- APPENDIX B-20

EVALUATION OF POTENTIAL HAZARDS OF DEPLETED URANIUM



EVALUATION OF POTENTIAL HAZARDS OF DEPLETED URANTUM

Maxirurm Amount of Scurce
Material Involved in Each
Process at Anv “ne Time

500 1bs.
500 1bs.
Treatrent 200 1lbs,
250 1bs.
250 lbs.
150 1bhs.
500 1bs,

'rzrium presents a two fold hazard: first from its chemical toxicity;

zré seccnd, frem the lonizing alpha, beta, and garma radiation emitted in

tne process of radicactive decay. The ionizing radiations are hazardous

o er2ll amounts of uraniun are taken into the body or when relatively

e arcunts are present in close proximity to the body. Hcwever, the

tezl prorerties of uranium rresent a hazard only after it 1s absorbed
blocd streams, Fortunately, uranium is absorbed to a very lirmdted

chrough unbroken skin or the gastronintestinal tract, and 1ts speciflic

activity is quite low in comparison with mest other radicactive elerents.,

Hz—mful exposures to elther hazard can be nrevented by careful handling

teehnlques and ccrTon sense.

-

mixtures emit alpha particles accorpanied by very low energy raTa radiaticn
~ the rreccess of radloactive decay. The alrha rzdizticn presents nc hazare
- +tne uranium gets into the bedv. 7The garme radiztior 1s of such low
ermare that it constitutes no hazerd excent tc parts of the bedy In contect
with large quantities of urantum for exterced perisds nf tirme, Afier
cherical refining the beta particle emisslons of UX, and UX (9CTH— 4
919523&), the first tve daughters of Q2U23 , make ub nearly 21l the
I rpmtvatte~ padioticn asscclated with eitker normel cr denleted uraniur,

CCnCllcvaiy,

n. External. The isctopes of uranium fcurd in normal or depleterd

anc

Tha radlation cose rate at the snrfaﬁe cf a bare urantu~ metal slab 1=
2F3 mrar/Mr. The 2.32 Vev S:”from 91Pa23 contributes 240 rrer/hr and tre
0.1 er 0.2 Tev g= from g Thel® adds”another 20 rmrem/hr. The garma revs are
21l quite soft and all erly 2.7 rrem/hr. The melting and casting of uraniunm
result in the nigration of the TY; ard UXp daughters to the surface of the
caztine, The concentratlon of these beta emitters on the interior surfaces
of mclds and crucibles, on the exterlor surfaces of castings, and in thre
slac rcsults in dose rates as high as 2 R/hr. These surface deposits ere

e by washing resulting in limited exposure to




b Y

,» Anternal. Uranlun can giin access to the touy by way of injection,
estion, or inhalation. Absorpticn threcyn unbrosen siin is negligible;
JD;orption via injecticn Is likelv to occur onlv in such cases as contamina-

tion of open wounds; and absorption via irmasticn is arrroxinately 1% of

intake. Inhalaticn of uraniun cemuyg i s otne siznificant mode of entry.
Once in the bo“rdnium can cause dpaye by raciazion and by chemical

toxicity.

€. Chemical Toxicity. Once uranium enters the blood stream in a chemi-
cally active form, its toxicity i- comparable to that of arsenic, lead, or
mercury. Fortunately, the dusts ncst likely to be encountered in industrial
Processing of uranium are relatively insoluble and so inert physiologically
that they are considered as raciclocical hazards rather than toxic chemicals,
These- are deposited primarily in tue respirvarory system from which they are
mobilized slowly. The more solubie compounds or uranium are quickly taken
into the blood stream via lunfs or centaminated vounds and may result in
significant deposits of UCp in the kidney. There some of the uranium combines
with the protein of cell walls, poisoning the cells and interfering with the
vital functions of waste eliminaticn and maintenance of electrolyte balance,
The uranium does not remain fixed in the kidney, but is eliminated at the rate
of about half every two weeks. Moderately severe damage to the kidney as a
result of acute exposure is reparable, and a return tovard normal kidney
function may occur even during continued exposure, '

d. Radiation Hazards. The principal radiaticn hazard from internal
deposits of uranium is the intense ionization in tissue produced by the
alpha particles emitted during radicactive decay., The more than 4 Mev energy
of the alpha particles is absorbed in the first 0.1 mm of tissue, resulting
in localized cellular damage. On tie otherhand, gamma rays and beta
particles dissipate their enecgies in latively larger volumes of tissue
and produce compardtively little damdgés

Many industrial uranium dusts are relatively insoluble and are deposited
primarily in the respiratery system. A fixed deposit of uranium in the lung
is eliminated at the rate of about half every 120 days,

2., Hazard Control and Lvaluation.

a. FExternal. Uranium does not constitute a serious external radiation
hazard, The time lonored methods for controlling exposure to external sources
of radiation are distance, time, and shielding. The intensity of gamma
radiation from a point source rapidly decreases with distance away from the
source. Beta radiation intensity is decreased even more rapidly with distance.
In the case of uranium there is relatively little radiation exposure at a few
feet from the material. The length of time a person may remain in any given
area or at any particular jeb can be limited on the basis of instrument evalua-
tions of the radiation conditions, It is not necessary to use massive shield-
ing or special manipulating devices to decrease exposures in workirng with
normal or depleted uranium. The 2,32 Mev betas from these materials will be
stopped completely by about 0.5 in. of water, even less plastie (Lucite), or
less than 0.25 in., of glass. A horse-hide leather glove can decrease the
radiation dose to the hands as much as 805,
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.Internal- Since the principal health hazard in dealing with

" compounds is that of inhalation, the basic methods of control are

ure and ventilation. Depleted uranium processing areas are provided
clo3 n and special or local ventilation appropriate

1th adequate general ventilatio
v nd of operations performed. Commercially available respiratory

for the ki : , .
protective devices are used for protectlion against short term high concentra-
Educational programs and administrati-e procedures that place

tions.
emphasis on proper handling techniques are used to supplement mechanical

controls. Usually the sampling of uranium particulates in the atmosphere,
the standard method of evaluating inhalation hazards, is accomplished by
drawing air through a filter at a measured rate. The amount of uranium,

UX; and UX, collected on the filter from a known volume of air is determined
by measurement of the alpha and beta radiocactivity. The procedure for

determining airborne activity is as follows:

(1) Air samples are collected by filtering air through a filter
at a known rate of flow and for a predetermined tie. Routine spot samples
are collected by running the air sampler for a 20 minute period.

(2) Counting technique utilizes a 2" planchet for holding the
sample to be counted. The filter paper is placed in the planchet and counted

for 30 minutes,

(3) The total count obtained is divided by the counting time to
determine the counting rate in counts per minute.

(4) The background ccunt rate of theidetectcr is subtracted from

the counts per minute to obtain the corrected dpunts per minutes.

inute is divided by the efficlency

(5) The corrected counts per m
ions per minute (dpm).

of the detector tc determine the disintegrat

(6) The airborne activity is then computed as follows:

airborne activity = dpm
12.22 X 10%dpm/uc) (volume of air sampled)

(7) The calculated activity is then compared with limits specified

in AEC Reg 10 CFR Part 20.

c. Melting and Casting. Upranium is melted and cast under either a
vacuum or some inert gas. This contains all radiation and contamination
during the melt. During melting and casting, the radioactive daughter
products segregate from the uranium, They are found mestly in the crucible
residues and on surfaces of rough castings. This segregation is so pro-
nounced that very real radiation hazards will be found.




(1) Melting. The vacuum melting operation is wmique in that the

O ——————

ughto oducts of uranium are brought to the surface of the melt and are ™
_,;Lnd inYe » the surface of the melt, and the lining of the furnace. et
“rhis radioac material must be removed. After pouring, the top surface

of the ingot Is cropped and the sides are machi{ned under local exhaust
ventilation. Patching of the furnace lining periodically results in

another health physics problem involving external radiation and airborne parti-
culate matter. Shielding the personnel who perform this job is difficult
because of the freedom of movement required for the operation. Gloves and
lead aprons are unsatisfactory. One solution i{s to use a movable aluminum
shield which is placed inside the furnace. Aluminum was chosen since

higher atomic number elements produce Dremstahlung radiation when exposed

to beta radiation. The beta radiation associated with the daughter products
has an effective range of 1100 centimeters. This i{s more than enough to pene-
trate the epidermes layer of skin and may potentially cause beta burns, How-
ever, the aluminum shield is only open in that quadrant in which the worker

is either cleaning or patching the lining. Even with the shield, the

worker must be limited as to the amount of time spent in the furnace,
Respirators are required during the patching operation,

(2) Casting. When graphite crucibles are used for casting uranium,
they must be machined after each heat. Considering that the crucible {s now
contaminated with radiocactive daughter products, the ventilation problem .
during machining operation requires careful consideration. Airborne
particulate matter may be far above the MPC. The ventilating system used
for this operation utilizes a hood enclosure of a combination of sheet metal
and lucitjlastic in conjunction with the exhaust system,

d. Heat TiWatment. Mo special measures are required for heat treatment
operations,

e. Hot Horking.

(1) Forging. Health physics precautions are not stringent in
press forging because there is very little airborne contamination,

(2) Extruding. No special health physics precautions are considered
necessary with the exception of conducting proper clean up after extrusion
was completed. The heating of the bLillets ig conducted in properly vented
salt baths,

f. Cold Working (Swaging). Mo special measures are required for normal
swaging operations,

8. Machining. To waintain the level of airborne particulate uranium
belouw the MPC, all machining operations are provided with local exhaust
ventilation, The degree or extent of ventilation varies with the nature,
amount, and method of reloase of the contaminant. All machining is performed
under cooclant. Since uranium is pyrophoric, a generous supply of coolant is
used to flood both the tool and work Piece to prevent fires and to reduce
airborne contamination. All machines are thoroughly cleaned at least once

4 month. . ]
' /



F Respiratory Protection,
T

v (1) Respiratcrs are required for all operations in which airbcrne
,;;dioactiVity concentrations might exceed 10% of the maximum permissible

" oncentrations established in Title 10 Part 20. In addition, they will be
worn when directed by the Health Physicist.

(2) The type respirator to be used Is the American Optical R-60S7
Sure Guard Respirator with the Super Micro-Toxisol R-57 Filter. See Figure I
for manufacturer's instructions regarding fitting, cleaning and maintenance
of these respirators. )

(3) The supervisors are responsible for insuring that personnel are
instructed in the proper use of respirators and wear them as required. Work
will be programed in such a manner that respirators will not be worn for
periods longer than 45 minutes at any one time nor more than 5 hours in any
cne work week.

(4) Experience has shown that the average concentrations encountered
in areas occupied by employees fall within three to five times the MPC
established in 10 CFR 20.
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APPENDIX C
ARGONNE NATIONAL LABORATORY DATA



o, N DOE/EV-0005/38

HYYNO O /, ANL-OHS/HP-83-108
/ O_,-_‘ : )

FORMERLY UTILIZED MED/AEC SITES
REMEDIAL ACTION PROGRAM

RADIOLOGICAL SURVEY
OF

THE FORMER WATR"WN ARSENAL PROPERTY

WATERTOWN, MASSACHUSETTS

OCCUPATIONAL HEALTH AND SAFETY DIVISION

Health Physics Section
ARGONNE NATIONAL LABORATORY, ARGONNE, ILLINOIS

Operated by THE UNIVERSITY OF CHICAGO
for the U. S. DEPARTMENT OF ENERGY
under Ce-‘ract W-.31-108-Eng-36
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TABLE 2

AMBIENT RADIATION LEVELS

Duration of Radiation Level Corresponding
Location" Measurement RSS-111 PRM-7 Measurement
Area No. Grid (h) (eR/h) (MR/h)
INTERIOR
Bldg. 234
18 65.5 8.9 7
Bldg. 235
11 4.0 8.8 7
12 3.0 8.3 7
13 4.0 9.0 8
14 3.0 10.2 8
16 3.4 8.9 8
17 4.1 9.4 8
19 6.0 11.2 8
Bldg. 236
15 6.2 8.6 8
Bldg. 237
20 4.1 8.8 8
EXTERIOR
1 1 M-2 3.3 17.7 34
2 M-2 2.5 11.6 13
11 3 M-3 4.5 9.8 7
4 K-3 2.1 11.7 10
7 H-2 6.2 7.5 S
IT1 5 E-3 3.0 10.7 9
6 F-4 3.8 12.6 11
10 E-4 2.3 10.0 10
Iv 9 I-1 2.5 10.2 10
v 8 0-2 1.8 9.6 10
21 Q-2 2.9 14.6 15
22 Q-1 3.1 12.4 12

ELocations are shown on maps in Figures S and § through 12.
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TABLE 3

RADON-CONCENTRATION DETERHINATIONS.

Air Radon
Sample b (%22Rn),
Number Location WL pCi/2
4 Building 235, 0.0074 0.74
-Room 1
5 Building 235, 0.0065 0.65
Room 2
6 Building 235, 0.0102 1.02
Room 3 East
7 Building 235, 0.0085 0.85
Room 3 West
8 Building 235, 0.0038 0.38
Room 5
9 Building 235, 0.0058 0.58
Room 10
10 Building 236, 0.0046 0.46
Office
11 Building 236, 0.0015 0.15
Garage
12 Building 237, 0.0004 0.04
Shed
13 Building 236, 0.0006 0.06
Radio Shop
14 Building 234, 0.0010 0.10
East
15 Building 235, 0.0096 0.96
Pistol Range
16 Building 234, 0.0027 0.27
Center
17 Building 234, 0.0054 0.54

West
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TABLE 3
(cont‘d.)
Air
Sample b
Kumber Location WL
18°¢ Building 237, No actinon
Shed
20¢ Building 236, No actinon
Garage
21° Building 235, No ectinon
Room 3 Center
22° Building 234, No actinon

Center

a
Locations are shown on maps in Figures 9 through 12.

bA Working Level (WL) is defined in 10 CFR 712 as any combination of
short-lived radon-daughter products in 1 liter of air that will
result in the ultimate emission of 1.3 x 10° MeV of potential alpha
energy. The numerical value of the WL is derived from the alpha
energy released by the total decay through RaC' of the short-lived
radon-daughter products, RaA, RaB, and RaC at radioactive equilibrium
with 100 pCi of 222Rp per liter of air.

c . . .
Actinon determination.



TADLE

DATA SHEET OF AREA SURVEYS

Percent of Area

FAC 4G-3

End

Window
Accessible Air Direct Neadings® M PRM-7 PRM-5-3 |Smear Nesults
Room or for Survey Sample {dig/min-100 cm?) (mR/h) (pR/h) w/PG-2 (dis/min-
Area No. Floor wWall (WL) Deta Alpha Contact 1 meter |(cts/min) 100 cm?) Comments
AREA 1:
34 1000 BKGD 0.8 40 45000 100 cm?
35 2500 BKGD 0.03 40 50000 100 cm?
36 400 BKGD 0.03 30 20000 100 cm?
37 500 PKGD 0.07 10 10000 100 cm?
38 500 BKGD 0.04 20 3000 100 cm?
39" 15000 250 0.2 20 10000 100 cm?
wo® 50000 400 5.0 20 35000 100 cm?
41 2000 BKGD 0.1 20 5000 100 cm?
42 500 BKGD 0.1 20 5000 100 cm?
43 3000 BKGD 0.15 20 15000 100 cem?
L4 3000 BKGD 0.5 20 15000 100 cm?
45 2000 100 0.6 20 10000 100 cm?
46 500 BKGD 0.05 20 5000 100 cm?
AREA 11:°
47-53, N- 4500 BKGD 0.14 30 30000 700 cw?
Slcb, 60, 45000 250 7.0 30 50000 200 cm?
N-3

e




TABLE 1
DATA SHEET OF AREA SURVEYS

Percent of Aroa PAC 4G-3 Wl}:‘]r(‘l((le
Accesslble Afr Direct Readings® GM PRM-7 PRAM-5-3 |[Smear Resulls

Room or lor Survey Sample {dis/min-100 cml) (mRN/h) (pR/h) w/PG-2 {dis/min-
Area No. Floor Wall (WI,) Reta Alpha Contact | 1 meter |{(cls/min) 100 cm?) Commeontrn
55-57, N-3 4000 BKGD 0.7 30 30000 1100 cm?
:?5 61-63, 25000 300 0.7 30 50000 47000 cm?2
58, M-3 400 nKGH 0.0)3 30 2000 900 cm?
71, L-2 300 RKGD 0.03 30 2000 3700 ce?
64-66, L-3 1000 BKGD 0.08 30 10000 < 300 cm?
67-70, K-3 10000 BKGD 0.02 30 50000 < 400 cm?
AREA 111

Cenersl 1000 RKGD BKGN 10 2000

AREA 1V

General 500 BKGD BKGD 20 3000

AREA V

72, 73, 250 BKGD 0.03 20 10000 < 300 cm?

77, N-1

SE



TABLE 1
DATA SHEET OF AREA SURVEYS

Percent of Areca PAC 4G-3 Wikl:\lzl(:)w
Accessible Air Direct Readings® GM PRM-7 PRM-5-3 |Smear Results
Room or for Survey Sample {dis/min-100 cm?) (mR/h) {pR/h) w/PG-2 (dis/min-
Area No. Floor Wall (WL) Deta Alpha Contact| 1 meter |{cts/min) 100 cml?) Comments
AREA V
(cont'd.)
74-76, N-p 15000 _ BKGD 3.0 20 25000 300 cn?
79-82, O- 250 BKGD 0.04 20 3000 300 cm?
78, 0-2 250 BKGD 0.064 20 2000 100 cm?
83, P-1 250 BKGD 0.03 20 2000 100 cn?
89, P-2 250 BKGD 0.03 20 3000 100 cm?
84, Q-1 250 BKGD) 0.03 20 2000 100 cm?
85-88, Q-p 400 RKGD 0.03 20 7000 300 cm?
®All tnetrliment reddings igclude baclgrounda (PAc-4GB, 250 {pm, PRH-1|-3, 400 cpnf, GH,
0.03 mR, PRH-7, 1 pR).
bHetnl chips were Jound at|these locjtions.
cGrld loc-Fion- arqd shown |n Figure

9t
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TABLE 2

AMBIENT RADIATION LEVELS

a Duration of Radiation Level Corresponding
Location Measurement RSS-111 PRM-7 Measurement

Area No. Grid (h) (HR/h) (HR/b)
INTERIOR
Bldg. 234

18 65.5 8.9 7
Bldg. 235

11 4.0 8.8 7

12 3.0 8.3 7

13 4.0 S.0 8

14 3.0 10.2 8

16 3.4 8.9 8

17 IS | 9.4 8

19 6.0 11.2 8
Rldg. 235

15 6.2 8.6 8
Bldg. 237

20 4.1 8.8 8
EXTERIOR
1 1 M-2 3.3 17.7 34

2 M-2 2.5 11.6 13
11 3 M-3 4.5 9.8 7

4 K-3 2.1 11.7 10

7 E-2 6.2 7.5 S
IT1I 5 E-3 3.0 10.7 S

6 F-4 3.8 12.6 11

10 E-4 2.3 10.0 10
v S I-1 2.5 10.2 10
% 8 G-2 1.8 9.6 10

21 Q-2 2.9 14.6 15

22 Q-1 3.1 12.4 12

ELocations gre shown on maps in Figures 5 and § through 12.



RADON-CONCENTRATION DETERHINATIONS.
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TABLE 3

Air Radon
Sample b (%22Rn),
Number Location WL pCi/2
4 Building 235, 0.0074 0.74
-Room 1
S Building 235, 0.0065 0.65
Room 2
6 Building 235, 0.0102 1.02
Room 3 East
7 Building 235, 0.0085 0.85
Room 3 West
8 Building 235, 0.0038 0.38
Room 5
9 Building 235, 0.0058 0.58
Room 10
10 Building 236, 0.0046 0.46
Office
11 Building 236, 0.0015 0.15
Garage
12 Building 237, 0.0004& 0.04
Shed
13 Building 236, 0.0006 0.06
Radio Shop
14 Building 234, 0.0010 0.10
East
15 Building 235, 0.0096 0.96
Pistol Range
16 Building 234, 0.0027 0.27
Center
17 Building 234, 0.0054 0.54

West
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TABLE 3
(cont'd.)
Alr
Sample b
Xumber Location WL
18 Building 237, No actinon
Shed
20°¢ Building 236, No actinon
Garage
21° Building 235, No actinon
Room 3 Center
22° Building 234, No actinon

Center

a
Locations are shown on maps in Figures 9 through 12.

bA wWorking Level (WL) is defined in 10 CFR 712 as any combination of
short-lived radon-daughter products ipn 1 liter of air that will
result in the ultimate emission of 1.3 x 105 MeV of potential alpha
energy. The numerical value of the WL is derived from the alpha
energy released by the total decay through RaC' of the short-lived
radon-daughter products, RaA, RaB, and RaC at radioactive equilibrium
with 100 pCi of 222Rp per liter of air.

c . . .
Actinon determination.



TABLE &

GAMMA_SPECTRAL AND URANIUM FLUOROMETRIC ANALYSES OF SOIL SANMPLES

Eemmﬂuﬁr0€iﬁé;wr9113£2

232, 228Q,
Sample Decay Decay Uranjum Fluoromctrlca
No 1370y Chain Chain ug/g * 10% pCi/g & 10%
SOIL CORINGS
1-S47-A 1.54 £ 0. 11 1.03 * 0.07 1.36 ¢ 0.09 824.0 ¢ 82.4 334.0 % 33.4?
B 1.96 + 0.14 1.04 £ 0.07 1.21 * 0.09 2227.0 t 222.7 902.0 % 90.2;
C 0.53 t 0.05 0.86 t 0.07 1.52 ¢ 0.11 736.0 ¥ 73.6 298.0 ¢t 29.8b
D <0.03 0.35 t 0.07 0.62 t 0.06 46.2 4.6 18.7 ¢+ 1.9
1-848-A 1.10 £ 0.08 1.03 £ 0.07 1.60 £ 0.11 595.0 ¢ 59.5 241.0 ¢ 2&.1:
B 0.79 £ 0.07 1.33 ¢ 0.09 1.89 £ 0.13 4BL.O0 ¢ 4B.4 196.0 19.6b
C 0.24 £ 0.04 1.24 2 0.09 1.81 ¢t 0.13 100.0 £ 10.0 40.5 ¢t L.Ib
D 0.08 £ 0.03 0.98 & 0.07 1.53 £ 0.11 47.0 t 4.7 19.0 ¢+ 1.9
1-S49-A 1.08 £ 0.11 1.48 ¢ 0.15 1.21 £ 0.12 372.0 ¢ 37.2 151.0 ¢t lS.Iz
B 0.90 t 0.09 1.62 £ 0.16 0.92 t 0.09 412.0 t 41.2 167.0 ¢ 16.7b
C 0.51 £ 0.05 1.05 2 0.11 1.0 £ 0.13 218.0 ¢ 21.8 88.3 t B.Bb
D 0.29 &t 0.03 1.08 & 0.11 1.04 £ 0.10 B4.]3 % B.4 346.1 ¢t 3.4
b
1-S50-A 1.0 £ 0.10 0.67 t 0.07 0.R3 + 0.08 403.0 * 40.3 163.0 1 16.3b
B 0.67 ¢t 0.07 0.8 t 0.08 0.97 £ 0.10 761.0 2 76.1 308.0 ¢t JO.Bb
C 0.53 t 0.05 0.73 2 0.07 1.03 £ 0.10 859.0 t 85.9 348.0 ¢ 3&.8b
D 0.63 t 0.06 0.87 ¥ 0.09 1.40 & 0.14 637.0 t 63.7 258.0 & 25.8
1-851-A 0.33 ¢ 0.0) 0.70 £ 0.07 1.08 1 0.11 2.4 % 0.2 1.6 t 0.2
B 0.70 ¢ 0.07 0.78 £ 0.08 1.00 £ 0.10 3.3 ¢ 0.3 2.3t 0.2
C 1.01 £ 0.10 1.01 & 0.10 1.18 £ 0.12 3.8 ¢t 0.6 2.6 £ 0.2
D 0.35 t 0.04 0.84 ¢ 0.08 0.97 £ 0.10 2.2 ¢ 0.2 1.5 £ 0.2
1-852-A 1.12 £ 0.11 1.25 ¢+ 0.13 1.85 + 0.19 6.4 £ 0.6 4.4 % 0.4
B 0.81 t 0.08 1.36 £ 0.4 1.84 % 0.18 5.2 £+ 0.5 3.6 £ 0.4
C 0.58 £ 0.06 }1.22 t 0.12 1.76 £ 0.18 4.4 t 0.4 3.0 £ 0.3
D 0.06 £t 0.02 1.01 £ 0.10 0.90 £ 0.09 1.9 £ 0.2 1.3 ¢ 0.2

0%




Table &

(cont'd.)
"~ Gamma Spectra, pCi/gto o )
?321-h ZzﬂRa
Sample Necay Decay Uranium Fluorometuic
No 1370y Chain Chain ug/g t 10% pCi/g * 10%
1-553-A 1.91 £ 0.19 0.76 ¢ 0.08 1.35 £ 0.14 7.0 £ 0.7 3.9 ¢ 0.4
B 2.11 t 0.21 1.20 % 0.12 2.02 ¢+ 0.20 5.7+ 0.6 3.9 * 0.4
c 1.42 ¢ 0.14 1.15 ¢+ 0.12 1.60 % 0.16 3.7 £ 0.4 2.5 t 0.3
D 0.20 t 0.04 1.26 ¢+ 0.13 1.61 £ 0.16 2.4 0.2 1.6 £ 0.2
1-S54-A 2.49 ¢ 0.25 0.67 £ u.07 1.10 + 0.11 10.6 ¢t 1.1 5.2 ¢+ 0.5°
B 2.68 t 0.27 0.96 ¢ 0.10 1.20 ¢ 0.12 6.6 + 0.7 3.6 ¢+ 0.4°
C 0.59 t 0.06 0.94 * 0.09 1.12 t 0. 11 2.9 + 0.3 2.0 £ 0.2
D 0.12 ¢ 0.04 1.64 t 0.14 1.15 ¢t 0.12 2.1t 0.2 1.6 £ 0.2
1-855-A 1.55 %t 0.16 1.10 ¢+ 0.11 0.49 2 0.05 1.8 £ 0.2 1.2 £ 0.2
B 1.74 ¢ 0.17 1.20 + 0.12 0.88 t 0.09 2.6 £ 0.3 1.8 ¢ 0.2
c 1.62 £ 0.16 1.00 £ 0.10 1.31 + 0.13 4.4 0.4 3.0 £ 0.3
D 0.36 t 0.04 1.51 % 0.15 1.31 + 0.13 2.2 2 0.2 1.5 £ 0.2
1-856-A 0.20 * 0.04 <0.06 0.15 t 0.05 <1.0 <0.7
B 0.03 t 0.06 0.17 £ 0.05 <0.02 <1.0 <0.7
C 0.21 * 0.04 0.4 % 0.06 0.53 t 0.05 <1.0 <0.7
D 0.13 t 0.04 1.05 ¢+ 0.11 1.35 ¢ 0.14 2.0t 0.2 1.4 + 0.2
1-857-A 5.01 t 0.50 <0.06 0.91 t 0.09 2.1 % 0.2 1.4 t 0.2
B 7.80 ¢t 0.78 0.B0 % 0.08 i1.15 t 0.12 1.8 ¢ 0.2 1.2 £ 0.2
C 2.35 & 0.24 1.07 ¢ 0.11 1.12 £ 0.11 1.7 £ 0.2 1.2 £ 0.2
1) 0.99 t+ 0.10 0.70 t 0.07 1.20 £ 0.12 2.1 ¢+ 0.2 1.4 2 0.2
1-858-A 1.44 ¢ 0.14 1.38 t 0.14 0.80 t 0.08 1.9 £ 0.2 1.3t 0.2
B 1.65 ¢ 0.17 0.94 % 0.09 0.88 t 0.09 1.9 £ 0.2 1.3 ¢+ 0.2
C 0.93 ¢ 0.09 1.10 £ 0.11 1.26 ¢ 0.12 1.8 £ 0.2 1.2 £ 0.2
D 0.45 * 0.05 1.06 £+ 0.11 1.01 £ 0.10 1.7 2 0.2 1.2 ¢t 0.2

%




TABLE &

(vont'd.)
 Gnowna Spectrs, pCi/gte o N T
2329, 226p,

Sample Necay Decay Uranium Fluorometric
No. 137Ca Chain Chain Mg/g t 10% pCi/g t 10%
1-559-A 1.55 2 0.16 1.31 ¢ 0.1) 1.86 t 0.19 4.2 + 0.4 2.9 % 0.3
B 2.74 * 0.27 1.1 t 0.12 1.72 t 0.17 4.8 ¢t 0.5 3.3t 0.3}
C 2.27 t 0.23 0.68 t 0.07 1.46 ¥ 0.15 3.6 £ 0.4 2.5 %t 0.3
D 0.33 t 0.04 1.11 2 0.11 2.01 £ 0.20 3.6 1t 0.4 2.5t 0.3
1-S60-A 5.19 t 0.52 1.47 £ 0.15 2.07 t 0.21 3.9 £ 0.4 2.7 0.3
B 3.48 t 0.35 2.19 & 0,22 3.39 & 0.34 6.9 ¢ 0.7 4.7 £ 0.5
Cc 0.78 ¢+ 0.08 3.32 £+ 0.33 4.85 t 0.49 8.9 ¢t 0.9 6.1 ¢+ 0.6
D 0.20 & 0.04 1.09 £ 0.11 1.45 £ 0.15 2.5 ¢ 0.3 1.7 2 0.2
1-561-A 0.97 £ 0.10 1.15 £ 0.12 0.81 £ 0.08 2.3 %2 0.2 1.6 ¥ 0.2
B 0.62 t 0.06 1.39 ¢ 0.14 0.73 & 0.07 2.5 % 0.3 1.7 2 0.2
Cc 0.61 £t 0.06 0.88 £ 0.09 0.76 £ 0.08 2.6 £ 0.3 1.8 ¢ 0.2
D 0.95 t 0.10 1.03 £ 0.16 0.84 t 0.08 3.0 £ 0.3 2.1 2 0.2
1-862-A 1.10 £ 0.11 1.59 £ 0.16 1.10 £ 0.11 27.0 ¢ 2.7 11.8 ¢ 1.2
B 0.50 £ 0.05 0.80 & 0.08 1.67 £t 0.17 15.5 t 1.6 7.6 £ 0.8
C 0.11 £ 0.03 1.28 ¢ 0.1) 1.20 ¢ 0.12 4.6 £ 0.5 3.2 2t 0.3
D <0.0)} 0.90 & 0.09 1.21 * 0,12 2.5 2 0.3 1.7 £ 0.2
1-575d 1.63 t 0.16 0.07 £t 0.04 1.34 £ 0.13 1.9 2 0.2 1.3 £ 0.2
1-576e 0.48 & 0.05 1.75 £ 0.18 3.84 t 0.38 962.0 196.0 390.0 £39.0

SOIL_BORINGS

1-877-1 0.23 £ 0.04 0.58 £ 0.06 0.72 ¢ 0.07 3.5 ¢+ 0.4 2.0 £ 0.2
2 0.30 £ 0.04 0.73 £ 0.07 0.643 &t 0.04 3.8t 0.4 1.9 & 0.2
4 0.34 t 0.04 0.49 t 0.05 0.36 £ 0.04 1.1 £ 0.1 0.8t 0.1
S 0.51 t 0.05 1.21 t 0.12 0.78 t 0.08 2.6 £ 0.3 1.8 ¢t 0.2
6 0.17 & 0.04 0.R) t 0.08 0.74 £ 0.07 2.6 £ 0.3 1.8 2 0.2




Sample
No 3137¢Cn
1-878-1 0.35 &t 0.04
2 0.57 £ 0.06
3 0.57 + 0.06
4 0.21 & 0.0}
5 0.24 ¢ 0.03
6 0.25 &t 0.04
1-879-1 0.53 £ 0.05
2 0.44 £ 0.04
3 0.1 £ 0.04
4 1.70 £ 0.17
5 <0.03
6 <0.03
1-580-1 0.36 t 0.04
2 <0.03
3 <0.03
4 <0.03
5 1.35 2 0.14
6 0.22 £ 0.02
1-S81-1 0.20 t 0.04
2 0.77 ¢+ 0.08
4 0.22 + 0.04
5 0.346 ¢ 0.0)
6 <0.0)
1-S82-1 0.57 £ 0.06
2 0.51 &t 0.05
k) 0.88 t+ 0.09
4 0.21 t 0.02
5 0.21 £ 0.02
6 0.25 t 0.02

S oceCcC

D o - e -

Q.

(U

73?Th

Decay

Chain
.29 1t 0
.14 2 0
.66 %
.98 t 0.
.76 *
.82 + 0
.65 + 0
.29 0
15 2 0
.33 2 0
.23+ 0
.15 ¢ 0
.RQ *+ 0
.85 t 0
.06
.68 2 0
01 t o
.98 t 0
9% + 0
.26 £ 0
.60 2 0
.78 £ 0
.60 £ 0
.32t 0
42 2 0
.18 0
.35 ¢ 0
.25 + 0
.63 2 0

gymun Sprct]n,:pﬂi/glﬂ

TARLE &

(cont'd.)

22"""

Decay Uranium Fluorometric

Chain HR/R * 107 -;C{/g
.23 2.42 % 0.24 1.2 ¢ 1.1 6.5 ¢
1 1.11 ¢ 0.11 8.3+ 0.8 4.3 %
37 2.32 2 0.3 7.5+ 0.8 5.1 ¢
20 1.69 ¢+ 0.17 3.ox 0.3 2.0 t
18 1.76 * 0.18 3.2 ¢+ 0.3 2.2 2
.18 1.69 ¢ 0.17 3.6 + 0.4 2.5 ¢t
17 1.78 £ 0.18 22.5 ¢ 2.3 10.6 ¢
.13 1.15 t 0.12 4.9t 0.5 2.9 t
.05 0.29 ¢t 0.03 0.9t 0.1 0.6 t
.07 0.68 t 0.07 1.3+ 0.1 0.9 ¢
.04 0.60 t 0.06 2.0t 0.2 1.4 2
.12 0.69 t 0.07 1.6 + 0.2 1.1 ¢
.09 1.07 £ 0.11 23.3 ¢+ 2.3 10.3 ¢
.19 2.10 % 0.21 6.71 0.7 4.4 ¢

0.48 t 0.05 1.7 ¢ 0.2 1.2 ¢

.07 0.38 &t 0.04 4.1 2 0.4 2.0 ¢t
.10 1.48 t 0.15 7.0+ 0.7 4.0 t
.10 0.60 * 0.06 7.4 ¢t 0.7 3.5 ¢
.10 1.41 % 0.14 622.0 t 62.2 252.0 125
.02 1.36 t 0.14 1400.0 t1640.0 567.0 156
.06 T1.464 £ 014 232.0 * 23.2 94.0 2
.08 0.83 £ 0.0R 101.0 t 10.1 40.9 t &4
.06 1.19 & 0.12 16.2 + 1.4 6.7 £ 0
.13 1.06 + 0,11 119.0 * 12.0 48.2 t
.14 1.15 £ 0.12 62.4 ¢+ 6.2 25.3 ¢
.12 1.17 2 0.12 56.3 ¢+ 5.4 22.0 2
.14 0.764 t 0.07 10,4 ¢ 1.0 4.8 t
.05 0.36 t 0.04 2.0t 0.2 1.6 t
.06 0.79 & 0.08 1.6 t 0.2 1.1 £ 0.

2 Cc o cCceco
“ NNWL

C QOO -

CC O CC =~

10%

9%




TABLE 4

(cont'd.)
Gamma Spectra, pCifgtu
2321-h 220[(.
Sample Decay Decay Uranium Fluorometric
No 137cy Chain Chain pg/g t 10} pCi/g % 107,
1-583-1 0.08 & 0.05 0.60 t 0.06 1.13 £ 0.11 136.0 ¢t 13.6 55.1 2 S.Sh
2 0.37 & 0.04 0.61 £ 0.06 1.56 * 0.16 928.0 t 92.8 376.0 137.6b
3 <0.03 0.31 & 0.09 0.60 £ 0.06 33.4 ¢ 3.4 13.5 & I.hb
4 <0.03 0.34 % 0.07 0.83 t 0.08 15.2 ¢ 1.5 6.8 1 0.7°
5 <0.03 0.13 t 0.05 1.06 £ 0.10 39.0 ¢t 3.9 15.8 l.ﬁb
6 0.08 £ 0.05 0.46 t 0.07 0.99 & 0.10 35.9 ¢+ 3.6 14.5 t I.Sb
1-584-1 0.90 £t 0.09 0.89 & 0.09 1.06 £ 0.11 257.0 £ 26.0 104.0 ilo.bh
2 0.35 £ 0.04 1.07 & 0.01 1.35 2 0.14 136.0 &t 14.0 55.1 t 5.5:
3 0.63 &t 0.06 1.16 £ 0.11 0.28 £ 0.03 8.9 &+ 0.9 3.6.t 0.4
) 0.13 £ 0.03 0.73 &t 0.07 0.91 & 0.09 6.1t 0.6 3.2 ¢t 0.3c
6 <0.03 0.58 t 0.09 1.01 £ 0.10 5.8t 0.6 3.2 % 0.3C6
1-585-1 3.62 1t 0.4 0.94 £t 0.09 0.68 & 0.07 710.0 £ 71.0 288.0 IZB.BE
2 0.68 £ 0.07 1.75 £ 0.18 1.62 & 0.16 1452.0 1145.2 588.0 iSﬂ.ﬂb
3 0.47 2 0.05 3.81 t 0.)38 2.42 t 0.24 254.0 £t 25.4 70.1 t 7.0b
4 0.23 t 0.02 0.40 &t 0.08 1.00 £ 0.10 22.46 ¢+ 2.7 11.1 ¢ l.lh
S 0.38 £t 0.04 1.46 & 0.15 1.07 1 0.11 18.9 ¢+ 1.9 7.6 % O.Bb
6 0.47 £ 0.05 0.62 £ 0.06 0.78 & 0.08 10.1 % 1.0 4.1 2 0.4
1-886-1 0.57 £t 0.06 0.36 £ 0.07 0.78 t 0.08 393.0 t 39.3 159.0 115.92
2 1.18 t 0.12 0.57 ¢t 0.09 1.41 £ 0.14 597.0 t 59.7 242.0 t2&.2b
3 0.55 & 0.06 1.12 &t 0.11 1.06 * 0.10 33.5 ¢t 3.4 13.6 l.&b
[ <0.03 1.18 £ 0.12 1.25 t 0.12 19.9 ¢t 2.0 8.1 ¢t O.Eb
5 0.03 ¢ 0.02 0.84 ¢ 0.08 1.30 1 0.13 8.2t 0.8 L. 4L t 0.4
6 <0.03 0.56 &t 0.08 0.90 t 0.09 2.6 ¢t 0.2 1.6 £t 0.2
1-587-1 1.00 £ 0.10 1.74 t 0.17 11.02 & 1.10 14.1 t 1.4 9.6 t 1.0
2 0.19 £ 0.02 1.03 £ 0.10 1.72 t 0.17 2.4t 0.2 1.6 £t 0.2
k| 0.42 t 0.04 1.56 t 0.16 2.11 2t 0. 21 4.5 ¢t 0.5 3.1 0.3
4 0.15 t 0.06 2.21 t 0.22 2.32 £ 0.23 5.7t 0.6 3.9 £ 0.4
5 0.15 t 0.04 2.15 ¥ 0.22 2.44 % 0.24 5.8t 0.6 4.0 £ 0.4
6 0.13 £ 0.03 2.35 2 0.24 2.05 t 0.20 4.6t 0.4 3.0 2 0.3




Gamma _épcc[irn B :p( i//j giu

TABLFE, 4
(cont'd.)

