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Introduction 

This report will summarize our investigation of the hydrogeologic 

conditions at the Bloomsburg plant of U.S. Radium Corporation. The purpose 

of our work was to outline and supervise a drilling program to determine 

the depths to ground water, water-table gradients and flow directions, 

existing water quality, extent of any radioactive contamination from 

abandoned disposal areas, and to propose appropriate pollution abatement 

techniques. Work on this project commenced on January 29, 1979. 

Location of Test Holes 

A total of 13 approximate locations for test drilling on the plant 

property were selected by Terry Brown and Tom Earl of this firm to allow for 

maximum definition of ground-water conditions, emphasizing the area of the 

abandoned canal, lagoons, and disposal pits, with a few sites (14, 15, and 

16) chosen f o r  background definition (see Plate 1). Borings No. 1, 2 and 3 

were drilled in October 1978 in a position directly below the disposal pits, 

the main area of concern. After the holes were drilled and cased, U.S. 

Radium surveyed the locations for  position on the ground and elevation 

relative to an arbitrary datum (See Table 1). 

Supervision of Drilling 

Meiser and Earl coordinated and directed installation of the test 

borings with two objectives: 1) collect interval soil samples for textural 

classification and radioactivity analysis and 2) construct screened o r  cased 

wells from which water samples could be collected. Our original approach, 

based on the previous drilling by Giles Drilling Corp. in October 1978, 

(see logsfor holes 1, 2 ,  3 ,  Table 2A and 2 B ) ,  was to advance a hollow-stem 
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Table 1. U.S. Radium Corporation - Bloomsburg, Pa. 
Locations and Elevations of T e s t  Borings 

Boring/Well Distance From Bearing' from Ground Height of 
No. Center of Center of Elevation2 Casing above 

Burial  P i t  Burial  P i t  U t )  Ground 
( f t )  ( f t )  

1 

2 

3 

4 

5 

6 

7 
8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

25 

77 

137 
83 

218 

185 
319 
307 

243 

359 

115 

35 

67 

365 

414 

474 

73 

389 

190 

146O 

159' 

159' 

206' 

227' 

2 0 8 O  

226O 

237' 

266' 

241' 

292' 

'350' 

44O 

51' 

329' 

294' 
304' 

9 2' 

103' 

- 3.0 

- 9.0 

-16.0. 
- 7 . 5 .  

-15.5 

-16.4.: 

-16.8 

-16.0 

+ 3.6 

-18.1 

+ 3.0 

+ 1.8. 

+ 1.1 

+ 4.0 

+13.0 

+12.6 

+ 2.5 

- 7.6 

- 8..1 

'Directions are relative t o  magnetic nor th  = 0' 

2O e leva t ion  is center of b u r i a l  p i t  

MEISER 8~ EARL L, hydrogeologists 

1112 W. COUEQE AVENUE. STATE COUME. PENNSRVANU 1-1 814 2344813 

1 .o 
1.0 

0.5 

3.0 

2.5 

3.0 
1.8 

2.5 

1.7 
0.8 

1.8 

1.8 
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1.8 

1.9 
I .8 

1.1 
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T a b l e  2A 
U.S.  Radium Cow. 

D r i l l e r s  Logs of T e s t  Borings 

MEISER & EARL d, hydrogeologkts 

1512 W. COUTGE AVENUE. STAT€ COUEGE. PENNSYLVANIA 16801 814 234-0613 
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Hole No.D - 3, lo. 

27. 

Date Started/o -1,- 7p CompletedA-//- 7 , ~  

11 -we Rt. Sec. Sta. Off set Rt 

t: U . Z .  / ? f i n [  i J  &I C U R P . .  Project /7 L eo p., 5 n U R G  

7: 4eflu;20 
gs made by: / e ,  pff I s  a E 

ion, Chgnge if any: 

Inspector 

I 

naido 010. of Caalng 

Nriahtof Hommrr on Coalng 3 00 

3 " - Spoon / 4- 
LIZ< 

m a -  Spoon / q C *  L f l y  

Drop of Hommor on Cosinq '2 -f " 
faoon -3.Q''' 

ORY SAMPLE DATA I 

CLASS1 FKATI ON OF MATER I ALS 
AND 35-5O0L 

C -COARSE SOME 20-3576 
M - MEDIUM tlTTLE lO-20% 
F -FINE TRACE 0-107'0 

.n 4 ,  \ 

Bottom of Hole di cb. 

Rock Drilled and Size 
~ : i ; j  

GRO U N 0 WATER 0 6 SE R V  AT IO N S 
Time De rnwarer Coslng At 

A ' q  &(,! c,+ f / c -  1 ,  -72 u) -3 --__ I t  



Depth Water Casing At 



UN/V€RSAL T.CHN/CAL . INC. -I 

Nume United States Radium Cotp. 
Locution 4150 Old Berwick Road 

Bloomsburn, Pa. 
hsp. w fng. 
DMer n -., M O u r  

I -  

I 

h t e  2/22/79 
end Re Bwing No d 

aepth to Wufer Sfufion 
ft. 4.5 Off& 

A f f e r b  He. S h e e f t  of- 

f234 E COLL€G€ AYE 814- 238 - 8223 STATE COLEG€,PA, 16801 

TEST BOR/NG LOG FlLEItlo. 79007 

SOIL DESCRIPTION: ROCK DESCRf?TlON : L EGEND 
/. Kind - Clay, Silt, Sand, Etc. 
2: Cafof - Light, Medium, Dor&, €tc. 
3. Moistue - Dry, Moist, wet, ~ t c .  
4. Compacth - Lcusr , Compact, Etc. 

I. Kind - Sandstone, Shale, Etc. 
2. Condition - sofid, Braken, Etc. 
3. Hardness - Soft, Medhm , Hard 

T- Trace, i T  - Light, ,UD - Medium, DK- Dark, D - Dry 
M -Moist, W - Wet , VW - Very Wet ,  H - Hard , s- Soft 
L - L00S8 , C -  Compact , SLD - So/id , B - Broken 
00- Badly Brhtcn , W/- With , MS -Mud Seams, Rec. - Reco)vr Very Hard, Etc. 



3 UNIVERSAL TECHNICAL /NC. '-7 
8 

UNI - TEC 
STAE WLEG€t  FA. 16801 

FfL E M. 79007 
1234 E COU€Gf AVE 8I4-238 - 8223 

E S T  80RfNG LOG 
~ o m e  United States Radium Corp. 
Locution 4150 Old B w  ick Road 

P" 
ser 

&f?/8f V. Dve. D. Ritchev 
1- 

dote 5/20/79 
Gnd € 7 8 ~  Bwing NO. 5 
Ff. Offsst 

W t h  to6Wgter Srafion 

After 1 Hfs .  S h e e f 1 0 f 1  

+ Rig Ab. M- 1 Casing Size 8" HSA Spoon Size 
Depth of Soil L Hommer W t  Hammer Wt. 
Oepth of Rock .- Hummer Drop -hl/h. Hammer Drop .7 - -  n'l 

rrn n Total &pfh L U . V  Cars 8it Size ,-, Bit Alo. .-, , 
BORING LOG S r n N  SAMPLE & htxKm5Em;rA REMARKS Cos ing &bvs 

1 
Samp/e B/ows (M Spoon 96 I '  

A h  0 6 /2 I8 Ab. Run hbc Roc, 2' 

Brown Coarse Sandy S i l t  3' 

VerySoftSiltw/Fine to 2 2.0 1 1 1 1 5' 

4.0 / Same W$ght of Hc mmgr 7' 

Dcppn hfoterra/ Descripr'ion h$fi core c ~ e  
frwn 
10 6 12 f8 29 

2.0 1 1 1 2  

4' 

6' Coarse Brown Sand 

I 

8' 

W5:ight bf Hcmm4r Water at 6.8' 9' 

10' 

// ' 

12' 

4 2.0 4 18 22 18 N' 

3 L.V 1 d 6 IL 

14 

5 2.0 13 10 6 6 15' 

16' 

Wet Sandstone Cobbles 

SOIL DESCRfPTlON : ROCK DESCRIPTION : LEG.€ND 
1. Kind - C;oy, Sift, Sond, f tc .  
2. Color - Light,  Medium, Dork,ftc. 
3. Moisturc - Dry, Moist, Wet, ftc. 
4. Campoctlbn- Loose, Compoct, Etc. 

I. Kind - Sandstone, Shole, Etc. 
2 Condifion - Solid, Broken, Etc. 
3.9ardness - Soft, Medium , Hard 

T- Truce, LT- Light , MD - Medium, DK - Dork , D - Dry 
M -  Moist, W -  Wet ,  VW- Very Wet , H - Hord , S- Soft 
L- Lwse , C -  Compact , SLD - So/id , 8 - Broken 
08- Badly B r h n  , W/- With , MS - Mud Seams, Rec. - Recr VPI Very Hord, Etc. 

