
DPSTD-84-112 

SUPPLEMENTAL TECHNICAL DATA SUMMARY 
M -AR EA GR OU N DWATER INVESTIGATION 

1. WENDELL MARINE 
HORACE W. BLEDSOE 

Approved by: 

J. C. Corny, Research Manager 
Environmental Sciences Division 

b 

Status as of: October 1984 

Publication Date: October 1985 

- 
E. t. du Pont de Nemours & Co. 

Savannah River Laboratory 
Aiken, SC 29808 

PREPARED FOR THE U.S. DEPARTMENT OF ENER.GY UNDER CONTRACT OE-AC09-78SR00001 

* .  

. 



DXSCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof. nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or proctss disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, m m -  
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect thosc of the United States Government or any agency thereof. 



CONTENTS 

1.0 INTRODUCTION AND ACKNOWLEDGEMENTS 

2.0 SUMMARY 

3.0 GEOHYDROLOGIC SETTING 

References for Chapter 3 

4.0 MONITORING WELL INSTALLATION 

5.0 GEOHYDROLOGY 

5.1 Geology 
5.2 Subsurface Hydrology 

5.2.1 Recharge 
5.2.2 Potentiometric Maps and Groundwater 

Velocity 
5.2.3 Water-Level Fluctuations 
5.2.4 Groundwater Discharge 

5.3 Hydraulic Properties 

~ 

Page 

1-1 

- 

2- 1 

3-1 

3-3 

4- 1 

5-1 

5- 1 
5-2 

5-2 

5 -4 
5-7 
5-7 

5-7 

5.3.1 Laboratory Tests - 5-7 

5.3.3 Water Injection Test on Well MPT-1 5-8 
5.3.2 Recovery Tests on Observation Wells 5-8 

5.3.4 30-Day Pumping Test in Tertiary Sediments 5-9 
5.3.5 "Tuscaloosa" Aquifer Pumping Test 5-11 

References for Chapter 5 

6.0 POTENTIAL SOURCES OF DEGREASER SOLVENTS 

6.1 Introduction 
6.2 History and Locations of Potential Degreaser 

So lvent Re 1 e a se s 
6.3 Magnitude of Degreaser Solvent Releases 
6 . 4  Sources of Substances Other Than Degreaser 

Solvents 

5-13 

6- 1 

6-1 

6-2 
6-5 

. 6-6 

References for Chapter 6 6-8 



CONTENTS, Coatd 

7 .O GROUNDWATER QUALITY 

7.1 Degreaser Solvents  i n  the  T e r t i a r y  Sediments 
7.2 Inorganic  and Other  Organic C h a r a c t e r i s t i c s  

of che Water From t h e  T e r t i a r y  Sediments 
7.3 Rec&ery Wells 
7.4 Water Qua l i ty  i n  the  "Tuscaloosa" Formation 
7.5 Movement of Degreaser Solvents  
7.6 Conclusions -, ~ 

References fo r  Chapter 7 

APPENDIX A 

APPENDIX B 
I _  .- 

APPENDIX C 

APPENDIX D 

APPENDIX E 

APPENDIX F 

Well Numbering System 

Concent ra t ions  of Degreaser Solvents  i n  
Water from Monitoring Wells 

Analytes  Detected i n  Each Well 

Resu l t s  of Monitoring Well Analyses f o r  
M-Area S e t t l i n g  Basin 

Sampling and A n a l y t i c a l  P ro toco l s  f o r  
Groundwater Q u a l i t y  Analyses 

Water-Level E leva t ions  i n  Monitoring Wells 

Page 

7- 1 

7- 1 

7-3 
7-1 7 

7-2 1 
7-22 

7-18 

7-24 

A- 1 

B- 1 

c- 1 

D- 1 

E- 1 

F- 1 

- i v  - 



. . <-. 

LIST OF TABLES 

Lr i 1 Page 

His tory  of I n v e s t i g a t i o n s  of Groundwater Contamination 4-1 
4-3 i n  A / M  Area 

M-Area Piezometer I n s t a l l a t i o n  Summary 4-2 

4-3 

4-5 

Piezometer I n s t a l l a t i o n  Data Summary f o r  Wells From 
Other Programs Used t o  Co l l ec t  Information f o r  
M-Area I n v e s t i g a t i o n s  4-7 

5-15 

5-1 6 

5-17 

5-1 7 

5-18 

6-9 

5-1 

5-2 

Summary of Soil T e s t  Resu l t s  

R e s u l t s  o f  Recovery Tests on I n d i v i d u a l  
Observat ion Wells i n  M Area 

I n j e c t i o n  P r o f i l e  f o r  MPT-1 

R e s u l t s  from the  Step-Drawdown T e s t  on Product ion  
W e l l  905-20A Screened i n  t h e  "Tuscaloosa" Format ion  

5-3 

5-4 

3 Summary of Hydraul ic  P r o p e r t i e s  of the  "Tuscaloosa" 
Aquifer as Determined From a Pumping T e s t  on 
Product ion  Well 905-20A 

5-5 

6- 1 Estimated Quant i ty  of Degreaser Solvent Released t o  
M-Area Process  Sewers 

7-1 E s t i m a t e  of Inventory  of Degreaser Solvents  i n  the  
Sa tu ra t ed  Zone 7-25 

7-2 Elements, Compounds, and P r o p e r t i e s  f o r  Which Analyses 
Were Made on Samples of Water Collected From Monitor ing 
Wells 7-26 

7 -3 Wells Where Leaching of Cement may be In f luenc ing  
t h e  Concent ra t ion  of Analytes 7-28 

7-29 
7 -4 Analyses of Degreaser Solvents ,  pH, Temperature, and 

Conduct iv i ty  During 30-Day Pumping Tes t  on MPT-1 

7-5 Analyses of I so rgan ic  Chemistry of Se lec ted  Water 
Samples from MPT-1 During 30-Day Pumping T e s t  7-30 

Resu l t s  of S o i l  Analyses f o r  Degreaser Solvents  i n  t h e  
E l l en ton  Formation a t  Monitor Well MSB-23A 

7 -6 
7-31 

- v -  



LIST OF FIGURES 

Page 

Ten ta t ive  Cor re l a t ion  of S t r a t i g r a p h i c  Terminology of 
t h e  Southwestern South Caro l ina  Coastal  P l a i n  

3-1 
3-4 

3-5 3 -2 

3-3 . 

Geology and Hydrology Near the  Center of A/M Area 

Gene r a1 i zed Head Dif fe rence  B e t  ween t he "Tus c a loos  a" 
and Congaree Format ions  a t  SRP 3-6 

3-4 Hydrologic S e c t i o n  Perpendicular  t o  the  Savannah 
River  Through M Area 3-7 

4- 1 Locat ion of E x i s t i n g  Wells Used f o r  Groundwater 
Monitoring 4-8 

Locat ion of Product ion and Monitoring Wells Screened i n  
t h e  "Tuscaloosa" Formation Near M Area and Product ion  
Wells Screened i n  t h e  T e r t i a r y  Sediments 

4-2 

4-9 

4-10 4-3 

5-1 

Location of Proposed Monitoring Well C l u s t e r s  

Geologic Sec t ion  Emphasizing t h e  E l l en ton  and 
Tuscaloosa" Formations from MSR 34 t o  MSB 12 11 5-19 

5- 20 

5-2 1 

5-2 Location of Water Disposal  Areas 

5-3 

5-4 

Water Table Eleva t ion  Map f o r  Spr ing  1984 

Po ten t iome t r i c  Map of t h e  E leva t ion  I n t e r v a l  
where t h e  Top of Screen is Berween 146 and 187 f t ,  
i .e . ,  -50 Below the  "Green Clay", f o r  April-June 1984 5-2 2 

5-5 Potent iomet r ic  Map of t h e  E leva t ion  I n t e r v a l  
where t h e  Top of Screen is Between 100 and 144 f t ,  
i . e . ,  i n  Basal T e r t i a r y  Sediments, f o r  April-June 1984 5-23 

5-6 Po ten t iome t r i c  Map of the  E leva t ion  I n t e r v a l  
where t h e  Top of the  Screen i s  Between 14 and 76 f t ,  
i .e., Upper Tuscaloosa" Formation, f o r  May 1984 I t  5-24 

5-25 

5-26 

5-27 

5-28 

5-7 

5-8 

5-9 

5- 10 

Water Levels a t  Se lec t ed  Depths a t  MSB-12 

Water Levels at Se lec ted  Depths at  MSB-34 

Hydrographs of Wells i n  C lus t e r  MSB-10 

Hydrographs of Wells i n  C l u s t e r  MSB-11 

- v i  - 



LIST OF FIGURES, Contd 

t 

5-1 1 

5-12 

5-13 

5-14 

5-15 

5-16 

5-17 

5-18 

5-19 

5-20 

5-2 1 

5-22 

5-23 

6-1 

6-2 

6-3 

7-1 

7-2 

Hydrographs of Wells i n  C l u s t e r  MSB-12 

Hydrographs of Wells i n  C lus t e r  MSB-17 

Hydrographs of  Wells i n  C lus t e r  MSB-34 

Hydrograph of Well S-15 

Schematic Sec t ion  of Screen Zones and Water Levels  
of MSB-11 Well C lus t e r  and Product ion  T e s t  Well 

Resul t s  of Water I n j e c t i o n  Test on MPT-1 

Comparison of Drawdowns i n  MPT-1 f o r  3-Day and 
30-Day Pumping Tests 

Water Levels i n  Observation Wells MSB-I1B 
and 1 1 C  During 30-Day Pumping T e s t  

Log-Log P lo t  of Drawdown fo r  Observation W e l l  
MSB-11C During 30-Day Pumping Test 

Location of Wells U t i l i z e d  i n  the "Tuscaloosa" 
Pumping T e s t  

Hydrograph of Well 905-20A During "Tuscaloosa" 
Pumping Tes t  

Hydrographs of Observat ion Wells MSB-30A and 
MSB-23A Screened i n  t h e  "Tuscaloosa" 

Hydrographs of Observation Wells MSB-23 and 
MSB-23B Screened i n  T e r t i a r y  Sediments 

Locat ions of  P o t e n t i a l  or Suspected Contaminant Releases  

Degreaser Solvents  Used as  Metal Degreasers a t  
M-Area F a c i l i t i e s  

Estimated Annual Discharge of Degreaser 
Solvents  t o  t he  Process  Sewers 

Concent ra t ion  P r o f i l e s  of T o t a l  Degreaser Solvents  
from S o i l  and Water Samples at Well C l u s t e r  MSB-23 

Resul t s  of So i l  and Water Analyses f o r  Degreaser 
Solvents  at  S i t e  MSB-24 

Page 

5-29 

5-30 

5-3 1 

5-32 

.5-33 

5-34 

5-35 

5-36 

5-37 

5-38 

5-39 

5-40 

5-41 

6-10 

6-1 1 

6-12 

7-32 

7-33 

- v i i  - 



LIST OF FIGURES, Coned 

Page 

7-3 Resu l t s  of Soi l  and Water Analyses f o r  Degreaser 
So lven t s  a t  S i t e  MSB-25 7-34 

7-35 
7 -4 Resu l t s  of S o i l  and Water Analyses f o r  Degreaser 

So lven t s  at  S i t e  MSB-26 

7 -5 Resu l t s  of S o i l  and Water Analyses for Degreaser 
So lven t s  a t  S i t e  MSB-27 7-36 

7-6 Resu l t s  of  So i l  and Water Analyses for Degreaser 
So lven t s  a t  S i t e  MSB-28 7-37 

7-7 Contour Map of V e r t i c a l l y  Averaged Concent ra t ion  
of To ta l  Degreaser  Solvents  from Flu id  Samples 7-38 

7-8 V e r t i c a l  Sec t ion  Pass ing  Through t h e  Solvent  S torage  
Tank, S e t t l i n g  Basin,  and Lost Lake Showing Concen t r a t ions  
of T o t a l  Degreaser Solvents  i n  Groundwater, J u l y  1984 7-39 

7-9 V e r t i c a l  Sect  ion Along Groundwater Gradient  from 
t h e  Solvent  S torage  Tank Showing Concentrat  i o n s  of 
T o t a l  Degreaser Solvents  i n  Groundwater, J u l y  1984 7-40 

7-10 Locat ion o f  V e r t i c a l  Sec t ions  Shown on F i g u r e s  7-8 
and 7-9 7-4 1 

7-11 Contour Map of Concentrat ions of T o t a l  Degreaser 
So lven t s  a t  t h e  Water Table 7-42 

7-12 Contour Map of Concentrat ions of Tot a1  Degreaser 
So lven t s  Between E leva t ion  146 and 187 f t ,  i . e . ,  50 f t  
Below t h e  "Green Clay", Using t h e  Same Wells a s  Used 
f o r  t h e  Po ten t iome t r i c  Map of t h i s  I n t e r v a l  7-43 

7-13 Contour Map of Concentrat  ions  of Tot a1 Degreaser 
So lven t s  Between E leva t ion  100 and 144 f t ,  i .e . ,  
In Basal  T e r t i a r y  Sediments, Using t h e  Same Wells 
a s  Used f o r  t h e  Po ten t iome t r i c  Map of t h i s  I n t e r v a l  7-44 

7-14 Contour Map of Concentrat ions of T o t a l  Dissolved 
S o l i d s  a t  t h e  Water Table.  7 -45 

7-15 Contour Map of Concentrat ion of Nitrate a t  t h e  
Water Table .  7-46 

- v i i i  - 



LIST OF FIGURES, Contd 

Page 

7-16 Graph of Concentration of Degreaser Solvents vs. Time 
at Well MPT-I 

7-17 Location of Pilot, Demonstration, and Recovery Wells 
for Removal of Degreaser Solvents from Groundwater 

7-18 Graph of Concentration of Degreaser Solvents vs. Time 
at Well RWM-2 

7-19 Graph of Concentration of Degreaser Solvents vs. Time 
at Well RWM-3 

7-20 Graph of Time/Concentration for Trichloroethylene 
Plus Tetrachloroethylene in Water from Wells in 
Cluster MSB-9 

7-21 Graph of Time/Concentration for Trichloroethylene 
Plus Tetrachloroethylene in Water from Wells in 
Cluster MSB-14 

7-22 Graph of Time/Concentration fo r  Trichloroethylene 
Plus Tetrachloroethylene in Water from Wells in 
Cluster MSB-19 

7-23 Graph of Time/Concentrat ion for Trichloroethylene 
Plus Tetrachloroethylene in Water from Well MSR-26A 

7-24 Graph of Time/Concentration fo r  Trichloroethylene 
Plus Tetrachloroethylene in Water from Well MSB-28A 

7-47 

7-48  

7-49 

7 - 5 0  

7-51 

7-5 1 

7 - 5 2  

7 - 5 2  

7 - 5 3  

- ix - 



- x -  
3 



1.0 INTRODUCTION AND ACKNOWLEDGEMENTS 

A Pre l iminary  Technical  Data Summary, M-Area Groundwater 
Cleanup F a c i l i t y  (Gordon, 19821, was i ssued  i n  October 1982. The 
o b j e c t i v e  of  t h e  Prel iminary Technical  Data Summary (TDS) w a s  t o  
p re sen t  d a t a  t h a t  would lead t o  s e l e c t i o n  and des ign  of a ground- 
water cleanup f a c i l i t y  as a remedial  a c t i o n  for t he  contaminat ion 
by v o l a t i l e  degreaser  s o l v e n t s  of t he  groundwater south  and west of 
the  M-Area s e t t l i n g  bas in  on the  Savannah R i v e r  P l an t  (SRP). Since 
t h a t  t i m e  a d d i t i o n a l  monitoring wel l s  have been d r i l l e d  and o the r  
sources  of contaminat ion have been i d e n t i f i e d .  In a d d i t  i on ,  the 
use  of recovery wel l s  and an a i r  s t r i p p e r ,  which were the  remedial  
measures recommended i n  the  pre l iminary  TDS, have been s e l e c t e d  a s  
t h e  b e s t  s u i t e d  clean-up technology. A p r o j e c t  t o  implement these  
remedial  measures is  under way. Star t -up of a 400 ga l lon  p e r  
minute a i r  s t r i p p i n g  column with an e leven  w e l l  recovery network i s  
expected i n  A p r i l  1985. ( E d i t o r i a l  Note: The a i r  s t r i p p i n g  column 
began ope ra t ion  i n  Apr i l  1985, and a l l  e leven  recovery wells were 
on l i n e  by September 1985.) 

Because of the  a d d i t i o n a l  i n v e s t i g a t i o n s  and r e s u l t s  t h a t  
have developed i n  t h e  in t e rven ing  two yea r s  (October 1982 t o  
October 19841, i t  is  appropr i a t e  t o  compile the  r e s u l t s  of t h e s e  
i n v e s t i g a t i o n s  and i s s u e  a supplement t o  t h e  P re l imina ry  Technical  
Data Summary. Since i n v e s t i g a t i o n s  of the  o v e r a l l  contaminant 
plume i n  A and M Areas a re  cont inuing ,  t h i s  r epor t  is  not a f i n a l  
r e p o r t  but on ly  an update of  the t echn ica l  d a t a  on t h i s  complex 
s i t  ua t  ion.  

Because the  previous TDS covered the top ic  of t rea tment  of t h e  
groundwater once brought t o  t h e  su r face ,  t h i s  supplemental  d a t a  
summary does not  address  t reatment  technology a t  t h e  s u r f a c e .  
P r i m a r i l y ,  i t  provides  a d d i t i o n a l  geohydrologic and contaminant 
plume informat ion .  

The o r g a n i z a t i o n  and p r e s e n t a t i o n  o f  t he  chemical ana lyses  i n  
Appendices B and C and the  water l e v e l  e l e v a t i o n s  i n  Appendix F a r e  
p r imar i ly  t h e  work of William Fay, an independant c o n t r a c t o r  t o  the  
Savannah River Laboratory (SRL). John P i c k e t t  (SRL) con t r ibu ted  t o  
the  i n t e r p r e t  a t  ion of the  r e s u l t s  of t he  inorganic  chemical analy- 
ses. W i l l i a m  Colven and Carl Muska of the  Raw Materials Engineer- 
i ng  and Technology Department at SRP a re  the  cus tod ians  of most of 
t h e  w e l l s  from which d a t a  were used i n  t h i s  s tudy  and w e r e  l a r g e l y  
r e spons ib l e  for the c o l l e c t i o n  of much of the  d a t a .  H. Lee Martin 
of Raw Materials Technology gathered much of the  h i s t o r y  of M-Area 
o p e r a t i o n s .  The groundwater consu l t ing  f i rm  of  Geraghty 6 Miller, 
Inc .  conducted and analysed t h e  pumping tes t  on t h e  "Tuscaloosa" 
a q u i f e r .  Envirodyne Engineers ,  Inc.  performed most of t h e  chemical 
ana lyses  t h a t  appear i n  Appendices B ,  C ,  and D.  
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2.0 SUMMARY 

This supplement t o  t h e  Pre l iminary  Technica l  Data Summary 
(TDS) (Gordon, 1982) p r e s e n t s  t he  s ta te  of knowledge on the  
hydr,ogeology and contaminant plume c h a r a c t e r i s t i c s  i n  the  v i c i n i t y  
of  M Area as  of October 1984. A s  d i scussed  i n  the  previous TDS, 
t he  contaminants  c o n s i s t  of organic  so lven t s  used f o r  metal 
deg reas ing ,  namely t r i c h l o r o e t h y l e n e ,  t e t r a c h l o r o e t h y l e n e ,  and 
l , l , l - t r i c h l o r o e t h a n e .  Since the  i ssuance  of t he  previous TDS, t h e  
groundwater c o n s u l t i n g  f i rm  of Geraghty IS Miller, Inc .  has  been 
r e t a i n e d  t o  a s s i s t  with program s t r a t e g y ,  planning,  and 
i n v e s t i g a t i v e  techniques .  

The i n v e s t i g a t i o n  t o  October 1984 i n d i c a t e s  t h a t  t he re  a r e  
fou r  main areas o r  sources  of groundwater contaminat ion:  1) t he  
M-Area s e t t l i n g  b a s i n ,  2) t he  p i p e l i n e  extending'  from' tlie 
product ion  f a c i l i t i e s  t o  t h e  bas in ,  3 )  t h e  above ground so lven t  
s t o r a g e  tanks  behind Bui ld ing  321-M, and 4) t he  sewer o u t f a l l  t o  a 
t r i b u t a r y  t o  Tims Branch. 

The major ex ten t  of chlorocarbon contaminat ion is p r i m a r i l y  
conta ined  wi th in  t h e  formations of T e r t i a r y  age ( i . e .  Barnwell ,  
McBean, and Congaree) which o v e r l i e  the  r e g i o n a l l y  important  
"Tuscaloosa" Formation. The water bear ing  T e r t i a r y  and 

sandy c l a y s  of t h e  E l l en ton  and Upper "Tuscaloosa" Formations.  
Severa l  of t he  water product ion w e l l s  screened i n  the  "Tuscaloosa" 
Formation have shown low l e v e l s  of contaminat ion;  however, i t  i s  
be l ieved  t h a t  t h i s  has r e s u l t e d  from a l o s s  of i n t e g r i t y  of t he  
cement shea th  surrounding t h e  cas ing  and not from a pervas ive  move- 
ment of the  contaminat ion i n t o  the  "Tuscaloosa" Format ion.  
( E d i t o r i a l  Note: Data ga thered  a f t e r  October 1984 i n d i c a t e s  t h a t  
t h e r e  may be o the r  sources  f o r  i nd iv idua l  w e l l s  than f a u l t y  cement 
g rou t .  1 

Tuscaloosa" Formations a re  separa ted  by 40 t o  60 f e e t  of c l a y s  and 11 

The shape, e x t e n t ,  and concen t r a t ion  of t he  plume t o  the  west 
and southwest of t h e  b a s i n  and t h e  M-Area product ion f a c i l i t i e s  
have been f a i r l y  w e l l  determined using c u r r e n t l y  a v a i l a b l e  d a t a .  
A t  t he  present  t i m e  however, t he  c h a r a c t e r i s t i c s  of the  plume t o  
the  n o r t h ,  east ,  and along T i m  Branch and i t s  t r i b u t a r y  t h a t  has  
rece ived  process  e f f l u e n t  is  based on d a t a  from a small number of 
monitor ing w e l l s .  

A remedial  a c t i o n  program c o n s i s t i n g  of a s e r i e s  of 11 recovery 
w e l l s  and a 400-gpm a i r  s t r i p p i n g  u n i t  is c u r r e n t l y  being imple- 
mented fo r  c l ean ing  up the contaminated groundwater system. 
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3.0 GEOHYDROLOGIC SETTING 

The geohydrologic s e t t i n g  of the  Savannah River Plant (SRP) i s  
desc r ibed  i n  "Technical Summary of Groundwater Qua l i ty  P r o t e c t i o n  
Program a t  Savannah River P lan t  ,I1 (Chr is tensen  and Gordon, 1983).  
F igu re  3-1 p r e s e n t s  a t e n t a t i v e  c o r r e l a t i o n  of s t r a t i g r a p h i c  termi- 
nology and shows a d e s c r i p t i v e  and graphic  log of the  subsur face  
geology near  the  c e n t r a l  pa r t  of SRP. The h y d r o s t r a t i g r a p h i c  terms 
used i n  the  present  r epor t  a re  those shown on Figure  3-1 except 
t h a t  t he  term "Tuscaloosa" r e q u i r e s  f u r t h e r  c l a r i f i c a t i o n .  

The Tuscaloosa Formation was named by Smith and Johnson (1887, 
p.98) f o r  exposures  of  l igh t -co lored  i r r e g u l a r l y  bedded non-marine 
sediments nea r  Tuscaloosa,  Alabama. Subsequently,  t he  name was 
app l i ed  t o  s t r a t a  thought t o  be equ iva len t  i n  Georgia  by Spencer 
(1890) and i n  South Caro l ina  by Cooke.(1936, p. 171, who c o r r e l a t e d  
t h e  Hamburg and Middendorf beds of Sloan (1908) wi th  t h e  Tuscaloosa 
of Georgia.  When the  o r i g i n a l  geologic  s t u d i e s  were performed f o r  
t h e  bu i ld ing  of the  Savannah River P l a n t ,  Cooke's terminology was 
used i n  i t s  e n t i r e t y .  Subsequently,  S i p l e  (1967)  a l s o  used the 
t e r m  Tuscaloosa al though he c i t e s  o the r  s t u d i e s  t h a t  i n d i c a t e  
sediments a t  Middendorf ( C h e s t e r f i e l d  County), which had been 
included i n  t h e  Tuscaloosa,  were younger than t h e  age of the  
Tuscaloosa beds i n  Alabama. In hydrologic  work a t  SRP the  term 
Tuscaloosa,  r e f e r r i n g  t o  the p r i n c i p a l  a q u i f e r  i n  t h e  r eg ion ,  has  
been q u i t e  u s e f u l ,  and i t s  meaning is  q u i t e  c l e a r .  In recent  y e a r s  
a n a l y s i s  of po l l en  found i n  t h i s  formation a t  SRP have e s t a b l i s h e d  
t h a t  i t  is indeed younger than the Tuscaloosa type s e c t i o n  i n  
Alabama. Thus, from a purely s t r a t i g r a p h i c  po in t  of view, i t  is  
improper t o  cont inue t o  use the  t e r m  Tuscaloosa f o r  t h e s e  sediments .  
However, h i s t o r i c a l  usage of the  t e r m  i n  a h y d r o s t r a t i g r a p h i c  sense 
is  c l e a r ,  and it would seem t h a t  i t s  use  should not be h a s t i l y  
changed. As i n t e n s i v e  s t r a t i g r a p h i c  s t u d i e s  i n  t h i s  a r e a  a re  now 
going on, i t  is  probable  t h a t  t he  use of t h e  t e r m  Tuscaloosa t o  
d e s i g n a t e  t h i s  l a r g e  a q u i f e r  (which a c t u a l l y  c o n s i s t s  of two 
a q u i f e r s  s epa ra t ed  by a conf in ing  bed) w i l l  be  d i scon t inued .  
However, i n  t h i s  r epor t  the  t e r m  Tuscaloosa Formation w i l l  be 
r e t a i n e d  but  placed wi th in  quo ta t ion  marks t o  i n d i c a t e  t h a t  i t  i s  
used as a h y d r o s t r a t i g r a p h i c  term and not as  a formal s t r a t i g r a p h i c  
t e r m .  

