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| ANALYSIS OF COBBLY SOILS FOR COBBLES-TO FINES CORRECTIONS TO RADIONUCLIDE

CONCENTRATIONS AT THE NEW RIFLE, COLORADO. FHOCESSING SITT EXECUTIVE SUMMARY

EXECUTIVE SUMMARY |

I
A contamination depth and cobbly soil characterization study was performed in November
and December 1993 at the Uranium Mill Tailings Remedial Action (UMTRA) Project's NewI Rifle, Colorado, processing site. This study was initiated due to a concurrence by the U.S.
Nuclear Regulatory Commission (NRC) clarifying that the allowable residual contamination
in soil should be averaged over the total mass of the soil volume, including cobbles and
gravels (i.e., bulk concentration). The New Rifle processing site has a high percentage of

;

cobbles and gravels underlying the pile and other contaminated areas, which preliminary |

excavation designs have identified for removal and disposal. The main purpose of this

I study was to evaluate the relative mass percentage and radionuclide concentrations of
cobbles and gravels in order to determine the bulk contamination concentratior s, revise the

I underlying excavation design depths, and improve verification methods. Another I

important goal of the study was to acquire more accurate contamination depth data
, (profile) for the subpile material. The observations from these components of the study '

resulted in the following conclusions:

I |
i

* On average,75 percent of the cobbly soil beneath the pile and contaminated areas is '

cobble and gravel having radionuclide levels below the cleanup standards. The cobbles
and gravels will not require excavation, although excavation was indicated in previousI designs.

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

i

Thorium-230 (Th-230) has not migrated preferentially in suspect areas at the site ine

significant levels that would require excavation below the excavation depths required !

for Ra-226.I
* The amount of excavation to be carried out below the water table has decreased

significantly because 1) more accurate data on contamination depth have been
compiled, and 2) cobble / gravel parameters have been used to meet the bulk
concentration limits for contamination. These two factors have resulted in lower
contamination levels at depth.

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

|
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ANALYSIS CF COBBLY SolLS FOR COBBLES TO FINES CORRECTIONS TO RADIONUCLIDE
'

CONCENTRATIONS AT THE NEW RIFLE. COLORADO, PROCESSINO SITE INTRODUCTION

1.0 INTRODUCTION

1.1 STANDARDS AND CRITERIA

Remedial action at the New Rifle, Colorado, processing site is being performed j
under the Uranium Mill Tailings Radiation Control Act (UMTRCA) of 1978(42
USC 57901 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. j

'

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 ]I governing the required remedial action at inactive uranium processing sites were '

promt' gated by the FPA in 1983 and are contained in 40 CFR Part 192(1993),
Health and Environmental Protection Standards for Uranium and Thorium Mill
Ta: lings.

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

Remedial actions shall be conducted so as to provide ,

reasonable assurance that, as a result of residual !

radioactive materials from any designated processing site,
the concentration of radium-226 in land averaged over an j

2area of 100 square meters (m ) shal! not exceed the
background level by more than --

1

1) Five picocuries per gram (pCi/g), averaged over the first
'

15 centimeters (cm) of soil below the surface, and

!

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

in addition,40 CFR Part 192 provides criteria for applying supplemental j

I standards for the cleanup and stabilization of other radionuclides that present a
hazard commensurate with radium-226 (Ra-226) (40 CFR 6192.21 (1993)),
such as thorium-230 (Th-230). The Generic Protocolfor Thorium-230 )

I CleanupNerification at UMTRA Project Sites (Appendix A) under development |
by the DOE UMTRA Project Office has received oral NRC approval for |
implementation. Fundamental provisions of the protocol are as follows: 1

* Th-230 concentrations exceeding Ra 226 concentrations will be remediated
such that Ra-226 concentrations 1000 years in the future, including both in

g situ Ra 226 and Ra 226 produced by natural decay of Th-230 over a
21000-year period, averaged over 100 m , w || not exceed background levels

DOE /AU623SO 127 APRIL 18,1994
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CONCENTRATIONS AT THE NEW RtFLE, COLORADO. PHOCESSING SITE INTRODUCTION

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

* For deeply buried material, excavations will be stopped when the RAECOM
| computer code, using site-specific parameters, calculates a radon-222 g

2
| (Rn-222) flux of 3.9 picocuries per square meter per second (pCi/m s) and I

expected long-term conditions are appropriate, or when construction safety
or feasibility becomes a concern.

I
|

'

e Excavation of ulevated Th-230 encountered below the water table in the
| saturated zone will be assessed relative to the practicality with which
'

dewatering can be performed. An as-low-as-reasonably-achievable (ALARA)
analysis using pathway techniques will be performed in cases where a major
portion of the site contains Th-230 that extends into the saturated zone,
and excavation into the zone is impractical.

The EPA standards were originally based on an understanding of radiologically
contaminated, fine-grained, tailings-like soil. However, the NRC has concurred g
that the soil cleanup standards for cobbly soil should have a universal u

| interpretation of bulk soil concentrations, where bulk is defined as the total
I activity in picoeuries divided by the total sample mass in grams, independent of

the radionuclide distribution as a function of soil size fraction (Appendix A). .
Recognizing that UMTRA Project site cleanup activities will entail the cleanup of
radiologically contaminated cobbly soil, the NRC also has concurred on a g
procedure developed by the DOE for excavation control and verification of g
cobbly subsoil (Appendix A). The accepted protocolis based on establishing a
representative mass partition function that is the ratio of the mass of the soil a
fraction retained on a #4 sieve to the mass of the soil fraction passing a #4 |sieve, and the characteristic radionuclide concentration on the larger soil size
fraction retained on a #4 mesh sieve. The mass partition function can be

2developed 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 bulk Ra 226 concentrations elevated
above background level. Measurements of background radioactivity near the
New Rifle, Colorado, processing site, have resulted in the following

! determinations (DOE,1992):

Background gamma exposure rates at 1 meter (m) above the earth average*

15 microroentgens per hour ( R/hr).

Background Ra-226 concentrations in the soit near the processing sitee

average 1.2 pCi/g.

DOE /AU62350-127 AFHIL 14,1994
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* Background Rn-222 concentrations in air at various locations near the
processing site average approximately 0.4 picocuries per liter (pCi/L).

1.2 REMEDIAL ACTION

The remedial action at the processing site will be conducted to rernove 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.

I
I
I
|
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|
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CONCENTRATIONS AT THE NEW RIFLE. COLORADO. PROCESSING SITE PHYSICAL AND RADIOLOGICAL EVALUATION

2.0 PHYSICAL AND RADIOLOGICAL EVALUATION

I
A site characterization study was conducted in November and December 1993 to
determine the nature of the cobbly subsoil profile and contamination levels underlying the
New Rifle, Colorado, processing site and to ascertain 1) the mass partitioning of the
subpile soil relativ3 to a #4 mesh sieve, and 2) the radiological contamination associated
with the cobbly soi! size fractions passing and retained on a #4 mesh sieve. The purpose

I 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

I radiologically contaminated cobbif subsoil may be determined. These data also provide
necessary information regarding the way in which excavation control and verification
should be performed in cobbly soils.

2.1 TEST PIT OPERATION AND CHARACTERIZATION RESULTS

|
B perations consisted of excavating 22 test pits with a backhoe. Lithological
3 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
penmeter (8 total), and in areas representing background conditions for the site
(3 total). Lithologicallogging 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,

I representative samples from below the water surface. Test pit location 4
(M-CF-04 and M-CF-04A, Appendix C) was excavated a second time to obtain
additional 1-foot (ft) (0.3-m) increment samples at depths from which the initial,

I samples may have been accidentally cross-contaminated during the first
sampling. The granular materialin test pit location 29 (M CF-29) was
determined to be contaminated fill material from earlier site backfill operations;

L therefore, its cobbles-to-fines ratio (mass partition function) and radionuclide
data were not representative of the site's natural cobbly soil. These data were
not used in the study.-

'

For each pit, a representative composite sample of the cobbly soillayer was
divided using appropriate gradation techniques into fractions greater, .snd less

; than a #4 mesh sieve to determine mass partition functions (Appendix D).
" Composite samples of both soil fractions in the cobbly soil were analyzed for

Ra-226 and Th-230 (Appendix E). Table 2.1 lists the individual, average, and
~

statistical mass partition functions and cobble (> #4 mesh) radionuclide
" concentrations for the test pits.

-
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Table 2.1 Summary of mass partition functions and radionuclide concantrations for
composite soil samples retained on a #4 mesh sieve

I,
Radionuclide concentration
mass fraction > #4 sieve g

Test pit ID and Mass partition Ra-226 Th-230 Estatistical summary Location function" (pCi/o) (pCi/g)
M-CF-01 Offpile 4.92 1.1 1.1 g
M-CF-02 Offpile 2.15 0.7 0.9 g
M-CF-03 Offpile 2.38 1.7 0.5 1

M-CF-04 Subpile 3.18 0.6 0.7
M-CF-05 Subpile 3.46 1.4 0.3
M-CF-06 Subpile No data 3.3 1.6
M CF-07 Subpile 2.72 2.0 1.7
M-CF 11 Offpile 3.24 0.8 0.4
M-CF-15 Offpile 2.88 0.9 0.8 4

M-CF-19 Offpile 3.22 0.8 0.7 I

M CF-20 Subpile 5.41 0.5 0.8
M-CF-21 Subpite 4.49 1.6 1.2
M-C F-22 Subpile 3.83 0.9 0.9
M-CF-24 Subpile 1.84 0.9 0.7
M-CF-25 Subpile 3.65 0.8 1.3
M CF-26 Subpile 1.90 0.7 0.5
M-CF-27 Offpile 5.67 0.8 0.8
M-CF-2 8 Subpile 9.42 0.8 0.5
M-CF-30 Offpile 3.85 1.2 0.6
M CF-31 Background 3.59 0.9 0.7
M-CF-32 Background 4.21 1.8 1.1
M CF-33 Background 4.52 1.6 0.5
Average All 3.83 1.2 0.8
Standard deviation 1.67 0.6 0.4
95% confidence level 3.20 1.4 0.9 |b

Average Background 4.11 1.4 0.8
Standard deviation 0.47 0.5 0.3
95% confidence levelb 3.32 2.2 1.3 |

~Average Subpile 3.99 1.2 0.9
Standard deviation 2.20 0.8 0.5

b95% confidence level 2.71 1.6 1.2 l
UAverage Offpile 3.54 1.0 0.7

Standard deviation 1.22 0.3 0.2
95% confidence levelb 2.72 1.2 0.8 ~

Average Subpile and 3.79 1.1 0.8 -

Standard deviation offP e 1.80 0.7 0.4il

95% confidence levelb 3.05 1.4 1.0 ,

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

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

2.2 STATISTICAL PARAMETERS FOR COBBLES-TO-FINES CORRECTIONS

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

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

E'
! * Spatial representativeness of pit locations (Figure 2.1).

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

Additionally, the protocol's method for determining conservative values for the
statistical mass partition functions and cobble radionuclide concentrations was:

' reviewed. This review revealed that using data from less than 30 test pits
should actually result in more conservatism in developing the statistical values ,

E when using representative sampling plans. |
t i

The averace, standard deviation and statistical values for the mass partition )
F function and cobble radionuclide concentrations for each grouping (subpile, {

|L offpile, background, and all combined) of test pits are shown at the bottom of
Table 2.1. The data from test pit M-CF-29 were not used because of its

E apparent unnatural contents (backfill). No mass partition function was available
L for test pit M-CF-06, because technical problems (cave-in) rendered the

measurement nonrepresentative.
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

DOE /AU62350127 APRIL 22,1994
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statistical Ra-226 and Th 230 cobble raolonuc!ide concentrations, respectively.
Using the statistical mass partition function and statistical Ra-226 cobble g
concentration for all of the pits (1.4 pCi/g, which is more appropriate than using 3
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.

|

|

|

l

I
I
I
I
I
I
I
I
I

I
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3.0 CHANGES TO EXCAVATION DESIGN

I
From the lithologicallogging 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 pitsI ranged from O ft to 16 ft (0 m to 4.9 m), and averaged 5 ft (1.5 m). Cobbly soil was
encountered immediately at the surface in five of the subpile test pits where the
sand / silt / clay layer was previously removed with the tailings (all on the south side of the
pile). At other UMTRA Project sites, Ra-226 adsorbs or precipitates within the first 1 or
2 ft (0.3 or 0.6 m) of soil below the pile or other contaminated material (DOE,1994). This
process was also apparent in many of the test pits at New Rifle. From the results for

I Th-230 characterization of the fines (1-f t 10.3-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 |

I Appendix C). This was somewhat expected when considering the typically neutral-to- |
basic pH observed in the soils. The few pits that showed Th 230 mobilization i
(disequilibrium with Ra-226) did not reveallevels that would require excavation beyond the '

Ra-226 excavation depth.

From these observations and the profiling (1-f t 10.3-ml increment samples) data on the
radionuclide contamination, it is apparent that the cobbles to-fines corrections may not be
needed in most remediated areas because the contamination does not extend into the
cobbly subsoil. This has resulted in a significant change in contamination depths. Original
site characterization data (DOE,1985) used in the remedial action excavation design
showed the contamination in many of the test pit areas to be deeper, from 1 to 6 ft (0.3
to 1.8 m). This change in known contamination depths affects estimated excavation
depths in the design, as shown in Table 3.1. The data changes are most likely due to the
original study using bore hole drilling techniques, which involved drilling and sampling the
subpile soil through various depths of tailings and contaminated materials. It appears that
using a backhoe and not having a large (approximately 50-ft (15-ml) layer of tailings to
penetrate for sampling subpile soilimproved the accuracy of data for the actual
contamination depth. The availability of these improved contamination depth data enables
engineering and scheduling efforts to more accurately handle disposal of the actua! volume
of contaminated material. These data indicate that the total volume of contaminated
material is less than that originally identified by an estimated several hundred thousand
cubic yards,if test pit conditions are representative of the remaining site contaminated
areas.

|
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Table 3.1 New Rifle, Colorado, estimated excavation depth based on cobbles to fines ratio
and contamination profiles

Excavation based on
Plan excavation depth cobbles / fines profiles Delta *

Area ft m ft m ft m

1 6 1.8 1 0.3 (5) (1.5)

2 5 1.5 0 0 (5) (1.5)

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

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

5 13 4.0 11 3.4 (2) (0.6) 1
6 16 4.9 13 + 4.0 + - -

_

insufficient
^

data
available

_

7 14 4.3 14 4.3 0 0
_

11 5 1.5 2 0.6 (3) (0.9)

]15 5 1.5 4 1.2 (1) (0.3)

19 6 1.8 1 0.3 (5) (1.5)

]20 5 1.5 0 0 (5) (1.5)

21 5 1.5 0 0 (5) (1.5)

]22 6 1.8 6 1.8 0 0

24 4 1.2 0 0 (4) (1.2)

25 6 1.8 1 0.3 (5) (1.5)
#

26 6 1.8 1 0.3 (5) (1.5)

27 6 1.8 8 2.4 2 0.6 m
1

28 2 0.6 1 0.3 (1) (0.3)

29 3 0.9 Insufficient -- --

data
available

30 6 1.8 4 1.2 (2) (0.6) q
;

' Numbers within parentheses indicate amount of reduced excavation; numbers without parentheses
indicate amount of increased excavation.

J

APRIL 14,1994
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i

! 4.0 CONCLUSIONS

Site cleanup, including the excavation control and verification, will involve the cobbles to-

I 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 Protocolfor Thorium-230
CleanupNerification 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 statisticalcobbles radionuclide concentrations at the upper 95
percent confidence limit and the statisticalmass 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 (total 1000-year Ra 226 concentrations from residual
Ra-226 and Th-230 not to exceed 15 pCi/g above background = 1.4 pCi/g bulk Ra-226
concentration), the corresponding concentrations in the finer soil size fraction (passing a
#4 mesh sieve) in the subpile and offpile areas could vary as follows:

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

| 2. C < #4 Th = 176.5 pCi/g Th-230, if there is evidence that the Th-230 has

I differentially migrated relative to Ra-226, and the residual bulk Ra-226
concentration is 1.4 pCi/g (C<s4 Ra = 1.2 pCi/g), corresponding to average
background concentrations; or

-

3. Th-230 concentrations (pCi/g) determined by the following relation for residual
E Ra-226 concentrations measured on the finer soil size fraction, (C<s4 Ra),in the
" range of 1.2 to 62.2 pCi/g,

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

r
L

~

L
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APPENDIX A

~ ~

U.S. DEFARTMENT OF ENERGY /U.S. NUCLEARI REGULATORY COMMISSION CORRESPONDENCE
~

I PROCEDURE FOR BULK RADIONUCLIDE
DETERMINATION, EXCAVATION CONTROL, AND SITE -

VERIFICATION FOR SOILS CONTAINING COBBLES

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

I
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I
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1 c Department of Energy
,

Mbutperque Operations Offee**

+ P.O. Box 5400
*

. Albuquergse New Mexk:o 87115
.,

BEF 0 o 135

TE*9AL EGCESS

m. -er
Chief, Uranit= Recxwerf Brant
Divisicn of IeInvel Este

Parage: ent & r*,,,-4"icnirs
Office of Mrlear Paterials Safety

I ard Safeguards
U.S. Rxlear Regulaterf h4"4m
Pail Stop 5-E-2

{
1 hhite Flint North 4

I 11555 Rockville Pike
Rockville, MD 20852

Dear Pr. Smier:
i

Historically, the rajority of Ra-226 cantar.inated rate:ials being cleared )
Iup at Uranita Mill Tailings PMal Action (uGA) Project sitesI ccasisted of tailirgs, ore spoils, tailirgs inter. ixed with fine-grained I

soils (virdb1cun ard vicinity properties) aM fine-grained soils trder
resid:a.1 r.illirg vasta (tailings ard raffinate pcnis) . Mcwever, in 1988,

I ceniiticns encountered shile remediatirq Ih-230 contariraticn which
persisted cnce Ra-226 had been re=med at both the Rive:t.cn, Pf ing, ardm
Dr.rargo, Coloraio, sites were substartially different.

At heth sites, shich were 1ccated en allwial ficcdplains, e% ~ face
soils censisud of a large pe_W.2ge of cobbles ard gravels shich were
retained on a #4 sieve (4.76 In). In addition, it was detav. ined tMtI app: mirately 95 percent of the total ccncentration of radioactivity was
depcsited on the fines (those soils passirg a 64 sieve).

Based en these censideraticns ard the fact that clearr.:p verificaticn
sa:plirg rcutinely e= played by the RcWial Acticn Ccrr.ractors did ret
readily am&te sa pling aid aralysis of raterials greater than #4

I sieve, the follcuirg prutocol for Th-230 clear::p/verificaticn to a bulk
subcurfa::e wintraticn of 35 pCi/g was adopted ard a; proved by the
U.S. rrpahnt of Encrgy (IDE) ard the U.S. Rxlear Reg.datcry &v'-i"icn
(NRO) in scxdificaticns to the Re=ciial Acticn Plans for those sites.

~

1. Deter =ine the " fines mss fraction" by collectirg several (10)
rep:msentative bulk field sa ples, aM separatirg fracticns g:3ater

I than ard less than a $4 sieve:

fines rass fracticn = sess fines /rass total = unitiess fraction

>
!
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2. Dete=ine Ra-226 (cr 2-230) ccncentration (passing the (4 sieve) in ,

verification sarples cc11ected and analyzed ac=crdirg to staMard
rethcdology h- ited in MK-Ferguson t'W7mry (MK-T) P:rrw*.~t PAC-015,
" Verification Pr-rw*wes for Vicinity Properties ard Tailings Sites." i

3. Dete=ine " bulk" Rn-226 (or 2-230) w r Laticn durirg clearup ard
verificaticn by gam--tirg the Ra-226 (cr 2-230) w Laticn cn j

!fines as follows:
E

blUc Ra-226 m r naticn =.(fines Ra-226 w c.Laticn) X (fines j
Imass fraction) cr,

bulk 2-230 m c.i saticn = (fines 2-230 w 4 aation) X (fines g
amass fraction) |

Se DCE rw_m to adopt this basic protecci, en a site era *ic basis,-

as a standard operatirg practice for clea~.:p ard verification of both
residual Ra-226 ard 2-230 contar.inatien at IMIFA sites yet to be 7
re-rdi ated. Be bulk ccncentraticns of Ra-226 ard 2-230 deter =ined by J
the abcue piM:re vill ccrply with the renadiation standard for Ra-226,
ard su;pleoental cleanup reqairements for 2-230, as specified in 40 CER l

-

192. Bilk Ra-226 ccreentrations vill not exceed 5 and 15 pCi/g for
ive 15 c= deep surface ard subsurfa::e layers averaged over 100

Sir.ilarly, the tulk cencentratico of schsarfa::e 2-230 ig 15 cmm .

depth ircrenents vill not av'aai 35 pCi/g averaged cuer 100 m . De
details of the protecci vill be tore ccrpletely described in an N -

secticn to F.M.:re PAC-015 shich will address een the protocol vculd be
irplecentad; the p-+er of sarples rhi to prcvide the initial value fcr -

the fines rass fracticn; the freqw.ncy of up:!stirafverifyirg the fines
rass fracticn as verk rwusses across a site; h:u the fines mass
fraction used vill be icgged en field data sheets, etc. It will also be
incitded in ftcure u; dates of the nchnical Apprcach Doce:ent aM ~

refe.renced as appa+iate in Pe::w ial Action Pla .s for sites she.re it villa

be applied. -

te sites where this prtfccol could be applied vculd likely ircitde -

Grard Junction, Gurrtisen, Rifle, Slick Rock, ard Naturita, Colcra:So, sirce
-they are all Iccated cn alluvial ficcdplains p'us"irq chracteristics

s4-ilar to those hN aheve. 2erefore, the TE reqmsts the NRC's -

cercurrerce that such a protocol is censistent sM the reqairacents of
40 CFR 192 and that its ccr:tractcrs should be directed to forrally -

irecrporate the protocol into studard c5entirg gwi:dares ard aciiress
its pote.ntial applicaticn in site F*ial Acticn Plans.

-
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If you should have arif further qaestiens Itgr*dng this reqe., pleaseL

call Mr. Etn Metzler of rf staff at (FIS) 645-5657.
f
L

sin rely,

f

1
g Park L. Fatthew, P.E.

Project Fanager
Uranit= Mill Tailings W4al Acticn

Project office
r
L

cr:
F. Basiljevac, IM3%

[ S. Hill, TAC
M. Miller, TAC
D. Gcnzales, TAC
J. Oldha=, MK-F
D. Carlson, MK-F

t

M. Padsen, CS-Ga?.mch

I
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I
Hr. Mark L. Matthews P.E.

I Project Manager
Uranium Mill Tailings Remedial Action

Project Office
Department of EnergyI Albuquerque Operations Office
P.O. Box 5400
Albuquerque, New Mexico 87115

Dear Mr. Matthews: !

I Your letter of September 6,1991, requested U.S. Nuclear Regulatory Comission
(NRC) concurrence in the use of a procedure for determining and verifying
radium-226 concentrations at locations with large quantities of cobbly
material. Your letter states that at several Title I sites, DOE has

I encountered large quantities of radium-226 or thorium-230 contaminated ,

material with a high content of cobbly material (greater than a No. 4 sieve )
size). Your tests show that the contained radioactivity is concentrated in i

i the finer fraction with the coarse fraction containing negligible quantities
(less than 5 percent). Procedures presently in use by your contractors for

.

sampling and analyses are designed for relatively fine grained homogeneous j

I soils with a minimum of larger material and are not adequate to characterize
the radioactive concentrations in the heterogeneous size r.aterial being
encountered. Your proposed approach would rely on measurement of the
radium-226 or thorium-230 content in the finer fraction to obtain an averace

I concentration for the entire sample.

We agree that determining an average radium-226 or thorium-230 content over

I an entire sample would be consistent with the Environmental Protection Agency
(EPA) standards in 40 CFR 192 if the radium-226 content of the two size I
fraccion and the percentage of each size fraction are properly factored. |
Part 19212 states that the concentre: ion of radium-226 in land can beI over an area of 100 square meters to meet the standards of notaveraeed
exceeding background level by more than 5 pCi/g averaged over the first 15 cm
of soil below the surface and 15 pCi/g averaged over 15 c:n thick layers of
soil more than 15 cm below the surface.

You plan to address the details of the procedure in a section to be added to
Procedure RAC-015 which will define when the procedure wc>uld be used, the
nurter and distribution of samples to be taken, the determination of the |

radium-226 distribution and size fractions, and other appropriate details.

We agree that the proposed approach has the potential for maintaining
compliance with EPA's standards while avoiding over excavation of contaminated
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Mark Matthews -2-

material. However, for final concurrence, we will have to review the details a
of your revised Procedure RAC-015 and the ef fects of its implementation on a 5
site-specific basis. Any questions can be addressed to Allan Mullins of cry
staff at FTS-492-0578.

5interely,
.

py-1' A 4 -

John J. Sumeier, Chief
Uranium Recovery Branch
Division of Low-Level Waste Management
and Decorrnissioning, NMSS

cc: D. Metzler, DOE, Alb.

I

I

| |

|

|

'
I

i i
11
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Mr. Albert R. Chernoff, Project Manager
Uranium Mill Tailings Remedial Action

Project Office

I U.S. Department of Energy .
Albuquerque Operations Office
P.O. Sex 5400
Albuquerque, New Mexico 87115

Dear Mr. Chernoff:

We have reviewed the procedure on ' Bulk Radionuclide Determinatien, Excavation
Control, and Site Verification For Cobbly Soils" sent with your letter of
March 26, 1992, and supplemented by a revised Page 12 sent by facsimile on

I March 30, 1992. We hereby concur with its use on U.S. Department of Energy
Uranium Mill Tailings Remedial Action Project sites containing a high
percentage of cebbly subsoil. This procedure, designated RAC-0P-003, should be

I referenced in the specific Renedial Action Plans for those sites where it will
be used. '

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

J

,

Any questions should be addressed to Allan Mullins of ry staff at FTS 964-2578.

Sincerely, j
l
1

'

[ Uranium Recovery Branchhn J. Surveier, Chief

Division of Low-Level Waste Management
and Decoccissioning, NMSS

cc: D. Metzler, DOE Alb
P. Mann, DOE Alb
D. Gonzalez, TAC,

,
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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 a
FOR INFORMATION ONLY g

1.1 Purpose

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

1.2 Applicability

This procedure may be applied in areas designated for routine soil excavation
and verification (see RAC-OP-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. e

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
a #4 mesh sieve.

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

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

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

Appendix: Rev. No.:
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~
,

FOR IN;OmMTION OMY 4,

where the total dry rnass of the sample, M , is1

FOR INFORMATION ONLY
M , ,, + M . ,. .M, =

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

(
3.5 Bulk radionuclide concentration (Ra-226, Th-230, or Th-232), in pCi/g, is

designated by C., and calculated using

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

( C. ,. x M . ,. + C ,,, x M ,,, )/ ( M . ,. + M ,,. )C. =

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

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

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

3.8 Statistical Mass Partition Function (f ) - The mass partition fuc.ction (f), at the
t

lower 95 percent confidence value calculated from test pit or running average
data.

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

- 4.0 REQUIREMENTS
_

4.1 Prerequisites

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

4.1.2 Backup data (correlations, etc.) must be acquired, retained on- 3
'

site, and made available for audit, on all methods and analyses
used for excavation control and verification measurements.

{

L
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4.2 Tools, Maten l, Equipmenta

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

4.3 Precautions /Lin its

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
t

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

5.1.3 Approximr.tely 30 (preferably uniformly distributed) sampling locations
(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

t

calculating a running average of the corresponding parameters obtained
as test pit work progresses across the site.

Procedure No.: Rev. No.;
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5.2 Test Pit Soil Sampling and Analysis

5.2.1 Dig each test pit to the estimated depth of contamination at the ,

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

5.2.2 Collect one composite sample from each test pit. The composite soil
sample shall be comprised of all the material contained in a standard
shovel from each one foot increment (no material shall be discarded).

{ Sampling shall begin at the cobbly soil surface or tailings /cobbly soil
interface and continue through a minimum of 5 feet of cobbly material
or all the cobbly material (whichever is less).