6 2 . 0 3  4 5 9 17' 

I 18' 

7 2.0 1 1  22 20 21 19 ' 

8 2.0 16 19 40 21 I 21' 

20 

22' 
Set monitoring 23' I 
we1 I 
15' 21 n t t d  24' 
7' sol id 25' 

I 

26' 
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Name United States Radium Corp. 

hsp. w €ng. frl Maiuar 

ad 

Dnir/er V nva n. Ritrhpv 

*-/ 
~ 

I? 

;> UNIVERSAL TEC"N/CAL , INC. 
9 

UNI- TEC 
1234 E COU€G€ AVE 814-238- 8223 STAE COLLEG€,PA , /680! 

TEST 80R/.G LOG F/L€ M. 79007 

dote 2/21/79 
Gnd €IeK Baring No. L 

w t h  3.pter Station 
Ft Offset 

After- Hrs. S h e e t 1  of 1 

b ffig Ab. - Cusing Size 8" HSA S w n  Size 
Depth of Soi7 .-. Hammer W t  N/A Hammer ~t A 
&pfh of Rock 0 - 0 Hummer Drop ,-, Hummer Dmp ? n" 
Toto/ Depth .3nn &re Bit Size .- Bit No. .Irl/h, 

,/i8.0 26 
Brn. Sand River Rock 9 2.0 15 33 22 50 Set Monitoring 21' 

Weather Shale Well 
15'  c l n t f e r l  22' 

1 

7' sol id 23' 

24' 

I I a 25' I 
I 

1 I t i  1 I I I 1 1111 rn 
~ ~~ 

ROCK DEscwnoN : L ZGEND SOIL D€SCt?IPTlON : 
1. Kind - Chy, Silt, Sand, Etc. 
2. Cofor - Light, Medium, Dark,€fc. 
3.Moisfurc-Dry,Moi~f,Wet, Eic. 
4. CompocrIii - Loose, Compact, €tc. 

1. Kind - Sandstone, Shale, Efc. 
2 Condition - Sofid, Broken, Eic. 
3. Hardness- Soft,Medhn,Hard 

T- Trace, L T - Light, MD - Medium, DK - Dark, D - Dry 
M -  Moisf , W - Wet, VW - Very Wet ,  H - Hard , S- Soft 
L- Loose, C -  Compacf , SLD- Sofid, E -  Broken 
BB- Badly E& , W/- With , MS - Mud Seams, 2ec. -.Qecmt * Very Hard, Ztc. 
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UNIVERSAL TECHN'CAAL , INC. '-., 
10 UNI- TEC 7 

STAE WLUG€,,PA, /6801 1234 E COLL€G€ AVE 814-238- 8223 

TEST 00RWG LOG f iL€ m. 79007 
Nome United States Radium Corp. 

~ 

Locatrbn 4150 Old Berwicmoad Gnd €im 
4 t h  t Water 

After- ffrs. 
ft f.5 

,25' 26' :I 
SOIL DESCRIPTION: ROCK DESCRIPTION: L €G€ffD 

l. Kind - Goy, Silt,  Sond, Etc. 
2 Color- Light, Medium, Durk, Etc. 
3.Moisiut~- Dry, Moisi, Wet, €tc. 
4. Compuctrm- Lmse,  compact, €tc. 

I. Kind - Sandstone, Shafe, Etc. 
2Condiiion - Solid, Broken,ffc. 
3.Hardness- Soft,Medium Hard 

T- Trace , LT- Li9ht , MD - Medium , DK - Dark, - Dry 
M-Moi' , W -  Wet, V W -  Very We), H -  Hofd , s- soft 
L- Lwse , C -  Compact , SLD- SoIid, 6- Bfahn 
BB- Badly Brottrn , W/- With , MS- Mud Seums, Rec. -Recor*( Very Hard I Etc. 



UNIVERSAL 7"CHNf~L  , INC. 
11 UNI- TEC 2 - 7  

1234 E W U € G €  AVE 814- 238 - 8223 STAE WLL€G€pPA. 16801 

F/L P AO. 19007 TEST BORING LOG 
Name United States Radium Cop. 
L w a  4150 Old Berwick Road Gnd € 7 ~  

Pn . W t h  to Watw 
Fk .6,7 

v n v m  n -v Affw In Hfs.  
hsp. w f i g m e ,  
&?/8r 

SOIL DESCRIPTION : ROCK DESCRIPTION : LkTE'D 
1. Kind - Cby, Silt, Sand, €tc. 
2. Color- Light, Medium, Dark, Ne. 
3. Moistue- Dry, Moist, Wet, E&. 
4.Campacrrm- Loose, Cbmpucf, €tc. 

I. Kind - Sandstone, Shah?, Efc. 
2 Condition - So/id, Broken, €fc. 
3. Hardness - Soft, Medium , Hofd 

T- Tioce , L T - Light , MD - Medium , DK - Dark, D - Dry 
M -  Moid , W - Wet , VW - Very Wet, H - Hard , S- Soft 
L- Loose , C -  Compact , SLD - Solid , B - Braken 
RB- Rod@ Rrafrn , W/- With , MS -Mud Seams, Rcc. - Recov Very ffofd, €tc. 



7 UN/VERSAL T€CHNICdL , /NC. 

UNI- TEC 

United States Radium Corp. 
4150 Old Benuick Road 

Pn . 
/nsp. ar E n g Y W b Z t i r  
on'//sr rl 

12 

dpte 7/20 8 2/21/79 
Gnd f feg Bwing N .  9 

Amf He. meet- of 1 

Statim 
Deprn FA Offset 

1234 E COU€G€ AVE 8/4-238-8223 

TEST BORING LOG 
S A E  WLLEG€,FA , /680/ 

FILE M. 79007 

SOIL DEScR/pTlON: ROCK D€SCF?lFTlON : L€G€ND 
I. Kind - Clay, Sill  , Sond, €tc. 
2. co/or - Light,  Medium, Dork,Etc. 
3.Mo;sturr- Dry, Moist, Wet, €tc. 
4. Compactfm- Loose, Compact, €tc. 

f. Kind - Sondstone, Shale, €ic. 
2 Condition - Solid, Broken, Etc. 
3. Hardness - Soft, Medium , M r d  

T- Tf oce , L T - baht , MD - Medium , DK - DorR , D - Dry 
M-  Maid , W -  Wet V W -  Vefy Wet , H - Hard s- soft 
L- Loose , C- Compact , SiD - Solid, B - 0ro&en 
88- Bod& 0& , W/- With , MS - Mud Seams, Ru. - Recc'/t?i Very Hard , €tc. 



LJ 

0"- TEC 

Nme United States Radium Corp. 
Locotrbn ,&Old R - w i M  

Bloomsburq, Pa. 
hS.. W &g. IV Mpir-r 
Dn'//f V. Dve .  D . Ritchev 

W e  2/13/79 

Sfation 
Offset 

Gnd nett eanirgffq 10 
apptn pyafw 

After 24 nm. swt 1 o i  1 
F% 

7i%I W t h  &re Bit Ske --> Bit No. .-. 
BOffIffG LOG SFCWSWR€6)A?XXCtXF64TA REMARKS c4JI irp - - 

frwn 
i0 

t 

Samp/e BIOWS ~n spoon Run 7 2. / '  
Materio/ Descripiion 

0 6 I 2 1 8  & R u n  h k  2 9  

ark Brown S ilt 3' 

ark Brown Si l ty  Sand 2 2 . 0 1  2 2 2 s' 

Brown Silt, Trace of 3 2.0 2 3 5 15 7' 

B' 

Brown Silt, Trace of Sand 4 2.0 10 19 18 PO Water at 7.5' 9' 

lo' Small River Rock 

Dem 6 I2 /8 24 
1 2.0 13 'IO 2 3 

4 

6' 
~ --------- ~~~ ~~ 

4 

s 

? I 

> 5 2.0 9 15 16 18 No recovery 11' 

lO.O/Same 6 2.0 27 28 33 48 1.9 

12' 

/4 

15' Coarse band, Kiver Kock / 2.0 4B 38 21 44 

1 16' 

Coarse Sand, River Rock 8 2.0 15 22 29 34 /I' 

Brown Sand, River Rock 9 2.0 18 30 36 43 19 ' 

Brownsand, Rover Rock 10 2.0 21 L/ 33 32 21 * 

- I 22 
I jet monitoring 2y 

I 

18' 

--7 

1 20 

~ 

l6X 
.I 

- "el I 
15' slotted 24' 

7' solid 25' 

