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EXECUTIVE SUMMARY

A contamination depth and cobbly soil characterization study was performed in November
and Decermnber 1993 at the Uraniurn 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 voiume, including cobbles and
gravels (i.e., bulk concentration). The New Rifle processing site has a high percentage of
cobbles and gravels underlying the pile and other contaminated areas, which preliminary
excavation designs have identified for removal and disposal. The main purpose of this
study was to evaluate the relative mass percentage and radionuclide concentrations of

obbles and gravels in order to determine the bulk contamination concentratior s, revise the
underlying excavation design depths, and improve verification methods. Anoter

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 ir Yiv*, t OWING ( nclus ns
" On average, 75 percent of the cobbly s beneath the pile and contaminated areas is
bble and gravel having radionu je levels below the cleanup standards. The cobbles
and gravels wiil not require excavation, although excavation was indicated in previous
|1»4, Ins
* Rad N-22¢ Ha-c2¢t ntaminatior :.{"t"v ' past terization studies wert
) § iNntly ¢ erestimated in ma y area “‘,v“ ré IpgS P X (!\'HM“: W t” “‘il""' !
these area
T4 ! " r "0 m v\ .7 4 \ £ P -
¢ orum-230 (Th-230) has not migrated preferentially in suspect areas at the site in
signiticant levels that wouid require excavation below the excavation depths required
for Ra-22¢
L The amount of excavation to be carried out below the water table has decreased
SIQT f ant Y because 1 more a irate gata on contamination oe ;‘fr-‘ ha\p ‘(\,.;‘-‘r,
mpiled, and 2) cobble/gravel parameters have been used to meet the bulk
concentration limits for contamination. These two factors have resulted in lower
tamination leveis at dept!
In summary, this recharacterization study will probably reduce the volume of material for
excavaticn/disposal by several hundred thousand cubic yards and significantly reduce the
amount of _L}‘(}-‘A"r-ﬁ water expected to be pumped out of the excavation (‘,(,nn‘v} cleanup
AL AP¥ 14 994
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OBBLY SOILS FOR WBLES TOFINES CORRECTIONS TO RADIONUCLIDS

NS AT THE NEW RifFLE IWORAL P4 f ING 5ITY INTROI TION

1.0 INTRODUCTION

STANDARDS AND CRITERIA

Remedial action at the New Rifle, Colorado, processing site is being performed
under the Uranium Mill Tailings Radiation Contro/ Act (UMTRCA) of 1978 (42
USC 87901 et seq.\. Under the UMTRCA, the U.S. Environmental Protection
Agency (EPA) is responsible for developing appropriate and applicable standards
for the cleanup of radiolcgically 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
promu 'gated by the FPA in 1983 and are contained in 40 CFR Part 192 (1993)

Realth and Environmental Protection Standards for Uranium and Thorium Mill

Subpart B of 40 CFR Part 192 consists of standards for the cleanup of land and

buildings. The standards applicable to land cleanup activities are as follows

Remedial actions shall be conducted so as to provide
reasonable assurance that, as a result of rasidual
radioactive materials from any designated processing site
the concentration of radium-226 in land averaged over ar
area of 100 square meters (m*) shal' not exceed the

background level by more than

1 Five picocuries per gram (pCi/g), averaged over the first
15 centimeters (crn) of soil below the surface, and
y Fifteen pCi/g, averaged over 15-cm-thick layers of soils more

than 15 c¢m 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 protoco! 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
s/itu Ra-226 and Ra-226 produced by natural decay of Th-230 over a
1000-year period, averaged over 100 m#, will not exceed background levels

APRIL 18 1994
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by more thar 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 m<?s) and
expected long-term conditions are appropriate, or when construction safety
or feasibility becomes a concern

Excavation of wigvatad 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 technigues 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 1s impractical

The EPA standards were originally based on an understanding of radiologically
ontaminated, 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 wili 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 soii fraction passing a #4
sieve, and the charactenstic 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 foliowing
determinations (DOE, 1992)

. Bac &g)!:mmi gamma exposure rates a. 1 meter (m) above the earth average
15 microroentgens pet hour (p&‘ hr)

Background Ra-226 concentrations in the soil near the processing site
average 1.2 pCi/g
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1.2

® Background Rn-222 concentrations in air at various locations near the
processing site average approximately 0.4 picocuries per liter (pCi/L).

REMEDIAL ACTION

The remedial action at the processing site will be conducted to remove the
tailings and contaminated materials to meet the EPA bulk soil cleanup standards
for surface and subsurface soils. The site areas disturbed by remedial action
excavation will be either contoured or backfilled with uncontaminated soil and
contoured to restore the site. The final contours will produce a final surface
grade that will create positive drainage from the site.
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ANALYSIS OF COBBLY SOILS FOR COBBLES-TO-FINES CORRECTIONS TO RADIONUCLIDE
CONCENTRATIONS AT THE NEW RIFLE, COLORADO, PROCESSING SITE PHYSICAL AND RADICLOGICAL EVALUATION

2.0 PHYSICAL AND RADIOLOGICAL EVALUATION

A site characterization study was conducted in November and December 1893 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 radiolcgical contamination associated
with the cobbly soi! 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 cobbiy subsoil may be determined. These data also provide
necessary .nformation regarding the way in which excavation control and verification
should be performed in cobbly soils.

2.1 TEST PIT OPERATION AND CHARACTERIZATION RESULTS

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

Test pits were excavated into the cobbly soil layer underlying the site and
sampled in accordance with the NRC-approved protocol (Appendix A). Sampling
was terminated in general at or slightly below the level that free water was
encountered in the test pits. This was done because of difficulty in obtaining
representative samples from below the water surface. Test pit location 4
{(M-CF-04 and M-CF-04A, Appendix C) was excavated a second time to obtain
additiona! 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 material in test pit location 29 (M-CF-29) was
determined to be contaminated fill material from earlier site backfill operations;
therefore, its cobbles-to-fines ratio (mass partition function) and radionuclide
data were not representative of the site’s natural cobbly soil. These cdata were
not used in the study.

For each pit, a representative composite sampie 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 £). Table 2.1 lists the individual, average, and
statistical mass partition functions and cobble (> #4 mesh) radionuclide
concentraticns for the test pits.

DOE/AL/62350-127 APRIL 14, 1904
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ANALYSIS OF COBBLY SOILS FOR COBBLES TO-FINES CORRECTIONS TO RADIONUCLIDE
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Table 2.1 Summary of mass partition functions and radionuclide concantrations for
composite soil samples retained on a #4 mesh sieve .
Radionuclide concentration
mass fraction > #4 sieve
Test pit 1D and Mass partition Ra-226 Th-230 I
statistical summary Location function® (pCi/g) (pCilg)
M-CF-01 Offpile 492 1.1 1.3
M-CF-02 Offpile 215 0.7 0.9 l
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 l
M-CF-08 Subpile No data a.3 1.6
M-CF-07 Subpile 272 2.0 1.7
M-CF-11 Offpile 3.24 0.8 04 .
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 l
M-CF-21 Subpile 449 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-28 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 I
M-CF-32 Background 4.0 1.8 I |
M-CF-33 Background 452 1.6 0.5
Average All 3.83 1.2 0.8 l
Standard deviation 1.67 0.6 04
95% confidence leve!® 3.20 1.4 0.9
Average Background 411 1.4 0.8 I
Standard deviation 0.47 0.5 0.3
95% confidence level® 3.32 2.2 1.3
Average Subpile 3.99 1.2 09 l
Standard deviation 2.20 0.8 0.6
95% confidence leve!® 2N 1.6 1.2
Average Offpile 3.54 1.0 0.7
Standard deviation 1.22 0.3 0.2 I
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 l
95% confidence level® 3.05 1.4 1.0
*Mass partition function equates to cobbles-to-fines ratio, f = (M > #4)/(M < #4). l
bThe upper 95 percent confidence level value is shown for the radionuclide concentrations, and the
lower 95 percent confidence level value for the mass partition functions.
DOE/AL/I62350-127 APRIL 14, 1994 I
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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
contarmination 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 incnessible 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

® QObserved consistency in the mass partition functions and low radionuclide
1
,

concentrations in the cobbles (Table 2

® Spatial representativeness of pit locations (Figure 2.1)
© Uniformity of the geological conditions in the l,:'\x'Jt"“\v.re;;; 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 deveioping the statistical values
when using representative sampling plans

The averace, 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 shiown 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 technica! problems (cave-in) rendered the
measurement Fu’).’]!E‘;/ESE‘THLHE\.‘E‘

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

APRIL 22, 1994
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statistical Ra-226 and Th-230 cobble rao. onuclide concentrations respectively
Using the statistical mass partition function and statistical Ra-226 cobble
concentration for all of the pits (1.4 pCi/g, which is more appropriate than using
2.2 pCi/g from the small number of background test pits), a bulk Ra-226

background concentration of 1.4 pCi/g is established in this study

APRIL 22, 1954
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3.0 CHANGES TO EXCAVATION DESIGN

From the lithological logging data (Appendix C), the thickness of the layers of relatively
clean fine-grained soil (sand, silt, clay, etc.) above the cobbly soil interface in these pits
ranged from 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/siit/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

J .
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
230 mobilization

\ '\

basic pH observed in the soils. The few pits that showed Th
quilibrium with Ra-226) did not reveal leve's 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

radionuciide contamination, it 1s apparent that the cobbles-to-fines corrections may not be

needed in most remediated areas because the contamination does not extend into the

y subsoil. This has resulted in a significant change in contamination depths. Original
haracterization data (DOE, 1985) used in the remedial action excavation design

wed the contamination in many of the test pit areas to be deeper, from 1 to 6 ft (0.3
hange in known contamination depths affects estimated excavation

n the design, as shown in Table 3.1. The data changes are most likely due to the

il study using bore hole drlling techniques, which involved drilling and sampling the

SOil thr ugh various depths ot ta ings and contaminated materials t appears that

ackhoe 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

ntamination depth, The availability of these improved contamination depth data enables

engineering and scheduling efforts to more accurately handle disposal of the actua!

Ol
of contaminated matenal. These data indicate that the total volume of contaminated
material is less than that originally identified by an estimated several hundred thousand

yards, if test pit condit are representative of the remaining site contaminated
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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
cobbles/fines profiles Delta®

Area ft m ft m ft m

9 5.6 1.5-1.8 2 0.6 {(3-4) (0.9-1.2)

4 4A 13 40 9 2.7 {4) (1.2)

-
o
"
o
;.-
?;
B T - - -

1 5 1 2 0.¢ 3) (0.9
1 < 18 4 | 1) (0.3)
19 € 8 1 3 £. 1.5
: £ 1.t ( 0 (5) (1.5)
21 ¢ 1 ¢ 0 (5 (1 6)
27 t 1.8 t 1.8 O O

2 ¢ 1§ 1 03 5 Tl
2 f 1.8 e 2.4 2 0.6
28 2 06 1 0.3 (1) {0.3)
29 3 0.9 Insufficient

data
available

30 6 1.8 4 1.2 (2) (0.6)

SNumbers 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
significant concern in excavation design, and its 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 butk Ra-226
concentration), the corresponding concentrations in the finer soil size fraction (passing a
#4 mesn sieve) in the subpile and offpile areas could vary as follows:

1. Ccyaps = 62.2 pCi/g Ra-226, when the Th-230 concentrations on the finer
fraction, C . 44 11 @re less than or equai to 63.7 pCi/g;

2. C_ya1h = 176.5 pCi/g Th-230, if wnere 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 ps = 1.2 pCi/g), corresponding to average
background concentrations; or

3. Th-230 concentrations (pCi/g) determined by the following relation for residual
Ra-2286 concentrations measured on the finer soil size fraction, (C . 44 g,). in the
range of 1.2 to 62.2 pCi/g,

Cewarh = 1788 -1.85xCy4ps

DOE/AL/623650-127 APRIL 17, 1994
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VERIFICATION FOR SOILS CONTAINING COBBLES

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

Albuquerque Operations Otice
P.O. Box 54C

Abuquergue New Mexco B7115

BEF 20

Mr. Jahn Surmeler

Chief, Uraniur Recovery Branch
ivision of low-level Waste
Marageett § Decamissioning

Office of Nuclear Materials Safet)
and Safeguards

U.S. Nxlear Ragulatory Cxxission

Mail Stop S-E-2

1 White Flint North

11555 Rockville Pike

Rockville, MD 20852

Dear Mr. Sumeler:

Historically, t.",e rajority of Ra—::ﬁ comtaninated materials being cleaned

wp at Urandum Mill Tailings Remed:al Action ('.2{."’. '

ccrsisted of tailings, ore spoils, ._a-‘;r_;s r‘ *;ca:‘. with

scils (vindblown ard vicinity properties) and fine-grained soils under

resicdual milling waste (tailings and raffinate pcn.‘.s . However, in 1988,

coditions encarttered while remecdiating Th-230 contamination which
reisted once Ra-226 had been reoved at th the Riverton, Wyming, ad

Durarge, Colorado, sites were substantially different.

At both sites, wvhich were located on alluvial floodplains, subsxface
r.-j..) consisted of a3 large perventage of cobbles and gravels which were

tained on 2 #4 sieve (4.76 ). In addition, it was determined that
approxirately 95 percent of the total concertration of radicactivity was
deposited an the fines (those soils passing a #4 sieve).