232T|| 220Rn

Sample Decay Drcay Uranium Fluorometric

No 137¢, Chain Chain PR/g 107 pCi/a 1 10%

1-588-1 0.76 + 0.08 0.65 % 0.06 1.03 % 0.10 9.0t 0.9 4.5 t 0.4°
2 0.29 t 0.04 1.640 £ 0.14 1.06 * 0.1} 4.8 ¢+ 0.5 2.8 1 0.3°
3 1.26 £ 0.12 0.33 % 0.10 1.21 £ 0.12 3.0¢ 0.3 2.0 ¢ 0.2
4 0.36 ¢ 0.04 0.98 t 0.10 0.93 t 0.09 2.9t 0.3 2.0 2 0.2
5 0.61 % 0.06 2.06 % 0.20 1.77 ¢ 0.18 3.8 2 0.4 2.6 + 0.3
6 1.19 ¢ 0.12 2.18 ¢ 0.22 2.65 ¢ 0.26 3.7t 0.4 2.5 % 0.3

1-889-1 0.15 ¢ 0.06 0.57 t 0.09 0.56 t 0.06 8.7%t 0.9 4.0 2 0.4
2 0.16 t 0.04 0.08 t 0.04 0.40 t 0.04 5.5t 0.6 2.6 ¢ 0.3
3 <0.03 0.48 ¢ 0.07 0.89 % 0.09 3.2 ¢ 0.3 2.2 ¢t 0.2
4 0.11 t 0.03 0.50 t 0.08 0.89 * 0.09 2.1 ¢t 0.2 1.4 ¢ 0.1
5 0.33 ¢ 0.06 0.67 ¢ 0.07 0.75 ¢ 0.08 1.8 ¢ 0.2 1.2 2 0.1
6 0.33 t 0.06 0.83 t 0.08 0.99 ¢ 0.10 2.4t 0.2 1.6 £ 0.2

1-890-1 1.50 ¢ 0.15 1.14 ¢ 0.11 1.07 £ 0.11 42.3 % 4.2 17.1 ¢ 1.7°
2 0.21 £ 0.04 0.70 1 0.07 0.82 t 0.08 6.6t 0.7 3.3 ¢ 0.3
3 0.15 ¢ 0.064 0.647 % 0.09 0.73 ¢ 0.07 3.7 ¢ 0.4 2.1t 0.2
4 <0.03 0.71 t 0.07 0.75 ¢ 0.08 1.6t 0.2 1.0 £ 0.1
5 0.16 ¢ 0.04 1.12 ¢ 0.11 0.85 t 0.08 1.8 ¢ 0.2 1.2 ¢t 0.1
6 0.06 £ 0.02 0.06 0.78 t 0.08 1.7t 0.2 1.2 ¢ 0.1

1-591-1 0.44 + 0.04 2.96 t 0.30 3.61 t 0.36 11.6 ¢ 1.2 7.91 0.8
2 0.03 t 0.02 1.13 % 0.11 0.91 t 0.09 2.5% 0.3 1.7 ¢ 0.2
3 <0.03 1.643 ¢ 0.14 1.29 *+ 0.13 2.8 0.3 1.9 ¢ 0.2
4 <0.03 2.21 ¢ 0.22 1.70 ¢ 0.17 3.7 0.4 2.5 £ 0.3
5 <0.03 0.43 t 0.06 0.39 t 0.06 2.2t 0.2 1.5 t 0.2
6 <0.03 1.72 £ 017 1.02 ¢ 0.10 4.6t 0.5 3.0 ¢ 0.3

S




TABLE &4

(cont'd.)
Gamma Spectea, pCi/glo a
2311.‘ 226,
Sample llecny Decay Uranium Fluorowmetric
No 137¢, Chain Chain pg/g t 10% pCi/g % 10%
1-592-1 Bl)L8 2.84 t 0.28 13.66 t 1.37 1.4 ¢+ 0.2 1.0 £ 0.1
2 0.19 £t 0.06 2.08 t 0.21 11.67 2 1.17 2.5 0.3 1.7 £ 0.2
3 0.16 £ 0.04 0.94 £ 0.09 4. 44 £ 0.44 2.3t 0.2 1.6 * 0.2
4 0.09 &t 0.04 0.93 £ 0.09 1.98 ¢ 0.20 1.9 0.2 1.3 £ 0.1
5 BDL 0.35 t 0.07 0.97 £ 0.10 1.0t 0.1 0.7 £ 0.1
6 BOL 0.55 £ 0.08 0.87 £ 0.09 1.2 ¢ 0.1 0.8 1 0.1
1-893-1 0.25 £ 0.04 0.79 & 0.08 1.65 £ 0.16 2.7+ 0.3 1.8 £ 0.2
2 0.22 £t 0.04 0.92 £t 0.09 1.4 &t 0.13 2.0 0.2 1.4 2 0.2
3 0.04 2 0.02 1.10 £ 0.11 1.32 £ 0.13 2.3 0.2 1.6 £+ 0.2
4 <0.0)3 0.83 & 0.08 0.95 * 0.10 2.9 0.3 2.0 £ 0.2
5 <0.03 1.06 £ 0.11 1.72 £ 0.17 3.3+ 0.3 2.3 2 0.2
6 0.03 £ 0.02 0.95 2 0.10 1.28 £ 0.13 2.7%* 0.3 1.8+ 0.2
1-894-1 0.6) £ 0.06 2.08 £ 0.2) 5.54 t 0.55 17.8 + 1.8 12.2 * 1.2
2 0.03) £ 0.02 1.6 £ 0.16 7.99 & 0.80 10.3 ¢ 1.0 7.0t 0.7
3 0.17 £ 0.05 1.15 2 0.12 3.44 £ 0.34 14.1 + 1.4 9.6 2 1.0
4 <0.03 - 1.46 £ 0.15 2.4t 0.2 1.6 £ 0.2
s <0.03 0.77 £ 0.08 1.23 * 0.12 1.8t 0.2 1.2 £ 0.1
6 <0.03 0.58 & 0.09 1.85 & 0.18 2.4t 0.2 1.6 £ 0.2
1-895-1 0.55 & 0.06 2.18 ¢ 0.22 5.04 £ 0.50 2.6 £+ 0.3 1.8 £ 0.2
2 0.12 £ 0.04 1.88 * 0.19 4.24 2 0.42 2.9 0.3 2.0 £ 0.7
3 0.28 £ 0.04 1.76 & 0.18 4.14 £ 0.41 2.3t 0.2 1.6 + 0.2
& 0.09 £ 0.04 0.97 £ 0.10 2.41 t 0.24 4.1t 0.4 2.8 ¢ 0.3
5 0.15 & 0.04 0.31 £ 0.03 2.09 & 0.21 4.3t 0.4 2.9 £ 0.3
6 <0.03 1.00 £ 0.10 4.18 t 0.42 13.5 ¢+ 1.4 9.2+ 0.9
l-R96‘ BDL 274.0 127.0 215.0 122.0 708.0 £ 71.0 483.0 48

9%




TABLE &

{cont'd.)
 Gomen Spectrn, pCi/gto B o T T
2.'\211. 226Rn
Sample Decay Decay Urnntum Fluorometric
No. 137¢q Chain Chain pg/R t 10% pCi/g t 10%
1-597-A 0.86 ¢ 0.08 ' 0.R5 t 0.08 1.01 % 0.10 3.6t 0.3 2.3t 0.2
B 0.24 % 0.05 1.11 ¢ 0.11 1.07 ¢ 0.11 3.6t 0.3 2.3 % 0.2
c 0.16 t 0.05 0.92 + 0.09 1.264 t 0.12 2.4 t 0.2 1.6 + 0.2
D 0.30 ¢ 0.04 0.95 ¢ 0.10 1.45 ¢ 0.14 2.6t 0.3 1.8 £ 0.2
1-598-A 1.39 ¢ 0.16 0.70 + 0.07 0.88 + 0.09 3.3+ 0.3 2.1t 0.2°
B 0.78 ¢ 0.0R 0.84 t 0.08 0.85 t 0.08 6.0t 0.6 3.1 1 0.3"
C 0.35 t 0.04 0.646 & 0.06 0.48 + 0.05 7.6+ 0.8 3.5 ¢ 0.4°
D 0.26 t 0.04 1.09 £ 0.11 0.82 t 0.04 7.5t 0.8 3.7 2 0.4
1-S99-A 0.67 % 0.05 1.82 ¢ 0.18 2.06 t 0.20 251.0 ¢ 25.1 102.0 110.2?
B 0.16 t 0.05 2.45 t 0.24 4.08 £ 0.41 322.0 t 32.2 130.0 113.0;
c 0.16 £ 0.05 2.25 t 0.22 5.89 t 0.59 545.0 t 545 221.0 122.1;
D <0.03 1.16 t 0.12 5.642 t 0.54 272.0 t 27.2 110.0 t11.0
1-8100-A 1.17 £ 0.12 1.75 + 0.18 2.10 & 0.21 5.3t 0.5 3.6 + 0.4
B 0.66 £+ 0.07 1.90 t+ 0.19 2.06 + 0.21 5.8t 0.6 4.0 ¢ 0.4
C 0.60 t 0.06 2.22 ¢ 0.22 1.95 ¢ 0.20 8.8+ 0.9 3.6 ¢+ 0.4
D 0.69 t 0.07 3.70 ¢ 0.37 3.09 t 0.31 8.3t 0.8 3.4 1 0.4°
1-8101-A 0.51 t 0.05 0.86 + 0.09 0.77 & 0.08 4.5 ¢ 0.5 3.1 2 0.3
B 0.05 *+ 0.02 1.15 t 0.12 1.01 t 0.10 3.0t 0.3 2.0 £ 0.2
c 0.21 ¢t 0.04 1.24 ¢ 0.12 0.90 ¢+ 0.09 3.8¢ 0.4 2.6 + 0.3
D 0.34 t 0.05 1.00 £ 0.10 1.25 ¢ 0.12 3.3t 0.2 2.3t 0.2
1-8102°% 1.55 t 0.16 1.29 ¢ 0.13 3.06 t 0.31 12.8 ¢+ 1.3 7.7 2 0.8°
1-3103h~A 3.82 ¢ 0.38 0.94 t 0.09 1.73 ¢t 0.17 1.75%10% ¢ 1.75x103 7.1x103 ¢ 7.|x102b
B 1.48 * 0.15 - 1.10 £ 0.11 2.73x103 ¢t 2.73x102 1.1x10% ¢t 1.gxlo’
C 0.18 t 0.05 1.09 + 0.11 1.40 t 0.14 463.0 t 46.3 188.0 t18.8
D 0.07 % 0.04 1.30 ¢ 0.13 1.65 t 0.16 343.0 t 34.3 139.0 113.9;
E <0.03 1.22 £ 0.12 2.17 t 0.22 146.0 t 14.6 59.1 % 5.9°

Ly



TABLE &

(cont'd.)
Gamma Spectra, pCi/gty T
2321‘“ 228“‘

Sample Decay Decay Uranium Fluorometric
No. 137, Chain Chain uvr/g t 10% pCi/g t 10%
1-8104-A 3.13 £ 0.31 noL 1.88 & 0.19 3.10x103 ¢t 3.1x10% 1.3x10% ¢ 1.3x102b

B 1.01 t 0.10 BDLL 1.36  0.13 6.39%x10% t 6.4x103 (_2.6x10% 2 2.6x103

C 2.14 t 0.21 0.72  0.07 1.23 £ 0.12 5.26x103 t 5.3x102 2.1x10% t 2. 1xt0?
1-8105° 2.53 t 0.25 0.30 t 0.09 1.45 t 0.14 1.67x10% t 1.7x103 6.8x10% t 6.Un102b
1-5106° 2.62 ¢ 0.26 0.85 ¢ 0.08 1.05 £ 0.10 1.67x10% £ 1.7x103 6.8x103 ¢ e.axlo‘b

BACKGROUND SOIL ENVIRONMENTAL

1-8B107-A 1.25 t 0.06 1.2 £ 0.1 0.96 & 0.06 3.4t 0.5 2.3t 0.

B 4.3t 0.6 2.9 ¢t 0.4

c 4.1t 0.6 2.8 ¢ 0.4

D 3.1t 0.4 2.1 ¢ 0..
1-SB108-A 0.91 ¢ 0.05 1.5 1 0.1 1.00 & 0.07 2.5t 0.5 1.7 ¢ 0.3

B 6.8t 0.6 4.6 2 0.4

c 3.5t 0.5 2.4 £ 0.3

D 3.2 % 0.4 2.2 0.0
1-SB109-A 2.20 t 0.10 0.9 ¢ 0.1 0.68 t 0.06 2.5t 0.4 1.7 £ 0.3

B 2.2t 0.4 1.5t 0.3

c 1.3t 0.4 0.9 ¢ 0.3

D 2.6t 0.4 1.6 £ 0.2
1-SB110-~A <0.05 0.91 ¢ 0.1 0.72 & 0.06 4.0 ¢t 0.4 2.7 £ 0.3

B 17.4 £ 0.8 11.8 ¢t 0.5

C 5.0t 0.4 3.4 0.3

D 3.2 £ 0.6 2.2 2 0.3

8%




TARLE 4
(cont 'd.)

a
Converaion per Appendix 5.

b
! DLpleted uranium conversion factor of 0.606 pCi/g based on abundances givea
in Table 6!

c
Depleted uranfum corrected for natural uranium based on ?2%Ra concentration.

dSoil from sewer (see Fig. 14).

.

Surface scrapingn.

f

Rock sample from surface (see Fig. B).
®pDL = Below Detectable Limits

hSa-ple subdivided into 2-in, 2-in, 2-in, 6-in, and l-in segments.

&%
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TABLE 5

GAMMA SPICTRAL AND URANTUM FLUOROMETRIC
ANALYSES OF WATER (W) AND SLUDGE (SS) SAMPLES

Gamma Spectra (pCi/m2*0)

232Th 22°Rl
Sample Volume Decay Decay Uranium Fluorcmetric
Ko. (me) Chain Chain Hg/met10% pCi/me+10%>

DISSOLVED SOLIDS

1-W63 132 <0.01 <0.01 0.0011%0.0001  7.5x10 %%7.5x10 5
1-SS64 41 0.36%0.07 <0.01 0.0027£0.0003 1.8x10 3*1.8x10 *
1-856€5 43 BDLb 0.21%0.03 0.001210.0001 8.2x10 4%8.2x10 5
1-W66 147 <0.01 <0.01 0.001420.0001 9.6x10 %%9.6x10 5
1-W67 125 0.05%0.02 <0.01 0.0002%0.0001  1.4x10 %%1.4x10 S
1-5568 42 BDL 0.0920.03 0.0010%0.0001  6.8x10 %*6.8x10 5
1-w69 135 <0.01 <0.01 0.0007+0.0001 2.8x10 %*+2.8x10 5°
1-5570 58 0.05%0.02 <0.01 0.0022+0.0002 1.5x10 3%1.5x10 4
1-w71 135 <0.01 <0.01 0.0002+0.0001 1.4x10 %%1.4x10° 5
1-SS72 85 0.04%0.01 <0.01 0.0012%0.0001 8.2x10 **8.2x10 S
1-w73 132 0.1220.05 <0.01 0.0008%0.0001 5.5x10 4%5.5x10 5
1-5574 47 BDL 0.07+0.02 0.0006%0.0001 4.1x10 %%4.1x10 S
1-W86 125 0.0420.02 0.03%0.02 0.021520.0022 8.7x10 3#8.7x10 <°
1-w90 38 BDL <0.01 0.0011%20.0001  7.5x10 4£7.5x10 3
1-w91 147 BDL 0.0220.01 0.003820.0004  1.5x10 3%1.5x10 4°
1-wg2 137 BDL <0.01 0.0035%0.0004  2.4x10 S#£2.4x10 ¢
1-w93 134 <0.01 <0.01 0.0014%0.0002 9.6x10 *29.6x10 5
1-we5 142 0.04%0.02 <0.01 0.013420.0013 9.2x10 4£9.2x10 S
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TABLE 5
(cont'd.)

Gamma Spectra (pCi/mf*0o)

Z327p 226R,
Sample Weight Decay Decay Uranium Fluorometric
No. (g) Chain Chain ' pg/g*1CY% pCi/g+10%
SUSPENDED SOLIDS

1-WE3 0.033 BDL <0.02 3.0 2 0.3 2.0 £ 0.2
1-8564 109.2 1.00+0.10 <0.02 ] 3.4 £ 0.3 2.3 0.2
1-8S635 §7.4 0.36%0.07 1.04%0.10 2.5 0.3 1.7 2 0.2
1-wbb 0.027 <0.06 <0.02 3.3 0.3 2.3 £ 0.2
1-W67 0.009 <0.06 6.4 *0.64 2.4 £ 0.3 1.6 £ 0.2
1-5S68 159.0 0.61*0.06 0.60*0.06 1.2 £ 0.2 0.8 £ 0.1
1-W69 0.008 1.5 #0.15 <0.02 6.8 * 0.7 4.6 * 0.5
1-8570 165.5 0.46%0.07 0.82*0.08 1.8 £ 0.2 1.2 2 0.1
1-w71 0.011 <0.06 <0.02 2.7 £ 0.3 1.8 0.2
1-8872 19.6 <0.06 2.46%0.25 2.2 % O.2> 1.5 2 0.2
1-w73 0.008 <0.06 <0.02 2.5 0.3 1.7 2 0.2
1-88574 121.6 0.7820.08 0.63%0.06 1.0 £ 0.1 0.7 £ 0.1
1-W86 12.3 <0.06 1.0620.11 135.0 £13.5 54.7 ¢ 5.5°
1-w90 106.1 0.65%0.06 0.85%20.08 4.4 £ 0.5 3.0 £ 0.3
1-we1 0.29 - <0.02 10.3 = 1.0 4.2 £ 0.4°
1-w52 10.2 2.03%0.20 1.26%0.13 2.8 £ 0.3 1.9 = 0.2
1-wg93 13.0 <0.06 1.80%x0.18 5.1 £ 0.5 3.5 0.4
1-w95 5.1 <0.06 7.1120.71 5.1 £ 0.5 3.5 £ 0.4

aConversion for Appendix 5.

BDL =

Below Detectable Limits

Depleted uranium concentration factor of 0.405 as in Table 4.
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TABLE 6

URANIUM MASS SPECTROMETRIC ANALYSES

OF SELECTED SOIL SAMPLES

U Isotopic, Atom %
Sample
Ko. 233 234 235 236 238
1-S47-A <0.001 0.001 0.228 0.005 99.766
D <0.001 0.001 0.235 0.005 99.759
1-S48-4A <0.001 0.001 0.237 0.005 99.757
D <0.001 0.001 0.273 0.005 99.271
1-545-A <0.001 0.001 0.230 0.005 99.764
D <0.001 0.001 0.236 0.005 99.758
1-5§50-A <0.001 0.001 0.227 0.005 99.767
D <0.001 0.001 0.228 0.005 99.766
1-576 <0.001 0.001 0.226 0.00S 99.768
1-5103-A <0.001 0.001 0.226 0.005 99.768
1-S105-4A <0.001 0.001 0.225 0.006 99.768
1-R96 <0.001 0.005 0.711 <0.001 99.283
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. APPENDIX 1
INSTRUMENTATION
I. PORTABLE RADIATION SURVEY METERS
A. Gas-Flow Proportional Survey Meters

The Eberline PAC-4G-3 was the primary instrument used for surveying. This
instrument is a gas-flow proportional counter which utilizes a propane gas-
proportional detector, 51 cm?2 (AC-21) or 325 cm? "(AC-22) in area, with a thin
double-aluminized Mylar window (~ 0.85 mg/cm?).

Since this instrument has multiple high-voltage settings, it can be used
to distinguish between alpha and beta-gamma contamination. This instrument was
initially used in the beta mode. In the beta mode, the detector responds to
alpha and beta paticles and x- and gamma-rays. When areas indicated a higher
count rate than the average instrument background, the beta-mode reading was
recorded, and the instrument was then switched to the alpha mode to determine
any alpha contribution. In the alpha mode, the instrument responds only to
particles with high-specific ionization. This imstrument is calibrated in the
alpha mode with a flat-plate infimitely-thin NBS traceable 23%pu standard, and
in the beta mode with a flat-plate infinitely-thin NBS traceable °°Sr-°°Y stan-
dard. The PAC-4G-3 instruments are calibrated to an apparent 50% detection
efficiency. An input discriminator threshold sensitivity of 1.5 mV is used with
these detectors.

B. Beta-Gamma End Window Survey Meter

When an area of contamination was found with a PAC instrument, a reading
was taken with an Eberline Beta-gamma Geiger-Mueller Counter Model E-530 with a
HP-190 probe. This probe has a thin mica end window and is, therefore, sen-
sitive to alpha and beta particles and x- and gamma-rays. A thin piece of
aluminum is added to the mica, thus making the window demsity ~7 mg/cm?. At
this density, the instrument is not sensitive to alpha particles. A maximum
reading is obtained with the probe placed in contact with the area of con-
tamination. In this position, the response (in mR/h) to gamma radiation is
generally conservative relative to a determination of mrad/h at 1 cm. Another
reading is obtained with the probe held 1 m from the contaminated area. This
instrument is calibrated in mR/h with a 226R, gtandard source.

C. Low Energy Gamma Scintillation Survey Meter

Ao Eberline Model PRM-5-3 with a PG-2 gamma scintillation detector was
used to determine low energy x and gamma radiation. The PG-2 detector consists
of a thim NaI(T2) scintillation crystal 5 cm in diameter by 2 mm thick. This
instrument is calibrated on three separate discriminators for three energy
regions using 23%Pu (17 keV), 2¢!Am (59.5 keV) and 235y (185.7 keV) sources.
This instrument can be operated in either a differential (to discriminate between
different energy regions) or integral mode.
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APPENDIX 1
(cont'd.)

D. High Energy Micro "R" Scintillation Survey Meter

An Eberline Hicro "R" meter model PRM-7 was used to detect high-energy
gamma radiation. This instrument contains an interpally mounted NaI(T2) scin-
tillation crystal 2.5 cm in diameter by 2.5 cm thick and can be used for
measuring fields of low-level radiation between 10 pR/h and 5000 HR/h. This
instrument is also calibrated with a ?2%Ra standard source.

E. Integrating Radiation Meter

In addition to the PRM-7, a pressurized ion chamber (Reuter Stokes Model
RS5-111) was used at selected locations to determine the ambient radiation
field. The RSS-111 has three output modes; (1) instantaneous exposure rate, (2)
strip chart differential readout, and (3) integrated exposure. This instrument
is mounted on a tripod, 3 ft (~ 1 m) above the surface and has & uniform energy
response from about 0.2 MeV to about & MeV. A 3-h period of operation is
usually sufficient to obtain significant data.

1I. SMEAR COUNTING INSTRUMENTATION

An ANl-designed gas-flow proportional detector connected to an Eberline
Mini Scaler Model MS-2 was used to count multiple smears simultaneously. This
detector has a double-aluminized Mylar window (400 cm?) and uses P-10 (90% argon
and 10% methane) as the counting gas. The metal sample holder for this detector
has been machined to hold ten smear papers. This particular system consists of
two Mini Scalers and two detectors. One is used for counting in the alpha mode;
the other is used in the beta mode. Up to ten samples can be counted simul-
taneously.

Any smear taken from a contaminated area was counted individually in a
Nuclear Measurements Corporation (PC-5 or PC-3A) gas-flow proportional counter.
Thnese instruments have been modified to contain a double-aluminized Mylar spun
top. This top is placed over non-conducting media (e.g. paper smears) to negate
the dielectric effect on the counter. These counters also use P-10 counting
gas. Smezrs are counted in both the alpha and beta modes. These instruments
zre calibrated by determining the input sensitivity using an alpha source.

IIT. AIR SAMPLING DEVICE

Air samples were collected using & commercially available (ANL-modified
filter queen) vacuum cleaner identified as a "Princess Model." The air was
drawn through a filter media at s flow rate of 40 m3/h. The filter medis consist
of 200 cm? sheets of Hollingsworth-Vose (HV-70 or LBS5211-9 mil) filter paper.
The collection efficiency at these flow rates for 0.3-micron particles is about
$9.9%.

A separate air sample can be taken with a positive displacement pump
drawing about 20 liters/min through a millipore (0.5 to 0.8 micron) filter paper
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"APPENDIX 1
(cont'd.)

for about one hour. An alpha spectrum can be measured from a section of this
filter paper. The ratio of actipon (?'®Rn - 6.62 MeV a AcC) to radon (?22Rn -
7.69 MeV o RaC') can be determined from this spectrum.

IV. GAMMA SPECTRAL INSTRUMENTATION

A Nuclear Data Multichannel Analyzer Model ND-100, utilizing a 7.6-cm-
diameter by 7.6-cm-thick NaI(Tf) scintillatioa crystal is commonly used for
determining gamma spectrum. This instrument is calibrated with NBS traceable
gamma sources. Samples from contaminated areas were analyzed using this sytem
and the contamination radionuclides were identified.

Hyperpure Germanium detectors (ORTEC - 17% efficiency right-circular
cylinders) can be used when more sophisticated gamma-ray analyses are required.
These detectors are coupled to Nuclear Data Multichannel Analyzers (Models
ND-60, ND-66 or ND-100).
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APPENDIX 2

CORNVERSION FACTORS

I. INSTRUMENTATION

The factors used to convert the instrument readings to units of disintegra-

tions

minute per 100 cm? (dis/min-100 cm?) and the derivation of those

factors are listed below.

A. Conversion Factors

Floor
PAC-4G-3 Monitor (FM-4G)

Alpha Beta Alpha Beta
To 100 cm? 1.96 1.96 0.31 0.31
cts/min per dis/min - 2 - 2
for 90sr-99y
cts/min per dis/min for 23%pu 2 - 2 -
cts/min per dis/min for - 3.1 3.0 2.9 2.9
normal U
cts/min per dis/min 226Ra 1.6 1.7 1.6 1.7

plus daughters

B.

Derivation of Conversion Factors

Floor Monitor

wWindow Area: ~ 325 cm?

Conversion to 100 cm? = 0.31 times Floor Monitor readings
PAC-4G-3

Window Area: ~ 51 cm?

Conversion to 100 cm? = 1.96 times PAC reading

2n Internal Gas-Flow Counter, PC counter

Geometry: Solid Steel Spun Top - 0.50

Geometry: Mylar Spun Top - 0.43
Mylar spun top counting {double-aluminized Mylar window
(~ 0.85 mg/cm?)} utilizes the well of the PC counter and
is a method developed and used by the Argonne National
Laboratory Health Physics Section for negating the dielec-
tric effect in counting samples on nonconducting media.
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APPENDIX 2
(cont'd.)

The PAC-4G-3 and PC counters are calibrated (see Appendix 1) using a flat-
plate, infinitely thin 22%Ra (including all short-lived daughters) standard as a
source cf alpha emissions. The plate was counted in a 2n Internal Gas-Flow
Counter (PC counter) with the source leveled to an apparent 2n geometry. The
alpha counts per minute (cts/min) reading was found to be 1.9 x 10% cts/min, or
1.9 x 10% + 0.51% = 3.8 x 10* disintegrations per minute (dis/min) alpha. Since
the source was infinitely-thin, the alpha compopent was used as the total alpha
dis/min of the source.

The same 22%Ra plus daughters source, when counted with the PAC instrument
in the alpha mode, was found to be 2.3 x 10* cts/min at contact. The conversion
factor for cts/min to dis/min for the PAC instrument is 3.8 x 104 + 2.3 x 104 =
1.6 dis/min alpha to cts/min alpha.

The same source was covered with two layers of conducting paper, each 6.31
mg/cm?2, to absorb the alpha emissions. With the PC counter in the beta mode and
the paper in good contrast with the chamber, the count was found to be 1.25 x
10* cts/min or 1.25 x 10% + 0.50 = 2.45 x 10* dis/min beta. With the PAC-4G-3
in the beta mode and in comtact with the covered source in the center of the
probe, the count was found to be 1.45 x 10* cts/min. This indicates a con-
version factor of 2.45 x 10% + 1.45 x 10%* = 1.7 dis/min alpha to cts/min beta-
gamma. All three detectors (51 cmZ, 100 cm?, and 325 cm?) gave readings similar
to those reported above for the alpha and beta-gamma mode.

A similar method was used to determine the conversion factors for normal
uranium.

II. SMEAR COUNT

The conversion factors for cts/min-100 cm? to dis/min-100 cm? for smear
counts are given below:

A. Conversion Equation (Alphsa)

cts/min - (Bkgd)
g X bf x sa x waf

= dis/min «
A geometry (g) of 0.43 is standard for all flat-plate counting using
the Mylar spun top.

A backscatter factor (bf) of 1.0 was used when determining alpha acti-
vity on a filter media.

The self-absorption factor (sa) was assumed to be 1, unless otherwise
determined.

*The value of 0.51 includes the following factors: geometry (g) = 0.50; back-
scatter factor (bf) = 1.02; sample absorption factor (sa) = 1.0; window air
factor (waf) = 1.0. The product of g x bf x sa x waf is 0.51.
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If the energies of the isotope were known, the appropriate window air
factor (waf) was used; if the energies of the isotopes were not known,
the (waf) of 23%py (0.713) was used.

The (waf) for alpha from #2®Ra plus dsughters is 0.55.

Conversion Equation (Beta)

cts/min - {B Bkgd (cts/min) + o cts/min}
g x bf x sa x waf

= dis/min B

A geometry (g) of 0.43 is standard for all flat-plate counting using
the Mylar spun top.

A backscatter factor (bf) of 1.1 was used when determining beta activi-
ty on a filter media.

A self-absorption factor (sa) was assumed to be 1, unless otherwise
determined.

I1f the energies of the isotopes were known, the appropriate window air
factor (waf) was used; if the energies of the isotopes were unknown,

the (waf) of 205r-%0y (0.85) was used.

The (waf) for betas from 226Ra pPlus daughters is 0.B85.
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i CHEM-NUCLEAR SYSTEMS INC

AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. & rg-0/(4)

/3 N 9D

( Project Name/No. G34- U""’“fo“g/ g Date

Sample Location _STe  ww/- 84 Technician___S. Jo~vwsons

Air Sampler Type/No. £edéco [ 205 s

Filter Used _Géeman A/

Activity (uCi/ml) = (net cpm)x(C.F.} x {4.505 x 10~ uCi/dpm) X Fa Fa = 1.25 for Alpha
(Sample volume) x (10° mi/l} or (2.83 x 10* mi/f13) Fa=1.00for Other Emitters

Flow Rate = Sample Volume

Sampler off Total time X
Ll ~/R 6.0m>

Time Sampler on

~/A ~la

13

CF. 43¢ MDA 2.Yxia

B- \ I Counting Inst./Serial# "o _gap-y
Total Counts — CountTime = cpm cpm - —§b = Netcpm Activity (uCi/m!)
32 20 36 37 o <3uxi0
e
& Counting Inst./Seriai# C.F. MDA
Total Counts —— CountTime = cpm cpm - -—Eb— = Netcpm Activity (uCi/ml)
Sample Location Technician
Air Sampler/# Filter Used
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
B~/ 3 Counting Inst/Serial# C.F. MDA
Total Counts — CountTime = c¢pm cpm - _—C_b__ = Netcpm Activity (uCi/ml)
&  Counting Inst./Serial# CF. MDA
Total Counts — CountTime = cpm cpm - —§b = Nelcpm Activity (uCi/ml)
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CHEM-NUCLEAR SYSTEMS. INCrumper”

AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. _6:/9- @/ (®)

( / Project Name/No. GHITECTOIN [ e pr e Date 19 VAN 10
Sample Location _Sz7&__ w- 34 Technician <. Jownzo-s
Air Sampler Type/No. Ba2E£ co,/ Z2ess Filter Used __G temars  R/E
Activity (UCi/ml) = (net cpm)x(C.F.) x {4.505 x 10~ uCi/dpm) X Fa Fa = 1.25 for Alpha
(Sample volume) x (10° miAl) or (2.83 x 10* mi/ft3) Fa = 1.00 for Other Emitters
-
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
o b —_ = 10,0 n”
B- \ J* Counting Inst./Serial¥_£57- /// M C.F.. 43¢ MDA L8310 -'z
Total Counts -~ CountTime = cpm cpm - C = Net cpm Activity (uCi/ml)
covwTED —b —
.20-90 -
;oz;s 30y @ 30 3y o <l.31xi0""?
p—
&  Counting Inst./Serial# C.F. MDA
Total Counts -~ CountTime = cpm cpm - —Eb— = Netcpm Activity (uCi/ml)
Sample Location__3(T € wW-IpA Technician ___S. _JoHNSAAD
Air Sampler/#__RADECO [265S Filter Used __GfLman R /C
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
— —_ —_ - o 35
- -2
[~/ 2 Counting Inst./Serial¢__E5P-1 / i1 CF._4% MDA L82xw0
COUMTED Total Counts —=— CountTime = cpm cpm - ——§b ___ = Netcpm Activity (uCi/ml)
21 2O
253 10 3¢ 3¢ 2. <r¥zmp '’
&  Counting Inst./Serial# CF. MDA
Total Counts — CountTime = cpm cpm - __—_(Sb_ =  Netcpm Activity (uCi/ml)
\




CONTAMINATE  1ADIATION 10 e Ime Tiae Z N
SURVEY REPC PROJECT Free st N 9o L ET coMn /z00 moe_{ & _3
Ag(l‘w'lIOV/ SURVEYON PHONE DARY n ALY -
(OCATION ~ .. ) ‘ - WEEKLY CONTAMINATION AN
e G5 R mTE R TOw (i) 5. Jopnsen weexty O ON AND weesy @ RADIATION SURVEY
L WA RTIOSR)  MA COMMENTS
MAP IO DRILL _SITE wW-8A
_ b-14)- D
PEAMISSIOLE LEVELS CSCA ANEA CONTROU LEVELS D OTHEN
=L . dpm/100 cm’ AL PHA _M/ apm/100 cm’ ALPHA {SEE COMMENTS)
1O AP/ 100 cm? DETA.GAKIMA A dpm/100 cm? BETA-GAMMA B no acTiON REQD
SOUNCE CHECK DATA CONTAMINATION SURVEYS RADIATION CONTAMIMATION ALPHA BETA-GAMMA
RVEY
} ALPHA BETA/GAMMA BETA/GAMMA INSTAUMENT _ TYPETAG NO "///7 Esp-) * 1116
RADIATION NEUTAON BETA-GAMMA
SOURCE 1D v-2-39 — Sunvey N/
INSTNUMENT  TYPE/TAG NO . ” ESP-2 ol
SOURGE STRENG TH /pm 171 dom . mAm L. 1 [ > S
S TAUMENT RESPOmSE / com com — mame || naDCON REVIEW M/W OATE L2/ 29
2319 7 —
FFEICIENCY/CONNECTION FACTOR / 2 ZQ/! @ — ALPHA BETA.-GAMMA miemMe D
o ; * ‘“d SAT UNSAT || SwiPEs cou couU-238 | HETGAMMA n ITEM
Al g m m
° 7y ° -] O _||rroee == UV == I neutaon 0 LOCATION
NO foms dpm/ dom’ ]
acxGRouND / cpm 37 om | Foxp, 0 PrOBE rogem | peZme B | micro Ay n
I " -
NEASON FOR SURVEY [ PROCEDURE—ND ‘_.« =vall 6.3 LOLAIION SHowr on
19
O srecim | / < | ¢.s MAP__ 6-11.9|
B ROUTINE _wORK [N PROGEL LS e I / | (%
T ALPrA BETA-GAMMA mremine [m] TEM 2 I / ! 7.2
FwInE £EQuy Eouw =228 | oemaGanna M on 22 | L I
RORE | NEUTRON O LOCATION 1o
NO gpm apm: apm/ apmi
FAOBE 100 c¢m' | PROBE  100cm | micro Ame n 2 | | 7.3
2
| 6.2 LOGRTION SHOWNY 0py ‘ | / I ¢
” ]
| ER AP (19 -9 l | 1.9
! L& “ ] <qy_|
' 01 i Il <19 |
I N B 28 ‘l <19 I
I 4.0 i 1 < ‘
| s % /l <ty |
| 10 » /1 <1¢ | o
T C2 Y AT P :
— z — ;
o ' _2 ] N ' <4y ' é
3¢ | | o
I I S 7% <17 |
>
I » | <1 | >
S 1.0 y 5
I .. < 36 | i l ©
_ f - -
| .-




Radiation/Caghmination Survey Grid Map
' ACTIVITY/

| o —
0 _ . LOCATION ) PAGE
_PROLE T Fil GSA-WATERIOWN (Y6011) _ (WATERTOWR  MA 3 3
DRIMENTS . . suavLyon M DATE —
E QAL 010 W 3A S. Jowrsonrs /7 JUN 70
i .
R N L A SN s onemrnes o
: i TTT ,
y
| ¥
|
[ v
L 1 9| P e ZINR
[— j g 7 7 T R
SN || f@l@m] E\
. © N UOp
o ) @ @_ p (9- &,
: "{7 @ @ Q 4 4 &)
p o v/,
2 . & % a-J (i) 3 el )
: p_ aLnf £54 DG ot @ @ & .-;.\S,“
: e V1 Pa| | @ 1N
& N\ |
E— s LA m‘:
: 53
B 2\ NGRS P
[ \ -~ 4 @ [Nre|sagrier |7
L £3) v
- 51 MoK P
3 \ [ Y pod
s ] i5) (3¢ ’\ [
I D \ [: @% Ng&j.mL'ﬁl g C,F'ch
o \ el | o] GRS B
[} o8 5 1 e ]
L v ne | : (@) © & }
r Y AN @YX —— 37 ]
S S ol (SR SR I S | b 7/
4
" © @
& L
(E_ —X—F— | Olcuton | zorE
o OF rbo doevy
' O F cqnmnpinpiiopd
t12(13) 4 61718 ﬂ 10|11 {12}13] 14 15J 1617|1819 20(21]22{23 ( ’5 %6 27128 (291303132133 34 35|36|37]38|39] 40

47 ONI SW3LSAS HYITONN-WINHD

AT

D NUMBER : ‘_;i_'];;fl’/ _ s RADIOLOGICAL COMIROL —¥5L



CONTAMINA .-uoumou 10 ATE 1IME TIME
SURVEY REP PROJECT FILE 17 w0 M 30 MM r6vs PAGE —_Z
(«gélv;lgl SURAVEYOR MIONE DALY 'y DALY a A
ANON . - - q
GNP c TN (1160/0) 3. _JoNNsO~ h— NouTiny 5 CONTAMINATION ANOD nEexr @ RADIATION SURVEY
LIRIeeI0 W) MnN COMMENTS
4 MAP I D CRILL  SITE WA
-1 Q2
FEMMISSINGE LEVELS CSCA ANEA CONTROL LEVELS O oruen
- HOM/INN ¢ m’ ALPHA NS dpm/100 cm? ALPHA (SEE COMMENTS)
UDOD. om0 cmo BETA GAMMA dpm/100 cm? BETA-GAMMA B NO ACTION REQD.
SOURCE CHECK DATA CONTAMINATION SURVEYS AADIATION CONTAMINATION ALPHA BETA-GAMMA =
SUNVEY .
ALPHA BETA/GAMMA BETA/GAMMA INSTAUMENT  TYPETAG NO — Esp-y '///d
RAADIATION NEUTAON .
SOURCE 1D U- 233 om0 BETA.GAMMA
INSTAUMENT TYPE/TAQ NO N - p -
SOURCE STRENG TH /{pm 170 gom A/ £s5/ 2 2803
INSTAUMENT RESPONSE / cpm 239, epm mAme. || RADCON REVIEW jf—#/!ﬁ'L* DATE /2 LUV 20
EEFICIENCY/CORRECTION FACTON / 2.2 /5.0 ALPHA BETA-GAMMA mramme 0
MDA / o a SAT. UNSAT || SwiPEs Eoun founw-227 | BEFA-GAMMA | -] 1TEM
. pm pm —— AL OR
7Y P:%BE Py - - NEUTAON O LOCATION
. m. m m’ m’
BACHGROUND cpm 37 cpm '-?.O”f{:‘u" PRAOBE |0: em? Pﬁ‘,OBE I& n micro Ame n
1A . -
REASON FOR SUAVEY [ pROCEOURE - NO I 4y | LOCATION SHOWN on
) » 1
O specia ' <oy | MmAP  6-(7-D2
B rouTINE _ WORK (N PROGRE 4 » I I <9y |
>>>>>> [‘- ALPria BETA-GAMMA meem/hr D ITEM r l l n ?y l
swiPf fouv couvU-23% | sereGanma on 2 | ] |
rRORE NEUTRON O LOCATION <24
NO apm gom- gom: apm/
PROBE  100cm' | PAOBE  100cm | micro AMw ] 2 | <4y |
2 <
L L | 3.5 LOCALIQN SHOWN 6N . I <4y |
2
2 |/ | 7.0 MAP_ 6°19-@2 ’ / <y |
R | / | 7.8 ’* I / <9y |
i |/ | 7.5 7 1/ <g¢_|
s |/ l 7.< » I/ <2y |
5 | / <1y | » | <2¢ |
0
, 1] oy | ° oy |
L y <y | " /] <2y |
9 2 / g
| -~y | I I ©.S
7__1”7___ o L___ <)y l » l I ' é. 5
M
A N O I P "I / ' | 7.0
e/ ey | » 1] ' 7.8
) L1
A <y | [ 1 | 1.8
14 »” /
— | ey | I ' 1.5
|8 | iy | BN / | | 7.0
" l <y » / | | 1.0
? a0
; I l 1,0 l I

ONI SW3LSAS HY3ITIONN-W3IHD

TTHE XNOWING A WILLFUL RECONDING OF FALSE FICTICIOUS. OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY DE PUNISHAQLE AS A FEIONY UNDER KEDERAL STATUIES- ;

LR SAr YA RIA

RANIOT ORICAL

~OMTRM




Hndinllpp_/ga\rpjgatlon Survey Grid Map °
: ACTIVITY/ PAGE ’

" LOCATION

ProsceT  rree SR-WATERTOMN (Y6 D/19) (AT TN, 10 2 z
T.-qu W 1 SURAVEYOR DATE
2 5s7L -
DRl 27 ¢ QA S. Jownson 1?2Jm 90

. NOTE: THE KNOWING & WILLFUL RECORDING OF FALSE, FICTICIOUS, OR FRAUDULENT STAT
THIS DOCUMENT MAY BE PUNISHABLE AS A FELONY UNDER FEDERAL STATUTES FMENTS ORENTAIES ON

. MB SAMLY F,

! A
Jm phcop | | s Gs) ! D]
. e it /E 7,___.
LS| \.C'?

|
} AV &

' i fex:{ B~ RRILL \.
‘ ‘ 5 G/ 1) Rl6
I X A

J \&@

~3 [
: @ &l ‘\
\ O | W Il wlod
(A 1' y
I @\ @l [ 3@ |l m | )
II,,_ & E A b Sk _beyA X o
1’ 1 I W™ berd cdmmbs % T T=F ’i‘
"‘—"-‘

S Iy B \ —1 | EENC é
| —— W >
| 1] \ 9
J L \FPE AN ol |l . lexfusipa m
1. Al 2ANE z
I /k,./ \ YWIRD @
T - — N\ Ol _rppad o 3
! = 5
R I S B L ] O colrakimvalzio (
ENEFIEYIRES PIA e ]2 eS| 6] 17| 18)19]20) 21 22| 23] 24N 26] 27|20 20| 30| 31| 2 | 33 | 3¢ | 35 36|37 3823940 :)
L UG DU S —_— —t v