26' 

ROCK DESCRIPTION : LEGEND SO1L DESCRfPT1OtV: 

#I u 



Name United States Radium Corp. 
Lorotion 4150 Old Bew ick Road 

Bla a. Pa. 
hsp. w Eng. t m c e r  
D'Vw b - 

~ Rig&. cosrirg Sim 6" Span Size W A  
Depth of Sm7 -2 Hummer W t  N /A Hammer w t . . N / A ,  
&pth of Rock.- Hummer 5 r o p . L  Hummer Dtvp N /A 
Totol Dspfh &re Bit Size ~N/A, Bit No. N/A 

me- .  3R /79 
Gnd Rat Bmhg Nta. 11 

AqVh to Wafer Sfation 
ft Offset 

After Hrs. Sheuf-of- 

So/L D€SCRPT!UN : ROCX DESCFfPTE~V : LEGrND 
I. Kind - C ~ V ,  Sift, Sand,ffc. 
2 Cob- Light, Medium, Dark,€tc. 
3.Mwstue- Dfy,Moist, W d ,  Eh. 
4. comp4ctlin- Lmse, Gmpoct, €.e. 

f. Kind - Sandsfone, $ha&, Ztc. 
2 Condlfion - Solid, Broken, €le. 
ZHurdness - Soff, Medium ,&rd 

T -  Tioce , L T-  Liqhf , I!!D - Medium , DK - Oorx , D - Dry 
M- Moist , W -  Wet ,  VW- Vety We/ ,  H - Hard , S- Soft 
L- Loose , C- Cornpod,  SiD - Sufid , 8- &ohn 
88- Badly 6&17 , W/- Wifh , MS - Mud Seams, Re.  - Recavrr) Very Hord, Etc. 

. _. a -  . . . . . -. .. . . - -. _ _  ._ 



UNlVE'RSAL T'CHNICAL , INC. 

c i 

 me United States Radium Corp. & M ? 3 / 1 L  
Lmfion 4150 Old Benuick Road Gnd Elm Bmng No, L 

iser Fk Offset hsp. w &g. Ed Me 
Un'tler 

Rl& Pa- aeptn to Water Sration 

G a m a  Witannd After nm. s l i r s t 1  of 1 

- 
I.. 

Total O e p t h 3 7 . 0  &e Bit Size Bit No. N/A 
r 

BOR/NG LOG S r n N  W P E  a #x;5y &mFm?a I REMARKS Cosr ng lrbrJ 

f '  

2' 

3' 

Materid Descripiion 

Light Brown Sand and 

4' 

Sand and Gravel 5' 

6' 

. t' 
B' 
9' 

10' 

of 
S4mp1e 8fows m Spoon ospph 

from 
lo h I Depth 6 /212,@154 Ick ffU# 

1 I 
f f 8 ,  

f2' 

fJ' 

1 4  

f5' 

16' 

t f  

18' 

l9' 

2c7 

21' 

22 

23' 

24' 

25' 

I 

26' 
c 

I' 
i 
C 

A 

e 

-3 UN/- TEC 
I234 E COLL€G€ AYE 814-238- 8223 

TEST BORJNG LOG 

n 
15 

STAE WLUGG PA, 16801 

FILE IW. 79007 

SOlL D€SCR1PTlON: ROCX 5EXRIPTfON : L€G€ffD 
I. Kind - Quy , Silt, Sand, Etc. 
2 co1or - Light, Medium, Dark, E&. 
3. Moisrum- Dry, Moist, Wet, €tc. 
4. Compactfm- Lmse, Compact, Etc. 

1. Kind - Sundstone, Shdu, €tc. 
2 Condition - Solid. Bfoken, Etc. 
3. Hardness - Soft, Medium, M r d  

T- ??ac@ , L f - Lighr , MD - Medium, DK - &rk, 5 - Dry 
M -  Moist, W - Wet,  VW - Very Wet, H - Hard , S- Soft 
L- Loose C- Compoct , SLD - Solid, 6 - 0m.ke.q 
88- Badly Rrortcn , W/- With , MS - Mud Seams, ffec. -ffecowr.jr Very Hord , E tc. .' . 



-- UNIVERSAL T€CHNlCAL , INC. i"; 16 
I 

' UNI- TEC 
/234 E COLL€G€ AVE 814-238- 8223 STAE #LL€G€,,AQ, 16801 

. TEST BORfNG LOG F/L€ M. 79007 
N , ~  United States Radium Corp. 
Lmatjo,j 4150 Old Berwick Road 

Dn7ler v nvP n. &+PV 

Rln Pn - 
hsp. w e g .  m e w i s e r  

aofe 7/22/79 
~ n d  am Bwing No. 13 

abptn fcJ water Stafion 
Et on= Offset 

After Hrs.  Sheet- of 1 
IB Rig Ab. - &sing Size 8" HSA spoon size 

Depth d Sod .L Hammer W t . . N / A 2  Hammer Wt.& 
&pth of Rock n n  Hammer Drop - & , f !  Hammer Drop qnis 

W . V  I" 

Totof OSprn P A  Core Bic Size Bit No. .- 

SOIL DESCRIPTION: ROCK D€SU?IPTIOU : LEGEND 
I. Kind - Ciay , Silt, Sond, Etc. 
2. Color- Light, Medium, Dork,Efc. 
3. Moisturr- Dry, Moist,Wet, Ek. 
4. compaciri- Loose, Compact, Etc. 

I. Kind - Sandstone, ShaIe, Nc. 
2 Condition - Solid, Broken, Efc. 
3. Hardness - Soft, Medium , Hard 

T- Troce, L T -  Light , MD - Medium, DK - Dark, D - Dry 
M -  Moist, W -  Wet, V W -  Very Wet, H - Hord , s- soft  
L- Loose , C -  Compoci , SLD - Solid , 8 - Broken 
66 - Badly Br&n , W/- With , MS - Mud Seams, Rec. - Rec wt Very Hard, Etc. 



17 ;'-) UNIVERSAL TIFCHNIC4L , INC. f:T 

Name United States Radium Corn. 
Location 4150 Old- 

Bloomsburcr. Pa. 

Ddler r e e 4  
Ed M hsp. w €ng. e jser 

UNI- TEC 

d O / s 2 / 2 0 / 7 9  
Gnd E& Baring No. 11( 

Deptn to Woter station 
Ft 32.0 Offset 

Af&f t.n ffm. s h e e t 1  of 1 

1234 E COLL€G€ AVE 814-238- 8223 STAE CVLLEG€,PA., 16801 

TEST 00Rl"G LOG FILE M7. 79007 

BORING LOG SYWNsAMpLzBh#Xt2%FcL4TA REMARKS rcou irp kbrr 

Sample 81ws cn Spoon R,,,, b;M cafe car. % I '  

ro llkr De@h 6 12 18 21 M R S C .  2' 

0.0 Light Brown Sand Water@ 14 00' 3' 

/16.C 4' 

Material Description 
w 
frm 0 6 I2 i8 M Run 

/ w/Sandstone B a r  lders 

c)n n Total Depth uu.u Clue Bit S&e,-. Bit No. 

Light Brown Sand w/Gra&i 

I 
1 

SOIL DESCRIPTION: ROCK DESCRlP TiON : LEGEA/D 

~hl/A, 

Set 32.0 Ft. oks' 
61 Casing 6' 

7' 1 
s' 

9' 

10' 

I /  ' 
~ ~ ~~ ~~ ~ 

12' I 
I 

f 
1 4  

15' 

16' 

t f  

l8' 

I9 

2# 

21' 

22' 

23' 

24' 

25' 

26' 



United States Radium Corp. 
Locotion 4150 Old Benvick Road 

hsp. ff E&- el r 
DnVw Dye. D. Ritchev 

Pn 

SOIL DESCRIPTION : ROCK DESCRIPTION : L &€NO 
l. Kind - CIoy, Silt, Sand, Etc. 
2 Color - Liqht, Medium, Dark, Etc. 
3. Moistuiv - Dry, Moist, We?, Ete. 
4. Compocth- Loose, Compact, Etc. 

l. Kind - Sondstone, Shale, €tc. 
2 Condition - Solid, Broken, Etc. 
3. Hardness - Soft,Medium , Hard 

T- Trace, LT- Li9#, MD - Medium, DK - k r k  , D - Dry 
M - Moist, W - Wet,  V W -  Very Wet,  H - Hard , S- Soft 
L- Loose , C- Compact , SLD - Solid , E - Broken 
ee- Badly Brohrn , W/- With , MS - Mud seams, Ru. -Reco8vta Very Hord, Etc. 

m e  2/22/79 
G d  f f 8 H  Bming NO. 13 

F% Offstd 
Nfer 1 Hm. srtcst 1 u f '  

rn th  qqgp Stafim 



UNIVERSAL T€GHN/CAL , /NC. P, 
UNI- TEC 

N ,  United States Radium Corp. 
Lmutim 4150 0 - a  

Bloomsburq , Pa. 
/nsp* w f i g .  t d  M e ' iser 
DnYler ene W ieand 

19 

m e  2/14 2/15/79 . 
Gnd H a  Ban'ng Nq b. 