Because M Area is updip from the  c e n t r a l  p a r t  of SRP, s e v e r a l  
changes i n  the  geologic  column a re  p re sen t .  F igure  3-2 shows a 
gene ra l i zed  geologic  column i n  M Area. In comparing the  s t r a t i -  
g raph ic  column i n  M Area with t h a t  of the  c e n t r a l  p a r t  of t h e  
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p l a n t ,  i t  should be noted t h a t  (1) t h e  "Tan Clay" i s  only about 3 
f e e t  t h i c k  and l i e s  i n  the  unsa tu ra t ed  zone, (2 )  t he  "Calcareous 
Zone" i s  not p r e s e n t ,  ( 3 )  t h e  "Green Clay" i s  d i scon t inuous ,  
( 4 )  the  Congaree has  fewer sepa ra t ed  l enses  of c l a y  and l e n s e s  of 
sand and i s  b e t t e r  desc r ibed  g e n e r a l l y  as clayey sand even though 
wel l -sor ted sands do o c c u r ,  ( 5 )  t he  E l l e n t o n  Formation is  most ly  a 
g ray  c l ayey  sand or sandy c l a y  with p l e n t i f u l  mica and t h e  occur- 
rence o f  marcas i t e  or gypsum, and ( 6 )  t h e  "Tuscaloosa" s e c t i o n  i s  
s imi la r  t o  t h a t  desc r ibed  f o r  t h e  c e n t r a l  p a r t  of SRP. 

As a r e s u l t  of t h e s e  d i f f e r e n t  geo log ic  f e a t u r e s ,  t he  subsur- 
f a c e  hydrologic  c h a r a c t e r i s t i c s  a l s o  d i f f e r .  Since the  e x t e n s i v e  
l a y e r s  of c l a y  are absent from the  T e r t i a r y  sediments,  head changes 
are less abrupt and are more gradual  than i n  the  c e n t r a l  p a r t  of 
SRP. The water t a b l e  i s  deeper below the  s u r f a c e .  The "Green 
Clay" i s  less cont inuous and t h e r e f o r e  does not  impede downward 
water flow as much as i n  the  c e n t r a l  p a r t  of SRP. Because t h e  
Congaree has fewer permeable sands and la te ra l  conduction of water  
w i t h i n  the  Congaree Formation i s  slower than i n  the  c e n t r a l  p a r t  o f  
t h e  p l a n t ,  t h e  head i n  t h e  Congaree ' i s  not drawn down below t h a t  of 
t h e  "Tuscaloosa." Therefore ,  i n  A/M Area, heads d e c l i n e  cont inu-  
o u s l y  with depth,  and t h e r e  is  no head r e v e r s a l  a t  t h e  Congaree- 
E l l en ton  boundary ( F i g u r e  3-3). ( F i g u r e  3-3 w a s  developed i n  e a r l y  
1983 by s u b t r a c t i n g  con tour s  on a Congaree po ten t iome t r i c  map from 
those on a "Tuscaloosa" po ten t iome t r i c  map. Data f o r  both of t h e s e  
o r i g i n a l  p o t e n t i o m e t r i c  maps were very s p a r s e .  Thus, F igu re  3-3 i s  
intended t o  show the  g e n e r a l  concept of head r e v e r s a l  and t h e  
g e n e r a l  area involved.  However, i t  should not be used f o r  quan t i -  
t a t i v e  p r e d i c t i o n  of head r e v e r s a l  at any s p e c i f i c  l o c a t i o n . )  

However, t h e r e  is  s u f f i c i e n t  h y d r a u l i c  impedance i n  the 
s e c t i o n  such t h a t  l a t e r a l  groundwater flow at  t h e  water t a b l e  may 
move i n  one d i r e c t i o n  and l a t e ra l  flow i n  the  deeper  T e r t i a r y  
sediments  may move i n  a s l i g h t l y  d i f f e r e n t  d i r e c t i o n  responding 
t o  h y d r a u l i c  c o n t r o l s  from Tims Branch and from Upper Three Runs 
Creek. F igu re  3-4 p r e s e n t s  a r eg iona l  s e c t i o n  through M Area t o  
S h e l l  Bluff , Georgia showing t h e  head r e l a t i o n s h i p  of the  Congaree 
and t h e  "Tuscaloosa." Although t h e  "Tuscaloosa" head is  below t h a t  
of t h e  Congaree i n  the  v i c i n i t y  o f  M Area, as the  Savannah River 
i s  approached t h e  two po ten t iome t r i c  s u r f a c e s  c r o s s  and t h e  
Tuscaloosa becomes the  h ighe r  of the two. The same r e l a t i o n s h i p  
would p e r t a i n  i n  t h e  d i r e c t i o n  of Upper Three Runs Creek. 

\ 

One of the  most important hydrologic  f e a t u r e s  of A/M Area is 
t h e  d e c l i n i n g  head with depth (Figure 3-21, meaning t h a t  water 
s o l u b l e  m a t e r i a l  r e l e a s e d  a t  t he  s u r f a c e  w i l l  tend t o  move t o  
g r e a t e r  depth i n  t h e  gene ra l  area. This s i t u a t i o n  changes as t h e  
Savannah River o r  Upper Three Runs Creek are approached. 
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4.0 MONITORING WELL INSTALLATION 

Since the  i ssuance  o f  t h e  Pre l iminary  Technica l  Data Sumnary 
(DPSTD-82-69) up t o  September 1, 1984, 27 a d d i t i o n a l  monitor ing 
w e l l s  were i n s t a l l e d  at e leven  d i f f e r e n t  d r i l l  s i t e s .  This  b r i n g s  
t o  74 t h e  t o t a l  number of monitor ing e l l s  completed a s  p a r t  of t he  
M-Area groundwater i n v e s t i g a t i o n .  The l o c a t i o n s  of a l l  t h e  w e l l  
s i tes  d r i l l e d  up t o  September 1984 are shown on Figure  4-1. 
C l u s t e r s  MSB-23 through 33  are the  s i t e s  of t h e  27 wells d r i l l e d  
between August 1982 and August 1983. Table 4-1 g i v e s  the  h i s t o r y  
of  t h i s  d r i l l i n g  and subsequent d r i l l i n g  up t o  September 1984. A 
summary of  t h e  w e l l  i n s t a l l a t i o n  d a t a  i s  given on Table  4-2. The 
w e l l  numbering system is  d i scussed  i n  Appendix A. Geologic bo r ings  
d r i l l e d  a s  p a r t  of t h i s  phase of t he  program range i n  depth  from 
45 t o  660 f e e t  with t h e  monitor ing w e l l  s c r eens  set a t  dep ths  
r ang ing  between 4 5  and 485 f e e t  below the  ground s u r f a c e .  Seven of 
t h e s e  w e l l s  are screened i n  the  "Tuscaloosa" Formation. The loca- 
t i o n s  of t he  seven "Tuscaloosa" monitor ing wells a r e  shown on 
F i g u r e  4-2. Geologic samples f o r  l i t h o l o g i c  c l a s s i f i c a t i o n  and, in 
c e r t a i n  bo r ings ,  f o r  chemical a n a l y s i s  were c o l l e c t e d  at each d r i l l  
s i te  u t i l i z i n g  e i t h e r  s tandard  s p l i t s p o o n  samplers  o r  w i r e l i n e  core 
b a r r e l s .  I n  a d d i t i o n  undis turbed samples were c o l l e c t e d  using a 
p i t c h e r  b a r r e l  sampler f o r  l a b o r a t o r y  de t e rmina t ion  of h y d r a u l i c  
c o n d u c t i v i t y ,  p o r o s i t y ,  and g r a i n  s i z e  d i s t r i b u t i o n .  The undis- 
tu rbed  samples were c o l l e c t e d  mainly from the  c l a y s  of  t h e  E l l en ton  
and upper "Tuscaloosa" Formations.  The r e s u l t s  of  t he  l abora to ry  
de t e rmina t ions  a re  d i scussed  i n  Sec t ion  5.3.1. 

With inc reased  concern f o r  the  p o s s i b i l i t y  of  contaminat ion  
of new wells dur ing  d r i l l i n g  and i n s t a l l a t i o n  o p e r a t i o n s ,  
t h e  procedure of steam c lean ing  both d r i l l i n g  materials ( r o d s ,  
b i t s ,  samplers ,  e t c . )  and cas ing ,  p r i o r  t o  use i n  each w e l l ,  w a s  
adopted as p a r t  o f  the  s tandard  w e l l  i n s t a l l a t i o n  p r a c t i c e .  This  
procedure was implemented f o r  t he  i n s t a l l a t i o n  of t h e  l a s t  seven 
w e l l s  d r i l l e d  t o  d a t e  (MSB-12TAY 12TB, 34TA, 34TB, 34A, 34B, and 
34C). The procedure w i l l  cont inue  t o  be used f o r  a l l  f u t u r e  wells 
d r i l l e d  as p a r t  of t h e  program. 

F igu re  4-1 a l s o  shows l o c a t i o n s  o f  wells d r i l l e d  as p a r t  o f  
o t h e r  programs where d a t a  on water l e v e l s  o r  chemical ana lyses  
i n  such w e l l s  a r e  c o n t r i b u t o r y  t o  t h i s  program. Examples of such 
wel ls  are "ASB", t h e  wells near  the  Savannah River Laboratory see- 
page b a s i n s ;  'ISRW", w e l l s  surrounding the  S i l v e r t o n  Road w a s t e  
s i t e ;  "AOB", w e l l s  around the  A-Area o i l  bas in ;  ABG, A-Area  back- 
ground w e l l ;  "ACB", wells around the  A-Area coa l  p i l e  runoff  
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containment b a s i n ;  and "AMB", w e l l s  around t h e  m e t a l l u r g i c a l  
l a b o r a t o r y  b a s i n .  Most of t h e s e  wel ls  were i n s t a l l e d  near waste 
s i t e s  f o r  monitoring purposes.  "LA-4" is  an e a r l y  water p roduc t ion  
w e l l  i n  the  "Tuscaloosa" Formation t h a t  w a s  never used. I t s  number 
was changed t o  905-4?1 i n  1962. Table 4-3 g i v e s  a summary of the  
w e l l  i n s t a l l a t i o n  d a t a  fo r  t hese  w e l l s .  

A s  of September 1984, 58 a d d i t i o n a l  monitor ing w e l l s  i n  14 
c l u s t e r s  were scheduled t o  be i n s t a l l e d  i n  t h e  F a l l  of 1984 and t h e  
Winter o f  1985. ( E d i t o r i a l  Note: These wells have been i n s t a l l e d  
and water samples a r e  c u r r e n t l y  being c o l l e c t e d  and analyzed.)  
F i g u r e  4-3 shows the  l o c a t i o n  of t hese  c l u s t e r s .  In t he  F a l l  o f  
1984 w e l l  c l u s t e r s  MSB-44, 45, and 46 were i n s t a l l e d  very c lose  t o  
p roduc t ion  w e l l s  905-828, ZOA, and 31A, r e s p e c t i v e l y ,  ( F i g u r e  4-2) 
t o  rnonitor t h e  T e r t i a r y  sediment nea r  t h e s e  "Tuscaloosa" product ion  
wells.  
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TABLE 4-1 

H i s t o r y  of I n v e s t i g a t i o n s  of Groundwater Contamination i n  AIM Area 

Nov. 1979 
t o  Feb. 1981 

June  9,  1981 

June  28, 1981 

J u l y  21, 1981 

Dec. 1981 

Mar. 1982 

Apr./May 1982 

Apr ./May 1982 

June  1982 

Aug. 1982 

Oct. 1982 

I n s t a l l e d  RCRA type wel ls  around M-Area s e t t l i n g  b a s i n  
(MSB-1 through 4 1 ,  Lost Lake (MSB-5 through 81, A-Area 
coa l  p i l e  runoff  containment b a s i n  (ACB 1 through 41, SRL 
seepage bas ins  (ASB 1 through 6 ) ,  and S i l v e r t o n  Road waste 
s i t e  (SRW-1 through 6 ) .  

Col lec ted  f i r s t  set of  groundwater samples from t h e s e  
w e l l s .  

Analyses rece ived .  Contamination around M-Area s e t t l i n g  
b a s i n  and S i l v e r t o n  Road Waste S i t e  by degrease t  s o l v e n t s  
f i r s t  i d e n t i f i e d .  

Began d r i l l i n g  f i r s t  w e l l  t o  i n v e s t i g a t e  contaminant plume 
from M-Area bas in .  

Completed 47 monitor ing wells downgradient from b a s i n  
inc lud ing  geologic  sampling and t e s t i n g  f o r  deg rease r  
so lven t  contaminat ion of s o i l  (MSB-9 through 21) .  

D r i l l e d  f i v e  exp lo ra to ry  bo r ings  i n  M-Area s e t t l i n g  
bas in .  

Completed two rounds of water sampling i n  monitor wel ls .  

I n s t a l l e d  a d d i t i o n a l  S i l v e r t o n  Road waste s i t e  monitor  
wells (SRW-7 through 1 1 ) .  

I n s t a l l e d  M-Area Product ion T e s t  W e l l  MPT-1 and conducted 
72-hour a q z i f e r  test. I n s t a i l e d  MSB-22. 

Completed s i x  a d d i t i o n a l  monitor ing w e l l s ,  t h r ee  i n s i d e  
t h e  M-Area per imeter  fence and t h r e e  j u s t  o u t s i d e  (MSB-23 
through 28).  

I ssued  Pre l iminary  Technica l  Data Summary, DPSTD-82-69. 

O c t .  18 t o  Conducted 30-day a q u i f e r  t e s t  on MPT-1 
Nov. 17, 1982 

Feb. 1983 Completed i n s t a l l a t i o n  of  14 monitor ing wells ( a t  MSB-23 
through 28 and MSB-30 through 33, F igure  4-1). , 
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TABLE 4-1, Contd 

Mar. f Apr . 1983 

Mar. 1983 

Apr. 23, 1983 

Presence of degreaser  s o l v e n t s  confirmed i n  A-Area Water 
Product ion Wells 905-538 and 20A. 

Began ope ra t ion  of P i l o t  A i r  S t r i p p e r  w i th  Well MPT-1. 

Conducted 33-hour a q u i f e r  t e s t  on "Tusc a loos  a W e  11" 
905 -2 OA . 

Apri l - Ju ly  1983 Collected seve ra l  rounds of water  samples from monitor 
wells. 

June-Aug . 19 83 

Nov. ,1983 

Aug.-Dec. 1983 

Jan.  1984 

Apr. 1984 

May-July 1984 

Sept .  1984 

Sept .  1984 

I n s t a l l e d  w e l l  c l u s t e r s  i n  T e r t i a r y  and Cretaceous 
sediments near  Well 905-538 (MSB-34) and i n  the  
Cretaceous at MSB-12. 

I n s t a l l e d  RWM-2 and' 3 and Demonstration A i r  S t r i p p e r  
i n s i d e  M Area. 

I n s t a l l e d  a d d i t i o n a l  S i l v e r t o n  Road w a s t e  s i t e  monitor 
wells i n  c l u s t e r s  (SRW-2, 9 ,  and 1 2  t o  1 6 ) .  

Began ope ra t ion  of  Demonstration A i r  S t r i p p e r  with RWM-2 
and 3. 

S i l v e r t o n  Road waste s i t e  and RCRA type  w e l l s  added t o  
r o u t i n e  sampling schedule .  

Col lected round of water samples from monitor w e l l s .  

I n s t a l l e d  T e r t i a r y  monitor ing w e l l s  as c l o s e  as p o s s i b l e  
t o  "Tuscaloosa" product ion w e l l s  (MSB-44 a t  905-828, 
MSB-45 a t  905-20A, and MSB-46 a t  905-318). 

Beginning of program t o  i n s t a l l  a d d i t i o n a l  58 moni tor ing  
w e l l s  i n  14 c lusters  t o  f u r t h e r  r e f i n e  t h e  l o c a t i o n  of  the  
contaminant plume. (At ASB-8, MSB-27, MSB-30, and MSB-33. 
New c l u s t e r s  MSB-29 and MSB-35 through 43.)  
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TABLE 4-2 

M-Area Piezometer Installation Summary 

Eleva t ion  
Ground Top of 

Well Surface 
No. ( f t P  -- 
AC- lA 
AC-1B 
A C - U  
AC-2B 
AC-3A 
AC-3B 
MSB-1 
MSB-1A 
MSB-2 
MSB-2A 
MSB-3 
HSB-3A 
MSB-4 
MSB-4A 
MSB-5 
MSB-5A 
MSB-6 
MSB-6A 
MSB-7 
MSB-7A 
MSB-8 
MSB-8A 
MSB-9A 
MSB-9B 
MSB-9C 
MSB-1OA 
MSB- 10B 
HSB-1OC 
MSB-1OD 
MSB-11A 
MSB- 11B 
MSB-11C 
MSB-11D 
MSB-11E 
MSB-11F 
MSB-12A 
MSB-12B 
MSB-12C 
MSB-12D 

260.7 
261.1 
342.7 
342.8 
300.4 
300.1 - 
350.5 

349.7 

357 .O 

- 
- 
- 
352.1 
337.1 
341.6 - 
340.8 - 
341.9 - 
341.7 
356.7 
356.7 
357.3 
352.9 
352.7 
354 .O 
353.5 
363 .O 
362.8 
363 .O 
363.3 
363 - 4  
363.0 
345.9 
346.5 
346.0 
346.3 

MSB- 12TA 346.3 
MSB-12TB 346.7 
MSB-1M 343.3 
MSB-13B 343.7 

cai ing 
( f t  )* 
262.1 
262.0 
344.7 
344.8 
302.3 
302.5 
353.4 
352.5 
352.3 
351.7 
359.6 
359.0 
355.1 
354.1 
339.1 
343.6 
339.5 
342.8 
340.7 
343.9 
339.4 
343.7 
357.7 
357.9 
359.1 
355.0 
354.7 
356.0 
355.5 
364 9 
364.8 
364.9 
365.2 
365.2 
366.6 
347 .8 
348.4 
347.9 
348.1 
348.50 
348.90 
345.2 
345.6 

To ta l  
D r i l l  
Depth 
( f t )  

128.0 

- 
64.0 

204.5 
130.0 
153.5 
110.0 
131.6 
128.0 
107.3 
128.0 
122.7 
128.0 
116.5 
128.0 
109.4 
125.0 
1094 
130.0 
108.6 
130.0 
109.2 
130.0 
242.0 
153.0 
136.0 
248.0 
215.0 
152.0 
125.0 
240.0 
203.0 
186.0 
161.5 
132.5 
141.0 
230.0 
191.0 

__ 

i6a.5 
125.0 
660.0 
360.0 
246.3 
172.5 

Screen Zone Screen Zone 
Depth ( f t )  E leva t ion  ( f t ) *  SRP Coordina tes  

Cons t ruc t ion  
Bottom North East Ma te r i a l  Top Bot tom 

115.0 120.0' 
59.0 64.0 

196.7 201.7 
106.4 126.4 
146.8 151.8' 
86.7 106.7 

111.6 - 
98.0 128.0 
85 .3  - 
98.0 128.0 
100.7 - 
98.0 128.0 
94.5 - 
98.0 128.0 
87.4 - 
93.0  123.0 
87.4 - 
100.0 128 
86.6 - 
100.0 128.0 
87.2 - 
100.0 128.0 
213.0 218.0 
148.0 153.0 
116.0 136.0 
230.0 235.0 
198.2 203.2 
144.3 148.5 
103.8 123.8 
227.6 232.6 
197.2 202.2 
180.6 185.6 
155.0 160.0 
112.5 132.5 
120.5 140.5 
225.0 230.0 
185.3 190.3 
163.1 168.1 
102.0 122.0 
450.0 460.0 
333.0 353.0 
208.4 213.4 
167.5 172.5 

* Feet  above (o r  below) mean sea  l e v e l .  

Top 

14f .  7 
202.1 
146.0 
236.4 
153.6 
213.4 
- 
252.5 - 
251.7 - 
259.0 
- 
254.1 
- 
248.6 
- 
240.8 
- 
241.9 
- 
241.7 
143.7 
208.7 
241.3 
122.9 117.9 
154.5 149.5 
209.7 205.5 
249.7 229.7 
135.4 130.4 
165.6 160.6 
182.4 177.4 
208.3 203.3 
230.9 230.9 
242.5 222.5 
120.9 115.9 
161.2 156.2 
182.9 177.9 
244.3 224.3 

-103.7 -113.7 
13.7 -6.3 

134.9 129.9 
176.2 171.2 

140.7 
197.1 
141.0 
216.4 
148.6 
193.4 
- 
222.5 - 
221.7 - 
229.0 - 
224.1 - 
218.6 
- 
212.8 - 
213.9 - 
213.7 
138.7 
203.7 
221.3 

105865.0 
105862 .8 
105636.4 
105648.7 
100989. i 
100996.5 
10 1824.2 
101824.2 
101999.2 
102021.4 
102181.6 
102181.6 
102010.4 
101982.7 
101768.7 
101 948.2 
101080.1 
101105.1 
100730.7 
100563.7 
100944.0 
100796.2 
102236.7 
102239.4 
102245.6 
10245 1.8 
102488.2 
10246 5.6 
102476.9 
102638.9 
102648.9 
102658.6 
102669.5 
102678.5 
102629.0 
102283.2 
102251.8 
102274.4 
102262.2 
102266.7 
102260.1 
101725.7 
101735.7 

42238.8 
42250.5 
46428.6 
46444.5 
42119.8 
42113.6 
48486.1 
48468.5 
48741.9 
48746.0 
48530.7 
48552.1 
48313.8 
48312.6 
46983.8 
46998 .8 
46462.6 
46328.3 
46785.9 
46737.1 
47 145.4 
47302.8 
48242.5 
48251.7 
48273 .O 
47954.4 
47943.1 
47951.1 
47947.4 
48577.6 
48578.5 
48579.4 
48579.7 
48579.6 
48577 . O  
47 138.2 
47139.6 
47 138.4 
47139.7 
47127.3 
471 33.0 
47525.4 
47523.5 

S t e e l  
S t e e l  
PVC 
PVC 
PVC 
PVC 
S t e e l  
PVC 
S t e e l  
PVC 
Steel 
PVC 
S t e e l  
PVC 
St e e  1 
PVC 
S t e e l  
PVC 
S t e e l  
PVC 
S t e e l  
PVC 
S t e e l  
S t e e l  
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
S t e e l  
S t e e l  
PVC 
PVC 
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TABLE 4-2, Contd 

M-Area Piezometer Installation Summary 

Elevation 
Top of Ground 

Well Surface 
No. ( ft I* 

MSB- 13C 343.6 
MSB-14A 346.5 
MSB-14B 346.7 
MSB-14C 347 .O 
MSB-15A 365.2 
MSB-15C 364.6 
MSB-16A 364.9 
MSB-16C 365.0 
MSB-17A 356.3 
MSB-178 356.4 
MSB-17C 356.3 
MSB-18A 338.3 
HSB-18B 338.5 
MSB-18C 338.5 
MSB-19A 298.1 
MSB-19B 298.2 
MSB-19C 298.1 
MSB-20A 351.9 
MSB-ZOC 351.2 
MSB-2 1A 35 1.2 
MSB-2lC 351.6 
USB-22 356.7 
MSB-23 370.4 
MSB-23A 370.4 
MSB-23B 370.1 
MSB-24 378.9 
MSB-24A 379.9 
MSB-25 364.7 
MSB-25A 364.7 
MSB-26 359.5 
MSB-26A 359.2 
MSB-27 374.0 
MSB-27A 373.8 
USB-28 352.6 
MSB-28A 352.6 
USB-30A 352.6 
MSB-30C 352.2 
MSB-31A 346.0 
HSB-31B 346.2 
MSB-31C 346.0 
MSB-32 252.7 
MSB-33 254.3 
MSB-34A 38 1.8 
MSB-34B 381.8 
MSB-34C 381.7 
MSB-34TA 381 .O 
MSB-34TB 381.8 

-- Casing ( f t P  

345.7 
348.3 
348.7 
348.7 
367.2 
366.6 
366.7 
366.6 
358.0 
357.9 
358.1 
340.2 
340.3 
340.6 
299.5 
299.9 
300.2 
354.0 
353.3 
353.4 
353.4 
359.0 
371.77 
371.52 

- 
Total Screen Zone Screen Zone , 
Drill Depth (ft) Elevation (ft)* SRP Coordinate, 
Devth 
(fi) Top Bottom 

125.0 
202.0 
158.5 
125.0 
203.0 
125.0 
203.7 
141 .O 
201.8 
172.0 
125.0 
200.4 
167 ..O 
131.5 
200.9 
155.8 
101.0 
202.0 
142.0 
202.0 
140.0 
200.0 
252.0 
318.0 

371.60 199.0 
380.15 251.0 
381.58 210.0 
366.93 251.0 
366.42 207.0 
361.55 202.0 
360.93 190.0 
375.48 200.0 
375.15 182.0 
354.41 200.0 
354.23 200.0 
354.56 326.0 
354.04 135.0 
347.20 334.0 
347..-50 194.0 
347.30 130.0 
255.26 57.0 
256.63 45.0 
383.17 273.5 
383.08 205.0 
383.19 166.0 
382.49 660.0 
382.77 ,320.0 

101.0 121.0 
182.0 202.0 
153.0 158.0 
103.3 123.3 
198.0 203.0 
104.2 124.2 
198.7 203.7 
121.0 141.0 
196.7 201.7 
166.4 171.4 
103.0 123.0 
176.0 181.0 
141.5 146.5 
111.2 131.2 
178.5 183.5 
150.8 155.8 
80.0 100.0 
190.7 195.7 
118.8 138.8 
193.4 198.4 
119.8 139.8 
115.0 135.0 
120.0 140.0 
308.0 318.0 
194.0 199.0 
135.0 155.0 
200.0 210.0 
120.0 140.0 
195.0 205.0 
119.0 139.0 
180.0 190.0 
130.0 150.0 
170.0 180.0 
122.0 142.0 
195.0 200.0 
316.0 326.0 
115.0 135.0 
324.0 334.0 
189.0 194.0 
110.0 130.0 
35.0 55.0 
25.0 45.0 
263.5 268.5 
195.0 200.0 
141.0 161.0 
473.7 483.7 
306.0 316.0 

* Feet above (or below) w a n  mea level. 

