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APPENDIX B-l

WELSBACH/GGM SITE
REGRESSION CURVE

2

I
UJ

Observed Exposure Rate of Reuter Stokes Pressurized Ion Chamber
Model RSS-112 & 100 MicroR/hr

vs.
Observed Count Rate of Ludlum Model 12

RateMeter (Serial # 105760) coupled to Ludlum Model 44-2 (Serial
# 107588) l"xl" Nal Detector At a Thorium Site
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Equation
X = (-5.056e-9 * RA2) + (4.31 le-3 * R) - 0.733

Coefficient of Determination (R-squared)
Degree 0: 0
Degree 1: 0.997325
Degree 2: 0.998984
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APPENDIX B-2

2LSBACH/GGM SITE
REGRESSION CURVE

Observed Exposure Rate of Renter Stokes Pressurized Ion Chamber
Model RSS-112 & 100 McroR/hr

vs.
Observed Count Rate of Ludlum Model 12

(Serial # 78689) coupled to Ludlum Model 44-2 (Serial
#071914) l"xl"NaI Detector AtaThorium Site
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Fit Results

Equation

- Coef5cientofDe*ermmati(»(R-squared)
0: 0
1: 0.998198
2: 0.998892
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C : COLUMN TOTAL BETA MEASUREMENTS ARE BELOW THE RELEASE CRITERIA (1,608 dpm/100cm"2) UNLESS WHERE NOTED 
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1---------+-----+----+------------------~D\\tl 

CKD 

_ DES 

DWN -

CKD 

lJ 
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1 

1 ------,---------
1 1 

ROOM 3---- ROOM 4 SIDE VIEW OF STAIRWALL 

□ 
FIRST FLOOR HALLWAY 

• 

• 

• 

• 

• 

• 

1 -

1 

1 

1 1 2 1 
•t--•ot~••e 

12233211 

1 335121 2 
• • 

11223321 
• 

1 C1 1 1 1 G2 1 3 •· • illll 
1 1 1 1 1 1 

• • • • • 
1 1 1 1 

2 2 

2 

1 1 

" " . . . . 

2 

1 

1 1 1 1 . . " . . . 
1 1 1C7 1 1 •· 

6' (TYP) 

1 
• 

1 
• 

1 1 
• 

• 
1 

• 

1 1 

, I 
1-----j 

1 1 

o· - 3': 

CD= 
(2): 
@: C2 

C1, C3, C6, AND EAST SIDE 
OF ELEVATOR SH AFT. 
C4 ANO NORTH SIDE OF WOOD PANEL 

3' - 6': 

CD : C1, C3, C4, AND C5 

(3): C2 

1 1 1 ~---ELEVATOR SHAFT 
• --~=---

• 

I , 
UNDER THE STAIRWAY 

~----CHIMNEY 

ROOM 3 

r 1 1 1 
• • • • • " . . . . . . . . . 

1 .. . . " .. . . " • • • 
1 1 1 1 1 1 

• • • • • • 8 .. • • • 
1 1 C11 1 1 c21 1 C4 C5 • • II • . •· " . . ■ . . II . 
1 1 1 1 1 1 1 

• • 

• • □ 
• 

• 

• 

• 

• 

• 

• 

• 

• • • 
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-
-
-
-
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ROOM 5 ----ROOM 6 

□ 
SECOND FLOOR HALLWAY 

6' (TYP) 

1 1 1 o· - 3': 

:,:1GJ1:, CD: C1, C2, C4, AND CB 

1C11 1 1C21 1 1 1 
!II • • l!l!l • 
111111 

• • • 3' - 6': 

- ~ 1 ~ ! : ~; : • • 
• 

• 
1 1 

• 
1 1 

• 

• 

• 
CD: C1, AND C2 

1 1 1 1 1 
• " 0 • • __ ,_~;.;. 1 1 

• 
1 1 

• 

.. 4----, .. • • 
1 - 1 1 1 

• 
- S 1 

~---ELEVATOR SHAFT 
=~---

1 

1 1 1 
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:J.Jf --
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• • 

• I , 

ROOM 5 

1 1 1 

1 1 

1 

1 

1 

1 
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~ELEVAT~R SHAFT 

ROOM 6 

WELSBAC:H/GGM SITE 
TOTAL SURFA(:E ACTIVITY DATA 

INTERIOR OF FO!RMER GGM BUll_DING 
NOT TO SCALE 

-' 

6' (TYP) 

-r--
• 

• 

• 

• 

• 

• 

COPYRIGHT @ YEAR 
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0 
u 
u v, 

-=-= 

DOOR--
~- EXTERIOR OF SMALL 

ROOM WEST WALL 

"----wG-BM-21 ~--" 
WG-BM-02 

BASEMENT H1-1LLWAY 

SMEAR # ALPHA BETA 

1 10 23 
- 2 13 18 
- 3 10 26 

4 123 102 

CD 

ROOM 1 ------ -----.- ROOM 2 

BASEMENT HALLWAY 

6' (TYP) 

• CD 
• fil • e • II " e • 

~-WG-BM-04 

~ 
• " . . " ., . . . ., • 

C2 
• 

• 

• 
® • • • • 

. c! . 
• • • 

• 
• 

• 

• 

• 

• 
• • • • 

• • • 

• . . " . " . . . . 
• • • • 
• • • • • • • 
11 • e .0 .. 

WG-BM-03-r-----._ @ cfs)
0 

" . . " 
cs ... " . 

SMEAR # 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

I --;--....._ t--- " • ----r------_@ 
. ~ 

'----ELl:VATOR SHAFT . . . " . " " . . 
@ 

8 • e OI II • • • • • • 
• . . .. " • • 

@ 
• • 

I · ~-~- · · · · · -,1 '----~-CHIMNEY 

ROOM 1 

ROOM 1 

ALPHA 

12 
17 
33 
10 
4 
4 
3 
15 
225 
119 
29 
18 

LEGEND: 

RHA 

36 
25 
163 
14 
18 
15 
17 
24 
275 
235 
57 
34 

ELEVATED WOOD FLOOR-~• " • " " e • • ee1111e11••••• 

• 

• 

• 

• 

• 

• 

• • • • 

• • • 

• • • • • 
C1 

CD 
. . . " . 
• • • • • 
. .. . .. . 

• • 

• • 

• • 
C2 •· 
• • 

• • 

• • 

e Ii ., Ill ilt • e • 8 M e 

• • • 

• • 

• • • 

• • • 
C4 

• •• 
• • • 
•C6.. .. 
lill@ 

• • 

• • • 0) • 

@ 
• • • • • 

cs 
• • • • 11 

. .@. .0. 
@ ® ® .. " . .. .. 

@© ... " -~· 
''------ELEVATOR SHAFT 

.._______I · . ~~--~-~ · --~-· · I · I · · · · · · -~ -: l 

ROOM 2 

6' (TYP) 

,r t 
• 

• 

• 

• 
L,,----WG-BM-06 

/ 
• 

• 

WG-BM-05 

lsMEAR # 

2 
3 
4 
5 
6 
7 
8 
9 
10 

ROOM 2 

ALPHA 

10 
4 
4 
34 
66 
73 
39 
4 
26 
21 

BETA 

29 
14 
12 
55 
109 
124 
86 
14 
48 
25 

11 4 17 
12 4 13 

LOCATION OF BUILDING MATERIAL SAlv1PLES AND SMEAR SURVEY 

(ff) SMEAR LOCATION ( dpm/1 OOcmA2) 

WG-BM-12: CCJMPOSITE SAMPLE COLLECTED FROM COLUMNS (C1, C2, CS, C7, AND CS) INSIDE ROOM 1 

WG-BM-18: COMPOSITE SURFACE DIRT SAMPLE COLLECTED FROM ROOMS 1 AND 2 

WG-BM-# BUILDING MATERIAL SAMPLE LOCATION 
WG-BM-20: COMPOSITE SAMPLE COLLECTED FROM COLUMNS (C1, C2, AND C4) INSIDE ROOM 5 

WG-BM-22: COMPOSITE FLOOR SURFACE DIRT COLLECTED FROM ROOM 3-6 C : COLUMN 

□ 

ROOM 3 ------

□ 
FIRST FLOOR HALLWAY 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

ROOM 4 

I 

~WG-BM-16 -·~ 

SIDE VIEW OF STAIRWALL 

/WG-BM-07 

<>••e•""""' 

6' (TYP) 
. 

rWG_-BM-11 7 1 

• © • • • @'_ CD® 
.. 8 • • • • 

• 

• 

• • • 
c1(z) 

' llli • 

. ·®·®· . • 

• 

• • • • .. . .. . . • 

• • c'.3 • " c!-4 .. • • • 

• • 1/fi • • IIJI • • • 

• • • • • • • • • 

• 

• • • • 

. i . 
• • • 

@® • • 
@ 

• • 

• 

• 

• • • • • • • • 

• 
@c7 
• Ill • 

CB 
• Ill • WG-BM-08 

FIRST FLOOR HALLWAY 

SMEAR # ALPHA BETA 

1 11 12 
2 8 21 
3 5 12 
4 6 19 

® 5 3 13 

ROOM J 

C-SM_E_AR~#'+---_AL_PH_A_. __ ._E!~TA __ 

1 139 170 
2 16 144 
3 293 431 
4 40 71 
5 79 126 
6 54 98 
7 18 21 
8 7 16 
g 12 34 
10 26 39 
11 7 13 
12 37 69 

. . ~ 
'----ELEVATOR SHAFT 

'"-
~ 

~ 

• • 

• 

• • 

• • 

• 

• • • • 

5= · · · · · · ·@r 
uNoER THE srA1RwAYA=--w""

0
-
0
-
0

-P-A~NEL~-1 ~ 
---------~----- ----- CHIMNEY 

• • • , , , • • I WG-BM-19 

• 

• 

• 

• 

• 

b----------·-----'--,,_,J 

ROOM 3 

. " . . . . .. . 

. . .. . . . . . 
• 

C4 C5 .. . . . . . . . 
• . " . .. . . . . 
• 

__ · __ · _· ____ · _·_·!,,,,,,'F·_:1-· _[ ·, l __ . --· __ ·_·_-·_· __ ·_·,.___j 
ELEVATOR SHAFT 

• • • • • 

~--ENTRANCE 

ROOM 4 

• -. I 

, 6' (TYP). 

'I 
~=,,•---

• 

• 

• 

• 

• 

• 

• SMEAR# 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

ROOM 4 

ALPHA 

10 
19 
21 
32 
34 
45 
11 
37 
11 
12 

BETA 

21 
46 
28 
71 
75 
52 
30 
82 
22 
33 

(4) 

SE:CONO FLOOR HAlLWAY 

SMEAR# ALPHA BETA 

1 12 22 
2 4 11 

--- WG-BM-17 
3 14 17 
4 16 21 

---
-
-
-

ROOM 5 ----CD---- ROOM 6 

SECOND FLOOR HALLWAY 

6' (TYP) 

;-WG-BM-14 
·---"--

1 

• 

• 

• 

• 

• 

• 

• 

• 

@I 
• • • • • 

(j) 
.. " ti • • 

('1 !"21 (") ,_, . \...::;.,• . ,_ 

. ~- -~ 

.. .. .. 0 • 

• • 

• • 
1?1 

""' • • 

• • 

• 

• 

• 
CD • 

n 
• 

• 

1 30 62 
2 27 44 
3 22 21 

• • • • 4 20 ! 35 
5 23 27 

• • • 6 13 34 

• ee•o••••., 7 13 23 --

• 

• 

• . ' ·®· • 
.. ., I!> • • .. " .. 8 

8 31 37 
• 9 5 10 

1_.-----WG-BM-09 
10 4 13 

::.-----
• .. ., . . . . . .. -

• 
C7 C8 ............... "' 

ELEVATOR SHAFT 
• 8 .. " " ., .. • • 

• • • • • • • • • • • bmrr_:_. . . . @ . r--
~-·_.. 

[ 1~-~ .. -~-]] CHIMNEY 

ROOM 5 

BM-10 

• • • • • • • • • • • • 

. . -

l • • • I o> 
(TYP) .. 0 

,I'-
1 I 

-= =·~.-

• • • • • • • • • 
• • • • • •••eaa11e•e• • 0 • • • 
• • • • 

(i) ® 
• "' "' • • .. .. .. • It • .. • • • • 

• • • • • • • • .CD. • 
@ 

• • • • • ·®· • • 
• • • • • • • • • • • ·®· • • • • • • • 
• • • • • • 

@ 
• • • ROOM 6 

_· _· · _· ·_· ~ · I ; I · ~- ·_ 
ELEVATOR SHAF 

.__·_· ~-· ·-·~-3 [ . . ·_ 
SMEAR # ALPHA BETA 

• , • • ~--·-··--· -
1 74 144 
2 71 106 .. 

3 49 
t· 132 T i 

-·~~J 
4 72 I 178 I 

5 54 100 
• • 6 32 68 

7 39 93 
8 82 139 
g 75 99 

ROOM 6 10 36 67 

~------------------------"""'"'----•~ .. -----------~~-----•------~-------"F------••9~---•--------------• -------~--------------------c-"9,---------'------------------~~---------•-----·~-~---------•- . 
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APPENDSXB-5 
WELSBACH/GGM SITE 

RADON SAMPLING RESULTS 

Rgjlpniair concentration measured inside the basement of various properties 

Location 

General Gas Mantle 

Study Ar̂ ê , Property r 

Study Aî ea Property 2 

Study Area Property 3 

Study- Aj-ea Property 4 

Study Area Property 5 

Study Area Property 6 

Study Area Property 7 

Study Area Property 8 

Study Area Property 9 

Study Area Property 10 

Study Area Property 11 

Study Area Property 12 

Study Area Property 13 

Study Area Property 14 

Study Area Property 15 

Study Area Property 16 

Study Area Property 17 

Study Area Property 18 

Study Area Property 19 

Study Area Property 20 

Average Radon Air Concentration 

Radon Gas (pCi/L) 

NA 

,NA 

0.5 

1.2-Main Office 

0.3 - Meeting Room 

4.9 - Pump Room 

<0.3 

2.1 

0.7 

0.7 

< 0.2 

0.7 

LI 

* 

0.9 

0.3 

0.9 

1.0** 

1.8 

NA 

NA 

NA 

NA 

NA 

NA 

Radon Progeny (WL) 

1.7-Room 1 

0.0338 - Room 6 

0.0123 

NA 

NA 

NA 

0.0025 

0.0075 

0.00568 

0.0066 

0.00196 

0.0029 

NA 

4.96E-03 

0.0076 

L27E-02 

4.70E-03 

0.0168 

0.0056 

NA 

NA' 

NA • 

0.0092 

0.0168 

NA 

300707 



APPENDIX B-6
WELSBACH/GGM SITE

VICINITY PROPERTIES SAMPLING RESULTS

Sample Information (Soils)

Sample
Identification No.

WG-SS-SAPI-OI
WG-SS-SAPI-02
WG-SS-SAPI-03
WG-SS-SAPI-U4
WG-SS-SAPI-05
WG-SS-SAPI-06
WG-SS-SAP1-07
WG-SS-SAP1-08
WG-SS-SAP1-09
WG-SS-SAPI-IO
WG-SS-SAPI-11
WG-SS-SAPI-12
WG-SS-SAPI-13
WG-SS-SAP2-01
WG-SS-SAP2-02
WG-SS-SAP2-03
WG-SS-SAP2-04
WG-SS-SAP2-05
WG-SS-SAP2-06
WG-SS-SAP2-07
WG-SS-SAP2-08
WG-SS-SAP2-09
WG-SS-SAP2-IO
WG-SS-SAP2-II
WG-SS-SAP2-I2
WG-SS-SAP2-I3
WG-SS-SAP2-I4
WG-SS-SAP2-15
WG-SS-SAP2-I6
WG-SS-SAP2-I7
WG-SS-SAP2-18
WG-SS-SAP2-I9
WG-SS-SAP2-20
WG-SS-SAP2-2I
WG-SS-SAP2-22
WG-SS-SAP2-23
WG-SS-SAP2-24
WG-SS-SAP2-25
WG-SS-SAP2-26
WG-SS-SAP3-01

Borehole
No.

i

2

3

4

5

6

'

2

3

4

5

6

7

8

9

10

I I
1

Depth
(inches)

0-6
12-18
0-6

12-18
24-30
0-6
6-12
18-24
6-12
12-18
0-6
6-9
0-30
0-6

12-18
0-6

18-24
24-30
0-6
6-12
0-6

12-18
18-24
24-30
0-6
6-12
18-24
6-12
18-24
0-6
6-12
18-24
0-6
6-12
.0-6
18-24
6-12
12-18
0-30
0-5

Sample Radiological Results, pCi/g**

U-234

0.99+/-O.I7
0.402 +/- 0.091

1.04 V- 0.17
1.16 V-0.19
0.75 V- 0.14
1. 32V- 0.21
1.19 V-0.19
0.90 V- 0.16
1.93 V- 0.29
1.22 V- 0.20
1.13 V- 0.23
1. 22V- 0.24
0.57V- 0.14
0.82V- O.I 7
1.31 V-0.25
1.09 V- 0.22
0.97 +/- 0.20
0.69V- O.I 6
2.04 +/- 0.48
0.93 V- 0.22
1.62+/-0.43
21.0 V- 4.1
1IOV- 15

26.5 +/• 5.1
1.65 V- 0.24
5.13 V- 0.70
0.91 V-0.14
0.72 V- 0.19
0.91 V-0.16
1. OS V- 0.22
1. 27V- 0.53
2.43 V- 0.72
10.5V- 1.7

1. 30V- 0.20
0.84 V- O.I 5
1. 68V- 0.29
2.88 V- 0.72
0.64 V- 0.35
1.32 V- 0.19
0.63 V- O.I I

E

E
E

E

E
E

E

E
E
E

E
E

E

U-235

< 0.011
< 0.031
< 0.026
< 0 029
< 0.028
< 0.032
<0.028
< 0.023
< 0.026
< 0.025

0.025 V- 0.029
0.063 V- 0.045
0.020 V- 0.029

< 0.042
0.084 V- 0.054

< 0.043
< 0.073

. < 0.039
0.16 V- 0.12

0.061 V- 0.051
<0.17
<0.95

4.4V- 1.6
2.0 +/- I.I

0.073 V- 0.033
0.257 +/- 0.090
0.050 V- 0.021

<O.I2
< 0.024

0.061 V- 0.043
<0.36
<0.29

0.8 I-V- 0.33
0.039 V- 0.026
0.028V- 0.021

< 0.084
<0.23
<0.26

0.060 +/- 0.024
O.OI7+/-O.OI4

E
E

E

E
E

E

E

E

U-238

0.85 V- O.I 5
< 0.039

1.06 V- 0.18
I . I 3 + / - O . I 9
0.83 V- O.I 5
1. 24V- 0.20
1.18 V-0.19
0.86 V- O.I 5
2.11 V-0.31
1.24 V- 0.20
0.90 V- 0.20
1.0 IV- 0.21
0.53 V-0.14
0.76 V-0.16
1.1 7V- 0.23
1.1 8V- 0.24
1.13 V- 0.23
0.54 V-0.14
1.95 V- 0.46
0.8 IV- 0.21
1. 39V- 0.40
25.8 V- 4.7
101 V- 14

30.0 V- 5.5
1.67 V- 0.25
5.73 V- 0.77
0.80V- 0.12
0.82 V- 0.21
0.92 V-0.16
1. 00 V- 0.21
1. 40V- 0.53
2.36 V- 0.71
10.6 V- 1.7

1.31 V-0.20
0.65 V-0 12
1.40 V-0.25
2.1 8V- 0.61
0.71 V-0.38
1.45+/-0.20
0.62 +/- 0.11

E
E

E

E
E

E

E
E
E

E

E

Ra-226

1.51 +/- 0.281
0.802 +/- 0.1 73
1.33 */- 0.313
2.55 t - 0 4 1 4
1 49 +/- 0.192
2.32 +/- 0.355
2 08 -H- 0.312
1. 75 +/- 0.291
3.55 +/- 0.571
2.24 +/- 0.409
1.59 +/- 0.212
1. 42 +/- 0.203
1.20 +/- 0.157
2.92 +/- 0.330
1. 55 +/- 0.241
1. 83 +/- 0.238
1. 84 W- 0.261
1. 75 +/- 0.257
1. 17 W- 0.215
1. 22V- 0.2 II
2.42 +/- 0.342
49.2 +/- 3.21

R
R

3.34 +/- 0.370
7.44 t/- 0.669
2.61 +/- 0.262
1. 38 W- 0.222
3.65 +/- 0.351
1. 30 +/- 0.259
221 +/- 14.3
2.9 +/- 0.292
12.8 +/- 0.989
2.43 +/- 0.277
1. 55 +/- 0.245
4.42 +/- 0.624
9.38 +/- 0.660
1. 62 +/- 0.209
1. 75 +/- 0.240
I . I I + / - 0.202

E
E
E
E
E

Ra-228

11.6+/-0.956
2.73 +/- 0.354
I2.6+/- 1.06
I7 .2W- 1.39

4.67 +/- 0.404
36.0 -H- 2.50
19.7 +/- 1.46

6.01 +/- 0.653
74.2 +/- 4.98
25.5 +/- 1.90
5.96 +/• 0.550
7.81 +/- 0.633
I.08+/-0.2I7
12.9+/- 1.02

6.64 +/- 0.606
5.I4+/-0.523
8.44 +/- 0.720
5.66 +/- 0.580
2.31 +/- 0.362
2.29 +/- 0.348
1 0.3 +/- 0.951
379 +/- 24.0

R
R

20.3 +/- 1.48
68.1 +/-4.50
5.61 +/- 0.482
5.19 +/- 0.537
13.9+/- 1.05

9.50 +/- 0.851
2.77 +/- 0.966
9.74 +/- 0.734
99.5 +/- 6.48
7.81 +/- 0.700
4 52 +/- 0.508
24.9 +/- 2.07
34.6 +/- 2.27

4.41 +/- 0.457
2.25 +/- 0.363
17.0+/- 1.20

E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

Th-228

I 2 4 + / - 1.6
261 +/-0.39
I3.0W- 1.7
13.0 +/- 1.7

4.I3+/-0.57
3I.7+/-4.2
17.5 t/- 2.3

5 90 W- 0.79
77.0 +/- 10.0
25.6 +/- 3.2
7.7 +/- 1.0

8.13 +/- 1.1
I.07+/-0.24
9.2 +/- 1.2
14.2 +/- 1.8

5.31 +/-0.76
9.1 +/- 1.2

4.I7+/-0.64
18.6+/-2.4

4.52 +/- 0.65
120 +/- 22

443 +/- 140
1339+/-250
342 «. 1 10
16.8 +/- 2.0
65.6 +/- 7.7

4.75 t/- 0.64
4.93 +/- 0.71
10.3 +/- 1.4
8.2+/-1.0
208 +/- 25
13.7 +/- 2.1
132 +/- 16
9.6 +/- 1.2

3.70 +/- 0.48
10.8 +/- 1.5
87 +/- 1 1
5.7 +/- I.I

2.68 +/- 0.33

4.03 +/- 0.50

E

E
E

E

E

Th-230

2.93 +/- 0.50

0.94+/-O.I8
3.26 +/- 0.54
3. 10+'- 052
1.41 +/-0.24
7.6 +/- 1.3

5.I4+/-0.86
I.94+/-0.32
15.4+/-2.6

5.88 t/. 0.87
2.09 +/- 0.36
2.42 +/- 0.40
0.88 +/- 0.20
1. 78V- 0.33
2.83 +/- 0.47
1.77+/-0.33
1.81 +/-0.34
l.06t/-0.24
2.38 +/- 0.48
1.24+/-0.24
25.7 t/- 8.2
206 +/- 77
197 +/- 80
I54+/-63

2.37 +/- 0.33
9.5 +/- 1.2

1.22+/-0.2I
1.07+/-0.23
1.58+/-0.30
I.96+/- 0.31
27.5 +/- 3.7
4.59 +/- 0.90
16.3 +/- 2.4

2.I5+/-0.30
1.17 V- 0.18
I.70+/-0.38
10.7 +/- 1.7

I .84+/-0.5I
1. 52 t/- 0.20
I . I3+/ -O.I6

E

E
E

E

Th-232

12.4 i/- 1.6
2.35V- 0.35
13.3V- 1.7
134 V- 1.7

4.1 IV- 0.57 E
32.3 V- 4.2
18.4 V-2.4

6.17 17-0.82
73.3 V- 9.5

24.8 V- 3.1
7.7V- 1.0
8.2V- 1.1 E

1. 16 V- 0.24 E
8.2V- I.I

16.2 V- 2.0
4.76 V- 0.69
7.3V- 1.0

3.79 V- 0.59
17.5 V- 2.3

4.66 V- 0.66 E
122 V- 22

538V- 130
1185 V-220
355 V- 100
16.1 V- 1.9
60.0V- 7.1

4.47V- 0.041
3.90 V- 0.59
9.3V- 1.2
8.2V- 1.0
209 V- 25
12.8 V- 1.9
132 V- 16
9.2V- 1.1

3.23 V- 0.42
8.6V- 1.2
86 V- 1 1
5.7V- 1.0

2.44 V- 0.30
2.63 V- 0.34 E



APPENDIX B4
WELSBACH/GGM SITE

VICINITY PROPERTIES SAMPLING RESULTS (CONTINUED)

Sample Information (Soils)

Sample
Identification No.

WG-SS-SAP3-02
WG-SS-SAP3-03
WG-SS-SAP3-04
WG-SS-SAP3-05
WG-SS-SAP3-06
WG-SS-SAP3-07
WG-SS-SAP3-08
WG-SS-SAP3-09
WG-SS-SAP3-10
WG-SS-SAP4-OI
WG-SS-SAP4-02
WG-SS-SAP4-03
WG-SS-SAP4-04
WG-SS-SAP4-05
WG-SS-SAP4-06
WG-SS-SAP4-07
WG-SS-SAP4-08
WG-SS-SAP4-09
WG-SS-SAP4-10
WG-SS-SAP4-II
WG-SS-SAP5-OI
WG-SS-SAP5-02
WG-SS-SAP5-03
WG-SS-SAP5-04
WG-SS-SAP5-05
WG-SS-SAP5-06
WG-SS-SAP5-07
WG-SS-SAPWH
WG-SS-SAP6-02
WG-SS-SAP6-03
WG-SS-SAP6-04
WG-SS-SAP6-05
WG-SS-SAP7-OI
WG-SS-SAP7-02
WG-SS-SAP7-03
WG-SS-SAP7-04
WG-SS-SAP7-05
WG-SS-SAP7-06
WG-SS-SAP8-01
WG-SS-SAP8-02

Borehole
No.

2

3
3
4

5
6

1

2

3
4

5

6
1

2

3

4

'

2
3

'

2

3

1
2

Depth
(inches)

0-6
14-20
20-26
6-12
0-6
0-6
6-12
0-6
0-25
0-6
6-12
0-«
6-12
0-6
0-6

12-18
0-6
6-12
18-24
0-24
0-6

12-18
0-6

12-18
0-6

12-18
0-18
0-6
6-12

21-24
0-6
0-24
0-6
6-12
0-6
6-12
0-6
0-12
0-6
0-6

Sample Radiological Results, pCi/g**

U-234

0.58 +/- 0.11
0.64+/-O.I3
I.28+/-0.22
0.54 t / -O . IO
0.53V- 0.10
0.6 !+/- 0.11
0.66V- 0.11
0.59V-O.II
0.61 +/-0.1I
0.66V- O.I 8
1.04 V- 0.25
0.78V- 0.21
0.79 V- 0.20
1.01 V- 0.24
616 +/- 150

0.81 V-0.21
1. 90V- 0.78
I I I V-0.64

0.82 V-0.21
1. 00 V- 0.25
1. 58V- 0.55
0.95 V- 0.23
1.02 V- 0.42
1.1 9V- 0.47
0.69 V- 0.20
0.67V- O.I 5
0.53 V- 0.12
0.40 V- 0.11

<0.82
0.8 IV- 0.18
0.82 V- 0.19
0.57V- 0.14
I.OO+/-0.24
0.85 V- 0.22
0.73V- O.I 9
0.52 V- 0.16
0.70V- 0.19
0.72 V- 0.20
0.77 V- 0.20
0.87 V- 0.22

E

E

E

E
E
E

E

E
E

t

' U-235

0.039 +/- 0.025
0.036 V- 0.029
0.03 4 V- 0.027

< 0.023
0.19 V- 0.015
0.036 +/- 0.021
0.032 V- 0.019
0.030 V- 0.019

< 0.022
< 0.056

0.048 V- 0.051
0.068 V- 0.057

< 0.053
< 0.070

<5I
0.045 +/- 0.044

<0.40
<0.66

< 0.066
< 0.085
<0.26
< 0.063
<0.28
<0.27

< 0.097
0.024 V- 0.024
0.044 V- 0.031
0.056 +/- 0.040

<0.49
< 0.049

0.046 +/- 0.039
0.037 V- 0.032
0.044 V- 0.043
0.085 V- 0.063

< 0.081
< 0.051
< 0.073
< 0.081
<0.073
< 0.084

E

E

E

E
E
E

E

E
E

b

U-238

0.61 V-O. I I
0.77 V- O.I 5
096 t/- O.I 8

0.423 V- 0.088
0.452 V- 0.091
0.60 V- 0.11

0.503 V- 0.094
0.66V- O.I 2
0.62+/-O.II
0.64 +/- 0.18
0.80 +/. 0.21
0.78 +/- 0.21
0.95 V- 0.23
I.I 2V- 0.26
580 V- 150

0.94 +/- 0.23
2.64 +/- 0.94
1.62+/-0.77
1.01 +/- 0.24
1. 08V- 0.26
1. 06V- 0.45
0.78 +/- 0.20
1. 82V- 0.38
0.98 V- 0.42
0.77 V-0.21
0.62+/-O.I4
0.14V- 0.11
0.45V- O.I 2
I.I 5 +/- 0.60
0.84 +/- 0.18
0.71 V- 0.1 7
0.64+/-O.I5
0.75 V- 0.20
0.74 V- 0.20
0.57V- 0.17
0.40V- 0.13
0.62 V- 0.18
0.44 V- 0.16
0.55 V- O.I 7
0.79 V-0.21

E

E

E

E
E

E

E
E

E

Ra-226

1. 42 V- 0.227
1. 05 +/- 0.205
1 17+/-0.320

0.601 +/-O.I20
0.9 16 +/- O.I 56
I.49+/-O.I72
1. 24 +/- 0.161
1.26+/-0.177

0.929 +/- 0.149
1. 54 +/- 0.225
1.23+/-0.172
1.21 +/- 0.219
4.61 +/- 0.384
1.01 +/- 0.216
134 +/- 8.63

1.55+/-0.184
361+/-23.0
442 +/- 28.0
29.1 +/- 1.92
1.40 +/- 0.1 82
1. 93 +/- 0.333
1.54 +/- 0.211
1. 56 +/- 0.241
1. 62 +/- 0.208
1.17 +/- 0.188

0.909 +/- O.I 62
0.889 +/- 0.138
1. 09 +/- 0.168
8.03 +/- 0.557

0.939 +/- 0.121
0.913+/-0.148
0.964 +/- O.I 24
1. 09 +/- 0.216

0.984 +/- 0.171
2.II+/-0.216

0.775 +/- 0.1 55
0.904 +/- 0.2 10
1.00+/-0.177
1.26+/-O.I92
I.65+/-O.I93

Ra-228

4. 1 5 f/- 0.463

16.1 +/- 1.16
47.6t/-3.13
2.24 n- 0.255
5.65 +/- 0.485
2.12+/-0.261
2.53 +/- 0.282
3.46 +/- 0.370
1. 09 +/- 0.235
1. 05 +/- 0.359

0.9I5+/-0239
1. 06 +/- 0.296
2.74 +/- 0.373
1.33+/-0.3I7
6I.4+/-4.26
1.24 +/- 0.213

<2.2I
<1.55

1.30 +/- 0.412
1. 08 -W- 0.279
30.0+/-2.10

6.82 +/- 0.598
9.41 +/- 0.793
16.3 +/- 1.12

6.80 +/- 0.582
1. 44 +/- 0.246
1. 47 +/- 0.229
2.06 +/- 0.289
43.4 +/- 2.79
1. 24 +/- 0.190

0.672 +/- 0.199
0.701 +/- 0.163
0.832 +/- 0.361
0.924 +/- 0.234
0.640 +/- O.I 95
0.677 +/. 0.2%
0.778 +/- 0.327
0.985 +/- 0.258
2.76 +/- 0.344
3.52 +/- 0.372

E
E
E
E
E
E
E
E
E

Th-228

13.0 +/- 1.7

I769+/-22
25.4 t/- 3.9
2.49 +/- 0.33
6.03 +/- 0.74
2.03 +/- 0.27
2.89 +/- 0.38
3.21 +/-0.41
I.I8+/-0.17
0.76+/-0.19
I.32+/-0.27
I.02+/-0.25
1.41 +/-0.3I

' 1.61 +/-0.32
263 +/- 33

I.26+/-0.26
4.6 +/- 1.3
3.2V- 1.1

1.44+/-0.29
1.52+/-0.29
35.5 +/- 4.7
7.31 +/- 0.99
11.4 V- 1.8
19.4 +/- 2.8
8.1 +/- 1.1

1.77 V- 0.29
1.52+/-0.24
2.21 +/-0.34
33.4 +/- 4.8
I.75+/-0.29
0.56 +/- 0.15
0.90 +/- 0.19
0.89 +/- 0.21
0.70+/-O.I9
0.92 +/- 0.22
0.74 +/- 0.20
0.72 +/- 0.18
0.75 +/- 0.20
2.21 +/-0.38
3.62 +/- 0.56

E
E
E
E
E
E
E
E
E

E

E

E
E

E

E

Th-230

2.74 •*/- 0.51
28.4 +/- 4.9

4.7 -t.'- 1.2
0.98 I / - 0 . 15

I.53+/-0.2I
I .02+/-O.I5
1. IOW- 0.16
I . O I + / - 0 15
0.82+/-O.I3
0.69 t/- O.I 7
0.96 +/- 0.21
0.99 +/- 0.23
1.43 W- 030
1.23+/-0.26
422+/-51

l.ll +/-0.23
3.8 +/- 1.0

2.I3+/-0.77
I.I5+/-0.24
1.0S+/-0.23
4.9+/-I.O

I.60+/-0.30
3.73 t/- 0.84
4.37 +/- 0.91
1. 85-17- 0.33
0.82+/-O.I7
0.64+/-O.I3
0.65+/-O.I4

5.1+/- 1.2
1.01 W-0.19
0.68+/-0.15
0.75 +/- 0.16
I.17+/-0.24
0.70+/-O.I8
0.80 +/- 0.20
0.76 W- 0.19
0.81 •••/- 0.19
0.73+/-O.I8
0.85 t/- 0.19
I.25+/-0.26

E

E

E
E

E

E

Th-232

142 +/- 1.9
I67+ / -2 I

26.5 H- 4.0

242 i.'- 0.32
5.57 +/- 0.69
1.85+/-0.25
331 +/-0.42
3.23 +/- 0.41
I . I 6 + / - O . I 7
0.70+/-0.17
1.21 +/-0.24
1.02+/-0.23 E
1.31 +/-0.28
I.59+/-0.3I
262 +/- 33

I.29+/-0.26
3.24 +/- 0.93 E
3.2 !+/- 0.95
1.31+/-0.26
I.39+/-0.27
30.6 +/- 4.2
7.5 +/- 1.0
13.6 +/- 2.1 E
20.2 +/- 2.9 E
7.6 +/- 1.0

1.41 +/-0.24
1.41 +/-0.23
1.9I+/-0.30
30.3 +/- 4.4
1.30+/-0.23
0.78+/-O.I6
0.90+/-O.I8
0.88 +/- 0.20
0.63+/-O.I7 E
0.79 +/- 0.19
0.68 V- O.I 8
0.80 +/- 0.19
0.66+/-0.17
!.%+/- 0.34 E
3.63 +•/- 0.55



APPENDIX B-6
WELSBACH/GGM SITE

VICINITY PROPERTIES SAMPLING RESULTS (CONTINUED)

COoo
*

Sample Information (Soils)

Sample
Identification No.

WG-SS-SAP8-03
WG-SS-SAP9-OI
WG-SS-SAP9-02
WG-SS-SAP9-03

WG-SS-S API 0-01
WG-SS-SAPIO-02
WG-SS-SAP10-03
WG-SS-SAPIO-04
WG-SS-SAPII-OI
WG-SS-SAP II -02
WG-SS-S API 1-03
WG-SS-S API 2-01
WG-SS-S API 2-02
WG-SS-S API 3-01

WG-BM-23
WG-SS-SAPI4-OI
WG-SS-SAPI4-02
WG-SS-SAP14-03
WG-SS-SAP14-04
WG-SS-SAP 14-05
WG-SS-S API 4-06
WG-SS-S API 4-07
WG-SS-SAP14-08
WG-SS-SAP 14-09
WG-SS-SAPI4-10
WG-SS-SAPI4.il
WG-SS-S API 4- 12

WG-SS-S API 5-01
WG-SS-SAP 15-02
WG-SS-SAP 15-03
WG-SS-SAPI5-04
WG-SS-SAPI6-OI
WG-SS-S API 6-02
WG-SS-S API 6-03
WG-SS-SAP16-04
WG-SS-SAP16-05
WG-SS-SAP 16-06
WG-SS-SAPI6-07
WG-SS-SAP 16-08
WG-SS-SAP 16-09

Borehole
No.

3
1
2
3

'

2

1

2

'

1
NA

1

2

3
4
5

6
7
8
9
1

2
3
1

2

3

4
5

Depth
(inches)

0-6
0-6
0-6

0-3

0-6
6-12
0-6
6-12

6-12
0-6
0-6
6-12
0-6
3

0-6
6-12
6-12

12-18
6-12
0-6
6-10
6-12
6-12
0-8
0-18
0-6

12-18
0-5
0-6
0-6
6-12
0-8
0-6
6-12
18-24
0-6
0-6
6-12

Sample Radiological Results, pCi/g**

U-234

0.69 V- O.I 8
0.52V- O.I 3
0.55 V-0.14
0.63 V-0.15
1.02 V- 0.1 9
0.76 V-0.15
0.73 V-0.15
0.64V- 0.14

0.392 +/- 0.094
0.352V- 0.091
0.53V- 0.12

0.370 V- 0.098
0.71 V-0.15
0.57 V-0.14
0.59V- 0.13
1.13 V- 0.21
6.39 V- 0.85
0.42 V-O.II
0.69 V-0.15
0.70 V-0.15
0.65 V-0.14
0.57V- 0.1 3
2.32 V- 0.046
1.44 V- 0.53
0.78 V- 0.39
0.85 V- 0.22
0.77 V-0.16

0.99V- 0.1 9
0.88 V- O.I 8
1. 48V- 0.25
0.75 V-0.16
1. 00 V- 0.20

0.520V- 0.089
1. 27V- 0.25
1. 84V- 0.56
3.6V- 1.6
2.2V- 1.2

1. 36V- 0.47
2.0V- I.I

1.14 V- 0.21

E
E

E

U-235

< 0.058
0.019 V- 0.024

<0044
< 0.049

< 0.029
0,020 V- 0.019
0.034 V- 0.028
0.043 V- 0.031

< 0.032
< 0.024
< 0.024

0.016 V- 0.018
0.040 V- 0.029
0.045 V- 0.036
0.081 V- 0.044
0.033 V- 0.028
0.240 V- 0.083

<0.50
0.078 V- 0.044
0.027 V- 0.024
0.020V- 0.021

< 0.038
0.103 V- 0.050

<O.I3
<0.28
< 0.057
< 0.017

0.044V- 0.031
0.030V- 0.031
0.081 V- 0.43

0.034 V- 0.028
< 0.063

0.028 V- 0.016
< 0.094
<0.24
<0.87
<0.42

0.17 V-0.15
<0.95

0.037 V- 0.024

E
E

E

U-238

0.52 V-0.15
0.45V- O.I 2
0.52 V- O.I 3
075 V- O.I 7

0.91 V- 0.18
0.69 V-0.14
0.68 V-0.15
0.60 V-0 13

0.347 V- 0.087
0.3 17V- 0.085
0.45V- 0.10

0.339 V- 0.092
0.53V- 0.12
0.40V- 0.11
0.4 IV- 0. II
1.01 V-0.19
5.93V- 0.79
0.34V- 0.10
0.87V- O.I 8
0.80 V-0.16
0.77 V-0.15
0.53V- 0.13
1. 88V- 0.30
1.56V- 0.55
I.I IV- 0.48
0.73 V- 0.20
0.77 V- 0.16
0.90V- 0.1 7
0.83V- O.I 7
1.38V- 0.24
0.87V- O.I 7
1. 26V- 0.24

0.494 V- 0.086
1. 09V- 0.22
1.74 V- 0.53
4.3V- 1.7 '

<0.93

1.73V- 0.52

1.25 V-0.19

E
E

E

Ra-226

1.06 v- O.I 75
0700V- 0.145

1 26 +,-0 .177

1.33 >/ -O.I82
1.41 +/- 0.286

0.929 V- 0.264
1.08 V- 0.3 19

0.970 V- 0.270
0.633 V- 0.257
0.553 V- 0.194
0 806 V- 0.389

1. 14 V- 0.243
0.790 V- 0.253
0.950V- O.I 53
0.60 V- 0.22
4.55 +/- 0.446
91. 6V- 5.92

0.782V- 0.121
1. 49V- O.I 54
1. 24V- O.I 39
1. 12 V- 0.133
1. 18 V- 0.135
8 83 V- 0.622
9 22 V- 0.769
4.56 V- 0.404
1.31 V- 0.168
1. 16 V- 0.202

1.68 V- 0.211
0.881 V- 0.143
2.45 V- 0.275
1. 05V- O.I 86
2.66 V- 0.353

R
R
R
R

377 V- 23.9
150V- 9.51

2.11 V- 0.328
2.99 V- 0.349

E

Ra-228

1 .20 V- 0.287
0.784 +/- 0.227
1.53 V- 0.280

0.960 V- 0 243

l . l l V- 0.384
0.861 +/- 0.376

1. 32V- 0.5 16
0.982 V- 0.409

0.584 V- 0.530
0.711 V- 0.393
0.988 V- 0.406
0.902 V- 0.354
0.863 V- 0.334
0.599V- 0.2 12
0.73 V- 0.30
29.8 V- 2.05
319 V- 20.4

0.405V- O.I 32
0.898V- 0.152
0.810 V-0. 146
0.811 V-0. 140
3.25 V- 0.273
48.3 V- 3. 12
33.6V- 2.41
17.2 V- 1.25

2.99 V- 0.338
0.826 V- 0.274

3.74 V- 0.386
0.871 V-0. 197
1. 82V- 0.3 17

0.888 V- 0.329
I8.9V- 1.41

R
R
R
R

4I.OV-3.09
19.0 V- 1.35
66.3 V- 4.29
4.68 V- 0.579

E

E
E
E
E

Th-228

1.47 I'- 0.28
061 + / -O. I8

1.26 H- 0.27
097 < -024

0.95 V-0.16
0.83 V-0.15
0.71 V-0.14
0.55 V - O . I I

0.373 V- 0.093
0.353 V- 0.087

0 .49+ / -O . I I
0.55 V-0. 12
0.52 V-0. 12
0.56 V-0. 17
0.56 V-O.II
14.7 V- 1.8
168 V- 21

0.94 V-0.15
1.12 V- 0.17
1.02 V-0. 16
0.90 V-0. 14
3.52 V- 0.45
35.5 V- 5.9
41.3 V- 5.4

22.5 V- 3.2
8.8V- 1.2

0.78 V-0.15

3.82 V- 0.48
1.43 V-0.21
1.45 V- 0.21
0.97 V-0. 18
19.3 V- 2.4

1.18 V- 0.18
5.70 +/- 0.84
87V- 1.9
739 V- 90

52.4 V- 8.6
8.0V- 1.7

47.1 V- 7.9
7.7V- 1.0

p.

E

E

E

E

Th-230

0 85 +/- 0.20
0.71 V-0.18
066 V-0. 17

098 + /-0.23
0.99 V-0. 17

0.82 V-0. 15
0.71 V-0.14

0.60 V-0. 12
<0.48
< 0.320
<0.56

< 0.434
0.69 V-0. 13
0.83 V- 0.20

0.439 V- 0.094
2.45 V- 0.33
24.5 V- 4.4

0.497 V- 0.091
1.08 V-0. 16
1.04 V-0. 16
0.79 V-0. 12
0.94 V-0. 14

5.5 V- 1.7
7.7 V- 1.4

2.86 V- 0.72
1.43 V- 0.28
0.72 V-0. 14

1.43 V- 0.20
1.19 V-0.18
1. 56V- 0.22
0.75 V-0.15
3.10V-0.5I
0.66 V-0. 12
2.12 V- 0.12
4.8V- 1.2

106 V- 16
10.8 V- 3.0

2.06 V- 0.75
13.0 V- 3.3

2.77 V- 0.42

i:

E

E

E

Th-232

1.46 V. 0.28
0.69 V- 0 18

1.260.26
1.24 il- 0.26 1:

1.03 V. O.I 7

0.91 V-0.16
065 V-0. 13
0.64 V-0 12

0.386V- 0.091
0.352 V- 0.083
0.54 V-0. II
0.46 V-0. 10
0.57 V-0. 12
0.51 V-0.15

0.464 V- 0.097
13.2 V- 1.6
1 56V- 20

0.87 +/- 0. 14
1. 02V- O.I 5
0.97 V-0. 15
0.93 V-0. 14
2.67 V- 0.35
36.0 V- 5.8
54.7 +/- 7.0
1 8.8V- 2.7
9.2V- 1.2 E

0.85 V-0.16
3.79 V. 0.48
1.46V. 0.21
1.39V- 0.20
0.85 V-0. 16 E
16.9+7-2.1

0.97 V-0. 16 E
5.02 V- 0.75
8.8 +7+ 1.8
722 V-88

40.4 V- 7.0
5.8+7- 1.3
50.4 V- 8.2
7.33 +7- 0.96 E



ppfenENDIX B-8
WELSBACH/GGM SITE

VICINITY PROPERTIES SAMPLING RESULTS (CONTINUED)

Sample Information (Soils)

Sample
Identification No.

WG-SS-SAPI6-10
WG-SS-SAPI6-11
WG-SS-SAPI6-I2

WG-SS-SAPI6-I3
WG-SS-SAPI6-I4
WG-SS-SAPI6-I5
WG-SS-SAPI6-I6
WG-SS-SAPI6-I7
WG-SS-SAPI6-18
WG-SS-SAPI6-I9
WG-SS-S API 5-20
WG-SS-SAPI6-21
WG-SS-S API 6-22
WG-SS-S API 6-23

WG-SLAG-OI
WG-SS-SAP 17-01
WG-SS-S API 7-02
WG-SS-S API 7-03
WG-SS-SAP 17-04
WG-SS-S API 7-05
WG-SS-S API 7-06
WG-SS-S API 7-07
WG-SS-S API 7-08
WG-SS-SAPI7-09
WG-SS-SAPI7-10

WG-BRICK-OI
WG-SS-SAP17.il

——

WG-SS-SAPI7-I2
WG-SS-SAPI7-I3
WG-SS-S API 7- 14
WG-SS-S API 7- 15
WG-SS-SAPI7-I6
WG-SS-SAP 17- 17
WG-SS-SAPI7-I8
WG-SS-SAP 17- 19
WG-SS-SAP 17-20
WG-SS-S API 7-21
WG-SS-SAP 17-22
WG-SS-S API 7-23

Borehole
No.

6

7

8

9

10

I I
-

'

2

3

4

5
6
7

8

9
10

I I

12

Depth
(inches)

6-12
18-24
30-36
0-6

18-24
24-30
0-6

12-18
0-6
6-12
18-24
0-6
6-12
0-36

-
0-6

18-24
24-30
6-12
18-24
24-27
0-6
6-12
12-17
0-6
——
0-2

Sample Radiological Results, pCi/g**

U-234

I.03+/-0.20
9.0 +/- 2.6
2.0 «- 1.2

0.91 +/-0.2I
1.46 V- 0.81
0.42+/-O.I4
I.76+/-0.57
1.41 +/-0.38
0.45 +/- 0.10
I04+/-0.5I
0.69 +/- 0.19
1.74 +/- 0.64
0.66+/-0.18
0.8 !+/- 0.29

309 +/- 38
0.72 +/- 0.13

"•tm îjs**^y|jyjij§•MMI
0.58 +/- 0.11

g^nM|̂ B

S . I + / - I . I
0.94 +/- 0.41

0.079 +/- 0.035
I.43+/-0.63

E

E

E
E

E

;
E

U-235

< 1.073
< 1.3
<079

< 0.064

<0.3I

< 0.062
<0.25
<O.I4

< 0.026
<0.35
< 0.072
<0.43
< 0.062
<0.19

13.2 +/- 2.9

< 0.024 .
<5.59
<2.90

0.042 +/- 0.025
<4.29
<0.43
<0.21
< 179
<128

< 0.021
<0.44
<3.21

E

E

E
E

E

E
E

U-238

I.09+/-0.2I
S.I fl- 2.0
1.6+/- 1.0

1.07 f-0.24

1.I9+/-0.76
0.54+/-O.I6
I.04+/-0.44
I02+/-0.32
0.46 +/- 0.10
1.3 1+/- 0.58
0.64+/-O.I8
1.I4+/-0.5I
0.71 +/- 0.19
0.88 +/- 0.30

307 +/- 38

0.69 t/- O.I 3
748 +1- 52.4
609 +/- 39.7
0.60 +/- 0.12
580 +/- 39.8
5.0 +/- I.I

0.66 +/- 0.33
16500 +/- 1210
7700 +/- 657

0.080 +/- 0.036
1.54+/-0.66
366 +/- 26.2

E

E

E
E

E

E
E

Ra-226

R
R
R

4.24 +/- 0.371
2I2+/ - 13.5
16.5 +/- 1.14
97.0 +/- 6.22
9.53 +/- 0.702
0.906 +/- 0.198

47.2 +/- 3.03
4.25 +/- 0.342
2.46 +/- 0.405
1.59+/-0.217
1. 9 1 +/- 0.261
558 +/- 44.9

4.29+7- 0.431
235 +/- 15.1
185 +/- 11.8

2.52 +/- 0.277
I42+/-9.I9

45.6 +/- 3.07
6.54 +/- 0.585
2520 +/- 627

<427
1 1.8 +/- 1.29 .
5.84 +/- 3.63
86. !+/- 5.65

E
E
E
E
E
E
E
E
E
E
E
E

E

Ra-228

R
R
R

2.36 *•- 0.386
76.2 +/- 5 09

4.99 +/. 0.558
12.8 +/- 1.18

3.05 +/- 0.447
0.810 +/- 0.301
7.38 +/- 0.624
1. 50 +/- 0.255

29.4+/-2.I3
2.87 +/- 0.390
1. 34 +/- 0.329
28.3 +/- 3.78

19.8 +/- 1.46
1450 +/- 91.8
1 230 +/- 78.1
8.53 +/• 0.716
1010 +/- 63.9
340+/-2I.7
41.2 t/-2.80
1 1700 +/- 751
6150+/-403
64. 1 +/- 4.87
I1.4+/- 1.13
483 +/- 30.8

H
E
E
E
E
E
E
E
E
E

E

Th-228

4.53 +/- 0.73
1918 +/• 230
54.5 +/- 8.8

2.73 +/- 0.45
123 t/- 16

4.96 +/- 0.70
1 7.9+7-2.6

3.68 +/- 0.66
0.82 +/- 0.16

8.9 +/- 1.5
1.49+/-0.29
53.8 +/- 6.9

2.I9+/-0.38
I.09+/-0.33
27.9 +/- 4.5

I.36+/-0.20
1480 +/- 93.4
1080 +/- 68.6
0.76 +/- 0.13
959 +/- 60.8
I7.8+/-2.5
17.4 +/- 2.5

1 1000 +/- 700
5430 +/- 349
2.IO+/-0.28
10.3 +/- 2.2

468 +/- 29.7

E

E

Th-230

1 95 +/- 0.40
265 +/- 34
10.2 +/- 2.9
1.34 t / -0 .27
19.5 +/- 3.4

I.20+/-0.24
3.26 +/- 0.77
I.74+/-0.40
0.69+/-O.I4
2.I2+/-0.59
0.68+/-0 17

I2.7+/-2.0
I.04+/-0.23
0 94 +/- 0.28

344 +/- 42
< 0.028

< 0.027
!KBi1Liix..*̂ i

3.23 +/- 0.70
I.38+/-0.43

aSg îi'Cnw:,.;:,
< 0.034

2.47 +/- 0.95

E

E

Th-232

401 W-0.66

I562+/- 190
53.4 H- 86

3.16 1 - 0 5 0
122 +/• 16

5.05 +/-0.71
I6.5+/-2.4

3.99 +/- 0.69 E

1.00 +/- 0.18

8.4 -f/- 1.4 E
I.39+/-0.27
52.8 +/- 6.7
2.I7+/-0.38
1.35 i-/- 0.34
28.8 +/- 4.6
I.26+/-O.I9
1430 +/- 90.9
1 220 +/- 77.4
0.81 +/-O.I3
996 +/- 63.2
16.3 +/- 2.3
7.6 +/- 1.3

1 2500 +/- 807
5860 +/- 384
2.16+/-0.30
3.5 +/• 1.1

478 +/- 30.4
Samples were not collected from this borehole due to auger refusal

0-6
6-12
12-18
0-6
0-6
6-12
0-6

12-18
30-36
0-6

6-12
0-6

3.23 +/- 0.78
0.75 +/- 0.37

0.300 +/- 0.070
0,39 +/- 0.12
6.02 +/- 1.2
1.13+/-0.23
0.90 +/- 0 20

m&H&&,.^iat.
0.71 +/-0.39
I.60+/-0.7I
0.98 +/- 0.20
1.03+/-O.I9

E

<0.2I
<0.2I
< 0.024
< 0.065

0.32 +/- 0.23
0.053 +/- 0.042

< 0.070
<82.2
<0.27
<0.38
< 0.054

0.044 +/- 0.031

2.84 +/- 0.73
0.3 !+/- 0.23

0.289 +/- 0.069
0.35 +/- 0.11
6.5 +/- 1.2

0.87 +/- 0.19
0.93 +/- 0.20
2460 +/- 283
0.75 +/- 0.40
I.58+/-0.7I
0.77+/-O.I7
0.87 +/- 0.17

7.48 +/- 0.654
4.29 +/- 0.454
1. 35 +/- 0.198
1. 83 +/- 0.305
272 +/- 17.3

3.94 +/- 0.363
1. 05 t/- O.I 89

<256
6.05 +/- 1.02
42.2 +/- 2.73
3.14+/-0.260
I.42+/-0.337

36.8 +/- 2.57
21.3 +/- 1.61
3.38 +/- 0.394
9.I6+/-0.840
55.8 +/- 3.67
I25+/-0.976
2.60 +/- 0.352
2440 +/- 168
354 +/- 22.6
105 V- 6.71

2.I4+/-0.249
1. 08 +/- 0.442

E
E
E
E
E
E
E
E
E
E
E

22.3 +/- 3.1
16.5 +/- 2.4

I . I3+/-O.I7
4.62 +/- 0.63
33.1 W-4.4

4.78 +/- 0.65
I.16+/-0.22
2270 +/- 149
66.0 +/- 8.2

88 +/- 1 1
2.47 +/- 0.37
1.00-H-O.lt

E

E
E
E

2.99 +/- 0.69
2.86 +/- 0.70

< 0.025
< 0.044

3.83 +/- 0.82
< 0.045
< 0.082

7.0 +/- 1.2
I I . 6 + / - 2 1

I . I6+/-0.2I
0.87 +/- O.I 6

E

E

E

19.4 +/- 2.7

14.6 +/- 2.2
0.63+/-O.II
4.14+/-0.57
26.4 +/- 3.6
4.30 +/- 0.59
I . I8+/ -0 .2I E
2320 +/- 160
57.9 +/- 7.2 E

83 +/- 1 1
1. 97+7- 0.31 E
1.04 +/- 0.18

CO
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APPENDIX B-6

WELSBACH/GGM SITE
VICINITY PROPERTIES SAMPLING RESULTS (CONTINUED)

Sample Information (Soils)

Sample
Identification No.

WG-SS-S API 7-24
WG-SS-SAPI7-25
WG-SS-SAPI8-OI
WG-SS-SAPI8-02
WG-SS-SAP 18-03
WG-SS-SAPI8-04
WG-SS-SAPI8-05
WG-SS-SAPI8-06
WG-SS-SAPI8-07
WG-SS-SAP 18-08
WG-SS-SAP20-OI
WG-SS-SAP20-02
WG-SS-SAP20-03
WG-SS-SAP20-04
WG-SS-SAP20-05
WG-SS-SAP20-06
WG-SS-SAP20-07
WG-SS-SAP20-08
WG-SS-SAP20-09
WG-SS-SAP20-IO
WG-SS-SAP20-II
WG-SS-SAP20-12
WG-SS-SAP20-I3
WG-SS-S AP20- 14
WG-SS-S AP20- 15
WG-SS-S AP20- 16
WG-SS-SAP20-I7
WG-SS-SAP20-18
WG-SS-SAP20-I9
WG-SS-SAP20-20
WG-SS-S AP20-21
WG-SS-SAP20-22
WG-SS-SAP20-23
WG-SS-SAP20-24
WG-SS-SAP20-25
WG-SS-SAP20-26
WG-SS-SAP20-28
WG-SS-SAP20-29
WG-SS-SAP20-30
WG-SS-SAP20-31

Borehole
No.

13

1

2

3
4

1

2

3

4
4

5

6

7

8

9

10

11

Depth
(inches)

6-12
12-18
6-12
0-6

12-18
30-36

36-42
48-54
0-36
0-36
0-6
6-12
12-18
0-6
6-12
12-18
0-6
6-12
0-6
6-12
12-18
18-24
18-24
24-30
30-36
0-6
6-8
0-6
6-12
12-15
0-6
6-12
12-18
0-6
6-12
12-18
0-6
6-12
12-18
0-30

Sample Radiological Results, pCi/g**

U-234

0.88+/-0.18
1. 04 W- 0.19
0.62+/-0 16

8.1 +/- 1.4
9.5 +/- 3.0

0.46+/-0.13
< 0.045

0.72+/-0.14

0.373 +/- 0.093
0.52+/-O.II

ilfti^anniSfatH^BHBi
111*/- 59

0.84 +/- 0.55
<5.6

0.81 +/-0.53
0.43+/-O.I2
I.37+/-0.29
I2.1+/-4.9
8.6 +/- 4.4mm^i^
I I . I + / - 1.9

0.96 +/- 0.45
3.0 +/- 1.9

2.04 +/- 0.74
2.6+7- 1.1
7.3 +/- 2.9
2.8+/-I .1

riifii^fr^Stll'fcffilli'fMyta

IO.I+/-2.3

5.5 +/- 3.3
<1.7

0.62+/-O.I7
0.% +/- 0.36
0.90 +/- 0.21
0.78+/-0.15
0.64 t/. 0.13
0.52 +/• 0.11
0.49+/-O.II

.

E

E

-

U-235

0.059 +/- 0.039
< 0.035
< 0.050

0.53 +/. 0.32
< l . 5

< 0.058
< 0.024

0.036 +/- 0.026
< 0.030
< 0.025
<32.3
<5.90
<39

<0.67
<5.6
<0.65

0.085 +/- 0.054
0.29 +/- 0.12

<3.2
<2.7
<2.86

0.62 +/- 0.36
<0.39
< 1.6
<0.40
<0.62
< I 5
<0.59
<2.25
<0.69
<5.32
<2.8
<l .2

< 0.077
<0.18

< 0.059
0.077 +/- 0.040

< 0.030
0.0 19 +/- 0.0 18

< 0.029

E

E

U-238

I .OI +/-0.20
094+/-0 18
0.63 +/-O.I6

8.0 +/- 1.4

9.7 +/- 2.8

0.53 +/- 0.14
0.033 +/- 0.024

0.63+/-O.I3
0.44 +/- 0.10

0.378 +/- 0.090
689 +/- 139
190 +/- 27.1

<6I
0.84 +/- 0.58

<5.6
0.89 +/- 0.57
0.47+/-O.I3
0.99 +/- 0.23
10.6 +/- 4.6
5.7 +/- 3.6

136 +/- 15.3
9.6 +/- 1.7

I.22+/-0.53
<2.5

2.I2+/-0.73
2.8+/-I . I
6.4 +/- 2.7
3.3 +/- 1.2

80.6 +/- 9.26
9.0+/-2.I
168 +/- 20.8
3.7 +/- 2.7

< 1.4
0.84 +/- 0.21
0.92 +/- 0.35
0.63 */- O.I 7
0.74+/-O.I5
0.62 V- O.I 3

0.387 +/- 0.095
0.46 +/- 0.10

E

Ra-226

1. 46 »/- 0.366
1 20 </- 0.295

0. 772 +/- 0.331
2 10 t -0762
2.57 +/- 0.794
I.I 5 +/- 0.346
1.35 t/- 0.3 15
1. 05 +/- 0.360

0.697 +/- 0.178
0.587 +/- 0.2 15

548 +/- 39.7
167 +/- 11.3
284 +/- 18.7

7.07 +/- 0.549
18.8 +/- 1.29

2.07 +/- 0.220
0.903 +/- 0.208
I.5I+/-0.247
55.8 +/- 4.03
6I.I+/-4.49
47.2 +/- 3.52
25.1 +/- 1.79
3.98 +/- 0.575
6.46 +/. 0.697
8.56 +/- 0.885
17.9+/- 1.43
29.2+/-2.IO
34.4 +/- 2.54
41.4 +/- 2.88
52.5 +/- 3.83
83.5 +/- 5.94
26.2+/-2.17
7.77 +/- 0.753
I.81+/-0.404
2.40 +/- 0.347
0.984 +/- 0.241
0.902 +/- 0.290
0.699V- 0.271
0.525 +/- 0.336
0.685 +/- 0.180

E

E

Ra-228

1.29 +/- 0.5 19
1 27 +/- 0.569

< 2 8 7
29.8 +/- 2.82
3I.5+/-2.80

< 0.898
< 0.972
< 0 6 I 8
< 0.498
< 0.521

1420 +/- 97.4
316 +/- 21.3
526 +/- 34.7
18.3 +/- 1.33
77.3 +/- 5.02
5.96 +/- 0.509
1.1 7 +/- 0.350
1.28 <•/- 0.334
179 W- 12.1
276 +/- 18.3
175 +/- 11.9

92.1 +/-6.1I
32.5 V- 2.44
55.5 V- 3.85
62.4 +/- 4.34
67.1+/-4.70
105 +/- 6.99
143 +/- 9.57
1I8+/-7.87
182 +/- 12.3
248 +/- 16.7
80.0 +/- 5.97
25.9 +/- 2.03
5.93 +/- 0.809
6.34 +/- 0.755
1. 37 +/- 0.407

0.597 +/- 0.589
0.674 +/- 0.421
0.807 +/- 0.261
0.455 +/- 0.272

E

Th-228

1. 23 t/- 0.22
0.94+/-O.I7
2.I6+/-0.37

46.0 H- 5.9
50.1 +/-S.9

0.77 W- 0.12
0.81 +/-O.I6
067+/-0.14

0.419-17-0.096
0.48 +/- 0. 1 1
1 020 +/- 67.5
320 +/- 20.8
354 +/- 120
16.9 +/- 3.0
78+/- 17

13.9 +/- 25
0.94 +/- 0.19
2.25 +/- 0.35
237 +/- 39
338 +/. 52

172 +/- II. 1
1I9+/- 15
15.6+/-3.0
33.0 t/- 8.4
38.3 t/- 5.6
55.9 +/- 8.7
105 +/- 18
94+/- 13

1 12 +/- 7.23
851 +/- 100
242 +/- 15.7

79 +/- 14
19.8 +/- 4.4

5.33 +/- 0.75
5.7 +/- 1.0

1 I6+/-024
0.59 +/- 0.12
0.42 -H- 0.11

0.388 t/- 0.094
0.287 +/- 0.074

E

Th-230

0.99+/-0 18
0.94 W-0.17

<0.63
70* ; - 1.3

22. 1 +/- 4.6
0.92 +/- 0.1 36
0.73 +/-O.I4

0.67+/-0.13
< 1.47
<0.44

**iia£i*̂
206+/-75
7.5 +/- 1.6
28.3 +/- 8.8
5.3 «•/• 1.3

0.83+/-O.I7
I.72+/-0.26

43 +/- 13
46+/- 13

-.•Al-aik îfckjaiJ
16.3 +/- 2.9
3.7 +/- 1.2
7.0 +/- 3.4
6.4 +/- 1.5
8.3 +/- 2.4
24.5 +/- 6.8
14.5 +/- 3.4

105+/-I5

20.0 +/- 5.9
6.6 +/- 2.2

1.26+/-0.25
1 34+/-0.40

<0.59
< 0.346
<0.47

<0.46
<0.61

E

Th-232

0.99 + / - O . I 8
0.95 + / - O . I 7
1.73 +'-0.31
42.8 i/- 5. 5
38.8 4/. 6.8

0.82 +/- 0.12
084 +/-O.I6
068+/-0.13
0.46 +/- 0.10

0.41 2 +/- 0.097
1480 +/- 102
330 +/- 22.3
427 +/- 1 10
18.3 +/- 3.1
85+/- 17

103 +/- 2.0
0.84+/-0.17
2.33 +/- 0.35
228 +/- 37
334+/-SI
177 +/- 11.9
1I6+/- 15
16.1 +/-2.9
26.9 +/- 7. 1
36.5 +/- 5.3
62.6 +/- 9.4
103 +/- 17 E
91 +/- 13 E

119+/-7.92
866 +/- 100
249 +/- 16.8

80 +/- 14
17.1 +/-3.9

5.I6+/-0.73
7.2+/-I .2

I . IO+/-0.22
0.4 IO+/- 0.090
0.351 +/- 0.093
0.363 +/- 0.087
0.290 +/- 0.075



APPENDAPPENDIX B-8
WELSBACH/GGM SITE

VICINITY PROPERTIES SAMPLING RESULTS (CONTINUED)

Sample Information (Soils)

Sample
Identification No.