Based on these considerations and the fact that cleany verification
sapling rovtinely c:".o,'ed by the }uz-ed,al Action Cortractors did not
re_.w;' accxrredate sapling axd a:ays;. of materials greater than 0“.
sieve, the following p*vt:xx: for Th-230 cleanpAverification to a bulk
gsbsurface caxcentration of 35 pCi/g was adT‘_eL ard a;r:**'u:: by the
S martrent of Energy (DCE) and the U.S. Nxlear Raglatory Commissicr
RC) in difications to the Remedial Action I-‘v.s for those sites.
Determine the "fines wass fraction” by collecting several (10)
re;resetative bulk field sarples, r:: separating fractions greater
than and less than a #4 sieve:

fines mass fraction = pass fines/mass total = uitless fraction




Mr. Jochn Swrmeier -2 - SEP O 4 199

2. Determine Ra-226 (cxr Th=-230) mtration (passing the #4 sieve) in
verification saples collected and analyzed azcording to standard
rethedology described in MK-Ferguson Corpany (MX-F) Procedurt RAC-015,
merification Procedioes for Vicinity Properties and Tailings Sites.®

3. Determine "bulk® Ra-226 (ar Th-230) concerrtration doring cleanypy axd
verification by correcting the Ra-226 (or Th-230) corcerrtration on
fines as follows: ~

bulk Ra-226 concerrtration = (fines Ra-226 concentration) X (fines
pass fraction) ar,

bulk Th-230 concerrtration = (fines Th-230 concertration) X (fines
mass fraction)

T™he IOF proposes to adopt this basic protocol, on 2 site specific basis,
as a standard cperating practice for cleamp arc verification of both
residual Ra-226 and Th-230 contamination at UMIRA sites yet to be
reecdiated. The bulk concentrations of Ra-226 a~d Th-23C deternined by
the above procedure will corply with the renediation stadard for Ra-226,
ad spplemental clearnp requir rmts for Th-230, as specified in 40 QR
192. Bulk Ra-226 concentrations will not exceed 5 and 15 pCi/g for
respective 15 cx deep sixface and subsurface layess averaged over 100

m“. Similarly, the bulk concermtration of subsurface T™h-230 ip 15
» J N »
depth increments will not exceed 35 pCL/g zveraged over 100 . The

details of the protocol will be more capletely described in an added

gect ion to Procecure RAC-01S which will address when the protocol would be
{irplemented; the nmber of sarples needed to provide the initial value for
the fines pass fraction; the frequency of updatirg/verifying the fines
rass fraction as work progresses acToss a site; how the fines mass
fraction used will be logged on field data sheets, etc. It will alsoc be
incl in future pdates of the Technical Apprtech Docrent ard
referenced *s appropriate in Remedial Action Plars for sites where it will
be appliec.

Te sites where this protocol could be applied wauld likely include

Grard Junction, Gumison, Rifle, Slick Rock, and Naturita, Colorado, since
they are all locatad on alluvial flocdplains possessing characteristics
girilar to those described above. Therefore, the DOE requests the NRC'Ss
concoTence that such a protocol is consistent with the requiremerts of

40 CTR 152 and that its comtractors should be directed to formally
incorporate the protocol into standard cperating procedures and address
{ts potertial application in site Remedial Action Flans.
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If you should have any further quest *r.x:aw‘ ing this request, please

call Mr. Don Metzler of my staff at (FI

" { —
é I~ éCL """&'
2., Yark L. V.:t‘.he».n, P.E.
& Project Manages
L‘ra*;'." Mill Tailings Remedial Action
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Miller, TAC
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINCGTON D C. 20855

SEP 17 1991

Mr. Mark L. Matthews P.E.

Project Manager

Uranium X111 Tailings Remecial Action

Project Office
Department of Energy
Albuquergue QOperations Office

P.0. Box 5400
Albuquergque, New Mexico B7115
Dear Mr, Matthews:
Your letter of September 6, 1951, requested U.S. Nuclear Regulatory Commissior
(NRC) concurrence in the use of a procecure for determining and verifying
radium-226 concentrations at locations with large quantities of cobbly
materfal. Your letter states that at several Title ] sites, DOE has
enccuntered large gquantities of racdium-226 or thorium-23C contaminatecd
material with a8 high content of cobbly material (greater than a No. & sieve
size). Your tests show that the contained radioactivity is concentrated in
the finer fraction with the co2rse fraction containing negligible quantities
(less than 5 percent). Procedures presently in use by your contractors for
sampling and analyses are designec for relatively fine grainec homogeneous
s$0ils with @ minimum of larger material and are not acdecuate to characterize
the radicactive 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
oncentration for the entire sample. '
We agree that determining an average racium-226 or thorium-23C content Over
an entire sample would be consistent with the Environmenztal Protection Agenc
(EPA) standards in 40 CFR 152 if the racdium-226 content of the two size
3 fracoic snd the percentage of each size fraction are properly factorec.

Part 19/ 12 states that the concentre.ion of radium-22€ in land can be

12
avera2ce: pnver an area of 100 squere meters to meet the standards of not
!

exceeding background level by more than § pli/g averaged over the first 15 cr
of soil below the surface and 15 pCi/g averaged over 15 o thick layers of
01l more than 15 cm below the surface.
ded to

You plan to address the deteils of the procedure in & section to be adde
Procedure RAC-015 which will define when the procedure would be used, th
nucber and distribution of samples to be taken, the determination of t
radium-226 distribution and size fractions, and other appropriate dete

e Y e (&

LI

We agree that the proposed approzch has the potential for maintaining
cocp liance with EPA's standards while avoiding over excavation of contaminatlec




Mark Matthews -2 -

materia However, for final concurrence, we will have to review the deta ¢
of your revised Procedure RAC- and the effects of 1ts implementation on 2
site-specific basis ny questions can be addressed to Allar Mullins of my
staff at FT15-452-0578

//John J. Surmeier, Chief

L4
Uraniym Recovery Branch
Division of Low-Leve]l Waste Management
and Decommissioning, NMSS

<




UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON D C 20855

D.'..

Mr., Albert R, Chernoff, Project Mar ager

Uranium v117 Taflings Remedial Ac’wo"
Project Office

U.S. De.ert:e" of Energy.

Albuquergue Operations Office

P.0. Bex 5400

Albuquerque, New Mexico B7115

Dear Kr., Chernoff:

We have reviewed the procedure on *Bulk Radior L’11C€ Determination, Excavatior
Control, and Site Yer{fication For Cotbly Soi! sent with your letter of
March 2€, 1952, and supplemented by a revised Page 12 sent by facsirile on
March 30, 1952. We hereby c"r:;r with 1ts use on U.S. Departmert of Energy
Uranfum Mi11 Tailings Remed{al Action Proj Ject sites containing 8 high
percentege of :.::Tv subsoil, This :'c:e:.'e, designated Ftimtf-fii,
referenced 1n the s;e:f‘ic Feme::a Action Plans for those sites where

be used,

One item of note concerns the section of the procedure df cussing authority
(Section 1.3). This section should
concurrence rather than the Septermd
with the concept but did not c*'a r

] el
Y 9y

L veay
*
~

tter cited, which agreed
h the procedure.

r oc
be revised to reference this letter of
er 1
oy H

Any questions should be adcdressed to Allan Mullins of ny staff at

*

Pl J. Surmefer, Chief

“Uranium Recovery Branch

Division of Low-Level Waste Management
and Decomnissicning, NMSS




PROCEDURE FOR BULK RADIONUCLIDE
DETERMINATION, EXCAVATION CONTROL, AND SITE
VERIFICATION FOR SOILS CONTAINING COBBLES
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Soil Verification Using Cobbles-To-Fines Correction

1.0 SCOPE
FOR INFORMATION ONLY
1.1 Purpose
This procedure will be used for determining and verifying average bulk
radionuclide concentrations for radium-226 (Ra-226), thorium-229 (Th-230),
and, if necessary, thorium-232 (Th-232) at locations where the subsoil consists
of a percentage of cebbles in tne bulk sample sufficient to affect measurement
of the total radionuclide concentration. Excavation control and verification will
be based on bulk concantrations determined by this procedure.
1.2 Applicability
This procedure may be applied in areas designated tor 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 Procedure 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 DEFINITIONS
3.1 Cobbles - The portion of a composite soil sample which will not pass through
a2 #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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' MK.FERGUSON COMPANY @cwu Federal Environmental Services, Inc.
A MORRSON KNUDSEN COMPANY

FOR INFORLATO: o FOR INFORMATION ONLY
4.2 Tools, Material, Equipmen* v UiVLY
421 Buckets, wheelbarrows, #4 mesh sieves or screens (4.8

millimeier), 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 lizu 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 froim. test pits prior to construction. The purpose for
developing a statistica: 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 I
(test pits) should be ured 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.

Procedure No Rev. No

OP-003-4 Rev. O ICN-01 Page 4 of 15
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- * - e als ~ r Ay £
5.2 it Soil Samp g ang Analysis
~ 2 = - P ! - . - "o~ P
5.2.1 Dig each test pit to the estimated depth of contamination at the
P T s P p - i+ o $ame - — . soon ol o
location, and record the te pit surface elevation and maxirn depth
of each test pit. If groundwater is encountered, the elevation of the
water level at the time of test pitting shall be recorded
# - ! ~ o e e T -T2L; = vy | o v . = - ~ » - -
6.2.2 Collect one composite sample from each test pit. The composite soil
’ sample shall be comprised of all the material contained in a standard
i shovel from each one foot increment (no material shall be discarded).
> n at the cobbly soil surface or tailings/cobbly soil
ue through a minimum of 5 feet of cobbly material
terial (whichever is iess).
. -
0. Sieve the comj te
fines and cobbies sep:
+r + . +
o ¢ <y Tr
2) repre tative 500 g
N. 2.4 L § IS ’ 1
< < ) ( 1€ 1N¢
| 1 ¢ ted dry weight ¢
,
' 1.5 percent. R i all |
r * b - b A se
(Y D et M
i 1 + * *rr ¢ + r
i B . +) ¢ re
i J t
|
e 5.2.5 The s¢ ] be ¢ vzed by the site lat ry for 22€
! i Th-232 if nece y) and sent to the vendor laboratory for Ra-226
{ - - -~ \ ~
? ; Th-230 ¢ vsis (and Th-232 if necessary Hrecord on-site and
l v i F P """“ > T4 * 1.
Note Analy for Th-232 shall only be performed if the site
4 ch terizat licates TI resent
| 4 1 | - P o . . *
| 2.5.1 U ] the on-site analysis results and the vend
: G re ¢ 0‘.": 7',"{“("I “r Q avers samples
a Ra-226 correction factor shall be established using tt
fe o iy
~r - R‘ , R - ‘q"l
» ) 6 ' S !
Ra-226 C.F. = LS ,
n
Procedure N Rev. N
OP-003-4 Y ICNL( -
Jr-QO03-4 Re 0O N-O1 5 of 15
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CWM Federal Environmental Services, inc l

-y
e i o
I\ \ -
where, C.F = correction factor,
R Vendor results (pCi/g) divided by
-~ e - | 11\ €4 >
initial OCS, results (pCi/¢) for the
i i1s )
amnle [/ \ and
“ n Sal r;/.i‘. {\ 9., 1, 2, Nj, d‘)J
|
. B 4 A - § sl
' n = number of ratios
~ - o & " | . - "o
©.2.5.2 The corre on factor shall be updated using the pertinent
analyses results from QA samples (section 5.10)
- . - A - . - Py - -~ . » o~ a
T 5.2.6 Ship the fraction retained on the #4 sieve from each test pit to the
i d - » i~ ¥ r - . ” L ” - o~ S .z
! Ve r laboratory, | the 5-gallo OUCKE aterial shall be
| i - T~ o >
I cleaned, crushed, and analyzed for Ra-226 nd, if necessary
§ Th-232. Record vendor analysis results or t 1.
]
* - ~ . - r ww» o & .
| D.2.7 \ te the DUIK r ge concentratio Ca) fOr the test pit using
| th nass partit function (f) for the test pit (section 5.2.4), the
| ¢ -
‘ Vi rore ) concentrat of the fines (C.,.), and the
i ' ] entrat of the cobbles (C, ,,) in the equation defined
i - 4
' Definit 9% Bulk radionuclide concentrations should be
- ated for Ra-226, T 30, and Th-232 (ifr Y
:
?
- P Est B L - econce at sforRa-226, Th-230, and
p T A9 : . r tone & 9
I L+ L4 : Y ! & L Yy ‘«’ B } o 0 ¢ [ y\(" C‘..( "j | S ',k\ . & }
| - o 4B ¢ e g
I ' h5.2.6 at three t: ted b ns ¢ g cobbly |
| - - P P -— — - £ |
% g of ir g sitior r
| - ~
| i
| 5 4 pA Partit F t Alternative 1 (Test Pits
: 4 4‘ 1 ( ot f 4 . [ ‘e ( € ¢ =t gf 3/' C mi ~
| ; » al Data & ¢ Att } ent 2). ¢ { +} statistic marcs
| ¢ el /m)
: /. f t(s/yn)
\
i
l
i where < f,. + + avere rT € r\ ‘it Or 1* L' at '.:'t
: Vel ('J’ ,’-‘.. ¢ t COI fide nce va (
i’ f mass partition functions of n samp.es
|
| S sample dard deviation for the n samples
! 5 7 o | ~r
l 1 t fror chment 3, and
| [ 2 number of observat
ec re N Re N
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5.4.2 The mean of the sample population is determined as fallows
— “+ ~y -+
s b b,
n
| e ! . ’ aTs
where, f, ., = the value of f for sample 1, 2, or n; and
| »
n = the number of samples
i
E.J &4.3 Tt e Stangarg deviatio 1§ calcula 1 as 10 IWS
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A [ S—— ’
~ \ N
) | b
n 1
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t confidence value
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1 and 5.4.4 respectively. Compile data on the
d C,, as data is obtained