S — - RAPtOtOGIC rTTTT R




CHEM-NUCLEAR SYSTEMS INC

AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. 6-20-o1 (A

; . Project Name/No. G- WATERTOW N/ e /9 Date___20 JunN qq
Sample Location __Ww.-1@a Technician __S. JoHnson
Air Sampler Type/No. Rabcen /2ac= Filter Used __GELMAN  a/E
Activity (uCi/ml) = (net cpm)x(C.F.} x (4.505 x 10~ uCi/dpm) X Fa Fa = 1.25 for Alpha
(Sample volume) x (10° mi/l) or (2.83 x 10* ml/ft3) Fa = 1.00 for Other Emitters
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
= - - - O S 3
B- \ & Counting Inst./Serial_&se -1 fiie CF._s0© _ MDA _zimo'?
counren 1400 Total Counts -~ Count Time = cpm cpm - —gb—— = Netcpm Activity (uCi/ml)
&-23-70 -1z
Fr2 20 3¢ 23 3 <2210
e
1w
i
& Counting Inst./Serial# C.F. MDA
Total Counts —— Count Time = ¢pm cpm - _C. = Netcpm Activity (uCi/mi)
canred 435 Sample Location WCe-sA Technician S Joynsors
. 23-90
«“ Air Sampler/#_RADECO /do(q Filter Used __GLumars_ A/E
Time Sampler on Sampler off Total time X Flow Rate = Sample Voiume
- - - - 3.0 p3
B-/Z‘ Counting Inst./Serialé__t=r-1 /e CF._s.¢_ MDA Liexg ™
Total Counts - CountTime = cpm cpm - _C, = Netcpm Activity (uCi/ml)
“7< -3‘7 20 kf4 73 ! (Lﬁ(,nlo-lz
Q'  Counting Inst./Serial# CF. MDA
Total Counts -—— CountTime = cpm cpm - _E:-b‘i_i = Nelcpm Activity (uCi/ml)
| -

ATV N TN A e e e




CHEM-NUCLEAR SYSTEMS INDumr”

l WALINAVAY IVUIUII UIUMNIANU ISV 3Y 1LY JUAYA JHIMINJUU SINML NU S JI0LINI OV JAMNINTILVEY AN HIUNTGI AU 2L S 33 170 3w wiiur g <‘vv-- - v-v—--v-.<J
/o £1>
il \ or 8 | | ‘¢
U ,1 / o 802 | g
""l | / " [X7] | | / St
rere | | / « R | "
g:l.l | / s - RLI | o
f51 > | | l P A vl l 2
ul>| I / v K l | "
] e S S
ad [ | = K "
L0 > | | [ ' 153 l ' o
&1y I l/ oc 31D l | .
$Ei> I [ o I ' / I 3
8£l>l /l s Si"'i / | S
X251 > | /l 2 AL | / | N
- | l | ® BN / | C
v L I o 1¢-0z-7 dvw SEiv) / | P
387 | l | Ve SO NCWHS NOILYI0T Sil>| | '
8U>| / | @ ] mwyoaw | wioor  300us | wr000 300u4
swdp rwdp wdp wap OH
Fu1> NOILYD01 0 NOWIN3N 300 s
I l | @ uo W vvosan | s€ZNANOI mno3 Jams
8il>| l | w2 wau 0 MW yAnyYO vi38 vraly
B> | / | ® ST I090Id NI HIOMT INUNOY B
TID-0T-H  dvad 51.,] / I o Wwi03us [
VO WOIORE  Oilly 0T 8tir I | o ON—3uNA320ud [J  AIAUNS BOJI NOSV3Y
. W0l 380ud w001 30064 =" € d ONNOUOHDVY
ouvoo ] Wy 0w awde ,wdp Twde wip on ey E was € wo i
NOULY!
() 0 NOwinaN SET-NANOY T AINO3 330ud a ‘H wop 8E/ wdp / cYQn
LETC [ ] YANYOwrad 23dims || _LYSNN 1vs
o waw YWAYO-V139 YHaIY - 2%k 1T / UOLOYS NOILDIBUOD/ADNIIDIA 43
Pk
AL vATFLy vo /'7, P MIIAIE NODJOVY || v — wd> [ X424 wd3 / 3ISNOGSIY ININNB LS
:,_,% vaA AW - wdp TEeh WZ/ HLONIWLS IOUNOS
T3 » pd -J;:—J —_— Kd oNoyyz‘“; n;;)mnuns‘m ST
AJAY —_— M 1 nos
YRHvO-v130 NOuLN3IN NOWLLVIQVY 9135uno
Ul » I-d5d — ONDVL3aAl  IN3INNULSNI VANYD/V138 VANYD/Y138 YHIW
A3AUNS
VAAYD-v138 YHAWY NOILYNINYINGD NOULYIQYY SAIAUNS NOILYNINYINOD ¥ivQ ¥I3HD 3DuN0S
- 0.039 HOILDY OH [§§ YNAYD Y38 W 001/w0p T YNNYD v138 w2 001D T hmeTS
(SIN3WNOD 338} VHAY au3 001/wdp _/Z"N VHYIY w3 00twdp T7T T T
uinw g $13A31 YOULNDD v3uy ¥I50 S1IAIY JWISSINU b
1Q-02-9 W vvoLIZ2LYm
Voi-m 3Jus TTiaaq Aravn
S1rIANOD 115k
0O AWILINOW 0O  AWwuNOnN T N
A3AUNS NOILVIQVY O AWM ONV NOILVNINVINOD 0O AIdm — ~vOSoHO( g oLy LU U.:QNOIIV)OI
Q ANvQ [ ] ANvQ INOIAS VOAIAUNS FALIAIL DV
£ T 39w QO oo 23 7T oL vOT 0Z 34 LIt0uy B 1434 A3ANNS
Iy Ira} L [o7 NOWLVIQVL VNINVINOD




COHTAMQON/RAOIATION SURVEY REPORT
CONTINU.? N SHEET

®

ONI SW3LSAS HVITONN-W3IHD

. ACTIVITY, GSR- ATLRTOLIN/ MAP 1D
. _Peoure fpes_ LOCATION e 1omny _ma 6 20-0/ I B
RS Toeviros ryer
LoPRICC WA S, JOmson 20 30m 10
T T T IS COCUMENT MAY BE SUNISABLE A6 5 FEcom UNaEn FonE e DULENT STATEMENTS OR ENTRIES ON
o T ALFHA RETA-GAMMA meemihr O ALPMA OETA.-GAMMA meemspe 0
;:;)r:e couv . couvt-233 | aeracanma A "osr:‘ i:,g:{, couv couy pernoamia O 'g:
O e [ | e | e g "o | | s | | B rosmon
Y | leize LOCATION SHOWA)  on) ] |_
. S | / I 6.¥ MAP 6 -20-01 I |
42 | / ' 1.5 I ;
7 | / | 7.8 | |
v |/ | vz l |
‘e ' / | 7. I |
zi ‘ 7 | 1.0 | !
1 || | 7.2 | '
7 | / l 2.2 | |
_50 | [ | 7.5 J |
T/ T l 7.5 l_*— l
| l s | |
s3I 1 [ | 2.8 | |
sy /' I ENS I |
L /] | ‘ | |
— /| | | |
A | | |
L | | |
T l | |
S | | |
1 [ | l
[ | | i
L | | |
] | ! ‘
! | | | I
' I | | |
"0 HAt Detegratis
- - RADIOEORICA—CONTROL




~ Radlation/ ymination Survey Grid Map 1'

10 ACTIVITY/ \ ﬁF
! LOCAno(q ' PAGE 8

; 3 J

r-, . .
Saatnts L24L0T e GIR - e ATERTOWA R TLRTONA MR
022/ 5:76 wW-Idp SURVEYOR e

S, JONAS O

20 JuN 20 !

NOTE: THE KNOWING & WILLFUL AECORDING OF FALSE, FICTICIOUS, OR
THIS DOCUMENT MAY BE PUNISHABLE AS A FELONY UNDER F’ED!':AALUSDT‘:'#JNYT!:TAY:ME”’0' ENTRIES ON

n
=4
=
v
R
=
]
[~
-

!

~&)
Eelg]
&
E\@

g
5]
S

DR

Cl sAmgLCR / . ‘

=
v
538
-

&9
DK
o

L

2 (¢]

<
8
= &
—
a
—r

PREJAILID G
N wilp

N,

N

:uur.cj + =1 —| = dxccpsiol Bond Bodasky

S {

16117 118[19]20] 21| 22|23 ﬂ?ﬁ 27(28129|30|31|32|33}34/35|36]37(|38]39] 40 :)

DANIALABIAA s ¥ sas s - v —————— A

DN SW3LSAS HYITINN-WIHD

"

i~
w |
L
TN
(o220
-~
> |
€O
=
~
>
z |
I

|-




\ -_ STIIVIS WWUIGTT BIVRTTINONITV SVITUVISINAG JUTVW IRTRNADTO ST RO STHINT w0 STHINILYIS th31UNYUI U0 SN0IDL D14 35 Tvs 50 DHAUOITU W31 1m ¥ DHIMONN T _

251> _ _ or Rel> _ L
. R B S TP Rt IR OSSR
9 2gr> | _ \ p _ - [ 9
« ? ' e I A
» BLi | I \ i _ _ 5t
4 - B 7 T3 R A Y A
: $eI7 | ||| = 5t | _ iR
4 8517 CHE T A R
’ ..ﬂ _ _ s _ W
>4 (R4 -
< 350 | \ o st | 2
3 il -
g 11> [ \ v aer-| O
z un..\_ | i LN s
> - B Ly PSS S, - .
> > HCI>
¢ 6317 | o« ) | _ b
(] 881> _ _ \ © I I'm
8gi>| _\ ot »:._ ] Iikf
LT R \ o MNE ~ 5
L — - R
i \~ ot 0y S
350> | \_ @ TP _ \ .
Y _ \ [ ® m:.\_ \ c
> TOTOI- > U B
(1] _ Nn_ w |7 o\.mngﬁ dUW nn_v_ \ 2
NO NOIOAT WO 0o 54 b
En | I 2 w BEl | T _
- (3] ] 2 o wgodw [ wioo  300ud | ATTOT  380us 7
1wap 1w S dp wdp (o1}
:_v_ _ " HOILYDOY ] NOUININ — — —1 380us
[4 qunw_ W Y Y030 nMN-D\:DOw AaN03 Jatms
851> _ \ _ 12 0O N YANYO-v130 vy
S st _ \ _ o $STIY00ud NI NuOM~ 3NNOY g
TP-Q07T.F Jduw s8> _ \ _ o 712345 ]
. NG TwMORS FRiLeD 0T 8<i> | _ o ON—38NA300u¢ ] A3AYNS WO4INOSVIY
w001 380w, w3 01 o) - G v ===
NOIY01 [} Wy 0w e wp it A on || A \.v\“\r L] wo L€ wd> ONNOUONDYE
n
) a NOY LN [ Ain03 —— mno3 300us ) (] ;] wap  REI wap \ vaw
Wi [ ] YNYOAL3R 1341M$ dVSNN iv¥s$ - _
ia W YAWYD-vi3E@ YHAY —-— 7 ».h.\?qn.k \ 172°Q0 \ BOLIvI KOILOIYYOI/ADNIIDIS 43
T QL MATTY Uva %Ikuiua NODQvy || dwBw - wey  EVRT waa \ ISNOJSIU ININNLLSHI
. — 11X V\
> Wyw wdp wd HLO¢ nos
£02, ~ds — v ONOVLaarL  anannuism]| oo ¥3u1§ 30005
A3AuNS — MET2) N
YAAYD-v138 NOYLNIN NOILVIOVY BEC -« 0132un0s
2. 1-4S3 .l ONDVL3dAL  ININNUISNI YANYO/Y138 YANYD/V13d YHd IV
A3AYNS
YANWVYD-v139 YHg Y MNOILYNINYLINOD NOILYIQvY SAIAUNS NOILYNINYINOD vivQ ¥33HD 32uN0S
G.034NOILDYON g YWAYD-¥138 (W2 001/Wdp v YARYO Y130 0w 00IWIS TR
(SIN3INNOD 335} YHJ IV w2 001 /wdp \\ZH T
UIHLO (7] $13A31 YOULNOD YIuY ¥ISD $IIAI NS SINYIL
ZQ-QT -9
¥5 -0 JFLs J7iYdg Q) dvn .
SININNOD 2727 ¥ F 7 7]
Q  AWINON Wy v,
AJAUNS NOILVIQVY 8 “hiaa ONY NOILYNIAYINGD 8 - Aiiiom — ~NOSVROTS VAOLY I T TY N
L} AuvQ L] AuvQ NOH w3
— —— INORJ U043AUNS JALIAHL DY
Iqﬁl««q uoé_ Y] 8?75&..8 COET | 1s @l var ot 3T 122009y d3y AJAUNS
It ETh TS 01 NOILVIQY LVNIWVINOD




connm’owmounou SURVEY REPORT ‘ ’

CONTINUATION SHEET

- MAP I D
ACTIWVITY/ G50 ,A;,;”_'p_ron-l/v/ gt or

U Pyt L LOCATION L aTEl Toowad . MA 6 LD-02, z 3

i Soavivon vavt
L DRILL_ 1L (WEISA S. JONPSON 20 JuA 10 ;
NOTE: THE KNOWING 3 WILLFUL RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTAIES ON i
THIS DOCUMENT MAY BE PUNISHABLE AS A FELONY UNDER FEDERAL STATUTES.
- ipr BETA GAMMA remite 0 ALPHA BETA.GAMMA mremMe @]
Sunngs fouV fouvi/-38  [eemcamua B ':)E;‘ z‘:g:{’ EOUV EQuIV seTa.gamuma [ 'IDEF:‘
P00 — — - sy | MEUTRON 0 LOCATION NO oy soms Py aomr | MEUTRON 0 LOCATION
oo | &L | ehene | 100em | meronme " PAOBE | 100cm | PROBE | 100em | micro RN, O
) | PTEY: LOCATION S HOWN ON  mar> I |
ui | / | 139 G 20- D2 | '
s | / |13y ! |
" ] l 10 | |
2 |/ | .3 | |
" ] | 7.2 l l
~ v f / | 7.8 | l
g | | | l
e | / | £ l I
5 | / [ ¢.S | I
i |/ | 2 J J
52 I/ | (s ' l
<y | ! ¢.¥ ' |
3 1 | Ce ' |
5y / | | ¢.2 | |
St [ I I ¢, ¥ ‘ I
Yy 1 | | 7.2 | |
oo ||| | 1.5 J | o
1 — | | | ~
B B B l | | §
R | | | 5
—_ T m
| | | | ;
____ ) | | I | g '
[ | | I | z
[ | | | | 2
[ | , ! | 5
YD it Oeteciante (

. RADIOLQGICAL_COMTRO




Radiation/C mination Survey Grid Map

O

ACTIVITY/ '

LOCATION PAGE
PROGEET £l GSR- WIRTERTOWN WATER T~ mar 3
INTITS SURVEYOR v DATE
oLl S1TL wi_5A
‘¢ 3, Joymson) 20 JuM 1D
OTE: THE XNOWING A WILLFULRECO OfF
N THIS DOCUMENT MAY :: pumﬂi’m A; :}zfoﬁsnS:ﬁ%’r?&’:‘t’s‘)ﬂ}!m §TATEMENTS OR ENTRIES ON
v
W .
B parxd]  fpiplsanpie
: Mm)
‘I, @ @’ @ @
: a
& 2 :
S o @
n
_ D) 3}
=7
-
g3 ! @
)
o
O DAL
! & | |3 )
X
! | @ &
| £15
“ l alicqhr @
| 6:9 ()/j"— poc-5A [ valia]24
N OLeh G IR0
} S 4 EE/’ s @) ™ obie_prd
] . \'._»1] €>O ./lu"ﬂ Prum|s
" d 2fehfasipy [:3 X
I \
| I D R A R N
{
N e T PREYAILING|
¢ IN
‘ @ ) @)
0 d 1 | Daedusrop 2006 01 co:MarauAnIend
A O ratfintio~
ti213lals el 78]l to]nn]|12[13]14/15116]17[18]19[20121[22{23]24|25 %6 271281293 30)|31)32|32|34[35|36]37/38]39]40

3B AN E R — — te R DD 2

ONI SW3ILSAS HVITONN-W3HD

—_IRADIOLOGICAL_CONTRAL

Cratn o 1147




CHEM-NUCLE AR SYSTEMS . INC

AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. ©-2i-9/(A

Project Name/No. G28-wATeerowsd/vewrt Date 2/ JoN 90
Sample Location SiT& we-sp 3p 8212, Technician _S. Jox~joa/
Air Sampler Type/No.RabES /2SS Filter Used _G&emars _g/E
Activity (uCi/ml) = (net cpm)x(C.F.) x (4.505 x 10~ uCi/dpm) X Fa Fa =1.25 for Alpha
(Sample volume) x (10° mifl) or (2.83 x 10“ ml/ft3) Fa=1.00for Other Emitters
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
—_ — —_ - (Im?
,8- \ J* Counting inst./Serial#_ESP- | 1/!!!& CF._so MDA =ixia™*?
Total Counts -~ CountTime = cpm cpm - —-C—b— =  Netcpm Activity (uCi/ml)
¢4 20 37 33 4 <g =10 Z
Q&  Counting Inst./Serial# C.F. MDA
Total Counts -~ CountTime = c¢cpm cpm - —§b—— = Netcpm Activity (uCi/ml)
Sample Location Technician
Air Sampler/# Filter Used
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
,8'/a~ Counting Inst./Serial# C.F. MDA
Total Counts — CountTime = cpm cpm - -—Eb—— =  Netcpm Activity (uCi/ml)
&  Counting Inst./Serial# C.F. MDA
Total Counts — CountTime = cpm cpm - —Eb— = Netcpm Activity (uCi/ml)
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Activity (uCi/ml) = (net cpm)x(C.F.) x {4.505 x 10~ uCi/dpm) X Fa Fa = 1.25 for Alpha
(Sample volume) x (10° mIAl) or (2.83 x 10* mi/f13) Fa=1.00 for Other Emitters
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
= - = - 12.5 m7
- -2
,B \a~ Counting Inst./Serial4_C>F - :ﬁ/ 116 CF_zo MDA 174 X/ '
Total Counts =~ CountTime = c¢pm cpm - —§b—— =  Netcpm Activity (uCi/mi)
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Q  Counting Inst./Serial# CF. MDA
Total Counts -— Count Time = cpm cpm - —Qb— = Netcpm Activity (uCi/ml)
Sample Location Technician
Air Sampler/# Filter Used
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
37/ & Counting Inst./Seriat# CF. MOA
Total Counts ——~ CountTime = cpm cpm - —Eb— = Netcpm Activity (uCi/ml)
O Counting Inst./Serial# C.F. MDA
Total Counts -~ CountTime = cpm cpm - —@b‘— = Netcpm Activity (uCr/ml)
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CHEM-NUCLEAR SYSTEMS INC

AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. 2-25-01(n)

. Project Name/No. Gag-waTERTow~ [/ Yearq Date__ 25 Jua 99
Sample Location DRite s e w26 &4 B-(3 Technician _3._Jonnzsors
Air Sampler Type/No. RRbECD /2055 Filter Used __Gttmard R/ C
Activity (uCi/ml) = (net cpm)x(C.F.) x (4.505 x 16~ uCi/dpm) X Fa Fa = 1.25 for Alpha
(Sample volume) x (10° miA) or (2.83 x 10* mI/f13) Fa=1.00tor Other Emitters
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
— — - — is 3
B- \ J* Counting Inst./Serial#_E3P-1 _/ jli6 CF. 455 MDA 2.4 70 3
Total Counts —— CountTime = c¢pm cpm - Eb = Netcpm Activity (uCi/mt)
CovauTER _— L=
f:;;’” e ¥ 2o 35 3¢ / 53" cgmuinin S
i
|
&  Counting Inst./Serial# CF. MDA
Total Counts -~ CountTime = cpm cpm - —§b— = Netcpm Activity (uCi/ml)
Sample Location Technician
Air Sampler/# Filter Used
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
ﬁ -/ J- Counting Inst./Serial# C.F. MDA
Total Counts — CountTime = cpm cpm - —Eb— =  Netcpm Activity (uCi/ml)
&  Counting tnst./Serial# CF. MDA
Tota! Counts -~ CountTime = cpm cpm - —Eb—— = Netcpm Activity (uCi/mi)
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AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. 6-2-@/(s)

Project Name/No. Gsa-watcazans [ s are Date___26 Json/ 90
Sample Location Dexe sme B-5.9.5 /8 Technician _3. Jtowns0n/
Air Sampler Type/No. £opéco /2055 Filter Used _G&cmars _R/c
Activity (uCi/ml) = (net cpm)x({C.F.) x {4.505 x 10~ uCi/dpm} X Fa Fa = 1.25 for Alpha
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Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
- - — - 15,95
B- \ I Counting Inst./Serial#_£zr-1 for¢ CF._%55 MDA f.osxg '’
Total Counts -~ CountTime = cpm cpm - —Eb— = Netcpm Activity (uCi/ml)
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&  Counting Inst./Serial# C.F. MDA
Total Counts -~ CountTime = cpm cpm - —Eb-— = Netcpm Activity (uCi/ml)
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Air Sampler/# Filter Used
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
B_/a‘ Counting Inst./Serial# CF. MDA
Total Counts -~ CountTime = cpm cpm - ——C—b— = Netcpm Activity (uCi/ml)
Q& Counting Inst./Serial# CF. MDA
Total Counts =~ CountTime = c¢cpm cpm - —§b—— = Netcpm Activity (uCi/ml)
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AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. «27-or(s)

‘ Project Name/No. Gsa_wereeTows /Yooses Date__27 Juo 39
Sample Location DRl sere Technician __3. Jo#nzam
Air Sampler Type/No. Rpbeco /2058 Filter Used __GEtmay /€
Activity (uCi/ml) = {net epm)x(C.F.) x {4.505 x 10~ uCi/dpm) X Fa Fa = 1.25 for Alpha
(Sample volume) x (10° mi/1) or (2.83 x 10* mI/f(3) Fa=1.00 for Other Emitters
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
= - - - /3.8
ﬁ- \ J* Counting Inst./Serialf_£op-t %116 CF._ %5 MDA _q‘;/;,,_J'B_
CourED Total Counts -~ CountTime = cpm cpm - _Cp___ = Netcpm Activity (uCi/ml)
29 s 9Q . -3
120 20 3¢ 3y i << 2O
922
3
.
& Counting Inst./Serial# C.F. MDA
Total Counts - CountTime = c¢pm cpm - —;Eb——- = Netcpm Activity (uCi/ml)
Sample Location Technician
Air Sampler/# Filter Used
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
,B_/ J- Counting Inst./Seriat# C.F. MDA
Total Counts — CountTime = cpm cpm - —Eb— = Netcpm Activity (uCi/ml)
&  Counting Inst./Serial% C.F. MDA
Total Counts — CountTime = c¢pm cpm - & __ ° Netepm Activity (uCi/ml)
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CHEM-NUCLEAR SYSTEMS INC

AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. L tto(m

G SAR-wATERTOWN
‘ Project Name/No. __Y6e/7
Sample Location _isrex oren Bovanay Technician _3. _JoHson

Air Sampler Type/No. Reotco /2055 Filter Used _G&Lenan g/c

Date 28 juo Ao

Fa =1.25 for Alpha
Fa=1.00for Other Emitters

Activity (uCi/ml}) = (net cpm)x(C.F.) x (4.505 x 10~ uCi/dpm) X Fa
(Sample volume) x (10° miN) or (2.83 x 10¢ mi/ft3)

Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
- 25 m?

CF.#35 MDA 427007

B— \ & Counting Inst./Seriali_&£35P- /,////c

Total Counts -~ Count Time = cpm cpm - Eb = Netcpm Activity (uCi/ml)
T CD - v
7-2-20 323 20 I 3 fosy <y e ">
970
Q& Counting Inst./Serial# C.F. MDA
Total Counts -- CountTime = cpm cpm - —Eb = Netcpm Activity (uCi/ml)
Samplie Location Technician
Air Sampler/# Filter-Used

= Sampie Volume

Total time X Flow Rate =

Time Sampler on Sampler off
,B VK- Counting Inst./Serial# C.F. MDA
Total Counts =~ CountTime = cpm cpm - -—Eb— = Netcpm Activity (uCi/ml)
& Counting Inst./Serial# CF. MDA
Total Counts -~ CountTime = cpm cpm - —Ebfi—: = Netcpm Activity (uCi/mi)
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CHEM-NUCLEAR SYSTEMS INC

AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. ¢-29-@//#)

Project Name/No. A-LIAT & [yl or Date 29 Jun 99
Sample Location DRILe, S{TE WC-YA we- i Technician_S__JoN0SD~
Air Sampler Type/No. RAbECO /20655 Filter Used _GEcman A[E
Activity (uCi/ml) = (net cpm)x(C.F.) x (4.505 x 10~ uCi/dpm) X Fa Fa = 1.25 for Alpha
(Sample volume) x (10° miA) or (2.83 x 10* mi/ft3) Fa=1.00for Other Emitters
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
— - — - (S T
,B- \ 2" Counting Inst./Serial¥ ESP-I'/JU(- C.F. .35 MDA z.oogg":’
Total Counts -~ CountTime = cpm cpm - —§b— = Netcpm Activity (uCi/ml)
2y o 24 3 o <%.00x10
&  Counting Inst./Serial# C.F. MDA
Total Counts -- CountTime = cpm cpm - —Eb = Netcpm Activity (uCi/mt)
Sample Location Technician
Air Sampler/# Filter Used
Time Sampler on Sampler off Total time X Fiow Rate = Sample Volume
ﬁ A Counting Inst./Serial# CF. MDA
Total Counts — CountTime = cpm cpm - —Eb = Netcpm Activity (uCi/ml)
O Counting inst./Serial# CF. MDA .
Total Counts —=— Count Time = cpm cpm - —Eb— = Netcpm Activity (uCi/ml)
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CHEM-NUCLEAR SYSTEMS INC e

AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. 7-2-0/(8)

G350 -WRTERTOWN [ 6/ Date @2 JuL aq

Technician _S_JoH®So

Project Name/No.

Sample Location __DRitl SITE wC-1a/i8

Air Sampler Type/No. RabEco /2acs

Filter Used _GELMaN AL

Fa = 1.25 for Alpha
Fa=1.00for Other Emitters

{net cpm)x(C.F.) x {4.505 x 10" uCi/dpm) X Fa
(Sample volume) x (10° mi/T) or (2.83 x 10* ml/ft3)

Activity (uCi/ml) =

Time Sampler on Sampler off Total time X Fiow Rate = Sample Volume
— - - — 842 m3
B\  Counting Inst /Seriat#_ESP={ /1i1c CF.474 MDA Léfxr
CovnTED Total Counts — CountTime = cpm cpm - —Cb = Netcpm Activity (uCi/ml)
7-5-%0 Fc 9 2p 3% 39 @ <sg2x00”?
@ moo
S’
O  Counting Inst./Serial# C.F. MDA
Total Counts —— CountTime = cpm cpm - —§b = Netcpm Activity (uCi/ml)
Sample Location Technician
Air Sampler/# Filter Used
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
B-/ J* Counting Inst./Serial# C.F. MDA
Total Counts -~ CountTime = cpm cpm - —Eb ___ = Netcpm Activity (uCi/ml)
& Counting Inst./Serial¥ C.F. MDA
Total Counts — CountTime = c¢pm cpm - _—E—Jb = Net cpm Activity (uCi/mi)

DAaDIRLOGICAL CONTROL



CHEM-NUCLEAR SYSTEMS INC

Yut

ey YT YT

Cw

j

Sagrimr

o

|

SIITVIVLS TYH30ITHWICNMTANC 19T ¥ IV SIEYHSINAG Y8 AV ENINADOU- I NO 5""1lN’W’L"’W’XT!"IN!’ﬂonVﬂiﬁﬁﬁorﬂ'K3|’ R AL AV

VNMIOBUDIY M ITHM T ONIMOUNE IR }

SN AT L T e g

| | or ”’”|
Ihl>| | o ) o b |
1hi>| | / % Kt >|
thi> | | / i thi>|
Ihi> | | / s thi>|
Thl > | | / S lhl?l
thi=| | l v Ihi> |
Thi>| I / « Inis
th1>| | / o« /l_,l—;l T
Ihl7| | l " Ihl>|
;},/>| |/ ot “'hl
Ihi>| V 6 1> |
thi> | A W Thi> |
thl>| /| 2 Thi=|
1hi> I J | ® Thi> I /
Thi>| [ | ot 1@ TO-L  dovw ,},pl /
[ Sl et
“‘,>| ] | . ™~ ORS cRTLUDOT bl |
- |
Qi 2 [2le) w2 0C 3
> 11 z TR i e
Th> NOILYDO01 Q NOwLN3N 1 34Cus
l l | (23 y0 B vwWYowrTe | ACY-nAN03 o3 S
> [ | S nau 0O mwdiw | L vWAYD VLY via v
hi> I [ | o TS 39904dd (vi AgoTY unocy g
WiD3gs
Ih>] |1 o S
- — ON=3UNQID0UI A3AUNS YOI NOSV
TO-"ZO-£ dId 'h‘,l l " » a du
NOILY501 -] o | s 360us [ Twagor soua | s TS0 wer eE wad PP—
1
L ] NowLnaN == = pe———— 380ud [ ] wip ki wap / .
wan [ VANY D w39 v 13gms || _L1YSNN 1vS i .
O we YWRVO-vL38 YHI IV - SSHR/TTO / U012V NOHIIUYOI/AINIDI 93]
VL 1T 31va W}y‘l— M3IIAZy NODOVH || HWHYW - waa crse wdy / ISNOIS I INIWAYLSIG
. - - TEED 7/
Iy ¥y wdp wd HIONIYLS IDuN0S
£08 Z-453 - v T TR | M
A3AUNG - BET-N Q1 35un0S
YWWYD-vL3a NOWLIN3IN NOILYIOQVY Y
9///’ 7S ONDYL 39l ININNGISNI YANYO/Y138 VWAYD/VII8 VHAY
- A3AUNS -
YANYD-v13e YHJIY NOIVYNINVINOD NOILYIOVY SAIAUNS NOILLYNINVINOD wivQ ¥I3HD IuNGS
QO3UNOUJYON B YNYO-YLIE W2 001/w0p _——(/ VAWYD ¥[38.WI 001/wob TTOMM | >
{SIN3nWOD 335) YHJY 442 001 /wdp '_/ZN_ VG Y W Q0L T T
43Hi0 O $13A31 IOUINOD vIuY ¥ISD SIIATN WIS d
1o-28-£ =
T/ -Om JUS 31d¢ Qldvn I .
SINIANOD ks N DIFFISAT
O AWINOA W o] T A e
A3JAHNS NOILYIOVY g Xuiim GNV NOLLYNINVINGD 0 Aw3im = NVOSWROC S ANONLIIIPTET e
] Auva o Auvg 3O YOAIAUNS I Gy
> 7 30 STET oo oo80 | .. &L Al T @ 31/ L2Ir0Yg 43U AIAUNS
Ny FLT vy <3 NQilviav VHIWYLINOD




Radlatlon/Caalamination Survey Grid Map U
P ACTIVITY; s
m LOCAT|0~. PAGE “
RO T ALk GSA-LIRTLRTQWN (R TR IOmWA), A 2 2 &
TSI SURVEYON ’ DATE )
DRt SITL_(JC 1Al 3. JONNSON Q2 JuL 1D ?ﬁ
NOTE: THE KNOWING & WILLFUL RECORDING OF FALSE, FICTICIOUS, OR FRAUDULENT STATEMENTS O eNTMIEZS ON
THIS DOCUMENT MAY BE PUNISHABLE AS A FELONY UNDER FEDERAL STATUTES. o '!‘“
_ —_— M
4 15| 1Y 13
& !
EPEE )
| e I :
/ © O, 4 R
i) (3] o)l t‘?
) S ) P
I wekiad—s] O iﬂﬁ oy *
| o] [ @@ kg M / W
- v, | 1 gmwn N L 3
- Y 2y —~ 1 / .Qg
R —p m . '_ﬂ:
Al , :,

oo

bl

Y deror|AREA

B
o
B R

: & 03 [

S5y

)
v

S
e

. fv"

|

. o
8 A S (N I N 4 — X
R m
8 74 Y | ; z
By g
O __‘/___ —_ ! s}
9
) m
A £FLNG il %
) b %) i
: L, exdeestow ) L | ¥ «E
\ A ;
/ i z
vzfs el sir]sjelofnjr2|a]rafsfie]17]s|19]20|21|22]23| % <|26| 27|28 29|30 a1]32[3| 34|35 6| a7 |28] 50| 40 (
} — L\ "
“01D NUMBER Pz RADIOLOGICAL CONTROL < Lydr s "_. ‘_/




OunTED
8-
‘/y23

- . . . RS

AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. T-23-0/(#)

Project Name/No. GI&-waTEeTon /4epiq Date @3 W 90
Sample Location _DRI1LL SITE wC-(8 Technician _s. anwwson
Air Sampler Type/No. RAbEco f2aes Filter Used _GEiman A/E
Activity (uCi/ml) = (net epm)x(C.F.) x (4.505 x 10~ uCi/dpm) X Fa Fa =1.25 for Alpha
(Sample volume) x (10° mi/1) or (2.83 x 10* miI/it3) Fa=1.00for Other Emitters
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
— - - - IS m ¥
B_ \ 9" Counting Inst./Serial#_E52-1 [i1e CF._%%¢_ MDA zrsxn?
Totai Counts — Count Time = cpm  cpm - —Eb = Netcpm Activity (uCi/ml)
b1 4 20 33 3¢ [~ < & wexiQ '3
b
et
&  Counting Inst./Serialtt CF. MDA
Total Counts -~ CountTime = cpm cpm - -—Eb-—— = Netcpm Activity (uCi/ml)
Sample Location Technician
Air Sampler/# Filter Used
Time Sampier on Sampler off Total time X Flow Rate = Sample Volume
7/ 3 Counting Inst/Serial# CF. MDA
Total Counts —=— CountTirmne = cpm cpm - -—Eb— =  Netcpm Activity (uCi/ml)
& Counting Inst./Serialt# » C.F. MDA
Total Counts —- CountTime = cpm cpm - —Eb 3 Netepm Activity (uCi/ml)
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CHEM-NUCLEAR SYSTEMS INC ™"

AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. 2-2%-0:(g

Project Name/No. _Gac- «Rterows finos9 Date__oy st «p
Sample Location _De«s s/7€ (we-1f £-2 Technician _%. Jo~~sans
Air Sampler Type/No. £RoLco f2ze 55 Filter Used _Grerman £/€
Activity (uCi/ml) = (net cpm)x(C.F.) x {4.505 x 10~ uCi/dpm) X Fa Fa = 1.25 for Alpha
(Sample volume) x (10° mi/l) or (2.83 x 10* ml/ft3) Fa=1.00for Other Emitters
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
_ — - — 12y o 3
B— \ J* Counting Inst./Serial¥_£32- | /e CF. 1t MDA sezxmo”’*
Total Counts -- CountTime = cpm cpm - —E-b— = Netcpm Activity (uCi/ml)
§o7 20 9o 34 i <isaig 't
&  Counting Inst./Serial# C.F. MDA
Total Counts —— CountTime = cpm cpm - —§b— = Netcpm Activity (uCi/ml)
Sample Location Technician
Air Sampler/4 Filter Used
Time Sampler on Sampler oft Total time X Flow Rate = Sample Volume
[~/ 3 Counting Inst/Serial# CF. MDA
Total Counts — CountTime = cpm cpm - -—Eb = Netcpm Activity (uCi/mi)
Q&  Counting Inst./Senal¥ __ CF. MDA
Total Counts — CountTime = cpm cpm - —Eb-—— = Netcpm Activity {uCi/ml)

RADIOLOGICAL CONTROL
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Activity (uCi/ml) =
{Sample volume) x (10° miA) or (2.83 x 10* mi/f3) Fa=1.00for Other Emitters
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
- (@13

-— -—

B-\a‘ Counting Inst./Serial#_£5P-1 /e CF. 455 MDA L_z_.fx_,__m”’z
Activity (uCi/ml)

Total Counts -~ CountTime = _cpm cpm - —-§b— = Netcpm
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Q@ Counting Inst./Serial# C.F. MDA
Total Counts — CountTime = cpm cpm - —Eb— = Netcpm Activity (uCi/ml)
Sample Location Technician
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Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
[~/ & Counting Inst./Serialt CEF. MDA
Total Counts — CountTime = cpm cpm - —Eb = Netcpm Activity (uCi/ml)
(&  Counting Inst./Serial# C.F. MDA
= cpm cpm - —Eb—— = Netcpm Activity (uCi/ml)
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AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No.'.Lﬁ.v'/_o ~2/(5)

Project Name/No. _Go&- (A7¢r 10 ) Date LDl D
Sample Location _Dess S7€ - 98 Technician _S._Jowwvspn

Air Sampler Type/No. Bahtcn /2axs Filter Used _GELra~ £/¢

CHEM-NUCLEAR SYSTEMS INC o

Activity (uCi/ml) = (net cpm)x(C.F.) x (4.505 x 10~ uCi/dpm} X Fa Fa = 1.25 for Alpha
(Sample volume) x (10° miA) or (2.83 x 10* mi/ft3) Fa=1.00for Other Emitters
Time Sampler on Sampler off Total time X Flow Rate = Sampile Volume
—_ — — — 7.3 7
B- \ J- Counting Inst./Serialé__E=P-{ /e CF.~s< MDA /-/o_xlo-_’i
Total Counts -~ CountTime = cpm cpm - —§b— = Netcpm Activity (uCi/ml)
7@ 2o 3s _353 2 </10 xi@m”"
e
@  Counting Inst./Serial# C.F. MDA
Total Counts —— CountTime = cpm cpm - -—Eb-—— = Netcpm Activity (uCi/ml)
Sampie Location i Technician
Air Sampler/# Filter Used
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
B~/ & Counting Inst./Serial¥ CF. MDA
Total Counts -~ CountTime = cpm cpm - —Eb—— = Netcpm Activity (uCi/ml)
& Counting Inst./Serial# C.F. MDA
Total Counts — CountTime = c¢pm cpm - —Eb— = Netcpm Activity (uCi/ml)
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AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. Z-s-0/(a) _

Project Name/No. G3p-warcerpwn/vipre Date v 9n

we-/08

Sample Location _2es_ s/7& ticei@pdw =~ Technician_S. Jowwson
Air Sampler Type/No. &anten /2058 Filter Used _Gewman g/t

Activity (uCi/ml) = (net cpm)x(C.F.) x (4.505 x 10~" uCi/dpm) X Fa Fa = 1.25 for Alpha
(Sample volume) x (10° mi/l) or (2.83 x 10* mi/f13) Fa =1.00for Other Emitters
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
- - — -~ /9.3 m 3
ﬁ-\ & Counting Inst./Serialk _&se -1 /1rs¢ CF. 43¢ MDA 2.s¥xe0™"?
Total Counts -~ CountTime = cpm cpm - jb— = Netcpm Activity (uCi/ml)
¢34 ' 20 3y 3¢ o < T svxin
18
Q¢ Counting Inst./Serial# CF. MDA
Total Counts -~ CountTime = cpm cpm - —§b— = Netcpm Activity (uCi/ml)
Sample Location i Technician
Air Sampler/# Filter Used
Time Sampler on Sampler off Total! time X Flow Rate = Sample Volume
B -/3" Counting Inst./Serial# C.F. MDA
Total Counts - CountTime = cpm cpm - _C, = Netcpm Activity (uCi/ml)
&  Counting Inst./Serial# C.F. MDA
Total Counts —— CountTime = cpm cpm - —Eb“*— = Netcpm Activity (uCi/mil)
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19 / )
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SWIPE/ o ___ couvie238 [ serwcama B on 22 | / |
FRoBe NEUTRON O LoCATION
NO apm’ apm/ apm/ dpm/
PAODE  100cm’ | PAOBE  100cm | micro A, n L& I/ |
24 )I
! | <1y3 LOCATION : {HOWM o) !
2 / maer 7 -il-of » / I |
3 / |

|

I

|

I
» |
NN NN AR

NUYUN AN RN

R

I
|
l
I
|
L
|
|
I
|
I
|
|
l
|

| |

10 /| 1 | |
o /] 3. | |
12 / | bl | |
T T |
e s

vy ! |

Y

0

CTHE KNOWING & W!