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

5.2.4 Determine the percent moisture content by weight of one of the can
samples and calculate the adjusted dry weight of the fines. Calculate I
the adjusted dry weight of the cobbles assuming a moisture content of
1.5 percent. Record all pertinent information on the Cobbles to Fines
Calculation Sheet (Attachment 1). Calculate the mass partition
function (f) for the test pit using the adjusted dry weight of the fines
and cobbles in the relation defined in Definition 3.3.

5.2.5 The second can shall be analyzed by the site laboratory for Ra 226
[- (and Th-232 if necessary) and sent to the vendorlaboratory for Ra-226

and Th-230 analysis (and Th-232 if necessary). Record on site and

{ vendor analysis results on Attachment 1.

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

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

b
Ra-226 C.F. = R, + R + ..R,,2

"
[

[
I
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FOR K:0RMAT!ON 0:2
correction factor, gwhere, C.F. =

Vendor results (pCi/g) divided by 4R, =

initial OCS, results (pCi/c) for the j
n"' sample (i.e.,1, 2, ...n), and
number of ratios.n =

]
5.2.5.2 The correction factor shall be updated using the pertinent

analyses results from QA samples (section 5.10). -

5.2.6 Ship the fraction retained on the #4 sieve from eat.h test pit to the j

vendor laboratory, in the 5-gallon bucket. This material shall be
cleaned, crushed, and analyzed for Ra-226, Th-230 and, if necessary,
Th-232. Record vendor analysis results on Attachment 1.

5.2.7 Calculate the bulk radionuclide concentration (Cs) for the test pit using
the mass partition function (f) for the test pit (section 5.2.4), the
vendor radiological concentration of the fines (C < ,4 ), and the
radiological concentration of the cobbles (C>,4) in the equation defined ~

in Definition 3.5. Bulk radionuclide concentrations should be
calculated for Ra-226, Th-230, and Th-232 (if necessary). .]

5.3 Establish background bulk radionuclide concentrations for Ra-226, Th-230, and,
if necessary, Th-232, by the sampling and analyses detailed in steps 5.2.1 ]
through 5.2.6 at th_ree uncontaminated background locations containing cobbly

'
subsoil of similar geologic depositg ]

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

5.4.1 Upon completion of test pit sampling, pertinent data shall be compiled
on the Statistical Data Sheet (Attachment 2), and the statistical mass
partition function shall be calculated using the following equation:

i = T - t(sf/h)t

,
]

statistical average rmss partition function at thewhere, f =
t;

| _
lower 95 percent confidence value, ]mean mass partition functions of n samp;es,f =

sample standard deviation for the n samples,s =

t from Attachment 3, and ]t =

number of observations.n =

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

-f = f, + f + ..i2 n

n

where, fu or n the value of f for sample 1,2, or n; and=

the number of samples.n =

5.4.3 The standard deviation is calculated as follows:

I
n

| s=\"[''(f,-T)2
\

n-1 :

1
where, S sample standard deviation,

I
=

f, value of f for sample n,=

f mean of f for n samples, and=

number of samples.n =

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

equation:

I
C,y = C + f(s/#)

The statisticai cobble radionuclide concentration atwhere, C,, =

I
_

the upper 95 percent confidence value,
,

C mean radionuclide concentration of the n samples, !=

standard deviation of the 30 samples,s =

t from Attachment 3, andt =

number of samples.n =

Procedure No.: Rev. No.:
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'

5.5 Statistical Mass Ps/5Sdif funEtToWX5U'rnative 2 (Running Average)
j

5.5.1 The statistical mass partition function (f ) and the statistical cobblet

radionuclide concentration (C>,) may be obtained by calculating a
running average of the corresponding parameters using the equations
in sections 5.4.1 and 5.4.4 respectively. Compile data on the
Statistical Data Sheet and recalculate f and C>, as data is obtainedt

from each new test pit.

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

5.6.1 By solving the equation in section 3.5 for C<,4 and using the statistical q
mass partition function (f ) and the statistical cobble radionuclide J

t

concentration (C,,) an estimate of the allowable fines radionuclide
concentration may be obtained as follows: ]

'' ~ '" I''0 ' * '' Nc* =
[1/(1 + / )] 7

t

The estimated fines radionuclide concentration,where, C <,4 =

the applicable limit (i.e.,5 or 15 pCi/g for Ra-226 orC =
3

Th-232 or 35 pCi/g for Th-230),
f = statistical mass partition function, and
t

statistical cobble radionuclide concentration.C,, =

5.7 Verification Soil Sampling & Analysis )
2 25.7.1 Grid the entire site into squares of 100 yd (-100 m ). Grids shall be

uniformly distributed over the site so as to obtain representative data.
2Record location and elevation for each 100 yd grid.

:

5.7.2 Further subdivide each grid where excavation control is being
performed into approximately 10 x 10 foot squares (see below).
Subdividing grids may normally be done visually by the technician

]-performing the survey. Soil sample extraction will be performed at
each of the nine 10 x 10 foot squares within the grid. Each soil plug
should consist of all the material contained in a standard shovel. This
will include soil, rock, small/large gravel and cobble. No material is to |
be discarded. The soil plug will be taken to a depth of 15 centimeters
(cm). Sample collection shall be randorn (non-biased).

Procedure No.: Rev. No.:
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FOR INFOR:.P.T|0N ONLY

-

(30')
|

0 0 0

(30') 0 0 0

b

{ 0 0 0

[ 0 = sample location
|

l
|

5.7.3 The nine soil plugs (80-100 lbs combined weight) comprise a
composite sarrple,

'

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

5.8 Site Verification Alternative 1 (Grid Specific){
5.8.1 For verification alternative 1, weigh both fractions separately and

~

record information on Attachment 1.
-

5.8.2 Extract two (2) 500g can samples of the fine fraction for moisture

{ content and radiological analysis.

5.8.3 Determine the moisture content of the fines and calculate the adjusted
[ dry weight. Calculate the adjusted dry weight of cobbles assuming a

moisture content of 1.5 percent. Calculate and record the mass
partition function for the grid (Attachment 1).

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

Procedure No.: Rev. No.:
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5.8.5 Calculate the bulk radionuclide concentration Ce for the grid using the
grid specific mass partition function, radionuclide concentration of the
fines (the initial corrected concentration shall be used for calculating
the Ra-226 bulk radionuclide concentration) and the statistical
cobbles radionuclide concentration (C>,) in the formula in section 3.5.

|All data shall be recorded on Form F1-OP-003-4.

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

5.8.7 After a minimum of 20 days, reanalyze the sample and calculate the
final bulk radionuclide concentration (C ) for the grid.3

5.9 Site Verification Alternative 2 (Statistical- Running Average) | J
25.9.1 For each 100 m grid, a 9-plug composite soil sample of the fines soil

will be obtained following the technique outlined in Section 5.7.

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

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

5.9.4 Calculate the bulk radionuclide concentration for the grid using the ~)
radionuclide concentration of the fines (the initial corrected
concentration shall be used for calculating the Ra-226 bulk q
radionuclide concentration), the statistical mass partition function (f ) J

t

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

Cg=Cn4Dl0 + f n + C,, Vt 0 + f nl i ]t

Record the pertinent data on the Alternative 2 Bulk Concentration ],

Data Sheet (Attachment 4).

5.9.5 Dry, seat and store the. sample for 20 day on-site analysis. | ]
5.9.6 After a mir'!;num of 20 days, reanalyze the sample and calculate the |

final bulk radionuclide concentration (C ) for the grid. )3

]
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2 '5.10 The verification sample from the 25th 100 m grid of each block will be sent

to an outside Vendor laboratory for independent Ra-226, Th-230, and, if
necessary, Th-232 analyses in accordance with Quality Assurance
requirements.

6.0 RECORDS / REPORTS / NOTIFICATIONS

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

7.0 ATTACHMENTS

[ 7.1 Attachment 1 - Cobble to Fines Calculation Sheet (F1-OP-003 4)

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

7.3 Attachment 3 - Critical Values of t.

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

[

[

i

l

[

[
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_

COBBLES TO FINES CALCULATION SHEET a

'

Site: Sheet of
"

Sample / Grid I.D. _ _ .
Date:

,

]
Fines Cobbles Moisture Content Fines
W1. Sample Wt. Sample ,

& Bucket & Bucket Wet Wt. Sample / Pan ;

Wt. Bucket Wt. Bucket Dry Wt. Sample / Pan
Wt. Sample Wt Sample Tare Wt. Pan-
Adjusted Adjusted W1. Water *
Dry Wt.(M ,,) * Dry Wt.(M,,,) * * W1. Soil * *

Perceni Water (*/* *)

* Adjusted Dry W1. of the Fines = Wt. Sample x (1 'A water)

* * Adjusted Dry W1. of the Cobbles = Wt. Sample x (1 .015)

Mass Partition function (f) = M ,,,/M ,, =

Radiological '" R a #22T h '''Th

Analysis (pCUgl (pcilg) (pCilg) COMMENTS

Cobbles

( C , ,,)

*On Site Analysis
Fines N/A,,

( C , ,,)
...

| Vendor Analysis

| Fines ]
! (C,,,) J

Bulk Radionuclide #

Concentration 1,,
(C.) J

###

* Inst e!. * * Init ai Corrected; * ** 20 day (Ne A for Test P t or Runn.ng AVE.) -.-

* Us.no Vendor; 88 Us.no init at Corte:ted. ass Using 20 day (N!A for Test Pats of Running AVE.1 ;

'"Ra Correction Factor:

]
Reviewed By: Date:

F1 OP-003 4

,
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Attachment 3

'

-

CRITICAL VALUES OF t
'

n1 t.oso

"

1 6.314
2 2.920 ~

3 2.353
_

4 2.132
-

5 2.015

]6 1.943
7 1.895
8 1.860

)9 1.833

10 1.812 ]11 1.796
12 1.782
13 1.771 q
14 1.761 J
15 1.753

16 1.746
17 1.740
18 1.734 ]
19 1.729
20 1.725

21 1.721
22 1.717

)23 1.714
24 1.711
25 1.708

]
26 1.706
27 1.703 q

| 28 1.701 ,J

| 29 1.699

}inf. 1.645

]
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GENERIC PROTOCOL FOR THORIUM 230
~

CLEANUP /VERIFiOATION AT UMTRA PROJECT SITES
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E 1

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

-

The excavation of materials contaminated with thorium-230 (Th23 ) at one or more UMTRA
Project sites may require extensive, deep removal of soil materials to ensure that the radium-~

22
- 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 -

2future application of standards for Th ' at the UMTRA Sites.

1. Introduction

The cleanup of radiologically contaminated soils on UMTRA Project sites provides explicit
requirements for the remediation of soils contaminated with Radium-226 (Ra22e), which include

;

limits of 5 and 15 picocuries/ gram (pCi/g) for the initial and successive 15 centimeter (cm) i

deep layers, respectively, averaged over an area of 100 m . If other radionuclides are |
2

encountered in suf ficient quantities and concentrations to constitute a significant radiological j
hazard, the supplemental standards provisions of 40 CFR 192.21 and 40 CFR 192.22 provide

]guidance for perf orming remedial action f or these radionuclides to reduce residual radioactivity
|

to levels that are as low as reasonable achievable. f

Thorium 230 (Th23 ), which naturally decays, with a half-life of 77,000 years, to form Ra 22e

is also present in uranium mill tailings and contaminated soils. Therefore, it may be readily
22e 2shown that for soils containing initial Ra and Th concentrations, at time t =0, of

Ra'28(t = 0) and Th23 (t = 0), respectively, the Ra concentration at any later time, t, is:22e

Ra22e(t) = Ra22e(t = 0) e* + Th (t = 0) (1 - e"'),2

where A is the decay constant for Ra22e, or 4.32 x 10" yrs' .

22e and Th' in typical UMTRA site environmentsFurthermore, the geochemical behavior of Ra
have been observed to be significantly different. Under neutral or basic soil conditions, neither

22eRa nor Th230 are preferentially mobile geochemically (i.e., both radionuclides will form
chemical compounds that have similar potential for migrating into soils). However, under
acidic conditions, the chemical forms taken by these radionuclides are significantly different
in their potential for depth migration in soil, with Th23 being more mobile than Ra22o,

,

in windblown tailings areas, mill yards, and ore storage areas of UMTRA sites, it has been
observed that: 1) the surface and subsurface soils are normally at neutral pH; 2) the
radiological material does not contain abundant quantities of free acid; and 3) the Ra and228

Th23 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

22eapplication of soil cleanup procedures for Ra accoiding to EPA standards would also reduce
the Th:2 concentrations to acceptable levels by default, and the total Ra ' as a function of I22

time will not exceed 5 or 15 pCi/g, for surface and subsurface soit respectively. |
|

However, under acidic soil conditions that may prevail in the foundation soil under uranium
mill tailings, the subpile region, or in surface and subsurface soils of raffinate or evaporation
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'

.

_ ___________________ ____ ____. ..



_ _ _

E
-

1

22e 23pond, the different geochemicalinteractions of Ra and Th will cause these radionuclides
to differentially migrate. Generally, under these conditions, Ra22e is adsorbed or co- j

23precipitated on soil within a depth of one to two feet, and Th migrates deeper into the
subsoil until neutralization of the transporting pore water occurs, where it is removed from
solution by the formation of insoluble precipitates or co-precipitates (thorium or thoro-ferro

23hydroxides, 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.

28In order to be in harmony with the supplemental standards provisions to reduce Th 7
concentrations to as low as reasonably achievable (ALARA), and to come as close to rneeting i
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. m

22
< 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 Ra22e w th time due to

the radioactive decay of residual Th 3 in all areas within a site. As a consequence, residual j2

Ra ' concentrations at a later date, due to ingrowth from Th: contamination, may pose an22 2

undesirable health hazard. Therefore, the supplemental standards provision of 40 CFR 192 -

requires the development of a cleanup criterion for Th 3, which is health protective bv l2

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 Th28 ,
and is proposed to be implemented at UMTRA Project sites after concurrence from all
goveming agencies involved with activities at each site agree to its implementation.

|
2. Generic Protocol

.

As can be seen from the equation presented in the introduction, the overall 1000 year
maximum concentration of Ra22e in the soils will either be equal to the present Ra 2e inventory

~

22 22 22e
(if Th concentrations are equal to or less than Ra ' concentrations), or the total Ra

22 22einventory one thousand years in the future (if Th concentrations exceed Ra
22e concentrations are equal to or exceed Th22 concentrations, the siteconcentrations). If Ra

will already meet the Th28 supplemental standard by default when the site is remediated to
the 40 CFR 192 standards for Ra22s,

J

(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 10022 L

square meter areas, will not exceed either 5 pCi/g in the first 15 cm layer or 15 pCilg
in successive 15 cm layers,

it should be noted that the Ra concentrations are considered to be bulk concentrations, as22e

determined by the recently developed, NRC-approved protocol for excavation control and soil f
verification of cobbly subsoils. L

2.1 Protocol for Contamination at Depth

As the depths of excavations become deeper to remove elevated Th28, the thickness of
overlying fill material that is eventually used to remediate the site willincrease. As a result,
attenuation of radon 222 (Rn222) dif fusing through the overlying fill material will also increase.

mmoto cot. o.e.ne., is.ma page 2 of 5
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Therefore, as the overlying clean fill material thickness increases, the resultant attenuation of
22ethe radon generated from the associated ingrowth of Ra will allow higher residual '"

22concentrations of Th to be lef t in place, while still attaining a level of protection equivalent
22eto the intent of the Ra soil cleanup standards. To determine this concentration, the NRC

model (presented in the Draft Generic Environmental Impact Statement on Uranium Milling;
NUREG-0511; April 1979) can be used to determine the radon-222 (Rn222) flux that would
produce 0.02 Working Levels (WL) in a hypothetical structure built on a 100 square-meter

2(m ) grid. The following equation was used:--

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

C = Rn222 concentration (pCi/l)
F = Rn222 flux (pCi/m -s)2

2A = Area over which the flux enters (m )
B = Flux reduction factor for entering structure (unitiess) i

V = Volume of the structure (m ) |8

R = Effective Rn :r2 removal rate (s")
81000 = conversion factor (1/m )

In t...ms where basements are feasible (based on local construction practices and deep
groundwater table), it should be assumed that the thickness of fill materialis eight feet less

2than the depth of the excavation. Using A = 103m , B = 0.5, V = 250m', and R =
o 21.98x10" s , a flux of 3.9 pCi/m -s would produce indoor air concentrations of approximately

4.0 pCi/l Rn222 Assuming radon daughters are present at 50% equilibrium, this would
correspond to 0.02 WL.

(2) Thus, the RAECOM computer code can be used to calculate the resultant flux from
higher concentrations at depth as one factor to consider in determining if further

2excavation is warranted. As long as the calculated flux is less than 3.9 pCi/m -s, it
p can be assumed that equivalent protection is provided as long as the backfill thickness
L is maintained. Therefore, the analysis will consider the poter.tial future (at least 200

years) erosion and land use in the determination of excavation depth. The calculations
- shall use site-specific parameters when available. Reasonably conservative parameters i

that consider the expected site conditions shall be used when site-specific data are
unavailable. Selection on backfill materials with superior (low) diffusion coefficients
may be included in the ALARA considerations of tha design. When evaluating this
option for the Th-230 supplemental standard, considerations of the construction
hazards to remedial action workers and the feasibility of the anticipated construction
requirements should be taken into account.

2.2 Protocol for Contamination in the Saturated Zone

Another scenario potentially impacting excavations to remove elevated Th23 concentrations
is when groundwater is encountered at shallow depths. Since the Th' contamination has
been present within the saturated zone long enough for soluble constituents to have been

{ mobilized,it is reasonable to assume that any remaining Th that may be encountered witain28

a saturated zone will not be appreciably mobilized by pH neutral groundwater. Furthermore,
it is known that the diffusion coefficient decreases dramatically as soils approach full

teoTo. cot o.c.-e , is. ions page 3 of 5
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saturation untilit reaches values typical of water (Radon Attenuation Handbook for Uranium
Mill Tailings Cover Design; NUREG/CR-3533; April 1984). It is therefore reasonable to

-

assume that Rn222 generated within a saturated zone generally will not diffuse to the surface.
Finally, it is very difficult to perform deep, cost effective excavations within a saturated zone.

]
(3) Therefore, whenever shallow groundwater is encountered, the following options will

be considered:

(a) Excavation into the saturated zone will be considered whoo water pumping
or other controls are reasonable and when high concentrations of Th22 extend
only a short distance into the saturated zone.

(b) An ALARA analysis will be performed in cases where a major portion of the
site contains Th-230 which extends into the saturated zone, and excavation
into the zone is impractical. The ALARA analysis will use reasonably
conservative assumptions to project future doses. 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

Under typical site conditions, verification of the Th2' supplemental standard is to be achieved ]
by a three-tiered sampling approach.

(4) in areas within an UMTRA processing site that are suspected of preferentially ]
mobilizing thorium contamination over radium contamination (e.g., under raffinate pits),
based upon process knowledge or other sources such as previous sampling data,
100% of the grids are to be sampled and analyzed for Th:3o, ]

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

](6) in areas where process knowledge and characterization data indicates no potential for
preferential mobilization (e.g., windblown tailings), grids will not be sampled for Th 82

An analysis of verification data from the Tuba City, Arizona, UMTRA site, which has
completed remediation and used this strategy, found no instances in the area sampled at the
rate of 1 out of 25 grids where Th28 concentrations would cause future (i.e., at t= 1000

| years) expected Ra concentrations to exceed 40 CFR 192 standards for Ra22e. Furthermore,22e

preliminary results confirm the expectation that Th:3oconcentrations are generally equal to or
less than Ra22e concentrations in areas other than beneath the raffinate pits, and Ra -

228

concentrations are well correlated to Th ' concentrations in these areas.2

If any verification samples exceed the Th28 criteria of this protocol, the surrounding eight
grids will be examined to determine whether or not these grids also 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,22

THPROTO. COL,. Decente, 13,1993 page 4 of 5
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[
tha surrounding eight grids around such grids will also be examined. This process will

8continue until no more of the surrounding grids exceed the Th ' criteria. All grids that exceed
the criteria will undergo further remediation unless there is sufficient justification and
concurring parties agreement to do otherwise.

4. Conclusion

{
Based upon the above discussions, the following generic protocol shall be used for the
excavation of Th280 at all future UMTRA Project sites:

"
(1) Excavate bulk Th28 22eto a 1000-year corrected bulk Ha concentration of 5 or 15 pCi/g

(as appropriate) in 15-cm layers;

(2) For deeply buried material, stop excavations when the RAECOM computer code, using
222site-spet ific parameters, calculates a Rn flux of 3.9 pCi/m'-s and expected long term

conditions are appropriate or when construction safety or feasibility become a concern;

(3) Consider tne following options whenever shallow groundwater is encountered:

(a) Excavate into the saturated zone when water pumping or other controls are
2reasonable, especially when high concentrations of Th 3 extend only a short

distance into the saturated zone.

(b) An ALARA analysis will be performed in cases where a major portion of the
site contains Th-230 which extends into the saturated zone, and excavation
into the zone is impractical. The ALARA analysis will use reasonably
conservative assumptions to project future doses. Halt excavations at the level
of the water table when water pumping or other controls are not reasonable (a
nominal extra foot of excavation may be considered so long as it does not
require pumping / dewatering).

1

(4) Perform verification sampling for bulk Th23 in all grids underneath raffinate pits or {

|{
other areas suspected of having a mechanism to preferentially mobilize Th over28

Ra22e;

(5) Perform verification sampling for bulk Th28 in 10% of the grids underneath sub-pile
areas; and

(6) Do not perform verification sampling for bulk Th'8 in grids for which process
knowledge and characterization data indicates no potential for preferential migration.

(7) ?/ hen practical, delay backfilling until verification results are obtained.

rwnoto cot. o.e+ ts.issa page 5 of 5
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TP M CF-11. Sample of highly carbonaceous gravels and cobbles.
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TP M-CF-15. Excavation at North end of old acid pond.
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TP M-CF-27. About 4 feet of fill and wood trash overlying tailings.
Bottom of the test pit is in gravels and cobbles.
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TP M-CF-28. Entire test pit in gravel, cobbles, and boulders. Black
organic coating at 3 feet.
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TP M-CF-29. Gravels, cobbles, and boulders overlying a clay layer. !
| Water encountered near the interface. ;
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TEST PIT LOG
(
| Pmutc t s:Tr tocation aos no. itsi Par no.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-01

creinACTOR ERcAVATIon METHOD CoOPolNaTEs BEGUN c0MPLETED GQ0Ut*D ELEv. GROUND wa7ER DEPTH UT) toGGE D t t

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

oters saMrtE Gnapsic MatEntat otsCRIPl!ON Re-226 Th-232 Th-230 R[MApts

#
ev) no. tog ano classirication Pts /sr pcs/gr Pce/,- $ PHOTOGRAPH

SILTY CLAY, (CL), low to medium plasticity, 24.0 2.2
- y[ }dp,h

'

; 55-2242
y brown, dry to moist, vertical roots. I
fx1] :

. | 5.5 1.6 :f$$-2243

!h - : !: 3
2 - 55-2244 h[ 4.3 1.8 1011 FINES: Ra-226 (1,000 year) = 6.3 pCi/gr. --

-- g ,- g: -

3 [
'

Some calcite casts and stringers at 2 t 2.5 1.1:
SS 5

: ;p' :.; 4 feet. ;
- :f: .
- 55-2246 b 5.9 1.4 PVC pipe at 4 feet connecting two adjacent sumps.

:: # - -
- m3 - 55-2241 ''-n

. :
-

-- 1.9 1.8 3.81.0.8 FINES: Ra-226 (1,000 year) = 2.6 pCi/gr.

b -

1.4 1.8 -Plan Exc. Depth at 6.0* ]-- 55-2248 f ;fj
h -{/

;

y -
55-2249 f3

'

1.7 1.7
,b;

8 [
[:

CLAY-SILI, (CL-ML), low plasticity, dark 1.5 2.0 Heavy odor.
~

55-2250 -

'

' ' . gray brown, moist, becoming more clayey :<

'? with depth. _-9 - :L
: 5S-2251 1.3 1.3 -

-

./.
.

-

10 ~ M ,''
3I -

'

: 55-2252 g , , . { 2.0 1.5 --

11 -- 55-2253
, ....- g 1,6 1.5 -

: | J$h :
- 55-2254 : 0.9 1.6 9.5 ]
: ML: ORGANIC CLAY, (OL), dark gray to black, -

13 - $5-2255 1.8 1.9 4.5+0.9 FINES: Ra-226 (1,000 year) = 2.1 pCi/gr.s.ey: m ist to saturated.

- 3J6: Strong odor.
14 - 3J6:

-

0 1.6 9.6 ]2 "M GRAVELS, (GW), with cobbles to 12", well
-

SS-2257 * - = = - graded, approx. 30-35% fines, cobbles are 0.9 1.7 :
_

OMORRISONKNUDSENCORPORATION
SHEET TEsi P!I No.

1
M-CF-01r

ENVIRONMENTAL SERVICES DIVISION
2

_ __ - _
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TEST PIT LOG

FeOJECT SITE LOCATION JOS NO. 3 c5T ply NO.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-10 | M-CF-01
CohtpACTOR EXCAVATION METHOD |COODDINATES BE GUN CCs4PL E T E D GEOUND E L EY. GRotWD WA T E R DE P TH (Ff) LOGGCD BT:

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

DEPIH SAHrtE GAAFHIC MATERIAL DEsLRIPTION Rs.226 Th-232 Th-230 REMAGk$

(FT) NO. LOG AND CLAS$1FICATION pct /gr pct /** pct /gr g PHCTOGRAPH

coated with a black organte stain. 1.0 1.4 0.9+0.4
' -

FINES: Ra-226 (1.000 year) = 0.1 pCi/gr. -- SS-2258 - *
.

b $5-2259 0.9 1.6 Strong organic odor. Film of organic matter }*

16 *. on top of ground water. __._

; SS-2260 .-""- 1.3 1.4 9.0 y -;
I : 55-2261 .~. 0.9 1.2

~

17 _ ;
- -e=-

BOTTOM OF TEST Pli AT 17.S*
_

| COBBLES (Composite): Sample Depth 15' to 17'
| Ra-226 Tb-232 Th-230 Ra-226(1,000 yr)

1.110.6 1.1+0.4
FINES (Composite): Sample Dep n 15' to 17'
Ra-226 Th-232 Th-230 Ra-226fl.000 yr)

4.6+1.1 3.1+0.7
i +#4 sieve = 83.1%
'

-#4 sieve = 16.9%

@MORRISONKNUDSENCORPORATION
SHEET IEST Pil NO.

2
M-CF-01ENVIRONMENTAL. SERVICES DIVISION

_ _ _ _ - . ._ . .
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TEST PIT LOG

PROJECT SITE toCATION JOS No. TEST DIT No.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-02
CoNTRACTOe E EC AVAT1CM *(TWA. ICoORoINATEs BEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOGGED 8v

GREEN BACKHOE |N25130E47190 12/2/93 12/2/93- 5274.6 15.0 J.CERCONE/G.LINDSEY,
__

- DE P T H 5 AMPLE GRA9 HIC MATERIAL DESCRIPTION Re-226 in.232 Th-230 RCHARKs

(FT) NO. log ANo CLA5s!FICATION pC1/gr pCi/gr pct /gr PHOTOGRAPH

:) '~' SILTY CLAY, (CL), low plasticity, med. 2.2 1.3 Upper 6" frozen ground. -55-2492 ;:

1 p :
,

brown, slightly moist to dry, some roots. Soil profile appears :
_ / I to represent several periods of deposition -

:

55-2493 : 1.1 1.6 (Paleo Soils). 7'
7 g 2

g _ W .| 'V
- 55-2494 .j 1.9 2. E. 1.019.4 FINES: Ra-226 (1,000 year) = 1.6 pCi/gr.

,x: ..
-

_

k 3.0 2.2- S5-2495
f, ; :

-

/,:

h N4 ~ 7
- S5-2496 c r :

' 1.0 1,8
_

- : : . :
-

E ; ,

2 55-2497 1.1 1.8 Plan Exc. Depth at 5'
;

5
:

$
, $: -

.. /.

