 3.1 -
) 2499 oo bb _ E
§$S5-2410 0:::4 115.0 3.7 290+10 Ra-226 (1,000 yr) = 176.0 pCi/gr. —
) -
=1 ss-2411 nggw 131.0 | 3.4 -
’ 3 »::3:1 -Plan Exc. Depth at 3’. s
s Y :
4 —:—_14 29994 Perched water table? —:
- SILTY CLAY, (CL), med. plasticity, black, -
5 — with carbonized roots. —
- Med. gray seam at 4.5' - 5.0". -
6 — 6.9 —
7 7/ ]
BOTTOM OF TEST PIT AT 6.5’
COBBLES (Composite): Sample Depth 0' to 4.
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
2.140.8 2.340.6
FINES (Composite): Sample Depth 0’ to 4°.
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
110+10 230+10
+#4 sieve = 78.2%.
-#4 sieve = 21.8X.
SHEET TEST PIT NO-
(] HMORRISON KNUDSEN CORPORATION N-CF-29
P ENVIRONMENTAL SERVICES DIVISION




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UNTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-30
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N23400 E47265| 12/1/93 | 12/1/93 5262.2 8.3 J.CERCONE
o
DEPTH SAMPLE | GRAPHIC MATERIAL DESCRIPTION Ra-226 | Th-232 | Th-230 " E.‘E REMARKS
(FT) NO. LOG AND CLASSIFICATION pCi/gr pCi/ar pCi/gr F ‘ztg PHOTOGRAPH
o] $s-2412 :m:} FILL, silty gravel, poorly graded, brown, 34.0 2.5 .
- *0009 moist, low plasticity. ]
1 P92 =
= §$5-2413 }’0.’1 11.0 1.5 5
~ oobod -
2 6668
55-2414 pOO4 & 236.0 | 4.3 7.3 —:]
7] e odbd -
3 - o bbe —
55217 pggee 142.0 | 3.5 ]
3 T-T] ] SILTY SAND, (SM), gray, moist. ] Tailings? ]
4 550018 K CLAY, (CL), low to med. plasticity, black, j. 9.8 1.4 —
- 3 moist to saturated, organic. . ]
71 55-2419 pem- g 3.0 1.5 32+42.0 FINES: Ra-226 (1,00 =19.7 pC . ]
5 7] i [ == | GRAVELS , (GW), with cobbles, well graded, ! 22 ! @ (1,000 year) pei/or _
-] SS-2420 [ oomm= cobbles to 8" max., fines are med. to 16.0 1.4 -
1 ss-2821 [ --l- coarse sand. 12.0 1.1 3
6 SS-2422 .-'.i"- 30.0 1.5 Plan Excavation Depth at 6°. _:J
= ss-2423 __—_—-' 30.0 1.5 -
7 oy =i ]
—| 5S-2424 lemm . 4.4 1.2 2242.0 FINES: Ra-226 (1,000 year) = 10.6 pCi/gr. 5
o 7] 55-2425 [ o 6.0 1.1 3
5572426 [ e x52.0| 2.7 h 4 ]
. O ss-2427 [ e *47.0| 1.3 -
7 BOTTOM OF TEST PIT AT 9.0°
* Possible Cross Contamination. COBBLES (Composite): Sample Depth 4.5’ to 7.5'.
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
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 (1,000 yr)
3.0+0.9 6.9+1.0
+#4 sieve = 79.4%.
-#4 sieve = 20.6%.
SHEET TEST PIT NO.
MORRISON KNUDSEN CORPORATION olF M-CF-30
ENVIRONMENTAL SERVICES DIVISION 1




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-31
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N25252 E49005| 12/3/93 | 12/3/93 5272.8 8.5 J.CERCONE/G.LINDSEY
. [+ 4
DEPTH SAMPLE | GRAPHIC MATERIAL DESCRIPTION Re-226 | Th-232 | Th-230 | '_u;lﬁ REMARKS
(FT) No. L0G AND CLASSIFICATION pcijar | pcisar | peisgr | gg PHOTOGRAPH
- 55-2475 /7/% CLAY, (CL), light brown, slightly moist, 1.6 [ 1.9 -
= 5/% some roots. -
l —_—
's5-2476 /%/ 1.1 | 2.3 ]
] /// —
- Z -
2 — 55z 2%2 1.5 | 2.8 —
- % % 3
3 — =z —
— $S-2478 || | { SANDY SILT, (ML), to SILTY SAND, (SM), dark 1.5 2.3 ]
. brown, moist, Toose. j
! -] ss-2479 1.8 2.0 =
5 — ]
552480 0.6 | 1.5 =
6 —] A =
— s5-2481 | 0.8 | 1.5 .
- o GRAVELS, (GP-GW), with cobbles to 4", matrix .
7 = of fine sand. -
-] SS-2482 o™ 0.9 1.6 - ’
[ 552283 | =" 13 | 15 ]
8 il
— 55-2080 |amram: 0.8 | 1.4 \ 4 =
7] 55-2485 [ ~emm> | GRAVELS, (GP-GW), with cobbles to 6", matrix| 1.3 1.3 = 7
9 — YT of coarse sand. 0.7 1.0 COBBLES (Composite): Sample Depth 8.5’ to 11.5°. -
. - - Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) =
J SS-248] | 0.7 | 11 0.9+0.5 0.740.4 -
10 — $5-2488 |emm 0.8 1.2 FINES (Composite): Sample Depth 8.5” to 11.5°. _E
] =T — 1.0 12 Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) 7
P Bt . : 1.8:0.8 2.240.6 =
—| 55-2490 "= - 0.6 1.2 +#4 sieve = 78.2%. —
. 552491 preiy 1.0 11 -#4 sieve = 21.8%. ]
— - . . et
o BOTTOM OF TEST PIT AT 12.0°
(BACKGROUND PIT LOCATED AT NORTHEAST CORNER
OF NEW RIFLE SITE).
—
SHEET TEST PIT NO.
MORRISON KNUDSEN CORPORATION olF M-CF-31
#¥ ENVIRONMENTAL SERVICES DIVISION 1
i r—




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-32
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. | GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N24648 E51357 | 12/2/93 | 12/2/93 | 5271.5 3.0 J.CERCONE
[+ 4
DEPTH SAMPLE | GRAPHIC MATERIAL DESCRIPTION Re-226 | Th-232 | Th-230 | E& REMARKS
(FT) No. 106 AND CLASSIFICATION ocifar | pcisar | cizer | © gg PHOTOGRAPH .
- 55-2370 [ e | GRAVELS, (GP), with cobbles to 12", poorly 1.3 1.0 -
7} s5-2371 L—'-' graded, with coarse sand, slightly moist,| 1.2 1.3 3
1 - all gravels and cobbles appear clean and -
§5-2372 __"_-‘ fresh. 0.9 1.0 3
T S5-2374 |- g 1.5 1.1 3
2 — $5-2373 b '-" 1.4 1.4 COBBLES (Composite): Sample Depth 0’to 4.0°. ]
— | o~ Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) -
5572375 [ m-- 1.3 1.3 W |1.8:0.7 1.140.4 3
3 —I 5572376 [ —am 1.1 1.0 = | FINES (Composite): Sample Depth 0’to 4.0°. —
- - - Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) .
- 55-2377 | - t.o 4 1.0 1.740.7 0.9+0.4 -
4 55-2378 | ot 1.2 1.2 +#4-s?'eve = B0.8%. - =
=1 SS-2479 |ume 0.8 1.0 “#4 sieve = 19.2k. ]
N BOTTOM OF TEST PIT AT 5.0°.
(BACKGROUND PIT LOCATED IN CON SY INC.
GRAVEL PIT).
SHEET I Test PIT NO.
MORRISON KNUDSEN CORPORATION olF M-CF-32
ENVIRONMENTAL SERVICES DIVISION 1




TEST PIT LOG

PROJECT SITE LOCATION JOB NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 H-CF-33
CONTRACTOR EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOGGED BY:
GREEN BACKHOE N24877 E51355| 12/2/93 | 12/2/93 5275.2 7.2 J.CERCONE
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 Th-230 ﬁs REMARKS
(FY) NO. LOG AND CLASSIFICATION pCi/gr pCifar pCi/gr P 'gg PHOTOGRAPH

CLAY, (CL), (TOP SOIL), some roots.
SILT, (ML), light brown, moist.

CLAY, (CH), med. to high plasticity, black,
saturated, organic .

w
NN ERENEENET codoodenbibiedi
\\‘k

llll\llllllllllllllllllllllll‘lltllllll‘llll

4
5
. COBBLES (Composite): Sample Depth 7.0" to 9.0".
6 $57380 Lo | SRAVELS, (GW), with cobbles to 4", well 1.3 1.1 Ra-226  Th-232  Th-230  Ra-226 (1,000 yr)
e graded, black to gray, organic coating. : : 1.6:0.7 0.5+0.3
§5-2381 peme g 1.1 1.3 FINES (Composite): Sample Depth 7.0’ to 9 9.
7 387 e W | Ra-226 Th-232  Th-230  Ra-226 (1,000 yr)
$5-2382 - 1.0 1.2 4
" 1.640.7 1.340.5
o 5S-2383 | 0.9 0.9 +#4 sieve = 81.9%.
§5-2384 | e 0.7 0.8 -#4 sieve = 18.1%.
ey o
. $5-2385 | g 1.0 1.3
7 BOTTOM OF TEST PIT AT 9.0°.
(BACKGROUND PIT LOCATED IN CON SY INC.
GRAVEL PIT).
SHEET TEST PIT NO.
MORRISON KNUDSEN CORPORATION 1 M-CF-33
ENVIRONMENTAL SERVICES DIVISI” 1




APPENDIX D

MASS PARTITION FUNCTIONS
{COBBLES-TO-FINES RATIOS)



$)MK-FERGUSON COMPANY

A WORAISON KNUDSEN COMPANY

INTER-OFFICE CORRESPONDENCE

DATE- December 13, 1993

© Grant Cherrington FROM David Farr
\ocaioN: San Francisco \ocamon: Rifle, CO 3050
susject 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 expedlte 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

’\Z..-.-




1.

ATTACHMENT 1
CALCULATIONS

A representative sample of between 1000 to 1500 pounds of
material was split on the 1" 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.

The -1" fraction was reduced to a manageable sized
representative sample of approximately 50 pounds, split on the
f4 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.

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 -1i"
fraction. This weight was then added to the +1" fraction to
determine the +#4 weight on a whole sample basis.

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: _/2-6°93
DEPTH: /50’ -170° TECHNICIAN:
CHECKED BY: M_
BULK SAMPLE WEIGHTS
+1" WET WEIGHT _834.28 |\s. -1" WET WEIGHT _38/92 lbs.
% MOIST A N ) % MOIST _ /e "l
DRY WEIGHT 82392 los, DRY WEIGHT F42e2 \s.

TOTAL SAMPLE WEIGHT [(66. 1Y 1és.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)

+#4 WET WEIGHT _ 240/ lbs. -#4 WET WEIGHT _35:/2_lbs,
% MOIST 1.5 %o % MOIST 9.6 Yo
DRY WEIGHT 2366 lbs. DRY WEIGHT 32.04 |los.

REDUCED SAMPLE WEIGHT  _S3.70 %s.

% + #4 IN REDUCED SAMPLE _ 2.5~ “/o
%-#4 IN REDUCED SAMPLE _ 575~ %

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _/45. 4/ \bs.

+ DRY WT. OF +1" IN BULK SAMPLE 823 92 iws.
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 969. 36 /4s.

MOISTURE CORRECTIONS
BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4
WET WEIGHT H3l6 9 4889 4

DRY WEIGHT 520 /%.0 o
WT. OF WATER 67.6 g 42.9
% MOISTURE /. & % 98
COBBLES TO FINES RATIO |
TOTAL DRY WEIGHT OF + #4 969.36 los.
TOTAL SAMPLE WEIGHT (/6614 1bs.

% +#4 (COBBLES) _2J/ %
%-#4 (FINES) 16.9 %o



CALCULATIONS FOR COBBLES TO FINES RATIO

TESTPIT: _ #2 DATE TESTED: __ /2-6-23
DEPTH: _ /30’ -/6.0° TECHNICIAN:
CHECKED BY: _L%_M__
BULK SAMPLE WEIGHTS
+1" WET WEIGHT _ge727 1us -1" WET WEIGHT _5353.47 \vs.
% MOIST /.5 %l % MOIST /0.5 %o
DRY WEIGHT 45786 lvs. DRY WEIGHT S/ 06 los.
TOTAL SAMPLE WEIGHT _ /5B 92 6.
REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+#4 WET WEIGHT /2.60 |bs. -#4 WET WEIGHT _37./8 lbs.
% MOIST 1.5 “l % MOIST 9.2 o
DRY WEIGHT /2.9 los. DRY WEIGHT 34.05 (15

REDUCED SAMPLE WEIGHT 6.6 ls.