Affor 1.0 Hrs. s h c s t - - l - 0 / 1 *  
A!pfh foflapr Sfafim 

Ft Offsef 

1234 E COLL€G€ AV' 8/4-238 - 8223 STAE #LL€G€,PA, /680/ 

TEST BUR'NG LOG FfLE A#. 79007 

Rig &. Cosing Size 6 " spoon size W A  
Depth of Sot/ 30,o Hammer Wt. N/A Hammer Wt. N/A 
Oeptn of f f m k . o . 0  Hummer Drop .-, Hummer Drop.- 
TOW U#h - W e  Bit Size .- 8if No. .-w-> 

SOIL O€SCR1PT/ON: ROCK DESCR/PT/ON : L ZGEND 
1. Kind - Qay Si/f, Sand, Efc. 
2 Co/or- Light, Medium, Dark, Etc. 
3. Moisturc - Dry. Moist. w8t. E&. 

1. Kind - Sandstone, Shale, Etc. 
2 Condition - Solid, Broken, Efc. 
3. Hardness - Soft, Medium, Hard 

P Trace, LT- Light MD - Medium, DK - Dark, D - Dry 
M- Moist, W -  Wet, VW- Very Wet, H - Hard , S- soft  
L- Loose , C - Compact , SLD - Solid, R - Broken 



c 

Nmne United States Radium Corp. &fe 1/31/79 
Location 4150 Old Berwick Road #Id Gnd E7eu 8wingffo.J' R -  

R i  Pn. * &pth to Water Stafien 
hsp. cw €9. %%%, Ft. None Offset 
DMur v D F  n rzitchpv After Hn. S h e e f ~ O f L  

SOIL D€smlPTloN: ROCK D€SCRlPTlON : Lrn€ND 
I. Kind - Clay, Silt, Sand, €/e. 
2 Color- Light, Medium, Dork,€fe. 
3.Moistum- Dry, Moist,Wet, Efc. 
4. Compactiii- Loose, Compact, €fc. 

I. Kind- Sandstone, Shale, €tc. 
2. Condition - Solid, Broken, Elc. 
3. Hardness - Soft,Medium ,hbrd 

T- 7iocs , L T -  Light, Mi?- Medium, DK- eOr.4 , D - Dry 
M - M o d  , W -  Wet , VW- Very Wet, H - Hord , S- Soft 
L- Loose , C -  Compact , SLD- Solid , 0 -  Broken' 
BE- Bad& Brorlrn , W/- With , IUS -Mud Seams, Rec. -Recow< Very Hord , Etc. 



21 7- , U#/V'RSAf TECHffICAi, 1NC. 7, 

UNI- TEC 
I234 E W U € G €  AVE. 814-238-8223 STAE WLLEG€,PA, 16801 

79007 TEST BOf?/NG W G  FILE MJ. 

SOIL DES~lPTlOff : ROCK DEScspIPT/ON : LEGEND 
I. Kind - Cfoy , Si/, , Sand, Ne. 
2 Coior - L;ght, Mcdum, Dork, Etc- 
3. Moisturr- Dry, Moisi, Wetl Etc. 
4. &mpactlim- Lmsc, Compact, Erc. 

I. Kind - Sandstone, Shde, Etc. 
2 c0nd;ttion - Sdid, Broken , Elc. 
3. Hardness - Soft, Medium , Hard 

T- Trace , LT- Li9ht I MD - Medium , DK - Dark , D - Dry 
M - Moist, W - Wet, V W - Very Wet , H - Hard , S - Soft 
L- Lwse , C- Compact 
88- Bad0 8 A n  , W/- With , MS -Mud Seams, Re.  -Re:m 

SLD - Solid , B - Broken 
Very Hard , Etc. 
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N U N  United States Radium Corp. 
Lmahbn 

~ S P .  w f ig .  CJ M a r  

4130 O'd 0 emick Koad 
oomsbu ra. Pa. 

DMer V. Dye.  0 . Ritchey 

mte 1/3m9 

Depth f o p t e f  S#ution 
Offset 

Affer Hrs. Sheet 1 of 

Gnd Bee  wing NO. 15: 
one Ft. 

SOIL D€SMPTlON : ROCK DESCRIPTION : LEGENO 
f. Kind - m y ,  Siit , Sand, Etc- 
2 Color - Light, Medium, Dark, Etc. 
3. Moistue- Dry, Moist, Wet, Etc. 
4. Compacrlirr - Loose, Comport, €tc. 

I. Kind - Sandstone, Sbaie, Etc. 
2 Cbndition - Solid, Broken, Etc. 
3. Hordness - Soft, Medium , Hard 

T- Troce , LT- Liqht, MO - Medium, OK- Dark, 0 - Dry 
M - Moist, W -  Wet, V W -  Very Wet ,  H - Hard , S- Soft 
L- Loose , C- Comport , Si0 - Solid , 8 - 8mkm 
88- Badly Broken, w/- With , MS -Mud Seoms, Re. -Rec.wt Very Hard, N c .  



UNI- TEC 

NUrn United States Radium Cow. 
Location 4150 QIdAe~erw ick Road 

1234 E COU€G€ AVE 814-238 - 8223 STAE C;OLLZG€,PA I6801 

EST BORING LOG FfLE JW.= 

&e 2/8 8, 2/14/79 
God meit Bwing Nq - 

aeptn gpf Station 
Ft. Offset 

Attar A Hn. sel?t- of 1 I 

SOIL D€SCJ?/PTION: ROCK D€SCRfPTlOh' : L€G€ND 
f. Kind - G%y, Sift, Sand, €fc. 
2 Co/or - L lgh t , Medium, Dark, Nc. 
3.Moistutr- Dry. Moist,Wet. €fc. 

l. Kind - Sandstone, Shafe, E f c. 
2 CMdiian - Solid, Broken, Etc. 
3. Hardness - Soft, Medlum , hbrd 

T- Ti ace , L T - Light, MO - Medium, DK - Lbrk , D - Dry 
M - Moist , W - Wet , VW - Very Wet, H - Hard , S - Soft 
L- Loose, C- Compact , SLD - Solid, B - Broken _ .  . -  

4. Compoctlbn - Lmse, Compact, €tc Very Hord, Etc. 88- B d / y  8Iokm , W/- With , MS - Mud S-ms, R e .  -ReC0VtfJr 



UNIVERSAL r m i N i a L ,  INC. 24 .c-r 

'I 

UNI 0 rEc 
1234 E COU€G€ AVE 814- 238 - 8223 S f A E  COLLEG€,FA, 16801 

TEST BORING LOG FILE m. 79007 
Name United States Radium Corp. 
Locathn 

hsp.ar €ng Ed M .o EC?r 
Dn'lor I - a  I 

4150 Old Berw ick Road 
n n  

V I3ve I3 Ritrk-v 

Lkte 1/29/79 
end am Bwing No. La 

aSprn h afar Statim 
Ft &e Offset 

Hfs. sheet- of 1 After 

L. 

. .  

i. I 

I 

SOIL DESCR/PTlON: ROCK DESCRlPTlCW: LS€ND 
1. Kind - Uay Silt Sand, N c .  
2. Co/or - Light, Medium, Dork,Efc. 
3. Moisturt - Dry, Moist, Wet ,  Etc. 
4. COmpactLn- Lcese, Compact, Etc. 

l. Kind - Sandstone, Shale, N e .  
2 Condition - Solid, Broken, Etc. 
3. Hofdness - Soft Medium, M r d  

T- Troce LT - Light MD - Medium DK - Durk , D - Dry 
M- Moisf , W -  Wet, VW-  Very Wet,  H - Hord , s- Soft 
L- Lwss C -  Compoct 
88- Badly Broken , W/- With 

SLD - Solid , 8 - Broken 
Very Hord, Eft. MS - Mud Swms, R e .  -Re:m 





26 

~~ ~ 

United States Radium Corp. 
Location4150 Old Berwick Road 
5 
Dnmf V. b e .  D .  Ritchev 
h ~ p .  CK fig. FA Mei-r 

I234 E COUEGE AYE 814-238 - 8223 STAE WU€G€,?A., I6801 

&fe 2/26/79 
Gnd € 7 ~  BwingNo. 19 

W t h  to YTef Sfofion 
Ft Offset 

A f W  1 0 Ha. S h e 8 t 1 0 f  1 

79007 FILE M, 

SOIL &?€SCRIPTION: ROCK DESCRIPTION : LEG€ffD 
1. Kind - ffay , Silt , Sand, E&. 
2. Color - Light, Medium, Dark, Be. 
3. Moisturn - Dry, Mot''?, Wet, Be. 
4. Compoctfm- Loose, Compoct, Etc. 