ECORDING OF FALSE. FICTICIOUS, OA FAAUDULENT STATEMENTS QAENTIRBIES O TIUS DOCUMENT MAX-8&

) |
ABLE-AGAF ELONY-UNDERPEOERAT I PATUTEY: '

ON1 'SWILSAS HVIIINN-WIHD




Radiation/Caglamination Survey Grid Map
” B ) o @

PROJECT FILE 63A- WRTEETOWN /W ATERTOWN , MA

COOENTS SunveYON OATE
L LL DOC -0
DRI > o8 S, JOHNSOMN W JvL 1O
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CHEM-NUCLEAR SYSTEMS INC \ -

R A T

AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. F-/12-/(a)

‘ Project Name/No. G5 waTeetpwn/eears  Date___(2 Jot 90

Sample Location _2&s¢e Sre e -58 Technician 3. Jowwsoa)
Air Sampler Type/No. £e82éco [f2os5s Filter Used _G&tmars_afe

Fa = 1.25 for Alpha

Activity (uCi/ml) = (net cpm)x(C.F.) x (4505 x 10~ uCi/dpm) X Fa
Fa = 1.00 for Other Emitters

(Sample volume) x (10° miA) or (2.83 x 10* ml/ft3)

Time Sampler on Sampler off Total time X Flow Rate = Sample Volume

- - e /m’

- Y -—

CF. 43 _ MDA Zsawc’’

B-\a‘Counting Inst./Serial#_Esp-1 [/ pig

B TED Total Counts -— CountTime = c¢pm cpm - -—Eb = Netcpm Activity (uCi/ml)
Y- 1o
nzs eed 20 23 Jc o <7.5220""7
e
& Counting Inst./Serial# C.F. MDA
Total Counts -— CountTime = cpm cpm - —§b = Netcpm Activity (uCi/mi)
Sample Location Technician
Air Sampler/# Filter Used
Time Sampler on Sampler oft Total time X Flow Rate = Sample Volume
3™/ & Counting Inst./Serialt CF. MDA
Total Counts — CountTime = cpm cpm - —613-— = Netcpm Activity (uCi/ml)
Q@  Counting inst./Serial# C.F. MDA
Total Counts — CountTime = c¢pm cpm - ——Eb = Netcpm Actwity (uCi/ml)
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CHEM-NUCLEAR SYSTEMS INC

AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. Fo13-Pifg)

Date 12 Jor 9+ f

Project Name/No. G3#-werrerwn [/ Ysare

Technician _s. Jownnsos

Sample Location _oerwe_3/1¢ _wie-s3
Air Sampler Type/No. Repieo /2055

Filter Used _Gécmars A/E

Fa = 1.25 for Alpha

= (net cpm)x(C.F.) x (4.505 x 10~ uCi/dpm) X Fa
Fa=1.00for Other Emitters

Activity (uCi/ml) =
(Sampie volume) x (10° miAl) or (2.83 x 10 mi/ft3) -
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
7
- - g - 2.6 m™
B'\a Counting inst./Serial_£5P-( / e CF. %7¢ MDA rogxwo™'*
Total Counts -~ CountTime = cpm cpm - —Eb—- = Netcpm Activity (uCi/ml)
Z4¢E 29 e 3. 2 <Logxip*
E
1S
b
t
& Counting Inst./Serial# C.F. MDA
Total Counts -~ Count Time = cpm cpm - —Eb—— = Netcpm Activity (uCi/ml)
Sample Location Technictan
Filter Used

Air Sampler/#
Total time X Flow Rate = Sampie Volume

Sampler off

Time Sampler on

[)"/a~ Counting Inst./Serial# C.F. MDA

Total Counts -~ Count Time = cpm cpm - —Eb— = Netcpm Activity (uCi/ml)
Q  Counting Inst./Serial# C.F. MDA

Total Counts - Count Time = cpm cpm - —;;C_b%-— = Netcpm Activity (uCi/ml)

RADIOLOGICAL CONTROL




CONTAMINAL.  JADIATION 0 T; e lnu: L
o TART A
SURVEY REPW l PROJECT _FrE N~ 13 Joe 99 S 1200 COM syt PAGE __L’k'_';J 2
INH SLvevon PHONE WEEALY B CONTAMINATION AND Nty B RADI
-— EEXLY V| E
GRA-WRIEL T S: JokNSonl woRTMY O uoNfiny 9 ADIATION SURVEY
ENTS
LIRTER TIXIN, MA COMIM
7 MAP 1O DRILI _SITE yc-SC
2-13-@s _ ; ]
PEAMISSIBLE LEVELS CSCA AREA CONTACK LEVELS O ormen
- Ipm/100 em? AL PHA Spm/100 cnv ALPHA (SEE COMMENTS)
LUODD | gomi100 cm BETA-GAMMA dpm/100 em? BETA-GAMMA B no acTION nEQD.
SOURCE CHECK DATA CONTAMINATION SURVEYS RADIATION CONTAMINATION ALPHA BETA GAMMA
UNVEY —
ALPHA BETA/GAMMA BETA/GAMMA INSTRUMENT  TYPETAG NO Esp.y A g,
RADIATION NEUTRON BETA-GAMMA
SOUNCE 1 D. U-238 - sonvey _ ;E .
INSTRUMENT  TYPE/TAG N 2 » -
SOURCE STRENGTH /(pm - opm - mAm, W EsP-2. {2 X S
INSTRUMENT RESPONSE / cpm zss3 cpm - mAMmr, || RADCON REVIEW e -,M—-_. oATE Y IR QD
- ALPHA BETA.CAMMA mesmMe D
EFFICIENCY/CORRECTION FACTOR i .22 /,',l < - - _ e a a e
. INSAT, KA
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Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
- - - - /53,
B’\a» Counting Inst./Serialf_&5£-/ ////6 CF. %3¢ MDA 9.osuzo"3
Total Counts -~ CountTime = cpm cpm - Eb = Netcpm Activity (uCi/ml)
ovaTED - v
18- 70 Ise 29 3% 37 ] <q.03xip?
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Q  Counting Inst./Serial# C.F. MDA
Total Counts -— CountTime = cpm cpm - _;C_:b__ = Netcpm Activity (uCi/ml)
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Time Sampler on Sampler off Total time X Fiow Rate = Sample Volume
Jé; =/ 3 Counting Inst./Serial# A C.F. MDA
Total Counts — CountTime = cpm cpm - —§b— = Netcpm Activity (uCi/ml)
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¢  Counting Inst./Serial#
Total Counts — CountTime = c¢pm cpm - —Eb = Netcpm Activity (uCi/ml)
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CHEM-NUCLEAR SYSTEMS INC

AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. _F-13-0uwa)
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(Sample volume) x (10° mi/1} or (2.83 x 10* mI/ft3) Fa=1.00 for Other Emitters
o
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
— — j— — k) r3
B\ 2 Counting Inst/Serial# CF._43¢_ MDA rogxo™"
cov~t E: Total Counts -— CountTime = cpm cpm - Eb = Net cpm Activity (uCi/ml)
7.1%-9 —b—
@ 1300 273 10 39 37 z <tegxig "
S
& Counting Inst./Serial# C.F. MDA
Total Counts -— CountTime = cpm cpm - —§b— = Netcpm Activity (uCi/ml)

Sample Location Technician
Air Sampler/# Filter Used
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
8~/ > Counting tnst./Seriat# CF. MDA
Total Counts — CountTime = cpm cpm - ——§b = Netcpm Activity (uCi/ml)
@  Counting Inst./Serial# CF. MDA
Total Counts — CountTime = cpm cpm - —Eb—— = Netcpm Activity (uCi/ml)
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CHEM-NUCLEAR SYSTEMS. INC

Pg———— oy - —— 4 s see o .

AIRBORNE RADIOACTIVITY SAMPLE/MONITOR REPORT No. 7-/3-@1(4)
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Air Sampler Type/No. Lescco fzoss Filter Used _GCeman _p/c
Activity (uCi/ml) = (net cpm)x(C.F.) x (4.505 x 10~ uCi/dpm) X Fa Fa = 1.25 for Alpha
(Sample volume) x (10° mIA) or (2.83 x 10* mi/#t3) Fa=1.00for Other Emitters
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
- — - — 23m°
o TED B- \ & Counting Inst./Serialk_gxp-1 /s CF. 4376 MDA cuxro™'?
-2@-%®  Total Counts -- Count Time = cpm cpm - C = Netcpm Activity (uCi/ml)
P OTSS —b—
ALl zo v 3¢ o </ nxie” 't
o
3
&  Counting Inst./Serial# C.F. MDA
Total Counts -— CountTime = c¢pm cpm - ——Eb—-— = Netepm Activity (uCi/mil)
Sample Location Technician
Air Sampler/# Filter Used
Time Sampler on Sampler off Totaltime X Fiow Rate = Sample Volume
B~/ & Counting Inst./Seriat# : CF. MDA
Total Counts -~ CountTime = cpm cpm - —Eb—— = Netcpm Activity (uCi/mf)
&  Counting Inst./Serial¥ CF. MDA
Total Counts = CountTime = cpm cpm - Net cpm Activity (uCi/ml)
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Project Name/No. G3A-waxernwn fycorq Date 12 vl _ap

Sample Location _8utmer ( 8- 9 10) Technician _S. Jowgsas
Air Sampler Type/No. Rapeco froxs Filter Used _Germar R/
Activity (uCi/ml) = (net cpm)x(C.F.} x (4.505 x 10~ uCi/dpm} X Fa Fa = 1.25 for Alpha
{Sample volume) x (10° miA) or (2.83 x 10* mi/ft3) Fa=1.00for Other Emitters
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
- - - - [5.9m 3
B- \ J- Counting Inst./Serial# E5r-4 [t CF._%2?2¢ _ MDA Lc/x/o"z
Total Counts -~ Count Time = cpm cpm - —Eb = Netepm Activity (uCi/ml)
737 20 33 _ 36 ( <Berxig
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5
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qV]
&  Counting Inst./Serial# C.F. MDA
Total Counts -+ Count Time = cpm cpm - —Eb = Netcpm Activity (uCi/ml)
Sample Location Technician
Air Sampler/# Filter Used
Time Sampler on Sampler off Total time X Flow Rate = Sample Volume
B~/ 3 Counting inst/Serial# CF. MDA
Total Counts -~ CountTime = cpm cpm - —Eb __ 7 Netcpm Activity (uCi/ml)
Q@  Counting Inst./Serial# CF. MDA
Tota! Counts — CountTime = cpm cpm - —Eb = Nelcpm Activity (uCi/m1)
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CHEM-NUCLEAR SYSTEMS, INC.
Corporate Office
.140 Stoneridge Drive
‘Columbia, South Carolina 29210
(803) 256-0450

Northern Office
302 W. Main Street, Suite 204
Avon, Connecticut 06001
(203) 677-0457

Midweot Office
P.O.Box 293
Channahon, Illinois 60410
(815) 467-3000

Barnwell Operations
| P.O. Box 726
Bamwell, South Carolina 29812
(803) 259-1781

Defense Consolidation Facility
P.O. Box 828
Barnwell, South Carolina 29812
(803) 259-1119

GENERAL NUCLEAR SYSTEMS, INC. (GNSI)
A Chem-Nuclear Company
140 Stoneridge Drive
Columbia, South Carolina 29210
(803) 256-0450
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MeanHarbors

Client: Chem-Nuclear Systems, Inc.
Sample I.D.: W-8A
Sample Type: Water

Parameter Result*

Uranium

0.27 +/- 0.05

Notes: * Error = 2 standard deviations
LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

y_Q2~R

CHAS Lab #: 9007219-02W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/1l 08/17/90 908.1(h)
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Client: Chem-Nuclear Systems, Inc.
Sample I.D.: W-9A
Sample Type: Water

Parameter Result¥*

Uranium 0.27 +/- 0.05

Notes: * Error = 2 standard deviations

CHAS Lab #: 9007219-03W
Date Recelved: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/1l 08/17/90 908.1(h)

LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit
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Client:

Chem-Nuclear Systems, Inc.

Sample I.D.: W-11A
Sample Type: Water

Parameter Result¥
Uranium LT 0.14
Notes: * Error = 2 standard deviations

LT = Less than 2 standard deviations

detection limit

X-837

CHAS Lab #: 9007219-04V
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/l 08/17/90 908.1(h)

in~the net count rate or the procedure

a
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Client: Chem-Nuclear Systems, Inc.
Sample I.D.: W-7A
Sample Type: Water

Parameter Result*
Uranium 0.27 +/- 0.05
Notes: * Error = 2 standard deviations

CHAS Lab #: 9007219-06W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/l 08/17/90 908.1(h)

LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

Y_0oR0
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Client: Chem-Nuclear Systems, Inc.
Sample I.D.: WC-10B
Sample Type: Water

Parameter Result¥*

Uranium LT 0.14

Notes: * Error = 2 standard deviations

CHAS Lab #: 9007219-07W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/1 08/17/90 908.1(h)

LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-839
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Client: Chem-Nuclear Systems, Inc.
Sample I.D.: WC-10A
Sample Type: Water

Parameter Result*

Uranium LT 0.14

Notes: * Error = 2 standard deviations
LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-840

CHAS Lab #: 9007219-08W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/l 08/17/90 908.1(h)
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Client: Chem-Nuclear Systems, Inc
Sample I.D.: W-6A

CHAS Lab #: 9007219-09w
Date Received:
Sample Type: Water

07/27/90
Analysis Method Number
Parameter Result* Units Date and Reference
Uranium LT 0.14 pCi/1l 08/17/90 908.1(h)
Notes:

* Error = 2 standard deviations

at

LT = Less than 2 standard deviations in the net count rate or the procedure
detection limit

X-841
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Client: Chem-Nuclear Systems, Inc.
Sample I.D.: WC-5A
Sample Type: Water

Parameter Result¥*

Uranium LT 0.14

Notes: * Error = 2 standard deviations
LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-842

CHAS Lab #: 9007219-10W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/1 08/17/90 908.1(h)
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Client:

Chem-Nuclear Systems, Inc.

Sample I.D.: WC-5C
Sample Type: Water

Parameter Result¥
Uranium LT 0.14
Notes: * Error = 2 standard deviations

LT = Less than 2 standard deviations
detection limit

CHAS Lab #: 9007219-11VW
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/1l 08/17/90 908.1(h)

in the net count rate or the procedure

X-843



(leanHarhoryy

Client: Chem-Nuclear Systems, Inc. CHAS Lab #: 9007219-04W
Sample I.D.: W-11lA Date Received: 07/27/90

Sample Type: Water

DUPLICATE AND SPIKE ANALYSIS

Original Duplicate RPD Spike Recovery
Parameter MDL Result* Result* (%) Result* (%)
Uranium --- LT 0.14 LT 0.14 0 2.3 +£0.5 95.8

Notes: ND = Below minimum detectable level (MDL)

* = pCi/g
Soil/solid samples based on sample dry weight.

X-844
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Client: Chem-Nuclear Systems, Inc.
Sample I.D.: W-2A
Sample Type: Water

Parameter Result*

Uranium LT 0.14

Notes: * Error = 2 standard deviations
LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-849

CHAS Lab #: 9007220-01W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/l 08/17/90 908.1(h)



PleanHarbory .

Client: Chem-Nuclear Systems, Inc.
Sample I.D.: W-3A
Sample Type: Water

Parameter Resultx

Uranium LT 0.14

Notes: * Error = 2 standard deviations
LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-850

CHAS Lab #: 9007220-02w
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/1 08/17/90 908.1(h)
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Client: Chem-Nuclear Systems, Inc.
Sample I.D.: W-1A
Sample Type: Water

Parameter Result¥

Uranium LT 0.14

Notes: * Error = 2 standard deviations

CHAS Lab #: 9007220-03W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/l 08/17/90 908.1(h)

LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-851



leanHarbors IS

Client: Chem-Nuclear Systems, Inc.
Sample I.D.: W-1B
Sample Type: Water

Parameter Result¥*

Uranium 0.34 +/- 0.07

Notes: < Error = 2 standard deviations

CHAS Lab #: 9007220-04W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference

pCi/1 08/17,/90 908.1(h)

LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-852
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Client: Chem-Nuclear Systems, Inc.
Sample I.D.: W-4A
Sample Type: Water

Parameter Result¥*

Uranium LT 0.14

Notes: * Error = 2 standard deviations
LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-853

CHAS Lab #: 9007220-05W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/1 - 08/17/90 908.1(h)



[‘IeanHar@g

Client: Chem-Nuclear Systems, Inc.

Sample I.D.: W-4B
Sample Type: Water

Parameter Result*
Uranium LT 0.14
Notes: * Error = 2 standard deviations

CHAS Lab #: 9007220-06W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/1 08/17/90 908 .1(h)

LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-854
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Client: Chem-Nuclear Systems, Inc.
Sample I.D.: M-1 / SOIL
Sample Type: Soil

Parameter Result*

Uranium LT 0.3

Notes: * Error = 2 standard deviations
LT = Less than 2 standard deviations in the net count rate or tE: procedure

detection limit

X-855

CHAS Lab #: 9007220-07wW
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/g 08/17/90 908.1(¢h)



(leanHarhor | _

Client: Chem-Nuclear Systems, Inc. CHAS Lab #: 9007220-08W
Sample I.D.: M-1 / WATER Date Received: 07/27/90
Sample Type: Water

Analysis Method Number
Parameter Result¥ Units Date and Reference
Uranium LT 0.14 pCi/l 08/17/90 908.1(h)

Notes: * Error = 2 standard deviations
LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-856



:
MeanHarbors

Client: Chem-Nuclear Systems, Inc.
Sample I.D.: M-2 / SOIL
Sample Type: Soil

CHAS Lab #: 9007220-10W
Date Received: 07/27/90

Analysis Method Number
Parameter Result* Units Date and Reference
Uranium : LT 0.3 pCi/g 08/17/90 908.1(h)

Notes: * Error = 2 standard deviations
LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-857



CleanHarbory .,

Client: Chem-Nuclear Systems, Inc.
Sample I.D.: M-2 / WATER
Sample Type: Water

Parameter Result*

Uranium

0.27 +/- 0.05

Notes: * Error = 2 standard deviations
LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-858

CHAS Lab #: 9007220-11W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/1 08/17/90 908.1(h)



L N
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Client: Chem-Nuclear Systems, Inc.

Sample I.D.: M-3 / SOIL
Sample Type: Soil

Parameter

Uranium LT 0.3

Notes: * Error = 2 standard deviations

Result*

CHAS Lab #: 9007220-12W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
308.1(h)

pCi/g 08/17/90

LT = Less than 2 standa3d deviations in the net count rate or the procedure

detection limit

X-859



IeanHarngs

Client: Chem-Nuclear Systems, Inc.
Sample I.D.: M-3 / WATER
Sample Type: Water

Parameter Result*

Uranium LT 0.14

Notes: * Error = 2 standard deviations
LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-860

CHAS Lab #: 9007220-13W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/1 08/17/90 908.1(h)



Y
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Client: Chem-Nuclear Systems, Inc.
Sample I.D.: M-4 / SOIL
Sample Type: Soil

Parameter Result¥

Uranium LT 0.3

Notes: * Error = 2 standard deviations
LT = Less than ? standard deviations in the net count rate or the procedure

detection limit

X-861

CHAS Lab #: 9007220-14W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/g 08/17/90 908.1(h)
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Client: Chem-Nuclear Systems, Inc. CHAS Lab #: 9007220-15W
Sample I.D.: M-4 / WATER Date Received: 07/27/90
Sample Type: Water .
Analysis Method Number
Parameter Result* Units Date - and Reference
Uranium LT 0.14 pCi/1 08/17/90 908.1(h)

Notes: * Error = 2 standard deviations
LT ~ Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-862
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Client: Chem-Nuclear Systems, Inc.
Sample I.D.: DS-1 / SOIL
Sample Type: Soil

Parameter Result*

Uranium LT 0.3

Notes: * Error = 2 standard deviations
LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-863

CHAS Lab #: 9007220-16W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/g 08/17/90 908.1(h)



CleanHarbor

Client: Chem-Nuclear Systems, Inc.
Sample I.D.: DS-1 / WATER
Sample Type: Water

Parameter Result¥*

Uranium LT 0.14

Notes: * Error = 2 standard deviations

CHAS Lab #: 9007220-17W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/1 08/17/90 908.1(h)

LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-864



. X
leanHarbors

Client: Chem-Nuclear Systems, Inc.
Sample I.D.: US-1 / SOIL
Sample Type: Soil

Parameter Result¥*
Uranium 7.5 +/- 1.5
Notes: * Error = 2 standard deviations

detection limit

X-865

CHAS Lab #: 9007220-18W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/g 08/17/90 908.1(h)

LT = Less than 2 standard deviations in the net count rate or the procedure



CleanHarbory .

Client: Chem-Nuclear Systems, Inc.
Sample I.D.: US-1 / WATER
Sample Type: Water

Parameter Result*
Uranium LT 0.14
Notes: * Error = 2 standard deviations

CHAS Lab #: 9007220-19W
Date Received: 07/27/90

Analysis Method Number
Units Date and Reference
pCi/l 08/17/90 908.1(h)

LT = Less than 2 standard deviations in the net count rate or the procedure

detection limit

X-866
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Client: Chem-Nuclear Systems, Inc. CHAS Lab #: 9007220-05W
Sample I.D.: W-4A Date Received: 07/27/90

Sample Type: Water

DUPLICATE AND SPIKE ANALYSIS

Original Duplicate RPD Spike Recovery
Parameter MDL Result* Resul t* (%) Result* (%)
Uranium --- LT 0.14 LT 0.14 0 2.2 +£0.4 91.7

Notes: ND = Below minimum detectable level (MDL)

* = pCi/g
Soil/solid samples based on sample dry weight.

X-867
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APPENDIX C

APPENDIX C

Tables detailing summary tables and fraction of limit tables from the termination and
characterization survey results are
tables and figures by area surveyed.

provided in Appendix C. Following is an index listing the

Note: Figures for Building 653, pumphouse are included in Appendix F. Burn pit soil bore

logs are in Appendix D.

Off-Site Surveys

Off-Site Background Soil Sample Locations

Off-Site Background Exposure Rate at 1 Meter

Off-Site Background Soil Samples Gamma Spectrum Analyses Results

Entire Site Surveys

15 x 15 Meter Grid at GSA and Property 20 Sites

Random Soil Sample Locations

GSA Site Random Soil Sample Survey Gamma Spectrum Analyses
Gamma Exposure Rate Measurements

Building Surveys - 1993
Direct Beta Survey Statistics
Gamma Survey Statistics

Building Surveys - 1994
Direct Beta Survey Statistics
Gamma Survey Statistics

Characterization Survey Results - Summary Tables, Fraction of Limit Tables

Burn Pit

Soil boring Locations, 1993, 1994, Including wells

Soil Bore Samples Gamma Spectroscopy Analyses Results

Locations for In Situ Measurements and Soil Samples

Surface Soil Samples Gamma Spectroscopy Sample Analyses Results
Bulk Soil Sample Gamma Spectroscopy Sample Analyses Results

In Situ Gamma Spectroscopy Results Fraction of Limit

Clinker Area

Locations of In Situ and Soil Samples in the Burn Pit and Clinker Areas
Surface Soil Samples Gamma Spectroscopy Sample Analyses Results

In Situ Gamma Spectroscopy Results Fraction of Limit

Figure C-1
Table C-1
Table C-2

Figure C-2
Figure C-3
Table C-3
Table C-4

Figure C-4 to C-12
Figure C-13 to C-19

Figure C-20 to C-21
Figure C-22

Figure C-23
Table C-5
Figure C-24
Table C-6
Table C-7
Table C-8

Figure C-25
Table C-9
Table C-10

0’21595—?\8”'\AMTL\FIN\OSA\DRAF'I'D\APP_C. D



APPENDIX C

Boundary
Zones for In Situ Boundary Survey Figure C-26
In Situ Gamma Spectroscopy Survey - Northeast Table C-11
In Situ Gamma Spectroscopy Survey - Northwest Table C-12
In Situ Gamma Spectroscopy Survey - Southeast Table C-13
In Situ Gamma Spectroscopy Survey - Southwest Table C-14
Windborne
Soil Samples Gamma Spectroscopy Sample Analyses Table C-15
Property 20
Locations of In Situ Measurements and Soil Samples in Property 20 Figure C-27
Surface Soil Samples Gamma Spectroscopy Sample Analyses Results Table C-16
In Situ Gamma Spectroscopy Results Table C-17
Characterization Survey Results - Detail Tables
Soil Sample Locations and Descriptors Table C-18
Burn Pit
Soil Boring Locations, 1993, 1994, Including wells Figure C-28
Core Bore Sample Analysis Results Table C-19
Comparison of Total Uranium and Gamma Spectroscopy Analysis Data Table C-20
Burn Pit Locations for In Situ measurements and Soil Samples Figure C-29
Surface Soil Samples Gamma Spectroscopy Analyses Resuits Table C-21
In Situ Gamma Spectroscopy Analysis Results Table C-22
Burn Pit Soil Sample Density and Moisture Content Table C-23
The GSA Burn Pit are Showing Locations of Flags Placed During the Scan for

DU Chips and the Areas Where Scraping Was Done Figure C-30
Bulk Soil Samples Gamma Spectroscopy Sample Analyses Results Table C-24
Scanning for DU Chips in Scraped Areas Figure C-31 to C-34
Clinker Area :
Locations of In Situ and Soil Samples in the Burn Pit and Clinker Areas Figure C-35
Surface Soil Samples Gamma Spectroscopy Sample Analyses Results Table C-25
In Situ Gamma Spectroscopy Results Table C-26
Boundary
Zones for In Situ Boundary Survey Figure C-36
In Situ Gamma Spectroscopy Table C-27 to C-30
Windborne

Location Selected for Sampling for Windborne Deposition of Depleted Uranium Figure C-37
Surface and Subsurface Soil Samples Gamma Spectroscopy Sample Analyses Results Table C-36

021595-P\SIMAMTL\FIN\GSA\DRAFTD\APP_C.D C_2



APPENDIX C

Property 20

Locations of In Situ and Soil Sample Measurements

Surface Soil Samples Gamma Spectroscopy Sample Analyses Results
In Situ Gamma Spectroscopy Sample Analyses Results

Property 20 Soil Sample Density and Moisture Content

Other

GSA Soil from Woods North of Perimeter Fence Gamma Spectrum Analyses

Figure C-38
Table C-32
Table C-33
Table C-34

Table C-35

021595-PSIMAMTIA\FIN\GSA\DRAFTD\APP_C.D
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Off-Site Background Soil Sample Locations
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APPENDIX C

Table C-1

Off-Site Background Exposure Rate At 1 Meter (uR/hr)

Lecation Code Lecatien Description
—— —
PO5000 0.5 km North, 14 Hosmer, Watertow Watertowa (city propesty)
POS030 0.5 km NNE, 18 Putnam, Watertown 12.7 0 1
l POS060 0.5 km ENE, Quimby/Cypress istcvection, Watertown (city prop.) 12.9 1 20
| P05090 0.5 km West, NE Cormer AMTL 13.4 0.5 20
I POS120 0.5 ke ESE, Arscaal Park, Watcrtowa 12.8 0 1
POS150 0.5 km SSE, 46 Newton, Newtoa (city peoperty) 10.8 0.8 20
F POS130 0.5 km South, Esst of MDC Ficld oa Charicsbaak, Newtoa 13 12 21
| POS210 0.5 km SSW, MDC Skating Risk oa Charicsbeak, Newtoa 132 0.8 21
I POS240 0.5 km WSW, 328 Charlesbank Rd., Watertowa (city property) 11.4 0.7 20
P05270 0.5 km West, 96 Beochwood, Watertown (city property) 12.8 0.6 20
l POS300 0.5 km WNW, 30 Praak, Watcriown (city property) 12.2 1.2 18
POS330 0.5 km NNW, 136 Walaut St., Watertown 14.7 1.6 21
P15000 1.5 km North, 29 Commoawealth Ave, Watcrtown (city property) 1.7 0.4 20
P15030 1.5 ke NNE, 36 Salisbury, Watestown (city property) 9.5 0.5 20
P15060 1.5 km ENE, 133 Grove, Watertown (city propert) 11.5 0.7 0
P15090 1.5 km West, Old Arscaal Grecaough Bivd., Watertows T 1 40
P15120 1.5 km ESE, 117 Murdock, Bostoa 1.4 0.7 20
P15150 1.5 km SSE, Peters Park., Boston 9.5 0.4 20
P15i80 1.5 km South, Harcman Park, Bostoa 10.4 0.6 20
I pis210 1.5 km SSW, 15 Noaantum, Newtoa 12.4 0.3 20
P15240 1.5 km WSW, 8 Eldridge St., Newtoa (city property) 13.1 0.8 20
P15270 1.5 km West, 66 Capital, Newtoa (city property) 12.2 0.6 19
P15300 1.5 km WNW, 91 Church St., Watertown 9.9 12 19
P15330 1.5 km NNW, 119 Robbins, Watertown 12.9 0.4 19
P30000 3 km North, 22 Bow Rd., Belmont (city property) 9.7 1.3 21
P30030 3 km NNE, 17 Bright, Belmont (city property) 113 1 21
P30060 3 km ENE, 157 Brattle St., Cambridge (city property) 10.9 0.8 20
P30090 3 km Eas, 7 Reoa St., Boston 118 0.5 20
P30120 3 km ESE, across 1302 Commoawealth Ave, Boston (city property) 13.3 0.7 20
P30150 3 km SSE, MDC Pool and Park, Boston 12.3 0.6 20
P30180 3 km South, Bostoa College Football Fickd, Newton 13.8 1 41
P30210 3 km SSW, 286 Ward St., Newton 1.4 ] 39
P30240 3 km WSW, Cabot Park, Newtoa 11.6 0.8 40
P30270 3 km West, 103 Bridge, Watcrtown 13.5 0.7 20
P30300 3 km WNW, 103 Chapman, Watcrtown (city property) 13.4 0.6 20
P30330 3 km NNW, 9| Waverly, Belmoat (city property) 11.3 0.7 20

021595-PASIMAMTL\FIN\GSA\DRAFTD\APP_C.D C_5



APPENDIX C

Table C-2
Off-Site Background Soil Samples
Gamma S Analyses Results (pCi/g)
T-26a] Po-210 | Be213] Po-212] B-214] Po-214] Ra-224] Ra-226] Ac-228 ] T34

03] 30 | o4 | 07| 06 | o6 18 | o6
03| 19 Jos oo ] o1 ] 071 ]or]| 22| os | 05 |}
03 06 | o1 | o6 | o6 | o8 | 21 | os | 12
03| 23 [ o6 | 09 | 07| 07 J os | 22 | os | os I
[ ros210 J17s] o1 | o2 05 | o4 | o4 1.1 | os |
[ rosiso [is9] o4 | o3 03 | 07 ] os ] os [ os | 12 ] 07 ] o7 |
rosiso | 16| 02 | o3 07 ] os | os | os 0.7 |
I pos210 |194] o1 [ o3 | 15 | o6 | o8 | o6 | o6 17 | os | 12
posze0 | 156] o1 | o3 o4 | o9 | o6 | 07 18 | 07 | 12
pos2z0  [219] o1 | o4 06 | 12 | os | o9 oo | 25 | 10 | 17
Pos3oo |15.4| o3 [ o3 o4 | o8 | o6 | o6 | 04 | 22 | o2
I rossso [177] o1 J o3| 1o [ o3 | o] 07| 07 Jos | 1.7] o9 | os
[ risooe [ies] 10 ] o os | o7 | o7 [ o7 20 | os
pisoso J14o] 02 | 03| 20 [ o4 [ 07 | os | o6 | o6 | 18 ] 07 | o3
I pisoco  |iss] o2 | o2 | 23 06 | os | os 14 | o6 | o9
[ risoso [iss] o3 | o3 07 | o6 | o6 1.5 | o7
pisizo | 16s] o0 | o3 os | os | 07 | o7 210 | o3 | 11
pisiso 13| o4 | o3| 26 | 06 | 10 | 07 ] 02 21 | os
Pisiso |1ss] 03 | o3| 21 | o4 | o9 | o6 | o6 | o5 | 19 | o7
p1s210 | 169| o4 | 03 05 | o9 | o6 | o6 17 | o9 | 10
[ ris2z0 [153] o4 J o3| o | os | os | os ]| o6 ]os ]| 16 ] 07 ] o6
I pis2o [1es] os | o3 05 | o8 | o6 | 06 | 06 | 13 | 07 | 10
! Pis3oc |139] oe | 03] 22 | o6 | 09 | o6 | 07 | 06 | 20 | 07 | 10
P15330  |195] o5 | oa | 32 | oo | e | 10 | 12 [ os | 32 ] 12 | 1
P00 J1s.1|] 03 | o3| 16 | oa | 07 ] o5 | o6 | 06 | 16 | 07 | 07
P3oo3o |149] 11 | o3| 26 | os | os | o6 | 07 20 | 07 | os
Pooso | 147| 03 | o3 03 | o9 | o6 | os e | 07 | 12
Pisizo | 154| o5 | o4 06 | 11 | 10| 10 | os | 20 10} 17
P30120 |159| 04 | 03 o5 | 10| o7 | o7 [ os | 19 ] o8 | 12
po1so  |152| o6 | 03 04 } 07 ] 07| 07| 07| 22 | os
P00 |161] 02 | 03 07 | o9 | o7 | 07 | o9 | 21 | o8 | os

P30210 13.0] 04 0.3 L9 0.4 0.3 0.6 0.6 0.8 2.2 0.7 1.1
I P30240 1621 0.5 0.2 1.3 0.4 0.7 0.6 0.6 0.6 1.5 0.6
P30270 16.3 0.4 0.4 23 0.7 1.1 0.9 0.9 0.8 22 0.9 1.1
P30300 17.8 0.6 0.3 2.4 0.5 09 0.7 0.8 0.6 1.9 0.9 0.7
P30330 15.0] 0.2 0.3 2.4 0.2 0.6 0.5 0.5 1.6 0.6 0.9

Mean| 15.8 0.4 03 23 0.5 0.8 0.6 0.7 0.7 1.9 0.8 1.0

Std. Deviation| 1.8 0.4 0.1 0.6 0.1 0.2 0.1 0.2 0.1 0.4 0.1 03

n Mean + 38] 212 1.5 0.4 4.2 0.9 .5 1.0 1.1 1.1 3.1 1.2 1.9

021595-PASIMAMTL\FIN\GSA\DRAFTD\APP_C.D C_6
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APPENDIX C

:
%o, z!r//

GSA SITE
RANDOM SOIL SAMPLE LOCATIONS

................................

L s 4 4 85 6 7 & 8 & m 12 1314 15 18 7 18 19 2 22 23 24 X% 6 T W 28 3 N RN D MBI

Figure C-3. Random soil sample locations
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APPENDIX C

Table C-3

GSA Site Random Soil Sample Survey
Gamma Spectrum Analyses (pCi/g)

Lecation [Grid | K40 | Co-137 | M-206 | M-212 L:-zﬂ Po-214 | Ra-224 | Ra-226 | Ae-228 | Tw-234
surface A-17 Y 03 os os —
wbeuf | A-17] 207 0.3 0.7 0.6 os 08
surface Al 19 1.5 02 0.5 1.0 0.9
mbourf |A2[ 9.4 03 0.7 os 08 0.9
surface Al 124 0.6 0.4 0.9 1.5¢ 1.3¢ 1
I wberf |A24] 99 0.3 0.7 0.1 1.1 0.9
I sucface B09| 157 1.3 0.5 0.6 0.6
I whest [BOO] 173 03 0.6 0.5 0.6
surface B-10| 158 02 0.5 0.4 0.6
l mbeurf |B10]| 139 0.3 0.7 0.7 0.7
surface B13] 192 0.2 0.5 0.5 0.4 0.9
swbeurf |B-13] 1338 02 0.7 0.6 0.5
surface B-17]| 132 1.1 0.4 0.9 1.4¢ 1.6¢ 1.0
wherf |[|B17] 173 0.3 0.6 0.7 0.7
surface B-19| 15.1 0.7 0.3 0.6 0.6 0.7
whbeuef [ B-19] 16.5 0.6 0.4 0.5
surface B20| 1.0 0.2 0.7 0.5 0.5
smbeucf |B20| 117 0.5 0.5 08
surface B33 | 136 0.3 0.9 0.9 1.0
wbeed |B33[ 738 0.5 0.6 0.7
surface co9| 135 0.3 0.6 0.6 0.8 08
wbeurf [ C09] 159 0.3 0.6 0.7 0.7
surface C-15 17.5 0.2 0.5 0.5 0.4
wberef [C15] 175 0.3 0.6 0.5 0.5
surface c17| 12,0 0.2 0.5 0.9 200 | 22% | 22¢ 4.5° 1.7¢ 2.6°
wbeuef [ C17] 16.1 0.2 0.6 0.5 0.6
surface C-24 6.2 0.5 0.2 0.5 0.6 0.6
wmbwed | C24f 7.0 0.2 2.7¢ 0.4 0.4
surface c26| 11.4 11 0.2 0.6 0.6 0.7 6.3¢ 0.7 14.9*
mbeurf |C26[ 171 0.2 0.3 0.6 0.5 0.5
surface cas] 99 0.3 0.6 0.5
whberf |C28| 122 0.4 08 0.9 0.9
surface c3| 157 0.3 0.6 0.7 0.6
wbeaed | C-32] 139 0.3 o8 0.8 0.9
surface cas| 96 0.6* 1.5¢ 1.3¢ 1.3¢ 7.2¢ 1.7+ 8.7%
mbourf | C-33 0.6* 1.6 | 3.7¢ 40 100* | 1.6° 6.2¢
surface D-10 19.0 0.5 0.3 “_:: 0.5
sub-surf D-10 14.2 0.2 0.4 - 0.4

021595-P\SIMAMTL\FIN\GSA\DRAFTD\APP_C.D
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APPENDIX C

Table C-3
GSA Site Soil Survey
Gamma Spectrum Analyses (pCi/g)
(continued)

Locotien | Grid | K40 | Co-137 | Tr-208 | B-212 | Po-212 | M-214 | Po-214 | Ra-224 T—uﬂ-:c-z;- Th-234

surface D-17]| 122 03 04 12 13¢ | 13e 3.8 1.1

mbeurf | D17] 188 03 0.6 0.6 [X]

surface D21| 156 02 0.4 0.5 0.5

wbeuf |D21] 152 0.3 0.4 0.6 0.6

surfece p23| 118 0.4 0.6 0.6 0.6

wbeurf |D23]| 139 0.5 0.5 0.5

surface D2s| 149 0.4 0.6 0.7 0.6 3.3¢

mbesd |D28| 157 0.3 0.5 0.5 0.6

surface D30| 118 0.4 0.6 0.7 0.6

wb-eurf | D30| 185 0.3 0.6 0.7 0.6 .

surface E-07 | 13.6 0.3 0.4 0.8
Fub-mf BE07| 169 0.4 0.5 0.6
| surface BE-13] 127 0.3 0.6 0.6 0.7

wbsuet | E13] 118 0.3 0.4 0.6 0.5

surface BE-16| 11.6 1.1 0.3 1.1 13* | 1.4°

bt | Ei6] 105 0.2 0.5 0.4 0.5

surface BE-17]| 137 0.4 0.4 1.0 2.0* 2.1

wb-eurt | E-17] 157 0.3 0.8 0.6 X

wcface B-18| 156 0.9 0.4 0.7 1.2¢ 1.3¢ 0.8
I b | E-18] 12.0 0.5 0.7 0.6 0.8
l surface E-19] 17.0 0.5 0.9 1.0 0.8
r sub-surf B-19| 68 0.2 0.5 0.6 0.7

surface E20| 159 0.7 0.7 2.2% | 44s | 48¢ 9.2+ 1.9%

wberf |B20f 113 0.3 0.9 1.3¢ 1.4¢ 1.0

surface E-31| 183 03 0.8 0.7

wbewrf | E31] 200 0.4 1.0 0.8 0.9

srface E-B| 137 0.3 0.5* 1.2 0.9 1.0 1.6¢

wbeurf |[BE33] 69 0.6 0.4 0.8 18 | 2.1°

wurface F-07 15.7

wbwrf | F07| 129 0.3 0.7 0.6 0.7

surface B4 ] 117 0.8 0.2 0.5 0.7 0.8

whbeurf | F-14 0.1 0.1
I surface F-18 | 111 0.6 0.3 0.6 0.8 0.9 0.9
I whb-eurf | F-18| 12.4 0.6

surfece F2 | 131 0.5 0.4 1.0 2.1° | 23

sbewrf |P2] 170 0.2 0.6 0.7 0.7
I warface P23 ] 118 0.6 0.8 1.2¢
[ sub-eurf F2 | 132 0.5 0.6 0.6
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Table C-3
GSA Site Soil Survey
Gamma Spectrum Analyses (pCi/g)
(continued)

WWF K40 Ca137 | T-208 | Bi-212 | Po-212 | BE-214 | Po-214 | Ra-224 | Ra-226 | Ac-228 | Th-234
mrface |F24| 134 | 04 0.4 07 | 13° | 12°
seb-surf R24 4.9 0.1 0.4 0.3 0.4
surface R27 11.0 0.9 0.5 0.6 6.7* 11.6*
oub-eurf R27 113 0.8 1.0* [ X ) 5.4°
surface G-08 15.6 0.9 0.3 0.9 0.5 0.9
sub-surf G-08 16.3 03 0.3 0.6 0.6 0.6
surface G2 14.0 02 1.0 0.7 0.7 0.9
oub-surf G-23 53 0.3 0.7 0.7 08

I warface G-26 15.3 0.7 0.4 0.7 1.0 0.9
sub-surf G-26 15.6 0.9 23 2.7
murface G-28 15.3 0.4
sub-surf G-28 16.9
surface H-O07 15.9 0.2 0.4 03 0.4
sub-surf HO? 18.7 0.3 0.6 0.7 0.6 0.8
surface H-13 10.5 0.5 0.6
sub-surf H-13 10.1 0.4 0.6 0.5
sucface H-16 12.6 09 0.5 09 0.7
sub-surf H-16 13.5 0.2 0.7 08
surface H-17 16.4 03 0.8 0.9 0.8 0.9
sub-surf H-17 122 03 0.7 0.8 0.9
surface 1-04 14.0 0.3 03 0.6 0.5 0.6
sub-surf 1-04 12.0 0.6 0.5 0.6
surface 1-08 10.1 0.8 02 0.7 1.1 0.9
sub-surf 1-08 9.7 08 08 0.9 0.8
surface 1-09 11.1 0.9 0.4 0.8 1.2¢ 1.5+
sub-surf 1-09 15 0.3 0.6 0.6 0.8

* surface 1-10 11.2 1.5 0.9 1.2* 1.1*
sub-surf I-10 3.5 0.3 0.9 1.0 1.0
surface J03 9.3 0.5 0.5 0.5
sub-surf J-03 15.1 0.5 09 0.9 08
surface 109 9.9 0.7 0.3 0.7* 0.6
sub-eurf J-09 12.7 0.4 0.3 0.6 0.7 0.8
surface K-04 15.1 0.3 0.7 0.7 0.8
sub-eurf K-04 6.4 1.0 0.8 0.9 1.4¢
surface LO03 | 23.6* 0.5¢ 1.3 1.0 1.1 1.6
sub-surf L-03 55 0.2 0.4 0.6 0.6

. Indicates resuits in cxcess of off-sitc mcan + 3s.