% + #4 IN REDUCED SAMPLE 26.7 e
%-#4 IN REDUCED SAMPLE __73.3 %

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE __ /33 78 lbs

+ DRY WT. OF +1" IN BULK SAMPLE . 657 86 s,
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 79/ 64 tés.

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

WET WEIGHT 372294 4726 4
DRY WEIGHT 84 492.7
WT. OF WATER _5%3 o 399 4

% MOISTURE /0.5 (o 9.2 Y

COBBLES TO FINES RATI
TOTAL DRY WEIGHT OF +#4  _ 79164 li)s

TOTAL SAMPLE WEIGHT 5892 jvs.

% +#4 (COBBLES) _4837%
%-#4 (FINES) _3L7%



CALCULATIONS FOR COBBLES TO FINES RATIO
TESTPIT: __#7 DATE TESTED: _ /@-7-33,
DEPTH: _/8.0° -&L0’ TECHNICIAN: ﬁ.é/////ém
CHECKED BY: _\Jee 2

BUL IGHT
+ 1" WET WEIGHT 706, 30 s -1" WET WEIGHT _5%/. 82 lus.
% MOIST (S % MOIST (42 %o
DRY WEIGHT G25.86 |vs. DRY WEIGHT 49(.53 lbs

TOTAL SAMPLE WEIGHT /87 37 /b

REDUCED SAMPLE WEIGHTS (-1" FRACTION)

+ #4 WET WEIGHT (583 lbs -#4 WET WEIGHT %475 lbs
% MOIST (.5 Yo % MOIST (3.7 %
DRY WEIGHT /560 s DRY WEIGHT 32.3¢ lbs

REDUCED SAMPLE WEIGHT S99 /s

% + #4 IN REDUCED SAMPLE _ 284 %
%-#4 IN REDUCED SAMPLE __7Z/6 7

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _/39.59 lbs

+ DRY WT. OF +1" IN BULK SAMPLE 0695~ 8¢ \bs.
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE B35 95 4.

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

WET WEIGHT 7979 ¢ 3523/ 4
DRY WEIGHT 43577 q Y600 4

WT. OF WATER _ sz.2 6314
% MOISTURE /4.3 A /3.7 %l

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF +#4  835.%5 lus,
TOTAL SAMPLE WEIGHT L8737 s,

% + #4 (COBBLES) 724 %
%-#4 (FINES) 29.6 %,



CALCULATIONS FOR COBBLES TO FINES RATIO

e d
/)0°-16.0°

TEST PIT:

DEPTH:

B P IGHT
+ 1" WET WEIGHT
% MOIST

DRY WEIGHT

78077 \us.
1.5 e
727222 |vs

TOTAL SAMPLE WEIGHT

REDUCED SAMPLE WEIGHTS (-1" FRACTION)

+ #4 WET WEIGHT __ 2/ 0¥ lbs
% MOIST £.5 Yo
DRY WEIGHT

REDUCED SAMPLE WEIGHT

% + #4 IN REDUCED SAMPLE
%-#4 IN REDUCED SAMPLE

Cc

_20.73 \ys

DATE TESTED:

12:7-93

TECHNICIAN:

CHECKED BY: _ e LU

1" WET WEIGHT _448.6/ lis
% MOIST 5t %
DRY WEIGHT 4357/ lbs
L2052 (b,
S0 13-

-#4 WET WEIGHT _+5 4257 lbs

% MOIST 5./

DRY WEIGHT
6023 /s

33.9 %~
_ 46./ “le

+ DRY WT. OF +1" IN BULK SAMPLE
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE

MOISTURE CORRECTIONS
BULK SAMPLE -1" FRACTION

WET WEIGHT
DRY WEIGHT 5702 'q
WT. OF WATER _ 28.6
% MOISTURE j:ﬁ'p
COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4
TOTAL SAMPLE WEIGHT

% + #4 (COBBLES)

%-#4 (FINES)

REDUCED SAMPLE -#4
1643 q
4.7 g
22.6 q
I/ L

91772 ”05
120533 s

76./ T
2397

/o

4950 lbs

NVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEI
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE /42 50 lbs
770-22 los
772 4s.




CALCULATIONS FOR COBBLES TO FINES RATIO

TESTPIT: _#&9 DATE TESTED: __ /2-7-23
DEPTH: _ /.0’ -2.0° TECHNICIAN: ' ///

CHECKED BY: s%’ V22221,

BULK SAMPLE WEIGHTS
+1" WET WEIGHT _¢32./01bs -1" WET WEIGHT 525.88 lbs
% MOIST /5 % % MOIST 72 e
DRY WEIGHT 481.87 s DRY WEIGHT 49056 los

TOTAL SAMPLE WEIGHT [172.43 /4.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+#4 WET WEIGHT __2+.34lbs -#4 WET WEIGHT _20.29 lbs
% MOIST /.5 o % MOIST (2.0 %k
DRY WEIGHT 23.98 |y DRY WEIGHT 2767 lys

REDUCED SAMPLE WEIGHT 37.65 /bs.

% + #4 IN REDUCED SAMPLE “.4
%-#4 IN REDUCED SAMPLE . ,53.6 7o

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHQOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _227.62 |bs
+ DRY WT. OF +1" IN BULK SAMPLE &8!. 87 lbs

= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 909 .49 1bs,

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

WET WEIGHT 5263 4 5427 ¢
DRY WEIGHT 490 ¢ ~/88.9 q

WT. OF WATER 35.3 g 58.8
% MOISTURE 7.2 % /2.0 5/,

COBBLES TO FINES RATIOQ
TOTAL DRY WEIGHT OF + #4 90947 \lss
TOTAL SAMPLE WEIGHT (/7243 |\

% +#4 (COBBLES) _776%
%-#4 (FINES) 224 T



CALCULATIONS FOR COBBLES TO FINES RATIO
TESTPIT: _ 27 DATE TESTED: _ /2-7-93

DEPTH: 120°-2(0° TECHNICIAN: é iwjd/g;

CHECKED BY: _;%V 74

BUL P EIGH
+1" WET WEIGHT _7z0.77 |bs -1" WET WEIGHT _5a.88 |bs
% MOIST o % MOIST /5 Do
DRY WEIGHT ¢4 lbs DRY WEIGHT 450./2 lbs

TOTAL SAMPLE WEIGHT /.53 Vs,

BEDUCED SAMPLE WEIGHTS (-1" FRACTION)

+#4 WET WEIGHT _/8,/Z_[bs -#4 WET WEIGHT 425/ Ibs
% MOIST t5 o % MOIST /2 7
DRY WEIGHT /785 ibs DRY WEIGHT 28.23 _Ibs

REDUCED SAMPLE WEIGHT  _94.08 /s

% + #4 IN REDUCED SAMPLE _.3/8 %
%-#4 IN REDUCED SAMPLE 8.2 T

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _/43./4_Ibs

+ DRY WT. OF +1" IN BULK SAMPLE 4/ lbs
= TOTAL DRY WEIGHT OF +#4 IN BULK SAMPLE §33.55 /bs

M'OISTURE CORRECTIONS
BULK SAMPLE -i” FRACTION ~ REDUCED SAMPLE -#4
WET WEIGHT 0./ 3/
DRY WEIGHT wes 47;.5?
WT. OF WATER __J%4 q 535
% MOISTURE ZHR /-2 7

[ J

COBBLES TO FINES RATIO )
TOTAL DRY WEIGHT OF + #4 B833.55 Ibs
TOTAL SAMPLE WEIGHT /140.53 lbs

% + #4 (COBBLES) _/3/ 7.
%-#4 (FINES) _26.9 7,



CALCULATIONS FOR COBBLES TO FINES RATIO
TEST PIT: _#// DATE TESTED: _/2-7-93

DEPTH: __ 4.0 - 100’ TECHNICIAN: —lpcw[///, M/M
CHECKED BY: _%_M__

BULK SAMPLE WEIGHTS
+1" WET WEIGHT  _43/55 [bs -1" WET WEIGHT _S7%/7 lbs
% MOIST /.5 %o % MOIST 439 %
DRY WEIGHT (0. ! \bs DRY WEIGHT DY /0_|bs

TOTAL SAMPLE WEIGHT [(520.2( lés.
REDUCED SAMPLE WEIGHTS (-1" FRACTION)

+#4 WET WEIGHT 4562 Ibs -#4 WET WEIGHT _<277 _lbs
% MOIST 45° % % MOIST 0.2 ‘%
DRY WEIGHT (5.3 |bs DRY WEIGHT 37.88 b3

REDUCED SAMPLE WEIGHT 53.27 /s,

124499

, -
% + #4 IN REDUCED SAMPLE _/&548 28.9 ‘l-
%-#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 /%568 lbs

+ DRY WT. OF + 1" IN BULK SAMPLE (0.1 1bs
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE [16/.79 4s.

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

WET WEIGHT 526.0 g 459./ ¢
DRY WEIGHT 418 9 .5 9
WT. OF WATER 642 o 426 o

% MOISTURE /39 ¥, 0.2 T

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 /141.79 bs

TOTAL SAMPLE WEIGHT /520.2/ b3

% + #4 (COBBLES) 76.4 7,
%-#4 (FINES) 23.6 7



CALCULATIONS FOR COBBLES TO FINES RATIO
TEST PIT: _#/5 | DATE TESTED: _ /226 93 ,
DEPTH: _/00°-13.0° TECHNICIAN: _j w2/
CHECKED BY: _L%a w2

BULK SAMPLE WEIGHTS
+1" WET WEIGHT _g52.45 lbs -1" WET WEIGHT _J386.97 lbs
% MOIST X % MOIST ne ‘%
DRY WEIGHT 0. 89 Ibs DRY WEIGHT SC7 .85 1bs

TOTAL SAMPLE WEIGHT [1é8. 63 lés

WEIGHTS (-1" FRACTION)

+#4 WET WEIGHT _22.30 |bs -#4 WET WEIGHT __3/.60 Ibs
% MOIST 25~ 7 % MOIST g2 %
DRY WEIGHT 2(97 (bs DRY WEIGHT 29.2/ Ibe

REDUCED SAMPLE WEIGHT . 57/./8 /s.

% + #4 IN REDUCED SAMPLE 22.9 T
%-#4 IN REDUCED SAMPLE  _57./

NVERSION OF R ED SAMPLE PER TAGES TO WH AMPLE WEIGHT
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _226.45"

+ DRY WT, OF +1" IN BULK SAMPLE . _G%.8Y
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 876.29 tks.

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

WET WEIGHT 4039 ¢ 2.

DRY WEIGHT JY26 4 3053 4
WT. OF WATER 608 ¢ “3.3 ¢
% MOISTURE (.2 T 5.Z o

COBBLES TO FINES RATI
TOTAL DRY WEIGHT OF + #4 84729 |bs
TOTAL SAMPLE WEIGHT //68.69 1bs

% + #4 (COBBLES) 742 T
%-#4 (FINES) 258 7




CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: __#/9 DATE TESTED: _ /& J-93
DEPTH: 3.5°-5.5° TECHNICIAN: /
CHECKED BY: M___
BULK SAMPLE WEIGHTS
+1" WET WEIGHT _Z/7/7_lbs -1" WET WEIGHT _482.03 lbs
% MOIST /5 T % MOIST 73 4,
DRY WEIGHT 706.57. bs DRY WEIGHT 44737 \bs

TOTAL SAMPLE WEIGHT /[53. 94 lés.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)

+#4 WET WEIGHT /942 |bs -#4 WET WEIGHT _J/94 lbs
% MOIST 2 N % MOIST 79
DRY WEIGHT /8,74 |bs DRY WEIGHT 29.60 s

REDUCED SAMPLE WEIGHT  44.39 %s.

%+ #4 IN REDUCED SAMPLE _ 48 %
%-#4 IN REDUCED SAMPLE 6.2 T

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _/Z738 !lbs

+ DRY WT. OF +1" IN BULK SAMPLE 06.57 (bS
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE BED. 15 fe.