I. Kind - Sandstone, ShuIe, Nc. 
2 CMdilon - So/id, Broken, Etc. 
3. Hardness - Soft, Medium , Hard 

T- Trace , LT - Li9ht , MD - Medium , DK - &rk , D - Dry 
M - Moist W - Wet I VW - Very Wet N - Hord , S - Sof? 
L- Loose , C-  Compact , SLD - Solid , 8 - Broken 
00- BodQ B d n ,  W/- With , MS -Mud Seoms, Rec. -Re; 3wd Very Hard , Etc. 
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Table 2B. U.S. Radium Corporation - Bloomsburg, Pa .  

Meiser & E a r l  Logs of Selected Borings 

Boring No. 1 - 10 O c t  78 - G i l e s  Dr i l l i ng  Corp. 

0-7 Brown silt 
7-15 Brown sand and grave l  
15-24 

- 
Gray brown sand and grave l  

Boring No. 2 - 11 O c t  78 - G i l e s  Dr i l l i ng  Corp. 

0-8. Brown silt 
8-12 
12-20 
20-24 

Light brown and l i g h t  gray silt and c lay  
Fine-medium sand and gravel ;  broken pebbles %"-l%*' 
Medium-coarse sand and f i n e ,  rounded grave l ,  pebbles k''-l'' 

Boring No. 3 - 12 Oct 78 - G i l e s  Dr i l l i ng  Corp. 

0-4 Dark brown silt,  f i n e  sand and black coa l  s i l t  
4-8 Gray-brown and gray s i l t ,  trace f i n e  sand - 8-10 
10-14 
14-19 
19-24 Gray shale bedrock 

Brown silt and f i n e  sand, trace gravel  
Fine-medium sand and grave l ,  some broken chips ,  %"-l%" 
Sand and gravel,  pebbles %''-3/4'' 

Boring' No. 4 - ' 22 Feb 79 - Universal Technical, Inc. 

0-10 Brown s i l t  
10-12 Brown si l t ,  gravel,  rounded pebbles 
12-16 
16-20 

Fine sand and grave l ,  most pebbles %I' 

Sand and coarse grave l ,  rounded pebbles t o  1%" 

Boring No. 5 - 20 Feb 79 - Universal Technical, Inc. 

0-4 
4-8 No sample 
8-12 Coal si l t  and f i n e  sand - 12-16 Dark gray s i l t y  f i n e  sand 
16-20 Brown sand and grave l ,  pebbles avg. %''-l'' 

Dark brown silt and b lack  coa l  silt 

Boring No. 6 - 21 Feb 79 - Universal Technical, Inc. 

6-14 Gray s i l t  
14-20 Sand and gravel,  shale bedrock a t  bottom 

Boring No. 7 - 14 Feb 79 - Universal Technical, Inc. 

0-2 Brown s i l t  
2-10 Black coa l  silt and f i n e  sand, some brown silt 
10-12 No sample 
12-14 Brown clayey s i l t  
14-16 Brown f i n e  sand, s i l t  and gravel ,  rounded pebbles Y1-ll' 
16-20 Fine sand and grave l ,  most pebbles %'I,  up t o  1%'' 

G, MEISER & EARL hydrogeologists 
1512 W. COUEGE AVENUE. STATE COLLEGE. PENNSYl.VClNlA 1-1 814 234413 
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Table 2B Continued 

Boring No. 8 - 20 Feb 79 - Universal Technical, Inc. 

0-2 Brown silt 
2-8 Black c o a l  silt, some brown silt and fine sand 
- 8-12 
12-14 Gray fine-medium sand and gravel,  pebbles <1" 
14-20 

W e l l  No. 9 - 21 Feb 79 - Wieand Bros. D r i l l i n g  

5-15 
15-20 .Sand and gravel,  abundant f i n e  gravel  (pebbles k") 
20425 
25-30 

Light  brown s i l t y  f i n e  sand, some coa l  s i l t  

Sand and grave l ,  pebbles up t o  1%" 

Brown sand and gravel, many broken fragments of l a r g e r  cobbles and boulderE, 

Brown s i l t y  sand and gravel  
Brown sand and gravel,  most pebbles k"JI" 

Boring No. 10 - 13 Feb 79 - Universal Technical, Inc. 
0-2 Brown s i l t  
2-4 Brown s i l t  and black coa l  silt  
4-6 Brown s i l t y  c l ay  
12-14 Sand and gravel,  rounded pebbles t o  1%(' 
14-20 Sand and gravel,  rounded pebbles %"-l" 

Well No. 11 - 2 Mar 79 - Wieand Bros. D r i l l i n g  

0-10 

10-15 Sand and f i n e r  gravel,  but  abundant broken fragments of broken pebbles 
15-20 Brown s i l t y  sand and gravel,  l a r g e  fragments from broken cobbles 

20-30 Brown sand and gravel,  f i n e r  pebbles, k"-$",better so r t ing  than 

Brawn sand and gravel,  l a r g e  pebbles 2"-3" and broken fragments of 
boulders 

and boulders 

above materials 

W e l l  No. 12 - 1 Mar 79 - Wieand Bros. D r i l l i n g  

0-10 

10-15 Gray brown sand and gravel,  angular fragments 
15-20 
20-30 

Light  brown sand and gravel,  with broken fragments of cobbles and 
boulders 

Gray brown s i l t y  sand and gravel,  rounded pebbles %"-1" 
Brown sand and gravel,  most pebbles k''-ltt, abundant sand in lower 5 f e e t  

W e l l  No. 13 - 20 Feb 79 Wieand Bros. D r i l l i n g  

0-15 

15-25 Brown s i l t y  sand and gravel,  pebbles rounded, mostly %I1-%" 

25-30 

Light  brown sand and gravel,  with l a r g e  fragments of broken cobbles 
and boulders 

Brown sand and f i n e  gravel,  w e l l  rounded pebbles %"-%", high  
percentage of sand, f a i r l y  w e l l  sor ted 

W e l l  No. 14 - 15 Feb 74 - Wieand Bros. Dr i l l i ng  
0-15 Light  brown sand and gravel,  broken pebbles and chips  of coa r se r  cobbles 
15-20 Gray brown very s i l t y  sand and f i n e r  gravel 
20-25 Dark brown gravelly coarse sand, few small rounded pebbles G" 
25-30 Light brown sand and f i n e  gravel, most pebbles cy' 

I, MEISER 8c EARL hydrogeologists 

is12 w. COUEGE AVENUE. STATE COLLEGE. P E " s n v m A  I ~ I  a14 PUXI~ 
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W e l l  No. 15 - 15 Feb 79 - Wieand Bros. D r i l l i n g  

0-25 

25-35 

Light brown sand and gravel, numerous broken fragments of cobbles 
and boulders, many pebbles 1Qrr 
Gray brown s i l t y  sands and f i n e  gravel,  most pebbles 1/8"-3/8t1 

. 

... 

W e l l  No. 16 - 14 Feb 79 - Wieand Bros. D r i l l i n g  . 

0-20 

20-25 
25-35 Brown s i l t y  sand and f i n e  grave l ,  angular pebbles 

Brown sand and gravel, rounded pebbles Qrr-lV plus fragments 
of broken l a r g e r  cobbles 
Brown sand with f i n e  gravel, most pebbles 1/8''-3/8" 

L, MEISER & EARL hydrogeologists 
1512 W. COLLEGE AVENUE. STATE C W E .  PENNSYLVANIA 16801 814 234-0813 
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auger o r  t o  d r i v e  casing, sample the  s o i l  i n s ide  wi th  a s p l i t  spoon every 

2 f ee t ,  then set 2-inch schedule 80 PVC pipe and screen  (.015" s l o t )  i n  

t h e  hole  f o r  a permanent w e l l .  However, attempts a t  augering and/or 

dr iv ing  casing by Universal  Technical, Inc. a t  loca t ions  12, 13, 14, 15 

and 16 proved t o  be unsuccessful because of t h e  presence of an upper l aye r  

of sand and gravel  with sandstone boulders approximately 15-25 f e e t  t h i ck  

(see logs  f o r  these  holes ,  Tables 2A and 2B). 

out  a technique, employing an air ro ta ry  w e l l  d r i l l  (Wieand Bros.Wel1 

Dr i l l i ng ,  Inc.) of d r i l l i n g  and s e t t i n g  5-fOOt increments of 6-inch steel 

casing with welded j o i n t s ,  s l o t t e d  t o  about 5 f e e t  above the  water table .  