Blank coll mndicesos thet the muclide was not dotocted.

Asorisk (™) doootes

atian above 3

dard doviations of the off-sic mean.
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APPENDIX C

Table C4
GSA Site
Gamma Exposure Rate Measurements*
- = -
A B C ! D E I F G ! H _[_.—-'!— =.E.__J.
12.8
126 | 14.6 | 19.1
4 153 | 151 | 125 | 146
5 10.1 | 15.3 14 15
6 11.8 | 12.5 | 15.4 | 13.4 | 12.3
7 103 | 125 | 13.7 16 | 14.7 | 126
8 | 1.7 | 12.8 16 142 | 13.1
9 14 | 15.7 129 | 12.3 | 15.6 | 14.1 | 15.1
10 I 13.7 13 13.2 15.3 | 14.9
 u l 137 | 143 | 143 | 152 13.2 | 13.8 | 12.8
| 12 I 13.6 | 14.7 128 | 122 | 13.6 | 12.1
F 13 I 13.6 | 15.9 13.7 | 11.9 12.6
14 14.4 | 14.7 14.3 14 | 13.2 10.7

15 14.8 14.1 14 13.8 14.3 13.6 11.7 10.8

16 14.2 14.7 15.5 14.6 18 13.2 12.4 12.7

17 13.7 17 17.5 15.4 17.9 14.3 12.5 12.4

18 13.5 16.4 16.4 15.8 17.3 14.4 13.5 12.8

19 14 13.3 13 12.1 16.1 14 13.8 14.3

20 14.2 12.2 12.5 12.3 18.8 13.6 13.6 14.7

21 11.3 11.6 12.3 13.8 14 16 13.9 14.4

22 12 11.4 1L.5 12.7 15.7 14.4 15.2

23 I 13.5 12.7 13.3 13.3 12 13.8 14.5

24 13.9 12.6 12.4 13 13.2 15.2 13

25 12.5 14.4 14.6 14.8 15 15.1 14.1

26 11.5 15.2 15 14.7 14.7 13.8 12.1
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APPENDIX C

Table C4
GSA Site
Gamma Exposure Rate Measurements*
(Continued)
Grid A B C D E F G H I J K L
27 I 124 | 125 | 13.6 | 13.7 12 11.9
28 13.1 | 123 13 13.6 | 12.4 | 12.1 | 14.3
29 12.7 13.1 13.5 13.3 13.8
30 13.2 | 139 | 129 | 139 | 15.3
31 15.5 | 13.1 | 12.8 | 123 | 14.4
32 I 13.3 13.6 13.8 13.8 14.8
33 144 | 179 | 159 | 155
Average dose rate uR/hr at 1 meter 13

* This sheet is the data for the gamma radiation measurements made at the GSA site in 1993. These have been ordered by
grid intersection location so they can be plotted in 3D.
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APPENDIX C

GSA, Bldg 235, Room 101, Floor, 1 of 2
Direct Beta Survey
15
10
3
£
S S
E’E
- -5 T 1 T T T Y
22610106 Q1 2261010 O1 Z261010F 01 Z261010FO Z261010FO1
Z261010FOn Z2261010F01 Z261010F01 Z2281010F 01
Survey Measurement Location Codes
Direct Beta Survey Statistics
95% CL 95% CL
Mean Std Dev | Number | Maximum { on Mean | Max Mean
496 565 625 2297 534 2405
Figure C-4

GSA Building 235 floor (1 of 2) (dpm/100 cm?)
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Direct Beta Survey

GSA, Bldg 235, Room 101, Floor, 2 of 2

15

10

housands
w

cme/100 sq cm.

o i A o il

-5 1 T T 23 T 1
2261010F 01 226101001 2261010FO1 Z2261010FO1 2261010FO1
Z261010FO1 2261010F 01 Z261010FO 2261010F O

Survey Measurement Location Codes
Direct Beta Survey Statistics -
95% CL 95% CL
Mean Std Dev | Number | Maximum on Mean | Max Mean
642 511 625 2431 676 2511
Figure C-5

GSA Building 235 floor (2 of 2) (dpm/100 cm?)
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GSA, Bldg 235, Room 101, Walls
Direct Beta Survey

15

10

S

/100 sq em.
(mehwsas%s

ol kb, i, ) g

-5 | Y 1 1 y - T T -
226{ O10WO1 2261010W01 Z2261010W02 2261010WwQ3 2261010W04
2261010WwO1 2261010WO Z261010W03 2261010wW03

Survey Measurement Location Codes :
Direct Beta Survey Statistics
95% CL 95% CL
Mean Std Dev | Number | Maximum on Mean | Max Mean
622 829 700 3180 675 3296
Figure C-6

GSA Building 235 walls direct measurement results (dpm/100 cm?)
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GSA, Bldg 235, Room 101, Ceiling
Direct Beta Survey

10

Thousonds
N

dm/100 sq am.

=5 [ros—— T 1 T Y v T =y T
Z2261010C01 Z2261010C01 Z2261010C01 Z2261010C01 2261010C02
2261010CO1 Z2261010C01 2261010CO1 Z2261010C02

Survey Measurement Location Codes

Direct Beta Survey Statistics

95% CL 95% CL
Mean Std Dev | Number | Maximum on Mean Max Mean

505 651 328 3256 566 3568

Figure C-7
GSA Building 235 ceiling direct measurement results (dpm/100 cm?)
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GSA, Bldg 235, Room 101, Vents
Direct Beta Survey

15
10

§

i

83 >

7

dm

-5 I T T T T ¥ 1 ! T ! T T ] !
Z2261010v01 T Z261010Vv01 Z261010v01 Z261010v03
Z261010vO1 2261010v01 Z261010v02
L Survey Measurement Location Codes

Direct Beta Survey Statistics

95% CL 95% CL
Mean Std Dev | Number | Maximum on Mean Max Mean

363 378 14 1045 547 1340

Figure C-8
GSA Building 235 vents direct measurement results (dpm/100 cm?)
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GSA, Bldg 235, Room 101, Structures
Direct Beta Survey

15
10
5
g
S S
Eé
0 M‘MMWWMM
2261010509 2261010513 2261010515
2261010514

T 2261010501 2261010506 0
2261010503 2261010507 2261010512
Survey Measurement Location Codes

Direct Beta Survey Statistics

95% CL 95% CL
Mean Std Dev | Number | Maximum on Mean Max Mean
229 517 230 2251 287 2479

Figure C-9
GSA Building 235 structures direct measurement results (dpm/100 cm?)

C-19

021595-PASIMAMTL\FIN\GSA\DRAFTD\APP_C.D



APPENDIX C

GSA, Bldg 237, Room 100, Floor
Direct Beta Survey
15
10
5
g
4 B
8 b Lt bbb o b, e bl o Rt L
ol L el o Ltide i)
- =5 AAALALLAALALLLL LAALLLLLLLLLLLLLL) LLLLLLALLLLLLLLLLE] LLLALLLY AALLLLALLA] AALALLALLLLLLLLLALY LALLALLALLALLLEALA) (AALELLEAALAALLLALY LLLLLALLLLLALAALLLE ALLLLLLLALLLY
Z281000F 01 2281000F Q1 Z281000F01 Z281000F 01 Z281000FO1 ~—
Z281000F O Z281000F 01 Z281000F 01 Z281000F 01
Survey Measurement Location Codes

Direct Beta Survey Statistics

95% CL 95% CL
Mean Std Dev | Number | Maximum on Mean Max Mean

672 391 165 1668 723 1803

Figure C-10
GSA Building 237 floor direct measurement results (dpm/100 cm?)
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GSA, Bldg 237, Room 100, Walls
Direct Beta Survey

15
10
§
T
3 -
&
ONWMWWMW

T T O S S S MRS W Y S
Z281000W0O1 Z281000WQO1 Z281000W02 Z281000W03 2281000W04
2281000WO01 Z281000wWO01 Z2281000W03 Z2281000W03

Survey Measurement Location Codes

Direct Beta Survey Statistics

95% CL 95% CL
Mean Std Dev | Number | Maximum on Mean Max Mean

44 309 280 1254 75 1388

Figure C-11
GSA Building 237 walls direct measurement results (dpm/100 cm?)
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GSA, Bldg 237, Room 100, Ceiling
Direct Beta Survey

15
10
it
g
83 >
5

0 ‘__h-l.‘__---.-.-.--'-.-_-'_.ll_-_.-.l—rl-'—"-.__-_..-I.'.'--_.._"-__."--_‘ -

.. -5 'IlII‘YIIIlIYI'I||I|TTT1|’I’T]IIIIIIX|llll‘lTll]IlTTIlI'lIll"Ill]'IlI“IYIIIIVI‘I
Z281000CO1 2281000CQ Z281000COt Z281000C02 Z281000C02
2281000C01 Z2281000CO1 Z281000CO1 2281000C02

Survey Measurement Location -Codes

Direct Beta Survey Statistics

95% CL 95% CL
Mean Std Dev | Number | Maximum on Mean Max Mean

“ 0 282 80 629 54 754

Figure C-12
GSA Building 237 ceiling direct measurement results (dpm/100 cm?)
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GSA, Bldg 235, Room 101, Floor
Gamma uR/hr at 1 Meter
35
30
25
{ 20
%
15
10
S
- 0
Z2261010F 01 Z2261010F 01 Z261010F O1 Z261010F 01 Z2261010FOn
Z2261010FON Z2261010FO1 Z2261010FO1 2261010F 01
Survey Meagsurement Location Codes

Gamma Survey Statistics

Avg. +t Avg. *

Avg. Std Dev | Number | Maximum (.99)s +3s

l 14.8 1.8 250 20.0 19.3 20.3
Figure C-13

GSA Building 235 floor gamma exposure rate results (uR/hr)

——
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GSA, Bldg 235, Room 101, Walls

Gamma uR/hr at 1 Meter
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Figure C-14
GSA Building 235 walls gamma exposure rate results (uR/hr)
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GSA, Bldg 235, Room 101, Ceiling

Gamma uR/hr at 1 Meter
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Figure C-15
GSA Building 235 ceiling gamma exposure rate results (uR/hr)
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Figure C-16
GSA Building 235 vents gamma exposure rate results (uR/hr)

r
GSA, Bldg 235, Room 101, Vents
Gamma uR/hr at 1 Meter
’ Cl e 77 77 2
m i
Onnonnnnr
Z2261010vO01 Z2261010v01 Z2261010v0Ol 2261010v02 S’
Gamma Survey Statistics
Avg. +1¢ Avg, ¢
Avg. | Std Dev | Number | Maximum (.99)s +3s
12.9 1.1 8 14.9 16.4 16.3
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GSA, Bldg 237, Room 100, Floor
Gamma uR/hr at 1 Meter
35
30
25
= 20
<
[0
3
15
10 P, v
Z17 71z 72121%
1217} 1212121 A A B
A 21712 217
% 21212 21212
O l T T T ]' R T L I T LEELE ] T T ' T T T ]’ T T T ]
2281000FO1 Z281000F 01 Z281000F 01 Z281000F01 Z281000F 01
2281000F 0 Z281000F01 Z281000F 01 Z281000F 01
Suney Measuremment Locotion Codes
Gamma Survey Statistics
Avg. +¢ Avg. *
Avg. Std Dev | Number | Maximum (.99)s +3s
10.2 .6 33 11.2 AL.5 11.8
Figure C-17

GSA Building 237 floor gamma exposure rate results (uR/hr)
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GSA, Bldg 237, Room 100, Walls
Gamma uR/hr at 1 Meter
35
30
25
20
3
15
10
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OIIITYI LIS v ll‘]l"ll llll' LR
Z281000WO01 Z281000WO01 Z281000W03 Z281000W03 ~
Z281000W01 Z281000WO1 Z281000W03 Z281000W03
Survey Measurement Location Codes
Gamma Survey Statistics
Avg. +¢ Avg. ¢
Avg, Std Dev Number Maximum (.99)s +3s
10.1 i 56 11.8 12.0 12.3

Figure C-18
GSA Building 237 walls gamma exposure rate results (uR/hr)
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GSA, Bldg 237, Room 100, Ceiling
Gamma uR/hr at 1 Meter
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uR/hr
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O I g I T T - T T I’ T j’ T ] T ]

Z2281000C01 2281000CQ!1 Z281000CO1 Z281000CO1
Z281000C01 Z2281000C0O!1 2281000C01 Z2281000CO1

Survey Measurerment Location Codes

I

Gamma Survey Statistics

Avg. +1 Avg. *

Avg. Std Dev | Number | Maximum (.99)s +3s

10.1 .9 15 12.3 12.7 12.9
Figure C-19

GSA Building 237 ceiling gamma exposure rate results (uR/hr)
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GSA, Bldg 235, Annex Resurvey
Direct Beta Survey
15
10]"—- - - e
g (%2}
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83 >
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o o ot iy
=5 4 T v T y 1 T T T
Z261010F 01 226101001 Z261010FQ1 Z2261010F 01 2261010W01 g
Z261010F 01 2261010FOn 226101001 Z2261010W01
Survey Meosurement Location Codes

Direct Beta Survey Statistics

95% CL 95% CL
Mean Std Dev | Number | Maximum on Mean Max Mean

638 577 500 2,105 682 2,178

Figure C-20
GSA Building 237 Annex resurvey direct measurement results (dpm/100 cm?)
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GSA, Bldg 653, Pump House
Direct Beta Survey
15
10—~ ~— ——=—— T o
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=5 T al 1 v T Y 1 T
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Survey Measurement Locotion Codes

Direct Beta Survey Statistics

95% CL 95% CL
Mean Std Dev | Number | Maximum on Mean Max Mean

929 898 369 3,798 1,008 3959

Figure C-21
GSA Building 653 pumphouse direct measurement results (dpm/100 cm?)
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GSA, Bldg 633, Pump llouse
Gamma uR/hr at 1 Meter
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Gamma Survey Statistics
Avg. +t Avg. *
Avg. Std Dev | Number | Maximum (.99)s +3s
15.7 1.4 57 19.4 19.3 20.0
Figure C-22
GSA Building 653 pumphouse gamma exposure rate results (uR/hr)
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Figure C-23. Soil boring locations, 1993, 1994, including wells
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Table C-5
Soil Bore Samples
Gamma Spectroscopy Analyses Results

(pCi/g
s
497000 | 695000 1
+ + Concentration - pCi/g
Northing | Easting
Land Sand

Mass Sample \ Sample Survey Massachusetts Grid Elevation Estimated Corrected | Estimatod Fraction
File Number grams ID 1 Sample [D 2 ID3 Point Feet Ra-226 Th-234 U-23$l Material of Limit L
GSAOS18S 1201 Bum Pit Bore 32 No. 1 0.1 57.0 1.09 DU 2.39
GSA0523S 328 | Bum Pit | Bore 32 No. 2 6.1 5.6 1.44 | U+d 15.87
GSA0524S 943 Bum Put Bore 32 No. 3 22 5.0 0.67 U+d 7.28
GSA0525S 261 Burn Pit Bore 32 No. 4 -11.2 35.6 0.68 DU 1.49
GSA0526S 160 Bum Pit Bore 32 No. 5§ 5.5 17.5 033 DU 0.73
GSA05278 132 Bumn Pit Bore 32 No. 6 -1.8 247 047 | DU 1.04
GSA0519S 1113 | Bum Pit | Bore 33 No. 1 1513 292.7 125.2 7.6 -25.6 81.4 1.55 | DU j42
GSA0522S 981 | Burn Pit | Borc 33 No. 2 1513 292.7 125.2 1.6 -134 42.5 081 | DU 1.79
GSA05208 1638 | Burn Pit | Bore 33 No. 3 1513 292.7 125.2 7.6 03 8.7 0.16 | DU 0.36
GSA0533S 635 Bum Pit Bore 33 No. 4 1513 292.7 125.2 1.6 -3.0 9.7 0.18 DU 0.41
GSA0528S 134 | Bum Pit | Bore 33 No. § 1513 292.7 125.2 7.6 30 9.7 0.18 | U+d -1.65
GSA0521S 950 | Bum Pit | Bore 34 No. | ' -29.0 922 1.76 | DU 3.87
GSA0529S 39S | Burn Pit | Bore 34 No. 2 -17.2 548 1.04 | DU 2.30
GSA0530S 751 | Bum Pit | Bore 34 No. 3 26 31.0 059 | U+d 6.52
GSAO05318 524 | Bum Pit | Bore 34 No. 4 4.0 122 023 | DU 0.51
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Table C-§
Soil Bore Samples
Gamma Spectroscopy Analyses Results

(pCi/g)
(Continued)
497000 695000 |
+ + Concentration - pCi/g
Northing Easting
Land Sand

Mamns Sample \ Sample Survey Massachusetts Grid Elevation | Estimated | Corrected | Estimated Fraction

File Number | grams D] Sample 1D 2 D3 Point Feet Ra-226 Th-234 U-23% Material | of Limit
ﬁ

GSA05328 282 | Bum Pit | Bore 34 No. S 4.0 12.6 0.24 | DU 0.53
GSA0536S 1224 | Burn Pit | Bore 35 No. 1 1520 297.7 142.6 7 -11.4 63.0 120 | DU 2.65
GSA0535S 571 | Burn Pit | Bore 35 No. 2 1520 297.7 142.6 7 0.2 416 079 | DU 1.75
GSAO0534S 1431 | Bum Pit | Bore 35 No. 3 1520 297.7 142.6 7 1.7 14.0 027 | U+d 2.9
GSA0538S 616 | Bumn Pit | Bore 35 No. 4 1520 2917.7 142.6 7 10.5 -1.4 0.03 | U+d 0.
GSA0540S 144 | Bum Pit | Bore 35 No. 5 1520 297.7 142.6 7 18.5 13.0 025 | U+d 4.47
GSA0541S 1731 Burn Pit Bore 36 No. 1 0.8 2.5 0.05 DU 0.10
GSA0537S 97 | Bum Pit | Bore 36 No. 2 334 6.5 0.12 | U+d 2.01
GSA0542S 4950 | Burn Pit | Bore 36 No. 3 6.8 54 0.10 | U+d 1.7
GSA0543S 302 | Bum Pit | Bore 36 No. 4 11.8 37 0.07 § U+d 1.93
GSA0539s 145 | Bum Pit | Bore 36 No. 6 17.2 6.3 012 | U+d 3.00
GSA0544S 1267 | Bum Pit | Bore 37 No. | 1514 315.6 131.4 8 1.8 53 0.10 | U+d 1.25
GSAO05508 548 | Bum Pit | Bore 37 No. 2 1514 315.6 131.4 8 4.0 1.6 003 | U+d 0.71
GSA0547S 1174 | Bum Pit | Bore 37 No. 3 1514 315.6 1314 8 0.1 0.3 001 | U+d -0.05
GSAO0546S 1068 | Bum Pit | Bore 37 No. 4 1514 315.6 131.4 8 0.1 0.4 001 | U+d -0.07
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Table C-§
Soil Bore Samples
Gamma Spectroscopy Analyses Results
(pCi/g)
(Continued)
_
497000 | 695000
+ + Concentration - pCi/g
Northing Easting
Land Sand
Mass Sample \ Sample Survey Massachusetts Grid Elevation Estimated | Corrected | Estimated Fraction
File Number Sample ID 2
|
GSA0551S | 467 | BumPit | Borc37 No. S 1514 | 3156 | 1314 8 4.6 0.5 001 | U+d 0.56
GSA0552S 860 Burn Pit Bore 37 No. 5A 1514 315.6 131.4 8 3.2 1.5 0.03 U+d 0.63
GSA05458 1658 Bum Pit Bore 38 No. 1 1519 303.8 152 6.8 0.0 0.0 0.00 DU 0.00
GSA0561S 719 | Bum Pit | Bore 38 No. 2 1519 303.8 152 6.8 03 -1.1 0.02 | U+d 0.18
GSA0574S 1359 | Bum Pit | Bore 38 No. 3 1519 303.8 152 6.8 -1.0 33 0.06 | DU 0.14
GSA0548S 670 | Bum Pit | Bore 38 No. 4 1519 303.8 152 6.8 0.1 0.2 0.00 | DU 0.01
GSA0563S 287 | Bumm Pit | Bore 38 No. 5 1519 303.8 152 6.8 4.7 25 0.05 | U+d 0.97
GSA0549S 620 | Burm Pit | Bore 38 No. 6 1519 303.8 152 6.8 4.2 -1.4 0.03 | U+d 0.14
GSAO0558S 1177 | Bum Pit | Bore 39 No. 1 1521 296.1 144.6 7.6 219 88.9 1.6 | DU 3.1
GSA0562S | 404 | BumPit | Bore 39 No. 2 1521 | 2961 | 144.6 76 | 247 78.6 150 | pu 3.30
GsA0s57s | 1213 | BumPit | Borc39 No. 3 1521 | 296.1 | 1446 7.6 2.2 14.3 027 | U+d 311
GSAO0585S 486 | Bum Pit | Bore 39 No. 4 1521 296.1 144.6 1.6 59 1.7 0.15 | U+d 2.14
GSA0582S 246 | Bum Pit | Borc 39 No. 5 1521 296.1 144.6 7.6 -3.1 9.8 0.19 | DU 0.41
GSA0560S | 1302 | Bum Pit | Borc 40 No. 1 1512 | 2895 | 1198 81 | -256 81.5 1.55 | pu 3.42
GSAO0579S 1660 | Bum Pit | Bore 40 No. 2 1512 289.5 119.8 8.1 0.7 23 0.04 | DU 0.10
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Table C-5
Soil Bore Samples
Gamma Spectroscopy Analyses Results
(pCi/g)
(Continued)
— ‘“1
497000 695000
+ + Concentration - pCi/g
Northing Easting
Land Sand
Mass Samplec \ Sample Survey Massachusetts Grid Elevation | Estimated | Corrected | Estimated Fraction
File Number | grams D1 Sample ID 2 ID3 Point Feet Ra-226 Th-234 U-235 Material | of Limit
GSA0559S 1401 Bumn Pit Bore 40 No. 3 1512 289.5 119.8 8.1 1.0 6.2
GSA0566S 1127 | Bum Pit | Bore 40 No. 4 1512 289.5 119.8 8.1 24 0.4 001 | U+d 0.17
GSAO05718 773 | Bum Pit | Bore 40 No. 5 1512 289.5 119.8 8.1 34 24 0.05 | U+d 0.83
GSA0594S 1065 | Bum Pit | Bore 41 No. 1 1518 317.3 164.1 75 -54.2 172.6 3.29 | DU 7.25
GSA0573S 1379 | Bum Pit | Bore 41 No. 2 1518 317.3 164.1 75 0.0 0.1 000 | U+d 0.02
GSA05778 512 | Bum Pit | Bore 41 No. 2 1518 3173 164.1 7.5 0.6 -1.9 004 | U+d 032
GSA0602S 1255 | Burn Pit | Bore 41 No. 3 1518 3173 164.1 7.5 0.1 0.2 0.00 | U+d 0.04
GSA0575S 991 | Bum Pit | Bore 4l No. 4 1518 3173 164.1 75 0.2 05 001 | U+d 0.09
GSAO05698 897 | Burn Pit | Bore 41 No. § 1518 3173 164.1 15 0.2 0.7 0.01 | U+d 0.12
GSA0565S 934 Bum Pit Bore 41 No. 6 1518 3173 164.1 7.5 0.2 0.6 -0.01 U+d 0.11
GSA0592S 261 | Bum Pit | Bore 41 No. 7 1518 | 317.3 164.1 7.5 1.4 45 0.09 | U+d 0.7
GSAO0568S 1125 | Bum Pit | Bore 42 No. 1 1517 3217 132.9 7.8 0.1 0.4 0.01 | U+d -0.06
GSA05708 375 | Bum Pit | Bore 42 No. 2 1517 3277 1329 7.8 7.0 -1.1 0.02 | U+d 0.47
GSA0567S 1372 Bum Pit Bore 42 No. 3 1517 327.7 1329 7.8 0.0 0.1 0.00 U+d -0.03
GSA0564S | 1578 | Bum Pit | Bore 42 No. 4 1517 | 327.7 132.9 7.8 0.0 0.0 000 | U+d 0.00
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Soil Bore Samples
Gamma Spectroscopy Analyses Results

Table C-5

(pCi/g)
(Continued)
- =
497000 | 695000 . . -J/,
- + 1. ¢ Concentration - pCi/g
Northing | Easting T,

Land Sand )

Mass Sample \ Sample Survey Massachusetts Grid Elevation | Estimated | Corrected | Estimated Fraction

File Number Sample ID 2 ID3 Point Feet Ra-226 Th-234 u-235 Material of Limit

—— - g il _— ]
GSA0597S 259 | Bum Pit | Bore 42 No. 5 1517 3277 4.6 00 | U+d -0.08
GSA05838 1181 Bumn Pit | Bore 43 No. 1 1516 322.8 109.2 8.6 -1.4 24.6 047 | DU 1.03
GSA05898 634 | Bumn Pit | Bore 43 No. 2 1516 3228 109.2 8.6 3.0 143 0.27 | U+d 3.18
GSA05958 848 | Bum Pit | Bore 43 No. 3 1516 3228 109.2 8.6 21 13.1 025 | U+d 2.86
GSA0587S 1056 | Bum Pit | Bore 43 No. 4 1516 3228 109.2 8.6 4.4 0.5 0.01 | U+d 0.35
GSA06125 235 | Bum Pit | Borc 43 No. 5 1516 322.8 109.2 8.6 11.4 0.4 -0.01 U+d 1.06
GSA05818 1486 | Bum Pit | Borc 44 No. 1 1510 279.5 101.1 88 22 6.8 0.13 | U+d 1.59
GSA0598S 1727 | Bumn Pit | Borc 44 No. 2 1510 279.5 101.1 8.8 0.0 0.1 000 | DU 0.00
GSA05868 1551 Bum Pit | Bore 44 No. 3 1510 279.5 101.1 8.8 0.0 0.0 0.00 | U+d 0.00
GSA05968 643 | Bum Pit | Bore 44 No. 4 1510 279.5 101.1 8.8 59 -1.3 003 | U+d 0.32
GSA05938 1230 | Bum Pit | Bore 44 No. § 1510 279.5 101.1 88 2.4 7.2 0.15 | DU 0.32
GSA05918 219 | Burn Pit | Borc 44 No. 6 1510 279.5 101.1 8.8 0.4 1.3 0.02 | DU 0.05
GSA0611S 356.1 Burn Pit | Pit Bottom 1 No. 1 1522 300.1 139 83 -33.0 104.9 2.00 | DU 4.41
GSAO0683S 880.8 | Burn Pit | Pit Bottom 2 | No. 1 1523 298.7 140.4 83 -30.4 129.3 246 | DU 5.43
GSA0614S 287.3 | Bum Pit | Pit Bottom 2 | No.2 1523 298.7 140.4 8.3 19 10.2 0.19 | U+d 2.84
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Table C-§
Soil Bore Samples
Gamma Spectroscopy Analyses Results
(pCi/g)
(Continued)
R
497000 695000
+ + Concentration - pCi/g
Northing Easting
Land Sand
Mass Sample \ Sample Survey Massachusetts Grid Elevation Estimated | Corrected | Estimated Fraction
File Number | grams D1 Sample ID 2 ID3 Point Feet Ra-226 Th-234 U-235 Material | of Limit
GSAO0588S 513 Bum Pit Pit Bottom 3 | No. | 1524
GSA0608S 358.1 Bum Pit | Pit Botom 4 | No. 1 1525 300.1 134.1 8.4 7.0 21.4 0.41 U+d 5.02
GSA06138 106.1 Bum Pit | Pit Bottom 4 No. 2 1525 300.1 134.1 84 -24.7 718.6 1.50 | DU 3.30
GSA0600S 853 Bum Piut Pit Bottom 12 | No. 1 47.8 152.2 2.90 DU 6.39
GSA0572S 376 | Bum Pit | Pit Wall § No. 1 1526 301 135.2 8.4 -36.5 116.1 2.21 DU 4.88
GSA0578S 671 | Bum Pit | Pit Wall 8 No. | 1529 295.9 137 8.4 04 -1.2 0.02 | U+d 0.21
GSA0590S 290 | Bum Pit | Pit Wall 9 No. 1 1530 296.7 139.1 8.4 -154 91.6 1.75 | DU 3.85
GSA0609S 5425 | Bumn Pit | Pit WalllO No. 1 1531 298.9 140 8.3 -22.1 70.4 134 | DU 2.96
GSA0610S 550 Bum Pit Pit Wallll No. 1 1532 301 139.2 8.3 -17.1 543 1.03 DU 2.28
S

021595-MSIMAMTLAFIN\GSA\DRAFTD\APP_C.D

C-39




APPENDIX C

§

V..

Burn Pit In Situ Gamma S ectroscopy
and Surface Soil amples

| | | G
FENCE | A | FS96, Jrsas ] l
FS47
A FS49 ; 955,2,1“ | | F
Al SO o | A
ro48T Fseo o Fse5! ;. Fser
A S50 >
: f’. E
@ ;| Fses
Fs23® g"'
. ! _5.| Fs29 D
iFSSl ............... _ ™
................. FS31 A FS30
| C
AFS35
FS32:A a
\ : FS34
FS52 A rsi2 @ |arses | B
FS53 A
Ars7o
| FS72 FS71
| s T A T A — A
c4 25 &) 27 28
LEGEND
A = Soil Sample only
@® = In Silu Measurement
| and Soil Sample

Figure C-24. Burn pit locations for in situ measurements and soil samples
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Table C-6
Burn Pit - Surface Soil Samples

)

\

APPEM

Gamma Spectroscopy Sample Analyses Results

(pCi/g)
R ——
Concentration - pCi/g
497000 695000
+ + Sand
File Mau Sample Sample Samplc Land Northing Easting Elevation Estimsted Corrected Estimated Praction
Number grams D1 ID2 ID3 Survey . Feet Re-226 Th-234 U235 Material of Limut
Point Massachusetts Grid
GSA06858 1734 Bura Pit FS-20 1506 259.5 nas3 8 2.1 6.7 0.13 DU 0.28
GSA0687S 1690 Bur Pit Fs-21 1509 274.8 95.8 9 32 11.4 02 | U+d 2.6
GSA0689S 1671 Burn Pit Fs-22 1503 192.6 262 78 0.6 249 048 | U+d 5.10
GSA0691S 1636 Burn Pit Fs$-23 1505 230.8 98.6 8.7 25 14.5 028 | U+d 3.9
GSA0693S 1281 Burn Pit Fs-24 1537 325.9 n2 7.9 26.5 84 1.61 | bU 3.54
GSAD698S 1218 Burn Pit Fs-25 1515 311 120.4 78 2.0 11.8 023 | U+d 2.59
GSA0764S 962.2 Burn Pit Surface FS-27 1712 369.2 148.3 7.4 4.0 7.9 0.15 U+d 1.9
Soil -
GSA0762S 896.3 Burn Pit Surface | FS-28 1713 335.6 177.8 7.7 -1L5 48 009 | DU 0.20
Soil
GSA0760S 1097 Bura Pit Surface | FS-29 1714 2.8 2137 79 2.0 42 0.08 | U+d 1.08
Soil
GSAQTS8S 882 Burn Pit Surface Fs-30 1ms 2709 231.7 17 -1.7 5.5 on | pu 023
Soil
GSA07528 1253 Bura Pit Surface FS-31 1716 246.9 203.3 8.1 1.4 323 0.61 U+d 6.65
Soil
GSA07508 1242 Burn Pit Surface FS-32 1717 219.5 231.4 8 1.8 16.1 0.31 | U+d 3.4
Soil
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Table C-6

Burn Pit - Surface Soil Samples
Gamma Spectroscopy Sample Analyses Results

(pCi/g)

(Continued)
- 0
Concentration - pCi/g
497000 625000
—
+ + Saad q
File Mass Sample Sample Sample Land Northing Easting Elevation Estimated Corrected Estimated Praction
Number grams D! D2 ID3 Survey . Feet Ra-226 Th-234 U-238 Matorial of Limit
Point Massachusetts Gnid
|
GSA0748S 997 Buro Pit Surface Fs-33 1718 204.5 2488 8.1 3.0 9.5 0.18 DU 0.40
Soil
GSA07548 1007 Bum Pit Surface FS-34 1719 223 2448 8 0.2 0.5 £0.01 U+d 0.09
Sail
GSA07568 1289 Bum Pit Surfece FS-35 17120 232.7 233.7 8.1 22 7.8 0.15 | U+d .79
Soil
GSA0774s | 8299 | BuraPit Sufface | FS-4S 1711 338 $8.4 7.5 -1.0 32 006 | bu 0.13
Soil
GSA0772S s8a Bura Pit Sudface | FS46 1710 313.6 37.1 1.7 3.1 9.7 0.19 | pu 0.41
Soil
GSAO0770S 923 Burn Pit Surface FS-47 1709 281.2 5.8 A 0.2 0.6 0.01 | U+d 20.11
Soil
GSA0767S 1839 Bura Pit Surface FS-48 1708 239.4 359 8.4 0.0 0.1 0.00 | DU 0.00
Soil
GSA0768S 1743 Bum Pit Surface FS-49 1707 2311 8.1 83 0.9 29 0.0 DU 0.12
Soil
GSA0776S 1393 Burn Pit Surface FS-50 1706 209.8 512 8.3 0.0 0.1 000 | U+d 0.02
Soil
GSAO0778S 1647 Burn Pit Surface Fs-51 1705 171.6 114.6 8.7 0.0 0.0 0.00 | DU 0.00
Soil
GsA0780s | 1865 | BumPit Suface | FS-52 1704 138.1 172.1 8.1 22 49 0.09 | U+d 120
Soil
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Table C-6
Burn Pit - Surface Soil Samples
Gamma Spectroscopy Sample Analyses Results

(pCi'p)

APPEN"

(Continued)
U
Concentration - pCi/g
497000 | 695000
+ + Sand
File Mans Sample Sample Sample Land | Northing | Easting Elevation | Bstimsted | Corrected Estimated Praction
Number grams D1 D2 D3 Survey Feet Ra-226 Th-234 U238 Material of Limit
I
GSA0782S8 1707 Burn Pit Surfsce | FS-53 1703
Soil
GSA0816S 652 ArcaA2S_A28 Surface | FS-70 0.4 1.3 0.02 | U+d o0
Soil
GSA0818S 1011 Arca A25_ A28 | Surface | FS-T1 2.1 26.0 049 | DU 1.09
Soil
GSA08208 1032 Arca A25 A28 | Surface | FS-T2 1.2 4.0 0.08 | DU 0.17
Sail
GSA0822S 890 Arca A25 A28 | Surface | FS-73 3.8 15.3 029 | U+a 3.4
Soil
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Table C-7

Burn Pit - Bulk Soil Samples
Gamma Spectroscopy Sample Analyses Results

(pCi/g)
R
Concentration - pCi/g
497000 .
—_— + 695000 +
Land Northing Efffing ] Sand A
File Mass Sample Sample Sample Survey Elevation Estimated Correctod Estimated Fnctiorz
Number grams D1 D2 ID3 Point . Feet Ra-226 Th-234 U-235 Material | of Limit
Massachusetts Grid
T * A
GSAQ0706DD 1780 | Bum Pit Sample #1 Lower 1508 279.5 93.3 88 0.0 0.1 0.00 | DU 0.00
Coarse
GSA0708DD 1702 | BumPit Sample #1 | Lower 1508 279.5 93.3 8.8 0.0 0.1 0.00 | DU 0.00
Fines
GSA0707DD | 1901 | BumPit | Sample #1 | Lower 1508 279.5 93.3 8.8 0.0 0.1 000 | bu 0.01
Middlings
GSA07278 2.5 | Bum Pit Sample #1 | Upper 1508 279.5 933 88 -542.4 1725.8 3287 | DU T2.48
GSA0703DD 1685 Burn Pit Sample #1 Upper 1508 279.5 93.3 8.8 0.0 0.0 0.00 | DU 0.00
Coarse
GSA0705DD 1481 Bumn Pit Sample #1 Upper 1508 279.5 93.3 8.8 2.0 8.2 0.16 | U+d 1.85
Fines
GSA0704DD 1754 | Bum Pit Sample #1 Upper 1508 279.5 93.3 LR 0.0 0.1 0.00 | DU 0.00
Middiings '
GSA0712DD | 1800 | Bum Pit | Sample #2 | Lower 1507 266.5 66.4 7.9 6.0 0.1 000 | U+d 0.62
Coarse
GSA0714DD | 1738 | Bum Pit | Sample #2 | Lower 1507 266.5 66.4 7.9 2.9 6.8 013 | u+d 1.66
Fines
GSA0713DD 1936 | Bum Pit Sample #2 | Lower 1507 266.5 66.4 19 1.3 2.6 0.05 | U+d 0.65
Middlings
GSA0709DD 1695 Bum Pit Sample #2 | Upper 1507 266.5 66.4 79 38 0.0 0.00 | U+d 0.39
Coarse
GSA0711DD 1602 | Bum Pit Sample #2 | Upper 1507 266.5 66.4 19 25 6.1 0.12 | U+d 1.48
Fines
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Table C-7
Burn Pit - Bulk Soil Samples
Gamma Spectroscopy Sample Analyses Results

(pCi/g)
(Continued)
Concentration - pCi/g
497000
S+ 695000 +
Land Northing Easting . Sand
File Mass Sample Sample Sample Survey Elevation Estimated | Corrected | Estimated Fraction
H F l . " R N ..
Number grams D1 ID2 D3 Point Massachusctts Grid ce Ra-226 Th-234 U-235 Material | of Limit
GSA0710DD 1914 Bumn Pit Sample #2 Upper 1507 266.5 66.4 7.9 0.9 29 0.06 DU 0.12
Middlings
GSAOTISDD | 1734 | BumPit | Sample #3 | Lower 1504 191.9 2309 7.4 40 0.1 000 | U+d 0.42
Coarse
GSA0720DD 1721 Bum Pit Sample #3 | Lower 1504 191.9 230.9 7.4 0.0 0.1 0.00 { DU 0.00
Fincs
GSA0719DD 1400 Burn Pit Sample #3 | Lower 1504 191.9 2309 7.4 0.0 0.1 000 | U+d 0.2
Middlings
GSA0715S 1022 | Bum Pit Sample #3 | Upper 1504 191.9 230.9 7.4 0.2 0.5 001 | U+d -0.09
Coarse
GSA0717DD 1837 Bum Pit Sample #3 Upper 1504 191.9 2309 7.4 -38.1 121.1 2.31 buU 5.09
Fines
GSAO0716S 1690 Bum Pit Sample #3 Upper 1504 191.9 2309 7.4 36 4.7 009 | U+d 1.32
Middlings
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e Table C-8
Burn Pit
In Situ Gamma Spectroscopy Results
Fraction of Limit
Calculated Results
Councentration 2 sigma Error
Location Code Material (pCilg) (pCilg) Fraction of Limit
FS-20 U+d 10.3 3.7 1.03
Fs-21 DU 10.5 2.9 0.30
FS-22 DU 13.6 3.6 0.39
Fs-23 DU 13.1 3.6 0.38
L FS-24 DU 18.7 4.7 0.53
l FS-25 DU 12.3 3.3 0.35
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GSA Site In Situ Gamma Spectroscopy
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and Surface Soil Samples Q/
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Figure C-25. Locations of in situ and soil samples in the Bumn Pit and Clinker Areas
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Table C-9
Clinker Area - Surface Soil Samples
Gamma Spectroscopy Sample Analyses Results
Fraction of Limit

e——
497000 695000 Conccatratioa - pCi/g
+ + = )
Northing Easting E
Land Massachuserts Gnd Sand —
File Mass Sample Sample Samplc Survey Elevation Estimated Corrected Estimated Fraction § C
Number grams ID1 ID 2 D3 Point Feet Ra-226 Th-234 U-235 Material of Limit
S
GSA0697S 1077 | Clinker Surface Fs-26 1.9 26.6 051 | U+d 5.58
Arca Soil
GSA0T86S 1387 | CQliaker Surface Fs-55 58 2.1 0.00 | U+d 0.55
Area Soil
GSA0788S 2027 Clioker Surface FS-56 0.1 0.2 0.00 DU 0.01
Arca Sail
GSA0790S 1657 | Clinker Surface Fs-$7 2.5 9.8 019 | U+d 2.2
Arca Soil
GSA07928 1535 | Clinker Surface FS-38 0.0 0.0 000 | U+d 0.01
Arca Soil
GSA0794S 1538 Clinker Surface FS-59 0.0 0.0 000 | U+d 0.01
Arca Sail
GSA0796S 1378 Clinker Surface Fs-60 0.0 0.1 0.00 U+d £0.02
Arca Sail
GSA0798S 1754 Clinker Surface Fs-61 0.0 0.1 0.00 DU 0.00
Area Soil
GSA0800S 1225 | Clinker Surface FS-62 5.0 19.5 037 | U+d 443
Arca Soil
GSA0802S 1626 Clinker Surface F$-63 0.0 20.1 0.80 DU 0.85
Arca Soil
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Table C-9

1‘

APPE’