Top 

242.6 
164.5 
193.7 
243.7 
167.2 
260.4 
166.2 
244.0 
159.6 
190.0 
253.3 
162.3 
197.0 
227.3 
119.6 
147.4 
218.1 
161.2 
232.4 
157.8 
231.8 
241.7 
250.4 
62.4 
176.1 
243.9 
178.8 
244.7 
169.7 
240.5 
179.2 
244.0 
203.8 
230.6 
157.6 
36.6 
237.2 
22.0 
157.2 
236.0 
217.7 
229.3 
118.3 
186.8 
240.7 
-92.7 
75.8 

Bottom 

222.6 
144.5 
188.7 
223.7 
162.2 
240.4 
161.2 
224.0 
154.6 
185.0 
233.3 
157.3 
192.0 
207.3 
114.6 
142.4 
198.1 
156.2 
212.4 
152.8 
211.8 
221.7 
230.4 
52.4 
171.1 
223.9 
168.8 
224.7 
159.7 
220.5 
169.2 
234.0 
193.8 
210.6 
152.6 
26.6 
217.2 
12.0 
152.2 
216.0. 
197.7 
209.3 
113.3 
181.8 
220.7 

North 

101745.7 
101629.5 
101639.0 
101648.6 
102983.5 
103002.1 
103693.9 
103714.1 
101976.6 
101994.6 
102004.6 
100416.1 
100424.1 
100430.9 
10098 3.0 
100999.3 
100992.1 
103545.1 
103556.3 
103967 .O 
103973.0 
102 186.5 
104312.0 
1043 14.9 
104336.6 
104614.4 
104625.3 
103498.8 
103504.8 
104612.8 
104602.3 
104972.8 
104962.8 
104941.8 
104947.7 
105727.4 
105731.1 
101979.3 
101981.3 
101979.6 
99655.6 
9803 1.0 
104954.9 
104944.7 
1 049 34.1 

-102.7 104905.8 
65.8 104891.6 

Construct ion 
East Haterial 

47521.9 
48521.9 
48519.1 
485 17.3 
48827 .O 
48834 .O 
48965.1 
48970.5 
46245.7 
46237.7 
46234.3 
46110.4 
46115.7 
46121.4 
50934.4 
50934.8 
50942.4 
46060.5 
46088.8 
47217.2 
47234.6 
48508.8 
49294.0 
49290.7 
49286.4 
49842.9 
49845.3 
49668.9 
49657.9 
4894 1.7 
48440.7 
49487.7 
49487.8 
46517.3 
48521.9 
48004.1 
48013.7 
50100.2 
50078.7 
50089.9 
52733.9 
51736.3 
50534.9 
50534.9 
50535.5 
50536.6 
50537.9 

PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVE 
PVC 
PVC 
PVC 
P vc 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
evc 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
Steel 
Steel 
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TABLE 4-3 

Piezometer Installation Data Summary for Wells from other Program 
Used to Collect Information for #-Area Investigations 

Elevat ion Total Screen Zone Screen Zone* 
Ground Top of D r i l l  Depth ( f t )  Elevation ( f t )  

Well Surface Casing Depth 
( f t )  Top Bottom Top Bottom NO. ( f t ) *  ( f t ) *  

ABG-1 323.1 
ACB-2A 347.7 
ACB-3A 357.5 
AMB-2 377.0 
AOB-1 338.5 
AOB-2 343.2 
ASB-1A 347.1 
ASB-PA 347.0 
ASB-3 343.2 
ASB-4 333.6 
ASB-5A 342.9 
ASB-6 348.2 
ASB-7 351.2 
ASB-8 346.6 
ASB-9 306.4 
LA-4 35 7 
S-15 340 
SRW-1C 313.2 
SRW-2C 318.6 
SRW-3C 329.4 
SRW-4C 316.1 
SRW-5C 305.3 
SRW-6C 306.6 
SRW-7C 295.1 

SRW-9C 249.3 
SRW-1OC 294.7 
SRW-1 1C 302.2 
SRW-2A 319.43 
SRW-2B 319.56 
SRW-9A 25 1.74 
SRW-9B 252.11 
SRW-12A 234.58 
SRW-12B 234.54 
SRW-12C 234.76 
SRW-13A 295.98 
SRW-13B 296.11 
SRW-13C 296.30 
SRW-14A 325.31 

sw-8~ 284.2 

SIW-14B 325.27 
SRW-14C 325.75 
SRW-15A 317.76 
SRW-15B 317.45 
SRW-15C 317.67 
SRW-16A 344.90 
SRW-16B 344.63 
SRW-16C 345.83 

324.8 
349.8 
348.3 
379.3 
341.07 
345.4 
349.1 

345.2 
335.6 
345.0 
350.0 
353.4 
348.9 
308.9 
357 

315.2 
320.6 
331.4 

307.3 

297.1 
286.2 
251.3 
296.7 
304.2 
320.92 
320.93 
253.69 
253.79 
236.78 
236.77 
236.77 
298.10 
298.05 

327.33 

327.23 
327.42 
319.51 
319.50 
319.51 
347.07 
347.07 
347.07 

318.1 

308.6 

298.02 

138 
140.0 
140.0 
155.0 
120.0 
125.0 
130.0 
130.0 
125.0 
107.0 
125.0 
130.0 
140 
140 
90 

670 
165 
115 
120 
123 
120 
115 
115 
101.2 
93.0 
87.0 

108.0 
103.0 
235.8 
171.5 
142.4 
104.0 
135.6 

92.7 
60.1 

207.3 
147.2 
105.1 
221.0 

177.2 
132.1 
224.6 
173.1 
135.1 
229.6 
190.4 
148. a 

io8 
110.0 
110.0 
125.0 
90.0 
93.0 

100.0 
100.0 
93.0 
74.5 
95.0 

100.0 
120 
120 
70 

390 

83 
88 
91 

83 
83 

71.0 
55.0 
76.0 
73.0 

220.7 
156.6 
127.1 
89.3 

120.4 
78.0 
35.4 

192.1 
132.5 
70.5 

201.2 
214.0 
162.0 
97.0 

209.8 
155.5 
100.0 
200.4 
174.5 
109.6 

88 

81.2 

138 
140.0 
140.0 
155.0 
120.0 
123.0 
130.0 
130.0 
125.0 
107.0 
125.0 
130.0 
140 
140 
90 

600 
165 
113 
118 
121 

113 
113 
101.2 

93.0 

108.0 
103.0 
230.5 
166.4 
137.0 
99.1 

130.2 
87.8 
55.2 

201.9 
142.4 
100.1 
211.0 
217.0 
171.8 
126.7 
219.6 
165.3 
129.6 
225.1 
184.3 
139.6 

1 18 

87.0 

215 
237.7 
247.5 
252.0 
248.5 
250.2 
247.1 
247.0 
250.2 
259.1 
247.9 
248.2 
231 
227 
236 
-33 

230.2 
230.6 
238.4 
228.1 
222.3 
223.6 
213.9 
213.2 
194.3 
218.7 
229.2 

98.7 
163.0 
124.6 
162.8 
114.2 
156.5 
199.4 
103.9 
163.6 
225.8 
124.1 

163.3 

108.0 
162.0 
217.7 
144.5 
170.1 
236.2 

228.7 

185 
207.7 
217.5 
222.0 
218.5 
220.2 
217.1 
217.0 
218.2 
226.6 
217.9 
218.2 
211 
207 
216 
-243 
175 
200.2 
200.6 
208.4 

192.3 
193.6 
193.9 
191.2 
162.3 
186.7 
199.2 
88.9 

153.2 
114.7 
153.0 
104.4 
146.7 
179.6 
94.1 

153.7 
196.4 
108.3 

153.5 
199.0 
98.2 

152.2 
188.1 

160.3 
206.2 

198.1 

119.8 

SRP Coordinates 

North 

105939.9 55016.4 PVC 
102367.4 51561.3 PVC 
102154.3 51313.3 PVC 
104164.6 51517.9 PVC 
101910.7 50485.9 PVC 
102009.8 50724.7 PVC 
105535.0 52614.0 PVC 
105608.8 52856.9 PVC 
105712.4 52989.0 PVC 

Construction 
East Material 

105840.8 53109.9 PVC 
105885.5 52865.7 PVC 
105716.0 52675.9 PVC 
105771 52626.4 PVC 
106382 53136.6 PVC 
104589 54226.2 PVC 
102131.7 46226.7 S t e e l  
105557.5 47096.8 Steel 
103706.1 41391.1 PVC 
103653.2 41611.9 PVC 
103463.6 41830.4 PVC 
103240.8 41600.2 PVC 
103346.0 41227.2 PVC 
103530.7 41229.3 PVC 
103466.6 40913.3 PVC 

102516.7 41914.1 PVC 
103615.2 40857.9 PVC 
103310.5 40933.1 PVC 
103724.71 41634.96 PVC 
103733.63 41632.08 PVC 
103256.60 39692.74 PVC 
103247.04 39697.31 PVC 
103716.57 39013.36 PVC 
103708.92 39020.42 PVC 

103005.38 40668.03 PVC 
102997.93 40675.45 PVC 
102990.82 40682.42 PVC 
102835.12 41538.18 PVC 

103390.9 40438.7 PVC 

102990.82 40682.42 PVC 

102839.83 41548.55 PVC 
102827.90 41546.04 PVC 
104547.28 41608.37 PVC 

103766.25 42831.80 PVC 
103774.82 42826.67 PVC 

104552.55 41590.51 PVC 
104550.34 41698.12 PVC 

103772.38 42841.77 PVC 

* Elevation above or b e l o w  (-1 mean sea  l e v e l  
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FIGURE 4-2. Location of Production and Monitoring Wells Screened 
in the "Tuscaloosa" Formation Near M Area and Production 
Wells Screened in the Tertiary Sediments 
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5.0 GEOEYDROLOGY 

5.1 Geology 

Knowledge of t he  subsurface geology i n  the  M-Area v i c i n i t y  w a s  
i nc reased  s i g n i f i c a n t l y  with the cor ing  of two bor ings  (MSR-12TA 
and 34TA) i n t o  the lower "Tuscaloosa" Format ion (Geraghty & M i l l e r ,  
Inc . ,  1984). These two borings provided geologic  samples from the  
ground s u r f a c e  t o  a depth of  660 f e e t .  In a d d i t i o n  t o  provid ing  
d e t a i l e d  l i t h o l o g i c  logs of the  underlying sediments ,  each bor ing  
was a l s o  geophys ica l ly  logged. Geophysical logs  obtained inc lude  
r e s i s t i v i t y ,  gamma r a y ,  neutron,  s e l f  p o t e n t i a l ,  and c a l i p e r .  The 
d a t a  obta ined  from these  logs allows more e f f e c t i v e  e x t r a p o l a t i o n s  
t o  be made f o r  zones from which l i t t l e  o r  no material w a s  recovered 
du r ing  sampling, enabl ing  more e f f e c t i v e  i d e n t i f i c a t i o n  of  high 
pe rmab i l i t y  zones i n  the  formation and optimum s e l e c t i o n  of screen  
zones.  

The u n d i f f e r e n t i a t e d  T e r t i a r y  age sediments ( i . e . ?  Barnwell ,  
McBean, and Congaree Formations) a re  approximately 250 f e e t  i n  
th i ckness ,  and o v e r l i e  t h e  El len ton  Formation of Cretaceous age ( o r  
as now appears  more probable ,  Paleocene age) which is on the  o rde r  
o f  40 t o  60 f e e t  i n  th ickness  and is  found between depths  of  -240 
t o  300 f e e t  below t h e  ground su r face  (F igure  3-2). The E l l en ton  
Formation c o n s i s t s  c h a r a c t e r i s t i c a l l y  of dark-gray t o  b lack  sandy 
l i g n i t i c  micaceous c l a y  interbedded with medium t o  coa r se  sand. 
However, the presence of d i s t i n c t  dark  gray c l a y s  c h a r a c t e r i s t i c  of  
t h e  E l l en ton  Formation was not encountered i n  each bor ing  t h a t  
pene t r a t ed  i n t o  the  "Tuscaloosa" Formation. In the  absence of- these 
d a r k  c l a y s  i t  i s  d i f f i c u l t  t o  v i s u a l l y  d i s t i n g u i s h  the  con tac t  
between t h e  E l l en ton  and the  Congaree Formations above and t h e  

Tuscaloosa" Formation below. In  the  a reas  where c h a r a c t e r i s t i c  
E l l en ton  l i t h o l o g i e s  were not pene t ra ted  i t  i s  probably due t o  t h e  
f a c t  t h a t  M Area i s  loca ted  near the  northernmost ex tens ion  of the 
formation which is shown pinching out  by S i p l e  (1967) along t h e  
northwest  boundary of SRP. Where these  dark c l a y s  a r e  p r e s e n t ,  the  
E l l en ton  can g e n e r a l l y  be e a s i l y  d i s t i n g u i s h e d  from the  under ly ing  
va r i ega ted  c l a y s  of t he  upper "Tuscaloosa" Formation. 

I t  

I n  gene ra l  t he  "Tuscaloosa" is found a t  a depth of approxi-  
mately 300 f e e t  below the  ground su r face  i n  the  M-Area v i c i n i t y  
(F igu re  3-2). The "Tuscaloosa" Formation c o n s i s t s  of beds of f i n e  
t o  coa r se  gra ined  qua r t z  sand and grave l  interbedded and 
i n t e r c a l a t e d  with k a o l o n i t i c  c l a y s  and s i l t s .  The r e s u l t s  of bo th  
t h e  geologic  sampling and the geophysical logging i n d i c a t e  t h a t  the  
"Tuscaloosa" can be d iv ided  i n t o  two hydrogeologic u n i t s ,  an upper 
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and lower,  s epa ra t ed  by r e l a t i v e l y  t h i c k  c l a y  u n i t s  on the  order  of  
35 t o  40 f e e t  i n  th i ckness  between depths  of approximately 490 and 
530 f e e t  below t h e  ground su r face .  The c o n t i n u i t y  of t h i s  aqu i t a rd  
is not known al though i t  is present  a t  o the r  d r i l l  l o c a t i o n s  ac ross  
the  p l a n t s i t e  (F igu re  3-1). The zone i s  more of  a d i s t i n c t  c l a y  
u n i t  a t  d r i l l  s i te  MSB-34 than at MSB-12 where the  zone i s  more of  
a heterogeneous mixture of c l a y s  and sandy, s i l t y  c l a y s .  F igure  5-1 
i s  a geologic  s e c t i o n  inco rpora t ing  th ree  of t he  "Tuscaloosa" 
bo r ings  s i tes  (MSB-34, MSB-23 and MSB-12). The s e c t i o n  is  along a 
north-south l i n e  (F igu re  4-21 s l i g h t l y  o f f  the  r eg iona l  d i p  which 
i s  t o  the  sou theas t .  

5.2 Subsurface Hydrology 

5.2 . 1 Recharge 

It is  presumed t h a t  in a small a r ea ,  such as the  A/M Area, 
r a i n  f a l l s  uniformly over t he  e n t i r e  area. Although t h i s  may not 
be t r u e  for i nd iv idua l  storms, e s p e c i a l l y  summer thunderstorms,  
i t  i s  undoubtedly t r u e  when averaged over a year .  The e f f e c t  of 
r a i n f a l l  on recharge t o  the  groundwater i s  probably even more uni- 
form i n  space due t o  the a t t e n u a t i o n  of i nd iv idua l  r a i n f a l l  events  
i n  pas s ing  through the  unsa tura ted  zone, which i s  g r e a t e r  than 
100 f e e t  t h i c k  i n  the  4 / M  Area. Although bu i ld ings  and parking 
l o t s  may cause some r e d i s t r i b u t i o n  of t he  e n t r y  of r a i n f a l l  i n t o  
t h e  ground, t h i s  probably does not have a major e f f e c t  on ground- 
water recharge.  The water d i v e r t e d  from a b u i l d i n g  o r  parking l o t  
u s u a l l y  is not  t r anspor t ed  f a r  from the  f a c i l i t y  be fo re  d i scha rg ing  
t o  t h e  ground. Thus the  e f f e c t  would be q u i t e  l o c a l  even without  
t h e  a t t e n u a t i o n  caused by the  g r e a t e r  than 100-foot depth t o  the  
water t a b l e .  

The same s ta tements  cannot be made about water  d i s c h a r g e s  t h a t  
d o  not  o r i g i n a t e  with immediate r a i n f a l l .  For example, p rocess  
and coo l ing  water pumped from the  "Tuscaloosa" Formation passes  
through M-Area f a c i l i t i e s  and is discharged t o  the  M-Area s e t t l i n g  
b a s i n ,  thence t o  a seep area, and on t o  Lost Lake or t o  t h e  A-14 or 
M72 o u t f a l l s  (F igu re  5-2). These seepage a reas  provide a cont inu-  
ous recharge t o  the  water t a b l e  i n  t h i s  p a r t i c u l a r  l o c a l i t y ,  which 
i s  not  present  i n  the  genera l  a rea .  Thus, t h i s  f a c t o r  probably 
in f luences  t o  some ex ten t  t he  shape of water t a b l e  contours .  
F igure  5-2 shows the  su r face  l o c a t i o n s  of seepage areas where water  
has h i s t o r i c a l l y  en tered  the  ground i n  a d d i t i o n  t o  the  r a i n f a l l  
t h a t  i s  presumed t o  be evenly d i s t r i b u t e d  over t h e  a rea .  

The sewer o u t f a l l  a t  A-14 r ece ives  storm runoff  and noncontact  
c o o l i n g  water. I n  a d d i t i o n  the  A-14 o u t f a l l  r e c e i v e s  s torm runoff  
and noncontact  cool ing  water pumped from o u t f a l l  M-2 up t o  a m a x i -  
mum of 650 g a l l o n s  per minute, which has been the  l i m i t  of t h e  l i f t  
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s t a t i o n  pumps. Above t h i s  maximum the  water d i scha rges  from M-2 
o u t f a l l  and spreads  out as shown on Figure  5-2. 4 pro jec t  is i n  
p rog res s  t o  inc rease  t h e  capac i ty  of the l i f t  s t a t i o n  pumps t o  
950 gpm. When t h i s  is completed water w i l l  r a r e l y  overf low t o  M-2.  
I n  t h e  pas t  A-14 has  been an important r e c e i v e r  of process  sewer 
waste as w e l l  a s  noncontact cool ing  water and storm runof f .  
I n i t i a l l y  a l l  p rocess  wastes (Bui ld ings  313-M and 320-M) went t o  
A-14. Bui ld ing  321-M was completed i n  1957, and t o  prevent  uranium 
d i s c h a r g e s  t o  s u r f a c e  s t reams,  the s e t t l i n g  bas in  was b u i l t  and 
began r ece iv ing  process  waste d i scha rges  from Bui ld ing  321-M. The 
d i s c h a r g e s  t o  t h e  M-Area b a s i n  were increased  i n  1973 and again in 
1976, when p o r t i o n s  of Bui ld ing  323-M were t i e d  i n t o  the  s e t t l i n g  
b a s i n  e f f l u e n t  p i p e l i n e  t o  reduce uranium d i scha rges  t o  T i m s  
Branch. Consequently the  d i scha rge  to  the  A-14 o u t f a l l  dec reased .  
I n  o r d e r  t o  e l i m i n a t e  t h e  d i scha rge  of low pH water t o  s u r f a c e  
streams, a l l  e f f l u e n t s  ( i n c l u d i n g  320-M) except for  noncontact  
coo l ing  water were re routed  t o  the  s e t t l i n g  b a s i n  on May 22, 1982. 

Af t e r  one o r  two years  of use ( i . e . ,  -1960) t he  s e t t l i n g  bas in  
became p a r t i a l l y  plugged t o  water seepage and began t o  overf low 
along a d i t c h  t h a t  went t o  Lost Lake. Usual ly  the  overf low reached 
Lost Lake, but  occas iona l ly  a l l  of t h e  bas in  overf low seeped i n t o  
the  ground i n  a low spot  between t h e  s e t t l i n g  bas in  and Lost Lake. 
This  w a s  t he  case i n  1979 when t h e  average d i scha rge  w a s  about 
330 gpm (Mar t in ,  1984) and Lost Lake was  completely d ry .  Af te r  t h e  
d i v e r s i o n  of a l l  process  water from A-14 t o  t h e  s e t t l i n g  b a s i n ,  t h e  
flow w a s  about 550 gpm and Lost Lake began t o  f i l l .  Noncontact 
c o o l i n g  water w a s  segrega ted  and s e n t  t o  o u t f a l l s  A-14 and 8-2 i n  
August 1982. In  l a te  September 1982 the  depress ion  r ece iv ing  t h e  
water from M-2 began t o  f i l l ,  and water began t o  spread t o  t h e  
northwest and southwest.  I n  December 1982 a pump w a s  i n s t a l l e d  t o  
d i v e r t  water from M-2 o u t f a l l  t o  A-14, but t he  depress ion  still 
r ece ives  s torm runoff  and noncontact cool ing  water t h a t  is  i n  
excess  of t he  pumping capac i ty  ( 6 5 0  gpm), which occurs  only  dur ing  
thunderstorms.  

As shown on Figure  5-2 water is discharged  from the  no r the rn  
p a r t  o f  A Area through the  A-1, A-3, A-4, and A-5 o u t f a l l s  t o  
another  t r i b u t a r y  t o  Tims Branch. Several  o u t f a l l s  (A-7, A-5, A-9, 
and A-11) i n  t h e  n o r t h e a s t e r n  p a r t  of A Area d r a i n  t o  a s t and ing  
body of water. 

Severa l  s t u d i e s  of groundwater recharge have been made i n  the 
v i c i n i t y  of SRP, us ing  r eg iona l  base s t ream flow ( C a h i l l ,  1982; 
Hubbard, 1984; Par izek  and Root, 1984). These s t u d i e s  a l l  conclude 
t h a t  t h e  recharge  i s  about 15 inches  per year .  I n  t h e  absence of 
s p e c i f i c  s t u d i e s  o r  d e t a i l e d  knowledge of the  recharge i n  A/M Area, 
i t  i s  presumed t h a t  15 inches  per year  is a p p l i c a b l e  t o  t h i s  a r e a  
a l so .  
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Recharge t o  the  water t a b l e  could be a f f e c t e d  by the  geology 
of the  unsa tura ted  zone. For example, ex tens ive  c l a y  l a y e r s  near  
t h e  s u r f a c e  might r e j e c t  recharge i n  *one a r e a  and d i v e r t  i t  Later- 
a l l y  t o  another a rea .  In  a d d i t i o n ,  t h i s  would cause the  e x i s t e n c e  
of  an ex tens ive  perched water t a b l e .  Geologic samples i n  numerous 
a r e a l l y  d i s t r i b u t e d  borings do not i n d i c a t e  the  e x i s t e n c e  of an 
ex tens ive  cont inuous c l a y  l aye r  i n  the  unsa tu ra t ed  zone of A/M 
Area, even though the  t h i n  "Tan Clay" is  encountered at a number of  
bor ings .  I n  a d d i t i o n ,  t h e r e  i s  no i n d i c a t i o n  of an e x t e n s i v e  
perched water body. A temporary perched water body was i n d i c a t e d  
i n  one of t he  e a r l y  bor ings  around Lost Lake. This perched water 
body may have even been l a r g e r  s i n c e  1982 when d i scha rge  from M 
Area was increased .  However, i t  is  not be l ieved  t h a t  t he  e x i s t e n c e  
of t h e s e  r e l a t i v e l y  l o c a l  and, i n  the  absence of enhanced r echa rge ,  
temporary perched water t a b l e s  have a s i g n i f i c a n t  e f f e c t  on t he  
q u a n t i t y  o r  d i s t r i b u t i o n  of recharge t o  t h e  permanent water  t a b l e .  

5.2.2 Potentiometric Maps and Groundwater Velocity 

A water- table  map cons t ruc t ed  from water- level  measurements 
made i n  J u l y  1984 i n  monitoring wells i n s t a l l e d  mainly f o r  t he  
M-Area i n v e s t i g a t i o n  is  presented on Figure  5-3. (Water l e v e l  d a t a  
are g iven  in Appendix F.) A t o t a l  of 44 water l e v e l s  i n  water  t a b l e  
w e l l s  were used i n  t h e  c o n s t r u c t i o n  of the  map. As can be seen 
from t h e  map, a water - tab le  high e x i s t s  n o r t h e a s t  of t h e  M-Area 
bas in .  The water  t a b l e  is about 115 f e e t  below the  ground s u r f a c e  
around t h e  s e t t l i n g  bas in .  The water t a b l e  appears  t o  r e f l e c t  t h e  
inc reased  water d i s p o s a l  at t h e  M-2 o u t f a l l  ( F i g u r e  5-21 and the  
seep  a r e a  between Lost Lake and the  s e t t l i n g  bas in .  

The water- table  g r a d i e n t s  range from about 0.002 t o  
0.008 f t / f t .  The s t e e p e r  g r a d i e n t s  are i n  t h e  d i r e c t i o n  of T i m s  
Branch which is  the  nea res t  d i scha rge  poin t  f o r  t he  water t a b l e  
a q u i f e r .  
t h e  30-day pump tes t  (d iscussed  i n  Sec t ion  5.3) and assuming t h e  
average s a t u r a t e d  th ickness  of the  T e r t i a r y  formations t o  be 
110 f e e t ,  an average hydrau l i c  conduc t iv i ty  of  5.18 f t / d a y  
(570 f t 2 / d a y  i 110 f t )  is obta ined .  
t he  water t a b l e  i n  the  T e r t i a r y  formations can be c a l c u l a t e d  us ing  
t h e  expres s ion  V = I K / E  

Using t h e  t r a n s m i s s i v i t y  of 570 f t 2 / d a y  c a l c u l a t e d  from 

The average flow v e l o c i t y  a t  

where: 

V = Flow v e l o c i t y  ( f t / d a y )  

I = Water t a b l e  g rad ien t  ( f t / f t )  

E = E f f e c t i v e  p o r o s i t y  (d imens ionless )  

K = Hydraulic c o n d u c t i v i t y  ( f t / d a y )  
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Using the  average hydraul ic  conduc t iv i ty  of  5.18 f t / d a y  and an 
assumed e f f e c t i v e  po ros i ty  of 0.20 ( S e c t i o n  5.3.41, the  flow 
v e l o c i t y  would range from about 19 t o  75 f t / y r  f o r  g r a d i e n t s  of 
0.002 t o  0.008- f t / f t ,  r e s p e c t i v e l y .  This compares t o  e s t ima ted  
f low v e l o c i t i e s  of 20 t o  25 f t / y r  r epor t ed  i n  the  pre l iminary  
t e c h n i c a l  d a t a  summary, which was c a l c u l a t e d  using r e s u l t s  of t h e  
3-day pumping t e s t  and a g rad ien t  of about 0.003 which e x i s t s  west 
of the bas in .  As mentioned, the  h igher  g r a d i e n t s ,  and t h e r e f o r e  
probably t h e  g r e a t e r  v e l o c i t i e s ,  e x i s t  i n  t h e  Tims Branch 
dra inage .  