WG-SS-SAP-BG-OI
WG-SS-SAP-BG-02
WG-SS-SAP-BG-03
WG-SS-SAP-BG-04
WG-SS-SAP-BG-05

Borehole
No.

NA

NA

NA

NA

NA

Depth
(inches)

0-24
0-24

0 - 2 4
0 - 2 4

0-24

Sample Radiological Results, pCi/g**

U-234

0.68 4/-O. I4

0.31 6 +/- 0.091

0.53 +/-O.I2

0.72 +/- 0.15

0.70+/-O.I4

U-235

< 0.015

< 0.017

0021 +/- 0.020

t 0 039

0.015 +/- 0.016

U-238

0.57 +/- 0.13

0.345 +/- 0 095

0.44 +/- 0. 1 1

0.71 W-0.15

0.58+/-O.I2

Ra-226

I.OO+/-O.I60

0.399 +/- 0.206

0.978 +/- 0.161

1.21 +;- 0.326

0.848 +/- 0.324

Ra-228

0.527 <•/- 0.200

0.544 +/- 0.412
0.411 • /- 0.249

0626 <,- 0.405

0.506 +/- 0 488

Th-228

0.423 +/- 0.099

0.363 +/- 0.098

066+/-0.14

091 t '-O 16

0.60 */- O.I 2

Th-230

< 0.72

<0.4I

•-0.5I

0.82 il- 0.15

< 0 58

Th-232

0.354 +/- 0.086

0.44 +/- 0.10

0.60 +/- 0.12

0.77 t '-0.14

0.53 t/-0.1l

Notes:
E - Estimated Value
R - Analysis did not Pass EPA QA/QC
SAP - Study Area Property
BG - Background

- Sample not Analyzed for this Radionuclide
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APPENDIX C

WELSBACH/GGM SITE

RISK ASSESSMENT TABLES

REMEDIAL INVESTIGATION AND FEASIBILITY STUDY
WELSBACH/GGM SITE

CAMDEN AND GLOUCESTER CITY
CAMDEN COUNTY, NEW JERSEY
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APPENDIX C
HUMAN HEALTH EVALUATION

• Data Utilization

• Respirable Particulates Model

• Home-Grown Produce Model

• Concentration-Toxicity Screen and Chemicals of Potential of Concern Selection

• Essential Nutrient Screen

• Radiological Risk - RAGS Exposure and Risk Summaries

Radiological Risk - RESRAD/RESRAD-BUILD Exposure and Risk Summaries

• Chemical Risk - Exposure and Risk Summaries

•• Toxicological Profiles
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DATA UTILIZATION

Before calculating 95% upper confidence limits (UCL) on the arithmetic average concentrations
of the radionuclides of potential concern, the Shapiro and Wilk W test (for sample sizes > 1 0 and
< 50) or D'Agostino's D test (for samples sizes > 50) were run on the data to determine if the
data sets are consistent with a normal distribution (Gilbert, 1987).

If the data set was found to be consistent with the normal distribution, the 95% UCL was
calculated from the following equation (USEPA, 1992):

UCL = x + t(s/nl/2)
where:

x = the arithmetic average of the data
s = the standard deviation of the data
t = Student-t statistic
n = sample size

If the data set was not found to be consistent with the normal distribution, the 95% UCL
concentration was calculated from the following equation (USEPA, 1992):

/x + o 5s2 + sH m}X U'DS S"

where:
UCL = 95% upper confidence limit on the arithmetic average
e = constant (base of the natural log)
x = the arithmetic average of the transformed data
s = the standard deviation of the transformed data
H = statistic for a one-sided 95% confidence limit on a lognormal average
n = sample size

The results of the W or D tests, the maximum detected concentration, the appropriate 95% UCL
concentration, and the exposure point concentration for each chemical and radionuclide of potential
concern with a sample size > 10 in each medium for the Sites are presented in their respective
Standard Table 3 on the proceeding pages. For the chemical analysis, the calculation of a 95% UCL
is inappropriate due to the limited number of samples; hence, the maximum detected concentration
is used.

References

Gilbert, R.O. 1987. Statistical Methods for Environmental Pollution Monitoring. New York. NY:
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RESPIRABLE PARTICULATES MODEL

The methodology to evaluate the potential exposure of workers to respirable particulates emitted
during the course of excavating soil during construction or utility maintenance activities is described
below. The modeling required determination of an emission rate, an emission flux, and the
concentration of respirable particulates in the ambient air at the excavation.

Emission Rate and Emission Flux

The emission rate calculation considered the digging of an 1.5 m wide x 5.0 m long x 5.0 m deep
excavation by a bulldozer. A bulldozer was assumed for this analysis since an emission rate
equation is available for a bulldozer and not a backhoe. Only emissions from the digging of the
excavation were calculated; the soil removed from the excavation was assumed to be placed on the
side of the excavation and covered to prevent wind-generated respirable particulates.

The following equation (USEPA, 1989) was used to derive an emission rate (in g/s) for respirable
particulates:

[0.45 (s)! 5 (M)-'4]
where:

s = silt content of the soil in weight %
M = moisture content of the soil in weight %

Since soil particle size analyses were not conducted during the RI, a silt content of 16 % is assumed:
this value represents the average of data for Camden and Gloucester Counties (NJDEP 1993). \
moisture content of 10.2 % is used; this value represents the average moisture content, as reported
for chemical analyses, of all subsurface soil samples collected during the RI. Solving the above
equation resulted in a respirable particulate emission rate of 0.31 g/s, as presented below:

= [0.45 (16)'5 (10.2)'14]
= [0.45 (64) (0.039)]
= 1.12 kg/hour
= 0.31 g/s

An emission flux of 0.04 g/s-m2 was derived by dividing the emission rate by the surface area of the
excavation (0.31 g/s + 7.5 m2).

Air Concentrations

Ambient air concentrations for workers exposed to the excavation emissions were determined using
the USEPA-approved Point, Area and Line source (PAL2.1) model, version 89272, (USEPA, 1987)
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assuming that the excavation represents an area source of emissions. Unlike other area source
models, such as the Industrial Source Complex (ISC) model and SCREENS, PAL2.1 has the
capability of determining impacts above area sources, as well as downwind of a source. PAL2.1 is
a diverse model that can be used to estimate dispersion for point, area and line sources using
Gaussian-plume steady-state assumptions. Simultaneous modeling of multiple sources and source
types can be performed to calculate impacts of non-reactive chemicals at a large number of receptors.
Also, user-specified meteorological options allow for input of site-specific conditions that are
representative of the site being modeled.

For this analysis, the source was modeled as a 1.5 m x 5.0 m flat area source. Nine receptors were
used in the analysis. Eight receptors were placed along the edge of the excavation; one at each of
the four corners, and one at the center of each side. In addition, one receptor was placed over the
center of the excavation. All receptors were placed at a height of 1.8 m to simulate the height of a
worker. The meteorological data consisted of an array of 54 meteorological conditions as used in
the USEPA-approved screening level model, SCREENS (USEPA, 1995a). These conditions
represented 54 combinations of stability classes (1 to 6) and wind speeds (1 m/s to 20 m/s) that could
occur in the atmosphere. The wind directions were set so that the wind would blow directly towards
each of the receptors. Model options selected for the analysis included: a typical anemometer height
of 6.1 meters, a mixing height of 5000 m, and an average temperature of 293 °K. The wind was
assumed to be constant below 10 meters (as fixed by PAL2.1). The analysis was performed for both
the rural and urban land use classifications. The emission rate of the area source was set at 1 g/s-m2.
Output was then in the form of g/m3 per g/s-m2.

Results

"The rural and urban modeling analyses predicted maximum 1-hour average unitized impacts of
0.0268 and 0.1302 g/m3 per g/s-m2, respectively, at the corners of the excavation. The maximum
1 -hour average respirable particulate concentration (in kg/m3) in the ambient air at the excavation
was calculated from the following equation.

C = [1-hour unitized impact in g/m3 per g/s-m2] x [emission flux in g/s-m2] x [0.001 kg/g]

Based on the urban land use classification, the maximum 1-hour average respirable particulate
concentration is 5.21E-06 kg/m3, as presented below.

= [0.1302 g/m3 per g/s-m2] * [0.04 g/s-m2] * [0.001 kg/g]
= 0.00000521 kg/m3

Concentrations of the non-volatile radionuclides and chemicals of potential concern associated with
this respirable particulate concentration are calculated in the Human Health Evaluation.
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HOME-GROWN PRODUCE MODEL

Root Vegetables

The carrot serves as a surrogate for root vegetables grown in home gardens. Carrots are
assumed to accumulate radionuclides of potential concern only through uptake from soil. It is further
assumed that the carrots are washed before eaten, so that soil adherence to the carrots will not
contribute to the chemical intake. To calculate radionuclide concentrations in carrots, the 95% UCL
concentration or the maximum concentration in soil is multiplied by a radionuclide-specific root
uptake factor (RUF).

RUFS for the radionulclides are based upon transfer coefficients developed by Baes
et al. (1984) for tuber crops. The values presented in the following table have been adjusted to
reflect the wet weight of each vegetable or fruit. For carrots, the moisture content accounts for
approximately 88% of the total wet weight (Baes et al., 1984). Therefore the transfer coefficient is
multiplied by 12%. Additional factors affect the bioavailabilty of radionuclides and the extent of
root uptake including characteristics of the plant (species, age) and the soil properties (pH, organic
content, cation exchange capacity, concentration of other metals, temperature, and aeration). Thus,
in the absence of information regarding site-specific soil characteristics, the calculated RUFS should
be considered best approximations.

Above-Ground Vegetables

To evaluate the potential exposure from eating "above-ground" vegetables and fruits (i.e.,
lettuce and tomatoes), the accumulation of radionuclides in the edible parts of the plant must be
considered. The effective uptake of radionuclides from the soil depends upon the efficiency of root
absorption and translocation to the edible portions. The radionuclide concentration in the edible
portions of lettuce and tomato plants can be estimated by multiplying the 95% UCL concentrations
or the maximum concentrations of each radionuclide of potential concern in soil by a plant uptake
factor (PUF). Similarly to the roots, the potential for radionuclide translocation to the above-ground
plant parts depends largely upon the characteristics of the radionuclide and the plant.

The PUFs for the uptake and translocation of the radionuclides to above-ground plant parts
are based on transfer coefficients developed by Baes et al. (1984), similarly to those applied in
evaluating carrots. Presented PUFs for radionuclides in lettuce are based upon transfer coefficient
developed for vegetative plant parts (leaves and stems). The values presented in [able ( ) - l
incorporate a dry-wet weight conversion factor assuming that lettuce typically has a 95% moisture
content (Baes et al., 1984). For tomatoes, transfer coefficients developed for fruits were used in the
intake estimates, assuming that the typical tomato has a 94% moisture content (Baes et al.. 1984)
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ROOT AND PLANT UPTAKE FACTORS

RADIONUCLIDE

Uranium-234

Uranium-238

Radium-226

Radium-228

Thorium-228

Thorium-230

Thorium-232

Lead-210

PUF
LETTUCE

4.25E-04

4.25E-04

7.50E-04

7.50E-04

4.25E-05

4.25E-05

4.25E-05

2.25E-03

RUF
CARROTS

4.80E-04

4.80E-04

1.56E-04

1.56E-04

1.02E-05

1.02E-05

1.02E-05

1.08E-03

PUF
TOMATOES

5.10-04

5.10-04

9.00E-04

9.00E-04

5.10-05

5.10-05

5.10-05

2.70E-03

References
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CONCENTRATION-TOXIGITY SCREEN AND CHEMICALS OF POTENTIAL
CONCERN SELECTION

A concentration-toxicity screen was performed in accordance with USEPA guidance (USEPA.
1989). The purpose of the screen is to identify chemicals in a particular medium that most likely
contribute significantly to the risk estimates. The screen is based on the maximum detected
concentrations and USEPA toxicity criteria as represented by reference doses for non-carcinogenic
effects and slope factors for carcinogenic effects. Individual chemical scores or risk factors are
calculated by dividing the maximum detected concentration by the reference dose or multiplying by
the slope factor. The individual risk factors are summed for a total risk factor and then the ratio of
the individual risk factors to the total risk factor approximates the relative risk of each individual
chemical. Chemicals with relative risks greater than 1% (0.01) are selected as chemicals of potential
concern (COPC). Chemicals with relative risks less than 1% are eliminated from the human health
evaluation.

The screen was performed using only oral toxicity criteria since no air quality data \\crc
collected. However, since inhalation of respirable particulates is a pathway of concern, for those
chemicals with inhalation toxicity criteria a second concentration/toxicity screen was performed to
determine if chemicals in a particular medium may be likely to contribute significantly to the risk
estimates for the inhalation pathway.

Chemicals without toxicity criteria were selected as chemicals of potential concern if they
could not be eliminated based on the other criteria (i.e., frequency of detection, background
concentration, or nutrient screening concentration); they are evaluated qualitatively in the human
health evaluation.

The results of the screen, including the reason for selection or elimination as chemicals of
potential concern where not based solely on the screen, are presented on the following pages.

References

U.S. Environmental Protection Agency. 1989. Risk Assessment Guidance for
Superfund Volume I: Human Health Evflhiation Manual (Part AV Interim Final.
EPA/540/1-89/002. Washington, DC: Office of Emergency and Remedial Response.
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CONCENTRATION/TOXICITY SCREEN AND SELECTION OF COPC
SUBSURFACE SOIL WELSBACH

CHEMICAL

Acetone
Acenaphtliene
Acenaplhylene
Anthracene
Benzo(a)Anthracene
3enzo(b)Fluoranibene
Bouo(a)Pyrene
Benzo(g,h,i)Perylene
Bis(2-Ethylhexyl)Phlhalate
Chrysene
[)ibenzofuran
1,2-Dichlorobenzene
Fluoranthene
rluorene
lndeno(l,2,3-cd)Pyrene
Naphthalene
2-Methylnaphthalene
Phenanthrene
Pyrene
Aroclor-1248
Aroclor-1254
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Sodium
Vanadium
Zinc

Frequency
of Detection

3 / 10
2 / 10
1 / 10
4 / 10
6 / 10
6 / 10
6 / 10
4 / 10
2 / 10
6 / 10
1 / 10
1 / 10
6 / 10
1 / 10
4 / 10
1 / 10
1 / 10
6 / 10
6 / 10
1 / 9
I .-•/.. 9
9 / 9
1 / 9
9 it •" 9
9 / 9
8 / 9
3 / 9
9 / 9
9 / 9
9 / 9
9 / 9
9 / 9
9 / 9
9 / 9
9 / 9
7 / 9
9 / 9
9 / 9
I / »
9 / 9
9 / 9
7 / 9

Detected Concentrations
Range
mg/kg

0.076 - 0.15
04 - 17
1.2 - 1.2

0.54 - 7.8
0.3 - 5.2
0.4 - 9.3

0.25 - S.1
0.47 - 1.5

0.049 - 2.7
0.3 - 4.8
16 - 16

0.85 - 0.85
0.59 - 12

14 - 14
0.57 - 1.9

44 - 44
29 - 29

0.51 - 25
0 64 - 1 1
0.3 - 0.3

0.33 .-.--. 0.33
1220 - 9100

1.8 - 1.8
2.7 - 272
5.2 - 208

0.09 - 1.2
0.08 - 019
148 • 19700
4.1 - 17.4

0.52 - 4.2
1.9 - 62.3

4020 - 18300
1.7 - 617
89 - 9040

3 - 147
0.03 - 0.91
0.71 - 23
297 - 832

0.77 - 0.77
4'.6 - 145
7.3 - 34.5
5.3 - 89

Average
mg/kg

3686.667
14

46.43333
47.74444

0.4375
0.143333
4311.889

10.5
2.72

22.72222
8905.556
169.9556
2012.222
74.12222
0.377143

6.69
537

0.77
68.77778
16.71111

41.7

Oral Risk Relative Screen
Reference Factor Risk

Dose
mg/kg-day

IE-01 1.50 0.00 NO
6E-02 283.33 0.00 NO

0.00 0.00 NO
3E-01 26.00 000 NO

0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO

2E-02 135.00 0.00 NO
0.00 0.00 NO

4E-03 4000.00 0.00 NO
3E-OI 2.83 0.00 NO
4E-02 300.00 0.00 NO
4E-02 350.00 0.00 NO

0.00 0.00 NO
4E-02 1100.00 0.00 NO
4E-02 725.00 0.00 NO

0.00 0.00 NO
3E-02 366.67 0.00 NO
2E-05 15000.00 0.01 YES
2E-05 16500.00 0.02 YES

I.OOE-KX) 9100.00 0.01 YES
4.00E-04 4500.00 0.00 NO
3.00E-04 906666.67 0.87. YES
7.00E-02 2971.43 0.00 NO
2.00E-03 600.00 0.00 NO
IOOE-03 190.00 0.00 NO

0.00 0.08 NO
I.OOE+00 17.40 0.00 NO
6.00E-02 70.00 0.00 NO
3.70E-02 1683.78 0.00 NO
3.00E-OI 61000.00 0.06 YES

0.00 0.00 NO
0.00 0.00 NO

2.30E-02 6391.30 0.01 YES
0.00 0.00 NO

2.00E-02 1150.00 0.00 NO
0.00 0.00 NO

5.00E-03 154.00 0.00 NO
0.00 0.00 NO

7.00E-03 4928.57 0.00 NO
3.00E-01 296.67 0.00 NO

Total Relative Risk: 1038510

Oral Weight of Risk Relative Screen
Slope Evidence Factor Risk
Factor Classification

(mg/kg-day)'
D 0.00 0.00 NO
D 0.00 0.00 NO
D 0.00 0.00 NO
D 0.00 0.00 NO

7.3E-OI B2 3.80 0.01 YES
7.3E-01 B2 6.79 0.01 YES
7.3E+00 B2 37.23 0.08 YES

D 0.00 0.00 NO
I.4E-02 B2 0.04 0.00 NO
7.3E-03 B2 0.04 0.00 NO

D 0.00 0.00 NO
D 0.00 0.00 NO
D 0.00 0.00 NO
D 0.00 0.00 NO

7.3E-OI B2 1.39 0.00 NO
D 0.00 0.00 NO
D 0.00 0.00 NO
D 0.00 0.00 NO
D 0.00 0.00 NO

2.0E+00 - 0.60 0.00 NO
2.0E+00 - 0.66 0.00 NO

0.00 0.00 NO
0.00 0.00 NO

1JOE+00 A 408,00 0.99 YES
0.00 0.00 NO

Bl 0.00 0.00 NO
Bl 0.00 0.00 NO

0.00 0.00 NO
0.00 0.00 NO

ND 0.00 0.00 NO
D 0.00 0.00 NO

0.00 0.00 NO
B2 0.00 0.00 NO

0.00 0.00 NO
D 0.00 0.00 NO
D 0.00 0.00 NO

0.00 0.00 NO
0.00 0.00 NO

D 0.00 0.00 NO
0.00 0.00 NO

ND 0.00 0.00 NO
D 0.00 0.00 NO

Total Relative Risk: 458.53

Background Screen
Published Average

Concentrations'
mg/kg

•57000
0.07
8.26
•229
1.07
0.65

•6300
12.1
•5.3
42.2
•33

177.7
•4600

335
0.5

16.6
•12000

0.06
7800
22.6

162.3

2X
Average
mg/kg

114000
0.14

16.52
4S8
2.14

1.3
12600

24.2
10.6
84.4

66
355.4
9200
670

1
33.2

24000
0.12

15600
45.2

324.6

Nutrient
Screen

Child/ Adult
mg/kg

>lE+6

50.000 / 200,000

400,000 />lE+6

>IE+6

>lE+6

Other Reason for
Selection or
Elimination

No; <2X
Ye»; >2X
Y« >2X »
No; <2X
No; <2X
No; <2X
No; nsc
No; <2X
No; <2X
No; <2X
No; nsc
No; <2X, <EPA criteria-
No; nsc
No; <2X
No; <2X
No; <2X
No; nsc
Yn;J-2X
No; nsc
No; <2X
No; <2X

1 - New Jersey Department of Environmental Protection and Energy Site Remediation Program and Division of Science and Research. 1993. A Summary of Selected Soil Constituents and Contaminants at Background Locations in New Jersy.
2 = USEPA, 1996. Recommendations of the Technical Review Workgroup for Lead for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil. Technical Review Workgroup for Lead.
• = Dragun andChiasson 1991.
no toxcrit - Oral loxicity information is not available.
2X = Two times average background.
nsc - Nutrient screening concentration
I7d » Frequency of detection.



CONCENTRAT1ON/TOXICITY SCREEN AND SELECTION OF COPC
SUBSURFACE SOIL WELSBACH

CHEMICAL

Acetone
Acenaphthene
Acenapthylene
Anthracene
Benzo(a)Anthracene
Benzo(b)Fluoranthene
Benzo(a)Pyrene
Benzo(g,h,i)Perylene
Bis(2-Eihyihcxyl)Prithalate
Thrysene
Dibenzofuran
1 ,2-Dichlorobenzene
Fluoranthene
Rluorene
Indeno(l,2,3-cd)Pyrenc
Naphthalene
2-Methylnaphthalene
Phenanthrene
Pyrene
Aroclor-1248
Aroclor-1254
Aluminum
Antimony
Arsenic ' - . / • • • • • , .
3arium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
vlagnesium
Manganese
Mercury
Nickel
^otassium
Selenium
Sodium
Vanadium
Zinc

Frequency
of Detection

3 / 10
2 / 10
1 / 10
4 / 10
6 / 10
6 / 10
6 / 10
4 / 10
2 / 10
6 1 10
1 / 10
1 / 10
6 / 10
1 / 10
4 / 10
1 / 10
1 / 10
6 / 10
6 / 10
1 / 9
1 / 9
9 / 9
1 / 9
9 / 9
9 / 9
8 / 9
3 / 9
9 / 9
9 / 9
9 / 9
9 / 9
9 / 9
9 / 9
9 / 9
9 / 9
7 / 9
9 / 9
9 / 9
1 / 9
9 / 9
9 / 9
7 / 9

Detected Concentrations
Range
mg/kg

0.076 - 0.15
0.4 - 17
1.2 • 1.2

0.54 - 7.8
0.3 - 5.2
0.4 - 9.3

0.25 - 5.1
0.47 - 1.5

0.049 - 2.7
0.3 - 4.8
16 • 16

0.85 - 0.85
0.59 - 12

14 - 14
0.57 - 1.9

44 - 44
29 - 29

0.51 • 25
0.64 - 1 1
0.3 - 0.3

0.33 - 0.33
1220 - 9100

14 - 14
. " 2.1 - ,v272 •:.-

5.2 - 208
0.09 - 1.2
0.08 - 0.19
148 - 19700
4.1 - 17.4

0.52 - 4.2
1.9 - 62.3

4020 - 18300
1.7 - 617
89 - 9040
3 - 147

0.03 - 0.91
0.71 - 23
297 - 832

0.77 - 0.77
4.6 - 145
7.3 - 34.5
5.3 - 89

Average
mg/kg

3686.667
1.8

46.43333
47.74444

0.4375
0.143333
4311.889

10.5
2.72

22.72222
8905.556
169.9556
2012.222
74.12222
0.377143

6.69
537

0.77
68.77778
16.71111

41.7

Inhalation Risk Relative Screen
Reference Factor Risk

Dose
mg/kg-day

0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO

6E-02 14.17 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 .Jf .OOO NO

I.OOE-04 2080000.00 0.16 YES
6.00E-03 200.00 0.00 NO

0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO

5.7 IE-06 735551.66 0.06 YES
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO '

I.43E-05 10279720.28 0.78 YES
9.00E-05 101 II. II 0.00 NO

0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO
0.00 0.00 NO

Total Relative Risk: 1 3 1 05597

Inhalation Weight of Risk Relative Screen
Slope Evidence Factor Risk
Factor Classification

(mg/kg-day)''
D 0.00 000 NO
D 0.00 0.00 NO
D 0.00 0.00 NO
D 000 0.00 NO
B2 000 0.00 NO
B2 0.00 0.00 NO
B2 0.00 0.00 NO
D 0.00 0.00 NO

I.4E-02 B2 0.04 0.00 NO
B2 0.00 0.00 NO
D 0.00 0.00 NO
D 0.00 0.00 NO
D 0.00 0.00 NO
D 0.00 0.00 NO

B2 0.00 0.00 NO
D 0.00 0.00 NO
D 0.00 0.00 NO
D 0.00 0.00 NO
D 0.00 0.00 NO

2.0E+00 - 0.60 0.00 NO
2.0E+00 - 0.66 0.00 NO

0.00 0.00 NO
0.00 0.00 NO

1JOE+01 A 4080.00 1.00 YES
0.00 0.00 NO

8.40E+00 Bl 10.08 0.00 NO
6.30E+00 Bl 1.20 0.00 NO

0.00 0.00 NO
0.00 0.00 NO

ND 0.00 0.00 NO
D 0.00 0.00 NO

0.00 0.00 NO
B2 0.00 0.00 NO

0.00 0.00 NO
D 0.00 0.00 NO
D 0.00 0.00 NO

0.00 0.00 NO
0.00 0.00 NO

D 0.00 0.00 NO
0.00 0.00 NO

ND 0.00 0.00 NO
D 0.00 0.00 NO

Total Relative Risk: 4092.57

Background Screen
Published Average

Concentrations'
mg/kg

•57000
0.07
8.26
•229
1.07
0.65

•6300
12.1
•5.3
42.2
•33

177.7
•4600

335
0.5

16.6
•12000

0.06
7800
22.6

162.3

2X
Average
mg/kg

114000
0.14

16.52
458

2.14
1.3

12600
24.2
10.6
84.4

66
355.4
9200
670

1
33.2

24000
0.12

15600
45.2

324.6

Nutrient
Screen

Child/Adult
mg/kg

>lE+6

50,000/200,000

400,000 />lE+6

>IE+6

>IE+6

Other Reason for
Selection or
Elimination

No; <2X
Ye»;>2X
Ye«>2X -•.../ VS", .•
No; <2X
No; <2X
No; <2X
No; nsc
No; <2X
No; <2X
No; <2X
No; nsc
No; <2X, <EPA criteria1

No; nsc
No; <2X
No; <2X
No; <2X
No; nsc
Ye»;>2X
No; nsc
No; <2X
No; <2X

1 = New Jersey Department of Environmental Protection and Energy Site Remediation Program and Division of Science and Research. 1993. A Summary of Selected Soil Constituents and Contaminants at Background Locations in New Jersy.
2 = USEPA, 1996. Recommendations of the Technical Review Workgroup for Lead for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil. Technical Review Workgroup for Lead.
• = Dragun and Chiasson 1991.
2X = Two times average background.
nsc = Nutrient screening concentration.
f/d - Frequency of detection.
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CONCENTRATION/TOXICITY SCREEN AND SELECTION OF COfC
SUBSURFACE SOIL GENERAL GAS MANTLE

CHEMICAL

2-Butanone
Ethytbcnzcne
Xylenes (loul)
Anthracene
BeiuD(a>AiMhraceM
Benzo(b)Fluoranlhene
Bcnzo(k)Fluoranthcnc
Benzo(a)Pyrene
Benzo(g,h,i)Perylene
Chrysene
Di-n-butylphlhalate
Fluoranlhene
Indeno(l,2.3-cd)PyTcne
2-Methylnaphthalene
N-Nitrosodiphenylamine
Phenanthrene
Pyrene
Aroclor-1248
Aluminum
ArtaMcw ;.... ,-.
Barium
Beryllium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Sdeauan .. .
Sodium
IhtWum
Vanadium
Zinc

Frequency
of Detection

/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7

7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
1 / 7
2 / 7
1 / 7
7 1 7
7 / 7

Detected Concentrations
Range
mg/kg

0017 - 0017
0 13 - 0 13
0 47 - 0 47

0 045 • 0 045
017 - 0.17
O i l - O i l
022 - 022
0.17 - 0.17

0082 - 0082
018 - 018

0043 - 0043
034 - 034
01 - 01

053 - 053
062 - 062
019 - 065
032 - 032

0.028 - 0.028
3800 - 7140

I.I - .1IA-.,
121 - 317
03 - 0.7
I6S - 520
52 • 145
27 - 5.2
31 - 86

6370 - 13100
36 - 712

953 - 1510
495 - 904
74 - 109
398 - 786

0.68 - 0.68
221 - 123

1.9 - 1,9 (
67 - 225

24 7 - 34 5

Average
mg/kg

5168.571
407142$
2165714
0408571
344.1429

87
3614286
4785714
8761 429
1481429
1246 143
6654286
8971429
573 5714

068
7255

1.9
11.91429
2941429

Oral Risk Relative Screen
Reference Factor Risk

Dose
mg/kg-day

6E-OI 003 000 NO
100E-OI 130 000 NO

2E«X> 024 000 NO
3E-OI 015 000 NO

0.00 0.00 NO
000 000 NO
000 000 NO
0.00 0.00 NO
000 0.00 NO
000 000 NO

IE-01 043 000 NO
4E-02 850 000 NO

000 000 NO
4E-02 13.25 000 NO
2E-02 3100 000 NO

000 000 NO
3E-02 1067 000 NO
2E-05 1400.00 0.01 YES

1 OOE-KX) 714000 007 VES
3.00B-04 37666.67 OJ» VES
700E-02 55286 001 YES
200E-03 35000 000 NO

0.00 000 NO
1 OOE+OO 14 50 000 NO
600E-02 8667 000 NO
370E-02 23243 000 NO
300E-OI 4366667 044 YES

000 000 NO
000 000 NO

230E-02 393043 004 YES
2OOE-02 54500 001 YES

000 000 NO
5.00B-03 136.00 0.00 NO

000 000 NO
0.00 0.00 NO

700E-03 321429 003 YES
300E-OI 11500 000 NO

Total Relative Risk: 99116

Oral Weight of Risk Relative Screen
Slope Evidence Factor Risk
Factor Classification

(mg/kg-day)1

D 000 000 NO
D 000 000 NO
D 000 000 NO
D 000 000 NO

73E-01 B2 0.12 0.01 YES
73E-OI B2 008 000 NO
73E-02 B2 002 000 NO
73E+00 B2 124 0.07 YES

D 000 000 NO
73E-03 B2 000 000 NO

D 000 000 NO
D 000 000 NO

73E-OI B2 007 000 NO
D 000 000 NO

49E-03 B2 000 000 NO
D 000 000 NO
D 000 000 NO

20E+00 - 006 000 NO
000 000 NO

.-. 1JOB+00 A 16.95 0.91 ... YES
000 000 NO

Bl 000 000 NO
000 000 NO
000 000 NO

ND 000 000 NO
D 000 000 NO

000 000 NO
B2 000 000 NO

000 000 NO
D 000 000 NO

000 000 NO
000 000 NO

- D 0.00 0.00 NO
000 000 NO

- ND 0.00 000 NO
000 000 NO

D 000 000 NO

Total Relative Risk 1854

Background Screen
Site-Specific

Average Concentration
mg/kg

6930
3

193
044
408

10
4.2
56

10200
7

1660
825
108
786

138
424

2X
Average
mg/kg

13860
6

386
0.88
816
20
84

11 2
20400

14
3320

165
21 6
1572

276
848

Published
Average Concentrations*

mg/Vg

•57000
826
•229
107

•6300
12 1
•5.3
422

•25000
1777

•4600
335
166

•12000
006

•7800
0.1

226
1623

Nutrient
Screen

Child/Adult
mg/kg

>IE+6

50.000 / 200,000

400.000 />IE-f6

>IE+6

>lE+6

Other Reason for
Selection or
Elimination

No. •-2X
Yes, <2X but A carcinogen
No. <2X
No; <2X
No, nsc. <2X
No, <2X
No; <2X
No. <2X
No. nsc. <2X
No, <EPA criteria'
No. nsc, <2X
No, <2X
No, <2X
No, nsc. <2X
Ye*>2X
No, nsc. <2X
Y«n>2X
No; <2X
No, <2X

1 - From WG-SB-40-04
2 - New Jersey Department of Environmental Protection and Energy Site Remediation Program and Division of Science and Research 1992. A Summary of Selected Soil Constituents and Contaminants at Background Locations in New Jersy.
3 - USEPA, 1996 Recommendations of the Technical Review Workgroup for Lead for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil. Technical Review Workgroup for Lead
• - Dragun and Chiasson 1991.
no toxcrit - Oral toxicity information is not available.
2X - Two times average background f i*l
nsc - Nutrient screening concentration ~J~
fid - Frequency of detection W»
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CONCENTRATION/TOXICITV SCREEN AND SELECTION OF COPC
SUBSURFACE SOIL GENERAL GAS MANTLE

CHEMICAL

2-Butanone
Eihylbenzene
Xylenes (loul)
Anthracene
Benzo(a)Anthracene
Benzo(b)Fluoranlhenc
Beiuo(k)Fluoranthene
Benzo(a)Pvrene
Beruo(g,h,i)Perylene
Chrysene
Di-n-Butyl Phlhalue
Fluoranlhene
lndeno(l,2,3-cd)Pyime
2-MethylnaphlhaIene
N-Nitrosodiphenylamine
F>hcrianthrene
Pyrene
Aroclor-1248
Aluminum
Arsenic ,
Barium
Beryllium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Nickel
Potassium
Sdcafam
Sodium
Thallium - . , . - . , •
Vanadium
Zinc

Frequency
of Detection

/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7
/ 7

7 / 7
1-1: 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
7 / 7
1 / 7
2 / 7
1 / 7
7 / 7
7 / 7

Detected Concentrations
Range
mg/kg

0017 - 0017
013 - 013
0 47 - 0 47

0045 • 0045
017 - 017
O i l - O i l
0 22 - 0 22
017 - 017

0082 - 0082
018 - 018

0043 - 0043
0 34 - 0 34

O.I - O.I
0.53 - 033
062 - 062
019 - 065
032 - 032

0028 - 0028
3800 - 7140

l.l ... 114
12.1 - 387
03 - 0.7
168 - 520
52 - 145
27 - 52
31 - 86

6370 - 13100

36 - 712
953 - 1510
495 - 904
74 - 109
398 - 786
06* . 0.68
221 - 123

1.9 - 1.9
67 - 225

247 - 345

Average
mg/kg

5168571
4.07142»
2165714
0408571
3441429

87
3614286
4785714
8761.429
1481429
1246.143
6654286
8971429
5735714

0.68
7255

1.9
II 91429
2941429

Inhalation Risk Relative Screen
Reference Factor Risk

Dose
mg/kg-day

3E-OI 006 000 NO
286E-OI 045 000 NO

000 000 NO
000 000 NO
000 000 NO
000 000 NO
000 000 NO
000 000 NO
000 000 NO
000 000 NO
000 000 NO
000 000 NO
000 0.00 NO
000 000 NO
000 000 NO
000 000 NO
000 000 NO
000 000 NO
000 000 NO

. - 0.00 0.00 NO
I.OOE-04 38700000 0.05 YES
6.00E-03 11667 0.00 NO

000 0.00 NO
000 000 NO

5.7IE-06 91068301 012 YES
000 000 NO
000 000 NO
000 0 00 NO
0.00 000 NO

I43E-05 6321678 083 YES
000 000 NO
000 000 NO
000 0.00 NO
000 000 NO

- ., .;»... M0 0.00 .-i NO
000 0.00 NO
000 000 NO

Total Relative Risk: 76 1 9479

Inhalation Weight of Risk Relative Screen
' Slope Evidence Factor Risk

Factor Classification
(mg/kg-day)'

D 000 000 NO
D 000 000 NO
D 000 000 NO
D 000 000 NO
B2 000 000 NO
B2 000 000 NO
B2 000 000 NO
B2 000 000 NO
D 000 000 NO
B2 000 000 NO
D 000 000 NO
D 000 000 NO

B2 000 000 NO
D 000 000 NO
B2 000 000 NO
D 000 000 NO
D 000 000 NO

20E*OO - 006 000 NO
000 000 NO

I.SOE+OI A 169.50 0.97 YES
000 000 NO

840E-HX) Bl 588 003 YES
000 000 NO
0.00 000 NO

ND 000 000 NO
D 000 000 NO

000 000 NO
B2 000 000 NO

000 000 NO
D 000 000 NO

000 000 NO
000 000 NO

D 0.00 000 NO
000 0.00 NO

NO , 000 0.00 NO
000 000 NO

D 000 000 NO

Total Relative Risk: 1 75 44

Background Screen
Site-Specific

Average Concentration1

mgftg

6930
3

19.3
044
408

10
4 2
56

10200
7

1660
825
108
786

138
424

2X
Average
mg/kg

13860
6

38.6
088
816
20
84

112
20400

14
3320

165
21 6
1572

276
848

Published

Average Concentrations1

mg/kg

•57000
826
•229
107

121
•53
422

•25000
177.7

•4600
335
166

•12000
006

•7800
O.I

226
1623

Nutrient
Screen

Child/Adult
mg/kg

>IE+*

50,000 / 200,000

400,000 />IE+6

>IE+6

>IE+6

Other Reason for
Selection or
Elimination

No, <2X
Yes; <2X but A carcinogen
No; <2X
No, <2X
No, me. <2X
No; <2X
No; <2X
No, <2X
No. nsc. <2X
No; <EPA criteria'
No. nsc. <2X
No; <2X
No, <2X
No. nsc. <2X
Yes;>2X
No, nsc. <2X
Yea, >2X -
No, <2X
No, <2X

1 - From WG-SB-40-04
2 =• New Jersey .Department of Environmental Protection and Energy Site Remediation Program and Division of Science and Research 1993 A Summary of Selected Soil Constituents and Contaminants at Background Locations in New Jcrsy
3 " USEPA, 1996 Recommendations of the Technical Review Workgroup for Lead for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil Technical Review Workgroup for Lead
* - Dragun and Chiasson 1991
no loxcrit - Oral toxicity information is not available
2X - Two times average background.
nsc * Nutrient screening concentration. OO
t7d - Frequency of detection f^*.



ESSENTIAL NUTRIENT SCREEN

Nutrient screening concentrations to evaluate the concentrations of essential nutrients (i.e., calcium,
iron, magnesium, potassium, and sodium) in soil were derived from Recommended Daily
Allowances (RDAs) and exposure parameters in the models used by the USEPA, Region III in their
derivation of risk-based concentrations (USEPA, 1998). Based on the exposure scenarios considered
in the human health risk evaluation, reference concentrations for soil were derived for ingestion by
a child in a residential setting and an adult in an industrial setting. (ESHA Research, 1990).

Nutrient Screening Concentrations for Soil- Child

where
s = RDA a / IR s*CF

RC, = nutrient screening concentration for soil (mg/Kg)
RDAB = recommended daily allowance for an adult (mg/day)
IR, = soil ingestion rate (200 mg/day)
CF = conversion factor (10"6 Kg/mg)

Essential
Nutrient

Calcium

Iron

Magnesium

Potassium

Sodium

Recommended
Daily
Allowance
(mg/day; male
child)

800

10

80

1000

975

Nutrient
Screening
Concentration
for Soil
(mg/Kg)

> 1E+06

50,000

400,000

> 1E+06

> 1E+06

Nutrient Screening Concentrations for Soil-Adult

where
s = RDA a / IR s *FI*CF

RCS = nutrient screening concentration for soil (mg/Kg)
RDAa = recommended daily allowance for an adult (mg/day)
IRs = soil ingestion rate (100 mg/day)
RI = fraction ingested (0.5)
CF = conversion factor (10"6 Kg/mg)

300^8



Essential
Nutrient

Calcium

Iron

Magnesium

Potassium

Sodium

Recommended
Daily
Allowance
(mg/day; male
adult)

800

10

350

2000

2400

Nutrient
Screening
Concentration
for Soil
(mg/Kg)

> 1E+06

200,000

> 1E+06

> 1E+06

> 1E+06

References

U.S. Environmental Protection Agency. 1998. Risk-Based Concentration Table, April 1998.
Philadelphia, PA: USEPA Region III, Technical Support Section.

ESHA Research. 1990. The Food Processor II. Nutrient Analysis System.
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TABLE C-l-l

SELECTION OF EXPOSURE PATHWAYS

WELSBACH: RADIOLOGICAL EXPOSURE

Scenario

Timeframe

Current

Future

COo
0<I
0.5
c >

Medium

Soil

Soil

Exposure

Medium

Soil

Particulates

Soil

Particulates

Exposure

Point

Holt Cargo

Holt Cargo

Holt Cargo

Holt Cargo

Receptor

Population

Worker

Other Worker

Worker

Other Worker

Worker

Other Worker

Construction Worker

Resident

Worker
Other Worker

Construction Worker

Resident

Receptor

Age

Adult

Adults

Adult

Adults

Adult

Adults

Adult

Adult

Child

Adult

Adults

Adult

Adult

Child

Exposure

Route

External Radiation

Ingestion

External Radiation

Ingestion

Inhalation

Inhalation

External Radiation

Ingestion

External Radiation

Ingestion

External Radiation

Ingestion

External Radiation

Ingestion

External Radiation

. Ingestion

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation

On-Site/

Off-Site

On-Sile

On-Site

On-Sile

On-Site

On-Site

On-Site

On-Sile
On-Site

On-Site

On-Site

On-Site

On-Site

On-Sile

On-Site

On-Sile

On-Sile

On-Site

On-Site

On-Sile

Off-Site

Off-Site

Type of

Analysis

Quant

None

Quant

None

None

None

Quant

None

Quant

None

Quant

Quant

None

None

None

None

None

None

Quant

None

None

Rationale for Selection or Exclusion

of Exposure Pathway

Presence of gamma-emitting radionuclides in soil is possible

Site is completely paved

Presence of gamma-emitting radionuclides in soil is possible

Site is completely paved

Site is completely paved

Site is completely paved

Presence of gamma-emitting radionuclides in soil is possible

Site will remain completely paved

Presence of gamma-emitting radionuclides in soil is possible

Site is completely paved

Presence of gamma-emitting radionuclides in soil is possible
Contaminated soil may be encountered by construction workers during excavation
activities
Future use of land will remain industrial

Future use of land will remain industrial

Future use of land will remain industrial

Future use of land will remain industrial

Future use of land will remain industrial

Site is completely paved
Contaminated soil may be encountered by construction workers during excavation
activities
Future use of land will remain industrial

Future use of land will remain industrial

8001230 1/7/99



TABLE C-1-2 I
OCCURRENCE, DISTRIBUTION AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN

WELSBACH- WORKER

CO
o
o

Scenario Timeframe: Current / Fiuun
Medium: Soil
Exposure Medium Soil
Exposure Point Holt Cargo

(1)
Radionucl.de

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 +D

(2)
Minimum

Concentration

0.119

0096

0262

0.332

032

044

0.321

0262

(2)
Maximum

Concentration

832

8S2

455

1280

1260

8S2

1340

435

Units

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

Location

of Maximum

Concentration

WG-SB-05-OI

WG-SB-05-OI

WG-SB-32-OI

WG-SB-05-OI

WG-SB-05-OI

WG-SB-05-OI

WG-SB-05-OI

WG-SB-32-OI

Concentralion

Used for

Screening

852

852

455

1280

1260

852

1340

455

(3)
Maximum

Background

Value

132

145

191

225

268

1.52

2,44

191

(4)
ROPC

Flag

YES

YES

YES

YES

YES

YES

YES

YES

(5)
Rationale for

Radionuclide

Selection

or Deletion

TX.ASL

TX. ASL

TX.ASL

TX, ASL

TX, ASL

TX.ASL

TX.ASL

TX, ASL

(1) Risk from decay product! (+D) included as appropriate; secular equilibrium
assumed between Lead-210 and Radium-226

(2) Minimum/maximum detected concentration.
(3) Maximum concentrations from background samples. See text
(4) Selection (YES) or deletion (NO) of radionuclidcs of potential concern (ROPC)

(5) Rationale Codes

Selection Reason: Infrequent Detection but Associated Historically (HIST)
Frequent Detection (FD)

Toxicily Information Available (TX)

Above Screening Levels (ASL)

Deletion Reason: Infrequent Detection (IFD)

Background Levels (BKG)

No Toxicily Information (NTX)
Essential Nutrient (NUT)

Below Screening Level (BSL)
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TABLE C-1-2 2
OCCURRENCE. DISTRIBUTION AND SELECTION OF RADIONUCLJDES OF POTENTIAL CONCERN

WELSBACH - CONSTRUCTION WORKER

CO
o
o

fo

Scenario Timcframe Future
Medium: Soil
Exposure Medium Soil
Exposure Point: Holt Cargo

(1)
Radionuclide

Un»iium234

Uranium 238 * D

Radium 226 •>• D

Radium 228 +D

Thorium 228 + D

Thorium 230

Thorium 232

Lead2IO + D

(2)
Minimum

Conccninlion

076

0.82

0826

221

1.55

1.8

IS

0826

(2)
Maximum

Conccninlion

852

8S2

455

1280

1260

852

1340

455

Units

pCi/g

pCi/g

pCi/g

p«g

pCi/8

pCi/g

pCVg

pCi/g

Location

of Maximum

Concentration

WG-SB-05-OI

WG-SB-05-OI

WG-SB-32-01

WG-SB-05-OI

WG-SB-05-OI

WG-SB-05-03

WG-SB-05-OI

WG-SB-32-01

Concentration

Used for

Screening

852

852

455

1280

1260

852

1340

455

(3)
Maximum

Background

Value

1.32

145

191

225

268

1.52

244

191

w
ROPC

Flag

YES

YES

YES

YES

YES

YES

YES

YES

(5)
Rationale for

Radwnucl.dc

Selection
or Dekiion

TX, ASL

TX, ASL

TX.ASL

TX.ASL

TX. ASL

TX.ASL

TX.ASL

TX. ASL

(1) Risk from decay products (+D) included X appropriate, secular equKbrium
auumed between Lead-210 and Radium-226
(2) Minimum/maximum detected concenlnlion.
(3) Maximum concaujatio» from background samples See text.
(4) Selection (YES) or deletion (NO) of radknuclides of potential concern (ROPC)
(3) Rationale Codes

Selection Reason: Infrequent Detection but Associated Historically (HIST)
Frequent Detection (FD)
Toxiciry Information Available (TX)
Above Screening Levels (ASL)

Deletion Reason: Infrequent Detection (IFD)
Background Levels (BKG)
No Toxiciry Information (NTX)

Essential Nutrient (NUT)

Below Screening Level (BSL)
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TABLEC-l-21
OCCURRENCE, DISTRIBUTION AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN

WELSBACH - CONSTRUCTION WORKER

CO
o
o
4
,3

CO

Scenario Timcfhme: Future
Medium: Soil
Exposure Medium Paniculates
Exposure Point Holl Cargo

(1)
Radionuclide

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 -fD

Thorium 228 + D

Thorium 230

Thorium 232

Lead2IO + D

(2)
Minimum

Concemralion

076

082

0826

221

155

1.8

1.5

0826

(2)
Maximum

loncenmiion

852

852

455

1280

1260

852

1140

455

Units

pCi/g

pCi/g

pCi/g

pCi/f

pCi/g

pCi/g

pCi/i

pCi/g

Location

or Maximum

Concentration

WG-SB-05-OI

WG-SB-05-OI

WG-SB-32-OI

WG-SB-05-OI

WG-SB-05-OI

WG-SB-05-03

WG-SB-05-OI

WG-SB-32-OI

Concentration

Used for

Screening

152

852

455

12(0

1260

152

1340

455

(3)
Maximum

Background

Value

132

145

191

225

268

152

2.44

191

HI
ROPC

Flag

YES

YES

YES

YES

YES

YES

YES

YES

(M
Rationale for

Radionudioe

Selection
or Deletion

TX, ASL

TX, ASL

TX.ASL

TX.ASL

TX, ASL

TX.ASL

TX.ASL

TX, ASL

(1) Risk from decay producu (+D) included as appropriate, secular equilibrium

assumed between Lead-21 Omd Radium-226

(2) Minimum/maximum detected concenlralion

(3) Maximum concenlraliona from background samples. See text

(4) Selection (YES) or deletion (NO) ofradionuctidei of potential concern (ROPC)

(5) Rationale Codes
Selection Reason: Infrequent Detection but Associated Historically (HIST)

Frequent Detection (FD)

Toxicny Information Available (TX)

Above Screening Levels (ASL)

Deletion Reason: • Infrequent Detection (IFD)

Background Levels (BKG)

No Toxicily Information (NTX)

Essential Nutrient (NUT)

Below Screening Level (BSD
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TABLE C-l-3.1
MEDIUM-SPECIFIC EXPvjMJRE POINT CONCENTRATION SUMMARY

WELSBACH-WORKER

Radionuclide

of

Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Uad2IO + D'

Scenario Ttmeftame: Current / Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: HoltCarco

Units

pCi/g

pCi/g

pCi/g

pCi/g

pCi'g

pCi/g

pCi/g

pCi/g

Arithmetic

Mean

6.76E+OI

S.69E-HM

2.70E-MH

IJ3E-KJ2

1JIE+02

7.93E+OI

1.47E+02

2.70E+OI

95% UCL of

Nonnal

Data

2.09E-HH

I.43E+02

6.98E+OI

2.38E+03

3_}«E-K>3

2.I9E+03

3.85E-K13

6.98E+OI

Maximum

Detected

Concentration

8S2

852

455

1280

1260

852

1340

455

EPC

Units

pCi/g

PCi/g

PCi/g

pCi/g

PCi/g-

pCi/g

pCi/g

pCi/g

Reasonable Maximum Exposure

Medium

EPC

Value

2.09E+02

I.43E-KI2

6.98E+OI

I.28E+03

1J6E+03

8.52E+02

l.i4E+«3

6.98E+OI

Medium

EPC

Statistic

95% UCL-T

95% UCL-T

95% UCL-T

Max

Max

Max

Max

95% UCL-T

Medium

EPC

Rationale

W-Te«(2)

W-Test(2)

W-Tesl(2)

W-Tesl(2J)

W-Test(2^)

W-Test (23)

W-Test(2J)

W-Test (2)

Central Tendency

Medium

EPC

Value

-

-

-

-

-

-

-

-

Medium

EPC

Statistic

-

-

-

-

-

-

-

-

Medium

EPC

Rationale

-

-

-

-

-

-

-

-

CO
o
o

•t",

For non-detects, sampk quantitation limit was used as a proxy concentration; for duplicate sample results, the maximum value was used in the calculation.

W - Test Developed by Shapiro and Wilk, refer to Supplemental Guidance to RAGS: Calculating the Concentration Term, OSWER Directive 9285.7-081, May 1992.

Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Data (95% UCL-T); Mean of Log-transformed Data (Mean-T);
Mean of Normal Data (Mean-N).

(1) Lead-210 assumed in equilibrium with Radium-226.
(2) Shapiro-Wilk W Test indicates data do not follow a normal distribution.
(3) 95% UCL exceeds maximum detected concentration. Therefore, maximum concentration used for EPC.
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TABLE C-l-3.2
MEDIUM-SPECIFIC EXPOSURE KMNT CONCENTRATION SUMMARY

WELSBACH - CONSTRUCTION WORKER

Radionuclide

of

Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 -I- D

Radium 228 + D

Thorium 228 •!• D

Thorium 230

Thorium 232

Lead210 + D'

Scenano Ttmefiame: Fulun
Medium: Soil
Exposure Medium: Soil
Exposure Point: Holt Cargo

Units

pCi/g

pCi/g

pCi/g

l>Ci>g

pCi/g

pCi/g

pCi/g

pCi/g

Arithmetic

Mem

I.47E+02

I.24E4O2

4.80E+OI

2.8IE+02

2.67E+02

I.66E+02

3.IIE+02

4.80E+OI

95% UCL of

Normal

Data

1.95E+03

8.S5E+02

2.35E-«>2

2.92E-K>3

1.90E-KI3

I.2IE+03

2.78E+O3

2J5E+02

Maximum

Detected

Concenlntion

852

852

455

1280

1260

852

1340

455

EPC

Units

pCi/g

PCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

Reasonable Maximum Exposure

Medium

EPC

Value

8.52E+02

8.52E+O2

2.35E+02

1.28E+03

1.26E+03

8.52E+02

IJ4E+03

2.35E402

Medium

EPC

Statistic

Max

Max

95% UCL-T

Max

Max

Max

Max

95% UCL-T

Medium

EPC

Rationale

W-Test(2J)

W-Test(23)

W-Test(2)

W-Test(2J)

W-Test(2,3)

W-Test (23)

W-T«t (24)

W-Test (2)

•

Central Tendency

Medium

EPC

Value

•-

-

-

-

-

-

-

-

Medium

EPC

Stall sue

-

-

-

-

-

-

-

Medium

EPC

Rationale

-

-

-

-

-

-

-

CO
o
o

cn

For non-detects, sample quanliutioa limit was used is a proxy concentration; for duplicate sample results, me maximum value was used in the calculation.

W - Test: Developed by Shapiro and Wilk, refer to Supplemental Guidance to RAGS: Calculating the Concentration Term, OSWER Directive 9285.7-081, May 1992.

Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Dau (95% UCL-T); Mean of Log-transformed Data (Mean-T);
Mean of Normal Data (Mean-N).

(1) Lead-210 assumed in equilibrium with Radium-226.
(2) Shapiro-Wilk W Test indicates data do not follow a normal distributioa.
(3) 95% UCL exceeds maximum detected concentration. Therefore, maximum concentration used for EPC.
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TABLE C-1-3.3
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

WELSBACH - CONSTRUCTION WORKER

Radionuclide

of

Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + O

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 2 10 + D1

Scenario Tiraerrame: Future
Medium: Soil
Exposure Medium: Participates
Exposure Point: Holt Cargo

Units

pCi/g

pCi/g

PCi/g

pCi/g

PCi/g

pCt/g

PCi/g

PCi/g

Arithmetic

Mean

I.47E-K>2

1.24E+02

4.80E+OI

2.81E+02

2.67E+O2

I.66E+02

3.I1E+02

4.80E+OI

95% UCL of

Normal

Dau

I.95E+03

8.55E+02

2.35E+02

2.92E+03

I.90E+03

1.2IE+03

2.78E+03

2.35E+02

Maximum

Detected

Concentration

8S2

852

455

1280

1260

852

1340

455

EPC

Units

pCi/g

PCi/g

PCi/g

pCi/g

PCi/g

PCi/g

pCi/g

pCi/g

Reasonable Maximum Exposure

Medium

EPC

Value

8.52E+02

8.S2E+02

2.35E+02

I.28E-K)3

I.26E+03

8.52E+02

1.34E+03

2.35E+02

Medium

EPC

Statistic

Max

Max

95% UCL-T

Max

Max

Max

Max

95% UCL-T

Medium

EPC

Rationale

W-Test(2,3)

W-Test(2,3)

W-Test(2)

W-Test(23)

W-Test(2,3)

W-Test(2,3)

W-Test (23)

W-Test(2)

Central Tendency

Medium

EPC

Value

--

-

--

-

--

-

Medium

EPC

Statistic

-

-

-

-

-

-

•-

-•

Medium

EPC

Rationale

-

-

--

-

-

-

-

-

CO
O
O
-4
COor?

For non-detects, sample quantitation limit was used as a proxy concentration; for duplicate sample results, the maximum value was used in the calculation.

W - Test: Developed by Sbapiro and Willt, refer to Supplemental Guidance to RAGS: Calculating the Concentration Term, OSWER Directive 9285.7-081, May 1992.

Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Data (95% UCL-T); Mean of Log-transformed Data (Mean-T);
Mean of Normal Data (Mean-N).

(1) Lead-210 assumed in equilibrium with Radium-226.
(2) Shapiro-Wilk W Test indicates data do not follow a normal distribution.
(3) 95% UCL exceeds maximum detected concentration Therefore, maximum concentration used for EPC.
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TABLE C-1-4.1

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

WELSBACH

Scenario Timeframe: Current / Future

Medium: Soil

Exposure Medium: Soil

Exposure Point: Holt Cargo

Acceptor Population: Worker

Receptor Age: Adult

Exposure Route

External (Radiation)

Parameter
Code

RS

ET

EF

GSFo

ED

CF1

Parameter Definition

Radionuclide Concentration in Soil

Exposure Time

Exposure Frequency

Gamma Shielding Factor Outdoors

Exposure Duration

Conversion Factor 1

Units

pCi/g

hours/day

days/year

--

years

year/hours

RME
Value

See Table 3

8

250

0.8 [2]

25

I.I4E-04

RME
Rationale/
Reference

See Table 3

[11
EPA, 1991

EPA, 1997

EPA, 1991

•-

CT
Value

--

--

-•

--

--

--

CT
Rationale/
Reference

--

--

-•

--

--

Equation

Exposure (pCi-ycar/g) -

RS x ET x EF x GSFo x ED x CF1

[I] Professional Judgement

[2] Due to pavement

Sources:

USEPA, 1991: Risk Assessment Guidance for Superfund. Vol. I: Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors. Interim Final. OSWER. Directive 9285.6-03.

USEPA, 1997: Exposure Factors Handbook. OHEA. EPA/600/P-9S/002Fa.

CO
o
o
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TABLE C-1-4.2

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

WELSBACH

Scenario Timeframc: Current /Future

Medium: Soil

Exposure Medium: Soil

Exposure Point: Holt Cargo

Receptor Population: Other Worker

Receptor Age: Adult ____ ___

Exposure Route

External (Radiation)

Parameter
Code

RS

ET

EF

GSFo

ED

CF1

Parameter Definition

Radionuclide Concentration in Soil

Exposure Time

Exposure Frequency

Gamma Shielding Factor Outdoors

Exposure Duration

Conversion Factor 1

Units

pCi/g

hours/day

days/year

--

years
year/hours

RME
Value

See Table 3

4

12$

0.8(2]

25

I.14E-04

RME
Rationale/
Reference

See Table 3

[I]

[1]
EPA, 1997

EPA, 1991

--

'CT
Value

--

--

--

--

--

CT
Rationale/
Reference

--

•

--

•-

--

--

Equation

Exposure (pCi-year/g) »

RS x ET x EF x GSFo x ED x CF1

[I] Professional Judgement

[2] Due to pavement

Sources:

USEPA, 1991: Risk Assessment Guidance for Supertund. Vol. I: Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors. Interim Final. OSWER. Directive 9285.6-03.

USEPA, 1997: Exposure Factors Handbook. OHEA. EPA/600/P-9S/002Fa.

CO
o
o
*3
5

CO
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• TABLE C-1-4.3

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

WELSBACH

Scenario Timeframe: Future

Medium: Soil

Exposure Medium: Soil

Exposure Point: Holt Cargo

Receptor Population: Construction Worker

Receptor Age: Adult __________

Exposure Route

External (Radiation)

Ingestion

Parameter
Code

RS

ET

EF

GSFo

ED

CFI

RS

CF2

IR-S

FI

EF

ED

Parameter Definition

Radionuclide Concentration in Soil

Exposure Time

Exposure Frequency

Gamma Shielding Factor Outdoors

Exposure Duration

Conversion Factor 1

Radionuclide Concentration in Soil

Conversion Factor 2

Ingestion Rate of Soil

Fraction Ingested

Exposure Frequency

Exposure Duration

Units

pCi/g

hours/day

days/year

--

yean
year/hours

PCi/g

g/mg

mg/day

•-

days/year

yean

RME
Value

See Table 3

8

60

l[2]

1

I.I4E-04

See Table 3

I.OOE-03

480

1

60

1

RME
Rationale/
Reference

See Table 3

[1]

[1]
EPA, 1997

[1]

--

See Table 3

-
EPA, 1991

-

[1]

[1]

CT
Value

--

--

--

--

--

--

--

--

--

--

--

--

CT
Rationale/
Reference

--

--

•-

--

--

--

- -

--

- -

--

--

Equation

Exposure (pCi-year/g) =

R S x E T x E F x G S F o x E D x C F l

Intake (pCi) =

RS x CF2 x IR-S x FI x EF x ED

[I] Professional Judgement.

[2] I for exposed soil

Sources:

USEPA, 1991: Risk Assessment Guidance for Superfund. Vol. I: Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors. Interim Final. OSWER. Directive 9285.6-03.

USEPA, 1997: Exposure Factors Handbook. OHEA. EPA/600/P-95/002Fa.

C.)
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TABLE C-l-4.4

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

WELSBACH

Scenario Timefaune: Future

Medium: Soil

Exposure Medium: Particulars

Exposure Point: Holt Cargo

Receptor Population: Construction Worker

Receptor Age: Adult

Exposure Route

Inhalation

Parameter
Code

RS

PEF

CF3

IN

ET

EF

ED

Parameter Definition

Radionuclide Concentration in Soil

Paniculate Emission Factor

Conversion Factor 3

Inhalation Rale

Exposure Time

Exposure Frequency

Exposure Duration

Units

pCi/g

kg/mj

(/kg
m'/hour

hours/day

days/year

years

RME
Value

See Table 3

5.21E-06

1000

2.3

8

60

1

RME
Rationale/
Reference

See Table 3

See Appendix C

-

EPA, 1991

HI

[1]

[1]

CT
Value

--

--

--

--

--

--

--

CT
Rationale/
Reference

.