. - : - &
recalculate 1

e S ”~ 7 - .- - | - . |
5.6 and statistical cobble radionuclide
only be used for excavation control
s s « B ! o
tion depth to comply with EPA’s
, ~ ™ o ” - - - aitll
avation depths and verification will be
-y b -~ 3
hrouagh 5.9.
6.1 By ¢ ving the equatior sect 3.5 for C ang us g the statistical
o Y 24 :
r s partit f f) and the statistic cobble radionuclide
( entrat C an est te of the allowable fines radior de
entrat may btained as WS
- . v .
C C, - C, [( (1 + 1)
[~ - [s . o
<#d 4 1/ FEY
RVEE + i J
\ \ [
vwhere . The est ted fines re¢ ec
¢ = s nCi/a for -
¢ t (i.e., 5or 15 pCi/g Ra-226 or
T or 35 pCi/g for Th-23C
. -~ ’ . | - & N
st tical mass partition funct and
. e Sk den
- / v e - b S e v
B.7.3 ( ] the entire Site tO ¢ es of 100 yd*“ (-100 Grids shall be
| v QISTr T¢ ver the site so as 10 ob1ia representative gata
Record t : elevat for each 100 yd” grid
5.7.2 Further subdivide each grid where xcavation control is being
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GENERIC PROTOCOL FOR THORIUM-230
CLEANUP/VERIFiATION 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

B Introduction

The cleanup of radiologically contaminated soils on UMTRA Project sites provides explicit

which include

-~

requirements for the remediation of soils contaminated with Radium-226 (Ra?%%)

limits of & and 15 picocuries/gram (pCi/a) for the initia

nd successive 15 centimeter (cm)

a
00 m* If other radionuclides are

deep layers, respectively, averaged over an area of 100
en( intered in sutficient 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 reas 1Die achievable
Tho 230 (Tt ), which naturally decay with a halt-ite ot 77,000 years, to form Ra
IS also present n talings and ( taminated soil: Therefore, it may be readily
shown that for soils containing initial Ra and Tt centrations, at time t=0, of
Ra t aind Tt f respectively, the Ra ncentrat at any later time, t, is
Ha t = t e’ i T} ¢ { 1 o
- - , <
where A 1S the d¢ ay Cor stant for na or 4 oL X 10 vrs
; irthern re the aeochen a t"' I\ r o v;_‘”- 3.\‘,1‘7, ‘"1?,[1"‘2"_ l'A’TRA site environments
have been observed to be significantly different. Under neutral or basic soll conditions, neither
Ra nor It are preferentially mobile gs nemically (1,e,, both radionuclides will form
e hé ( N i that hay similar potentia tar m i"’.‘r"j\ INto soils However. under
acid nditions, the chemical forms taken by these radionuclides are significantly different
thi Dot tial for depth r ‘4 in s with Tt being more mobile than Ra
In windblown ta 1S areas, n yards, and ore storage areas of UMTRA sites, it has beer
¢ 1 2 | - rd - | . - ‘ ’ r - - \ 2\ r
observeg that the suriace and subsurface soils are normaily at neutral pH, £) the
radg jical material does not contain abundant quantities of free acid: and 3) the and
Th** 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
applicati 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

miil tallings, the subpiie region, or in surface and subsurface soils of raffinate or evaporation

T N Joc armbse =) paqge nt &




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

subs 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““® concs ns at a later date, due to ingrowth from Th**° contamination, may pose a
undesirable health hazard. Therefore, the supplemental standards provision of 40 CFR 19
requires the development of a cleanup criterion for Th**®, which is health protective b

reducing exposures to levels that are ALARA, keeping in consideration the measures

necessary to implement the remedial actions under the circumstances that exist at the site.
The following procedure establishes appropriate remedial action concentration limits for Th*®
and is proposed to be implemented at UMTRA Project sites after concurrence from all

governing agencies involved with activities at each site agree to 1ts impiementation
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 vyears 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 1s remediated tc

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,
determined by the recently developed NRC-approved protocol for excavation control and soi

verification of cot Dy subsolls

2.1 Protocol for Contamination at Depth
As the depths of excavations become deeper 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 thcough the overlying fill material will also increase

T MR . Decermber 13,1893 page 20f5
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Therefore, as the overlying clean fill matenal thickness increases, the resuitant attenuation of

the radon generated from the ass ited ingrowth of Ra‘" will allow higher residual
ations of Th**" to be left in place, while still attaining a level of protection equivalent
itent of the Ra’?® soil cleanup standards. To determine this concentration, the NRC
resented in the Draft Generic Environmental Impact Statement on Uranium Milling
0511; April 1979) can be used to determine the radon-222 (Rn“**) flux that would

0.02 Working Levels (WL) in a hypothetical structure built on a

The following equation was used

C = FAB/(IVR*1000). where
(' F\( ( ;v-':;,,\o,d. 7% 2 ‘{’:}
f F“'r"f;,u‘[y y P
A = Area over wt ’
‘ Flux reductior icture (unitiess
v Volume of the
r: l: “‘; tive | ren va ,3:‘ { e
1000 = conversion factor (I/m?)
s where basements are feasible (based or [ . =y - oractioss d,‘j”:
J water tat t s 1 he ass ned that the tt “‘kness of § material 1s e J"*t\'\"(-{\f
than the dept! of the excavatior Us \g A 103n B 0.F V = 250 and R =
1.9Bx10%s ', a fluxof 3.9 m*-s wouid produce ind r air concentrations of approximately
A : ’ " Assuming rad daughters are present at 5 eq Driyn this would
COrrest ito 0.02 WL
4 T jS the
hiaher cor
X Avatiorn
can be ac ned that equivalent protection is provided a ng fil ihicknass
Is maintained. Therefore, the analysis will consider the pote (at least 2C
vears) eros and land use in the detern on of excavation depth. The calculations
shall use site-sp¢ fic paramete when avalabie Reasc nably conservative parameters
that consider the expected site conditions shall t sed fic data are
unavailable Selection on backfill materials wit! DErior coefficients

may be included in the ALARA considerations of th2 design. When evaiuating this

f the construction

y of the anticipated construction

2.2 Protocol for Contamination in the Saturated Zone

Another scenario potentially impa g excavations to remove elevated Th**" concer

is when groundwater is encountered at shallow depths. Since the Th**° contaminat has

been present within the saturated zone long enough for soluble constituents to ha n
mobilized, it is reasonable to assume that any remaining Th**” that may be encountere n
a saturated zone will not be appreciably mobilized by pH neutral groundwater. Furthe e
it is known that the diffusion coefficient decreases dramatically as soils approach full
THPROT ) ecorbe pagqe 30f 5




saturation until 1t reaches values typical of water (Radon Attenuation Handboouk for Uranium

Mill Tailings Cuuv Design; NUREG/CR 33; April 1984). It is therefore reasonable tc

assume that Rn“““ generated within a saturated zone generally will not diffuse to the ¢ irtace

Final it1¢ very difficult to perform deep, cost effective excavations within a saturated zone
y ZC

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

(a) Excavation into the saturated zone will be considered w vater pumping

or other controis are reasonable and when high concentrat f Th*™ extend

only a short distance into the saturated zone

(b) An ALARA anz ‘y%:s 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 h’Y‘{;"G:’,’{w al The ALARA analysis will use reasonably

conservative assumptions to project future doses. If 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

Undur typical site conditions, verification of the Th suppiemental standard 1s t0 be achieve

by a three-tiered samp ing approact

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

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

(€) In areas where process knowledge and characterization data indicates no potential for
preierential 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
completec emediation and used this strategy, found no instances in the area sampled at the
rate of 1 out of 25 qn s 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 o
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 aiso exceed the criteria. If
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

THPROT Decornte 99 page 4 0of 5
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APPENDIX B

PHOTOGRAPHS OF TEST PITS AND OPERATIONS



PHOTOS OF FIELD SAMPLING
AND GRADATION DETERMINATION
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PHOTOS OF TEST PITS
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M-(} . About 4 feet of fill and wood trash overlying tailings
Bottom of the test pit is in gravels and cobbles




[P M-CF-29. Gravels, cobbles, and boulders overlying a clay layer
Water encountered near the interface.
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APPENDIX C

TEST PIT LOGS




TEST PIT LOG

[ emout . =, oAl - % . B L CATION — Jaew | vest pir wo,
UMTRA ' RIFLE { NEW RIFLE, COLORADO 3885-70 M-CF-01
CONTRAL TOR i Ie.r;a;n;r-mrurq?mv{ T 7:',:-;&(':!’4.\-5-_ | BE G T ‘Wf"r I.,nw».' ELEY i SROL ;{- ;ﬂ'!ﬂ-f‘lPYH (;'y . !lﬂ_c.ub B
GREEN } BACKHOE | N25130E46890 } 11/30/93| 11/30/93 | 5275.0 16.5 I J.CERCONE/G.LINDSEY
o |
DEDTH SAMR § GRAPH]C MATERTAL DESCRIPIION Rs-226 Th-232 Th-23 Eb—' REMARES
(F1) "o LOG AND CLASSIFICATEON pCifar | peijgr | pCifo : %:g,‘ PHOTOGRASH
T ST S S S T R - - - = * e n ‘ - — — ——— -
>5-2242 SILTY CLAY, (CL). low to medium plasticity, 24.0 ¢
7 brown, dry to moist, vertical roots
$-2243 | 5 5 1 6
4 ] | -
¢ T4 s5-2244 4.3 i 8 1041 | FINES: Ra-226 (1,000 year) = 6.3 pCi/gr ]
3
S5 [‘,dr." Some calcite casts and stringers at 2 to Z2.5 1.1 B
4 feet ' ' 1
A = 1
N 55-2246 5.9 1.4 PVC pipe at 4 feet connecting two adjacent sumps
55-2247 1.9 1.8 |3 8408 FINES: Ra-226 {1.000 year) = 2.6 pCi/gr
] ;
L) 4
55-2248 / 1.4 1.8 Plan Exc. Depth at 6.0°
] 4
55-224%9 1.7 1.7
R - ’ s = pp—
$5-2250 3 CLAY-SILT. (CL-ML), low plasticity, dark 1.5 Z2.C Heavy odor
gray brown, moist, becoming more clayey
4 . with depth
§5-2251 YA 1.3 1.3
1 X
10 ;
55-22%2 ¥ 2.0 1.5
: 4
Bty | s 1w
12
0.9 1.6 9.5
@@lﬁcif{l!_ (oL), dark‘qrav to black.
13 = moist to saturated _
1.8 1.9 4 5:0.9 FINES: Ra-226 (1,000 year) = 2.7 pCi/gr
s Strong odor
14
B B ot et =i e me A e Ao S s T B st 2
GRAVELS, (GW), with cobbles to 12", well .9 1.6 2.6
2y graded, approx. 30-35% fines, cobbles are 0.9 1.7
i - N e et =i . e e - T swWeer | TEST PIT MO 1
MORRISON KNUDSEN CORPORATION
ENVIRONMENTAL SERVICES DIVISION ; | M-CF-01




TEST PIT LOG

UMTRA RIFLE

NEW RIFLE, COLORADO 3885-,C M-CF-01

GREEN BACKHOE N25130E46890 | 11/30/93| 11/30/93 5275.0 16.5 J.CERCONE/G. LINDSEY

| RIS , | 2 |
(@ oo s v | | worn

| 2
I S aE S G . . =i




TEST PIT LOG

UMTR & RIFLE NEW RIFLE, COLORADO 3285-70 M-CF-02

BACKH! 25130 £47190| 12/2/93 1272793 5274.6 15.0 J.CERCONE/G.LINDSEY

Lk a
TV
r

- C
7!

I STLTY CLAY w

GRAVELS

N

| MORRISON KNUDSEN CORPORATION ﬁ : e
ENVIRONMENTAL SERYICES DIVISION | ‘ M-CF-02




TEST PIT LoOG

PROJECT i S17% | cocation },\A@

TESY PIT NO

UMTRA ! RIFLE 7 ' NEW RIFLE, COLORADO i 3885-70 ] M-CF-02

CONTRACTOR - ’!- ;,'”, mrw;»'u‘ Ic -IOIV:N-A"_S Is«s ~ i v--u‘:ner; 7 GROUND ELEY | GROUND WATER (:frfk {(FT) 7 vU\:uf!'- 8y
GREEN l BACKHOE | N25130 E47190| 12/2/93 | 12/2/93 | 5274.6 | 15.0 | J.CERCONE/G.LINDSEY
EeTH % LAME L F GRAPMIC MATENIAL DESCRISPTION Ba-226 Th-232 ™ 4 ) ’?;‘gll REMARY S
(¥ | wo ot AND CLASSIFICATION pl 4 far pC4/gr ot far - :(3!8‘ PHOTOGRAPH

y —

Film of organic matter on water surface
{gas bubbling up to surface)

UL
V| v
| »n v
o~
Wy O
—t
| ©f B
2

. . E
|
|
|
-
P -
|
o w
|

Sk

{ S5-2511 [ e | GRAVELS, (GP), with cobbles to 12", poorly ! 1.4
§-2512 P e arm?m.l w:"a.:::and: n::tn {20-50%) cobbles 1.4 | 1.3 |
" 1 e average 3"-6" (30-35%) { |
‘ 52513 ™ 1.0 1 8 !
- - - - |
1 55-2514 (e u 1.4 1.9 {
| T
' T . i 3
2515 —— 1.1 1.4 el
55 2516 | —mm- 1.6 §. 5
2o ,&H’?t,"t e — — peds = . T i v ST TrEE B Yeave
e BOTTOM OF TEST PIT AT 180 1 {
2518 1.7 1.3 |
fCGSFLFS (Composite): Sample Depth 13" to 16
! Ra-226 Th-232 Th-230 Ra-226 (1,000 yr
| 0.740.5 0 9+0 4
FINES (Composite): Sample Depth 13" to 16°
[ Ra-226  1h-232 Th-230  Ra-226 (1,000 yr
| 1.7:0.7 Z2.3+0.6

W4 sieve = 68 3%
#4 sieve = 31 7%

e i t——

T SHEET | TEST PIT MO.