—————————

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

WET WEIGHT @GN0 ¢ ﬂz./;
DRY WEIGHT J37./ 4 4552 g

WT. OF WATER _ 4.9 + 6.2
% MOISTURE 7.3 4 29 %

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 880./5~ 1bs
TOTAL SAMPLE WEIGHT 1/53.94 |bs

% + #4 (COBBLES) 763 7.
%-#4 (FINES) 23.7 T




CALCULATIONS FOR COBBLES TO FINES RATIO
TEST PIT: __ #20 DATE TESTED: __/{-J-93
DEPTH: _7 St TECHNICIAN: ‘Zﬁj// (%%
CHECKED BY: M

BULK SAMPLE WEIGHTS
+1" WET WEIGHT  _8%5.63 [bs 1" WET WEIGHT _398.28 |bs
% MOIST /.5 % MOIST 724
DRY WEIGHT 833 13 lbs DRY WEIGHT 32489 Ibs

TOTAL SAMPLE WEIGHT //58.02 lbs.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+#4 WET WEIGHT __28.93 Ibs -#4 WET WEIGHT _3Z4/ [bs
% MOIST ) % MOIST 724
DRY WEIGHT 28.0/ \bs DRY WEIGHT 3490 1bs

REDUCED SAMPLE WEIGHT 629/ lis.

% + #4 IN REDUCED SAMPLE 445 Jo
%-#4 IN REDUCED SAMPLE 355 T

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _/44. 3% lés
+ DRY WT. OF +1" IN BULK SAMPLE 833./3 1bs
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 977.7/ fos.

MOISTUR RRECTION
BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4

WET WEIGHT @73.8 o 5%./ ¢

DRY WEIGHT w429 o K2 4
WT. OF WATER “6.4 q _Jd57 4
% MOISTURE 722 9% 7. 2— 7-

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 97727/ lbs
TOTAL SAMPLE WEIGHT /58 02 b3

%+ #4 (COBBLES) _577 7
%-#4 (FINES) L6



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: _#2/ DATE TESTED: -3-93
DEPTH: _Z2 -6 TECHNICIAN: AN

CHECKED BY: M

BULK SAMPLE WEI

+1" WET WEIGHT _833./9 lbs -1" WET WEIGHT 42259 lbs
% MOIST (5 T % MOIST 29 T
DRY WEIGHT 220.88 Ibs DRY WEIGHT _ Jé6.32 s

TOTAL SAMPLE WEIGHT /(8220 Vs,

REDUCED SAMPLE WEIGHTS (-1" FRACTION)

+ #4 WET WEIGHT /9.88 Ibs -#4 WET WEIGHT _32.68 lbs
% MOIST 15 % MOIST 87 %
DRY WEIGHT [9.57 Jbs DRY WEIGHT 282 lbs

REDUCED SAMPLE WEIGHT 472 /5.

% + #4 IN REDUCED SAMPLE _ 4/0 %
%-#4 IN REDUCED SAMPLE 490 7

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _/2./9 Ibs

+ DRY WT. OF +1" IN BULK SAMPLE B20.8% |bs
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 27107 /s,

MOISTURE CORRECTIONS
BULK SAMPLE -1" FRACTION  REDUCED SAMPLE -#4
WET WEIGHT 240 4 415/ ¢
DRY WEIGHT 4570 o 4553 4
WT. OF WATER _ 444 o 398 4

% MOISTURE 77 % ) )

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 97,07 lbs

TOTAL SAMPLE WEIGHT (18720 b5

% + #4 (COBBLES) _8/8 7
%-#4 (FINES) /8.2 %



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: __ #22 DATE TESTED: __g£-/-93 .

n

DEPTH:~2 - 4. TECHNICIAN: AN

CHECKED BY: _géﬂ 7.4

BULK SAMPLE IGHT
+ 1" WET WEIGHT 84735 lbs -1" WET WEIGHT _«4¢7/.52 Ibs
% MOIST .5 % MOIST (249 %
DRY WEIGHT 839.83 |bs DRY WEIGHT /5. 80 lbs

TOTAL SAMPLE WEIGHT (850 63 Vés.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT 20.68 Ibs -#4 WET WEIGHT _J38.9/ lbs
% MOIST ,5 1. % MOIST /3.8 U
DRY WEIGHT 2037 lbs DRY WEIGHT 33.75 Ib*

REDUCED SAMPLE WEIGHT SY/2 ls.

% + #4 IN REDUCED SAMPLE 376 1
%-#4 IN REDUCED SAMPLE - 42.4 o

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS

% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _£5¢.3Y _lbs
+ DRY WT. OF +1" IN BULK SAMPLE 837.83 Jbs
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE _991.17 fss.

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

WET WEIGHT 2342 4 bbll ¢

DRY WEIGHT 6473 IBlS5

B - —BBlS__q
WT. OF WATER __%6.9 , 20 4
% MOISTURE /3.9 A (38 %

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 99/./7 _ibs

———— e

TOTAL SAMPLE WEIGHT 125063 (bs

% + #4 (COBBLES) 723 7%
%-#4 (FINES) 207 %



CALCULATIONS FOR COBBLES TO FINES RATIO
TEST PIT: _#2Y DATE TESTED: fz 93

oM o
CHECKED BY: M

DEPTH: 2-5 TECHNICIAN:

BULK SAMPLE WEIGH

+1" WET WEIGHT é/7é5 |l>': -1" WET WEIGHT _é#.57 lbs
% MOIST % MOIST /5.0 _ 7
DRY WEIGHT 608. ,2 Hr» DRY WEIGHT S22./8 |bs

TOTAL SAMPLE WEIGHT [130.23 /bs.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)

+ #4 WET WEIGHT /292 lbs -#4 WET WEIGHT %%.87 |bs
% MOIST VAN % MOIST 9.2 %
DRY WEIGHT /2.73 lbs DRY WEIGHT /09 _Ib*

REDUCED SAMPLE WEIGHT S382 V5.

% + #4 IN REDUCED SAMPLE _23.7
%-#4 IN REDUCED SAMPLE  _74.3 ¥

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _/23.7¢ _Ibs

+ DRY WT. OF +1" IN BULK SAMPLE 408.75 lbs
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 732.57 /és.

MOISTURE CORRECTIONS
BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4
WET WEIGHT 6.0 g 539.99
DRY WEIGHT @07 q w o &2
WT. OF WATER 9.9 q “45.3 o
% MOISTURE 150 % 2.2 %

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF +#4 732.57 Its
TOTAL SAMPLE WEIGHT /73093 1bs

% + #4 (COBBLES) 6478 7
%-#4 (FINES) X952 %



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: _ #2325 DATE TESTED: _ /2793
DEPTH: 65 -85’ TECHNICIAN: /Z v
CHECKED BY: _<Sthwe st/
BULK SAMPLE WEIGHTS
+1" WET WEIGHT _Z394% lbs -1" WET WEIGHT _5%.66 lbs
% MOIST 1.5 1 % MOIST 2.8 %
DRY WEIGHT 7.7/ _Ibs DRY WEIGHT “b6.30 1bs
TOTAL SAMPLE WEIGHT 0/ s,
REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT __ 340/ lbs -#4 WET WEIGHT _45.98_lbs
% MOIST /5 N % MOIST Y %
DRY WEIGHT 33.57 Ibs DRY WEIGHT 41.27 \bs

REDUCED SAMPLE WEIGHT 7478 /5.

% + #4 IN REDUCED SAMPLE 498 9.
%-#4 IN REDUCED SAMPLE _ 532 %

NVERSION OF RED D SAMP RCENTA T ESAMPLE WEIGHT

% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _208.20 b
+ DRY WT. OF +1" IN BULK SAMPLE 728. 7/ b3
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 937.6/ 4.

MOISTURE CORRECTION
BULK SAMPLE -1" FRACTION  REDUCED SAMPLE -#4
WET WEIGHT  gsse iy

DRY WEIGHT 27,8~ g
WT. OF WATER 837 o %5

% MOISTURE  _ /08 % A

COBBLES TO FINES RATI
TOTAL DRY WEIGHT OF + #4 937.6/ Ibs
TOTAL SAMPLE WEIGHT /195°0/ |bs

% + #4 (COBBLES) _785 7
%-#4 (FINES) 205 7o



‘CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: __#26 DATE TESTED: -6-95
DEPTH: 80 -95 TECHNICIAN: /

CHECKED BY: _ <Y, HW

BULK PLE WEIGHT

+1" WET WEIGHT &25.45 (b -1" WET WEIGHT sz,z 16
% MOIST [ % % MOIST _ 69
DRY WEIGHT ae5. 67 Ibs DRY WEIGHT 5B 87 .47 Ibs

TOTAL SAMPLE WEIGHT [252.5% /bs
REDUCED SAMPLE WEIGHTS (-1" FRACTION)

+ #4 WET WEIGHT (Y o6 lbs -#4 WET WEIGHT _4290 \bs
% MOIST £S5 % MOIST 60 %
DRY WEIGHT AL AR DRY WEIGHT «0.97 b3

REDUCED SAMPLE WEIGHT 5.9/ Vs

% + #4 IN REDUCED SAMPLE 26.3
%-#4 IN REDUCED SAMPLE 73.7 9

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHT
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE /5% 35 Ibs

+ DRY WT. OF +1" IN BULK SAMPLE G885 67 1v3
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 820 02 /s

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

WET WEIGHT 5571.0 g S57./ g
DRY WEIGHT 578./ o JZ5.5_ 4

WT. OF WATER 329 o 36 4
% MOISTURE 64 1 69 %
COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 220.02. lbs
TOTAL SAMPLE WEIGHT /25259 |b%

% + #4 (COBBLES) _&J.5 7
%-#4 (FINES) 345 T




CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: _#&27 DATE TESTED: __/2-3-93

DEPTH: 2.5 /.0’ TECHNICIAN: _&M

CHECKED BY: o e s/

LK SAMP |

+1" WET WEIGHT _90.34 Vs -1" WET WEIGHT _3/9.62 Jbs
% MOIST 1.5 %o % MOIST o e
DRY WEIGHT 28745 \us DRY WEIGHT 28795 lbs

TOTAL SAMPLE WEIGHT L7500 ls.
REDUCED SAMPLE WEIGHTS (-1" FRACTION)

+ #4 WET WEIGHT 2/.6% bs -#4 WET WEIGHT _37.20 lbs
% MOIST (.5 Do % MOIST Y7
DRY WEIGHT 20.32 s DRY WEIGHT 33 42 lis

REDUCED SAMPLE WEIGHT S5Y.7¢ /bs.

% + #4 IN REDUCED SAMPLE _38.9 %
%-#4 IN REDUCED SAMPLE &/ o

CONVERSION OF REDUCED SAMPLE PERCENTAGES TQ WHOLE SAMPLE WEIGHT
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _//2.0/ lbs

+ DRY WT. OF +1" IN BULK SAMPLE R105 (s
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 299.06 /s

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

WET WEIGHT 7205.3 4
DRY WEIGHT

£HLy
#X55e  IHITq

WT. OF WATER _ 4%.8 44.3
% MOISTURE 0 /10 o

COBBLES TO FINES RATIO

TOTAL DRY WEIGHT OF + #4 999.06 lbs
TOTAL SAMPLE WEIGHT H7500{s

% + #4 (COBBLES) _B85.0%
%-#4 (FINES) /1570 %



CALCULATIONS FOR COBBLES TG FINES RATIO

TEST PIT: __#28 DATE TESTED: -3-93
DEPTH: Qo’-45’ TECHNICIAN: /

CHECKED BY: S el

BULK SAMPLE WEIGHTS
+1" WET WEIGHT _938.47 lbs -1" WET WEIGHT _/¢/ 3¢ llgs
% MOIST 1.5 %o % MOIST 2.5
DRY WEIGHT 924. 60 s DRY WEIGHT (32. 72 los

TOTAL SAMPLE WEIGHT (057 39 /és.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+#4 WET WEIGHT __/72.87 lbs -#4 WET WEIGHT _</4.77 |ks

% MOIST 15 % MOIST 9.5 /o
DRY WEIGHT /3467 \vs DRY WEIGHT 44.5% los

REDUCED SAMPLE WEIGHT J8.2/ tbs,

% + #4 IN REDUCED SAMPLE 23.5 %o
%-#4 IN REDUCED SAMPLE 7% .5 /o

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE 3.2/ |bs

+ DRY WT. OF +1" IN BULK SAMPLE 924 &) \bs
= TOTAL DRY WEIGHT OF +#4 IN BULK SAMPLE 955.8/ ls.