A po ten t iomet r ic  map of the  i n t e r v a l  between e l e v a t i o n s  o f  144 
and 187 f e e t ,  o r  about 50 f e e t  beneath the  d iscont inuous  "Green 
Clay" (wi th in  the  Congaree Formation) is  shown on Figure  5-4. This 
map shows a g e n t l e r  g rad ien t  than t h e  h ighe r  i n t e r v a l  but has  the  
same gene ra l  p a t t e r n .  A lobe apparent ly  o r i g i n a t e s  i n  t h e  v i c i n i t y  
of  t h e  seep  a r e a ,  which was p resen t  bu t  no t  as prominent i n  t h e  
water t a b l e  map (F igu re  5-31. 

The poten t iomet r ic  map of  the  i n t e r v a l  between e l e v a t i o n s  
100 and 144 f e e t  i . e . ,  i n  t h e  b a s a l  T e r t i a r y  sediments i s  shown i n  
F igu re  5-5. This i n t e r v a l  was thought t o  be at  t h e  base of the  
Congaree Formation, but  Paleocene f o s s i l s  i n d i c a t e  t h a t  perhaps i t  
i s  wi th in  t h e  E l l en ton  Formation. The magnitude of t he  g r a d i e n t  i s  
much g e n t l e r  than the  i n t e r v a l  above. I n  a d d i t i o n ,  t h e  d i r e c t i o n  
of g rad ien t  has  s h i f t e d  more toward Upper Three Runs Creek, which 
should be t h e  d i scha rge  poin t  f o r  water i n  t h i s  deep T e r t i a r y  zone. 
The water l e v e l s  i n  t h i s  lower i n t e r v a l  a r e  below those i n  the  
in t e rmed ia t e  zone (F igure  5-41 except f o r  t h e  Last w e l l  t o  t h e  
south where the  lower zone has a water l e v e l  about 4 f e e t  h ighe r  
than  t h e  in t e rmed ia t e  zone. This i s  approaching the  a rea  where the  
p re s su re  su r face  of t h e  "Tuscaloosa" becomes h ighe r  than t h a t  of 
t h e  Congaree as shown on Figure 3-4. 

The po ten t iome t r i c  map of t he  upper "Tuscaloosa" Formation, 
shown i n  Figure 5-6, i n d i c a t e s  a swing back t o  a more s o u t h e r l y  
d i r e c t i o n  under the  in f luence  of dra inage  toward the  Savannah River .  
The "nose" t h a t  is  prominent i n  a l l  of t he  T e r t i a r y  maps caused by 
d ra inage  t o  Tims Branch, Upper Three Runs Creeks,  and the  Savannah 
River swamps is  absent from the  "Tuscaloosa" map which is  only 
inf luenced  by t h e  Savannah River  Val ley.  This g rad ien t  is  cons is -  
t e n t  with the  r eg iona l  g rad ien t  (Chr is tensen  and Gordon, 1983, 
F igure  3-11). 

The v e r t i c a l  g r a d i e n t s  ( t h e  p o t e n t i a l  f o r  water t o  move down- 
ward i n t o  underlying formations)  can be measured by i n s t a l l i n g  
w e l l s  i n  d i f f e r e n t  formations and at i n c r e a s i n g  depths  from t h e  
water  t a b l e .  Measurements of water l e v e l s  taken  a t  d i f f e r e n t  d r i l l  
s i tes i n  the  M-Area v i c i n i t y  showed a cont inuing  decrease  i n  head 
with i n c r e a s i n g  depth ,  i n d i c a t i n g  t h a t  M Area i s  loca ted  w i t h i n  a 
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p o t e n t i a l  recharge  zone of t he  "Tuscaloosa" Formation. "Tuscaloosa" 
monitor ing w e l l s  were i n s t a l l e d  a t  s e v e r a l  c l u s t e r  l o c a t i o n s  
(MSB-12, 23,  30, 3 1 ,  3 4 )  f o r  the purpose of ob ta in ing  a d d i t i o n a l  
in format ion  on t h e  v e r t i c a l  head d i s t r i b u t i o n  with depth.  The 
measured v e r t i c a l  hydrau l i c  head d i s t r i b u t i o n  a t  two o f  t h e s e  s i tes  
a r e  presented  on F igu res  5-7 and 5-8. These measurements show a 
head d i f f e r e n c e  of approximately 23 t o  25 f e e t  between the  base of 
t h e  T e r t i a r y  sediments and t h e  underlying "Tuscaloosa." It is 
a n t i c i p a t e d  t h a t  t h i s  d i f f e r e n t i a l  would decrease  toward t h e  
Savannah River Valley and f i n a l l y  r eve r se .  

Using an average v e r t i c a l  hydraul ic  conduc t iv i ty  fo r  t h e  
El lenton/ ' lTuscaloosa" c l a y s  of 0.0004 f t / d a y ,  an average e f f e c t i v e  
p o r o s i t y  of  0.07 (Table  5-11, a hydrau l i c  head drop of  24 f e e t  
ac ross  t h e  E l l en ton  (F igures  5-7 and 5-81, and an average c l a y  
t h i c k n e s s  of  40 f e e t ,  a c a l c u l a t e d  v e r t i c a l  groundwater flow 
v e l o c i t y - o f  1 .3  f t / y r  i s  obtained f o r  flow ac ross  the  E l l en ton  
Format ion.  

What cannot be es t imated  from l abora to ry  measurements is t h e  
c o n t i n u i t y  of t he  c l ays  and the  amount of i n t e rconnec t ion  o r  
communication t h a t  may occur ac ross  the  E l l en ton  c l a y s  between t h e  
T e r t i a r y  sediments and t h e  "Tuscaloosa" Formation. This  can only 
be determined by pumping tes t .  From t h e  "Tuscaloosa" pumping t e s t  
conducted by Geraghty & Miller, Inc .  (19831, an average leakance 
va lue  o f  1.1 x 
Formation. I f  t h e  E l l en ton  c l a y  is 40 f e e t  i n  th i ckness ,  t h e  
leakance would t r a n s l a t e  t o  a hydraul ic  conduc t iv i ty  of 
5.8 x f t / d a y ,  which i s  about an o rde r  of magnitude h ighe r  
than  t h e  l abora to ry  va lues .  Using t h i s  va lue ,  the v e r t i c a l  f low 
v e l o c i t y  should be about 19 f t / y r  and water should traverse the  
E l l en ton  i n  about 2 years. This is Erobably a more a p p l i c a b l e  
c a l c u l a t i o n  than t h a t  using the  l abora to ry  va lues .  

g p d / f t 3  w a s  c a l c u l a t e d  ac ross  the  E l l en ton  

Using these  same va lues ,  the leakage through the  E l l e n t o n  
Formation i s  about 10 g a l l o n s  per square foo t  per yea r .  The 
g e n e r a l  A/M Area is  about 5000 f t  by 5000 f t  making an area o f  25 
m i l l i o n  f t 2 .  Thus i n  t h i s  a r e a  about 250 m i l l i o n  g a l l o n s  per  year 
may be recharg ing  the  "Tuscaloosa." Pumpage from the  "Tuscaloosa" 
is  about 650 m i l l i o n  g a l l o n s  per year  from A/M Area. The remainder 
is  made up from l a t e r a l  flow i n  the  "Tuscaloosa" 

The h o r i z o n t a l  groundwater v e l o c i t y  i n  t h e  Tuscaloosa i s  
e s t ima ted  a t  170 f t / y r  using a hydraul ic  conduc t iv i ty  of 40 f t l d a y  
( S e c t i o n  5.3.51, a g rad ien t  of  0.0023 (F igu re  5-61, and an 
e f f e c t i v e  p o r o s i t y  of 20  pe rcen t .  The h o r i z o n t a l  f l u x  i n  t h e  

t o  be 400 f e e t  t h i c k  would be 500 m i l l i o n  g a l l o n s  per year .  
Tuscaloosa" through a 5000 foot  s e c t i o n  of t he  A/M Area es t ima ted  11 
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5.2-3 Water-Level F l u c t u a t i o n s  

The h o r i z o n t a l  g r a d i e n t s  d i scussed  i n  Sec t ion  5.2.2 a r e  
gene ra l i zed  and only 5-foot contour i n t e r v a l s  a r e  used on Figures  
5-3, 5-4 ,  5-5, and 5-6. Due t o  f l u c t u a t i o n s  of s e v e r a l  f e e t  i n  
s e v e r a l  months, g r a d i e n t s  may change but these  a re  only a p p l i c a b l e  
f o r  a b r i e f  per iod  of t i m e .  Using only the  wells around the  
s e t t l i n g  b a s i n  from Apr i l  1980 t o  August 1981, t h e  water t a b l e  
g rad ien t  under the seepage bas in  s h i f t e d  45' i n  a g e n e r a l l y  
westward d i r e c t i o n  with a water  l e v e l  change of 1.6 f e e t .  Such an 
a l t e r a t i o n  i n  g r a d i e n t s  should be a n t i c i p a t e d  i n  o t h e r  a reas  a l s o .  

F igu res  5-9 through 5-13 show hydrographs of wells i n  c l u s t e r s  
MSB 10, 11, 12, 1 7 ,  and 34, r e s p e c t i v e l y .  The water- level  
f l u c t u a t i o n s  shown on these  graphs are be l ieved  t o  be t y p i c a l  of 
t h e  area ( i .e . ,  seasonal  f l u c t u a t i o n s ) .  The longes t  record on 
these  graphs i s  2-112 ye'ars. A much longer record e x i s t s  a t  w e l l  
S-15, which i s  about 1500 f e e t  west of t he  s e t t l i n g  b a s i n  (F igure  
4-11 and screened about 25 f e e t  below the  water t a b l e .  The t o t a l  
f l u c t u a t i o n  i n  t h e ' w a t e r  l e v e l  i n  t h i s  w e l l  is a l i t t l e  over  10 
f e e t  as shown on F igure  5-14. 

5.2.4 Groundwater Discharge 

Af t e r  f lowing both v e r t i c a l l y  and l a t e r a l l y ,  groundwater i s  
d ischarged  n a t u r a l l y  t o  sp r ings  and seeps i n  t h e  nearby s t ream 
v a l l e y s .  Water from the  water t a b l e  d i scha rges  t o  Tims Branch and 
t o  the  swamps southwest of A / M  Area. 
towards and d i scha rges  t o  Hollow Creek. Water from the lower p a r t  
o f  t h e  T e r t i a r y  s e c t i o n  flows toward and d i scha rges  t o  Upper Three 
Runs Creek and the swamps southwest of A/M Area. Water from the 
"Tuscaloosa" d i scha rges  t o  the  Savannah River Val ley .  Three- 
dimensional  numerical  s imula t ions  are c u r r e n t l y  being pursued i n  
o rde r  t o  quan t i fy  t h e  flow, leakage, and d i scha rge  from each of 
t h e s e  u n i t s .  

The water t a b l e  a l s o  s lopes  

5.3 Hydraul ic  P r o p e r t i e s  

The hydrau l i c  p r o p e r t i e s  of the  geologic  framework determine 
ra te  of groundwater mvement, which w i l l  be of paramount importance 
du r ing  recovery o p e r a t i o n s .  The p r o p e r t i e s  of most importance are 
t h e  tr ansmiss i v i  t y lpe  rmeab i 1 i t  y , poros i ty  , s t o r  at i v i  t y , and 
leakance.  

5-3-1 Laboratory T e 8 t s  

The resul ts  of l abora to ry  tests performed on undis turbed  
samples taken  from the  clayey u n i t s  of the  E l l en ton  and upper 

5-7 



“Tuscaloosa” Formations a r e  presented on Table 5-1. A t o t a l  of 
f i v e  samples were shipped t o  Law Engineer ing Tes t ing  Company’s 
s o i l s  l abo ra to ry  i n  At lan ta ,  GA f o r  a n a l y s i s .  Parameters measured 
included u n i t  weight ,  moisture  con ten t ,  void r a t i o ,  s p e c i f i c  
g r a v i t y ,  po ros i ty  ( t o t a l  and e f f e c t i v e ) ,  permeabi l i ty  ( v e r t i c a l  and 
h o r i z o n t a l ) ,  and g r a i n  s i z e  d i s t r i b u t i o n .  E f f e c t i v e  p o r o s i t y  and 
pe rmeab i l i t y  ( h y d r a u l i c  conduc t iv i ty )  a r e  the  most important i n  
e v a l u a t i n g  the  a b i l i t y  of  geologic  m a t e r i a l s  t o  t r ansmi t  water. 
E f f e c t i v e  po ros i ty  i s  a measure of the amount of in te rconnec ted  
pore space a v a i l a b l e  f o r  f l u i d  t ransmiss ion ,  while  hydrau l i c  con- 
d u c t i v i t y  is  a measure of t he  ease with which water  can be t r ans -  
mi t t ed  through a porous material. The results of the v e r t i c a l  
pe rmeab i l i t y  measurements of the  samples ranged from 4.0 x lo-’ t o  
5.2 x 10’’ cm/sec (1.1 x 
h o r i z o n t a l  permeabi l i ty  measurements ranged from 5.7 x t o  1.1 
x cm/sec (1.6 x 
c l a y s  t ransmi t  water extremely slowly. 

t o  1.1 x f t / d a y ) ,  and the  

t o  3.1  x loe5 f t / d a y )  i n d i c a t i n g  t h a t  t h e  

The e f f e c t i v e  p o r o s i t i e s  determined f o r  these  samples a r e  also 
low, ranging from 0.024 t o  0.137 (d imens ionless ) .  These compare t o  
average e f f e c t i v e  p o r o s i t i e s  o f  0.20 and 0.30 g e n e r a l l y  used f o r  
t h e  T e r t i a r y  and “Tuscaloosa” sands,  r e s p e c t i v e l y .  

5.3.2 Recovery Tests On Observation Wells 

Table 5-2 g ives  the  r e s u l t s  of tests on i n d i v i d u a l  w e l l s  where 
t h e  recovery of t he  water l e v e l  i s  measured a f t e r  pumping t h e  w e l l  
f o r  some period of t i m e .  Ca lcu la t ion  of t r a n s m i s s i v i t y  from t h e s e  
tes ts  i s  extremely crude because most of the  wells have only 
10 foo t  s c reens ,  and thus  flow t o  the  sc reen  is  semi-spherical  
i n s t e a d  of two-dimensional a s  assumed i n  the  a n a l y s i s .  Since a l l  
t h e  water l e v e l  measurements a r e  in t he  same w e l l  from which the  
withdrawal took p lace ,  they are a l s o  inf luenced  by the  development 
of t h e  w e l l .  Thus low apparent  t r a n s m i s s i v i t i e s  may be due t o  
inadequate  development. Nevertheless  t he  values  obtained may be 
u s e f u l  because they are a r e a l l y  d i s t r i b u t e d  and do r ep resen t  an 
approximate value f o r  t r a n s m i s s i v i t y .  

5.3.3 Water Injection T e s t  on Well MPT-1 

The 72-hour pumping test repor ted  i n  t h e  Pre l iminary  Technica l  
Data Summary, DPSTD-82-69, a f f ec t ed  obse rva t ion  w e l l s  a t  d i f f e r e n t  
dep ths  (F igu re  5-15) i n  an unpredic tab le  manner. S p e c i f i c a l l y  
obse rva t ion  w e l l  MSB-11F, a water t a b l e  w e l l  30 f e e t  from t h e  
pumping w e l l ,  showed no drawdown at  a l l .  Because t h e r e  w a s  d i f f i -  
c u l t y  i n  developing well MPT-1, t h e r e  was specu la t ion  t h a t  perhaps 
p a r t s  of  the  screened zone were s e l e c t i v e l y  developed, such t h a t  
one or a few r e s t r i c t e d  zones might be y i e l d i n g  a l l  the water. I n  

5-8 



orde r  t o  determine how uniformly t h e  sc reen  zone was developed, 
60 gpm was i n j e c t e d  i n t o  the  w e l l  while making v e l o c i t y  measure- 
ments w i t h  a v e r t i c a l ,  cab le  hung, vane-type meter.  The a c t u a l  
measurements are i n  r evo lu t ions  per second of t he  vanes.  The 
r e s u l t s  of t h i s  tes t  are shown on Figure 5-16. Measurements were 
made i n  the cas ing  at depths  of  110, 115, 120, and 125 f e e t ,  and 
these  averaged 1 .5  r e v o l u t i o n  per second as shown by t h e  v e r t i c a l  
bar  on Figure  5-16. This average i s  taken t o  r ep resen t  100 per- 
cen t  of t he  flow down the  cas ing .  From t h e  measurements shown a t  
va r ious  depths  wi th in  the  screen  zone on Figure  5-16, an i n j e c t i o n  
p r o f i l e  can be c a l c u l a t e d ,  and t h i s  is  given i n  Table 5-3. From 
t h i s  p r o f i l e ,  i t  i s  concluded t h a t  a l though a zone near t h e  top  o f  
t h e  sc reen  accepts  33 percent  of t he  water i n j e c t e d ,  t h e  acceptance 
is  r a t h e r  uniformly d i s t r i b u t e d  throughout t he  length  of the  
sc reen .  If t h e  y i e l d  p r o f i l e  of the  w e l l  is  t h e  same as t h e  
i n j e c t i o n  p r o f i l e ,  t he  cause fo r  t he  unpred ic t ab le  drawdown in the  
obse rva t ion  wells dur ing  the  pumping test  must be sought e lsewhere 
than i n  the  s e l e c t i v e  development of the  screened zone. 

5.3.4 30-Day Pumping Test in Tertiary Sediments 

Afte r  completion of the  M-Area Product ion T e s t  Re11 (MPT-1) i n  
June 1982, an eight-hour  step-drawdown and 72-hour pumping tes t  
were performed. The results of these  t es t s ,  which a r e  d i scussed  i n  
t h e  Pre l iminary  Technical Data Summary (DPSTD-82-69), i n d i c a t e  an 
ad jus t ed  t r a n s m i s s i v i t y  of  1100 g p d l f t  and a c o e f f i c i e n t  of s t o r a g e  
of 0.14. Using these  va lues  it w a s  es t imated  t h a t  one recovery 
w e l l  pumping a t  a rate of 30 gpm ( g a l l o n s  per minute) could 
i n f l u e n c e  an a r e a  of r ad ius  400 f e e t .  

Between October 18 and November 17, 1982, a 30-day cont inuous 
pumping tes t  w a s  conducted u t i l i z i n g  MFT-1 (Bledsoe, 1983). The 
o b j e c t i v e s  of t h i s  test  were: 1) t o  a t tempt  t o  p h y s i c a l l y  develop 
t h e  cone of dep res s ion  at  t h e  water  t a b l e  f o r  comparison w i t h  
t he  c a l c u l a t e d  rate of growth from t h e  72-hour t e s t ,  and 2) t o  
o b t a i n  a d d i t i o n a l  chemical d a t a  and e s t a b l i s h  a b e t t e r  b a s i s  f o r  
o rgan ic  concen t r a t ion  i n  t h e  feed s t ream t o  the  r e fe rence  ground- 
water treatmefir p rocess  ( a i r  s t r i p p i n g ) .  A schematic i l l u s t r a t i o n  
of  t h e  screen  zones of the  pumping and obse rva t ion  wells i s  given 
i n  F igure  5-15. 

As with t h e  72-hour test ,  t h e  30-day test w a s  conducted a t  a 
c o n s t a n t  d i scha rge  rate of 30 gpm. 
of water was removed from the  aqu i f e r  dur ing  the  tes t .  

A t o t a l  of 1.25 m i l l i o n  ga l lons  

The drawdown i n  the  pumping w e l l  du r ing  t h e  30-day test w a s  
s imi l a r  i n  shape t o  t h a t  i n  the  72-hour tes t  except  t h a t  t h e  draw- 
down w a s  l e s s  (F igu re  5-17). 
tes t  w a s  7 t o  9 f e e t  less than t h a t  fo r  t he  72-hour t e s t ,  even 

The drawdown at  the  end of t h e  30-day 

5 -9 



though both tes t s  were conducted a t  30 gpm. The maximum drawdown 
i n  t h e  72-hour tes t  was 35 f e e t  and t h a t  in t h e  30-day tes t  was 
27 f e e t .  Observat ion w e l l s  MSS-11B and 1 1 C  were t h e  most respon- 
s i v e  (F igu re  5-18). The drawdown i n  MSB-11B was 2.02 f e e t  a t  t h e  
end of t h e  72-hour test and 2.60 f e e t  a t  t h e  end of t h e  30-day 
t e s t .  The comparison of drawdowns i n  the obse rva t ion  w e l l s  i s  what 
one would expec t ,  i . e . ,  t h e  g r e a t e r  drawdown from t h e  longer  t e s t .  
Coupling of t h e  informat ion  from t h e  obse rva t ion  w e l l s  and t h e  
pumping w e l l  i n d i c a t e  t h a t  t h e  pumping w e l l  underwent some addi-  
t i o n a l  development between t h e  two tes t s .  The only event  t o  have 
occurred  a t  t h e  MPT-1 between t h e  two t e s t s  w a s  t h e  i n j e c t i v i t y  
t e s t .  This t e s t  was descr ibed  i n  Sec t ion  5.3.3. A s  can be seen  
from t h e  two drawdown curves  (F igure  5-17), t h e  r e s u l t s  c l o s e l y  
p a r a l l e l  each o t h e r  except  f o r  t h e  observed drawdowns. 

As wi th  t h e  72-hour t e s t ,  d a t a  from obse rva t ion  w e l l  MSB-11C 
were more amenable t o  a n a l y s i s  than  d a t a  from t h e  o t h e r  obse rva t ion  
w e l l s  and thus  w e r e  used f o r  a n a l y s i s  of t h e  30-day tes t .  The test  
d a t a  f o r  MSB-llC were p l o t t e d  on log-log paper (F igure  5-19) f o r  
a n a l y s i s  us ing  Boulton 's  (1963) method f o r  unconfined a q u i f e r s  w i th  
v e r t i c a l  movement. The type curve used i n  t h e  a n a l y s i s  is  super- 
imposed on t h e  MSB-11C d a t a  p o i n t s  on F igure  5-19. The r e s u l t s  
o f  curve  matching by SRL y i e l d  a c a l c u l a t e d  t r a n s m i s s i v i t y  va lue  
of  4200 gpd / f t  (570 f t 2 / d a y )  and a s to rage  c o e f f i c i e n t  o f  0.27. 
Adjus t ing  t h e  c a l c u l a t e d  va lues  t o  f i t  t h e  observed f i e l d  d a t a  €or  
MSB-11C a f t e r  30 days of pumping produces a t r a n s m i s s i v i t y  o f  
4200 g p d / f t  and a s t o r a g e  c o e f f i c i e n t  of 0.20. This  v a l u e  f o r  
t r a n s m i s s i v i t y  is  h igher  than  most o f  those  g iven  on Table  5-2 
f o r  s h o r t  t e r m  tes ts  on monitor ing w e l l s  f o r  t h e  reasons  g iven  in 
S e c t i o n  5.3.2. 

From t h e  72-hour d a t a  it w a s  es t imated  t h a t  a cone of i n f l u e n c e  
wi th  a r a d i u s  of approximately 400 f e e t  could be e s t a b l i s h e d  a f t e r  
pumping cont inuous ly  f o r  a per iod o f  30 days a t  30 gpm wi th  a 
p r e d i c t e d  drawdown of t h e  water t a b l e  of approximately 0.5 f e e t .  
Using t h e  hydrau l i c  parameters  c a l c u l a t e d  from t h e  30-day t e s t ,  
t h e  maximum c a l c u l a t e d  r a d i u s  of t h e  cone of dep res s ion  would be 
approximately 350 f e e t .  

Raw f i e l d  d a t a  from t h e  30-day pumping t e s t  were a l s o  
independent ly  analyzed and eva lua ted  by a Geraghty & Mil le r  hydro- 
g e o l o g i s t .  The r e s u l t s  of t h e  Geraghty & Miller a n a l y s i s  i nd ica t ed  
a t r a n s m i s s i v i t y  of approximately 4300 g p d / f t  with a s t o r a g e  
c o e f f i c i e n t  of  0.22 which i s  i n  good agreement wi th  t h e  r e s u l t s  
c a l c u l a t e d  by SRL. 

No water Level d e c l i n e s  t h a t  could be a t t r i b u t e d  t o  t h e  pump- 
ing  w e l l  w e r e  observed a t  observa t ion  w e l l s  more d i s t a n t  t han  t h e  
MSB-11 c l u s t e r  (30 t o  80 f e e t  from t h e  pumping w e l l ) .  
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5.3.5 "Tuscaloosa" Aquifer  Pumping Tes t  

I n  order  t o  determine the  hydrau l i c  p r o p e r t i e s  of t h e  
"Tuscaloosa" a q u i f e r  system i n  M-Area v i c i n i t y ,  an a q u i f e r  pumping 
tes t  w a s  conducted by Geraghty & M i l l e r ,  I n c .  (1983) on A p r i l  23- 
24, 1983. Product ion Well 905-2019 was used as  the pumping w e l l  and 
water l e v e l s  were measured i n  seven nearby wells inc lud ing  th ree  
o t h e r  product ion wel l s  which were shut  down fo r  the  tes t .  Two of 
the  w e l l s  a r e  screened i n  the  T e r t i a r y  sediments ove r ly ing  the  
E l l en ton  Formation; t h e  o the r  wells are  a l l  screened i n  t h e  
"Tuscaloosa" Formation. The loca t ions  of the  wells u t i l i z e d  i n  
t h e  test are shown i n  Figure 5-20. 