Clinker Area - Surface Soil Samples
Gamma Spectroscopy Sample Analyses Results

Fraction of Limit
(Continued)
- R M —
497000 695000 Concentration - pCi/g
+ +
Northing Easting
Land Massachusetts Gnd Sand
File Masns Sample Sample Sample Survey Elevation Estimated Corrected Estimated Praction
Number grams ID1 D2 D3 Point Feet Ra-226 Th-234 U238 Material | of Limit
=
GSA0697S 1077 Clinker Surface FS-26 1.9 26.6 0.51 U+d 5.58
Arca Soil
GSA0B04S 1730 Clinker Surface FS-64 3.0 3.9 0.97 U+d 7.78
Arca Soil
GSA0806S 1471 Clinker Surface FS-65 719 25.7 0.49 U+d 5.98
Arca Soil
GSA0808S 1612 Clinker Surface F5-66 48 0.0 0.00 U+d 0.48
Area Soil
GSA0810S 1396 Clinker Surface Fs-67 0.0 0.1 0.00 U+d £0.02
Arca Soil
GSA0812S 1396 Clinker Surface FS-68 0.0 0.1 0.00 U+d 0.02
Arca Soil
GSA08148 1396 Clinker SURFAC FS-69 0.0 0.1 0.00 U+d 0.02
Arca E SOIL
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APPENDIX C

Table C-10
Clinker Area
In Situ Gamma Spectroscopy Results
Fraction of Limit

Calculated Results
Concentration 2 Sigma Error
Location Code Material (pCi/g) (pCi/g) Fraction of Limit
FS-26 DU 78.65 17.53 2.25
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SOUTHWEST GSA PROPERTY SITE i

BOUNDARY ZONES SURVEYED e
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Figure C-26. Zones for in situ boundary survey
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I o
~ Table C-11
GSA Boundary
In Situ Gamma Spectroscopy Survey - Northeast
Fraction of Limit
Concentration (pCi/g)
Sample ID, Location Sample 2-sigma Fraction
’ DF [ 02 [ D | vateria | i) | oG Limie
A 27 DU 0.0 0.0 0.00
B 27 U+d 8.7 3.2 0.87
B 27 C1 DU 2.5 2.2 0.07
C 27 DU 15.5 3.5 0.44
C 27 C1 DU 1.9 2.0 0.05
A 28 DU 0.0 0.0 0.00
B 28 DU 0.0 0.0 0.00
B 28 C1 DU 0.0 0.0 0.00
C 28 DU 2.5 2.0 0.07
C 28 C1 U+d 2.1 1.3 0.21
Dj] 28 DU 6.0 2.1 0.17 —
D 28 Cl1 U+d 4.4 1.8 0.44
A 29 U+d 1.5 1.1 0.15
B 29 DU 0.0 0.0 0.00
C 29 U+d 5.4 3.4 0.54
|
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Table C-12
GSA Boundary
In Situ Gamma Spectroscopy Survey - Northwest
Fraction of Limit
Concentration (pCi/g)
I Sample ID, Location Sample 2-sigma Fraoc:ion
Conc. Error
[ or [ ® | D | uein | Cup | (i Limit
F 31 U+d 1.8 1.2 0.18
F 32 C1 DU 0.0 0.0 0.00
F 32 2 DU 1.6 2.4 0.05
F 32 U+d 1.8 1.1 0.18
F 33 C1 U+d 2.1 1.4 0.21
G 28 DU 0.0 0.0 0.00
G 31 C1 DU 0.0 0.0 0.00
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Table C-13
GSA Boundary
In Situ Gamma Spectroscopy Survey - Southeast
Fraction of Limit
Concentration (pCi/g)
Sampie ID, Location Sample
D1 m2 D3 Material !C°"°‘(=:i, )
B 15 DU 2.0
B 15 c1 U+d 2.6
[ A 16 DU 0.0
| B 16 U+d 4.1 3.2 0.41
B 16 C1 DU 0.2 2.7 0.00
A 17 DU 0.0 0.0 0.00
B 17 U+d 4.1 2.8 0.41
B 17 C1 DU 0.3 1.8 0.01
A 18 U+d 2.1 1.0 0.21
B 18 U+d 1.2 1.1 0.12
B 18 C1 U+d 2.2 1.3 0.22
A 19 DU 0.0 0.0 0.00
B 19 DU 0.0 0.0 0.00
B 19 Cl1 DU 4.3 3.0 0.12
A 20 U+d 2.1 13 0.21
B 20 U+d 4.1 3.0 0.41
B 20 C1 DU 4.2 2.4 0.12
A 21 DU 0.0 0.0 0.00
B 21 DU 0.0 0.0 0.00
B 21 Cl U+d 1.4 1.1 0.14
A 22 DU 0.3 2.2 20.01
B 22 U+d 1.3 1.1 0.13
B 22 C1 DU 0.0 0.0 0.00
A 23 DU 0.0 0.0 0.00
B 23 DU 0.0 0.0 0.00
B 23 C1 DU 0.0 0.0 0.00
A 24 U+d 1.3 1.1 0.13
B 24 U+d 1.9 1.0 0.19
B 24 Cl DU 0.0 0.0 0.00
A 25 DU 3.6 2.8 0.10
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In Situ Gamma Spectroscopy Survey - Southeast
Fraction of Limit
Concentration (pCi/g)

Table C-13
GSA Boundary

(continued)

r Sample ID, Location Sample 2-sigma Fraction
D1 D2 ID3 Material Co'i.f En:/w Li?:it
B 25 DU 0.0 0.0 0.00
B 25 C1 DU 3.8 2.5 0.11
A 26 DU 0.0 0.0 0.00
B 2 U+d 9.9 3.5 0.99
B 26 c1 U+d 1.4 0.9 0.14
A 27 DU 0.0 0.0 0.00
B 27 U+d 8.7 3.2 0.87
B 27 C1 DU 2.5 2.2 0.07
A 28 DU 0.0 0.0 0.00
B 28 DU 0.0 0.0 0.00
B 28 C1 DU 0.0 0.0 0.00
A 29 U+d 1.5 1.1 0.15
B 29 DU 0.0 0.0 0.00
B 29 C1 DU 0.0 0.0 0.00
B 30 DU 0.0 0.0 0.00
B 30 C1 DU 0.0 0.0 0.00
B 31 U+d 6.9 3.9 0.69
B 31 Cl1 DU 0.0 0.0 0.00
B 32 DU 0.0 0.0 0.00
B 32 Cl1 U+d 1.8 1.3 0.18
B 33 DU 0.0 0.0 0.00
B 33 cl U+d 7.7 36 0.7
C 33 Cl DU 4.3 3.8 0.12
B 34 U+d 1.3 1.0 0.13
B 34 Cl DU 0.0 0.0 0.00
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In Situ Gamma Spectroscopy Survey - Southwest

Table C-14
GSA Boundary

Fraction of Limit

Concentration (pCi/g)

I Sample ID, Location Sémple Zm Fra:ftion
onc.
D1 D2 D3 Material | (pCilg) (Cilg) Liemit
I I s DU | 00 0.0 0.00
I 6 DU 0.0 0.0 0.00 |
l: I 7 U+d 1.3 1.2 0.13 |
I 7 C1 DU 0.0 0.0 0.00
K 8 DU 0.0 0.0 0.00
I 8 C1 U+d 1.8 1.5 0.18
F I 9 U+d 1.4 1.3 0.14
I 9 c1 U+d 2.5 1.3 0.25
E 3 DU 2.6 2.5 0.07
J 3 C1 DU 0.0 0.0 0.00
J 4 DU 0.0 0.0 0.00
J 4 C1 DU 0.0 0.0 0.00
H 3 5 U+d 2.0 1.4 0.20
J 6 U+d 1.6 .1 0.16
] 6 C1 DU 0.0 0.0 0.00
J 7 Cl DU 0.0 0.0 0.00
K 3 DU 0.0 0.0 0.00
K 3 Cl DU 0.0 0.0 0.00
K 4 DU 0.0 0.0 0.00
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Table C-15
Windborne - Soil Samples
Gamma Spectroscopy Sample Analyses

(pCi/g)
e —
Concentration - pCi/g
497000 695000
+ +
Land Northing Easting Sand
File Mass Sample Sample Sample Sur?rey . Elevation | Estimated | Corrected | Estimated Fraction
Number grams ID 1 ID2 D3 Point Massachusents Grid Feet Ra-226 Th-234 U-235 Material | of Limit I

GSA0S84S | 834 | Eastof Windborne | | No. 1 1540 110.8 396.7 1.8 03 0.8 0.02 U+d 0.14
Greenough

GSA0601S 1178 East of Windborne 2 No. 1 1539 195 .4 643.5 11.5 0.1 03 -0.01 U+d 0.05
Greenough

GSA0603S 1060 East of Windborne 2 No. 2 1539 195.4 643.5 11.5 0.1 0.4 -0.01 U+d -0.08
Greenough

GSA06048 982 East of Windborne 3 No. 1 1565 291.7 541.2 10.8 0.2 0.6 -0.01 U+d 0.09
Greenough

GSA0599S 949 East of Windborne 3 No.2 1565 291.7 541.2 10.8 0.2 0.6 -0.01 U+d -0.10
Greenough

GSA0559S | 1181 | Easof Windborne 4 | No. 1 1564 N4 606.4 1 0.1 03 -0.01 U+d 0.05
Greenough

GSA0607S 967.8 East of Windborne 4 No. 2 1564 372.4 606.4 11 0.2 0.6 0.01 U+d ©0.10
Greenough

GSA0605S 797 East of Windborne § No. | 1563 439.2 663.9 54 0.3 0.9 -0.02 U+d 0.15
Greenough

GSA0606S 673.7 East of Windborne 5 No. 2 1563 4392 663.9 5.4 0.4 -1.2 0.02 U+d 0.21
Greenough
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GSA. PROPERTY 20

In Situ Gamma Spectroscop
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Figure C-27. Locations of in situ meaurements and soil samples in Property 20
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Gamma Spectroscopy Sample Analyses Results

APPEM

Table C-16
Property 20 - Surface Soil Samples

Fraction of Limit

497000 695000 Concentration - pCi/g
+ +
Northing Easting
Land Sand
File Mass Sample Sample Sample Surtlcy Massachusens Grid Elevation Estimated Corrected Estimated ) Fncllion
Number grams ID 1 ID 2 D3 Point ] Feet Ra-226 Th-234 U-235 Matenial of Limit
1— -
GSA0616S 1541 Area 20 FS-01 1547 438.4 445.5 10.1 15.6 13.0 025 | U+d 4.18
GSA0618S 1335 Area 20 Fs-02 1542 463.1 418 11.1 4.4 16.1 0.31 | U+d 3.70
GSA0620s 1446 Area 20 Fs-03 1545 484.2 4443 10 5.7 7.6 0.14 | U+d 2.11
GSA0624S 1632 Area 20 FS-04 1543 482.9 419.1 10.8 4.6 18.2 035 | U+d 4.14
GSA06228 1415 Area 20 FSs-05 1548 486.4 393.5 10.7 -30.9 98.4 1.87 | DU 4.13
GSA0626S 1337 Area 20 Fs-06 1550 506.2 417.9 10.4 35 4.7 009 | U+d 131
ym N4

GSA0664S 1459 Ares 20 Fs-07 1546 451.4 459.7 9.5 18.7 9.7 0.18 | U+d 383
GSA0628S 1249 Area 20 Fs-08 1549 531 3947 9.8 34 73 0.14 | U+d 1.81
GSA06308 1040 Area 20 Fs-09 1551 522.2 517 11.2 0.1 0.5 0.01 | U+d -0.08
GSA0632S 13N Arca 20 Fs-10 1552 556.8 3713 10.2 0.0 0.1 000 | U+d 0.03
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Table C-16

Property 20 - Surface Soil Samples

Gamma Spectroscopy Sample Analyses Results

C

021595-P\SIMAMTL\FIN\GSA\DRAFTD\APP_C.D

Fraction of Limit
(Continued)
497000 695000 Concentration - pCi/g
+ +
Northing Easting
Land Sand
File Survey . Elevation Estimated Corrected Estimated Fraction
us Grid
Numbes Point Massachusctis Gr Feet Ra-226 Material | of Limi
GSA0666S 20.03
GSA0682S | 1434 | Area 20 FS-13 1562 583.8 593.3 6.8 0.0 0.1 000 | U+d 0.
GSA06705 | 1228 | Area 20 FS-14 1558 510 473.1 9 0.1 03 001 | U+d 0.08
GSA06728 | 1324 | Area20 FS-15 1559 490.9 496.5 8.6 7.0 3.7 007 | U+d 1.45
GSA0674S | 1313 | Area 20 FS-16 1556 529.5 450.4 94 | <3 02 | <2 puU 0.01
GSA0676S | 1358 | Area20 Fs-17 1554 565.9 248 9.6 0.0 0.2 0.00 | U+d 0.03
GSA06788 | 1172 | Area 20 Fs-18 1555 563.5 450.4 7.3 0.1 0.3 001 | U+d 0.08
GSA0680S 1043 | Area 20 FS-19 1561 614.5 546.5 72 0.1 0.5 001 | U+d 008
GSA0736S | 1098 | Area20 | Surface | FS-36 1722 4204 467.5 79 0.1 0.4 0.01 | U+d 0.07
Soil
GSA0738s | 1488 | Area20 | Surface | FS-37 1723 409.8 4343 9.9 0.0 0.1 000 | U+d 0.01
Soil
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Table C-16

Property 20 - Surface Soil Samples

Gamma Spectroscopy Sample Analyses Results

Fraction of Limit

GSA0746S

Surface

L
FS-38 1728

(Continued)
RN
497000 695000 Concentration - pCi/g
+ +
Northing Easting
Land Sand
File Mass Sample Sample Sample Survey Grid Elevation Estimated Corrected Estimated Fraction
Number D3 Point | Mussachusers Gr Feet Ra226_ | 234 | u23s | Maerial | of Limi

437 402.2 10.6 0.1 0.3

0.01 | U+d 0.06
Soil

GSA0744S 1242 Area 20 Surface FS-39 1727 466.1 3707 10.8 0.1 0.3 0.00 | U+d 0.04
Soil

GSA0742S 1601 Area 20 Surface FS40 1726 506.1 378.3 11 6.1 kN 006 | U+d 1.24
Soil

GSA0740S 1375 Area 20 Surface FS-41 1725 5329 365.8 11.3 5.1 5.0 0.09 | U+d 1.51
Soil

GSA0734S 1174 Area 20 Surface FS42 1724 4399 481.5 73 5.2 0.3 001 | U+d 0.46
Soil

GSA07338 1725 Area 20 Surface FS43 1730 472.2 513.4 8 0.0 0.1 0.00 | DU 0.00
Soil

GSAO0731S 799.5 Area 20 Surface FS-44 1729 507.5 505.7 4.7 0.3 0.9 0.02 | U+d 0.15
Soil

-
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APPENDIX C

~4 Table C-17
Property 20
In Situ Gamma Spectroscopy Results
Fraction of Limit
Sample ID

Code* Material | Fraction of Limit
FS-01 U+d 1.50
FS-02 DU 03 |§
FS-03 U+d 1.03
FS-04 U+d 2.30
FS-05 U+d 1.44
FS-06 DU 0.10
FS-07 DU 0.13 It
FS-08 DU 0
FS-09 DU 0
FS-10 DU 0
FS-11 DU 0

5 FS-12 U+d 0.13
FS-13 DU 0
FS-14 U+d 0.14
FS-15 U+d 0.15
FS-16 U+d 0.11
FS-17 DU 0.08
FS-18 DU 0
FS-19 DU 0

* See map for locations
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Table C-18
Soil Sample Locations and Descriptors
497000 + 695000
Northing +
Easting
Mass Sample Survey . Elevation
Sample No. | grame Location Bore Number Number Point Massachusctts Grid Feet

GSA0584S 834 | Eastof Windborne | No. 1 1540 110.8 396.7 1.8
Greenough

GSA0601S 1178 | Eastof Windborne 2 No. 1 1539 195.4 643.5 11.5
Greenough

GSA0603S 1060 | Eas of Windbome 2 No. 2 1539 195.4 643.5 11.5
Greenough

| GSA0604S 982 | Eastof Windborne 3 No. 1 1565 291.7 541.2 10.8
Greenough

GSA0599S 949 East of Windborne 3 No. 2 1565 291.7 541.2 10.8
Greenough

GSAO0559s 1181 East of Windborne 4 No. 1 1564 34 606.4 11
Greenough

GSA0607S 967.8 East of Windborne 4 No. 2 1564 I372.4 606.4 1
Greenough

|

GSA0605S 797 | Eastof Windborne § No. 1 1563 439.2 663.9 5.4
Greenough

GSA0606S 673.7 East of Windborne § No. 2 1563 439.2 663.9 54
Greenough

GSA0616S 1541 GSA Arca 20 Fs-01 1547 438.4 455 10.1

GSAQ0618S 1335 GSA Area 20 Fs-02 1542 463.1 418 il

GSA0620S 1446 GSA Area 20 FS-03 1545 484.2 4443 10

GSA0624s 1632 GSA Area 20 FS-04 1543 4829 419.1 10.8

GSA0622S8 1415 GSA Area 20 FS-05 1548 486 .4 3935 10.7

GSA0626S 1337 | GSA Area 20 FS-06 1550 506.2 4179 10.4

'I GS A0664S 1459 GSA Area 20 FS-07 1546 451.4 459.7 9.5

H GSA0628S 1249 GSA Area 20 FS-08 1549 531 394.7 938

I GSA06308 1040 GSA Arca 20 FS-09 1551 5222 351.7 11.2

GSA0632S 1371 GSA Area 20 Fs-10 1552 556.8 371.3 10.2

GSA0666S 1367 GSA Arca 20 Fs-11 1557 543.4 473 .4 83

“ GSA0682S 1434 GSA Ares 20 Fs-13 1562 583.8 593.3 6.8

GSA0670S 1228 GSA Area 20 FS-14 1558 510 473.1 9

GSA0672S 1324 GSA Area 20 FS-15 1559 490.9 496.5 8.6

GSA0674S 1313 GSA Arca 20 FS-16 1556 529.5 450.4 9.4

GSA0676S 1358 GSA Area 20 FS-17 1554 565.9 424 .8 9.6
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2 Table C-18
Soil Sample Locations and Descriptors
(Continued)
I 497000 + 695000
Northing +
Easting

Sample No. ::“m Location Bore Number 3‘..':3'; s:;’ Massachusetts Grid Bc;:um
GSA0678S 1172 | GSA Area 20 Fs-18 1555 $63.5 450.4 73
GSA0680S 1043 | GSA Area 20 Fs-19 1561 614.5 546.5 7.2
GSAOQS18S 1201 | Burn Pit Bore 32 No. |
GSA05238 328 | Bumn Pit Bore 32 No.2
GSA0524S 943 | Burn Pit Bore 32 No.3
GSAO0525S 261 | Burm Pit Bore 32 No. 4
GSA0526S 160 | Bur Pit Bore 32 No. s
GSA0527s 132 Bum Pit Bore 32 No. 6
GSA05198 1113 | Burn Pit Bore 33 No. | 1513 292.7 125.2 76
GSA05228 981 | Bum Pit Bore 33 No. 2 1513 292.7 1252 76
GSAO05208 1638 | &llx Pit Bore 33 No. 3 1513 292.7 125.2 7.6
GSA0533s 635 Bum Pit Bore 33 No. 4 1513 292.7 125.2 7.6
GSA0528S 134 | Bum Pit Bore 33 No. S 1513 292.7 125.2 7.6
GSA0521S 950 Burn Pit Bore 34 No. 1
GSA0529s8 395 Bum Pit Bore 34 No. 2
GSA0530S 751 | Bum Pit Bore 34 No.3
GSAO0S5318 524 Burn Pit Bore 34 No. 4
GSA0532S 282 | Burn Pit Bore 34 No. §
GSA0536S 1224 Burn Pit Bore 35 No. 1 1520 297.7 142.6 7
GSA0S535S 571 Bum Pit Bore 35 No.?2 1520 2977 142.6 7
GSA0534s 1431 Bum Pit Bore 35 No. 3 1520 297.7 142.6 7
GSAO0S38S 616 | Burn Pit Bore 35 No. 4 1520 297.7 142.6 7
GSA0540S 144 Bum Pit Bore 35 No. § 1520 297.7 142.6 7
GSA0541S 1731 Bum Pit Boce 36 No. 1
GSA0537S 97 Bum Pit Bore 36 No.2
GSAQ5428 490 Bum Pit Bore 36 No. 3
GSA0543S 302 Bum Pit Bore 36 No. 4
GSA0539S 145 Bll'n Pit Bore 36 No. 6
GSA0544S 1267 Burn Pit Bore 37 No. 1 1514 3156 131.4 8
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Table C-18
Soil Sample Locations and Descriptors
(Continued)
497000 + | 695000
Northing +
Easting

Sample No. :::. Locatioa Bore Number m, S:;y Massachuserta Grid ﬂ?::on
GSA0550S 548 | Bura Pt Bore 37 No. 2 1514 315.6 131.4 8
GSA0S47S 1174 | Bum Pi Bore 37 No. 3 1514 315.6 131.4 8
GSA0546S 1068 | Burm Pt Bore 37 No. 4 1514 315.6 131.4 8
GSA0SS1S 467 | Bum PR Bore 37 No. s 1514 315.6 131.4 8
GSA0S52S 850 | Buem Pi Bore 37 No. SA 1514 315.6 131.4 8
GSA0S4SS 1658 | Bumm Pit Bore 38 No. 1 1519 303.8 152 6.8
GSA0S61S 719 | Burn Pit Bore 38 No. 2 1519 303.8 152 6.8
GSA0574S 1359 Bum Pit Bore 38 No. 3 1519 303.8 152 6.8
GSA0548S 670 | Bum Pit Bore 38 No. 4 1519 303.8 152 6.8
GSA0563S 287 | Burn Pit Bore 38 No. s 1519 303.8 152 6.8
GSA0S49S 620 | Burn Pit Boce 38 No. 6 1519 303.8 152 6.8
GSA0558S 1177 | Burn Pit Bore 39 No. 1 1521 296.1 144.6 76
GSA0562S 404 Burn Pit Bore 39 No. 2 1521 296.1 144.6 7.6
GSAO0557s 1213 Burn Pit Bore 19 No. 3 1521 296.1 144.6 7.6
GSAO0585S 486 Bum Pit Bore 39 No. 4 1521 296.1 144.6 7.6
GSAQ582S 246 Burn Pit Bore 39 No. § 1521 296.1 1446 7.6
GSA0S60S 1302 | Burn Pit Bore 40 No. 1 1512 289.5 119.8 8.1
GSA0579S 1660 | Bum Pit Bore 40 No. 2 1512 289.5 19.8 8.1
GSA0SS9S 1401 | Burn Pit Bore 40 No. 3 1512 289.5 119.8 8.1
GSA0566S 1127 Burn Pit Bore 40 No. 4 1512 2895 119.8 8.1
GSAO05718 m Bum Pit Bore 40 No. § 1512 2895 119.8 8.1
GSA0594S 1065 | Bum Pit Bore 41 No. I 1518 317.3 164.1 75
GSA05T3S 1379 Bum Pit Bore 41 No. 2 1518 3173 164.1 75
GSAO0STIS 512 Burn Pit Bore 41 No. 2 1518 3173 164.1 7.5
GSA0602S 1255 Bum Pit Bore 41 No. 3 1518 3173 164.1 7.5
GSA0575S 991 Bum Pit Bore 41 No. 4 1518 3173 164.1 7.5
GSA0569S 897 Bum Pit Bore 41 No. § 1518 3173 164.1 7.5
GSA0565S 934 | Bum Pit Bore 41 No. 6 1518 317.3 164.1 75
GSA05928 261 Burn Pit Bore 41 No. 7 1518 3173 1641 75

021595-P\SIT\AMTL\FIN\GSA\DRAFTD\APP_C.D C-65



APPENDIX C

Table C-18 ~
Soil Sample Locations and Descriptors
(Continued)
497000 + 695000
Nocthing +
Easting
Sample No. :::. Location Bore Number 3'..?“.;., 8::;)' Massachuscis Grid ae;::m

GSAQ568S 1125 | Bum Pkt Bore 42 No. 1 1517 321.7 132.9 7.8

GSA0S70S 375 | Bum Pit Bore 42 No. 2 1517 321.7 132.9 7.8

GSA0567S 1372 | Burn Pit Bore 42 No.3 1517 321.7 132.9 7.8

GSA0564S 1578 | Bum Pit Bore 42 No. 4 1517 327.7 132.9 78

GSA0597S 259 | Bum Pit Bore 42 No. § 1517 327.7 132.9 78

GSA0583S 1181 | Bumn Pit Bore 43 No. 1516 322.8 109.2 8.6

GSA0589S 634 Bum Pit Bore 43 No. 2 1516 3228 109.2 8.6

GSA0595S 848 | Bum Pit Bore 43 No. 3 1516 322.8 109.2 8.6

GSAO0587S 1056 | Burn Pit Bore 43 No. 4 1516 3228 109.2 8.6

GSA0612S 235 | Buen Pit Bore 43 No. § 1516 2.8 109.2 86

Gsaossis | 1486 | Buempit Bore 44 No. 1 1510 279.5 101.1 8

GSA0598S 1727 | Burn Pit Bore 44 No. 2 1510 279.5 101.1 88

GSA0586S 1551 | Bum Pit Bore 44 No. 3 1510 279.5 101.1 8.8
r} GSA0596S 643 | Bum Pit Bore 44 No. 4 1510 279.5 101.1 8.8

GSA0593S 1230 | Bum Pit Bore 44 No. § 1510 279.5 101.1 8.8

GSA0591S 219 Burn Pit Bore 44 No. 6 1510 279.5 101.1 88

GSA0555S 1000 Burn Pit Bum Pit Burm Pit

water

GSAD611S 356.1 Buen Pit Pit Bottom 1 No. 1 1522 300.1 139 83

GSA0683S $80.8 | Burn Pit Pit Bogom 2 | No. 1 1523 298.7 140.4 8.3

GSA06148 2873 | Bum Pit Pit Botom 2 | No.2 1523 298.7 140.4 8.3

GSAO0S88S 513 | Burn Pit Pit Bowom 3 | No. 1 1524 297.5 135.5 8.4

GSA0608S 358.1 Bum Pit Pit Bottom 4 No. 1 1525 300.1 134.1 8.4

GSA06138 106.1 | Bura Pit Pit Botom 4 | No.2 1525 300.1 134.1 8.4
r GSA0600S 853 | Burn Pit Pit Bowom 12 | No. 1

GSA0S72S 376 | Burn Pit Pit Wall § No. 1 1526 301 135.2 8.4

GSA0578S 671 Burn Pit Pit Wall 8 No. 1 1529 295.9 137 8.4

GSA0590S 290 Burn Pit Pit Wall 9 No. 1 1530 296.7 139.1 8.4

GSA0609S 542.5 Burn Pit Pit Wall 10 No. 1 1531 298.9 140 83 7
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Table C-18
Soil Sample Locations and Descriptors
(Continued)
497000 + 695000
Northing +
Easting
Mass Sample Survey M : . Elevation
Sample No. grams Location Bore Number Number Point Grid Feet
GSA06108 550 | Bum Pit Pit Wall 11 No. 1 1532 301 139.2 8.3
GSA0553S 1000 | Bura Pit Well B-25 No. 1511 310.1 87 8.5
B-25-W-1
GSAO0554S 1000 | Bum Pit Well B-31 No.
B-31-W-1
GSA0685S 1734 Bum Pit FS-20 1506 259.5 na 8
GSA0687S 1690 Burn Pit Fs-21 1509 274.8 95.8 9
GSA0689S 1671 Bum Pit F§-22 1503 192.6 226.2 7.8
GSA0691S 1636 Burn Pit Fs-23 1505 230.8 98.6 8.7
GSA0693S 1281 Bura Pit FS-24 1537 3259 T1.2 7.9
GSA0695S 1218 Bum Pit FS-25 1515 31 120.4 7.8
GSA0697S 1077 | Clinker Area FS-26
GSA0706DD 1780 Bum Pit Bulk Sample Lower 1508 279.5 933 8.8
’l Coarse
GSA(0708DD 1702 Bum Pit Bulk Sample Lower Fines 1508 279.5 93.3 8.8
L2
GSA0707DD 1901 Bum Pit Bulk Sample Lower 1508 279.5 933 8.8
” Middlings
GSA0727S 25 Burn Pit Bulk Sample Upper 1508 279.5 933 8.8
[ 4
GSAQ0703DD 1685 Bum Pit Bulk Sample Upper 1508 279.5 933 88
fl Coarse
GSA0705DD 1481 Bum Pit Bulk Sample Upper Fines 1508 279.5 933 8.8
l
GSA(0704DD 1754 Bum Pit Bulk Sample Upper 1508 279.5 933 3.8
2 Middlings
GSA0712DD 1800 Burn Pit Bulk Sample Lower 1507 266.5 66.4 7.9
n Coarse
GSA0714DD 1738 Bum Pit Bulk Sample Lower Fines 1507 266.5 66 .4 79
”
GSA0713DD 1936 Bum Pit Buik Samplie Lower 1507 266.5 66.4 7.9
” Middlings
GSA0709DD 1695 Burn Pit Bulk Sample Upper 1507 266.5 66.4 79
n Coarse
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Table C-18
Soil Sample Locations and Descriptors
(Continued)
497000 + 695000
Northing +
Easting
Sample No. gmn; Location Bore Number m S;r;;y Massachusetts Grid Be;':el!ion
GSA0711DD 1602 | Burm Pit Bulk Sample Upper Fines 1507 266.5 66.4 7.9
n
GSA0710DD 1914 | Bura Pit Bulk Sampic Upper 1507 266.5 66.4 79
n Middlings
I GSAO718DD 1734 | Bum Pit Bulk Sample Lower 1504 191.9 230.9 7.4
n Coarse
GSAOT20DD 1721 | Bum Pit Bulk Sample Lower Fines 1504 191.9 230.9 7.4
n
GSA0719DD 1400 | Burn Pit Bulk Sample Lower 1504 191.9 230.9 74
” Middlings
GSA0715S 1022 | Bum Pit Bulk Sample Upper 1504 191.9 2309 7.4
n Coarse
I GSA0717DD 1837 | Bum Pt Bulk Sample Upper Fines 1504 191.9 230.9 7.4
n
GSAOT16S 1690 | Burn Pit Bulk Sample Upper 1504 191.9 230.9 1.4
[ &) Middlings
GSA0764S 962.2 | Bum Pit Surface Soil FS-27 1712 369.2 1483 7.4
GSA0762S 8963 | Burn Pit Surface Soil FS-28 1713 3356 177.8 7.7
GSA0760S 1097 | Bum Pit Surface Soil FS-29 1714 3028 213.7 7.9
GSAQ758S 882 | Bum Pit Surface Soil FS-30 1715 270.9 231.7 77
GSAQ752S 1253 | Bumn Pit Surface Soil Fs-31 1716 246.9 203.3 8.1
GSA0750S 1242 | Bum Pit Surface Soil . | FS 2 117 219.5 231.4 8
GSAQ748S 997 | Bum Pit Surface Soil Fs-33 1718 204.5 248 8 8.1
GSA0754S 1007 | Bum Pit Surface Soil Fs-34 1719 223 244 8 8
GSA0756S 1289 | Bum Pit Surface Soil FS-35 1720 232.7 233.7 8.1
GSA0736S 1098 | GSA Area 20 | Surface Soil Fs-36 1722 4204 467.5 7.9
GSAOT38S 1488 | GSA Area 20 | Surface Soil Fs-37 1723 4098 4343 9.9
GSAO0746S 1155 | GSA Area 20 | Surface Soil FS-38 1728 437 4022 106
GSAQ744S 1242 | GSA Arca 20 | Sucface Soil FS-39 1727 466.1 370.7 10.8
GSA07425 1601 | GSA Area 20 | surface Soil FS-40 1726 506.1 378.3 1
GSA0740S 1375 | GSA Arca 20 | Surface Soil FS41 1725 5329 365.8 13
GSAO0734s 1174 | GSA Area 20 | Surface Soil FS-42 1724 4399 481.S 7.3
GSA0733S 1725 | GSA Area 20 | Surface Soil Fs-43 1730 an2 513.4 8
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Table C-18
Soil Sample Locations and Descriptors
(Continued)
497000 + 695000
Northing +
Eaning

Sample No. :um. Location Boce Number m S:;:;y Massachusets Grid B?::on
GSAQ731S 799.5 GSA Arca 20 | Surface Soil FS-44 1729 507.5 505.7 4.7
GSA0774S 829.9 | Bum Pit Surface Soil PS-45 1711 338 58.4 7.5
GSAOTT2S 584 | Bum Pit Surface Soil FS-46 1710 313.6 37.1 7.7
GSA0770S 923 Bum Pit Surface Soil FS-47 1709 281.2 58 1.7
GSA0767S 1839 Burm Pit Surface Soil FS-48 1708 239.4 359 8.4
GSA0768S 1743 Bum Pit Surface Soil FS-49 1707 2311 8.1 83
GSA0T76S 1393 Buen Pit Surface Soil Fs-50 1706 209.8 51.2 83
GSAOQ778s 1647 Bum Pit Surface Soil FS-51 1705 171.6 114.6 8.7
GSA0780S 1865 Burm Pit Surface Soil FS-52 1704 138.1 172.1 8.1
GSAQ7828 1707 Burn Pit Surface Soil FS-53 1703 190.8 246.4 7.8
GSA0786S 1387 Clinker Area Surface Soil FS-55
GSAQ788S 2027 Clinker Area Surface Soil FS-56
GSA0790S 1657 Clinker Area Surface Soil Fs-57
GSA0792s 1535 Clinker Area Surface Soil FS-58
GSA0794S 1538 Clinker Area Surface Soil Fs-59
GSA0796S 1378 Clinker Arca Surface Soil FsS-60
GSA0798S 1754 Clinker Area Surface Soil FS-61
GSA0800S 1225 Clinker Area Surface Soil FS$-62
GSA0802S 1626 Clinker Area Surface Soil FS-63
GSA0804S 1730 Clinker Arca Surface Sail FS-64
GSA0806S 1471 Clinker Area Surface Soil FS-65
GSA0808S 1612 Clinker Arca Surface Soil FS-66
GSA0810S 1396 Clinker Area Surface Soil FsS-67
GSA0812S 1396 Clinker Area Surface Sotl FS-68
GSA0814S 1396 Clinker Area Surface Soil FS-69
GSA0816S 652 Area Surface Soil FS-70

A25_A28
GSAQ818s 101! Arca Surface Soil FS-71
A25 A28
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Table C-18
Soil Sample Locations and Descriptors
(Continued)
L
497000 + 695000
Nocthing +
Easting
Mass Sampic Survey M . Elevation
Sample No. grams Locatioa Bore Number Number Point b Grid Feet
GSA08208 1032 | Arca Surface Soil Fs-T2
A25_A28
GSA08228 890 | Arca Surface Soil FS-T3
A25_A28
I GSA0824S 1523 | ABB/BS106@ | ABB BS-106 FS-74
12FT
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Table C-19
GSA Burn Pit
Core Bore Sample Analysis Results
(pCi/g)
Core | Depth/ |
Number | Typs K40 | Co137 | TH208 | BI-312 | Po-213 | Bi-214 | PO-214 | Ra-224 | Re-226 | Ac-228 | TH-234 | U-238
B-21 o1 22.50° 0.36 0.30 0.79 0.77 0.88 0.96 55.78¢ 1.06
1.3 16.01 0.14 0.3 0.60 0.68 0.73 8.39* 0.91 21.73°
3.5 21.12 0.24 0.45 0.60 0.62 3.13¢ 0.66 4.20°
5-7 20.99 0.28 0.79 0.71 0.80
trams  [301.44° 2.06° 5.45° 4.01 3.91° 15.27* 5.43
[ 70.38° 0.34 1.61* 1.10 0.86
8’ pont {298.56° 2.04¢ 4.21° 4.73¢ 3.02¢ 3.31° 9.64¢ 4.92°
B-22 o1’ 33.61° 0.61* 1.14 1.26* 1.59*
1’3 52.29* 0.83* 1.54* 1.61* 1.78*
3.5 10.67 0.29 0.75 0.34 0.66
57 18.98 0.22 0.65 0.67 0.59
oilt 42.71* 0.45° 0.87 0.78
u. peat | 48.55° 0.31 0.99 0.66
1. peat | 93.40° 0.47* 1.27 1.07
B-23 o-1° 7.66 0.26 0.58 0.48 0.65 2.99
57 39.16* 0.45* 0.88 0.98 0.70 5.24¢
silkt 18.25 0.28 0.67 0.59 0.65
u. pest | 110.87* 0.73¢ 2.18¢ 1.00 1.12* . 2.35*
i. pest | 26.46° 0.30 0.77
B-24 o-1' 8.26 0.27 0.58 0.82 0.80 5.77°
1'-3' 7.29 0.24 0.68 0.68 0.63 2.95 4.40*
3.5 11.92 0.22 0.51 0.50 0.64
5.7 20.99 0.55
tans c-p | 13.98 0.27 0.52 0.53
u. pest | 83.99¢ 0.71¢ 1.85* 1.65° 1.71* 2.52¢
1 pest | 51.99° 1.15 0.89
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APPENDIX C

-

Table C-19
GSA Burn Pit
Core Bore Sample Analysis Results
(pCi'g)
(continued)

3.5 | 15.00 0.30 057 | 0.64 0.7
ikt 9.76 0.26 0.51 050 | o051 0.59
post | 28.08° 0.58
B | o1 | 6% 0.33 089 | 09 | oas 6.21° 11.36°
13 | 2062 0.8 0.88 6.34°
3.5 | 34.47 08 | o 0.77
57 12.90 0.28 0.54 0.2 0.73 2.61* n
R FTXTD 0.37 1.00 o | o9
u pemt | 37.22° 0.56
L pest | 190.4° 1.77° | 3.38° | 443° | 3.41° | 3.48° 13.59° | s.00° | 4.71°
B3l o1 | 7.52 0.38 078 | o086 0.7 0.75
13 | 1336 0.46 0.63 0.66
r vs | 0.28 0.6 0.60 0.63
5.7 | 121.62¢ 1.02° 201° | 2.2 | 2.51° 3.78%
sil/trans | 12.95 0.39 096 | 1.09° | 108 1.06
post 58.45° 1.12¢ 2.08* 1.92¢ 2.30*

Blank cell indi that the nuclide was not detected.