--

--

--

--

--

- -

Equation

Intake (pCi) -

RS x PEF x CF x IN x ET x EF x ED

[I] Professional Judgement

Sources:

USEPA, 1991: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual -Supplemental Guidance, Standard Default Exposure Factors. Interim Final. OSWER. Directive 9285.6-03.

CO
o
o

C>
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TABLE C-l-5.1

CANCER TOX1CITY DATA - EXTERNAL

WELSBACH-RADIONUCLIDES OF POTENTIAL CONCERN

Radionuclide

of Potential

Concern (1)

Uranium 234

Uranium 238 t D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

External Cancer Slope Factor

2. ME- 11

6.57E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-1I

I.97E-II

I.4SE-10

Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Ruk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Weight of Evidence/

Cancer Guideline

Description

A

A

A

A

A

A

A

A

Source

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

Date

(MM/DD/YY)

1 1/01/95

11/01/95

1 1/01/95

11/01/95

1 1/01/95

1 1/01/95

1 1/01/95

11/01/95

(1) Risk from decay products (+D) included as appropriate.

HEAST- Health Effects Assessment Summary Tables

EPA Group:

A - Human carcinogen

BI - Probable human carcinogen - indicates that limited human data are available

B2 - Probable human carcinogen - indicates sufficient evidence in animals and

inadequate or no evidence in humans

C - Possible human carcinogen

D - Not classifiable as a human carcinogen

E - Evidence of noncarcinogenkity

Weight of Evidence:

Known/Likely

Cannot be Determined

Not Likely
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TABLE C-l-5.2

CANCER TOXICITY DATA - ORAL

WELSBACH-RAQIONUCLIDES OF POTENTIAL CONCERN

Radionuclide

of Potential

Conccn(l)

Uranium 23*

Uranium 238 + D

Radium 226 -I- D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead210 + D

Oral Cancer Slope Factor

4.44E-1I

6.20E-1 1

2.96E-IO

2.48E-10

2J1E-IO

3.75E-II

3.28E-II

I.OIE-09

Units

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Weight of Evidence/

Cancer Guideline

Description

A

A

A

A

A

A

A

A

Source

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

Dale

(MM/DD/YY)

1 1/01/95

1 1/01/95

11/01/95

11/01/95

11/01/95

11/01/95

11/01/95

11/01/95

CO
o
o
-3

(I) Risk from decay products(+D) included u appropriate.

HEAST- Health Effects Assessment Summary Tables

EPA Group:

A - Human carcinogen

Bl - Probable human carcinogen - indicates that limited human data are available

B2 • Probable human carcinogen - indicates sufficient evidence in animals and

mHrquatf or no evidence in humans

C - Possible human carcinogen

D - Not classifiable as a human carcinogen

E - Evidence of noncarcinogeniciry

Weight of Evidence:

Known/Likely

Cannot be Determined

Not Likely
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TABLE C-1-5.3

CANCER TOX1CITY DATA - INHALATION

WELSBACH-RADIONUCLIDES OF POTENTIAL CONCERN

Radionuclide

of Potential

Concern (1)

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 -i-D

Inhalation Cancer Slope Factor

I.40E-08

I.24E-08

2.75E-09

9.94E-10

9.68E-08

1.72E-08

I.93E-08

3.86E-09

Units

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Riik/pCi

Weight of Evidence/

Cancer Guideline

Description

A

A

A

A

A

A

A

A

Source

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

Date

(MM/DD/YY)

1 1/01/95

1 1/01/95

1 1/01/95

1 1/01/95

11/01/95

11/01/95

11/01/95

11/01/95

(I) Risk from decay products (+D) included as appropriate.

HEAST- Health Effects Assessment Summary Tables

EPA Group:

A - Human carcinogen

B1 - Probable human carcinogen - indicates that limited human data are availabk

B2 - Probable human carcinogen - indicates sufficient evidence in animals and

inadequate or no evidence in humans

C - Possible human carcinogen

D - Not classifiable as a human carcinogen

E - Evidence of noncarcinogenicity

Weight of Evidence:

Known/Likely

Cannot be Determined

Not Likely
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Scenario Timeframe: Current / Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: Holt Cargo
Receptor Population: Worker
Receptor Age: Adult ___

TABLE C-l-6.1
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

WELSBACH

Exposure
Route

External

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232
Lead 210 + D

Medium
EPC

Value

2.09E+02

1.43E+02

6.98E-KM

1.28E+03

1.26E+03

8.52E+02

1.34E+03

6.98E+OI

Medium
EPC
Units

pCi/g

pCi/g

PCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

Route
EPC

Value

2.09E-K)2

1.43E-K12

6.98E+01

1.28E+03

1.26E-KI3

8.52E+02

1.34E+03

6.98E+01

Route
EPC
Units .

PCi/g

pti/g

pCi/g

PCi/g

PCi/g
pCi/g

pCi/g

pCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

Exposure

9.51E+02

6.52E+02

3.18E+02

5.84E-H)3

5.75E-H)3

3.89E+03

6.11E+03

3.18E+02

Exposure
Units

pCi-year/g

pCi-year/g
pCi-year/g

pCi-year/g

pCi-year/g
pCi-year/g

pCi-year/g
pCi-year/g

Cancer Slope
Factor

2.14E-11

6.57E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-1 1

1.97E-11

1.45E-IO

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil
Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Total Risk-All ROPC

Cancer
Risk

2.0E-08

4.3E-05

2. IE-03

1.9E-02

3.6E-02

1.7E-07

1.2E-07

4.6E-08
5.7E-02

(1) M = Medium-Specific CO
o
o
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Scenario Time frame: Current / Future
Medium: Background Soil
Exposure Medium: Background Soil
Exposure Point: N/A
Receptor Population: Worker
Receptor Age: Adult

TABLE C-1 -6.2
RME

CALCULATION OF CANCER RJSKS
REASONABLE MAXIMUM EXPOSURE

WELSBACH

Exposure
Route

External

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

Medium
EPC

Value

6.54E-01

6.18E-01

1.05E-HX)

9.17E-01

9.38E-01

7.94E-01

9.18E-01

1.05E+00

Medium
EPC
Units

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g

pCi/g

pCiyg

pCi/g

Route
EPC

Value

6.54E-01

618E-01

1.05E+00

9.17E-01

9.38E-01

7.94E-01

9.18E-01

1.05E+00

Route
EPC
Units

pCi/g

pCi/g

PCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

Exposure

2.98E+00

2.82E+00

4.78E-HX)

4.18E-HX)

4.28E-KX)

3.62E-KX)

4.19E-HX)

4.78E-HX)

Exposure
Units

pCi-year/g

pCi-year/g
pCi-year/g

pCi-year/g

pCi-year/g
pCi-year/g

pCi-year/g
pCi-year/g

Cancer Slope
Factor

2.14E-11

6.57E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-1 1

1.97E-11

1.45E-10

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Total Risk-All ROPC

Background
Cancer
Risk

6.4E-II

1.9E-07

3.2E-05

1.4E-05

2.7E-05

1.6E-10

8.2E-II

6.9E-10

7.3E-05
N/A = Not Applicable
(I) M = Medium-Specific

COo
o
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TABLE C-l-6.3
RME

SUMMARY OF RECEPTOR RISKS
REASONABLE MAXIMUM EXPOSURE

WELSBACH

Scenario Time frame: Current / Future
Receptor Population: Worker
Receptor Age: Adult_________

Exposure
Route

External

Exposure

Medium

Soil

Exposure

Point

Holt Cargo

Gross

Risk

5.7E-02

Background
Risk

7.3E-05

Total Risk

Net

Risk

5.7E-02

5.7E-02

CO
o
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Scenario Timeframe: Current / Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: Holt Cargo
Receptor Population: Other Worker
Receptor Age: Adult_________

TABLE C-l-6.4
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

WELSBACH

Exposure
Route

External

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D
Thorium 228 + D

Thorium 230
Thorium 232
Lead 210 + D

Medium
EPC

Value

2.09E+02

1.43E+02

6.98E+01

1.28E-K)3

1.26E+03

8.52E+02

1.34E+03

6.98E+01

Medium
EPC
Units

pCi/g

pCi/g
pCi/g

PCi/g
pCi/g

pCi/g

pCi/g

pCi/g

Route
EPC

Value

2.09E+02

1.43E+02

6.98E-K)!

I.28E-KB

1.26E+03

8.52E-K)2

1.34E-K13

6.98E-H)!

Route
EPC
Units

pCi/g

pCi/g

PCi/g

pCi/g

PCi/g
pCi/g

pCi/g
pCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

Exposure

2.38E+02

1.63E-KJ2

7.95E+01

1.46E-K)3

1.44E+03

9.71E+02

1.53E-K)3

7.95E+01

Exposure
Units

pCi-year/g

pCi-ycar/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g
pCi-year/g

pCi-year/g

Cancer Slope
Factor

2.14E-11

6.57E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-11

1.97E-11

1.45E-10

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Total Risk-All ROPC

Cancer
Risk

5. IE-09

1. IE-05

5.4E-04

4.8E-03

8.9E-03

4.3E-08

3.0E-08

I.2E-08

1 .4E-02
(1) M = Medium-Specific CO

CD
o
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Scenario Timeframe: Current / Future
Medium: Background Soil
Exposure Medium: Background Soil
Exposure Point: N/A
Receptor Population: Other Worker
Receptor Age: Adult __ ___

TABLE C-l-6.5
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

WELSBACH

Exposure
Route

External

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D
Radium 226 + D

Radium 228 + D

Thorium 228 + D
Thorium 230

Thorium 232

Lead 210 + D

Medium
EPC

Value

6.54E-01

6.18E-01

1.05E+00

9.17E-01

9.38E-01

7.94E-01

9.18E-01

1.05E-KX)

Medium
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g

PCi/g

PCi/g

Route
EPC

Value

6.54E-01

6.18E-01

1.05E+00

9.17E-01

9.38E-01

7.94E-01

9.18E-01

1.05E-KX)

Route
EPC
Units

PCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g

pCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

Exposure

7.46E-01

7.04E-01

1.19E-KX)

1.04E-KX)

1.07E+00

9.06E-01

1.05E-KX)

1.19E-KX)

Exposure
Units

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g
pCi-year/g

pCi-year/g

Cancer Slope
Factor

2.14E-11

6.57E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-1 1

1.97E-11

1.45E-10

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Total Risk-All ROPC

Background
Cancer
Risk

1.6E-11

4.6E-08

8. IE-06

3.4E-06

6.6E-06

4.0E-1 1

2.1E-11

1.7E-10

1.8E-05

N/A = Not Applicable
(1) M = Medium-Specific GO

o
o

CO
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TABLE C-1-6.6
RME

SUMMARY OF RECEPTOR RISKS
REASONABLE MAXIMUM EXPOSURE

WELSBACH

Scenario Timeframe: Current / Future
Receptor Population: Other Worker
Receptor Age: Adult_________

Exposure

Route

External

Exposure

Medium

Soil

Exposure

Point

Holt Cargo

Gross

Risk

1.4E-02

Background

Risk

1.8E-05

Total Risk

Net

Risk

1.4E-02

1.4E-02

CO
o
o

-•>
C.O

1/7/99



Scenario Timeframe: Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: Holt Cargo
Receptor Population: Construction Worker
Receptor Age: Adult____________

TABLE C-1-6.7
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

WELSBACH

Exposure
Route

External

Ingestion

CO
0o
Ol
0

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D
Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Medium
EPC

Value

8.52E-K)2

8.52E+02

2.35E+02

1.28E+03

1.26E-K)3

8.52E+02

1.34E-H33

2.35E-H)2

8.52E+02

8.52E+02

2.35E-K)2

1.28E+03

1.26E+03

8.52E+02

1.34E+03

2.35E+02

Medium
EPC
Units

PCi/g

PCi/g
pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g
pCi/g

pCi/g

pCi/g

pCi/g

Route
EPC

Value

8.52E+02

8.52E-K)2

2.35E+02

1.28E+03

1.26E+03

8.52E+02

1.34E-K)3

2.35E+02

8.52E402

8.52E-KJ2

2.35E+02

1 .28E+03

1.26E+03

8.52E-KJ2

1.34E+03

2.35E+02

Route
EPC
Units

PCi/g

PCi/g

PCi/g

PCi/g

pCi/g

PCi/g

PCi/g

PCi/g

pCi/g

PCi/g

PCi/g

pCi/g

PCi/g

PCi/g

PCi/g

pCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

Exposure

4.66E+01

4.66E+01

1.29E-KH

7.00E+01

6.89E+01

4.66E+01

7.33E+01

1.29E+01

2.45E-KM

2.45E+04

6.78E+03

3.69E-KJ4

3.63E+04

2.45E-KW

3.86E-K)4

6.78E+03

Exposure
Units

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi

pCi

pCi

pCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

2.14E-11

6.S7E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-11

1.97E-11

1.45E-10

4.44E-1 1

6.20E-11

2.96E-10

2.48E-10

2.31E-10

3.75E-11

3.28E-11

1.0 IE-09

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Cancer
Risk

l.OE-09

3. IE-06

8.7E-05

2.3E-04

4.3E-04

2. IE-09

1.4E-09

I.9E-09

7.5E-04

1. IE-06

1.5E-06

2.0E-06

9. IE-06

8.4E-06

9.2E-07

1.3E-06

6.8E-06

3. IE-05

1/7/99



Scenario Timeframe: Future
Medium: Soil
Exposure Medium: Particulates
Exposure Point: Holt Cargo
Receptor Population: Construction Worker
Receptor Age: Adult____________

TABLE C-l-6.8

RME
CALCULATION OF CANCER RISKS

REASONABLE MAXIMUM EXPOSURE

WELSBACH

Exposure
Route

Inhalation

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D
Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Medium
EPC

Value

8.52E+02

8.52E+02

2.3SE+02

1.28E+03

1.26E+03

8.52E+02

1.34E+03

2.35E+02

Medium
EPC
Units

pCi/g

pCi/g

PCi/g
pCi/g

PCi/g

PCi/g

PCi/g
PCi/g

Route
EPC

Value (1)

4.44E+00

4.44E+00

1.23E+00

6.67E+00

6.56E-KX)

4.44E-KX)

6.98E+00

1.23E+00

Route
EPC
Units

pCi/m3

pCi/m5

pCi/m5

pCi/m'

pCi/mJ

pCi/m1

pCi/m3

pCi/m3

EPC Selected
for Risk

Calculation (2)

R

R

R

R

R

R

R

R

Exposure

4.90E+03

4.90E+03

1.35E-HJ3

7.36E+03

7.25E+03

4.90E+03

7.71 E+03

1.35E+03

Exposure
Units

pCi

pCi

pCi

pCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

I.40E-08

1.24E-08

2.75E-09

9.94E-10

9.68E-08

1.72E-08

1.93E-08

3.86E-09

Cancer Slope
Factor Units

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Total Risk-All ROPC

Cancer
Risk

6.9E-05

6. IE-05

3.7E-06

7.3E-06

7.0E-04

8.4E-05

1.5E-04

5.2E-06

I. IE-03
1.9E-03

(1) See respirable paniculates model in Appendix C.
(2) R = Route-Specific CO

o
o
vl

CJ1
K *
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Scenario Timeframe: Future
Medium: Background Soil
Exposure Medium: Background Soil
Exposure Point: N/A
iteceptor Population: Construction Worker
Receptor Age: Adult____________

TABLE C-l-6.9
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

WELSBACH

Exposure
Route

External

Ingestion

COo
0
vl

CJI
to

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Medium
EPC

Value

6.54E-01

6.18E-01

1.05E+00

9.17E-01

9.38E-01

7.94E-01

9.18E-01

1.05E+00

6.54E-01

6.18E-01

1.05E+00

9.17E-01

9.38E-01

7.94E-01

9.18E-01

1.05E+00

Medium
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g

pCi/g

pCi/g

Route
EPC

Value

6.54E-01

6.18E-01

1.05E+00

9.I7E-01

9.38E-OI

7.94E-01

9.18E-OI

1.05E+00

654E-OI

6.18E-01

1.05E-KX)

9.17E-01

9.38E-01

7.94E-OI

9.18E-01

1.05E+00

Route
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

Exposure

3.58E-02

3.38E-02

5.74E-02

5.02E-02

5.14E-02

4.35E-02

5.02E-02

5.74E-02

1.88E+01

1.78E+01

3.02E+01

2.64E+01

2.70E+01

2.29E-K)!

2.64E+01

3.02E-K)1

Exposure
Units

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g
pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi

pCi

pCi

pCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

2.14E-11

6.57E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-11

1.97E-11

1.45E-10

4.44E-1 1

6.20E-1 1

2.96E-10

2.48E-10

2.3IE-10

3.75E-11

3.28E-1 1

1.0 IE-09

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Background
Cancer
Risk

7.7E-13

2.2E-09

3.9E-07

1.6E-07

3.2E-07

1.9E-12

9.9E-13

8.3E-12

8.7E-07

8.4E-10

1. IE-09

8.9E-09

6.5E-09

6.2E-09

8.6E-IO

8.7E-IO

3.0E-08

5.6E-08

1/7/99



TABLE C-l-6.10
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

WELSBACH

Scenario Timeframe: Future
Medium: Background Soil
Exposure Medium: Participates
Exposure Point: N/A
Receptor Population: Construction Worker
Receptor Age: Adult___________

Exposure
Route

Inhalation

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D
Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Medium
EPC

Value

6.54E-01

6.18E-OI

1.05E-KX)

9.17E-01

9.38E-OI

7.94E-01

9.18E-01

1.05E+00

Medium
EPC
Units

pCi/g

pCi/g

pCi/g

PCi/g

PCi/g
PCi/g

PCi/g

PCi/g

Route
EPC

Value (1)

3.41E-03

3.22E-03

5.46E-03

4.78E-03

4.89E-03

4.14E-03

4.78E-03

5.46E-03

Route
EPC
Units

pCi/mJ

pCi/m3

pCi/m3

pCi/m3

pCi/mJ

pCi/mJ

pCi/m3

pCi/m3

EPC Selected
for Risk

Calculation (2)

R

R

R

R

R

R

R

R

Exposure

3.76E+00

3.55E-HX)

6.03E-KX)

5.27E+00

5.40E+00

4.57E+00

5.28E+00

6.03 E-HX)

Exposure
Units

pCi

pCi

pCi

pCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

1.40E-08

1.24E-08

2.75E-09

9.94E-10

9.68E-08

1.72E-08

1.93E-08

3.86E-09

Cancer Slope
Factor Units

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Total Risk-All ROPC

Background
Cancer
Risk

5.3E-08

4.4E-08

1.7E-08

5.2E-09

5.2E-07

7.9E-08

l.OE-07

2.3E-08

8.4E-07

1.8E-06

CO
o

N/A = Not Applicable
(1) See respirable particulatcs model in Appendix C.
(2) R = Route-Specific
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CO
o
o

Scenario Timeframe: Current / Future
Receptor Population: Construction Worker
Receptor Age: Adult __ ___

TABLE C-1-6.11
RME

SUMMARY OF RECEPTOR RISKS
REASONABLE MAXIMUM EXPOSURE

WELSBACH

Exposure

Route

External

Ingestion

Inhalation

Exposure

Medium

Soil

Soil

Particulates

Exposure

Point

Holt Cargo

Holt Cargo

Holt Cargo

Cross

Risk

7.5E-04

3. IE-05

1. IE-03

Background

Risk

8.7E-07

5.6E-08

8.4E-07

Total Risk

Net

Risk

7.5E-04

3. IE-05

1. IE-03

1.9E-03

1/7/99



TABLE C-M

SELECTION OF EXPOSURE PATHWAYS

GENERAL CAS MANTLE. RADIOLOGICAL EXPOSURE

Scenario

Time frame

Quran

FuMt

Medium

Soil

Buifeiutg

Soil

Building

Exposure

Medium

Soil

Particulatts

Building Materials

Panit»Utt<

Radon Decay Products

Soil

Home Grow. Product

Particubtts

Radon Decay Products

Building Materials

Paniculalcs

Radon Deny Product!

Exposure

Poiul

GGM

GGM

GGM

GGM

GGM

GGM

GGM

GGM

GGM

GGM

GGM

GGM

Receptor

Population

Worker

Trespasser

Worker

Trespasser

Worker

Trespasser

'Worker

TrcsoatM

Worker

Trespaiser

Worker

Trespasser

CoMtmcoo. Worker

Reside*

Resident

Worker

Trespasser

Construction Worker

Resident

Resides*

Worker

Trespasser

Worker

Trespasser

Worker

Trespasser

Rcccptof

A|e

Aduh

Adolescent

Aduh

Adolesceu

Aduh

Adolescent

Aduh

AdoloceM

Aduh

Adolescent

Aduk

Adolescent

Aduh

Aduh

Child

Aduh

CkiU

Aduh

AdoksccM

Aduh

Aduh
Child

Aduh

Child

Aduh

Adolescent

Aduh

Adoloceul

Aduh

Adolescent

Exposure

Roue

External Radiation
digestion

External Radiation

luttCStiOB

luhabtiou

Inhalation

External Radiation

External Radiation

Inhalation

Inhalation

Inhalation

Inhalation

External Radiation

Ingestion

External Radiation

llMfttHiW

External Radiation

lactation

External Radiation

Inpsuon

External Radiation

lagestiou

lagesboa

lugcstiou

Inhalation

Inhnlatiou

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation

External Radiation

External Radiation

Inhalation

Inhalation

Inhalation

Inhalation

On-Site/

Off-SKe

On-Sile
On Site

Oa-Sitt

On-Sile

On-Sitt

On-Sise

On-Sitt

On-She

Ou-Sbe

On-Sile

Da-She

On-Sitt

On-S«e

On-Sbe

On-SiK

On-Sile

On-Sitt

Oa-Sitt

On-Sitt

On-Sitt

On-Sue

On-Sitt

On-Sitt

On-SiK

On-Ske

On-She

On-Sitt

On-Sitt

On-Sitt

On-Sitt

On-She

On-SiK

On-She

On-Sitt

On-Sitt

On-Sitt

On-Sitt

Type of

Analysis

None
None

Quant

Quant

None

None

None

Quani

None

Quant

None

Quant

None

None

Quant

Quant

Quant

Qua-

Quant

Quant

Quant

Quant

Quani

Quani

None

None

Quant

None

None

Quant

Quant

Quant

Quant

Quant

Quant

Quant

Quant

Rationale for Selection or Exclusion

of Exposure Pathway

Building is currently unoccupied
Building b currently unoccupied

Presence of ganma-ernitung radionuclides in soil is possible

Building is currently unoccupied

Vegatarion hinders the resuspension of contaminated particles

Building is currently unoccupied

Presence of gamma-emitting radionuclides in building materials b posifcle

Building b currently unoccupied

OMHaminalod particles may become airborne

Building b currently unoccupied

Presence of radoa decay products in building b possfck

Workday assumed to be spent iodoaa

Workday assumed to be spent indoors

CfcMaaMuatod soil may be encountered by construction workers during excavation
activities

Residential land development b possible

Residential land development b possible

Residential land development b possible

Residential land development b possfclc

Residential land devdopmeM b possMe

Residential land development b possfele

Workday assumed to be spent indoors

Vegatation hinders rhe resuspension orcontarronaled particles

rnntamrnatrd soil may be encounwred by constraction workers during excavation
activities

Vegatation hinders the resuspensiou orconlaminated particles

Vegatation hinders ine resuspenston of contaminated particles

Residential land development b pofitle

Residential land development b possfcle

Presence of gamma-emitting radioauclidcs in building nuteriab b possible

Presence of gamma-emining radioouclidcs ia building materials b possible

Contaminated particles nuy become airborne

Contaminated panicles may become airborne

Presence of radon decay products in building b possnle

Presence of radon decay products in building b potsMe

CO
o
o
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TABLEC-2-2.1
OCCURRENCE, DISTRIBUTION AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN

GENERAL GAS MANTLE

CO
o
o4
Ul
01

Scenario Timeframe: Current / Future
Medium: Soil
Exposure Medium: Soil
Exposure Point- GGM

(1)
Radionuclide

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 -i- D

Thorium 230

Thorium 232

Lead 210 + D

(2)
Minimum

Concentration

0.33

OJS

0.478

0.5

0.42

0.61

0.279

0.478

(2)
Maximum

Concentration

3.96

3.5

172

140

149

28

132

172

Units

pCi/g

pCi/g

PCi/g

PCi/g

pCi/g

pCi/g

pCi/g

pCi/g

Location

of Maximum

Concentration

WG-SB-37-OI

WG-SB-37-OI

WG-SB-42-OI

WG-SB-37-OI

WG-SB-37-OI

WG-SB-37-OI

WG-SB-37-OI

WG-SB-42-OI

Concentration

Used for

Screening to

Background

3.96

3.5

172

140

149

28

132

172

(3)
Maximum

Background

Value

1.32

1.45

1.91

2.25

2.68

1.52

2.44

1.91

W
ROPC

Flag

YES

YES

YES

YES

YES

YES

YES

YES

(5)
Rationale for

Radionuclide

Selection

or Deletion

TX.ASL

TX, ASL

TX. ASL

TX, ASL

TX.ASL

TX.ASL

TX. ASL

TX.ASL

(1) Risk from decay products (+D) included as appropriate; secular equilibrium

assumed between Lead-210 and Radium-226

(2) Minimum/maximum detected concentration.

(4) Selection (YES) or deletion (NO) of radionuclides of potential concern (ROPC).

(3) Maximum concentrations from background samples. See text

(5) Rationale Codes

Selection Reason: Infrequent Detection but Associated Historically (HIST)

Frequent Detection (FD)

Toxiciry Information Available (TX)

Above Screening Levels (ASL)

Deletion Reason: Infrequent Detection (IFD)

Background Levels (BKG)
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TABLE C-2-2.2
OCCURRENCE, DISTRIBUTION AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN

GENERAL GAS MANTLE

CO
o
o
4
Jl

Scenario Timeframc: Current / Future
Medium: Soil
Exposure Medium: Paniculate;
Exposure Point: GGM

(1)
Radionuclide

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 t D

Thorium 230

Thorium 232

Lead 210 + D

(2)
Minimum

Concentration

0.33

0.35

0.478

0.5

0.42

0.61

0.279

0.478

U)
Maximum

Concentration

3.96

3.5

172

140

149

28

132

172

Units

pCi/g

PCi/g

PCi/g

PCi/g

PCi/g

pCi/g

pCi/g

pCi/g

Location

of Maximum

Concentration

WG-SB-37-OI

WG-SB-37-OI

WG-SB-42-01

WG-SB-37-OI

WG-SB-37-OI

WG-SB-37-OI

WG-SB-37-OI

WG-SB-42-01

Concentration

Used for
Screening to
Background

3.%

3.5

172

140

149

28

132

172

(3)
Maximum
Background

Value

1.32

1.45

191

2.25

2.68

1.52

2.44

1.91

(4)
ROPC

Flag

YES

YES

YES

YES

YES

YES

YES

YES

(5)
Rationale for

Radionuclide

Selection
or Deletion

TX, ASL

TX.ASL

TX, ASL

TX.ASL

TX.ASL

TX.ASL

TX, ASL

TX.ASL

(1) Risk ham decay product] (+D) included as appropriate; secular equilibrium

assumed between Lead-210 and Radium-226

(2) Minimum/maximum detected concentration.

(4) Selection (YES) or deletion (NO) of radjonuclides of potential concern (ROPC).

(3) Maximum concentrations from background samples. See text.

(5) Rationale Codes
Selection Reason: Infrequent Detection but Associated Historically (HIST)

Frequent Detection (FD)

Toxicity Information Available (TX)

Above Screening Levels (ASL)

Deletion Reason: Infrequent Detection (IFD)
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TABLE C-2-2.3
OCCURRENCE, DISTRIBUTION AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN - INDOOR EXPOSURE RATES

GENERAL GAS MANTLE

Scenario Timeframe: Current / Future
Medium: Building
Exposure Medium: Building Materials
Exposure Point: GGM

(1)
Radionuclide

Indoor Exposure Rate

(2)
Minimum

15

(2)
Maximum

234

Units

uR/hr

Location

of Maximum

Concentration

Basement at (25,20)

Concentration

Used for
Screening to
Background

234

(3)
Maximum
Background

Value

7

(4)
ROPC

Flag

YES

(5)
Rationale for

Radionuclide

Selection
or Deletion

TX, ASL

CO
o
o

(1) Indoor exposure rate survey from the basement of General Gas Mantle

(2) Minimum/maximum detected.
(3) Exposure rate due to naturally occurring radiation.

(4) Selection (YES) or deletion (NO) of radionuclides of potential concern (ROPC).

(5) Rationale Codes
Selection Reason:

Deletion Reason:

Infrequent Detection but Associated Historically (HIST)

Frequent Detection (FD)

Toxicity Information Available (TX)

Above Screening Levels (ASL)

Infrequent Detection (IFD)

Background Levels (BKG)

en
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. TABLE C-2-3.1
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

GENERAL GAS MANTLE

Radionuclide

of

Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 <- D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D1

Scenario Timefiame: Current /Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: GGM

Units

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

Arithmetic

Mean

I.39E+00

I.32E+00

6.20E+00

IJSE-tOI

I.64E+01

4.66E400

I.49E+01

6.20E+00

95% UCL of

Normal

Data

I.74E+00

I.62E+00

4.08E-KX)

2.9IE-MH

3.87E+OI

I.24E4O1

3.7IE40I

4.08E-KK)

Maximum

Detected

Concentration

3.%

3.5

172

140

149

28

132

172

EPC

Units

pCi/g

pCi/g

PCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

Reasonable Maximum Exposure

Medium

EPC

Value

I.74E-HX)

1.62E+00

6.20E+00

2.91E+01

3.87E+01

I.24E+OI

3.7IE-H>1

6.20E+OO

Medium

EPC

Statistic

95% UCL-T

95% UCL-T

Mean-N

95% UCL-T

95% UCL-T

95% UCL-T

95% UCL-T

Mean-N

Medium

EPC

Rationale

W-Test (2)

W-Test (2)

W-Test (2)

W-T«t(2)

W-Te$t(2)

W-Test (2)

W-Tesl(2)

W-Test (2)

Central Tendency

Medium

EPC

Value

-

-

-

-

-

-

Medium

EPC

Statistic

-

-

-

-

-

-

Medium

EPC

Rationale

-

-

-

-

-

-

-

O
O

For non-defects, sampk quantitation limit was used as a proxy concentration; for duplicate sample results, the maximum value was used in the calculation.

W - Test: Developed by Shapiro and Wilk, refer to Supplemental Guidance to RAGS: Calculating the Concentration Term, OSWER Directive 9285.7-081, May 1992.

Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Data (95% UCL-T); Mean of Log-transformed Data (Mean-T);
Mean of Normal Data (Mean-N).

(1) Lead-210 assumed in equilibrium with Radium-226.
(2) Shapiro-Wilk W Test indicates data do not follow a normal distribution.
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TABLEC-2-32
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

GENERAL GAS MANTLE

Radionuclide

of

Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead210+D'

Scenario Timeframe: Future
Medium: Soil
Exposure Medium: Paniculate*
Exposure Point: GGM

Units

pCi/g

pCi/g

pCi/g

PCi/g

PCi/g

pCi/g

PCi/g

pCi/g

Arithmetic

Mean

1.39E+00

I.32E+00

6.20E+00

1.35E+OI

I.64E+OI

4.66E+00

I.49E+OI

6.20E+00

95% UCL of

Normal

Data

1.74E+00

1.62E+00

4.08E+OO

2.91E+OI

3.87E+OI

1.24E+OI

3.7IE401

4.08E+00

Maximum

Detected

Concentration

3.96

3.5

172

140

149

28

132

172

EPC

Units

PCi/g

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g

PCi/g

PCi/g

-

Reasonable Maximum Exposure

Medium

EPC

Value

1.74E+00

1.62E+00

6.20E+00

2.9IE+OI

3.87E+OI

1.24E+OI

3.7IE+01

6.20E+00

Medium

EPC

Statistic

95% UCL-T

95% UCL-T

Mean-N

95% UCL-T

95% UCL-T

95% UCL-T

95% UCL-T

Mean-N

Medium

EPC

Rationale

W-Test(2)

W-Test(2)

W-Test(2)

W-Test(2)

W-Test (2)

W-Test(2)

W-Test (2)

W-Test (2)

Central Tendency

Medium

EPC

Value

--

--

-

-

-

-

--

--

Medium

EPC

Statistic

-

--

-

-•

--

-

--

Medium

EPC

Rationale

-

-

--

-

--

-

--

-

CO
o
o

G?

For non-detects, sample quantitation limit was used as a proxy concentration; for duplicate sample results, Ine maximum value was used in the calculation.

W - Test: Developed by Shapiro and Wilk, refer to Supplemental Guidance to RAGS: Calculating the Concentration Term, OSWER Directive 9285.7-081, May 1992.

Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Data (95% UCL-T); Mean of Log-transformed Data (Mean-T);
Mean of Normal Data (Mean-N).

(1) Lead-210 assumed in equilibrium with Radium-226.
(2) Shapiro-Wilk W Test indicates data do not follow a normal distribution.
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TABLE C-2-3.3
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

GENERAL GAS MANTLE

Scenario Timeframe: Current / Future
Medium: Building
Exposure Medium: Building Materials
Exposure Point: GGM_________

Radionuclide

of

Potential

Concern

Indoor Exposure Rate

Radon Decay Products

Units

uR/hr

WL

Arithmetic

Mean

4.02E-HM

1.70E-KX)

95% UCL of

Normal

Data

4.2E+01

"

Maximum

Detected

Concentration

234

"

EPC

Units

uR/hr

WL

Reasonable Maximum Exposure

Medium

EPC

Value

4.2E-HM

1.7E+00

Medium

EPC

Statistic

95% UCL-T

"

Medium

EPC

Rationale

D'AgostinoTest(l)

"""

Central Tendency

Medium

EPC

Value

.
"

Medium

EPC

Statistic

"

Medium

EPC

Rationale

—

For duplicafe sample results, the maximum value was used in the calculation.

D' Agostino Test: Developed by D' Agostino (Gilbert 1987).

Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Data (95% UCL-T); Mean of Log-transformed Data (Mean-T);
Mean of Normal Data (Mean-N).

(I) D' Agostino Test indicates data do not follow a normal distribution.

COoo<Ien
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TABLEC-2-3.4
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

GENERAL GAS MANTLE

Scenario Timeframe: Current / Future
Medium: Building
Exposure Medium: Building Materials
Exposure Point: GGM_________

Radionuclide

of

Potential

Concern

Columns

Walls

Floor

Radon

Units

dpm/lOOcm2

dpm/100cm2

dpm/100 cm2

pCi/L

Arithmetic

Mean

2.64E+03

2.59E-HW

3.71E+03

8.77E-OI

95% UCL of

Normal

Data

3.39E+03

2.39E+03

3.85E-H)3

1.16E-H)0

Maximum

Detected

Concentration

l.OOE+04

4.48E-HM

2.73E-HJ4

2.10E+00

EPC

Units

dpm/100 cm2

dpm/100 cm2

dpm/100 cm2

pCi/L

Reasonable Maximum Exposure

Medium

EPC

Value

3.39E+03

2.59E+03

3.85E+03

1.16E+00

Medium

EPC

Statistic

95% UCL-T

Mean-N

95% UCL-T

95% UCL-N

Medium

EPC

Rationale

D'Agostino Test ( 1 )

D'AgostinoTest(l)

D'Agostino Test (1)

W-Test(2)

Central Tendency

Medium

EPC

Value

-

-

—

Medium

EPC

Statistic

-

--

-•

Medium

EPC

Rationale

-

-

—

For duplicate sample results, the maximum value was used in the calculation.

D' Agostino Test: Developed by D' Agostino (Gilbert 1987).

W - Test: Developed by Shapiro and Wilk, refer to Supplemental Guidance to RAGS: Calculating the Concentration Term, OSWER Directive 9285.7-081, May 1992.

Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Data (95% UCL-T); Mean of Log-transformed Data (Mean-T);
Mean of Normal Data (Mean-N).

(1) D' Agostino Test indicates data do not follow a normal distribution.
(2) Shapiro-Wilk W Test indicates data follow a normal distribution.

COoo-1
en
ro
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TABLEC-2-4.1

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

GENERAL GAS MANTLE

Scenario Timeframe: Current / Future

Medium: Soil

Exposure Medium: Soil

Exposure Point: GGM

Receptor Population: Trespasser

Receptor Age: Adolescent

Exposure Route

External (Radiation)

Ingeslion

Parameter
Code

RS

ET

EF

GSFo

ED

CF1

RS

CF2

1R-S

FI

EF

ED

Parameter Definition

Radionuclide Concentration in Soil

Exposure Time

Exposure Frequency

Gamma Shielding Factor Outdoors

Exposure Duration

Conversion Factor 1

Radionuclide Concentration in Soil

Conversion Factor 2

Ingestion Rate of Soil

Fraction Ingested

Exposure Frequency

Exposure Duration

Units

pCi/g

hours/day

days/year

--

years

year/hours

pCTg
gtaig

mg/day

--

days/year

years

RME
Value

See Table 3

1

120

'[2]

6

1. HE-04

See Table 3

I.OOE-03

100

1

120

6

RME
Rationale/
Reference

. See Table 3

l"l

[1]
EPA, 1997

[1]

--

See Table 3

--

EPA, 1991

-•

[1]

[1]

CT
Value

--

-

-

--

--

-

--

-

-

CT
Rationale/
Reference

-

--

-

-

--

--

--

--

-

•-

Equation

Exposure (CDI) (pCi-year/g) -

RS x ET x EF x GSFo x ED x CF1

Intake (pCi) =

RS x CF2 x IR-S x Fl x EF xED

[I] Professional Judgment

CO [2] I for exposed soil.o
~™* Sources:o

•> USEPA, 1991: Risk Assessment Guidance for Superfund. Vol. I: Human Health Evaluation Manual - Supplemental Guidance, Sundard Default Exposure Factors. Interim Final. OSWER. Directive 9285.6-03.

C75 USEPA, 1997: Exposure Factors Handbook. OHEA. EPA/600/P-95/002Fa.

CO
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' TABLE C-2-4.2

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

GENERAL GAS MANTLE

Scenario Timefrarne: Current / Future

Medium: Building

Exposure Medium: Building Materials

Exposure Point: GGM

Heccplor Population: Trespasser

Receptor Age: Adolescent

Exposure Route

External (Radiation)

Parameter
Code

ER

ET

EF

ED

CF

Parameter Definition

Exposure Rale

Exposure Time

Exposure Frequency

Exposure Duration

Conversion Factor 3

Units

uR/hour

hours/day

days/year

yean

urem/uR

RME
Value

See Table 3

1

120

6

0.97

RME
Rationale/
Reference

See Table 3

[1]

[>]

[11

[2]

CT
Value

--

--

-

-

CT
Rationale/
Reference

--

--

-

--

Equation

Exposure expressed as dose equivalent (urem) -

ER x ET x EF x ED x CF3

[I] Professional Judgement

Sources:

[2] PKirm, B.S., Tcrpilak, M.S., 1984. The Health Physics and Radiological Health Handbook. Nucleon Lectern Associates.

00
o
o
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TABLE C-2-4.3

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

GENERAL GAS MANTLE

Scenario Timeframe: Current / Future

Medium: Building

Exposure Medium: Particulates

Exposure Point: GGM

Receptor Population: Trespasser

Receptor Age: Adolescent

Exposure Route

Inhalation

Parameter
Code

„

Parameter Definition

..

Units

„

RME
Value

_

RME
Rationale/
Reference

_

CT
Value

CT
Rationale/
Reference

.

Equation

Intake (pCi)

Intake will be modeled with RESRAD-BUILD

G>
O
o4
'75
cn
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TABLE C-2-4.4

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

GENERAL GAS MANTLE

Scenario Timeframe: Cunenl / Future

Medium: Building

Exposure Medium: Radon Decay Products

Exposure Point: GGM

Receptor Population: Trespasser

Receptor Age: Adolescent

Exposure Route

Inhalation

-

Parameter
Code

WL

ET

EF

ED

CF

Parameter Definition

Working Level Concentration

Exposure Time

Exposure Frequency

Exposure Duration

Conversion Factor 4

Units

WL

hours/day

days/year

years

hours/ work-month

RME
Value

See Table 3

1

120

6

170

RME
Rationale/
Reference

See Table 3

[1]

ID

[1]

~~

CT
Value

-

-

-

-

~

CT
Rationale/
Reference

-

-

-

-

~~

Equation

Exposure (WLM) =

WL x ET x EF x ED x I/CF4

[I] Professional Judgment.

CO
o
o
<!

CT5
CD
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TABLE C-2-4.5

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

GENERAL GAS MANTLE

Scenario Timeframc: Future

Medium: Soil

Exposure Medium: Soil

Exposure Point: GGM

Receptor Population: Construction Worker

Receptor Age: Adult ____

Exposure Route

External (Radiation)

Ingestion

Parameter
Code

RS

ET

EF

GSFo

ED

CFI

RS

CF2

IR-S

FI

EF

ED

Parameter Definition

Radkmuclide Concentration in Soil

Exposure Time

Exposure Frequency

Gamma Shielding Factor Outdoors

Exposure Duration

Conversion Factor 1

Radionuclide Concentration in Soil

Conversion Factor 2

Ingestion Rate of Soil

Fraction Ingested

Exposure Frequency

Exposure Duration

Units

pCi/g

hours/day

days/year

--

years

year/hours

pCi/g

g/mg

nig/day

--

days/year

years

RME
Value

See Table 3

8

60

112]

1

1. HE-04

See Table 3

I.OOE-03

480

1

60

I

RME
Rationale/
Reference

See Table 3

[1]

[1]
EPA, 1997

[1]

--

See Table 3

--

EPA, 1991

•-

[1]

[1]

CT
Value

-

-

-

-

-

--

-

-

-

-

-

-

CT
Rationale/
Reference

•-

-

--

-

--

--

--

--

--

Equation

Exposure (pCi-year/g) •

RS x ET x EF x GSFo x ED x CFI

Intake (pCi) =

RS x CF2 x IR-S x FI x EF x ED

[1] Professional Judgement.

[2] I for exposed soil.

Sources:

USEPA, 1991: Risk Assessment Guidance for Superfund. Vol. I: Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors. Interim Final. OSWER Directive 9285.6-03.

USEPA, 1997: Exposure Factors Handbook. OHEA. EPA/600/P-95/002Fa.
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TABLE C-2-4.6

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

GENERAL GAS MANTLE

Scenario Timeframe: Future

Medium: Soil

Exposure Medium: Participates

Exposure Point: GGM

Receptor Population: Construction Worker

Receptor Age: Adult

Exposure Route

Inhalation

Parameter
Code

RS

PEF

CF4

IN

ET

EF

ED

Parameter Definition

Radionuclide Concentration in Soil

Particular ^mission Factor

Conversion Factor 5

Inhalation Rate

Exposure Time

Exposure Frequency

Exposure Duration

Units

pCi/g

kg/m3

g/kg

m'/hr

hours/day
days/year

years

RME
Value

See Table 3

5.2 IE-06

1000

2.3

8

60

1

RME
Rationale/
Reference

See Table 3

See Appendix C

-

EPA, 1991

(1]

[D

[1]

cr
Value

-

-

-

-

-

-

-

CT
Rationale/
Reference

-

'

-

-

-

-

-

Equation

Intake (pCi) -

RS x PEF x CF4 x IN x ET x EF x ED

[1] Professional Judgement

Sources:

USEPA, 1991: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors. Interim Final OSWER. Directive 9285.6-03.

CO
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, TABLE C-2-4.7

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

GENERAL GAS MANTLE

Future

Soil

Exposure Medium Soil

Exposure Point GGM

Rccepur Populuioa: Resident

Receptor Age. Adult______

Exposure Route

External (Rad boon)

lUfCStiOU

Home Grown Produce

Parameter
Code

RS

ET

EF

Fi

Fo

GSFi

GSFo

ED

Cfl

RS

CO

IR-S

FI

EF

ED

RS

IR-L

PUF-L

IR-C

RUF-C

IR-T

PUF-T

EF

ED

Parameter Definition

Rndbuuclide Concentration • Soil

Exposure Time

Exposure Frequency

Tinx Fraction ludoon

TUXK Fraction Outdoors

Gmmm SbieUiH Factor lidoan

Gamma Shiektinf, Ficur Outdoors

Exiwsure Duration

Cauvcrsioo Factor 1

RjdkMCbde Concentration in Soil

Conversion Factor 2

Inaction R»«c of SoO

Fraction liijfiiffd
Exposure Frequency

Exposure Dumiou

RKiDKiclide Concentration i> Soil

Infenioo Rue of Lettuce

Plui Upuke Faaar-Lemce

luiesUM Rue ofCamo

Rtdioochdc -SpetiRc Root Upake FKM-CirrM

lucesaoa Rs«e orToautoes

PlMI Upuke FKn-TomMoes

Eiposure Frequency

Exposure Duratiou

Uuitt

pCi(»

bours/d>y

*ry*^ar

-

-

-

--

yean

ytjs/honil

pCVf

«v-«
o^day

--

days/year

yean

pCVf

I/day

-

I/day

-

t/day

-

days/year

years

RME
Value

SceTaWc)

24

350

0175

0.113

0.1(2]

1(2)

30

1 HE-04

See Table}

100E-03

100

1

350

30

SecTabk3

17

See Appendix O

41

See Appendix O

57

See Appendix O

350

30

RME
Rationale/
Reference

Sec Table 3

[1]

EPA. IWI

EPA.1997

EPA, 1997

EPA.IM7

EPA. 1997

EPA, 1991

Set Tie* 3

-

EPA, 1991

EPA. 1991

EPA, 1991

SeeTabk?

Bad. 1914

Sec Append* C

Bao.l9S4

Se. Appendix C

Bao.1914

SeeAppendixC

EPA, 1991

EPA. 1991

CT
Value

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

CT
Rationale/
Reference

-

-

-

-

-

-

~

-

-

-

-

-

-

Equation

Exposure (CDI) (pCi-year/|) -

RS x ET x EF x [(Fi x GSFi) < (Fo x GSFo)] x ED x CFI

luuke(pCi)-

RS x CF2 x IR-S i FI x EF xED

Intake (pCi)-

RS x [(IR-L x PUF-L) + (IR-C x RUF-Q t (IR-T x PUF-T)] x EF x ED

CO
o
o

CQ

[I] Professional Judfmenl

[2] I for exposed soil, 01 lot pavement

Sources.

Baeseial.l9M A Review and Analysis of Parameters for Assessing Transport of Environmentally Released Rndionuclides Ibroucb Africulnirc ORNL-S7M Oak Ridge, TN Oak Ridfe National Labonury

USEPA.I99I: Risk Assessment Guidance lor Snpernjnd VoL I: Human Heakn Eviluaun Manual - Supplemental Guidance. Standard Default Exposure Faclors InierinFiul OSWER. Directive 9285 6-03

USEPA. 1997: Exposure Factors Hindbook OHEA EPA/MO/P-95/002Fa.

1/7/99



TABLE C-2-4 8

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

GENERAL GAS MANTLE

Scenario Tisnerrame: Future

Medium Soil

Exposure Medium: Soil

Exposure Po«l OGM

Receptor Population. Resident

Receptor Age Child______

Exposure Route

Exienu] (Radiation)

Inceuion

Home Grow* Preface

Parameter
Code

RS

ET

EF

Fi

Fo

GSFi

GSFo

ED

CFI

RS

CF2

IR-S

FI

EF

ED

RS

IR.L

PUF-L

IR-C
RUF-C

IR-T

PUF-T

EF

ED

Parameter DefauUMt

RidkHuiclide CooceBtnan • Soil

Exposure Time

Exposure Frequency

Time Fraction Indoors

Time Fraction Outdoors

Gamma ShieUnf FKUC Outdoors

Exposure Duntkxi

Conversion Factor 1

Radionucbde Concentration in SoO

Conversion Ficlor 2

1 memo Rate of Soil

Fraction Infested

Exposure Frequency

Exposure Duration

Radionuclide CooccMralioi in Soil

lifcslio* Rile of Lettuce

Pint Uptake Factor-Lctucc

Iftfestiou Raw ofCarTots

RadiofMcMe -Spccifk Root Uptake Factor-Carrol

iDfdlioa Rale of Tomatoes

Plant Uptake Factor-Tomalocs

Exposure Frequency

Exposure Duration

Units

pCVf

noun/day

days/year

-

-

yean

year/noun

p»«

I/at

msyday

days/year

years

PC*!

I/day

-

l/<tay

I/day

--

days/year

yean

RME

Value

Sec Title 3

24

ISO

075

025

OS [2]

1(2]

6

1 I4E-04

SecTikle}

IOOE-03

200

1

320

6

Sec Table 3

4

SeeAppendixO

27

SeeAppendixO

24

SceAppeadixO

350

6

RME

Rationale/
Reference

SeeTnMe3

I'l

EPA. 1991

EPA. 1997

EPA, 1997

EPA, 1997

EPA. 1997

EPA. 1991

See Table 3

-

EPA. 1991

EPA. 1991

EPA. 1991

See Table 3

Baes.l9M

Sec Appendix C

Bacs,l9M

SeeAppendixC

Baes,l9M

SecAppenduC

EPA. 1991

EPA. 1991

CT
Vjkic

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-•

-

CT

Rationale/
Reference

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

--

Equation

Exposure (CDI) (pCi-year/i) -

RS x ET x EF x |(Fi X GSFi) * (Fo x GSFo)) x ED x CFI

Intake (pCi) •

RSiCF2xlR-SxFIxEFxED

Intake (pCi)-

RS x ((IR-L x PUF-L) + (IR-C x RUF-C) + (IR-T x PUF-T)] x EF I ED

IN rWessionalJudgment

|2] I for exposed soil. 08 lor pavement

Sources:

Baesetal..l9M: AReviewandAnatysbofParameienibrAssessivTransponorEnvtronmeniaJlyReleasedRadu ORNL-S7S4 Oak Rriie. TN Oak Rid(e National Laboratory

USEPA.I99I: Risk Assessment Guidance lor Superrund. Vol I: Hyman Hc.Uk Evaluauon Manual - Supplemental Guidance. Standard Default Exposure Facun lolcnrn Foul OSWER Directive 9285 6-03

USEPA.I997 Exposure Facton Handbook OHEA EPA/60CW 95/002Fa



TABLE C-2-4.9

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

GENERAL GAS MANTLE

Scenario Timeframc: Future

Medium: Soil

Exposure Medium: Radon Decay Products

Exposure Point: GGM

Receptor Population: Resident

Receptor Age: Adult, Child _____

Exposure Route

Inhalation

Parameter
Code

Parameter Definition

"

Units

"

RME
Value

"

RME
Rationale/
Reference

"

CT
Value

"

CT
Rationale/
Reference

•*

Equation

Intake (pCi)

Intakes will be modeled with RESRAD

CO
o
o
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TABLE C-2-4.10

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

GENERAL GAS MANTLE

Scenario Timeframe: Future

Medium: Building

Exposure Medium: Building Materials

Exposure Point: GGM

Receptor Population: Worker

Receptor Age: Adult

Exposure Route

External (Radiation)

Parameter
Code

ER

ET

EF

ED

CF

Parameter Definition

Exposure Rale

Exposure Time

Exposure Frequency

Exposure Duration

Conversion factor 3

Units

uR/bour

hours/day

days/year

yean

urem/uR

RME
Value

See Table 3

8

250

25

0.97

RME
Rationale/
Reference

See Table 3

[11
EPA, 1991

EPA, 1991

[2]

CT
Value

-

--

-

-

••

CT
Rationale/
Reference

--

•-

-

-

•-

Equation

Exposure expressed as dose equivalent (urem) =

ER x ET x EF x ED x CF3

[I] Professional Judgement.

Sources:

USEPA, 1991: Risk Assessment Guidance for Supcrfund. Vol. I: Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors. Interim Final. OSWER. Directive 9285.6-03.

[2] Pharm, B.S., Terpilak, M.S., 1984. The Health Physics and Radiological Health Handbook. Nucleon Lectern Associates.

CO
o
o
4
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TABLEC-2-4.il

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

GENERAL GAS MANTLE

Scenario Timeframe: Future

Medium: Building

Exposure Medium: Particulates

Exposure Point: GGM

Receptor Population: Worker

Receptor Age: Adult ___

Exposure Route

Inhalation

Parameter
Code

_

Parameter Definition

.

Units

_

RME

Value

„

RME '
Rationale/
Reference

_

CT
Value

_

CT

Rationale/
Reference

..

Equation

Intake (pCi)

Intakes will be modeled with RESRAD-BUILD

CO
o
o
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TABLE C-2-4.12

VALUES USED FOR EXPOSURE AND INTAKE CALCULATIONS

GENERAL GAS MANTLE

Scenario Timeframe: Future

Medium: Building

Exposure Medium: Radon Decay Products

Exposure Point: GGM

Receptor Population: Worker

Receptor Age: Adult___________

Exposure Route

Radon Decay Products

Parameter
Code

WL

ET

EF

ED

CF

Parameter Definition

Working Level Concentration

Exposure Time

Exposure Frequency

Exposure Duration

Conversion Factor 3

Units

WL

hours/day

days/year

years

houn/work-month

RME
Value

Sec Table 3

8

250

25

170

RME
Rationale/
Reference

See Table 3

[1]
EPA, 1991

EPA, 1991

"

CT
Value

-

-

-

-

"

CT
Rationale/
Reference

-

-

-

-

~~

Equation

Exposure (WLM)-

WL x ET x EF x ED x 1/CF3

[1] Professional Judgment.

Sources:

USEPA, 1991: Risk Assessment Guidance for Superfund. Vol. I: Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors. Interim Final. OSWER. Directive 9285.6-03.

COo
o
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TABLE C-2-5.1
CANCER TOXICITY DATA -- EXTERNAL

GENERAL GAS MANTLE-RADIONUCLIDES OF POTENTIAL CONCERN

Radionuclide
of Potential
Concern (1)

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

Exposure Rate Survey

External Cancer Slope Factor

2.14E-11

6.57E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-11

1.97E-11

1.45E-10

7.00E-10

Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/urem

Weight of Evidence/
Cancer Guideline

Description

A

A

A

A

A

A

A

A

A

Source

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

NCRP

Date
(MM/DD/YY)

11/01/95

11/01/95

11/01/95

1 1/01/95

11/01/95

1 1/01/95

1 1/01/95

1 1/01/95

1993

(1) Risk from decay products (+D) included as appropriate.
HEAST= Health Effects Assessment Summary Tables
NCRP = National Council on Radiation Protection and Measurements

Report No. 115,1993. Risk Estimates for Radiation Protection.

EPA Group:
A - Human carcinogen
Bl - Probable human carcinogen - indicates that limited human data are available
B2 - Probable human carcinogen - indicates sufficient evidence in animals and

inadequate or no evidence in humans
C - Possible human carcinogen
D - Not classifiable as a human carcinogen
E - Evidence of noncarcinogenicity

Weight of Evidence:
Known/Likely
Cannot be Determined
Not Likely

1/7/99



CO
o

TABLE C-2-5.2
CANCER TOXICITY DATA - ORAL

GENERAL GAS MANTLE-RADIONUCLIDES OF POTENTIAL CONCERN

Radionuclide
of Potential
Concern (1)

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

Oral Cancer Slope Factor

4.44E-11

6.20E-11

2.96E-10

2.48E-10

2.3 IE-10

3.75E-11

3.28E-1 1

1.0 IE-09

Units

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Weight of Evidence/
Cancer Guideline

Description

A

A

A

A

A

A

A

A

Source

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

Date
(MM/DD/YY)

1 1/01/95

1 1/01/95

11/01/95

11/01/95

11/01/95

11/01/95

11/01/95

11/01/95

(I) Risk from decay products (+D) included as appropriate.
HEAST= Health Effects Assessment Summary Tables

EPA Group:
A - Human carcinogen
Bl - Probable human carcinogen - indicates that limited human data are available
B2 - Probable human carcinogen - indicates sufficient evidence in animals and

inadequate or no evidence in humans
C - Possible human carcinogen
D - Not classifiable as a human carcinogen
E - Evidence of noncarcmogenicity

Weight of Evidence:
Known/Likely
Cannot be Determined
Not Likely

1/7/99
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TABLE C-2-5.3
CANCER TOXIC1TY DATA - INHALATION

GENERAL GAS MANTLE-RADIONUCLIDES OF POTENTIAL CONCERN

Radionuclidc
of Potential
Concern (1)

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

Radon Decay Products

Inhalation Cancer Slope Factor

1.40E-08

1.24E-08

2.75E-09

9.94E-10

9.68E-08

1.72E-08

1.93E-08

3.86E-09

3.50E-04

Units

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/WLM

Weight of Evidence/
Cancer Guideline

Description

A

A

A

A

A

A

A

A

A

Source

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

BEIR IV

Date
(MM/DD/YY)

11/01/95

11/01/95

11/01/95

11/01/95

11/01/95

1 1/01/95

1 1/01/95

11/01/95

1988

(1) Risk from decay products (+D) included as appropriate.
HEAST= Health Effects Assessment Summary Tables
BEIR IV, 1988. Health Effects of Radon and Other Internally
Deposited Alpha-Emitters.

EPA Group:
A - Human carcinogen
Bl - Probable human carcinogen - indicates that limited human data are available
B2 - Probable human carcinogen - indicates sufficient evidence in animals and

inadequate or no evidence in humans
C - Possible human carcinogen
D - Not classifiable as a human carcinogen
E - Evidence of noncarcinogenicity

Weight of Evidence:
Known/Likely
Cannot be Determined
Not Likely

1/7/99



Scenario Timeframe: Current / Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: GGM
Receptor Population: Trespasser
Receptor Age: Adolescent______

"-2-6.V.TABLE C-:
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Exposure
Route

External

Ingest ion

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 +. D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Medium
EPC

Value

I.74E+00

1.62E-HX)

6.20E+00

2.9IE+01

3.87E+OI

1.24E+OI

3.71E+01

6.20E-KX)

1.74E+00

1.62E+00

6.20E-HX)

2.9IE+01

3.87E+01

1.24E+01

3.7IE+01

6.20E+00

Medium
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g
pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g

PCi/g

PCi/g

pCi/g

pCi/g

PCi/g

pCi/g

Route
EPC

Value

1.74E+00

1.62E+00

6.20E-HX)

2.91E+01

3.87E+01

1.24E+01

3.7IE+01

6.20E+00

1.74E+00

1.62E+00

6.20E-HK)

2.91E-H)!

3.87E+01

I.24E+01

3.71E+OI

6.20E+00

Route
EPC
Units

pCi/g

pCi/g

PCi/g
pCi/g.

pCi/g

pCi/g

•pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

PCi/g

PCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M '

M

M

M

M

M

M

M

M

Exposure

1.43E-OI

1.33E-01

5.09E-OI

2.39E+00

3.17E+00

1.02E+00

3.04E+00

5.09E-OI

1.25E+02

I.I6E+02

4.46E+02

2.09E-H)3

2.78E+03

8.93E-H)2

2.67E+03

4.46E+02

Exposure
Units

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi

pCi

pCi

pCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

2.I4E-II

6.57E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-11

1.97E-11

I.45E-IO

4.44E-II

6.20E-II

2.96E-10

2.48E-IO

2.31E-10

3.75E-11

3.28E-II

1.0 IE-09

Cancer Slope
Factor Doits

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Cancer
Risk

3.IE-12

8.7E-09

3.4E-06

7.8E-06

2.0E-05

4.5E-11

6.0E-II

7.4E-I1

3. IE-OS

5.6E-09

7.2E-09

I.3E-07

5.2E-07

6.4E-07

3.3E-08

8.8E-08

4.5E-07

1.9E-06

CO
o
o
siJ
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TABLEC-2-6.1.1 (continued)
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Scenario Timeframe: Current / Future
Medium: Building
Exposure Medium: Building Materials
Exposure Point: GGM
leceptor Population: Trespasser
Receptor Age: Adolescent_____

Exposure
Route

External

Inhalation

Radionuclide
of Potential

Concern

Indoor Exposure Rate

Radon Decay Products

(Total)

Medium
EPC

Value

4.17E-KM

1.70E+00

Medium
EPC
Units

uR/hr

WL

Route
EPC

Value

4.I7E+01

1.70E-KX)

Route
EPC
Units

uR/hr

WL

EPC Selected
for Risk

Calculation (1)

M

M

Exposure

2.91 E-HM

7.20E+00

Exposure
Units

urem

WLM

Cancer Slope
Factor

7.00E-10

3.50E-04

Cancer Slope
Factor Units

Risk/urem

Risk/WLM

Total Risk-All ROPC

Cancer
Risk

2.0E-05

2.5E-03

2.5E-03

2.6E-03
(1) M = Medium-Specific

CO
o
o

CD
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Scenario Timeframe: Current / Future
Medium: Background Soil
Exposure Medium: Background Soil
Exposure Point: N/A
Receptor Population: Trespasser
Receptor Age: Adolescent ______

TABLE C-2-6.1.2
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Exposure
Route

External

-

Ingestion

300^80

Radionuclide
or Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 4- D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Uranium 234

Uranium 238 + D

Radium 226 +• D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D
(Total)

Medium
EPC

Value

6.54E-OI

6.18E-01

1.05E+00

9.17E-OI

9.38E-01

7.94E-01

9.18E-01

1.05E+00

6.54E-01

6.18E-OI

1.05E+00

9.17E-01

9.38E-01

7.94E-01

9.18E-01

I.05E+00

Medium
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g
pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

Route
EPC

Value

6.54E-01

6.I8E-01

l.OSE+00

9.17E-01

9.38E-01

7.94E-01

9.18E-01

1.05E+00

6.54E-01

6.18E-OI

1.05E+00

9.17E-01

9.38E-01

7.94E-01

9.18E-01

1.05E+00

Route
EPC
Units

pCi/g

pCi/g

pCi/g

PCi/g
pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

PCi/g

pCi/g

pCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

Exposure

5.37E-02

5.07E-02

8.60E-02

7.52E-02

7.70E-02

6.52E-02

7.53E-02

8.60E-02

4.71E-K)!