The pumping test included a three-s tage  step-drawdown t e s t  
followed by a 33-hour continuous pumping t e s t .  The purpose of the  
step-drawdown tes t  w a s  t o  determine the  e f f i c i e n c y  of the  pumping 
w e l l  (905-208). Th& results of t he  step-drawdown tes t ,  t abu la t ed  
i n  Table  5-4, i n d i c a t e  t h a t  Well 905-20A is r e l a t i v e l y  e f f i c i e n t .  
A p l o t  of water l e v e l  vs.  t i m e  f o r  t he  pumping w e l l  throughout both 
the  step-drawdown tes t  and the continuous pumping test is  shocjn on 
Figure  5-21. During the  33-hour t e s t ,  Well 905-208 w a s  pumped a t  a 
cons t an t  d i scha rge  rate of 1,035 gpm ( g a l l o n s  per minute) .  Water- 
l e v e l  measurements were taken i n  t h e  o t h e r  t h r e e  "Tuscaloosa" pro- 
d u c t i o n  wells and the  four  monitoring wells, as w e l l  a s  the  pumping 
w e l l ,  dur ing  the  pumping test  and f o r  a per iod of four  hours dur ing  
the  recovery per iod a f t e r  t he  pump w a s  shut  down. A l l  water - leve l  
d a t a  w e r e  ad jus t ed  t o  e l imina te  the  e f f e c t s  of changes i n  atmo- 
s p h e r i c  p re s su re  and the  preceeding step-drawdown test p r i o r  t o  
d a t a  ana lyses .  

Geraghty & Miller (1983) ana lyzed ' the  ad jus ted  water - leve l  
d a t a  us ing  both Hantush-Jacob (1955) leaky ar tes ian- type  curves  
and t h e  Cooper-Jacob (1946) method. Data from Wells 905-828, 
905-318, and 905-538 were used t o  determine t r a n s m i s s i v i t y ,  s to rage  
c o e f f i c i e n t ,  and leakance va lues  f o r  the  a q u i f e r .  Recovery d a t a  
from t h e  pumped well  (905-20A) were a l s o  analyzed t o  determine 
t r a n s m i s s i v i t y  by the  Cooper-Jacob method. Resul t s  of  the v a r i o u s  
ana lyses  a re  presented on Table 5-5. On t h e  b a s i s  of these  analy- 
ses, Geraghty & Miller be l i eves  the r e p r e s e n t a t i v e  t r a n s m i s s i v i t y ,  
s t o r a g e  c o e f f i c i e n t ,  and leakance values  for  the  "Tuscaloosa" 
Formation i n  the  M-Area v i c i n i t y  t o  be 79,000 g p d / f t ,  4.2 x 
and 1.1 x g p d / f t 3 ,  r e spec t ive ly .  For comparison, S i p l e  (1967) 
r e p o r t s  a t r a n s m i s s i v i t y  of  90,000 gpd/ f t  and a s to rage  c o e f f i c i e n t  
of 3 x for a test  conducted i n  January 1952 us ing  905-208 as  
the  pumping w e l l  and 905-31A as the observa t ion  w e l l .  

The screened zone of t h i s  w e l l  extends from a depth o f  
417 f e e t  t o  6 7 5  f e e t  making a screened i n t e r v a l  of 258 f e e t .  Using 
t h i s  as the  a q u i f e r  t h i ckness ,  the hydrau l i c  conduc t iv i ty  would be 
40 f t / d a y .  
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"Tuscaloosa" observation wells MSB-23A and NSR-30A located a t  
distances of approximately 1500 and 3000 feet, respectively, from 
the pumped well (Figure 5-20) were affected only slightly by the 
pumping and were therefore not analyzed. Hydrographs of these 
wells are shown on Figure 5-22. Water levels in wells screened at 
the water table (MSB-23) and within the mid-Tertiary (MSB-23B) also 
located at a distance of approxinately 1500 feet from the pumped 
well (Figure 5 - 2 0 )  did not reflect the effects of pumping during 
this test. Hydrographs of these two wells are shown on 
Figure 5-23. 
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TABLE 5-1 

v, 
I 

t- 
Ln 

Summary of Soi l  Ttrt b r u l t r  

3 0 R l N O r  w a SAMPLE 

OR $ DEPTH 
A U  

LOCATION $ 2  (FTJ 

' M E -  UD 302-304 
2 3A 

WSB- UD 294-296 
30A 

NSB- UD 260-262 
3OA 

,%a- UD 306-308 
23A 

rYS8- UD 242-244 
MA 

VISUAL 
DESCRIPTION 

Light ran B m v r i  S i l t y  
Clayey wedfum to N n o  

~ r o n )  N n e  Sandy s i l t y  
Clay 

White s i l t y  Mfw to 
P i M  Sand I 
Light Grey nediw to 
Fine Sandy Si1 t y  Clay 

I 
Grey S i l t y  Clayey 
nediua to Fine Sand 

POROSITY I PERMEABIUTY I 



TABLE 5-2 

Results of Recovery Tests on Individual Observation Wells 
i n  I4 Area 

Test 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

- Well No. 

MSB-9C 
MSB- 10A 
MSB- 1 OB 
MSB- 1OC 
MSB-11A 
MSB- 1 1B 
MSB-11C 
MSB-1 ID 
MSB-12B 
MSB- 12C 
MSB-13A 
MSB- 14A 
MSB-14B 
MSB-14C 
MSB-15A 
MSB- 16A 
MSB-17A 
MSB-17B 
MSB- 1 8A 
MSB- 18B 
MSB-18C 
MSB-19A 
MSB-1% 
MSB-20A 
MSB-2 1C 
AC-3A 

Screen Zone 
Elevation (ft) 
TOD Bottom 

24 1 
123 
155 
2 10 
135 
165 
182 
208 
151 
183 
135 
164 
194 
244 
167 
166 
160 
190 
162 
197 
22 7 
120 
218 
161 
232 
153 

22 1 
118 
150 
205 
130 
150 
177 
203 
156 
178 
130 
144 
189 
224 
162 
161 
155 
185 
157 
192 
207 
115 
198 
156 
2 12 
148 

Tr ansmi s s i v  i t y 
(gpd/ f t 1 

1900 
4085 
35 
270 
70 
140 
130 
1180 
85 
2435 
2475 
2400 
180 
185 
135 
1350 
2160 
430 
130 
4980 
180 
16,500 
1725 
260 
3800 
30 
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TABLE 5-3 

Injection Profile for MPT-1 

Depth of Zone from 
Ground Surface ( f t )  

125-130 

130-140 

140-1 50 

150-160 

160-170 

170-180 

180-1 90' 

Percent of Total  Flow 
Passing Out o f  Zone 

33.3 

6.7 

13.3 

20 

10  

16.7 

0 

TABLE 5-4 

Results from the Step-Drawdown Test on Production Well 905-20A 
Screened in the "Tuscaloosa" Formation 

Spec i f ic 
Step Pumping Total  Capacity 
Number Rate (gpm) Drawdown ( f t )  (gpm/ft)  

1 350 15.03 23.29 

2 6 90 29.61 23.30 

3 1035 42.70 24.24 
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TABLE 5-5 

Summary of Hydraulic P rope r t i e s  of t h e  "Tuscaloosa" Aquifer 
as Determined from a Pumping Test  on Production Well 905-208 

Well Transmiss i v  i t y  S t  o r  age Leakance 
Number ( g p d / f t )  Coe f f i c  i e n t  ( gpd / f t 1 

905-~OA 77 ,850 

905-828 79,090 

79,090 

79,970 

905-318 95,520 

79,050 

85,390 

905-538 84,690 

79,050 

105,910 

4.3 10-4 

3.7 10-4 

4.3 10-4 

4.7 10-4 

4.0 10-4 

4.2 10-4 

5.2 10-4 

8.7 10-4 

6.8 x 

Method Used 

Cooper-Jacob 
( r e  So very)  

1.16 x Hantush-Jacob 
( d r awd own ) 

Hantush-Jacob 
(recovery)  

Cooper-Jacob 
(drawdown) 

1.09 x Hantush-Jacob 
( drawdown) 

Yan t ush- Jacob 
( recovery)  

Cooper- J ac o b 
(drawdown) 

3.25 x Hantush-Jacob 
(drawdown) 

Hantush-Jacob 
(recovery)  

Cooper- Jac  ob 
(drawdown) 

, 

t 
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CONTOUR INTERVAL 10 FEET 
OOTlED LINES REPRESENT 5.FOOT CONTOURS 

FIGUBE 5-2. Los8tion of Water Disposal Areas 
(Sumer 1984)  
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CONTOUR INTERVAL 10 FEET 
WTTEO LINES REPRESENT 5 FOOT CONTOURS 

FIGURE 5-3. Water Table Elevation Map for Spring 1984 (Values a r e  
i n  f e e t .  For the  d a t a  point  t h e  f i r s t  d i g i t ,  i . e . ,  
200, is omit ted to avoid crowding of t h e  numbers.) 
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FIGURE 5-4. Potentiometric Map of the Elevation Interval where the 
Top of Screen is Between 146 and 187 ft, i.e., -50 ft 
Below the "Green Clay", for April-June 1984 
(Parentheses  i n d i c a t e  the  water l e v e l  i n  a w e l l  sc reened  
wi th in  the  e l e v a t i o n  i n t e r v a l  t h a t  is not used i n  drawing 
contours .  Anomalous water l e v e l s  w i t h i n  t h i s  e l e v a t i o n  
i n t e r v a l  could be caused by l o c a l  c l a y  l a y e r s  caus ing  
g r e a t e r  head l o s s  for water  t o  e n t e r  sand l a y e r s .  ALL 
water l e v e l s  not used i n  contouring a re  lower than those  
i n  surrounding w e l l s .  None a r e  too h igh . )  
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i .e . ,  Upper "Tuscaloosa" Formation, for May 1984 
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6.0 POTENTIAL SOURCES OF DEGREASER SOLVENTS 

6.1 Introduction 

The f a c i l i t i e s  f o r  f a b r i c a t i n g  f u e l  and t a r g e t  elements t o  be  
i r r a d i a t e d  i n  SRP r e a c t o r s  a r e  located i n  the  300-M Area. During 
f a b r i c a t i o n ,  f u e l  and t a r g e t  elements are degreased a t  s e v e r a l  
s t a g e s  i n  t h e  p rocess .  They a r e  a l s o  cleaned at o t h e r  s t a g e s  with 
hot c a u s t i c  and hot n i t r i c  ac id .  From 1952 t o  1982, M Area used an 
e s t ima ted  13 m i l l i o n  pounds of c h l o r i n a t e d  degreas ing  s o l v e n t s  
(Table  6-11. Although 50 t o  95 percent of t h e  s o l v e n t s  evaporated 
du r ing  degreas ing  o p e r a t  i o n s ,  t he  remainder went t o  t h e  M-Area 
p rocess  sewer system. It is  est imated t h a t  2 m i l l i o n  pounds may 
have been r e l e a s e d  t o  t h e  sewer t h a t  l eads  t o  t h e  M-Area s e t t l i n g  
b a s i n  and about 1-1/2 m i l l i o n  pounds t o  t h e  A-14 o u t f a l l  
( C h r i s t e n s e n  and Brendel l  , 1982). 

M-Area d e g r e a s e r  f a c i l i t i e s  are loca ted  i n  Bu i ld ings  313-M, 
320-M, and 321-M ( F i g u r e  6-1). Degreaser f a c i l i t i e s  c o n s i s t  of 
large v a t s  p a r t i t i o n e d  i n  h a l f .  On one s i d e  t h e  so lven t  i s  b o i l e d  
and the vapors degrease items exposed t o  them. These vapors  flow 
t o  t h e  o t h e r  h a l f  o f  t he  v a t  where they are condensed and c o l l e c t e d .  
A f t e r  condensat ion,  t h e  degreasing f l u i d  overflows from t h e  cool  
s i d e  o f  t h e  v a t  t o  the  hot s i d e  where i t  is  again vaporized f o r  use 
i n  deg reas ing .  Over t i m e  o i l  and g rease  e x t r a c t e d  from components 
accumulate i n  t h e  so lven t  s o l u t i o n  and raise i t s  b o i l i n g  p o i n t .  
With t h e  same amount o f  hea t  i n p u t ,  less s o l v e n t  vapors are gener- 
a t ed  and c l e a n i n g  e f f i c i e n c y  drops.  P e r i o d i c a l l y  the  c o n t e n t s  o f  
t h e  l a r g e  tube c l e a n i n g  v a t s  i n  320-M and 321-M flow through a 
s t i l l  t o  r ecove r  s o l v e n t .  The smaller v a t s  i n  313-M are p e r i o d i -  
c a l l y  emptied and c l e a n  so lven t  s u b s t i t u t e d .  In t h e  p a s t ,  spent  
d e g r e a s e r  s o l v e n t  w a s  e i t h e r  drained i n t o  the  process  sewers, o r  
pumped i n t o  drums and then  d i s t i l l e d  f o r  reuse.  Occas iona l ly ,  
d u r i n g  the  s e v e n t i e s ,  s t i l l  bottoms, deg rease r  s ludges ,  and s o m e  
s o l v e n t  were c o l l e c t e d  i n  drums and s t o r e d  on conc re t e  pads 
awa i t ing  d i s t i l l a t i o n  recovery.  Beginning i n  1979, a l l  w a s t e  
s o l v e n t s  and s ludges  were drummed and s t o r e d  i n  Bui lding 710-U, a 
hazardous waste s t o r a g e  f a c i l i t y .  
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6.2 H i s t o r y  and Locat ions of P o t e n t i a l  Degteaser  Solvent  
Re le as e s 

Much of the  information contained i n  the  fol lowing s e c t i o n  i s  
no t  conta ined  i n  v e r i f i a b l e  records  and cannot be s u b s t a n t i a t e d .  
It was l a r g e l y  compiled by H. L. Martin (19841, a process  eng inee r  
i n  M Area, who obta ined  i t  by in te rv iewing  s e v e r a l  employees who 
worked or had worked i n  M Area. The primary uses  of the  fo l lowing  
informat ion  a re  t o  exp la in  known plume p a t t e r n s ,  t o  provide 
informat ion  f o r  the  s tudy of plume migra t ion  rates,  and t o  provide  
informat ion  on poss ib l e  sources  of  chlorocarbon contaminat ion.  

Bui ld ings  313-M and 320-M were o p e r a t i o n a l  by the  end of 1952 
and used t r i c h l o r o e t h y l e n e  as the  degreas ing  agent .  The t r i c h l o r o -  
e thy lene  w a s  shipped t o  SRP i n  tank c a r s .  Although t h e r e  i s  not a 
consensus agreement among employees, it appears  t h a t  tank cars were 
used as a s to rage  f a c i l i t y  while loca ted  on t he  r a i l r o a d  s i d i n g  
( s i t e  "A", Figure  6-1). Solvent  w a s  pumped from t h e  tank c a r  i n t o  
p i p e l i n e s  t o  313-M and from t h e r e  t o  Bui ld ing  320-M. S p i l l s  a r e  
l i k e l y  t o  have occurred dur ing  tank  c a r  unloading opera t  i o n s ,  but 
none are documented. A d i t c h  ( l tB1l ,  Figure  6-11 dra ined  the  
v i c i n i t y  of 313-M t o  the  back of 320-M and then t o  a low swampy 
spot  where 321-M w a s  even tua l ly  b u i l t  ("C", Figure  6-1). Waste 
deg reas ing  so lven t  from 313-M and 320-M was r e l eased  t o  t h e  process  
sewer ("D", Figure  6-1) t h a t  d r a i n s  t o  the  A-14 o u t f a l l .  This  
o u t f a l l  d i scha rges  t o  a t r i b u t a r y  of Tims Branch. 

In a d d i t i o n  t o  the  use of degreas ing  s o l v e n t s  i n  M Area, 
deg reas ing  s o l u t i o n s  were used i n  t h e  r e a c t o r s  and o t h e r  a r e a s  of 
t h e  p l a n t .  For example, each r e a c t o r  area had a 1000-gallon 
d e g r e a s e r ,  SRL had two 450-gallon degrease r s  and t h e  maintenance 
shops in Bui ld ing  717-A had one 50-gallon degrease r .  However, 
M Area w a s  t h e  primary user  and many shipments of so lven t  came 
t o  M Area be fo re  being sen t  t o  o the r  a reas .  To acconuiiodate t h e  
sh ipping  of degreas ing  s o l v e n t s  t o  o the r  areas of SRP, a drum 
loading  f a c i l i t y  was e s t a b l i s h e d  at the  south end o f  313-M 
("E", F igure  6-11. 

Bui ld ing  321-M w a s  cons t ruc t ed  i n  1957 with th ree  new 
d e g r e a s e r s ,  I n  order  t o  c o n t a i n  t h e  uranium wastes  from t h e  
processes  i n  321-M, the  s e t t l i n g  bas in  w a s  b u i l t  and began 
r e c e i v i n g  process  waste which included waste s o l v e n t s  through a 
second process  sewer ("F", on Figure  6-1). Af te r  one o r  two y e a r s  
of  u se ,  t he  b a s i n  became p a r t i a l l y  plugged t o  w a t e r  seepage and 
began to overflow. The overflow t r ave led  along an engineered d i t c h  
( "GI1 , Figure 6-1) toward Lost Lake - a n a t u r a l  upland depres s ion  
( F i g u r e  6-1). ( E d i t o r i a l  Note: A r e c e n t l y  completed s o i l  survey  
showed t h a t  t he  s o i l s  i n  the  areas t h a t  rec ieved  b a s i n  overf low do 
not  con ta in  degreaser  so lven t s  i n  s i g n i f i c a n t  concen t r a t ions  
[ P i c k e t t ,  19851 .> 
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Accompanying t h e  ope ra t ion  of 321-M i n  1957, a number o f  
changes were made i n  the handl ing of degreas ing  s o l v e n t s .  The 
so lven t  s t o r a g e  tank was b u i l t  behind 321-M, This  meant t h a t  
r a i l r o a d  tank c a r s  were no longer used as the  primary so lven t  
s t o r a g e  f a c i l i t y .  From t h e  incoming tank c a r s ,  t he  so lven t  was 
pumped i n t o  t h e  17,000-gallon s to rage  tank.  The drum loading  
s t a t i o n ,  however, remained at t h e  south end of 313-M. Spills and 
l eaks  probably occurred i n  the v i c i n i t y  of  the  so lvent  s t o r a g e  t ank  
from of f - loading  t h e  r a i l r o a d  tank  c a r s  and a t  t he  drum loading  
f a c i l i t y  t h a t  cont inued t o  supply o t h e r  p l an t  a reas  with s o l v e n t .  
Although no s p e c i f i c  s p i l l s  o r  leaks  were documented, groundwater 
monitor ing d a t a  s u b s t a n t i a t e  t h a t  s i g n i f i c a n t  s p i l l s  occurred a t  - 
t h e  so lven t  s t o r a g e  tank.  

Because the  a r e a  around 321-M w a s  s t i l l  swampy when 321-M w a s  
completed i n  1957, a d r a i n f i e l d  w a s  i n s t a l l e d  t h a t  discharged t o  
the  south  and west of  the  f a c i l i t y  ("H", Figure  6-11 but  most 
d ra inage  was s t i l l  t o  the  n a t u r a l  draw ("I", Figure  6-11 over the 
head of which 321-M had been b u i l t .  

I n  1962, 313-M redesigned i t s  process  and t e t r a c h l o r o e t h y l e n e  
w a s  s u b s t i t u t e d  f o r  t r i c h l o r o e t h y l e n e .  T r i ch lo roe thy lene  cont inued 
t o  be s to red  i n  the  so lvent  tank and w a s  pumped t o  the  drumming 
f a c i l i t y .  Te t r ach lo roe thy lene  was discharged through the  process  
sewer leading  t o  t h e  A-14 o u t f a l l .  

During 1971, 320-M and 321-M s u b s t i t u t e d  t e t r a c h l o r o e t h y l e n e  
f o r  t r i c h l o r o e t h y l e n e ,  and t h e  so lvent  s t o r a g e  tank  w a s  changed 
over  to t e t r a c h l o r o e t h y l e n e  use .  By 1972 e f f o r t s  were under way t o  
l i m i t  uranium d i scha rges  from 313-M t o  t h e  A-14 o u t f a l l .  One of 
t h e  313-M sewer l i n e s  w a s  connected t o  the  main process  sewer going 
t o  the  s e t t l i n g  b a s i n  i n  e a r l y  1973. Consequently,  about one-half 
of t he  so lvent  going t o  Tims Branch from 313-M w a s  d i v e r t e d  t o  the  
s e t t l i n g  bas in .  Three yea r s  l a t e r  a d d i t i o n a l  changes were made so 
t h a t  all process  d i scha rges  from 313-M and 320-M went t o  the  
set t 1 i n g  bas in .  

I n  1979 t h e  use of t e t r a c h l o r o e t h y l e n e  w a s  stopped, and 
l , l , l - t r i c h l o r o e t h a n e  w a s  used. On t h e  convers ion ,  t he  excess  
t e t r a c h l o r o e t h y l e n e  was apparent ly  disposed of i n t o  the  s e t t l i n g  
b a s i n  sewer al though no documentation e x i s t s .  

Af t e r  degreas ing  s o l v e n t s  were found i n  the  groundwater below 
t h e  *Area b a s i n  i n  1981, t e l e v i s i o n  surveys were made i n  1982 of  
both t h e  process  sewer t o  the  s e t t l i n g  bas in  and t h e  one t o  the  
A-14 o u t f a l l .  Some c racks  were observed i n  the  t e r r a  c o t t a  p ipe  t o  
t h e  b a s i n  ("F", F igu re  6-11. In  p l aces  f i n e  p l an t  r o o t s  pene t r a t ed  
i n t o  t h e  sewer. The t e l e v i s i o n  camera w a s  mounted on a f l o a t i n g  
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s l e d ,  so i t  only observed t h e  upper p a r t  of t he  sewer pipe and not 
t h e  p a r t  covered with l i q u i d .  This  pipe w a s  r e l i n e d  i n  1984. The 
p i p e l i n e  t o  t h e  A-14 o u t f a l l  a l s o  had small  c r acks  .over most of i t s  
l eng th .  Furthermore,  t he  pipe l abe led  "J" on F igure  6-1 w a s  
h e a v i l y  corroded. The sewer t o  t h e  A-14 o u t f a l l  w a s  r e l i n e d  i n  
1983. 

The Savannah River Laboratory has a l s o  ope ra t ed  d e g r e a s e r s  
i n  t h e  p a s t  i n  t h e  basement of Bui lding 773-A ( F i g u r e  6-11, but 
does not  do so a t  p r e s e n t .  I n  1954-55, two 450-gallon c a p a c i t y  
d e g r e a s e r s  were i n s t a l l e d  i n  t h e  two chemical c l e a n i n g  rooms i n  
the  F a b r i c a t i o n  Laboratory.  These deg rease r s  could be used a s  
vapor d e g r e a s e r s  o r  d i p  v a t s  depending on t h e  o b j e c t  t o  be 
degreased.  When the  vapors were used, the  o b j e c t  d r i e d  immediately 
When d ipp ing  was used, t h e  o b j e c t  went i n t o  a r i n s e  tank a f t e r  
deg reas ing .  Contents of t he  r i n s e  tank were d i scha rged  to  t h e  
t r a d e  waste stream which d i scha rges  a t  t h e  A-1 o u t f a l l  ( F i g u r e  6-1).  
The d e g r e a s e r  f a c i l i t i e s  were i n  use  70 t o  80 percent  of t h e  t i m e  
i n  t h e  1950's when consumption w a s  30-40 drums p e r  year .  During 
t h e  1960's  usage dec l ined  t o  30 percent  o f  t h e  t i m e . ,  I n  t h e  1970 ' s .  
usage dec l ined  even f u r t h e r .  Each degrease r  w a s  equipped with a 
s t i l l .  Once or tw ice  soda ash was used t o  b o i l  ou t  t he  s t i l l  
bottoms ( g r e a s e ) .  That s o l u t i o n  w a s  discharged t o  t h e  t r a d e  waste 
stream. I n  1962, a 30-gallon c a p a c i t y  deg rease r  w a s  added at  t h e  
n i c k e l  p l a t i n g  f a c i l i t y .  In  1964 because of d e c l i n i n g  usage,  one 
o f  t h e  450-gallon d e g r e a s e r s  was removed and i n  1973 the s m a l l  
d e g r e a s e r  was removed. Also i n  about 1973, t h e  s o l v e n t  used i n  t h e  
one remaining degrease r  w a s  changed from t r i c h l o r o e t h y l e n e  t o  
t e t r a c h l o r o e t h y l e n e .  In 1979, t h e  s o l v e n t  was t o  be changed t o  
1 , 1 , l - t r i c h l o r o e t h a n e ,  bu t  usage had so d e c l i n e d  by t h a t  t i m e ,  t h a t  
t h e  old s o l v e n t  was removed but t h e  deg rease r  was never loaded with 
t h e  new s o l v e n t .  The degrease r  has  not been used s i n c e  1979. 

The c e n t r a l  maintenance shop i s  loca ted  in  B u i l d i n g  717-A 
( F i g u r e  6-11. 
o u t s i d e  o f  t h e  e a s t e r n  co rne r  o f  Bu i ld ing  717-A, about 10 f e e t  from 
t h e  w a l l  of t h e  bu i ld ing .  It had a c a p a c i t y  of about 50 g a l l o n s ,  
and about 50 g a l l o n s  p e r  yea r  were used. It was u n d e r l a i n  by a 
sump p i t  which could d r a i n  t o  a s torm d r a i n .  The d e g r e a s e r  w a s  
removed i n  1977 bu t  used t r i c h l o r o e t h y l e n e  as a s o l v e n t  up u n t i l  
t h a t  t i m e .  

A v a p o r l d i p  deg rease r  w a s  located on a c o n c r e t e  pad 

! 

Although degrease r s  i n  the  r e a c t o r  areas were supp l i ed  from 
t h e  M-Area drumming f a c i l i t y ,  t h e  d e g r e a s e r s  i n  Bui lding 773-A 
and 717-A were mostly suppl ied from Cen t ra l  S t o r e s  which s tocked  
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t h e  s o l v e n t .  
from chemical s t o r e s  loca ted  i n  Bui ld ing  773-A, but  i n  the  m i d  
1960's t h e  d i spens ing  of so lven t  was t r a n s f e r r e d  to  Cen t ra l  S t o r e s  
i n  Bu i ld ing  713-A ( F i g u r e  6-1). 
month of  t r i c h l o r o e t h y l e n e  were dispensed from Cen t ra l  S t o r e s .  I n  
August, 1977 the  so lven t  w a s  changed t o  t e t r a c h l o r o e t h y l e n e  and 
about 24 g a l l o n s  per  month were dispensed u n t i l  May 1978 when i t  was 
removed from s t o r e s .  The s tock  at  S to res  was i n  55-gallon drums 
from which i t  was pumped i n t o  smal le r  c o n t a i n e r s  f o r  d i s t r i b u t i o n .  
The s t o r a g e  f a c i l i t y  was i n  a s m a l l  b u i l d i n g  a t  t h e  nor th  end of 
713-A, where p a i n t  was a l s o  s t o r e d .  