- 55-2498 SILT, (ML), low plasticity, reddish brown, 1.3 1.5 7
_

moist, loose.
-

! 55-2499 2.3 1.6 9.2
_

~

_

|
- 55-2500 ^'''' ''} SILIY CLAY, (CL), low plasticity, gray to 1.5 1.6 Strong aromatic odor. 7
: ; black, moist, abundant organic material :

9 -
'

,

j (carbonaceous). _-
55-2501 1.4 1.2 -

7
: : : :

|
- 55-2502 j 0.6 1.3 ]
_

'

: _
.

'

- 55-2503 1.3 1.1

bb 55-2504 ; 1.7 1.3:

; 55-2505 PEAT, organic material layer. 1.4 1.3 9.3 ]
" GRAVELS, (GM), 2.5" max., poorly grac.c~ g 2.0 1.5

-

55-2506 - *

- 55-2507 " g- silty matrix. 1.2 1.4 -
* >

- e-> -

: 55-2508 p. 1.8 1.5 :
5HEET TEs1 PIT NO.

9' MORRISON KNUDSEN CORPORATION
I

j M-CF-02
ENVIRON *iENTAL SERVICES DIVISION

u _____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .. . . . .. . .. . . . . . . . . . . . . . . . . _ . . . . . . . _ . . . . . _ . . . ~
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TEST PIT LOG
peoJECT SITE LOCATION M W. TEs1 PIT NO.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-02
CONTRACTOR ERCAVATION METHOD COOODINATEs EEbtH COMPLETED GRouteO ELEw GROUND WATER DEPTM (FT) LOGGE D 9 7 :

GREEN BACKHOE N25130 E47190 12/2/93 12/2/93 5274.6 15.0 J.CERCONE/G.LINDSEY

DE P T *f sAMFLE GRAPHIC MATENIAL DESCRIPTION Co-226 Th-2 32 Th-2 30 REMARRs

(rT) wo. log AND CLASSIFICATION pct /gr pct /gr pCf/gr PHOTOGRAPH

- 55-2509 ~- *
1.1 1.3 -~- ==- e Film of organic matter on water surface -

55-2510 1.8 1.6_- (gas bubbling up to surface). ]
- 55-2511 g GRAVELS, (6P), with cobbles to 12", poorly 1.1 1.5

'

-

* - = = - graded in a sandy matrix (20-50%) cobbles

16 -
55-2512 * 1.4 1.3w. average 6" (30-3 W . Z

.%--- 55-2513 1.0 1.8
. _-

55-2514 * -see- 1.4 1.9 :
I

- 55-2515 *g 1.1 1.4 9.2 7
*

55-2516 -am- 1.6 1.5
' =Svet F** ~

1 a. 1.3
55-2518 BOTTOM OF TEST Pli AT 18.0' 1.7 1.3

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

0.7+0.5 0.9+0.4
FINES (Composite): Sample Depth 13* to 16'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

1.7+0.7 2.340.6
+#4 sieve = 68.3%
-#4 sieve = 31.77.

@MORRISONKNUDSENCORPORATION
SHEET TEST PIf No.

2
ENVIRONMENTAL SERVICES DIVISION M-CF-02
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TEST PIT LOG

PROJECT stTE LOCATION JOQ NO. TEsf PIT NO.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-03
CoNtaActoe tacAvAtlON METHOD COORDINA?Es DE Gi>N COMPLETED GROUND ELEY. GROLMO WAff R DEPTH (FT) LOGGED ST:

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

hDCPTH SAMPLE GRAPHIC MATERI AL cisCRIPTICM Re.226 th-232 Th.230 REMAnas

(FT) NO. LCG AND CLA5sIFICAYlON pct /gr pct /gr pCf/gr PHOTOGRAPH

: POND SEDIMENT, silt in a CACO 3 matrix, buff :
- colored with a surface covering of 2"-3" -

1 M, of yellowish slimy sand. -

~

: W -

; yn :
, - 55-2519 p. 3: SILTY CtAY, (CL), low plasticity, light 1.4 1.5 5.7

_

-

YD brown, dry, roots (trace). I
'f :

~-
'

3 - $5-2520 1 2.0 1.5 4.1 0.8 F]NES: Ra-226 (1,000 year) = 2.7 pCi/gr. -1
I L : -

'
.

_ ..

- SS-2521 : : .' 2.0 1.7 8.8
~'