4.45E+01

7.55E+01

6.60E+01

6.76E+01

5.72E+01

6.61E+01

7.55E+01

Exposure
Units

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi

pCi

pCi

PCi

pCi

pCi

pCi

PCi

Cancer Slope
Factor

2.14E-1I

6.57E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-11

1.97E-11

1.45E-10

4.44E-1 1

6.20E-11

2.96E-IO

2.48E-10

2.31E-10

3.75E-11

3.28E-11

1.0 IE-09

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil
Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Background
Cancer
Risk

1. IE-12

3.3E-09

5.8E-07

2.5E-07

4.8E-07

2.9E-12

I.5E-12

1.2E-11

I.3E-06

2. IE-09

2.8E-09

2.2E-08

1 .6E-08

1.6E-08

2. IE-09

2.2E-09

7.6E-08

1 .4E-07
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TABLE C-2-6.1.2 (continued)

RME
CALCULATION OF CANCER RISKS

REASONABLE MAXIMUM EXPOSURE
GENERAL GAS MANTLE

Scenario Timeframe: Current / Future
Medium: Background Building
Exposure Medium: Background Building Materials
Exposure Point: N/A
Receptor Population: Trespasser
Receptor Age: Adolescent______________

Exposure
Route

External

n halation

Radionuclide
of Potential

Concern

Indoor Exposure Rate

Radon Decay Products

(Total)

Medium
EPC

Value

7.00E-KX)

5.00E-03

Medium
EPC
Units

uR/hr

WL

Route
EPC

Value

7.00E+00

5.00E-03

Route
EPC
Units

uR/hr

WL

EPC Selected
for Risk

Calculation (1)

M

M

Exposure

4.89E+03

2.12E-02

Exposure
Units

urem

WLM

Cancer Slope
Factor

7.00E-10

3.50E-04

Cancer Slope
Factor Units

Risk/urem

Risk/WLM

Total Risk-All ROPC

Background
Cancer
Risk

3.4E-06

7.4E-06

1. IE-05

1.2E-05
N/A - Not Applicable
(1) M - Medium-Specific

COoo-I
CO

1/7/99



Scenario Timeftame: Current / Future
Receptor Population: Trespasser
Receptor Age: Adolescent______

TABLE C-2-6.1.3
RME

SUMMARY OF RECEPTOR RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Exposure

Route

External

Ingestion

Inhalation

Exposure

Medium

Soil

Building Materials

Soil

Participates '

Radon Decay Products

Exposure

Point

GGM

GGM

GGM

Gross

Risk

3. IE-05

2.0E-05

1.9E-06

O.OE-KX)

2.5E-03

Background

Risk

1.3E-06

3.4E-06

1.4E-07

O.OE+00

7.4E-06

Total Risk

Net

Risk

3.0E-05

1.7E-05

1.8E-06

O.OE-KX)

2.5E-03

2.5E-03

CO
o
o-3
CO
to

1 = From RESRAD-BUILD
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Scenario Timeframe: Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: GGM
Receptor Population: Construction Worker
Receptor Age: Adult _________

TABLE C-2-6.2.\
RME

CALCULATION OF CANCER RISKS
REASONABLE MA > SMUM EXPOSURE

GENERAL GAS MANTLE

Exposure
Route

External

Ingestion

COoo
•̂ J

O1. ^

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Medium
EPC

Value

1.74E-KX)

1.62E+00

6.20E-HX)

2.91E-KH
3.87E-H)!

I.24E+01

3.71E+01

6.20E-HX)

I.74E-HX)

1.62E+00

6.20E-KX)

2.91E-KH

3.87E-HM

I.24E-KM

3.71E-HM

6.20E+00

Medium
EPC
Units

PCi/g

PCi/g

PCi/g

PCi/g

PCi/g

PCi/g

pCi/g

pCi/g

PCi/g

PCi/g

pCi/g

PCi/g

PCi/g

PCi/g

PCi/g

PCi/g

Route
EPC

Value

1.74E-HX)

1.62E+00

6.20E+00

2.9IE-K)!

3.87E+01

1.24E-H)!

3.7IE+01

6.20E+00

I.74E-HX)

1.62E-KX)

6.20E+00

2.91E+01

3.87E+01

1.24E+01

3.71E+01

6.20E-KX)

Route
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g
pCi/g

PCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g

pCi/g

pCi/g

pCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

Exposure

9.5 IE-02

8.85E-02

3.39E-OI

1.59E-HX)

2.I2E+00

6.79E-01

2.03E-KX)

3.39E-01

5.01E+01

4.66E+01

1.79E+02

8.38E-H)2

1.I1E-H)3

3.57E+02

1.07E+03

1.79E+02

Exposure
Units

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi

pCi

pCi

pCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

2.14E-1I

6.57E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-11

1.97E-11

1.45E-10

4.44E-1I

6.20E-11

2.96E-10

2.48E-10

2.31E-IO

3.7SE-11

3.28E-I1

1.0 IE-09

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Cancer
Risk

2.0E-12

5.8E-09

2.3E-06

5.2E-06

1.3E-05

3.0E-1I

4.0E-11

4.9E-I1

2. IE-05

2.2E-09

2.9E-09

5.3E-08

2. IE-07

2.6E-07

I.3E-08

3.5E-08

1.8E-07

7.5E-07

1/7/99



Scenario Time frame: Future
Medium: Soil
Exposure Medium: Particulates
ixposure Point: GGM
Receptor Population: Construction Worker
Receptor Age: Adult____________

TABLE C-2-6.2.1 (continued)

RME
CALCULATION OF CANCER RISKS

REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Exposure
Route

Inhalation

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D
Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Medium
EPC

Value

1.74E+00

1.62E-KX)

6.20E+00

2.91E+01

3.87E-KH

1.24E+01

3.71 E+01

6.20E+00

Medium
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

Route
EPC

Value (1)

9.06E-03

8.42E-03

3.23E-02

1.52E-01

2.01 E-01

6.46E-02

1.93E-01

3.23E-02

Route
EPC
Units

pCi/m3

pCi/m3

pCi/m'

pCi/m3

pCi/m3

pCi/m3

pCi/m3

pCi/m3

EPC Selected
for Risk

Calculation (2)

R

R

R

R

R

R

R

R

Exposure

l.OOE+01

9.30E+00

3.57E-K)!

1.67E+02

2.22E+02

7.13E-KJ1

2.13E+02

3.57E-H)1

Exposure
Units

pCi

pCi

pCi

pCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

1.40E-08

1.24E-08

2.75E-09

9.94E-10

9.68E-08

1.72E-08

1.93E-08

3.86E-09

Cancer Slope
Factor Units

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Total Risk-All ROPC

Cancer
Risk

1.4E-07

1.2E-07

9.8E-08

1.7E-07

2.2E-05

1.2E-06

4. IE-06

1.4E-07

2.8E-05

4.9E-05
(1) See respirable particulates model in Appendix C.
(2) R = Route-Specific

CO
o
o

1/7/99



Scenario Timeframe: Future
Medium: Background Soil
Exposure Medium: Background Soil
Exposure Point: N/A
Receptor Population: Construction Worker
Receptor Age: Adult _______

TABLEC-2-6.2.:
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Exposure
Route

External

_

Ingestion

CO
0o

•5

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 2 10 + D

(Total)

Medium
EPC

Value

6.54E-01

6.I8E-01

I.05E+00

9.17E-OI

9.38E-01

7.94E-01

9.I8E-OI

I.05E+00

6.54E-01

618E-01

I.05E+00

9.17E-01

9.38E-01

7.94E-01

9.I8E-OI

1.05E+00

Medium
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

PCi/g

pCi/g

Route
EPC

Value

6.S4E-01

6.18E-01

1.05E+00

9.17E-01

9.38E-OI
7.94E-OI

9.I8E-01

I.05E+00

6.54E-01

6.18E-OI

1.05E+00

9.17E-OI

9.38E-OI

7.94E-OI

9.I8E-OI

1.05E+00

Route
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

PCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

Exposure

3.58E-02

3.38E-02

5.74E-02

5.02E-02

5.I4E-02

4.35E-02

5.02E-02

5.74E-02

I.88E+01

1.78E-KM

3.02E+01

2.64E-H)!

2.70E+OI

2.29E+01

2.64E+01

3.02E+OI

Exposure
Units

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi

pCi

pCi

pCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

2.14E-11

6.57E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-I1

1.97E-I1

1.45E-IO

4.44E-II

6.20E-II

2.96E-IO

2.48E-10

2.3IE-IO

3.75E-II

3.28E-1I

I.OIE-09

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Background
Cancer
Risk

7.7E-13

2.2E-09

3.9E-07

I.6E-07

3.2E-07

1.9E-I2

9.9E-I3

8.3E-12

8.7E-07

8.4E-IO

1. IE-09

8.9E-09

6.5E-09

6.2E-09

8.6E-10

8.7E-10

3.0E-08

5.6E-08

1/7/99



Scenario Timeframe: Future
Medium: Background Soil
Exposure Medium: Particulates
Exposure Point: N/A
Receptor Population: Construction Worker
Receptor Age: Adult____________

TABLE C-2-6.2.2 (continued)
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Exposure
Route

Inhalation

COoo
GOon

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Medium
EPC

Value

6.54E-01

6.18E-01

1.05E+00

9.17E-01

9.38E-01

7.94E-01

9.18E-01

1.05E+00

Medium
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g
pCi/g

pCi/g

pCi/g

Route
EPC

Value (1)

3.41 E-03

3.22E-03

5.46E-03

4.78E-03

4.89E-03

4.14E-03

4.78E-03

5.46E-03

Route
EPC
Units

pCi/m3

pCi/m3

pCi/m3

pCi/m3

pCi/m3

pCi/m3

pCi/m3

pCi/m3

EPC Selected
for Risk

Calculation (2)

R

R

R

R

R

R

R

R

Exposure

3.76E-KK)

3.55E-HX)

6.03E+00

5.27E-KX)

5.40E+00

4.57E+00

5.28E-KW

6.03E-KX)

Exposure
Unite

pCi

pCi.

pCi

pCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

1.40E-08

1.24E-08

2.75E-09

9.94E-10

9.68E-08

1.72E-08

1.93E-08

3.86E-09

Cancer Slope
Factor Units

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Total Risk-All ROPC

Background
Cancer
Risk

5.3E-08

4.4E-08

1.7E-08

5.2E-09

5.2E-07

7.9E-08

l.OE-07

2.3E-08

8.4E-07

1.8E-06

N/A = Not Applicable
(1) See respirable particulates model in Appendix C.
(2) R = Route-Specific
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Scenario Timeframe: Future
Receptor Population: Construction Worker
Receptor Age: Adult ___ ____

TABLE C-2-6.2.3
RME

SUMMARY OF RECEPTOR RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Exposure

Route

External

Ingestion

Inhalation

Exposure

Medium

Soil

Soil

Participates

Exposure

Point

GGM

GGM

GGM

Gross

Risk

2. IE-05

7.5E-07

2.8E-05

Background

Risk

8.7E-07

5.6E-08

8.4E-07

Total Risk

Net

Risk

2.0E-05

6.9E-07

2.7E-05

4.8E-05

1/7/99



Scenario Timeframe: Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: GGM
Receptor Population: Resident
Receptor Age: Adult

TABLE C-2-6.31S
RME

CALCULATION OF CANCER RISKS
REASONABLE MA • 1MUM EXPOSURE

GENERAL GAS MANTLE

Exposure
Route

External

Ingestion

GO
0
0

•)
00

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D
Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Uranium 234

Uranium 238 + O

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Medium
EPC

Value

I.74E+00

1.62E+00

6.20E-HX)

2.91E+01

3.87E+01

1.24E+OI

3.71E+01

6.20E+00

1.74E-KX)

1.62E+00

6.20E-KX)

2.91E+01

3.87E-H)!

1.24E+OI

3.71E+01

6.20E-HX)

Medium
EPC
Units

PCi/g

PCi/g
pCi/g

pCi/g

PCi/g

PCi/g
pCi/g

pCfg

pCi/g

PCi/g

pCi/g

PCi/g

PCi/g

PCi/g

pCi/g

PCi/g

Route
EPC

Value

I.74E+00

1.62E+00

6.20E+00

2.91E+01

3.87E+01

1.24E+01

3.71E+OI •

6.20E+00

I.74E+00

1.62E+00

6.20E+00

2.91E-H)!

3.87E+01

1.24E-H)!

3.71E+01

6.20E-KX)

Route
EPC
Units

pCi/g

PCi/g

pCi/g

pCi/g

PCi/g

PCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

"M

M

M

M

M

M

M

M

M

Exposure

4.I2E+OI

3.83E+01

I.47E+02

6.89E+02

9.I6E+02

2.94E+02

8.79E+02

1.47E+02

I.83E+03

1.70E+03

6.51E+03

3.05E+04

4.06E+04

1.30E+04

3.89E+04

6.51E+03

Exposure
Units

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

PCi

PCi

pCi

PCi

pCi

pCi

PCi

PCi

Cancer Slope
Factor

2.I4E-I1

6.57E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-11

1.97E-II

1.45E-10

4.44E-1 1

6.20E-II

2.96E-10

2.48E-IO

2.3IE-10

3.75E-11

3.28E-11

1.0 IE-09

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Cancer
Risk

8.8E-10

2.5E-06

9.9E-04

2.3E-03

5.7E-03

I.3E-08

1.7E-08

2. IE-08

8.9E-03

8. IE-08

1. IE-07

I.9E-06

7.6E-06

9.4E-06

4.9E-07

1.3E-06

6.6E-06

2.7E-05

1/7/99



TABLE C-2-6.3.1 (continued)
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Scenario Timeframe: Future
Medium: Soil
Exposure Medium: Home Grown Produce
Exposure Point: GGM
Receptor Population: Resident
Receptor Age: Adult____________

Exposure
Route

Ingestion

00o
0

CO
CD

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Medium
EPC

Value

1.74E-KK)

1.62E+00

6.20E-KX)

2.91 E-KH

3.87E+01

1.24E+01

3.71E-HH

6.20E+00

Medium
EPC
Units

PCi/g

PCi/g

pCi/g

pCi/g

PCi/g

PCi/g

pCi/g

PCi/g

Route
EPC

Value

1.74E+00

1.62E+00

6.20E+00

2.91E-H)!

3.87E+01

1.24E-KH

3.71E-K)!

6.20E-KX)

Route
EPC
Units

pCi/g

pCi/g

PCi/g

PCi/g

PCi/g

pCi/g

PCi/g

pCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

Exposure

1.08E-H)3

l.OlE-t-03

4.66E+03

2.18E+04

1.67E+03

5.36E+02

1.60E+03

1.59E+04

Exposure
Units

pCi

pCi

pCi

pCi

pCi

pCi

pC,

pCi

Cancer Slope
Factor

4.44E-1 1

6.20E-1 1

2.96E-10

2.48E-10

2.31E-10

3.75E-11

3.28E-11

1.0 IE-09

Cancer Slope
Factor Units

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Cancer
Risk

4.8E-08

6.2E-08

1.4E-06

5.4E-06

3.9E-07

2.0E-08

5.3E-08

1.6E-05

2.3E-05

Total Risk-All ROPC || 9.0E-U3

(1) M = Medium-Specific

1/7/99



Scenario Timeframe: Future
Medium: Background Soil
Exposure Medium: Background Soil
Exposure Point: N/A
Receptor Population: Resident
Receptor Age: Adult __ _____

TABLE C-2-6.3
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Exposure
Route

External

•

Ingestion

CO
0
O

CD
O

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 2 10 + D

(Total)

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 2 10 + D

(Total)

Medium
EPC

Value

6.54E-01

6.18E-OI

1.05E+00

9.17E-OI

9.38E-01

7.94E-01

9.I8E-01

1.05E-KX)

6.54E-01

6.18E-OI

1.05E+00

9.17E-01

9.38E-01

7.94E-01

9.18E-01

1.05E+00

Medium
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g
pCi/g
pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g

PCi/g

pCi/g

pCi/g

Route
EPC

Value

6.54E-01

6.18E-01
I.OSE+00

9.17E-01
9.38E-01

7.94E-01

9.18E-OI

1.05E+00

6.54E-01

6.I8E-01

I.05E+00

9.17E-01

9.38E-OI

7.94E-01

9.18E-OI

1.05E+00

Route
EPC
Units

pCi/g
pCi/g

pCi/g

pCi/g
pCi/g
pCi/g

PCi/g

pCi/g

pCi/g
pCi/g

pCi/g

pCi/g

pCi/g

.pCi/g

pCi/g

PCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

Exposure

1.55E+OI

I.46E+01

2.48E+01

2.17E+OI

2.22E-KH

1.88E+01

2.18E+OI

2.48E+OI

6.87E+02

6.49E+02

1.10E+03

9.62E+02

9.85E+02

8.34E+02

9.64E+02

1.10E+03

Exposure
Units

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi

pCi

pCi

pCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

2.14E-11

6.57E-08

6.74E-06

3.28E-06

6.20E-06
4.40E-11

1.97E-11

1.45E-10

4.44E-1I

6.20E-II

2.96E-IO

2.48E-10

2.31E-IO

3.75E-11

3.28E-1I

1.0 IE-09

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Background
Cancer
Risk

3.3E-10

9.6E-07

1.7E-04

7. IE-05

I.4E-04

8.3E-10

4.3E-IO

3.6E-09

3.8E-04

3. IE-08

4.0E-08

3.3E-07

2.4E-07

2.3E-07

3. IE-08

3.2E-08

1. IE-06

2.0E-06

1/7/99



Scenario Timeframe: Future
Medium: Background Soil
Exposure Medium: Home Grown Produce
Exposure Point: N/A
Receptor Population: Resident
Receptor Age: Adult ______

TABLE C-2-6.3.2 (continued)
RME

CALCULATION OF CANCER RJSKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Exposure
Route

Ingestion

COoo
C3
K*

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Medium
EPC

Value

6.54E-01

6.18E-01

1.05E-KK)

9.17E-01

9.38E-01

7.94E-01

9.18E-01

1.05E-KX)

Medium
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

Route
EPC

Value

6.54E-01

6.18E-01

1.05E+00

9.17E-01

9.38E-01

7.94E-01

9.18E-01

1.05E-KX)

Route
EPC
Units

pCi/g

PCi/g

pCi/g

pCi/g

pCi/g

PCi/g
pCi/g

pCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

Exposure

4.08E+02

3.85E+02

7.87E+02

6.89E+02

4.06E+01

3.44E+01

3.97E+01

2.69E+03

Exposure
Units

pCi

. PC'
pCi

pCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

4.44E-1 1

6.20E-1 1

2.96E-10

2.48E-10

2.31E-IO

3.75E-11

3.28E-1 1

1.0 IE-09

Cancer Slope
Factor Units

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Background
Cancer
Risk

1.8E-08

2.4E-08

2.3E-07

1.7E-07

9.4E-09

1.3E-09

1.3E-09

2.7E-06

3.2E-06
Total Risk-All ROPC || 3.8E-04

N/A = Not Applicable
(1) M = Medium-Specific

1/7/99



Scenario Timeframe: Future
Receptor Population: Resident
Receptor Age: Adult

TABLE C-2-6.3.3
RME

SUMMARY OF RECEPTOR RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Exposure

Route

External

Ingestion

Inhalation

Exposure
Medium

Soil

Soil

Home Grown Produce

Radon Decay Products '

Exposure

Point

GGM

GGM

GGM

Gross

Risk

8.9E-03

2.7E-05

2.3E-05

4.9E-03

Background

Risk

3.8E-04

2.0E-06

3.2E-06

8.0E-04

Total Risk

Net

Risk

8.5E-03

2.5E-05

2.0E-05

4. IE-03

1.3E-02

CO
o
o

1 = From RESRAD

1/7/99



Scenario Timeframe: Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: GGM
Receptor Population: Resident
Receptor Age: Child ^^

TABLE C-2-6.4.>
RME

CALCULATION OF CANCER RISKS
REASONABLE MA V MUM EXPOSURE

GENERAL GAS MANTLE

Exposure
Route

External

[ngestion

CO
0o

-)
CO

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Medium
EPC

Value

1.74E+00

I.62E+00

6.20E+00

2.91E+OI

3.87E+01

1.24E+OI

3.71E+OI

6.20E+00

1.74E+00

1.62E+00

6.20E+00

2.91E+01

3.87E+01

I.24E+OI

3.71E-H)!

6.20E+00

Medium
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g
PCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

Route
EPC

Value

1.74E+00

I.62E+00

6.20E+00

2.91E+01

3.87E+01

I.24E-H)!

3.71E+OI

6.20E+00

1.74E+00

I.62E+00

6.20E-HX)

2.91E+01

3.87E+OI

1.24E+OI

3.71E+01

6.20E+00

Route
EPC
Units

PCi/g

PCi/g
pCi/g

pCi/g

pCi/g
pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g

pCi/g

pCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M
M

M

M

M

M

M

M

M

M

M

M

Exposure

8.49E+00

7.90E+00

3.03E+OI

1.42E+02

1.89E+02

6.06E+OI

1.81E+02

3.03E-H)!

7.30E-H)2

6.79E+02

2.60E-H)3

1.22E+04

I.62E+04

5.21E+03

1.56E+04

2.60E+03

Exposure
Units

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g
pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi

pCi

pCi

pCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

2.14E-I1

6.57E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-1I

I.97E-11

1.45E-10

4.44E-11

6.20E-11

2.96E-IO

2.48E-IO

2.31E-10

3.75E-11

3.28E-1I

1.0 IE-09

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Cancer
Risk

1.8E-IO

5.2E-07

2.0E-04

4.7E-04

1.2E-03

2.7E-09

3.6E-09

4.4E-09

1.8E-03

3.2E-08

4.2E-08

7.7E-07

3.0E-06

3.8E-06

2.0E-07

5. IE-07

2.6E-06

1. IE-05

1/7/99



Scenario Timcrrame: Future
Medium: Soil
Exposure Medium: Home Grown Produce
Exposure Point: GGM
Receptor Population: Resident
Receptor Age: Child____________

TABLE C-2-6.4.1 (continued)
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Exposure
Route

Ingestion

CO
0o
5

•fe.

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Medium
EPC

Value

1.74E+00

1.62E+00

6.20E+00

2.91 E+01

3.87E+01

1.24E+01

3.71 E+01

6.20E+00

Medium
EPC
Units

pCi/g

PCi/g

pCi/g

PCi/g

pCi/g

pCi/g

PCi/g

pCi/g

Route
EPC

Value

1.74E+00

1.62E+00

6.20E+00

2.91E+01

3.87E+01

1.24E+01

3.71E+OI

6.20E+00

Route
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

PCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

Exposure

9.82E+01

9.13E+01

3.75E+02

1.76E+03

1.36E+02

4.35E+01

1.30E+02

1.34E+03

Exposure
Units

pCi

pCi

pCi

pCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

4.44E-11

6.20E-1 1

2.96E-10

2.48E-10

2.31E-10

3.75E-11

3.28E-11

1.0 IE-09

Cancer Slope
Factor Units

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Total Risk-All ROPC

Cancer
Risk

4.4E-09

5.7E-09

1. IE-07

4.4E-07

3. IE-08

1.6E-09

4.3E-09

1.4E-06

1.9E-06

I.9E-03

(1) M = Medium-Specific

1/7/99



Scenario Timeframe: Future
Medium: Background Soil
Exposure Medium: Background Soil
Exposure Point: N/A
Receptor Population: Resident
Receptor Age: Child_________

TABLE C-2-6.4V
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Exposure
Route

External

'

Ingestion

COo
^
"3
cJi

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Medium
EPC

Value

6.54E-01

6.18E-01

1.05E+00

9.17E-01

9.38E-01
7.94E-OI

9.18E-01

I.05E+00

6.54E-01

6.18E-01

I.05E+00

9.I7E-OI

9.38E-01

7.94E-OI

9.18E-01

1.05E-KX)

Medium
EPC
Units

pCi/g
pCi/g
pCi/g

pCi/g

pCi/g
PCi/g
pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

Route
EPC

Value

6.S4E-OI

6.18E-01

1.05E-HX)

9.17E-01

9.38E-OI

7.94E-OI

9.18E-01

1.05E+00

6.S4E-OI

6.18E-OI

I.05E+00

9.I7E-OI

9.38E-01

7.94E-OI

9.18E-01

1.05E+00

Route
EPC
Units

pCi/g

pCi/g

pCi/g
pCi/g
pCi/g

pCi/g
pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

PCi/g

pCi/g

.PCi/g

PCi/g

PCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M
M

M

M

M

M

M

M

M

M

M

Exposure

3.20E-HX)

3.02E+00

5.12E+00

4.48E-KX)

4.58E+00

3.88E-HX)

4.48E+00

5.12E+00

2.75E+02

2.60E+02

4.40E+02

3.85E+02

3.94E+02

3.34E+02

3.86E-K)2

4.40E+02

Exposure
Units

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi

pCi

pCi

pCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

2.14E-11

6.57E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-II

1.97E-11

1.45E-10

4.44E-11

6.20E-1 1

2.96E-10

2.48E-10

2.31E-IO

3.75E-1I

3.28E-11

1.01E-09

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Background
Cancer
Risk

6.8E-11

2.0E-07

3.5E-05

I.SE-05

2.8E-05

1.7E-10

8.8E-1I

7.4E-10

7.8E-05

I.2E-08

I.6E-08

1.3E-07

9.5E-08

9. IE-08

I.3E-08

1.3E-08

4.4E-07

8. IE-07

1/7/99



Scenario Timeframe: Future
Medium: Background Soil
Exposure Medium: Home Grown Produce
Exposure Point: N/A
Receptor Population: Resident
Receptor Age: Child____________

TABLE C-2-6.4.2 (continued)
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Exposure
Route

Ingestion

CO
0o
•."5
CD

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232

Lead 210 + D

(Total)

Medium
EPC

Value

6.54E-OI

6.I8E-01

1.05E+00

9.17E-01

9.38E-01

7.94E-01

9.18E-01

1.05E+00

Medium
EPC
Units

pCi/g

pCi/g

pCi/g

PCi/g
pCi/g

pCi/g

PCi/g
pCi/g

Route
EPC

Value

6.54E-01

6.18E-01

1.05E-HX)

9.17E-01

9.38E-01

7.94E-01

9.18E-01

1.05E+00

Route
EPC
Units

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g

pCi/g

pCi/g

PCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

Exposure

3.70E-KH

3.49E+01

6.34E+01

5.55E-K)!

3.29E-KX)

2.79E+00

3.22E-KX)

2.27E-K)2

Exposure
Units

pCi

. Pci

pCi

PCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

4.44E-1 1

6.20E-1 1

2.96E-10

2.48E-10

2.31E-10

3.75E-11

3.28E-11

1.0 IE-09

Cancer Slope
Factor Units

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Total Risk-All ROPC

Background
Cancer
Risk

1.6E-09

2.2E-09

1.9E-08

1.4E-08

7.6E-10

I.OE-10

1. IE-10

2.3E-07

2.7E-07

7.9E-05

N/A = Not Applicable
(1) M = Medium-Specific
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TABLE C-2-6.4.3
RME

SUMMARY OF RECEPTOR RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Scenario Timeframe: Future
Receptor Population: Resident
Receptor Age: Child_____

Exposure
Route

External

Ingestion

Inhalation

Exposure

Medium

Soil

Soil

Home Grown Produce

Radon Decay Products '

Exposure

Point

COM

GGM

GGM

Gross

Risk

1.8E-03

1. IE-05

1.9E-06

5.6E-04

Background

Risk

7.8E-05

8. IE-07

2.7E-07

9.2E-05

Total Risk

Net

Risk

1.7E-03

l.OE-05

1.6E-06

4.7E-04

2.2E-03

CO
o
o

1 = From RESRAD

1/7/99



TABLE C-2-6.5.1
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Scenario Timeframe: Future
Medium: Building
Exposure Medium: Building Materials
Exposure Point: GGM
Receptor Population: Worker
Receptor Age: Adult ________

Exposure
Route

External

Inhalation

Radionuclide
of Potential

Concern

Indoor Exposure Rate

Radon Decay Products

Medium
EPC

Value

4.17E+01

1.70E+00

Medium
EPC
Units

uR/hr

WL

Route
EPC

Value

4.17E+01

1.70E-HX)

Route
EPC
Units

uR/hr

WL

EPC Selected
for Risk

Calculation (1)

M

M

Exposure

2.02E+06

5.00E+02

Exposure
Units

urem

WLM

Cancer Slope
Factor

7.00E-10

3.50E-04

Cancer Slope
Factor Units

Risk/urem

Risk/WLM

Total Risk-All ROPC

Cancer
Risk

1.4E-03

1.8E-OI

1.8E-OI

(1) M = Medium-Specific

GO
o

_o
OD

1/7/99



TABLE C-2-6.5.2
RME

CALCULATION OF CANCER RISKS

REASONABLE MAXIMUM EXPOSURE
GENERAL GAS MANTLE

Scenario Timeframe: Current / Future
Medium: Background Building
Exposure Medium: Background Building Materials
Exposure Point: N/A
Receptor Population: Worker
Receptor Age: Adult ____ _______

Exposure
Route

External

Inhalation

Radionuclide
of Potential

Concern

Indoor Exposure Rate

Radon Decay Products

Medium
EPC

Value

7.00E+00

5.00E-03

Medium
EPC
Units

uR/hr

WL

Route
EPC

Value

7.00E+00

5.00E-03

Route
EPC
Units

uR/hr

WL

EPC Selected
for Risk

Calculation (1)

M

M

Exposure

3.40E+05

1.47E-KX)

Exposure
Units

urem

WLM

Cancer Slope
Factor

7.00E-IO

3.50E-04

Cancer Slope
Factor Units

Risk/urem

Risk/WLM

Total Risk-All ROPC

Background
Cancer
Risk

2.4E-04

5. IE-04

2.4E-04
N/A = Not Applicable
(1) M = Medium-Specific

CO
o
o

CO
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Scenario Timeframe: Future
Receptor Population: Worker
Receptor Age: Adult_____

TABLE C-2-6.5.3
RME

SUMMARY OF RECEPTOR RISKS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Exposure

Route

External

Inhalation

Exposure

Medium

Building Materials

Particulates '
Radon Decay Products

Exposure

Point

COM

COM

Gross

Risk

1.4E-03

O.OE+00

1.8E-01

Background

Risk

2.4E-04

O.OE+00

5. IE-04

Total Risk

Net

Risk

1.2E-03

O.OE+00

1.8E-01

1.8E-01

1 = From RESRAD-BUILD
CO
o
o
00o

1/7/99



TABLE I

SELECTION OF EXPOSURE PATHWAYS

WELSBACH: CHEMICAL EXPOSURE

Scenario

Timeframe

Current

Future

Medium

Soil

Soil

Exposure

Medium

Soil

Particulates

Soil

Paniculates

Exposure

Point

Hok Cargo

Holt Cargo

Holt Cargo

Holt Cargo

Receptor

Population

Worker

Other Worker

Worker

Other Worker

Worker

Other Worker

Construction Worker

Resident

Construction Worker

Worker

Other Worker

Resident

Receptor

Age

Adult

Adults

Adult

Adults

Adult

Adults

Adult

Adult

Child

Adult

Adult

Adults

Adult

Child

Exposure

Route

Ingestion

Dermal

Inhalation

Ingestion

Dermal

Inhalation

Inhalation

Inhalation

Ingestion

Dermal

Ingestion

Dermal
Inhalation

Ingestion

Dermal

Ingestion

Dermal

Inhalation

Ingestion

Dermal

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation

On-Site/

Off-Site

On-Site

On-Site

On-Site

On-Site

On-Site

On-Site

On-Site

On-Site

On-Site

On-Site

On-Sile

On-Site

On-Sile

On-Sile

On-Sile

On-Sile

On-Site

On-Site

On-Sile

On-Site

On-Sile

On-Sile

On-Site

On-Site

On-Site

Off-Site

Off-Site

Type of

Analysis

None

None

None

None

None

None

None

None

None

None

None

None

None

Quant

Quant

None

None

None

None

None

None

Quant

None

None

None

None

Rationale for Selection or Exclusion

of Exposure Pathway

Site is completely paved

Site is completely paved

Site is completely paved

Site is completely paved

Site is completely paved

Site is completely paved

Site is completely paved

Site is completely paved

Site will remain completely paved

She will remain completely paved

Site is completely paved

Site is completely paved

Site is completely paved

Contaminated soil may be encountered by construction workers during construction
activities
Contaminated soil may be encountered by construction workers during construction
activities

Future use of land will remain industrial

Future use of land will remain industrial

Future use of land will remain industrial

Future use of land will remain industrial

Future use of land will remain industrial

Future use of land will remain industrial

Contaminated particles may become airborne

Site will remain completely paved

Site is completely paved

Site will remain completely paved

Site will remain completely paved

COoo
00
o

8001230 1/7/99
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TABLE 3.1
MEDIUM-SPECIFIC EXPOSUREPOINTCONCENTRATION SUMMARY

WELSBACH

Chemical

of

Potential

Concern

Benzo(a)Anthracene

3enzo(b)Fluoranlbene

Benzo(a)Pyrcne

Aroclor-1248

Aroclor-1254

Antimony

Arsenic

Selenium

Scenario Timcrrame: Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: Holt Cargo

Units

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Arithmetic

Mean

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

95% UCLof

Normal

Data

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Maximum

Detected

Concentration

5.2E+00

9.3E+00

5.IE+00

3.0E-01

3.3E-01

I.8E+00

2.7E-I02

7.7E-OI

Maximum

Qualifier

E

E

E

-

-

J

E

J

EPC

Units

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Reasonable Maximum Exposure

Medium

EPC

Value

5.2E+00

9.3E+00

5.1E+00

3.0E-01

3.3E-OI

1.8E+00

2.7E+02

7.7E-OI

Medium

EPC

Statistic

Max

Max

Max

Max

Max

Max

Max

Max

Medium

EPC

Rationale

Site- Specific

Site-Specific

Site-Specific

Site-Specific

Site-Specific

Site-Specific

Site-Specific

Site-Specific

Central Tendency

Medium

EPC

Value

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Medium

EPC

Statistic

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Medium

EPC

Rationale

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A - Not Applicable

For duplicate sample results, the maximum value was used.

Statistics: Maximum Detected Value (Max)

CO
o
o
CO
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TABLE 3.2
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

WELSBACH

Chemical

of

Potential

Concern

Benzo(a)AnlhraceiK

Benzo(b)FluorantheiK

Benzo(a)Pyreiw

Aroc tor- 1248

Aroclor-1254

Antimony

Arsenic

Selenium

Scenario Timerrame: Future
Medium: Soil
Exposure Medium: Particulars
Exposure Point: Holt Cargo

Units

rag/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Arithmetic

Mean

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

95V. UCLof

Normal

Data

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Maximum

Detected

Concentration

5.2E+00

9.3E-KX)

5.IE+00

3.0E-01

3.3E-01

1.8E+00

2.7E+02

7.7E-01

Maximum

Qualifier

E

E

E

-

-

J

E

J

EPC

Units

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Reasonable Maximum Exposure

Medium

EPC

Value

5.2E+00

9.3E+00

S.1E+00

3.0E-01

3.3E-OI

I.8E-HX)

2.7E+02

7.7E-OI

Medium

EPC

Statistic

Max

Max

Max

Max

Max

Max

Max

Max

Medium

EPC

Rationale

Site-Specific

Site-Specific

Site-Specific

Site-Specific

Site-Specific

Site-Specific

Site-Specific

Site-Specific

Central Tendency

Medium

EPC

Value

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Medium

EPC

Statistic

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Medium

EPC

Rationale

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A = Not Applicable

For duplicate sample results, the maximum value was used.

Statistics: Maximum Detected Value (Max)

CO
o
o
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TABLE 4 1

VALUES USED FOR DAILY INTAKE CALCULATIONS

WELSBACH

Scenario Timeframe: Future

Medium: Soil

Exposure Medium Soil

Exposure Point: Holl Cargo

Receptor Population Conilruclion Worka

Receptor Age: Adult _________

Exposure Route

luges lion

Dermal

Parameter
Code

CS

CFI

IR-S

FI

EF

ED

BW

AT-N

AT-C

CS

CFI

SSAF

DABS

SA

EF

ED

BW

AT-N

AT-C

Parameter Definition

Chemical Concemnlion in Soil

Conversion Factor 1

Ingeslion Rate of Soil

Fraction Ingested

Exposure Frequency

Exposure Duration

Body Weight

Averaging Time (Non-Cancer)

Averaging Time (Cancer)

Chemical Concentration in Soil

Conversion Factor 1

Soil to Skin Adherence Factor

Dermal Absorption Factor (Solid)

Skin Surface Area Available for Contact

Exposure Frequency

Exposure Duration

Body Weight

Avenging Time (Non-Cancer)

Averaging Time (Cancer)

Units

ing/kg

kg/mg

mg/day

days/year

years

kg

days

days

mg/kg

kg/mg

nuj/cm1

cm'/evcnl

days/year

years

k*

days

days

RME
Value

See Table 3

1 ODE-06

480

1

60

1

70

365

25,550

See Table!

IOOE-06

1

[1]

2570

60

1

70

365

25550

RME
Rationale/
Reference

See Table 3

-

ERA, 1997a

12)

(2]

EPA, I997a

--

- -

Sec Table}

EPA. 1997a

EPA, I993a, I996a

EPA. I997a

[2]

(21

EPA. I997a

--

CT
Value

--

- -

• -

•-

- -

• --

- -

- -

- -

cr
Rationale/
Reference

- •

- -

- -

- -

- -

- -

- -

--

- -

Intake Equation/
Model Name

Chronic Daily Intake (CDI) (mg/kg-day) -

CS x CFI x IR-S x FI x EF x ED x I/BW x I/AT

CDI (mg/kg-day) -

CS x CFI x SSAF x DABS x SA x EF x ED x I/BW x I/AT

COoo
"O
o

[I] 014 for Aroclors 1248 and 1254. 003 for Arsenic

[2] Professional Judgement

Sources

USEPA. 1993* Memo from John Scnaum and Kirn Hoang to Janine Dinan, 15 December

USEPA, I996a: PCBs: Cancer Dose-Response Assessment and Application 10 Environmenul Mixtures EPA/600/P-96/OOIF Washington. DC Office of Research and Development, National Center for Environmental Assessment

USEPA. I997a Exposure Factors Handbook OHEA EPA/600/I>-95/002Fa.

1/7/99



Scenario Timeframe: Future

Medium: Soil

Exposure Medium: Particulars

Exposure Point: Holt Cargo

Receptor Population: Construction Worker

Receptor Age: Adult

TABLE 4.2

VALUES USED FOR DAILY INTAKE CALCULATIONS

WELSBACH

Exposure Route

Inhalation

Parameter
Code

CS

PEF

IN

ET

EF

ED

BW

AT-N

AT-C

Parameter Definition

Chemical Concentration in Soil

Paniculate Emission Factor

Inhalation Rate

Exposure Time

Exposure Frequency

Exposure Duration

Body Weight

Averaging Time (Non-Cancer)

Averaging Time (Cancer)

Units

mg/kg

kg/m5

m'/hour

hours/day

days/year

years

kg
days

days

RME
Value

See Table 3

5.2IE-06

2.3

g

60

1

70

365

25,550

RME
Rationale/
Reference

See Table 3

See Appendix C

EPA, 199U

[1]

[1]

[1]

EPA, I997a

--

--

CT
Value

--

-

--

--

--

--

--

--

--

CT
Rationale/
Reference

- -

-

--

--

--

--

--

--

- -

Intake Equation/
Model Name

Chronic Daily Intake (CDI) (mg/kg-day) -

CS x PEF x IN x ET x EF x ED x I/BW x I/AT

[I] Professional Judgement.

Sources:

EPA, I991a: Risk Assessment Guidance for Superfund. Vol. I: Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors. Interim Final. OSWER. Directive 9285.6-03.

EPA, 1997a: Exposure Factors Handbook. OHEA. EPA/600/P-95/002Fa.

CO
o
o
"O
•5
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TABLE 5.1

NON-CANCER TOX1CITY DATA - ORAL/DERMAL

WELSBACH

Chemical

of Potential

Concern

3enzo(a)Anthracene

Benzo(b)Fluoranthene

3enzo(a)Pyrene

Aroclor-1248

Aroclor-1254

Antimony

Arsenic

Selenium

Chronic/

Subchronic

Chronic

Chronic

Chronic

Chronic

Chronic

Chronic

Chronic

Chronic

OralRfD

Value

NA

NA

NA

2E-05

2E-05

4E-04

3E-04

5E-03

OralRfD

Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Oral to Dermal

Adjustment Factor (1)

N/A

N/A

N/A

100*7.

100%

N/A

95%

N/A

Adjusted

Dermal
RfD(2)

N/A

N/A

N/A

2E-05

2E-05

N/A

2.9E-04

N/A

Units

N/A

N/A

N/A

mg/kg-day

mg/kg-day

N/A

mg/kg-day

N/A

Primary

Target

Organ

N/A

N/A

N/A

NOEL

Eye

Longevity

Skin

Liver

Combined

Uncertainty/Modifying

Factors

-

-

-

-

300

1000

3

3

Sources of RfD:

Target Organ

IRIS; HEAST

N/A

IRIS; HEAST

IRIS; HEAST

IRIS

IRIS

IRIS

IRIS

Dates of RfD:

Target Organ (3)

(MM/DD/YY)

N/A

N/A

N/A

03/01/97

03/01/97

03/01/91

04/10/98

03/01/97

NA - Not Available

N/A = Not Applicable

(1) USEPA, 1989. Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual, Part A, Interim Final. EP A/540/ 1-89/002, Office of Emergency and Remedial Response, Washington, DC.

(2) Oral RfD x Oral to Dermal Adjustment Factor = Adjusted Dermal RfD

(3) IRIS searched 7/20/98

o
o
'O
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TABLE 5.2

NON-CANCER TOXICITY DATA ~ INHALATION

WELSBACH

Chemical

of Potential

Concern

Benzo(a)Anthtacene

Benzo(b)Fluoramhene

Benzo(a)Pyrene

Aroclor-1248

Aroclor-1254

Antimony

Arsenic

Selenium

Chronic/

Subchronic

Chronic

Chronic

Chronic

Chronic

Chronic

Chronic

Chronic

Chronic

Value

Inhalation

RJC

NA

NA

NA

NA

NA

NA

NA

NA

Units

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Adjusted

Inhalation

RID

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Units

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Primary

Target

Organ

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Combined

Uncertainty/Modifying

Factors

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Sources of

RlC:RfD:

Target Organ

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Dates (1)

(MM/DD/YY)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

- ~

O

^
"O
3

CD

NA = Not Available
N/A = Not Applicable

(1) IRIS searched 7/20/98

1/7/99



TABLE 5.3

NON-CANCER TOXICITY DATA - SPECIAL CASE CHEMICALS

WELSBACH

Chemical
of Potential

Concern

Chronic/

Subchronic

Value Units Primary

Target

Organ

Combined

Uncertainty /Modifying

Factors

Sources of

Primary Target

Organ

Date

(MM/DD/YY)

CO
oo
"O
H*
c>

1/7/99



COo
o
"O

I—A

TABLE 6.1

CANCER TOXICITY DATA - ORAL/DERMAL

WELSBACH

Chemical

of Potential

Concern

Benzo<a)Anllvaccne

Benzo(b)FluonnlheM

Benzo(a)Pyrene

Aroclor-1248

Aroclor-1254

Antimonrny

Arsenic

Selenium

Oral Cancer Slope Factor

7.30E-OI

7.30E-OI

730E+00

200E+00

2.00E+00

NA

I.SOE+00

NA

Oral to Dermal

Adjustment

Factor

N/A

N/A

N/A

100%

100%

N/A

95%

N/A

Adjusted Dermal

Cancer Slope Factor ( 1 )

N/A

N/A

N/A

200E+OO

200E-KW

N/A

1 58E+OO

N/A

Units

(mg/kg-day)

(mg/kg-day)

(mg/kg-day)

(mg/kg-day)

(mgltg-day)

N/A

(mg/kg-day)

N/A

Weight of Evidence/

Cancer Guideline
Description

B2

B2

B2

--

-

-

A

D

Source

IRIS

IRIS

IRIS

IRIS; HEAST

IRIS, HEAST

IRIS

IRIS

IRIS

Date (2)

(MM/DD/YY)

04/01/97

03/01/97

03/01/97

03/01/97

03/01/97

03/01/97

04/10/98

03/01/97

IRIS • Integrated Risk Information System

HEAST- Health Effects Assessment Summary Tables
NA - Not Available

N/A-Not Applicable

(1) OSF / Oral ABS - Adjusted Dermal Cancer Slope Factor

(2) IRIS searched 7/20/98

EPA Group:

A - Human carcinogen

Bl - Probable human carcinogen - indicates that limited human data are available

B2 - Probable human carcinogen - indicates sufficient evidence in animals and

inadequate or no evidence in humans
C - Possible human carcinogen

D - Not classifiable as a human carcinogen

E - Evidence of noncarcinogenicity

Weight of Evidence.

Known/Likely

Cannot be Determined
Not Likely

1/7/99



TABLE 62

CANCER TOXICITY DATA - INHALATION

WELSBACH

Chemical

of Potential

Concern

Beiuota)Anlhraccne

Bcnzc<b)Fluoranthene

Bou»(a)Pyrene

Aroclor-1248

Aroclor-1254

Antimonmy

Aracnic

Selenium

Unit Risk

NA

NA

NA

NA

NA

NA

430E-03

NA

Units

N/A

N/A

N/A

N/A

N/A

N/A

ug/m

N/A

Adjustment

N/A

N/A

N/A

N/A

N/A

N/A

3500

N/A

Inhalation Cancer

Slope Factor

NA

NA'

NA

2.00E+00

200E+OO

NA

1 SOE-tOl

NA

Units

N/A

N/A

N/A

(mg/kg-day)

(mg/kg-day) "

N/A

(mg/kg-day) "

N/A

Weight of Evidence/

Cancer Guideline

Description

N/A

N/A

N/A

B2

B2

N/A

A

N/A

Source

IRIS

IRIS

IRIS

IRIS

IRIS

IRIS; HEAST

IRIS

IRIS

Dale(l)

(MM/DD/YY)

04/01/97

03/01/97

03/01/97

03/01/97

03/01/97

03/01/97

04/10/98

03/01/97

COo
o
'O

IRIS - Integrated Risk Information System

HEAST- Health Effect. Assessment Summary Tablet

NA-Not Available
N/A - Not Applicable

(I) IRIS searched 7/20/98

EPA Group:

A - Human carcinogen

Bl - Probable human carcinogen - indicates that limited human data are available

B2 - Probable human carcinogen - indicatei sufficient evidence in animals and

inadequate or no evidence in humans

C - Possible human carcinogen
D - Not classifiable as a human carcinogen

E • Evidence of noncarcinogenicity

Weight of Evidence:

Known/Likely

Cannot be Determined

Not Likely
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TABLE 6.3

CANCER TOXICITY DATA - SPECIAL CASE CHEMICALS

WELSBACH

Chemical

of Potential

Concern

Value Units Source Date

MM/DD/YY

CO
o
o
00

CO
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TABLE7.1.RME
CALCULATION OF NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE
WELSBACH

Scenario Timeframe: Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: Holt Cargo
Receptor Population: Construction Worker
Receptor Age: Adult____________

Exposure
Route

Ingeslion

Dermal

Chemical
of Potential

Concern

Benzo(a)Anthracene
Benzo(b)FluonntlKne
Benzo(a)Pyrene
Aroc lor- 1248
Aroc lor- 1254
Antirmny
Arsenk
Selenium

(Total)
Benzo(a)Anmracene
Benzo(b)FluorantheDc
Benzo(a)Pyrene
Aroc lor- 1248
Aroclor-1254
Antimoay
Arsenic
Selenium

(Total)

Medium
EPC

Value

5.20E+00
9.30E+00
5.IOE+00
3.00E-OI
3.30E-OI
I.80E+00
2.72E+O2
7.70E-OI

5.20E+00
9.30E+00
5.IOE+00
3.00E-OI
3.30E-01
1.80E+00
2.72E+02
7.70E-01

Medium
EPC
Units

mg/kg
rag/kg
nig/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

mg/kg
rag/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Route
EPC

Value

5.20E+00
9.30E+00
5.IOE+00
3.00E-OI
3.30E-OI
I.80E+00
2.72E+02
7.70E-01

5.20E+00
9.30E+OO
5 IOE+OO
3.00E-OI
3 JOE-01
1.80E+00
2.72E+02
7.70E-01

Route
EPC
Units

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

mg/kg
rag/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

EPC
Selected

for Hazard
Calculation (1)

M
M
M
M
M
M
M
M

M
M
M
M

.M
M
M
M

Intake
(Non-Cancer)

5.9E-06
I.OE-05
5.7E-06
3.4E-07
3.7E-07
2.0E-06
3. IE-04
8.7E-07

N/A
N/A
N/A

2.5E-07
2.8E-07

N/A
4.9E-05

N/A

Intake
(Non-Cancer)

Units

mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day

N/A
N/A
N/A

mg/kg-day
mg/kg-day

N/A
mg/kg-day

N/A

Reference
Dose

N/A
N/A
N/A

2.0E-05
2.0E-05
4.0E-04
3.0E-04
5.0E-03

N/A
N/A
N/A

2.0E-05
2.0E-05

N/A
2.9E-04

N/A

Reference
Dose Units

N/A
N/A
N/A

mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-4ay
mg/kg-day

N/A
N/A
N/A

mg/kg-day
mg/kg-day

N/A
mg/kg-day

N/A

Reference
Concentration

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Reference
Concentration

Units

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Total Hazard Index Across All Exposure Routes/Pathways

Hazard
Quotient

No Tox Data
No Tox Data
No Tox Data

2E-02
2E-02
SE-03
IE+00
2E-04
IE+00

No Tox Data
No Tox Data
No Tox Data

IE-02
IE-02

No Tox Data
2E-01

No Tox Data
2E-OI
IE+00

GG<I> M - Medium-Specific

o
o
"O
I- *
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TABLE 7.2.RME
CALCULATION OF NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

WELSBACH

Scenario Timerrame: Future
Medium: Soil
Exposure Medium: Paniculates
Exposure Point: Hoh Cargo
Receptor Population: Construction Worker
Receptor Age: Adult____________

Exposure
Route

Inhalation

_

Chemical
of Potential

Concern

Benzo(a)Anthracene
Benzo(b)Fluorantheoe
Benzo(i)Pyrene
Arocloc-1248
Aroclor-1254
Antimony
Arsenic
Selenium

(Total)

Medium
EPC

Value

5.20E+00
9.30E+00
5.IOE+00
3.00E-OI
3.30E-OI
I.80E-KK)
2.72E+02
7.70E-OI

Medium
EPC
Units

mg/kg
rag/kg
mg/kg
mg/kg
mg/kg
rag/kg
mg/kg
mg/kg

Route
EPC

Value (1)

2.7IE-05
4.85E-05
2.66E-OS
I.56E-06
I.72E-06
9.38E-06
I.42E-03
4.0 IE-06

Route
EPC
Units

mg/m
mg/m'
mg/m1

mg/m'
mg/m1

mg/m1

mg/m1

mg/m'

EPC
Selected

for Hazard
Calculation (2)

R

R
R
R
R
R
R
R

Intake
(Non-Cancer)

I.2E-06
2.IE-06
1. IE-06
6.8E-08
7.4E-08
4. IE-07
6. IE-05
I.7E-07

Intake
(Non-Cancer)

Units

mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day

Reference
Dose

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Reference
Dose Units

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Reference
Concentration

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Reference
Concentration

Units

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Total Hazard Index Across All Exposure Routes/Pathways

Hazard
Quotient

No Tox Data
No Tox Data
No Tox Data
No Tox Data
No Tox Data
No Tox Data
No Tox Data
No Tox Data

-

-
(1) See respirable paniculates model in Appendix C.
(2) R - Route-Specific

CO
o
o

en
1/7/99



Scenario Timeframe: Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: Holt Cargo

Receptor Population: Construction Worker
Receptor Age: Adult ____________

TABLE8.1.RME
CALCULATION OF CANCER RISKS

REASONABLE MAXIMUM EXPOSURE

WELSBACH

CO
0o
00

Exposure
Route

Ingestion

Dermal

Chemical
of Potential

Concern

Benzo(a)Anthracene
Benzo(b)Fluoranthene
Benzo(a)Pyrene
Aroclor-1248
Aroclor-1254
Antimony
Arsenic
Selenium

(Total)
Benzo(a)Anthracene
Benzo(b)Fluoranthene
Benzo(a)Pyrene
Aroclor-1248
Aroclor-1254
Antimony
Arsenic
Selenium

(Total)

Medium
EPC

Value

5.20E-KK)
9.30E-KX)
5.IOE+00
3.00E-01
3.30E-01
1.80E-KK)
2.72E+02
7.70E-01

5.20E+00
9.30E+00
5.10E-KK)
3.00E-01
3.30E-01
1.80E-KX)
2.72E+02
7.70E-01

Medium
EPC
Units

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Route
EPC

Value

5.20E-KX)
9.30E+00
5.10E+00
3.00E-01
3.30E-01
1.80E-KK)
2.72E+02
7.70E-01

5.20E+00
9.30E+00
5.10E-HX)
3.00E-01
3.30E-01
1.80E+00
2.72E+02
7.70E-01

Route
EPC
Units

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

EPC Selected
for Risk

Calculation (1)

M
M
M
M
M
M
M
M

M
M
M
M
M
M
M
M

Intake
(Cancer)

8.4E-08
1.5E-07
8.2E-08
4.8E-09
5.3E-09
2.9E-08
4.4E-06

N/A

N/A
N/A
N/A

3.6E-09
4.0E-09

N/A
7.0E-07

N/A

Intake
(Cancer)

Units

mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day

N/A

N/A
N/A
N/A

mg/kg-day
mg/kg-day

N/A
mg/kg-day

N/A

Cancer Slope
Factor

7.30E-01
7.30E-01
7.30E-KK)
2.00E+00
2.00E+00

N/A
1.50E+00

N/A

N/A
N/A
N/A

2.00E-KX)
2.00E+00

N/A
1.58E-KK)

N/A

Cancer Slope
Factor Units

(mg/kg-day)
(mg/kg-day) ''
(mg/kg-day) "'
(mg/kg-day) "'
(mg/kg-day) "'

N/A
(mg/kg-day) "'

N/A

N/A
N/A
N/A

(mg/kg-day) "'
(mg/kg-day) "'

N/A
(mg/kg-day) '

N/A

••^ Total Risk Across All Exposure Routes/Pathways
^•i1 fc

Cancer
Risk

6E-08
IE-07
6E-07
IE-08
IE-08

No Tox Data
7E-06

7E-06
No Tox Data
No Tox Data
No Tox Data

7E-09
8E-09

No Tox Data
IE-06

IE-06

8E-06
(1) M = Medium-Specific
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TABLE 8.2.RME
CALCULATION OF CANCER RISKS

REASONABLE MAXIMUM EXPOSURE
WELSBACH

Scenario Timeframe: Future
Medium: Soil
Exposure Medium: Particulates
Exposure Point: Holt Cargo
Receptor Population: Construction Worker
Receptor Age: Adult

Exposure
Route

Inhalation

Chemical
of Potential

Concern

Benzo(a)Anthracene
Benzo(b)Fluoranthene
Benzo(a)Pyrene
Aroclor-1248
Aroclor-1254
Antimony
Arsenic
Selenium

(Total)

Medium
EPC

Value

5.20E-KX)
9.30E+00
5.10E+00
3.00E-01
3.30E-01
1.80E-KX)
2.72E+02
7.70E-01

Medium
EPC
Units

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Route
EPC

Value (1)

2. 7 IE-05
4.85E-05
2.66E-05
1.56E-06
1.72E-06
9.38E-06
1.42E-03
4.0 IE-06

Route
EPC
Units

mg/m'
mg/m3

mg/m3

mg/m3

mg/m3

mg/m3

mg/m3

mg/m3

EPC Selected
for Risk

Calculation (2)

R
R
R
R
R
R
R
R

Intake
(Cancer)

I.7E-08
3.0E-08
1.6E-08
9.6E-IO
1. IE-09
5.8E-09
8.7E-07

N/A

Intake
(Cancer)

Units

mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day

N/A

Cancer Slope
Factor

N/A
N/A
N/A

2.00E+00
2.00E+00

N/A
1.50E+01

N/A

Cancer Slope
Factor Units

N/A
N/A
N/A

(mg/kg-day) "'
(mg/kg-day) "'

N/A
(mg/kg-day) "'

N/A

Cancer
Risk

No Tox Data
No Tox Data
No Tox Data

2E-09
2E-09

No Tox Data
IE-05

IE-05
Total Risk Across All Exposure Routes/Pathways || 1 E-05

(1) See respirable particulates model in Appendix C.
(2) R = Route-Specific

CO
oo
'O
!•' *
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TAB1-E9 I RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

WELSBACH
> TinKrrame: Future

Receptor PopuUlion: Construction Worker
Receptor Age: Adult _______

Medium

Soil

CO
o

Exposure

Medium

Soil

Particulaus

Exposure

Point

Holt Cargo

Chemical

B«izo(l)Anthricrne

Beiizo(b)Fluonnlhene

Benzo(»)Pyraie

Arockx-1248

Aroc lor- 1254

Antimony

Arsenic

Selenium

(Total)

B«nzo(a)Anthncene

Benzo(b)Fluoranthene

Benzo(a)Pyrene

Aroc tor- 1248

Aroclor-1254

Antimony

Arsenic

Selenium

(Total)

Carcinogenic Risk

Ingestion

6E-08

IE-07

6E-07

IE-08

IE-08

No Tox Data

7E-06

7E-06

-

-

-

-

-

-

-

-

-

Inhalation

-

-

-

-

-

-

-

-

-

No Tox Data

No Tox Data

No Tox Data

2E-09

2E-09

No Tox Data

IE-05

IE-05

Dermal

No Tox Data

No Tox Data

No Tox Data

7E-09

8E-09

No Tox Data

IE-06

IE-06

-

-

-

-

-

-

-

-

-

Toul Risk Across Soil

Total Risk Across All Media and All Exposure Routes

Exposure

Routes Total

6E-08

IE-07

6E-07

2E-08

2E-08

-

8E-06

-

8E-06

-

-

-

2E-09

2E-09

-

IE-05

-

IE-05

2E-05

2E-05

Chemical

Benzo(a)Anihracene

Benzo(b)Fluoranthene

Benzo(a)Pyreiie

Aroc lor- 1248

Aroclor-1254

Antimony

Arsenic

Selenium

(Total)

Benzo(a)Anthracene

Benzo(b)Fluoranih«ne

Benzo(a)Pyrene

Aroclor-1248

Aroclor-1254

Antimony

Arsenic

Selenium

(Total)

Non-Carcinogenic Hazard Quotient

Primary

Target Organ

N/A

N/A

N/A

NOEL

Eye

Longevity

Skin

Liver

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Ingestion

No Tox Data

No Tox Dau

No Tox DaU

2E-02

2E-02

5E-03

1E+OO

2E-04

IE+00

-

--

-

-

-

-

-

-

-

Inhalation

-

-

-

-

-

--

-

-

-

No Tox Data

No Tox Dau

No Tox Dau

No Tox Dau

No Tox Dau

No Tox Dau

No Tox Dau

No Tox Dau

Dermal

No Tox Dau

No Tox Dau

No Tox Dau

IE-02

IE-02

No Tox Dau

2E-OI

No Tox Dau

2E-OI

--

-

-

-

--

-

-

-

olal Hazard Index Across All Media and All Exposure Routes

ToUl Liver HI -

Toul Skin HI -

OUl Eye HI -

Exposure

Routes Toul

-

-

-

3E-02

3E-02

5E-03

IE+00

2E-04

IE+OO

-

-

-

-

-

-

-

-

-

IE+OO

2E-04

IE+00

3E-02
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TABU: IO.I.RME
RISK ASSESSMENT SUMMARY

REASONABLE MAXIMUM EXPOSURE
WELSBACH

Tiineframe: Future
Population: Construction Worker
Age: Adult __________

Medium

Soil

Exposure

Medium

Soil

Paniculatcs

Exposure

Point

Holt Cargo

Chemical

Benzo(a)Anthracene

BenzoO>)Fluoraothei>e

Benzo(a)PyreiK

Aroclor-1248

Aroc lor- 1254

Antimony

Arsenic

Selenium

(Toul)

Benzo(a)Anthracene

Benzo(b)Fliioranthene

Benzo(a)Pyrene

Aroc tor- 1248

Aroc lor- 1254

Antimony

Arsenic

Selenium

(Toul)

Carcinogenic Risk

Ingestion

6E-08

IE-07

6E-07

IE-08

IE-08

NoToxDaU

7E-06

7E-06

-

-

-

-

--

-

-

-

-

Inhalation

-
-
-
-
-
-
-
-
-

No Tox Data

No Tox Data

No Tox Data

2E-09

2E-09

No Tox Data

IE-05

IE-05

Dermal

No Tox Data

No Tox Data

No Tox Data

7E-09

8E-09

No Tox Data

IE-06

IE-06

-

-

-

-

-

-

-

-

Total Risk Across Soil

Toul Risk Across All Media and All Exposure Routes

Exposure

Routes Total

6E-08

IE-07

6E-07

2E-08

2E-08

-

8E-06

-

8E-06

-

-

-

2E-09

2E-09

-

IE-05

-

IE-05

2E-05

2E-05

Chemical

Arsenic

(Toul)

(Toul)

Non-Carcinogenic Hazard Quotient

Primary

Target Organ

Skin

Ingestion

IE+00

1E+00

-

-

-

-

-

-

--

-

-

Inhalation

-

-

-

-

-

-

-

-

-

-

Dermal

2E-01

2E-OI

-

--

-

-

-

--

-

-

--

Toul Hazard Index Across All Media and All Exposure Routes

Exposure

Routes Toul

IE+00

1E-KX)

-

-

-

-

-

--

~

-

-

IE+00

17==^

CO
o
o
"O
• A

CO
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TABLE I

SELECTION OF EXPOSURE PATHWAYS

GENERAL GAS MANTLE: CHEMICAL EXPOSURE

Scenario

Timcframe

Cuirenl

Future

Medium

Soil

Soil

Exposure

Medium

Soil

Paniculate!