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

WET WEIGHT 8% ¢ 555 4
DRY WEIGHT 7212 o 427 g
WT. OF WATER _/55.3 446 g
% MOISTURE  _ 215 25 Y
COBBLES TO FINES RATIO

TOTAL DRY WEIGHT OF + #4 955.8/ \ls
TOTAL SAMPLE WEIGHT 1057.39 s

% + #4 (COBBLES) _ %24 %o
%-#4 (FINES) _96%



CALCULATIONS FOR COBBLES TO FINES RATIO
TEST PIT: ___#30 DATE TESTED: _ /2-& 93 ,
DEPTH: 45-75"° TECHNICIAN: zw///// 44

CHECKED BY: ___‘gﬁ 7.

BULK SAMPLE WEIGHTS
+ 1" WET WEIGHT _g874.78 |bs -1" WET WEIGHT 522.99 lbs
% MOIST X4 A % MOIST b6 %
DRY WEIGHT 86/ 85 \bs DRY WEIGHT &7/.85 1bs

TOTAL SAMPLE WEIGHT /333.20 H>.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT 20.9/ 1bs -#4 WET WEIGHT _ 7274 lbs
% MOIST 1.5 % % MOIST 4.3 4
DRY WEIGHT 2009 1bs DRY WEIGHT 29.97 )bs

REDUCED SAMPLE WEIGHT SD.56 /bs.

% + #4 IN REDUCED SAMPLE _4/.7 %
%-#4 IN REDUCED SAMPLE __48.5 %

NVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE IGHT

% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _/926.76 _Ibs
+ DRY WT, OF +1" IN BULK SAMPLE 26/ 85 1bs
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE (058 6/ ts.

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

WET WEIGHT &9 9 5289 ¢
DRY WEIGHT 4970 4 S070 4

WT. OF WATER S0 ; 2l) g
% MOISTURE 66 T A o

COBBLES TQ FINES RATIO
TOTAL DRY WEIGHT OF + #4 L258.6/ 1bs
TOTAL SAMPLE WEIGHT (333 70 1bs

% + #4 (COBBLES) 724 4
%-#4 (FINES) 20.6 %



CALCULATIONS FOR COBBLES TO FINES RATIO
TEST PIT: BACKROUVD PiT (@u-s..t) +3| DATE TESTED: _1257-93

DEPTH: _3%- 1~ TECHNICIAN: Méﬁg
CHECKED BY: _ She 44

BULK SAMPLE WEIGHTS
+ 1" WET WEIGHT 78600 Hs. -1" WET WEIGHT _ 45795 Ibs
% MOIST /5 T % MOIST 0.7 %
DRY WEIGHT 774 38 Ibs DRY WEIGHT 4. 98 1b%

TOTAL SAMPLE WEIGHT [(85° % As.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)

+#4 WET WEIGHT __20.3/ 1bs -#4 WET WEIGHT _3792 _(bs
% MOIST (5 % % MOIST 2%
DRY WEIGHT 20.00_|bs DRY WEIGHT 340 |b%

REDUCED SAMPLE WEIGHT SN ls.

% + #4 IN REDUCED SAMPLE __3720 %
%-#4 IN REDUCED SAMPLE _¢3.0 %

CONVERSION QF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS

% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _/52.0é ibs
+ DRY WT. OF +1" IN BULK SAMPLE 77¢. 38 \bs
= TOTAL DRY WEIGHT OF +#4 IN BULK SAMPLE 926. 44 s,

MOISTURE CORRECTIONS
BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4
WET WEIGHT ¢394 4 SY5.6 ¢

DRY WEIGHT 77 463.8
T8 4

WT. OF WATER 66 o 578 4

% MOISTURE 0.7 1. .2 4

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 926.Y lbs
TOTAL SAMPLE WEIGHT /85 36 |b$

% + #4 (COBBLES) 78.2
%-#4 (FINES) 2/ 8 %




CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: __#AJ2 DATE TESTED: - 8-93 )
V4
DEPTH: 0.0°- 49’ TECHNICIAN: /{Zuz
CHECKED BY: _< Y. L’
BULK SAMPLE WEIGHTS ’
+1" WET WEIGHT _909.88_1bs -1" WET WEIGHT _49238 |bs
% MOIST /5 % % MOIST 37 %
DRY WEIGHT 89%.43 |bs DRY WEIGHT 474.8/ \bs
TOTAL SAMPLE WEIGHT /37( 2 ls.
REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+#4 WET WEIGHT _33.73 lbs -#4 WET WEIGHT _42.64 i
% MOIST /.5 % % MOIST 2/ %
DRY WEIGHT 33.23 Ibs DRY WEIGHT /.34 |bs

REDUCED SAMPLE WEIGHT 74.59 /5.

% + #4 IN REDUCED SAMPLE 44.6 %
%-#4 IN REDUCED SAMPLE 254 e

NVERSION OF REDUCED SAMPLE PERCENTAGE HOLE SAMPLE WEIGHT

% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _2//.77 jbs
+ DRY WT. OF +1" IN BULK SAMPLE 89%.72 b5
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE [108. 20 #s.

MOISTUR RRECTIONS
BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4
WET WEIGHT 63394 435 ¢
DRY WEIGHT é7es g W g

WT. OF WATER 23.4 23 o
% MOISTURE 3.7 ,c 3/ e

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 (/08.20 b5
TOTAL SAMPLE WEIGHT (37/.29 1bs

% + #4 (COBBLES) _S508 %
%-#4 (FINES) /2.2 T




CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: __# 53 DATE TESTED: -5-95
DEPTH: 70 -90° TECHNICIAN: /

CHECKED BY: _ e (0¥

+1" WET WEIGHT  _927.26 lbs -1" WET WEIGHT _4/768 lbs
% MOIST 22 ) % MOIST 9.9
DRY WEIGHT _909.62 \bs DRY WEIGHT 379,52 lbs

TOTAL SAMPLE WEIGHT [2B9.14 s

REDUCED SAMPLE WEIGHTS (-1" FRACTION)

+#4 WET WEIGHT _26./% lbs -#4 WET WEIGHT ﬂgz lbs
% MOIST 15 (., % MOIST 6.7 "k
DRY WEIGHT 5.77 DRY WEIGHT 124 s

REDUCED SAMPLE WEIGHT ¢ 7.02 (6s.

% + #4 IN REDUCED SAMPLE _,38.5 °/
%-#4 IN REDUCED SAMPLE @/.5 e

NVERSION OF RED D SAMPLE PERCENTAGES TO WH MPLE WEIGH

% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _/46./2 |lbs
+ DRY WT. OF + 1" IN BULK SAMPLE 909.62 s
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE (05574 #s

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

WET WEIGHT 335,/ g _:ZZ_+.2

DRY WEIGHT 49/ q YUY A

WT. OF WATER 490 q J3.8 9

% MOISTURE 9.0 °le 6.9 °lo

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF +#4  /055.7¢ lbs
TOTAL SAMPLE WEIGHT /289214 llos

% + #4 (COBBLES) _&.9 %
%-#4 (FINES) /8! /s



APPENDIX E
LABORATORY RADIOLOGICAL TEST RESULTS
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MEASUREMENTS: COMPOSITE SOIL SAMPLES > #4
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FOR INFORMATION ALy
BARRINGER LABORATORIES INC,

15000 W. 6TH AVE,, SUITE 300 GOLDEN, CO 80401 (303) 277-1887 FAX

31-Jan-94
ATTN: Site Manager
MK-FERGUSON (Rifle)
P.O. Box 151
Rifle, CO 81650
Attn: &y d: 21-Dec-93 11:38
Project: Rifle PO #: §ALPTr0740 #338
Job 939351E . v Status: Final

ANALYTICAL REPORT PACKAGE

CASE NARRATIVE........ ..ttt tnentrinnnnnnnnns i
ANALYTICAL RESULTS....... .00ttt iinnnnneneenan R-1
QUALITY CONTROL REPORT...........cciiinunnn. Q-1

Meeting The Analytical Challenges Of A Changing World




FOR INFORMATION ONLY
BARRINGER LABORATORIES INC.

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689

31-Jan-94
ATTN: Site Manager
MK-FERGUSON (Rifle) Page: i
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

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 - R1)
SORT (ERROR12 + ERROR2?)

where: R1/R2 = original/duplicate sample result
ERROR1/ERROR2 = total 2 sigma uncertainty of R1/R2

All QC checks, including duplicates, spikes, and blanks, passed.

Signed: E : JQL
AT #x?ﬁé/{ ...........

Steven L. Slncoff Ph
Director of Operatlons

Meeting The Analytical Challenges Of A Changing World



FOR INFORMATION ONLY

BARRINGER LABORATORIES INC Page: o R-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)

Analyte: Ra-226 Project: Rifle

Fraction: Total Date Analyzed: 01/25-01/31
Method: SM-705 LLD: 0.3
Units: pCi/g

Date
Lab 1d Sampled Matrlx Sample Id Concentrationt+ 2¢
939351-1 30-Nov-93 Soil " RFL-SS8-2649-01-CTF 1.1£0.6 —
939351-2 6-Dec-93 Soil RFL-SS8-2650-02-CTF 0.74£0.5 —
939351-3 7-Dec-93 Soil RFL-SS-2651-03-CTF 1.720.7 —
939351-4 7-Dec-93 Soil RFL-8S-2652-04-CTF 0.6+£0.5 —
939351-~5 7-Dec-93 Soil RFL-8S-2653-05-CTF 1.4+0.6 —
939351-6 30-Nov-93 Soil RFL-S8S-2654-06-CTF 3.3¢0.9—
939351-7 7-Dec-93 Soil RFL-88-2655-07-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-8S-2657-15-CTF 0.9+£0.5—
939351-10 3-Dec-93 Soil RFL-SS-2658-19-CTF 0.840.5—
939351-11 2-Dec-93 Soil RFL-S8-2659-20-CTF 0.5+0.4—
939351-12 2-Dec-93 Soil RFL-8S5-2660-21-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-85-2662-24-CTF 0.940.5—
939351-15 1-Dec-93 Soil RFL-S8S-2663-25-CTF 0.8+40.5—
939351-16 6-Dec-93 Soil RFL-S5-2664-26-CTF 0.7+0.5-—
939351-17 6-Dec-93 Soil RFL-S8S-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-S8-2667-29-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-S8S-2669-31-CTF 0.940.5~
939351-22 9-Dec-93 Soil RFL-8S8-2670-32-CTF 1.840.7—
939351-23 9-Dec-93 Soil RFL-S8S-2671-33-CTF 1.6+0.7—

Meeting The Analytical Challenges Of A Changing World



FOR INFORMATION ONLY

BARRINGER LABORATORIES INC. bagL-Jan-s4
15000 W, 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1667 FAX (303) 277-1689 ng;; 1 ofR'g
Status: Final

MK-FERGUSON (Rifle)

Analyte: Th-230
Fraction: Total

Project: Rifle
Date Analyzed: 01/20-01/26

Method: USAEC LLD: 0.4
Units: pCi/g

Date
Lab Id Sampled Matrix Sample Id Concentration+ 2¢g
939351-1 30-Nov-93 Soil =~ RFL-SS-2649-01-CTF 1.140.4 —
939351-2 6-Dec-93 Soil RFL-85-2650-02-CTF 0.9¢0.4—
939351-3 7-Dec-93 Soil RFL-88-2651-03-CTF 0.5+0.3—
939351-4 7-Dec-93 Soil RFL-88-2652-04-CTF 0.7+40.3—
939351-5 7-Dec-93 Soil RFL-8S-2653-05-CTF 0.340.2 -
939351-6 30-Nov-93 Soil RFL-8S-2654-06-CTF 1.6+0.5—
939351-7 7-Dec-93 Soil RFL-88-2655-07-CTF 1.740.5—
939351-8 7-Dec-93 Soil RFL-8SS8-2656-11-CTF 0.4+0.3 —
939351-9 6-Dec-93 Soil RFL-8S-2657-15-CTF 0.840.4 -
939351-10 3-Dec-93 Soil RFL-88-2658-19-CTF 0.740.3 —
939351-11 2-Dec-93 Soil RFL-SS-2659-20-CTF 0.840.4—
939351-12 2-Dec-93 Soil RFL-SS-2660-21-CTF 1.240.4—
939351-13 10-Dec-93 Soil RFL-SS-2661-22-CTF 0.9+40.4—
939351-14 2-Dec-93 Soil RFL-88-2662-24-CTF 0.7¢0.4—
939351-15 1-Dec-93 Soil RFL-SS-2663-25-CTF 1.3£0.5—
939351-16 6-Dec-93 Soil RFL-88-2664-26-CTF 0.5¢0.3—
939351-17 6-Dec-93 Soil RFL-S8-2665-27-CTF 0.840.4—
939351-18 3-Dec-93 Soil RFL-8S5-2666-28-CTF 0.540.3—
939351-19 3-Dec-93 Soil RF1L,-58-2667-29-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-88-2669-31-CTF 0.740.4—
939351-22 9-Dec-93 Soil RFL-88-2670-32-CTF 1.1+40.4 —
939351-23 9-Dec-93 Soil RFL-88-2671-33-CTF 0.5+¢0.3-

Meeting The Analytical Challenges Of A Changing World



BARRINGER LABORATORIES INC.