This proved t o  be the  only p r a c t i c a l  method f o r  d r i l l i n g  and sampling t h i s  

Consequently, we worked 

coarse,  bouldery material. 

The borings located down over the  canal bank a t  t h e  lower e leva t ions  

i n  the  active flood p l a ino f  the  Susquehanna River experienced no d i f f i c u l t y  

with t h e  bouldery grave ls  because t h i s  layer  i s  not  present  there  strati- 

graphical ly;  i t  is replaced by silts and f i n e  sand and silts, overlying 

sand and f i n e  gravel  as will be discussed in t h e  next sec t ion  (see Figure 1). 

The d r i l l e r s  d id  have considerable d i f f i c u l t y  in t h i s  area in keeping t h e  

auger holes open t o  set t h e  2-hch  pipe because of "running sand" or quick 

sand conditions in t h e  silt and f i n e  sand and silt. These holes are screened 

t o  within 5 f e e t  of t he  surface,  and have a c o l l a r  of concrete grout a t  

t h e  surface t o  minimize d i r e c t  i n f i l t r a t i o n  of sur face  runoff and river 

flooding. 

Construction d e t a i l s  are described f o r  each w e l l  i n  the d r i l l e r s  test 

boring logs (Table 2A). 
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Subsurface Geologic Conditions 

Based on the-material descriptions from the drilling logs, correction 

of drilling depths to actual elevations, our own inspection of the samples, a d  

a cross section taken through the site (Figure l ) ,  the subsurface geologic conditions 

are relatively straightforward. The site lies about 5 miles downstream 

(west) from the edge of the most recent glacial ice advance during Late 

Wisconsin time, 10,000 years BP. The site is clearly within the outwash 

plain produced by torrential flooding of ice meltwater down the Susquehanna 

River valley. The nearly level elevation of the shale bedrock seen in holes 

- 3 ,  6, and 12 show the bedrock floor beneath the site area to be relatively 

horizontal, as might be expected by the area's history of glaciation and 

outwash flooding. Overlying the bedrock is a deposit of poorly sorted sands 

and- gravels, the outwash plah from the melting Wisconsin glacier, approximate- 

ly 35-45 feet thick under most of the plant site (see Figure 1). These 

materials are described in detail in the drillers logs and our own logs 

in Table 2A and 2B. 

a coarser, sand and gravel with large sandstone boulders, approximately 

The gravelly deposits can be subdivided into two units: 

15-25 feet thick overlying sands and finer gravels above the bedrock. 

In the development of the present day flood plain,of the Susquehanna, 

the river has cut a fairly steep bank against the sand and gravel outwash 

plain and deposited a blanket of silts, fine sandy silts, clayey silts, 

and coal silts, as seen in the geologic cross section (Figure 1). 

An abandoned canal follows the upper edge of the gravel bank and 

has been filled in over most of the site. The two lagoons are actually 

remnants of the old canal (Plate 1). The canal was dug primarily in the 

silts and appears to have little influence on the hydrologic system. 

of the backhoe test p i t s  (No. 1) we dug encountered wood and radioactJve 

debris filled in the old canal (see Table 3). 

One - 



Table 3. U.S. Radium Corporation - Bloomsburg, Pa.  

Backhoe P i t  Logs 

, .Test  P i t  No. 1 (50 f e e t  toward r i v e r  from SE corner of Laquer 
Storage building) 

0-3" Dark brown silt loam t o p s o i l ,  roots.  

3- 17" 

17"-7' Dark gray sand matrix i n  gravel;  w a t e r  @ about 5' flowing 15 gpm; 

Brown and yellow-brown s i l t  with cobbles 
5"-16" ~ 2 5 2 ;  some sand and s i l t y  sand. 

- 
old f i l l  - boards and logs, st rong oily smell; evidence of radio- 
a c t i v e  materials i n  dump. 

I 

T e s t  P i t  No. 2 

0- 14" Dark brown silt,  roots .  

14" - 6' Brown s i l t ,  some gray v e r t i c a l  mottling. 

6'-6%' 

(125 f e e t  toward r i v e r  from SE corner of Laquer 
Storage building) 

Large cobbles - river bottom gravel. 

P i t s  logged on March 14, 1979 by R. M.' Hershey 

i 

MEISER & EARL A hydrogeologists 

1512 w. COLLEGE AVENUE. STATE CCUEGE. PmNsnvmiA iwi 614 pcodt3 
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The compositional, textural and hydrologic-behavior contrast between 

the silts and the sands and gravels is striking. 

shale bedrock floor defines a lower boundary to the hydrologic system 

Furthermore, the dense 

f 

i 

c 

of the overlying sedimentary deposits. 

samples, we estimated the permeabilities of the deposits to allow calculation 

of the rates of ground-water flow. Expressed in terms of flow rate through 

a unit.area of aquifer under a hydraulic gradient of unity (i.e. slope on 

the water table is l:l), we estimated the "textbook" permeability of the 

sands and gravels to be on the order of 1000-3000 gal/day per square foot 

(gpd/ft2). 

From our inspection of the drilling 

2 For the silts, we estimated permeabilities of about 0.1 gpd/ft . 
As another approach to estimating permeabilities, we ran several 

laboratory tests on sands and gravels fromwells 9 and 13, using a falling- 

head permeameter. The results are summarized in Table 4, and show excellent 

replication within any one test, but considerable variability among all 

samples. 

the gravels varies with increased silt content but is at least 200 gpd/ft , 
Our conclusion concerning these data is that the permeability of 

2 

somewhat lower than our "textbook" estimates. 

Water Table Configurations 

On February 21, 1979, we measured staticewater levels in all avail- 

able wells and borings. We corrected these levels to elevations with respect 

to an assumed datum of elevation 0 at the center of the burial pit (Table 5). 

The Water Table - February 21, 1979 overlay (Plate 2) shows our interpretation 
of these data points as a water-table contour map; this interpretation 

is straightforward and justifiable for the given set of data. 

the water table is nearly flat in the front of the plant property; gradients 

Basically, 



Table 4. 

Depth 

( f t )  
W e l l  Interval 

13 15-20 

13 10-15 

13 25-30 

9 15-20 

9 20-25 

U.S.. Radium Corporation - Bloomsburg, Pa. 

F a l l i n g  Head Permeameter Tests 

.0544 9.4 2-42 2.06 ' 192 

2.06 311 

2.12 169 

-0544 9.1 2.46 2.03 15 

1-71 . .. 25 
1.70 30 
1.47 32 

.0544 7.16 2.47 1.41 27 

1.24 31 
1.22 . 3 2  

16 

1.33 19 
1.23 22 

.0544 6.7 2.43 1-43 

.0544 9.45 2.48 2?365 110 
2.33 155 
2.29 240 

Avg;. p 

P (nal/day> 
2 f t  (cm/sec.) 

4.2 8.5 

2.6 

4.0 

7.2 

6.1 

8.0 

6.3 x 150 

8.0 x 180 
8.6 x 

8.6 x 

1.2 x 230 

1.1 x 

1.1 x 

2.2 - 4.2 

2.0 

1.7 

ti2 '  1 hO 
log lo  i;- 

- -  
p = 2.30 D2 t 

_. . 

Testing performed on February 23, 1977 by 

T. A. Earl 

MEISER & EARL G hydrogeologists 

1512 W. COLLEGE AVENUE, STATE COUEOE. PENNSnVANU 16801 1114 234-0813 
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Table 5 .  