Soil

Paniculate]

Exposure

Point

GGM

GGM

GGM

GGM

Receptor

Population

Worker

Trespasser

Worker

Trespasser

Worker

Trespasser

Construction Worker

Resident

Worker

Trespasser

Construction Worker

Resident

Receptor

A^e

Adult

Adolescent

Adult

Adolescent

Adult

Adolescent

Adult

Aduh

Child

Adult

Adolescent

Adult

Adult

Child

Exposure

Route

Ingestion

Dermal

Inhalation

Ingestion

Dermal

Inhalation

Inhalation

Inhalation

Ingestion

Dermal

Inhalation

Ingestion

Dermal

Inhalation

Ingestion

Dermal

Ingestion

Dermal

Inhalation

Ingestion

Dermal

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation

On-Site/

Off-Site

On-Site

On-Site

On-Sitc

On-Site

On-Site

On-Site

On-Site

On-Site

On-Site

On-Site

On-Sile

On-Site

On-Sile

On-Sile

On-Site

On-Sile

On-Site

On-Sile

On-Stte

On-Sile

On-Sile

On-Site

On-Sile

On-Site

On-Site

Off-Site

Off-Site

Type of

Analysis

None

None

None

None

None

None

None

None

None

None

None

None

None

None

Quant

Quant

None

None

None

None

None

None

None

None

Quant

None

None

Rationale for Selection or Exclusion

of Exposure Pathway

Site is unoccupied

Site is unoccupied

Site is unoccupied

Contaminated soil in the subsurface

Contaminated soil in the subsurface

Contaminated soil in the subsurface

Site is unoccupied

Contaminated soil in the subsurface

Contaminated soil in the subsurface

Contaminated soil in the subsurface

Contaminated soil in the subsurface

Contaminated soil in the subsurface

Contaminated soil in the subsurface

Contaminated soil in the subsurface

Contaminated soil may be encountered by construction workers during construction
activities
Contaminated soil may be encountered by construction workers during construction
activities

Future use of land will remain industrial

Future use of land will remain industrial

Future use of land will remain industrial

Future use of land will remain industrial

Future use of land will remain industrial

Future use of land will remain industrial

Contaminated soil in the subsurface

Contaminated soil in the subsurface

Contaminated soil may be encountered by construction workers during construction
activities

Future use of land will remain industrial

Future use of land will remain industrial

COo
o
GO
i\3
O

8001230 1/7/99



OCTI1UU-NCK. IMSTRIBITION AND CHEMICALS OF IVfliNTlAl- < XJNCtRN
.ANTLE

COo
o
30
TO

CAS

Number

78-V3-3

100-41-4

133-20-7

1 3)- 12-7

56-35- J

207-01-9

50-32-1

191 -24-2

211-01-9

14-74-2

193-39-5

91-57-6

16-30-6

15.01 -1

129-00-0

12672-29-6

7429-90-5

7440- 311-2

7440-39-3

7440-41-7

7440-70-2

16065-43-1

744O-M-4

7440-30-1

7439-19-6

7439-92- 1

74J9-95-4

7439-96-3

7440-02-0

744049-7

7712-49-2

7440-23-3

7440-21-0

744042-2

7440-66-6

Scenario Tunclramc Fmtm
Medium. Soil
utpoMn MediiMn Soil
txpoiutt Point (K iM

CbmiCal

2-ltuiannar

t-lhytbnuene

Xyknci (total)

AnlhnucM

Brn,iuU)AmhFac«ni:

Benxa<b)Huunnlbei»

Bcnai<^)FhwranlbMM

Beuo<a)Pyna*

Be*zo4|jM)f'*fyl«e

(Vyataa

DH*-bMyfel*ftalaM

FhMaMlwat

mdeood^-cd^-yiwe

Pfaiaaallaw

PymM

Amlor-1241
AliNrauHn

AnenK-

Barivm
Barylbum

Cak»*n
Chnmm
Cobalt

Coppar

IKM

Lead

Mafactwm

riMfiwi-r-
Nickel
PoUMWn

SalaBium

SodMm

Thallium
Vaiadiam

time

(1)
Minimum

CoBDmtratioa

0017

0 13

047

0045

0 17

0 11

0.22

017

DM3

Oil

0043

034

0 1

O.S3

062

0 19

032

0021

3HOO

1 1

131
03

161

51

27

3 1

6370

36

953

493

7.4

391

06*

221

19

67

24.7

Muumum

Qualifier

-

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

-

1

1

}

J

E

J

J

-

E

J

-

J

J

J

J

J

J

~

(11
Maximum

CMKrtrallOB

00)7

0)3

047

0043

017

0 II

022

017

0082

0 18

0043

034

0 1

053

062

065

032

0021

7140

II 3

31.7

0.7

520

143

52

16

13100

71 2

1510

904

109

716

061

123

19

22. J
343

Muumum

Gudilwr

-

-

J

J

J

J

J

J

J

J

J

1

1

J

J

J

J

-

--

J

J

J

E
J

E

-

E

~

-

-

J

J

J

J

-

~

I'n.i.

>n«I«

m«t«

ftvk!

"*Vg

m«kH

mgk!

mgVi
m»k,

n«k|
mft!

m.ki
"Vi|
m«fc«
m»k|
n^V,

mfti

m|t|
m«k.
m«l,

mgkK

«»k|

"ftl

n»%4
«»\,

mi^i

rn^kf
mtV(

"WVi

mrlcf
m,Y,

m,\.

n*Kf
ng^l
m|'k|
mfkf

«*tf

m»t<

LocMKJA

orSUiunum

CoocMinlMa

Wti-SH-34-03

WO-SH-34-03

K'O-SH-34-413

Wli-SU-tl-OJ

Wti-^H-ll-Uj

WU-SB-41-03

Wti-Sll-41-GJ

W(J-^U-4I-O3

WU-SB-41-03

Wli-SU-41-03

W(i-SB-4l-03

Wi^SU-34-03

Wtt-SB- 34-03

Wl>5B-34-03

Wti^lMl-03

WU-SB-42-04

WG-SB-O-04

Wti^H-J6-04

WU-SB-42-O4

WCKSB-42-O4

WO-SB-42-04

WO-SB-42-O4

Wl̂ SB-42-04

W(i-SB-4J-04

WU-SB-42-O4

WO-SB- 36-04

WU-SB-41-03

WO^B-42-04

WO-SB-42-O4

WU-SB-42-O4

WO-3B-42-O4

WO^B-36-04

WO5B-34-03

WO-SB-42-O4

WO-SB-42-04

UMKIKW

Fnquncy

1 7

17

17

1 7

1 7

n
17

17

1-7

17

17

|;7

1/7

1/7

l'"7

1/7

77

77

in
7/7

7/7

7/7

7/7

7/7

77

7/7

7^

7/7

7,7

7/7

1/7

J^

1/7

7/7

7/7

HMfcof

DvWctim

Unu

(i i i-o i:
0 11-0 12

U 11-0 12

35-376

? 5-37 6

3 5-37 6

3 5-37 6

3 5-37 6

3 3-37 6

3 5-37 6

3 3-376

3 5-37 6

35-376

3 3-37 6

3 5-37 6

0.333-O 312

440-4635

2 14-2 32

42.1-464

1 07-1 16

1069 5-11 51 »

214-232

107-11 6

54-51

21 4-23 2

064-07

106V 3-1 111 I

3,2 1-3 41

1 36-9.27

1069 S-l I5SI

1 07-1 16

I069S-I15U

214-232

107-11 39

4 21-4 63

CooonMraikM

Uwdtbr

SOMUBf

0017

013

047

0045

017

022

017

0012

OH

0043

U 1

033

062

065

032

0021

7140

II 3

317

0.7

320

143

52

• 6

13100

7i :
1310

904

109

716

061

123
1 9

223

345

fedtfiouad

Value

N A

N A

N A

N \

N'A

N A
HA

N.A
N.A

N A

N/A

N'A

N A

N A

N A

<2)

42)

(2)

(2)

12)

(2)

(2)

U)
(2)

(2)

(2)

<2)

(2)

(2)

(2)
<2>

(2)

(2)

(2)

(3)
Sat,™.

Taxiuiy V«|IM

1 201 •(*> N

2 OOK -t)S N

4 l»l :-iHi N

7 HOI (Kl I'

7BUt-.'UU I

7 HOE-01 C

7»o»-:-oi r
-

7 KOI: -02 C

2 OUt -05 N

COH-M N

7HOI:<OU {'

• 2Uh'U4 N

I20F.03 r

6 |U|:>O4 N

290K*00 C

2 UOI: 'Oft N

38UI--00 I

140E-03 N

4 lOt-03 N

-
300t'O6 N

1 20B<03 N

I20E-O4 N

6 IOfc'05 N

-

4 IOHHJ4 N

4 10£'<M N

-

1 OOB*O4 N

-

1 40E+02 N
1 40t->O4 N

6 IOU -03 N

PM*Mul

ARAKTBC

ValiK (4)

N A

13

31 1>

3

49

"

N A

160

2300

4300

14

N.A
i

N A

4200

I

N A

:**
1600

63

N-A

31

N'A

N A

N A

«NI

N A

N A

130

N.A
3

N A

07

6000

I20UU

HoMalul

AKAR11X

Some

N .\

sst
SS1

SS1

SSI

SS1

SSI

N A

SSI

SSI.

SSI

N A

SSL

N A

SSI.

SSL

N A

SSI.

SSL

SSL

MA

SSL

N'A

N A

N'A

SSI

N A

N A

SSI

N A

SSL

N A

SSL

SSL
SSI.

a*c
HM

\ < >
NO

NO

VI S

NO

NO

YL-S

NO

NO

NO

No

No

NO

NO

NO

YES

NO

vts
NO
NO

NO

NO

NO

NO

NO

NO

No

NO

NO

NO

YHS

NO

YES
NO

NO

(*l
KdKMlclw

(•(MlMranMt

IkMiun
<« Svkvihin

m-is.iisi
HC1S. I1SI.

IK'IS. I1SI.

Id IS, USI

AC IS

DCIS.HS1.

BtTS. BSL

ACTS. ASI.

IK'IS, IISI

IW'IS. 11SL

BTTS. BSL

HITS. BSI

ItCIS, IISI.

BITS, BSL

BfTS.BSL

IK IS. BSL

BITS. I»SL

ACTS. AM.

BSU BBKO

ACTS.AS1. TX

BSL. BUKU

tKTS, BSL. BBKO

BCTS.NUT

BCTS. »SI., BBKU

HCTS, BSL, BDKU

BITS. BSL. BBKO

NUT. BBKCl

B»TS

BCTS. NIT, IlllKli

BSL.BBKQ

BSL.BBKQ
B(TS.Nirr.BBK(l

ABKU

BCTS. NUT. BBKO
ABK(i

BSL, BBKU

BCTS. BSL. BBKO

(U MwimumnwiiiMKn drWcud ctwcnlnlKW

C) BKk|mMd vtlufi tram WU-StMO-04 SM AppMtdix C

(Cancer benchmark value - IH-O6. HO I 0)

(4) Soil Screening l*\ml» MigratioB 10 drounJuMcr 20 DAf (my If)

(3) Raltuwi* C 'odei Selection Hcawa InirequcM Selection but AuocMletl Hiitonwlly (MIST)

Frequent Detection (FD)

ToXKily Information Available (TX)

Abt»e Seraenwg Lavelt (ASL)

Above Backiround Le\eli (AHKG)

Abo\« CTS (ACTS)

(in>i

N/A - Not Applicable

CKgi. - Contract Required Ouanliioiton Limit

CROI. Ctmtraci Required Iktiection Lirnii

COp( Chtmwel orPountiBl Conocm

ARAK.TIK' =- Applicable w KelcvMil aoJ Appnipri.lt Kn)Uin:nk.-ni I o Ik ( onmfcred

KHC Kiik-Haaid ConucnlmlKin

(Ti ConucnlrMHHi Tu»itity Svreen (See Appendix ( )

E Emmatod V.[»

} - hMimawd Vklu., Gumpound pmenl bclu* < K^l but abm. IIH

l~ =• I'm

N • Non-Cw

No loxtcily Inronnation (NTX)

EMential NmmM (NIT)

B>k>« Sefe«nin( Level (BSI.)

Bclu* CTS (BCTS)



OCCURRHNCE, DISTTUBLTION AND StLJi CHEMICALS OF POTENTIAL CONCERN

CAS
Numt-r

7H-93-3
IUO-4M

133-20-7

120-12-7

S6-S5-3

20)-99-2

20741-9

10-32-1

191-24-2

21141-9

14-74-2

206-444

1*3-39-3

91-37-6

•6-30-6

1)41-1

129404

12672-294

7429-90-)

7440-31-2

7440-39-3

7440-41-7

7440-7O-2

16063-13-1

7440-41-4

7440-30-1

7439-19-6

7439-92-1

7439-93-4

743946-3

7440424

744049-7

7712-49-2

7440-23-)

7440-214

7440-62-2

7440-66-6

&»iurw Tunerr.™ huliiK
Uodiim Soil
Expo*** Mediim PMticuUl
Exponn Pomi OOM

Chmnl

1'tbylbMUCBC

XyUMi (wul>

AMbTKMC

IkuiHOAnth..*™

BM^tfeonMhm

BM»(k>FliionHlbM>

BcuK.tPymH

B*w><|.b.i>P*rytMW

CbyMt

tt̂ ylpytal.,4.

!!Z^2T )̂Py™-

ly—
An»kc-l24<
AJwmwn
Amic

Brno
Bvydiin
CikMtt
O.om«ii
Cab*
Copp*

In*
LMd

MH»«n
"1"

NfcM

PM~i»i.
Sih«in»
So*u>
TUIwi
v_ta,

""

*•

(1)

MiDimm
C'oMMlntioD

0017

0 13

047

0043

017

on
022

017

0012

Oil

0043

034

0 1

033

062

019

032

0021

3100

1 1

12.1

03

161

32
27

3.1

6370

J6

933

493

74

391

061

22 1

19

67

247

MiiHun
g^ife

_

-

J
J

J
J

J

J
J

J

1
J
J

J
J

J
J

-
J

J
J

J

E
J
J

-
H

J

-

J

J

J

J

1

1

~

(0
Miun»m
CamMraim

0017

0 13

047

0043

0 17

0.11

022
017

0012

Oil

0043

034

0.1

0.33

062

0.6)

032
0011

7140

11 3

3»7

0.7

520

143

).2

• 6

13100

71.2
1310

904

109

716

061

123
19

2iS

343

hUumvn
Uu^lkr

..

-

J

J

J

J

J

J

J

J

J

J

J

J

J

J

-

-

1

1

J

E

J

E

-

E

-

-

-

J

J

J

J

-

~

IMUi

my k|

m«k|

nitft*
m,V|

m«V,

m*t
m,k,

«"•*•
mfk,

«**•

^

1̂

"**•
•««|
m»\,

mgt.

i^ki
«**•
"W l̂

«**«
n^kf
m»l|
m»\(
mgVi

m»t|

a«4«

mct«

•"»*!
mfV|
m«l|

"•̂

nVtl

l"f*1

Lacrtioa

ofMw-n^T,

COMMltMiM

W<WB-3443

WO-SB-3443

WU-SB-414}

Wti-SIWI43

Wt^Ul-4143

WO-SB-4143

W(MB-4143

WCMB-4143

WO-SB-4143

WO-SB-4143

WO-SU-3443

W03B-3443

WO^B-4143

WO-SB-4244

W<l-SB-4244

Wl^SB-36-OJ

WG-SB-4344

WO^B-4244

WO-SB-4244

WO-SB-4244

WO-SB-42-04

WO-SB-4244

WO-3B-4244

W(i-SH-3644

WO-5B-4I43

WO-SB-4344

WO^B-4244

WO-SB-4244

WO-SB-4244

WO-SB-36-O4

WO-SB-3443

WO-SB-4244

W(}-SB-4244

DMdm

Fr^u^y

I 7

| 7

1 7

1 7

1 7

17

17

1-7

17

17

17

1 7

1/7

1/7

1/7

1/7

77

7.7

7/7

7/7

7/7

7/7

7/7

7/7

7/7

77

7/7

7/7

7/7

7/7

1/7

2/7

1/7

7/7

7/7

RMpof

[***»

Un*.

o ii4 1:
0114 12

0 1)4 12

? 5-J7 6

3 5-37 6

3 3-37 6

3 3-37 6

3 5-37 6

33-376

3.3-37 6

33-376

3 3-37 6

33-376

35-376

3 S-37 6

0.3334312

440-46.3)

2 14-2 32

421-464

1.07-1 16

1069 3-1 1311

214-212

107-116

34-31

21 4-23 2

06447

10693-11311

3.21-3.41

136-927

10693-11)11

107-1 16

1069.3-11)11

2 14-2 32

107-11 )9

421-463

CowMnlMio

UMifar

» — ,
0017

0 13

047

OU4S

(t 17

on
OK
0 17
o.oi:
0 II

004)

0 1

0)3

0.62

os:
0021

7140

II 3

317

07

320

14!

JJ
I A

13100
71 :
1310

904

109

7K

0«

121

1.9

22J

M 3

e^tfamt
Vib,

N A

N'A

N A
N A
N -\

NA

N.A

N A
N A

N A
NA
N A

N A

N;A

N'A

N'A

N'A

12)

(21

C)
(2)
(2)

(2)
(!)
(2)
(2)
(21
«)
(2)
(2)
(2)

<:>
(2)
(2)

(2)
(2)

0)
SGramukK

Tonciiy V«|IK

2 UOt-O) N

4im;.uh N
6 till -OS N

7 BOL MM I C

7W)b-W C

7WEHH C

7 Wt-01 C

-

7.WJE-02 C

«20lt'04 N

7W)L>00 C

1.20EHM N

1 20E*03 C

6 lot '04 N

29UEHX) C

200E-06 N

JKHi-OU C

1 40EH>3 N

4IOEH>3 N

-

200E*O6 N

1 20E*O) N

120EHM N

6 lot '05 N

-

4 10E*O4 N

4 10E-O4 N

-

100E>O4 N

-

1 40EH>2 N

1 40fc-04 N

6 lOEHl) N

PMMlMl

ARARm*C-

Vdui (4)

13

:MI
I20UO

2

3

49

•

N A

160

2300

4300

14

HA

N'A

4200

1

N/A

:v
1600

63

N/A

31

N/A

N/A

N/A

400

HA

N/A

130

HA

5
N/A

07

6000

12000

POMMMI

AKA&TUC

Some

SSl

SSl.

SSl.

SSl.

SSl.

SSL

N A

SSL

SSl.

SSL

SSl.

HA

SSL

SSL

SSL

HA

SSL

SSL

SSl.

HA

SSL
N/A

HA

N/A

SSL

HA

HA

SSL

N'A

SSL

N A

SSL
SSL

SSl.

cm-
FU«

NO

NO

No

M S

NO

NO

YES

NO

NO

NO

No

No
NO

NO

YES

NO

VIS
NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

YliS

NO

YES

NO

NO

(3)
RMMMicfer

CortMnU-i
[MMioft

HITS, IJS1.

BITS. BSL

ttt IS. KS1

IK TS, HSl

AC1S

UCIS.US1.

BtTS. BSL
AtTS. ASL

IMTS. BSL

BtTS. BSL

BtTS, BSI

BtTS. BSL

IK 'IS. I1SL

BITS. BSL
BtTS. BSL

BCTS, BSL

BCTS. BSI.

AtTS. ASL

BSL. BBKO

AC1S.ASI.TX

BSL, BBKO

BCTS, BSL, BBKO

BCTS. NIT
BCTS. BSI., BBKO

BCTS, BSL, BBKQ

BCTS. BSL. BBKO

NIT, BBKO

BITS
UCTS.NII.BUKO

BSL, BBKO

BSL. BBKO

BfTS.NlT.BHKO

ABKO

BtTS. NLT. BBKO
ABKO

BSL. DUKO

BtTS, BSL. BBKO

CO
Oo*oro
ro

(1) MiaiMifinMinMiKlMt

(2) BKkflDwd vdMt Own W(}-SB-4O44 Sec Appendix C

(3) I1 S EPA lUfkM 111, I9W, Ri*-Buv<J ( onoertretw* Tibte. Soil InduMral RBCi

L vdue = IE-06, HQ I U)

N/A " Not ApplNMbk

CRQL - Cortncl R«|uii«d QU«IIIU(KMI Limii

C'RIX - Conlrad R*quirad DdcctKm Limil

(4) Soil Scraniai Uv«b MigrMi
(3) RrikMMkCodM Scbdioa

to (i IT 20 DA* (IT* k«)

Inirequert Uvuction bw A^xulcd Hulonully (HIST>

Fnqucni Dvtodtoa (KU)

Toncity lofanMbaa AvaiUbk (TX)

Above Scncaini Uv«bj (ASL)

Above Bnkfrowd L*v«U (ABKU)

Abov« (TS (ACTS)

a (1FL>)

AKARTBC

RBC' RiA-BMed Coootnlreiion

CTS ronvraimion ToiKyiy Scncn <Scc AppcnJiit <.')

E - KMiMUd Vdut

J ' E«iinM«l V«luc, outirwMid pninri btlu* CROI btf •!

C' -

No Toxieny InlbnraiMB (NTX)
Eweuiml Nutncnl (NLT)

Below S«nMua« Uv*l (BSL)

Ihlow CTS (BCTS)



• TABLE 3.1
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

GENERAL GAS MANTLE

Scenario Timerramc: Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: GGM____

Chemical

of

Potential

Concern

3cnzo(a)Anthracene

Benzo(a)Pyrene

Aroclor-1248

Selenium

rhailium

Units

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Arithmetic

Mean

N/A

N/A

N/A

N/A

N/A

95% UCLof

Normal

Data

N/A

N/A

N/A

N/A

N/A

Maximum

Detected

Concentration

I.7E-01

I.7E-01

2.8E-02

6.8E-OI

I.9E+00

Maximum

Qualifier

J

J

J

J

J

EPC

Units

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Reasonable Maximum Exposure

Medium

EPC

Value

I.7E-01

1.7E-01

2.8E-02

6.8E-OI

1.9E+00

Medium

EPC

Statistic

Max

Max

Max

Max

Max

Medium

EPC

Rationale

Site-Specific

Site-Specific

Site-Specific

Site-Specific

Site-Specific

Central Tendency

Medium

EPC

Value

N/A

N/A

N/A

N/A

N/A

Medium

EPC

Statistic

N/A

N/A

N/A

N/A

N/A

Medium

EPC

Rationale

N/A

N/A

N/A

N/A

N/A

N/A - Not Applicable

For duplicate sample results, the maximum value was used.

Statistics: Maximum Detected Value (Max)

CO
o
o
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TABLE 3.2
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

GENERAL GAS MANTLE

Scenario Timename: Future
Medium: Soil
Exposure Medium: Particulars
Exposure Poini: GGM_____

Chemical

of

Potential

Concern

3enzo(a)Anthracene

Benzo(a)Pyrene

Aroclor-1248

Selenium

thallium

Units

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Arithmetic

Mean

N/A

N/A

N/A

N/A

N/A

95V. UCLof

Normal

Data

N/A

N/A

N/A

N/A

N/A

Maximum

Detected

Concentration

1.7E-OI

1.7E-01

2.8E-02

6.8E-01

I.9E-KX)

Maximum

Qualifier

J

J

J

J

J

EPC

Units

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Reasonable Maximum Exposure

Medium

EPC

Value

1.7E-01

1.7E-01

2.8E-02

6.8E-OI

1.9E+00

Medium

EPC

Statistic

Max

Max

Max

Max

Max

Medium

EPC

Rationale

Site-Specific

Site-Specific

Site-Specific

Site-Specific

Site-Specific

Central Tendency

Medium

EPC

Value

N/A

N/A

N/A

N/A

N/A

Medium

EPC

Statistic

N/A

N/A

N/A

N/A

N/A

Medium

EPC

Rationale

N/A

N/A

N/A

N/A

N/A

N/A = Not Applicable

For duplicate sample results, the maximum value was used.

Statistics: Maximum Detected Value (Max)

COoo
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Scenario Timclrame Future

Medium Soil

Exposure Medium Soil

Exposure Point GGM

Receptor Population Construction Worker

Receptor Age Adult___________

TABLE 4 I

VALUES USED FOR DAILY INTAKE CALCULATIONS

GENERAL GAS MANTLE

Exposure Route

Injesuon

Dermal

Parameter
Code

CS

CFI

IR-S

FI

EF

ED

BW

AT-N

AT-C

CS

CFI

SSAF

DABS

SA

EF

ED

BW

AT-N

AT-C

Parameter Definition

Chemical Concentration in Soil

Conversion Factor 1

Ingeslion Rate of Soil

Fraction Ingested

Exposure Frequency

Exposure Duration

Body Weight

Averating Time (Non-Cancer)

Averaging Time (Cancer)

Chemical Concentration in Soil

Conversion Factor 1

Soil to Skin Adherence Factor

Dermal Absorption Factor (Solid)

Skin Surface Area Available for Contact
Exposure Frequency

Exposure Duration

Body Weight

Averaging Time (Non-Cancer)

Averaging Time (Cancer)

Units

mg/kg

kg/mg

mg/day

days/year

yon

kg
days

days

mg/kg

kg/mg

mg/cm'

- -

cm'/evenl
days/year

years

kg
days
days

RME
Value

Set Table 3

IOOE-06

480

1

60

1

70

365

25450

See Table 3

IOOE-06

1

12]

2570

60

1

70

365

25550

RME
Rationale/
Reference

See Table 3

-
EPA, I997a

[1]

[1]

EPA, I997a

--

SeeTable3

EPA, I997a

EPA. I996a

EPA, 1997a

in
[1]

EPA, 1997a

- -

CT
Value

--

--

-

-
-

-
-

-

-

-
-

CT
Rationale/
Reference

-

-

-

-

--

-

-

Intake Equation/
Model Name

Chronic Daily Intake (CDI) (mg/kg-day) -

CS x CFI x IR-S x Fl x EF x ED x I/BW x I/AT

CDI (mg/kg-day) -

CS x CFI x SSAF x DABS x SA x EF » ED x 1/BW x I/AT

COo
o

CJ1

[I] Professional Judgement

(2]OI4forAroclorl248

Sources:

USEPA, 1991: Risk Assessment Guidance for Superfund Vol I Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors Interim Final OSWER Directive 9285 6-03

USEPA, I996a PCBs Cancer Dose-Response Assessment and Application to Environmental Mixtures EPA/6OO/P-96/00 IF Washington, DC Office of Research and Development. National Center for Environmental Assessment

USEPA, 1997a: Exposure Factors Handbook OHEA EPA/600/P-95/002Fa.

1/7/99



Scenario Timeframe: Future

Medium: Soil

Exposure Medium: Particulars

Exposure Point: GGM

Receptor Population: Construction Worker

Receptor Age: Adult

TABLE 4.2

VALUES USED FOR DAILY INTAKE CALCULATIONS

GENERAL GAS MANTLE

Exposure Route

Inhalation

Parameter
Code

CS

PEF

IN

ET

EF

ED

BW

AT-N

AT-C

Parameter Definition

Chemical Concentration in Soil

Paniculate Emission Factor

Inhalation Rate

Exposure Time

Exposure Frequency

Exposure Duration

Body Weight

Averaging Time (Non-Cancer)

Averaging Time (Cancer)

Units

rng/kg

kg/m3

mVhour

hours/day

days/year

years

kg
days

days

RME
Value

See Table 3

5.2 IE-06

2.3

8

60

1

70

365

25,550

RME
Rationale/
Reference

See Table 3

See Appendix C

EPA, 1991

[1]

[1]

[1]
EPA. 1997a

--

--

CT
Value

--

-

-

-

--

-

-

-

--

CT
Rationale/
Reference

-

--

-

--

--

-

--

--

Intake Equation/
Model Name

Chronic Daily Intake (CDI) (mg/kg-day) -

CA x PEF x IN x ET x EF x ED x 1/BW x I/AT

[1] Professional Judgement.

Sources:

EPA, 1991: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors. Interim Final. OSWER. Directive 9285.6-03.

EPA, I997a: Exposure Factors Handbook. OHEA. EPA/600/P-95/002Fa.

CO
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TABLE 5.2

NON-CANCER TOXICITY DATA -- INHALATION

GENERAL GAS MANTLE

Chemical

of Potential
Concern .

Jenzo(a)Anthracene

Benzo(a)Pyrene

Aroclor-1248

Selenium

rtiallium

Chronic/

Subchronic

Chronic

Chronic

Chronic

Chronic

Chronic

Value

Inhalation

RfC

NA

NA

NA

NA

NA

Units

N/A

N/A

N/A

N/A

N/A

Adjusted

Inhalation

RiD

N/A

N/A

N/A

N/A

N/A

Units

N/A

N/A

N/A

N/A

N/A

Primary

Target

Organ

N/A

N/A

N/A

N/A

N/A

Combined

Uncertainty/Modifying

Factors

N/A

N/A

N/A

N/A'

N/A

Sources of

RfC:RfD:

Target Organ

N/A

N/A

N/A

N/A

N/A

Dates (1)

(MM/DD/YY)

N/A

N/A

N/A

N/A

N/A

NA = Not Available

N/A = Not Applicable

(1) IRIS searched 7/20/98

CO
oo
00
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TABLE 5.1

NON-CANCER TOXICITY DATA - ORAL/DERMAL

GENERAL GAS MANTLE

Chemical

of Potential

Concern

Benzo(a)Anlhracene

Benzo(a)Pyrene

Aroclor-1248

Selenium

Thallium

Chronic/

Subchronic

Chronic

Chronic

Chronic

Chronic

Chronic

OralRfD

Value

NA

NA

2E-05

5E-03

8E-05

Oral RfD

Units

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

mg/kg-day

Oral to Dermal

Adjustment Factor (1)

N/A

N/A

100%

N/A

N/A

Adjusted

Dermal

RfD(2)

N/A

N/A

2E-05

N/A

N/A

Units

N/A

N/A

mg/kg-day

N/A

N/A

Primary

Target

Organ

N/A

N/A

NOEL

Liver

NOEL

Combined

Uncertainty/Modifying

Factors

-

-

-

3

3000

Sources of RfD:

Target Organ

IRIS; HEAST

IRIS; HEAST

IRIS; HEAST

IRIS

IRIS

Dates of RID:

Target Organ (3)

(MM/DD/YY)

04/01/97

03/01/97

03/01/97

03/01/97

03/01/97

NA = Not Available

N/A - Not Applicable

(1) USEPA, 1989. Risk Assessment Guidance for Superfund, Volume 1, Human Health Evaluation Manual, Part A, Interim Final. EP A/540/1 -89/002, Office of Emergency and Remedial Response, Washington, DC.

(2) Oral RfD x Oral to Dermal Adjustment Factor = Adjusted Dermal RfD

(3) IRIS searched 7/20/98

CO
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TABLE 5.3

NON-CANCER TOXICITY DATA - SPECIAL CASE CHEMICALS

GENERAL GAS MANTLE

Chemical

of Potential

Concern

Chronic/

Subchronic

-

Value Units Primary

Target

Organ

Combined

Uncertainty /Modifying

Factors

Sources of

Primary Target

Organ

Date

(MM/DD/YY)

CO
o
o
03
r*
CO
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TABLE 6.1

CANCER TOXICITY DATA - ORAL/DERMAL

GENERAL GAS MANTLE

Chemical

of Potential

Concern

Benzo(a)Anthracene

B«izo(a)PyrciK

Aroclor-1248

Selenium

rhallium

Oral Cancer Slope Factor

7.30E-OI

7.30E+00

2.00E+00

NA

NA

Oral to Dermal

Adjustment

Factor

N/A

N/A

100%

N/A

N/A

Adjusted Dermal

Cancer Slope Factor (1)

N/A

N/A

2.00E+00

N/A

N/A

Units

(mg/kg-day)

(mg/kg-day)

(mg/kg-day)

N/A

N/A

Weight of Evidence/

Cancer Guideline

Description

B2

B2

--

D

D

Source

IRIS

IRIS

IRIS; HEAST

IRIS

IRIS

Date (2)

(MM/DD/VY)

04/01/97

03/01/97

03/01/97

03/01/97

03/01/97

CO
o
o
"O
CO
C'

IRIS = Integrated Risk Information System

HEAST= Health Effects Assessment Summary Tables

NA - Not Available

N/A = Not Applicable

(1) OSF / Oral ABS = Adjusted Dermal Cancer Slope Factor

(2) IRIS searched 7/20/98

EPA Group:

A - Human carcinogen

Bl - Probable human carcinogen - indicates that limited human data are available

B2 - Probable human carcinogen - indicates sufficient evidence in animals and

inadequate or no evidence in humans

C - Possible human carcinogen

D - Not classifiable as a human carcinogen

E - Evidence of noncarcinogenicity

Weight of Evidence:

Known/Likely

Cannot be Determined

Not Likely

1/7/99



TABLE 6.2

CANCER TOXIC1TY DATA - INHALATION

GENERAL GAS MANTLE

Chemical

of Potential

Concern

Benzo(a)Anthracene

3enzo(a)Pyrcne

Aroclor-1248

Selenium

rhallium

Unit Risk

NA

NA

NA

NA

NA

Units

N/A

N/A

N/A

N/A

N/A

Adjustment

N/A

N/A

•N/A

N/A

N/A

Inhalation Cancer

Slope Factor

NA

NA

2.00E+00

NA

NA

Units

N/A

N/A

(mg/kg-day)

N/A

N/A

Weight of Evidence/

Cancer Guideline

Description

N/A

N/A

B2

N/A

N/A

Source

N/A

N/A

IRIS

N/A

N/A

Date(l)

(MM/DD/YY)

N/A

N/A

03/01/97

N/A

N/A

IRIS - Integrated Risk Information System

HEAST- Health Effects Assessment Summary Tables

NA - Not Available

N/A - Not Applicable

(1) IRIS searched 7/20/98

•3
CO

EPA Group:

A - Human carcinogen

Bl - Probable human carcinogen - indicates that limited human data are available

B2 - Probable human carcinogen - indicates sufficient evidence in animals and

inadequate or no evidence in humans

C - Possible human carcinogen

D - Not classifiable as a human carcinogen

E - Evidence of noncarcinogenicity

Weight of Evidence:

Known/Likely

Cannot be Determined

Not Likely

1/7/99



TABLE 6.3

CANCER TOXICITY DATA - SPECIAL CASE CHEMICALS

GENERAL GAS MANTLE

Chemical

of Potential

Concern

Value Units Source Date

MM/DD/YY

CO
o
o

i .:>
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TABLE7.1.RME

CALCULATION OF NON-CANCER HAZARDS
REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Scenario Timerrame: Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: GGM
Receptor Population: Construction Worker
Receptor Age: Adult____________

Exposure
Route

ingestion

Dermal

Chemical
of Potential

Concern

Benzo(a)Anthracene
Bcnzo(a)Pyrene
Aroc lor- 1248
Selenium
Thallium

(Total)
Benzo(a)Anthracene
Benzo(a)Pyrene
Aroclor-1248
Selenium
Thallium

(Total)

Medium
EPC

Value

I.70E-OI
I.70E-OI
2.80E-02
6.80E-OI
1.90E+00

I.70E-01
I.70E-01

2.80E-02
6.80E-OI
1.90E+00

Medium
EPC
Units

mg/kg
mg/kg
mg/kg
nig/kg
mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Route
EPC

Value

1.70E-OI
I.70E-01
2.80E-02
6.80E-OI
I.90E+00

1.70E-OI
I.70E-OI
2.80E-02
6.80E-OI
I.90E+00

Route
EPC
Units

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

EPC
Selected

for Hazard
Calculation (1)

M
M
M
M
M

M
M
M
M
M

Intake
(Non-Cancer)

I.9E-07
I.9E-07
3.2E-08
7.7E-07
2.IE-06

N/A
N/A

2.4E-08
' N/A

N/A

Intake
(Non-Cancer)

Units

mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day

N/A
N/A

mg/kg-day
N/A
N/A

Reference
Dose

N/A
N/A

2.0E-OS
S.OE-03
g.OE-05

N/A
N/A

2.0E-05
N/A
N/A

Reference
Dose Units

N/A
N/A

mg/kg-day
mg/kg-day
mg/kg-day

N/A
N/A

mg/kg-day
N/A
N/A

Reference
Concentration

N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A

Reference
Concentration

Units

N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A

Total Hazard Index Across All Exposure Routes/Pathways

Hazard
Quotient

No Tox Data
No Tox Data

2E-03
2E-04
3E-02
3E-02

No Tox Data
No Tox Data

IE-03
No Tox Data
No Tox Data

IE-03

3E-02

(I) M - Medium-Specific

CO
o

CO
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TABLE 7.2.RME
CALCULATION OF NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE
GENERAL GAS MANTLE

Scenario Timeframe: Future
Medium: Soil
Exposure Medium: Particulates
Exposure Point: GGM
Receptor Population: Construction Worker
Receptor Age: Adult____________

Exposure
Route

Inhalation

Chemical
of Potential

Concern

Benzo(a)Anthracenc
Benzo(a)PyretK
Aroclor-1248
Selenium
Thallium

(Total)

Medium
EPC

Value

I.70E-OI
I.70E-OI
2.80E-02
6.80E-01
I.90E-KX)

Medium
EPC
Unto

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Route '
EPC

Value (1)

8.86E-07
8.S6E-07
I.46E-07
3.ME-06
9.90E-06

Route
EPC
Units

mg/m'
mg/m
mg/m'
mg/m3

rag/in'

EPC
Selected

for Hazard
Calculation (2)

R
R
R
R
R

Intake
(Non-Cancer)

3.8E-08
3.8E-08
6.3E-09
I.SE-07
4.3E-07

Intake
(Non-Cancer)

Units

mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day

Reference
Dose

N/A
N/A
N/A
N/A
N/A

Reference
Dose Units

N/A
N/A
N/A
N/A
N/A

Reference
Concentration

N/A
N/A
N/A
N/A
N/A

Reference
Concentration

Units

N/A
N/A
N/A
N/A
N/A

Total Hazard Index Across All Exposure Routes/Pathways

Hazard
Quotient

No Tox Data
NoToxData
No Ton Data
No Tox Data
No Tox Data

-

(I) See respinble pankulates model in Appendix C.
(I) R - Route-Specific

COo
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Scenario Timeframe: Future
Medium: Soil

Exposure Medium: Soil
Exposure Point: GGM
Receptor Population: Construction Worker
Receptor Age: Adult____________

TABLE8.1.RME
CALCULATION OF CANCER RISKS

REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE

Exposure
Route

Ingestion
-

Dermal

Chemical
of Potential

Concern

Benzo(a)Anthracene
Benzo(a)Pyrene
Aroclor-1248
Selenium
Thallium

(Total)
Benzo(a)Anthracene
Benzo(a)Pyrene
Aroclor-1248
Selenium
Thallium

(Total)

Medium
EPC

Value

1.70E-01
1.70E-01
2.80E-02
6.80E-01
1.90E+00

1.70E-OI
1.70E-01
2.80E-02
6.80E-01
I.90E-HX)

Medium
EPC
Units

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Route
EPC

Value

I.70E-01
1.70E-01
2.80E-02
6.80E-01
1.90E-HX)

1.70E-01
1.70E-01
2.80E-02
6.80E-OI
1.90E+00

Route
EPC
Units

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

EPC Selected
for Risk

Calculation (1)

M
M
M
M
M

M
M
M
M
M

Intake
(Cancer)

2.7E-09
2.7E-09
4.5E-10

N/A
N/A

N/A
N/A

3.4E-10
N/A
N/A

Intake
(Cancer)

Units

mg/kg-day
mg/kg-day
mg/kg-day

N/A
N/A

N/A
N/A

mg/kg-day
N/A
N/A

Cancer Slope
Factor

7.30E-01
7.30E+00
2.00E+00

N/A
N/A

N/A
N/A

2.00E+00
N/A
N/A

Cancer Slope
Factor Units

(mg/kg-day)
(mg/kg-day) "'
(mg/kg-day) "'

N/A
N/A

N/A
N/A

(mg/kg-day) "'
N/A
N/A

Cancer
Risk

2E-09
2E-08
9E-IO

2E-08
No Tox Data
No Tox Data

7E-10

7E-10
Total Risk Across All Exposure Routes/Pathways || 2E-08

COoo
30 (1) M = Medium-Specific
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TABLE 8.2.RME
CALCULATION OF CANCER RISKS

REASONABLE MAXIMUM EXPOSURE
GENERAL GAS MANTLE

Scenario Timeframe: Future
Medium: Soil
Exposure Medium: Particulates
Exposure Point: GGM
Receptor Population: Construction Worker
Receptor Age: Adult ______

Exposure
Route

Inhalation

Chemical
of Potential

Concern

Benzo(a)Anthracene
Benzo(a)Pyrene
Aroclor-1248
Selenium
Thallium

(Total)

Medium
EPC

Value

1.70E-OI
1.70E-01
2.80E-02
6.80 E-01
1.90E-KX)

Medium
EPC
Units

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Route
EPC

Value (1)

8.86E-07
8.86E-07
1.46E-07
3.54E-06
9.90E-06

Route
EPC
Units

mg/m
mg/m3

mg/m3

mg/m3

mg/m3

EPC Selected
for Risk

Calculation (2)

R
R
R
R
R

Intake
(Cancer)

N/A
N/A

9.0E-I1
N/A
N/A

Intake
(Cancer)

Units

N/A
N/A

mg/kg-day
N/A

mg/kg-day

Cancer Slope
Factor

N/A
N/A

2.00E+00
N/A
N/A

Cancer Slope
Factor Units

N/A
N/A

(mg/kg-day) "'
N/A
N/A

Cancer
Risk

No Tox Data
No Tox Data

2E-10

2E-10
Total Risk Across All Exposure Routes/Pathways || 2E-10

(1) See respirable particulates model in Appendix C.
(1) R = Route-Specific

CO
o
o
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TABLE9.I.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

GENERAL GAS MANTLE
»Tifneframe: Future

Receptor Population: Construction Worker
irAge: Adult ________

Medium

Soil

Exposure

Medium

Soil

Partkulates

Exposure

Point

GGM

GGM

Chemical

Bouo(>)AMkncene

Betao(a)Pyteoe

Aroclor-l24S

Selenium

Thallium

(Total)

Beozo(a)Aiilhncene

Benzo(a)PyniK

*roc lor- 1248

Selenium

niallium

(Total)

Carcinogenic Risk

Ingestion

2E-09

2E-08

9E-IO

2E-08

-

-

-

-

-

-

Inhalation

-

-

-

-

-

--

No Tox Data

No Tox Data

2E-IO

2E-10

Dermal

No Tox Data

No Tox Data

7E-IO

7E-IO

-

-

-

-

-

-

ToUl Risk Across Soil

Total Risk Across All Media and All Exposure Routes

Exposure

Routes Total

2E-09

2E-08

2E-09

-

2E-08

-

-

2E-IO

-

-

2E-10

2E-08

2E-08

Chemical

Benzo(a)Anihracene

Benzo(a)Pyrene

Aroclor-I24g

Selenium

nullium

(Total)

Bouo(i)Anthracene

Btnzo(i)Pyre«

Aroclor-l24S

Selenium

nullium

(Total)

Non-Carcinogenic Hazard Quotient

Primary

Target Organ

N/A

N/A

N/A

Liver

N/A

N/A

N/A

N/A

N/A

N/A

Ingestion

No Tox Data

No Tox Data

2E-03

2E-04

3E-02

3E-02

-

-

-

-

-

Inhalation

•

-

-

-

-

OE+OO

No Tox Data

No Tox Data

No Tox Data

No Tox Data

No Tox Data

Dermal

No Tox Data

No Tox Data

IE-03

No Tox Data

No Tox Data

IE-03

-

-

-

-

-

Tool Hazard Index Across All Media and All Exposure Routes

Exposure

Routes Total

-

-

3E-03

2E-04

-

3E-02

-

-

-

-

-

-

3E-02

Total Liver HI-

CO
o
o
CO
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TABLE IO.I.RME

RISK ASSESSMENT SUMMARY

GENERAL GAS MANTLE

enario Timeframe: Future
r Population: Construction Worker

Receptor Age: Aduli ___

Medium

Soil

Exposure

Medium

Soil

Partkulalcs

Exposure

Point

Holt Cargo

Chemical

Benzo(a)Anthracene

Benzo<a)Pyrene

Aroc tor- 1248

Selenium

Dullium

(Total)

3enzo(a)AnthraceDe

Benzo(a)Pyrene

Aroc tor- 1248

Selenium

rhallium

(Total)

Carcinogenic Risk

Ingestion

2E-0?

2E-08

9E-IO

2E-08

-

-

-

-

-

-

Inhalation

-

-

-

-

--

-

No Tox Data

No Tox Data

2E-10

2E-10

Dermal

No Tox Data

No Tox Data

7E-IO

7E-IO

-

-

-

-

-

-

Toul Risk Across Soil

Total Risk Across All Media and All Exposure Routes

Exposure

Routes Toul

2E-09

2E-08

2E-09

-

-

2E-08

-

-

2E-IO

-

-

2E-IO

2E-08

2E-08

Chemical

Aroclor-1248

Selenium

(Total)

(Total)

Non-Carcinogenic Hazard Quotient

Primary

Target Organ

N/A

Liver

Ingestion

2E-03

2E-04

2E-03

-

-

-

--

-

--

Inhalation

--

--

-

-

-

--

-

-

-

Dermal

IE-03

No Tox Data

IE-03

-

-

-

-

-

--

Total Hazard Index Across All Media and All Exposure Routes

Exposure

Routes Total

3E-03

2E-04

3E-03

-

-

-

--

-

-

3E-03

Total Liver HI - 2E-04

CO
o
o
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DATA USEABILITY WORKSHEET
Site: Welsbach/General Gas Mantle

Medium: Soil - Radiological

Requirement Comment

Field Sampling

Discuss sampling problems and field conditions that
affect data useability.

None.

Are samples representative of receptor exposure for
this medium (e.g., sample depth, grab vs. composite,
filtered vs. unfiltered, low flow, etc.)?

Yes.

Assess the effect of field QC results on data useability. In general, the field QC results did not affect data
useability.

Summarize the effect of field sampling issues on the
risk assessment, if applicable.

NA

Analytical Techniques

Were the analytical methods appropriate for
quantitative risk assessment?

Yes.

Were detection limits adequate? In general, the detection limits were adequate. In a few
instances, the MDCs were elevated (i.e., > 0.3 pCi/g).

Summarize the effect of analytical technique issues on
the risk assessment, if applicable.

NA
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DATA USEABILITY WORKSHEET (continued)
Site: Welsbach/General Gas Mantle

Medium: Soil - Radiological

Requirement Comment

Data Quality Objectives

Precision - How were duplicates handled? Two types of duplicates were collected; field blind
duplicates and matrix spike/matrix spike duplicates
(MS/MSDs). Both the field blind duplicate and
MS/MSD samples were collected at a rate of one per 20
environmental samples.

Accuracy - How were split samples handled? Split samples were not collected.

Representativeness - Indicate any problems associated
with data representativeness (e.g., trip blank or rinsate
blank contamination, COC problems, etc.).

In general, there were no recurring problems with data
representativeness.

Completeness - Indicate any problems associated with
data completeness (e.g., incorrect sample analysis,
incomplete sample records, problems with field
procedures, etc.).

In general, there were no problems with data
completeness.

Comparability - Indicate any problems associated with
data comparability.

NA

Were the DQOs specified in the QAPP satisfied? Yes.

NA
Summarize the effect of DQO issues on the risk
assessment, if applicable.
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DATA USEABILITY WORKSHEET (continued)
Site: Welsbach/General Gas Mantle

Medium: Soil - Radiological

Requirement Comment

Data Validation and Interpretation

What are the data validation requirements for this
region?

There are no radiological validation requirements for this
region. The radiological data for this project were
validated using the following QC:

alpha spectroscopy-
1) initial calibration (yearly)
2) calibration verification (weekly)
3) detector background check (monthly)
4) tracer analysis
5) method blank and rinsate blank
6) laboratory control sample (LCS)
7) laboratory duplicate analysis
8) field duplicate analysis
9) matrix spike/matrix spike duplicate analysis

gamma spectroscopy-
1) initial calibration (yearly)
2) calibration verification (weekly)
3) detector background check (monthly)
4) method blank and rinsate blank
5) laboratory duplicate analysis
6) field duplicate analysis
7) percent dead time
8) photopeaks/reference library

What method or guidance was used to validate the
data?

There are no regional data validation guidelines.
Therefore, the validation requirements were specified in
the site-specific Quality Assurance Project Plan (QAPP).

Was the data validation method consistent with
regional guidance? Discuss any discrepancies.

NA

Were all data qualifiers defined? Discuss those which
were not.

Yes.
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DATA USEABILITY WORKSHEET (continued)
Site: Welsbach/General Gas Mantle

Medium: Soil - Radiological

Requirement Comment
Which qualifiers represent usable data?

All data except rejected "R" data are useable.

Which qualifiers represent unusable data? "R".

How are tentatively identified compounds handled? NA

Summarize the effect of data validation and
interpretation issues on the risk assessment, if
applicable.

Any data that is qualified as rejected "R" is not used in
the risk assessment.

Additional notes:
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DATA USEABILITY WORKSHEET
Site: Welsbach/General Gas Mantle

Medium: Soil - Chemical

Requirement Comment

Field Sampling

Discuss sampling problems and field conditions that
affect data useability.

None.

Are samples representative of receptor exposure for
this medium (e.g., sample depth, grab vs. composite,
filtered vs. unfiltered, low flow, etc.)?

Yes.

Assess the effect of field QC results on data useability. In general, the field QC results did not affect data
useability. In some instances, the rinsate blanks had
contamination; however, the majority of the contaminants
were common laboratory contaminants (e.g., methylene
chloride). Therefore, rinsate blanks had only a very
minor effect on the data.

Summarize the effect of field sampling issues on the
risk assessment, if applicable.

NA

Analytical Techniques

Were the analytical methods appropriate for
quantitative risk assessment?

Yes.

Were detection limits adequate? In general, the detection limits were adequate. In a few
instances, some sample fractions were excessively diluted
which resulted in high detection limits.

Summarize the effect of analytical technique issues on
the risk assessment, if applicable.

NA
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DATA USEABILITY WORKSHEET (continued)
Site: Welsbach/General Gas Mantle

Medium: Soil - Chemical

Requirement Comment

Data Quality Objectives

Precision - How were duplicates handled? Two types of duplicates were collected; field blind
duplicates and matrix spike/matrix spike duplicates
(MS/MSDs) (organics)/matrix spike/matrix duplicates
(MS/MDs) (inorganics). Both the field blind duplicate
and MS/MSD/MS/MD samples were collected at a rate
of one per 20 environmental samples.

Accuracy - How were split samples handled? Split samples were not collected.

Representativeness - Indicate any problems associated
with data representativeness (e.g., trip blank or rinsate
blank contamination, COC problems, etc.).

In general, there were no recurring problems with data
representativeness. In some instances, there was
contamination detected in the trip and rinsate blanks;
however, this did not seriously affect the data.

Completeness - Indicate any problems associated with
data completeness (e.g., incorrect sample analysis,
incomplete sample records, problems with field
procedures, etc.).

In general, there were no problems with data
representativeness.

Comparability - Indicate any problems associated with
data comparability.

NA

Were the DQOs specified in the QAPP satisfied? Yes.
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DATA USEABILITY WORKSHEET (continued)
Site: Welsbach/General Gas Mantle

Medium: Soil - Chemical

Requirement

Summarize the effect of DQO issues on the risk
assessment, if applicable.

Comment

NA

Data Validation and Interpretation

What are the data validation requirements for this
region?

What method or guidance was used to validate the
data?

Was the data validation method consistent with
regional guidance? Discuss any discrepancies.

Organic: The organic data were analyzed following
USEPA Contract Laboratory Program (CLP) Statement
of Work (SOW) OLM03.2. They were validated
following USEPA CLP National Functional Guidelines
for Organic Data Review, Multi-Media, Multi-
Concentration (OLM01.0) and Low Concentration
Water, December 1990, Revised June 1991, for data
prepared under USEPA CLP SOW for Organic Analysis
Multi-Media, Multi-Concentration, Doc. No. OLM03.2,
or most recent and USEPA Region II Standard Operating
Procedures and Checklists for Organic Analysis (SOP
HW-6, Revision 11 of 6/96).

Inorganic: The inorganic data were analyzed following
USEPA CLP SOW ILM04.0. They were validated
following Laboratory Data Validation Functional
Guidelines for Evaluating Inorganic Analysis, October
1989 Revision for Data Prepared Under USEPA CLP
SOW for Inorganic Analysis, Multi-Media, Multi-
Concentration, Doc. No. ILM04.0, or most recent and
USEPA Region II Standard Operating Procedures and
Checklists for Inorganic Analysis (SOP HW-2, Revision
11 of 1/92).

The validation requirements described above were used
to validate the data.

Yes.



DATA USEABILITY WORKSHEET (continued)
Site: Welsbach/General Gas Mantle

Medium: Soil - Chemical

Requirement Comment

Were all data qualifiers defined? Discuss those which
were not.

Yes, they are defined in CLP SOWs described above.

Which qualifiers represent useable data? All data except rejected "R" data are useable.

Which qualifiers represent unuseable data? "R".

How are tentatively identified compounds handled? Any tentatively identified compounds (TICs) that are
detected in the blanks or are instrument artifacts are
rejected "R". For the remaining TICs, all calculations
and spectra are reviewed. Non-identified TICs are
qualified as both estimated "F and tentatively identified
"N".

Summarize the effect of data validation and
interpretation issues on the risk assessment, if
applicable.

Any data that is qualified as rejected "R" is not used in
the risk assessment.

Additional notes:

Why were the Semi-Volatile, Pesticide/PCBs, and
Inorganic fractions of sample WG-SB-18-04 and the
Pesticide/PCBs and Inorganic fractions of sample WG-
SB-18-05 not analyzed, respectively?

Why were certain Semi-Volatile Organic compounds
qualified as rejected ("R") in the data results for
sample WG-SB-18-05?

The fractions were not analyzed due to insufficient
sample volume.

The compounds were rejected since the chemical
analysis did not pass USEPA QA/QC due to low
surrogate recoveries.
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ATSDR
ToxFAOs

Antimony
CAS# 7440-36-0

September 1995

Antimony
Sb
GIF Image
XYZ File

NFPA Label Kev

Material Safety Data Sheet
(University of Utah)

Agency for Toxic Substances and Disease Registry

This fact sheet answers the most frequently asked health questions about antimony. For more
information, you may call the A TSDR Information Center at 1-800-447-1544. This fact sheet is one
in a series of summaries about hazardous substances and their health effects. This information is
important because this substance may harm you. The effects of exposure to any hazardous substance
depend on the dose, the duration, how you are exposed, personal traits and habits, and whether other
chemicals are present.

SUMMARY: Exposure to antimony occurs in the workplace or from skin contact with
soil at hazardous waste sites. Breathing high levels of antimony for a long time can
irritate the eyes and lungs, and can cause problems with the lungs, heart, and stomach.
This chemical has been found in at least 403 of 1,416 National Priorities List sites
identified by the Environmental Protection Agency.

What is antimony?
(Pronounced an'ti-mo-nee)

Antimony is a silvery-white metal that is found in the earth's crust. Antimony ores are mined and then
mixed with other metals to form antimony alloys or combined with oxygen to form antimony oxide.

Little antimony is currently mined in the United States. It is brought into this country from other
countries for processing. However, there are companies in the United States that produce antimony as a
by-product of smelting lead and other metals.

Antimony isn't used alone because it breaks easily, but when mixed into alloys, it is used in lead storage
batteries, solder, sheet and pipe metal, bearings, castings, and pewter. Antimony oxide is added to

300*17
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textiles and plastics to prevent them from catching fire. It is also used in paints, ceramics, and fireworks,
and as enamels for plastics, metal, and glass.

What happens to antimony when it enters the environment?

• Antimony is released to the environment from natural sources and from industry.
• In the air, antimony is attached to very small particles that may stay in the air for many days.
• Most antimony ends up in soil, where it attaches strongly to particles that contain iron,

manganese, or aluminum.
• Antimony is found at low levels in some rivers, lakes, and streams.

How might,! be exposed to antimony?

• Because antimony is found naturally in the environment, the general population is exposed to low
levels of it every day, primarily in food, drinking water, and air.

• It may be found in air near industries that process or release it, such as smelters, coal- fired plants,
and refuse incinerators.

• In polluted areas containing high levels of antimony, it may be found in the air, water, and soil.
• Workers in industries that process it or use antimony ore may be exposed to higher levels.

How can antimony affect my health?

Exposure to antimony at high levels can result in a variety of adverse health effects.

Breathing high levels for a long time can irritate your eyes and lungs and can cause heart and lung
problems, stomach pain, diarrhea, vomiting, and stomach ulcers.

In short-term studies, animals that breathed very high levels of antimony died. Animals that breathed
high levels had lung, heart, liver, and kidney damage. In long-term studies, animals that breathed very
low levels of antimony had eye irritation, hair loss, lung damage, and heart problems. Problems with
fertility were also noted. In animal studies, problems with fertility have been seen when rats breathed
very high levels of antimony for a few months.

Ingesting large doses of antimony can cause vomiting. We don't know what other effects may be caused
by ingesting it. Long-term animal studies have reported liver damage and blood changes when animals
ingested antimony. Antimony can irritate the skin if it is left on it.

Antimony can have beneficial effects when used for medical reasons. It has been used as a medicine to
treat people infected with parasites.

How likely is antimony to cause cancer?

The Department of Health and Human Services, the International Agency for Research on Cancer, and
the Environmental Protection Agency (EPA) have not classified antimony as to its human
carcinogenicity.

Lung cancer has been observed in some studies of rats that breathed high levels of antimony. No human
studies are available. We don't know whether antimony will cause cancer in people.

Is there a medical test to show whether I've been exposed to antimony?

Tests are available to measure antimony levels in the body. Antimony can be measured in the urine,
feces, and blood for several days after exposure. However, these tests cannot tell you how much
antimony you have been exposed to or whether you will experience any health effects. Some tests are
not usually performed in most doctors' offices and may require special equipment to conduct them.

Has the federal government made recommendations to protect human health?
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The EPA allows 0.006 parts of antimony per million parts of drinking water (0.006 ppm). The EPA
requires that discharges or spills into the environment of 5,000 pounds or more of antimony be reported.

The Occupational Safety and Health Administration (OSHA) has set an occupational exposure limit of
"~ 0.5 milligrams of antimony per cubic meter of air (0.5 mg/m3) for an 8-hour workday, 40-hour

workweek.

The American Conference of Governmental Industrial Hygienists (ACGffl) and the National Institute
for Occupational Safety and Health (NIOSH) currently recommend the same guidelines for the
workplace as OSHA.

Glossary

Carcinogenicity:
Ability to cause cancer.

Ingestion:
Taking food or drink into your body.

Long-term:
Lasting one year or more.

Milligram (mg):
One thousandth of a gram.

Parasite:
An organism living in or on another organism.

PPM:
Parts per million.

Short-term:
Lasting 14 days or less.

References
Agency for Toxic Substances and Disease Registry (ATSDR). 1992. Toxicological profile for antimony.
Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service.

Where can I get more information?

ATSDR can tell you where to find occupational and environmental health clinics. Their specialists can
recognize, evaluate, and treat illnesses resulting from exposure to hazardous substances. You can also
contact your community or state health or environmental quality department if you have any more
questions or concerns.

For more information, contact:

Agency for Toxic Substances and Disease Registry
Division of Toxicology
1600 Clifton Road NE, Mailstop E-29
Atlanta, GA 30333
Phone: 1-800-447-1544
FAX: 404-639-6315

J.S. Department of Health and Human Services
Public Health Service
Agency for Toxic Substances and Disease Registry

Link to ATSDR Science Corner
30084S
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Link to ATSDR Home Page

A TSDR Information Center / ATSDRIC(S>.cdc.sov /1-800-447-1544
Last Update: September 1, 1995
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ToxFAOs

Arsenic
CAS# 7440-38-2

April 1993

Arsenic
As
GIF Image
XYZ File

ChemFinder NFPA Label Key

Material Safety Data Sheet
(University of Utah)

Agency for Toxic Substances and Disease Registry

This fact sheet answers the most frequently asked health questions about arsenic. For more
information, you may call the ATSDR Information Center at 1-800-447-1544. This fact sheet is one
in a series of summaries about hazardous substances and their health effects. This information is
important because this substance may harm you. The effects of exposure to any hazardous substance
depend on the dose, the duration, how you are exposed, personal traits and habits, and whether other
chemicals are present.

SUMMARY: Exposure to higher than average levels of arsenic happens mostly in the
workplace, near hazardous waste sites, or in areas with high natural levels. Arsenic is a
powerful poison. At high levels, it can cause death or illness. This chemical has been
found in at least 781 of 1.300 National Priorities List sites identified by the
Environmental Protection Agency.

What is arsenic?
(Pronounced ar' se-nik)

Arsenic is found in nature at low levels. It's mostly in compounds with oxygen, chlorine, and sulfur.
These are called inorganic arsenic compounds. Arsenic in plants and animals combines with carbon and
hydrogen. This is called organic arsenic. Organic arsenic is usually less harmful than inorganic arsenic.

Most arsenic compounds have no smell or special taste.

Inorganic arsenic compounds are mainly used to preserve wood. They are also used to make insecticides
and weed killers. You can check the labels of treated wood and insecticides to see if they contain
arsenic.

300851
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Copper and lead ores contain small amounts of arsenic.

,__^ What happens to arsenic when it enters the environment?

It doesn't evaporate.
Most arsenic compounds can dissolve in water.
It gets into air when contaminated materials are burned.
It settles from the air to the ground.
It doesn't break down, but can change from one form to another.
Fish and shellfish build up organic arsenic in their tissues, but most of the arsenic in fish isn't
toxic.

How might I be exposed to arsenic?

• Breathing sawdust or burning smoke from wood containing arsenic
• Breathing workplace air
• Ingesting contaminated water, soil, or air at waste sites
• Ingesting contaminated water, soil, or air near areas naturally high in arsenic

How can arsenic affect my health?

Inorganic arsenic is a human poison. Organic arsenic is less harmful.

High levels of inorganic arsenic in food or water can be fatal. A high level is 60 parts of arsenic per
million parts of food or water (60 ppm). Arsenic damages many tissues including nerves, stomach and
intestines, and skin. Breathing high levels can give you a sore throat .and irritated lungs.

Lower levels of exposure to inorganic arsenic may cause:

Nausea, vomiting, and diarrhea
Decreased production of red and white blood cells
Abnormal heart rhythm
Blood vessel damage
A "pins and needles" sensation in hands and feet

Long term exposure to inorganic arsenic may lead to a darkening of the skin and the appearance of
small "corns" or "warts" on the palms, soles, and torso.

Direct skin contact may cause redness and swelling,

How likely is arsenic to cause cancer?

The Department of Health and Human Services (DHHS) has determined that arsenic is a known
carcinogen. Breathing inorganic arsenic increases the risk of lung cancer. Ingesting inorganic arsenic
increases the risk of skin cancer and tumors of the bladder, kidney, liver, and lung.

Is there a medical test to show whether I've been exposed to arsenic?

Tests can measure your exposure to high levels of arsenic. These tests are not routinely performed in a
doctor's office.

Arsenic can be measured in your urine. This is the most reliable test for arsenic exposure. Since arsenic
stays in the body only short time, you must have the test soon after exposure.

Tests on hair or fingernails can measure your exposure to highlevels of arsenic over the past 6-12
months. These tests are not very useful for low level exposures. 3 0 0 ^ 5 "
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These tests do not predict whether you will have any harmful health effects.

Has the federal government made recommendations to protect human health?

"""" The Environmental Protection Agency (EPA) sets limits on the amount of arsenic that industrial
sources can release. It restricted or canceled many uses of arsenic in pesticides and may restrict more.
EPA set a limit of 0.05 parts per million (ppm) for arsenic in drinking water. EPA may lower this
further.

The Occupational Safety and Health Administration (OSHA) established a maximum permissible
exposure limit for workplace airborne arsenic of 10 micrograms per cubic meter (ng/m3).

Glossary

Carcinogen:
Substance that can cause cancer.

Ingesting:
Taking food or drink into your body.

PPM:
Parts per million.

Microgram (ug):
One millionth of a gram.

References

Agency for Toxic Substances and Disease Registry (ATSDR). 1993. Toxicological profile for arsenic.
Atlanta: U.S. Department of Health and Human Services, Public Health Service.

Agency for Toxic Substances and Disease Registry (ATSDR). 1993. Case studies in environmental
x«^ medicine: Arsenic toxicity. Atlanta: U.S. Department of Health and Human Services, Public Health

Service.

Where can I get more information?

ATSDR can tell you where to find occupational and environmental health clinics. Their specialists can
recognize, evaluate, and treat illnesses resulting from exposure to hazardous substances. You can also
contact your community or state health or environmental quality department if you have any more
questions or concerns. For more information, contact:

Agency for Toxic Substances and Disease Registry
Division of Toxicology
1600 Clifton Road NE, Mailstop E-29
Atlanta, GA 30333
Phone: 1-800-447-1544
FAX: 404-639-6315

J.S. Department of Health and Human Services
Public Health Service
Agency for Toxic Substances and Disease Registry

Link to ATSDR Science Corner r300' ^
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Link to ATSDR Home Page

ATSDR Information Center /ATSDRICfacdc.gov /1-800-447-1544
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ATSDR
IToxFAOs

Polycyclic Aromatic Hydrocarbons (PAHs)
CAS# 130498-29-2

September 1996

Polycyclic Aromatic Hydrocarbons
There is no molecular representation since this substance is a mixture of many
compounds.