MORRISON KNUDSEN CORPORATION 2
ENVIRONMENTAL SERVICES DIVISION oF M-CF-02




TEST PIT LOG

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-03

GREEN BACKHOE | N25170 E47450 12/2/93 | 12/2/93 | 5278.4 21.0 J.CERCONE /6. LINDSEY

2 - :
TS POND SEDINENT

CLAY ¢ ' o 2 .

Pt he iy by bty gt sy

MO RS TION 1
e i | o




LORiRALY

DEPTH

.

GREEN §

"-v CAVATE

BACKHOE

~ UMTRA

W ME THOD !

IRDINATES

| N25170 E47450

£aar SRAENM MATERIAL DfF BRI ~
| O | LOG AND CLASSIFICATION
|
1 37 Mt St e
{ }
1
4
P
4-#
2535 P GRAVELS, (GP), with cobbles and !
T T - “1 coated with black arbonacenus
ib -
OB
"]
- pESE- g
N iR el
15-2530 pagel v
5 40 k-D".;.
PO e
bom" Joor
PESE- v
o ot E
BCTTOM OF TEST PIT A7

MORRISON KNUDSEN CORPORATION
ENVIRONMENTAL SERVICES DIVISION

TEST PIT

; | RIFLE

| BEGUN '

12/2/93 |

OMPLETEL

12/2/9:

Ea & | n23
1 pC1/gr plifg
i1 1 6
1. ¢ % i 4
1.0 7
,. Wwre ] 1 )
ilders, | 1.3
material e -
v H s
0.9
i
i6 | 1
i ].C
) 1.2
4

LOG

!
|
|
i

T
1,:
l

Th-23

pi

s gv

| Locar

| NEV RIFLE, COLORADOL

N

5278 4

e ——————————————————

T N O R O O B G NS e

r

UND WATER

21.0

g ar

£ilm
(Gas

Q! 226

1.7+0.7

;”‘f { Compx
Ra-276
9+0.7

+#4 510y
#4 sieve =

mat o

of organic
bubbles

DEPTH (FT

COBBLES {Composite

Th-232
site)
‘h )3)
10 4%
29 6%

\
el

—— Tt -
| 208 Ne ‘f
|
|
i

LOGGED

TEST FLIY NO

3885-70 | M-CF-03

8y

J.CERCONE/G. LINDSEY

REMAGK S

PHOTOGERAPH

(organ

(4

1c) odor

matier on water surface
coming up through the water)

Sample Depth 18’ to 21°
Th-230 Ra-226 (1,000 yr)
0 ')‘_0 3
Sampie Depth 18° to 21°
Th-230 Ra-226 (1,000 yr)

7+1.0

e idin vt dhunbinh. i dheesdioe die




TEST PIT LOG

UMTRA RIFLE NEW RIFLE, COLORADOC 3885-70 M-CF-04

GREEN BACKHOE N24890 E46900; 11/30/93| 11/30/83 5274.5 16.5 J.CERCONE/G. LINDSEY

TATL ING “

!
|55

4 f {
%57,
1 - STLTY GCRAVED

-
e e
1 Bt
-
=1 GRAVE | W
-,

4 ps—
M

L | Rt
——

o3 e
—_—

] 1 =

-

i f -
-

| " | !
@) o semsen cmronaron | e

N




TEST PIT LOG

UNTRA | RIFLE

; ACTOR ~§- BVAT IOW ME THOR ORD INATE BEGUN | WMPLETED !
| i |
| GREEN ? BACKHOE N24890 E46300| 11/30/93| 11/30/93 |
: : X i SRAPM | MATERIA 0Of B r ' Ra-276 ! ]
{ | |
) (f e LOG | AND CLASSIFICATION I ¢ gr | otilgr :
, : | | : |
{ i 78— | 1 }
! i , s % . ! i
| 7l e | i |
! el . i i
a0 —— | 0! 1|
| i i .- |
| e e | ) 0| 4
| 4 e | ! !
| 82 P-“f : 8.0 | FL
L 18 fe | | é |
| { 3| o | { hi i
{ | p | E ; %
| | | | BOTTON OF TEST PIT Al ; | |
: % | i ; A !
z | : ﬁ 3 | ?
! | ? | | g
| ! | !
! i ¢ { {
|
2 i : | |
i | | | |
| | % i |
| i | | |
| | |
[ R
i i
| i |
| | |
i i
| i 1
i { ! !
| | .
| ' | 5
! |
i l i
| i
: | | ! |
| ! i i !
1 |
| |
: |
| |
{
e gzl P

®

I I OF O OB OO0 U0 T ONE SNE SEE  MEE S S

MORRISON KNUDSEN CORPORATION

ENVIRONMENTAL SERVICES DIVISION

T

|

| GROUN

5274.5 |

|
i ———————————

!

"WATER
DATA

NEW RIFLE, COLORADO

v
| GROUND WATFR DEPTH (F7 ]‘-.;,‘,5: Ay
|
1
L

|
!
|
| J
{ J
of |
{ |
H |}
| |
| |
: !
|
!
| |
i !
-
| |
! 1
! !
3 |
] |
! |
i I
||
{ |
i |
P
{ ]
| :
| i
| |
{ i
s i
{ s
‘ |
| !
- o)
|
||
| !

. PR
| Jo8 wo

i

|

i

3885-70 |

16.5 J.CERCONE /G.

REMARY S

PHOTOGRAPH

s contamination

S

i TEST PIT NO

M-CF-04

LINDSEY




TEST PIT LOG

-0

UMTRA

EXCAVAT ION ME THOE

'BACKHOE

Not Lcgged See Test Pit

This test pit was dug
mtaminated samples

NEW RIFLE, COLORADO
J.CERCONE/G. L INDSEY

| S

1 | BEGUN 1
N24890 E469C0 | 11/30/93|

WATER
DATA

W U O

unce

17’

STLTY GRAVEL, (GM), aromatic organi

o

some organic coating

- R . :
GRAVELS, (GW-GP}, with cobbles and boulders

to

ENVIRONMENTAL SERVICES DIVISION

o

Ra-226 (1,000 year) =

=1

o




TEST PIT LOG

[ pnote ' ‘ 17§ I ATION 7 7 7 { :j;;l; ~.‘\ i {‘EE‘ ;’:i NO
|
UMTRA i RIFLE | NEW RIFLE, COLORADC f 3885-70 | M-CF-04A
MTRAC TOR ;k:,:uﬁ’!-h ME THOD i ORDINATES | BE N T compr e TE ;.u~~~t ELEV | GROUND WATER DEPTH (FT) ?t'ﬂuﬂ, By
GREEN | BACKHOE | N24890 E46900 | 11/30/93| 11/30/93 | £274.5 | 16.5 | J.CERCONE/G.LINDSEY
ez - i ’ ; i 1 T- T 7 revmy .
" i . i i i . [ o > R o | :&]qf REMAGH ¢
DEPTH AMP L § GAAPHI( MAYERIAL ESCRIF { Ha-226 | h- 232 T™h- 2 }-'-| FMALY S
| pH | |
(E1} NO LOG AND CLASSIFICATION pCt/gr i pCifar v ar | l%g PHOTOGRAPN
S a2 B 18 | 1.5 ! | i ’ o o )
<c »477'#--' 2 A l 1 6 ! { i
> I'e =D .8 { C | !(
16 : M - | . £ . ! |
5-2473 —— 2.4 ' 3.2 1 | l
- ! ! | !
1 -2478 L i i l [ | |
7 - Il | : i
M— e i | !
. | i ' i
h o i
18 { - |
! e 2 ’ I
| [ {
aie eSS — - t +
BOTTOM OF TESY PIT AT 19 |
|
|
{ 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): Sampie depth 11° to 16
Ra-226 Th-232 Th-230 Ra-226 (1,900 yr)
7.4:1.4 6.6+41.0
+#4 sieve = 76 1%

#4 sieve = 23.9%

MORRISON KNUDSEN CORPORATION

ENVIRONMENTAL SERVICES DIVISION




{FT)

CONTRAC TOR

DEPTH

LLLLL

Lty

e o L L A O M i o fois
[+
UMTRA - i
T Jencaation s | covmormres [t
GREEN BACKHOE | N24890 E47140
AMPLE GRAPMIC MATERIARL DESCRIPTION
~NO LOG AND CLASSIFICATION

thick layers of slimes

s —
_"1
2
5 = i
" . 5.5'-6.9" Slime layer lavender color
] saturated
I
a |
g - = a——— . ,
! Pq}—c—l!'. {CL}, fow SYAS(H;’fy‘ brown, moi1s5t,
10 7.7 dry vegetation and roots
11 T
§5-2295 o B »
12 RN [ 1] 1 Jl SANDY SILT, (ML), dark brown, with some
55-2296 P X 7% ]\ roots
13 — X E L LAY, (CL), black, moist to saturated,
55-2297 yy ¥ carbonaceous
14 — X
>5-2298 A7 .
E‘; R A / :
$5-23 : Silty clay, light brown, thinly bedded
16 TN VL e
55-2 7 GRAVELS, (GP), with cobbles to &'
17 —Fiaie Y
| 552300 pen
18— ;;31&.a-§§=s
19 __:ii_i.‘a’_%
© o1 85-2308 P .
o s5-2308 e

11/30/93

BOTTOM OF TEST PIT AT 20.0°

TEST PIT LOG

——— e —— — ——

RIFLE

-
| COMPLETED

}
i
Ra-226 T

pCt/gr pli/ar

ey ——————————— R T Saet; STy, -
TAILINGS, (SM), silty sand, gray, moist to i
U saturated, with interbedded 6" to 8™

3.9 1.8
l 1.3 | B
1.8 1.6
1 1.9
1.1 1.6
16 1.2
55 1.3
57 1.3
1.1 11
i.3 11
8.1 12
16 14
| 3.1 1 11 |

11/30/93 |

WATER
DATA

~

TLRERN

MORRISON KNUDSEN CCRPORATION
ENVIRONMENTAL SERVICES GIVISION

NEW RIFLE, COLORADD
| GROUND WATER DEPTH (

- 18.0 _] J. CERCONE/6.

PROTOGRAPN

ph Depth: 1'-8°

Vegetation visibie at

TJOGN}

~ 3885-70

LOGBED 87

REMARS 5

interface

FINES: Ra-226 (1,000 year) =

-Plan Exc.  Depth at 13°

T [rest et o

-

LINSSEY

CORBLES {Composite): Sample Depth 16" to 21°.
R3-226 Th-232 Th-230
1. 8+0.6 0.3+0.2
FINES (Composite): Sample Depth 16" to 21°
Ra-226 Th-232 Th-730
2. 5s0.8 2.3:0.6

+#4 sieve = 77 6%
-#4 sieve = 27 4%

Ra-226 (1.000 yr)

Ra-226 (1,000 yr)

SHEEY TEST PIT MO
1
oF N-CF-05

SEERRENEE!

A

{11l

il




TEST PIT LOG

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-06

GREEN BACKHOE N24890 E47380| 11/30/93| 11/30/93 5276.8 18.8 J.CERCONE/G.LINDSEY

xa
ra
3
| TAILINGS, (S
bix> { : .
% {77 SANDY C1AY browr
4 { !
i j ', N A ¢ 1
. | 2 ‘ ‘ ? |
; 1 P PArs 9 | | | | y —— . T
. | : | -
| ; 1 E
(@) rormason ownsen comroarion |

: - — T — = . { Bsdanacs ——




TEST PIT LOG

P S1TE LOCATION T e = Ve ;5{;1‘; NO
UMTRA } RIFLE [ NEW RIFLE, COLORADO ] 3885-70 1 M-CF-06
| BEGUN ‘ thxnvy; ?ﬂuw\stz ROUND WATER DEPTH (FT) iuggnﬁ{ﬂ . - N
|

5276.8 18.8 | J.CERCONE/G.LINDSEY

Gnis § T
CORTRAL TOR EXCAVATION M THOC i OORDINATES

GREEN | BACKHOE | N24890 E47380 | 11/30/93| 11/30/93

DEPTH Aspy§ GRAPH L ( MATERIAL DESCRIFTION fa-226 Th-232 Th- 230 I REMARS S
pH
{(FT) nNO LOG AND CLASSIFICATION pl1/g pCifgr piVjar PHOTOGRAPM

WATER
DATA

L s S Y »

e i s S

16 4
: 7 97 b csicte S - : Plan Exc. Depth 16°
GRAVELS, (GP), with cobbles to 6', sand
matrix of 30%-40X fines, average size
cobble 1s 3" 3", max. cobble size is 8"

| Water rose to this level

after pit was excavated

(Free water was not encountered
during excavation to 25°)

b~ pH Depth: 20'-25"

~N

»
“

25—

8590 3
*41.0

6.5

W o

I
Y Y

- ] * Possible Cross Contamination

| COBBLES {Composite): Sample Depth 18° to 22°
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
1.340.9 1 6+#0.5%

'BOTTOM OF TEST PIT AT 25.0°

LTSI TSRO B W | (M) T L e N T

~ SMEET

MORRISON KNUDSEN CORPORATION 2
ENVIRGNMENTAL SERVICES DIVISION ; M-CF-06




ETED

e - b
MW wWwmN &

yﬁu
UMTRA |
COMTRAC TOR B "rnv_;vn‘!:w';f;mv " [ cooapinates ¥HJ'N7 T | o
GREEN | BACKHOE N24850 E47500 | 12/2/93l 12/2/93
DEDTM SAMELE GRAPHIC MATERIAL DESCRIPTION Ra-276
FT) ~O LoG AND CLASSIFICATION pC1/gr
3 T IAILINGS, (SM) sttty sand, fine, gray 7
3 pes !
' Reddish brown color from 1°-%°
3 —J
4 -
-4
'\
- Turning to purple color
»
6 & Clayey slimes
1
7 i
R
j |
§ < '
R | S |
10 — £ g Very wet, possibly perched water
11 .
P
12 1
= P
13 = : |
lA e [SReT e —————— ———————————————— —— S——
= §5-2541 % 227 CLAY, (L), silty, dark gray, carbonaceous 1.5
1 N '
+ 55-2%42 | 310
16 o 55-2543 R s | 20
55-2544 | e | GRAVELS, (GP), with cobbles to 12" 5.9
17 —3.55-2545 L"‘_.:- 8.2
= 352&46 P * 170
18— 25-2547 b *20.¢
- Rt
MO -
19 ] e
. M
3 -
0 — S
= s
INEETTNG S T RN =
BOTTOM OF TEST PIT AT 21 .9

TEST PIT LOG

L83

pl

23

ifar

NEW RIFLE, COLORADO
T eeoumo €rev [ & D WATER DF N

5277.9
e

o

OCATION

RIFLE ]

ST PIT NO

W-CF-07

I.}O‘ NC .