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689

MK-FERGUSON (Rifle)

QUALITY CONTROL REPORT

FOR INFORMATION ONLY

31-Jan-94
Page: Q-1
Copy: 1 of 3
Status: Final

Ra-226 Th-230
Total Total
Sample Id pCi/a + 20 pCi/g + 20

Duplicate 3.8 +1.0 0.7 +0.4
Duplicate 4.2 1.0 0.4 £0.3
RER 0.18 . 0.46
std (found value) 80 16 101 +7
std (true value) 99 97
std % rec. 81 104
Blank 0.0 £0.1 0.0 £0.1
Spike % rec. 96 77

Meeting The Analytical Challenges Of A Changing World



FOR INFORMATION ONLY
BARRINGER LABORATORIES INC.

15000 W. 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-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



FOR INFORMATION ONLY
BARRINGER LABORATORIES INC.

15000 W. 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.0O. 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 01/20-01/26

Meeting The Analytical Challenges Of A Changing World



FOR INFORMATION ONLY
BARRINGER LABORATORIES INC.

15000 W. 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-4
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

------------------------------------

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 radiocactive levels exceed
our license.

cc: Helene Langlois, MK-FERGUSON (Rifle)

Meeting The Analytical Challenges Of A Changing World



@ MK-FERGUSON COMPANY @CWM Federal Environmental Services, Inc.
3 2 MO2:50N KNUDSEN COMPANY

!

sbert Fenci 1
Requisitioner

Rifle, CO
Location

ype of Sample:

ype of Analysis: hd

FOR INFORMATION ONLY &' 3 5/
LABORATORY SERVICES AUTHORIZA@I?JNRFOWA T

aAne® Page __| of _«
Date ;
3050-511-10740 gg 2 " 'ATTENTION LABORATORY: .
P.0. Number Request No. e%%,rm"io‘zﬁd‘:&::?n“;

Water X Soil Environmental Air Sample
Occupational Air Sample Vegetation

Ra-226 X Th-230 Nat U. Gross Alg

pecial Instructions/Comments:

Gross Beta Solubility
Other (Specify under special instructions)

DATE
| D. NO COLLECTED VOLUME . DESCRIPTION
.33 -2L4d-o\ - CT€ ENEE ~\Q \bs et Vit a1 Cobbles
_Q3 - 2L50:02.- CXE Lla™ Hect PV %2 Crobles
LSS Lo\ -0 -cxe | 121lad Test ©% # 2 Cobbles
Li-8s-2pen-0d-ore hlaz et Ok 344 Cobbles
CL-95- A2 0D-(TC (a2 et YX 9 Colobles
-2 - A E-Olo - CTE wz2eaz SOT 8o Colobles
Ssgen-nl- e | 1209le l et P 81 Cnboles
DS e Bk -CXE 1192 \ freet VX 2\  Cobhtes
LSS D -6-CRE | 1741 [a% \ Tt Ok 2\0  Cobbles
- SS- a-ael 12> N Teat Pd %10 Cobble:
CHAIN-OF-CUSTODY
elinquished py (Site Reprgsgntative Signature): Date/Time
LA—M—" R-22/~73 O700
arrier:/ Date/Time
' / )Z-z1-93 0700
eceived aplab by (Lap Bepresentative Signature): ® Date/Time
{ bt /2-2/-93 /)38

Barringer Chain-of-Custody as per contract will be attached

K-F Sig€ Manager

echnical Review:

Hpalth Physics Site Manager

Date:

ip to: Approved Vendor

Copy to: HPP Manager

For Radioanalytical Services

F2-RP-006-4 ICN-O1



MK-FE. "GUSON COMPANY

A MORRIZ0't KNUDBEN COMPANY

. ~\ ‘
(» CWM Federal Environmental Services, Inc.

FORINFORMATIONONLY 21, 5

LABORATORY SERVICES AUTHORIZATION FORM
(CONTINUATION PAGE)

Page _"2— of 2
P.0. Number/Runest Nui
DATE
1.D. NO COLLECTED VOLUME DESCRIPTION
Re- a0 CTE | 122D ~o% \ou Teat @Lt W ((
Re 95 2ebn-2t-oxe | 12{2]93 Test V)
Rc-9s- 2el22.-Cre | 1240l Tg,-;c !;_r)- ng
Rei-9%- A2 -2dk-Cre | 12]2-193 Te k
RE.-S0-2kB-AD-Ce | 124107 Te A \'
REL-SS- ok CXE | 121610 [Teact 4 ;
REL-SS . ks - 2-CTE | 121 wlaP £ > )
ReL-28 - Qo 2R-C | (2[#(43 Teest Ot 2 29 € pop!
REL-QS - Adg1-29-CTE | 122193 Tw
ReL QS8 - 2LLR-20-CTel  1211[a X« 3o Cbe
2o -Q%-2Led -2 -6TE | 12[72]a3 Teet P 2 AL Cabb
REL-Q - %gg 22-CTC 2[99 ay ._;;g;@i 2 Cakd
REL-QR - - 2D - CTE l?—/ o ) h \es‘t g % A3 oo
e
~
e ]
/
/
—
/
. e
\ e
—
e _
e ;
] gL
e [
jd
e
Z
/ .
/
/
/
. e
e

F2-RP-006-4 (continuation)



TAN-05-1394 17116 FROM 10 BARRINGER LABS P.02
ENGINEERS
AND o
CONSTRUCTORS 3‘ ie icet C -
N ONLY

@MK-Feneuson company  FORINFORMATIO ‘(.u.ua < IN oeR.
A MOMRISON KNUDBEN COMPANY —
MRASC, ARTRRS OFF CE ) '
ONE TRIE/IEW PLAZA
CLE/S.AND. Op:C L 8.6 4414
PHOME: (276} £23-3800 TELEX #d8%a2 PEALY D, MK-PERGLSON SOMPANY

REMEIA, ACTICHS 8"’

CONTRACT2R.UMTRA PRCIFCT
50. 3Sx 0130
ALBJOUYROUE NEW MECCR U 8.A 8N 0

January §, 1994
Barringer Laboratories
15000 West 6th Avenue, Suite 300

Golden, Colorado 80401
Attn: June Brennan

Subject: Job No. 9351 . Rifle Sit

j A e

Dear Ms. Brennan:

As per discussions today with Jim Turner, Barringer Laboratories is authorized to subcontract
sample preparation work for samples containing large stone and cobbles for the subject Job
Number.

Please contact Jim Turner at (505) 845-5868, if you have any questions.

Sincerely,

MK-Ferguson Company

LI, Cobnodl

Don L. Blasdel
Procurement Manager

DLB/JIBT/j -
e Fa: " .. 9_:/',__2.3..-——-
Daws-5-24 .. 9%

Delivered io S u <l .

Pocelved by |)er o
mwmmc'

05710 HS08.1-94 DLB/#58

PN e N e
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(L BARRINGER LABORATORIES, INC.
BLI Job #9373 S / 7 Internal Chain-of-Custody Record! (035;
DECS3PAM-LabDeta! 1-:CUSTODY
(circle one) Disposal / Retum / Empty PREPPED DRY PREPPED COLD
ITWO SO/ Analyst Type Analyst
BULK DRY BULK COLD Start ’7>é'/”? Completa ’/”/f‘/ Start Complets
SargleType < 1y ," / Samgle Type #e_/dgr_ééfﬂ» Commact
Comments Commenis . 2LC 4’ / 4
FORTREORMATON-ONLY
Sample#s = 3 Sample #'s Sample#s | — 3 Sample #'s
Location é:is- 15 | Location Location ﬂmsg Localion
Ti Ti Samp i “Pline | Time Samp Time | Time ' Time | Time | Samp
Date | 007 | i | #er [iniials|Date | [P | TS | SUP |inkials| Date | VP | TC | Tge | Iniiais] Date PR TS| SLer | inkials

Yoo [v920 Y230 1-23 |BA
Tffadosio fi0oo | |, 2 | AB
ps/e | 0307 {0333 | 3-33 |47




VENDOR LABORATORY RADIOLOGICAL
MEASUREMENTS: COMPOSITE SOIL SAMPLES <#4
MESH SIEVE



ONLY
FORINFORMATION®REE 2 o sl la

BARRINGER LABORATORIES INC.

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)
P.O. Box 151
Rifle, CO 81650

Attn:

Received: 28-Feb-94 09:20
Project: Rifle PO #: 3050-511-10740 #356
Job: 941417E Status; Final
ANALYTICAL REPORT PACKAGE
CASE NARRATIVE. . ... i vt eveetcosnsansnoasascacsos i
ANALYTICAL RESULTS. .. .. ..ttt R-1
QUALITY CONTROL REPORT. .. ..ttt teoeaaassonsns Q-1

[ Dist. 1o rj:;n i
ERWTTEE
TOMOSON]
BFENCL (I
SYRLE
. e
-
T
T
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FOR INFORMATION ONLY

BARRINGER LABORATORIES INC.

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: 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 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 - R1)
SQRT (ERROR12 + ERROR22)

where: R1/R2 = original/duplicate sample result
ERROR1/ERROR2 = total 2 sigma uncertainty of R1/R2

All QC checks, including duplicates, spikes, and blanks, passed.

Steven L. Sincoff, Ph
Director of Operations

signed:“”/‘léﬁ?./i% ........

Montina Tho Analvtical Challonaoc NF A Chanoine Waorld



Analyte: Ra-226

Fraction:

Method: SM-705 LLD: 0.3
Units: pCi/g

Date
Lab_ Id Sampled Matrix ample Id Concentra
941417-1 6-Dec-93 Soil RFL-S8S8S-2596-TP~1-CTF
941417-2 6-Dec-93 Soil RFL-8S8-2598-TP-2-CTF
941417-3 7-Dec-93 Soil .RFL-88-2600-TP-3-CTF
941417-4 7-Dec-93 Soil RFL-SS-2602-TP-4-CTF
541417-5 7-Dec-93 Soil RFL-S8-2604-TP-5-CTF
941417-6 7-Dec-93 Soil RFL-SS8-2606-TP-7-CTF
941417-7 7-Dec-93 Soil RFL-SS-2608-TP-11-CTF
941417-8 6-Dec-93 Soil RFL-8S8S-2610-TP-15-CTF
941417-9 2-Dec-93 Soil RFL-S8S8-2612-TP~19-CTF
941417-10 2-Dec-93 Soil RFL-S8S-2614-TP-20-CTF
941417-11 6-Dec-93 Soil RFL-SS-2616-TP-21-CTF
941417-12 6-Dec-93 Soil RFL-SS-2618-TP-22-CTF
941417-13 1-Dec-93 Soil RFL-S8S8-2620-TP-~24-CTF
941417-14 1-Dec-93 Soil RFL-S8-2622-TP-25-CTF
941417-15 6-Dec-93 Soil RFL-88-2624-TP-26-CTF
941417-16 3-Dec-93 Soil RFL-88-2626-TP~-27-CTF
941417-17 9-Dec-93 Soil RFL-SS8-2628-TP-28-CTF
941417-18 6-Dec-93 Soil RFL-SS-2630-TP~-29-CTF
941417-19 6-Dec-93 Soil RFL-S8-2632-TP-30-CTF
941417-20 9-Dec-93 Soil RFL-85-2634-TP-32-CTF
941417-21 9-Dec-93 Soil RFL-8S-2636-TP-33-CTF
941417-22 7-Dec-93 Soil RFL-SS-2638-TP-BKG-CTF

Total

LI SR

FOR INFORMATION ONLY

BARRINGER LABORATORIES INC.