I n  t h e  1 9 5 0 ' ~ ~  degreas ing  so lven t  could be obta ined  

I n  1975-76 about 90 g a l l o n s  per 

6.3 Magnitude of Degreaser Solvent Releases 

Figure  6-2 shows the  time of usage of the t h r e e  deg rease r  
s o l v e n t s  i n  M Area. Table  6-1 shows the  e s t ima ted  amount of each 
of t h e  t h r e e  deg rease r  so lven t s  used and r e l eased  to  the  s e t t l i n g  
b a s i n  and t h e  A-14 o u t f a l l  (Chr is tensen  and Brende l l ,  1982).  The 
usage of t e t r a c h l o r o e t h y l e n e  and l , l , l - t r i c h l o t o e t h a n e  was 
e s t ima ted  from former purchase records .  T r i ch lo roe thy lene  r eco rds  
are not  a v a i l a b l e  and use-est imates  are developed from M-Area 
personnel  judgements. Each r e a c t o r  a r e a  has  one degrease r  of  1000 
g a l l o n  c a p a c i t y  and rece ived  one t o  t w o  b a r r e l s  of so lven t  per 
month from M-Area s t o c k s .  To ta l  a l l o c a t i o n s  from M Area t o  t h e s e  
f a c i l i t i e s  were es t ima ted  t o  range from 25,000 t o  50,000 pounds of  
s o l v e n t  annual ly .  M-Area so lven t  consumption estimates g iven  in 
Table 6-1 were ad jus t ed  accord ingly .  

Es t imates  of t h e  amount of  so lvent  r e l eased  t o  t h e  p r o c e s s  
sewers l ead ing  t o  t h e  s e t t l i n g  bas in  and t o  t h e  A-14 o u t f a l l  a r e  
g iven  i n  Table  6-1. The percentage of s o l v e n t s  reaching  t h e  H-Area . 
process  sewers w a s  es t imated  based on s e v e r a l  f a c t o r s :  

1. Waste so lven t  and s ludge d i s p o s a l  p r a c t i c e s  

2. Age of d e g r e a s e r s  and replacements  

3. Change i n  annual purchases  

The so lven t  d i scha rge  estimates inc lude :  

0 Leakage from degrease r s  

0 D i r t y  s o l v e n t s  and s ludge which were d ra ined  from d e g r e a s e r s  and 
d is t i 11 a t  ion tanks  

o S p i l l s  

0 Temporary s t o r a g e  of s o l v e n t s  and s ludge  which were subsequent ly  
d i scha rged  t o  the process  sewers. 
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Figure  6-3 shows t h e  e s t i m a t e s  of annual d i scha rges  of 
degreaSer  s o l v e n t s  t o  t h e  process  sewers leading  t o  t h e  s e t t l i n g  
b a s i n  and t h e  A-14 o u t f a l l .  It nust be emphasized t h a t  t h e r e  a r e  
no records  of so lven t  d i s c h a r g e s ,  and these  estimates a r e  most ly  
based on judgements of i n d i v i d u a l s .  However, they a re  probably t h e  
bes t  e s t i m a t e s  t h a t  w i l l  be developed, and they show r e l a t i v e  
magnitudes. 

Apart from the  r e l e a s e  t o  the  process  sewers l ead ing  t o  t h e  
s e t t l i n g  b a s i n  and t o  t h e  A-14 o u t f a l l ,  i t  i s  not p o s s i b l e  t o  
estimate the  q u a n t i t i e s  of deg rease r  s o l v e n t ,  such as s p i l l s  around 
the  s t o r a g e  t ank ,  t h a t  a c t u a l l y  pene t r a t ed  t h e  ground. Loca t ions  
of t h e s e  a reas  a r e  shown i n  F igu re  6-1 and d i scussed  i n  Sec t ion  
6.2. 

It mus t  be emphasized i n  summary t h a t  a l though i t  is  be l i eved  
t h e  major p l a c e s  where s o l v e n t s  could have en te red  t h e  ground have 
been i d e n t i f i e d  from the  process  h i s t o r y  of t h e  a r e a ,  s p i l l s  may 
have occurred a t  o t h e r  l o c a t i o n s  a l s o .  

From Figure  6-3 and Table  6-1 i t  is apparent  t h a t  l a r g e r  
q u a n t i t i e s  of t e t r a c h l o r o e t h y l e n e  have been r e l eased  than  of 
t r i c h l o r o e t h y l e n e .  However, s e v e r a l  s t u d i e s  ( C l i n e  and Viste , 
1984; Parsons e t  a l . ,  1984) suggest  t h a t  t e t r a c h l o r o e t h y l e n e  
degrades anae rob ica l ly  t o  t r i c h l o r o e t h y l e n e ;  thus it cannot be 
assumed t h a t  a l l  t r i c h l o r o e t h y l e n e  found i n  t h e  ground began a s  
t h a t  subs tance .  

6.4 Sources  of Substances Other  t han  Degreaser Solvents  

Before cons t ruc t ion  of  M Area t h e r e  w a s  a draw o r  d e p r e s s i o n  
("C", Figure  6-11 t h a t  passed beneath 321-M and then turned 
northward p a s t  320-M and thence northwestward. One of t h e  f i r s t  
o p e r a t i o n s  of c o n s t r u c t i o n  i n  1952 w a s  t o  grade t h e  a r e a  and f i l l  
i n  t h i s  draw. Thus ex tens ive  e a r t h  moving equipment was employed. 
At l o c a t i o n  'XK" on Figure  6-1 t h e r e  was a f u e l  o i l  s t o r a g e  depot .  

Many of the  processes  i n  a l l  t h r e e  M-Area f a c i l i t i e s  i nvo lve  
c l e a n i n g  with c a u s t i c  (sodium hydroxide) and hot n i t r i c  ac id .  
These subs tances  have been d ischarged  t o  t h e  process  sewers. The 
n i t r i c  a c i d ,  even i f  n e u t r a l i z e d ,  is  a source  of e l e v a t e d  n i t r a t e  
d i s c h a r g e s ,  some of which have migrated t o  the  groundwater.  It h a s  
been found i n  o t h e r  a reas  of SRP t h a t  e f f l u e n t s  high i n  sodium 
hydroxide tend t o  cause s o i l  p a r t i c l e s  t o  s w e l l  and plug t h e  s o i l  
pore spaces .  Such d ischarges  may have been r e spons ib l e  f o r  t h e  
p a r t i a l  pluggage of  t he  M-Area s e t t l i n g  bas in  about two yea r s  a f t e r  
i t s  o p e r a t i o n  began. 
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The purpose of  t h e  s e t t l i n g  b a s i n  was t o  s e t t l e  out uranium 
and heavy metals. Elevated concen t r a t ions  of heavy metals have 
been found on ly  wi th in  t h e  shal low s o i l  beneath t h e  bottom of  t h e  
b a s i n  (Hollod, 19821, i n d i c a t i n g  t h a t  the  b a s i n  served i t s  intended 
purpose w e 1  1. 
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TABLE 6-1 

Estimated Quantity of Degreaser Solvent Released to M-Area 
Process Sewers 

Est ima t ed 
Total Release to 

Solvent Used Settling Basin 

Trichloroethylene 3,700 317 

Te t r ac h 1 oroe t hy l ene 8,700 1,800 

l,l,l-Trichloroethane 670 19 

Total 13,070 2,136 

Units are lo3 pounds 
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FIGURE 6-1. Locations of Potential or Suspected Contaminant Releases 
(See Text Chapter 6 f o r  Discussion of Symbols.) 
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7.0 GROUNDWATER QUALITY 

7.1 Degreaser Solvents  i n  t h e  T e r t i a r y  Sediments 

The r e s u l t s  of the  subsurface i n v e s t i g a t i o n s  of t he  u n d i f f e r -  
e n t i a t e d  T e r t i a r y  sediments i n d i c a t e  t h a t  t h e r e  a re  th ree  main 
c e n t e r s  o r  sources  f o r  t h e  groundwater contamination: t he  M-Area 
b a s i n  and t h e  p i p e l i n e  from t h e  manufacturing f a c i l i t i e s  t o  the  
bas in ;  t he  M-Area process  f a c i l i t i e s  apparent ly  centered  around the  
so lven t  s t o r a g e  tank behind 321-M; and the  sewer o u t f a l l  t o  t h e  
T ims  Branch t r i b u t a r y  s t ream near  w e l l  MSB-31. These a r e a s  show 
t h e  h ighes t  concen t r a t ion  of degreaser  so lven t s  i n  both s o i l  and 
water  samples. Total  concen t r a t ions  of degreaser  so lven t s  as h i g h  
a s  542,000, 130,000, and 362,000 ppb were obtained from ana lyses  of 
water  samples c o l l e c t e d  near  the b a s i n  (MSB-3A), near the  so lven t  
s t o r a g e  tank (MSB-231, and near  t h e  A-14 sewer o u t f a l l  (MSB-31C1, 
r e s p e c t i v e l y .  

A comparison of the  r e s u l t s  of t he  s o i l  and w a t e r  ana lyses  
from wells i n s t a l l e d  a t  t he  same l o c a t i o n  f o r  t h i s  phase of t h e  
i n v e s t i g a t i o n  is shown by bar  c h a r t s  on F igu res  7-1 through 7-6. 
From these  graphs ,  t h e r e  appears  t o  be a predominance of t r i c h l o r o -  
e thylene  over t e t r ach lo roe thy lene  i n  the  water. In  the  s o i l  
ana lyses  t h e  two are  about equal .  The r e s u l t s  of e a r l i e r  s o i l  
ana lyses  compared t o  water analyses  a re  presented i n  the 
Pre l iminary  Technical Data Summary, M-Area Groundwater Cleanup 
F a c i l i t y  (Gordon, 1982). 

The results of t he  analyses  o f  water samples c o l l e c t e d  from 
t h e  monitor ing w e l l s  f o r  degreaser  s o l v e n t s  a re  presented  i n  
Appendix B. During t h i s  phase of the  i n v e s t i g a t i o n  a sample 
c o l l e c t i o n  p ro toco l  w a s  prepared and adopted f o r  use i n  t h e  
c o l l e c t i o n  of water samples. A copy of the  pro tocol  is  p resen ted  
i n  Appendix E-1. 

A contour  map of the  v e r t i c a l  average t o t a l  o rganic  concent ra -  
t i o n s  found . in the  groundwater between Apri l  and J u l y  1984 i s  
presented  on F igure  7-7. These contours  are at best  only an 
approximat ion  of t he  ho r i zon t  a1 shape and concen t r a t  ion of  t he  
groundwater contaminant plume. These maps can only be approximate 
s i n c e  t h e r e  are very l i t t l e  data  a v a i l a b l e  a t  some v e r t i c a l  

7-1 



s e c t i o n s  of t he  map. Also most of the  i n v e s t i g a t i v e  e f f o r t  t o  d a t e  
has  concent ra ted  t o  t h e  w e s t  and southwest of t he  b a s i n  and south 
o f  t h e  product ion  f a c i l i t i e s .  A t  i nc reas ing  d i s t a n c e s  from t h e  
sources  of s u r f a c e  contaminat ion the  h igher  concen t r a t ions  a r e  
g e n e r a l l y  depressed below t h e  water  t a b l e .  For example, w e l l s  
l oca t ed  at s i tes  MSB-26 and 27 show very low concen t r a t ions  of 
deg rease r  s o l v e n t s  at t h e  water t a b l e ,  but  i n  t h e  deeper  w e l l s  a t  
t he  same l o c a t i o n s ,  t he  concen t r a t ion  i n c r e a s e s  t o  -34,000 and 
62,000 ppb, r e s p e c t i v e l y  (Appendix B) . 

Two v e r t i c a l  s e c t i o n s  ac ross  the  contaminant plume a r e  shown 
on Figures  7-8 and 7-9. The l o c a t i o n s  of t h e  two p r o f i l e s  a r e  
shown on F igure  7-10. The p r o f i l e s  show t h e  plume s ink ing  and 
d i s p e r s i n g  a s  t h e  contaminant moves down t h e  groundwater g r a d i e n t .  
The s i n k i n g  of  t h e  plume shown on Figure  7-9 is aided by t h e  
d i s c h a r g e  of noncontact  cool ing  water  and s torm runoff  from t h e  M-2 
o u t f a l l  (F igu re  5-2). 

The previous ly  r e f e r r e d  t o  maps and p r o f i l e s  provide  a gener-  
a l i z e d  view of t h e  contaminant plume, however, a more s p e c i f i c  view 
may be obta ined  from maps of  t h e  contaminant plume a t  s e l e c t e d  
l e v e l s  i n  t h e  ground. F igure  7-11 is a map of t h e  contaminant 
plume at t h e  water t a b l e  for t he  s p r i n g  o f  1984. F igu res  7-12 and 
7-13 are  maps of  t h e  contaminant plume a t  e l e v a t i o n s  between 146 
and I 8 7  f e e t  above s e a  l e v e l ,  and between 100 t o  144 f e e t  above s e a  
l e v e l ,  r e s p e c t i v e l y .  The e l e v a t i o n  i n t e r v a l s  correspond to  those  
used for the  po ten t iome t r i c  maps shown on F igu res  5-4 and 5-5. 
The in f luence  of both c l ean  and contaminated pas t  water  d i scha rges  
can be seen by comparing these  maps. I n  t h e  a r e a  where F i g u r e  7-9 
shows t h e  v e r t i c a l  s e c t i o n ,  t h e  in f luence  of t h e  c l e a n  water 
d i s c h a r g e  from t h e  M-2 o u t f a l l  may be seen as  i t  d r i v e s  t h e  plume 
t o  g r e a t e r  depth.  The in f luence  of t he  "seep area"  may be  seen on 
t h e  water  t a b l e  concen t r a t ion  map (F igu re  7-11). The i n f l u e n c e  
of discharged degreaser  s o l v e n t s  at t h e  A-14 o u t f a l l  and t h e i r  
subsequent  migra t ion  along the  water t a b l e  g r a d i e n t  may be seen on 
F igu re  7-11. 

These t h r e e  maps show t o t a l  concen t r a t ion  l e v e l s  of  t r i c h l o r o -  
e t h y l e n e  p lus  t e t r a c h l o r o e t h y l e n e .  It may not be product ive  a t  
t h i s  t i m e  t o  show these  deg rease r  s o l v e n t s  s e p a r a t e l y  because 
t r i c h l o r o e t h y l e n e  i s  a breakdown product of t e t r a c h l o r o e t h y l e n e ,  i n  
a d d i t i o n  t o  being an o r i g i n a l  source  m a t e r i a l .  Appendix B or 
Figures  7-1 t o  7-6 show t h a t  concen t r a t ions  of t r i c h l o r o e t h y l e n e  
are g e n e r a l l y  h igher  i n  the  groundwater than those  of t e t r a c h l o r o -  
e t h y l e n e ,  yet  Figure 6-3 shows t h a t  es t imated  releases of t e t r a -  
ch lo roe thy lene  t o  the  ground have been many t i m e s  g r e a t e r  t han  
those  o f  t r i c h l o r o e t h y l e n e .  Thus, t r ans fo rma t ions ,  a s  w e l l  a s  
s o r p t i o n  phenomena, may be t ak ing  p l ace  i n  the  ground a f t e r  t h e  
r e l e a s e  of t e t r a c h l o e t h y l e n e ,  and it i s  more a p p r o p r i a t e  for 
g e n e r a l  purposes t o  map the  sum of the  two degrease r  s o l v e n t s .  

i 
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By comparison with these  two major deg rease r  s o l v e n t s ,  t h e  
c o n c e n t r a t i o n s  o f  l , l , l - t r i c h l o r o e t h a n e  i n  the  ground are very 
small. Only 10 w e l l s  c o n s i s t e n t l y  show c o n c e n t r a t i o n s  of l , l , l -  
t r i c h l o r o e t h a n e  g r e a t e r  than 10 ppb and only two w e l l s ,  MSB-12B 
and 12C, show c o n c e n t r a t i o n s  g r e a t e r  than 100 ppb. 

An estimate of the  inventory of d e g r e a s e r  s o l v e n t s  w i t h i n  t h e  
100 ppb contour  i n  t h e  s a t u r a t e d  zone can be made using t h e  contour  
maps o f  c o n c e n t r a t i o n  at d i f f e r e n t  e l e v a t i o n  l e v e l s  ( F i g u r e s  7-11, 
7-12, and 7-13). Obviously, t h e r e  i s  some s u b j e c t i v i t y  i n  contour- 
i ng  t h e s e  concen t r a t ions  and as more d a t a  are ob ta ined ,  a b e t t e r  
estimate of t h e  deg rease r  so lven t  inventory can be made. Table 7-1 
shows how an inven to ry  est imated a t  360,000 pounds i n  the  s a t u r a t e d  
zone was ob ta ined .  The a r e a  occupied by t h e  plume of d e g r e a s e r  
s o l v e n t s  above 100 ppb i n  concen t r a t ion  is  more widespread i n  t h e  
middle T e r t i a r y  zone (360 a c r e s )  than a t  t h e  w a t e r  t a b l e  (275 
a c r e s ) .  However, t h e r e  is  a g r e a t e r  inventory i n  t h e  water  t a b l e  
zone (244,000 l b )  than i n  t h e  middle T e r t i a r y  (113,000 l b )  because 
the  maximum c o n c e n t r a t i o n s  i n  the  water t a b l e  zone a r e  much h ighe r .  

7.2 Inorganic and Other  Organic Characteristics of the Water 
From the  T e r t i a r y  Sediments 

In  the  Spring o f  1983 samples from s e l e c t e d  w e l l s  were analysed 
f o r  me ta l s ,  major c a t i o n i c  and an ion ic  c o n t i t u e n t s ,  r a d i o a c t i v i t y ,  
and c e r t a i n  organic  c o n s t i t u e n t s .  I n  t h e  Spring of  1984 samples 
were c o l l e c t e d  from every w e l l  f o r  analyses  of metals, major 
c a t i o n i c  and an ion ic  c o n s t i t u e n t s ,  and c e r t a i n  o rgan ic  subs t ances .  
The samples from some wells were a l s o  analyzed f o r  r a d i o a c t i v i t y .  
Table  7-2 g i v e s  a l ist  of t he  elements,  compounds, and p r o p e r t i e s  
f o r  which samples were analyzed. Appendix C g ives  t h e  r e s u l t s  of 
most of these  ana lyses  f o r  both t h e  1983 and 1984 samples. 

In s e v e r a l  i n s t a n c e s ,  t h e  ana lyses  were of a s can  type (GC/MS 
p r i o r i t y  p o l l u t a n t  scan)  so t h a t  t h e  l i m i t s  of d e t e c t a b i l i t y  were 
not as low as could be achieved with g r e a t e r  e f f o r t  and c o s t .  
Since i t  w a s  considered u n l i k e l y  t h a t  t h e s e  a n a l p t e s  would be pre- 
s e n t ,  i t  w a s  not deemed worth t h a t  e f f o r t  and c o s t  un le s s  t h e i r  
p o t e n t i a l  presence w a s  i n d i c a t e d .  

Analyses were made on 37 a n a l y t e s  t h a t  are not r epor t ed  i n  
Appendix C. One group is  not r epor t ed  because they a r e  commonly 
used subs t ances  i n  l a b o r a t o r i e s ,  and the  l a b o r a t o r y  and f i e l d  blanks 
had c o n c e n t r a t i o n s  comparable t o  o r  g r e a t e r  than t h e  r e s u l t s  
r epor t ed  f o r  t he  samples. C e r t a i n  o t h e r  a n a l y t e s ,  a l though included 
i n  t h e  secondary d r i n k i n g  water s t a n d a r d s ,  were thought t o  be of 
l i t t l e  value i n  t h i s  s tudy.  One group is  not r epor t ed  because 
t h e i r  c o n c e n t r a t i o n  w a s  never above d e t e c t a b i l i t y .  I n  t h e  i n t r o -  
d u c t i o n  to Appendix C, t h e  a n a l y t e s  which are not r epor t ed  are 
l i s t e d  with t h e  reasons why. 
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I n  Appendix C y  a l l  wells shown have ana lyses  of samples 
c o l l e c t e d  i n  the  s p r i n g  o f  1984. In  a d d i t i o n ,  ana lyses  are g iven  
f o r  samples c o l l e c t e d  i n  1983 on s e l e c t e d  wells. The p r o t o c o l s  by 
which both of t hese  sets of samples w e r e  c o l l e c t e d  are g iven  i n  
Appendix E-1 f o r  1983 and E-2 f o r  1984. The samples c o l l e c t e d  i n  
1983 were not f i l t e r e d  f o r  metal a n a l y s i s ,  thus high v a l u e s  f o r  
metals i n  1983 may include suspended s o l i d s  as w e l l  as d i s s o l v e d  
s o l i d s .  For t h i s  reason only metal  ana lyses  f o r  1984 should be 
cons ide red .  

Compared t o  the  r e l a t i v e l y  widespread plume of the  two 
p r i n c i p a l  deg rease r  s o l v e n t s  , t h e  gene ra l  groundwater appears  t o  be 
r e l a t i v e l y  f r e e  of o the r  contaminants.  Exceptions t o  t h i s  s ta te -  
ment may e x i s t  beneath t h e  p r i n c i p a l  sou rces  of con tamina t ion ,  such 
as t h e  s e t t l i n g  b a s i n  (MSB-3A and 221, t h e  so lven t  t a n k  (MSB-23) 
and t h e  A-14 o u t f a l l  (MSB-31C). 

Appendix D p r e s e n t s  ch rono log ica l  ana lyses  fo r  p o t e n t i a l  pol-  
l u t a n t s  i n  groundwater around t h e  M-Area s e t t l i n g  b a s i n  (MSB 1-4) 
and around Lost Lake (MSB 5-8). The p ro toco l  f o r  t h e  c o l l e c t i o n  
and a n a l y s i s  of t h e s e  samples is given i n  Appendix E-3. 

I n  the  d i s c u s s i o n  of i n d i v i d u a l  a n a l y t e s  tha t  fol lows , an 
at tempt  has  been made t o  provide a s ta tement  of p e r s p e c t i v e  on each 
a n a l y t e .  Where d r ink ing  water s t anda rds  have been promulgated, 
t h e s e  u s u a l l y  provide such a pe r spec t ive .  The d r i n k i n g  water  
s t a n d a r d s  used are the  n a t i o n a l  i n t e r i m  primary d r i n k i n g  water 
r e g u l a t i o n s  (1977) and t h e  secondary d r i n k i n g  w a t e r  r e g u l a t i o n s  
(1979) as publ ished by t h e  Environmental P r o t e c t i o n  Agency (1979) .  
Both of t h e s e  s t anda rds  are a p p l i c a b l e  t o  water systems t h a t  supply 
p u b l i c  d r i n k i n g  water t o  communities (except  f o r  n i t r a t e  which i s  
a l s o  a p p l i c a b l e  t o  noncommunity water s u p p l i e s ) .  The primary 
s t a n d a r d s  are designed t o  p r o t e c t  human h e a l t h .  The secondary 
s t a n d a r d s  are not h e a l t h  r e l a t e d  but cover contaminants t h a t  may 
a f f e c t  t he  a e s t h e t i c s ,  odor,  p a l a t a b i l i t y ,  o r  o t h e r  c h a r a c t e r i s t i c s  
o f  d r i n k i n g  water. The use of these  s t anda rds  f o r  p e r s p e c t i v e  i n  
t h i s  r e p o r t  does not imply t h a t  t h e  water should m e e t  t h e s e  
s t a n d a r d s ,  a s  t he  waters t e s t e d  are not used f o r  d r i n k i n g  nor  are 
t h e  samples taken from a f r e e  flowing o u t l e t  t o  a consumer. The 
s t a n d a r d s  are used i n  t h e  p e r s p e c t i v e  s ta tement  on ly  f o r  t h e  
purpose of providing a b a s i s  f o r  comparison of t h e  ana lyses  g i v e n .  
Because many a n a l y t e s  do not have d r i n k i n g  water s t a n d a r d s  and a l s o  
because i n  many cases  the  d r i n k i n g  water s t anda rd  i s  too  h igh  t o  
p rov ide  m c h  p e r s p e c t i v e ,  o t h e r  r e f e r e n c e  p o i n t s  must be given.  

Hem (1970) d i s c u s s e s  t h e  s tudy  and i n t e r p r e t a t i o n  of t h e  chemi- 
c a l  c h a r a c t e r i s t i c s  of n a t u r a l  waters, and t h i s  r e f e r e n c e  h a s  been 
used f o r  common l e v e l s  of c e r t a i n  a n a y l t e s .  Hem (1970) p rov ides  a 
g l o b a l  p e r s p e c t i v e  on t h i s  s u b j e c t ,  whereas S i p l e  (1967, p.83) 
p rov ides  a more l o c a l  pe r spec t ive  on t h e  c o n c e n t r a t i o n  o f  major 
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c o n s t i t u e n t s  of  groundwater i n  the  v i c i n i t y  of SRP. Where none of 
t hese  r e f e r e n c e s  provide a p e r s p e c t i v e ,  the l e v e l  of d e t e c t i b i l i t y  
used by t h e  c o n t r a c t  l abo ra to ry  t h a t  performed t h e  ana lyses  i s  used 

For c e r t a i n  a n a l y t e s ,  such as magnesium, pH, potassium, sodium 
and t o t a l  d i s so lved  s o i l i d s ,  t h e  pe r spec t ive  values  f o r  l imestones 
i n  t h e  McBean and Congaree a r e  appreciably h ighe r  than those  €or  
sands.  Even though t h e  geology around M Area is  predominantly 
sand, limy beds and residuum from limy sands do occur .  Thus, i t  
seems a p p r o p r i a t e  t o  use t h e  l imestone value f o r  p e r s p e c t i v e .  

Most monitor wells were equipped p r imar i ly  t o  sample €or  
d e g r e a s e r  s o l v e n t s  and included a galvanized steel  conductor  pipe 
from t h e  pump. The presence of galvanized s t ee l  i n  t h e  w e l l s ,  
p a r t i c u l a r l y  ones wi th  low pH, may a f f e c t  t he  r e s u l t i n g  sample 
ana lyses  f o r  cadmium, i r o n ,  l e a d ,  and z inc  even though f o u r  w e l l  
volumes are removed p r i o r  t o  sampling. 