R LT
3885-70 |

GROUND WATER va: f:(!l VLO(:Z:([‘ a: el
Not Encountered G.LINDSEY
—
.M_lg‘ REMARES
gg PHOTOGRAPH

. #4 sieye =

Perched water in tailings and
equipment vibration cause severe
caving and possible cross centamination

Plan Exc. Depth at 14’

"

FINES: Ra-226 (1,000 year) = 2.6 pCi/gr
FINES: Ra-226 (1,000 year) = 5.3 pCi/ar
* Possible Cross Contamination

COBBLES (Composite): Sample Depth 17'-21°

Ra-22¢ th-232 Th-230 Ra-226 (1,000 yr)
2.0+0.7 1.7#0.5

FINES {Composite): Sample Depth 17'-21°

Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
220+10 120+4

+#4 sieve = 73 1% =

MORRISON KNUDSEN CORPORATION

ENVIRONMENTAL SERVICES DIVISION

LLLLLLEL




@ MGRRISON KNU
ENVIRONMENTAL SER

UMTRA

BACKHOE

DSEN C

TEST PIT LOG

RIFLE

o
rn 2
o

4

N24700 E47670| 12/2/93 | 12/2/93

ORPORATION

Hy N

NEW RIFLE, COLO

3885-70

G.LINDSEY

M-CF-

MN-CF-11

1
11




TEST PIT LOG

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-15

GREEN BACKHOE N24410 E47825| 12/1/93 12/1/93 5267.2 10.5 €. LINDSEY

K o
b
76
"1 "
-
TATL ING v
- —
} i CLAY £ -
i :
{ i
{ !
{
: !
%
¢ CLAY -
w
{3 R 3
}
m

! 1

¥

}

$ amy

4
GRAVELS W with $ k gray v
R e 3 o i

§ MORRISON KNUDSEN CORPORATICN 2 i i

ENVIRONMENTA ERVICES DIVISION




TEST PIT LOG

PROJECT EWES T S - i S TE e {'. AT ION — Jeoswe. [ rest piv mo.
UMTRA i RIFLE NEW RIFLE, COLORADO 3885-70 | M-CF-19
CONTRACTOR 7 o L | EIE-Aul'V;:';'_%:wi‘!- ) ‘i-"vn(;;rur[--, iH JIN A T ‘fﬁtgi!ii GROUND ELEV GROVND WATER DEPTH (FT) 11:}6(}[0 ay
GREEN BACKHOE {N24160 E47900 12/1/93 | 12/1/93 | 5267.1 | not encountered ! J.CERCONE/G.LINDSEY
b ol - ! — . e “nd L . : : - e . iy
. L L o B sk ol |Eal .,
DEPTH JAME | E GRAPRIC MATERIAL DE Ra 226 h- 232 Th 2% | E,_ REMARY S
FN
(FT) NO LOG AMD CLASS pCi/ar pli/gr pli/ar } 'gg PHOTOGRAPH
i {
- — 4 —- 4 -1 ———————— - - — - —— : : e — - —- - l
-] 55-2428 SAND, (SM}, silty, ., moist 41.0 1.8 iL 4 =
g —_— -4
1 — [ : "
55-2430 2.1 1. 6 4 B+D 5! 7} NES Ra-226 {1,000 year) 3.0 pCr /gy
1555 ALLUVIUM 2 0 1 9 -
4
3
s UL T - - 7
1 55-7431 [ | GRAVELS , (GP), with cobbles in a sand 7.3 1.5 9.2 1
8 —3 o - i ros i and calci ) )
S | ] Wetrix, ivon exide and calcite 71 1.5 | 44430 FINES Ra-226 {1,000 year) = 20 pCi/gr
] = . cementation i 22 1
—4 ‘S‘:d‘»} * 1 [ & . C
E o ,)V ,Af-'- i o “
§5-2434 _.' Hard digging with backhoe bucket below 5 10.0 1.9
— - e feet
§§-2 g 3 g4+2 0 INES Ra-22 » 5 ol /e .
. 55-2435 pem- gme. Cemented with CaC03 5.9 1.6 1947 INES Ra-226 (1,000 year) = 106.5 pCi/gr 4
~{ 55-2436 [ ame- 6.0 1.7 Plan Exc. Depth 6’
e g Refusal to Backhoe s g
P smusamamanys . __ " PR e . i~ 9.1 T ST L TR S PR SE—
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)
.8+0.5 0.7+0.3
FINES (Composite): Sample Depth 3.5 to 5 §°
Ra-276 Th-232 Th-230 Ra-226 (1.000 yr)
5+1.3 1642
+#4 sieve = 76 3%
#4 sieve = 23.7%
Note: Pit located in the vuttom of a gypsum
pond
w T R i Y M L e I s Y = IGERNER T i O TTEST PIT NO
MORRISON KNUDSEN CORPORATION 1 |
ENVIRONMENTAL SERVICES DIVISION ‘l‘ M-CF-19




TEST PIT LOG

- v v e

T 08 w0

E | LOCATION “ EST £1T MO
§ PROIECT | | ] ']
UMTRA i RIFLE i NEW RIFLE, COLORADO ) E 3885—70 | N F-20
WNTRAL TOR ’;(-\nnf?'». ME THOL l YORDINATES 5.. ~ ? M LE TEL iv,a:‘nmz ELEV ROUND WATER DEPTR (FT) [x\v,‘.s BY
GREEN ( BACKHOE { N2390C E46900| 12/1/93 | 12/1/93 % 5262.0 | 4.8 é G.LINDSEY |
i 1 : — I T T t ] |
I | i | t I« 4 i
DEPTH ‘ AMPL T GRAPM | MATESTA ESCRIFTION E Ra - 22¢ ‘ T L) ! Th.-23 ! e IE’E‘ REMARYS
§ : e l LOG AND CLA ATION | t/gr l plifgr | pCijfgr |} }go! PHOTOGRAPH
I I f TS b of tailines on the surfare
— GRAVELS _ (GP] with bEle . 1aht ! ; | H ' of tariings on the surfa
P . brown I ; . i ' !
B e— | . { | | 1
2 = ! 3 { 1.3 ] " |
54 - ‘ 1 ‘ 1.5 '_ 740 71 | | FINE Ra 226 {1,000 year) 2.3 pCi/gr
i A e : g : Tt | i
X3 ,-,._._' 4 i | g
- | i | i i i
156 [ - i | 1.4 i | ! ’
) 2357 . 1 i w |0.6+0 4} . | FINES. Ra-226 (1,000 year) = 1.3 pCi/gr
~m—- ! | i | |
Eh - s | | 1.1 | | | t
4 — i | 14 | | f 3
59 | Bal | |7al |
360 r-::.. l ' 1 ’ 1622 1 f I ! ;" Nt Ra-226 (1,000 year) 11.2 pCi/gr
| - | { { | Pian Fx Depth at
i P - i | | |
e | ] | i
P o ‘ |
P ‘ i i {
0 PO e | |
— : : ; %
- | { i | |
—_— { | { {
2 "‘n-t, 4 + 1 { } -
! BOTTOM OF TEST PIT AT 7 ( | | | : |
I 1
i i ! H
| i
{ | COBBLES (Composite): Sample Depth 4' to 7
! Ra-226 Th-232 Th-230 Ra-226 {1,000 yr)
] 0.5+0.4 1.8+0.4
!HM  {Composite):. Sample Depth 4" to 7°
i Ra-272¢ Th-232 Th-230 Ra-226 (1,000 yr)
8 6+1.5 !,’l"
! +#4 sieve = B4 4%
| #4 sieve 15. 6%
| |
| ! i
4 ' | |
.
{
|
|
i !
{
!
|
!
- . = T g Y o l . == TEST PLT MO 1
MORRISON KNUDSEN CORPORATION N-CF-20
ENVIRONMENTAL SERVICES DIVISION

i N T O o = o




TEST PIT LOG

UNTRA RIFLE NEW RIFLE, COLORADO 3885-70 N-CF-21

GREEN BACKHOE N23S00 E47180 | 12/1/93 12/1/93 5261.4 4.5 G.LINDSEY -

-
- COBBLT

,35,,
-

i ; l‘ l “
@ MORRISON KNUDSEN CORPORATION : | M-CF-21
| ENVI TAL SERVICES DIV i 1 :




PROJECT ' 18

UNTRA
!l[ﬂ;ﬂ! !'“'W "»«'-L‘ )

BACKHOE | N23900 E47430

i
{
1
|
1
WRDINATES lr’n! '

MATERIAL DESCRIPTION

(F1? NO LO6G AND CLASSIFICATION

b o664 FILL, gravels and cocbbles in a silt

matrix

Cﬁﬁﬁi (S. 7(uP] - w'f.-h h(,)i)i'it-"'., black,

-
< e carbonaceous, littie sand and gravel
) e ?
P
T
PR
P . = -
552388 [ o
Tl
$5-2189 —ann
e
-
l-.-_
-
it
8 ST scoosatl. _

~ BOTTOM OF TesT PIT AT 8 0°

S } SO b i

MORRISON KNUDSEN CORPORATION
ENVIRONMENTAL SERVICES DIVISION

N ]
12/1/93 |

TEST PIT LOG
RIFLE |

COMPLETED GROUND ELEY I

1271793 5262.9
R -226 ™ 232 th-230 |
=
pCi/gr pCi/gr pCiigr |
3
1
|
|
|
6 I.0 1. 940 ¢
LI 1.2 7 3

" NEw RIFLE, COLORADO

GROA

WATER
DATA

«

A T R
_3885-70 | M-CF-22

ND WATER DEPTH (FT)

6.0

LOGGED BY

J.CERCONE /6. LINDSEY

|

REMARY S

FHOTOGRAPH

$ Y : —— i el s

i

| COSBLES (Composite): Sample Depth 4’ to B*

Ra-¢eo Th-232 Th-230 Ra-226 (1,000 yr)
n Qq.{] 5 (4] )10 4
FINES (Composite): Sample Depth 4 to 8°

Ra-226 Th-232 Th-230 Ra-225 (1,000 yr)
2.4+0.8 2.5+0.6

+#4 sieve 75 . 3%

#4 sreve = 20.7%

FINES: Ra-226 (1,000 year) = 2.4 pCi/gr

Depth at &’

Plan Exc

T SHEEY

- ,
o M-CF-22
1




TEST PIT LOG

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-24

GREEN BACKHOE N23700 E46915] 12/1/93 12/1/83 5259.2 2.8 G.LINDSEY

a1
o COBBIL t t 4" wit
-

——y
—_—
F._“
-O-_m

| GRAVELS w

| MORRISON KNUDSEN CORPORATION ‘ 1 F =22
@":MTQ‘N*N'L FRVYICES DIVISION I 1 H—CF—24




TEST PIT LOG

RN 1[G . e ST gl A st e o Tsie T | Location T w. st eriwe
UMTRA i RIFLE l NEW RIFLE, COLORADO 3885-70 M-CF-25
— S S STt e T — e NE=S—eT AR S > L rte St iyt e e P it it
OMTRACTOR EXCAVATION ME THOD | COORDINATES Iu_; #IN I OMPLETED ]lsg(n".«'\ ELEV. | GROUND WATER DEPTH (FT) LOGGED BY
GREEN BACKHOE | N23640 E4718B0 | 12/1/93 | 1271793 i 5263.2 8.0 J.CERCONE /G. LINDSEY
e —— i o STt Sl = i s s e -1 b . e - S = =Sl SaE it s = ot
) A e . - T '
pEPTH AMP L GRAPH] MATERTAL DESCRIPTION Ra-226 h-232 ho2 3 tl,_ REMARY S
-
(FY) NO LOG AND CILASSIFICATION plijgr plt/gr pCijge " !gg EHOTOGRAPH
—- - = vt -_—— — - - -— e — g +— - v -
o S5°2311 PR 78 7] SILTY CLAY, (CL). med plasticity, dark 10.0 1.6 -
. L v brown, moist to saturated .
i =
i 55-2312 E 1.5 1 6 1.2:0.5 FINES: Ra-226 (1,000 year) = | .4 pCi/gr
et O 77
’ §5-2315 P4 , ”'”’?) 1.1 1.0 1 ]
: (’ ‘_"
{ W SS— — o s ]
4 '55-2316 ¥} Very moist 1.0 1.1
4 ¥ ‘ 7:
4 < -
$5-2317 0 1 4 1.0 i
— 77 Organic seam i R
5 o T { ]
55-2319 [ [ CLAVEY STiT, (Wi}, reddish brown probably 1.0 1.0 ]
l [ from oxidation -
S S EIT) JL 6.7 1.4 |5.2+0.9 FINES: Ra-226 (1,000 year) = 6.2 pCi/gr :
.-6 L@f}i*i‘j GP), to 12", with sand and 7 0 Plan Exc. Depth at 6’ -
s, ¢ b . L =
/ ] $5-2320 e qravel, clean material 0.9 o i
4 e 1
I iy s | 12 v
1 55-2327 |am v 0.6 1.0 | Note: Attempted to dewater the pit with a 300 gpm
_‘:’;—2:23* = 11 1.0 pump. Unable te obtain a representative sample .
§ =t - below the water table -
~4 S5-7398 - o 12.0 1.4 .l
 Biiad -
7 55-239% i 8.5 1.5 5
_M~ o e R | — ——— ——— — - e ——— e —— S ———— — k ———————————————————————————————————————————————— -
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)
0.840.5 1.340 5
FINES (Composite): Sample Depth 6 5° to B .S
Ra-276 Th-232 Th-230 Ra-226 (1,000 yr)
5.441.2 4.1:0 8
+#4 sieve = 78 5%
-#4 sieve = 21 5%
T e T T e e s e SHEET TEST PIT NO.
MORRISON KNUDSEN CORPORATION 1
ENVIRONMENTAL SERVICES DIVISION 01' M-CF-25
'h“ H _ BN B B B e e e mm e B e ——
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TEST PIT LOG
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BACKHOE