-

: cx --

L5 Sandy silt. Itght brown, dry. 9.8 1.6 . Plan Exc. Depth at 5' to 6'
~~~

S5-2522

V, _
'

- SS-2523 .

'l 1.5 1.3 7
-

._'
.; -

[ . -

I - 55-2524 L ] Silty-clay, low plasticity, med. brown, 1.1 1.5
: -

, slightly moist. :

55-2525 1.4 1.4 8.8,

-
.

; -

'
55-2526 ' 1.3 1.3 8.8

: .. h .: I

h j ''
M . (CL), med. to low plasticity, brown,

f 1.3 1.5 ]- S5-2527

p -;

11 - SS-2528 ': .] m ist, 4" to 6" thick layers. 1.2 1.4 7
| :

'

! ;
_

'
5S-2529 ' 1.4 1.4,-

: . | : : :
13 - 55-2530 fj Interlayered seams of sand and silt. 0.9 1.4 ].

. ,

I ''$, :

- 55-2531 !
. 1.2 1.3 ]-

(: :

9MORRISONKNUDSENCORPORATION
SHEET T(si Pli NO.

jj M-CF-03ENVIRONMENTAL SERVICES DIVISION
2

- _ - - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _



TEST PIT LOG
-

PROJECT s!!E LOC AT ICH JOB NO. 1Esi PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADb 3885-70 M-CF-03

CONTDACTOR EMCAWATION METHOo CoORo! NATES EEGUN CCNPLETED GROU*d) ELEv. GCOUNo WATER oE PTH (FT) ' LOGGED BY :

GREEN BACKH0E N25170 E47450 12/2/93 12/2/93 5278.4 21.0 J.CERCONE/G.LINDSEY
otPts s *PLE GRAPHIC MATERIAL DESCRIPTION Re-226 Th-232 Th-230 DEMARas

(FT) No. LOG AND CLAssIFICAT]ON pCi/gr pct /gr pct /gr ,Cg PHOTOGDAPH

-- 55-2532 f ;; p, 1.1 1.6
_-- @ 3,7
-

- 55-2533 '
l.6 1.4 9.0

_. 3 : ..

I
-

55-2534 1.0 1.7
: & W %; :' TDf GRAVELS, (GP), with cobbles and boulders, 1.7 1.3 Strong aromatic (organic) odor. 7

7 55-2535 f

:

19 -
55-2536 7 c ated with black carbonaceous material' O.9 0.6*M ~

- 5S-2537 4-wfo- 0.9 1.2
--

_

55-2538 bYM 1.6 2.1 :
- 55-2539 N#A 0.9 1.0 8.2 7
b 55-2540 '

O.9 1.2

: Film of organic matter on water surface
M-

, . , (Gas bubbles coming up through the water). -

22 - *
-- :: e.g

-

BOTTOM OF TEST Pli Al 22.5'
~

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

1.710.7 0.5 0.3t
FINES (Composite): Sample Depth 18* to 21'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

1.9+0.7 5. 7 + 1. 0
+#4 sieve = 10.4%
-#4 sieve = 29.6%

9ENVIRONMENTALSERVICESDIVISION
$HEET TE$T PIT NO.

MORRISON KNUDSEN CORPORATION 2
M-CF-03,

y g
__ _ _ _ _ .a Fm
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TEST PIT LOG

PROJE C T s!TE LOCATION JOQ NO. TEsf Pti NO.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-04
CONTGACTCR E itC AV AT ICH ME THoo CoOGDINATEs BE f, SUN COMPL E T E D GROL.HD EtEW. GROUND WATER DEPTH (FI) LOGGED SV :

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

f

_

DE P TH SAMPLE GRAPHIC MATERIAL DESCRIPTION Re-226 in-232 Th-230 REMARKS

(FT) NO. LOG AND CLA$sIFICATION pct /gr pct /gr pct /gr PHOTOGRAPH

- ' ' TAILIItGS, (ML-SP), silty sand, gray to -

|
~

l i i reddish brown, moist, yellowish-brown Z
) g_- t i ; seam (1.0 ft thick). J,

Z l I i 2

1 5.45 pH Depth: 1*-4*
f

-

1 i 1 -

! 3f i i i Color changed to gray with brown spots
| _

i I i
-

_
-

-

' ' ' -

4 --
- 1 I i

5 - ' ' '
- S5-2267 p ''l%. CLAY, (CL), low plasticity, (TOPS 0lt), 85.0 3.7 Vegetation visible at interface. -

- H M brown, moist to wet. -

~ h ~

6 - S5-2268 0 92.0 4.0 32 2.0 FINES: Ra-226 (1,000 year) = 71.0 pct /gr. ]1
~~ 4 : -

L - ' ~

'p..

h i 1.2 ]- 55-2269
- 7 : ;

8 - 3 .,, .

55-2270 h ; Saturated (Perched water?). 4; ]
! :

. I

]
Gypsum stringers. 1.6 1.4- S5-2271 [: -;

- 47 .: : -

55-2272 ' 13.0 1.9 7.6+1.1 FINES: Ra-226 (1,000 year) = 11.1 pCi/gr.
55-2273 h[

_

11
-

Ep.
[: 12.0 1.8 :
o -

~. -

" *
: SILTY CRAVIL, (GM), aromatic organic odor, 8.1 :

12 - * -*"* some organic coating. -

2 * ~

* n
: "_gg=- GRAVEL S, (GW-GP), with cobbles and boulders b

16"
- SS-2274 -em- 2.7 1.6 -Plan Excav. Depth 13' ]

14 ~
55-2275 *"*=- 2.1 1.5 -

~

* - * " "
- 55-2276 .*. * 10.0 1.8

-

;
55-2277 *=n7 * 14.0 1.8 :

OMORRISONKNUDSENCORPORATION
SHEET TEs1 P!I NO.

1
M-CF-04ENVIRONMENTAL SERVICES DIVISION

_ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ - _ _ -



TEST PIT LOG

|,wact snt tocaric. xe no. resi rii o.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-04
coNisacron Encavatten M THoo coonoINAits et t.uN coMptETED GROUND ELEY. Grot >ND WATER DtpTH (Fr) (OGGtD BY:

GREEN BACKH0E N24890 E46900 11/30/93 11/30/93 5274.5 16.5 J.CERCONE/G.LINDSEY

otein sanott Gasperc matterat otscniprion n.-226 T h 2 32 Th-23o acManas

(Fr) mo. tog AND CLA5s!F! CATION pC1/gr pci/gr pct /gr C PHOTOGR.PHg

- 55-2278 - * 2.7 1.6 -.

Z 55-2279 - * _

. 3.2 1.2 :
; SS-2280 * 11.0 1.3

~

]*: 55-2281 * 10.0 1.4 :
" 7 SS-2282 e==~. * 28.0 2.4 7- _ -

55-2283 * -am- * 51.0 2.5 --

_
-- 55-2284 **

. * 15.0 1.7 7.8 ]-

_-**=- * Possible cross contamination. -

,c
~ w_

''
~

BOTTOM OF TEST Pli AT 19.0*

@MORRISONKNUDSENCORPORATION
$HEEI Its! PIT NO.

2
ENVIRONMENTAL SERVICES DIVISION O' M-CF-04

2IM N N 6 6 M ~t-=5 m __ w - or,
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TEST PIT LOG

PROJECT 51YE LOCATION JOQ NO. TEST PIT NO.

UM1RA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-04A
CCuTRACTOR ENCAVATION METHOD COOADINATES 9EGUN CCNPLE T E D GROUND ELEV. GROU*C WATEG DEPTH (FT) LOGGE D S T :

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

DEPTH sat 4PL E GGAPHIC MATERIAL DESCRIPTION Ra-225 Th-23.? Th-230 REMARW$

(FT) NO. LOG AND CLASSIFICATION pC1/gf pCf/gr pC1/gr PHOTOGRAPH

-

_ _

Z
_ -

I ~'- 7

: I
_ -

2 T T

: :
_. _

3 7 m

E b
4 --- --

Z

5_-
_

Not Legged See Test Pit H-CF-04. 7
: This test pit was dug to collect :

6- - uncontaminated samples between 11* and ,-
; 17' -

- _

I -
-

T T
- _

- _

- .

8 --- -

-

-

- _

9 --
- _

- _

10 C _~
: :
-

$5-2463 --."" SILif GAvit, (GM), aromatic organic odor, 8.5 1.6 ]*

~ ** '9 8"' C C 8" "9 -55-2464 11.0 2.0 9.311.2 FINES: Ra-226 (1,000 year) = 10.4 pCi/gr.* **'"12
; S5-2465 _e 17.0 2.0 8.1

-

-

55-2466 ' Q* GRAVELS, (bW-GP), with cobbles and boulders 17.0 1.5
6"

.=e. 9.2 1.9 -Plan Excav. Depth 13*. ]- 55-2467 =
-

: 55-2468 .-==- 11.0 1.4
*"""*14 - 55-2469 3.2 1.5

-

. -

55-2470 *[=. 4.2 1.5 :

{9ENVIRONMENTALSERVICESDIVISION
SHEET IEST PIT h0.

MORRISON KNUDSEN CORPORATION I
M-CF-04A

- _ _ _ _ _ ___-_ _ _. _ - _ _ - _ _ - _ _ _ _ _ _ _ _ _ - _ -
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TEST PIT LOG

PROJECT S!!E LOC AT ION JOB NO. TEST PIT NO.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-04A
CONTRACTCa EACAVATION METHCO COORDINATES BE L.UN (CMPt E TE D GROUND ELEW. GROUND WATER DEPTH (FT) LOGGED BY:

GREEN BACKH0E N24890 E46900 11/30/93 11/30/93 S274.5 16.5 J.CERCONE/G.LINDSEY

hDEPTH 5 AMPLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th-232 T h -2 30 REMARKS

(FT) NO. LOG AND CLAS$1FICAf!ON pct /gr pC1/gr pC1/gr PHOTOGRAPH

- 55-24/1 ~ 1.9 1.5 -
,

b SS-2472 2.4 1.6 h
*

E* - = = -16 - 55-2473 .-==- 2.4 1.1
--

;

55-2474 .~. 2.1 1.2 :
17 _ _-==- ---

: * I.
~ -I18 - .

-:
_ ~ - = = - :
_ _ _ - = = - _

''
'~

BOTICM OF TEST PIT AT 19.0'

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

0.610.5 0.7 0.31
F]NES (Composite): Sample depth 11' to 16'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

7.4*1.4 6.6.l.0t_

+#4 sieve = 76.1%
-#4 sieve = 23.9%

@MORRISONKNUDSENCORPORATION
5HEET TEST PIT NO.

2
M-CF-04AENVIRO?< MENTAL SERVICES DIVISION OF

2E- MN __ J t_a' t __ m_ _ __,
__
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TEST PIT LOG

PROJECT SITE LOCATION JOS NO. TEsf PIT No.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-05
CONTRACTOR EXCAVATIOPt METHOD CoORDINAffs BEGUN COMPLETED GROT *D ELEv. GR'NND WATER DEPTH (FT) LOGGED Bf:

GREEN BACKHOE N24890 E47140 11/30/93 11/30/93 5273.7 18.0 J.CERCONE/G. LINDSEY

DEPTH SAMPLE GRAPHIC MATERIAL DESCA1PTION Re-226 Th-232 Th-210 REMAna s

(FT) No. log AMo class 1FICATION pC1/gr pct /gr pC1/gr (E PHOTOG"''"O

'' i; TAILINGS, (SM), stity sand, gray, moist to 3
: I I I saturated, with interbedded 6" to 8" 2I 7 | 1 thick layers of sitrnes.

_

2 5.0 pH Depth: 1*-6'

3i l i i 7
- 2

4j I I I J

{ l I i 3

5i i i l i
_$ 5.5'-6.0* Slime layer lavender color, jI ' '

I ! I saturated. :;

I -

82 I I I

- I I I

'7 :'' ' - ' ': CLAY, (CL), low plasticity, brown, moist, Vegetation visible at interface. 7
;

| dry veget tion and roots. 2210 ': ;
. 4.9 :

: : :
II

: 55-2295 N._ j 3.0 1.8 7
|[||| SANDY SILI, (ML), dark brown, with some j

12
} \ roots. [ 1.3 1.8 1. 2t,0. 5 7.4 FINES: Ra-226 (1,000 year) = 1.3 pCi/gr. I55-2296 ^

: CLAT, (CL), black, moist to saturated, U13
55-2297 !' / carbonaceous. .. l . 8 1.6 -Plan Exc. Depth at 13'

: ..

I 55-2298 f . J 1.1 1.9 7__ :

I
55-2300 I Silty clay, light brown, thinly bedded. 1.1 1.6

: .
.

; :-

. hh GRAVELS, (GP), with cobbles to 6' l.6 1.2 72 COBBLES (Composite): Sample Depth 16* to 21' 7$5-2301
5.5 1.3 Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) J17 755-2304 *Ns 5.7 1.3 1.4+0.6 0.3+0.2 :

55-2305 - M 1.1 1.1 Y FINES (Composite): Sample Depth 16' to 21' jgg
g 55-2306 f.esfs- 1.3 1.1 Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) :

=

39 - 55-2301
F, % ,g 3.6 1.4 **4 sieve = 77.6% :

./ 4.1 1.2 2.510.8 2.3+0.6 :
55-2308

; $5-2309 M,W 3.1 1.1 -#4 sieve = 22.4% 2,,
"

BOTTOM OF TEST Pli AT 20.0*

. @MORRISONKNUDSENCORPORATION
SHEET TEST PIT NO.

1
OF M-CF-05ENVIRONMENTAL SERVICES DIVISION

i 1
.

,

_ - _ _ _ _ _ _ _ ___ -
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TEST PIT LOG
PROJECT SITE LOCATION ' JOB NO. TEST PIT NO.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-06
CONTRACTOn EXCAVATION METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. GROUNO WATER DEPTH (FT) LOGGED 81:

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

hDEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Re-226 f n -2 32 Th-230 REMARKS

(F T) NO. LOG AND class!FICAf!ON pct /gr pC1/gr pC1/gr PHOTOGRAPH

' ' !: TAILINGS, (SM), silty sand, gray, moist, II I I
: loose, several seams and pockets of green ;

I --- 1 I I slimes. -

{- 1 I i

*

1 i i
_

3; i j ; -

-

_

t I ! :
_

| 5.0 pH Depth: 1*-8'
1 -

_

i

[i i i

6; i j i --

_

Z l i I [

| 7 I '
Becoming pale yellow.

|
- 1 i 1 -

e+ |l| d
h | | 1 2

~

9- i | -

:
I I!: Teilings were caving into the pit :
I I I10 7 during the excavation. --

- 1 I I Consequently, no cobbles to fines -

2 i | | samples were taken.
I1 ---

_

j --

l' I i Z

I I I 5.0 pH Depth: 8'-15'
_ l I i

13 - - l'.I l Original ground surface.f
}

-
- SANDY CIAY, (CL), brown, moist.

,

-

f55-2310 : 2.3 1.4 1.610.5 FlhES: Ra-226 (1,000 year) = 2.1 pCi/gr.
-

R U: :

{9MORRISONKNUDSENCORPORATION - M-CF-06

SHEET TEST PIT NO.

1

ENVIRONMENTAL SERVICES DIVISION

[ g m m m_ C
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TEST PIT LOG

pacy stTE LOCATION JOQ NO. Tfsf FIT NO.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-06
(C:4TGACTOA ENCAVAYlON METHOD CDORDINATEs E*E BON C M LETED 6200ND ELEv. GQf AtND W A T E R DE P TH (FT) LOGCED S T :

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

bhDE P T H sasett soAPHtc MAfteIAt otsCairTron n.-226 Th.232 Th-23o REMAR6s
pH H g

(FT) NO. LOG AND CLAsstFICATION pct /gr pct /gr pct /ar a PHOTOGRAPH

- g|.. ' ':
'

- J, 3
.0.

_

, ; __.

h ,: ff:16 - -Plan Exc. Depth 16' j-
Z " - * * - GRAVELS, (GP), with cobbles to 6', sand _.

* -- matrix of 30%-40% fines, average size Zg;
- e. cobble is 1" 4'' max. cobble size is 8" --

-

Z * -ese- Z
18 ; ~. ---

_ --m- _

Y -.

~
Z -em

-

19 - *e ' dater rose to this level -

*
Z me. . after pit was excavated. Z

****: (Free water was not encountered :.
20 - during excavation to 25'). -

-
e.

-

- -

.ans. .
I '**** eme-_-

I 7 "h 6.5 pH Depth: 20*-25' 7

_

2.' -- *y ;
"*: :

" ~

23 - -e==. -

Z *g Z
_ - . .. ..

. _

**- 55-2313 * 85.0 3.0 6.5 ]

BOTTOM OF TEST PIT AT 25.0'

COBBLES (Composite): Sample Depth 18' to 22'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
3.3+0.9 1.6+0.5

SHEET TEsf PIT NO.

MORRISON KNUDSEN CORPORATION 2
ENVIRONMENTAL SERVICES DIVISION M-CF-06

_ _ _ _ _ _ _ _ _ _ _ . - _ _ _ _ _ ___
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TEST PIT LOG
|

_

pgGJE C T SITE LOC ATION JOS NO. Test PIT NO.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-07
CONTEACTOR ERCAVATION METHOD COORDINATES EEGUN CCPPLETED GDoUND ELEV. GnouND WATER DE PTH (FT) LOGGED 8V:

GREEN BACKHOE N24850 E47500 12/2/93 12/2/93 5277.9 Not Encountered G.LINDSEY

DEPfM SAMPLE GAAPHIC MATERIAL DESCRIPTION Re-226 Th-232 Th.230 REMARKS

(FT) No. Lor, AND CLAssIFICAf!ON pC1/gr pC6/gr pct /gr C PHOTOGRAPHg

' ' ' TAltlNGS, (SM); silty sand, fine, gray. #
hI - t I i

-

_
i ; i Reddish brown color from 1*-5' -:

2 --- 1 I i
:

E I I i _5
: I i

_
i

-

4 --- I I I =

]I I I

5 7 I .I ! Turning to purple color.
_

-

-

I6- -
. . .

Clayey slimes.
-

, j - 7
-

7-- 1 I ! _

7: i i 1 :0 7 I .1 1
. . 1-

l' I ! -

94 i: l' 1 I
Z

10
_

7 I .I ! Very wet, possibly perched water. Perched water in tailings and {I i 1 equipment vibration cause severe11 _-7 j i caving and possible cross contamination. ;
-

.

I12 Z I I !
ZZ l i I Z

13 j i j ,'

: ii -

55-2541 y ) ; CLAY, (CL), silty, dark gray, carbonaceous. 1.5 1.6 4.9 -Plan Exc. Depth at 14'

$5-2542 . 3.0 1.4 1.8+0.5 4.9 FINES: Ra-226 (1,000 year) = 2.6 pCi/gr.
I S5-2543 'M 2.0 1.2

-

16
2 SS-2544 "g GRAVELS, (GP), with cobbles to 12" 5.9 1.3 4.2+0.8 FINES: Ra-226 (1,000 year) = 5.3 pCi/gr. I
2 *

17 15-ZML g 8.2 1.3 * Possible Cross Contamination. ]
:_51-lML * 17.0 1.5 COBBi.ES (Composite): Sample Depth 17'-21'Z 55-2547 Q * 20.0 1.5 Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) J18
Z -'"- 2.0+0.7 1.7+0.5 :

19 2 *
FINES (Composite): Sampi~e Depth 17*-21' l-um-

E *g Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) E
20 z ' " ' " - = = - 220+10 120+4 _-~2

_ ~. +#4 sieve = 73.1%. Z
at - "8"* _

-#( sipvp = 7 A QT -''

B01 TOM OF TEST Pli AT 21.0*

SHEET TEsi PIT NO.

MORRISON KNUDSEN CORPORATION 1

ENVIRONMENTAL SERVICES DIVISION M-CF-07
| -M-M-MMWMTM M M mM M D
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TEST PIT LOG

PROJECT SITE LOCATION JOQ NO. T[sT PIT Mo.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-11
CONT R AC TOR EXCAVATION METHOD CooROINsTEs BEtUN COMPLETED GROVND ELEV. GROUND WATER ETPTH (FT) LOGGED BY:

GREEN BACKH0E N24700 E47670 12/2/93 12/2/93 5268.0 10.0 G.LINDSEY

hDEPTH SAMPLE GRAPHIC MATERI AL CESCRIPTION Re-226 Th.232 Th-230 REMARKS

(FT) NO. LOG AND CLAssIFICATICM pct /gr pC1/gr pC1/gr PHOTOGRAPH

' ' '
: TAILINGS, (ML), silt, Itght gray with red :

I
: .!! brown oxidized yellow slimes. :

1 --- 1 I I -

- i i i :
I i i i
- R''~ i~ : CL AY, (CL), silty, dark brown, moist . -

2 >':L

55-2437 0.9 1.3 1.210.5 6.6 FINES: Ra-226 (1,000 year) = 1.0 pCi/gr.
: !: :

j:
_ : :

_

- 55-2438 - : 16.0 2.2 8.5 -

{ | | . Silty clay, carbonaceous. [
~

5
|

- 5S-2439 !h '
1 :
: 6.5 1.5 8.2 -Plan Exc. Depth at S'. -

I : &
_ ?):: _

- 55-2440 *. GRAVELS, (GP), with ccbbles to 12", black, 2.4 1.7 7.7 1.1 FINES: Ra-226 (1,000 year) = 4.3 pCl/gr. ]1
- = = - carbonaceous.: 55-2441 - 2.5 1.2 -~

- 55-2442 -*""- 3.2 1.3 2212 FINES: Ra-226 (1,000 year) = 9.8 pCi/gr. -

2 55-2443 .*. 3.6 1.0 ~

0 ~
_

~. 2.0 1.1 755-2444
. _

55-2445 *y 2.2 1.1 -

'
55-2446 *# 7.1 1.3 2S+2 8.8 FINES: Ra-226 (1,000 year) = 16.3 pCi/gr.

,

*
SS-2447 - 7.1 1.2 :

10 _ *y y
-=-

_

*
..

11 --- .-aus- Partly Cemented 7,

2 *

,, -
* Conglomerate (Refusal to backhoe). -

n=. -

"

BOTTOM OF TEST PIT AT 12.0* COBBLES (Composite): Sample Depth 6' to 10'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

0.810.5 0.4 0.31
FINES (Composite)- Sample Depth 6* to 10'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

4.2+1.1 8.9+1.2
+#4 sieve = 76.4%.
-#4 sieve = 23.6%.

@MORRISONKNUDSENCORPORATION ~

SMEET TEs1 PIT NO.

I
ENVIRONMENTAL SERVICES DIVISION

i -
- - - --

- - -

. _ _ _ _
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TEST PIT LOG

PROJECT s!TE LOCATIoM JOB No. Test PIT pa) .

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-15
CONTRACioQ ERCAVATIoM METH00 CoORoINATEs BEGUN CCNFLETED GhouNo ELEV GROUNo WATE R DEPTH (FT) LOGGED ST:

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

h REMAersDEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Re-226 Th.232 Th-230

(FT) No. LOG Aho CLAssIFIC ATION pCl/gr PC6/gr pCi/gr FHoToGRAPH

167.0 3.3 :- 55-2448 SILT, (ML), clayey, dark brown, pond
- 7 ediments w;th oxidized seams. :

1-
-

; 55-2449 .0 10.0
(FILL) per field staff.

2 - 55-2450 3 ii IAILINGS, (ML), silt, light gray. 471.0 9.2
: I i1 --

3 - 55-2451
'' ''

' : CL AY, (CL), silty, med. to low plasticity, 128.0 2.5 :
I - dark brown, moist. ;

*
~'~

5S-2452 8.6 1.6 1211.0 FINES: Ra-226 (1,000 year) = 9.8 pct /gr.

: 0 - 1 :

b - S5-2453 I. 3.5 1.3 5.0+4.0 FINES: Ra-226 (1,000 year) = 4.0 pCi/gr.
-

'

;
--

;
,

-Plan Exc. Depth at 5' 7
6 ~ E -~

1.9 1.2 :SS-2454 y . f,
'

-

f. L; :

7 - 55-2455 ; J : CLAY, (CL), silty, Icw plasticity, dark 1.1 1.2 8.8 :;

{ ,
.

brown, moist to saturated. -

0 - SS-2456 J ' j 16.0 1.3 2312.0 FINES: Ra-226 (1,000 year) = 18.5 pCi/gr. 7'

: [3D i COBBLES (Composite): Sample Depth 10' to 13' :

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

- 55-2457
-

' 11.0 1.1 0.910.5 0.810.4
--

:
. : FINES (Composite): Sample Depth 10' to 13' -

~ '' / Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) _-
10 - SS-2458 7'' GRAVELS, (GW), with cobbles to 5", dark gray 2.0 1.3 y 6.3+1.4 13+1 :

-
.

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

11 ~ **- 4 -84 sieve = 25.8%. l
. Cemen et d below 11.0" 7.9 1.2 8.811.2 FINES: Ra-226 (1,000 year) = 8.2 pCi/gr. :$g- SS-2460

*7 M* 2.8 1.2 :55-2461

; SS-2459
' 2.2 1.0 ]

2 55-2462 **- Refusal to Backhoe bucket. 2.6 1.2 :
,

"
BOTTOM OF TEST PIT AT 13 0'

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

SHEET TEsf PIT No.

MORRISON KNUDSEN CORPORATION M-CF-15

4 humanMadEmuo
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TEST PIT LOG

paoJECT s!TE LOCATICH JOB ho. TEST PIT No.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-19

E ur.T a Ac Toe E ncAv ATIow ME Te CoonctNATEs O E CsON C CM L E T E D GGOUNo ELEv. GROUND WATE R DE PTM (FT) LOGGED BV:

GREEN BACKHOE N24160 E47900 12/1/93 12/1/93 5267.1 not encountered J.CERCONE/G.LINDSEY

oEprw samtE GaArwgC MATE RI AL DESCRIPTION 9e-226 Th.232 Th-230 #EMAQ)$

PHOTOGRAPH
(FT) NO. LOG AND CLAsstFICATION pct /gr pCi/ge pct /gr a

41.0 1.8 6.9
: 55-2428 SAND, (SM), silty, light brown, moist. q

-

_

55-2430 2.1 1.6 4.8+0.9 7.1 FINE S Ra-226 (1,000 year) = 3.0 pCi/gr.
-.

_

AttUVILM -

2 - 55-2429 2.0 1.9 -

-
_.

-
_

3 ~ - - _
_

55-2431 - . - * * * * GRAVELS , (GP), with cobbles in a sand 7.3 1.5 9.2
8 n oxide and calcite

] S5-2432 e _
FINES Ra-226 (1,000 year) = 20 pCi/gr.7.1 1.5 44+3.0,

t

_ 55-2433 * 9.5 1.5 _

.,
- SS-2434 Hard digging with backhoe bucket below 5 10.0 1.9 ]*

.,

1.6 IE0 N Ra-226 0,000 yead = 10.5 pNgr.* **' ~ nted with CACO 3. __

6 ~ "" '' *E '2 -a==- Refusal to Backhoe.
' '

- * .em. 9.1
BOTTOM OF TEST PIT AT 6.7'

COBBLES (Composite): Sample Depth 3.5' to 5.5*
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

0.810.5 0.7 0.32
FINES (Composite): Sample Depth 3.5' to 5.5'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

6.5 1.3 16121
+#4 sieve = 76.3%.
-#4 sieve = 23.7%.

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

OMORRISONKNUDSENCORPORATION
SHEET TEsl PIT No.

I
M-CF-19ENVIRONMENTAL SERVICES DIVISION

_ _ _ . ____



TEST PIT LOG
. - .

FROJECT SITE LOCATION JOB NO. TEST 'IT NO.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-20
CONTEACTOR E A C A v A T I OP* ME THOO CODEDINATES BEGUN COMPLE TED GROUND ELEv. GRrvNo wATE R DEPTH (FT) LOGGED BV:

GREEN BACKHOE H23900 E46900 12/1/93 12/1/93 5262.0 4.8 G.LINDSEY
_

m
DEPTH 5AM5LE GRAPHIC MATEGIAL DESCRIFTION Re-226 Tb-232 Th-2 30 LLi REMARaspr* b c(FT) NO LOG AND CLASSIFICATICW pC1/gr pct /gr pct /gr g PHOTOGRAFH

: --eI. *- GAVELS , (GP), with cobbles to 12" light 1 inch of tailings on the surface.

: " * . " . * * brown.*

'
- 55-2353 1.3 1.3

*: 55-2354 2.1 1.5 2.7+0.7 FINES: Ra-226 (1,000 year) = 2.3 pCi/gr.e_

-_55-2355 ==*,,.,,.,
_.

2.7 1.2 i_ ,.

: 55-1356 * -=u- 2.0 1.4 :-

55-2357 **;- 1.7 1.2 0.6 0.4 FINES: Ra-226 (1,000 year) = 1.3 pCi/gr. 71
~ ~ ~ *1 55-2358 1.6 1.1

_

4 --- ~ = = =
- 55-2359 .Q 8.6 1.4

-;
7,4 ;

55-2360 % 9.0 1.1 16+2.0 Y FINES Ra-226 (1,000 year) = 11.2 pCi/gr.~ _

- +=. -Plan Exc. Det:th at 5' 7
-

--

.
_

6i ~ _

e.
-.

~

-
-* * -.e -

, - el 1
BOTTOM OF TEST Pli AT 7.0'

COBBLES (Comoosite): Sample Depth 4' to 7'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

0.5+0.4 1.8+0.4
FINES (Composite): Sample Depth 4' to l'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

8.6+1.5 17+2
+#4 sieve = 84.4%.
-#4 sieve = 15.6%.

_

@ MORRIS 0NKNUDSENCORPORATION
SHEET TEST PIT NO.

1
ENVIRONMENTAL SERVICES DIVISION M-CF-20or

IMMM 1
__



- - - - e r .. m

TEST PIT LOG
POOJE C T SITE LOCATION JOQ NO. TEST PIT NO.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-21
CONIPACTOa EACAWATION METHOO COODDINATES SE GUN COMPLETED GROUND E LEV . GROUND W4TER DEPTH (FT) LOGGED BV:

GREEN BACKHOE N23900 E47180 12/1/93 12/1/93 5261.4 4.5 G.LINDSEY

DEPTH $ AMPLE GRAPHIC MATERIAL DESCRIFi!ON Re-226 Th.232 T k- 210 REMAnts

(FT) NO. LOG AND CLA5stFICATION pC1/gr pC$/gr pCf/gr C PHOTOGRAPHg

; 55-2361 * ~ FINES: Ra-226 (1,000 year) = 5.1 pCi/gr. -COB 8tES, (GP), to 12", some sand and gravel. 4.7 1.3 5.7.10.9.

: 1 inch of tallings on the surface. :*

| : 55-2362 .* 17.0 1.4 I

f 55-2363 ". . 16.0 1.5 2

en "."s.m.
~ ~

12.0 1.7 8.4: $5-2364

: 55-2365 * - = = - 13,0 g,9
,

- 55-2366 *" 25.0 1.7

: 55-2367 Z ".*". " 28.0 1.7~ Z

: 55-2368 ,,,,*=- 11.0 1.2 y
9 m 9.5 1.2 1211.0

-

FINES: Ra-226 (1,000 year) = 10.4 pCi/gr. _

5 - .mm. +#4 steve = 81.8%. -

* -#4 sieve = 18.2%.
,,

;
-

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

BOTTOM OF TEST PIT AT 6.0*

COBBLES (Composite): Sample Depth 2' to 6'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

1.610.7 1.21.0.4
FINES (Composite): Sample Depth 2* 10 6'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

3213 5513

i
1

I

|

I
,

@MORRISONKNUDSENCORPORATION
SHEET TEST PII NO.

I
ENVIRONMENTAL SERVICES DIVISION

l
______ _____-___________________- - __________-_ .-_-_.- --__-_-- _ -- -

--
- - - - - "



TEST PIT LOG
PROJECT SITE L OC A T ION JOS NO. TEST PIT NO.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-22
CONTRACTOR f RCAVATIC#4 METHOD COORDINATES BEGUN COMPLETED GROUND ELEV. GROUND WATfR DEPTH (FT) LOGGED BY:

GREEN BACKHOE N23900 E47430 12/1/93 12/1/93 5262.9 6.0 J.CERCONE/G.LINDSEY
DEPTH SAMPLE GRAPHIC MATERIAL DESCRIPTION Re-226 Th 232 Th.230 REMARES

(FT) NO. LOG AND CLAS$1FICATION pC1/gr pCi/gr pct /gr T PHOTOGRAPHg

: g , gravels and cobbles in a silty sand
: > $ 4+ +. matrix. -

1- >++++. -

_

Z >++444 :- >++ + + . -*++++2- > + + + + . ' l-

C05BLES (Composite): Sample Depth 4* to 8' -

Z >++++' Ra-ccs Th-232 Th-230 Ra-226 (1,000 yr) :
3- ; 0.9+0.5 0.9+0.4 -

> + + + + . FINES (Composite): Sample Depth 4' to 8* -

- > + + + + . Ra-226 Th-232 Th-230 Ra-225 (1,000 yr) -

4- >++++'
2.4 0.8 2.510.6 _-1-

M +*+ ' +#4 sieve = 79.3%. -- * COBBtES, (6P), with boulders, black.
-#4 sieve = 20.7%. [5-~ ~ - = = = - carbonaceous, little sand and gravel.~

Z * - = * - _

. :

6 Y*

: 55-2388 *.*.,. 2.6 1.0 1.9+0.6
-

FINES: Ra-226 (1,000 year) = 2.4 pCi/gr. 7.

: SS-2389 - *
. 3.3 1.2 1.3 -Plan Exc. Depth at 6' :

7 * -mus-
_