. Indicates results in excess of off-sitc mean + 3s.
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Table C-20
GSA Soil Bore Samples
Comparision of Total Uranium
and Gamma Spectroscopy Analyses Data

Total Uranium Gamma Spectral
Analysis Analysis
Sample Core Deptty | Total Uranium du Th-234 du
Number | Number Loc (ug/g) ®Cig (@Cig) (Cig)
287 21 01’ 109.00 53.65 55.78 81.79
288 21 1'-3° 29.00 14.27 21.73 31.86
289 21 3.5 5.30 2.61 4.20 6.16
302 23 57 3.00 1.48 5.42 7.94
306 24 0-1' 9.10 4.48 5.77 8.45
307 24 1’3 6.90 3.40 4.40 6.44
313 25 o-1' 18.50 9.11 5.71 8.37
314 25 13 3.00 1.48 4.09 6.00
322 26 o-1’ 6.80 3.35 4.42 6.49
328 27 0-1' 18.40 9.06 15.50 22.72
329 27 13 13.60 6.69 13.29 19.49
330 27 3'-5 1.60 0.79 1.86 2.73
336 28 0-1' 3.90 1.92 4.70 6.90
338 28 3'-5’ 0.90 0.44 4.08 5.98
347 30 0-1' 17.40 8.56 11.36 16.65
348 30 1'-3 9.80 4.82 6.34 9.29
350 30 57 3.30 1.62 2.61 3.83
353 30 I. peat 8.20 4.04 4.71 6.91

Note 1: Total Uranium Analysis dU = Total Uranium (ug/g) * 0.4922 (pCi/ug)

Note 2: Gamma Spectral Analysis dU = Th-234 (pCi/g) / 0.682 (Th-234/dU)
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Burn Pit In Situ Gamma S ectroscopy
and Surface Soil amples
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Figure C-29. Burn pit locations for in situ measurements and soil samples
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APPENDIX C
Table C-21
Burn Pit - Surface Soil Samples
Gamma Spectroscopy Analyses Results
. c— A ——————
Concentration - pCi/g Not Sand
497000 | 695000 Corrocted
+ +
Land Northing Easting Elevation
File Mass Sample Sample Sample Survey ] Feet
Number grams D1 D2 ID 3 Point Massachuscetts Grid K40 | TI-208 | Cs137 | Ac-228 Pa-234m | Ra-226 | Th-234 | U-235
— -
GSA0685S | 1734 | Bum Pit FS-20 1506 | 2595 71.3 8 70 | 029 | o033 1.07 <3 668 | o2
GSA0687S | 1690 | Bum Pt Fs-21 1509 | 2748 95.8 9 99 | 037 02 0.92 680 | 1140 | o4
GSA0689S | 1671 | Bum Pit Fs-22 1503 | 1926 226.2 78 | 134 | 027 | 108 0.93 543 | 847 | 249 | o051
GSA0691s | 1636 | Bum PRt Fs-23 1505 230.8 98.6 8.7 93 0.27 0.38 0.69 7.10 1450 | 043
GSA0693S | 1281 | Bum Pit Fs-24 1537 | 3259 77.2 79 | 108 [ ou | o9 120.12 <3| s460 | 31
GSA0695S | 1218 | Bumn Pit FS-25 1515 | an 120.4 78 | 1118 0.29 s70 | 1210 | o035
GSA0764s | 9622 | BumPit | Surface | FS-27 1712 | 369.2 148.3 74 | 167 04 | o063 0.00 6.51 845 | 0.40
Soil
GSA0762S | 8963 | BumPit | Surface | Fs-28 M3 | 3356 177.8 727 | 134 03 | o051 0.00 0.00 s46 | 000
Soil ’
GSA0760s | T097 | Burn Pit | Surface | Fs-29 1714 | 3028 213.7 =713 | 155 0.3 0.40 111 131 w60 | om
Soil
GSAQ758S 882 Bum Pit Surface FS-30 175 270.9 231.7 1.7 13.0 0.52 0.00 0.00 6.24 0.00
Soil
GSA0752s | 1253 | BumPit | Surface | Fs-31 1716 | 2469 203.3 81 | 106 1.25 0.00 6523 | 11.50 12s3 | o7
Soil
GSA0750S | 1242 | BumPit | Surface | FS-32 177 219.5 231.4 3 15.2 1.35 0.00 6.87 1636 | 042
Soil
GSA0748S 997 Burn Pit Surface FS-33 1718 204.5 248.8 8.1 18.6 0.3 1.55 0.00 0.00 10.08 0.00
Soil
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Table C-21
Burn Pit - Surface Soil Samples
Gamma Spectroscopy Analyses Results
(Continued)
P R
Concentration - pCi/g Not Sand
497000 | 695000 Corrocted :
+ + )
Land Northing Easting Elevation
File Mass Sample Sample Sample Survey Feet
Number grams ID1 D2 D3 Point Massachuseus Grid K40 | TI-208 | Ca-137 | Ac-228 Pa-234m | Ra-226 | Th-234 | U-235
e %—- -
GSA0685S 1734 Burn Pit FS-20 1506 259.5 ns3 8 7.0 0.29 0.33 1.07 <3 6.68 0.2t
GSA0754s | 1007 | BumPit | Surface | FS-34 1719 | 223 244 8 8 13.1 0.52 0.00 0.00 000 | 0.00
Soil .
GSA0756S | 1289 | BumPit | Surface | FS-35 1720 232.7 233.7 8.1 13.2 0.44 0.00 4.62 g0 | o028
Soil .
GSAQ736S 1098 GSA Surface FS-36 1722 420.4 467.5 1.9 15.1 0.00 0.00 0.00 0.00 0.00
Area 20 Soil '
GSA0738s | 1488 | GSA Surface | FS-37 1723 | 4098 4343 99 | 135 03 0.00 0.00 0.00 000 | o0.00
Area20 | Soil ’ ‘
GSA0746s | 1155 | GSA Surface | FS-38 1728 | 437 4022 106 | 15.1 0.00 0.00 0.00 000 | 0.00
Area 20 Soil ! R
GSAOT44s | 1242 | GsA Surface | FS-39 M7 | 466.1 370.7 108 | 121 0.3 0.00 0.00 0.00 000 | 000
Ares 20 Soil . X
GSA07428 1601 GSA Surface FS-40 1726 506.1 3783 17} 6.2 0.5 0.41 1.42 7.07 3.13 0.43
Area 20 Soil : :
GSA07408 | 1375 | GSA Surface | FS-4l 1725 5329 365.8 113 7.6 0.4 0.55 1.35 6.67 511 | 041
Area 20 Soil . s
GSA0734s | 1174 | GsA Surface | FS-42 174 | 4399 481.5 73 7.6 03 0.35 0.97 5.12 000 | 031
Area 20 Soil A .
GSA0733S 1725 GSA Surface FS-43 1730 472.2 513.4 8 14.2 0.2 0.16 0.74 0.00 0.00 0.00
Area 20 Soil ) ’
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Table C-21
Burn Pit - Surface Soil Samples
Gamma Spectroscopy Analyses Results

(Continued)
— — —1
Concentration - pCi/g Not Sand
497000 | 695000 Corrected
+ +
Land Northing Easting Elevation
File Mass Sample Sample Sample Survey Feet
Number grams D1 D2 D3 Point Massachusetts Grid K40 | T-208 | Co137 | Ac-228 | Pa-234m | Ra-226 | Th-234 | U-235
GSA0685S 1734 Bum Pit FS-20 1506 259.5 ns3 L] 7.0 0.29 0.33 1.07 <3 6.68 0.21
GSA07318 799.5 GSA Surface FS5-44 1729 507.5 505.7 4.7 6.3 1.09 0.00 0.00 0.00 0.00
Arca 20 Soil
GSA0774s | 8299 | BumPit | Surface | FS4S 1711 | 338 58.4 75 | 158 03 | 135 0.00 0.00 400 | 0.00
Soil
GSAOT72S | S84 | BumPit | Surface | FS-46 1mo | 3136 37.1 727 | 13 450 0.00 000 | 1.2 | 0.00
Soil
GSA0770s | 923 | BumPit | Surface | FS47 1700 | 281.2 58 77 | 128 03 | 170 0.00 0.00 000 | 0.00
Soil
GSA0767S 1839 Burn Pit Surface FS-48 1708 239.4 359 8.4 10.2 03 0.34 0.89 0.00 0.00 0.00
Soil
GSA0768S | 1743 | BumPit | Surface | FS-49 1707 | 2311 8.1 83 | 124 03 | o4 097 0.00 280 | 000
Soil
GSA0776S 1393 Bum Pit Surface FS-50 1706 209.8 51.2 8.3 9.8 0.3 0.60 0.00 0.00 0.00 0.00
Sotl
GSA07788 1647 Bum Pit Surface FS-51 1705 171.6 114.6 8.7 13.8 0.00 0.00 0.00 0.00 0.00
Soil
GSA0780S | 1865 | BumPit | Surface | Fs-52 1704 | 1381 172.1 81 | 106 03 | 0.00 0.00 3.69 an | o
Soil
GSA0782S | 1707 | BumPit | Surface | FS-53 1703 | 1908 246.4 78 | 164 02 | 046 0.00 0.00 380 | 0.00
Soil
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APPENDIX C

Table C-21

Burn Pit - Surface Soil Samples

Gamma Spectroscopy Analyses Results

(Continued)
Concentration - pCi/g Not Sand .
497000 | 695000 Cotrocted ;
+ + '
Land Northing Easting Elevation
File Mass Sample Sample Sample Survey ] Feet
Number grams D1 D2 ID 3 Point Massachusetts Grid K40 | T-208 | Cs-137 | Ac-228 Pa-234m | Ra-226 | Th-234 | U-23§
L =
GSA0685s | 1734 | Bum Pit FS-20 1506 | 2595 713 8 70 | 029 | 033 1.07 <3 668 | 021
GSAO0816S 652 Arca Surface FS-70 18.5 0.68 0 0 0 0
A25 A28 | Soil
GSA08185 101t Area Surface Fs-71 15.1 0.35 1.14 0 10.29 26.5 0.625
A25_A28 | Soil
GSA08208 1032 Area Surface FS-72 10.2 0.81 0 0 4.44 0
A25_A28 | soil
GSA08228 890 Area Surface Fs-73 137 0.26 1.03 0 8.31 16.03 0.504
A25 A28 | Soil
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*From alinsrst.wb1 - Ra-226 Critical Level Test

Note 1: This shows the in situ gamma spectroscopy results for the Burn Pit. It is a subset of GSINSALL.WB1. GSINSALL is a composite from INSFRAC2 and
ALINSRST. Raw results come from INSFRAC2. The results for Estimated Ra-226 and Estimated U-235 come from ALINSRST. These results are derived through

the Ra-226 Critical Level test (see technical basis in GSA report appendix).

APPENDIX C
Table C-22
Burn Pit
In Situ Gamma Spectroscopy Analyses Results
(pCi/g)
—— N S
Sample
Reported Reported | Estimated | Estimated Coac. | Fraction
Location | K-40 | Cs-137 | Ac-228 | Pb-214 | Bi-214 | Ra-226 | Pa-234m | Th-234 | U-23§ U-235¢ Ra-226* | Material | (pCi/p) | of Limit
e ——=—
FS-20 9.13 0.14 1.00 1.06 1.29 0.00 0.00 4.12 0.20 0.08 2.0 U+d 10.3 1.03
Fs-21 1055 | 013 1.01 100 | 1.10 0.00 8.38 717 0.21 0.14 23 DU 10.5 0.30
FS22 | 1341 | 036 0.84 0.94 0.94 0.00 7.60 9.27 0.25 0.18 2.9 DU 13.6 0.39
F$23 | 1101 | 0.14 0.96 1.21 1.20 0.00 6.71 8.94 0.23 0.17 2.8 DU 13.1 0.38
FS-24 | 12.40 | o025 0.63 0.53 0.63 0.00 24.14 12.74 0.25 0.24 0.1 DU 18.7 0.53
FS-25 9.01 0.12 0.64 0.60 0.62 0.00 5.41 8.39 0.13 0.16 2.6 DU 12.3 0.35
T

Note 1 - The results for Measured Ra-226 (reported) are all zero. This is because the energy offset for each spectrum was adjusted so that the ~ 186 keV peak/s were

all assigned to U-235. Estimates for Ra-226 and U-235 were then based on the Ra-226 CL test. As the spectroscopy system cannot properly distinguish between the

Ra-226 and U-235 peak energies, and there are no confirming lines for either nuclide, this is the most satisfactory method for estimating these nuclides.
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APPENDIX C -

Table C-23
Burn Pit Soil Sample
Density and Moisture Content

*"In-earth”
Density - Moisture
Location (g/cc) Content %
FS20 2.3 12.0

Fs21 2.2 26.8 i
FS22 1.7 9.0
FS23 2.0 11.3
FS24 1.8 29.5
FS25 1.5 12.7
Average 1.9 16.9
SMpl Var 0.1 78.3
Smpl SD 0.3 8.8
Max 2.3 29.5
Min 1.5 9.0
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Figure C-30. The GSA bum pit area showing locations of flags placed during the scan for DU chips and the areas where scraping was
done.
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Table C-24
Burn Pit - Bulk Soil Samples
Gamma Spectroscopy Sample Analyses Results
A ———— 0
. Coaceatration - pCi/g Not Sand
497000 695000 Corrocted
+ +
Northing Easting
Land
File Mass Sample Sample Sample Survey Massachusctts Gnd Blevation T Cs» Ac- Pe- Ra- Th- U-
Number grams D1 D2 D3 Point Fect K40 208 17 228 234m 26 234 238
NS R J
GSA0706DD 1780 | Burn No. 1 Lower 1508 279.5 93.3 88 | 155 0.98 2.95 <3 | <2
Pit Coarse
GSA0708DD 1702 | Burn No. #1 Lower 1508 279.5 93.3 88 | 104 0.2 <2 <l <2
Pit Fines
GSA0707DD 1901 Burn No. #1 Lower 1508 279.5 93.3 8.8 10.7 0.32 0.87 <2 <1 <.1
Pit Middlings
GSA0T27S 2.5 Burn No. #1 Upper 1508 279.5 933 8.8 0.0 2287.1 0.00 0.00 0.00 2290.00 0.00
Put
GSA0703DD 1685 | Burn No. #1 Upper 1508 279.5 93.3 88 | 171 0.7 1.81 <3 <2 <2
Pit Coarsc
GSA0705DD 1481 Burn No. n Upper 1508 2195 93.3 8.8 9.9 0.4 0.28 1.07 4.57 .23 0.28
Pit Fincs
GSA0704DD 1754 | Bum No. #1 Upper 1508 219.5 93.3 88 12.9 0.3 <3 <2 <.2
Pit Middlings ’
GSA0712DD 1800 Bura No. #2 Lower 1507 266.5 66.4 79 13.7 1.0 2.78 6.02 <2 | 0.36
Pit Coarsc '
GSA0714DD 1738 | Burn No. 12 Lower 1507 266.5 66.4 7.9 8.0 0.3 029 | 085 5.06 6.69 0.31
Pit Fines ’
GSA0713DD 1936 Burn No. 12 Lower 1507 266.5 66.4 19 9.3 0.3 0.7 2.10 2.40 0.13
Pit Middlings ’ )
GSA0709DD 1695 Burn No. 12 Upper 1507 266.5 66.4 1.9 14.5 1.02 2.47 3.86 <2 | 0.23
Pit Coarse ’
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Table C-24
. ®
Burn Pit - Bulk Soil Samples
Gamma Spectroscopy Sample Analyses Results
(Continued)
m— —— ———
Coocentration - pCi/g Not Saad
497000 695000 Corrected
+ +
Northing Basting
Land
File Mass Sample Sample Sample Survey Massachusetts Gnd Elevation TI- Cs- Ac- Ps Ra- Th- U-
Number grams D1 D2 D3 Point Feet K-40 208 137 228 234m 226 234 235
GSA0706DD 1780 Bum No. #1 Lower 1508 279.5 93.3 . 8.3 15.5 098 298 <3 <2 <2
Pit Coarse
GSA0711DD 1602 Bum No. 2 Upper 1507 266.5 66.4 1.9 8.6 0.3 0.28 0.80 4.46 6.08 0.27
Pit Fincs
GSA0710DD 1914 Bum No. 12 Upper 1507 266.5 66.4 1.9 12.0 0.4 1.10 <2 2.7n <2
Pit Middlings
GSA0718DD 1734 Burm No. M Lower 1504 191.9 230.9 7.4 143 08 0.00 2.14 4.07 0.00 0.25
Pit Coarse
GSA0T20DD 1721 Burn No. 13 Lower 1504 191.9 230.9 7.4 4.8 0.2 0.00 0.59 <2 <1 <.1
Pit Fines
GSA0719DD 1400 Bum No. 13 Lower 1504 191.9 2309 7.4 8.0 0.4 0.00 0.00 <3 <2 <.2
Pit Middlings
GSA07158 1022 Burn No. 13 Upper 1504 191.9 2309 7.4 20.4 0.4 0.00 1.86 <3 <2 <2
Pit Coarse
GSA0717DD 1837 Bum No. 13 Upper 1504 191.9 230.9 7.4 13.7 03 0.82 [ e 225.0 <3 121.00 2.38
Pit Fines 4
GSA0716S 1690 Bum No. 13 Upper 1504 191.9 230.9 7.4 171 03 0.12 1.24 5.10 4.68 0.31
Pit Middlings
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APPENDIX C

DEPLETED URANIUM SCAN RESULTS FOR SCRAPED AREA OF BURN PIT

SCRAPE D2SE25 AT —3 INCHES
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Figure C-31. Large area detector scanning for DU at successive depths. Chips are observed
for readings over about
2000 dpm/100 cm?.
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APPENDIX C

DEPLETED URANIUM SCAN RESULTS FOR SCRAPED AREA OF BURN PIT
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Figure C-32. At this location chips are observed at all depths.
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DEPLETED URANIUM SCAN RESULTS FOR SCRAPED AREA OF BURN PIT
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Figure C-33. No chips are seen at -3 inches, but -6 inches has chips in two square meters.

v
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APPENDIX C

DEPLETED URANIUM SCAN RESULTS FOR SCRAPED AREA OF BURN PIT

Figure C-34. All data was lost for this location for -3 and -6 inches because of instrument
failure

021595-MSIMAMTL\FIN\GSA\DRAFTD'APP_C D C_89



APPENDIX C

GSA Site In Situ Gamma Spectroscopy
and Surface Soil Samples
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Figure C-35. Locations of in situ and soil samples in the burn pit and clinker areas
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Table C-25
Clinker Area - Surface Soil Samples
Gamma Spectroscopy Sample Analyses Results

R
497000 695000 Comceatration - pCi/g Not Sand Corrected
+ +
Northing Pasting
Land
File Mass Sample | Sample | Sample Survey Elevation
Number grams D1 D2 ID3 Point Massachusetts Grd Feet K40 Ti-208 Cr-137 Ac-228 | Pe-234m | Ra-226 Th-234 U-233
GSA0697S 1077 Clinker | Surface | FS-26 14.48 0.33 1.41 44.64 10.23 27.00 0.62
Arca Soil
GSAOT86S 1387 | Clioker | Surface | FS-55 122 0.5 0.44 1.38 5.78 0.00 0.35
Arca Soil
GSA0788S 2027 Cliaker Surface FS-56 14.2 02 0.19 0.00 0.00 0.00 0.00
Arca Soil
GSA0790S 1657 Clinker Surface FS-57 99 0.2 0.29 0.00 5.60 .77 0.34
Arca Soil
GSA07928 1535 Clinker Surface FS-58 13.5 0.00 0.7 0.00 0.00 0.00
Area Soil
GSA0794S 1538 Clinker Surface FS-59 12.0 0.3 0.00 0.00 0.00 0.00 0.00
L bt Arca Soil
GSAOT968S™ 1 1378 Clinker Surface FS-60 N 11.9 02 0.00 0.00 0.00 0.00 0.00
Arca Soil
GSA0798S8 1754 Clinker Surface FS-61 14.0 0.30 0.00 0.00 0.00 0.00
Arca Soil
GSA0800S 1225 Clinker | Surface | FS-62 11.3 0.2 1.17 0.00 34.26 11.10 19.77 0.67
Arca Soil
GSA0802S 1626 Clinker Surface FS-63 12.4 0.47 0.00 32.36 0.00 20.14 0.80
Arca Soil
GSA0804S 1730 Clioker Surface FS-64 12.0 0.2 0.34 0.48 58.00 2.98 36.88 0.97
Arca Soil
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Table C-25
Clinker Area - Surface Soil Samples
Gamma Spectroscopy Sample Analyses Results
(Continued)
497000 695000 Counceatration - pCi/g Not Sand Corrected
+ +
Northing Basting ; )
Land
File Mass Sample | Sample | Sample Survey Elevation
Number grams ID1 D2 ID3 Point Massachusetts Gnd Fect K40 Ti-208 Cs-137 Ac-228 | Pe-234m | Ra-226 | Th-234 U-235
—_
GSA0697S 1077 Clinker | Surface | FS-26 14.48 033 1.41 44.64 10.23 27.00 0.62
Arca Soil
GSA0806S 1471 Clinker | Surface | FS-65 11.3 02 0.57 0.70 45.30 15.95 25.79 0.97
Arca Soil :
GSA0808S 1612 Clinker | Surface | FS-66 11.1 0.6 0.08 1.16 4.T8 0.00 0.29
Arca Soil
GSAO810S 1396 Clinker | Surface | FS-67 13.3 0.5 0.00 1.85 0.00 0.00 0.00
Arca Soil
GSA0812S 1396 Clinker | Surface | FS-68 16.1 0.4 0.38 0.00 0.00 0.00 0.00
Arca Soil
GSA0814S 1396 Qlinker | Surface FS-69 14.3 03 0.00 0.57 0.00 0.00 0.00
Arca Soil
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APPENDIX C

*From alinsrst.wb! - Ra-226 Cntical Level Test

Table C-26
Clinker Area
In Situ Gamma Spectroscopy Results
_
Reported Reported Estimated Estimated Come. of
Location K-40 Ce-137 Ac-228 Pb-214 Bl-214 Ra-226 Pa-234m Th-234 U-238 U-238* Ra-226* Material (pClp) Limie
_
FS-26 10.01 0.44 0.48 0.58 0.61 0.00 H.n 53.50 1.49 1.49 0.0 DU 7.7 225
R ———-

Note 1 - This shows the in situ gamma spec. results for the Clinker Area. It is a subset of GSINSALL.WB1. GSINSALL is a composite from INSFRAC2 and
ALINSRST. Raw results come from INSFRAC2. The results for Estimated Ra-226 and Estimated U-235 come from ALINSRST. These results are derived through
the Ra-226 Critical Level test (see technical basis in GSA report appendix).

Note 2 - The results for Measured Ra-226 (reported) are all zero. This is because the energy offset for each spectrum was adjusted so that the ~ 186 keV peak/s were
Estimates for Ra-226 and U-235 were then based on the Ra-226 CL test. As the spectroscopy system cannot properly distinguish between the
Ra-226 and U-235 peak energies, and there are no confirming lines for either nuclide, this is the most satisfactory method for estimating these nuclides.

all assigned to U-235.
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Figure C-36. Zones for in situ boundary survey
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Table C-27
GSA Boundary
In Situ Gamma Spectroscopy Survey - Northeast
Concentration pCi/g
-
| Sample, Location
b1 | D2 | ID3 K40 Cs-137 | Ra226 | Pa-234m | Th234 | U-235
A 27 13.1 0.1 0.0 0.0 0.0 0.00
B 27 C1 9.2 0.2 0.9 0.0 1.7 0.00
c 27 10.9 0.3 3.2 10.3 10.5 0.00
lo 27 C1 11.5 0.1 1.1 0.0 1.3 0.00
A 28 13.4 0.2 0.7 0.0 0.0 0.04
B 28 10.6 0.2 0.7 1.9 0.0 0.04
B 28 Ccl 9.7 0.1 0.0 -1.8 0.0 0.00
C 28 12.5 0.2 0.0 0.0 1.7 0.12
C 28 c1 11.7 0.1 2.1 0.0 0.0 0.13
D 28 10.4 0.2 2.0 0.0 4.1 0.00
D 28 Cl 11.3 0.1 44 0.0 0.0 0.27
A 29 12.7 0.1 1.5 0.0 0.0 0.09
B 29 7.7 0.2 0.0 0.0 0.0 0.00
o 29 8.6 0.2 2.9 0.0 1.4 0.00
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APPENDIX C

Table C-28
GSA Boundary
In Situ Gamma Spectroscopy Survey - Northwest
Concentration pCi/g
hﬁ . T R
L‘Dl D2 | ID3 K-40 Cs-137 | Ra-226 | Pa-234m | Th234 | uU-235
G 28 16.4 0.0 0.5 0.0 0.0 0.03
F 31 15.8 0.0 1.8 0.0 0.0 0.11
G 31 C1 16.0 0.1 0.0 0.0 0.0 0.00
F 32 14.9 0.0 1.8 0.0 0.0 0.11
F 32 ct 16.3 0.1 1.3 0.0 0.0 0.08
Il F 32 2 15.9 0.1 0.0 0.0 1.1 0.00
I F 33 C1 17.3 0.1 2.1 0.0 0.0 0.13
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Table C-29
GSA Boundary
In Situ Gamma Spectroscopy Survey - Southeast
Concentration pCi/g

r Sample, Location
} DI | W2 | D3 | g4 | ce137 | Ra226 | Pa23am | Th234 | U235
B 15 12.8 0.4 0.0 0.0 1.4 0.00
B 15 Cl1 12.7 0.4 2.6 0.6 0.0 0.16
A 16 11.2 0.6 0.0 0.0 0.0 0.00
B 16 12.6 0.4 2.4 0.0 1.0 0.00
B 16 C1 10.9 0.4 0.0 0.0 0.1 0.09
A 17 8.9 0.4 0.0 0.0 0.0 0.00
| B 17 1.9 0.5 3.2 0.0 0.5 0.00
B 17 C1 13.5 0.4 0.0 0.0 0.2 0.12
I A 18 8.7 0.6 2.1 0.0 0.0 0.13
| B 18 1.3 0.6 1.2 0.0 0.0 0.07
I B 18 C1 12.1 0.4 2.2 0.0 0.0 0.13
I A 19 8.9 0.4 0.6 0.0 0.0 0.04
B 19 12.6 0.3 0.8 0.0 0.0 0.05
B 19 Cl 1.7 0.4 2.0 0.0 3.0 0.12
A 20 9.0 0.3 2.1 0.0 0.0 0.13
B 20 10.6 0.3 1.9 0.0 1.3 0.00
B 20 Ci 9.7 0.4 0.0 0.0 2.8 0.00
A 21 5.8 0.2 0.0 0.0 0.0 0.00
B 21 9.8 0.3 0.0 0.0 0.0 0.00
e 21 C1 7.1 0.3 1.4 0.0 0.0 0.09
A 22 5.3 0.3 0.6 0.0 0.2 0.04
B 2 7.4 0.2 1.3 0.0 0.0 0.08
B 22 Cl1 6.0 0.2 0.0 0.0 0.0 0.00
A 23 6.9 0.3 0.0 0.0 0.0 0.00
B 23 9.6 0.3 0.9 0.0 0.0 0.06
B 23 Cl1 8.3 0.2 0.0 0.0 0.0 0.00
A 24 8.6 0.2 1.3 1.6 0.0 0.08
B 24 10.3 0.3 1.9 0.0 0.0 0.12
B 24 cl 8.6 0.3 1.3 0.0 0.0 0.08
A 25 1.7 0.3 1.9 0.0 2.4 0.11
B 25 12.2 0.1 0.4 0.0 0.0 0.03
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In Situ Gamma Spectroscopy Survey - Southeast

Table C-29
GSA Boundary

Concentration pCi/g

(continued)
|  Semple, Location
DI M2 | D | kao | cs137 | Re226 | Pa2tam | Thosa | wass
B 25 c1 11.1 0.3 2.0 0.0 2.6 0.00
A 26 10.9 0.3 0.1 0.0 0.0 0.00
[ B 26 11.4 0.3 4.1 0.0 3.4 0.00
[ B 26 c1 6.2 0.3 1.4 0.0 0.0 0.08
I A 27 13.1 0.1 0.0 0.0 0.0 0.00
B 27 10.2 0.4 2.5 0.0 3.6 0.00
B 27 C1 9.2 0.2 0.9 0.0 1.7 0.00
A 28 13.4 0.2 0.7 0.0 0.0 0.04
| B 28 10.6 0.2 0.7 1.9 0.0 0.04
l B 28 C1 9.7 0.1 0.0 -1.8 0.0 0.00
A 29 12.7 0.1 1.5 0.0 0.0 0.09
B 29 1.7 0.2 0.0 0.0 0.0 0.00
B 29 C1 10.7 0.1 0.0 0.0 0.0 0.00
B 30 1.9 0.2 0.0 0.0 0.0 0.00
B 30 C1 12.1 0.2 0.0 0.0 0.0 0.00
B 31 10.4 0.1 3.6 0.0 2.0 0.00
B 31 C1 12.5 0.2 0.0 0.0 0.0 0.00
B 32 10.4 0.2 0.0 0.0 0.0 0.00
B 32 C1 9.3 0.1 1.8 0.0 0.0 0.11
B 33 9.4 0.2 0.0 0.0 0.0 0.00
B 33 Cl 7.3 0.1 2.6 0.0 3.0 0.16
c 33 Cl 5.1 0.0 0.0 0.0 2.9 0.30
B 34 10.3 0.2 1.3 0.0 0.0 0.08
B 34 C1 7.2 0.2 0.0 0.0 0.0 0.00
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Table C-30
GSA Boundary
In Situ Gamma Spectroscopy Survey - Southwest
Concentration pCi/g

| Sample, Location

D1 | D2 | ID3 K40 | Cs137 | Ra226 | Pa234m | Th234 | wU-235
H 10 17.4 0.1 1.7 0.0 0.0 0.10
H T 12.0 0.3 1.5 0.0 0.0 0.09
H 11 R 9.5 0.2 1.0 0.0 0.0 0.06
I S 13.8 0.1 0.0 0.0 0.0 0.00
I 6 14.3 0.0 0.0 0.0 0.0 0.00
I 7 11.0 0.1 1.3 0.0 0.0 0.08
I 7 Cl 11.7 0.3 0.0 0.0 0.0 0.00
I 8 10.2 0.1 0.0 0.0 0.0 0.00
1 8 Cl1 10.8 0.2 1.8 0.0 0.0 0.11
I 9 8.3 0.2 1.4 0.0 0.0 0.09
I 9 Cl1 10.7 0.2 2.5 0.0 0.0 0.15
J 3 13.0 0.1 0.0 0.0 0.0 0.00
J 3 Cl1 11.9 0.1 0.0 0.0 0.0 0.00
J 4 11.9 0.1 0.0 0.0 0.0 0.00
J 4 Cl 12.5 0.2 0.0 0.0 0.0 0.00
J 5 11.0 0.2 2.0 0.0 0.0 0.12
J 6 11.4 0.1 1.7 0.0 0.0 0.10
] 6 Ct 9.7 0.2 0.0 0.0 0.0 0.00
J 7 Ci 9.6 0.2 0.0 0.0 0.0 0.00
K k) 13.7 0.1 0.0 0.0 0.0 0.00
K 3 C1 14.3 0.0 0.0 0.0 0.0 0.00
K 4 13.4 0.0 0.6 0.0 0.0 0.03
L 2 14.4 0.1 0.0 0.0 0.0 0.00
L 2 Cl 16.9 0.1 3.9 0.0 0.0 0.24
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GSA WINBORNE LOCATIONS

SITE

- ——— =

/.
GSA / 7
PROPERTY /

Figure C-37. Location selected for sampling for windborne deposition of depleted uranium
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Table C-31
Windborne - Surface and SubSurface Soil Samples
Gamma Spectroscopy Sample Analyses Results
__ L
497000 695000 Concentration - pCi/g Not Sand Corrected
+ +
Northing Easting
Land
File Mass Sample Sample Sample | Survey ) Elevation Pa-
No. grams D1 D2 D3 Point Massachusctts Grid Feet K40 | Ti-208 | Cs137 | Ac228 B4m Ra226 | Th-234 | U-238
_ Fi
GSA0S84S 834 | Bastof Windborne 1 | No. 1 1540 110.8 396.7 11.8 15.1 0.2 0.17 0.98 <2 <1 <.1
Greenough
GSA0601S 1178 | Eastof Windborne2 | No. 1 1539 195.4 6435 1.5 8.3 0.28 <3 <2 <2
Greenough
GSA0603S 1060 East of Windborne 2 No. 2 1539 195.4 643.5 11.5 7.1 0.2 0.29 <3 <2 <2
Grecoough
GSAD6048 982 | Bastof Windborne 3 | No. 1 1565 291.7 541.2 10.8 15.4 0.27 <3 <2 <2
Greenough
GSA0599S 949 | Bastof Windborne 3 | No. 2 1565 291.7 541.2 10.8 15.5 0.34 <3 <2 <2
Greenough .
GSA0559S 1181 | Eastof Windborne 4 | No. 1 1564 34 606.4 n 11.8 0.23 <3 <2 <2
Greenough
GSA0607S 967.8 | Eastof Windborne 4 | No.2 1564 N4 606.4 11 16 0.34 <3 <2 <2
Greenough
GSA0605S 797 | Bas of Windborne $ | No. 1 1563 92 | OB 5.4 142 1.04 <3 <2 <2
Greenough
GSA0606S 673.7 | Pastof Windborne § | No. 2 1563 4392 663.9 5.4 9.8 2.36 <2 <1 <1
Grecnough
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GSA. PROPERTY 20

[n Situ Gamma Spectroscop
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Figure C-38. Property 20 - Locations of in situ and soil sample measurements
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Table C-32
Property 20 - Surface Soil Samples
Gamma Spectroscopy Sample Analyses Results
N . cre——— |
497000 695000 Concestration - pCi/g Not Saad
+ + Corrected
Land Northing Easting
File Mass Sample Sample Sample Survey ] Elevation
Number grams D1 D2 D3 Point Massachusctts Grd Feet T- Cs- Ac- Pa- Ra- Th- u.
K40 | 208 137 28 | 234m | 26 | 234 | 235
GSA0616S 1541 | Gsa Surface Fs-01 1547 438.4 4455 10.1 0.63 1.66 19.70 | 13.00 | 120
Area20 | Soil
GSA0618S 1335 | Gsa Surface Fs-02 1542 463.1 418 1t | 7.5 0.33 1 3143 | 930 | 1630 | 0.8
Arca 20 Soil
GSA06208 1446 | Gsa Surfacc Fs-03 1545 4842 4443 10 | 393 | o2 0.2 810 | 770 | 049
Arca20 | Sail
GSA06248 1632 | Gsa Surface FS-04 1543 4829 419.1 108 |2 0.78 239 | «.24 | 1030 | 1820 | 0.63
Area20 | Soil
GSA06228 1415 | Gsa Surface Fs-0$ 1548 486.4 393.5 107 | 314 | o052 1.51 |t91.13 | 0.00 | 98.50 | 2.39
Arca20 | Soil
GSA0626S 1337 | Gsa Surface FS-06 1550 506.2 4179 104 | 894 | 037 0.9 500 | 4% | o030
Area20 | sail
GSA0664S 1459 | Gsa Surface Fs-07 1546 451.4 459.7 9.5 0.74 1.6 2180 | 971 | 132
AL Area20 | Sail 03
GSAUB2BS 1249 | Gsa Surface FS-08 1549 531 3947 98 | 9.07 | o033 02 | 103 s& | 15 | 035
' Area20 | Soil
GSA06308 1040 | GSA Surface Fs-09 1551 5222 351.7 112 1217 | o024 0.21 000 | 0.00 | 0.00
Area20 | Soil .
GSA0632S 1371 | Gsa Surface FS-10 1552 556.8 3713 102 |15.0 0.32 <3 <2 <2
Arca 20 Soil
GSAD666S 1367 | GSA Surface Fs-11 1557 343.4 473.4 83 |149 0.22 013 | 0.96 <3 <2 <2
Arca 20 Soil
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Table C-32
Property 20 - Surface Soil Samples
Gamma Spectroscopy Sample Analyses Results
(Continued)
497000 | 695000 Conceatration - pCi/g Not Sead
+ + Corrected )
Land Northing | Basting
File Mass Sample Sample Sample Survey ] Elevation
Number grams ID1 D2 ID3 Point Massachusctts Grid Feet TI- Cs Ac- Pa- Re Th- U-
137 228 26

Arca20 | Soit

GSA0670S 1228 | Gsa Surface FS-14 1558 510 473.1 9 |139 0.36 <3 <2 <2
Arca 20 Soail

GSA0672S 1324 | GsA Surface Fs-15 1559 490.9 496.5 86 | 98 0.34 o1 | 1.:2 s18 | 390 { o030
Area20 | Soil

GSA0674S 1313 | Gsa Surface FS-16 1556 529.5 450.4 9.4 |16.0 0.23 0342 |0 <3 <2 <2
Area20 | Soil

GSA0676S 1358 | GSA Surface Fs-17 1554 565.9 42438 9.6 |13 0.29 0.16 <2 <2 <2
Arca20 | Soil

GSA0678S n7m | GsSA Surface FS-18 1555 563.5 450.4 73 s 0.16 <3 <2 <2
Area 20 Soit

GSA0680S 1043 | GSA Surface Fs-19 1561 614.5 546.5 72 | 168 0.3 <3 <2 <2
Arca20 | Soil

GSA07365 1098 | GSA Surface FS-36 1722 420.4 467.5 79 |1s.1 0.00 | 0.00 000 | o000 | 0.00
Area 20 Soil

GSA0738S 1488 | Gsa Surface Fs-37 1723 409.8 343 99 [13s 0.3 0.00 | 0.00 000 | o000 | 0.00
Arcas 20 Soil

GSA0746S 15s | GSA Surface FS-38 1728 437 4022 106 |15.1 0.00 | 0.00 000 | 0.00 | 0.00
Arca20 | Soil

GSA0744S 1242 | GSA Surface FS-39 1727 466.1 370.7 108 [12.1 0.3 0.00 | 0.00 0.00 | 0.00 | 0.00
Arca 20 Sail
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Table C-32
Property 20 - Surface Soil Samples
Gamma Spectroscopy Sample Analyses Results

(Continued)
ra— A — N——
497000 695000 Conceatration - pCi/g Not Saad
+ + Corrocted
Land Northing Easting
File Masns Sample Sample Sample Survey ] Elevation
Number grams D1 ID2 D3 Point Massachusctts Grid Foet T- Cs- Ac Pe- Re- Th. U-
ns 26
GSA07428 1601 GSA Surface FS40 1726 506.1 i3 11 6.2 0.5 0.41 1.42 1.07 3.13 0.43
Arca 20 Soil
GSA07408 1375 | GSA Surface FS41 1728 5329 3658 113 1.6 0.4 0.55 1.35 6.67 5.11 0.41
Arca 20 Soil
GSA07348 1174 | GSA Surface Fs42 1724 439.9 481.5 7.3 7.6 0.3 0.38 0.97 512 000 | 031
Arca 20 Soil
GSA07338 1725 | GSA Surface FS-43 1730 an2 513.4 8 1142 0.2 0.16 0.74 0.00 0.00 | 0.00
Arca 20 Soil
GSA07318 799.5 | GSA Surface FS-44 1729 507.5 505.7 47 63 1.09 0.00 0.00 0.00 | 0.00
Arca 20 Soil
v I —— .
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Table C-33
Property 20
In Situ Gamma Spectroscopy Sample Analyses Results
- R
- Sample
- Reported Reported | Estimated | Estimated Cone. Praction [

Location K-40 Cs-137 Ac-228 Pb-214 Bl-214 Ra-226 Pa-234m Th-234 U-238 U-238+ Ra-226* Material (pCl/p) of u::_:l;
FS-01 5.34 0.15 1.03 2.7 3.20 0.00 16.05 427 0.47 0.08 6.4 U+d 15.0 1.50x '
FS-02 6.34 0.10 0.79 1.55 1.7 0.00 15.38 7.20 0.35 0.14 23 DU 10.6 0.30
FS-03 7.89 0.18 0.88 1.92 2.03 0.00 0.00 3.50 0.26 0.07 3.2 U+d 103 1.03
FS-04 5.85 0.11 121 2.09 2.39 0.00 7.44 9.82 0.38 0.19 32 U+d 23.0 2.30
FS-05 6.07 0.19 0.78 1.58 1.78 0.00 13.75 6.16 0.24 0.12 1.9 U+d 14.4 1.44
Fs-06 9.18 0.13 0.86 1.49 1.56 0.00 1.74 2 0.00 0.04 0.7 DU 33 0.10
Fs-07 493 0.14 0.93 2.61 3.17 0.00 0.00 3.11 0.26 0.06 -1.0 by 46 0.13
FS-08 9.28 0.17 0.67 1.01 1.33 0.00 0.00 0.00 0.16 0.00 0.0 DU 0.0 0.00
FS-09 10.32 0.22 1.08 0.79 1.03 0.00 0.00 0.00 0.16 0.00 0.0 DU 0.0 0.00
Fs-10 14.22 0.08 0.61 0.55 0.63 0.00 0.00 0.00 0.00 0.00 0.0 DU 0.0 0.00
Fs-1 12.11 0.12 0.54 0.50 0.50 0.00 0.00 0.00 0.00 0.00 0.0 DU 0.0 0.00
Fs-12 10.31 0.16 0.66 0.59 0.55 0.00 0.00 0.00 0.08 0.00 13 U+d 13 0.3
Fs-13 12.12 0.12 0.49 0.48 0.52 0.00 0.00 0.00 0.00 0.00 00 DU 0.0 0.00
FS-14 11.37 0.19 0.64 0.58 0.67 0.00 0.00 0.00 0.09 0.00 1.4 U+d 1.4 0.14
FS-15 119 0.13 0.70 0.64 0.74 0.00 0.00 0.00 0.09 0.00 K U+d L5 0.15
FS-16 12.52 0.17 0.63 0.55 0.60 0.00 0.00 0.00 0.07 0.00 1.1 U+d 1.1 o.11
Fs-17 13.44 0.12 0.73 0.56 0.63 0.00 0.00 0.00 0.00 0.03 0.6 DU 2.7 0.08
Fs-18 11.47 0.18 0.65 0.62 0.78 0.00 0.00 0.00 0.06 0.00 0.9 DU 0.0 0.00
FS-19 12.69 0.16 0.59 0.47 0.52 0.00 0.00 O.L 0.00 0.00 0.0 DU 0.0 0.00
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Table C-33
Property 20

In Situ Gamma Spectroscopy Sample Analyses Results
(Continued)

*From alinsest. wb1 - Ra-226 Crtical Level Test

Note 1 - This shows the in situ gamma spec. results for the Property 20 measurements. It is a subset of GSINSALL.WB1. GSINSALL is a composite from INSFRAC2
and ALINSRST. Raw results come from INSFRAC2. The results for Estimated Ra-226 and Estimated U-235 come from ALINSRST. These results are derived through
the Ra-226 Critical Level test (see technical basis in GSA report appendix).

Note 2 - The results for Measured Ra-226 (reported) are all zero. This is because the energy offset for each spectrum was adjusted so that the ~ 186 keV peak/s were
all assigned to U-235. Estimates for Ra-226 and U-235 were then based on the Ra-226 CL test. As the spectroscopy system cannot properly distinguish between the
Ra-226 and U-235 peak energies, and there are no confirming lines for either nuclide, this is the most satisfactory method for estimating these nuclides.
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Property 20 Soil Sample

Table C-34

Density and Moisture Content

Location
FS1
FS2
FS3
Fs4
FSS 1.6 9.2
FSé6 1.5 10.1
Fs7 1.5 14.6
FS8 1.4 7.9
FS9 1.4 16.9
FS10 1.6 8.2
FS11 1.0 8.8
FS12 1.6 29.7
FS13 1.3 -0.1
FS14 1.4 -1.0
FS15 1.2 0.8
FS16 1.5 6.7
FS17 1.8 9.3
FS18 1.6 16.8
FS19 1.1 10.7
Average 1.5 9.4
Smpl. Var 0.0 48.4
Smpl SD 0.2 7.0
Max 1.9 29.7
Min 1.0 -1.0

e’
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Table C-35
GSA Soil from Woods North of Perimeter Fence
Gamma Spectrum Analyses (pCi/g)
Sample
Number | Location | K40 | Cs-137 | T1-208 | Bi-212 | Pb-212 | Bi-214 | Pb-214 | Ra-224 | Ra-226 | Ac-228 | Th-234
_

GSA271S | 1@surf 0.69 2.46 9.03 9.15 18.06 | 1.84 | 5.22
GSA2728 | 1@18" 059 | 1.13 2.27 8.42 8.25 18.87 | 1.66 | 5.70
GSA276S | 1@3' 0.26 1.04 2.64 2.68 6.14
GSA273S | 2@surf 0.32 1.54 6.56 6.87 13.34 | 1.35
GSA274S | 2@18" 0.46 1.83 5.52 5.90 | 10.65 1.08 | 6.26
GSA275s | 2@3' | 2.76 0.50 | 0.66 1.60 5.53 5.01 1.17 | 6.90

_
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TERMINATION SURVEY METHODS
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APPENDIX F
TERMINATION SURVEY METHODS

Final (termination) surveys were performed in Building 237, in the annex of Building 235, in
Building 653 (Pumphouse), and in several manholes, to determine acceptability for unrestricted
use. This task required the performance of surveys on building surfaces for removable and fixed
contamination, and gamma exposure rate measurements at one meter from the building surface.
Sludge samples were taken from the manholes. The final survey was performed using
procedures established for the MTL facilities decommissioning in AMTL Termination Surveys
Work Plan for Decommissioning, Demolition and Site Restoration of the Research Reactor and
Decommissioning of the Radiation Facilities at the U.S. Army Materials Technology Laboratory,
Watertown, Massachusetts.