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689

MK -FERGUSON (Rifle)

Project: Rifle

Date Analyzed: 03/04-03/08

cna Tha Avendibinnal Clhnallavnne NFAChavaivn Warld

ion+ 2a

.61£1.1
.740.7
.9+0.7
.4+1.4
.5+0.8
220410
4.2+1.
6.3+1.
6.5+1.
8.6+1.
3243

.4+0.
.6+0.
4+1.
.910.
.2+0.
.21,
110+10
3.0+0.
1.7+0.
1.6+0.
1.8+0.

B W RN [SIRC SRR
Ul W

O W JIND®

(o« BENEEN JiVe)

9-Mar-94
Page: R-1
Copy: 1 of 3
Status: Final



Analyte: Th-

230

FOR INFORMATION ONLY
BARRINGER LABORATORIES INC.

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689

MK-FERGUSON (Rifle)

Project: Rifle

9-Mar-94
Page: R-2
Copy: 1 of 3
Status: Final

Fraction: Total Date Analyzed: 03/03-03/08
Method: USAEC LLD: 0.4
Units: pCi/g

Date
Lab I Sampled Matrix Sample Id Concentration+ 2¢
941417-1 6-Dec-93 Soil RFL-S8S-2596-TP-1-CTF 3.1+0.7
941417-2 6-Dec-93 Soil RFL-88-2598-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-S8-2604-TP-5-CTF 2.3+0.6
941417-6 7-Dec-93 Soil RFL-S8S-2606-TP-7-CTF 120+4
941417-7 7-Dec-93 Soil RFL-S8S-2608-TP-11-~CTF 8.9+41.2
941417-8 6-Dec-93 Soil RFL-SS-2610-TP-15-CTF 13+1
941417-9 2-Dec-93 Soil RFL-S8S8-2612-TP-19-CTF 1642
941417-10 2-Dec-93 Soil RFL-SS-2614-TP-20-CTF 1742
941417-11 6-Dec-93 Soil RFL-8S-2616~-TP-21-~-CTF 5543
941417-12 6-Dec-93 Soil RFL-88-2618-TP-22-CTF 2.5+0.6
941417-13 1-Dec-93 Soil RFL-8S-2620-TP-24-CTF 3.6+0.8
941417-14 1-Dec-93 Soil RFL-8S-2622-TP-25-CTF 4.1+40.8
941417-15 6-Dec-93 Soil RFL-SS8-2624-TP-26-CTF 1.440.5
941417-16 3-Dec-93 Soil RFL-SS-2626-TP-27-CTF 1.440.5
941417-17 9-Dec-93 Soil RFL-85-2628-TP-28-CTF 11+1
941417-18 6-Dec-93 Soil RFL-S8S-2630-TP-29-CTF 230+10
941417-19 6-Dec-93 Soil RFL-8S-2632-TP-30-CTF 6.94¢1.0
941417-20 9-Dec-93 Soil RFL-SS-2634-TP-32-CTF 0.940.4
941417-21 9-Dec-93 Soil RFL-85-2636-TP-33-CTF 1.340.5
941417-22 7-Dec-93 Soil RFL-SS5-2638-TP-BKG-CTF 2.240.6

Meeting The Analytical Challenges Of A Changing World



Sample Id

Duplicate
Duplicate

RER

Std (found value)
Std (true value)
Std % rec.

Blank

Spike % rec.

MK-FERGUSCN (Rifle)

QUALITY CONTROL REPORT

FOR INFORMATION ONLY

BARRINGER LABORATORIES INC. 9-Max-94

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

Ra-226 Th~230
Total Total
pCi/g + 20 pCi/g + 2g
0.0 +0.2 16 +2
0.3 +0.4 16 2
0.58 0.00
91 46 311 +12
99 305
91 102
0.0 $0.1 0.2 +0.2
92 94

Meeting The Analytical Challenges Of A Changing World



FOR INFORMATION ONLY
BARRINGER LABORATORIES INC.

15000 W. 8TH AVE., SUITE 300 GOLDEN, CO 80401 (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
Abbreviations:

Parameters:

Ra-226 : Radium-226
Th-230 : Thorium-230
Units:

pCi/g : picoCuries per gram

Meeting The Analytical Challenges Of A Changing World



ATION Y
BARRINGER LABORATORIES INC. FOR (NFORMATION ONL

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: 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: 100 mesh
Analysis

Parameter Method Preservative Analyst Dates
Ra-226 SM-705 None Lowrey 03/04-03/08]
Th-230 USAEC None Melcher 03/03-03/08]

Meeting The Analytical Challenges Of A Changing World



BARRINGER LABORATORIES INGORNORHTIONO

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689

9-Mar-54
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 Statusg: Final

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 radiocactive levels exceed
our license.

cc: Helene Langlois, MK-FERGUSON (Rifle)

Meeting The Analytical Challenges Of A Changing World



L -
; MK-FERGUSON COMPANY @CWM Federal Environmental Services, Inc.

2 WORRISON KNUDSEN COMPANY 4‘ L/IL, /7
LABORATORY SERVICES AUTHORIZATION FORM
Page !  of 4‘
ncil 92/ / °?£/ q%
Requisitioner Date
fle, CO 3050-511- 10740 55(0 TTENTION LABORATORY:
Location P.0. Number Request No. e _arm"sPo.::d f;ev;jec:: N:g.;st
e of Sample: Water L Soil Environmental Air Sample
Occupational Air Sample Vegetation
je of Analysis: L~ Ra-226 L—" Th-230 Nat U. Gross Alph:
Gross Beta —  _ Solubility
Other (Specify under special instructions)
hcia'l Instructions/Comments: M@M
DATE
. 1.D. NO COLLECTED VOLUME DESCRIPTION
-S&- -TP-[-CTE| /2/6/93 4s39- To-1 __/5-]7"
- -TD-2-CTF| 12/6 /23 472 g ZP-2 13-16’
-S8- -T)-2 - 3 450 4. TPR-3 ,~-;2/’
SS-2602-1P-4-TF | /2]7]9.3 Y4529 TP-4  )/-
_<Q- - Z 2 2 452 %9 TAh-5 lé-Q/ /
-SS-2606~TP-7-CTF ) /2/7/9.%. 4232 4 TA-7  1[-DI * 29/G0
- S 2Lb8-7P-I[-CTF SN CEYY TP (0!
-SS-26/0-TP-15-CTF)| /12/6/93 wil JVR2 TP-1S /0437
-SS- -7019-CTFE | (52/2/ 93 4508 7D-19 BS5—85S5°
A -7P20-CT 442.4«::&/23 S P0 ?‘; ;ZQ—ZO /= é

CHAIN-OF-CUSTODY

linquished by (Site Represemtative Signature): Date/Time

w.v. by sz.;{,/qe/ @, /vd7
, Date/Tirde
LCN 12 A//W 7= 278 076 087

ived at Lab b b Representative Signature):*® Date/Time ‘
' l02/28/64 0720 |

rringer Chain-of-Custody as per contract will be attached

rrier:

Z
K-F Sife Manager 4 alth Physics Site Manager o
chnical Review: Date:
to: Approved Vendor Copy to: HPP Manager

For Radioanalytical Services
F2-RP-006-4 ICN-01



-
@ MK-FERGUSON COMPANY ‘» CWM Federal Environmental Services, Inc.

G H!

LABORATORY SERVICES AUTHORIZATION FORM
" (CONTINUATION PAGE)

£OR INFORMATION ONLY Page _2—ef__

3050-511-10740
P.0. Number/Request Nu

DATE
1.D. NO COLLECTED VOLUME DESCRIPTION
T0-2] /-5
TP-23, £-7
TP-d4 H5-5 "
D25 .5-R.5
7P-26 -9.5°
%—97 95-//"
“28 _D-/5 7
ThH-29 O-2° 350/
7P-30 45—78"
TP-33 0-4’ ,
TP-82 0-4%"7 ,
77C*-431{5L=__22:zﬁéz;i_____L
/
/
/
/ _~
/ e
7 7
/ e
\/ e
e
e
e |
/ | S—
Jd /N
i /
7 ]
/r’
e
e
)
)
/
- /
_ 7
/
Z

F2-RP-006-4 {continuation)



Vi BARRINGER LABORATORIES, INC.
Recdby 77/ Internal Chain-of-Custody Record) 0417
BL' JOb #94 / L/ / 7 Rec'd daté ¥o._ —> <Z- Peiloccssrattesvanti-custooy ain-o .cus rd)
How Disposed (circle one) Retun / Waste / Sewer PREPPED DRY PREPPED COLD
Sign-off Dat
gn — 2 Type 4o, Analyst ) Type Analyst
pus
BULK BRY BULK COLD St 3/ /5y Complett  z)3fey § St Compiets
Sample Typs 4/). ’2\ Sample Type Commemf Comments
Commens :—;’ Commenis
74
Sanple#’s = > Sample #s Sample#s /-2 Sample #'s
p_— Location Location 4,/ (jep ShelE  Y(o | tocaton
Samp | Time |8 | Time | § Ti 2 | Ti a Ti 2 | Ti 2
Il ¢ (0750 | £5 WGBS 313 |20\ -2 [P 22 pgm
(] |- N -
| D [191-22 | 3:20 |0 Lipoo @ 14 %0311-/;’}0345’ VA

317 i 22| 00os | A7 |




VENDOR LABORATORY TH-230 MEASUREMENTS OF
1-FT DEPTH INCREMENT SOIL SAMPLES <#4 MESH




BARRINGER LABORATORIES INC.

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689
1-Feb-94

ATTN: Site Manager %
MK-FERGUSON (Rifle) &1
P.0. Box 151 e

Rifle, CO 81650 FOR INFORMATION ONLY

Attn: Received: 30-Dec-93 09:30
Project: Rifle PO #: 3050-511-10740 #341
Statug:  Final

Job: 939420E

CASE NARRATIVE. . ... ...ttt tiianoenneeas b
ANALYTICAL RESULTS........cciiierennnrennnes R-1
QUALITY CONTROL REPORT. . ........0itivivnneennnn Q-1

it Dist
0K/ AW TEE

M ToNRD )

BIELL ¢

M
QLRI

S i

oty
.

Meeting The Analytical Challenges Of A Changing World




BARRINGER LABORATORIES INC.

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1887 FAX (303) 277-1689

1-Feb-94
ATTN: Site Manager
VK- FERGUSON (Rifle) FOR INFORMATION ONLY Page : 0
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: 939420F : Statusg: Final

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 - R1)
SQRT (ERROR1? + ERROR2?)

where: R1/R2 = original/duplicate sample result
ERROR1/ERROR2 = total 2 sigma uncertainty of R1/R2

All QC checks, including duplicates, spikes, and blanks, passed.

Steven L. Sincoff, Ph.D
Director of Operations

Meeting The Analytical Challenges Of A Changing World




Analyte: Th-230

Fraction:

Total

Method: USAEC
Units: pCi/g

Lab Id
939420-1

939420-2

939420-3

939420-4

939420-5

939420-6

939420-7

939420-8

939420-9

939420-10
939420-11
939420-12
939420-13
939420-14
939420-15
939420-16
939420-17
939420-18
939420-19
939420-20
939420-21
939420-22
939420-23
939420-24
939420-25
939420-26
939420-27
939420-28
939420-29
939420-30

1-Dec-93
1-Dec-93
1-Dec-93
1-Dec-93
1-Dec-93
1-Dec-93
1-Dec-93
1-Dec-93
1-Dec-93
3-Dec-93
2-Dec-93
2-Dec-93
2-Dec-93
2-Dec-93
30-Nov-93
30-Nov-93
30-Nov-93
30-Nov-93
30-Nov-93
2-Dec-93
1-Dec-93
1-Dec-93
2-Dec-93
2-Dec-93
2-Dec-93
30-Nov-93
30-Nov-93
1-Dec-93
1-Dec-93
1-Dec-93

Meeting The Analytical Challenges Of A Changing World

BARRINGER LABORATORIES INC,

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1688

MK-FERGUSON (Rifle)
FOR INFORMATION ONLY

Project: Rifle

1-Feb-94
Page: R-1
Copy: 1 of 3
Status: Final

Date Analyzed: 01/28-01/02

LLD: 0.4

DAL L C ige

RFL-SS-2360/
RFL-SS-2354/
RFL-SS-2312/
RFL-SS-2392/
RFL-SS-2419/
RFL-SS-2402/
RFL-SS-2331y
RFL-SS-2345/
RFL-SS-2388V
RFL-SS-2464Y
RFL-SS-2452
RFL-SS-2460/
RFL-SS-2437/
RFL-SS-2494/
RFL-SS-2268./
RFL-SS8-2247/,
RFL-SS-2258/
RFL-SS-2244Y
RFL-SS-2255/
RFL-8S-2520Y
RFL-SS-2435/
RFL-SS-2361/
RFL-SS-2542/
RFL-SS-2440/
RFL-5S-2544/
RFL-8S-2310/
RFL-SS-2296/
RFL-SS-2325/
RFL-SS-2369/
RFL-SS-2318 v

[SS AN o

@ O W U

HUun o ol

O



BARRINGER LABORATORIES INC.