: _~ :
n

-

= SERO =
"

BOTTOM OF TEST Pli AT 8.0*
-

@MORRISONKNUDSENCORPORATION
SHEEV TEsf Pli '.J.

[ENVIRONMENTAL. SERVICES DIVIS10N M-CF-22m mvn-m-m-g-m6N-MM--MN}
---- =M- -D l--
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TEST PIT LOG

PQOJECT $1TE LOC A T IO*4 JOS NO. TEST PIT NO.
UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-24

CONTRACTOR EICAVATION METHOD COORDINATES BEGUN COMPLETED GAOUND ELEv. G00VND WATER DEPTH (FT) LOGGED ST:

GREEN BACKH0E N23700 E46915 12/1/93 12/1/93 5259.2 2.8 G.LINDSEY |
DEPTM SAMPLE GRAPHIC MATERI8L DESCRIPTION Ge-226 T h . 2 32 Th-230 REMARKS

(FT) NO. LOG AND CLASSIFICATION pC9/gr pC4/gr pCl/gr g PHOTOGRAPN

: 55-2390 *
COBBLES, to 4" with sand. 1.6 0.8 --

_ -==.
_ -- _

_

- 55-2391 ~* 1.1 1.6 7
: *

Ig -.~ "*
.

-

i- 55-2392 ].-""- MAVELS (GP), Nith Cobbles. 1.8 1.0 1.9 0.6 FINES: Ra-226 (1,000 year) = 1.8 pCi/gr. -1
- - ~

I 55-2393 -ame- 1.1 1.0 7.9 Y Z
-- SS-2394 -*"- 2.7 1.2 ]

55-2395 Q 3.0 1.3 :~

_
55-2396 ~ 1.8 0.8 -Plan Exc. Depth at 4*

_
.

2 SS-2397 '*" _-==- 2.0 1.3 :,
'

BOTTOM 0F TESI Pli AT 5.0'

COBBLES (Composite): Sample Depth 2* to S*
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

0.9!.0.5 0.7 0.42
FINES (Composite): Sample Depth 2* to 5'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

2.61.0.8 3.6 0.81
+#4 sieve = 64.8%.
-#4 sieve = 35.2%.

i

. SHEET TEST PIT NO.
l

MORRISON KNUDSEN CORPORATION 1

ENVIRONMENTAL SERVICES DIVISION

,

( _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . ._____--_--------A



TEST PIT LOG
PROJECT SITE LOCATION JOB NO. TEsf PIT N0.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-25
CON 1 RAC TC81 EECAVATION METHOD CorGDINATES BEGLH COMPLETED C40 LWD ELEY. GROUND WATER DfPTH (FT) LOGGED Bv:

GREEN 8ACKHOE N23640 E47180 12/1/93 12/1/93 5263.2 8.0 J.CERCONE/G.LINDSEY

hDEPTH SAMPLE GRAPHIC MATERIAL oEsCRIPTION Ra-226 Th-232 Th-230 GEMAnas

(FT) N0. log AND CLA$$1FICATION pCi/gr pct /gr pClfgr FHOTOC RAPH

: SS-2311 !{''' [j SILTY CLAY, (CL), med. plasticity, dark 10.0 1.6
_

-

(p .: j brown, moist to saturated. ;

h'i[ . -

- 55-2312 l.5 1.6 1.2+p.5 FINES: Ra-226 (1,000 year) = 1.4 pCi/gr. -

I

- $5-2315 IfilN 1.1 1.0
- ', 7.5 -

_
55-2316 Very moist. 1.0 1.1

_ w . -

_

55-2317 i 1.4 1.0
{ [ ; Organic seam.

' [
- SS-2319 CLAYEY SILT, (ML), reddish brown-probably 1.0 1.0 7

from oxidation. ~

_

SS-2318 6.7 1.4 5.210.9 FINES: Ra-226 (1,000 year) = 6.2 pCi/gr. ]
C088tES, (6W-GP), to 12", with sand and ~

'

27.07 = een- gravel, clean material.
_

0.9 1.4- e.
-

$5-2321 .~, 1.5 1.2 y -

- 55-2322 .*. 0.6 1.0 Note: Attempted to dewater the pit with a 300 gpm
"

~
: 55-2323 ~. 1.1 1.0 pump. Unable to obtain a representative sample :

9 -==- below the water table. -

- 55-2398 * - = = - 12.0 1.4 7.

: 55-2399 *.* 8.5 1.5
~

-

" ~

BOTTOM OF TEST PIT AT 10.0'

COBBLES (Composite): Sample Depth 6.5* to 8.5'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

0.8+0.5 1.3+0.5
FINES (Composite): Sample Depth 6.5' to 8.5'

Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)
5.4+1.2 4.1+0.8
+#4 sieve = 78.5%.
-#4 sieve = 21.5%.

OMORRISONKNUDSENCORPORATION
SHEET TEsf PIT NO.

ENVIRONMENTAL SERVICES DIVISION M-CF-25
}gg g

__ ___ __ - - - - -- ----- M M



|

| TEST PIT LOG
PRO,1E C T SITE LOCAftoN JOB No. TEsf PIT No.

| UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-26
CoNTEACToA EXCAvaTIoM METH00 C00RoINATEs 9EGUN Cmpt E T E D GROUND ELEW. GROUND WA T E R DE PT H (FT) LOGGED 81:

,

GREEN BACKHOE N23640 E47480 12/1/93 12/1/93 5263.5 7.5 J.CERCONE/G.LINDSEY
'

DEPTH SAMPLE GAAPHIC MATERI AL DE SCRIP TION Re-226 Th-232 Th.233 Id REMAsts

(FT) No. LOG AND CLASSIFICATION pCi/gr pC4/gr pct /ge C PMoToGaAPH

: SS-2324 M, dark brown, fine grained, with a lot 11.0 1.8 .-

: 54444, of debris. -

i

: 55-2325 [ | 7.1 1.5 8.11 1 FINES: Ra-226 (1,000 year) = 7.5 pCi/gr. ]1

: SAND, (SP), little silt, gray to brown, vned. Debris and fill to 3 feet on north side of the pit. - 1

'"5'-
- 5S-2326 6.8 1.6 7.5 7
: -

\

!

SS-2327 0.9 1.5
_

- 55-2328 1.0 1.2 0.6 0.4 FINES: Ra-226 (1,000 year) = 0.9 pCi/gr.1

5 - SS-2329 0xidized seam.
_

1.2 0.8 7
7.6 -

SS-2330 1.0 0.9 -Plan Exc. Depth at 6*

$5-2331 7.6 1.0 1512.0 1.1 FINES: Ra-226 (1,000 year) = 10.2 pCi/gr.y
- = -

- SS-2400 g GRAVEL S, (GP), with cobbles to 6" 2.0 0.8 2.6 0.7 FINES: Ra-226 (1,000 year) = 2.2 pCi/gr.1
: -

_
_ -==-

9 --- *g -}j - . _

BOTTOM OF TEST Pli AT 9.5*'

COBBLES (Composite): Sample Depth 8' to 9.5"
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

' O.7 0.5 0.510.3t
FINES (Composite): Sample Depth 8' to 9.5*
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr).

1.9 0.7 1.410.51
+#4 sieve = 65.5%.
-#4 sieve = 34.5%.

OMORRISONKNUDSENCORPORATION ~

SHEET TEST PET N0.

I
ENVIR03, DENTAL SERVICES DIVISION

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _
. - - .
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TEST PIT LOG

PROJECT SITE LOCATIDN JOB NO. TEST PIT No.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-27
CONTRACTOR EECAVATION METH00 COORDINATES BE CAM COMPLETED GaOUND ELEV. GROUND WATER DEPTH (FT) LOGGED 8v :

GREEN BACKHOE N23640 E47725 12/1/93 12/1/93 5267.0 11.0 J.CERCONE/G.LINDSEY
,

DEPTH SAMPLE GRAPHIC MATERIAL DESCGIPf!ON Ga-226 Th-232 Th-230 REMAEPS

(FT) NO. log AND CLASSIFICATION pC1/gr pCl/gr pct /gr C PHoToGAAPHg

- 55-2332 ; M, mixed soil with tailings, wood. 281.0 8.3 -

- >++++. =
.

- 55-2333 | | 336.0 5.2 7 |

2 ~
> + + + + - Z |

-

>++++
- 55-2334 >++++' 370.0 7.8

--

-

: >++++. -

- ,++++.
-

- 55-2335 | 349.0 7.1 ]
- >++++. Oxidized zone at 3 to 4 feet. -

4
"-

>4 1 4_+< 6.8 Z
- 55-2336 ' ' ' TAllINGS, (CL-ML), reddish brown with orange 364.0 8.7 -

Z ! t 1 seams (3"). Z

55-2337 . 150.0 4.5

6 ~ ' '
- 55-2338 i i i Slimes, gray, saturated. 1103.0 44.0 -Plan Exc Depth at 6' -

~

t i I 6.9 ~

I I- 55-2339 2192.0 64.0
: i; ! :

h',' ~ ~ :
O

SS-2340 SILTY CLAY, (CL), dark brown, some roots. 9.0 1.5
/h :: 7

- $ 1% 8.2 -

,

,

[M GRAVELS, (GP), with cobbles to 12" 9.4 1.8 7.311.1 FINES: Ra-22o (i,000 year) = 8.7 pCi/gr. ]-- 55-2345

: 55-2346 - ~- 10.0 1.7 :
2.3 1.0 ]- 55-2341 **"*-

2 55-2342 ". . 2.3 1.0 y,,
** S5-2343 B0110M OF IESI PIT AT 11.0* 7.8 1.3 COBBLES (Composite): Sample Depth 9.5' to 11.0'"

Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)55-2344 7.6 1.3
0. 8 t0. 5 0.810.4
FINES (Composite): Sample Depth 9.5* to 11.0'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

3.240.9 1.4+0.5
+#4 sieve = 85.0%.
-#4 sieve = 15.0%.

OMORRISONKNUDSENCORPORATION ~

SHEET TEST PIT NO.

I
ENVIRONMENTAL SERVICES DIVISION

ggrN N - h h h M- EE
L__
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TEST PIT LOG

PnOJECT SITE LocaftoN Joe No. TEST Pli 60.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-28
coNTuAcron tscAvAf ttw m twoo ccranDINA T E S BE GUN CONLETED GROUND ELEW. GGOUND WATER DEPTM (FT) LOGGED 01:

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

DEPf4 S AP@ L E GRAPHIC MATERI AL DE SCRIPTitw Ga.226 T h - 2 32 Th-2 30 REMAnas

(FT) NO LOG AND CLASSIFICATION pC(fgr pCsfgr pct /gr PHOTOGRAPH

: 55-2401 - *
COBBtf S, (GP), to 12", with blacA organic 10.4 1.8 38 2.0 FINES. Ra-226 (1,000 year) = 20.1 pCi/gr. --1.

: " ."*'*" silt. :

] 55-2402 - 13.0 1.2 40 2.0 FINES: Ra-226 (1,000 year) = 22.5 pCi/gr. ]1

1 55-2403 .*. 12.0 1.0 :y~
55-2404 6.9 1.1 6.5 ~ -Plan Exc. Depth at 2' 7_- ,,

. _

55-2405 *~ 7.2 1.3 30 2.0 FINES: Ra-226 (1,000 year) = 15.2 pCi/gr.2,

3 _ * 7
Z *

4i ." Ne
_

BOTTOM OF TEST PIT AT 4.5'

COBBLES (Cornposite): Sample Depth 0* to 4.5'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

0.8+0.5 0.5+0.3
FINES (Composite): Sample Depth O' to 4.5'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

4.2+1.0 11+1
+#4 sieve = 90.4%. |

-#4 sieve = 9.6%.

|
1
,

|

|
|

SHEET TEST PIT No.
'

MORRISON KNUDSEN CORPORATION I
M-CF-28

7ENVIRONMENTAL SERVICES DIVISION

u..___._ _ . _ - _ _ _ _ _ - - - . . - - - . - _ _ _ _ _ - - _ . - - - - - _ _ - - - _ _ - - . - _ - - - _ _ _ _ _ - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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TEST PIT LOG
PROJECT SITE LOCATICH JOB NO. TEST pry NO.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-29
CONTRACTOS EECSWAT!ON >8ETH00 COORDINATES BEGUN COMPLETED GAOUND Et[W. GihXND WATER DEPTH (FT) LOGGED av:

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

otPTN SAMPLE saAPwrC MATEntAt oEsCarpiroN a.-zzs Th-z32 in-23o 'g aEMARKS

(FT) NO. LOG AND CLAS$1FICATICN pC1/gr pCf/gr pct /gr C PHOTOGRAPHg

: 55-2406 ; M mixed sand, gravel and cobbles to 12", 186.0 5.4 -

5S-2407 p,4 9 9, dark brown. 178.0 4.5 :
- 5S-2408 [ ; 99.0 3.0 ]

> + + + + + ' .: 55-2409 96.0 3.1> +++2 - 55-2410 > + + + + 115.0 3.7 290110 Ra-2?6 (1,000 yr) = 176.0 pCi/gr. ]- ...++.
55-2411 >++++< 131.0 3.4

3 - [ ; -Plan Exc. Depth at 3'
- > + + + + < Y

4 + ;
'

Perched water table?,
- bh AAA. -

;{ [:,p SILTY CLAY, (CL), med. plasticity, black, I5 -- [4 :g with carbonized roots. 7
- g -:g Med. gray seam at 4.5* - 5.0'

6i 6.9
J _c,.

-

- z

BOTTOM OF TEST PIT AT 6.5'

COBBLES (Composite): Sample Depth 0* to 4'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

2.110.8 2.310.6
FINES (Composite): Sample Depth O' to 4'
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

110 10 2301101
+#4 sieve = 78.2%.
-#4 sieve = 21.8%.

I

f

@ ENVIRONMENTAL SERVICES DIVISION
SHEET TEsf PIT NO.

MORRISON KNUDSEN CORPORATION 3 M-CF-29
}

.___M~
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TEST PIT LOG
PROJECT stTE LOCATION JOQ No. TEsY P!T NO.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-30,

f CONTEACTOR EXCAVATION METHOD CooRD] NATES BEGUN COMPLETED GROUNo ELEV. GROUNo WATER DEPTM (FT) LOGGE D B Y :

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

D"PTM SAMPLE GRAPHIC MATERIAL DESCRIPTION Re.226 Th.232 Th-230 REMARES

(FT) NO. LOG ANo CLASslFICA? ION pct /gr pCS/gr pct /gr g FHOTOGRAPH

| ff | FItt., silty gravel, poorly graded, brown, 34.0 2.5 -: 55-2412

: >4444, moist, low plasticity. :

h | 11.0 1.5 ]55-2413
- >$ $ 4 +' -

2 --~ ' + + + + '
--

~

- SS-2414 > + + + + - 236.0 4.3 7.3 -

> + + + + <
- > + + + + < -

- 55-2417 142.0 3.5
--

_
E[ a

SILTY SA8sD, (SM), gray, moist. Tailings? :|
4 [ CLAY (CL). Iow to med. plasticity, black, 9.8 1.4

_~ .-amma \ mo,ist to saturated, organic. fg 13.0 1.5 32+2.0 FINES: Ra-226 (1,000 year) = 19.7 pct /gr. bGRAVELS , (6W), with cobbles, well graded, -

5 -===
SS-2420 *",",,=,=- cobbles to 8" max., fines are med to 16.0 1.4

_

-

55-2421 y coarse sand. 12.0 1.1
6 - 55-2422

- .a===.="-" 30.0 1.5 Plan Excavation Depth at 6' 7
.

~

- i
--

55-2423 .--- 30.0 1.5 :
"*"

-- 55-2424 amR' 4.4 1.2 22+2.0 FINES: Ra-226 (1,000 year) = 10.6 pCi/gr. ]
~-

55-2425 * 6.0 1.1 :
0 -- 55-2426 *" y- * 52.0 2.7 7 ]

: 55-2427 EJ * 47.0 1.8 :
'

BOTTOM OF TEST PIT AT 9.0'

* Possible Cross Contamination- COBBLES (Composite): Sample Depth 4.5' to 7.5*
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

1.2 0.6 0.610.41
FINES (Composite): Sample Depth 4.5' to 7.5*
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr)

3.010.9 6.911.0
+#4 sieve = 79.4%.
-#4 sieve = 20.6%.

|

t

@MORRISONKNIIDSENCORPORATION
sNEET TEsf PIT NO.

I
ENVIRONMEN7' % , ~S DIVISION

. . _ _ . _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - _ _ _ - - _ _ _ -
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TEST PIT LOG

PDoJECT SITE LOCATION JOB No. TEsf Pjf No.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-31
CCMTRACToE EMCAVATION METHOD COORDINATES BEbUN COMPLETED GDOUND ELEV GRt M)ND WA T E G DE P T H (FT) LOGGE D S V :

GREEN BACKHOE N25252 E49005 12/3/93 12/3/93 5272.8 8.5 J.CERCONE/G.LINDSEY
1x

DEPTM sAf4PLE GRAPHIC MATERIAL DESCRIPTION Ra-226 Th.232 Th.23o LLA REPARKs
pH 0q

(FT) too . log AND CLA5sIFICATION pCi/gr pct /gr pct /qc g PHoTCHJ4APH

--

g'j0,} j'i CLAY, (CL), light brown, slightly motst, 1.6 1.9 -

: 55-24/5
'2, M l ome roots. -

''''
~

1
- 55-2416 4$}h 1.1 2.3

-

--

b, i<'

- 55-2411 ) .h 1.5 2.8 7

N b:

- SS-2478 SANDY SILT, (ML), to SILTY SAND, (SMS, dark 1.5 7
: brown, moist, loose.

55-2419 1.8 2.0
~

~

5 - 55-2480 0.6 15 ]
-

_

-- SS-2481 0.8 1.5%g GRAVELS, (GP-GW), with cobbles to 4" matrix :
-

~ "" **"
-~

55-2482 -wo 0.9 1.6==
-

55-2483 _~ 1.3 1.5 :
- $5-2484 0.8 1.4 ].

-" *: 55-2435 GRAVELS, (GP-GW), with cobbles to 6", matrix 1.3 1.3 I
9 e f coarse sand.

- 5S-2486 0.7 1.0 COBBLES (Composite): Sample Depth 8.5* to 11.5* -T
: * ~ * U

10 -
55-2481 .=- 0.7 11-= *

03 0.7+0.4 -

- 55-2488 *. 0.8 1.2 FINES (Composite): Sample Depth 8.5' to 11.5' 7
Ra-226 Th-232 Th-230 Ra-226 (1,000 yr): 35-2489 == 1.0 1.2

1. 8f_0. 8 2.210.6 _-
- 55-2490 **-.w. 0.6 1.2 +#4 sieve = 78.2%. -,

55-2491 ~? 1.0 1.1
- Si''' * U 0E

b
"

BOTTOM OF TEST PIT AT 12.0*

(BACKGROUND Pli LOCATED Al NORTHE AST LORNER
OF NEW RIFLE SITE).

@MORRISONKNUDSENCORPORATI0ii
SHEET TEs1 PIT No.

1
E N';l 0NMENTAL SERVICES DIVISION M-CF-31

|I M N M E M E
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TEST PIT LOG
PuoJECT SITE LOCATION JOQ NO. TE57 Pli N0.

UMTRA RIFLE NEW RIFLE, COLORADO 3885-70 M-CF-32
CO;41RACTOR EXCAV ATION METHrJO COORDINATES SEGUN COMPLETED GROUND ELEV. GROUND WATER DEPTH (FT) LOGGED ST:

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

hDE.PTM SAMPLE GRAPHIC mfERIAL DESCRIPTION Re-226 Th 2 32 Th-230 SEMARR5

(FT) NO. LOG AND CLA$$1F] CATION pCf/ge pct /gr pCi/gr PHOTOGRAPH

-

; $S-2370 - *
_ _ _ . _

_, GRAVELS, (GP), with cobbles to 12", poorly 1.3 1.0 ;
: 55-2371 - * graded, with coarse sand, slightly moist, 1.2 1.3 :.

1 - 55-2372 0.9 1.0 7* 9'*** *" ' '' *EP''' **" *"
- e, fresh. _

: 55-2374 .'" ."" 1.5 1.1 :
2 - S5-2373 ==~ 1.4 1.4 COBBLES (Composite): Sample Depth 0*to 4.0' 7

Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) -- -em-
I 55-2375 * -em- 1.3 1.3 y 1. 8.*_0. 7 1.1+0.4,

3 - 55-2376 " " . ~ " . * . " * 1.1 1.0 FINES (Camposite): Sample Depth O'to 4.0* 7"

: : Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) :,5-2377 !.0 1.02 - _-- 1.7+0.7 0.9+0.4 ---

1.2 1.2 +#4 sieve = 80.8%. 7- 55-2378 -"**

b 55-2479 0.8 1.0 b
* * ''' *

,

'
BOTTOM OF TEST PIT AT 5.0'

(BACKGROUND PIT LOCATED IN CON SY INC.
GRAYEL PIT).

~~

SHELT IESI Plf NO.

{ MORRISON KNUDSEN CORPORATION I
M-CF-32ENVIRONMENTAL SERVICES OlVISION

_- - __ . _ _ _ _ _ _ _ . .. .
.

. . . . . -



TEST PIT LOG
-

|tocatie~
racatcr sire x. no. itsi eri uo.

UMTRA RIFLE |
NEW RIFLE, COLORADO 3885-70 M-CF-33

cour ,a ca t ic ..t ro,. n rw>o ' cocacium s aa. c ce nt o Gaouno tu v. socmo wana eters u n ux.c.co en

GREEN BACKH0E N24877 E51355 12/2/93 12/2/93 5275.2 7.2 J.CERCONE

DEPrH sAMPL( (,G AP*t i c MAf tRI AL cEsCRIPficW Re.226 T h - 2 32 Th-230 Rt*1 ARKS

(Fr) wo. (OG AND CLAsstricar ron pct /gr pct /gr pct /gr a puorocaarH

_ . _ _

2[Nj CLAY, (CL), (TOP S0ll), some rocts. I
Z _ SILT, (ML), light brown, motst. =

j __ ._

_ _.

I 1

2R ~

_ _

Z [ '

CLAY, (CH), med. to high plasticity, black. T
3 _- [ - saturated, organic

_.

_

_ -.-
#4 i -

-j
=
- Z

5i _.

_ | -

-Z

// COBBLES (Cernposite): Sample Depth 7.0* to 9.0* Z*g)* * '
GRAVELS, (GW), with cobbles to 4" well Ra-226 Th-232 Th-230 Ra-226 (1.000 yr) 76

Z 55-2300 1.3 1.ggraded, black to gray, organic coating. 1.6+0.7 0.5+0.3 -
-==-

~
SS-2381 . 1.1 1.3 FINES (Composite): Sample Depth 7.0* to 9.0' Z

I
-- 5S-2382 ~~ 1.0 1.2 Ra-226 Th-232 Th-230 Ra-226 (1,000 yr) 7
- * 1.6+0.7 1.3*0.5 -

Z 55-2383 * .* 0.9 0.9 .g4 sieve 31,9;, I
8 *

- SS-2384 0.7 0.8 -#4 sieve = 18.1%. 7
- e. -

S5-2385
n' .+-en. !.0 1.3 I

8OTTOM CF TEST PIT AT 9.0*

(EACKGROUNO PIT LOCATED IN CON SY INC.
GRAVEL PIT).

@ENVIRONMENTALSERVICESDIVISION
sHEE1 IEST Pli NO.

MORRISON KNUDSEN CORPORATION 1
~

.- -. _ - _ - ._ _ .-



1

1
1

1

5 AerENOix o

MASS PARTITION FUNCTIONS
(COBBLES-TO-FINES RATIOS)
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@* A WOMK150N KNVOSEN COtJPtNVMK FERGUSON COMPANY

INTER-OFFICE CORRESPONDENCE

c^'t December 13, 1993
* Grant Cherrington 'aou David Farr

{ San Francisco' " ^ ' * "
LM'7cN Rifle, CO 3050

suanc'
Cobbles to Fines Test Result

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

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

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

It should be noted that a few of the calculation sheets do notindicate the depth of the sample as this data was not provided tous,

should you require further information, please advise.
File: 4.15 w/ enclosure

j
cc: Randy Withee w/o enclosure i

QC File w/ enclosure j
{

D

[

[

[
_

'- - - -
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'
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ATTACRMENT 1
CALCULATIONS

1.
A representative sample of between 1000 to 1500 pounds ofmaterial was split on the 1" si've and weights of eache
fraction were obtained. The +1" fraction was correctedassuming a 1.5% moisture and the -1" fraction corrected byactual moisture content. Dry weights were calculated and
added together to determine the total sample weight.

2. The -1" fraction was reduced to a manageable sizedrepresentative sample of. approximately 50 pounds, split on the
#4 sieve and weights were obtained for each fraction. A |moisture sample was obtained from the -/4 material forcorrection and the +/4 fraction was corrected using an assumed

'

moisture content of 1.5%. Dry weights were calculated.
!Percentages of the +/4 and -/4 were then calculated.

3. The percentages of +/4 and -/4 obtained from the reduced -1"
fraction were then adjusted back to a whole sample basis by

!
i

multiplying by the original dry weight of the whole -1"
~

fraction. This weight was then added to the +1" fraction todetermine the +#4 weight. cn a whole sample basis.1

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

I
I
I
I t

I
I

.

I
I
I

,
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CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: #/
DATE TESTED: /2- 6 -9.5

DEPTH: /IS'-/2O' TECHNICIAN: e
u v

CHECKED BY: h/dm

BULK SAMPLE WEIGHTS
+ 1" WET WEIGHT B3418 l bs. -1" WET WElGHT JBt92 _l b s.% MOIST /. 5- % % MOIST //.6 #/<
DRY WEIGHT A 23.92 lbo. DRY WEIGHT 3e/212 lbs.

1

TOTAL SAMPLE WEIGHT #66. /f /4.

I REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT PE0/lb3 -#4 WET WEIGHT 55 /2 lbs.% MOIST /.5' */c % MOIST 96 "/o (DRY WEIGHT t$66 lbs. DRY WElGHT J2. 0V lbs.

REDUCED SAMPLE WEIGHT Sr 70 4I
% + #4 IN REDUCED SAMPLE 9' . 5' ''/ot
%-#4 IN REDUCED SAMPLE .57 5' %

CONVERSION OF REDUCED S AMPLE PERCENTAGES TO WHOLE S AMPLE WEIGHTS

I % + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLEMSW lbs.
+ DRY WT. OF + 1" IN BULK SAMPLE B/5. 92 lbs.
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 969. 56 /h.

,

MOISTURE CORRECTIONS
BULK SAMPLE -1" FRACTION REDUCED SAMPLE #4I WET WElGHT _452 6 y es9 p

DRY WEIGHT J B 5'o n +%0n
WT. OF WATER 676$ W9j
% MOISTURE //.6 9. 6 '/oo

COBBLES TO FINES RATIO
TOTAL DRY WElGHT OF + #4 949J6 b5.
TOTAL SAMPLE WElGHT ///4 /9 Ik

I
% + #4 (COBBLES) 83. / "/c

I
%-#4 (FINES) / 6 . 9 #/c

I
I
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~

CALCULATIONS FOR COSBLES TO FINES RATIO
-

TEST PIT: #2 DATE TESTED: //-6-U

DEPTH: _d o ' - /6. 6 ' TECHNICIAN: _ , , t

/

CHECKED BY: c TI _ h//Y
y- ,

BULK SAMPLE WElGHTS
+ 1" WET WEIGHT B E 75_jbs -1" WET WElGHT 555.6 7 lbs
% MOIST /.f % % MOIST /O f % |

,

DRY WElGHT ./J 5 2 86 lbs. DRY WEIGHT EV 06 lbs.

TOTAL SAMPLE WElGHT //56 92 /h. j

REDJLCED SAMPLE WElGHTS (-1" FRACTION) n+ #4 WET WElGHT _ LE.60 lbo. .#4 WET WEIGHT 37 /8 lbs.
% MOIST /.5" '% % MOIST 9.2 %

s

DRY WEIGHT /s.W lb5 DRY WElGHT J Vor Ibs -

REDUCED SAMPLE WElGHT 4'/,.Wo /4x

% + #4 IN REDUCED SAMPLE 24.7 %
% #4 IN REDUCED SAMPLE 75.3 %

_ CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WElGHTSf% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE /S3 78 Jbs. L+ DRY WT. OF + 1" IN BULK SAMPLE 457 66 lbs.
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 79/. 4'/ /h.

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

WET WEIGHT 5729 y ___ e/72 /> y
DRY WEIGHT g/A A .p #f2.7 q
WT. OF WATER Sf 3 q M9 9
% MOISTURE /0,5% 9. 2 %

C_Q_B_B_LES TO FINES RATlOL |TOTAL DRY WElGHT OF + #4 794Mjl)$
TOTAL SAMPLE WEIGHT _ //5a 92 lb.

I
% + #4 (COBBLES) /oB F/,

g
W#4 (FINES) J /. 7 %

I
!.

- - -



-_ _ _ _ _____ ____________________________ . _ _ _ _ _ _ _ . . _ _ _ _ _ - _ _

(
CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: #8
DATE TESTED: /2-771

DEPTH: /B # -8 #
_ TECHNICIAN: 44 44

CHECKED BY: -. l&d'
BULK SAMPLE WElG_HTR

+ 1" WET WElGHT _70/o 3O lbs -1" WET WEIGHT S/o/. B2 b.% MOIST /5 % % MOIST /+'. 3 %( DRY WElGHT 69fB6_%. DRY WElGHT 4'9/. 53 f bs

TOTAL SAMPLE WEIGHT //BZ 59 /4.
I
'

REDUCED SAMPLE WElGHTS (-1" FRACTION)
+ #4 WET WEIGHT /5 83_lb -#4 WET WElGHT %' 7f Iks% MOIST /S 'Io % MOIST /J 7 */c

. DRY WEIGHT /5 /o lbs. DRY WEIGHT J9. No lbs l

REDUCED SAMPLE WEIGHT 5'r'94 /h.

h % + #4 IN REDUCED SAMPLE EB.'/ %
%#4 IN REDUCED SAMPLE 7/.4 %

l _ CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
r

% + #4 IN REDUCED SAMPLE X DRY WT. OF 1" IN BULK SAMPLE_ /S9 59 lbs
+ DRY WT. OF + 1" IN BULK SAMPLE 49f84 lbs.r

= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 835 Y5 4s

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

,

'
WET WEIGHT </979 y 525 / .
DRY WElGHT WJr7 n +'#.0 e
WT. OF WATER 4t. 2 05./ n4

% MOISTURE N.3 #4 /5 7 %

COBBLES TO FINES RATIO !

TOTAL DRY WEIGHT OF + #4 d55 t'flbs.
TOTAL SAMPLE WElGHT //67: 39 lbs.

% + #4 (COBBLES) 7d'/%

#4 (FINES) 29.6 %

)
1

- - - _
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CALCULATIONS FOR COBBLES TO FINES RATIO
-

TEST PIT: #Y DATE TESTED: /PA7-95

DEPTH: // O'- /4 6 ' TECHNICIAN: "
,

- , , ;

CHECKED BY: J I < 4 // N
/~ m

BULK SAMPLE WElGHTS "

+ 1" WET WEIGHT 7B/. 771lts. -1" WET WElGHT M58.6/ /L5
% MOIST /.f % % MOIST J. '/ 'A '

DRY WElGHT 77/2 22]b5 DRY WEIGHT +'3.f // lbs '

TOTAL SAMPLE WEIGHT /2 E st3 /6. l
REDUCEDJAMPLE WEIGHTS (-1" FRACTION) 7.a ,v~n

+ #4 WET WElGHT ._f20Vlbs -#4 WET WEIGHT - W V 57/b3
% MOIST /.5 % % MOIST 5/ ''/o
DRY WElGHT 20.73 lbs DRY WElGHT +4f0 lbs

REDUCED SAMPLE WElGHT 4//5 &

% + #4 IN REDUCED SAMPLE 33.9 '/<
%-#4 IN REDUCED SAMPLE Jf./ '/c

CONVERSION OF REDU_CED S AMPLE PERCENTAGES TO WHOLE SAMPLE WElGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE M2 50133
+ DRY WT. OF + 1" IN BULK SAMPLE 770.E2 lbs )= TOTAL DRY WElGHT OF + #4 IN BULK SAMPLE 9/ 7. 71 4s.

MOISTURE CORRECTIONS
BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4 gWET WEIGHT 55 psp ._f/f'3 a 3DRY WEIGHT $50 24 t'v/. 7 4

WT. OF WATER 2 6. 6 _n 21.6 o g
% MOISTURE 54' '/c 5/ % 5

COBBLES TO FINES RATIO E
TOTAL DRY WElGHT OF + #4 9/7 72 lbs E
TOTAL SAMPLE WEIGHT /2E 33165

I
% + #4 (COBBLES) 76./%

I
%-#4 (FINES) 2M %

I
I._

_ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



- - _ - _ _ - _ - _ - - - - -

CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: #5'
C ATE TESTED: M 7 95

DEPTH: /A O' - 8/. d ' TECHNICIAN:

CHECKED BY: Sle. 484
BULK SAMPLE WEIGHTS

+ 1" WET WEIGHT 672/ Bibs -1" WET WEIGHT $2568 lbs% MOIST /5 '/, % MOIST 72 YsDRY WElGHT 4B/.87 |Ds DRY WEIGHT - N9456_ bs

TOTAL SAMPLE WElGHT //72 4'J/4

REDUCED SAMPLE WElGHTS_ (-1" FRACTION)
+ #4 WET WEIGHT
% MOIST