1.

BUILDING FINAL SURVEY METHODS

The building termination surveys consisted of:

Dividing the floor and walls up to two meters above the floor of Building 235 annex into
one-meter grids.

Dividing the floor and walls of Building 237 (the shed) into one-meter grids.
Performing a 100 percent beta scan of all surfaces.

Collecting five surface alpha/beta measurements, one gamma exposure rate measurement
at one-meter from the surface, and one smear from each grid.

Collecting 250 alpha/beta measurements, 50 gamma exposure rate measurements, and 50
smears on the ceiling and overhead horizontal surfaces in the annex of Building 235.

Collecting 50 alpha/beta measurements, 15 gamma exposure rate measurements, and 15
smears on the ceiling and overhead horizontal surfaces in Building 237.

Collecting ten alpha/beta measurements in front of the overhead door on the north side of
Building 235 annex.

The gridding for the buildings is shown in figures ? through ?.
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2. BUILDING 653 (PUMPHOUSE) FINAL SURVEY METHODS

Gamma Exposure Rate measurements were made at 57 locations.

Direct alpha/beta measurements were made at 369 locations.

Gridding for the pumphouse final survey is shown in Figure F-S.
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Figure F-5. Gridding for Building 653 pumphouse
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3. MANHOLE FINAL SURVEY METHODS

The manhole survey consisted of:

o Collecting and analyzing two sediment samples from two unlabeled sewer manholes
outside of Building 235. These samples were not dried due to potential biological
hazards.

. Collecting and analyzing one water sample from manhole #147; sediment was not

available due to flowing water in this manhole.

Locations of the manholes are shown in Figure F-6.
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Figure F-6. Locations of manholes at the GSA site
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APPENDIX J

APPENDIX J
METHOD FOR CALCULATING DEPLETED URANIUM OR URANIUM
PLUS DAUGHTERS BASED ON TH-234, RA-226, AND U-235

1.0 PURPOSE

The purpose of this document is to describe the logical process used to determine the amount of
depleted uranium or uranium plus daughters in a sample of depleted uranium. The process is based
on analysis of the 186 keV peak in a gamma spectrum. The result will be assigned to either
uranium-235 or radium-226.

2.0 DISCUSSION

The concentrations of Th-234, U-235 and Ra-226 in samples of soil bearing DU or U+d can be
analyzed with a high resolution gamma spectrometer (laboratory or field based).

If the concentration of DU and/or U+d in the sample is low, the gamma spectrometer cannot
differentiate between Ra-226 and U-235 in the sample. Unfortunately, this occurs near the
acceptable limits of concentration.

The confusion occurs because Ra-226 and U-235 both emit their most significant gamma ray at a
peak energy of “186 keV. Ra-226 has no other significant gamma peak; U-235 has other peaks of
low yield at 143.5 and 16. keV. When the concentrations of the nuclides are low, the 186 keV peak
result is often reported as both Ra-226 and U-235, though it can be reported as either one.

When the concentration of U-235 in the sample is high enough, the gamma spectrometer can identify
and quantify the 143.8 keV (and sometimes the 163.3 keV peak), thus providing a mechanism to
properly split the 186 keV result between U-235 and Ra-226, giving correct answers for both
nuclides.

If the 143.8 keV peak is not detected in the spectrum, the question is, how to tell whether the sample
contains only U-235, only Ra-226, or both?

In DU, the ratio of Th-234 to U-235 is fixed and known. The concentration of Th-234 can be
measured independently of the U-235. Thus it is possible to calculate the expected result for U-235
once the concentration of Th-234 is measured.

Subtracting this value for U-235 from the result reported via the 186 keV peak measurement, gives
us the amount of the 186 keV peak to assign to Ra-226, and the concentration of Ra-226, when an
appropriate yield factor is introduced. Thus we can assign the area of the 186 keV peak to U-235,
or Ra-226, or a mixture of the two, by measuring the Th-234 and the 186 keV line.
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3.0 BASIS FOR DECISION ~

If the analysis of the 186 keV peak is not determined to be U-235 by virtue of the existence of a
143.5 keV peak, then the decision of whether the peak area should be assigned to Ra-226 or U-235
will be based on the value of an estimated Ra-226 result if it exceeds the error in the estimated Ra-
226 (exceeding Critical Level).

4.0 DECISION PROCESS

The decision process is a function of the analysis techniques and reporting practices of the gamma
spectroscopy software employed for sample analysis. This document is based on the use of Canberra
Industries Genie-PC gamma spectroscopy software.

The gamma spectroscopy software configuration can produce reports for the 186 keV peak which
identify it in the following ways:

. As U-235 and Ra-226 when both are present in the sample;

. As U-235 and Ra-226 when only one nuclide is present. This is the most common form of
report;

. As U-235 (verified by the presence of the 143.5 keV peak);

. As U-235 when the source really is U-235 (but the 143.5 keV peak is not reported);

. As U-235 when the source really is Ra-226;

. As Ra-226 when the source really is Ra-226;

. As Ra-226 when the source really is U-235;

Table J-1 shows the actions needed to generate an appropriate result when the nuclides of interest
are reported with values above zero, in their various combinations. Not all permutations of the

variables are shown here, because some of them are not viable under these circumstances, and are
irrelevant to the discussion.
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Table J-1 - Actions Required to Produce an Appropriate Answer for DU and U+d Calculations
’

Nuclides reporting > zero | Uranium Action required to assign 186 keV peak to

concentration verified by Ra-226, U-23S, or both
143.5 keV :
peak
Th-234 | Ra-226 | U-235
Y N Y Y Use values as reported.
Y Y Y Y Use values as reported.
Y N Y N Calculate estimated U-235, Ra-226, and their

errors. Perform Critical Level test for Ra-
226 to assign portions of the 186 keV peak
area.

Y Y N N Calculate estimated U-235, Ra-226, and their
errors. Perform Critical Level test for Ra-
226 to assign portions of the 186 keV peak
area.

Y Y Y N Calculate estimated U-235, Ra-226, and their
errors. Perform Critical Level test for Ra-
226 to assign portions of the 186 keV peak

area.

Y N N N Use values as reported.

N Y N N Use values as reported.

N N N N Use values as reported.

N N Y N Calculate Ra-226 concentration and error
values from the U-235 values. Report Ra-
226 values and set U-235 to zero.'

N Y Y N Use Ra-226 concentration and error values as

reported. Set U-235 to zero.

#
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The logical steps required to implement the actions described in Table J-1 are described below, i
gross form. The calculation of estimated values for U-235, Ra-226, and their uncertainties (errors)
is described later, with the Ra-226 Critical Level test.

Logic to Generate Results from Gamma Spectrum Analysis

If a U-235 143.5 keV peak is present then use reported values for nuclides;
otherwise, If there is no 143.5 keV peak available, then
If no thorium-234 result is present, then

If both Ra-226 and U-235 are reported then, do not
report U-235 (set it to zero),

Otherwise, if only U-235 is reported, then

Calculate and report equivalent Ra-226, set U-235 to
zero,

otherwise, only Ra-226 is reported, then

-
Use reported values for Ra-226
otherwise, Thorium-234 was reported, then
Calculate estimated U-235 and Ra-226,
Perform Ra-226 Critical Level test and calculate
amount of material, and
Use computed values for nuclides.
The processes required to perform the functions to:
Calculate Estimated U-235 and Ra-226;
Perform Ra-226 Critical Level test and calculate amount of material
are described below:
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4.1 Cakulate Estimated U-235 and Ra-226
The inputs to this calculation are the reported concentrations of Th-234 and Ra-226.
Calculate the Estimated U-235, based on the Th-234 value reported by Genie-PC, i.e.
(Th-234/52.5);
Convert the reported Ra-226 to interim U-235, by dividing Ra-226 by 16.43;
Subtract the Estimated U-235 from the Interim U-235 to obtain the Excess U-235;
Convert the Excess U-235 back to Estimated Ra-226 by multiplying Excess U-235 by 16.43;

Compute the error for the Estimated U-235 and Estimated Ra-226 by the square root of the
sum of the squares of the errors method.

4.2 Perform Ra-226 Critical Level Test and Calculate Amount of Material

The inputs to this calculation are the Th-234 value, the Estimated U-235 and Estimated Ra-226
values and their errors, from the above calculations.

The Critical Level is the 95% confidence level error associated with the result for Estimated Ra-226.

If the Estimated Ra-226 exceeds the Critical Level, then calculate and assign the material as
U +d, otherwise calculate the material as DU;

If the material is DU, then calculate the amount of DU as, 1.47 x Th-234;

If the material is U+d, then calculate the amount of U+d from, 2 x Th-234 + Estimated Ra-
226 + Estimated U-235;

If the material is DU, then calculate the error in the amount of DU from, 1.47 x Th-234-
error;

If the material is U+d, then calculate the error in the amount of U+d from:

Square Root of { [Estimated Ra-226-error]"2 + [2 * Th-234-error]"2 +
[Estimated U-235-error] "2 };

Note: The errors reported by the Genie PC are at the 95% confidence level.

(1). U-235 cannot exist without Th-234 being present. Thus, if U-235 is reported with zero Th-234,
then we conclude that it is really Ra-226.
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Mr. Dennis Waskiewicz

U.S. Army Corps of Engineers
424 Trapelo Road

Building 1128

Waltham, MA 02254-9149

Dear Mr. Waskiewicz:

Enclosed please find a copy of the Agency for Toxic Substances
and Disease Registry (ATSDR) Public Health Assessment-Public
Comment Release for the Materials Technology Laboratory

(U.S. Army), dated December 26, 1995. This document is ATSDR’s
evaluation of data and information on the release of contaminants
into the environment from the Materials Technology Laboratory
(U.S. Army), Watertown, Middlesex County, Massachusetts. The
purpose of this document is to assess any current or future
impact on public health.

The ATSDR will accept written comments from the public until
February 12, 1996. Comments should be addressed to:

Chief, Program Evaluation, Records, and Information Services
Branch, Division of Health Assessment and Consultation, ATSDR,
1600 Clifton Road NE, Mailstop E-56, Atlanta, Georgia 30333.

If you have any questions, please do not hesitate to call
Lorna Bozeman, the health assessor, at (404) 639-6070.

Sincerely urs,

ax M. Howie, Jr.
Chief
Program Evaluation, Records,
and Information Services Branch
Division of Health Assessment

and Consultation

Enclosures
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FOREWORD

.
>

i
The Agency for Toxic Substances and Disease Registry, ATSDR, is an
agency of the U.S. public Health Service. It was established by
Congress in 1980 under the Comprehensive Environmental Response,
Compensation, and Liability Act, also known as the Superfund
law. This law set up a fund to identify and clean up our
country’s hazardous waste sites. The Environmental Protection
Agency, EPA, and the individual states regulate the investigation
and clean up of the sites.

Since 1986, ATSDR has been required by law to conduct a public
health assessment at each of the sites on the EPA National
Priorities List. The aim of these evaluations is to find out if
people are being exposed to hazardous substances and, if so,
whether that exposure is harmful and should be stopped or
reduced. (The legal definition of a health assessment is
jincluded on the inside front cover.) If appropriate, ATSDR also
conducts public health assessments when petitioned by concerned
individuals. Public health assessments are carried out by
environmental and health scientists from ATSDR and from the
states with which ATSDR has cooperative agreements.

Exposure: As the first step in the evaluation, ATSDR scientists
review environmental data to see how much contamination is at a
site, where it is, and how people might come into contact with
it. Generally, ATSDR does not collect its own environmental
sampling data but reviews information provided by EPA, other
government agencies, "businesses, and the public. When there is
not enough environmental information available, the report will
indicate what further sampling data is needed.

Health Effects: If the review of the environmental data shows
that people have or could come into contact with hazardous
substances, ATSDR scientists then evaluate whether or not there
will be any harmful effects from these exposures. The report
focuses on public hezlth, or the health impact on the community
as a whole, rather than on individual risks. Again, ATSDR
generally makes use of existing scientific information, which can
include the results of medical, toxicologic and epidemiologic
studies and the data collected in disease registries. The
science of environmental health is still developing, and
sometimes scientific information on the health effects of certain
substances is not available. When this is so, the report will
suggest what further research studies are needed. ¢

Conclusions: The report presents conclusions about the level of
health threat, if any, posed by a site and recommends ways to
stop or reduce exposure in its public health action plan. ATSDR
is primarily an advisory agency, SO usually these reports



identify what actions are appropriate to be undertaken by EPA,
other responsible parties, or the research or education divisions
of ATSDR. However, if there is an urgent health threat, ATSDR
can issue a public health advisory warning people of the danger.
ATSDR can also authorize health education or pilot studies’ of
health effects, full-scale epidemiology studies, disease
registries, surveillance studies or research on specific
hazardous substances.

Interactive Process: The health assessment is an interactive
process. ATSDR solicits and evaluates information from numerous
city, state and federal agencies, the companies responsible for
cleaning up the site, and the community. It then shares its
conclusions with them. Agencies are asked to respond to an early
version of the report to make sure that the data they have
provided is accurate and current. When infomed of ATSDR’Ss
conclusions and recommendations, sometimes the agencies will
begin to act on them before the final release of the report.

Community: ATSDR also needs to learn what people in the area
know about the site and what concerns they may have about its
impact on their health. Consequently, throughout the evaluation
process, ATSDR actively gathers information and comments from the
people who live or work near a site, including residents of the
area, civic leaders, health professionals and community groups.
To ensure that the report responds to the community’s health
concerns, an early version is also distributed to the public for
their comments. All the comments received from the public are
responded to in the final version of the report.

Comments: If, after reading this report, you have questions or
comments, we encourage You to send them to us.

Letters should be addressed as follows:
Attention: Chief, Program Evaluation, Records, and Information

Services Branch, Acency for Toxic Substances and Disease
Registry, 1600 Clifton Road (E-56), Atlanta, GA 30333.
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SUMMARY

The U.S. Army Materials Technology Laboratory (MTL) was added to the .S.
Environmental Protection Agency’s Superfund Nationa! Priorities List (NPL)‘on May
30, 1994. The 37 acre MTL facility is part of what was originally the Watertown
Arsenal, established in 1816. MTL is in Watertown, Massachusetts, approximately
5 miles west of Boston. The facility’s inclusion on the NPL was largely based on
the potential for site contaminants to migrate into the Charles River, which is about
100 yards south of the installation border. (1) ATSDR involvement at MTL stems
from the facility’s inclusion on the NPL and requests by community members that
our agency evaluate public health issues at the former Watertown Arsenal and
other sites in Watertown (see Appendix A). Specific health concerns raised by
Watertown residents are discussed in the Community Health Concerns section of
this report.

Environmental contamination at MTL, and associated former Arsenal properties,
resulted from a long history of munitions and arms manufacturing and related
operations, and materials research. (1,2) Although other contaminated former
Arsenal properties are not included on the NPL, they are considered in our public
health assessment. Those properties include the Formerly Used Defense Site
(FUDS) parcel, which is now the Arsenal Mall (also referred to as the Arsenal
Marketplace) and Arsenal Park, and the General Services Administration (GSA) site.

ATSDR evaluated the environmental information for all properties comprising the
original Watertown Arsenal (Figure 1). Appendix A describes our evaluation of
these parcels. As a result of this review, we identified several potential situations
where people currently could be exposed to contaminants, could be exposed to
site contaminants in the future, or could have been exposed to site contaminants
in the past. These potential exposure situations relate to: 1) contaminated
subsurface soil and building remnants on the FUDS parcel; 2) suspected fish
contamination in the Charles River, and; 3) past air releases of depleted uranium.
Other situations were evaluated where exposures might result from future use of
properties that are currently contaminated. These exposure situations are grouped
below by ATSDR Public Health Assessment Conclusion Categories, which are
defined in Appendix B.

POTENTIAL (INDETERMINATE) HEALTH HAZARDS: MORE DATA NEEDED

We conclude that two situations pose potential public health hazards:
1) Subsurface Contamination - People are not currently being exposed to
contaminants on the FUDS parcel, but future exposures are possible if workers
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unearth contaminated subsurface soils and building remnants potentially containing
radiologically-contaminated piping. Further, it has not yet been determined if
portions of the sewer system that were once connected to former Arsenal :
buildings 34, 41 and 421 are radiologically contaminated and if these area$ are
accessible to public works employees. ATSDR recommended that the Army
implement measures to ensure that people are not exposed to potentially
hazardous levels of residual radiologic and chemical contamination, which resulted
from former Arsenal activities, on what is now the FUDS parcel. (5,6)

2) Fish in the Charles River - Chemicals known to bioaccumulate in edible fish
species have entered the Charles River from multiple industrial and urban sources
in the Watertown area, including the former Arsenal. People who eat fish caught
in urban stretches of the Charles River could, therefore, be exposed to
contaminants in fish tissue. ATSDR recommended fish sampling in the river,
(3,4,5) which the Massachusetts Department of Environmental Protection
conducted during the fall of 1995 in coordination with the state fish toxics
program. (7,8 The Massachusetts Department of Public Health, the agency
responsible for issuing fish advisories, will review that data to determine if
followup public health action is needed. (8)

NO APPARENT HEALTH HAZARD
ATSDR concluded that two other situations were no apparent public health hazard:

1) In the situation where depleted uranium was burned at the Watertown Arsenal
in the past, possible exposure 10 airborne contaminants was below levels of health
concern. Radiation dose estimates, based on very protective assumptions, showed
a lifetime cancer risk less than that expected from background radiation levels.

2) In the situation regarding MTL and GSA land use, current site conditions (e.g.,
access by the general public is restricted) make it unlikely that people would be
exposed to contaminants at Jevels of health concern. Moreover, before these
properties can be released for reuse, residual contamination must be cleaned up to
levels considered protective of public health according to guidelines set by state
and federal regulatory agencies.



FIGURE 1:

Former Watertown Arsenal, Watertown, MA
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II. - NO APPARENT HEALTH HAZARDS

A. Past Air Releases of Depleted Uranium :

Although depleted Uranium (DU) was burned at the Arsenal in the past, the
amount of DU released to air was unlikely to be at levels considered harmful to
residents of the surrounding community. There were few, if any, community
members living close enough to the Arsenal to have been exposed to airborne DU
in the past. Very conservative assumptions were used in the radiation dose
estimates. We assumed burning occurred 8 hours & day, 365 days per year, for a
maximum of 20 years. Based on these assumptions, the lifetime cancer risk was
less than the risk of cancer expected from background levels of radiation. The
MDPH review of cancer incidence for Watertown (34) showed no observed
increase in cancer rates plausibly associated with radiation exposure.

Controlled incineration of depleted Uranium chips was done because of the
pyrophoric properties of the metal. The incineration not only prevented the chips
from spontaneously igniting but also reduced the volume of DU waste requiring
disposal at Atomic Energy Commission (AEC) licensed facilities and, after 1974-
1975, Nuclear Regulatory Commission licensed facilities. {(36) The DU was initially
burned in a remote part of Watertown (GSA site), away from residential areas.
Later, DU was incinerated in building 43 (MTL) where air releases occurred from a
stack near the east end of the building. Detailed information about DU burn
activities at both the GSA site and building 43 are provided below.

GSA site - Northeast Area:

Incineration Practices: Depleted Uranium was incinerated in a fenced area at the
Northeast Area, which is now the GSA site, from 1955 to 1967 (Figure 6). (13)
During the time period when the burn pit was used it was in a remote area, away
from residences. Procedures were implemented to prevent exposure of personnel
to airborne radioactivity. These procedures are described in Appendix D-1. (36) A
December 23, 1966 letter from the Arsenal (AMRA) to the Atomic Energy
Commission (AEC) reported air sampling results for Uranium oxidation procedures.
Although numerical data were not provided, the letter indicates that average
Uranium concentrations in smoke generated by oxidation were below limits setin
the federal regulations in place at that time. (13) The 1966 AEC limit for air
releases in unrestricted areas was 5 x 102 yCi/ml for Uranium-238, which is the
predominant isotope in DU. This level is applicable for both soluble and insoluble
Uranium compounds and assumes constant exposure. The limit in place at that
time would result in a whole-body dose of 0.5 rem/year {500 mrem/y) to the
general populace and considers the potential presence of children in the group.

22
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Materials T
da?a, air releases of DU from the GSA site were not at levels of

Based on these
health concern.
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FIGURE 6. GSA Site
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Human Exposure: We do not expect that people off site were exposed to
significant concentrations of airborne Uranium oxides. The residential areas that
now border the western edge of the GSA property, were built after burning
ceased. Aerial photographs from 1968 show no housing in the site vicinity. (13)
Because DU is extremely dense, particles carried in smoke would quickly settle to
the ground in the general proximity of the burn pit. Conceivably, very small
particulates could disperse at greater distances from the source. However,
deposition of these fine particles would be widely scattered, and consequently,
measurable amounts of DU would not occur in localized areas distant from the
source. Therefore, significant amounts of fugitive DU particulates in smoke would
not be expected to have drifted far off site. Even in the unlikely event that people
off site did inhale DU particulates, exposures would have been rare and, based on
available air dispersion data, the resulting dose to the lung would have been below
health concern.

Radiological surveys to determine the extent of contamination at the GSA property
are in progress. The results reported thus far confirm that radiologic contamination
is primarily confined to surface soil in discrete, on-site areas. Contamination is not
widespread and buildings on the GSA land meet requirements for unrestricted use.

(37)

Residual soil contamination on both the GSA property and adjoining Property 20
does not pose a health threat to people who live in areas adjacent to the site.
Access to potentially contaminated areas is restricted by fences surrounding the
burn pit, the GSA property boundary and the portion of Property 20 where fill was
placed. (38) Additional survey work is planned to complete the evaluation and
portions of the GSA property where DU levels in soils exceed the health-based
standard of 35 pCi/gram will be cleaned up. (37)

Building 43 - Foundry on MTL

Incineration Practices: The Arsenal began burning depleted Uranium in an
incinerator in the MTL Foundry (building 43) (Figure 7) after the GSA property was
no longer used for that purpose. Although records could not be located that
indicate when the incinerator was first used, most DU burns occurred in the 1970s
and early 1980s. Engineering controls to reduce the amount of DU released to the
outside air were not installed on the incinerator until 1981. By the mid to late
1980s, DU was burned infrequently, and by July 1992, DU was no longer burned
at the Arsenal. (39,40) In the past, uncontrolled DU fires also occurred in the
Foundry building.

[ 4
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FIGURE 7. MNMTL Buildings Scale
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Human Exposure: To estimate the potential radiation dose resulting from DU
released from building 43, we reviewed available air sampling data. The Arsenal
had limited stack monitoring data, spanning from 1981 to 1991 (Appendix D-2).
After 1981, the amounts of DU released from the stack dropped dramatically.
Because the data were not complete, we made several assumptions prior fo
calculating dose estimates. The 1981 air data were used in the dose estimates.
These data represent the greatest amounts of material released from the stack
considering no earlier data could be found. (41)

We also assumed that DU burns occurred 8 hours per day, every day of the year.
However, these values probably overestimate the actual duration and rate of
burning. Arsenal records from 1972 to 1977 indicate that DU burns usually lasted
about 2 hours and occurred 5 times or less a month. (42) The reported volume of
air handled by the system ranged from about 400 to 1265 ft° per minute. (43)
From these very conservative assumptions, the total amount of DU and products
released from the stack was estimated. The estimated totals for 1981 were
between 84 and 267 millicuries (mCi) of Uranium-238 and 217 to 685 mCi of
Thorium-234 (a decay product of U-238).

Once the total amounts of radioactive materials released were estimated, ATSDR
performed a probability analysis, based on 10,000 trials, to estimate the most
probable amount of material released from the stack. These values were then
entered into the CAP88-PC radiological assessment software package. (44)
CAP88-PC estimates the risk and dose from radionuclides released through the air.
Its use is required in 40 CFR 61.93(a) [Code of Federal Regulations], in compliance
with the Clean Air Act, when calculating radiation doses to the public.

The results indicate that the maximum effective dose equivalent (EDE) resulting
from DU incineration was less than 200 mrem per year (mrem/y), whole body, to
an individual living within 200 meters of building 43 in 1981. As the distance one
lived from the Arsenal increased, the effective dose decreased. The maximum
calculated whole body dose was within the 500 mrem/y federal limit in place in
1981. (24) Even though the current federal limit is 100 mrem/y, (45) we do not
consider the estimated doses 10 be a health hazard since very protective margins
of safety were used in setting these limits and in the dose calculations. The 100
mrem/y limit assumes a member of the general public is exposed to these levels
every day for 70 years; however, 500 mrem/y is still permitted for infrequent
exposures. Moreover, the occupational annual limit is 5000 mrem/y and no known
adverse health effects have been reported at that level. (45)

Cancer Risk: The CAP88-PC model also develops cancer risk estimates related to
the estimated radiological dose summed for all radionuclides entered into the
model, in this case, U-238 and Th-234, the major radionuclides present in DU.
The estimates are given for several organ systems and the whole body. Uranium-
238, for the purposes of radiation dosimetry, is considered to be uniformly
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distributed throughout the bone. Thorium-234, however, is considered to be
uniformly distributed over the bone surface (46). Therefore, the critical organs
affected would be both the bone surface and the red marrow within the bone
interior, and the lungs which are the point of entry. However, lung cancer would
comprise virtually all the risk from this form of exposure. The data from oyr
CAP88-PC calculations indicates that the exposure to the entire body was tess
than 200 mrem per year. This equates to a lifetime cancer mortality risk that is 10

times |ess than the risk expected from 70 years of exposure to natural radiation in
the environment. {(47)

Population Exposed: Based on the modeling, maximum exposure would have been
to people living within 200 meters of building 43. The nearest residential areas,
which are about 200 meters from building 43, are on MTL and on the FUDS parcel
to the east.

Figure 8 (1980) and Figure 9 (1990) show population estimates within 100, 250
and 500 meters of building 43. These estimates are based on census data,
assume even distribution of the population within each census subgroup, and
extrapolate the percentage of the census subgroup within each concentric circle.
These figures probably underestimate the actual number of people who live closest
to building 43. Condominiums and apartments, built on redeveloped former
Arsenal property, are within 200 meters east of building 43. However, these
residential areas were not built until the early 1980s, by which time air releases of
depleted uranium from building 43 were significantly reduced. The condominium
complex is comprised of an original Arsenal building (building 212) that was
renovated and two newer buildings. The Arsenal Apartments, housing for the
elderly, includes a five-story apartment building and several renovated former
Arsenal buildings (buildings 71, 72 and 73). (13)

The three buildings on the MTL facility that were used for housing are roughly 250
meters or more from building 43. (Figure 7) Building 111 was the Installation
Commander’s residence, building 117 was a four-bedroom senior officer’s
quarters, and building 118 comprised five two-bedroom family units. The average
length of residence in any of these military housing units was 2 to 3 years. (48)

28



E—

FIGURE 8. Population Estimates Around the Former Watertown Arsenal
Source: 1980 U.S. Census
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FIGURE 9. Population Estimates Around the Former Watertown Arsenal
Source: 1990 U.S. Census
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Health Effects of Particulates: Inhaled particulates penetrate different regions of
the respiratory tract based mainly on their size (also referred to as activity mean
aerosol diameters [AMAD)])). [t is the very small DU particulates released to air that
are of greatest concern from an exposure standpoint, because they can be inhaled
deep into the lung (Table 2). {

-

Table 2. Respiratory Deposition of Uranium Oxide Particulates (46)

Respiratory Deposition Percent Deposition by J
Particle Size (u)

Sy 177} 0.3y n

Nasopharyngeal (Nose) 74 30 9 “

Tracheal Bronchial Tree (Throat) 8 8 8 “

Pulmonary Parenchyma (Lung) 9 25 43 ﬂ

The airborne material produced from burning DU is U0, and U,0,; relatively
insoluble uranium oxides. These uranium oxides are class Y compounds, which
have an estimated lung retention time of greater than 100 days because they are
not very soluble in lung fluids. (46) This means that they stay in the lungs for an
extended period of time before being distributed throughout the body. The
majority of uranium oxide particulates deposited deep in the lung are smaller than
0.3 p. Particles ranging in size from 0.3y to 5y also add to the lung burden, but to
a lesser extent. And finally, less than 10% of particles with AMAD greater than 5
p penetrate into the deep lung region. (46) Particles deposited in the nose and
throat are usually expelled from the upper air ways and ingested. Because these
ingested particulates are uranium oxides, which are relatively insoluble, they pass
through the digestive system and are excreted fairly rapidly.

The 1981 air data used in the radiation dose estimation model is from the time
period after_engineering controls reduced the amount of DU released to outside air.
However, releases of fine DU particulates (less than 0.3 microns [u]) to air during
burning in 1981 and after, were most likely comparable to earlier years. Although
the use of high efficiency particulate air (HEPA) filters on the incinerator decreased
air releases of particulates greater than 0.3 y in size, fine particulates continued to
be emitted. As discussed earlier, using data representing the greatest amounts of
material released from the stack and incorporating assumptions that are very
protective of public health, the maximum estimated radiation dose was not at
levels which pose a public health hazard. i
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TN

TR

Conclusions and Public Health Action Plan
for Past Air Releases of Depleted Uranium

——

1. The amount of depleted Uranium (DU) released to air from MTL

and the GSA site was unlikely to be at levels considered harmful to
residents of the surrounding community. Few, if any, residents
lived close enough to sites to have been exposed. Further,
radiation dose estimates, based on very protective assumptions,
showed a lifetime cancer risk less than that expected from
background radiation levels.

Members of the general public are pot likely to contact residual DU
cofitamination at either the GSA site or the MTL property because
access to contaminated areas is restricted.

1.

Planned Actions:

1.

| Completed Actions:

The Army ha's.restricted access to areas of the GSA and MTL
properties where there is residual DU contamination.

The Army is continuing radiation survey work at the GSA site and
is planning to cleanup DU levels in soil to the health-based
standard of 35 pCi/gram. Cleanup of MTL building 43, which
housed the DU incinerator, is also being completed to meet
applicable Nuclear Regulatory Commission requirements.
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B. Future Land Use (MTL and GSA site)

Public health issues concerning future land use of MTL and the GSA site (see
Figure 1) are of utmost importance and are being actively addressed. Procedures
are implemented during sampling and cleanup activities to protect both the general
public and remediation workers from possible hazards. Further, before the land can
be transferred for reuse, all necessary cleanup actions must be completed.

The Army is conducting site investigations and cleanup at MTL and the GSA site
under the guidance of the Commonwealth of Massachusetts Departments of
Environmental Protection (MDEP) and Public Health (MDPH), the U.S.
Environmental Protection Agency (EPA) and the Nuclear Regulatory Commission
(NRC). These regulatory agencies set cleanup levels that are protective of public
health considering the land reuse options that are planned. ATSDR supports these
activities by providing technical assistance concerning public health issues as
requested. We reviewed the "Human Health Radiological Risk Assessment for
Massachusetts 21E Sites” for MDEP and concur that the 10 mrem dose limit
proposed for cleanup at MTL is protective of public health. (49) We have also
reviewed documentation regarding environmental activities at the former Arsenal
properties (GSA site and FUDS parcel) and provided comments to the Army and
regulatory agencies concerning issues of public health importance. {5,6,38,50)

Residents who live next to MTL and the GSA site expressed concern about
possibly being exposed to contaminants because they see on-site workers wearing
personal protective equipment (PPE) during sampling and cleanup activities.
However, the use of PPE by remediation workers does not necessarily mean that a
site is extremely hazardous; rather, PPE is a required precautionary measure 1o
protect workers from possible hazards encountered during field investigations.
Other actions are taken during the course of site cleanup that prevent exposures
from occurring. These include restricting access in areas where residual
contamination is at levels of public health concern. Fencing and/or security
measures are in place at MTL and the GSA site which effectively limit site access.
Finally, Site Health and Safety Plans are developed which detail proper safety
measures to be followed during all site work. These plans include containment
methods to be used during sampling and cleanup activities which prevent
contaminated dusts, vapors, etc from moving away from the site.
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) S

Conclusions and Public Health Action Plan
for Future Land Use of MTL and GSA site

By

Neither MTL nor the GSA site pose a public health threat to
members of the general public because exposure to contamination
is not likely to occur. The Army has restricted access to areas
where there is residual contamination.

Actions planned by the Army, in collaboration with state and
federal regulatory agencies, will ensure that neither site will pose a
future public health hazard. Before the properties can be
transferred for reuse, all necessary cleanup will be completed
following strict health and safety guidelines.
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COMMUNITY HEALTH CONCERNS EVALUATION

Watertown residents discussed their health concerns with ATSDR staff members
during meetings held in December 1993 (31) and January 1994 (57). Information
about health concerns was also gathered from members of the Watertowr{ Board
of Health, the Army, the Massachusetts Departments of Environmental Protection
and Public Health, and the U.S. Environmental Protection Agency. Concerns 1-3
relate directly to MTL or other former Arsenal properties, while the other concerns
center around environmental contamination in Watertown as a whole.

Concerns associated with the Arsenal:

1. Could long term health effects occur from past exposure to depleted Uranium
(DU) that was burned at the Arsenal?

The amount of DU released to air during past burning of depleted Uranium at MTL
and the GSA site was unlikely to be at levels considered harmful to residents of the
surrounding community. Since significant exposures were not expected, adverse
health effects would not occur. The reader is referred to pages 22 through 32 of
this report for a detailed discussion of past air releases of DU.

2. There is concern that former Arsenal workers could have been exposed to
harmful levels of beryllium and depleted Uranium.

Industrial hygiene practices at the Arsenal focused on minimizing worker exposures
to these materials. (58,59,60) Consequently, the heaith risks associated with
working with beryllium and DU were reduced. Studies among beryllium-exposed
workers, within the industry as a whole, have shown the prevalence of chronic
beryllium disease (CBD) to be only 5%. (61) Since there was little opportunity for
workers to be exposed to beryllium at the Arsenal, their risk of developing ceDd
was even further reduced. With regard to depleted Uranium workers, sound
industrial hygiene and health physics practices coupled with the results of a
medical surveillance program do not suggest exposures occurred at levels of health
concern. (69,62)

Beryllium:
Because the principal safety hazard in dealing with beryllium is inhalation, glove

boxes and exhaust collection systems were in place for areas where beryllium work
was carried out. (68) These industrial hygiene practices would greatly reduce
possible worker exposures to the metal. Community members stated that a former
Arsenal worker died of berylliosis (63,64), but details regarding the circumstances
which lead to the worker’s exposure and the subsequent development of disease
were unavailable. (58,59,62)
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There are two types of diseases associated with inhalation exposure to beryllium:
acute beryllium disease and chronic beryllium disease. Acute beryllium disease,
which is a chemical pneumonitis, can result from breathing high concentrations of
soluble beryllium. However, since the implementation of the Atomic Energy
Commission’s 1950 recommendations calling for a 99% reduction of beryulum
concentrations in the work environment, acute beryllium pneumonitis was ‘:
completely eliminated. (61,65)

Chronic beryllium disease (CBD), an immunologic disease, only occurs in a small
number of people who are exposed to both soluble and insoluble forms of the
metal. This finding was reported in studies of industry workers who were exposed
to beryllium. CBD is an immunologic lung disease, characterized by chronic
hypersensitivity, for which there is no effective treatment. (66,67) Sensitized
individuals develop granulomas in their lungs, which are clusters of immune cells
(lymphocytes) that accumulate around beryllium particles in the alveoli of the
lungs. (61) Studies suggest that there are at least two risk factors for CBD;

exposure to the metal and inheritance of a genetic marker linked with susceptibility
to the disease. {61,68)

it is also known that the onset of CBD may occur up to 10 to 20 years after
exposure. (66,67) A blood test, the beryllium lymphocyte proliferation test
{BelLT), can be done to detect early CBD or to make a specific diagnosis of CBD. If
an individual has been sensitized to beryllium, their blood lymphocytes will
proliferate when cultured in the laboratory in the presence of beryllium salts. {61)

Depleted Uranium:

Industrial hygiene practices at the Arsenal focused on minimizing worker exposure
to DU, which could occur through inhalation, ingestion, or through skin lesions.
DU is a byproduct of the nuclear industry that is less radioactive than the naturally
occurring uranium. All operations involving DU complied with safety and health
physics standards applicable at that time and individual radiation exposures were
monitored to ensure that allowable exposure doses to workers were kept well
within permissible limits. (60)

The most likely route of occupational exposure to DU is via inhalation. However,
when an individua!l breathes in uranium dust, most of it leaves the lungs when the
person coughs or breathes out. (63) Some of the more soluble compounds of DU
that remain in the lung are taken into the blood stream. Once in the blood stream,
the soluble DU may result in significant deposits in the kidneys, where chemical
toxicity occurs. (70) However, DU is eliminated from the kidneys at a rate of
about half every two weeks. Moderately severe damage to the kidney as a result
of acute exposure is repairable, and a return toward normal kidney function may
occur even during continued exposure. (60} Any insoluble DU compounds that are
deposited in the respiratory system are mobilized slowly. Aithough these insoluble
DU compounds pose a radiation hazard to the lungs, adverse health effects on the
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respiratory system are not expected to occur because individual exposure doses at
the Arsenal were well within permissible limits.

If exposure occurred via ingestion, only about 1% of the soluble uranium (U} is
absorbed from the digestive system and less than 0.2% of insoluble U is absorbed
into the bloodstream. (71) Depleted Uranium that enters the bloodstream would
be deposited primarily in bone and the kidney, and some would be excreted in the
urine. Unabsorbed compounds would be quickly eliminated from the body in the
feces.

Hazards associated with handling DU metal is beta radiation exposure to eyes,
hands and fingers. Thermoluminescent dosimeters were recommended for
monitoring DU exposures 10 the extremities. Personal protective equipment, such
as leather gloves, reduced exposures to the hands by 50%. (60) DU could also
enter the blood stream through contaminated wounds.

in addition to implementing safety procedures designed to reduce occupational
exposure, the Arsenal maintained a medical surveillance program to check workers
for uptake of DU. Urine testing was done quarterly to determine the concentration
of DU excreted by workers. {59,60) Urine testing, which detects soluble DU, was
used as an indicator of chronic exposure.

Also, exit physicals were available to workers, which included pulmonary function
tests, and kidney function tests as well as other evaluations. (59,62) Clinic
medical staff remarked that there were no abnormalities in workers that might be
associated with occupational exposures. (59,62) Workers were provided copies of
their medical records upon request. Once an employee no longer worked at the
Arsenal, that individual’s records were sent to the National Personnel Records
Center in St. Louis, Missouri. These records are filed by the individual’s name,
date of birth, social security number and the name of the agency where they had
worked. (59)

3. Were any nuclear materials from the Arsenal buried in the community?

The information that we reviewed does not suggest that nuclear materials from the
Arsenal were buried in the community. Disposal procedures described in the
Former Watertown Arsenal Preliminary Investigation (13) indicate that no
radioactive or hazardous wastes were discarded in Watertown landfills or the town
incinerator.

Extensive investigations and environmental cleanup at the MTL facility is being
conducted at this time. Much of the cleanup of residual radiological contamination
from past industrial activities at that site has already been completed. Moreover,
the property cannot be transferred for reuse until all necessary remedial actions,
which are regulated by the Environmental Protection Agency, the Nuclear
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Regulatory Commtssion, and the Massachusetts Departments of Environmental
Protection and Public Health, are taken.

There is residual radiologic contamination on the FUDS parcel, now the Arsenal
Marketplace (11,13) and the GSA site (37,51), which were both part of the
original Watertown Arsenal. However, these sites do not pose a health hazard to
members of the general public because access to contaminated areas is restricted.
The reader is referred to sections entitled Subsurface Contamination (FUDS Parcel,
now the Arsenal Marketplace), pages 10-18 and GSA site - Northeast Area, pages
22.-25 for detailed discussions regarding these areas.

Other Concerns jin Watertown:

4. Watertown residents believe that cancer incidence in their community is higher
than expected. They are particularly concerned that multiple sources of
environmental pollution in their community could be contributing to cancer
occurrence.

To address concerns about multiple sources of contamination in the community,
ATSDR evaluated the likelihood of people coming in contact with hazardous
materials in particular areas in Watertown. These included: the Arsenal, Arsenal
Park, United Parcel Service, Watertown municipal landfills, and the neighborhoods
of Frank Street, North Beacon Street, Bay Street, Palmer Street and Parker Street.
We consider it unlikely that residents could be exposed to hazardous levels of
contaminants in any of these areas. Our conclusions are based on observations
we made during tours of areas that were brought to our attention by community
members, and on our review of all the applicable environmental data relating to
specified waste sites in Watertown. Details regarding our evaluation of specific
sites are provided in Appendix A.

People have strong fears about cancers caused by environmental exposures.
Although the term menvironmental" causes of human cancer includes everything
other than genetic factors, it has been estimated that only about 2% of cancer
deaths are attributed to environmental poliution. {72) Often, cancer cases that are
linked to chemical exposure afflict individuals who were occupationally exposed to
high concentrations of particular types of chemicals. Such occupational exposures
appear to account for about 5% of all cancer deaths. (73) The presence of
environmental contamination in a community, does not necessarily mean that
people are coming into contact with sufficient quantities of hazardous materials to
cause disease. Again, we emphasize that it is our opinion that people have not
come into contact with contamination.

L 8
It is widely recognized that cancers, like heart disease, are very common illnesses
that occur in all communities. In order to put the number of individual cancer
cases in Watertown into perspective, comparisons must be made to the occurrence
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