1 Well Ground 
No. Elevation 

(inches) 

1 

2 
3 
4 

5 

6 
7 
8 

9 
10 

11  
12 

13 

14 
15 

16 
17 

18 

19 

- 36 
-108 

-192 

- 90 
-186% 

-197 
-202 
-192 
+ 434 
-217 

+ 36 
+ 22 
+I 3% 
+48% 
+156 
+151 3/4 
+ 29% 
- 91% 
- 97% 

U.S. Radium Corporation - Bloomsburg, Pa. 
Water Table Measurements 

Measuring 
Point above 
Ground 
(inches) 

+12 
+12 

+ 6  
+3 6 

+3 0 

+36 
+22 

+30 
+20 

+ 9  
+22 

+22 
+18 

Measuring 
Point 

Elevation 
(inches) 

- 24 
- 96 
-186 

- 54 
-157 

-161 
-180 

. -162 
+ 64 
-208 

+ 58 
+ 44 
+ 32 

Measuring 
Point 

Elevation 
(feet) 

- 2.0 
- 8.0 
-15.5 
- 4.5 
-13.1 

-13 *4 
-15.0 
-13.5 
f 5.3 

-17 3 

+ 4.8. 
+ 3.7 
I- 2.7 

21 Feb 79 
Water Level 

(feet) 

- 9.0 
- 4.8 
- 2.4 
- -- 

- ,7.0 
- 9.5 
-10.4 
- 4.2 
-16.0 

- 2.9 
---- 
---e 

-13.3 

21 Feb 79 
Water Table 
Elevation 
(feet) 

-1 1 .o 
-12.8 

-17.9 
----- 
-20.1 

-22 9 

-25.4 
-17.7 
-10.7 

-20.2 
---- 
--e- 

-10.6 

14 Mar 79 
Water Level 

(feet) 

-8.6 

-10.0 

-0.5 

-4.5 
-5.2 

-2.6 
-3.2 
-1.8 
-13.6 
- 1.4 
-13.2 

-13.2 
-11.0 

14 Mar 79 
Water Table 
Elevation 

(feet) 

-10.6 
- 9.0 
-16.0 

- 9.0 
-18.3 

-16 .O 

-18.2 
-15.3 
- 8.3 
-18.7 

- 8.4 
- 9.5 
- 8.3 

3 _- 

1 

+2 2 + 71 + 5.9 -16 6 -10.7 -14.4 - 8.5 
+23 +178 $14.9 -25.0 -10.1 -22.5 - 7.6 
+2 2 +174 +14.5 -24 3 - 9.8 -22.0 - 7.5 
+13 + 43 I- 3.6 ---- ---- ---- ---- 
+17% - 74 - 6.1 ---- - 1.9 - 8.0 
+16 - 82 - 6.8 cc-- - 2.9 - 9.7 

---- 
w 
o\ 

--c_ 

‘All elevations relative to center of burial pit = elevation 0 
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here are on the order of 0.3% (Table 6). But as the gravel aquifer is 

pinched between the overlying river flood plain silts and the underlying 

shale bedrock, the water table steepens dramatically. Grade on the water 

table through the burial pit is about 0.7%. Beneath the canal bank, the 

gradient steepens to 5%, then to 10% in the flood plain area. 

Weather conditions preceding the late February water table were 

fairly.wet, but ground frost was still present, and appeared to have blocked 

-- 

or delayed significant regional ground-water recharge. 

I f  
Concerning ground-water flow direction, p,articularly in the areas of 

the disposal pit and old dumps, low appears to be heading toward the river. 

'From the February 21, 1979 water table map, the direction of ground-water 

flow through the burial pits is 180' (where magnetic north = 0'). 

By the time of our second round of water level measurements on March 

14, 1979, the water table had reached its seasonal maximum following very - . 
heavy rains, snonnelt, and flooding of the river over all the brings on 

the flood plain. 

period (Plate 3) was considerably more difficult than the first construction 

for February levels. 

Contouring the water-table configuration for this mid-March 
- -  

At the risk of stretching the limits of our "artistic 

license" in interpreting the water-table elevations (Table 5), there appears 

to be an elongated, subdued ground-water mound paralleling the edge of the 

active flood plain. This is caused by the flooding of the river which had 

receded only a few days before our'measurements, and had saturated the 

entire flood plain area t o  the ground surface. 

is therefore a temporary situation, reflecting bank storage in the silts. 

This high-water configuration - 4 

Gradients on the seasonal high water table map do not show any change 

from the earlier (February) configuration (Table 6) in the front of the 

property, which has the same 0.3% grade. The flood plain area shows some 

variation, but averages about the same 1OZ as the earlier gradients. 
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Table 6 .  U.S. Radium Corporation - Bloomsburg, Pa. 

Water-Table Gradients 

Location Date From-To AElev/Distance- Gradient Average 
Gradient 

Front of Property 21 Feb 79 NO. 15-N0. 9 0.6/360 0.17% 0.3% 
NO- l6-No. 9 0.9/285 0.32% 

Through Bur ia l  21 Feb 79 NO. 13-N0- 1 0.4175 0.53% 0.7% 
P i t s  -10.5 Contour- 0.5/70 0.71% 

No. 1 

Canal B a n k  21 Feb 79 NO. l-No. 2 1.8/53 3.4% 4.0% 
-11.0- -13.0 2.0/50 4.0% 

contours 

Floodplain 21 Feb 79 NO. 7-No. 8 7.7/60 13% 10% 
NO. 2-No. 3 5 -  1/60 8.5% 

Front of property 14 Mar 79 -7.5- -8.5 1.0/320 0.31% 0.3% 
contours 1 0/400 0.25% 

Floodplain 14 Mar 79 NO. 7-No- 8 2-9/60 4.8% 1.0% 
NO. 2-No. 3 7.0/60 12% 

MEISER 8c EARL G, hydrogeologists 

1512 W. COLLEGE AVENUE. STATE COLLEGE. PENNSYLVANIA t-1 814 23co(l13 



trough (through Well No. 1) fills,and the narrow ground-water mound through 

Well No. 2 dissipates. 

"blocked" by the mound, and actually would reverse for a short distance 

In other words flow toward the river is temporarily 
4 

Pumping Tests 

I II 

The most realistic and representative determination of the field 

,permeabilities of the sand and gravel aquifer and the silt aquitard (slowly 

permeable unit) can only come from conducting pumping tests on wells in these 

formations,and measuring drawdown and recovery water levels. 

wells, Nos. 6, 9 ,  12 and 14 to get this information. 

We pumped four 

Boring No. 6 is drilled primarily through the flood plain silts 

(14 feet of silt of total 20-foot depth). Figure 2 shows a plot of recovery 

water levels in Boring 6 following pumping the well down at a rate of about 

1/3 gallon per minute (gpm). Table 7 shows the data from the pumping tests 

used in the calculation of permeability. 

permeability of 0.28 gpdlft', very close to our earlier "textbook" estimate 

of 0.1 gpd/ft . 

The silts in No. 6 have a field 

2 

Figure 3 is a pldt of drawdown levels measured during pumping Well 
2 No. 14. 

for the sand and gravels penetrated by this well. Well No. 9 is also drilled 

in the sands and gravel aquifer. Based on the recovery water levels measured 

after pumping this well for 40 minutes at 13 gpm (Figure 4 ) ,  the permeability 
2 of the sands and gravel aquifer near the western property line is 560 gpd/ft . 

From the drawdown data we calculated a permeability of 2600 gpd/ft 
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Table 7. U.S. Radium Corporation - Bloomsburg, Pa. 
Pumping Test Calculations 

Transmissivity 

Well Types of Slope of Water Pumping Saturated Permeability 
No. Test Data Level Trend Rate Thickness 

Q T m P AS 
ft gpm gpd/f t ft gpd/ft2 

0.33 5.3 19 0.28 
14 37,000 16 2300 
13 8,400 17 500 
15 16,000 23 700 
15 19,000 23 830 

6 Recovery 16 
14 Drawdown 0.10 

12 Drawdown 0.25 
12 Recovery 0.21 

9 Recovery 0.41 

0.06 15 13 _. Drawdown 
(Obs. well for 

66,000 23 

No. 12) 
1 Drawdown 

No. 12) 

0.06 15 66,000 23 
(Obs. well for 

264 Q 

AS T =  

2700 

2900 

T - p  = - 
M 

MEISER & EARL L. hydrogeologists 

1512 W. COLLEGE AVENUE. STATE C U G E .  PENNSYLVANIA 16801 814 234-0913 
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The pumpinn test on Well No. 12 is the most significant, since it 

involved the sand and gravel aquifer directly where the burial pits are 
. 

excavated. 

drawdown levels in two  observation wells were recorded: in No. 13, and 

in No, 1 located on the opposite side of the burial pit from the pumped 

well, No. 12. *Drawdown and recovery data in Well No. 12 (Figures 5 and 

During pumping of Well No. 12 for one hour and forty minutes, - - 
6, respectively) yielded nearly the same values of permeability: 700 gpd/ft 2 

and 830 gpd/ft2. 

allowed us t o  calculate a permeability of 3100 gpd/ft ,which is 

The drawdown data in observation Well no. 13 (Figure 7) 

nearly 2 

the same value we calculated from the drawdown data in observation Well 

No. 1 (Figure 8). 

In summary, the permeabilities calculated from actual field pumping 

tests in the sand and gravel aquifer ranged from 560 to 2900 gpd/ft2, which 

is remarkably close to our original "textbook" estimates of 1000-3000 gpd/ft 2 . 

Ground-Water Flow Rates 

Permeability has been expressed in this report as gallons per day 

per square foot. 

the.permeability values can also be expressed as velocitges in feet/day. 