_- P E M llr> -#4 WET WElGHT 0.99lbs.3
/. 5- '/a % MOIST /2.o v/aDRY WEIGHT _ #5. 98 lir, DRY WEIGHT 2747 Il sf

REDUCED SAMPLE WEIGHT S/. 45 /65.I
% +#4 IN REDUCED SAMPLE __dd %
%-#4 IN REDUCED SAMPLE S3. 6_'/,I

CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WElGHTS
% + #4 IN REDUCED SAMPLE X DRY WT OF 1" IN BULK SAMPLE - 227.62lb
+ DRY WT. OF + 1" IN BULK SAMPLE 4W. 8 7 lb {= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE _909.49 !b. '

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

'I WET WElGHT M4.3 4 Se/7 7 , ;

DRY WEIGHT Y9/.O 5 ##.9 'n _
WT OF WATER _- 55.35 6B 8 A
% MOISTURE 7.29, /2.0 /,/

COBBLES TO FINES RATl_Q
lTOTAL DRY WElGHT OF + #4 909.'ff lijs

TOTAL SAMPLE WElGHT //72.'/3 lbs

[ % + #4 (COBBLES) 7 7.6 %

i

%-#4 (FINES) PE.1 % '

|

F
L

-



CALCULATIONS FOR COBBLES TO FINES RATIO
-

-

TEST PIT: #7 DATE TESTED: /F-7 95
DEPTH: / 26 '' 2/ O ' TECHNICIAN: < -

BULK SAMPLE WElGHTS
+ 1" WET WElGHT _7M 77 _ lbs -1" WET WElGHT S S.86 lbs% MOIST /. 5' #/o % MOIST // 5' 70 lDRY WElGHT _69A 4'/ lbs DRY WElGHT 4'5412 lb s "

TOTAL SAMPLE WElGHT /N#.53 As.

REDUCED SAMPLE WElGHTS (-1" FRACTION)
+ #4 WET WElGHT /B,/2 16 5 -#4 WET WElGHT V25/ lb s
% MOIST /. f_% % MOIST //.2 %
DRY WElGHT /7.8f 165 DRY WEIGHT Ed Ibs

REDUCED SAMPLE WElGHT 54.BB /6

% + #4 IN REDUCED SAMPLE 3/ B 7<
%-#4 IN REDUCED SAMPLE 6 B .2. 'T.i

CONVERSION OF REDUCED S AMPLE PERCENTAGES TO WHOLE S AMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE/4'5. N los
+ DRY WT. OF + 1" IN B'" K SAMPLE _494. V/ I65
= TOTAL DRY WElGHT sF + #4 IN BULK SAMPLE _835.5543

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

WET WEIGHT 5J0./ a _ sJ/J ,
DRY WEIGHT WI5' c, 4'74. I c.

WT. OF WATER __.I. t'4 f 535 d g% MOISTURE /M to //. 2 7a a
COBBLES TO FINES RATIO gTOTAL DRY WEIGHT OF + #4 _85$55~lb 5

TOTAL SAMPLE WElGHT _ //4/.55 lbs
'

I
% + #4 (COBBLES) 7h %

%-#4 (FINES) 26.9 '&

I
I

-- -- -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ . - _ _ - _ _ _ _ _ - _ _ - - - - - - -_

CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: *// DATE TESTED: /2 7'95 _

DEPTH: /0 B ' - /88 ' TECHNICIAN: /e AA
/

CHECKED BY l# 5p.

BULK SAMPLE WEIGHTS
+ 1" WET WEIGHT 143/5 5 16> -1" WET WElGHT 57E/7 165
% MOIST /. 5 7o % MOIST 69 '/o
DRY WEIGHT ////4. // lbs DRY WElGHT _53V./d lbs

TOTAL SAMPLE WElGHT /524 2/ &.

RfpVCED SAMPLE WEIGHTS ( 1" FRACTION)
+ #4 WET WElGHT __/54.2_ lbs -#4 WET WElGHT <//.79' lbs
% MOIST / 5' % % MOIST /p. 2 '&I DRY WEIGHT /5 39 lb s DRY WElGHT 3 7,B B _lbs j

i
REDUCED SAMPLE WEIGHT 55.27/45.

% + #4 IN RE'DUCED SAMPLE E $ 28.9 %
%#4 IN REDUCED SAMPLE 7/. / #/>

CONVERSION OF REDUCED S AMPLE PERCENTAGES TO WHOLES AMPLE WEIGHTS

I % + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE /45:48 /6s
+ DRY WT. OF + 1" IN BULK SAMPLE ///4.// I6s

= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE //4/. 79 6.I
MOISTURE CORRECTIONS

BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4
WET WElGHT 5/A0y gr9,/ ,

DRY WElGHT +N B e WA. 5' <s
WT. OF WATER M'Z S W4 $| % MOISTURE /3 9 % M.2 Ye

_C_QBBLES TO FINES RATIO _I TOTAL DRY WEIGHT OF + #4 J4/. 72 lbs
TOTAL SAMPLE WEIGHT /52/. 2/ l b s

I
% + #4 (COBBLES) 7dA''L

I
%-#4 (FINES) 25 6 "/,

I,
I



CALCULATIONS FOR COBBLES TO FINES RATIO
-

TEST PIT: #/5' DATE TESTED: /274 93 . 3

DEPTH: /A 8'- /50 ' TECHNICIAN:
]

- 41

CHECKED BY: 46Mp

BULK SAMPLE WEIGHTS !
"

+ 1" WET WElGHT 65#. t'flbs -1" WET WEIGHT 5B697 /65
% MOIST /./ 7, % MOIST //2 _ _ 7. 7
DRY WElGHT _4g. 89' lb 5 DRY WElGHT Sl7. 6f 165 #

TOTAL SAMPLE WElGHT //48.62/6

R_E_DJ)_CfD SAMPLE WE!Gi_lTji (-1" FRACTION) u
+ #4 WET WElGHT /2.50 lbs -#4 WET WEIGHT 3/JO lbs
% MOIST /. 5' 'A % MOIST S.2 7o
DRY WElGHT 2/.97 Ibs DRY WElGHT 272/ 16 5

1

REDUCED SAMPLE WEIGHT 5/. /6 /h.

% + #4 IN REDUCED SAMPLE 4't. 9 % ]
%-#4 (N REDUCED SAMPLE 57, / %

CONVERSION OF REDUCED S AMPLE PERCENTAGES TO WHOLE S AMPLE WElGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE F/4. 45'
+ DRY WT. OF + 1" IN BULK SAMPLE 6669'

]= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE B74 29 a.. IMOISTURE CORRECTIONS
BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4 gWET WEIGHT .jg t' p _Eff. 4 y_ g

DRY WElGHT _JWe 9 5/.53
9WT. OF WATER 404 o VJ.3 ,

% MOISTURE //.2 io S. 2 'io 3
B

COBB_LES TO FINES RATIO
TOTAL DRY WEIGHT OF + #4 84Z29 165
TOTAL SAMPLE WEIGHT //4847 lbs

.

I
% + #4 (COBBLES) _7''' 2 %/

I
W#4 (FINES) 1.f8 %

I
a

| -

(

|



.--_- _ _ - - _ _ _ _ - - - - _ _ _ _ _ _ - -

1

I
1

CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: $ /9 DATE TESTED: /848-93

DEPTH: 3.S '- If' TECHNICIAN: / <t

CHECKED BY: ye da2f
( BULK SAMPLE WElGHTS

+ 1" WET WElGHT 7/Z/ 7 lbs -1" WET WEIGHT '/8#.0.3_ | bs
% MOIST /.# % % MOIST 7. 5 4
DRY WEIGHT 744.57 lb+ DRY WEIGHT 4'+'7 J 7 l b > j

{
TOTAL SAMPLE WElGHT //f5. 2+' /h.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WElGHT .M4&_lbs -#4 WET WElGHT J/. 99' l65
% MOIST /.T '7s % MOIST 7. 9 '/*
DRY WEIGHT //,79 165 DRY WEIGHT 19.40 lb5

REDUCED SAMPLE WEIGHT 4't. 5t' /4s.

( % + #4 IN REDUCED SAMPLE J84 7,
%-#4 IN REDUCED SAMPLE 6/.2 'fc

[ CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE S AMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE / 73dy 165

+ DRY WT. OF + 1" IN BULK SAMPLE 746.57 lbs
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 8& /f/4

MOISTURE CORRECTIONS
l

BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4
WET WEIGHT 4MO, e/92./ e
DRY WEIGHT 339./'o esr.9' .

L WT. OF WATER '/p.9 ; J62 '

% MOISTURE 7. 3 '/c 79 1,

f
' COBBLES TO FINES RATIO

TOTAL DRY WElGHT OF + #4 BJO./r lb
{ TOTAL SAMPLE WEIGHT //55 P/ lbs

. % + #4 (COBBLES) 76.5 7,

%-#4 (FINES) 23.7 %

[

~

|
__ - - - - - - - - - - - - - _ _ - - - _ - _ _ - - - - _ _ - - - - - - - - - - - - - - ---------------J_
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CALCULATIONS FOR COBBLES TO FINES RATIO
,

TEST PIT: #20 DATE TESTED: // 545 J

DEPTH: 1567 TECHNICIAN: M
' A

CHECKED BY: <Ya //48
/~ T

BULK SAMPLE WElGHTS f
+ 1" WET WEIGHT S f5 43 lbs -1" WET WElGHT J48.2B S (
% MOIST /. S % % MOIST 7. 2 %

"
DRY WEIGHT BJ5 /J lbs DRY WElGHT JEV. 69 lbs

TOTAL SAMPLE WElGHT //5R0/ &-

REDUCED _JAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT 2BN3 _lbs -#4 WET WEIGHT SZW/ Its
% MOIST /5 % % MOIST 72 7.

DRY WEIGHT ##.6/ lbs DRY WElGHT __J Y.94 lb5

REDUCED SAMPLE WEIGHT 42. 9/ &.

% + #4 IN REDUCED SAMPLE W5' %
%#4 IN REDUCED SAMPLE 555 7v

-

CONVERSION OF REDUCED S AMPLE PERCENTAGES TO WHOLE S AMPLE WEIGHTS p
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE /WW 55 165 l

t
+ DRY WT. OF + 1" IN BULK SAMPLE e55./3 16s
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 977. 7/ /h. r

MOISTURE CORRECTIONS
~

BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4 [
WET WEIGHT _/,93 8 . _54./ a L
DRY WElGHT . 447 9 'n S&. 2 ' .
WT. OF WATER WYk JO f
% MOISTURE Z2 3 7. 2- %

COBBLES TO FINES RATIO |
TOTAL DRY WElGHT OF + #4 9 77.7/ ll> s E
TOTAL SAMPLE WEIGHT //f8 02 lb5

I
% + #4 (COBBLES) 8U Z

I
%-#4 (FINES) /56 'T,

I
I._

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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CALCULATIONS FOR COBBLES TO FINES RATIO

{ TEST PIT: #B/ DATE TESTED: _ /E-J'93
'

DEPTH: __ 2 '- /, ITECHNICIAN: au M

c Y,.a #CHECKED BY:

BULK SAMPLE WElGHTS
+ 1" WET WElGHT _B E /9 lbs -1" WET WEIGHT #4/ f9 lbs
% MOIST /,5 7. % MOIST 9. 9 'I6
DRY WEIGHT _ B20.B8 lbs DRY WEIGHT J/4.32 16 5

TOTAL SAMPLE WElGHT //f 7. 84 /h.

REDUCED SAMPLE WElGHTS (-1" FRACTION)
+ #4 WET WElGHT /9. AB_lb3 #4 WET WEIGHT Jo.48 I6s
% MOIST /./ % % MOIST s. 7 7.
DRY WEIGHT /9,5 9 165 DRY WEIGHT E/12 l6s

REDUCED SAMPLE WEIGHT 4'Z6/ /h.

E
% + #4 IN REDUCED SAMPLE W8 _7o
%#4 IN REDUCED SAMPLE 59.0 %

[ CONVERSION OF REDUCED S AMPLE PERCENTAGES TO WHOLE S AMPLE WElGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE 40./9 Ib5
+ DRY WT. OF + 1" IN BULK SAMPLE 8 84.8 # (bs

{ = TOTAL DRY WElGHT OF + #4 IN BULVs SAMPLE 17/47 /4

MOISTURE CORRECTIONS

[ BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4
WET WEIGHT 7//. 4 . afs./ 4
DRY WElGHT 44V e sia[ WT. OF WATER ## [ #4 f
% MOISTURE U 'Ic 87 %

i
COBBLES TO FINES RATIO

TOTAL DRY WElGHT OF + #4 9 7/.0 7 16s
TOTAL SAMPLE WElGHT //8228 lbs

[ % + #4 (COBBLES) B/ B %

%-#4 (FINES) ./B.2. %

-

__________._________._____________.J



_

CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: #22 DATE TESTED: /f-/' 95 ,

DEPTH:-f - 4 5 TECHNICIAN: M

CHECKED BY: 44!dA

BULK SAMPLE WEIGHTS -

+ 1" WET WEIGHT 6t'235 lbs -1" WET WEIGHT _4r7/ 52 I6s% MOIST /. T '7, % MOIST d .$' E J
q

DRY WEIGHT BMB3 bs DRY WElGHT WSBO /6sl

,
TOTAL SAMPLE WElGHT //f4 65 45

REDUCED S AMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WEIGHT _fd2RL_lb > -#4 WET WElGHT JB. Y/ (65% MOIST /.5 f, % MOIST /IB E
DRY WEIGHT __m3_Z_lb s DRY WEIGHT J1 7f lb*

REDUCED SAMPLE WElGHT _59/2 //5

% + #4 IN REDUCED SAMPLE 376 7
%#4 IN REDUCED SAMPLE 4 2 8 '7c

~

CONVERSION 0F REDUCED S AMPLE PERCENTAGES TO WHOLE S AMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE/SA J'/ lbs+ DRY WT. OF + 1" IN BULK SAMPLE

65Y F J._.lb s
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 97/. / 74. .

MOISTURE CORRECTIONS
BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4 |WET WEIGHT 73V2 4 64/4 o

DRY WElGHT 4'/U ., J3/5 .

WT. OF WATER
/5.t'f
B63 #0./ 4 |% MOISTURE '/, /58 %

COBBLES TO FINES RATIO
TOTAL DRY WElGHT OF + #4 99/./7 _ b5l
TOTAL SAMPLE WElGHT /P56!63 lb>

% + #4 (COBBLES) 7 2 3 7.
g

%-#4 (FINES) 24 7 %
|
I

- -



[
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[
CALCULATIONS FOR C,OBBLES TO FINES RATIO

( TEST PIT: #29 DATE TESTED: M*l-95
'

DEPTH: 2-5 TECHNICIAN: /t M |
'

[ !
ps adCHECKED BY:

b BULK SAMPLE WEIGHTS
+ 1" WET WElGHT 4/268 lb5 -1" WET WEIGHT ## r/ 165
% MOIST /5 7- % MOIST /f4 7.( DRY WElGHT 4o8.75 lbs DRY WEIGHT 582./B (b5 l

{
TOTAL SAMPLE WEIGHT //50.93/4s.

REDUCED SAMPLE WEIGHTS ( 1" FRACTION)
I + #4 WET WEIGHT /2 92 lbs -#4 WET WEIGHT 'M. 5 7 lbs' % MOIST /.S 1 % MOIST 9.2 %

DRY WEIGHT /2.73 lbs DRY WEIGHT W49 16 5

REDUCED SAMPLE WEIGHT S$tt /h

( % + #4 IN REDUCED SAMPLE 25.7 1,

%-#4 IN REDUCED SAMPLE 7A3 %

( _ CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE SAMPLE WEIGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE /23.74 I6s

r + DRY WT. OF + 1" IN BULK SAMPLE 406 75 165
L = TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 732.r/ /6

MOISTURE CORRECTIONSc
I

BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4
WET WElGHT _feft.0 a 539.9o
DRY WElGHT 467./' a 974't,' y

L WT. OF WATER 90,9 . 45 3 .
% MOISTURE /5 0 'fo 92 1.

r
L COBBLES TO FINES RATIO

TOTAL DRY WElGHT OF + #4 782.J/ 163
[ TOTAL SAMPLE WElGHT //Ja 93 lbs

[ % + #4 (COBBLES) 4Y8 'A

[ W#4 (FINES) #2 %

- - - _ _ _ _



I
E

CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: ##f DATE TESTED: e/ 95. .

DEPTH: 4 5 '- 8. F ' TECHNICIAN: 4 v1

CHECKED BY: /# Ma

BULK SAMPLE WEIGHTS
+ 1" WET WEIGHT 739.fiJks -1" WET WEIGHT 5 /6.6 6 165% MOIST /. f % % MOIST /0.6 %.
DRY WElGHT ____7/#. 7/ lbs DRY WEIGHT #66 50 lbs

TOTAL SAMPLE WEIGHT //9fd/_g,.

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WElGHT M0/ lbs -#4 WET WElGHT #f. 98 l65
% MOIST /.5 '7. % MOIST //.#/ 7
DRY WEIGHT J3.5/ Iln DRY WEIGHT f/.27 16 5

REDUCED SAMPLE WEIGHT 7M 75 /6.

% + #4 IN REDUCED SAMPLE ff'8 %
%-#4 IN REDUCED SAMPLE Jr.2 Te

CANVERSION OF REDUCED S AMPLE PERCENTAGES TO WHOLELSAMPLE WElGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF 1" IN BULK SAMPLE 20B.9a ib
+ DRY WT. OF + 1" IN BULK SAMPLE 7/4 7/ ibs
= TOTAL DRY WElGHT OF + #4 IN BULK SAMPLE 917. 4 / A

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

WET WEIGHT .M5' 5 < .jfd ,
DRY WEIGHT 7 :v. s '_9 _fg Y' .

WT. OF WATER 43 7 44 5., .

% MOISTURE /0 /> % //, Y %

COBB.LJS TO FINES RATIO _ |TOTAL DRY WElGHT OF + #4 977.6/ Ibs
TOTAL SAMPLE WEIGHT //950/ lbs

I
% + #4 (COBBLES) 78 f %

g
%-#4 (FINES) E/.5 'h

I
I
_



.- __ . . .. . . _ - -

~

~

-

CALCULATIONS FOR COBBLES TO FINES RATIO
~

TEST PIT: Pf26
DATE TESTED: // 6 95-

DEPTH: 40'-96'
TECHNICIAN: 4A

:
CHECKED BY: c h /// d

{ BULK SAMPLE WEIGHTS
+ 1" WET WElGHT
% MOIST

-4716f Ilis -1" WET WEIGHT 6/tW.5 I6s
DRY WEIGHT

_ /.0~ % % MOIST 48 'l

,

445167 lbs DRY WEIGHT _ 586.4 7165
-

TOTAL SAMPLE WEIGHT #52.53'/ds -
,

J REDUCED SAMPl E WEIGHTS ( 1" FRACTION)
+ #4 WET WEIGHT /+'a Ibs -#4 W T WEIGHT N2 90 lies% MOIST Xf 'l- % MOIST 40 %DRY WEIGHT / K +'t' lbs DRY WElGHT 4 f7 165

i
REDUCED SAMPLE WEIGHT St' 9///s.

-

% + #4 IN REDUCED SAMPLE 26.3 %
%#4 IN REDUCED SAMPLE 7mf. 7 'fc

-

E
_ CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHDLE SAMPLE WEIGHTS] % + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE

+ DRY W r. OF + 1" IN BULK SAMPLE /5+' J S' ths
M 47 M

= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE . B20 02 4..-

MOISTURE CORRECTIONS
I

BULK SAMPLE 1" FRACTION REDUCED SAMPLE -#4"
WET WElGHT 55/.B e 557. / <
DRY WElGHT 5/A . / ' . #25.[9

_
'

WT. OF WATER 32 9 3/4~
9 <.

% MOISTURE 6# 'l. 4d 'k
-

COBBLES TO FINES RATIOI TOTAL DRY WEIGHT OF + #4 E A E _lb5
;

TOTAL SAMPLE WElGHT //51.5'/ l b5

% + #4 (COBBLES) 55f %
I

W#4 (FINES) J +' f 'A

|
{

;I |

- - -



- _ _ _ _ _ _ _ _

CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: #27 DATE TESTED: /2 S-93f

C /. B 'DEPTH: 9.5 / TECHNICIAN: g.

CHECKED BY: g 4//2/
_ BULK SAMPLE WElGHTS

+ 1" WET WElGHT @.E lbs -1" WET WEIGHT 3/9.62 fbs% MOIST /. 5 % % MOIST //. A /e
DRY WElGHT 68745 lbs DRY WElGHT 28795lbs

TOTAL SAMPLE WEIGHT //75 417 /65

REDUCED SAMPLE WEIGHTS (-1" FRACTION)
+ #4 WET WElGHT Pltf_]hs -#4 WET WEIGHT 37./o Ibs% MOIST /. s' % % MOIST //.B #/cDRY WEIGHT 2/.32 llos DRY WEIGHT 33 '/2 llos

REDUCED SAMPLE WElGHT St'7f /65.

% + #4 IN REDUCED SAMPLE 88.9 "/o
%-#4 IN REDUCED SAMPLE _ 6// %

. CONVERSION OF REDUCED S AMPLE PERCENTAGES TO WHOLE S AMPLE WEIGHTS _
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE//2.0/ Ib5+ DRY WT. OF + 1" IN BULK SAMPLE

63705 Jtos
= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE 999.% As.

MOIST _URE CORRECTIONS
BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4

DRY WElGHT A155 n _5MS n _
gWET WElGHT

7onf__ JS/./ f
WT. OF WATER

49.8 k'/o 4f 3 ' _a
% MOISTURE //.4 ' //,4 %

COBBLEJ TO FINES RATIO _ |TOTAL DRY WElGHT OF + #4 999. A5 lbs
TOTAL SAMPLE WElGHT //75 40!6s

I
% + #4 (COBBLES) 8f0%

g
%-#4 (FINES) /f 0 7.

I
t_

_ _ __ ___ _______--- - - -~
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(
CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: # 88
_ DATE TESTED: // J'93

DEPTH: 60' - 4'S' TECHNICIAN: / . Mv i

CHECKED BY: .gg M
BULK SAMPLE WElGHTS

+ 1" WET WElGHT 93BN71bs -1" WET WEIGHT /4/. St' lbs
:

% MOIST /. f 'W % MOIST 2/.T % '

DRY WEIGHT 9N.foOIlus DRY WEIGHT /J2. 79 lbs

TOTAL SAMPLE WElGHT /#57. 39 /4.

11 EDUCED SAMPLE WEIGHTS _ (-1" FR ACTION)
+ #4 WET WEIGHT /S.B7 lh3 -#4 WET WElGHT 4'/.77lbsI % MOIST 4 5 '% % MOIST 95 %DRY WEIGHT /3 67 lbs DRY WEIGHT W.5f Ibs 1

[ REDUCED SAMPLE WElGHT 582//4'1
i

[ % + #4 IN REDUCED SAMPLE #$.5 /-#

%#4 IN REDUCED SAMPLE 74 , 5 #/o

[
_ CONVERSION OF REDUCED S AMPLE PERCENTAGES TO WHOLE S AMPLE WEIGHTSL

% + #4 IN REDUCED SAMPLE X DRY WT. OF 1" IN BULK SAMPLE3/.2/ llos
+ DRY WT. OF + 1" IN BULK SAMPLE 92Y46 lbs
= TOTAL DRY WElGHT OF + #4 IN BULK SAMPLE _ 9 5 5 6/ 4 ,.

MOISTURE CORRECTIONS

[ BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4
WET WElGHT L3_745 7 S/5 5 p
DRY WEIGHT 71/.2 o ep r af
WT. OF WATER /M.3 1. 4Y.6 5
% MOISTURE 2/.f'Yo 9.5 %

COBBLES TO FINES RATIO _
TOTAL DRY WEIGHT OF + #4 95IB/ lbs
TOTAL SAMPLE WElGHT /457.39lbs_

% + #4 (COBBLES) 94. 1 %

W#4 (FINES) 94"/o

[
-

_ _ _ _ _ _ . _ . _ _ _ . _ . _ . _ _ _ _ _ _ . _ _ _ _ _ . - _ .



CALCULATIONS FOR COBBLES TO FINES RATIO

TEST PIT: #50
DATE TESTED: //-k'73 ,

DEPTH: f f '- Z F '
TECHNICIAN: is

CHECKED BY: n /#Me

/~
BULK SAMPLE WEIGHTS

+ 1" WET WEIGHT B7t'78 lbs -1" WET WElGHT Sd2.99 I6s% MOIST /# 1. % MOIST 44 %DRY WElGHT BM B 5 lbs DRY WElGHT #7/.Bf 16$

TOTAL SAMPLE WElGHT 633 70 4>

REDUCED SAMPLE WElGHTS (-1" FRACTION) n+ #4 WET WElGHT 2/.v/ lbs -#4 WET WEIGHT Jo. 7'/ 165% MOIST /.5 % % MOIST 4. 3 foDRY WElGHT 2/.m lbs DRY WElGHT E9.Y 7 las

REDUCED SAMPLE WElGHT JD56 /65.

% + #4 IN REDUCED SAMPLE 4'/. 7 %
%#4 IN REDUCED SAMPLE .53,3 70

CONVERSION OF REDUCED S AMPLE PERCENTAGES TO WHOLE S AMPLE WEIGHTS.
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE. / 9 4. 76 lb3+ DRY WT. OF + 1" !N BULK SAMPLE _ g6/. 65 lbs

= TOTAL DRY WElGHT OF + #4 IN BULK SAMPLE 1a58.6/ di.

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

WET WElGHT /A94 e 5/#.9 <
DRY WElGHT 409o' 3 567d' s
WT. OF WATER #4.4 1/4e 9
% MOISTURE 6.6 'lo M3 io

COBBLES TO FINES RATIO
TOTAL DRY WElGHT OF + #4 /d56.6/ _lbs
TOTAL SAMPLE WEIGHT _d_JJ 7# lb)

I
% + #4 (COBBLES) M 't' %

g
%-#4 (FINES) _18. 6 %

I
L

-



L !
1

[
CALCULATIONS FOR COBBLES TO FINES RATIO

( TEST PIT: BWeouvD Psr /cd sar) #3( DATE TESTED: 12 7954

DEPTH: 3 * - //' TECHNICIAN: / 44.
- ,

CHECKED BY: <5L.4/WM

BULK SAMPLE WElGHTS
+ 1" WET WElGHT 7 B 4 E //s. -1" WET WEIGHT #5f 9f'I65
% MOIST / 5 fc % MOIST /4. 7 %

[. DRY WEIGHT 774' 3B Ibs DRY WEIGHT #/d 96 lb>

{ TOTAL SAMPLE WEIGHT //#5'E As.

REDUCED SAMPLE WElGHTS (-1" FRACTION)

{ + #4 WET WElGHT 20.3/ lb> -#4 WET WElGHT 3z92 165
% MOIST /S % % MOIST //.2 %
DRY WEIGHT 20.0/ lbs DRY WElGHT M /0 lb - '

[
'

REDUCED SAMPLE WEIGHT SV // /h.

( % + #4 IN REDUCED SAMPLE 37.0 %
j

%-#4 IN REDUCED SAMPLE 45.0 10
|

[ _ CONVERSION OF REDUCED SAMPLE PERCENTAGES TO WHOLE S AMPLE WElGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE /5E.44 ib>
+ DRY WT. OF + 1" IN BULK SAMPLE 779. Se ik>c

L = TOTAL DRY WElGHT OF + #4 IN BULK SAMPLE 924. W 4 s.

p MOISTURE CORRECTIONS
|L BULK SAMPLE -1" FRACTION REDUCED SAMPLE -#4 j

WET WElGHT 639.'/ y 57s.4 y ;
DRY WEIGHT 577 A 441.83 9
WT. OF WATER 4 /4 ,, 576 ,

% MOISTURE /0. 7 fc, //. 2. 4 i
'r

L
COBBLES TO FINES RATIO

TOTAL DRY WEIGHT OF + #4 9tL W lb5
[ TOTAL SAMPLE WElGHT //a5 36 lbs i

[ % + #4 (COBBLES) 78.2 %
1

)
%-#4 (FINES) 2 /. 6 %

-

. ._ _ _ _ _ _ _ _ _ _ _ _ _ _ ____________d



_ _ _ _ _ . _ _ _ _ _ _ _ _ -
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]
CALCULATIONS FOR COBOLES TO FINES RATIO

DATE TESTED: 8-8'95
. ]TEST PIT: F''S

DEPTH: AB''Y8' TECHNICIAN: /
]g ___

*

BULK SAMPLE WElGHTS
+ 1" WET WElGHT _ff988_|bs -1" WET WElGHT +9236 lbs
% MOIST /# "Ic % MOIST 3. 7 % ]DRY WEIGHT B96 '/3 lbs DRY WEIGHT #7+'. 8/ lbs

TOTAL SAMPLE WEIGHT B74 P/4s '

REDUCED SAMPLE WEIGHTS ( 1" FRACTION)
+ #4 WET WEIGHT 33 73 _ lbs -#4 WET WElGHT 4'E.64 l(,5
% MOIST /. 5 % % MOIST 3./ % |DRY WElGHT J3 23 lbs DRY WEIGHT '//.34 (65 a

REDUCED SAMPLE WEIGHT 79 59/65,

% + #4 IN REDUCED SAMPLE 4'6'. 6 %
%-#4 IN REDUCED SAMPLE 55 '/ 'l0 |

.CQNVERSION OF REDUCED S AMPLE PERCENTAGES TO WHOLE SAMPLE WElGHTS
% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE _2//.77 lbs|+ DRY WT. OF + I" IN BULK SAMPLE 896. '/3 t t>s i

= TOTAL DRY WEIGHT OF + #4 IN BULK SAMPLE //68. /4 as.

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

WET WEIGHT f53'.? g_ WJSy
DRY WElGHT 472r @29 q
WT. OF WATER 23.4 /t.3o .
% MOISTURE 3. 7 % 3/ 'pe

CDBBLES TO FINES RATIO gTOTAL DRY WElGHT OF + #4 //48 20 lb5 E
TOTAL SAMPLE WElGHT ./S7/. 29' lbs

f

I
% + #4 (COBBLES) 80 8 %

I%-#4 (FINES) /9 2 %

I
I,

t
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-

CALCULATIONS FOR COBBLES TO FINES RATIO

{ TEST PIT: # 53
DATE TESTED: 2,.8-95

DEPTH: 7 0 ' - 9.0 ' TECHNICIAN: _/ <
~

CHECKED BY: t a /#//
( BULK SAMPLE WEIGHTS 1

+ 1" WET WElGHT 9H24 lbs -1" WET WEIGHT WS4B lb5 i

(..
% MOIST /,5 % % MOIST 9.6 */. {DRY WEIGHT _909.e2 _lbs DRY WEIGHT $29.52lbs i

TOTAL SAMPLE WElGHT /2B9./Wo.r

L

. REDUCED SAMPLE WElGHTS (-1" FRACTION)
+ #4 WET WEIGHT 24/6 lh -#4 WET WEIGHT W49 lb3

c

[ % MOIST / # '/, % MOIST 67 '/-DRY WEIGHT _ #5 77 lbs DRY WElGHT W.f t' _Ilo sf
L

REDUCED SAMPLE WEIGHT 4 7.02 /45.

[ % + #4 IN REDUCED SAMPLE JB 5' '/,
L

% #4 IN REDUCED SAMPLE 6 / 5 '/,

[
CONViiRSION OF REDUCED SAMPLE PERC_ENTAGES TO WHOLE S AMPLE WElGHTS'

% + #4 IN REDUCED SAMPLE X DRY WT. OF -1" IN BULK SAMPLE+ DRY WT, OF + 1" IN BULK SAMPLE N4./2 165
( = TOTAL DRY WElGHT OF + #4 IN BULK SAMPLE

909 62_ _ llos i
/0f5,79 No

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

WET WEIGHT S3X/a_ _5/s z ,
DRY WEIGHT '

[. WT. OF WATER
- #9/> q_ _ 49/#'c

woo _ 33 f a
% MOISTURE 9,B 'k 4.9 #/o

r
( COBBLES TO FINES RATIO

TOTAL DRY WElGHT OF + #4 /455 79'llos
TOTAL SAMPLE WElGHT /F69/Y llos

.

( % + #4 (COBBLES) 8/ 9 /,

%-#4 (FINES) /4 / /,

.. _
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APPENDIX E
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LABORATORY RADIOLOGICAL TEST RESULTS
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VENDOR LABORATORY RADIOLOGICAL

( MEASUREMENTS: COMPOSITE SOIL SAMPLES >#4 ;
MESH SIEVE

E
,

E

-

-

W

M

e

M

W

N

W

m

E

-
-
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(ARRINGER LABORATORIES INC
15000 W. 6TH AVE., SUITE 300 GOLDEN. CO 80401 (303) 277 1687 FAX (Y^ -'

s \ , < ns :

_

4, 31-Jan-94<

ATTN: Site Manager 'l

MK-FERGUSON (Rifle) T R9 )
J

P.O. Box 151 5 EEC .# AJ..QI.YEO ORifle, CO 81650
!hn |,; |h.

'~~ . U.6t!.(j,,?'''ONe
' y

Attn: Receiv d: 21-Dec-93 11:38
Project: Rifle PO #: 2 0740 #338

Job: 939351E Status: Final

ANALYTICAL REPORT PACKAGE

CASE NARRATIVE...... .........................i

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

QUALITY CONTROL REPORT........ . ............Q-1

,

> < * ". t,e. , , ,,,

avta -

t. 53% \

~

, .n1 .

g ;<.) - ;
d-

' ,

%

*
9 -y'O .

,

Meeting The Analytical Challenges OfA Changing World



i FOR INFORMATION ONLY

fARRINGER LABORATORIES INC
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771689

31-Jan-94
: ATTN: Site Manager

MK-FERGUSON (Rifle) Page: i

i P.O. Box 151 Copy: 1 of 1

Rifle, CO 81650

|
Attn: Received: 21-Dec-93 11:38
Project: Rifle PO #: 3050-511-10740 #338

Job: 939351E Status: Final

CASE NARRATIVE
I

A total of 23 Soil samples were received on 21-Dec-93. All were properly

I preserved and in good condition. As stated in the chain of custody,
the samples were run for the following analyses: Ra-226 and Th-230.
Our procedures are summarized on the Quality Control Data Sheet. All
samples were extracted and analyzed within the proper holding times.

Quality control standards for organic and inorganic analyses followed
the appropriate SW-846 or EPA methodology. For radiochemistry, the

I acceptance criteria for spikes and laboratory control standards is j

fifteen percent, plus the counting error. Duplicates will pass if I
the Replicate Error Ratio (RER) is 1.00 or less. The RER is defined
as follows:

RER = ABS (R2 - R1)
SQRT (ERROR 12 + ERROR 22)

where: R1/R2 = original / duplicate sample result
ERROR 1/ ERROR 2 = total 2 sigma uncertainty of R1/R2 )i l

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

Signed:
.. 4 hes. X .~, Ph.

7 .. w . ...........
Steven L. Sincoff .

Director of Operations

,

[

E

-

Meeting The Analpical Challenges Of A Changing World
._ _ _ - _ _ _ _ _ _ _ _ __
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i FOR INFORMATION ONLY

@Ih g.BARRINGER LABORATORIES INCFagW"%.1