Agency for Toxic Substances and Disease Registry

This fact sheet answers the most frequently asked health questions about polycyclic aromatic
hydrocarbons. For more information, you may call the ATSDR Information Center at
1-800-447-1544. This fact sheet is one in a series of summaries about hazardous substances and their
health effects. This information is important because these substances may harm you. The effects of
exposure to any hazardous substance depend on the dose, the duration, how you are exposed,
personal traits and habits, and whether other chemicals are present.

SUMMARY: Exposure to polycyclic aromatic hydrocarbons usually occurs by breathing
air contaminated by wild fires or coal tar, or by eating foods that have been grilled. PAHs
have been found in at least 600 of the 1,430 National Priorities List sites identified by the
Environmental Protection Agency (EPA).

What are polycyclic aromatic hydrocarbons?

Polycyclic aromatic hydrocarbons (PAHs) are a group of over 100 different chemicals that are formed
during the incomplete burning of coal, oil and gas, garbage, or other organic substances like tobacco or
charbroiled meat. PAHs are usually found as a mixture containing two or more of these compounds,
such as soot.

Some PAHs are manufactured. These pure PAHs usually exist as colorless, white, or pale yellow-green
solids. PAHs are found in coal tar, crude oil, creosote, and roofing tar, but a few are used in medicines or
to make dyes, plastics, and pesticides.

What happens to PAHs when they enter the environment?

• PAHs enter the air mostly as releases from volcanoes, forest fires, burning coal, and automobile
exhaust.

300^5
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• PAHs can occur in air attached to dust particles.
• Some PAH particles can readily evaporate into the air from soil or surface waters.
• PAHs can break down by reacting with sunlight and other chemicals in the air, over a period of

days to weeks.
^^ • PAHs enter water through discharges from industrial and wastewater treatment plants.

• Most PAHs do not dissolve easily in water. They stick to solid particles and settle to the bottoms
of lakes or rivers.

• Microorganisms can break down PAHs in soil or water after a period of weeks to months.
• In soils, PAHs are most likely to stick tightly to particles; certain PAHs move through soil to

contaminate underground water.
• PAH contents of plants and animals may be much higher than PAH contents of soil or water in

which they live.

How might I be exposed to PAHs?

• Breathing air containing PAHs in the workplace of coking, coal-tar, and asphalt production plants;
smokehouses; and municipal trash incineration facilities.

• Breathing air containing PAHs from cigarette smoke, wood smoke, vehicle exhausts, asphalt
roads, or agricultural burn smoke.

• Coming in contact with air, water, or soil near hazardous waste sites.
• Eating grilled or charred meats; contaminated cereals, flour, bread, vegetables, fruits, meats; and

processed or pickled foods.
• Drinking contaminated water or cow's milk.
• Nursing infants of mothers living near hazardous waste sites may be exposed to PAHs through

their mother's milk.

How can PAHs affect my health?

Mice that were fed high levels of one PAH during pregnancy had difficulty reproducing and so did their
^^, offspring. These offspring also had higher rates of birth defects and lower body weights. It is not known

whether these effects occur in people.

Animal studies have also shown that PAHs can cause harmful effects on the skin, body fluids, and
ability to fight disease after both short- and long-term exposure. But these effects have not been seen in
people.

How likely are PAHs to cause cancer?

The Department of Health and Human Services (DHHS) has determined that some PAHs may
reasonably be expected to be carcinogens.

Some people who have breathed or touched mixtures of PAHs and other chemicals for long periods of
time have developed cancer. Some PAHs have caused cancer in laboratory animals when they breathed
air containing them (lung cancer), ingested them in food (stomach cancer), or had them applied to their
skin (skin cancer).

Is there a medical test to show whether I've been exposed to PAHs?

In the body, PAHs are changed into chemicals that can attach to substances within the body. There are
special tests that can detect PAHs attached to these substances in body tissues or blood. However, these
tests cannot tell whether any health effects will occur or find out the extent or source of your exposure to
the PAHs. The tests aren't usually available in your doctor's office because special equipment is needed
to conduct them.

Has the federal government made recommendations to protect human health?

The Occupational Safety and Health Administration (OSHA) has set a limit of 0.2 milligrams of
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PAHs per cubic meter of air (0.2 mg/m3). The OSHA Permissible Exposure Limit (PEL) for mineral oil
mist that contains PAHs is 5 mg/m3 averaged over an 8-hour exposure period.

The National Institute for Occupational Safety and Health (NIOSH) recommends that the average
workplace air levels for coal tar products not exceed 0.1 mg/m3 for a 10-hour workday, within a 40-hour
workweek. There are other limits for workplace exposure for things that contain PAHs, such as coal,
coal tar, and mineral oil.

Glossary

Carcinogen:
A substance that can cause cancer.

Ingest:
Take food or drink into your body.

References

Agency for Toxic Substances and Disease Registry (ATSDR). 1995. Toxicological profile for polycyclic
aromatic hydrocarbons. Atlanta, GA: U.S. Department of Health and Human Services, Public Health
Service.

Where can I get more information?

ATSDR can tell you where to find occupational and environmental health clinics. Their specialists can
recognize, evaluate, and treat illnesses resulting from exposure to hazardous substances. You can also
contact your community or state health or environmental quality department if you have any more
questions or concerns.

For more information, contact

Agency for Toxic Substances and Disease Registry
Division of Toxicology
1600 Clifton Road NE, Mailstop E-29
Atlanta, GA 30333
Phone: 1-800-447-1544
Fax: 404-639-6359

J.S. Department of Health and Human Services
Public Health Service
Agency for Toxic Substances and Disease Registry

Link to ToxFAQs Home Page

Link to ATSDR Science Comer

Link to ATSDR Home Page

ATSDR Information Center / ATSDRIC(a),cdc.eov /1-800-447-1544
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Agency for Toxic Substances and Disease Registry

This.fact sheet answers the most frequently asked health questions (FAQs) about polychlorinated
biphenyls (PCBs), For more information, call the ATSDR Information Center at 1-800-447-1544.
This fact sheet is one in a series of summaries about hazardous substances and their health effects.
It's important you understand this information because this substance may harm you. The effects of
exposure to any hazardous substance depend on the dose, the duration, how you are exposed,
personal traits and habits, and whether other chemicals are present.

HIGHLIGHTS: Polychlorinated biphenyls are a mixture of individual chemicals which
are no longer produced in the United States, but are still found in the environment.
Polychlorinated biphenyls can cause irritation of the nose and throat, and acne and rashes.
They have been shown to cause cancer in animal studies. Polychlorinated biphenyls have
been found in at least 383 of the 1,430 National Priorities List sites identified by the
Environmental Protection Agency (EPA).

What are polychlorinated biphenyls?

Polychlorinated biphenyls (PCBs) are a group of manufactured organic chemicals that contain
209 individual chlorinated chemicals (known as congeners). PCBs are either oily liquids or solids and
are colorless to light yellow in color. They have no known smell or taste. There are no known natural
sources of PCBs. Some commercial PCB mixtures are known in the United States by their industrial
trade name, Aroclor.

PCBs don't bum easily and are good insulating material. They have been used widely as coolants and
lubricants in transformers, capacitors, and other electrical equipment. The manufacture of PCBs stopped
in the United States in 1977 because of evidence that they build up in the environment and cause
harmful effects. Products containing PCBs are old fluorescent lighting fixtures, electrical appliances

in r-
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containing PCB capacitors, old microscope oil, and hydraulic fluids.

What happens to PCBs when they enter the environment?

• Before 1977, PCBs entered the air, water, and soil during their manufacture and use.
• Today, PCBs can be released into the environment from hazardous waste sites that contain PCBs,

illegal or improper dumping of PCB wastes, and leaks from electrical transformers containing
PCBs.

• PCBs may be carried long distances in the air; they remain in the air for approximately 10 days.
• In water, a small amount of the PCBs may remain dissolved, but most sticks to organic particles

and sediments.
• PCBs in water build up in fish and marine mammals and can reach levels thousands of times

higher than the levels in water.

How might I be exposed to PCBs?

• Using old fluorescent lighting fixtures and old appliances such as television sets and refrigerators;
these may leak small amounts of PCBs into the air when they get hot during operation

• Eating food, including fish, meat and dairy products containing PCBs
• Breathing air near hazardous waste sites that contain PCBs
• Drinking PCB-contaminated well water
• Repairing or maintaining PCB transformers

How can PCBs affect my health?

Animal testing is sometimes necessary to find out how toxic substances might harm people or to treat
those who have been exposed. Laws today protect the welfare of research animals and scientists must
follow strict guidelines.

s^- People exposed to PCBs in the air for a long time have experienced irritation of the nose and lungs, and
skin irritations, such as acne and rashes.

It is not known whether PCBs may cause birth defects or reproductive problems in people. Some studies
have shown that babies born to women who consumed PCB-contaminated fish had problems with their
nervous systems at birth. However, it is not known whether these problems were definitely due to PCBs
or other chemicals.

Animals that breathed very high levels of PCBs had liver and kidney damage, while animals that ate
food with large amounts of PCBs had mild liver damage. Animals that ate food with smaller amounts of
PCBs had liver, stomach, and thyroid gland injuries, and anemia, acne, and problems with their
reproductive systems. Skin exposure to PCBs in animals resulted in liver, kidney, and skin damage.

How likely are PCBs to cause cancer?

It is not known whether PCBs causes cancer in people. In a long-term (365 days or longer) study, PCBs
caused cancer of the liver in rats that ate certain PCB mixtures.

The Department of Health and Human Services (DHHS) has determined that PCBs may reasonably
be anticipated to be carcinogens.

Is there a medical test to show whether I've been exposed to PCBs?

There are tests to find out if PCBs are in your blood, body fat, and breast milk. Blood tests are probably
the easiest, safest, and best method for detecting recent exposures to large amounts of PCBs.

N—" However, since all people in the industrial countries have some PCBs in their bodies, these tests can
only show if you have been exposed to higher-than-normal levels of PCBs. However, these
measurements cannot determine the exact amount or type of PCBs you have been exnosed4p.pr how
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long you have been exposed. In addition, they cannot predict whether you will experience any harmful
health effects.

Has the federal government made recommendations to protect human health?

The EPA has set a maximum contaminant level of 0.0005 milligrams PCBs per liter of drinking water
(0.0005 mg/L). The EPA requires that spills or accidental releases into the environment of 1 pound or
more of PCBs be reported to the EPA.

The Food and Drug Administration (PDA) requires that milk, eggs, other dairy products, poultry fat,
fish, shellfish, and infant foods contain not more that 0.2-3 parts of PCBs per million parts (0.2-3 ppm)
of food.

Glossary

Carcinogen:
A substance with the ability to cause cancer

CAS:
Chemical Abstracts Service

Milligram (mg):
One thousandth of a gram

PPM:
Parts per million

Reference

Agency for Toxic Substances and Disease Registry. 1996. Toxicological profile for polychlorinated
biphenyls (update). Atlanta, GA; U.S. Department of Health and Human Services, Public Health
Service.

Where can I get more information?

ATSDR can tell you where to find occupational and environmental health clinics. Their specialists can
recognize, evaluate, and treat illnesses resulting from exposure to hazardous substances. You can also
contact your community or state health or environmental quality department if you have any more
questions or concerns.

For more information, contact:

Agency for Toxic Substances and Disease Registry
Division of Toxicology
1600 Clifton Road NE, Mailstop E-29
Atlanta, GA 30333
Phone: 1-800-447-1544
Fax: 404-639-6359

J.S. Department of Health and Human Services
Public Health Service
Agency for Toxic Substances and Disease Registry

Link to ToxFAQs Home Page

^_^ Link to ATSDR Science Corner

Link to ATSDR Home Page f\ n r\ Q f*'
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Agency for Toxic Substances and Disease Registry

This fact sheet answers the most frequently asked health questions (FAQs) about selenium. For more
information, call the ATSDR Information Center at 1-800-447-1544. This fact sheet is one in a series
of summaries about hazardous substances and their health effects. It's important you understand this
information because this substance may harm you. The effects of exposure to any hazardous
substance depend on the dose, the duration, how you are exposed, personal traits and habits, and
whether other chemicals are present.

HIGHLIGHTS: Selenium is an essential metal that helps prevent damage caused by
oxygen. Most diets in the United States provide selenium at or above the daily
requirement. Too much selenium can cause brittle hair, deformed nails, and loss of
feeling and control in the arms and legs. Selenium has been found in at least 367 of the
1,430 National Priorities List sites identified by the Environmental Protection Agency
(EPA).

What is selenium?

Selenium is a metal commonly found in rocks and soil. In the environment, selenium is not often found
in the pure form. Much of the selenium in rocks is combined with sulfide minerals or with silver, copper,
lead, and nickel minerals. Selenium and oxygen combine to form several compounds.

Selenium sulfide is a bright red-yellow powder used in anti-dandruff shampoo. Industrially produced
hydrogen selenide is a colorless gas with a disagreeable odor. It is probably the only selenium compound
that might pose a health concern in the workplace.

Selenium dioxide is an industrially produced compound that dissolves in water to form selenious acid.

300^62
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Selenious acid can be found in gun blueing (a solution used to clean the metal parts of a gun).

What happens to selenium when it enters the environment?

Small selenium particles in the air settle to the ground or are taken out of the air in rain.
Soluble selenium compounds in agricultural fields can leave the field in irrigation drainage water.
Selenium can collect in animals that live in water containing high levels of it.

How might I be exposed to selenium?

• By breathing air that contains selenium
• By eating food, drinking water, or taking dietary supplements that contain it

How can selenium affect my health?

People exposed to very high levels of selenium in have reported dizziness, fatigue, irritation, collection
of fluid in the lungs, and severe bronchitis. The exact levels at which these effects occur are not known.
Upon contact with skin, selenium compounds have caused rashes, swelling, and pain.

In the United States, selenium in most diets is usually enough to meet the daily requirement of this
essential metal. In regions of China where soil levels of selenium are very low, diets lacking selenium
have resulted in heart problems and muscle pain.

Selenium compounds can be harmful at daily dietary levels 5-10 times higher than the daily
requirement. Accidentally swallowing a large amount of selenium (for example, a very large quantity of
selenium supplement pills) could be life-threatening without immediate medical treatment.

If too much selenium is eaten over long periods of time, brittle hair and deformed nails can develop.
People may also lose feeling and control in the arms and legs.

Very high amounts of selenium resulted in reproductive effects in rats and monkeys. It is not known if
reproductive effects would occur in humans exposed to similar levels.

Exposure to high levels of selenium compounds caused malformations in birds, but selenium has not
been shown to cause birth defects in humans or in other mammals.

How likely is selenium to cause cancer?

The Department of Health and Human Services (DHHS) has determined that selenium sulfide is
reasonably anticipated to be a carcinogen. This compound has produced liver tumors in rats and mice
and lung tumors in mice fed daily at very high levels.

Selenium sulfide is very different from the selenium compounds found in foods and in the environment.
Selenium sulfide has not caused cancer in animals when it is placed on the skin, and the use of
anti-dandruff shampoos containing selenium sulfide is considered safe.

The EPA believes that other selenium compounds are not classifiable with regard to their
carcinogenicity. Studies of laboratory animals and people show that most selenium compounds probably
do not cause cancer. In fact, studies of cancer in humans suggest that lower-than-normal selenium levels
in the diet might increase the risk of cancer and studies in animals have shown that selenium has
anticarcinogenic effects.

Is there a medical test to show whether I've been exposed to selenium?

Selenium can be measured in blood, urine, and nails of exposed individuals. However, since selenium is
s^ essential and normally present in foods, low levels are always found in body tissues and urine.

Tests are most useful for people who have recently been exposed to high levels. Urine is used to

300863
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determine short-term exposure. Nail clippings can be used to determine longer-term exposure. These
tests aren't available at most doctors' offices, but can be done at special laboratories that have the right
equipment.

Has the federal government made recommendations to protect human health?

The EPA maximum contaminant level (MCL) for selenium in drinking water is 50 parts of selenium per
billion parts of water (50 ppb). The Occupational Safety and Health Administration (OSHA)
exposure limit for selenium compounds in workplace air is 0.2 milligrams of selenium per cubic meter
of air (0.2 mg/m3) for an 8-hour day over a 40-hour workweek.

Glossary

Anticarcinogenic:
The ability to prevent cancer

Carcinogen:
A substance with the ability to cause cancer

CAS:
Chemical Abstracts Service

Source of Information

This ToxFAQs information is taken from the 1996 Toxicplogical Profile for Selenium produced by the
Agency for Toxic Substances and Disease Registry, Public Health Service, U.S. Department of Health
and Human Services, Public Health Service in Atlanta, GA.

Animal testing is sometimes necessary to find out how toxic substances might harm people and how to
treat people who have been exposed. Laws today protect the welfare of research animals and scientists
must follow strict guidelines.

Where can I get more information?

ATSDR can tell you where to find occupational and environmental health clinics. Their specialists can
recognize, evaluate, and treat illnesses resulting from exposure to hazardous substances. You can also
contact your community or state health or environmental quality department if you have any more
questions or concerns.

For more information, contact:

Agency for Toxic Substances and Disease Registry
Division of Toxicology
1600 Clifton Road NE, Mailstop E-29
Atlanta, GA 30333
Phone: 1-800-447-1544
Fax:404-639-6359

J.S. Department of Health and Human Services
Public Health Service
Agency for Toxic Substances and Disease Registry

Link to ToxFAQs Home Page

Link to ATSDR Science Corner 3008^;
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Agency for Toxic Substances and Disease Registry

This fact sheet answers the most frequently asked health questions about thallium. For more
information, you may call the A TSDR Information Center at 1-800-447-1544. This fact sheet is one
in a series of summaries about hazardous substances and their health effects. This information is
important because this substance may harm you. The effects of exposure to any hazardous substance
depend on the dose, the duration, how you are exposed, personal traits and habits, and whether other
chemicals are present.

SUMMARY: Exposure to thallium occurs mainly from eating food. Exposure to higher
levels of thallium may occur in the workplace. Breathing high levels of thallium may
result in effects on the nervous system, while ingesting high levels of it results in
vomiting, diarrhea, temporary hair loss, and other effects. This chemical has been found
in at least 210 of 1,416 National Priorities List sites identified by the Environmental
Protection Agency.

What is thallium?
(Pronounced thal'e-um)

Pure thallium is a bluish-white metal that is found in trace amounts in the earth's crust. In the past,
thallium was obtained as a by-product from smelting other metals; however, it has not been produced in
the United States since 1984. Currently, all the thallium is obtained from imports and from thallium
reserves.

In its pure form, thallium is odorless and tasteless. It can also be found combined with other substances
such as bromine, chlorine, fluorine, and iodine. When it's combined, it appears colorless-to-white or
yellow.
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Thallium is used mostly in manufacturing electronic devices, switches, and closures, primarily for the
semiconductor industry. It also has limited use in the manufacture of special glass and for certain
medical procedures.

"~ What happens to thallium when it enters the environment?

• Thallium enters the environment primarily from coal-burning and smelting, in which it is a trace
contaminant of the raw materials.

• It stays in the air, water, and soil for a long time and is not broken down.
• Some thallium compounds are removed from the atmosphere in rain and snow.
• It's absorbed by plants and enters the food chain.
• It builds up in fish and shellfish.

How might I be exposed to thallium?

Eating food contaminated with thallium may be a major source of exposure for most people
Breathing workplace air in industries that use thallium
Smoking cigarettes
Living near hazardous waste sites containing thallium (may result in higher than normal
exposures)
Touching or, for children, eating soil contaminated with thallium
Breathing low levels of thallium in air and water.

How can thallium affect my health?

Exposure to high levels of thallium can result in harmful health effects. A study on workers exposed on
the job over several years reported nervous system effects, such as numbness of fingers and toes, from
breathing thallium.

\^.s Studies in people who ingested large amounts of thallium over a short time have reported vomiting,
diarrhea, temporary hair loss, and effects on the nervous system, lungs, heart, liver, and kidneys. It has
caused death. It is not known what the effects are from ingesting low levels of thallium over a long time.

Birth defects were not reported in the children of mothers exposed to low levels from eating vegetables
and fruits contaminated with thallium. Studies in rats, however, exposed to high levels of thallium,
showed adverse developmental effects.

It is not known if breathing or ingesting thallium affects human reproduction. Studies showed that rats
that ingested thallium for several weeks had some adverse reproductive effects. Animal data suggest that
the male reproductive system may be susceptible to damage by low levels of thallium.

There is no information available on the health effects of skin contact with thallium in people or animals.

How likely is thallium to cause cancer?

The Department of Health and Human Services, the International Agency for Research on Cancer, and
the Environmental Protection Agency (EPA) have not classified thallium as to its human
carcinogenicity.

No studies are available in people or animals on the carcinogenic effects of breathing, ingesting, or
touching thallium.

Is there a medical test to show whether I've been exposed to thallium?

There are medical tests available to measure levels of thallium in urine and hair. In addition, thallium
N—" can also be measured in blood; however, this is not a good indicator of exposure since thallium only

stays in blood a very short time.
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These tests require special equipment that is not usually available in most doctor's offices. In addition,
these tests cannot determine if adverse health effects will occur from the exposure to thallium.

Has the federal government made recommendations to protect human health?

The EPA requires that discharges or accidental spills into the environment of 1,000 pounds or more of
thallium be reported.

The Occupational Safety and Health Administration (OSHA) has set an exposure limit of 0.1 milligrams
per cubic meter (0.1 mg/m3) for thallium in workplace air.

The American Conference of Governmental Industrial Hygienists (ACGEH) has established the same
guidelines as OSHA for the workplace.

The National Institute for Occupational Safety and Health (NIOSH) has recommended that 15 mg/m3 of
thallium be considered immediately dangerous to life and health. This is the exposure level of a
chemical that is likely to cause permanent health problems or death.

Glossary

Carcinogenicity:
Ability to cause cancer.

Ingesting:
Taking food or drink into your body.

Milligram (mg):
One thousandth of a gram.

References
Agency for Toxic Substances and Disease Registry (ATSDR). 1992. Toxicological profile for thallium.

^^ Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service.

Where can I get more information?
ATSDR can tell you where to find occupational and environmental health clinics. Their specialists can
recognize, evaluate, and treat illnesses resulting from exposure to hazardous substances. You can also
contact your community or state health or environmental quality department if you have any more
questions or concerns.

For more information, contact:

Agency for Toxic Substances and Disease Registry
Division of Toxicology
1600 Clifton Road NE, Mailstop E-29
Atlanta, GA 30333
Phone: 1-800-447-1544
FAX: 404-639-6315

J.S. Department of Health and Human Services
Public Health Service
Agency for Toxic Substances and Disease Registry

Link to ATSDR Science Corner

Link to ATSDR Home Page
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TABLE C-3-1
RESRAD PARAMETER VALUES

PARAMETER
Contaminated Zone

Area (commercial, recreational)
Area (residential)
Thickness
Length parallel to aquifer flow
Density
Erosion Rate
Total Porosity
Effective Porosity
Hydraulic Conductivity
Zone b parameter
Evapotranspiration coefficient
Precipitation
Irrigation
Runoff coefficient
Watershed area for nearby stream or pond
Accuracy for water/soil computations

Cover Zone
Depth
Density
Erosion Rate

Saturated Zone
Density
Total Porosity
Effective Porosity
Hydraulic Conductivity
Hydraulic Gradient
Zone b parameter
Water table drop rate
Well Pump Intake Depth
Well Pump Rate

Unsaturated Zone
Thickness
Density
Total Porosity
Effective Porosity
Hydraulic Conductivty
Zone b parameter

VALUE

10,000m2

1,000m2

1m
100m

1.5g/cmJ

0.001 m/y
0.41
0.32

1,100 m/y
4.05
0.5

1.1 m/y
0.2 m/y

0.8
362,600 m2

0.001

0/0.08 m
2.34 g/cmj

0

1.5g/m3

0.41
0.32

11,000 m/y
0.02
4.05

0.001 m/y
0.00001 m below water table

0 cm'/y

4 m
1.5g/cm3

0.41
0.32

1,100 m/y
4.05

SOURCE

Default
Site-Specific
Site-Specific
Site-Specific
Site-Specific
Site-Specific
Site-Specific
Site-Specific

Default
Site-Specific

Default
Default
Default
Default

Site-Specific
Default

Site-Specific
Site-Specific
Site-Specific

Default
Site-Specific
Site-Specific
Site-Specific

Default
Site-Specific

Default
Default

Site-Specific

Default
Default

Site-Specific
Site-Specific
Site-Specific
Site-Specific



TABLE C-3-1 (continued)
RESRAD PARAMETER VALUES

Inhalation
Mass loading
Dilution length for airborne dust
Inhalation-Shielding Factor

External Radiation
External Gamma Shielding Fraction

[ngestion
Fruit, vegetable, grain

Leafy vegetables

Soil

Mass loading for foliar deposition
Depth of soil mixing layer
Depth of roots

Radon

0.0002 g/m3

3m
0.4

0.8

36.75 kg/y adult
17.85 kg/y

5.95 kg/y child
1.4 kg/y

1 00 mg/d adult
200 mg/d child

0.0001 g/m3

0.15m
0.9m

defaults used for all
parameters

Default
Default
Default

RAGS Default

RAGS Default
RAGS Default
RAGS Default
RAGS Default
RAGS Default
RAGS Default

Default
Default
Default
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TABLE C-3-2
RESRAD - PARAMETER VALUES

PARAMETER
Building

Number of Rooms
Deposition Velocity
Resuspension Rate
Air Exchange Rate
Area
Height
Receptor Location

Sources (all Area Sources)
Walls
Floor
Columns

VALUE

1
0.01 m/s

0.0000005/s
0.8/h

375m2

4 m
12.5, 7.5, 1 m (middle of room)

4
1
4 •

SOURCE

Site-Specific
Default
Default
Default

Site-Specific
Site-Specific
Site-Specific

Site-Specific
Site-Specific
Site-Specific
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TABLE C-3-3
RAGS / RESRAD COMPARISON OF RESULTS

WELSBACH

POPULATION

CONSTRUCTION WORKER

SITE WORKER

OTHER WORKER

PATHWAY

External
Inhalation of Participates
Ingestion of Soil

External

External

NET RISK
RAGS

7.5E-04
1. IE-03
3. IE-05

5.7E-02

1.4E-02

RESRAD

7.3E-04
4. IE-05
1.7E-06

1.5E-02

4.0E-03



TABLE C-3-4
RAGS / RESRAD COMPARISON OF RESULTS

GENERAL GAS MANTLE

POPULATION

TRESPASSER

CONSTRUCTION WORKER

SITE WORKER

RESIDENT ADULT

RESIDENT CHILD

PATHWAY

External
Inhalation of Radon
Ingestionof Soil

External
Inhalation of Participates
Ingestion of Soil

External
Inhalation of Radon

External
Inhalation of Radon
Ingestion of Home Grown Produce
Ingestionof Soil

External
Inhalation of Radon
Ingestion of Home Grown Produce
Ingestion of Soil

NET RISK
RAGS

4.7E-05
2.5E-03
1.8E-06

2.0E-05
2.7E-05
6.9E-07

1.2E-03
1.8E-01

8.5E-03
4. IE-03
2.0E-05
2.5E-05

1.7E-03
4.7E-04
1.6E-06
l.OE-05

RESRAD

2.0E-05
7.3E-06 *
2.3E-08

1.9E-05
9.4E-07
3.9E-08

I.OE-04
3.7E-04 *

8.3E-03
4. IE-03
5.2E-04
2.4E-05

1.6E-03
4.7E-04
4.7E-05
9.7E-06

* = Calculated with RESRAD-BUILD.
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Scenario Timeframe: Current / Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: Holt Cargo
Receptor Population: Worker
Receptor Age: Adult_________

TABLE C-3-5.1.
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

WELSBACH

Exposure
Route

External

Radkmuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + O

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232 + O

Lead 210 + D

Medium
EPC

Value

2.09E+02

1.43E+02

6.98E+OI

I.33E+02

1.31E+02

7.93E+01

M7E+02

6.98E+OI

Medium
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g

Route
EPC

Value

2.09E+02

I.43E+02

6.98E-HH

I.33E+02

I.31E+02

7.93E+01

l.47E-«>2

6.98E-K)!

Route
EPC
Units

PCi/g

pCi/g

PCi/g

pCi/g
pCi/g

pCi/g

PCi/g

pCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

Exposure

9.5IE+02

6.52E+02

3.I8E+02

6.05E+02

5.97E-K)2

3.62E+02

6.72E-HH

3.18E+O2

Exposure
Unili

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g
pCi-year/g

Cancer Slope
Factor

2. HE- 11

6.S7E-08

6.74E-06

3.28E-06

6.20E-06

'4.40E-II

I.97E-II

I.4SE-IO

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil
Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Total Risk-All ROPC

Cancer
Risk

2.0E-08

4.3E-05

2. IE-03

2.0E-03

3.7E-03

1.6E-08

I.3E-08

4.6E-08

7.9E-03

(1) M = Medium-SpecirK
BOLD - Arithmetic Average Concentration.

CO
O
O
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3
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Scenario Timeframe: Ciurent / Future
Medium: Soil
Exposure Medium: Soil
Exposure Point: Holt Cargo
Receptor Population: Other Worker
Receptor Age: Adult_________

TABLE C-3-5.2.
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

WELSBACH

Exposure
Route

External

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232 + D

Lead 210 + D

Medium
EPC

Value

2.09E+02

143E+02

6.98E+OI

1.33E+02

I.3IE-HI2

7.93E+01

1.47E+02

698E+OI

Medium
EPC
Units

pCi/g

pCi/g

pCi/g

PCi/g

pCi/g
pCi/g

pCi/g

pCi/g

Route
EPC

Value

2.09E+02

I.43E+02

6.98E+OI

I.33E+02

I.3IE+02

7.93E+01

I.47E+02

6.98E+01

Route
EPC
Units

PCi/g

PC*/*

PCi/g

PCi/g
pCi/g

pCi/g

pCi/g

PCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

Exposure

2.38E+02

I.63E+02

7.95E*)!

I.SIE-M)2

I.49E-K)2

9.04E+O1

168E+02

7.95E+OI

Exposure
Units

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

pCi-year/g

Cancer Slope
Factor

2.I4E-1I

6.57E-08

6.74E-06

3.28E-06

6.20E-06

4.40E-M

I.97E-1I

I.4SE-10

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/ yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Total Risk-All ROPC

Cancer
Risk

5.IE-09

1. IE-OS

S.4E-04

S.OE-04

9.2E-04

4.0E-09

3.3E-09

I.2E-08

2.0E-03

(I) M - Medium-Specific
BOLD - Arithmclic Average Concentration.

CO
o
o
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Scenario Timeframe: Future
Medium Soil
Exposure Medium: Soil
Exposure Point Holt Cargo
Receptor Population: Construction Worker
Receptor Age: Adult____________

TABLE C-3-5 3

RME
CALCULATION OF CANCER RISKS

REASONABLE MAXIMUM EXPOSURE

WELSBACH

Exposure
Route

External

Ingestion

Radionuclide
of Potential

Concern

Uranium 234

Uranium 238 * D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232 + D

Lead2IO + D

(Total)

Uranium 234

Uranium 238 + D

Radium 226 + D

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232 + D

' Uad2IO + D

(Total)

Medium
EPC

Value

I.47E-HU

1.24E-MI

235E+02

2J1E-HU

J.67E+03

l.ME-HU

3.IIE-HU

235EtO2

1.47E-HU

1.I4E-HI2

235E-KH

1.IIE-HI2

2.67E-HU

1.66E-HU

1.11E-HI2

235E+02

Medium
EPC
Units

pCi/g

pCi/g
pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCl/g

pCi/g

Route
EPC

Value

1 47E+02

124E+02

235E+O2

28IE-H>2

2.67E*02

I66E-K)2

3 IIE*02

2.35E+02

I47E-KI2

1 24E+O2

235E+02

28IE-KJ2

267E+02

I66E«02

3 IIE+O2

2 35E+02

Route
EPC
Units

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

• pCi/g

pCi/g

pCi/g
pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

PCi/g

EPC Selected
for Risk

Calculation (1)

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

Exposure

805E+OO

677E«00

I29E+OI

1 S4E+OI

146E+OI

906E+OO

1 70EtOI

I29E+OI

424E+03

356E*03

678E+O3

809E+03

769Et03

477E+03

8%E»03

6 78E+03

Exposure
Units

pCi-year/g

pCi-yew/g

pCi-year/g

pCi-year/g
pCi-year/g
pCi-ye»/g
pCi-year/g

pCi-year/g

pCi
pCi

pCi

pCi

pCi

pCi

PCi

PCi

Cancer Slope
Factor

2 I4E-II

657E-O8

674E-06

3.28E-06

620E-06

440E-II

I97E-I I

1 45E-IO

444E-II

620E-II

296E-IO

248E-IO

23IE-IO

375E-II

328E-II

IOIE-09

Cancer Slope
Factor Units

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Rislc/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/yr per pCi/g soil

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Cancer
Risk

1 7E-IO

4.4E-07

87E-OS

5.0E-05

9 IE-05

40E-IO

34E-IO

I9E-09

23E-04

I9E-07

22E-07

20E-06

20E-06

I8E-06

1 8E-07

29E-07

68E-06

1 4E-05CO
o
o
"O
1

(I) M - Medium-Specific

BOLD * Arithmetic Average Concentration



TABLE C-3.5.3 (continued)
RME

CALCULATION OF CANCER RISKS
REASONABLE MAXIMUM EXPOSURE

WELSBACH

Scenario Time frame: Future
Medium: Soil
Exposure Medium: PinicuUtes
Exposure Point: Holt Cargo
Receptor Population: Construction Worker
Receptor Age: Adult____________

Exposure
Route

Inhalation

Radkmuclide
of Potential

Concern

Uranium 234

Uranium 238 + D

Radium 226 + O

Radium 228 + D

Thorium 228 + D

Thorium 230

Thorium 232 + D
Lead 210 + D

(Total)

Medium
EPC

Value

1.47E+02

I.24E+02

2.35E+02

2.81 E+02

2.67E+OI

1.66E+02

3.I1E+02

2.35E+02

Medium
EPC
Units

pCi/g

pCi/g

PCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

Route
EPC

Value

7.66E-OI

6.45E-OI

I.23E+00

I.46E+00

I.39E+00

8.63E-OI

I.62E+00

I.23E+00

Route
EPC
Units

pCi/m'

pCi/m1

pCifai1

pCi/m1

pCi/m1

pCi/m1

pCi/m1

pCi/m]

EPC Selected
for Risk

Calculation (1)

R

R

R

R

R

R

R

R

Exposure

8.46E+02

7.I2E+02

I.35E+03

I.6IE+03

I.54E-M13

9.53E+02

I.79E+03

I.35E+03

Exposure
Units

pCi

pCi

pCi

pCi

pCi

pCi

pCi

pCi

Cancer Slope
Factor

I.40E-08

I.24E-08

2.75E-09

9.94E-IO

9.68E-08

1.72E-08

1.93E-08

3.86E-09

Cancer Slope
Factor Units

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Risk/pCi

Total Risk-All ROPC

Cancer
Risk

I.2E-05

8.8E-06

3.7E-06

I.6E-06

I.SE-04

1.6E-05

3.5E-05

5.2E-06

2.3E-04

4.7E-04

R - Route-Specific
BOLD - Arithmetic Average Concentration.

CO
O
O
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TABLE C-3-6
COMPARISON OF RISK RESULTS WHEN MAXIMUM

DETECTED CONCENTRATIONS* ARE REPLACED WITH
ARITHMETIC AVERAGE CONCENTRATIONS

WELSBACH

POPULATION

CONSTRUCTION WORKER

SITE WORKER

OTHER WORKER

ROPC

U-234
U-238
Ra-228
Th-228
Th-230
Th-232

Ra-228
Th-228
Th-230
Th-232

Ra-228
Th-228
Th-230
Th-232

EXPOSURE POINT CONCENTRATION
MAXIMUM

pCi/g

852
852
1280
1260
852
1340

1280
1260
852
1340

1280
1260
852
1340

AVERAGE
pCi/g

147
124
281
267
166
311

133
131
79
147

133
131
79
147

TOTAL NET RISK
MAXIMUM

7.0E-05
6.6E-05
2.5E-04
1. IE-03
8.5E-05
1.5E-04

1.9E-02
3.6E-02
1.7E-07
1.2E-07

4.8E-03
8.9E-03
4.3E-08
3.0E-08

AVERAGE

1.2E-05
9.4E-06
5.4E-05
2.4E-04
1.6E-05
3.4E-05

2. IE-03
3.6E-03
1.6E-08
1.3E-08

4.9E-04
9. IE-04
3.9E-09
3.3E-09

CO
o
o
00

1 = Maximum detected concentration used as exposure point concentration when less than the calculated 95% UCL on the arithmetic average concentration.

CO



TABLE C-3-7
COMPARISON OF RISK RESULTS

RAGS vs. RAGS-ADJUSTED
WELSBACH

POPULATION

CONSTRUCTION WORKER

SITE WORKER

OTHER WORKER

TOTAL NET RISK
RAGS

1.9E-03

5.7E-02

1.4E-02

RAGS-ADJUSTED

4.7E-04

7.7E-03

1.9E-03

3008C



TABLE C-6-l
EXPOSURE POINT CONCENTRATION AT VICINITY PROPERTIES

LOCATION

RESIDENTIAL PROPERTIES

POPCORN FACTORY

SWIM CLUB

LAND PRESERVE

MARTINS LAKE

PUBLIC PARK

DYNAMIC BLENDING

RADIONUCLIDE

U-234
U-238
Ra-226
Ra-228
Th-228
Th-230
Th-232

U-234
U-238
Ra-226
Ra-228
Th-228
Th-230
Th-232

U-234
U-238
Ra-226
Ra-228
Th-228
Th-230

' Th-232

U-234
U-238
Ra-226
Ra-228
Th-228
Th-230
Th-232

U-234
U-238
Ra-226
Ra-228
Th-228
Th-230
Th-232

U-234
U-238
Ra-226
Ra-228
Th-228
Th-230
Th-232

EXPOSURE RATE

RADON DECAY PRODUCTS

EXPOSURE POINT CONCENTRATION
(pCi/g)

9.03E+00
8.54E-KX)
1.61E+OI
1.68E+01
2.I1E+OI
8.22E+00
2.07E-HM

2.28E-KK)
1.82E+00
3.77E+02
7.62E-K)!
5.35E-K)2
4.38E+01
4.42E+02

I.16E-HH
1.21E-K)!
1.82E-K)!
5.44E+OI
3.29E+02
6.54E+01
3.53E+02

2.29E+02
1.94E+02
2.88E-KJ2
1.42E+03
1.02E+03
5.36E+02
1.48E+03

9.50E+00
9.70E+00
2.57E+00
3.15E-H)!
5.01E+OI
2.21E+01
4.28E-HH

1 .65E+04
1.65E-KM
1.74E+03
1.17E+04
1.10E+04
1.65E-KW
'•25E+04

300o8i
uR/hr

1.08E+01
WL

1.68E-02

BASIS
(PCi/g)

MEAN
MEAN
MEAN

95% UCL
95% UCL

MEAN
95% UCL

95% UCL
95% UCL

MAX
MAX

95% UCL
95% UCL
95% UCL

95% UCL
95% UCL
95% UCL
95% UCL
95% UCL
95% UCL
95% UCL

95% UCL
95% UCL
95% UCL

MAX
MAX

95% UCL
MAX

MAX
MAX
MAX
MAX
MAX
MAX
MAX

MAX
MAX

95 % UCL
MAX
MAX
MAX
MAX

95 % UCL

MAX



TABLE C-6-2.1

RESRAD PARAMETER VALUES AT VICINITY PROPERTIES
RESIDENTIAL PROPERTIES

MEDIUM EXPOSURE PARAMETER UNITS SYMBOL

H
3
Q
<

w g
S won Q
ct. 35
O tt!

Q

£
U

U
)H«

1/3
U.
U.
O

Ingestion Rate ^
Fraction Ingested

mg/day
unitless

Ingestion Rate-Lettuce g/day
Ingestion Rate-Carrots g/day
Ingestion Rate-Tomatoes g/day
Plant and Root Uptake Factors

Exposure Frequency
Exposure Duration
Exposure Time
Inhalation Rate-Radon
Indoor/Outdoor Time Fractions
Gamma Shielding factor

days/year
years
hrs/day
cu.m/hour
unitless
unitless

[1] USEPA, 1991
[2] USEPA, 1997
[3] Baes, 1984
[4] Professional judgement
* = Average of male / female long term exposure.

IR 100 [1] 200 [1]
FI

IR 17 [3] 4 [3]
IR 48 [3] 27 [3]
IR 57 [3] 24 [3]

See Appendix O

ED
ET
IN

Fi/Fo
GSF

350 [1]
30 [1]
24 [4]

0.55 [2]
0.875/0.125 [2]

0.8/1.0

350 [1]

24 [4]
0.27 [2]

0.75/0.25 [2]
0.8/1.0

300P82



TABLE C-6-2.2

RESRAD PARAMETER VALUES AT VICINITY PROPERTIES
POPCORN FACTORY

MEDIUM EXPOSURE PARAMETER

Fraction Ingested

Exposure Frequency
Exposure Duration
Exposure Time
Inhalation Rate-Radon and Particulates
Indoor/Outdoor Time Fractions 0.875/0.125 21
Gamma Shielding factor

[1] USEPA, 1991
[2] USEPA, 1997
[3] Professional judgement
* = Average of male / female long term exposure.

300^03



TABLE C-6-2.3

RESRAD PARAMETER VALUES AT VICINITY PROPERTIES
SWIM CLUB

MEDIUM EXPOSURE PARAMETER

Fraction Ingested

Exposure Frequency
Exposure Duration
Exposure Time
Inhalation Rate-Radon and Particulates 0.75 [2]

~0/T[4i
0.8/1

Indoor/Outdoor Time Fractions
Gamma Shielding factor

[1] USEPA, 1991
[2] USEPA, 1997
[3] Professional judgement
* = Average of light and sedentary activities for adult
and child short term exposure

300



TABLE C-6-2.4

RESRAD PARAMETER VALUES AT VICINITY PROPERTIES
LAND PRESERVE

MEDIUM EXPOSURE PARAMETER UNITS SYMBOL

v>

ou

Ingestion Rate mg/day IR 100 [1] 480 [1] 10 [3]
Fraction Ingested unitless FI

100 [1] 200 [1]

Ingestion Rate-Lettuce g/day IR N/A N/A N/A
Ingestion Rate-Carrots g/day IR N/A N/A N/A

17 [4] 4 [4]
48 [4] 27 [4]

Ingestion Rate-Tomatoes g/day IR N/A N/A N/A
Plant and Root Uptake Factors

Exposure Frequency
Exposure Duration

days/year EF 120 [3] 60 [1] 250(1]
years ED 6 [3] 25 [1]

57 [4] 24 [4]
See Appendix O

350 [1]
30 [1]

350 [1]

Exposure Time hrs/day ET 2 [3] 8 [3] 8 [3] 24 [3] 24 [3]
Inhalation Rate-Radon and Particulates cu.m/hour IN 2-3 [2] 2-3 [2] 0.83 [2] 0-55 [2] 0-27 [2]
Indoor/Outdoor Time Fractions unitless Fi/Fo 0/1 [3] 0/1 [3] 1/0 [3] 0.75/0.25 [2] 0.875/0.125 [2]
Gamma Shielding factor unitless GSF 0.8/1 0.8/1 0.8/1

[1] USEPA, 1991
[2] USEPA, 1997
[3] Professional judgement
[4] Baes, 1984
N/A = Not Applicable
* = Average of male / female long term exposure.



TABLE C-6-2.5

RESRAD PARAMETER VALUES AT VICINITY PROPERTIES
MARTIN'S LAKE

MEDIUM EXPOSURE PARAMETER UNITS SYMBOL

O

-i 02
3 O
Q U•< ai

o

Q w

u pa

Ingestion Rate
Fraction Ingested

Exposure Frequency
Exposure Duration
Exposure Time
Inhalation Rate-Particulates
Indoor/Outdoor Time Fractions
Gamma Shielding factor

mg/day IR 100 [1] 200 [1]
unitless FI

days/year
years
hrs/day
cu.m/hour
unitless
unitless

ED
_250J3]
~30[3]

250 [3]
6 [3]

ET 2 [3]
IN 0.75 [2]

2 [3]
0.7 [2]

Fi/Fo 0/1 [3] 0/1 [3]
GSF

[1] USEPA, 1991
[2] USEPA, 1997
[3] Professional Judgement
* = Average of light and sedentary activities for adult
and child short term exposure

3008'



TABLE C-6-2.6

RESRAD PARAMETER VALUES AT VICINITY PROPERTIES
PUBLIC PARK

MEDIUM EXPOSURE PARAMETER UNITS SYMBOL

§

VI

O

H
...So.

3
Q

U

Ingestion Rate
Fraction Ingested

Exposure Frequency
Exposure Duration
Exposure Time
Inhalation Rate-Particulates
Indoor/Outdoor Time Fractions
Gamma Shielding factor

mg/day IR 200 [3] 100 [1] 200 [1]
unitless FI 1

days/year EF 250 [3]
years ED 25 [1] 30 [1]
hrs/day ET 2 [3]
cu.m/hour IN 1.3 [2] 1.3 [2]
unitless Fi/Fo 0/1 [3] 0/1 [3]
unitless GSF

[1] USEPA, 1991
[2] USEPA, 1997
[3] Professional judgement
* = Average of moderate and light activities for adult
and child short term exposure; hourly average for
outdoor worker

2 [3]
1.1 2]

0/1 [3]

300^€ '



TABLE C-6-2.7

RESRAD PARAMETER VALUES AT VICINITY PROPERTIES
DYNAMIC BLENDING

MEDIUM EXPOSURE PARAMETER UNITS SYMBOL

O

Ed

Exposure Frequency days/year EF
Exposure Duration years ED
Exposure Time hrs/day ET

250 [3]

__25J1I
8 [3]

Inhalation Rate-Radon cu.m/hour IN
Indoor/Outdoor Time Fractions unitless Fi/Fo

0.83 [2]
" 1/0 [1]

Gamma Shielding factor unitless GSF 0.8

[1] USEPA, 1991
[2] USEPA, 1997
[3] Professional judgement
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TABLE C-6-3
VICINITY RESIDENTIAL PROPERTIES

LIFETIME RISK

POPULATION

RESIDENT ADULT

RESIDENT CHILD

PATHWAY

External
Inhalation of Radon
Ingestion of Home Grwon Produce
Ingestion of Soil

Total:

External
Inhalation of Radon
Ingestion of Home Grwon Produce
Ingestion of Soil

Total:

RISK
GROSS

6.5E-03
I.2E-02
6.8E-04
3.2E-05

1.9E-02

1.3E-03
1.4E-03
6.2E-05
3.0E-05

2.7E-03

BACKGROUND

3.5E-04
7.9E-04
4.2E-05
2.0E-06

1. IE-03

6.8E-05
9.0E-05
3.8E-06
7.8E-07

1.6E-04

NET

6.2E-03
I. IE-02
6.4E-04
3.0E-05

1.7E-02

1.2E-03
1.3E-03
5.8E-05
2.9E-05

2.5E-03

300889



TABLE C-6-4
VICINITY PROPERTIES - POPCORN FACTORY

LIFETIME RISK

POPULATION

TRESPASSER

CONSTRUCTION WORKER

SITE WORKER

RESIDENT ADULT

PATHWAY

External
Inhalation of Particulates
Ingestion of Soil

Total:

External
Inhalation of Particulates
Ingestion of Soil

Total:

External
Inhalation of Particulates
Inhalation of Radon
Ingestion of Soil

Total:

External
Inhalation of Radon
Ingestion of Soil

Total:

RISK
GROSS

9.9E-04
3.4E-05
1.3E-06

l.OE-03

3.3E-04
1.1 E-05
1. IE-06

3.4E-04

2.7E-02
l.OE-01
2.4E-04
4.6E-05

I.3E-01

4.7E-02
1.2E-01
1.2E-04

1.7E-01

BACKGROUND

2.5E-06
9.4E-08
3.8E-09

2.6E-06

8.3E-07
3. IE-08
3. IE-09

8.6E-07

7. IE-05
2.8E-04
5.6E-07
1 .4E-07

3.5E-04

3.5E-04
7.9E-04
2.0E-06

1. IE-03

NET

9.9E-04
3.4E-05
1.3E-06

l.OE-03

3.3E-04
1 . 1 E-05
1. IE-06

3.4E-04

2.7E-02
l.OE-01
2.4E-04
4. 6 E-05

1.3E-01

4.7E-02
1.2E-01
1.2E-04

1.7E-01



TABLE C-6-5
VICINITY PROPERTIES - SWIM CLUB

LIFETIME RISK

POPULATION

SITE WORKER

ADULT MEMBER

CHILD MEMBER

PATHWAY

External
Inhalation of Particulates
Inhalation of Radon
Ingestion of Soil

Total:

External
Inhalation of Particulates
Ingestion of Soil

Total:

External
Inhalation of Particulates
Ingestion of Soil

Total:

RISK
GROSS

4.5E-03
7.7E-05
1 .4E-03
1.3E-06

6.0E-03

6.0E-03
1.2E-04
I.6E-06

6. IE-03

1.2E-03
2.2E-05
3.2E-07

1.2E-03

BACKGROUND

3. IE-05
6.5E-05
3.3E-07
2.2E-08

9.6E-05

4. IE-05
5. IE-07
2.7E-08

4.2E-05

8.2E-06
9.6E-08
5.3E-09

8.3E-06

NET

4.5E-03
1.2E-05
1.4E-03
I.3E-06

5.9E-03

6.0E-03
1.2E-04
1 .6E-06

6. IE-03

1.2E-03 .
2.2E-05
3. IE-07

1.2E-03

300:



TABLE C-6-6
VICINITY PROPERTIES - LAND PRESERVE

LIFETIME RISK

POPULATION

FRESSPASSER

CONSTRUCTION WORKER

SITE WORKER

RESIDENT ADULT

RESIDENT CHILD

PATHWAY

External
Inhalation of Particulates
Ingestionof Soil

Total:

External
Inhalation of Particulates
Ingestion of Soil

Total:

External
Inhalation of Particulates
Inhalation of Radon
Ingestion of Soil

Total:

External
Inhalation of Radon
Ingestion of Home Grown Produce
Ingestion of Soil

Total:

External
Inhalation of Radon
Ingestion of Home Grown Produce
Ingestion of Soil

Total:

RISK
GROSS

2.4E-03
1.2E-04
2.3E-06

2.5E-03

8. IE-04
4.0E-05
1.8E-06

8.5E-04

6.7E-02
6.0E-04
8.8E-02
1.6E-05

1.6E-01

3.6E-01
2.2E-01
2.7E-02
1.2E-03

6. IE-01

7.0E-02
2.5E-02
2.5E-03
4.6E-04

9.8E-02

BACKGROUND

2.5E-06
9.4E-08
3.8E-09

2.6E-06

8.3E-07
3. IE-08
3. IE-09

8.6E-07

6.9E-05
4.7E-07
3.2E-04
2.8E-08

3.9E-04

3.5E-04
7.9E-04
4.2E-05
2.0E-06

1.2E-03

6.8E-05
9.0E-05
3.8E-06
7.8E-07

1.6E-04

NET

2.4E-03
1.2E-04
2.3E-06

2.5E-03

8. IE-04
4.0E-05
I.8E-06

8.5E-04

6.7E-02
6.0E-04
8.8E-02
1.6E-05

1.6E-01

3.6E-01
2.2E-01
2.7E-02
1.2E-03

6. IE-01

7.0E-02
2.5E-02
2.5E-03

. 4.6E-04

9.8E-02

300^3



TABLE C-6-7
VICINITY PROPERTIES - MARTIN'S LAKE

LIFETIME RISK

POPULATION

ADULT RECREATIONALIST

CHILD RECREATIONALIST

PATHWAY

External
Inhalation of Particulates
Ingestion of Soil

Total:

External
Inhalation of Particulates
Ingestion of Soil

Total:

RISK
GROSS

7.0E-04
1.4E-05
1. IE-06

7.2E-04

1.4E-04
2.6E-06
4.5E-07

1.4E-04

BACKGROUND

2.6E-05
3.2E-07
8.3E-08

2.6E-05

5. IE-06
6.0E-08
3.3E-08

5.2E-06

NET

6.7E-04
1.4E-05
l.OE-06

6.9E-04

1.3E-04
2.5E-06
4.2E-07

1 .4E-04

300?rC



TABLE C-6-8
VICINITY PROPERTIES - PUBLIC PARK

POPULATION

SITE WORKER

ADULT RECREAT1ONALIST

CHILD RECREATIONALIST

LIFETIME RISK

PATHWAY

External
Inhalation of Particulates
Ingestionof Soil

Total:

External
Inhalation of Particulates
Ingestion of Soil

Total:

External
Inhalation of Particulates
Ingestionof Soil

Total:

RISK
GROSS

7.3E-01
2.3E-02
3.0E-03

7.6E-01

2.2E-01
6.9E-03
4.5E-04

2.3E-01

4.4E-02
I.2E-03
I.8E-04

4.5E-02

BACKGROUND

8.6E-05
1.8E-06
5.5E-07

8.8E-05

2.6E-05
5.5E-07
8.3E-08

2.7E-05

5. IE-06
9.4E-08
3.3E-08

5.2E-06

NET

7.3E-01
2.3E-02
3.0E-03

7.6E-01

2.2E-01
6.9E-03
4.5E-04

2.3E-01

4.4E-02
1.2E-03
1.8E-04

4.5E-02

300Pr>4



TABLE C-6-9
VICINITY PROPERTIES - DYNAMIC BLENDING

LIFETIME RISK

POPULATION

SITE WORKER

PATHWAY

External
Inhalation of Radon

Total:

RISK
GROSS BACKGROUND

3.7E-04
1.7E-03

2. IE-03

2.0E-04
S.2E-04

7.2E-04

NET

I.7E-04
1.2E-03

1.4E-03

3008r'[





APPENDIX D

WELSBACH/GGM SITE

DOWNHOLE GAMMA LOGGING PROFILE CHARTS

REMRDTAT. INVESTIGATION AND FEASIBILITY STTIDY
WELSBACH/GGM SITE

CAMDEN AND GLOUCESTER CITY
CAMDEN COUNTY, NEW JERSEY

3008%



WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (FORMER WELSBACH FACILITY)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (FORMER WELSBACH FACILITY)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (FORMER WELSBACK FACILITY)

APPENDIX D-1
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (FORMER WELSBACH FACILITY)

APPENDIX D-1
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (FORMER WELSBACH FACILITY)

APPENDIX D-1
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (FORMER WELSBACH FACILITY)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (GGM)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (GGM)

APPENDIX D-2
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (GGM)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (GGM)

APPENDIX D-2
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WELSBACH7GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (GGM)
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WELSBACH/GGM SITE
OOWNHOLE GAMMA LOGGING RESULTS (GGM BASEMENT)

APPENDIX D-3
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (GGM ALLEYWAY)
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3000
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 1)
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4000

3500

I

WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 2)
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LWELSBACn/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 2)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 2)
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WELSBACH/GGM SITE
OOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 3)
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400

WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 3)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 3)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY4)
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2000

WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY4)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 5)
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3000
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 6)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 7)
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250

WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 8)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 14)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 14)

APPENDIX D-3
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 14)

APPENDIX D-3

3.5 4.5

Page D-30



CO
o
o
'O

350

300

WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 15)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 16)
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600

WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 16)
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250

WELSBACH/GGM SITE
OOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 16)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 17)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 17)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 17
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1200

WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 17)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 17)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 17)
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70000

WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 17)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPRTY 17)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 18)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 20)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 20)
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WELSBACH/GGM SITE
DOWNHOLE GAMMA LOGGING RESULTS (PROPERTY 20)
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APPENDIX E

WELSBACH/GGM SITE

EXPOSURE RATE DATA - GENERAL GAS MANTLE

REMEDIAL INVESTIGATION AND FEASIBILITY STUDY
WELSBACH/GGM SITE

CAMDEN AND GLOUCESTER CITY
CAMDEN COUNTY, NEW JERSEY

300943
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Room. 1 Exposure Rate Results of the GGM Building
Welsbach/GGM Site

Gross Exposure Rate ((iR/h)*

X** Y** Surface 1 Meter Surface 1 Meter Surface 1 Meter Surface 1 Meter
0 0
0 5
0 10
0 15
0 20

. 0 25
0 30
0 35
0 40
0 45
0 50
0 55
0 60
0 65
0 70
0 74
5 0
5 5
5 10
5 15
5 20
5 25
5 30

47
51
64
189
135
151
127
178
39
31
43
27
23
31
31
27
127
119
68
127
119
80
80

39
47
56
135
111
127
119
151
43
31
31
23
23
27
27
23
56
64
64
104
104
88
96

5 35
5 40
5 45
5 50
5 55
5 60
5 65
5 70
5 74
10 0
10 5
10 10
10 15
10 20
10 25
10 30
10 35
10 40
10 45
10 50
10 55
10 60
10 65

56
39
27
31
27
31
31
31
23
47
39
47
80
60
92
80
60
39
31
35
31
39
39

68
43
31
27
27
31
31
35
27
39
39
51
72
68
80
80
56
35
31
31
31
43
39

10 70
10 74
15 0
15 5
15 10
15 15
15 20
15 25
15 30
15 35
15 40
15 45
15 50
15 55
15 60
15 65
15 70
15 74
20 0
20 5
20 10
20 15
20 20

43
39
39
35
39
64
43
72
88
47
35
35
39
39
72
60
60
51
72
107
31
60
47

47
39
31
39
43
60
56
76
84
51
31
35
31
35
64
56
56
56
43
47
39
60
56

20 25
20 30
20 35
20 40
20 45
20 50
20 55
20 60
20 65
20 70
20 74
25 0
25 5
25 10
25 15
25 20
25 25
25 30
25 35
25 40
25 45
25 50
25 55

68
127
39
35
35
39
43
72
96
80
72
60
39
35
64
636
76
47
35
39
39
35
47

96
111
39
35
31
31
39
60
80
80
72
47
39
35
88
234
88
56
39
39
31
39
43

•Count rate, R (cpm). measurements were made with Ludlum model 12. serial # 78689, and Ludlum model 44-2. serial # 071914.
Data were converted to exposure rate, X (uR/h), via cross calibration to Reuter-Stokes pressurized ion Chamber as follows:
X=(-3.25E-9*RA2) + (4.13E-3*R) -1.661.
" Coordinates in feet. N/A = Inaccessible.
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Room 1 Exposure Rate Results of the GGM Building
YVelsbach/GGM Site

Gross Exposure Rate

X** Y** Surface 1 Meter Surface 1 Meter Surface 1 Meter Surface 1 Meter
25 60
25 65
25 70
25 74
30 0
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30 10
30 15
30 20
30 25
30 30
30 35
30 40
30 45
30 50
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30 60
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0 15DUP
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47
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47
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56
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96
143
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64 35
80 35
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43 35
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72 35
47 35
43 35
47 35
39 35
39 35
39 35
47 40
60 40
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158 40

5
10
15
20
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30
35
40
45
50
55
60
65
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0
5
10
15

30DUP
20
25

64
39
39
39
56
60
47
39
39
39
47
60
60
80
72
72
43
43
31
96
31
72

56
35
39
43
56
72
56
. 39
39
43
47
64
72
88
72
51
56
35
35
88
39
80

40
40
40
40
40
40
40
40
40
40
45
45
45
45
45
45
45
45
45
45
30
45

30
35
40
45
50
55
60
65
70
74
0
5
10
15
20
25
30
35
40
45

55DUP
50

181
104
56
39
56
43
64
80
84
68
N/A
39
72
N/A
N/A
127
119
107
47
56
47
56

139 45
123 45
68 45
47 45
56 45
56 47
64 47
80 47
80 47
64 47
N/A 47
31 47
47 47
N/A 47
N/A 47
88 47
111 47
119 47
60 47
56 47
47 47
51 45

55
60
65
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0
5
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60
65
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56 56
72 68
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88 72
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N/A N/A
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47 64
47 47
47 47
104 56
104 72
96 80
189 111
80 68
96 80
80 80

CO
o
o
-£>

'Count rate, R (cpm). measurements were made with Ludlum model 12, serial # 78689. and Ludlum model 44-2, serial #071914.
Data were converted to exposure rate, X (uR/h), via cross calibration to Reuter-Slokes pressurized ion Chamber as follows:
X=(-3.25E-9*RA2) + (4,13E-3'R) -1.661.
** Coordinates in feet. _____________________________________________________

Page 2 of 2

N/A = Inaccessible.



Room 2 Exposure Rate Results of the GGM Building
Welsbach/GGM Site

Gross Exposure Rate (jiR/h)*

X** Y** Surface 1 Meter X Y Surface 1 Meter X Y Surface 1 Meter X Y Surface 1 Meter
0 0
0 5
0 10
0 15
0 20
0 25
0 30
0 35
0 39
5 0
5 5
5 10
5 15
5 20
5 25
5 30
5 35
5 39
10 0
10 5
10 10
10 15
10 20

19
23
19
15
23
19
23
N/A
N/A
19
27
23
19
19
23
19
N/A
N/A
19
23
19
23
23

15
19
15
19
19
19
19
19
N/A
15
23
19
23
15
19
19
19
19
19
23
19
23
23

10 25
10 30
10 35
10 39
15 0
15 5
15 10
15 15
15 20
15 25
15 30
15 35
15 39
20 0
20 5
20 10
20 15
20 20
20 25
20 30
20 35
20 39
25 0

19
19
19
19
23
23
23
23
19
23
23
23
N/A
19
23
19
23
23
23
19
23
23
19

19
15
19
19
23
23
19
23
23
23
23
23
N/A
15
19
23
23
23
23
19
19
19
19

25 5
25 10
25 15
25 20
25 25
25 30
25 35
25 39
30 0
30 5
30 10
30 15
30 20
30 25
30 30
30 35
30 39
35 0
35 5
35 10
35 15
35 20
35 25

19
23
23
23
23
19
19
19
27
19
23
23
27
31
23
19
15
23
23
23
31
27
31

23
19
23
23
23
23
15
15
23
23
27
27
27
31
23
19
15
19
23
23
31
31
31

35 30
35 35
35 39
40 0
40 5
40 10
40 15
40 20
40 25
40 30
40 35
40 39
45 0
45 5
45 10
45 15
45 20
45 25
45 30
45 35
45 39
50 0
50 5

27
23
15
23
23
23
27
31
31
23
15
19
19
19
23
23
23
27
23
23
19
N/A
N/A

23
23
15
19
19
23
31
31
27
23
15
19
15
19
23
23
23
23
23
19
15
N/A
N/A

CO 'Count rate. R (cpm), measurements were made with Ludlum model 12, serial # 78689, and Ludlum model 44-2, serial # 071914.
Stokes pressurized ion Chamber as follows:^5 Data were converted to exposure rate, X (uR/h), via cross calibration to Reuter

-O X=(-3.25E-9*RA2) + (4.13E-3*R) -1.661.