Multiplying permeability expressed as velocity by the actual gradient on the 

By dividing permeability by 7.48  gallons per cubic foot, 

water table, a unitless percentage, yields ground-water flow velocity along 

that gradient. 

We have summarized several possible flow velocities at different 

locations in the sand and gravel aquifer, assuming a low and a high value 

of permeability, and using the water-table gradients measured from the 

maps of water-table configurations (Table 8). The flow rates through the 
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Table 8. 

Location 
- 

Through Burial 
P i t  (Well No. 12 
to Boring No. 1 

t 

Front of Plant 

Floodplain 

% = P I  

U.S. Radium Corporation - Bloomsburg, Pa. 

Ground-Water Flow Rates 

1 Perheability Permeability Gradient Velocity 
P I v 

ftfday ftfday '2 gpdff t 

500 
3000 

500 
3000 

500 
3000 

67 0.7% 0.47 
400 0.7% 2.8 

67 0.3% 0.20 
400 0.3% 1.2 

67 10% 6.7 
400 10% 40 

MEISER 8c EARL A hydrogeologists 
isiz w. ~XLEDE AVENUE, STATE COUEGE. P E " s n v m i A  iwoi 814 ~ i 3  
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burial pit range from 0.47 to 2.8 ft/day over the range of permeabilities. 

The most rapid flow rates are i n  the flood plain, where the aquifer thins 
.c 

between bedrock and silt, and velocities increase to a few tens of feet per 

day. The area in front of the plant shows ground-water flow rates of 

little more than 1 ft/day due to extremely flat gradients. 

Another consideration is the total volume of ground water moving 

through the aquifer. To calculate the daily flow in gallons through a 

one-foot wide 'window' of the aquifer extending vertically from the bedrock 

base to the top of the aquifer, we use this expression of Darcy's Law: 

where Q is flow in gallons per day, P is permeability, I is gradient, and 

A is cross-sectional area through which flow occurs. 

pefinition of aquifer conditions and gradients is in the vicinity of the 

byrial pits (Well No. 12), and this is also an area of special concern, we 

Since our best 

assumed an average permeability of 2000 gpd/ft 2 (see Table 7). The 

aquifer is 23 feet thick there from bedrock to water table; the area A is 

therefore 23 square feet. 

of 0 .7%,  our calculation becomes: 

If we use the gradient (from February 21, 1979) 

Q = 2000 gpd/ft2 (0.007) 23 ft2 

Q = 320 gallons/day. - 
This appears to be a realistic estimate of daily f low toward the river, 

Water Quality Samples 

We bailed half-gallon water samples on February 21, 1979 from all 

completed test wells (except 1, 2, 3) and submitted them to U.S. Radium fo r  
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preliminary analysis of radioactivity levels, Again on March 14, 1979 

we bailed water samples, two gallons from each of the nineteen total wells 

and borings, and submitted these to U.S. Radium for radioactivity analysis. 

In addition to these samples, we collected 250 m l  from each‘point for our 

own analyses of basic water chemistry. 

Management Corp. were the values of pH and Calcium. 

conductivity (as a means of comparfng total dissolved solids), alkalinity 

Of chief importance to Radiation 

We also measured 

and sulfate (Table 9). 

The least variable parameter of those tested 

Conductivity is probably the single most diagnostic 

‘distinguishing or characterizing ground waters; the 

was pH, averaging 7.1. 

measurement for quickly 

two highest values are 

associated with Well No. 11 (which was heavily polluted by an oily, solvent 

type material) and with Well No, 5, adjacent to a waste discharge stream from 

the plant to the river. 

alkalinity values. Wells No. 1, 2, 12 and 13 are within about 120 feet 

of each other and had reasonably similar chemistries, which appears to reflect 

some pollution from reported surface dumping in the past in that general 

Well No. 5 also had the highest Ca, SO4, and 

area, 

in their chemical nature. 

The remaining wells as a group.show insignificant amounts of variation 

Pollution Abatement Techniques 

If certain zones of previous dumping are identified as contributing 

unacceptable levels of radioactive contamination to the ground water on the 

basis of the so i l  and/or water samples, there are several possible techniques 

for correction to consider. 
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Table 9. U.S. Radium Corporation - Bloomsburg, Pa. 
Chemical Analyses of Water Samples 

Collected 14 Mar 79 

52 

s04 Well No. Conductivity Ca PH Alkalinity 
mn/l llmhos mg/l as CaC03 

1 
2 

- 3  
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 

390 
300 
240 
270 
540 
230 
350 
160 
270 
200 
5 70 
330 
340 
82 
170 
200 - 
200 
2 80 

270 

Analyses by Meiser & Earl 
pH - Beckman pH Meter 
Conductivity - Hach Meter 

48 
34 
27 
20 
75 
34 
48 
7 

27 
.14 
69 
48 . 

55 
14 
27 
27 
34 
41 
34 

7.0 
7.2 
7.1 
7.75 
7.4 
7.3 
7.2 
6.55 
6.6 
6.6 
6.95 
7.1 
7.2 
6.6 
7.0 
6.75 
7.3 
7.15 
7.15 

120 

70 
40 
80 
100 
30 
60 
30 
30 
25 
140 
110 ' 
110 
30 
50 
25 
40 
50 
80 

Ca Hardness - Hach test kit titration 
Alkalinity and SO4 - Filter photometer (Hydrodyxe) 

43 
35 
30 
77 
110 
30 
37 
33 
69 
47 
72 
24 
22 

' 20 
22 
49 
13 
52 
40 

MEISER 8c EARL ).\ L, hydrogeologists 

is12 w. COUEQE AVENUE. STATE COUEOE. PoSNsnvmm l a 0 1  114 2344813 
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The bru te  f o r c e  approach would be physical removal of all contaminated 

s o i l  and waste material. b i d e  from t h e  po ten t i a l ly  l a r g e  volume of material 

and d i f f i c u l t i e s  i n ~ h a n d l i n g  and containing it f o r  t ransportat ion,  w e  are not  

f ami l i a r  w i t h  any sites i n  Pennsylvania which are designed o r  permitted f o r  

d i sposa l  of rad ioac t ive  w a s t e s .  

The concept of dewatering an area around t h e  contaminated zone by 

pumping down ground-water levels and thereby eliminating ground-water f l o w  

through the  rad ioac t ive  material does not  appear f e a s i b l e  f o r  two reasons. 

F i r s t ,  the sands and gravels around the o ld  d isposa l  areas are high permeabili ty 

and would requi re  w e l l s  pumping at  a l a rge  discharge rate t o  lower t h e  water 

. t a b l e  e f f ec t ive ly  around t h e  contaminated areas. Second, pumping would produce 

a l a r g e  sustained flow which would have t o  be acceptable f o r  stream discharge 

under Pa. D.E.R. regulat ions,  and w e  suspect that such a permit would be  

extremely d i f f i c u l t  or l i k e l y  impossible t o  obtain.  . 

W e  considered a slurry trench as a possible  solut ion,  where a deep d i t c h  

would be excavated around the  contaminated zone, then f i l l e d  with a concrete 

grout o r  impermeable c lay  slurry t o  form a w a l l  enclosing the  rad ioac t ive  waste. 

However, under the condi t ions we have described, it is our opinion that it would 

be impossible t o  excavate a trench in 35 f e e t  of gravel  t o  bedrock with the  lower 

20-25 f e e t  being below the  water tab le .  

3 

Another method f o r  constructing a grout "wa l l "  around t h e  w a s t e  zone 

would be t o  d r i l l  closely-spaced holes t o  bedrock then i n j e c t  grout under . 
pressure t o  form a coalesced grout cur ta in .  

and applied extensively by Halliburton, Inc. 

l i t e r a t u r e  and a lengthy discussion with a technical  representat ive,  w e  estimated 

the  cos t s  of grouting 100 Lineal f e e t  of perimeter a t  roughly $75-100,000. 

This technique has  been developed 

On t he  bas i s  of their adver t i s ing  



However, the  company representa t ive  would not quote a p r i c e  without t he  s p e c i f i c  

d e t a i l s  of t h e  site, so our estimate could be wrons, but  w e  d id  consider 

w e l l  cos t s ,  ma te r i a i  costs ,  ami i n s t a l l a t i o n  time. 

r 
P 1'' . .  
.- 

One o t h e r  p o s s i b i l i t y  might be an i n j e c t i o n  well fr& which-chemicals 

could be introduced i n t o  the ground water upgradient from the  rad ioac t ive  - waste. 

y n t r o l l i n g  t h e  pH and/or calcium levels in the  water might cont ro l  t he  

r a d i o a c t i v i t y  l e v e l s  in ground water moving through t h e  waste. 

According t o  Scot t  Murray of Radiation Management Corporation, 

III 
i 
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