15000 W 6TH AVE., SUITE 300 GOLDEN. CO 80401 (303) 277 1687 FAX (303) 2771689 Copy: 1 of 3

Status: Final
MK-FERGUSON (Rifle)

Analyte: Ra-226 Project: Rifle
Fraction: Total Date Analyzed: 01/25-01/31
Method: SM-705 LLD: 0.3
Units: pCi/g

Date

Lab Id Sampled Matrix Samole Id Concentration + 2a

939351-1 30-Nov-93 Soil RFL-SS-2649-01-CTF 1.110.6 -

939351-2 6-Dec-93 Soil RFL-SS-2650-02-CTF 0.7 0.5 -

939351-3 7-Dec-93 Soil RFL-SS-2651-03-CTF 1.7 0.7 -

939351-4 7-Dec-93 Soil RFL-SS-2652-04-CTF 0.6 0. 5 -

939351-5 7-Dec-93 Soil RFL-SS-2653-05-CTF 1.4 0. 6 -

939351-6 30-Nov-93 Soil RFL-SS-2654-06-CTF 3.3 0. 9 -

939351-7 7-Dec-93 Soil RFL-SS-2655-07-CTF 2.0 0. 7 -

939351-8 7-Dec-93 Soil RFL-SS-2656-11-CTF 0.8 0.5-

939351-9 6-Dec-93 Soil RFL-SS-2657-15-CTF 0.9 0. 5 -

939351-10 3-Dec-93 Soil RFL-SS-2658-19-CTF 0.810.5 -
939351-11 2-Dec-93 Soil RFL-SS-2659-20-CTF 0. Si0. 4 -

939351-12 2-Dec-93 Soil RFL-SS-2660-21-CTF 1.6 0. 7 -

939351-13 10-Dec-93 Soil RFL-SS-2661-22-CTF 0.9 0.5-
939351-14 2-Dec-93 Soil RFL-SS-2662-24-CTF 0.9 0.5-
939351-15 1-Dec-93 Soil RFL-SS-2663-25-CTF 0.810.5 -
939351-16 6-Dec-93 Soil RFL-SS-2664-26-CTF 0.7 0.5-
939351-17 6-Dec-93 Soil RFL-SS-2665-27-CTF 0.810.5 -
939351-18 3-Dec-93 Soil RFL-SS-2666-28-CTF 0.8 0.5-

939351-19 3-Dec-93 Soil RFL-SS-2667-29-CTF 2.1 0.8-
939351-20 6-Dec-93 Soil RFL-SS-2668-30-CTF 1.2 0.6-
939351-21 7-Dec-93 Soil RFL-SS-2669-31-CTF 0.9 0.5-
939351-22 9-Dec-93 Soil RFL-SS-2670-32-CTF 1.8 0. 7 -

939351-23 9-Dec-93 Soil RFL-SS-2671-33-CTF 1.6 0.7-

I
I

I
a

Mccring The Analytical Challenges Oj'A Changing World
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[ FOR INFORMATION ONLY

h' ARRINGER LABORATORIES INC 31-aan-94
Page: R-2

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771689 Copy: 1 of 3
Status: Final

(. MK-FERGUSON (Rif1e)

( Analyte: Th-230 Project: Rifle
Fraction: Total Date Analyzed: 01/20-01/26
Method: USAEC LLD: 0.4

[ Units: pC1/g
Date

Lab Id Samoled Matrix Samole Id Concentration + 2a
I 939351-1 30-Nov-93 Soil RFL-SS-2649 01-CTF 1.1 0 . 4 --

939351-2 6-Dec-93 Soil RFL-SS-2650-02-CTF 0 . 9 0 . 4 --
939351-3 7-Dec-93 Soil RFL-SS-2651-03-CTF 0.510.3 -

939351-4 7-Dec-93 Soil RFL-SS-2652-04-CTF 0.710.3--
939351-5 7-Dec-93 Soil RFL-SS-2653-05-CTF 0 . 3 i 0 . 2 --

939351-6 30-Nov-93 Soil RFL-SS-2654-06-CTF 1.610.5 -

939351-7 7-Dec-93 Soil RFL-SS-2655-07-CTF 1.710.5 -

939351-8 7-Dec-93 Soil RFL-SS-2656-11-CTF 0.410.3 -

939351-9 6-Dec-93 Soil RFL-SS-2657-15-CTF 0. 8i0. 4 -
939351-10 3-Dec-93 Soil RFL-SS-2658-19-CTF 0.710.3 -

939351-11 2-Dec-93 Soil RFL-SS-2659-20-CTF 0.8i0.4 -
939351-12 2-Dec-93 Soil RFL-SS-2660-21-CTF 1.210.4-~

939351-13 10-Dec-93 Soil RFL-SS-2661-22-CTF 0.90.4-
939351-14 2-Dec-93 Soil RFL-SS-2662-24-CTF 0.710.4 -

939351-15 1-Dec-93 Soil RFL-SS-2663-25-CTF 1.3 0.5-
939351-16 6-Dec-93 Soil RFL-SS-2664-26-CTF 0.510.3 -
939351-17 6-Dec-93 Soil RFL-SS-2665-27-CTF' O.810.4--

[ 939351-18 3-Dec-93 Soil RFL-SS-2666-28-CTF 0.510.3-
939351-19 3-Dec-93 Soil RFL-SS-2667-29-CTF 2.310.6--
939351-20 6-Dec-93 Soil RFL-SS-2668-30-CTF 0.6 0. 4 -

( 939351-21 7-Dec-93 Soil RFL-SS-2669-31-CTF 0.710.4 -
939351-22 9-Dec-93 Soil RFL-SS-2670-32-CTF 1.110.4 -
939351-23 9-Dec-93 Soil RFL-SS-2671-33-CTF 0. Si0. 3 -

l
!

.

[

hfecting The AnalyticalChallenges OfA Changing World
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FOR INFORMATION ONLY

BARRINGER LABORATORIES INC 21-Jan-94
& Page: Q-1

15000 W. 6TH AVE., SUITE 300 GOLDEN. CO 80401 (303) 277 1687 FAX (303) 277-1689 Copy: 1 Of 3
Status: Final

MK-FERGUSON (Rifle)

QUALITY CONTROL REPORT

Ra-226 Th-230 g

Total Total |
Samole Id DCi/a +20 nCi/a +20

Duplicate 3.8 11.0 0.7 10.4
Duplicate 4.2 11.0 0.4 10.3
RER 0.18 0.46

Std (found value) 80 6 101 7

Std (true value) 99 97 |
Std % rec. 81 104 g

|

l Blank 0.0 10.1 0.0 0.1

Spike % rec. 96 77

I

I

I

I
I
I
I
I
I

I

I
I_
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FOR INFORMATION ONLY-

)

BARRINGER LABORATORIES INC~

_
h% |

15000 W. 6TH AVE., SUITE 300 GOLDEN. CO 80401 (303) 277 1687 FAX (303) 2771689 |

- 31-Jan-94
ATTN: Site Manager !

MK-FERGUSON (Rifle) Page: Q-2
'

P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650

|

Attn: Received: 21-Dec-93 11:38
Project: Rifle PO #: 3050-511-10740 #338

Job: 939351E Status: Final-

~

Abbreviations:

.

Parameters:

] Ra-226 Radium-226.

Th-230 Thorium-230

Units: !

- pCi/g picoCuries per gram-

-

|
~

i

"

!

-

1

- )
!

-

~

\

l

I
I
I l
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______ __.

FOR INFORMATION Ct1Y

BARRINGER LABOPATORIES INC3 W
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771689

31-Jan-94
ATTN: Site Manager
MK-FERGUSON (Rifle) Page: Q-3
P.O. Box 151 Copy: 1 of 3

Rifle, CO 81650

Received: 21-Dec-93 11:38Attn:
Project: Rifle PO #: 3050-511-10740 #338

Job: 939351E Status: Final

QUALITY CONTROL DATA SHEET

Received by: rc Via: Client

Sample Container Type: Sgal bucket
Additional Lab Preparation: None

Analysis

Parameter Method Preservative Analyst Dates
............-.. ............ .......... ...........---.................

Ra-226 SM-705 None Lowrey 01/25-01/31
Th-230 USAEC None Kyle 01/20-01/26

I
I
I
I
I
I

|

I
Meeting The Analytical Challenges Of A Changing World
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k FOR INFORMATION ONLYg
< v BARRINGER LABORATORIES INC
( d dA..

15000 W. 6TH AVE., SUITE 300 GOLDEN. CO 80401 (303) 277 1687 FAX (303) 2771689

31-Jan-94

[ ATTN: Site Manager
MK-FERGUSON (Rifle) Page: Q-4
P.O. Box 151 Copy: 1 of 3

Rifle, CO 81650

Attn: Received: 21-Dec-93 11:38
Project: Rifle PO #: 3050-511-10740 #338

Job: 939351E Status: Final

"

[[[ jSigned: ............../..... .. .... .....
.

Radiochemistry Manager

Barringer Laboratories, Inc. will return or dispose of your samples
30 days from the date your final report is mailed, unless otherwise
specified by contract. Barringer Laboratories, Inc. reserves the right
to return samples prior to the 30 days if radioactive levels exceed
our license.

cc: Helene Langlois, MK-FERGUSON (Rifle)

(

(

(

(

{
l

f
<

|
-

|

|

Mccting Ihe Analpical Challenges Of A Changing World {
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

\



--- - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _

g rdK FERGUSON COMPANY N CWM Federal Environmental Services,Inc.
f.JAONON KNUD5EN COMPANY

FOR INFORMATION ONLY 43 5/
<

LABORATORY SERVICES AUTHORIZATION FORM
,

y y\ok Page I of 0
b / QO / W { '/ % / QQ -: Urgent ,

jhert Foncil
Requisitioner Date Nee . pare -

.. '
..

.Sta'ndard '
-

..

Priority

b69Rifle, CO 3050-511- 107 4 n -ATitutiou t.AsagAroay:

Location P.O. Number Request No. g,regetsp9g sn ces
, p ,

Type of Samole: Water i Soil Environmental Air Sample
Occupational Air Sample Vegetation

Gross Alp |Type of Analvsis: X Ra-226 _ X Th-230 Nat U.
Gross Beta Solubility

'

Other (Specify under special instructions)

Special Instructions / Comments:

DATE

l.D. NO COLLECTED VOLUME DESCRIPTION

I2CL- SS h@ ot - cTF \ \ l%l 43 ~ lo9 \ b s %& 7tf h \ Crsh b W s

et-SS - %60 ol- Ci G 1 dj 6 I oG i h+ Pd h ~1 Nnbles
%.gs- M .m.m (%| 43 T <cyt 'pl A % Cibble s

y.L- BM In A 2 - 64 PrG l'33-UcA Teet W t 4 (%bbiti"

dCL BS 'ltM c6 CTG- \O_ 1 4'2> ht-MiAB Cobbk%
EArt BS-16cM-% - cTC it '4n h'2, 71 + rp;t A b 6.Jobks

Mrt - SS %66 -en - tTG Ell-7| cA mdW A 7 O nbble s

Cu- %%- 2b % - 1 \ -cIG lWl4% ! T'cht7d 8-O C_ n b h k t'

Ct. - B% ~1bM - 6 - CTF l'2ho'l 4 % nd W A B Cobbks
'2ft-E - %&L4 - CI'C (7[hIh3 Y ' i ut'Pa S \Q N b bits

CHAIN-OF-CUSTODY

( Retinguishe Re Signature): Date/ Time

/2-2/~73 070 Cu-

Date/ Time
, Carrier: q g

Grw|} /t- z/-43 o 70 0'

Nar
i Date/ Time

Receivedpa'b by (La 'epresentative Signature):'
f if . h y_N /a2-l/-93 |}.3 [I '

* Darring Chain c,f-Custody as per contract will be attached

MK-F.'CWMFES USE ONLY*
-

Y/Y M ~

MK-F Sir Manager Hf aith FI1ysics' SIteManager*

Technical Review: Date:

Ship to: Approved Vendor Copy to: HPP Manager
For Radioanalytical Services

F2 RP 006-41CN 01

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ -



h$$[dMugcgfgrs PANY CWM Federal Environmental Services,Inc.

- FOR INFOR"ATION ONLY gg
LABORATORY SERVICES AUTHORIZATION FORM

(CONTINUATION PAGE)
Page '3 of

30;n-511-10740/ M
P.O. Number / Request Numtj

|
! DATE

( l.D. NO COLLECTED VOLUME DESCRIPTION

Qpt. B% ''L M Jo CTP |'])'2-' o 'h e-bT h T+M D * '2.h C.dbbidl

Ted-Pti 't 91 0obb(E'2ct bs - Sw n 'll CrG lT2 49 1
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fJanuary 5,1994

Barringer Laboratories
15000 West 6th Avenue, Suite 300

1 Golden, Colorado 80101
Attn: June Brennan

Subject: Job No. 9351 - RIHe Site |
|

--- -

|

| Dear Ms. Brennan:

As per discussions today with Jim Turner, Barringer Laboratories is authorized to subcontract

| sample preparation work for samples containing large stone and cobbles for the subject Job
Number.

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

Sincerely,

MK-Ferguson Company

I atauq
Don L. Blasdel
Procurement Manager
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BARRINGER LABORATOR ES,INC. 15000 West 6th Ave. Suite #300. Golden, oradd 80401 FOR BL10SE ONLY
(303) 277-1687 ToilFree1-800f254-0506 FAX (303)2T7-1689Cha.in-of-Custody Record BU# -
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_

r4 ( 2. Unbr%en on oder pg Y N

~

el O 1. Present or oder pg. Y N
|

Protect ID / Descnpton
i g 3 Present on sampe Y No
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MEASUREMENTS: COMPOSITE SOIL SAMPLES <#4 '

MESH SIEVE
I i

l l

i

I

I

I

I
-

u

-

|

|

|

|~

'

|
a

_



- - ------- ---_------- _ --------------------- ------- _ ------

FORINFORMATION ONLY
l i
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BARRINGER LABORATORIES INC
15000 W. 6TH AVE , SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 2771689

9-Mar-94
ATTN: Site Manager
MK-FERGUSON (Rifle)
P.O. Box 151
Rifle, CO 81650

[ Attn: Received: 28-Feb-94 09:20
Project: Rifle PO #: 3050-511-10740 #356

Job: 941417E Status: Final

ANALYTICAL REPORT PACKAGE

CASE NARRATIVE.......... ...........i. . .....

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

QUALITY CONTROL REPORT........... ......Q-1....

|

|
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BARRINGER LABORATORIES INC
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771689

9-Mar-94
ATTN: Site Manager i

MK-FERGUSON (Rifle) Page: i |

P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650

Attn: Received: 28-Feb-94 09:20
Project: Rifle PO #: 3050-511-10740 #356

I Job: 941417E Status: Final |

CASE NARRATIVE
!

L

A total of 22 Soil samples were received on 28-Feb-94. All were properly
preserved and in good condition. As stated in the chain of custody, jp

L the samples were run for the following analyses: Ra-226 and Th-230. j

Our procedures are summarized on the Quality Control Data Sheet. All j

samples were extracted and analyzed within the proper holding times. !

F I
:

Quality control standards for organic and inorganic analyses followed
the appropriate SW-846 or EPA methodology. For radiochemistry, the
acceptance criteria for spikes and laboratory control standards is
fifteen percent, plus the counting error. Duplicates will pass if
the Replicate Error Ratio (RER) is 1.00 or less. The RER is defined
as follows:

l

RER = ABS (R2 - R1)
SQRT (ERROR 3 2 + ERROR 22)

f
' where: R1/R2 = original / duplicate sample result

ERROR 1/ ERROR 2 = total 2 sigma uncertainty of R1/R2
r

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

L

Signed: s/
.'Yn ./. . .2 /.............. ..

Steven L. Sincoff, Ph.D.
Director of Operations

[
-
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(ARRINGER LABORATORIES INC
9-Mar-94

Page: R-1 |
15000 W STH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771689 Copy: 1 of 3 E

Status: Final
MK-FERGUSON (Rifle)

|Analyte: Ra-226 Project: Rifle
Fraction: Total Date Analyzed: 03/04-03/08 a

Method: SM-705 LT.D : 0.3
Units: pCi/g |

Date g

Lab Id Sampled Matrix samole Id Concentration + 2a

941417-1 6-Dec-93 Soil RFL-SS-2596-TP-1-CTF 4.611.1 g

941417-2 6-Dec-93 Soil RFL-SS-2598-TP-2-CTF 1.710.7 |
941417-3 7-Dec-93 Soil _RFL-SS-2600-TP-3-CTF 1.910.7
941417-4 7-Dec-93 Soil RFL-SS-2602-TP-4-CTF 7.411.4
941417-5 7-Dec-93 Soil RFL-SS-2604-TP-5-CTF 2.510.8

| 941417-6 7-Dec-93 Soil RFL-SS-2606-TP-7-CTF 220 10
| 941417-7 7-Dec-93 Soil RFL-SS-2608-TP-11-CTF 4.211.1

941417-8 6-Dec-93 Soil RFL-SS-2610-TP-15-CTF 6.311.4 g
941417-9 2-Dec-93 Soil RFL-SS-2612-TP-19-CTF 6.511.3 |
941417-10 2-Dec-93 Soil RFL-SS-2614-TP-20-CTF 8.611.5
941417-11 6-Dec-93 Soil RFL-SS-2616-TP-21-CTF 32 3 ,

941417-12 6-Dec-93 Soil RFL-SS-2618-TP-22-CTF 2.410.8
941417-13 1-Dec-93 Soil RFL-SS-2620-TP-24-CTF 2.6i0.8
941417-14 1-Dec-93 Soil RFL-SS-2622-TP-25-CTF 5.411.2
941417-15 6-Dec-93 Soil RFL-SS-2624-TP-26-CTF 1.910.7 |
941417-16 3-Dec-93 Soil RFL- SS - 2 6 2 6 -TP - 2 7 -- CTF 3.210.9 a

941417-17 9-Dec-93 Soil RFL-SS-2628-TP-28-CTF 4.211.0
941417-18 6-Dec-93 Soil RFL-SS-2630-TP-29-CTF 110i10 g
941417-19 6-Dec-93 Soil RFL-SS-2632-TP-30-CTF 3.0 0.9 [
941417-20 9-Dec-93 Soil RFL-SS-2634-TP-32-CTF 1.710.7
941417-21 9-Dec-93 Soil RFL-SS-2636-TP-33-CTF 1.610.7
941417-22 7-Dec-93 Soil RFL-SS-2638-TP-BKG-CTF 1.810,8

I
I
I
I
It

I_
. T I. , n .. l...: I r l. n ll n s.e n f 4 ('l.n n ',, n li!neldea. .
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FOR m?ORMATION Ot1Y

P'BARRINGER LABORATORIES INC
9-Nar-94

Page: R-2 |
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 277-1689 Copy: 1 of 3 {

'

Status: Final
MK-FERGUSON (Rifle)

)

i

| 1
Analyte: Th-230 Project: Rifle )
Fraction: Total Date Analyzed: 03/03-03/08 |g

| Method: USAEC LLD: 0.4 I

Units: pCi/g
Date

I
Lab Id Sampled Matrix Samole Id Concentration + 2a
941417-1 6-Dec-93 Soil RFL-SS-2596-TP-1-CTF 3.li0.7

' 941417-2 6-Dec-93 Soil RFL-SS-2598-TP-2-CTF 2.3i0.6 >

941417-3 7-Dec-93 Soil RFL-SS-2600-TP-3-CTF 5.711.0

I 941417-4 7-Dec-93 Soil RFL-SS-2602-TP-4-CTF 6.6t1.0
941417-5 7-Dec-93 Soil RFL-SS-2604-TP-5-CTF 2.3 0.6
941417-6 7-Dec-93 Soil RFL-SS-2606-TP-7-CTF 12014
941417-7 7-Dec-93 Soil RFL-SS-2608-TP-11-CTF 8.911.2
941417-8 6-Dec-93 Soil RFL-SS-2610-TP-15-CTF 13 1
941417-9 2-Dec-93 Soil RFL-SS-2612-TP-19-CTF 1612

1
941417-10 2-Dec-93 Soil RFL-SS-2614-TP-20-CTF 1712
941417-11 6-Dec-93 Soil RFL-SS-2616-TP-21-CTF 5513
941417-12 6-Dec-93 Soil RFL-SS-2618-TP-22-CTF 2.510.6
941417-13 1-Dec-93 Soil RFL-SS-2620-TP-24-CTF 3.6 0.8

I 941417-14 1-Dec-93 Soil RFL-SS-2622-TP-25-CTF 4.110.8
l 941417-15 6-Dec-93 Soil RFL-SS-2624-TP-26-CTF 1.410.5

941417-16 3-Dec-93 Soil RFL-SS-2626-TP-27-CTF 1.410.5
941417-17 9-Dec-93 Soil RFL-SS-2628-TP-28-CTF 1111
941417-18 6-Dec-93 Soil RFL-SS-2630-TP-29-CTF 230 10
941417-19 6-Dec-93 Soil RFL-SS-2632-TP-30-CTF 6.911.0

I 941417-20 9-Dec-93 Soil RFL-SS-2634-TP-32-CTF 0.910.4
941417-21 9-Dec-93 Soil RFL-SS-2636-TP-33-CTF 1.310.5
941417-22 7-Dec-93 Soil RFL-SS-2638-TP-BKG-CTF 2.210.6

I

I
1

I
I
I

I

I
I Meeting The Analytical Challenges OfA Changing World

____ _ _ _ _ _ _ _ _ _
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FORINFORMATION OC
'

BARRINGER LABORATORIES INC 9-Mar-94
Page: 0-1

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 277-1689 Copy: 1 of 3
Status: Final

MK-FERGUSON (Rifle)

QUALITY CONTROL REPORT

Ra-226 Th-230
Total Total

Samnle Id nCi/o + 20 DCi/a + 2a
Duplicate 0.0 10.2 16 i2
Duplicate 0.3 i0.4 16 i2
RER 0.58 0.00

Std (found value) 91 16 311 112
Std (true value) 99 305
Std % rec. 91 102
Blank 0.0 0.1 0.2 0.2

Spike % rec. 92 94

1

I

l I

I

I

I
I
I
E

i I
I
I

Meeting The Analytical Challenges OfA Changing World -
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. . _ .



_ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

L

-

FOR IN:0RMAT|0N ONLY-

(ARRINGER LABORATORIES INC
~

7
L |

15000 W. STH AVE., SUITE 300 GOLDEN, CO 80401 (303) 2771c87 FAX (303) 2771689

I 9-Mar-94
r ATTN: Site Manager
L MK-FERGUSON (Rifle) Page: Q-2

P.O. Box 151 Copy: 1 of 3

,
Rifle, CO 81650

Attn: Received: 28-Feb-94 09:20
Project: Rifle PO #: 3050-511--10740 #356

Job: 941417E Status: Final

r

L Abbreviations: . . . .

.

~

Parameters:
* Ra-226 : Radium-226

Th-230 . Thorium-230
f
L Units:

pCi/g picoCuries per gram.

r

L

e

1
e

r

L

r

L

f
L

,

I
L

,. .

.
.

- Meeting The Analytical Challenges OfA Changing World
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BARRINGER LABORATORIES INC FORD' # "
]15000 W. 6TH .WE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771689

9-Mar-94
ATTN: Site Manager
MK-FERGUSON (Rifle) Page: Q-3
P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650

Attn: Received: 28-Feb-94 09:20

}
Project: Rifle PO #: 3050-511-10740 #356

Job: 941417E Status: Final
,

QUALITY CONTROL DATA SHEET

Received by: rc Via: UPS

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

Analysis

$[ $$IS$____ ______ $ _________ [$$$$$ $ [$______$I$$__
Ra-226 SM-705 None Lowrey 03/04-03/08
Th-230 USAEC None Melcher 03/03-03/08

I

I

I
I
I
I

|

f
|

|

|

B
Meeting The Analytical Challenges OfA Changing World '"
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BARRINGER LABORATORIES ING.OR\NFOh#
15000 W MH AVE . SUITE 300 GOLDEN. CO 80401 (303) 277-1687 FAX (303) 277-1689

1 9-Mar-94
ATTN: Site Manager
MK-FERGUSON (Rifle) Page: Q-4
P.O. Box 151 Copy: 1 of 3

Rifle, CO 81650

Attn: Received: 28-Feb-94 09:20
Project: Rifle PO #: 3050-511-10740 #356

Job: 941417E Status: Final

V i n -

..../ . ......... .......

Radiochemistry Manager

Barringer Laboratories, Inc. will return or dispose of your samples
30 days from the date your final report is mailed, unless otherwise
specified by contract. Barringer Laboratories, Inc. reserves the right
to return samples prior to the 30 days if ''dioactive levels exceed i

our license.

cc: Helene Langlois, MK-FERGUSON (Rifie)

|

,I

I
I
I
I
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GUSONgOMPANY CWM Fed:ral Environmental Services,Inc.1K

44/4/7 |

o7 }|LABORATORY SERVICES AUTHORIZATION FORM
.

Page / of

aprr Frmr 41 / / @f ./4 /:k h bh*E bb' urgent
!'

Requisitioner Date weed care '
1M- Pribrity l ' Standard

ufle, Co 3050-511 10740 _3bh . 37 mum m imyt .

Location P.O. Number Request No. gry,rts ag i,n 1cesgst, ,, ,

<oe of Sample: Water Soil Environmental Air Sample
Occupational Air Sample Vegetation

roe of Analysis: Ra-226 l / Th-230 Nat U. Gross Alphz
Gross Beta Solubility

Other (Specify under special instructions) j

aecial Instructions / Comments: Ghl MM>
/'

DATE

l.D. NO COLLECTED VOLUME DESCRIPTION

=L-SS- 25%,-TO-l - ETF IQ/4193 45 S 9-- 7~p- I /5-11 '
CL-SS-259R-7^D 2-rTF i.2 /6 /c13 473 i TP- 2- |B-m'
1.-&%- MN)- Tn- S - NTF IQ)'7] 93 4.5h EL TD- 3 / R- d2 / '

Ss-2Ls'?-1^0-4 -(TF /n/'t 793 45 3% 7^P- 4 J/- /6 '
TL-ss-2Lb4-713-G- QTF /a/5/93 46D % TD-5 / 6 eD/ ',.

E'l -ss-Moh-7'O- 1 - 07'F /d/'i/03 489d- 7 10 - 7 //- DI ' svo/90 s,
~

FL-SE- PipB-7p-II-GTP loM/ 93 4D3 9' TT-/ / 6,-lo '

$L-SS-a610 ~TP-l5-07F /al6/93 460 L 7TO- /5- /O-/3 '
E1-Ss zin-relq-cn= /a/a/93 4so L 7~iG-19 s.s - ss '
PL-SS-%|4_ -7'_P 20-cTF /rfr/93 KDo L__ 'fD-20 /-G '
-

CHAlN-OF CUSIODY j|
tative Signature): Dat Yn

aL { aSIq 4' @. /047%ehn
ished by (Site Repkre chj

__Date/Tinie

\'

' ' '

.URS Dimw $cmw %79 674 aR7 i
|arrict:
>

Date/ Timeived' t La6 by b Repr'esentative Signature):'

b. / 1_ Od/ N N 4 O#/10 ;

garringer Chain-of Custody as per contract will be attached
'

b1K-F)CWMF.ES 'U..SE ONL Yi. -

'

- -

'

F%alth Physics'DiteManager3K-FWe Manager (

Technical Review: Date:
1 --=.

!p to: Approved Vence Copy to: HPP Manager j
For Radicanalytical Services



COMPANY CWM Federal Environmental Services. Inc.
, A uo n a va tu c m

WI L{I
LABORATORY SERVICES AUTHORIZATION FORM

(CONTINUATION PAGE)

N"' P
poq DOR"AT10N OND'

3050-511-10720
P.O. Number / Request Norg

DATE
1.D. NO COLLECTED VOLUME DESCRIPTION
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BARRINGER LABORATORIES,INC.,,

Rec'd by /// Internal Chain-of-Custody Recor@ 0417
BLI Job #94 | V ('7 necaaats w.2 g-g<< xc., e.,c.,.,, cusroor

i How Disposed (c.ideone) Retum / Waste / Sewer PREPPED DRY PREPPED COLD

Sign-off Date

_

Type i ,/ _ Analyst Q, Type Analyst

BULKUkY BULK COLD sw 3/, f 9,f G#ete 3jj,y stan emplete

comems comens
SamptoType 4 g ,' hk Sample Type

h eads - Cornmeds

$^
Sample s's 22 [5 Sample #'s Sample #'s /-)2 Sample s's

tecatim && Locahon Locatim Ao;/ dEg &/h YL Location

Samp Time di Time i Samp Time i Time i Samp Time i Time i Samp Time i Time i
Date Dateg.s Out 3 in g g.s Out i in i g.s Out I In 2g.s Out gi in g DateData

3/U19 6 0750 ES k??@ B9 | bis ut%n V L39 gy
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VENDOR LABORATORY TH-230 MEASUREMENTS OF
1-FT DEPTH INCREMENT SOIL SAMPLES <#4 MESH
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BARRINGER LABORATORIES INC.
15000 W,6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 277-1689

( - 1-Feb-94

'l ATTN: Site Manager Q S'6'
MK-FERGUSON (Rifle) O' 4 '8A

'

P.O. Box 151 # -

FOR INFOR!,',ATION ONLYRifle, CO 81650 l II9 roa, ,

RECE
~

~

MK.f[gh, , 0
''

.

E'fle 0+;,,3 Received: 30-Dec-93 09:30DAttn:
\,IM'7Ns~ .'. PO #: 3050-511-10740 #341Project: Rifle

2

'

Job: 939420E su ~ ~ Status: Final

-

ANALYTICAL REPORT PACKAGE

CASE NARRATIVE.................................i

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

QUALITY CONTROL REPORT.......................Q-1

L

khMEI % eng
jx = k - %{- J Jb

e
urtcl d

_ re -..[. ,'H.. . ,.-_wu
J

; . .3t ', _ t.-
. . ..

---

~{_1...;..f1-_

3
- . . --

g__.-
y.x >

hiceting The AnalyticalChallertges OfA Charigirig World
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[ J .NBARRINGER LABORATORIES INCa
15000 W 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 7771683

1-Feb-94
ATTN: Site Manager

FOR INFORMATION ONLY page: i
MK-FERGUSON (Rifle) Copy: 1 of 3
P.O. Box 151
Rifle, CO 81650

Received: 30-Dec-93 09:30
Attn:

,
Project: Rifle PO #: 3050-511-10740 #341

Status: Final
Job: 939420E

CASE NARRATIVE

L A total of 30 Soil samples were received on 30-Dec-93. All were properly
preserved and in good condition. As stated in the chain of custody,
the samples were run for the following analysis: Th-230. Our procedures

! are summarized on the Quality Control Data Sheet. All samples were
extracted and analyzed within the proper holding times.

Quality control standards for organic and inorganic analyses followed
the appropriate SW-846 or EPA methodology. For radiochemistry, the,

L

acceptance criteria for spikes and laboratory control standards is
r fifteen percent, plus the counting error. Duplicates will pass if
L the Replicate Error Ratio (RER) is 1.00 or less. The RER is defined

as follows:

I RER = ABS (R2 - RI)
SQRT(ERROR 12 + ERROR 22)

I where: R1/R2 = original / duplicate sample result
ERROR 1/ ERROR 2 = total 2 sigma uncertainty of R1/R2

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

;

S |

Signed: / ,f
%~. . / . . .% % '........... |

Ph.D[
...

;Steven L. Sincoff,
Director of Operations

[

Meeting The AnalyticalChallenges OfA Changing World
_
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k ?,BARRINGER LABORATORIES INC.
1-Feb-94 '

Page: R-1
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771589 Copy: 1 of 3 |

Status: Final |