A major advance i n  the  i n t e r p r e t a t i o n  of t he  s p a c i a l  d i s t r i -  
b u t i o n  of a n a l y t e s  w a s  d iscovered by Van P r i c e  of t h e  Savannah 
River Laboratory.  pH above 10 is  not p o s s i b l e  without  hydroxide 
be ing  p r e s e n t ,  which i t  commonly i s  not i n  n a t u r a l  waters on t h e  
C o a s t a l  P l a i n .  The most a v a i l a b l e  source o f  hydroxide,  caus ing  
h i g h  pH, i s  t h e  leaching of t h e  cement shea th  t h a t  surrounds t h e  
c a s i n g .  I f  t h e r e  is cracking i n  the  cement shea th  such t h a t  water 
moves through i t  t o  t h e  sc reen  zone, t he  pH w i l l  be above 9 and t h e  
calcium and t o t a l  d i s s o l v e d  s o l i d s  w i l l  be high.  An a d d i t i o n a l  
sou rce  could be t h a t  cement was not completely set and had en te red  
t h e  s c r e e n  zone du r ing  the  c o n s t r u c t i o n  o f  t he  w e l l .  Whenever 
i n t e r p r e t a t i o n  i s  being made f o r  t h e  p a t t e r n  of an a n a l y t e ,  t h e  
p o t e n t i a l  f o r  a l eak ing  cement shea th  o r  cement i n  t h e  s c r e e n  zone 
must be kept  i n  mind. The n a t u r a l  waters i n  t h e  McBean and 
Congaree Formations are q u i t e  low i n  pH, 4.2 t o  6.1 i n  t h e  sands 
and 6 . 8  t o  7 . 6  i n  t h e  l imestones.  Wells with a pH g r e a t e r  than 9 ,  
and t h u s  suspected o f  having the  a n a l y t e s  in f luenced  by a l e a k i n g  
cement shea th  o r  t h e  presence of cement i n  t h e  s c r e e n  zone, are 
shown on Table 7-3. 

Beyond t h e s e  e l eva ted  va lues  of c e r t a i n  a n a l y t e s  t h a t  probably 
do not r e p r e s e n t  e l e v a t e d  values  i n  t h e  ground, t h e r e  are e l e v a t e d  
v a l u e s  of c e r t a i n  a n a l y t e s  i n  t h e  v i c i n i t y  of t h e  s e t t l i n g  b a s i n  
and in t h e  plume t h a t  emanates from it .  This  r eg ion  is  shown on 
F igure  7-14, which is  a contour map o f  t o t a l  d i s s o l v e d  s o l i d s  a t  
t h e  water t a b l e .  Another r eg ion  of e l eva ted  t o t a l  d i s s o l v e d  s o l i d s  
i s  shown i n  t h e  v i c i n i t y  of t h e  M-Area process  area on F igu re  7-14. 
Both o f  t hese  r eg ions  are r e f l e c t e d  i n  e l eva ted  c o n c e n t r a t i o n s  of 
s e v e r a l  i n d i v i d u a l  ana ly t e s .  
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The d i s c u s s i o n s  t h a t  fo l low r e l a t e  t o  t h e  i n d i v i d u a l  a n a l y t e s .  

A 1 um inum 

Aluminum is a common rock forming element and c o n c e n t r a t  i ons  
of a few t e n t h s  of a p a r t  per  m i l l i o n  a r e  common i n  n a t u r a l  water .  
Waters of low pH may have e l e v a t e d  concen t r a t ions  of aluminum. 
Concent ra t ions  of aluminum above a p a r t  per m i l l i o n  occured i n  
w e l l s  AC-3B, MPT-1, MSB-11F, MSB-24, MSB-30C, MSB-34B, SRW-l4B, 
SRW-15A i n  t h e  s p r i n g  of 1984. O f  t hese  AC-3B, MSB-24, and MSB-30C 
a re  a s soc ia t ed  with e l e v a t e d  pH which may i n d i c a t e  hydroxide 
a r i s i n g  from leaching  of t h e  cement shea th  surrounding t h e  w e l l  
cas ing .  With the  except ion  of  MSB-34B, SRW-l4B, and SRW-l5A, and 
t h e  w e l l s  wi th  e l eva ted  pH, t h e  o t h e r  w e l l s  t h a t  show concent ra -  
t i o n s  o f  aluminum above 1 mg/L a r e  i n  the  immediate v i c i n i t y  of t h e  
s e t t l i n g  bas in .  

Ant imonv 

I ?- 

The d e t e c t i o n  l i m i t  for antimony was 3 micrograms per  l i t e r .  
Only t h e  concen t r a t ion  a t  w e l l  MSB-3A, ad jacent  t o  t h e  s e t t l i n g  
bas in ,  is  apprec iab ly  above the  d e t e c t i o n  l i m i t .  

Arsenic  

None of t h e  1984 ana lyses  are above d e t e c t i b i l i t y .  

Barium 

The maximum contaminant l e v e l  f o r  community water  systems i s  
1000 micrograms per  l i t e r  (Environmental  P r o t e c t i o n  Agency, 1977, 
p .  5 ) .  No analyses  exceed t h i s  l e v e l .  The median c o n c e n t r a t i o n  
for barium i n  pub l i c  water s u p p l i e s  repor ted  by Hem (1970) was 
43 micrograms per l i t e r .  The concen t r a t ion  i n  M-Area monitor  w e l l s  
b racke ted  t h i s  median with samples from wells MPT-1, MSB-lOA, 
MSB-11C, MSB-12C and D, MSB-l6A, MSB-22, and MSB-34B a p p r e c i a b l y  
above t h e  median va lue .  Barium is  not used i n  M-Area o p e r a t i o n s ,  
and does occur n a t u r a l l y  i n  Aiken County. 

Bery l  1 ium 

I n  1984 ana lyses ,  t he  only  d e t e c t i b l e  be ry l l i um occurred  i n  
MSB-22, ad jacent  t o  t h e  M-Area s e t t l i n g  b a s i n .  
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B r  omod i c h 1 o r ome t h ane 

There was no c o n s i s t e n t  d e t e c t i o n  of bromodichloromethane. 

C admiurn 

The d r i n k i n g  water l i m i t  f o r  cadmium i s  10 micrograms pe r  
l i t e r  (Environmental P r o t e c t i o n  Agency, 1977, p. 5 ) .  No concent ra -  
t i o n s  have been found t o  exceed t h i s  concen t r a t ion .  A number of 
ana lyses  have d e t e c t i o n  l i m i t s  of 1 or 2 micrograms per  l i t e r ,  but  
f o r  a number of samples,  a n a l y t i c a l  methods were used t h a t  only had 
a d e t e c t i b i l i t y  l i m i t  of 20 micrograms per l i t e r .  

Calcium 

Calcium is  a major c o n s t i t u e n t  of n a t u r a l  water. Na tu ra l  
ca l c ium c o n c e n t r a t i o n s  i n  water from the  McBean sands i n  t h i s  a r e a  
are about one ppm, whereas those  from water i n  the  l i m y  beds of the  
McBean may be around 30 ppm ( S i p l e ,  1967). In  1984, c o n c e n t r a t i o n s  
g r e a t e r  than about 30 ppm occur i n  water from w e l l  MSB-22, MSB-23, 
MSB-24, MSB-30C, and SRW-15A. Wells MSB-24 and MSB-3OC have ele- 
va ted  pH which may i n d i c a t e  leaching of the  cement shea th  around 
the  w e l l  c a s ing .  

Carbon, Dissolved Organic 

D e t e c t i b i l i t y  is g e n e r a l l y  5 mg/L. Only w e l l ,  SRW-12AY i s  
apprec iab ly  above t h i s  v a l u e .  

Carbon, T o t a l  Organic 

Most w e l l s  have t o t a l  organic  carbon c o n c e n t r a t i o n  of less 
than 5 mg/L, t h e  usual  d e t e c t i o n  l i m i t .  The only w e l l s  t h a t  are 
above t h i s  i n  t h e  1984 analyses  are MSB-3A, ad jacen t  t o  the  b a s i n ,  
MSB-13B near Lost Lake and two wells at  the  S i l v e r t o n  Road waste 
s i t e ,  SRW-12A and SRW-13C. 

Carbon T e t r a c h l o r i d e  

Carbon t e t r a c h l o r i d e  w a s  d e t e c t e d  i n  w e l l s  MSB-lgC, MSB-24, 
MSB-27A, MSB-31C, MSR-34B and C. None of t h e s e  wells a r e  near t h e  
s e t t l i n g  bas in .  The h ighes t  c o n c e n t r a t i o n  is  i n  w e l l s  MSB-24 and 
MSB-34B and C. 
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Chlo r ide  

The secondary d r ink ing  water l i m i t  for water s u p p l i e s  i s  
250 mg/L (Environmental  P r o t e c t i o n  Agency, 1979).  Chlor ide  concen- 
t r a t i o n s  i n  samples from s e v e r a l  w e l l s  around the  Savannah R i v e r  
Laboratory seepage b a s i n  s l i g h t l y  exceed t h e  median n a t u r a l  concen- 
t r a t i o n  of 2.7 mg/L ( S i p l e ,  1967, p .  831, reaching  c o n c e n t r a t i o n s  
of  8 .5  mg/L i n  w e l l  ASB-7. Also,  c h l o r i d e  concen t r a t ions  exceed 
t h i s  median i n  s e v e r a l  w e l l s  around t h e  M-Area s e t t l i n g  b a s i n  and 
Lost Lake reaching  a maximum of  about 42 mg/L i n  w e l l  MSR-3A. 

Chlorobenzene 

Concent ra t ion  of chlorobenzene is  e i t h e r  below or on ly  
s l i g h t l y  above d e t e c t i b i l i t y  of 5 micrograms per  l i t e r  except  i n  
w e l l  MSB-3AJ ad jacent  t o  the  M-Area s e t t l i n g  bas in ;  MSB-16C 
ad jacen t  t o  process  sewer l i n e  going t o  t h e  s e t t l i n g  b a s i n ;  and 
MSB-24 i n  the  M-Area process  a rea .  

Chromium 

The d r ink ing  water  s tandard  f o r  chromium i s  50 micrograms pe r  
l i t e r  (Environmental  P r o t e c t i o n  Agency, 1977, p. 5 ) .  Only concen- 
t r a t i o n s  a t  w e l l  MSB-24 i n  t h e  M Area process  a r e a  exceed t h i s  
l i m i t .  Wells MSB-11F and MSB-14BJ nea r  t h e  s e t t l i n g  b a s i n  show 
c o n c e n t r a t i o n  of about 37 micrograms per l i t e r .  A l l  o t h e r  concen- 
t r a t i o n s  a re  e i t h e r  below d e t e c t i b i l i t y  or only  s l i g h t l y  above. 

Conduct iv i ty  

Electr ical  conduc t iv i ty  is an i n d i c a t i o n  of the  c o n c e n t r a t i o n  
of d i s so lved  i o n i c  spec ie s  i n  water .  Values of over  100 micromhos 
per cen t ime te r  are common i n  n a t u r a l  water  from t h e  McBean and 
Congaree Formations. Wells AC-3BJ MSB-gB, MSB-lOC, MSB-13CJ and 
MSB-30C have c o n d u c t i v i t i e s  t h a t  exceed 100 pmho/cm but  a l s o  have 
pH g r e a t e r  than  10 i n d i c a t i n g  t h a t  leaching  of cement may be 
p r e s e n t .  In  a d d i t i o n ,  e l eva ted  c o n d u c t i v i t i e s  occur  i n  w e l l s  
sur rounding  t h e  M-Area s e t t l i n g  bas in ;  namely, wells MPT-1, MSB-3A, 
4A, and 5A, MSB-gC, MSB-11C, MSB-14B and C,  and MSB-22. Eleva ted  
c o n d u c t i v i t i e s  t h a t  may r e f l e c t  movement of groundwater are p resen t  
i n  w e l l s  MSB-lOC, MSB-12B and C ,  MSB-17A and 8, and RWM-3 (one of 
two demonstrat  ion recovery w e l l s ) .  Elevated c o n d u c t i v i t i e s  a t  
w e l l s  MSB-23, MSB-24, MSB-25, and MSB-34B may rep resen t  con t r ibu -  
t i o n s  of ion ic  s p e c i e s  from o t h e r  sources .  
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Copper 

The secondary d r ink ing  water s tandard  f o r  copper i s  
1000 micrograms per  l i t e r .  No ana lyses  exceed t h i s  l e v e l .  The 
h ighes t  concen t r a t ion  of  copper (95 pg/L)  i s  found i n  w e l l  MSB-24. 

Cy an i d  e 

The 1962 Pub l i c  Health Serv ice  d r ink ing  water  s t anda rd  f o r  
cyanide  was 200 micrograms per l i t e r .  All samples a r e  below 
d e t e c t i b i l i t y  o f  5 micrograms per l i t e r  except  f o r  w e l l s  MSB-?B and 
13B, which are 21 and 57 micrograms per  l i t e r ,  r e s p e c t i v e l y .  

F 1 uor i d e  

The maximum contaminant l e v e l  of  f l u o r i d e  i n  community water 
systems ranges from 1400 t o  2400 micrograms per  l i t e r  depending on 
the  tempera ture  of t h e  water  (Environmental  P r o t e c t i o n  Agency, 
1977, p. 5 ) .  Natura l  waters from t h e  McBean and Congaree sands may 
range up t o  300 micrograms per l i t e r  ( S i p l e ,  1967, p. 83 ) .  Only 
water from w e l l s  MPT-1, MSB-3, and MSB-22, ad jacent  to t h e  s e t t l i n g  
b a s i n  apprec i ab ly  exceeds the  n a t u r a l  concen t r a t ion  of f l u o r i d e  i n  
t h e  &Bean and Congaree sands.  

Grease and O i l  

D e t e c t a b i l i t y  is g e n e r a l l y  5 mg/L. Only w e l l  ASB-4 i s  
apprec i ab ly  above t h i s  va lue .  

Gross  Alpha 

The d r ink ing  water l i m i t  f o r  gross  a lpha  is  15 p i c o c u r i e s  pe r  
l i t e r  (Environmental  P r o t e c t i o n  Agency, 1977, p.7).  Analyses were 
made on w e l l s  near  t h e  s e t t l i n g  bas in  and pipe l i n e ,  a t  t h e  so lven t  
tank  and p rocess  a r e a  and downgradient from t h i s  a r e a ,  and a t  t h e  
A-14 o u t f a l l .  The d r ink ing  water  l i m i t  was exceeded i n  t h r e e  
ana lyses  from wells adjacent  t o  t h e  s e t t l i n g  b a s i n  (MPT-1, MSB-3A,) 
and MSB-4A), bu t  o t h e r  ana lyses  from the  two w e l l s  showing t h e  
h i g h e s t  va lues  (MPT-1 and MSB-3A) showed va lues  less than  t h e  
d r i n k i n g  water l i m i t .  The o t h e r  w e l l  (MSB-4A) i s  16 p i c o c u r i e s  p e r  
l i t e r  only  s l i g h t l y  above t h e  d r ink ing  water  s t anda rd .  
a r eas  i n  t h e  c o a s t a l  p l a i n  of’ South Caro l ina  have groundwaters t h a t  
are n a t u r a l l y  very  h igh  due t o  t h e  presence of uranium and thorium 
mine ra l s .  

Severa l  

Gross Be ta  

The same wells t h a t  showed e l e v a t e d  l e v e l s  of g ross  a lpha  show 
e l e v a t e d  l e v e l s  of gross be ta .  
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I ron  - 

I 

The secondary d r ink ing  water  s tandard  f o r  i r o n  i s  300 micro- 
grams per  l i t e r  (Environmental  P r o t e c t i o n  Agency, 19791, however 
the  maximum repor t ed  by S i p l e  (1967, p. 83) from McBean and 
Congaree sands is 1840 micrograms per  l i t e r .  The only  1984 ana ly-  
sis i n  the  AIM Area t h a t  approaches the  concen t r a t ion  r epor t ed  by 
S i p l e  i s  from w e l l  SRW-16B. Some of t h e  small  v a r i a t i o n  i n  
a n a l y t i c a l  r e s u l t s  may be due t o  co r ros ion  of t h e  ga lvanized  s t ee l  
conductor  p ipe  i n  t h e  wel ls  even though four  w e l l  volumes of water  
a re  removed before  sampling. 

L e  ad - 
The d r ink ing  water  s tandard  f o r  lead i s  50 micrograms pe r  

l i t e r  (Environmental  P r o t e c t i o n  Agency, 1977, p. 5). The only  w e l l  
t h a t  apprec i ab ly  exceeds this v a l u e  i s  MSB-24 i n  t h e  M-Area p rocess  
a rea .  This  w e l l  is  high i n  pH (11.7)  and i s  suspec ted  of  be ing  
in f luenced  by cement. The h igh  pH would s o l u b i l i z e  lead t h a t  might 
be p r e s e n t .  Severa l  o t h e r  w e l l s  b a r e l y  exceed 50 micrograms per 
l i t e r ,  namely MSB-2A next t o  the  M-Area s e t t l i n g  b a s i n ,  MSB-20C 
which i s  h a l f  way between M Area and t h e  S i l v e r t o n  Road waste  s i t e ,  
MSB-34B near  t h e  M-Area process  a rea ,  and SRW-13C a t  t h e  S i l v e r t o n  
Road waste s i te .  Thus t h e r e  does not  appear  t o  be a c o n s i s t e n t  
p a t t e r n  of lead  d i s t r i b u t i o n .  Corrosion from the  ga lvanized  s t ee l  
conductor  pipe which is p resen t  i n  a l l  wells except  MSB-1 through 8 
(MSB-1A through 8A) may c o n t r i b u t e  t o  t h i s  i n c o n s i s t e n t  p a t t e r n .  
I n  a d d i t i o n ,  t h e  1983 samples were not f i l t e r e d  and so may c o n t a i n  
suspended lead.  

Magnesium 

The magnesium concen t r a t ions  i n  n a t u r a l  waters from McBean 
and Congaree sands may range up t o  4000 micrograms per  l i t e r  
whereas those  from limy beds i n  those formations may range up t o  
9000 micrograms per  l i t e r  ( S i p l e ,  1967, p.83). No ana lyses  exceed 
these  v a l u e s .  The only w e l l s  i n  t h e  M-Area v i c i n i t y  t h a t  approach 
t h e s e  va lues  are MPT-1, MSB-4A, MSB-9CY and MSBS-l4B, a l l  nea r  t h e  
s e t t l i n g  bas in ,  and SRW-14B at t h e  S i l v e r t o n  Road waste s i t e .  

Manganese 

The secondary d r ink ing  water s t anda rds  f o r  manganese i s  
50 micrograms per  l i t e r  (Environmental  P r o t e c t i o n  Agency, 1979).  
The o n l y  wells t h a t  apprec iab ly  exceed t h i s  va lue  a r e  MPT-1, 
MSB-3A, MSB-11D and MSB-22, a l l  near  t h e  M-Area s e t t l i n g  b a s i n ,  and 
SRW-14B and 16B a t  t h e  S i l v e r t o n  Road waste s i t e .  

7-1 0 



Mercury 

The maximum contaminant l e v e l  f o r  mercury i n  community water 
s y s t e m s  i s  2 micrograms per l i t e r  (Environmental P r o t e c t i o n  Agency, 
1977, p. 5). No wells exceed t h i s  value.  

Nicke l  

The median concen t r a t ion  of n i c k e l  i n  North American R i v e r s  was 10 
micrograms per  l i t e r  (Hem, 1970, p. 201). This value i s  only exceeded 
at  w e l l s  MPT-1, MSB-3A and 4A, MSB-9A, MSB-lln and F, MSB-14B and C, 
and MSB-22, a l l  i n  t he  immediate v i c i n i t y  of  t h e  M-Area s e t t l i n g  b a s i n .  
For some a n a l y s e s ,  d e t e c t i o n  l i m i t s  were 40 micrograms pe r  l i t e r .  

N i t r a t e  

Nitrate is reported i n  mi l l ig rams of n i t r o g e n  per l i t e r ,  and as 
such t h e  d r i n k i n g  water s tandard is 10 mg/L (Environmental P r o t e c t i o n  
Agency, 1977, p. 5). Because n i t r a t e  has been a s i g n i f i c a n t  c o n s t i t u -  
e n t  of  the e f f l u e n t  d i scha rge  from M Area, a map of  t h e  c o n c e n t r a t i o n  
a t  t h e  water t a b l e  is presented  i n  F igure  7-15. Elevated concent ra -  
t i o n s  a r e  p r i n c i p a l l y  confined t o  the immediate v i c i n i t y  of  t h e  
s e t t l i n g  b a s i n .  Elevated c o n c e n t r a t i o n s  a l s o  occur near  the s o l v e n t  
t ank  (MSB-231, i n  t h e  M-Area process a rea  (MSB-241, and at  w e l l  SRW-13C 
a t  t h e  S i l v e r t o n  Road waste s i t e .  S l i g h t l y  e l e v a t e d  c o n c e n t r a t i o n s  
occur  at t h e  MSB-12 and 17 si tes .  

N i t r i t e  

No w e l l  shows a n i t r i t e  concen t r a t ion  c o n s i s t e n t l y  above 
d e t e c t i b i l i t y  . 

Natural  waters  from the McBean and Congaree sands range from 4.2 
t o  6 . 1  and from the  Limestones from 6.8 t o  7.6 ( S i p l e ,  1967, p. 53). 
Thus, t h e s e  waters a r e  n a t u r a l l y  a c i d i c .  The only well t h a t  
produces water of pH less than 4 i s  MPT-1. On the  o t h e r  hand, s e v e r a l  
w e l l s  produce water of  pH g r e a t e r  than 9 .  There is no p a t t e r n  t o  t h e s e  
wells, and i t  i s  suspected t h a t  t h e s e  e l eva ted  pH v a l u e s  may r e p r e s e n t  
a l each ing  of the cement sheath surrounding the  c a s i n g  o r  an invas ion  of  
cement i n t o  t h e  sc reen  zone du r ing  the  c o n s t r u c t i o n  of t h e  w e l l .  The 
wells with a pH above 9 are: AC-3B, MSB-9B, MSB-lOC, MSB-13B, MSB-20C, 
MSB-24, and MSB-30C. The c o r r e l a t i o n  of s e v e r a l  a n a l y t e s  wi th  pR is  
shown on Table 7-3. 
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Phenanthrene 

No a n a l y s i s  f o r  phenanthrene shows a va lue  above d e t e c t i b i l i t y  
of 1 microgram per  l i t e r :  

Phenol 

Phenol w a s  found a t  l e v e l s  s l i g h t l y  above d e t e c t i o n  l i m i t s  a t  
we l l s  near  t he  s e t t l i n g  b a s i n  (MPT-1, MSB-3A, MSS-9C), near  the  
pipe l i n e  (MSB-15AY MSB-l6A), and i n  the  process  a r e a  (MSB-24). 

Phosphate 

Sources of  phosphate a re  the d i s s o l u t i o n  of c e r t a i n  rocks ,  
p o l l u t i o n  from f e r t i l i z e r  o r  organic  sewage, or  t h e  use of 
phosphates t o  break down the  mud cake when a t tempt ing  t o  develop a 
w e l l .  Normal w e l l  d r i l l i n g  p r a c t i c e s  at SRP do not inc lude  
-phosphate t r ea tmen t ;  however, w e l l  MPT-1 was. d i f f i c u l t  t o  develop 
and t h r e e  t r ea tmen t s  with sodium phosphate were used. The water  
p r e s e n t l y  produced from t h i s  w e l l  con ta ins  only  40 pg/L, i n d i c a t i n g  
most of t he  phosphate has been removed. Wells t h a t  have phosphate 
concen t r a t ions  g r e a t e r  than  100 pg/L are MSB-9AY MSB-11A, B y  and F ,  
MSB-l4C, MSB-25, MSB-31C and SRW-14B. These w e l l s  do not f i t  i n t o  
a r e a d i l y  recognizable  p a t t e r n .  

Potassium 

Potassium is commonly a major c o n s t i t u e n t  i n  n a t u r a l  wa te r .  
Concent ra t ions  up t o  5,000 pg/L a r e  not unusual (Hem, 1970, p .  
1511, but  potassium and sodium toge the r  from the  McBean and 
Congaree sands r a r e l y  exceed 2400 micrograms per  l i t e r  and from the  
l imes tones  19,000 pg/L. The only w e l l s  t h a t  have concen t r a t ions  of  
potassium t h a t  apprec iab ly  exceed 19,000 pg/L a r e  MSB-13B and 
MSB-2 8A. 

Radium-226 

The d r ink ing  water  s tandard  f o r  radium i s  5 p i c o c u r i e s  p e r  
l i t e r ,  but n a t u r a l  waters from the  Coastal  P l a i n  sediments show a 
l a r g e  range i n  radium con ten t .  Of n ine  ana lyses  of n a t u r a l  waters  
g iven  by S i p l e  (1967, p. 871, f i v e  exceed t h e  d r ink ing  water  l i m i t .  
The h ighes t  of t hese  was 72 p i c o c u r i e s  per l i t e r .  Radium ana lyses  
were made only at w e l l s  near  t h e  s e t t l i n g  b a s i n  (MPT-1, MSB-3A and 
MSB-4A). The h ighes t  of t h e s e  was 35 p icocur i e s  per l i t e r  a t  MPT-1. 
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Radium, T o t a l  

T o t a l  radium was measured i n  16 wel ls .  The on ly  ana lyses  
apprec i ab ly  above 5 p i c o c u r i e s  per  l i t e r  were MPT-1 and MSB-3A. 

Selenium 

N o  selenium concen t r a t ions  exceed d e t e c t a b i l i t y  o f  1 o r  2 
micrograms pe r  l i t e r .  Maximum contaminant l e v e l  f o r  community 
water systems i s  10 micrograms per l i t e r  (Environmental  P r o t e c t i o n  
Agency, 1977, p. 5 ) .  

S i l i c a  

S i l i c o n  is  second only t o  oxygen i n  abundance i n  the  e a r t h ' s  
c r u s t a l  rocks.  S i l i c a  i s  a common c o n s t i t u e n t  of n a t u r a l  waters 
and c o n c e n t r a t i o n s  commonly range from 1 t o  30 mg/L ( H e m ,  1970, D .  
109). Concentrat ions of s i l i c a  i n  t h e  ana lyses  r epor t ed  i n  
Appendix C range from 3 t o  50 mg/L with no p a r t i c u l a r  p a t t e r n  
appa ren t .  