YW
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P99
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TEST PIT LOG

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-27

GREEN BACKHOE N23640 E47725| 12/1/93 1271783 5267.0C 11.0 | J.CERCONE/G.LINDSEY

ATA

b B A B B e e A o &
AL Z I T T E T L 2 X0
BPPPPLOPPDOIPIGO
BB PROPDPPBEOD
DOPEPIPIPPIOOOPS

TR INGS ™ W W

U771 SILTY CLAY Jark brow

PIT N

. | MORRISON KNUDSEN CORPORATION | 1 .
; 63:w{i~'a ERVICES DIVISION | : M-CF-27

| : | 1 | |
T R T




TEST PIT LOG

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-28

GREEN BACKHOE NZ3400 E46900 | 12/1/93 12/1/93 5258.0 G.LINDSEY

~N
C

[

i COR 1
@) e e corwurin | ror




TEST PIT LOG

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-29

GREEN BACKHOE N23450 E47130 12/1/93 1271793 5262.2 3.8 G.LINDSEY

-4

POEBYIBISOBPHPDIDED
POEPROIVIOCHOSPOOHGP
PRGBOBSPBDOEIDOPPS

SN -4

B T e 4
s d A L L LT LR T T TR T

| “ . REA
@ H'C:R"R ifO'N: KNVUDSEN COPPORATION 1 | M-CF-29 |
e e e
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UMTRA

GREEN BACKHOE

PGP0 0904
PHLPPPPPIOPOS

B e
beHeeee

" | GRAVELS W), wit

!@ MORRISON KNUDSEN CORPORATION
| £ NV IRONME N S DIVISION

N23400 E4726

TEST PIT LOG

RIFLE NEW RiFLE, COLORADO
5| 12/1/93 | 12/1/93 | 5262.2 8.3 J. CERCONE
Y
:
i M-CF-30




[ eaoagcr - L LT - 3 g . . j, e
UMTRA |
- L = i
CONTRAC TOR {!lr,lvﬂ'!rm ME THOL CORDINATES ;!Eu N
GREEN BACKHOE INZSZSZ E49005 12/3/931
T N 1 - B g
DEPTH ; SAMDLE GRADW | ‘ MATERIAL DESCRIPTION
(F1) ND LOG ! AND CLASSIFICATION
|
= T e SEains siates S —_—— -
5-2475 CiAY, ( L), light brown, slightly moi1st,
some rools
] 55-2476
. 5§-2477
-4
3 4 - s — . = s
-4 §5-2478 §A!p¥ S!ll (ML), to SILTY SAND, (SM). dark
brown, moist, loose
4 — -
55-247%
l: »5 :'43\)
b - a3
55-7481 |
_"'.-A'A QREW.IS "(GP-GM), with cobbles to 4", matrix
~ E - of fine sand
55-2487 e
s -
55-2483 -
-1 B bR it
- S5 2484 .
o, I RN .-,:!!L i A e i L s
] 55-248S | mme | GRAVELS, (GP-GW), with cobbles to 6", matrix
¥ = $5-24R% P - of coarse sand
} S
3 S5-2487 -
e S e
SS ?438 e,
;- R
55-2489 - .
11 4— -
S5-2430 pem- . |
: -
-4 $5-2491 '."95
e e b~ il NN T B Tt e S
BOTTOM OF TEST PIT AT 12 0
: (BACKGROUND PIT LOCATED AT NORTHEAST (ORNER
| OF NEW RIFLE SITE)
MORRISON KNUDSEN CORPORATION
ENY I (ONMENTAL SERVICES DIVISION

TEST PIT LOG

RIFLE

M(t(’

12/3/93

Ra 226 " L
pCi/gr pltjigr
1 6 3
2.2 c.3
.S ‘.8
1 L 4

1.8 0
0.6 15
0.8 23
v.9 L]
1.3 .5
0.8 1.4
1.3 1.3
6.7 1.0
0.7 1.1
0.8 1.2
1.0 1.2
0.6 1.2
1.0 1.1

|

T

!\m-\'l L]

NEW RIFLE, COLCRADO

T

GPOUIND ELEY ]

5272.8

pH

SROUND

WATER

DATA

ua'rc DEPTH (('\

8.5

]

COBBLES (Composite).

Ra-226 Th-232
0.9+0.5

FINES {Composite):
Ra-226 Th-232
1.8+0.8

+#4 sreve = 78 2%
#4 syeve = 2] 8%

l JOB NO

= B
LOGGED 8Y

1

REmane s

PHOTOGRAPY

4
4
Sampie Depth 8. 5' to 11.5°
Th-230 Ra-226 (1,000 yr)
0.7+0.4
Sample Depth 8 5" to i1 5" 1
Th-230  Ra-226 (1,000 yr) 1
2.24G.6

R i

J.CERCONE/G. L INDSEY

I'!s! PiT MO

i




TEST PIT LOG
UMTRA RIFLE NEW RIFLE, CGLORADO 3885-70 M-CF-32

BACKHOE N24648 E51357 @ 12/2/93 12/2/93 5271.5 3.0 J.CERCONE

| MORRISON KNUDSEN CORPORATION i .
ENVIRONMENTAL SERVICE )IVISION } . -J3&




M-CF-33
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J.CERCONE
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12/2/93 |
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gray
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med
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APPENDIX D

MASS PARTITION FUNCTIONS
(COBBLES-TO-FINES RATIOS)




{5 MK-FERGUSON COMPANY

MORRISON KNUDSEN COMPANY

INTER-OFFICFE CORRESPE( INDENCE

ATE Pecember 13, 1993

8 ’ Vs on & o e - .
bbles to Fines l'est Result

As requ » We have performed Slze analyses on New Rifle
« t ¢ ¢ materia test pit obtalned k]’ ‘:/‘l":, MKES and
DOE r ntatives iuring est pit investigations.

A < 3 - + . -~ 1
AS dilscussed during init est pit
Y ] IS '3 - - ey
f € analyses were perfc 1 | COmj > A
L 14 f " \ ~ ¢ ¥ aTle b~
W€ h r o1 0 t ] pound each.
I
ere required e to concerr bout the
peclifled belng representative. [O expe
¢ were reduced t manageable proj
t !
4 ¢ - ‘\/ £ ;:‘, + ¢ ( N e iy
t practice has been prov ed 1n the
A+ 4 ’ ¢ * %
il 5 { b ) 3 - P 1 TH . 4 c
['he Y welght of the +1" and +#4 fracti wasS Calculated using an
) b AT
A 1 o I, I t € ¢ ¢ mmended DYy \STM “-*d . A
» v B - " 1 v oy v y + t o 14
¢ esentative Pl [ the +1%", 4 lua J @ proportionate ount
f the " to +#4 material, was llected for radium and thorium
. . : y : -
Analy I't e sample were then given to site H.P. persor to
be sent It for analysis,
| W W 3 + ) S g -
[t 1 be ted that a few f the y1lculati neets do not
| 3 { - - pe by 4 o o = - Ll o Vel o OVIAD: -
licate the depth of the : ‘mple as thils data was not provided to
!
i
[ 1 YOU require further nformat n, please advise
1
r‘.’.' 4 l - ¢ ure
Y \ i v wr - -
iy withee w/0 ¢ 4 i€
L i1 e W/ encl ¢




ATTACHMENT 1
CALCULATIONS

A representat e of between 1000 to 1500 ounds of
I

, ampl
naterial was spl )n the 1" sieve and welghts of each
fraction were btained. The +1" fraction was corrected
assuming a 1.5 olsture and the -1" fraction corrected by
actual moisture content. Dry weights were calculated and
2dded together to determine the total sample weight,

The ~1" fraction was reduced to a manageable sjized
representative sample of approximately 50 pounds, split on the
and weights were obtained for each fraction. A
sample was obtained from the -~#4 material for
and the +#4 fraction was corrected using an assumed
1.5%. Dry weights were calculated.

and -f4 were then calculated.

from the reduced
whole sample basis
) f the w hole
the +1" fraction




—
>
4

> FOR COBBLES TO FINES RATIO

DATE TESTED: _’;) 7

[~

. y '/ /
F e [_’ o / TECHN CIAN v‘/ J‘/‘{

/’4/1
CHECKED BY: 7 722/

- ”J’fi‘-’ “.‘;

Wi i-")’H T ;,f‘ ?;:‘ Lf »i .\, B . 1 - W L T
% MOIST s ‘% % MOIST _llé e
DRY WEIGHT £ 2 1 DRY WEIGHT e ée s
TOTAL SAMPLE WEIG 166 . /Y /bs

WEIGHT _38/92 b=

_A0D

F’f\ ‘r )»‘ ‘,4 \r 'A" 4 C " ; )A.(‘ 4 "‘
- - A AT s & ) |
¥4 WET WEIGH] P g ¢ U= ¥4 VWi WEIGHT ol - (0%
P ¢
K ')
M ) - S f.‘ : T / © €
> ~ 5 Ny
t HT 7Y - |1 DRY Wi HT 32 0% s
31 [ C ARMA N ) .
| | 4 2 |
{ { v . 3 &
¢ i ! &/
+ ¥4 y It ¢ MF Lt ’(’ 3 e
. - ¢
’:4 ..; f AA E ~‘ "7: s
r T A C ALA . -
' N OFf AMPLE | ENTZ O Wt E S/ LE WEIGHTS
¥ A A P 7 N\ A Y 2 1 CARA ¢ L™ L
R ;tx ci "’v FLE A UnRY ‘va ’\} LiN é“,,:’ll.- o A vl'lf £ _/."7 109
\ Y . nc 1" h { i ARMADI C < Q; 1l -
["‘1 vr[ Ut > 3 1IN "\* i":-fl[, 52} _/Z oo
TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLI 967. 36 /44
"‘ ) “ - ¢ [ { " P
BULE AMPLE -1" FRZ Oor 2

2L50 g ‘7"v G
WT m WATER 7.6 g Y22 4
|v :HIL’K‘E /’/ e ‘L‘ ()b ‘ ¢
C O} “f EING A

% + #4 (COBBLES) 5./ ¢
%-#4 (FINES) 5,9 ¢




CALCULATIONS FOR COBBLES TO FINES RATIO

TESTPIT: #2 DATE TESTED: /2-6-93
DEPTH: /30 °'-/6.0° TECHNICIAN: /,47,,.«.1

CHECKED BY: _c S%z ik

BULK SAMPLE WEIGHTS
+1" WET WEIGHT 467 72 jus 1" WET WEIGHT _5$353.¢7 \bs
% MOIST [ o % MOIST 0.5 e
DRY WEIGHT L5786 lvs DRY WEIGHT /. 06 los.

TOTAL SAMPLE WEIGHT _L/SB 92 /b,

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+#4 WET WEIGHT  _ /2 40 |bs -#4 WET WEIGHT _37./8 lbs
% MOI3T 5N % MOIST %2 ‘%
DRY WEIGHT 2.4 ls DRY WEIGHT 3405 (s

REDUCED SAMPLE WEIGHT “b. 96 ls.

%+ #4 IN REDUCED SAMPLE _ 26.7
%-#4 IN REDUCED SAMPLE __ 77.3 %

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

+ DRY WT. OF +1" IN BULK SAMPLE 887 86 los.
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 79/ 64 /45,

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

WET WEIGHT S, H72é
DRY WEIGHT = Ve 4527 ¢
WT. OF WATER __3%3 o .39
% MOISTURE _L0.5 e 22 %
COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 72164 115
TOTAL SAMPLE WEIGHT (5892 |y

% + #4 (COBBLES) 483,
%-#4 (FINES) ST %

i G OB G O 0 O OO GG DS BT G G GENE DR GER Semam e



CALCULATIONS FOR COBBLES TO FINES RATIO

S DATE TESTED /4 -7- 33

L0k 3D W 1" WET WEIGHT 2%/l B2 lbs

70 ~ s / 5 '. 0/ "‘f)\ST 1,‘}/ 3,_‘_"
RY WEIGH @257 86 v DRY WEIGHT _491.53 vy

v ED SAMPLI PERCENTAGES TC WHOLF AMPLE W SHTS
#4 IN | CED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE /3959 lbs

r
L
+ DRY WT. OF +1" IN BULK SAMPLE

TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE

O A

% + #4 (COBBLES) 0%

%-#4 (FINES) 204"



CALCULATIONS FOR COBBLES TO FINES RATIO

TESTPIT: _ #4 DATE TESTED: __ /247-93

DEPTH: _//0'-16 0’ TECHNICIAN: Z { MM
CHECKED BY: __Q;é‘ Ll

BULK SAMPLE WEIGHTS

+ 1" WET WEIGHT _Z8/.77 s -1" WET WEIGHT _448.¢/ lis
% MOIST 45 Y % MOIST s
DRY WEIGHT 27022 |vs DRY WEIGHT 35 1/ lbs
TOTAL SAMPLE WEIGHT L85, 23 Vb,
REDUCED SAMPLE WEIGHTS (-1" FRACTION) T iaewts
+#4 WET WEIGHT 2/ 04 lbs -#4 WET WEIGHT _+% 4257 lbs
% MOIST el T e % MOIST - Y
DRY WEIGHT 20.73 s DRY WEIGHT 030 lbs

REDUCED SAMPLE WEIGHT  _4/27 /s

% + #4 IN REDUCED SAMPLE _ 339 %~
%-#4 IN REDUCED SAMPLE  _ 2./ “le

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
76+ #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE /47 50 lbs

+ DRY WT. OF 4+ 1" IN BULK SAMPLE 770.22 |y
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 9T 72 4s.