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689

Sample Id

Duplicate
Duplicate

RER

std (found value)
std (true value)
std % rec.

Blank

Spike % rec.

1-Feb-94
Page: Q-1
Copy: 1 of 3
Status: Final

MK-FERGUSON (Rifle)

QUALITY CONTROL REPORT

Th-230
Total

pCi/g

+ 20

5.2 0.9
4.6 +0.9
0.24.
292

305

96
0.1
101

ilZ

+0.

2

FOR INFORMATIC™ =™

Meeting The Analytical Challenges Of A Changing World



BARRINGER LABORATORIES INC.

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689

1-Feb-94

ATTN: Site Manager
MK-FERGUSON (Rifle) Page: Q-2
P.0. Box 131 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
Abbreviations:
Parameters:

Th-230 : Thorium-230
Units:

pCi/g : picoCuries per gram

Meeting The Analytical Challenges Of A Changing World



BARRINGER LABORATORIES INC.

15000 W. 6TH AVE., 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
Rifie. CO B1650 FOR INFORMATION ONLY pY
Attn: Received: 30-Dec-93 09:30
Project: Rifle PO #: 3050-511-10740 #341
Job: 939420E . Status: Final
QUALITY CONTROL REPORT
QUALITY CONTROL DATA SHEET
Received by: rc Via: UPS
Sample Container Type: 500g can
Additional Lab Preparation: 100 mesh
Analysis
Parameter Method Preservative Analyst Dates
Th-230 USAEC None Ortiz 01/28-02/01

Meeting The Analytical Challenges Of A Changing World



 MK-FERGUSON COMPANY

A MORRISON KNUDSEN COMPANY

@CWM F “vral Environmental Services, Inc.
ZATZNe

LABORATORY SERVICES AUTHORIZATION FORM

i1 /2 /] 29 /93
Requisitioner Date
Rifle, CO 3050-511~10740
Location P.0. Number Request No.

ype of Sample:

Water K Soil

FOR INFORMATION ONLY

Environmental Air Sample

Occupational Air Sample Vegetation
ype of Analysis: Ra-226 __ X Th-230 - Nat U. Gross Alj
Gross Beta Solubility
Other (Specify under special instructions)
special Instructions/Comments:
DATE
1.D. NO COLLECTED VOLUME DESCRIPTION
REL-$5-2360 /2-/~93 v96 e 7€ # 20 Qcf
REL- S$-135 4 12-/-93 .5‘67%_._,, TP H 25 Do
L-55-2372 12-/-92 419 &pe, 7P g 25
RfAL-35-2392 /2-1-53 b4 Spun TP 2y
RFL~S5-2¢9/9 /2-/-§53 $/0 G5m S 7P K 30
RFL-$8- 2402 J2-J=-93 627 gr 7P & C§
Fl-35 -233 J2-(- 9 552 TP 4 26
FL-55~23Ys 42293 647 s 7P # 27
RFEL-35-235%F /2-/- 93 632 9m 7 # 22
REL-3S - 246 /2-3-73 636 5 s 728 49 Ov P
l CHAIN-OF-CUSTODY
Relinquished by Site Representative Signature): — Date/Time —
= Cad (212903 1At
Carrier: \ Date/Timel -
P xS cond 8 XD 7005
Regeived,at Lab by (Lab' Representative Signature): ¥ Date/Time
o 2 (o) z g 30

*Barringer Chain-of~Custody as p¢r

ntract will be attached

Date:

(5

Héalth Physics Site Manager

—
——

Ship to: Approved Vendor

For Radioanalytical Services

Copy to: HPP Manager

F2-RP-006-4 ICN-01



MK-PERGUSON COMPANY

A MORRISON KNUDSEN COMPANY

(» CWM Federal Environmental Services, Inc.

g4 x

LABORATORY SERVICES AUTHORIZATION FORM
(CONTINUATION PAGE)

Page _ - of _L

FOR INFORMATION ONLY

050-511-1074
P.O. Number/Request Nun.
DATE
1.D. NO COLLECTED VOLUME DESCRIPTION
REL-SS-LYs'2 /2-2-9% £73 g e N 15
REL-55-249b0 /2-2-93 2 7O ¥ LS
REL ~S55-2%37 22-2-93 46§ g T I
REL- 85 ~ 21494 /2-2-93 37K 9o vl A
RrL-55- 226S Y90/ /4o //-30-9% Y% 9 7P B Y
REL = 55- 2143 //-30"93 “eo g~ TP K |
ReL-65-225% (i-30-37% _LS3 g~ 7e 4 |
REL-55-22Ly«y -3p-53 Y72 g YAl i
REL-55-2255 Y-30-9% 550 g TP A |
10 REL-55- 2520 /2-2-9% Y0( g 7@ & 3
REL-35- 2438 /2-=1 373 53’;/«- 7e # 19
REL-55- 2361 /2-)-93 £25 g 7P # 2,
RAL-55-25%2 j2-2-93% Y499 o 7P # 9
REL-55- 2990 /2-2-53 6YY g i
REL=S5- 26799 /2-2-93 éxzyc.._.., 7P 1
REL-SS-23), 1/-36-9% 1) g 16 ¥ 4
RrL-55-2296 /-30-93 b/ 2 LN TP 4 s
Rrri-35-2325 12-1-% H55 G 72 224
REL-$5-236% J2-(-%3 600 g TP g2/
RrL-$5-231 % J2-4-93 So2 7P 4 28"
o~
~
o~
S~
o~
N
~
o~
\\
k\{
o~
\\
o~
o~
o~

F2-RP-006-4 (continuation)



Wi Vww oW -] Ijj{) Rec'd Date/“g-— j””-‘z g‘tmmmﬂmmy o . “ ‘ Ve
(circle one) Disposal / Retum / Empty Date PREPPED DR PREPPED COLD
Sign-off Date
an Type So.'/ AM'YS!% - Type - Analyst
BULK DRY BULKCOLD -~ St [/y/tf  Compite . :yjqy |Su Complete
sapeType <9 | SampleType . . ... ’
Comments commena T O TRFORMATIONONLY
Sample#s () Sample #'s Sample #'s s~ 30) Sample #s
Locaion  <epf. Location Locaion Sz | lg~ Location
r g | Time | Time | Samp Time | Time | Samp ||nitials Ti me | Samp Time | Time | Samp
5 | Time | Time | S2MP | inkials | Date | o1 | TP | Tpg [MS) P | o | in | #s intlats | Date | VP | Ty | SP [Intes
j530\fho0 | L | BS 1-28-qy} 02§ 1044S| (-39 {le
Wy | 33 l3.50| -3 | H7] \

B EIE NN TN YEWWNEENEN W o




FOR|INF
BARRINGER LABORATORIES [NCyyy, .,

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (30 2’7716QECE1VE,7

ATTN: Site Manager , Rifle Office
MK-FERGUSON (Rifle) . UNTRap
P.0O. Box 151
Rifle, CO 81650 <&
Attn: Received: 15-Feb-94 09:30
Project: Rifle PO #: 3050-511-10740 #353
Job: 941337E Status: Final
ANALYT;CAL REPORT PACKAGE
CASE NARRATIVE. .. ... ittt ittt teesonoeenosennaes 1
ANALYTICAL RESULTS. ... ittt ittt ittt it et R-1
QUALITY CONTROL REPORT. ... ... ¢cvtteneeennnnns Q-1

Meeting The Analytical Challenges Of A Changing World




BARRINGER LABORATORIES W&EORMA’TIOJ\: VTR

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: Final

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 = ABS(R2 - R1)
SQORT (ERROR12 + ERROR22)

where: R1/R2 = original/duplicate sample result
ERROR1/ERROR2 = total 2 sigma uncertainty of R1/R2

All QC checks, including duplicates, spikes, and blanks, passed.

Signed: / %
Steven L. Sincoff, Ph.£7¥§4?/

Director of Operations

Meetino The Analvtical Challenees OFf A Chaneine World



BARRINGER LABORATORIES INC 9-ar - 94

Page: R-1

15000 W, 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 .

e O EOR INFORMATI G Yyt oF 3
MK-FERGUSON (Rifle)
Analyte: Th-230 Project: Rifle
Fraction: Total Date Analyzed: 03/07-03/09
Method: USAEC LLD: 0.4
Units: pCi/g
Date

Lab Id Sampled Matrix Sample Id Concentration+ 2¢
941337-1 1-Dec-93 Soil RFL~-SS-2405-TP28-CTF 302
941337-2 1-Dec-93 Soil RFL-SS-2410-TP29-CTF 290410
941337-3 1-Dec-93 Soil _RFL-88-2424-TP30-CTF 2242
941337-4 2-Dec-93 Soil RFL-S85-2442-TP11-CTF 22+2
941337-5 2-Dec-93 Soil RFL-SS-2446-TP11-CTF 2542

Mootina The Analvtical Challenees Of A Chaneine World



Sample Id

Duplicate
Duplicate

RER

std (found value)
std (true value)
std % rec.

Blank

Spike % rec.

BARRINGER LABORATORIES INC. 9-Mar-94

Page: Q-1

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1688 c . 1 of 3
[ A »

FOR INFORh«rg@E%’us : Final

MK-FERGUSON (Rifle)

QUALITY CONTROL REPORT

Th-230
Total

-pCi/g

+ 20

25
28
0.35
103
97
106
0.1
121

+2
+2

+8

+0.3

Meootina The Analvtical Challenees OF A Chaneine World




BARRINGER LABORATORIES INC.

16000 W. 6TH AVE., 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:
Project: Rifle

Job: 941337E

W 8y ¢ Page: Q-2
FOR\NFORMAT\ON‘J'QL Copy: 1 of 3

Received: 15-Feb-94 09:30
PO #: 3050-511-10740 #353

Status; Final

Abbreviations:

Parameters:
Th-230

Units:
pCi/g

: Thorium-230

: picoCuries per gram

Meetine The Analvtical Challenges Of A Changing World




BARRINGER LABORATORIES INC.

18000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689
RINFORM o 9-Mar-94
ATTN: Site Manager FO !

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: 941337E Status:  Fipal

QUALITY CONTROL DATA SHEET

Received by: rc via: UPS

Sample Container Type: 500g can
Additional Lab Preparation: 100 mesh

Analysis
Parameter Method Preservative Analyst Dates
Th-230 USAEC None Ortiz 03/07-03/09

M onnsiosn Tha Awalutinal Challanaae NF A Chanaina W arlAd
L 4



BARRINGER LABORATORIES INC.

18000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689

9-Mar-94
ATTN: Site Manager ' ONLY
MK-FERGUSON (Rifle) EOR INFORIATION ON Page:: 0-4
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 Statusg: 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 radiocactive levels exceed
our license.

cc: Helene Langlois, MK-FERGUSON (Rifle)

ol 4 [ roron AT IS NP S | e )




. MK.EFC
’,‘{'50:,;5,?},’,&93 c%&mANY @ CWM Federal Environmental Servlce/s,’lg:;7
., - b.)