Room 2 Exposure Rate Results of the GGM Building
Welsbach/GGM Site

Gross Exposure Rate (jiR/h)*

X** Y** Surface 1 Meter Surface 1 Meter X Surface 1 Meter X Y Surface 1 Meter
50 10
50 15
50 20
50 25
50 30
50 35
50 39
55 0
55 5
55 10
55 15
55 20
55 25
55 30
55 35
55 39
60 0
60 5
60 10
60 15
60 20
60 25

N/A
23
19
23
23
19
15
N/A
N/A
N/A
19
27
23
19
19
15
23
19
19
19
23
19

N/A
23
23
23
23
15
15
N/A
N/A
N/A
19
23
23
19
15
15
19
19
19
19
19
19

60 30
60 35
60 39
65 0
65 5
65 10
65 15
65 20
65 25
65 30
65 35
65 39
70 0
70 5
70 10
70 15
70 20
70 25
70 30
70 35
70 39
75 0

19
19
19
19
19
23
23
23
23
23
23
19
19
19
23
23
23
23
19
23
23
19

19
19
15
19
19
19
23
19
19
23
'23
19
19
19
19
23
23
19
19
23
19
19

75 5
75 10
75 15
75 20
75 25
75 30
75 35
75 39
80 0
80 5
80 10
80 15
80 20
80 25
80 30
80 35
80 39
85 0
85 5
85 10
85 15
85 20

19
23
19
23
23
19
23
19
19
23
31
23
19
23
23
19
19
31
47

. 31
31
23

19
19
19
23
19
19
23
19
19
23
23
23
19
23
19
19
19
27
31
23
23
23

85 25
85 30
85 35
85 39
90 0
90 5
90 10
90 15
90 20
90 25
90 30
90 35
90 39
95 0
95 5
95 10
95 15
95 20
95 25
95 30
95 35
95 39

19
19
19
19
31
31
31
27
23
19
19
19
19
31
47
31
23
19
23
23
19
39

19
19
19
19
27
27
27
23
23
19
19
19
19
23
39
23
19
19
23
19
19
23

CO
o
o
-O

"Count rate, R (cpm), measurements were made with Ludlum model 12, serial # 78689, and Ludlum model 44-2, serial # 071914.
Data were converted to exposure rate, X (uR/h), via cross calibration to Reuter-Stokes pressurized ion Chamber as follows:
X=(-3.25E-9*RA2) + (4.13E-3*R) -1.661.
** Coordinates in feet. N/A = Inaccessible.



Room 3 Exposure Rate Results of the GGM Building
Welsbach/GGM Site

Gross Exposure Rate

X** Y** Surface 1 Meter X Surface 1 Meter X Surface 1 Meter X Surface 1 Meter
0 0
5 0
10 0
15 0
20 0
25 0
30 0
35 0
40 0
45 0
48 0
0 5
5 5
10 5
15 5
20 5
25 5
30 5
35 5
40 5
45 5
48 5

N/A
23
31
35
31
35
39
64
88
96
N/A
N/A
47
47
39
39
47
51
56
60
56
N/A

N/A
23
31
35
35
31
39
60
68
80
N/A
N/A
39
43
39
43
39
47
51
47
43
N/A

0 10
5 10
10 10
15 10
20 10
25 10
30 10
35 10
40 10
45 10
48 10
0 15
5 15
10 15
15 15
20 15
25 15
30 15
35 15
40 15
45 15
48 15

N/A
47
47
47
43
47
51
56
64
35
31
N/A
N/A
56
56
60
60
56
47
51
N/A
N/A

N/A
47
47
47
47
47
47
51
51
31
31
N/A
N/A
56
56
60
56
56
47
56
N/A
N/A

0 20
5 20
10 20
15 20
20 20
25 20
30 20
35 20
40 20
45 20
48 20
0 25
5 25
10 25
15 25
20 25
25 25
30 25
35 25
40 25
45 25
48 25

56
60
64
64
72
72
64
60
56
N/A
N/A
56
72
72
64
80
80
68
68
92
88
76

47
60
60
60
68
64
60
56
51
N/A
N/A
51
68
72
64
72
72
64
68
84
76
72

0 30
5 30
10 30
15 30
20 30
25 30
30 30
35 30
40 30
45 30
48 30
0 35
5 35
10 35
15 35
20 35
25 35
30 35
35 35
40 35
45 35
48 35

56
60
60
64
68
60
60
72
100
104
80
56
72
64
56
60
64
47
80
96
88
80

56
56
60
64
72
60
64
72
80
80
80
47
64
64
56
60
60
51
80
92
84
72

CO
o
o
o
,s

CO

'Count rate, R (cpm), measurements were made with Ludlum model 12, serial # 78689, and Ludlum model 44-2, serial # 071914.
Data were converted to exposure rate, X (uR/h), via cross calibration to Reuter-Stokes pressurized ion Chamber as follows:
X=(-3.25E-9*RA2) + (4.13E-3*R) -1.661.
** Coordinates in feet. N/A = Inaccessible.



Room 3 Exposure Rate Results of the GGM Building
Welsbach/GGM Site

Gross Exposure Rate (|iR/h)*

X** Y** Surface 1 Meter X Surface Meter Surface 1 Meter X Surface 1 Meter
0 40
5 40
10 40
15 40
20 . 40
25 40
30 40
35 40
40 40
45 40
48 40
0 45
5 45
10 45
15 45
20 45
25 45
30 45
35 45
40 45
45 45
48 45

47
64
60
56
64
60
64
88
96
96
80
47
51
51
56
56
72
68
80
96
80
72

47
60
56
56
56
56
64
80
84
80
72
43
47
51
51
56
68
64
80
88
80
64

0 50
5 50
10 50
15 50
20 50
25 50
30 50
35 50
40 50
45 50
48 50
0 55
5 55
10 55
15 55
20 55
25 55
30 55
35 55
40 55
45 55
48 55

43
47
47
47
60
88
80
88
88
76
72
39
43
47
51
80
92
96
80
104
84
72

39
47
47
51
64
84
76
84
80
72
68
39
47
47
56
80
88
88
80
92
80
68

0 60
5 60
10 60
15 60
20 60
25 60
30 60
35 60
40 60
45 60
48 60
0 65
5 65
10 65
15 65
20 65
25 65
30 65
35 65
40 65
45 65
48 65

47
43
51
64
104
119
'l27
96
104
96
88
47
47
56
72
197
151
181
234
111
104
88

39
47
56
64
96
104
119
104
107
92
76
47
47
64
84
135
151
174
234
135
100
84

0 70
5 70
10 70
15 70
20 70
25 70
30 70
35 70
40 70
45 70
48 70
0 75
5 75
10 75
15 75
20 75
25 75
30 75
35 75
40 75
45 75
48 75

47
47
68
147
379
234
750
636
139
104
100
39
43
56
189
185
430
447
447
127
104
80

47
51
84
127
234
234
379
308
151
100
84
39
39
64
119
147
308
60
379
147
96
76

CO
o
o
•D
CJ1
c>

'Count rate, R (cpm), measurements were made with Ludlum model 12, serial
Data were converted to exposure rate, X (uR/h), via cross calibration to Reuter
X=(-3.25E-9*RA2) + (4.13E-3*R) -1.661.
" Coordinates in feet.

# 78689, and Ludlum model 44-2, serial # 071914.
Stokes pressurized ion Chamber as follows:

N/A = Inaccessible.



Room 4 Exposure Rate Results of the GGM Building
Welsbach/GGM Site

Gross Exposure Rate

X** Y** Surface 1 Meter Y Surface 1 Meter Surface 1 Meter X Surface 1 Meter
0 0
0 5
0 10
0 15
0 20
0 25
0 30
0 35
0 40
5 0
5 5
5 10
5 15
5 20
5 25
5 30
5 35
5 40
10 0
10 5
10 10
10 15
10 20

N/A
23
39
39
56
39
47
23
23
56
43
47
43
47
43
39
23
27
60
43
47
39
35

N/A
23
31
35
39
31
31
23
23
31
35
39
39
39
31
31
23
23
39
43
43
39
35

10 25
10 30
10 35
10 40
15 0
15 5
15 10
15 15
15 20
15 25
15 30
15 35
15 40
20 0
20 5
20 10
20 15
20 20
20 25
20 30
20 35
20 40
25 0

47
31
23
27
60
47
56
56
56
47
31
35
31
N/A
47
56
60
64
51
47
39
31
47

39
31
27
27
39
39
V)
47
43
39
35
35
23
N/A
39
47
47
47
47
39
35'
31
39

25 5
25 10
25 15
25 20
25 25
25 30
25 35
25 40
30 0
30 5
30 10
30 15
30 20
30 25
30 30
30 35
30 40
35 0
35 5
35 10
35 15
35 20
35 25

43
51
56
88
68
39
43
35
43
35
47
60
88
76
47
35
39
23
27
47
72
852
80

39
47
51
56
56
39
2
31
39
39
47
60
68
64
43
39
31
23
31
43
80
234
80

35 30
35 35
35 40
40 0
40 5
40 10
40 15
40 20
40 25
40 30
40 35
40 40
45 0
45 5
45 10
45 15
45 20
45 25
45 30
45 35
45 40
50 0
50 5

47
39
31
13
16
31
51
68
56
43
39
31
23
31
39
39
47
43
39
35
31
N/A
N/A

47
35
31
15
27
39
56
72
56
43
35
31
23
31
35
43
43
43
39
31
31
N/A
N/A

CO
o
o
'O
01
h •k

'Count rate, R (cpm), measurements were made with Ludlum model 12. serial # 78689, and Ludlum model 44-2, serial # 071914.
Data were converted to exposure rate, X (uR/h), via cross calibration to Reuter-Stokes pressurized ion Chamber as follows:
X=(-3.25E-9*RA2) + (4.13E-3*R) -1.661.



Room 4 Exposure Rate Results of the GGM Building
Welsbach/GGM Site

Gross Exposure Rate (mR/h)*

X** Y** Surface 1 Meter Surface 1 Meter Surface 1 Meter Surface 1 Meter
50 10
50 15
50 20
50 25
50 30
50 35
50 40
55 0
55 5
55 10
55 15
55 20
55 25
55 30
55 35
55 40
60 0
60 5
60 10
60 15
60 20
60 25

31
31
31
31
27
27
27
N/A
N/A
31
31
27
31
27
31
23
N/A
N/A
35
35
31
27

31
35
31
35
31
27
23
N/A
N/A
35
35
31
31
31
23
23
N/A
N/A
35
31
31
31

60 30
60 35
60 40
65 0
65 5
65 10
65 15
65 20
65 25
65 30
65 35
65 40
70 0
70 5
70 10
70 15
70 20
70 25
70 30
70 35
70 40
75 0

31
27
23
23
31
31
31
31
27
31
27
23
31
23
27
27
27
27
31
31
23
23

31
27
23
23
31
31
31
27
27
27
27
27
23
27
27
31
27
27
27
23
23
23

75 5
75 10
75 15
75 20
75 25
75 30
75 35
75 40
80 0
80 5
80 10
80 15
80 20
80 25
80 30
80 35
80 40
85 0
85 5
85 10
85 15
85 20

27
23
27
27
27
23
31
23
23
23
23
27
23
23
23
23
23
23
23
31
27
23

23
27
27
27
27
31
23
23
23
27
23
27
23
23
23
23
23
23
23
23
23
23

85 25
85 30
85 35
85 40
90 0
90 5
90 10
90 15
90 20
90 25
90 30
90 35
90 40
95 0
95 5
95 10
95 15
95 20
95 25
95 30
95 35
95 40

27
23
23
19
23
23
23
23
23
23
23
23
19
19
19
23
23
23
19
19
23
31

27
23
23
19
23
23
23
23
23
23
23
23
19
15
15
25
25
15
19
19
19
15

CO
o
o
o

"Count rate, R (cpm), measurements were made with Ludlum model 12, serial # 78689, and Ludlum model 44-2, serial # 071914.
Data were converted to exposure rate, X (uR/h), via cross calibration to Reuter-Stokes pressurized ion Chamber as follows:
X=(-3.25E-9*RA2) + (4.13E-3*R) -1.661.
" Coordinates in feet. N/A = Inaccessible.



Room 5 Exposure Rate Results of the GGM Building
Welsbach/GGM Site

Gross Exposure Rate (|iR/h)*

X** Y** Surface 1 Meter X Surface 1 Meter X Surface 1 Meter Surface 1 Meter
15 0
15 5
15 10
15 15
15 20
15 25
15 30
15 35
15 40
15 45
15 50 .
15 55

. 15 60
15 65
15 70
15 75

31
35
39
39
39
39
158
43
51
47
56
56
64
80
84
76

27
31
39
35
39
39
39
39
47
47
51
56
64
72
80
68

20 0
20 5
20 10
20 15
20 20
20 25
20 30
20 35
20 40
20 45
20 50
20 55
20 60
20 65
20 70
20 75

39
39
47
43
51
47
39
47
64
51
60
80
88
104
104
100

31
35
43
39
43
47
39
47
56
51
56
64
80
88
84
76

25 0
25 5
25 10
25 15
25 20
25 25
25 30
25 35
25 40
25 45
25 50
25 55
25 60
25 65
25 70
25 75

39
43
47
39
51
47
47
51
64
56
60
72
92
107
104
96

31
39
39
39
47
47
43
47
56
56
60
72
88
88
88
80

30 0
30 5
30 10
30 15
30 20
30 25
30 30
30 35
30 40
30 45
30 50
30 55
30 60
30 65
30 70
30 75

39
47
47
47
47
56
47
56
60
56
60
72
80
96
111
104

39
39
43
47
47
47
43
51
56
56
56
64
80
88
88
80

'Count rate, R (cpm). measurements were made with Ludlum model 12, serial # 78689, and Ludlum model 44-2, serial # 071914.
Data were converted to exposure rate, X (uR/h), via cross calibration to Reuter-Stokes pressurized ion Chamber as follows:
X=(-3.25E-9*RA2) + (4.13E-3*R) -1.661.
" Coordinates in feet. N/A = Inaccessible.

CO
o
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Room 5 Exposure Rate Results of the GGM Building
Welsbach/GGM Site

Gross Exposure Rate (jiR/h)*

X** Y** Surface 1 Meter X Y Surface 1 Meter X Surface 1 Meter X Surface Meter
35 0
35 5
35 10
35 15
35 20
35 25
35 30
35 35
35 40
35 45
35 50
35 55
35 60
35 65
35 70
35 75

43
47
47
47
47
56
51
60
64
64
72
72
80
N/A
N/A
N/A

39
43
47
43
47
47
47
51
56
60
60
60
72
N/A
N/A
N/A

40 0
40 5
40 10
40 15
40 20
40 25
40 30
40 35
40 40
40 45
40 50
40 55
40 60
40 65
40 70
40 75

39
43
47
47
31
47
47
56
60
64
72
80
80
N/A
N/A
N/A

35
39
47
39
39
47
47
47
56
56
60
72
76
N/A
N/A
N/A

45 0
45 5
45 10
45 15
45 20
45 25
45 30
45 35
45 40
45 45
45 50
45 55
45 60
45 65
45 70
45 75

39
47
47
51
N/A
56
51
56
56
56
51
60
68
N/A
N/A
N/A

31
39
43
43
N/A
47
39
47
51
43
51
60
39
N/A
N/A
N/A

47 0
47 5
47 10
47 15
47 20
47 25
47 30
47 35
47 40
47 45
47 50
47 55
47 60
47 65
47 70
47 75

N/A
39
39
N/A
N/A
47
47
51
47
51
47
56
56
N/A
N/A
N/A

N/A
31
39
N/A
N/A
39
43
47
43
47
47
51
56
N/A
N/A
N/A

'Count rate, R (cpm), measurements were made with Ludlum model 12, serial # 78689, and Ludlum model 44-2, serial # 071914.
Data were converted to exposure rate, X (uR/h), via cross calibration to Reuter-Stokes pressurized ion Chamber as follows:
X=(-3.25E-9*RA2) + (4.13E-3*R) -1.661.
** Coordinates in feet. N/A = Inaccessible.
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Room 6 Exposure Rate Results of the GGM Building
Welsbach/GGM Site

Gross Exposure Rate (fiR/h)*

X** Y** Surface 1 Meter X Y Surface 1 Meter Surface 1 Meter X Surface Meter
0 0
0 5
0 10
0 15
0 20
0 25
0 30
0 35
0 40
5 0
5 5
5 10
5 15
5 20
5 25
5 30
5 35
5 40
10 0
10 5
10 10
10 15
10 20

N/A
N/A
N/A
39
27
31
35
23
27
N/A
N/A
N/A
23
31
31
27
31
23
N/A
N/A
N/A
31
31

N/A
N/A
N/A
27
23
23
23
23
23
N/A
N/A
N/A
23
31
27
23
27
23
N/A
N/A
N/A
27
31

10 25
10 30
10 35
10 40
15 0
15 5
15 10
15 15
15 20
15 25
15 30
15 35
15 40
20 0
20 5
20 10
20 15
20 20
20 25
20 30
20 35
20 40
25 0

35
35
31
23
N/A
N/A
N/A
31
31
35
39
39
23
N/A
N/A
N/A
31
31
39
35
39
35
N/A

27
31
27
23
N/A
N/A
N/A '
27
31
31
31
31
23
N/A
N/A
N/A
31
31
35
35
35
31
N/A

25 5
25 10
25 15
25 20
25 25
25 30
25 35
25 40
30 0
30 5
30 10
30 15
30 20
30 25
30 30
30 35
30 40
35 0
35 5
35 10
35 15
35 20
35 25

N/A
N/A
31
35
39
39
'35
39
N/A
N/A
N/A
35
31
39
47
39
43
N/A
N/A
N/A
35
39
47

N/A
N/A
31
31
35
39
31
31
N/A
N/A
N/A
31
35
39
39
35
31
N/A
N/A
N/A
31
39
43

35 30
35 35
35 40
40 0
40 5
40 10
40 15
40 20
40 25
40 30
40 35
40 40
45 0
45 5
45 10
45 15
45 20
45 25
45 30
45 35
45 40
50 0
50 5

47
56
47
N/A
N/A
N/A
39
39
56
47
56
51
N/A
N/A
N/A
35
39
47
43
47
56
N/A
N/A

47
39
39
N/A
N/A
N/A
39
39
39
43
47
43
N/A
N/A
N/A
31
39
39
39
39
35
N/A
N/Aco:

*Count rate, R (cpm), measurements were made with Ludlum model 12, serial # 78689, and Ludlum model 44-2, serial # 071914.
Data were converted to exposure rate, X (uR/h), via cross calibration to Reuter-Stokes pressurized ion Chamber as follows:
X=(-3.25E-9*RA2) + (4.13E-3*R) -1.661.

01



Room 6 Exposure Rate Results of the GGM Building
Welsbach/GGM Site

Gross Exposure Rate

X** Y** Surface 1 Meter X Surface 1 Meter X Surface 1 Meter Surface 1 Meter
50 10
50 15
50 20
50 25
50 30
50 35
50 40
55 0
55 5
55 10
55 15
55 20
55 25
55 30
55 35
55 40
60 0
60 5
60 10
60 15
60 20
60 25

N/A
43
39
39
47
39
56
N/A
N/A
N/A
76
51
47
39
56
92
N/A
N/A
N/A
68
56
56

N/A
39
39
39
39
39
43
N/A
N/A
N/A
51
43
47
43
47
47
N/A
N/A
N/A
47
47
47

60 30
60 35
60 40
65 0
65 5
65 10
65 15
65 20
65 25
65 30
65 35
65 40
70 0
70 5
70 10
70 15
70 20
70 25
70 30
70 35
70 40
75 0

47
51
60
N/A
N/A
N/A
39
39
39
43
43
104
N/A
N/A
N/A
35
35
35
43
47
56
N/A

43
47
51
N/A
N/A
N/A
3l>
39
47
39
39
39
N/A
N/A
N/A
35
35
39
39
39
39
N/A

75 5
75 10
75 15
75 20
75 25
75 30
75 35
75 40
80 0
80 5
80 10
80 15
80 20
80 25
80 30
80 35
80 40
85 0
85 5
85 10
85 15
85 20

N/A
N/A
35
39
27
39
43
47
N/A
N/A
N/A
35
31
31
31
39
39
N/A
N/A
N/A
27
31

N/A
N/A
31
39
31
39
39
39
N/A
N/A
N/A
31
31
31
31
35
35
N/A
N/A
N/A
27
31

85 25
85 30
85 35
85 40
90 0
90 5
90 10
90 15
90 20
90 25
90 30
90 35
90 40
95 0
95 5
95 10
95 15
95 20
95 25
95 30
95 35
95 40

27
31
39
39
N/A
N/A
N/A
31
31
31
39
31
31
N/A
N/A
N/A
27
27
23
23
27
27

27
31
31
31
N/A
N/A

. N/A
39
31
27
31
27
31
N/A
N/A
N/A
23
23
23
23
23
23

CO
o

•Count rate, R (cpm). measurements were made with Ludlum model 12, serial # 78689, and Ludlum model 44-2, serial # 071914.
Data were converted to exposure rate, X (uR/h), via cross calibration to Reuter-Stokes pressurized ion Chamber as follows:
X=(-3.25E-9*RA2) + (4.13E-3*R) -1.661.
** Coordinates in feet. N/A = Inaccessible.



Hallway Exposure Rate Results at GGM Building
Welsbach/GGM Site

Gross Exposure Rate (|iR/h)*

BASEMENT HALLWAY
X**
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5

Y**
0
5
10
15
20
25
30
35
39

Surface
23
27
19
19
19
19
19
19
19

1 Meter
23
23
19
19
19
19
19
19
19

SECOND
X Y
1 0
1 5
1 10
1 15
1 20
1 25
1 30
1 35
1 39

FLOOR HALLWAY
Surface

27
27
27
27
23
19
23
19
23

1 Meter
23
27
23
27
23
19
23
19
19

FIRST
X
0
6
0
6
0
6
0
6
0
6
0
6
0
6
0
6
0
6
3
3
3
3
3
3
3

Y
0
0
5
5
10
10
15
15
20
20
25
25
30
30
35
35
38
38
0
5
10
15
20
25
30

FLOOR HALLWAY
Surface

31
31
27
31
31
35
39

N/A
35

N/A
35
31
31
23
23
23
23
19
23
27
19
19
19
19
19

1 Meter
35
31
23
31
31
31
31

N/A
31

N/A
31
11
23
23
19
23
19
19
23
23
19
19
19
19
19

"Count rate, R (cpm), measurements were made with Ludlum model 12, serial # 78689,
and Ludlum model 44-2, serial # 071914.
Data were converted to exposure rate, X (uR/h), via cross calibration to Reuter-Stokes
pressurized ion Chamber as follows: X=(-3.25E-9'RA2) + (4.13E-3*R) -1.661.
** Coordinates in feet.__________________________N/A = Inaccessible.
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APPENDIX F

WELSBACH/GGM SITE

SOIL BORING LOGS

REMEDIAL INVESTIGATION AND FEASIBILITY STTIDY
WELSBACH/GGM SITE

CAMDEN AND GLOUCESTER CITY
CAMDEN COUNTY, NEW JERSEY

30095S



MALCOLM PIRNIE, INC. BORING: SB-QI
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAMfc WelsbacJVGGM Stte DATE: 2/9/S8
JOB NUMBER: 8001230 LOCATION; Former Walsbactc Fac.
DRILLING FIRM: ACSfcutte* WEATHER: -SO, sunny skin
DRILLING METHOD: Hollow Stem Auger 4 1/2 1.D. Cortfnuous 2" S[*t8poon8 ELEVATION:
DRILLER: Elt DATUM:
HELPER: Cftrte HYDROGEOLOGIST: Patrick Rabideau

SAMPLE INFORMATION
Wo.

1

2

3

4

•

5

6

7

8

Depth

0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

Rec Blow«

3

2

3

2

4

3

3

4

4

3

7

10

15

10

6

6

parr

4

6

7

9

17

16

12

4

4

5

8

10

20

20

18

7

Depth
0'
3"

1'

2'

4'

5'
5'2-

6'

8'

8'6-

Iff

KM"

1?

13'8"

14'

14'9"

161

SOIL DESCRIPTION
Asphalt *
Concrete

Black sand and slag

Reddish brown medium grain sand

Black sand and slag
Reddish brown medium grain sand

Black sand and slag

Reddish brown medium grain sand

Slack sand, slag, and rock fragments (Quartz)

Reddish brown medium grain sand

Black sand and slag

Reddish brown medium grain sand

Reddish brown medium grain sand and weathered
Dolomite

WELL
CONS REMARKS

Started hole at 1610

8000 CPM

6000 CPM
80 CPM

1000 CPM

160 CPM

900 CPM

BOB
Completed hole at 1715

• : • • , • • : . • . ; . . : • . . • - . • . • - : - • • . . • . ; - : ; : ; • • . • '• ; . . - ; • : ; . : : •
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MALCOLM PIRNIE, INC. BORING: SB-O?
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: WelSbacMGGM Site DATE: 29/98
JOB NUMBER: 8001230 LOCATION: Fonner Walsbach Fac,
DRILLING FIRM: AC Sftuttes WEATHER: Sunny 40-45
DRILLING METHOD: Hollow Stem Auger 4 1/2 10. Continuous 2" SpWspoofis ELEVATION:
DRILLER: Frank Steffen DATUM:
HELPER: EmilioZflOto HYDROGEOLOGIST: JoJmifkbvlts

SAMPLE INFORMATION
No.
1

2

*

Depth
0-2'

2-f

RBC
17"

7"

Blows per 8'
10
8
7

8
12

100/2

Depth

21

4'

SOIL DESCRIPTION
(1) 4" ash fill grades into medium grain sand,

medium brown

(2) 7" moist silty medium grain sand,
medium brown to tan
@ 2'8" brick foundation, auger to 4' all
masoned red brick

WELL
CONS REMARKS

Spoon refusal @ 2'8"
Auger refusal @ 4' ,
EOB @ 4'

: ' : . ' . ' . . . . ' : . : : : : • . ' . . : . ' • • ' - . ' • - : • ' • ; : , :
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MALCOLM PIRNIE, INC. BORING, ss-oa
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: Welsbach/GGM Site DATE: 2/9/88
JOB NUMBER; 8001230 LOCATION; FonwWalsbackFws,
DRILLING FIRM: ACShutte* WEATHER: -S(X sifliny sW«
DRILLING METHOD: Hollow Stem AUQW 4 1/2 l.D. Continuous 2" SpWspocwis ELEVATION:
DRILLER: Eli DATUM:
HELPER: Chris

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

8

(top*

0-2'

2-4'

4-61

6-8'

8-10'

10-12'

12-14'

14-16'

Rec Blow* per 6*

a

4

7

5

3

1

7

5

21

6

6

3

3

3

6

7

10

11

6

3

4

4

a

15

8

7

5

3

4

7

10

'20

Depth
0'
3"

V

2'

4'

5'6"

6'

6'2"

T4m

8'

Iff

11 '6"

12-

13-5-

14'

16'

HYDROGEOLOGIST:

SOIL DESCRIPTION
Asphalt
Concrete

Black sand and slag

Black sand and slag

Dark rediish brown and black sand

Black sand and slag with red brick fragments

Dark rediish brown and black sand

Black sand

Dark rediish brown and black sand

Black sand and slag

Very light brown medium grain sand

Black sand and slag

Very light brown medium grain sand

i

WELL
CONS

Patrick Rabideau

REMARKS
Started hole at 2037

100CPM

140 CPM

130CPM

100 CPM

100 CPM

80 CPM

100 CPM

80 CPM

BOB
Completed hole at 21 20
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MALCOLM PIRNIE, INC. BORING se-04
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: Welsbach/GGM Site DATE: 2/9/98
JOB NUMBER: 8001230 LOCATION: Former Walsbach Facv
DRILLING FtRMb ACStiuHe* WEATHER: Sunny 40
DRILLING METHOD: Hollow Stem Auger 4 1/2 t.D. Continuous 2" Sprtitspoons ELEVATION:
DRILLER: Frank Staffer DATUM:
HELPER: Emilio Zeolo HYDROGEOLOGIST: Jofm Iflcovfts

SAMPLE INFORMATION
No.
1

2

3

4

5

6

7

8

Depth
0-2'

2-41

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

RBC
6"

8"

8"

8"

10"

16"

8'

18'

Blows per 6"
22

8
12
18

100/0
18
12
8
4
2
1
1
2
1
4

100/2

15
24
60

9
9
5
4
3
1
2
3
3
7

Depth

2'

4'

6-

8'

10'

12'

14'

16'

SOIL DESCRIPTION
(1) 0-6" black ash fill with some brick chips

refusal @ 8" concrete
auger through concrete (6"-2')

(2) fill sand and fill debris
red brick, concrete and ash

(3) medium to fine grain sand fill
some red brick chips and ash

(4) medium grain light to medium brown sand

(5)SAA

(6) SAA, moist to saturated

(7) 2" saturated medium grain sand
(perched water)
6" most clay, grey to brown

(8) moist clay, grey to brown, very cohesive,
grades to a sandy clay saturated,
less cohesive

WELL
CONS REMARKS

Spoon refusal @ 8"

EOB@ 16'

Page 1 of 1
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MALCOLM PIRNIE, INC. BORING: SB^S
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: Welsbacft/GGM Stffl DATE: 2/10/98
JOB NUMBER; 8001230 LOCATION; FormwWelsbackFac.
DRILLING FIRM: ACSJ)u«e» WEATHER: -Sk sunny sWM
DRILLING METHOD: Hollow Stem Auger 4 1/2 1.0. Continuous 2" Splftspoons ELEVATION:
DRILLER: Eli DATUM:
HELPER: Chrta

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

8

Oaptti

0-2'

2-4'

4*

6-8'

8- Iff

10-1?

12-14'

14-16'

Roc Blows pertT

16

7

10

4

3

3

6

4

12

19

20

8

5

6

8

5

16

33

6

11

6

12

9

8

19

28

6

12

15

9

8

22

HYDROGEOLOGIST:

Depth
0'
3"

1'

2'

2'6"

4'

6'

r

8'

91

9'4"

10'

11'5-

121

12'6"

14'

16'

SOIL DESCRIPTION
Asphalt
Concrete

Black sand and slag with red brick fragments

Rediish brown medium grain sand

Light gray to white medium grain sand

Rediish brown medium grain sand

Black sand and slag

Light Brown medium grain sand

Black sand and slag
Rediish brown to light green medium grain sand

Rediish brawn and black medium grain sand

Weathered brick

Reddish brown and white sand

Gray clay (dense with low plasticity)

WELL
; CONS

Patrick RabWeau

REMARKS
Started hole at 1240

60000 CPM

2000 CPM

2500 CPM

1200 CPM

1900 CPM

3200 CPM

900 CPM

1000 CPM

BOB
Completed hole at 1400

• • • : ' • ' ' . ' : : ; . . : • : : . - : . . . I : . ' : ' . . . ! . . • V : i i : : i : . : ! • • : : i ! i : : !• > :V: . /V . ' . : : . ' ' : • : :
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MALCOLM PIRNIE, INC. BORING: SB-OS
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: WelsbacWGGM SHe DATE: 2/9/98
JOB NUMBER: 8001230 LOCATION; Formar Welsbach Fac,
DRILLING FIRM: ACStiutte* WEATHER: Clear 3d
DRILLING METHOD: Hollow Stem Augw 4 1/2 I.D. Continuoia 2" Sptttspoons ELEVATION:
DRILLER: Frank Staffer DATUM:
HELPER: EmilioZeoto HYDROGEOLOGIST:

SAMPLE INFORMATION
No.
1

2

3

4

5

6

r

8

»

Depth
0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

RBC
16"

20"

IB-

24'

24"

20"

20"

18-

Blows per 6"
28
19
7
7
2
5

27
10
3
3
4
3
14
22
12
19

28
17
10
7
9
5

26
9
3
3
3
7
13
24
22
33

Depth;

21

4'

6'

8'

10'

12'

14'

16'

; . SOIL DESCRIPTION
(1) medium grain brown sand with some

fill ash and red bhck chips

(2) medium to fine grain silty sand with fill
material, ash, brick and qtz pebbles

(3) SAA (fill)

(4) SAA to 7'2" abruptly changes to fine grain
sand, light tan to brown

(5) fine grain sand light tan to brown

(6) SAA

(7) SAA some modling iron stain bands

(8) SAA moist, saturated @ 15'9"

WELL
CONS

Jotm Ifkovits

REMARKS

(4) 3" spoon

EOS @ 16'

1 • : • . . ' : : . - ' ; - ' ' - ; : ' , . . ' .
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MALCOLM PIRNIE, INC. BOR.NG: SB-OT
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAM&: WelSbactVGGM Sttfr DATE: 2/10/98
JOB NUMBER; 8001230 LOCATION; Fonn»rWel8backF«c.
DRILLING FIRM: ACSfcutte* WEATHER: -50, sî ifiy 8kiM
DRILLING METHOD: Hollow Stem fiugtt A 1/2 I.D< Continuous 2"SpWspoons ELEVATION!
DRILLER: Ell DATUM:
HELPER'. Chris HYDROGEOLOGlST:

SAMPLE INFORMATION
No.

1

-

Depth

0-2'

RBC Btowa per«*

36 35

Depth
0'
3'

V

21

SOIL DESCRIPTION
Asphalt
Concrete

Red Brick

Auger Refusal (Bldg. Foundation)

WELt
CONS

Patrick RabWeau

REMARKS
Started hole at 1SOO

900 CPM

BOB
Hole completed at 1507
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MALCOLM PIRNIE, INC. BORING: SB-OS
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME; Welsbach/GGM Site DATE: 2/10/98
JOB NUMBER; 8001230 LOCATION; Former Walsbach Fac,
DRILLING FIRM: AC StiuHes WEATHER: Sunny 50-65
DRILLING METHOD: Hollow Stem Augw 4 V2 i.D: Continuous 2* SpHtSpOona ELEVATION:
DRILLER: Frank Stetfen DATUM:
HELPER: EmilioZeolo HYDROGEOLOGIST: John Ifkovits

SAMPLE INFORMATION
No.
1

2

3

4

5

6

7

a

Depth
0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

Roc
18"

16"

14"

18"

14"

16"

18"

20"

Slows per 8'
16
16
7
6
6
11
22
17
4
10
14
17
17
29
13
25

15
11
9
5
9
15
17
15
6
17
12
18
27
29
36
26

Depth

2'

4'

6'

8'

10'

12'

14'

16'

SOIL DESCRIPTION
(1) 0-6" yellow brown silty sand

6-10" light tan to white sand and ash
black ash, brown red sand last 4"

(2) red brown sand grades to a sandy silt,
cohesive

(3) red brown medium grain silty sand
some evidence of fill (red brick chips)

(4) medium grain red to tan sand grades to fine
grain red brown silty sand
iron staining throughout

(5) medium grain red to tan sand
heavy iron stained modling

(6) tan sand grades to medium grey silty sand
grades to sandy grey silt, cohesive

(7) tan to grey silty sand grades to grey silty
cohesive medium grain sand to grey
medium grain sand

(8) tan to grey medium grey sand grades to
sandy silt, dense and cohesive
some trace dark grey clay grades back to
silty grey sand, some small qtz pebbles

WELL
CONS REMARKS

(7) 3" spoon

(8) 3" spoon

EOB @ 16'

• : . • . . : . : • . • - . . . • • . . . • . • . . . • • . . . . . ; . . : . : • ' : : \ ' : ;
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MALCOLM PIRNIE, INC. BOR.NG: SB-OS
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: Welsbach/GGM Stfe DATE: 2/10/98
JOB NUMBER: 9001230 LOCATION; FormtrWelsbackFac.
DRILLING FIRM: AC Shutter WEATHER: -50; sunny skiw
DRILLING METHOD: Hollow Stem Augw 4 1/2 t.D. Continuous 2" Sptitspowia ELEVATION:
DRILLER: Elt DATUM:
HELPER: Chris HYDROGEOLOGIST:

SAMPLE INFORMATION
No.

1

2

tfepth

0-2'

2-4'

Rec Blowi

27

5

19

8

per «•

18

8

13

14

Depth
0'
3"

V

2'

4'

: SOIL DESCRIPTION
Asphalt
Concrete

Black sand and slag with red brick fragments

Reddish brown medium grain sand

Auger refusal (Bldg. foundation, metal, and Brick)

. . . Lost two auger teeth in the hole

WELL
CONS

Patrick Rabkleau

REMARKS
Started hole at 1520

120CPM

BOB
Completed hole at 1545

• • • • • - • : : ' ' : : • " "• : • • ; • : • • • . - . : : • . • • ' .
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MALCOLM PIRNIE, INC. BORING: SB-IO
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: Welsbach/GGM Stte DATE: 2HO/98
JOB NUMBER; 8001230 LOCATION; Former Welsbach Faa
DRILLING FIRM; AC Stiutte* WEATHER: Sunny, dwr
DRILLING METHOD: Hollow Steni Auger 4 1/2 t.D. Continuous 2" SpJitspoons ELEVATION:
DRILLER: Frank Staffer DATUM:
HELPER: Emilia Zeolo HYDROGEOLOGIST: John Iftavlt*

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

8

Depth
0-2'

2-4'

4-6'

6-8'

8-101

10-12'

12-14'

14-16'

Rec
8"

16"

14"

12"

16"

16"

18"

12"

Blows per 8"
24

100/2
10
14
2
15
34
52
18
42
6
12
2
10
2
6

46

8
19
8
29
56

100/2
47
17
8
12
7
10
2
8

Depth

2'

4'

6'

8'

10'

121

14'

16'

! SOIL DESCRIPTION
(1) ash fill and red brick, some concrete

refusal @ 14"

(2) medium to fine grain tan brown silty sand
grades to a light tan to white fine grain sand

(3) light tan to white fine grain silty sand
slightly cohesive

(4) light tan fine to medium grain sand,
iron stained modling

(5) coarse to fine grain silty sand light brown
to tan, some modling

(6) coarse to fine grain silty sand grades to
a very cohesive grey clay

(7) very cohesive grey clay grades to a
softer brown to tan clay

(8) soft brown clay grades to a medium to fine
grain silty red to brown sand

! WELL
CONS REMARKS

(1)3" spoon
Spoon refusal @ 14"
Auger to 2' through red
brick and concrete

. . . : ; • • . ' . . . . . ; ' ' : ' : ; . ' "
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MALCOLM PIRNIE, INC. BORING SB-n
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME; WfllSbach/GGM SK» DATE: 210/98
JOB NUMBER; 8001230 LOCATION; Fomw Welsback F«c.
DRILLING FIRM: ACStui»« WEATHER: -50, sunny skiw
DRILLING METHOD: Hollow Stem Auflor 41/2 1.D: Continuous 2" SpWspoons ELEVATION:
DRILLER: Ell DATUM:
HELPER: Chrfs

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

8

O r̂th

0-2'

2-4'

4-61

6-8'

8-10'

10-12'

12-14'

14-16'

*K Blows

3

5

15

18

14

5

3

1

6

28

14

19

5

9

4

2

p»r<T

16

17

14

13

3

14

9

7

28

18

15

9

4

12

4

0

Depth
0'
3"

V

2-

4'

8

8'

Iff

12'

14'

161

HYDROGEOLOGIST:

! SOIL DESCRIPTION
Asphalt
Concrete

Red Brick

Black sand and slag

WELL
CONS

Patrick RabkJeau

REMARKS
Started note at 1700

40CPM

40CPM

70CPM

65CPM

50CPM

80CPM

40CPM

60CPM
BOB
Completed hole at 1800

; . - . : . . ' ; : : : • • • • . ' . - • , : ; : ' : ; : : . : - . : - : : ; • • : ; ; : ! ; ; . : : ; : ' : ; ' . • • . . - ' • . ' • ' : ; . • ; • ; . . - : ; ' ' ' : : • ; • ; : ' ; ; . ; • ' : • ; ; • : ; ' • . . • '
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MALCOLM PIRNiE, INC. ROPING SB- 12
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME; Welsbach/GGM Site DATE: 2X11/98
JOB NUMBER: 8001230 LOCATION: Fomw Welsbach Fac.
DRILLING FIRM: ACSIiuHe* WEATHER: Sunny to P-doudy 35
DRILLING METHOD: Hollow Stem Auger 4 1/2 t.D. Continuous 2" Spttspoona ELEVATION:
DRILLER: Frank Steffen DATUM:
HELPER: EmilioZeolo HYDROGEOLOGIST: John Iftavlts

SAMPLE INFORMATION
Mo.
1

2

3

4

Depth
0-2'

2-4'

4-61

6-8'

Rec
16"

14'

10"

2'

Blows per 8"
38
47
12
12
6
4
1

18

43
36
16
11
4
2
3
9

Depth^

2'

4'

6'

8'

SOIL DESCRIPTION
(1) dark ash/fill to coarse/fine grain silty sand

with debris brick chips and qtz pebbles

(2) red brown to tan medium silty sand with
crystaline quartz pebbles

(3) medium grain silty sand with quartz pebbles
brown to grey, moist

(4) wood debris and consolidated unsorted
sand, medium to coarse grain with
qtz pebbles

WELL
CONS REMARKS

(1)3" spoon

DTW @ approx. 7'

EOB @ 8'
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MALCOLM PIRNIE, INC. BORING: 8B.ia
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: Welsbacfc/GGM Site DATE: 2/10/98
JOB NUMBER: 8001230 LOCATION; Fomw WWsbacJc F«c.
DRILLING RRfcfe ACS*iu«e» WEATHER: -50, sunny skivs
DRILLING METHOD: Hollow Stem Auflw 4 1/2 f.D. Continuous 2" SpWspoons ELEVATION:
DRILLER: Elf DATUM:
HELPER: Chris HYDROGEOLOGIST: Patrick Rabtdeau

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

Depth

0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-13'

RBC Slows par 8*

a

7

5

6

6

11

20

7

8

14

14

14

31

11

21

20

10

23

21

5

11

8

13

Depth
0'
3'

2'

4'

5'4"

6'

• 8'

Iff

121

13'

SOIL DESCRIPTION
Asphalt
Black sand and slag with pebbles and cobbles

M «

" and wood

Black sand and slag

Black sand and slag

Black sand and slag

Black sand and slag

Auger refusal

WELL
CONS REMARKS

Started hole at 1900
20CPM

40CPM

20CPM

50CPM

40CPM

20CPM

30CPM

BOB
Completed hole at 1940



MALCOLM PIRNIE, INC. BORING: SB.™
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: WelsbacJVGGM Stfe DATE: 2/11/98
JOB NUMBER; 8001230 LOCATION; Fomer W»lsb«ch Fac.
DRILLING RRM: ACShuHe* WEATHER: mosttv doudv 35
DRILLING METHOD: HollowStem Auger 4 1/2 i.O. Continuous 2" Spiitspoons ELEVATION:
DRILLER: Frank Stuffen DATUM:
HELPER: Emilia Zeoto

SAMPLE INFORMATION
Mo.
1

2

3

4

5

6

7

8

Depth
0-2'

2-4'

4-6'

6-8'

8-10'

10-121

12-14'

14-16'

Roc
10"

14"

16"

NR

18"

14"

20"

18"

Blows
4
3
7
17
7

20
14
18
10
29
8

50
11
42
8
8

3
6
16
26
14
21
16
28
31
38
28
59
31
56
8
13

perCT Depth

2'

4'

61

8'

10'

12'

14'

16'

HYDROGEOLOGI3T: Jofm Iftavlte

SOIL DESCRIPTION
(1) weathered red brick (8") grades to medium

grain brown to tan silty sand (2")

(2) coarse to medium grain brown to red sand
grades to siltysand, more cohesive and
back to all sand then to a silty cohesive
sand

(3) medium grain silty sand, cohesive,
grades to grey white clay with sand

(4) No Recovery

(5) Medium to coarse grain silty sand red to
brown, cohesive, grades to a fine grain
'white to tan sand

(6) fine grain white sand

(7) grey to white medium to fine grain silty sand,
cohesive, grades to yellow tan iron stained
fine sand, grades to fine grain white sand

(8) tan to white fine grain sand, grades to
silty sand, grades to grey dense clay,
very cohesive

WELL
CONS REMARKS

(4) lost spoon basket tip

: ' ' . • : • • - . • • • • . . . - . - • . . . •
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MALCOLM PIRNIE, INC. BORING: SB-, 5
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: WelSbach/GGM Site DATE: 2/11/98
JOB NUMBER; 8001230 LOCATION; Formw Walsback Fac.
DRILLING FIRM: ACShutte* WEATHER: -50, surmy skiu
DRILLING METHOD: Hollovn Stem Auger 4 1/2 J.D. Continuous 2" SpJitspoons ELEVATION:
DRILLER: Ell DATUM:
HELPER: Chris HYDROGEOLOGIST: Patrick RabWeau

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

8

Depth

0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

Rec Blows

22

7

6

3

13

2

7

2

12

16

6

8

17

6

13

5

perr

9

2

8

10

16

14

9

10

7

4

10

17

20

14-

11

18

Depth
0'
3"

1'

2'

4'

6'

7*

8'

9'

10'

12'

12'8"

14'

15'6"

16'

SOIL DESCRIPTION
Asphalt
Black sand and slag with pebbles and cobbles

Light brown to white silty sand

" showing clayey features
Becoming more plastic

Gray clay (dense and very plastic)

Reddish brown sand

Gray clay (dense and very plastic)

Light gray to white clay

WELL
CONS REMARKS

Started hole at 1000

350 CPM

140 CPM

150 CPM

170 CPM

100 CPM

140 CPM

220 CPM

100 CPM
BOB
Completed hole at 1100

Pag* 1 of 1

300973



MALCOLM PIRNIE, INC. BORING: SB-IS
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: Welsbach/GGM Site DATE: 2/13/98
JOB NUMBER: 8001230 LOCATION; Fonmar Welsbach Faa
DRILLING FIRM: ACShuHe* WEATHER: P-ctoudy bf»ezy 35-40
DRILLING METHOD: Hollow Stem Auger 4 M2 1.D. Continuous V" SpBtspoons ELEVATION:
DRILLER: Frank Steffeo . DATUM:
HELPER: EmilioZaoto HYOROGEOLOGIST:

SAMPLE INFORMATION
No.
1

2

3

4

5

Depth
0-2'

2-4'

4-6'

6-8'

8-10'

Rec
16"

16"

4"

14"

12-

Blowf
32
40
19
20
4
7
2
3
1
1

48
32
21
17
5
8
3
4
1
1

perfl* Depth

21

4'

6'

8'

10'

SOIL DESCRIPTION
(1) dark brown to black ash and medium grain

sand fill material, brick chips, grades to
yellow brown poorly sorted sand with silt
grades to white poorly sorted sand
(carbonate?)

(2) dolomite pepples mixed with fill ash,
red brick chips, grades to dark brown
medium to fine grain sand, silty

(3) dark brown medium to fine grain sand, silty

(4) SAA moist to saturated

(5) SAA saturated

WELL
CONS

Jofm Ifkovlts

REMARKS

(3) 3" spoon, no basket
little recovery

DTW @ approx. 8'
EO8 @ 10'

Pige 1 of 1



MALCOLM PIRNIE, INC. BORING: SB.™
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: WelSbach/GGM Site DATE: 2/11/98
JOB NUMBER: 8001230 LOCATION: Porniar Welsbactc Fac.
DRILLING FIRM: AC S*iutte» WEATHER: -S0> surmy skies
DRILLING METHOD: Hollow Stem Auger 4 1/2 t.D. Continuous 2" Spiitapoons ELEVATION:
DRILLER: Ell DATUM:
HELPER: Chris HYDROGEOLOGI3T: Patrick RabWeau

SAMPLE INFORMATION
No.

1

2

3

4
.

5

6

7

8

Depth

0-2'

2-41

4-6'

6-fl'

8-10'

10-12'

12-14'

14-16'

Rec Blows

31

5

3

17

4

5

13

14

14

4

5

20

9

11

17

17

pore-

15

5

4

25

16

17

10

30

16

6

7

32

25

24

11

49

Depth
0'
3"

6"

2'

4'

6'

8'

Iff

12'

13'2"

14'

15'

161

SOIL DESCRIPTION
Asphalt
Brick

Reddish brown sand

Light brown to gray silty clay

Light brown to white sand

Light gray to white clay (very dense)

White weathered rock (dolomite)

WELL
CONS REMARKS

Started hole at 1230

900 CPM

600 CPM

400 CPM

1000 CPM

300 CPM

200 CPM

220 CPM

220 CPM
BOB
Completed hole at 1300

Page 1 of 1



MALCOLM PIRNIE, INC.
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

BORING: SB-18

PROJECT NAME: Welsbach/GGM Site DATE: 2/13/98
JOB NUMBER; 8001230 LOCATION; Former Welsbach Fac.
DRILLING FIRM: ACSJiuttea WEATHER: P-doudy 35
DRILLING METHOD: Hollow Stem Auger 4 1/2J.D. Continuous 2" Sptttspooos ELEVATION:
DRILLER: Frar* Staffer DATUM:
HELPER: Emilio Zeolo

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

8

Depth
0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

RBC
2"

14"

22"

10"

3"

3"

3"

10"

Blows per 6"
100/2

34
31
12
25
2
18
6

100/3
9

38
13
18
10

60
70
22

100/3
15
14
13
3

100/3

32
11
8
6

HYDROGEOLOGIST: John Iftavits

Depth

2'

4'

6'

8'

10'

12'

14'

16'

SOIL DESCRIPTION
(1) ash and sand fill, some pebbles

(2) dolomite pebbles (fill) ash and debns, white
to tan medium to fine grain sand
grades to poorly sorted sand stone type
conglomerate

(3) brown medium to fine grain silly sand
sone orcanic lenses (dark) some fill material
brick chips and pebbles

(4) brown medium to fine grain silty sand fill, rec
brick and slag grades to sandy fill mix with
slag and bhck chips

(5) dense sand fill conglomerate, wood

(6) brown medium to fine grain silty sand (fill)

(7)SAA

(8) SAA, fill, wood

t

WELL
CONS REMARKS

(1) spoon refusal @ 2"
auger to 2'

(3) 3" spoon
spoon refusal @ 5'9"
auger to 6'

(5) Volatile Oder from spoon
2 units above bkg on H-nu
wood blocked spoon
(6) spoon refusal @ 10'9"
Volatile Oder
auger to 1 2'
(7) Volatile Oder
(8) Volatile Oder
5 units above bkg on H-nu

Page 1 of 1
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MALCOLM PIRNIE, INC. BORING: ss-19
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: Welsbach/GGM Stt« DATE: 2/11/98
JOB NUMBER: 8001230 LOCATION: Former Wfclaback Fac.
DRILLING RRM: ACStiuSe* WEATHER: -50, sumg< skin
DRILLING METHOD: Hollow Stem Auger 4 1/2 t.D. Continuous 2" Sp»tt8poons ELEVATION:
DRILLER. Elt DATUM:
HELPER: Chrfe

SAMPLE INFORMATION
Me.

1

2

3

4

5

6

7

a

Deptti

0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

Rec Blows

100

5

2

44

13

4

8

7

20

5

4

66

15

10

10

18

parr

17

5

8

74

19

12

12

31

11

5

9

0

24

9

40

36

HYDROGEOLOGIST: Patrick RabkJeau

D*pth
0'
3"

6'

2'

4'

6'

6'5"

8'

9'

10'

12'

14'

16'

SOIL DESCRIPTION
Asphalt
Black sand and slag

Rock

Reddish brown silly clay

Reddish brown silly sand

White sand

WELL
CONS REMARKS

Started hole at 1430

20CPM

40CPM

70CPM

30CPM

20CPM

50CPM

20CPM

10CPM
BOB
Completed hole at 1520

Page 1 of 1
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MALCOLM PIRNIE, INC. BORING.- SB-2o
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: WelSbach/GGM Site DATE: 2/13/98
JOB NUMBER: 8001230 LOCATION: Fornw Welsbach Fac.
DRILLING FIRM: ACSiutte* WEATHER: P«*>udy 25-30
DRILLING METHOD: Hollow Stem Auger 4 1/2 t.D. Continuous 2" Sptttspoons ELEVATION:
DRILLER: Frank Staffed DATUM:
HELPER: EmilioZeoto HYDROGEOLOGIST: John Iflwvils

SAMPLE INFORMATION
No.
1

2

3

4

5

6

7

8

Depth
0-2'

2-4'

4-e-

6-8'

8-10'

10-12'

12-14'

14-16'

Rec
8"

22"

24"

22"

14"

20"

16"

22"

Blows
5
6
18
21
4
27
37
19
5
17
10
11
15
19
13
18

4
10
22
43
20
62
17
25
10
21
6
14
20
23
13
29

per 8" Depth

2'

4'

6'

8'

10'

12'

14'

16'

SOIL DESCRIPTION
(1) black organic sand/fill red brick chips,

grades to medium to fine tan silty sand
some fill debhs

(2) tan to brown silty medium grain sand
red bricks to sand to bricks

(3) fill caned down from above (10")
red brick graded with medium to fine grain
silty sand, waxy clay like substance @ 5'6"

(4) tan to white fine grain sand, large qtz
pebble @ 7'8"

(5) medium grain white to tan sand grades to
red brown coarse grain silty sand

(6) fill caried down from above (8")
red brown coarse grain silty sand,
some modling

(7) red brown coarse grain sand with qtz
pebbles, grades to fine grain white to tan
sand with inon stained modling

(8) coarse grained ged brown sand with qtz
pebbles, grades to dedse silty red brown
sand, grades to dense grey brown clay
back to sandy clay

WELL
CONS REMARKS

(3) 3" spoon
waxy clay- 2400 cpm

Page 1 of 1
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MALCOLM PIRNIE, INC. BORING: SB.2i
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: WelSbacWGGM Site DATE: 2/13/98
JOB NUMBER: 8001230 LOCATION; Fomw Welsback F«c.
DRILLING FIRM: ACShuUer WEATHER: -50, sunny skiM
DRILLING METHOD: Hollow Stem Augw4 1/2 l.D. Continuoos 2" SpStspootis ELEVATION:
DRILLER: Eli DATUM:
HELPER: Chris

SAMPLE INFORMATION
Mo.

1

2

3

4

Depth

0-2'

2-4'

4-6'

6-8'

5 8-10'

RBC Blows

100

5

2

44

13

20

5

4

66

15

per a*

17

5

8

74

19

11

5

9

0

24

HYDROGEOLOGIST:

Depth
0'
3"

V

2'

4'

6r

81

8'10"
9'

10'

SOIL DESCRIPTION
Asphalt
Concrete

Dark gray to black sand

" with brick fragments

Dark gray to black sand

« «

" soil is much more cohesive
and slightly wet

" (loose and very wet)
GROUNDWATER

WELL
CONS

Patrick Rabtdeau

REMARKS
Started hole at 1245

30CPM

40CPM

30CPM

40CPM

60CPM
BOB
Completed hole at 1315

Page 1 of 1



MALCOLM PIRNIE, INC. BOR.NG: se-22
ONE INTERNATIONAL BOULEVARD MAHWAH. NEW JERSEY 07495-0018

PROJECT NAME: Welsbach/GGM Site DATE: 4/25/98
JOB NUMBER; 8001230 LOCATION; Format Welsbach Fac.
DRILLING FIRM; AC Sftutte* WEATHER: Sunny, dear -65
DRILLING METHOD: Hollw* Stem Auger 4 1/2 t.D. Continuous 2" SpJrtspooflS ELEVATION:
DRILLER: Eli Gonzates DATUM:
HELPER: Donftnic HYDROGEOLOGIST: Bcyn Wo»l

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

8

Depth

0-2'

2-*1

4-6'

6-8'

8-10'

10-12'

12-14'

14-145'

Rec Blows
21

12

a

22

4

5

7

23

12

13

10

5

4

3

11

per V
13

12

12

6

3

3

19

11

11

9

9

3

7

42

Refusal

Depth
0'

r

2'

4'

5'

6'

8'

10'

12-

14'

14.5'

: SOIL DESCRIPTION
Black fill material

Coarse grained reddish brown sand

Light brown/tan coarse grained sand

Fine grained white sand. Very compact layer

Fine grained white sand

Medium grained white sand

Auger Refusal - BOB

WELL
CONS REMARKS

Started hole at 1000
400 cpm

40 cpm

40 cpm

50 cpm

40 cpm

40 cpm

50 cpm

50 cpm

; • : • • • • - . • - : - . . - . . • • • . ' . • : : ; : • : ; ' ; ; ' . ' ' • . . . : • : : ; : . : ; . : : : ; . : • • •'.. • • ' • • • ; - . ; ; . : . • : , ' • • :
 : .
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MALCOLM PIRNIE, INC. BORING: SB-?:,
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: Welsbach/GGM Site DATE: 2/13/98
JOB NUMBER: 8001230 LOCATION: Former WalsbackFsc.
DRILLING FIRM: AC Shutter WEATHER: -50> sunny skin
DRILLING METHOD: Hollow Stem Auger 4 1/2 t.D. Continuous 2* Sptftspoons ELEVATION:
DRILLER: Eli DATUM:
HELPER: Chris HYDROGEOLOGIST:

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

Depth

0-21

2-4'

4-6'

6-81

8-10'

10-12'

12-14'

Rec Blows per 6"

Auc

40

6

34

30

44

66

19

50

12

36

er

32

20

21

10

32

27

12

24

16

16

Depth
0'
3"

2'

4'

6'

7'

8'

10'

12'

13'4"

14'

SOIL DESCRIPTION
Asphalt
Concrete and rock fragments (dolomite and quartz)

No recovery - Rock fragments (dolomite and quartz)

Rock fragments - (Dolomite and quartz) with some
black sand

Black sand and red brick fragments

" - slight odor of oil

Rock Fragments (dolomite)

" • slight odor of oil

GROUNDWATER

WELL
CONS

Patrick Rabideau

REMARKS
Started hole at 1 345

NONE

20cpm

20cpm

20.cpm

40cpm

30cpm

20cpm
BOB
Completed hole at 1500

' ' : . : . . . . : ' . . . : - ' • . ' ' . . ; • ' ! . . - ' : • . : • : !
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MALCOLM PIRNIE, INC. BORING, se-24
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: W«lsbach/GGM Site DATE: 4/25/98
JOB NUMBER: 8001230 LOCATION; Former Welsbach Fat
DRILLING FIRM: ACShuHe* WEATHER: Sunny, daar -65
DRILLING METHOD: Hollow Stem Auger 4 1/2 f.D. Continuous 2" Sptttspowis ELEVATION:
DRILLER: Eli Gonzafes DATUM:
HELPER: Oonftnic

SAMPLE INFORMATION
Ho.

1

2

3

4

5

6

7

8

Depth

0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

RBC Blows per 6'
25

5

10

4

5

3

4

3

3 blows total

5

7

11

8

8

10

7

15

13

10

19

10

21

14

12

27

15

27

12

6

Depth
0'

0.5'

V
1'2"

2'

4'

6'

8'

9.5'

101

12'
12.5'

13'

14'

16'

HYDROGEOLOGIST: Bryn Woll

SOIL DESCRIPTION
Asphalt
Medium grained red sand

White fill layer
Medium grained red sand

No recovery (asphalt)

Void underground - no recovery Could be the result
of construction for tunnel

Fine to medium grained light reddish brown sand
Not much recovery. There were rotten wood
fragments in sand.

Fine grained white sand

Coarse grained red (rust colored) sand

Coarse grained reddish brown (rust colored,
almost orange) sand

Coarse grained reddish brown sand
Medium grained gray to black sand

Coarse grained white sand

Coarse grained gray grading to black sand

BOB

; W6LL
CONS REMARKS

Started hole at 1 1 30
White layer is 2400 cpm The
rest is 1500 cpm.

600 cpm

N/A

300 cpm

100-120 cpm

100-140 cpm

800 spm - High reading could
be due to drawdown in the
spoon.

150 cpm

Page 1 of 1
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MALCOLM PIRNIE, INC. BORING: se-25
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: Welsbach/GGM S«e DATE: 2/13/98
JOB NUMBER: 8001230 LOCATION; Fonm«r Welsback Fac.
DRILLING FIRM: ACSJiutte* WEATHER: -50, sunny ski«
DRILLING METHOD: Hollow Stem Auger 4 1/2 t.D. Continuous 2" SpWspoona ELEVATION:
DRILLER: Eli DATUM:
HELPER: Cfcris

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

8

Depth

0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

Rec Blows

Auger

14

12

6

49

13

13

13

14

13

16

6

44

5

40

12

perfi'

7

9

6

5

15

12

41

28

4

4

6

7

24

7

41

HYDROGEOLOGIST:

Depth
0'
3"

2'

4'

5'2-

6'

6'4"

8'

10'

12'

14'

16'

SOIL DESCRIPTION
Asphalt
Dark brown sand with red brick fragments

No recovery

Red Bnck Fragments

Black sand with rock and red brick fragments

Light brown to white sand

WELL
CONS

Patrick Rabkleau

REMARKS
Started hole at 1630

20CPM

NONE

30cpm

30cpm

20 cpm

20cpm

20 cpm

20 CPM
BOB
Completed hole at 1730

3WW3



MALCOLM PIRNIE, INC. BORING: se-26
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

NOTE: This boring log was lost. Information below was copied out of log book.
PROJECT NAME: Welsbach/GGM Site DATE: 4/25/98
JOB NUMBER: 8001230 LOCATION: Former Welsbach Facv
DRILLING FIRM: ACSfcutte* WEATHER: Sunny, claar -65
DRILLING METHOD: Hollow Stem Auger 4 1/2 t.D. Continuous 2" Sc«t8pooji8 ELEVATION:
DRILLER: EliGonzates . DATUM:
HELPER: Donftnic

SAMPLE INFORMATION
No.

1

2

3

4

^

5

6

7

8

Depth

0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

RBC Blows per 8" Depth
0'

2'

4'

6'

8'

10"

12'

14'

16'

HYDROGEOLOGIST: Bryn Woll

SOIL DESCRIPTION

Crushed red bhck

Medium grained light reddish brown sand

Fine grained light brown sand

Fine grained white sand

BOB

WELL
CONS REMARKS

Started hole at 1 300
80-100 cpm

140cpm

40-60 cpm

60 cpm

80- 100 cpm

60 cpm

60 cpm

60 cpm

Pa



MALCOLM PIRNIE, INC. BORING: SB.27
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: Welsbach/GGM Site DATE: 2/13/98
JOB NUMBER: 8001230 LOCATION: Former Welsbadc Fac.
DRILLING RRM: ACShutte* WEATHER: -50, sunny skiM
DRILLING METHOD: Hollow Stem Auger 4 1/2 1.D. Continuous 2" SpHtBpoons ELEVATION:
DRILLER: Eli DATUM:
HELPER: Chris

SAMPLE INFORMATION
No.

1

2

3

4
.