MOISTURE CORRECTIONS
BULK SAMPLE -1" FRACTION ~ REDUCED SAMPLE -#4
WET WEIGHT 55884 1473 ¢

DRY WEIGHT 5302 q 247 g

WT. OF WATER 28 ¢ 226 q

% MOISTURE 54 %k 51
COBBLES TO FINES RATIO

TOTAL DRY WEIGHT OF + #4 _ 91772 ||ys

TOTAL SAMPLE WEIGHT 120533 |5

% + #4 (COBBLES) 7./%

%-#4 (FINES) 23927

(N O O O O O O U O SR BEE S R R G aamn O eem e e



CALCULATIONS FOR COBBI ES TO FINES RATIO

BULK SAMPLE WEIGHTS
+1" WET WEIGHT

0L AACYIC
( |

1
0 VINJIOD

WEIGHT
OF WATER
% MOISTURE

FINES RATIO
RY WEIGHT OF + #4
SAMPLE WEIGHT

Aivir L

% + #4 (COBBLES)

7o-#4 (FINES)




CALCULATIONS FOR COBBLES TO FINES RATIO

TESTPIT: #®#7 DATE TESTED: /2-7-93

DEPTH: L2020’ TECHNICIAN: /;VM«/://;Z/I

CHECKED BY: _Q,?{ﬂ,M

BULK SAMPLE WEIGHTS

+1" WET WEIGHT _720.77 Ibs -1" WET WEIGHT _5¢. 88 |(bs
% MOIST A - % MOIST 1S Vo
DRY WEIGHT 404 lbs DRY WEIGHT 45072 1bs

TOTAL SAMPLE WEIGHT L4053 Vs,

FEDUCED SAMPLE WEIGHTS (-1" FRACTION)
+#4 WET WEIGHT _ /8,/2 Ibs -#4 WET WEIGHT %25/  |ibs
% MOIST L5 T % MOIST w2
DRY WEIGHT /785 Ibs DRY WEIGHT 223 Ibs

REDUCED SAMPLE WEIGHT _5%.08 /s

%+ #4 IN REDUCED SAMPLE __ 3/8 7.
%-#4 IN REDUCED SAMPLE _ ¢8.2 7.

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
%+ #4 IN REDUCED SAMPLE X DRY WT. OF -1° IN BULK SAMPLE /434 Ibs

+ DRY WT. OF +1" INB'" K SAMPLE 4.4 lbs
= TOTAL DRY WEIGHT UF + #4 IN BULK SAMPLE _E33.55 /s

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

WET WEIGHT  _530/4 ez r
DRY WEIGHT _ ﬁm} " 473
WT. OF WATER _ 54 4 $35
% MOISTURE 15 % #2 7

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 B3355 [bs
TOTAL SAMPLE WEIGHT L190.53 bs

%+ #4 (COBBLES) _/3/ 7.
%-#4 (FINES) L83 L




CALCULATIONS FOR COBBLES TO FINES RATIO
TEST PIT 2" // DATE TESTED (L 7-23 =
{ | / |} ¢ o
| ) / // / 4
DEPTH XA 78/ TECHNICIAN /’ : /*?f //"—“.

CHECKED BY 4 /e &

v
ittt Lk

BULK SAMPLE WEIGH

+1" WET WEIGHT  _/23/5%5 [bs 1" WET WEIGHT _57%/7 |bs

~

Lal L -
MOIST N % MOIST 7.2 __“I
DRY WEIGHT V2 M/ARLE DRY WEIGHT 50440 _1b>
\ TOTAL SAMPLE WEIGHT (520 2/ [bs
) SAMPLE W {7 1" FRACTION)
;‘:: 'wA-f ».‘. (oM | . (4 DS :‘ Vv l T Vvl (‘T A;AI '7 rt‘
P A { T a N 4 A M»-f « ‘
W RY \ s H T 537 b3 DRY WEIGHT 3/-88 b3
B3 L) M VvVt i1 - ‘,‘ " /bs
= RFPERY e
4 |N RI f SAMPLI Sl 207
¥4 IN R ICE ¢ 1Tl
" N [ A A EPf - ) ] A f‘ A M } f‘ry‘;‘
+ #4 IN R§ f AMPLE X DRY WT. OF -1" IN BULK SAMPLE ¥5.68 Jbs
+ DRY WT. OF + 1" IN BULK SAMPLI (fe. /] b3
[OTAL DRY WEIGHT OF + #4 N BULEK AMPLE .l"‘/"f).“/b’
) A F RRF o
LK SA il | E ! FI | | N }\; DU SA MF \ £ ¥4
WET WEIGHT Sk g 459 / ¢
M A ICAH4T L/ A & /Ly
DRY WEIGHT L o i¥ 9
WT. OF WATER o4 2 9 Ll & 9
MOISTURE i e { 0.2 T
f ) FINES RATIO
I i [ 1Y .'.l’ ( f‘»l f :4‘ A ,f: Ibs
TOTAL SAMPLE WFEIGHT 50 < 199

% + #4 (COBBLES) /6.9 1.
%-#4 (FINES) Z2J. ¢




CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: __ /5 DATE TESTED:

/2 93 |
DEPTH: 00 -/30° TECHNICIAN: Z&Z//Zé;;

CHECKED BY: _¢ Jhpar (02K

BULK SAMPLE WEIGHTS

+1" WET WEIGHT @045 Ibs 1% WET WEIGHT _58.97 [bs
% MOIST LT % % MOIST e %
DRY WEIGHT G40 .89 Ibs DRY WEIGHT SE7 65 b3
TOTAL SAMPLE WEIGHT /768 69 /b
REDUCED SAMPLE WEIGHTS (-1" FRACTION)
t#4 WET WEIGHT __ 22.30 |bs -#4 WET WEIGHT __3/.60 Ibs
% MOIST 5 % % MOIST _E2 %
DRY WEIGHT 2197 bs DRY WEIGHT 292/ Ibe

REDUCED SAMPLE WEIGHT 57 /8 s

% + #4 IN REDUCED SAMPLE _ 429 9.
%-#4 IN REDUCED SAMPLE 871 T

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
%6+ #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _ 22645
+ DRY WT. OF +1" IN BULK SAMPLE _G%0.84

= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 876 29 ks,

IMOISTURE CORRECTIONS
BULK SAMPLE -1" FRACTION ~ REDUCED SAMPLE -#4

WET WEIGHT 43¢ ¢ 7
DRY WEIGHT 526 4 353,
WT. OF WATER __é04 433 4
% MOISTURE 4.2 9 B2

TOTAL DRY WEIGHT OF + #4 84729 lbs
TOTAL SAMPLE WEIGHT /16869 Ibs

% +#4 (COBBLES) , 72 7.
%-#4 (FINES) 258 %

T U O R D o S R DR R BEmE Gamn samwm s




CALCULATIONS FOR COBBLES TO FINES RATIO

i . " - 2% 'y (s 2
TEST PIT /7 DATE TESTED: __ /& J-%,

’ &
a

§9 - 5.5 TECHNICIAN ‘/{hwg ///

CHECKED BY: _ Jker. 222604

t 7 lbs 1" WET WEIGHT _‘/,5_"" 22 lbs
MOIST /.5 L % MOIST 7.2

%-5 7 |bs DRY WEIGHT 4y /.3/ Ibs

‘»

N OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE 'VEIGHTS
+ #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE (73 5E lbs
P - <
+ DRY WT. OF + 1" IN BULK SAMPLE 57 (b3
e I o y/
TAL DRY WV GHT + 24 IN | » :“A\'v‘fti /A~
pA FE | } ;'¢ r

DRY WEIGHT J57./ 4 4559
WT. OF WATER “2.9 4 6.2
g

MOISTURE 2.3 9 7.9 7

f Yl f ? f- ¢ b '.I‘ )
T T i r \ . ' aped | T NI ¥ A Peg - & 1“‘;
| 4 WY Vvt 11 § e X 3 v
" A A A y ‘24"\
14 oA ~"tt vvEil (v} 4 ‘L'

% + #4 (COBBLES) /6.5 1.
o-#4 (FINES) 23.7 T




CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: ©20 DATE TESTED: /f-J’ A
DEPTH: v .0 TECHNICIAN: ;zwj//,%fm

CHECKED BY: _ Y L4l

BULK SAMPLE WEIGHTS

+1" WET WEIGHT _£%5.63 lbs -1" WET WEIGHT _J398.28 |bs
% MOIST /5 T % MOIST KA
DRY WEIGHT B33 /3 lbs DRY WEIGHT 3249 89 Ibs
TOTAL SAMPLE WEIGHT //5B.02 ts .
REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+#4 WET WEIGHT 2843 [bs -#4 WET WEIGHT _3Z4/ [bs
9% MOIST 25 % MOIST 72 X
DRY WEIGHT B! \bs DRY WEIGHT 3990 Ibs

REDUCED SAMPLE WEIGHT 429/ /as

% + #4 IN REDUCED SAMPLE 445" 7
%-#4 IN REDUCED SAMPLE __55.5 7

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS

% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _/44 5% Ibs
+ DRY WT. OF +1" IN BULK SAMPLE £I3 /3 1bs
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 977.7/ fis.

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

WET WEIGHT &I38 4 TXlg

DRY WEIGHT a42{ g w2
WT. OF WATER _“%.Y 4 3
% MOISTURE 72 4 _ 72 %

COBBLES TO FINES RATIOQ
TOTAL DRY WEIGHT OF + #4 9777/ lbs
TOTAL SAMPLE WEIGHT // 58 02 1b%

% + #4 (COBBLES) 97 %
%-#4 (FINES) L6 %



CALCULATIONS FOR COBBLES TO FINI S RATIO
T PIT z2/ /7 -3-93
& 4 .- " RS—
/ / //
DEPTH / A/ an
Ao Z 1,411'_
CHECKED BY ( et Lle -
BULK SAMPLE WEIGHTS
" 'Y A y - - ] . \ . |
t1° WET WEIGHT _£833./9 lbs 1" WET WEIGHT bs
0 A I~ - ) y ~
MOIST 2.5 % % MOIST 7.
DRY WEICH 0 B8 |k YRY \A ~ >
LURY WEIGHT 220 88 Ibs DRY WEIGHT Jee 32 s
TOTAL SAMPLE WEIGHT /87 E0 lis
f ‘ SAMPLE WE 1TS (-1” FRACTION
o A Y I IdTY , " o \ v A v A -
YLl Y GHI }).!é«" by #4 WET WEIGHT 68 [bs
MOIST 1.5 9 . MOIST 5.7 9
l RY WEIGHT 7597 |bs DRY Wi 17 8 |bs
. f CED SAMPLE WEIGHT <785 /43
#4 IN REDUCE AMPLE “/0 T
:" r-' [ >{ § ( F C ‘-~)'|,yl‘ ’\'(', .‘:
» " [ A AA [ P Ni®lall: A M [
v | ! L A ¥ ¥
#4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE
+ DRY WT, OF +1" IN BULK SAMPLE
TOTAL DRY WEIGHT OF + #4 IN BULK SAMF LE
I‘o ! { f i,/”r‘ )
BULK MPLE -1" FRACTION REDUCED SAMPLE -#4
WET WEIGHT 7,,1;"} 495.) o
DRY WEIGHT ¢970 . 4553 .
WT. OF WATER 0;'/ a 298 q
A
MOISTURE 77 % £T7 D
LES TO FINES RATIO
OTAL DRY WEIGHT Of #4 97/07 by
Q1AL SAMPLE WEIGHT /187 2 Ibs
O/ 1 44 . o/ @ ¢
o+ #4 (COBBLES) 8/ 8 T
0/ i/ «
/o-#4 (FINES) 8.2 T




CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: _ #22 DATE TESTED: _ y£-/-93

DEPTH: » 3 - 4 ¢ TECHNICIAN: MAA

CHECKED BY: _< e il

in

BULK SAMPLE WEIGHTS

+1" WET WEIGHT  _ 84735 [bs 1" WET WEIGHT _4/7/.52 Ibs
% MOIST /.5 4 % MOIST (349 _%
DRY WEIGHT £837.83 |bs DRY WEIGHT 445~ 80 1bs
TOTAL SAMPLE WEIGHT 185063 /és.
REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+#4 WET WEIGHT 2042 Ibs -#4 WET WEIGHT _38.9/ |bs
% MOIST 4T 1. % MOIST /38 %
DRY WEIGHT _ 2037 Ibs DRY WEIGHT 3375 b+

REDUCED SAMPLE WEIGHT 5912 &

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

C_ON_yE;-_S:JQN_QE_BLD.U‘C_ED,&&ME_’_Lﬁ PERCENTAGES TO WHOLE SAMPLE WE IGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE (5. 39 lbs
DRY WT. OF 41" IN BULK SAMPLE BI7 87 Jbs

= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE /. 17 Jbs.