MK-FERGUSON (Rifle)

FORINFORhmil0N ONLY

Analyte: Th-230 Project: Rifle

Fraction: Total Date Analyzed: 01/28-01/02
Method: USAEC LLD: 0.4
Units: pCi/g

Date |
| Lab Id Sampled Matrix Samule Id Concentration + 2a |
| 939420-1 1-Dec-93 Soil RFL-SS-2360/ 1612

939420-2 1-Dec-93 Soil RFL-SS-2354/ 2.7 0.7

939420-3 1-Dec-93 Soil RFL-SS-2312/ 1.210.5

939420-4 1-Dec-93 Soil RFL-SS-2392/ 1.9i0.6

939420-5 1-Dec-93 Soil RFL-SS-2419/ 3212
939420-6 1-Dec-93 Soil RFL-SS-2402/ 4012 |
939420-7 1-Dec-93 Soil RFL-SS-2331y 1512 5

7.3 1.1
RFL-SS-2345)!939420-8 1-Dec-93 Soil
RFL-SS-2388 1.9 0.6 g939420-9 1-Dec-93 Soil

| 939420-10 3-Dec-93 Soil RFL-SS-2464/ 9.3 1.2 g
939420-11 2-Dec-93 Soil RFL- SS- 24 5 2 / 12 1

939420-12 2-Dec-93 Soil RFL-SS-2460/ 8.8 1.2

939420-13 2-Dec-93 Soil RFL-SS-2437/ 1.210.5

939420-14 2-Dec-93 Soil RFL-SS-2494/ 1.0 0.4

| 939420-15 30-Nov-93 Soil RFL-SS-2268/ 32 2

939420-16 30-Nov-93 Soil RFL-SS-2247 3.8 0.8 |
939420-17 30-Nov-93 Soil RFL-SS-2258 0.910.4 5

939420-18 30-Nov-93 Soil RFL-SS-2244l 10 1

939420-19 30-Nov-93 Soil RFL-SS-2255/ 4.5 0.9 g
939420-20 2-Dec-93 Soil RFL-SS-2520/ 4.1 0.8 |
93S420-21 1-Dec-93 Soil RFL-SS-2435/ 19 2

939420-22 1-Dec-93 Soil RFL-SS-2361/ 5.7t0.9
939420-23 2-Dec-93 Soil RFL-SS-2542I 1.8 0.5

939420-24 2-Dec-93 Soil RFL-SS-2440/ 7.7 1.1

939420-25 2-Dec-93 Soil RFL-SS-2544l 4.210.8

939420-26 30-Nov-93 Soil RFL-SS-2310/ 1.6 0.5

939420-27 30-Nov-93 Soil RFL-SS-2296/ 1.2i0.5

939420-28 1-Dec-93 Soil RFL-SS-2325l 8.111.1

939420-29 1-Dec-93 Soil RFL-SS-2369/ 1211
939420-30 1-Dec-93 Soil RFL-SS-2318/ 5.210.9

E

i
I
a
_

5fceting The AnalyticalChallenges OfA Changing World
- _ _ _ _ _ - - _ _ _ _ -
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BARRINGER LABORATORIES INC 1-Feb-94

15000 w 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2774689 1 of 3*

Status: Final
MK-FERGUSON (Rifle)

QUALITY CONTROL REPORT

h$t[ FOR INFORMATII" ~"
Sample Id DCi/a + 20

Duplicate 5.2 0.9
Duplicate 4.6 0.9
RER 0.24
Std (found value) 292 112
Std (true value) 305
Std % rec. 96

ke % rec. bl

i

I

I

I

I

I
I '

I
I

1

I
l

Meeting The Analytical Challenges OfA Changing World
_ _ _ _ _ _ _ _ _ _
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BARRINGER LABORATORIES INCu
15000 W. 6TH AVE , SUITE 300 GOLDEN, CO 80401 (303) 777 1687 FAX (303) 2771669

1-Feb-94 ,

ATTN: Site Manager
MK-FERGUSON (Rifle) Page: Q-2
P.O. Box 151 FORINFORMATION ONLY Copy: 1 of 3

Rifle, CO 81650

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

Job: 939420E Status: Final |

Abbreviations:

Parameters:
Th-230 : Thorium-230

Units:
pCi/g : picoCuries per gram

i
I

I

I
I
I
I
I|

|
I_

Meeting The Analytical Challenges OfA Changing n'orld
._____________ - __ -
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Ncannwon, won,+ronasmei
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771689

I 1-Feb-94
ATTN: Site Manager
MK-FERGUSON (Rifle) Page: Q-3

copy: 1 of 3
FOR INFORMATION ONLYRike O 650

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

Job: 939420E Status: Final
QUALITY CONTROL REPORT

QUALITY CONTROL DATA SHEET

IReceived by: rc Via: UPS

Sample Container Type: 500g can

i
Additional Lab Preparation: 100 mesh

Analysis
Parameter Method Preservative Analyst Dates

....---------- ---------- - -------- -----

1

I

I
I
I
E

I
I

Meeting The AnalyticalChallenges OfA Changing World |
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CWM P ' val Environmental Services,Inc.
MK-FERGUSON COMPANY Y'IdCy<
A MONUSON KNUD3EN COMP /.EY

LABORATORY SERVICES AUTHORIZATION FORMPage I of ~L
4 w abel%

/2 / 2 'r / 9 3 1 , -i. f -Q3 ~ .orsent' )
' '

Y' Ipnscre vnnca _

Date .

..' P.riority -

- -

' w 0 ate
' StandardRequisitioner

3@ -

grgets; t.AscmAroer:tcesg
.. Arrorriou

3050- 511- i n?4 n ,g sn
'

A

P.O. Number
Request No.

_

Rifle, Co p ,,p

Location
|

FORINFORt,% TION ONLY

N Soil Environmental Air Sample i
'WaterType of Sample:

Occupational Air Sample __. Vegetation.

Tvoe of Analysis: Ra-226 X Th-230 - Nat U. Gross Air
_ Solubility

Gross Beta
Other (Specify under special instructions)

Special Instructions / Comments:

1

DATE
COLLECTED VOLUME DESCRIPTION

I.D. NOa
|E-|'93 b 9 b %. Tf' 11 20 00P

RGL - 5 5 - d 3 C O

fdf-L - SS L 3 5 'l
) 7 - f - 9 .3 54) YP n 2 o be P

L - 3 5 - 2 5 1 2.
/ 2 -j 'f % Ell'1 % 7T' C 2S

/ 2 -j -p 3 GWg_ 7'P tt 2Y

L -SS -13Cf 2.

| Rt:(t F t. S $ - 2'// 9 j '2 -} - 9 3 S/o S 3 YP tr 30

12 - 1 'r 5 fool L 7e it E &
eft ss - Lys t giz Q TP tr 26

/2 - t - 13
E ept -53 - 2 3 3 r

RFL -S$ - 2 3 45
j?-t- 4 3 M7N 7P tr .2 2

cz t: L - SS - 2 3 $ %
/Z -l- 9 3 63 2's m 7p it 2 L

/2-3-13 63 6 s s. 7t> # 's A 00 P
CPL -55 - 2-WI

CHAlN-OF CUSTODY
Date/ Time

R ' uished by (S.te Representative Signaturel:

-[ td NN lh@
Dste' Time-/n 3

(Carrier:

hh YcXn a t Lens $ %DW
at Lab ybLab' Representative Signaturei:'

~ Date/Tirne

{$ |30 /5 ? OS30R eivej
. L t%s m e A

5 'Barringer Chain of Custody as p[ tract,will be attached
~

/ -0hh ( AbMK-F/CWW NLY:
'

/ Hhalth Physics Site"flanager
MK F SiteMaWer

Date:
3chnical Review:

t
,

-_

Copy to: HPP Manager
Ship to: Approved Vendor

For Radicanalytical Services
F2 RP-006 4 fCfbO1

_ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -
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MK-PERGUSON COMPANY N CWM Federal Environmental Services,Inc.
& WORJus04 KNUDsEN COMPANY

LABORATORY SERVICES AUTHORIZATION FORM
(CONTINUATION PAGE)

L of 7-Page

FOR INFORt,% TION ONLY 3n3g_313_j 0730f gr
P.O. Number / Request Numb |

DATE

I.D. NO COLLECTED VOLUME DESCRIPTION

R G t .s S - 2 'Is 2 12-l-V3 5/3 w re >/ sr |*

Rpi-35-24bo 17 - ? - % 6 75 i _. 7e r /.c |

(: GL - U - L 'l 31 /72-93 % (9m Tf' # //

R P L .5 5 - 1 * / 9 4 / 2 - 2 - S' 3 37e L re u z J
R GL - % - 22.6 % 470 / lh a 1/-30-95 'l41 N re 11 '-l |

RGL ' % ~ l'Li4) ||- 3 C - '/ 5 'f f.0 h TP M (^

)
RFL-65-225%' Il- V - 9 % GS3cm TP lt I

Cp l * $b - 2 2.4* t of- 30 - y 3 f72 TP $ (I

{{ G L - S .s - 2 2. 5~S~
fj - 5 0 */ \ Ero "c ~ 'TP k I ]s

fo l 'c TP M 3 $A

10 RGL-% - 2T10 /2-2-93 w

Q G L M - ~2N 35' / 2 -l 43 E bl N 7 P tl 19 |
(l p t .53 - 2 3 b t / 2 - 1 'f 3 SL5c 7F w 21 |m

R P L ~ 5 5- 2 S- 9 2 12-2 '/3 #/4 9 % TF # ? d
R p t - S S - 4 4 'l e /2-t-93 6 '/ '/N '7P * / / |

(t P L - LS - Z h"'t'f /7-z-93 h/ > < T P tt 9 |

Q (^ L ~ .5 5 - Z 3 t c //-3 0 - 9 5 fs )Q TP H b |
R (~ L - $ $ ~ 2 2 '/ b //- 3 0 - 9 3 h/ 2. w TP d r N

R A .5 5 - 2 3 2. 3- /2- / f 5 455 <- 79 4 Z,4 j'

E
g r.L - 53 - 13 6 9 / 2 - / 'i 3 Goo % 7F 4 2 /

9
R p t - 5 5 - 2 3 s 5- /2-/-5') _ic2 Y 7p g za-

di

N EN 7N
sdN

N
\

N
N

N
\0A/

N "I
N J

N E
N l

N l

N E
N R

N =~

_ n
|

F2-RP 006 4 (continuation) |

t_
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



| # T 2f R 'd e 7g

(circ!e one) Disposa!/ Retum / Empty Date PREPPED DRY PREPPED COLD
Sign-off Date

Type Io,'/ Analyst [[[ Type Ana'yst

BULK DRY BULK COLD s m M/ W % tete , ; _ ,, /9,f sm %bte
,

samp!e Type gg,'/ sampreType _ .
commems ccmm.es

_ , _ _ , , , , ,

commems commens ' V ' O .c UM..>m ivii L uLi

Sampte #'s J[J Sample #'s Sample #'s f- 3() Sample #'s

Location $ml myy ,c4/h Loca$cnLocation ger-[h Location

Timd / me Sampr3 Time Time Samp initials Date Time Time Samp initials Date Ti
Infilats Date Time Time Samp InitialsOut in #'s Out in #'s Out in #'s Out in #'s

Wh 15~30 /600 /f^ [65 r ze o o;u g cyys 1-3a In
' kin 1 G38 h-SD l~3Y Sf (fi

..

e

|

<

e

'

,_ __

- - - - - - - - - - - - - - - - - - - -
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hARRINGER LABORATORIESNCmR 1994FORINFO dlONS . %,
~

15000 W 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (30 ) 27716Q{{{|yED
M4Ehcogg"s. G 9-Mar-94

ATTN: Site Manager Fi<j. ggg y
MK-FERGUSON (Rifle) \ (jgygzp s
P.O. Box 151 j+-
Rifle, CO 81650 ' J'

Attn: Received: 15-Feb-94 09:30
[ Project: Rifle PO #: 3050 511-10740 #353

Job: 941337E Status: Final
p
i

ANALYTICAL REPORT PACKAGE

L

CASE NARRATIVE......... ..................i....

r
ANALYTICAL RESULTS..... .........R-1...........

QUALITY CONTROL REPORT.......................Q-1
|

I
L

r |
|

~.

,&,7 {'& ' ' -,
t-: . . . .. . . .
r : _ ;;p- . < -~;;j ' ;. 7)

J.. .,
y , --.~..:.,.,

C .'Z I, f --|L ,

Q - --~ 4 .--f10:
ru ,

_ . ,

F j ;- ~- .
.a,],- ---. . _.. i

Meetine Tise Analytical Challenges Of A Changing World
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[ BARRINGER LABORATORIES 'M "'''^''C''"

15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771689 .

9-Mar-94
ATTN: Site Manager
MK-FERGUSON (Rifle) Page: i

P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650

( Attn: Received: 15-Feb-94 09:30
Project: Rifle PO #: 3050-511-10740 #353 j

l

Job: 941337E Status: Final

CASE NARRATIVE {

b
'

i

A total of 5 Soil samples were received on 15-Feb-94. All were properly ,

preserved and in good condition. As stated in the chain of custody, |
the samples were run for the following analysis: Th-230. Our procedures )
are summarized on the Quality Control Data Sheet. All samples were +

extracted and analyzed within the proper holding times.

L Quality control standards for organic and inorganic analyses followed .

the appropriate SW-846 or EPA methodology. For radiochemistry, the l
acceptance criteria for spikes and laboratory control standards is !r

L fifteen percent, plus the counting error. Duplicates will pass if |
the Replicate Error Ratio (RER) is 1.00 or less. The RER is defined j

as follows:

b RER = ABS (R2 - R1)
SQRT(ERROR 12 + ERROR 22)

where: R1/R2 = original / duplicate sample result
ERRCR1/ ERROR 2 = total 2 sigma uncertainty of R1/R2

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

|
4

Signed:
' W.R .

~

t ........... ... .... . . , ..

Steven L. Sincoff, Ph.D.
Director of Operations

-

|
_ m xu kokeicarkur m w awa m u_ _ _______-____- _ ____A
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(ARRINGER LABORATORIES INC
9-" r-94

Page: R-1
rgpy. 1 of 315000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771689

FORINFORMATiftst0E: Final
MK-FERGUSON (Rifle)

Analyte: Th-230 Project: Rifle |
Fraction: Total Date Analyzed: 03/07-03/09 |
Method: USAEC LLD: 0.4
Units: pCi/g

Date
Lab Id Sampled Matrix Sample Id Concentration + 2a

941337-1 1-Dec-93 Soil RFL-SS-2405-TP28-CTF 30 2 =.

941337-2 1-Dec-93 Soil RFL-SS-2410-TP29-CTF 290 10

941337-3 1-Dec-93 Soil RFL-SS-2424-TP30-CTF 22 2

941337-4 2-Dec-93 Soil 'RFL-SS-2442-TP11-CTF 2212 |
941337-5 2-Dec-93 Soil RFL-SS-2446-TP11-CTF 25 2

l
J

l
I

I

I
I
I
I
E

I

Moorino The Analvtical Challences Of A Chaneine World
_ _ _ _ _ _ _ _ _ __
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BARRINGER LABORATORIES INC 9-Nar-941

15000 W 6TH AVE., SUITE 300 GOLDEN. CO 80401 (303) 277 1687 FAX (303) 2771689 py 1 Of 3
FOR INFord,'/ Status: Final

MK-FERGUSON (Rifle)

QUALITY CONTROL REPORT

|
Th-230
Total

Sample Id oCi/a + 20

| Duplicate 25 2

B Duplicate 28 i2
RER 0.35
Std (found value) 103 8

1 Std (true value) 97
Std i rec. 106
Blank 0.1 10.3
Spike % rec. 121

I

I -

|

|

I
I

I
I
I
1

I
I

I
Mr..rina The Analvtical Challenors Of A (:hancine \\'orld



.

BARRINGER LABORATORIES INC
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771689

9-Mar-94
ATTN: Site Manager

/Page: Q-2MK-FERGUSON (Rifle)
FORinF0W!# CNn3,

'''
Copy: 1 of 3P.O. Box 151

Rifle, CO 81650

|
Attn: Received: 15-Feb-94 09:30
Project: Rifle PO #: 3050-511-10740 #353

Job: 941337E Status: Final

Abbreviations:

Parameters:
Th-230 Thorium-230

Units:
picoCuries per grampCi/g :

I

I

I

I

I
I
I
I
I
I_

-
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[ BARRINGER LABORATORIES INC
15000 W. 6TH AVE., SUtTE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771689

ATTN: Site Manager
MK-F2RGUSON (Rifle) Page: Q-3
P.O. Box 151 Copy: 1 of 3

Rifle, CO 81650

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

Job: 941337E Status: Final

QUALITY CONTROL DATA SHEET

Received by: rc Via: UPS

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

Analysis
Parameter Method Preservative Analyst Dates
____________________ _______________ ____________ __________ ___________

Th-230 USAEC None Ortiz 03/07-03/09

[

- - - - - - - - - - - - - - - ~ ~ .. ,.. ~ c n - a cu . + -
-
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BARRINGER LABORATORIES INC.
15000 W 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 277-1689

9-Mar-94

|
ATTN: Site Manager

FOR|t; FORMAT 10M OWMK-FERGUSON (Rifle) Page: o-4
P.O. Box 151 Copy: 1 of 3
Rifle, CO 81650

|
Attn: Received: 15-Feb-94 09:30
Project: Rifle PO #: 3050-511-10740 #353

| Job: 941337E Status: Final

|
dSigned: >

......[...................... ...

Radiochemistry Manager

i
Barringer Laboratories, Inc. will return or dispose of your samples
30 days from the date your final report is mailed, unless otherwise g
specified by contract. Barringer Laboratories, Inc. reserves the right |
to return samples prior to the 30 days if radioactive levels exceed
our license.

Icc: Helene Langlois, MK-FERGUSON (Rifle)

|
I

I
I
I
I'

,

I
s
.
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CWM Fodsral Environmental Services, Inc.
MhfdR,ySgNggyJANY

13>7
c

LABORATORY SERVICES AUTHORIZATION FORM
| Page / of

2

,/ .

SI /// Y _ q i: M, 1 - 94 _urg,n,,en reven

fRequisitioner
~

Date 7e* 0a.te f'

Pr'lority Standard

Co 3050-511 10740 3b . nTEwuou - usanar: .| Rifle
-

" Location P.O. Number FOR MEC)EI'fygcqg!Nd. $,,ry,77ts,,agi,ngjgyt7,sts
, ,

I
ryce of Sample: Water Soil Environmental Air Sample f

'

Occupational Air Sample Vegetation

Tvoe of Analysis: Ra-226 r/ Th-230 Nat U. Gross Alph
Gross Beta Solubility

|
Other (Specify under special instructions)

ipecial Instructions / Comments: |

|
t

DATE

I.D. NO COLLECTED VOLUME DESCRIPTION

_ -ss-D#5-7D 29- f 7F Juli/q S /<,0 R V TD4 2_R D -3 '
El-M- D4/0 - TD 29-erF 161i/C7'R &5/ b 71># 2') J - 3 ' 1%92
13-4)@4-1920-rTP |Lili/93 6DA & > >#.30 9- R ! /

*knUM YD ||-GTF /DJn/93 (naul#9 %dI( '7- 2 /
-RS-Ad&-TDI|- erf In/a/09 HA dL T1)# / / 9 -in '

F
'~ (

. .

'

L A/ /-

E M-

' WE -

5 CHAIN-OF CUSTODY

Date/Tiian/W e Mbteh}n$isft3|xL { Chatbi e Signature):W
ed y (Site Re,presen

L

' $ h & W w f u o e [3 &amr7409 '''N'4h4
Date/ Time

f.e elved a gab by (Lab Representative Signature):' 0) //$/ S V O V.y0
1 . (w(_'

Barringer Chain of-Custodh as per contract will be attached |

MM-F) V_MFE.STUSE OIRY'.

~ ~

~K-F SitfAanager
~

(Iealth Physics S'ite Manager

echnical Review: Date:

Bhip to: Approved Vendor Copy to: HPP Manager
For Radioanalytical Services

F2 RP oo6-4 ICN-o1

. - - _ - _ _ _ - _ _ _ _ - _ _ - - - _ -
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BARRINGER LABORATORIES 1
'

x U
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 F $ 2 71 93

.$ 24-Mar-94
k? -ATTN: Site Manager

MK-FERGUSON (Rifle) FOR UCR /ATiON CytY R 1% .t

P.O. Box 151 #2 #I' - O )
'I'//e yhe"'EW

'
aRifle, CO 81650 9

09 -b$ P v
, y

'#'- ed: 16-Mar-94 09:25'

Attn:
Project: Rifle PO #: 3050-511-10740 #360

Job: 941524E Status: Final ,

ANALYTICAL REPORT PACKAGE

CASE NARRATIVE........... .................i f..

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

QUALITY CONTROL REPORT........ ..............Q-1

,

"" '-y
e. ;;uu

gs*
e sth'*

s' Q'e

A

\\

.a
8g A-

czF8gs rau e
Op & 3-L% -9 4

-

;

-

Meeting The Analytical Challenges OfA Changing World
_ - _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ - -
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BARRINGER LABORATORIES INC-

3 15000 W. 6TH AVE , SUITE 300 GOLDEN. CO 80401 (303) 277 1687 FAX (303) 2771689

24-Mar-94

[ ATTN: Site Manager
L MK-FERGUSON (Rifle) Page: i

FORlNFCRMATION 0tl$
Copy: 1 of 3P.O. Box 151

Rifle, CO 81650

[
Attn: Received: 16-Mar-94 09:25

( Project: Rifle PO #: 3050-511-10740 #360

Job: 941524E Status: Final )

CASE NARRATIVE

A total of 9 Soil samples were received on 16-Mar-94. All were properly
preserved and in good condition. As stated in the chain of custody,
the samples were run for the following analysis: Th-230. Our procedures

{ are summarized on the Quality Control Data Sheet. All samples were
extracted and analyzed within the proper holding times.

Quality control standards for organic and inorganic analyses follcaed"

the appropriate SW-846 or EPA methodology. For radiochemistry, the-

acceptance criteria for spikes and Jaboratory control standards is
fifteen percent, plus the counting error. Duplicates will pass if
the Replicate Error Ratio (RER) is 1.00 or less. The RER is defined
as follows;

RER = ABS (R2 - R1)
SQRT(ERROR 12 + ERROR 28)

- where: R1/R2 = original / duplicate sample result
_

ERROR 1/ ERROR 2 = total 2 sigma uncertainty of R1/R2 i

1

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

-

|
Signed:

. . . . . J An . .,W.
'

........

Steven L. Sincoff, Ph.D.p
L Director of Operations 1

E

-

-

i
Meeting The AnalyticalChallenges OfA Changing \\'orld
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I*~" '~94BARRINGER LABORATORIES INC Page: R-1
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 7771689 Copy: 1 of 3

Status: Final
MK-FERGUSON (Rifle)

TR IfFCR'MTION OQy |
Analyte: Th-230 Project: Rifle
Fraction: Total Date Analyzed: 03/21-03/22 |
Method: USAEC LLD: 0.4 |

Units: pCi/g
Date g

Lab Id Sampled Matrix Samole Id Concentration + 2a |
941524-1 30-Nov-93 Soil RFL-SS-2272-CTF 7.6il.1
941524-2 1-Dec-93 Soil RFL-SS-2328-CTF 0.6 0.4

941524-3 1-Dec-93 Soil RFL-SS-2357-CTF 0.6 0.4

941524-4 1-Dec-93 Soil RFL-SS-2400-CTF 2.6 0.7

941524-5 1-Dec-93 Soil RFL-SS-2401-CTF 38 2

941524-6 1-Dec-93 Soil RFL-SS-2430-CTF 4.8 0.9 |
941524-7 1-Dec-93 Soil RFL-SS-2432-CTF 4413 |
941524-8 2-Dec-93 Soil RFL-SS-2453-CTF 5.010.9
941524-9 2-Dec-93 Soil RFL-SS-2456-CTF 2312

| |
,

|

|

|

I

I

I

I
I
I
I
a
"

Meeting The Analytical Challenges Of A Changing World
_ - _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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*~M r-94BARRINGER LABORATORIES INC Page: Q-1
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771689 Copy: 1 of 3

Status: Final
MK-FERGUSON (Rifle)

QUALIf O ROL REPORT

lit.unt ION C|iLY
'

Th-230
Total

Samole Id oci/a + 20

( Duplicate 23 12
Duplicate 21 12
RER 0.28
Std (found value) 327 113
Std (true value) 305
Std % rec. 107
Blank 0.0 0.2

( Spike % rec. 90

i

f
L

h

f
L

r

i-

Meeting The Analytical Challenges Of A Changing \\'orld
_ - - _ _ _ _ _ _ . . . _ _ _ - _ .
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(ARRINGER LABORATORIES INC
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771689

24-Mar-94'

ATTN: Site Manager FOR INF 0 n,w, , ,'u'" O'" . .>u

MK-FERGUSON (Rifle) Page: Q-2
P.O. Box 151 Copy: 1 of 3

Rifle, CO 81650

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

Job: 941524E Status: Final

Abbreviations:

Parameters:
Th-230 Thorium-230

|
Units:

picoCuries per grampCi/g :

i

I

I

I

I

I
I
I
I
'[

; u~,i,,, n a,..i,,ic i ci. iic,,,c, ou ci..,,,,,,, n.,si
--



_ ---- - ----- - - _ - - - - _ - --- - - - ---

4

I
.

[ BARRINGER LABORATORIES INC
g f

15000 W 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771689

| 24-Mar-94'

ATTN: Site Manager
FOR lt|,:Cli"'"a-lCN 0|EyMK-FERGUSON (Rifle) Pager o_3

P.O. Box 151 Copy: 1 of 3

Rifle, CO 81650

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

Job: 941524E Status: Final

QUALITY CONTROL DATA SHEET

I Received by: cs Via: UPS

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

Analysis

i Parameter Method Preservative Analyst Dates
____________________ _______________ ____________ ___.______ ___________

Th-230 USAEC None Ortiz 03/21-03/22 '

I

I i

I

I

I

I
I
I
I
I

Meeting The AnalyticalChallenges OfA Changing World
-. _ _. -_- _ -
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x.ARRINGER LABORATORIES INCB
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277 1687 FAX (303) 2771689

24-Mar-94
ATTN: Site Manager

P 9e: 0-4MK-FERGUSON (Rifle)
FOR l!!:og2."dl0N O.'Ey

.

copy t of 3P.O. Box 151
Rifle, CO 81650

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

Job: 941524E Status: Final

pi

.. . ..... . . ............

Radiochemistry Manager

Barringer Laboratories, Inc. will return or dispose of your samples
30 days from the date your final report is mailed, unless otherwise
specified by contract. Barringer Laboratories, Inc, reserves the right
to return samples prior to the 30 days if radioactive levels exceed
our license,

cc: Helene Langlois, MK-FERGUSON (Rifle)

I

I

I

I
I

| I
|
| g

s.
Alecting The AnahticalChallenges OfA Changing M'orld

_ _ - _ _ _ _ _ _ - _ _ _
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~ MK FERGUSON COMPANY CWM Federal Environmental Services, Inc*r,uonas:n m>osm cownnr

I 52-1
LABORATORY SERVICES AUTHORIZATION FORM >

|
Page / of /

k ere venen 3IlYI9f : M :tgarytp p vgwggg.:n
Requisitioner Date ' 9eed te: .9a : * "w+h ~' ff:w

i n im. . o.n tyw
- MisYir&. &,.y

-

3050-511 107pp n,r~ . ,, ON C equest No.
360Rifle, co

$j g g g g ,,j/g|tgwjggt
.

* " " " 'P.O. Number RLocation

|ype of Samole: Water Soil Environmental Air Sample
Occupational Air Sample Vegetation

yoe of Analysis: Ra-226 Th-230 Nat U.
~ Gross Alph-

) Gross Beta Solubility
j Other (Specify under special instructions)

ecial Instructions / Comments:

DATE
I.D. NO COLLECTED VOLUME DESCRIPTION

'FL -33- 9272 - C W //-30-93 697 7344/
' ~' SS - 2 328 - C 7~F* /2 - o/- 93 5/7 f3 f26

'

-

>L- $ $ - 23 $7- ( YF /2-0 /-93 SAA f5 0 AC'R-SS - 2 Voo - Crf /2- o/- 93 &V8 h a 26,
'fb 96 - M0/ - 07F /2 - o/- 93 6/O bd DR
VL- 99- Dino - drF /2-o/-93 53| 7h e/9

~

'R-SS 2t22 - Arf /2 -o/-93 MW ~ '73+ /'9
~

'R-3S - dyS3 - drF /2-02-93 337 7E' -d /5
h- SS - 2456 - Grf /2-02-93 33/ 95-d /5

_

CHAIN-OF-CUSTODV

;lingished by (Site Re.presentative Signature): Date/Ty' ne

.DDbba OfUtx 3//sUW MO7
Jrrier: '

DatefimkYUb5 betuo 99coen # 293 076 09 , Si6
seived at Lab'by (Lab Representative Signature):' Date/ Time /b $6_ d e m - 3 I b-N / 9 7- |

arringer dhain of Custody as per contract will be attached

f-fi '_ WAVE _S1/Si._d_fil .i

[ F Site' Manager %alth Physics Site Manager

|chnical Review: Date:

to: Approved Vendor Copy to: HPP Manager
e- n - n- - - .. :- , e -- .:,. .

_ _ _
. . . . .
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BARRINGER LABORATORIES, MC. 99924y.

Internal Chain-of-Custody Record
,,

Rec'd by//

BLiJob #94 /5p y nec.e eard s - / (, <rv occ= ~ ue ." cusxm

PREPPED DRY PREPPED COLD
How Disposed (cgeens) @ / Waste / Sewerg
sign <ff // /

Dates 25 <ry 'r./ Analyst ,02 Type Ana?yst,

Type

stut s/fg /pf complets 3/g/9y start complete |
BULK DRY BULK COLD commedacommems

SampleType gg' / Sampfe Type

cements comments

Sample #'s I Sample #'s
Sample #'s /-7 Sample #'s |

tocaem 6,,/ r, , AAe IP tocaem |
N Od tocaem

S mp Time j Time j|tocaem
Samp Tl/ne Time j DateSamp Time j Time j Samp Time j Time j Date

#s Out s in s #'s Out I in ? #'s Out _
in r #'s Out X in 3

DateDate

W/w M ' 43M Jo 035s An
3h/n I-9 re XD 3:fo 03 / jV

9 I,
u
,

S
o

-
__

i

|
1

| 1 i |,

Gm WB
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|

|

ON-SITE RADIOLOGICAL MEASUREMENTS OF 1-FT |
DEPTH INCREMENT SOIL SAMPLES <#4 MESH SIEVE I

|

|
|

|
'

I

I

I

I

I

I

I
I |

|

I
I
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