; LABORATORY SERVICES AUTHORIZATICN FORM
Page _/ of __,[

© \ert Fencil _éL_L(_L_%
Requisitioner Date

Lifle, CO -51]- 10740 3‘53
Location P.0. Number EOR INEORMREROSONLY. o, fm“" o)
pe of Sample: Water /Soil Environmental Air Sample
Occupational Air Sample Vegetation
pe of Analysis: Ra-226 Y Th-230 Nat U. Gross Alp
Gross Beta Solubility
Other (Specify under special instructions)

ecial Instructions/Comments:

DATE
COLLECTED VOLUME DESCRIPTION
187193 08 TO#28 -
| 12/, /93 %zz =2~ % 2908
LY} 30 7-87 <~
2/93 [ 2-27

#* /(4D

/4 3

— :

" CHAIN- OF-CUSTOY

fished y (Site Representatiye chnature) ~ || Date/Time
'W;/u S N |2/ /2y @ Jeod
’ W up @wﬂ) #9735 076 X ;4/7 i/
_ ﬁ ed J.ab by {Lab Representative Signature): * Date/Time
- 10210575 0550

AS e .:__‘::‘. T /=
f

arrlnger Chain-of- Custody as per contract will be attached ,

Vo 4 %m 4‘7
K-F Site/Manager ealth Physics Site Manager

Date:

echnical Review:
e

b to: Approved Vendor Copy to:
For Radioanalytical Services

HPP Manager

F2-RP-006-4 ICN-01



24-Mar-94
ATTN: Site Manager

MK-FERGUSON (Rifle)
P.O. Box 151
Rifle, CO 81650

Attn: RaoE4+Ved: 16-Mar-94 09:25
Project: Rifle PO #: 3050-511-10740 #360

Job: 941524E Status: Final

ANALYTICAL REPORT PACKAGE

CASE NARRATIVE

................................. i

ANALYTICAL RESULTS. . .....conenronanenenennnes R-1

QUALITY CONTROL REPORT............c.c.ouon... Q-1
wa@ N R 2L

Meeting The Analytical Challenges Of A Changing World



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) FoR Page: i
P.0O. Box 151 INFORM2 Copy: 1 of 3
Rifle, CO 81650 RMATION ONLY
Attn: Received: 16-Mar-94 09:25
Project: Rifle PO #: 3050-511-10740 #360
Job: 941524F 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 custocdy,

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 - R1)
SQRT (ERROR12 + ERROR22)

where: R1/R2 = original/duplicate sample result
ERROR1/ERROR2 = total 2 sigma uncertainty of R1/R2

All QC checks, including duplicates, spikes, and blanks, passed.

Signed:
..... ,48& . 7.
Steven L. Sincoff, Ph.D.

Director of Operations

Meeting The Analytical Challenges Of A Changing World

-



BARRINGER LABORATORIES INC.

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303} 277-1687 FAX (303) 277-1689

Analyte: Th-230

MK-FERGUSON (Rifle)

FORINF CRMATION ONLY

Project: Rifle

24-Mar-94
Page: R-1
Copy: 1 of 3
Status: Final

Fraction: Total Date Analyzed: 03/21-03/22
Method: USAEC LLD: 0.4
Units: pCi/g

Date
Lab Id Sampled Matrix Sample Id Concentration+ 2g
941524-1 30-Nov-93 Soil RFL-8S-2272-CTF 7.6£1.1
941524-2 1-Dec-93 Soil RFL-SS8-2328-CTF 0.6+£0.4
941524-3 1-Dec-93 Soil RFL-88-2357-CTF 0.6+0.4
941524-4 1-Dec-93 Soil RFL-88-2400-CTF 2.6+0.7
941524-5 1-Dec-93 Soil RFL-S8-2401-CTF 38+2
941524-6 1-Dec-93 Soil RFL-SS-2430-CTF 4.840.9
941524-7 1-Dec-93 Soil RFL-8S-2432-CTF 4443
941524-8 2-Dec-93 Soil RFL-S8-2453-CTF 5.0£0.9
941524-9 2-Dec-93 Soil RFL-8S8-2456-CTF 2342

Meeting The Analytical Challenges Of A Changing World



BARRINGER LABORATORIES INC page: T g1
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)

QUALIFBRﬁﬁP6§OL REPORT

WMATION ONI
Th-230 ONLY
Total
Sample Id pCi/ga + 20

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

Meeting The Analytical Challenges Of A Changing World



BARRINGER LABORATORIES INC.

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1669

PN TSTRY. 24-Mar-94

ATTN: Site Manager FORiNFORMFTthO:LI
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 Challenges Of A Changing World
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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 FOR '
MK-FERGUSON (Rifle) INFORRAT) ON ONLy 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: 941524FE Status: Final

QUALITY CONTROL DATA SHEET
Received by: cs Via: UPS

Sample Container Type: 500g can
Additional Lab Preparation: 100 mesh

Analysis
Parameter Method Preservative Analyst Dates
Th-230 USAEC None Ortiz 03/21-03/22

Meeting The Analytical Challenges Of A Changing World



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) FOR INEAR: Page: Q-4
P.O. Box 151 OR INFORMATION ONLY Copy: 1 of 3
Rifle, CO 81650

Attn: Received: 16-Mar-94 09:25
Project: Rifle PO #: 3050-511-10740 #360
Job: 941524F 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 radiocactive levels exceed
our license.

cc: Helene Langlois, MK-FERGUSON (Rifle)

Meeting The Analytical Challenges Of A Changing World



C

MK—FERGUSON COMPANY

@

CWM Federal Environmental Services, Inc.

&IIOIINSOP‘ KNUDSEN COMP. ‘ sz}*
LABORATORY SERVICES AUTHORIZATION FORM 4
,. Page _| of [
Lert Fencil 314194
Requisitioner Date
ifle, CO 3050-511- 107600 INcoris— 360
Location P.0. Number TON Wuest No. 3

Car Dadlnamal.alan! ©

oe of Sample: Water Soil Environmental Air Sample
Occupatwna] Air Sample ‘ Vegetation
e of Analysis: Ra-226 \/ Th-230 Nat U. Gross Alph
Gross Beta Solubility
Other (Specify under special instructions)
acial Instructions/Comments:
DATE _
, 1.D. NO COLLECTED VOLUME DESCRIPTION
EL-SS- 2272 —C7F /1-3093 b27 7B# 4
.58~ 2328 - CTF /2-0/-23 /7 75 # b
W-8S8-2357- c7F | [R-0(-93 532 7o # 2
-85- 2¥op - (TF /2-0/-23 48 ZZ#&
/- 240/ - CTF /2-0/-93 __p/0 722 28
- Y30 - QTF /2-0/-93 5.3/ % /9
/55 2432 - OTF /2-0/-93 534 T+ /7
-3S - 2493 - OTF [2-02-93 537 70 4 /5
(-S5- 2456 - ATF | [R-02-73 53/ B (5
i CHAIN-OF-CUSTODY
li ished by (Site Representative Signature): Date/T
Bophu Fh by /ma// of /(0S5
brrier: , Dat/T 7
UbS D\QK(,LO QQQOKD 52751 076 097 94
ceived at Lab by (Lab Representative Slgnature} Date/Time -
___‘__‘__‘ —‘4. L2 1 : 3"—? 2{
Barringer ham of- Custody as per contract will be attached
.................................. T '
r"/ M_D / 7 )
| F Site’Manager alth Physics Site Manager
chnical Review: Date:
p to: Approved Vendor Copy to: HPP Manager i

.
nnnnnn
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ON-SITE RADIOLOGICAL MEASUREMENTS OF 1-FT
DEPTH INCREMENT SOIL SAMPLES <#4 MESH SIEVE
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MK-FL  JSON COMPANY (55> cWM Federal Environmental ¢ -ices, Inc.

SITE NAME __ RLFLE. €O OCS SARMPLE LOG FOR INFORMATION ONLY
NN skl sl 6137|507 L |28 | & |\ 7P*/
2 aias | TP 7 ([ W/20/93 ) 12-1-13 |537 (935 iowt || 19 | 24| /| £ | 56
MeNE e e I R A AR
j3y21]93 TP #/ n\%o\% (2-1-031534 (s (32 {yso| 14 |25 AL 677
| Bofa3 fross-aA7 | Pl s el | L7 |17 [ B 1P*]
12[2193 ﬁi /0?’75() \\\_’éﬂhl [2-1-93 453& Bol- |984 | 467 | gz} |21 :25; 7-8°
NENE] v (g-gu)&noé bl 097\ 0| L TP (
@ﬁm})*{ 1[30[93 lio/a/73 [deplasi 7 ooy (S0 | 15 | 1.9 | P -7 7
)| ZOABRFL-55- 75 | AR Y RYEIN - dal
}plal 93 |V # | Wzol3| 12-1-92 g8 lees 1975 |ses| 13 | 19| A€ 1910
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j2)aglq 3 ¥ | 1/30)93 2 /o/a3 (B [1055 | 863.0[635 |20 | 2.6 VI 1011
1L | 30|93 RFL-55- Q3D B33 | Mssls48l 2.0 s | L& 7P/
121 (9 [TP* | \1\301015 213 a0z 1d| (50| 1.6 |23 | B \1/-r2 ?
i|[20la3 FFL-ss-seSY 440 34\ qd 3585 1.3 | 1L LU TP #/
“llal93 [ TP#| 1-30-93| 12-1-93 5531491 | 769 | 54! g |3l /1B r-13
M‘@ ABRFL-55-RR55 540 o1 11 1150 | o7 | 1.0 | 1.9 I \TP
12121143 TP *| (1-30-93| [1-1-13 ydo 986 lleag | 550 [8 | 19 | 7| v 13- 14
1-30- GBRFL-55-RARA50 0211045 | (A9 | Ll | L MY TP
alnlan TP ¥ 1-30-93| 12-1-13 |552(114% | 87> | Goz | R0

.51 / ‘*/"‘i 14°- 15" Seceened*4

Site Correction Factor = \ \K / p
VP Correction Factor (if applicable) = &. O REVIEWED BY: 7, /5444!{///

Count Time = __50( sec. , unless othorwise noted Site HP Mansger
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Site HP Manager
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i 0CS SAMPLE LOG FOR INFORMATION ONLY
SITE NAME RIFLE, CO.
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s e 74/ e

Count Time = 500 sec. , unless otherwise noted Site HP Manager
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RITLE, CO.

OCS SAMPLE LOG

277 CWM Federal Environmental S...vices, Inc.

FOR INFORMATION ONLY
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DATE
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INlTIAL WET

‘20 DAY

20 DAY

20 DAY ony

o pGil {grams] |~ e
. |N‘T1Al./f0ﬂn." :

Rn 226 B
T pCilg

Th-232
pClig
INITIAL

20 DAY

20 DAY

COMMENTS

[R-1-93

12 -2%-93

FL-55- 3] 7
TPER5

/R-1-93

B

/054

7053|725

12393

Y3

F45:2

Qoiie| SSC

097

fe5

| TPPRS
- 4: ___51

1R-1-93

RFL-SS-R 3 | 8

[2-27-9%

TP*35

(2-1-93

53 8

1875 |8,

2| LIS

LY

237

Hsiy

33549

5e)

/]

| TPPRS
é,“ 7 {

I2+/-95

RFL-SS- 23/9

7PAZ5

l2/oa/?3

2493

oz

75 s 1

/1722

bl

Y )
sl g’

12-1-93

RFL-SS- 23731

12-25-93
Fecame—

Pt 25

[R-1-93

il-35-93

o | Big.

) 759

p | sYa3 ) r

Lo?

7 H2s
75 SOleos .

[A-1-3

RFL-SS- 232/

4,'9" ;3"73

o #25-Dip

I3

/2-3-93

2305

772

. , QH.Q “

2

77 x2S
7/ /’ ‘(3: /gl’?//&(’,c./jg

[ 29

RFL-SS— ;\517\

S 291

LR

22 (-3

2393 |

co'l.S

s |32 |yt

¢34

7t 2s
§-9

Shlee see

12-1-33

RFL-SS- A313

12-28-9%

7 25D

[2-0-97

Soil | 792

02| 577

7S

“ /\S (52 el

2-/-93

RFL-S5- 2 32 Y

J2/2.273

7p 26

/2-7/-93

2 | 52¢

255 |47

o-7

2 zC
i

4 .

[R1-93

RFL-SS— L34S

|2/23/5

TP20

(A9

— 29

ool

0 s |

TPH 2(
/-2

[2-1-93

RFL-SS- 232L

a5

T P46

2]

1 t-93

112 552

15237 6.

T/ s
2-3

Site Correction

Euctor = { .

g

VP Correction Factor (if applicable) =

Count Time =

0. O

500 _sec.
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@ WIRTTE oDk vl Qmm‘ CWM Federal Environmental Services, Inc.
A MORRISON KNUDSEN COMPANY

RIFLE, CO. OCS SAMPLE LOG FOR INFORMATION ONLY
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