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

WET WEIGHT 2342 4 béld ¢ _
DRY WEIGHT _¢973 _IBIS
WT. OF WATER %9 _80.) a
% MOISTURE Iy 4 /38 7

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF +#4  99//7 ibs
TOTAL SAMPLE WEIGHT 125063 |bs

% +#4 (COBBLES) /23 7.
%-#4 (FINES) 207 T




v v dd L5 Kk ;4 / < AR
;
Py </ o
" ' ¢
CHECKED BY P I "
BULK SAMPLE WEIGHTS
J A A Tl 7 aw \AIC 17 Ly" A <
+ 1" WET WEIGHT /7 BE ‘ 1" WET WEIGHT EX.57 1bs
"‘ .i‘T 4 1 rle( l\/r ~*"‘ 7‘
\A /T > ’ 4L } ™ \ ATl Pk u o3 J 4
DRY ».Z‘(_]H.T ‘4_; v s DRY v‘r{,l(_j'ﬁi _._?c'- ¢ {0
I TOTAL SAMPLE WEIGHT [150.73 /b3
Rl F AMPLE WE iTS (-1" FRACTION
#4 WET WEIGHT /S 92 b #4 WET WEIGHT 4. ¢ 5
T 2 24
AA { & ) [y r'- ‘ {' /‘,‘4 /
¢ v ‘x‘{‘ “T /i r 2 }i' (‘r1 v '.“ | ( ‘uf' P ~‘-4 ,:bu
‘? { C ‘A‘.'n' f .‘F4 4T ~ «‘b_” 'C’
" .;,1 ‘,‘ £ [ ARAS ‘ ’,5 7 .?‘
#4 IN REDUCED SAMPLE 74.3_Y:
A p‘ £L [ " ." t 4 l'v‘l f v‘r".'” F t‘f'.i ”% "v‘,if\‘
+ #4 IN RE| ED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE 1&€3.76 |
r A/ " ' 1 A 7L
DRY WT. OF +1" IN BULK SAMPLE ¢O08 75 lbs
- >
)'TAI RY WE HT OF #4 IN | K SAMPLE 7.5 /és
|'~ RF C\( RFECTY v'
K AMPLE -1" FRACTION f ED SAMPLE -#4
WET WEIGHT 2.0 ¢ 53294
A f iJ J 7 3z /]
DRY Wi HT 17497 9 1’/‘.(.&1 5
WT, OF WATER 70.7 _a 453 o
i -
MOISTURE 5 9 U A 8
f O FINES RATIO
AL DRY WEIGHT OF + #4 ; lbs
Al. SAMPLE WEIGHT 93 1bs

% + #4 (COBBLES) ¢&74 7
%-#4 (FINES) 757 1.




CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT:  a25 DATE TESTED: _ /&y/-%3

DEPTH: 65 -85° TECHNICIAN: u/’///
CHECKED BY: g% s

BULK SAMPLE WEIGHTS

+1" WET WEIGHT  _779.44 [bs 1" WET WEIGHT _5%.64 l(,,
% MOIST L5 T % MOIST /.8

DRY WEIGHT 7287/ Ibs DRY WEIGHT “pb 30 lbs

TOTAL SAMPLE WEIGHT L1950/ s
REDUCED SAMPLE WEIGHTS (-1" FRACTION)

+#4 WET WEIGHT  __3<0/ [bs -#4 WET WEIGHT _4/5. 9;;_!5:
% MOIST S5 9 % MOIST /A

DRY WEIGHT I35/ b DRY WEIGHT 427 1bs

REDUCED SAMPLE WEIGHT  74/78 /s

% + #4 IN REDUCED SAMPLE 498 9.
%-#4 IN REDUCED SAMPLE _gy2 T

ONV& RSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
o+ #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _208.90 1hs

+ DRY WT. OF 41" IN BULK SAMPLE 728. 7/ Jbs
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 537.6/ 4,

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

WET WEIGHT £355 g 489y
DRY WEIGHT 22U _g TEY 4
WT. OF WATER 237 . T
% MOISTURE 28 % WY %

COBBLES TO FINES RATIO
TOTAL DRY WEIGHT OF +#4 9376/ lvs
TOTAL SAMPLE WEIGHT 11250/ {b%

% +#4 (COBBLES) 785 7.
%-#4 (FINES) 2157




CALCULATIONS FOR COBBLES TO FINES RATIO
TEST PIT: __#26

DATE TESTED:

76-95
DEPTH: 20°-95"° TECHNICIAN: A.,/////JA
CHECKED BY: _Fu. Lt

BULK SAMPLE W EIGHTS
+1" WET WEIGHT 675 95 by

1" WET WEIGHT _@2743 lbs

% MOIST /5 % MOIST 89 %

DRY WEIGHT a5 67 |bs DRY WEIGHT SE A7 Ibs
TOTAL SAMPLE WEIGHT L2532 59 /b5

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+#4 WET WEIGHT  __/44¢ Ibs

-#4 WET WEIGHT “«290 s
% MOIST 45 % MOIST 2
DRY WEIGHT _/4YY b DRY WEIGHT _ 0.7 s

REDUCED SAMPLE WEIGHT 5% 9/ Ms.

% + #4 IN REDUCED SAMPLE 6.3 9
%-#4 IN REDUCED SAMPLE 23.7 %

CONVERSION OF REDUCED SAMPLE PERCENTAGE S.TO WHOLE SAMPLE WEIGHTS
%+ #4 IN REDUCED SAMPLE X DRY WT. O

F-1" IN BULK SAMPLE (5% IS bs
+ DRY WTI. OF 41" IN BULK SAMPLE

4567 113
= TOTAL DRY WEIGHT OF +#4 IN BULK SAMPLE 820 o2 Iy

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

WET WEIGHT S5Dg 571 g
DRY WEIGHT 5181 o J25.57 4
WT. OF WATER 329 _3lé
% MOISTURE e 1 60 %

COBBLES TO FINES RA TI0
TOTAL DRY WEIGHT OF + #4 L2022 1bs
TOTAL SAMPLE WEIGHT 25259 |bs

% + #4 (COBBLES) &5.5 “.
%-#4 (FINES) i A



ONS FOR COBBLES TO FINES RATIO
DATE TESTED
TECHNICIAN

CHECKED BY

DRY WEIGHT

175 A tes

:‘1 ‘v“ [Iv ‘»'-E ‘l"(:..
% MOIST

LA T
|

DRY WEIGHT

IN BULK SAMPLE
GHT OF + #4

SAMPLE -#4

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




P

A vV g K7 -
2L 4
ST 7 ¢ % M
| { < 7 F4
VE] [ 3¢ DRY
[ A RADH A <P 2 /
VIPLE WI i1 ¥/ /s
;"' a ! ( { ['; ( AA [ v > 4 c { 2
1 &7 & L &9 €
4 IN REDUCED SAMPL % .5 %
g
| r [ 4 £ -
J 2 CED ¢ A R NTAGE
A - A r
', ( ) SAMPLE X DRY WT. OF
WT. OF 41" IN BULFK MPLE
Al ¢

( FCTIONC
NS
AA " rmMm
i f 1" FRA( )N
Vi | B7%.5 4
A ' >
Vv H1 /el 2
F WATER 59.3 .
‘WHE </.5 7'(
FINES RATIO
Y WEIGHT Of 74 ;

70+ #4 (COBBLES)

Jo-#4 (FINES)

R al
Y 7% q
3
‘VV‘
/ “..a
O o O
/D 0
755 5/ | X
v 2o
) - b d ‘. <
/N /
/ 4
. 7
4

\L DRY WEIGHT OF + #4 IN BULK S#

-

IST
WEIC
STC
1" IN

LR 77
A LU
Q5
oY.3Y
»’.',‘ ; ¢

VEIGHTS
924 60 s

Q456 a)
7\ < (i ¥




CALCULATIONS FOR COBBLES TO FINES RATIO

TESTPIT: __ #30 DATE TESTED: _ /2-é 93 2

DEPTH: _ 45-75" TECHNICIAN; awt/"/%
CHECKED BY: % /22

BULK SAMPLE WEIGHTS

+1" WET WEIGHT _82¢78 [bs 1" WET WEIGHT 522.99 lbs
% MOIST /5 4 % MOIST 6.6 %
DRY WEIGHT _B6/ 85 \bs DRY WEIGHT </7/85 Ibs

TOTAL SAMPLE WEIGHT (332 70 4>

REDUCED SAMPLE WEIGHTS (-1" FRACTION)

+#4 WET WEIGHT 27,9/ Ibs -#4 WET WEIGHT _ 2.7 lbs
% MOIST Y S % MOIST 7 %
DRY WEIGHT _2tm bs DRY WEIGHT 29.97 )bs

REDUCED SAMPLE WEIGHT D56 /bs.

%+ #4 IN REDUCED SAMPLE _ 447 %
%-#4 IN REDUCED SAMPLE 58,3 %5

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE /9676 _|bs
+ DRY WT. OF +1" IN BULK SAMPLE

2é/. 85 \bs
= TOTAL DRY WEIGHT OF 4 #4 IN BULK SAMPLE (05T &6/ /s,

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

WET WEIGHT 490 4 83 g
DRY WEIGHT Ay 2/ S070

WT. OF WATER  _ 449 2y o
% MOISTURE 6.6 % 43 %

COBBLES TO FINES RATIOQ
TOTAL DRY WEIGHT OF + #4 2586/ 1bs
TOTAL SAMPLE WEIGHT 1333 70 1bs

% +#4 (COBBLES) /74 4.
%-#4 (FINES) 206 %

‘- - N e .



TEST PIT: B,

CALCULATIONS FOR COBBLES TO FINES RATIO

]

0

ACKROUND P (on-3irs) ¢ 3| DATE TESTED: _ 1257

. e o
¥y /' /’//
TECHNICIAN: ( L5/ 5% .

/ o {
o LA At

CHECKED BY: __ Séke f
/

BULK SAMPLE WEIGHTS

WEIGHT 6.0 s 1" WET WEIGHT 457 97 Ibs

o

‘.)
MOIST (5 T % MOIST 07 %

GHT 774 38 Ibs DRY WEIGHT 4. %8 b

TOTAL SAMPLE WEIGHT /785 % As
f ED SAMPLE WEIGHTE 1" FRA )N
NA \ . & A A r 2>
+#4 WET WEIGHT ; 3/ |bs # VET WEIGHT 3792 (s
MOIST 5 9 MOIST 2 %
Y ,‘,' = F Ibs NDRY (’,‘.r ",’ i (J
t ED SAMPLE WEIGHT <4 Il lés
+ #4 IN REDUCED SAMPLE 32.0 9
#4 IN | ED SAMPLI ¢3.0 7.
[ N OF RE ED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE 5& .06 by
t+ DRY WT. OF +1" IN BUL¥ AMPLE 77¢. 78 1b>
AL DRY WEIGHT OF + #4 IN BULK SAMPLI 926 . %% lis
’A TURE ( RECTIONS
BULK SAMPLE -1" FRACTION JUCED SAMPLE -#4
WET WE HT G o7 T q /5.6 ¢
g
DRY WEIGHT J77 8 q “v63.8

AMPLE WEIGHT A5 36 |bs

% + #4 (COBBLES) /8.2 U

%-#4 (FINES) et 4 %




TO FINES RATIO

| Al “

(é‘,‘ ‘;g.u Y?

A L%
BULK SAMPLE '/
T }” ‘-‘v.;T ».,‘i
% MOIST

DRY WEIGHT

TOTAL SAMPLE WEIGHT

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




~ TR . ;% “
T PIT 2 DATE TESTED: /¢ A
/ 4 e
J / ,’
Y 7 Q /) r A | | o
.EV I H /L/ . ’.;\,}‘f,)(_lur. (_‘_‘:;41"/ La*L Z
. - P
CHECKED BY bt LAE -
BULK SAM PLE WE IGHTS
" 92 9 " AL ~ 2
+ 1" WET WEIGHT 767 ¢b s 1" WET WEIGHT “/7 68 |bs
~ < p—— o v
"4 ,.\’T /. % . 4 '/ -
. ~ 4 . & >
DRY WEIGHT Y/9.6C |be I79 52 ks
TOTAL SAMPLE WEIGHT [eB7 /4 /s
9 ’
| t : ...“_",r ’ "”‘ ( '1[r ‘, !_‘;14 I,/"i\
+ ¥4 WET WEIGHT 66 |\ ¥4 WET WEIGHT <429 |,
M ST . pA T 4 9
l DRY WEIGHT &£3.77 1} DRY W} H “0.29 \lb¢
l ‘ ICE( AMPLE WEIGHT ¢ .02 /bs
¥4 IN REDUCH AMPLI TR & ¢
»)
{ | o A A0y o
+ IN REI El MPLE &/ J
( ’ Y et [ \ l“‘l [ [ ?" ‘: ‘ T |"‘,4 \\t \.'&"r(‘ "“4(")>1
4 o ( [ t A r A v
1 “:“1}5 ) U cw "Av."(L K URY vy | UF -2 "i!"’\r - ""(f (‘{J/' /t 7‘».“-
\ " oNne
+ DRY WT. OF + 1 IN BULK SAMPLE 909 62 llbs
TOTAL DRY WEIGHT OF 4+ & t IN BULK SAMPLI /085,79 4
A A T ( "i, T l'
f K AMPLE -1" FRACT N WUCED SAMPLE -#4
’ A | <2 )
vE T WEIGHT 2535,/ ¢ 55,2 ¢
! w‘-f !I";I '.;1",/ (.'_/: ¥ - 2
A v t A d
WT. OF WATER 990 4 138 o
A It < g °
’v ) )Il H[ ‘/7‘. “ i
( f O FINES RATIO
QT/ DRY WEIGHT 01 ¥4 755, 7 1|
A \MPLE WEIGHT cB7 19 ||

%o+ #4 (COBBLES) &/9

%-#4 (FINES) Bl °




APPENDIX E

LABORATORY RADIOLOGICAL TEST RESULTS



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




FOR INFORMATION Chiy

BARRINGER LABORATORIES INC

15000 W. 6TH AVE , SUITE 300 GOLDEN, CO B04D1 (303) 277-1687 FAX {

31-Jan-94
ATTN: S8ite Manager
MK-FERGUSON (Rifle
P.O. Box 151
Rifle, CO 81650

\
/

Attn: A\ y&d: 21-Dec-93 1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>