5

6

7

Depth

,

0-2'

2-4'

4-6'

6-8'

8-10'

1f>12'

12-14'

Rec Blows par 6"

Auc

12

2

14

8

8

7

er

9

10

30

62

20

9

12

9

4

33

34

10

13

a

10

5

45

47

7

9

HYDROGEOLOGIST: Patrick Rattdeau

Depth
0'
3"

2'

4'

4'8"

6'

8'

8'6-

101

12'

13'8"

141

SOIL DESCRIPTION
Asphalt
Concrete

Reddish brown and black sand with red bnck
fragments

Light brown sand

Dark brown to black silty sand (very cohesive)

Light gray silty clay (dense and very plastic)

Reddish brown sand

* " with red brickk fragments

Reddish brown silty sand (more cohesive)

Light brown sand (very wet)

GROUNDWATER

WSLL
CONS REMARKS

Started hole at 1940

300 CPM

80CPM

200 CPM

20 CPM

500 CPM

80 CPM

80 CPM
BOB
Completed hole at 2015



MALCOLM PIRNIE, INC. BORING: sB-?8
ONE INTERNATIONAL BOULEVARD MAHWAH. NEW JERSEY 07495-0018

NOTE: This boring log was lost. Information below was copied out of log book.
PROJECT NAME: WelsbacWGGM S«e DATE: 4/25/98
JOB NUMBER; 8001230 LOCATION; Former Welsbach Fac,
DRILLING FIRM: ACStiulte* WEATHER: Sunny, clear -65
DRILLING METHOD: Hallow Stem Auger 4 1/2 $.0. Continuous 2" Sptttspoons ELEVATION:
DRILLER: Eli GonzaJes DATUM:
HELPER: Donimic HYDROGEOLOGIST: Brvn Woll

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

8

Depth

0-2'

2-4'

4-61

6-8'

8-101

10-12'

12-14'

14-16'

Rec Blows per 6*
48

6

18

6

8

5

6

9

3 blows total

17

1

8

8

4

4

2

7

10

6

3

1

9

12

3

4

2

10

8

2

Depth
o-

2'

4'

6'

T

8'

9'

10'

11.5-

12'

14'

16'

SOIL DESCRIPTION
No recovery (asphalt)

Medium grained brown sand

Coarse grained tan/ gray brown sand

Fine grained gray brown sand

Fine grained brown sand

Fine grained brown sand, grading to medium grained
around 11'

Medium grained white sand

Coarse grained white sand

BOB

: WELL
CONS REMARKS

Started hole at 1500
1 20 cpm

200-250 cpm

80 cpm

40-60 cpm

60-80 cpm

60-80 cpm

60 cpm

80 cpm

- • . . • . . . - • • • : • ' • • • • • • • • • . . - . . • . •
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MALCOLM PIRNIE, INC. BORING se-29
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: WelsbacWGGM Sife DATE: 4/25/98
JOB NUMBER: 8001230 LOCATION; Former Welsbach Fac.
DRILLING FIRM: AC Sfcuttes WEATHER: Sunny, dear -65
DRILLING METHOD: Hollow Stern Auger 4 1/2 t.D. Continuous 2" Sptitspoons ELEVATION:
DRILLER: Eli Gonzates DATUM:
HELPER: Donftnic HYDROGEOLOGIST: Bryn Wo«l

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

a

Depth

0-2'

2-4-

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

Rec Blows par 6*
46

11

12

5

12

5

6

12

23

9

15

5

15

6

8

17

12

8

13

7

17

7

7

15

11

6

11

12

10

12

6

19

Depth
0'

r

2'

4'

5'

6'

8'

9'

10'

10.5'

115'

121

14'

16'

SOIL DESCRIPTION
Asphalt

Red brick

Red brick. Cuttings showed dark brown medium to
coarse grained sand as well.

Red brick

Coarse grained light reddish brown sand

Tan colored clay and sand holding together gravel and
pieces of metal debns - very cohesive

Reddish brown gravelly sand Not as cohesive as
overlying layer

Gray clayey sand - very compact and cohesive/solid.

Fine grained white sand

Fine grained white sand with bands or streaks of
orange/rust color

BOB

WELL
CONS REMARKS

Started hole at 1 545
140 cpm

250 cpm

200 cpm

60 cpm

1 50 cpm

120 cpm

60 cpm

40 cpm

. • . : • . • : : - . : . ' . : • ; ; . - - . . • . . • .
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MALCOLM PIRNIE, INC. BOR.NG: SB.3Q
ONE INTERNATIONAL BOULEVARD MAHWAH. NEW JERSEY 07495-0018

PROJECT NAME: WelSbach/GGM Site DATE: 4/26/98
JOB NUMBER: 8001230 LOCATION; Fonmw Wtelsbach Fa<x
DRILLING FIRM: AC Snuttet WEATHER: Rainy, coal -55
DRILLING METHOD: Hollow Stem Auget 4 1/2 I.D. Continuous 2" SpBtspoona ELEVATION:
DRILLER: Eli Gonzates DATUM:
HELPER: Donimic

SAMPLE INFORMATION
No.

1

2

3

Depth

0-2'

2-4'

4-5'

Rec Blows
58 47

per 6"
42 39

Spoon refusal

Auc ured through

Depth
0'

V

2'

4'

5'

HYDROGEOLOGIST: BrynWoll

SOIL DESCRIPTION
Asphalt

Fill material • red brick and stones stuck together
with brown clayey sand

No recovery - augured through cement

Augured through cement

BOB

WELL
CONS REMARKS

Started hole at 08 15
BOcpm

Augured down to 5' thru cement.
Stopped at 5'.

• . : : ' ' • ' - - - • . : : • : •

Pagel of 1



MALCOLM PIRNIE, INC. BORING: SB-3i
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

NOTE: Background RAD by pancake detector for this hole is 250 cpm.
PROJECT NAME; WelsbacWGGM Site DATE: 4/26/98
JOB NUMBER; 8001230 LOCATION; Forniar Wfclsbach Fac,
DRILLING FIRM: ACShuttes WEATHER: Rainy, coal -55
DRILLING METHOD: Hollow Stem Auger 4 1/2 t.D. Continuous 2" SoWspoons ELEVATION:
DRILLER: £li Gonzates DATUM:
HELPER: Oonftnic HYDROGEOLOGIST: Btyii Wotl

SAMPLE INFORMATION
No.

1

2

3

4

*

5

6

7

8

Depth

0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

Rec Blows per 6"
24

12

10

24

24

13

8

10

14

10

8

22

22

8

7

13

12

12

6

19

18

9

10

15

11

14

5

17

19

11

9

10

Depth
0'

V

2'

3.5'

4'

6'

75'

8'

9'
9.5'

10'

11.5'

12'

13.5'

14'

16'

! SOIL DESCRIPTION
Asphalt

Fill material - white chalky fill material, red bnck,
and black material

Red brick

Brown clayey sand with black gravel - soil with fill

Reddish brown fine grained sand

Fine grained tan sand

Tan and rust colored gravelly sand with some clay.
Gravel is of varying type.

Grading into a grayish brown clay.
Gray sandy clay - very compact arid hard to break
apart.
Gray clay.

Medium grained white sand.

White sand grading into light reddish brown sand

Medium to coarse grained white sand.

BOB

WELL
CONS REMARKS

Started hole at 0845
700 cpm

440 cpm

600 cpm

250 cpm

250 cpm

250 cpm

250 cpm

250 cpm

300999 Page 1 of 1



MALCOLM PIRNIE, INC. BOR.NG: SB-32
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

NOTE: Background RAD by pancake detector for this hole is 250 cpm.
PROJECT NAME: Welsbach/GGM Site DATE: 4/26/98
JOB NUMBER: 8001230 LOCATION; Former Welsbach Fac.
DRILLING FIRM: ACS*iu«e» WEATHER: Rainy, coal -55
DRILLING METHOD: Hollow Stem Auger 4 1/2 t.D. Continuous 2" Splitspoons ELEVATION:
DRILLER: Eli Gonzafes DATUM:
HELPER: Donimic HYDROGEOLOGIST: Bryn Woll

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

8

Depth

0-2'

2-4'

4-61

6-8'

8-10'

10-12'

12-14'

14-16'

Rec Slows per 8'
45

12

5

10

5

7

3

5

42

10

4

12

7

9

4

3

18

8

3

8

6

6

4

7

16

10

3

10

9

8

3

5

Depth
0'

V

2'

4'

6'

6.5'

8'

10'

ir

12.51

14'

16'

SOIL DESCRIPTION
Asphalt

Red brick, brown sand and gravel - fill material

Fine grained reddish brown sand grading into fine
grained tan sand

Fine grained tan sand with some reddish colored
streaks

Medium grained white sand

Gray clay

BOB

W£LL
CONS REMARKS

Started hole at 094S
2000 cpm

80 cpm

80 cpm

60 cpm

100 cpm

60 cpm

30 cpm

30 cpm

Page 1 of 1
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MALCOLM PIRNIE, INC.
ONE INTERNATIONAL BOULEVARD MAHWAH. NEW JERSEY 07495-0018

BORING: SB-33

PROJECT NAME: Welsbacft/GGM Site DATE: 3/24/98
JOB NUMBER: 8001230 LOCATION; Former GGM Faci«y
DRILLING FIRM: ACStiulles WEATHER: Cloudy -53:
DRILLING METHOD: Hollow Stem Auger 4 1/2 l.D. Continuous 2" Sptrtspoons ELEVATION:
DRILLER: Eli Gonzates DATUM:
HELPER: OiuckLSKj HYDROGEOLOGIST: Patrick Rabideau

SAMPLE INFORMATION
Ho.

1

2

3

4

5

6

7

8

Depth

0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

^

14-16'

Sec Blows per 8'
9

7

67

6

8

3

6

8

8

8

19

21

20

5

4

6

5

7

17

22

24

6

4

2

7

10

9

27

24

5

2

4

Depth
0'
4"

V

2'

4'

6'

8'

NT

121

14'

14'6"
15-

16'

SOIL DESCRIPTION
Asphalt (no recovery)
Concrete

Reddish brown nedium sand

No recovery

No recovery

No recovery

No recovery

No recovery
Lost tip of fpoon in the hole

Reddish brown medium sand

Gray fine sand
Groundwater

BOB

WELL
CONS REMARKS

Started hole at 1317

Ocpm

Ocpm

Ocpm

Ocpm

Ocpm

Ocpm

60cpm

60cpm

Hole completed at 1430

: ' • ' . • • ' ' : • ' . . ' . . -

300PO
Page 1 of 1



MALCOLM PIRNIE, INC. BORING: ss-34
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT MAKE: WelSbach/GGM Site DATE: 3/25/98
JOB NUMBER: 8001230 LOCATION: FomerGQM Facilfty
DRILLING FIRM: ACStiulte* WEATHER: Sunny, daw -50
DRILLING METHOD: Hallow Stem Auger 41/2 1.D. Continuous 2" SpWspoons ELEVATION:
DRILLER: Eli Gonzates DATUM:
HELPER: CftucfcUnci HYDROGEOLOGIST: Patrick RabWeau

SAMPLE INFORMATION
Mo.

1

2

3

4

5

6

7

8

Depth

0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

Rec Slows per fi*
AUGER

12

13

29

13

8

5

7

2

9

15

15

8

6

6

3

8

17

11

9

8

6

13

10

23

13

5

4

8

Depth
0'

V

2'

4'

5'

6'

8'

9'8"

10'

10'9"

12'

14'

16'

SOIL DESCRIPTION
Granite cobbles (no recovery)

Reddish brown medium sand

Light brown and gray fine sand

• *

Gray silt (odor of fuel oil)

Gray silt

Light brown fine sand

BOB

WELL
CONS REMARKS

Started hole at 0900

Ocpm

240 cpm

500 cpm

80 cpm

80 cpm

100 cpm

100 cpm

Hole completed at 1000

Page 1 of 1



MALCOLM PIRNIE, INC. BORING: SB.35
ONE INTERNATIONAL BOULEVARD MAHWAH. NEW JERSEY 07495-0018

PROJECT MAKE: WelsbacWGGM SKe DATE: 3/25/98
JOB NUMBER: 8001230 LOCATION: Former GQM FaciWy
DRILLING FIRM: ACSJiutte* WEATHER: Sunny, daar -50
DRILLING METHOD: Hollow Stem Auger 4 1/2 l.D. CorrtinLWus 2" SpMtspoons ELEVATION:
DRILLER: EliGonzates DATUM:
HELPER: Chuck Und HYDROGEOLOGIST: Patrick RabkJeau

SAMPLE INFORMATION
He.

1

2

3

4

5

6

7

8

Depth

0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

Rac Blow*
AUGE

2

10

10

7

10

11

8

4

5

17

13

10

19

10

10

per 6'
5

5

12

17

9

8

9

8

8

12

14

15

8

7

9

10

Depth
0'
2"
8"
1'

2'

4'

5'

6'

8'

10'

12'

14'

15'8'

16'

; • ' • • ' - ' : : ' SOIL DESCRIPTION
Asphalt
Concrete
Black Fill
Reddish brown medium sand

Light brown and gray fine sand

• it

Gray medium sand (slightly wet)

BOB

WELL
CONS REMARKS

Started hole at 1030

220 cpm

90cpm

100 cpm

100 cpm

90 cpm

120 cpm

90 cpm

60 cpm

Hole completed at 1100

: :; :• '• : : I ' . ' \ ' • ' : :• ': ' . '• '.: .. •: .'• \. :•' ' : '. '• \ -.: .\ •': .- : ' • '- • ' :



MALCOLM PIRNIE, INC. BORING: SB.36
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT MAKE: Walsbach/GGM Site DATE: 3/25/98
JOB NUMBER: 8001230 LOCATION; Fomw GGM FacHRy
DRILLING FIRM: ACSfcu«e» WEATHER: Sunny, daar -60
DRILLING METHOD: Hollow Stem Auger 41/2 LD. Continuous 2" SpWspootis ELEVATION:
DRILLER: EliGonzate« DATUM:
HELPER: Chuck Untf

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

8

0»pth

0-2'

2-4'

4-6'

6-81

8-10'

10-12'

12-14'

14-16'

Rec Blows
AUGE

18

11

5

7

9

12

8

3

15

21

9

14

10

11

6

pare"
5

10

16

20

3

9

11

6

7

12

16

20

9

3

11

7

Depth
0'
2"
8"
V

2'

4'

6'

r

8'

10'

121

13'

14'

15'8"

16'

HYDROGEOLOGIST: Patrick Rabideau

\ SOIL DESCRIPTION
Asphalt
Concrete
Black Fill
Reddish brown medium sand

Gray fine sand

Light brown and gray medium sand

Gray medium sand (slightly wet)

BOB

WELL
CONS REMARKS

Started hole at 1130

2000 cpm

150cpm

150 cpm

150 cpm

100 cpm

100 cpm

80 cpm

60 cpm

Hole completed at 1215

' . : • • - • • : : . - • • . ' - ' • : • • . - . . - • ' . ' ' ' ' • : • • ' . . ' • • ' ' ' ' ' ' " : : : : ' : : ' . ' • - ' . • • • • • : i
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MALCOLM PIRNIE, INC. BORING: se-37
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: WelSbacft/GGM SB* DATE: 3/25/98
JOB NUMBER; 8001230 LOCATION; ForniarGQM FadHy
DRILLING FIRM: ACShu«e* WEATHER: Sunny, dwr -50
DRILLING METHOD: Hollow Stem Auger 4 1/2 1.D. Continuous 2" SpUtapoons ELEVATION:
DRILLER: Eli Gonzates DATUM:
HELPER: Chuck Un<* HYDROGEOLOGIST:

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

8

Depth

0-2'

2-4'

4-61

6-8'

8-10'

10-12'

12-14'

14-16'

Rsc Blows
12

7

4

22

3

6

4

5

8

9

8

12

4

7

6

8

per 6'
9

9

6

12

8

7

9

7

13

7

4

17

1

6

7

8

Depth
O1

2"

V

2'

4'

5'6-

6'

7'

8'

Iff

12-

13'

14'

15'8-

16'

SOIL DESCRIPTION
Asphalt
Black fill

Reddish brown medium sand

Light brown fine sand

Gray fine sand

Reddish brown medium sand

Gray fine sand

Gray medium sand (slightly wet)

BOB

WELL
CONS

Patrick RabWeau

REMARKS
Started hole at 1330

1200cpm

140 cpm

100cpm

150 cpm

100 cpm

180 cpm

100 cpm

120 cpm

Hole completed at 1420

. • ' ' • - • : . . - • - , : . ; • ' - • : ' ; ' . - • : - . - • • : - : ' • ' • : - • - - • " ' - . - . . . ' . ' • '
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MALCOLM PIRNIE, INC. BORING: SB.3a
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME; WelSbach/GGM Site DATE: 3/26/98
JOB NUMBER; 8001230 LOCATION; Fomw GQM FadWy
DRILLING FIRM: ACShulte* WEATHER: Sunny, dw -55
DRILLING METHOD: Hollow Stem Auger 41/2 t.D. Continuous 2" Sptitspoons ELEVATION:
DRILLER: Mark DATUM:
HELPER: Vinca HYDROGEOLOGIST: Bryn Woll

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

a

Depth

0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

Rec Slows per 6'
6

4

3

6

9

8

5

11

9

3

2

9

12

7

9

9

7

1

1

10

12

6

a

10

11

3

1

9

14

5

10

11

Depth
0'

0.5'

2'

4'

6'

8'

9'

10'

105'

12'

13'

14'

16'

SOIL DESCRIPTION
Dark brown to black soil

Black nil

Reddish brown medium to fine sand

No recovery

Reddish brown medium sand

Gray brown medium sand

Gray fine sand

Gray silty sand

Gray medium sand

Gray medium to fine sand

BOB

WELL
CONS REMARKS

Started hole at 0905

1 20 com

80cpm

The spoon came back empty.
Drillers tned to take another
sample, but second spoon
relumed nothing as well Void.

70cpm

60cpm

60cpm

60cpm

60cpm

sooner10'1



MALCOLM PIRNIE, INC. BORING: SB-39
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: WelsbadVGGM Site DATE: 3/26/98
JOB NUMBER. 8001230 LOCATION; Fonmsr GQM FacHfty
DRILLING FIRM: ACShuUe* WgATHER:: Overcast -50
DRILLING METHOD: Hollow Stem Auger 4 1/2 I.D. Continuous 2" SpJftspoons ELEVATION:
DRILLER: EliGonzaJes DATUM:
HELPER: Chuck Lind

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

3

Depth

0-2'

2-4'

4-61

6-8'

8-101

10-12'

12-14'

14-16'

Rec Blows per 6"
16

7

9

24

4

5

35

18

11

5

8

11

4

7

20

14

8

5

6

10

3

7

14

10

12

6

5

10

4

6

12

12

Depth
0'
2"

V

2'

4'

6'

7'
7'4"

8'
*

8'4"

10'

12'

14'

16'

HYDROGEOLOGIST: Patrick Rattdeau

SOIL DESCRIPTION
Asphalt
Black fill

Reddish brown medium sand

Light brown fine sand
Reddish brown medium sand

Gray fine sand

BOB

WELL
CONS REMARKS

Started hole at 0900

SOcpm

60cpm

BOcpm

BOcpm

60cpm

60cpm

SOcpm

SOcpm

Hole completed at 0945

• . . ' ' . . . - • ' ' . : • ' " . . ' • • • :
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MALCOLM PIRNIE, INC. BORING SJMO
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: Welsbach/GGM Sttfr DATE: 3/26/98
JOB NUMBER: 8001230 LOCATION: FomwrGGM Facilfty
DRILLING FIRM: ACShutte* WEATHER: Sunn* dear -55
DRILLING METHOD: Hollow Stem Auger 4 1/2 l.D. Continuous 2" Spfflspoons ELEVATION:
DRILLER: Mart DATUM:
HELPER: Vince

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

8

Depth

0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

Rec Blows per 8"
5

6

3

4

11

3

6

5

11

4

4

6

12

4

7

3

12

3

4

7

6

6

8

4

11

2

5

15

6

6

7

4

Depth
0'

0.5'

2'

4'

6'

7'

8'

91

10'

12'

14'

16'

HYDROGEOLOGIST: Bryn Wofl

SOIL DESCRIPTION
Soil

Black fill

Reddish brown medium to fine sand

Reddish brown medium sand

Reddish brown fine sand

Reddish brown medium sand

Gray fine sand

Gray medium sand

BOB

; WELL
CONS REMARKS

Started hole at 1045

120 com

100cpm

BOcpm

100cpm

SOcpm

SOcpm

60cpm

60cpm

Page 1 of 1



MALCOLM PIRNIE, INC.
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

BORING: SB-41

PROJECT NAME: WelSbach/GGM SSfc DATE: 3/26/98
JOB NUMBER: 8001230 LOCATION: Fonmw GGM Fad«y
DRILLING FIRM: ACShu«e* WEATHER: Overcast -50
DRILLING METHOD: Hollow Stem Auger 4 1/2 t.D. Continuous 2" SpWspoons ELEVATION:
DRILLER: Eli Gonzafes . DATUM:
HELPER: Chuck Lftid

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

8

Depth

0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

Rec Blows
3

5

3

5

3

6

8

9

5

5

4

9

7

10

5

7

per 8"
5

5

4

10

9

8

6

3

8

4

5

7

5

11

6

3

Depth
0'
4"

2'
2'3"

4'

6'

6'10'

8'

8'4"

101

12'

14'

16'

HYDROGEOLOGIST: Patrick RabkJeau

SOIL DESCRIPTION
Black soil (organic)
Black fill

Reddish brown medium sand

Light brown and gray fine sand

Gray fine sand

BOB

WELL
CONS REMARKS

Started hole at 1030

100 cpm

SOcpm

60 cpm

SOcpm

60 cpm

60 cpm

SOcpm

60 cpm

Hole completed at 1 1 1 5

: ' - ' ' . . ; . . . . : / ' : • : . • : ' . ' : : : ' ; . ! ' . • • • • • : . • • • . : • • : • . ] • ] - • • . • , ; : ; • : ' : ' : ; - ; ' . . . - . . ' . : ' • . •
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MALCOLM PIRNIE, INC. BORING: SB-42
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: Welsbach/GGM Site DATE: 3/26/98
JOB NUMBER; 8001230 LOCATION; FomwrGGM Facflfty
DRILLING FIRM: ACStiutte* WEATHER: Sunny, dwr -55
DRILLING METHOD: Hollow Stem Auger 4 1/2 t.D, Continuous 2" SpWspowis ELEVATION:
DRILLER: Mart DATUM:
HELPER: Vim* HYDROGEOLOGIST:

SAMPLE INFORMATION
No.

1

.2

3

4

-

5

6

7

8

Ctaptii

•
0-21

2-*'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

Rsc Blowi par 6*
AUGER

4

11

5

15

13

12

8

10

6

11

9

17

15

9

10

11

11

11

12

17

13

10

11

11

11

11

15

20

15

9

13

12

Depth
O1

0.5'

15'

2'

4'

6'

8'

9'

101

12'

13'

14'

16'

: SOIL DESCRIPTION
Asphauit

Reddish brown coarse sand

Black fill

Reddish brown medium sand

Gray sandy silt

Gray fine sand

Reddish brown medium sand

Gray fine sand

BOB

WELL
CONS

BrytiWoll

REMARKS
Started hole at 1 305

2200 cpm

1 50 cpm

100cpm

100 cpm

80 cpm

80 cpm

80 cpm

60 cpm

30100



MALCOLM PIRNIE, INC. BORING: SB-43
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: WelSbacfc/GGM Stta DATE: 3/26/98
JOB NUMBER: 8001230 LOCATION; FonrwGGM FaciWy
DRILLING FIRM: ACS»iu8e» WEATHER: Overcast -50
DRILLING METHOD: Hollow Stwn Augw 4 1/2 !.D. Continuous 2" Spttspoofis ELEVATION:
DRILLER: EltGonzafes DATUM:
HELPER: OiucfcUncJ

SAMPLE INFORMATION
No.

1

2

3

4

5

6

7

8

Dofrtit

0-2'

2-4'

4-6'

6-8'

8-10'

10-12'

12-14'

14-16'

Rec Blows
3

13

3

3

3

7

3

4

3

20

3

9

7

47

6

2

per«'
4

6

2

10

7

23

S

2

5

5

4

10

10

9

6

1

Depth
0'
4"

1'5'

2'

4'

6'

6'4"
6'10"

8'

8'6"

10'

12'

14'

161

HYDROGEOLOGIST:

\ SOIL DESCRIPTION
Black soil (organic)
Black fill

Reddish brown medium sand

" and quartz cobbles

Light brown silly sand
Reddish brown medium sand

Gray fine sand

N "

BOB

WELL
CONS

Patrick Rabideau

REMARKS
Started hole at 1 1 30

60cpm

60cpm

60cpm

30cpm

30cpm

20cpm

20cpm

30cpm

Hole completed at 1220

' ' ' • • • ' • ' . • " ' . : • ^ . : ' ':' ' . . • ' ! : ' : : •. •: :; J ' -: ' ' •' : :
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MALCOLM PIRNIE, INC.
ONE INTERNATIONAL BOULEVARD MAHWAH. NEW JERSEY 07495-0018

BORING: SB-44

PROJECT NAMfc WelsbadVGGM Site DATE: 3/27/98
JOB NUMBER: 8001230 LOCATION: Former GGM FaaWy
DRILLING FIRM: ACShutte* WEATHER: Sunny -70
DRILLING METHOD: Hollow Stem Auger 4 1/2 t.D. Continuous 2" Spirtspoons ELEVATION:
DRILLER: Mark DATUM:
HELPER: Vincft HYDROGEOLOGIST: Patrick Rabideau

SAMPLE INFORMATION
No.

1

2

3

4

Depth

0-21

2-4'

4-6'

6-8'

Rec Stows per 8*
18

13

10

14

20

10

16

12

11

8

18

11

6

8

18

18

Depth
0'
4"

2'
2'2'

4'

6'

SOIL DESCRIPTION
Asphalt
Black fill

Reddish brown coarse sand

Gray silty clay
Groundwater
BOB

WELL
CONS REMARKS

Started hole at 0830

140cpm

60cpm

60cpm

Mole completed at 0845

3010T7 Page 1 of 1



MALCOLM PIRNIE, INC.
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

BORING: SB-45

PROJECT NAME: Welsbach/GGM Site DATE: 3/26/98
JOB NUMBER: 8001230 LOCATION: Fonner GGM FadWy
DRILLING FIRM: ACShuttet WEATHER:: Overcast -50
DRILLING METHOD: Hollow Stem Auqer4 1/2 t.D, Continuous 2" SpHtspoons ELEVATION:
DRILLER: Mark DATUM:
HELPER: Vim* HYDROGEOLOGIST: Patrick RabkJeau

SAMPLE INFORMATION
No.

1

2

3

4

'5

6

7

8

Depth

0-2'

2-4'

4-6"

6-8'

8-10'

10-12'

12-14'

14-16'

Rec Blows
Au

8

3

11

10

8

3

5

per

4

4

17

8

29

3

5

wr a-
3

3

2

11

6

5

5

4

3

2

2

13

8

6

8

5

Depth
0'
6"

2'

3' 10"

4'

4'4"

5'4"

6'

8'

9'2"

10'

10'4-

12'

14'

16'

SOIL DESCRIPTION
Concrete
Black fill

Light brown fine sand

Reddish brown silty sand

Reddish brown medium sand (slightly wet)

Gray silt (wet)

Gray medium sand

BOB

WELL
CONS REMARKS

Started hole at 1230

60cpm

40cpm

20cpm

20cpm

20cpm

40cpm

20cpm

20cpm

Hole completed at 1300
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MALCOLM PIRNIE, INC. BORING: ss-46
ONE INTERNATIONAL BOULEVARD MAHWAH. NEW JERSEY 07495-0018

PROJECT MAKE: WelsbadVGGM SUe DATE: 3/27/98
JOB NUMBER; 8001230 LOCATION; Fomw GGM Facility
DRILLING FIRM: ACStiutte* WEATHER: Sunny -70
DRILLING METHOD: Hollow Stem Auger 4 1/2 I.D; Continuous 2" SpfitSpOOM ELEVATION:
DRILLER: Marie . DATUM:
HELPER: Vlncft HYDROGEOLOGIST: Patrick RabkJeau

SAMPLE INFORMATION
No.

1

2

3

4

5

Depth

0-2'

2-41

4-6'

6-81

8-10'

Rec Blow* per 8"
2

22

22

19

24

3

22

18

27

13

3

21

23

28

13

3

12

21

23

14

Depth
O1

10'

2'

4'

51

6'

8'

Iff

; • ' SOIL DESCRIPTION
Granite cobbles
Reddish brown medium sand

Light brown and gray fine sand (dense)

Groundwaler
BOB

WELL
CONS REMARKS

Started hole at 0945

160cpm

60cpm

120 com

60cpm

60cpm
Hole completed at 1015

p'fla1oM



MALCOLM PIRNIE, INC. BORING: se-47
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME; Welsbach/GGM S«fl DATE: 3/27/98
JOB NUMBER: 8001230 LOCATION: Fonmw GGM Facitfty
DRILLING FIRM: ACShuUe* WEATHER: Sunny-70
DRILLING METHOD: Hollow Stwn Aufl«4 1/2 I.D. Continuouts 2" Sptttspoons ELEVATION:
DRILLER: Mart - DATUM:
HELPER: Vine* HYDROGEOLOGIST:

SAMPLE INFORMATION
No.

1

•2

3

4

-

5

(fepth

•
0-2'

2-4'

4-6'

6-81

8-9'

Rec Btowi
Auger

4

12

12

7

16

14

per 8"
6

7

17

14

3

21

10

12

Depth
0'
4"

V

2'

4'

51

6'

8'

9'

10'

SOIL DESCRIPTION
Concrete
Black fill

Reddish brown coarse sand

Gray fine sand

Groundwater
BOB

WELL
CONS

Patrick Rabideau

REMARKS
Started hole at 1100

150cpm

100cpm

60cpm

60cpm

Hole completed at 1130

3010r:[
Page 1 of 1



MALCOLM PIRNIE, INC. BORING: se^a
ONE INTERNATIONAL BOULEVARD MAHWAH, NEW JERSEY 07495-0018

PROJECT NAME: Welsbach/GGM SUe DATE: 3/27/98
JOB NUMBER: 8001230 LOCATION: Fonmar GGM FadWy
DRILLING FIRM: ACShutte* WEATHER: Sunny -70
DRILLING METHOD: Hollow Stetn Auger 4 1/2 1.D; Continuous 2" SpHtspoons ELEVATION:
DRILLER: Marie DATUM:
HELPER: Vmcft HYDROGEOLOGIST:

SAMPLE INFORMATION
No.

1

2

3

4

5

Dap*

0-2'

2-4'

4-6'

6-81

8-9'

RBC Blows
6

10

9

6

6

12

9

5

per 8*
4

12

11

5

3

11

8

8

Depth
0'

V

2'

2'6'
3'

4'

6'

r ID-

S'

91

SOIL DESCRIPTION
Black fill

Reddish brown coarse sand

Light brown medium sand
Gray coarse sand

Gray silty clay

Groundwater
BOB

1

WELL
CONS

Patrick Rabtdeau

REMARKS
Started hole at 1145

100cpm

60cpm

60cpm

40cpm

Hole completed at 1215

301006 Page 1 of 1



APPENDIX G

WELSBACH/GGM SITE

COST ESTIMATE - BACKUP

RFMF.DTAL INVESTIGATION AND FFASTRTTTTY STUDY
WELSBACH/GGM SITE

CAMDEN AND GLOUCESTER CITY
CAMDEN COUNTY, NEW JERSEY
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APPENDIX G - COST ESTIMATE BACKUP

Cost Analysis

Cost estimates were developed for the Welsbach/GGM remedial alternatives described in
Section 10.1. These estimates present both capital and annual operation and maintenance (O/M)
costs. The present value of the remedial action alternatives for the soil of Welsbach/GGM ranged
from $0 (the three no-action alternatives) to approximately $17.75 million (excavation and off-site
disposal for the former Welsbach). Present value was calculated utilizing a 8.0% interest rate for
a 30 year period of remediation. The cost estimates are presented in Tables G-3 to G-9

The cost estimates were produced utilizing the following references: 1995 R.S. Means
Building Construction Cost Data, telephone conversations with manufacturers and vendors, and
experience with similar projects. Capital costs include construction costs and include labor,
overhead, profit, raw materials and equipment. O/M costs include those costs associated with

daily operations and implementation of a specific alternative presented on an annual basis. Costs
that are not included in the estimate consist of engineering fees and administrative costs.

Several assumptions were used in the development of the cost estimates. Assumptions that
were common to all of the alternatives include an addition of a 30% contingency to the capital
costs, a 10% increase in unit costs for work activities involving hazardous waste, and a 7%
increase in unit costs to account for elevated regional pricing. O/M costs consist of follow-up
visits, investigations, site/risk assessments, and maintenance. Additional assumptions that
significantly affect the estimate are presented in the following sections, specific to each alternative.

Alternatives W-l, V-l, G-l - No Action
These alternatives serve as a basis for the comparison of the other alternatives.

Accordingly, the no action alternatives involve leaving the contaminated material on the site in the
state at which it exists. No further action would be conducted, and as a result no costs would be
incurred.

G-i
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Alternative W-2 - Engineering Controls

It was assumed that steel would provide the primary gamma shielding. A three
inch layer of concrete would cover the steel to provide a layer to which the asphalt could
adhere

Alternative V-2 -Engineering Controls
Indoor Radon Mitigation

The installation of a trench around the perimeter of the lowest floor of a structure
will require the removal of approximately 6" of concrete and 12" of soils underneath the

slab. It is assumed that this material will be transported to and disposed of at an
appropriate offsite facility. Additionally, it is assumed that active ventilation by fans is

incorporated into the remedial action to remove radon from the collection system. It is
assumed that the radon concentration is low enough that it can be vented directly to the
atmosphere. If the concentration of radon is elevated enough to produce substantial
emissions, carbon canisters can be used at the discharge to prevent significant mass
loadings to the ambient environment. The costs would be affected; however, the degree
of the effect on the cost analysis cannot be determined without additional information.

Alternatives W-2 V-2 G-2- Engineering Controls
Indoor and Outdoor Gamma Shielding

A radiological shielding code, Microshield Version 5.03, was utilized to determine
the shielding thickness to reduce the external gamma dose rate at the surface of each contaminated
area to less than or equal to twice the background level. Several assumptions were made in
determining the shielding thickness (i.e., type of contaminated material, the depth of contamina-
tion, etc.), and consequently the shielding volume.

Three types of shielding material were selected (i.e., soil, concrete, and steel) to
encompass indoor and outdoor area as appropriate. The shielding thickness was determined from
the computer code runs by calculating Dose Reduction Factors (DRFs) for each thickness of
shielding material, and then by calculating the ratio of the measured exposure rate to that due to
natural background.

If shielding is chosen as an alternative, a more comprehensive analysis, further
radiological site activities, and a more elaborate shielding analysis would be required.

G-2
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Alternatives W-3, V-3, G-3 - Excavation and Off-Site Disposal
Excavation/Transportation/Disposal of Contaminated Soils

The excavation of the soils was assumed to proceed to the outer edge of the
contamination in the horizontal direction. In the vertical direction, excavation was
assumed to proceed to the depth of contamination, however; no excavation would occur
below the groundwater table.

G-3

30101C



BACKUP COSTS - OUTDOOR GAMMA SfflELDING



TABLE G-1
VICINITY PROPERTIES: SOIL OUTDOOR GAMMA SHIELDING

WELSBACH/GGM SITE
Property
Number

1

2

3

4

5

6

7

8

9

14

16

17

18

20

# of Units1

Unit Cost ($)2

Cost ($)3

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)

Geotextile Mat
(SY)

50.00
2.25

112.50
530.56

2.25
1193.76
44.44
2.25
99.99
32.22
2.25
72.50
25.00
2.25
56.25
8.33
2.25
18.74
2.78
2.25
6.26

• 2.78
2.25
6.26
8.33
2.25
18.74

2555.56
2.25

5750.01
627.78

2.25
1412.51
636.11

2.25
1431.25
44.44
2.25
99.99

1313.90
2.25

2956.28

Select Fill/
Grade/Compact

(CY)
16.67
25.00

416.67
176.39
25.00

4409.75
14.82
25.00
370.50

7.96
25.00
199.00
8.33
25.00

208.25
2.78
25.00
69.50
0.46
25.00
11.50
0.46
25.00
1 1 .50
1.39

25.00
34.75
953.70
25.00

23842.50
640.28
25.00

16007.00
229.76
25.00

5744.00
14.82
25.00
370.50
490.65
25.00

12266.25

Topsoil
(CY)

8.33
30.00

250.00
88.43
30.00

2652.90
7.41
30.00
222.30

5.37
30.00
161.10
4.17
30.00
125.10

1.39
30.00
41.70
0.46
30.00
13.80
0.46
30.00
13.80
1.39

30.00
41.70

425.93
30.00

12777.90
104.63
30.00

3138.90
106.02
30.00

3180.60
7.41
30.00
222.30
219.00
30.00

6570.00

Seeding
(SY)

50.00
11.00

550.00
530.56
11.00

5836.16
44.44
11.00

488.84
32.22
11.00

354.42
25.00
11.00

275.00
8.33
11.00
91.63
2.78
11.00
30.58
2.78
11.00
30.58
8.33
11.00
91.63

2555.56
11.00

28111.16
627.78
11.00

6905.58
636.11
11.00

6997.21
44.44
11.00

488.84
1313.90

11.00
14452.90

Total Cost
Shield

$1,330

$14,090

$1,180

$790

$660

$220

$60

$60

$190

$70,480

$27,460

$17,350

$1,180

$36,250

(1) Based on a variable depth of select fill and 6 inches of topsoil
(2) Costs from 1995 R.S. Means and vendor quotes
(3) Includes only the cost of the shield. Does not include mobilization and permitting costs

30101E



TABLE G-1 (Continued)
VICINITY PROPERTIES: SOIL OUTDOOR GAMMA SHIELDING

WELSBACH/GGM SITE

Property
Number

21

22

23

24

25

26

27

28

29

30

31

32

33

34

# of Units1

Unit Cost ($)2

Cost ($)3

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)

Geotextile Mat
(SY)

33.33
2.25
74.99
13.89
2.25

31.25
5.56
2.25
12.51
22.22
2.25
50.00
11.11
2.25
25.00
3.00
2.25
6.75
6.00
2.25
13.50
3.00
2.25
6.75
6.00
2.25
13.50
3.00
2.25
6.75
22.22
2.25
50.00
3.00
2.25
6.75
30.00
2.25
67.50
1.00
2.25
2.25

Select Fill/
Grade/Compact

(CY)
11.11
25.00

277.75
4.63
25.00
115.75
0.93
25.00
23.25
7.41
25.00
185.25

1.85
25.00
46.25
1.00

25.00
25.00
1.00

25.00
25.00
1.00

25.00
25.00
2.00
25.00
50.00
0.50
25.00
12.50
7.41
25.00
185.25
0.50
25.00
12.50
5.00

25.00
125.00
0.33
25.00
8.25

Topsoil
(CY)

5.56
30.00
166.80
2.31
30.00
69.30
0.93
30.00
27.90
3.70
30.00
1 1 1 .00

1.85
30.00
55.50
0.50
30.00
15.00
1.00

3000
30.00
0.50
30.00
15.00
1.00

30.00
30.00
0.50
30.00
15.00
3.70
30.00
1 1 1 .00
0.50
30.00
15.00
5.00
30.00
150.00
0.17
30.00
5.10

Seeding
(SY)

33.33
11.00

366.63
13.89
11.00
152.79
5.56
11.00
61.16
22.22
11.00

244.42
11.11
11.00
122.21
3.00
11.00
33.00
6.00
11.00
66.00
3.00
11.00
33.00
6.00
11.00
66.00
3.00
11.00
33.00
22.22
11.00

244.42
3.00
11.00
33.00
30.00
11.00

330.00
1.00

11.00
11.00

Total Cost
Shield

$890

$370

$120

$590

$250

$80

$130

$80

$160

$70

$590

$70

$670

$30

(1) Based on a variable depth of select fill and 6 inches of topsoil 303 0 * 3
(2) Costs from 1995 R.S. Means and vendor quotes
(3) Includes only the cost of the shield. Does not include mobilization and permitting costs



TABLE G-1 (Continued)
VICINITY PROPERTIES: SOIL OUTDOOR GAMMA SHIELDING

WELSBACH/GGM SITE

Property
Number

35

36

37

38

39

40

41

42

43

44

45

46

47

48

# of Units1

Unit Cost ($)2

Cost ($)3

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)

Geotextile Mat
(SY)

45.00
2.25

101.25
51.00
2.25

114.75
1.00
2.25
2.25
1.00
2.25
2.25
23.33
2.25
52.49
1.00
2.25
2.25
16.67
2.25

37.51
444.44

2.25
999.99
333.33
2.25

749.99
3.00
2.25
6.75

1111.11
2.25

2500.00
12.00
2.25

27.00
25.00
2.25
56.25
6.00
2.25
13.50

Select Fill/
Grade/Compact

(CY)
7.50
25.00
187.50
17.00
25.00

425.00
0.33
25.00
8.25
0.33

25.00
8.25
7.78

25.00
194.50
0.33
25.00
8.25
5.56
25.00
139.00
296.30
25.00

7407.50
111.11
25.00

2777.75
1.00

25.00
25.00
370.40
25.00

9260.00
4.00
25.00
100.00
8.33
25.00
208.25
' 3.00
25.00
75.00

Topsoil
(CY)

7.50
30.00

225.00
8.50
30.00
255.00

0.17
30.00
5.10
0.17
30.00
5.10
3.89
30.00
116.70
0.17
30.00
5.10
2.78
30.00
83.40
74.10
30.00

2223.00
55.56
30.00

1666.80
0.50
30.00
15.00
185.20
30.00

5556.00
2.00
30.00
60.00
4.17
30.00
125.10

1.00
30.00
30.00

Seeding
(SY)

45.00
11.00

495.00
51.00
11.00

561.00
3.00
11.00
33.00
3.00
11.00
33.00
23.33
1 1 .00

256.63
1.00
11.00
11.00
16.67
11.00
183.37
444.44
11.00

4888.84
333.33
11.00

3666.63
3.00
11.00
33.00

1111.11
11.00

12222.21
12.00
11.00

132.00
25.00
11.00

275.00
6.00
11.00
66.00

Total Cost
Shield

$1,010

$1,360

$50

$50

$620

$30

$440

$15,520

$8,860

$80

$29,540

$320

$660

$180

(1) Based on a variable depth of select fill and 6 inches of topsoil
(2) Costs from 1995 R.S. Means and vendor quotes
(3) Includes only the cost of the shield. Does not include mobilization and permitting costs

3010*



TABLE G-1 (Continued)
VICINITY PROPERTIES: SOIL OUTDOOR GAMMA SHIELDING

WELSBACH/GGM SITE

Property
Number

49

50

51

52

53

54

55

56

# of Units1

Unit Cost ($)2

Cost ($)3

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)

Geotextile Mat
(SY)

56.00
2.25

126.00
15.00
2.25
33.75
10.00
2.25
22.50
8.00
2.25

126.00
7.00
2.25
15.75
14.00
2.25

31.50
7.00
2.25
15.75
8.00
2.25
18.00

Select Fill/
Grade/Compact

(CY)
18.67
25.00

466.75
2.50
25.00
62.50
3.33
25.00
83.25
2.67
25.00

466.75
2.33
25.00
58.25
2.33
25.00
58.25
1.17

25.00
29.25
1.33

25.00
33.25

Topsoil
(CY)

9.33
30.00
279.90

2.50
30.00
75.00
1.67

30.00
50.10
1.33

30.00
279.90

1.17
30.00
35.22
2.33
30.00
69.90
1.17

30.00
35.10
1.33

30.00
39.90

Seeding
(SY)

56.00
11.00

616.00
15.00
11.00
165.00
10.00
11.00
110.00

8.00
11.00

616.00
7.00
11.00
77.00
14.00
11.00
154.00

7.00
11.00
77.00
8.00
11.00
88.00

Total Cost
Shield

$1,490

$340

$270

$1,490

$190

$310

$160

$180

(1) Based on a variable depth of select fill and 6 inches of topsoil 3 0 J 0 J 5
(2) Costs from 1995 R.S. Means and vendor quotes
(3) Includes only the cost of the shield. Does not include mobilization and permitting costs



BACKUP COSTS - INDOOR GAMMA SfflELDING
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TABLE G-2
VICINITY PROPERTIES: INDOOR GAMMA SHIELDING

WELSBACH/GGM SITE

Property
Number

1

2

3

4

7

11

12

13

19

21

23

24

25

28

# of Units
Unit Cost ($')'

Cost ($)2

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units.
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units1

Unit Cost ($)2

Cost ($)3

Concrete
Shield
(CY)
1.50

800.00
1200.00

0.28
800.00
224.00

0.56
800.00
448.00

1.50
800.00
1200.00

1.40
800.00
1120.00

0.20
800.00
160.00

0.60
800.00
480.00

1.85
800.00
1480.00

40.10
800.00

32080.00
1.50

800.00
1200.00

1.50
800.00
1200.00

2.22
800.00
1776.00

1.30
800.00
1040.00

0.20
800.00
160.00

Steel
Shield
(CF)
0.00

520.00
0.00
0.00

520.00
0.00
0.00

520.00
0.00
0.00

520.00
0.00
0.00

520.00
0.00
0.00

520.00
0.00
8.00

520.00
4160.00

0.00
520.00

0.00
40.50
520.00

21060.00
0.00

520.00
0.00
0.00

520.00
0.00
0.00

520.00
0.00
0.00

520.00
0.00
0.00

520.00
0.00

Total Cost
Shields

$1,200

$220

$450

$1,200

$1,120

$160

$4,640

$1,480

$53.140

$1,200

$1,200

$1,780

$1,040

$160

3 0 J O T 7
(1) Costs from 1995 R.S. Means and previous Malcolm Pimie Project experience
(2) Does not include mobilization and permitting costs



TABLE G-2 (Continued)
VICINITY PROPERTIES: INDOOR GAMMA SHIELDING

WELSBACH/GGM SITE

Property
Number

29

36

39

57

58

59

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

# of Units
Unit Cost ($)

Cost ($)
# of Units

Unit Cost ($)
Cost ($)

Concrete
Shield
(CY)
2.80

800.00
2240.00

6.00
800.00
4800.00

3.70
800.00
2960.00

0.55
800.00
440.00

0.46
800.00
368.00

3.25
800.00
2600.00

Steel
Shield
(CF)
0.00

520.00
0.00
0.00

520.00
0.00
0.00

520.00
0.00
0.00

520.00
0.00
0.00

520.00
0.00
0.00

520.00
0.00

Total Cost
Shields

$2,240

$4,800

$2,960

$440

$370

$2,600

3010*
(1) Costs from 1995 R.S. Means and previous Malcolm Pirnie Project experience
(2) Does not include mobilization and permitting costs



BACKUP COSTS - EXCAVATION AND DISPOSAL
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TABLE G-3
ALTERNATIVE W-2: WELSBACH/HOLT CARGO: ENGINEERING CONTROLS

WELSBACH/GGM SITE

Capital Costs

Mobilization

Outdoor Gamma Shielding (steel)
Concrete (3 inches) over steel

Asphalt over Shielding (4")
Air Monitoring During Construction

Subtotal
Contingency (30%)

TOTAL Capital Costs

Quantity

1
7,520

500
53,400

1

Unit

l.s.
c.f.
c.y
s.f.
l.s.

Cost per Unit

$50,000

$520

$600

$1.20

$50,000

Total

$50,000
$3,910,000

$300,000
$64,000
$50,000

$4,374,000
$1,312,000
$5,686,000

o
00

Operation and Maintenance Costs

Site Inspection
Outdoor Shield Maintenance
Site Maintenance (Includes Fencing Upkeep)
Site Risk Assessment

Cost per Unit

$6,000
$30,000
$5,000

$15,000

Frequency

Annually
Annually
Annually

Every 5 Years

Annual
Total

$6,000
$30,000
$5,000
$3,000

Present Worth of Operation and Maintenance Costs

Present Worth
Term (yrs) 30
Interest 8.0%

$68,000
$338,000
$56,000
$34,000

$496,000

Total Present Worth (Capital and O/M) of Alternative W-2 $6,180,000



TABLE G-4
ALTERNATIVE V-2: VICINITY PROPERTIES: ENGINEERING CONTROLS

WELSBACH/GGM SITE

Capital Costs

Mobilization

Indoor Radon Mitigation

Cl eari n g/Cean i n g/Prcparat i on

Sub Slab Ventilation

Demolition of Concrete Flooring (6")

Excavation of Soils Underneath Slab (12" deep)

Installation of Collection System

Trench Lining (Geomembrane on Geotextile)
Piping

Pipe Fittings
Pea Gravel

Ventillation Equipment

Concrete Replacement (6" thick)

Handling and Loading of Contaminated Soil and Concrete

Transportation and Disposal of Soil

Transportation and Disposal of Concrete

Indoor Gamma Shielding (Concrete 6")

ndoor Gamma Shielding (Steel)

Outdoor Gamma Shielding

Geotextile Mat

Select Fill
Topsoil (6")

Seeding
Air Monitoring During Construction

Subtotal

Contingency (30%)

TOTAL Capital Costs

Quantity

1

-
3,600

-

1,150

45

-

2,300

540

16
40

8

21

66

45

21

72

48

-

8,700

3,050

1,450

8,700
1

Unit

l.s.

-
s.f.

-
s.f.

c.y.
-

s.f.

l.f.
ea.

c.y.

ea.
c.y.
c.y.

c.y.

c.y.

c.y.

c.f.

-

s.y.

c.y.

c.y.

s.y.
l.s.

Cost per Unit

$150,000

-

$0.30

-

$36

$55
-

$5
$4

$60

$60

$480

$800

$30

$400

$700

$600

$520

-

$2.25

$25

$30

$11
$125,000

Total

$150,000

$1,100

$41,400

$2,500

$10,400

$2,200

$1,000

$2,400
$3,800

$16,«00

$2,000
$18,000

$14,700

$42,900

$24,700

$19,600

$76,300

$43,500

$95,700
$125,000

$694,000

$208,000
$902,000

• -H

c
c.
i—i
O
00



TABLE G-4 (Continued)
ALTERNATIVE V-2: VICINITY PROPERTIES: ENGINEERING CONTROLS

WELSBACH/GGM SITE

Operation and Maintenance Costs

Site Inspection

Radon Testing/Air Monitoring

First Year

After First Year

ladon Mitigation System Maintenance

ilectrical Equipment Maintenance

Outdoor Shield Maintenance

Site Maintenance (Includes Fencing Upkeep)
Site Risk Assessment

$5,000

$5,000

$5,000

$5,000

$2,000

$50,000

$10,000

$15,000

Annually

Quarterly

Annually

Annually

Annually

Annually

Annually

Every 5 Years

Total

(1)
$5,000

$20,000

$5,000

$5,000

$1,000

$50,000

$10,000

$3,000

Present Worth of Operation and Maintenance Costs

Term (yrs) 30

Interest 8.0%

$56,000

$20,000

$56,000

$56,000

$11,000

$563,000

$113,000
$34,000

$909,000

C
c,
1~1
o
CO

Total Present Worth (Capital and O/M) of Alternative V-2 $1,810,000



TABLE G-5
ALTERNATIVE G-2: GENERAL GAS MANTLE: ENGINNERING CONTROLS

WELSBACH/GGM SITE

Capital Costs

Mobilization
Outdoor Gamma Shielding (Concrete 6" or Greater)
Outdoor Gamma Shielding (Soil)

Soil Cover
Topsoil (6")
Geotextile Mat
Seeding

Air Monitoring During Construction

Subtotal
Contingency (30%)

TOTAL Capital Costs

Quantity

1
41.00

-
31
20

120
120

1

. Unit

I.S.

c.y.
-

c.y.
c.y.
s.y.
s.y.
I.S.

Cost per Unit

$50,000
$600

-

$25
$30

$2.25
$11

$20,000

Total

$50,000
$24,600

-

$800
$600
$300

$1,300
$20,000

$97,600
$24,000

$121,600

Operation and Maintenance Costs

Site Inspection
Outdoor Shield Maintenance
Site Maintenance (Includes Fencing Upkeep)
Site Risk Assessment

Cost per Unit

$5,000
$10,000
$5,000

$15,000

Frequency

Annually
Annually
Annually

Every 5 Years

Annual
Total

$5,000
$10,000
$5,000
$3,000

Present Worth of Operation and Maintenance Costs

Present Worth
Term (yrs) 30
Interest 8.0%

$56,000
$113,000
$56,000
$34,000

$259,000

c
C-

o
CO

Total Present Worth (Capital and O/M) Of Alternative G-2 $380,000



TABLE G-6
ALTERNATIVE W-3: WELSBACH/HOLT CARGO: EXCAVATION AND DISPOSAL

WELSBACH/GGM SITE

Capital Costs

Mobilization
Excavation/Transportation/Disposal of Soils and Buried Building Debris

Permitting
Excavation/Handling/Stockpiling of Soils and Buried Building Debris
Hand Excavation/Handling/Stockpiling of Soils and Buried Building Debris
Transportation and Disposal of Soils
Transportation and Disposal of Buried Building Debris
Backfill (clean fill)/Compaction/Grading

Sheeting for Excavation Support
Wood sheeting (to be pulled upon finishing)
Transportation and Disposal of pulled sheeting

Erosion Control
Silt Fencing
Place and Remove Hay Bales
Cover Storm Drains
Stabilized Construction Entrance (3/4" Crushed Stone)

Restoration
Survey
Air Monitoring During Construction

Subtotal
Contingency (30%)

TOTAL Capital Costs

Quantity

1
-

1
23,300
3,900

22,200
5,000

27,200
-

12,000
75

-
2,000

1
1

280
58,850

1
1

Unit

l.s.
-

l.s.
c.y.
c.y.
c.y.
c.y.
c.y.
-

s.f.
c.y.
-

l.f.
l.s.
1..S.

s.y.
s.f.
l.s.
l.s.

Cost per Unit

$50,000
-

$5,000.00
$20.00
$80.00

$400.00
$700.00

$25.00
-

$9
$650

-
$1.10
$460
$100

$9
$1.25

$5,000.00
$100,000

Total

$50,000
-

$5,000
$466,000
$312,000

$8,880,000
$3,500,000

$680,000

$108,000
$49,000

$2,000
$460
$100

$2,000
$74,000
$5,000

$100,000

$14,233,560
$4,270,000

$18,503,560

c
c
1—!
o



TABLE G-6 (Continued)
ALTERNATIVE W-3: WELSBACH/HOLT CARGO: EXCAVATION AND DISPOSAL

VVCLODMVsn/VJUIVI Ol 1 C t.)

(.
c.

Operation and Maintenance Costs

NONE

Cost per Unit

$0

Frequency Annual

Total

(1)
$0

Present Worth of Operation and Maintenance Costs

Present Worth £

Term (yrs) 39

Interest 8.0%

$0

SO

"1
^
•>

Total Present Worth (Capital and O/M) of Alternative W-3 $18,500,000



TABLE G-7
ALTERNATIVE V-3: VICINITY PROPERTIES: EXCAVATION AND DISPOSAL

WELSBACH/GGM SITE
Capital Costs

Mobilization
Excavation/Transportation/Disposal of Soils and Buried Building Debris

Permitting
Excavation of Soils and Buried Building Debris
Excavation of Soils and Buried Building Debris (Hand Excavate)
Transportation and Disposal of Soils
Transportation and Disposal of Buried Building Debris
Backfill of Excavated Areas (clean fill)/Compaction/Grading
Top Soil (6")
Seeding of Excavated Areas

Sheeting for Excavation Support
Wood sheeting
Transportation and Disposal of sheeting

Excavations inside Residences
Breakup Concrete Slab
Excavate Soil under Concrete slab ( 1 2")
Handling and Loading of Contaminated Soils and Concrete
Transportation and Disposal of Soil
Transportation and Disposal of Concrete
Backfill of Excavated Areas (clean fill)/Compaction/Grading
Place Concrete Slab (6")

Quantity

1
-

1
9,300
1,350
9,200
1,450

10,650
478

2,870
-

5,280
33

-
1,450

60
90
60
30
60
30

Unit

l.s.
-

l.s.
c.y.
c.y.
c.y.
c.y.
c.y.
c.y.
s.y.
-

s.f.
c.y.

-
s.f.
c.y.
c.y.
c.y.
c.y.

c,y
c.y.

Cost per Unit

$150,000
-

$5,000
$20
$80

$400
$700
$25
$30
$11

-
$9

$700
-

$36
$80
$30

$400
$700
$25

$800

Total

$150,000
-

$5,000
$186,000
$108,000

$3,680,000
$1,015,000

$266,000
$14,000
$32,000

-
$48,000
$23,000

-
$52,000
$5,000
$3,000

$24,000
$21,000
$2,000

$24,000

175
c
C/
T"-|

o
00



TABLE G-7 (Continued)
ALTERNATIVE V-3: VICINITY PROPERTIES: EXCAVATION AND DISPOSAL

WELSBACH/GGM SITE

Capital Costs

Property 14 - Removal, Transportation and Disposal of Concrete Slab
Removal of Concrete Slab
Cut Concrete Slab in Half
Transportation and Disposal of Contaminated Concrete Slab
Transportation and Disposal of Non-Contaminated Concrete Slab

Property 19 Building Activities
Underpinning Building (excavation of soil underneath)
Remove Concrete Slab

Cut Concrete Slab in Half
Transportation and Disposal of Soil
Transportation and Disposal of Contaminated Concrete Slab
Transportation and Disposal of Non-Contaminated Concrete Slab

Backfill (clean fiIl)/Compaction/Grading
Place Concrete Slab (6")

Erosion Control
Silt Fencing
Place and Remove Hay Bales
Cover Storm Drains
Stabilized Construction Entrance (3/4" Crushed Stone)

Air Monitoring During Construction
Subtotal

Contingency (30%)
TOTAL Capital Costs

Quantity

-
400
200
200
200

-
1,750
1,150

200
1,750

575
575

1,750
290

-
3,800

1
1

980
1

Unit

-
c.y.
l.f.
c.y.
c.y.

-
c.y.
c.y.
l.f.

c.y.
c.y.
c.y.
c.y.
c.y.

-
l.f.
1.8.

I.S.

s.y.
1.8.

Cost per Unit

-
$275
$37

$700
$13.75

-
$1,475

$275
$37

$400
$700

$13.75
$25.00

$600.00
-

$1.10
$460
$100

$9
$150,000

Total

-
$110,000

$7,000
$140,000

$3,000
-

$2,581,000
$316,000

$7,000
$700,000
$403,000

$8,000
$44,000

$174,000
-

$4,000
$460
$100

$9,000
$150,000

$10,314,560
$3,094,000

$13,408,560

o
CO
c-
r-i
O
CO



TABLE G-7 (Continued)
ALTERNATIVE V-3: VICINITY PROPERTIES: EXCAVATION AND DISPOSAL

WELSBACH/GGM SITE

Operation and Maintenance Costs

NONE

Cost per Unit

$0

Frequency Annual
Total

$0
Present Worth of Operation and Maintenance Costs

Present Worth
Term (yrs) 30
Interest 8.0%

$0

SO

CO

o
00

Total Present Worth (Capital and O/M) of Alternative V-3 $13,410,000



TABLE G-8
ALTERNATIVE G-3 OPTION A: GGM EXCAVATION AND DISPOSAL AND DEMOLITION OF BUILDING

WELSBACH/GGM SITE

Capital Costs

Mobilization
Permitting

Removal of Contaminated Building Materials
Demolition

Remove Concrete Basement (Floors and Walls)

Transportation and Disposal

Excavation/Transportation/Disposal of Soils and Buried Building Debris
Excavation of Soils and Buried Building Debris

Excavation of Soils and Buried Building Debris (Hand Excavate)

Transportation and Disposal of Soils

Transportation and Disposal of Building Debris

Backfill (clean fill)/Compaction/Grading

Top Soil (6")

Seeding of Excavated Areas

Erosion Control

Silt Fencing
Place and Remove Flay Bales
Cover Storm Drains
Stabilized Construction Entrance (3/4" Crushed Stone)

Traffic Control

Repave Street
Air Monitoring During Construction

Subtotal

Contingency (30%]
TOTAL Capital Costs

Quantity

1

1

-

950

450

1,400
•-

800
145

885

60

2,500

83
500

-

1,150

1

1

280
1

3,750
1

Unit

Is.
ea.

-

c.y.

c.y.

c.y.
-

c.y.
c.y.
c.y.

c,y,
c.y.
c.y.
s.y.
-

l.f.

I.S.

l.s.

s.y.

l.s.

s.f.
l.s.

Cost per Unit

$50,000

$5,000
-

$10.80

$275

$700
-

$20

$80

$400

$700

$25

$30

$11.00
-

$1.10

$460

$100

$9

$2,000

$1.50
$100,000

Total

$50,000

$5,000
-

$10,000
$124,000

$980,000
-

$16,000

$12,000
$354,000

$42,000

$63,000
$3,000

$6,000

-

$1,000

$460

$100
$2,000

$2,000

$6,000
$100,000

$1,776,560

$533,000
$2,309,560

c .
c.



TABLE G-8 (Continued)
ALTERNATIVE G-3 OPTION A: GGM EXCAVATION AND DISPOSAL AND DEMOLITION OF BUILDING

WELSBACH/GGM SITE c :>
c .
c.

Operation and Maintenance Costs

NONE

Cost per Unit

$0

Frequency

Present Worth of Operation and Maintenance Costs

Annual

Total

$0

Present Worth
Term (yrs)
Interest

30
8.0%

$0

SO

CO

Total Present Worth (Capital and O/M) of Alternative G-3 $2^10,000



TABLE G-9
Alternative G-3 Option B: GGM: Excavation and Disposal and Decon. and Demolition of Building

WELSBACH/GGM SITE

o
1—I
o
00

Capital Costs

Mobilization

Removal of Wood Structural Material and Roof Material
Removal of Wood Floor

Removal of Ceiling
Chimney Removal

Transportation and Disposal

decontamination of Remaining Shell (Pressure Washing)

Removal of Non-Contaminated Building Materials
Demolition

Remove Concrete Basement (Floors and Walls)

Crush and Place Non-Contaminated Building Materials
Compact and Grade Crushed Building Materials

Excavation/Transportation/Disposal of Soils and Buried Building Debris

Permitting
Package treatment unit

Excavation of Soils and Buried Building Debris

Excavation of Soils and Buried Building Debris (Hand Excavate)
Transportation and Disposal of Soils

Transportation and Disposal of Buried Building Debris

Backfill (clean fill)/Compaction/Grading

Top Soil (6")
Seeding of Excavated Areas

Quantity

1

-

12,900
6,600

50
500

25,100
-

24,800

450

900

900

-

1
1

800

145

885
60

1,600
83

500

Unit

l.s.

-

s.f.
sf

v.f.

c.y.
sf
-

c.f.
c.y.
c.y.
c.y.
-

ea.
ea.
c.y.
c.y.
c.y.
c.y.
c.y.
c.y.
s.y.

Cost per Unit

$50,000

-

$1.20
$0.60

$118
$700

$2.00

-

$0.40

$275
$50

$3.25
-

$20,000

$75,000

$20

$80

$400

$700

$25
$30
$11

Total

$50,000
-

$15,000

$4,000

$6,000

$350,000
$50,000

-

$10,000

$124,000

$45,000
$3,000

-

$20,000

$75,000

$16,000

$12,000

$354,000

$42,000

$40,000

$2,000
$6,000



TABLE G-9 (Continued)
Alternative G-3 Option B: GGM: Excavation and Disposal and Decon. and Demolition of Building

WELSBACH/GGM SITE

IO
o
o
00

Capital Costs

Erosion Control
Silt Fencing
Place and Remove Hay Bales
Cover Storm Drains
Stabilized Construction Entrance (3/4" Crushed Stone)

Traffic Control
Repave Street
Air Monitoring During Construction

Subtotal
Contingency (30%)

TOTAL Capital Costs

Quantity

-
1,150

1
1

280
1

3,750
1

Unit

-
l.f.
l.s.
I..S.

s.y.
l.s.
s.f.
l.s.

Cost per Unit

-
$1.10
$460
$100

$9
$2,000
$1.50

$100,000

Total

-
$1,000

$460
$100

$2,000
$2,000
$6,000

$100,000
$1,335,560

$401,000
$1,736,560

ICost per Unit

$0

Frequency

Present Worth of Operation and Maintenance Costs

Annual
Total

$0

Present Worth
Term (yrs)
Interest

30
8.0%

$0

SO

Total Present Worth (Capital and O/M) of Alternative $1,740,000
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