S i l v e r  

The maximum contaminant l e v e l  f o r  s i l v e r  i s  50 micrograms pe r  
l i t e r  (Environmental P r o t e c t i o n  Agency, 1977, p .  5 ) .  Addi t iona l  
ana lyses  f o r  s i l v e r  are given i n  Appendix D. None o f  t h e s e  
ana lyses  i n  e i t h e r  t a b l e  exceed d e t e c t a b i l i t y  except  f o r  w e l l  
MSB-5A on 2-8-84, which was 3 micrograms per  ' l i ter .  

Sodium 

A s  mentioned under the  d i s c u s s i o n  o f  potassium, t h e s e  two 
a n a l y t e s  combined r a r e l y  exceed 1 9  mg/L i n  l imestones of t h e  McBean 
and Congaree Formations and 2.4 i n  the  sands ( S i p l e ,  1967, p.  8 3 ) .  
Wells whose analyses  exceed 19  mg/L o f  sodium are i n  t h e  v i c i n i t y  
of t h e  s e t t l i n g  bas in  and Lost Lake, such as MSB-3A, 4A, and 5A, 
MSB-9B and C ,  MSB-13B and C ,  MSB-l4B, and MSB-22; w e l l s  MSB-lOC, 
MSB-12C, and MSB-17B also show e l eva ted  sodium c o n c e n t r a t i o n s .  
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Stront ium 

Analyses o f  200 underground and s u r f a c e  publ ic  water  s u p p l i e s  
i n  t h e  U.S. had a m d i a n  concen t r a t ion  of s t ron t ium of 100 p g / L  
(Hem, 1970, p. 197) .  Severa l  w e l l s  i n  c l o s e  proximity of  t h e  
s e t t l i n g  b a s i n  con ta in  e l eva ted  concen t r a t ions  of s t ron t ium f o r  
t h i s  a r e a  al though only at concen t r a t ions  about equal  t o  t h e  median 
f o r  pub l i c  d r ink ing  water mentioned above. These w e l l s  a r e  MPT-1, 
MSB-1lB and C ,  and MSB-22. Seve ra l  w e l l s  wi th  e l e v a t e d  pH, perhaps 
i n d i c a t i n g  leaching  of cement, a l s o  show e l eva ted  s t r o n t i u m  concen- 
t r a t i o n .  These w e l l s  are AC-3B, MSB-gB, MSB-IOC, MSB-13BY MSB-ZOC, 
MSB-24, and MSB-30C (Table  7-31. In a d d i t i o n ,  w e l l  MSB-23 a t  t h e  
so lvent  tank  shows an e l eva ted  s t r o n t i u m  concen t r a t ion .  

Su lpha te  

The secondary d r ink ing  water l i m i t  f o r  su lpha te  i s  250 mg/L 
(Environmental  P r o t e c t  ion  Agency, 1979) , but  n a t u r a l  waters  around 
SRP a r e  comonly  between (2 and 14 mg/L ( S i p l e ,  1967, p. 8 3 ) .  
Well MSB-3AY adjacent  to t h e  s e t t l i n g  b a s i n ,  shows an e l e v a t e d  
c o n c e n t r a t i o n  of  su lpha te  (-100 mg/L). Well MSB-11A showed a l e v e l  
of 192 mg/L i n  1984 ana lyses  but less than 5 mg/L i n  1983. Well 
MSB-11A does not  show e l eva ted  concen t r a t ions  of o t h e r  a n a l y t e s  , 
and i t  i s  suspected t h a t  t h e  1984 a n a l y s i s  is spur ious .  

S u r f a c t a n t s  

The d e t e c t i o n  l i m i t  of  s u r f a c t a n t s  i s  10 micrograms per  l i t e r .  
Wells wi th  d e t e c t i b l e  s u r f a c t a n t s  are AC-lA, ASR-9, MPT-1, MSB-3A, 
MSB-gA, B y  and C ,  MSB-lOA, MSB-11D and F,  MSB-12A and D ,  NSB-13BY 
MSB-25A, MSB-28, and MSB-30C. Of t h e s e  MPT-1, MSB-3AY MSB-9AY B y  
and C y  and MSB-11D and F are near  t he  s e t t l i n g  bas in .  Wells MSB-9R 
MSB-13B and MSB-30C show e leva ted  pH v a l u e s  (Table  7-3). But i n  
g e n e r a l  t h e r e  seems t o  be no c o n s i s t e n t  p a t t e r n  t o  the  occurrence  
of s u r f a c t a n t s ,  and repor ted  l e v e l s  are extremely low. 

Thal l ium 

Thal l ium is  everywhere below the  d e t e c t i b l e  l i m i t  o f  2 o r  3 
pg/L except  at MSB-3A near  t h e  s e t t l i n g  b a s i n  where i t  i s  5 pg/L. 

7-14 



Tota l  Dissolved S o l i d s  

The secondary d r ink ing  water  s tandard  f o r  t o t a l  d i s s o l v e d  
s o l i d s  i s  500 mg/L (Environmental  P r o t e c t i o n  Agency, 1979).  To ta l  
d i s s o l v e d  s o l i d s  repor ted  by S i p l e  (1967, p. 83) i n  water  from 
t h e  sands of t h e  McBean and Congaree Formations range from 20 t o  
29 mg/L, but  from the  l imestones they range from 75 t o  192 mg/L. 
The usua l  range of t h e  w e l l s  r epor ted  i n  Appendix C i s  from about 
12 t o  about 100 mg/L. Wells t h a t  a r e  ove r  100 mg/L can be catego- 
r i z e d  i n t o  four  groups -- ( 1 )  Those w e l l s  wi th  h igh  pH p o s s i b l y  
i n d i c a t i n g  leaching  of  cement i n  the  w e l l  annulus inc lud ing  AC-3B, 
MSB-gB, MSB-lOC, MSB-l3B, MSB-24, MSB-30C; ( 2 )  w e l l s  i n  t h e  
immediate v i c i n i t y  of t he  s e t t l i n g  bas in  o r  Lost Lake i n c l u d i n g  
MPT-1, MSB-3A, 4A, and 5A, MSB-9B and C,  MSB-11C and D,  MSB-l3B, 
MSB-14B and C ,  and MSB-22; ( 3 )  w e l l s  i n  t he  plume of groundwater 
movement from t h e  b a s i n  inc lud ing  MSB-12B and C ,  MSB-17A and B ,  
and (4) wells t h a t  r ep resen t  sources  of  d i s s o l v e d  s o l i d s  d i f f e r e n t  
from t h e  s e t t l i n g  b a s i n  inc lud ing  wells MSB-23 a t  t h e  so lven t  
tank  and MSB-27 and RWM-3 i n  the  plume from the  process  a r e a .  
F igure  7-14 shows concen t r a t ion  of t o t a l  d i s so lved  s o l i d s  a t  t h e  
water t a b l e .  

T o t a l  Organic Halogen 

As might be expec ted ,  w e l l s  wi th  e l e v a t e d  concen t r a t ions  o f  
deg rease r  s o l v e n t s  show e l eva ted  l e v e l s  of t o t a l  o rganic  halogen.  
These inc lude  w e l l s  near t h e  s e t t l i n g  b a s i n  (MF'T-1, MSB-3A, and 
MSB-11C and F ) ,  wells at t h e  so lven t  tank  and downgradient from t h e  
so lven t  tank  (MSB-23 and 23B, MSB-26A, MSB-27A and RWM-21, w e l l s  i n  
t h e  process  a r e a  (MSB-24A, MSB-34B and C,  and RWM-31, and a w e l l  a t  
t h e  A-14 o u t f a l l  (MSB-31C). 

Trans 1,2-Dichloroethylene 

Trans 1 ,2-d ich loroe thylene  is  a break-down product from 
t r i c h l o r o e t h y l e n e  (C l ine  and V i s t e ,  1984).  Thus i t  i s  not  
s u r p r i s i n g  t h a t  wells which show e l e v a t e d  concen t r a t ions  of  
t r i c h l o r o e t h y l e n e  a l s o  show e l eva ted  concen t r a t ions  of t r a n s  1 , 2 -  
d i ch lo roe thy lene .  These wells a r e  ASB-8; MPT-1; MSB-lA, 2A, 3A, 
and 4A; MSB-9B and C;  MSB-1OC; MSB-11C, D, and F; MSB-14A and B; 
MSB-22; MSB-23B; MSB-26A; MSB-27A; MSB-28A; MSB-31C; MSB-34B and C ;  
RWM-2 and 3 ;  and SRW-2A. 
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Uranium 

The common l e v e l  of d e t e c t a b i l i t y  for uranium i n  t h e s e  
ana lyses  i s  0.2 mi l l ig rams per  l i t e r .  The only samples t h a t  
exceed t h i s  va lue  are from wells MSB-11C and MSB-22 adjacent  t o  t h e  
s e t t l i n g  bas in ,  and MSB-24 and RWM-3 i n  t h e  process  a rea .  

Vinyl Chlor ide  

The d e t e c t i o n  l i m i t  for v iny l  c h l o r i d e  f o r  t he  ana lyses  g iven  
i n  Appendix C i s  10 g/L. The only d e t e c t i b l e  concen t r a t ions  of 
v iny l  c h l o r i d e  are at  wells MSB-3A (58 g/L) and 4A (11  g /L) ,  
immediately ad jacen t  t o  the  s e t t l i n g  bas in .  S ince  v iny l  c h l o r i d e  
has  been repor ted  as a poss ib l e  degrada t ion  product from t e t r a -  
ch lo roe thy lene  and t r i c h l o r o e t h y l e n e  through d ich lo roe thy lene ,  i t s  
presence is not s u r p r i s i n g .  

The secondary d r ink ing  water l i m i t  f o r  z inc  i s  5000 micrograms 
per  l i ter  (Environmental P r o t e c t i o n  Agency, 1979). The concentra-  
t i o n  of z inc i n  t h e  1984 ana lyses  i n  Appendix C have a range from 
18 t o  6,670 g/L wi th  no r e a d i l y  apparent p a t t e r n .  Wells t h a t  have 
v a l u e s  above 5000 micrograms per l i t e r  are MSB-11D, 12A,  13C, 26A, 
31A, and SRW-3C. Some v a r i a t i o n  i n  z inc  may r e s u l t  from the 
presence of galvanized steel conductor p ipes  i n  t h e  w e l l s  even 
though four  w e l l  volumes of water were removed be fo re  sampling. 

1 , l -Dichloroethane;  1 , l -Dichoroethylene;  1,1,2,2,-Tetrachloroethane; 
1,2-Dichlorobenzene; and 1,4-Dichlorobenzene 

Analyses for nea r ly  all wells are below d e t e c t i b i l i t y  for 
t h e s e  f i v e  organic  compounds. Exceptions are t h a t  well MSB-SA, 
adjacent  t o  the  s e t t l i n g  basin, has an e leva ted  concen t r a t ion  of 
1, l -d ich loroe thylene  and t h a t  w e l l  MSB-4A, also adjacent  t o  the  
s e t t l i n g  bas in ,  has low concen t r a t ions  of 1 , l -d ich loroe thane  and 
1,l- d i ch lo roe thy lene .  Well MSB-9C, a l s o  ad jacent  t o  the  b a s i n ,  
shows a bare ly  d e t e c t i b l e  concen t r a t ion  o f  1 , l -d ich loroe thane .  
W e l l  MSB-17B shows a d e t e c t i b l e  l e v e l  of 1 , l -d i ch lo roe thy lene .  
Since d i ch lo roe thy lene  i s  a degrada t ion  product of 
t r i c h l o r o e t h y l e n e ,  i t s  presence i s  not s u r p r i s i n g .  
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7.3 Recovery Wells 

A second o b j e c t i v e  of t he  30-day pumping t e s t  (d i scussed  i n  
S e c t i o n  5.3.4) conducted from October 18 t o  November 17 ,  1982, was 
t o  o b t a i n  a d d i t i o n a l  chemical d a t a  f o r  des ign  of a groundwater 
t rea tment  process .  For t h i s ,  a t o t a l  of 31  w a t e r  samples were 
c o l l e c t e d  from the pumping w e l l  (MPT-1) du r ing  the  30-day t e s t  
per iod .  Table 7-4 p r e s e n t s  t h e  resul ts  of t h e  organic  ana lyses ,  
temperature ,  pH, and conduc t iv i ty  measurements taken i n  the  f i e l d  
a s  w e l l  as  t he  approximate elapsed t i m e  and the  cumulative volume 
pumped at  the  t i m e  the  sample was obta ined .  For each sample 
c o l l e c t i o n  two v i a l s  were obtained f o r  organic  a n a l y s i s  by SRL. 
The resu l t s  given on Table 7-4 a re  the  average of  the  two ana lyses .  
A s  can be seen on Table 7-4, t he  ana lyses  f o r  both t r i c h l o r o e t h y l e n e  
and t e t r a c h l o r o e t h y l e n e  a r e  r e l a t i v e l y  cons t an t  , and approximately 
equal  i n  concen t r a t ion .  The average t r i c h l o r o e t h y l e n e  concen t r a t ion  
f o r  t h e  31 samples was 196 ppm and the  average concen t r a t ion  of 
t e t r a c h l o r o e t h y l e n e  was-154 ppm producing an average t o t a l  o rganic  
concen t r a t ion  of 350 ppm. No l , l , l - t r i c h l o r o e t h a n e  was d e t e c t e d  in 
any of t he  samples analyzed. The concen t r a t ion  of t o t a l  o rgan ic s  
i n  water  l a t e r  produced from MPT-1 and analysed by a d i f f e r e n t  
l a b o r a t o r y  w a s  about 115 ppm as  shown on Figure 7-16. 

Measurements of pH obtained a t  t he  t i m e  the sample w a s  c o l l e c t e d  
range between 3.4 and 3.8 (Table 7-41. The pH of n a t u r a l  groundwater 
from t h e  McBean and Congaree sands is  normally between 4.2 and 6.1. 

The temperature  of the samples determined i n  the  f i e l d  a t  t h e  
t i m e  of c o l l e c t i o n  ranged between 18" and 20.5"C, and e l e c t r i c a l  
c o n d u c t i v i t y  averaged about 500 micromhos/cm, somewhat h ighe r  than 
t h e  conduc t iv i ty  given i n  Appendix C fo r  t h i s  well. 

Inorganic  chemistry d a t a  were obtained on 10 of t h e  31 samples 
by Environmental and Chemical Sc iences ,  Inc .  under c o n t r a c t  t o  SRL. 
The r e s u l t s  of t hese  ana lyses  a r e  presented  on Table  7-5. Table  
7-5 shows t h a t  t h e  n i t r a t e  p l u s  n i t r i t e  con ten t ,  expressed a s  
n i t r o g e n ,  of  the  groundwater from MPT-1 is  approximately 60 ppm. 
This  i s  70  pe rcen t  h igher  than the  value given i n  Appendix C .  
Conduct ivi ty  measured is about 60 percent  h igher  than the  va lue  
g iven  i n  Appendix C. Phosphate was 160 percent  h i g h e r ,  bu t  a l l  
o t h e r  r e s u l t s ,  while not  i d e n t i c a l ,  a r e  wi th in  the  same range. 

From the r e s u l t s  of t h i s  pumping tes t ,  a p i l o t  a i r  s t r i p p e r  
w a s  designed t o  be operated with i n l e t  feed from w e l l  MPT-1. P i l o t  
o p e r a t i o n  of t h i s  system began i n  January 1983, and it  has  been 
opera ted  v i r t u a l l y  cont inuous ly  s ince  then through October 1984. 
Analyses of the  w e l l  d i s cha rge  water  fo r  deg rease r  s o l v e n t s  a r e  
g iven  on Figure 7-16. The t o t a l  degreaser  so lvent  concen t r a t ion  i n  
water from w e l l  MPT-1 dur ing  the p i l o t  ope ra t ion  w a s  about 120 ppm, 
about one h a l f  t he  concen t r a t ion  observed dur ing  t h e  pumping t e s t .  
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These d i f f e r e n c e s  could be p a r t i a l l y  due t o  the  f a c t  t h a t  4 months 
e lapsed  between the  pumping t e s t  and the  p i l o t  s t r i p p e r  o p e r a t i o n  
and t h e  a n a l y t i c a l  l a b o r a t o r i e s  were changed from SRL t o  320-M. 
The purpose of o p e r a t i n g  the  p i l o t  system was t o  o b t a i n  des ign  
parameters  with which t o  des ign  a f u l l  s c a l e  u n i t .  Degreaser 
so lven t  concen t r a t ion  i n  water is  reduced i n  t h e  s t r i p p e r  as a 
f u n c t i o n  of column l eng th ,  a i r  flow, and water flow. The e f f l u e n t  
concen t r a t ion  i n  the  f i n a l  des ign  of the  remedial  s t r i p p e r  w i l l  be 
less than  1 ppb. 

Subsequent t o  t e s t s  on MPT-1, two a d d i t i o n a l  demonst ra t ion  
recovery  wells were d r i l l e d  (RWM 2 and 3 ,  Figure  7-17) .  Discharges 
from these  two w e l l s  w e r e  pumped i n t o  a pro to type  a i r  s t r i p p e r  
( c a p a c i t y  50 gpm) s t a r t i n g  i n  the  F a l l  of 1983 f o r  f u r t h e r  
ref inement  of des ign  parameters .  Graphs of t he  c o n c e n t r a t i o n  of 
deg rease r  s o l v e n t s  i n  these  two w e l l s  are shown on Figures  7-18 and 
7-19. The e f f l u e n t  concen t r a t ion  from the  pro to type  s t r i p p e r -  was 
less than I ppb. By mid-October 1984, 17,830 pounds of deg rease r  
so lven t  had been removed from w e l l  MPT-1 a f t e r  pumping about 15 
m i l l i o n  g a l l o n s  of water, 2,160 pounds from RWM-2 a f t e r  pumping 
about 5.5 m i l l i o n  g a l l o n s  of water, and 9,290 pounds from RWM-3 
a f t e r  pumping about 10 m i l l i o n  ga l lons .  Thus almost 30,000 pounds 
of degreaser  so lven t  had been removed from the  groundwater as of 
mid-0c tobe r  1984. 

From the  d a t a  ga thered  from the  ope ra t ion  of t hese  t h r e e  test 
recovery  wells and t h e i r  a s soc ia t ed  a i r  s t r i p p e r s ,  an eleven-well  
recovery s y s t e m  w a s  designed.  The l o c a t i o n s  of t h e s e  w e l l s  are 
shown on Figure 7-17. The system inc lud ing  t h e  a i r  s t r i p p e r  is  
designed f o r  a c a p a c i t y  of  400-gallons per minute. 

7.4 Water Quality in the "Tusca~o~sa" Formation 

In  March of  1983, two water supply w e l l s  i n  A/M Area were 
found to  have low concen t r a t ions  of degreaser  s o l v e n t s .  Wells 
905-53A and 20A (F igure  4-2) showed t r i c h l o r e t h y l e n e  c o n c e n t r a t i o n s  
up t o  26 ppb and 8 ppb, r e s p e c t i v e l y .  A s  a r e s u l t  of t h e s e  
ana lyses  wells 905-538 and 20A were taken out  of s e r v i c e .  

W e l l  c luster  MSB-34 w a s  i n s t a l l e d  250 f e e t  from w e l l  905-53A 
and showed degreaser  so lven t  concen t r a t ions  i n  water ranging from 
about 53,900 ppb at the  water t a b l e  t o  642 ppb near  t he  base  of t h e  
T e r t i a r y  sediments (Appendix B). The degreaser  s o l v e n t s  i n  t h e  
T e r t i a r y  sediments i n  the  immediate v i c i n i t y  of w e l l  53A are 
probably the  source of these  subs tances  i n  water produced from t h i s  
ffTuscaloosaff w e l l .  
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A series of tests were made on w e l l  905-53A t o  determine the  
cond i t ions  i n  t h e  w e l l  i t s e l f .  The w e l l  i s  670 f e e t  deep and 
screened  i n t e r m i t t e n t l y  from 387 t o  670 f e e t .  The resul ts  of these  
tests were : 

1. 

2. 

3. 

4. 

5 .  

A TV camera survey ind ica t ed  no g ross  cas ing  breaks .  

Packer tests ind ica t ed  t h a t  the  cas ing  does l e a k  ( t h e  
p o s s i b i l i t y  always e x i s t s  of a Door packer s e t t i n g  t h a t  might 
negate  t h i s  conclus ion) .  

A cement bond log ind ica t ed  t h a t  t h e r e  were e x t e n s i v e  a r e a s  
where t h e  cement sheath around t h e  cas ing ,  whose purpose i s  t o  
seal the c a s i n g  t o  the ground, was not bonded t o  the  cas ing .  
Such a reas  of poor bond could provide avenues f o r  contaminated 
water from t h e  T e r t i a r y  sediments t o  migra te  d i r e c t l y  t o  the  
screened sect ions  of the  Tuscaloosa.  

A v e r t i c a l  water v e l o c i t y  survey showed t h a t  water i n s i d e  t h e  
screened zone moves from about 430 f e e t  down t o  about 640 feet  
a t  a v e l o c i t y  of about 7 fee t /minute  o r  at  about 28 g a l l o n s  per  
minute i n  t h e  10-inch casing.  This  water  movement has  gone on 
cont inuous ly  s i n c e  the  pump w a s  shut  down i n  A p r i l  1983. 

Samples c o l l e c t e d  by a t h i e f  sampler eve ry  50 f e e t  from a dep th  
of 180 f e e t  (water  l e v e l )  t o  680 f e e t  showed t r i t i u m  concentra-  
t i o n s  i n  a l l  samples t o  be less than the  d e t e c t a b l e  l e v e l  of  
0.02 p i c o c u r i e s  per  gram (20 p i c o c u r i e s  per  l i t e r ) .  A 1 1  
t e t r a c h l o r o e t h y l e n e  concen t r a t ions  on the  same set of samples 
were less than  1 ppb. T r i ch lo roe thy lene  c o n c e n t r a t i o n s  i n  t h e  
same set of  samples were less than  1 ppb except  f o r  t h e  samples 
a t  430 and 480 f e e t  which were 3 and 4 ppb, r e s p e c t i v e l y .  

The conclus ion  from these  tests is t h a t  t h e r e  is a s t r o n g  
p r o b a b i l i t y  t h a t  t h e  presence of degreaser  s o l v e n t s  i n  water from 
the  "Tuscaloosa" is very  loca l i zed  and occurred only  at  t h e  s i t e  
of  t h e  water  product ion  w e l l .  

Even before  the  degreaser  s o l v e n t s  were d iscovered  i n  905-538, 
t h r e e  monitor ing wells (MSB-23A, 30A, and 31A) had been d r i l l e d  
(February  1983) t o  explore  the  p o t e n t i a l  fo r  movement of d e g r e a s e r  
s o l v e n t s  v e r t i c a l l y  from the  T e r t i a r y  sediments through t h e  
E l l e n t o n  i n t o  t h e  'lTuscaloosa". No s o l v e n t s  had been found i n  any 
of t h e s e  wells. Subsequent t o  t h e  d iscovery  of t h e  s o l v e n t s  i n  t h e  
t w o  product ion  wel l s ,  four  more "Tuscaloosa" moni tor ing  w e l l s  were 
d r i l l e d  (MSB-l2TA, 12TB, 34TA, and 34TB). 
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The l o c a t i o n s  of the  "Tuscaloosa" monitor ing w e l l s  are shown 
on F igu re  4-2, and the  t o t a l  depth and screened i n t e r v a l  f o r  each 
w e l l  a r e  t abu la t ed  on Table 4-2. The f i r s t  "Tuscaloosa" monitor ing 
w e l l  (MSB-23A) was i n s t a l l e d  i n  the  v i c i n i t y  of t he  so lven t  s t o r a g e  
tank  a t  Bui lding 321-M i n  an a rea  of e l eva ted  c o n c e n t r a t i o n s  of 
deg rease r  s o l v e n t s  i n  the  T e r t i a r y  sediments .  The second w e l l  
(MSB-30A) was d r i l l e d  approximately 2000 f e e t  west of MSB-23A 
between M Area and the  p l a n t  boundary. A t h i r d  "Tuscaloosa" w e l l  
(MSB-31A) was i n s t a l l e d  ad jacent  t o  t h e  A-14 sewer o u t f a l l  l ead ing  
t o  Tims Branch. Two "Tuscaloosa" w e l l s  (MSB-12TA and 12TB) were 
i n s t a l l e d  a t  e x i s t i n g  w e l l  c l u s t e r  s i t e  MSB-12 southwest  of t he  
M-Area bas in .  Well c l u s t e r  MSB-34 was  i n s t a l l e d  as  c l o s e  as 
reasonably  p o s s i b l e  t o  product ion  well 905-53A t o  a s s e s s  t h e  source 
of the  deg rease r  s o l v e n t s  i n  t h i s  supply w e l l .  This c l u s t e r  was 
loca ted  approximately 250 f e e t  from Well 905-538 i n  t h e  d i r e c t i o n  
of  M Area. The c l u s t e r  c o n s i s t s  of t h r e e  T e r t i a r y  w e l l s  and two 
"Tuscaloosa" wells i n  order  to  o b t a i n  v e r t i c a l  head d a t a  a s  w e l l  a s  
water q u a l i t y  d a t a .  The r e s u l t s  of the  chemical ana lyses  from t h e  

Tuscaloosa" monitor ing wells are given i n  Appendices B and C. 11 

During 1983 no degrease r  s o l v e n t s  were found i n  any 
Tuscaloosa" monitor ing w e l l  (Appendix B ) ,  and i t  w a s  concluded 11 

t h a t  t h e  low concen t r a t ions  at the  product ion  w e l l s  were caused by 
( 1 )  inadequate  s e a l s  by t h e  cement shea th  between t h e  cas ing  and 
t h e  ground oppos i t e  t he  T e r t i a r y  sediments and (2 )  t h e  inc reased  
head d i f f e r e n t i a l  between t h e  water i n  t h e  T e r t i a r y  and t h a t  i n  
t h e  "Tuscaloosa" caused by the drawdown a t  t h e  product ion  w e l l .  
Although t h e  concen t r a t ions  of deg rease r  s o l v e n t s  a r e  q u i t e  high 
i n  t h e  T e r t i a r y  sediments at the  so lven t  tank  (MSB-23, F i g u r e  7-1), 
t h e  l e v e l s  i n  s o i l  samples from t h e  E l l e n t o n  Formation a t t e n u a t e  
r a p i d l y  wi th  depth .  The concen t r a t ion  at t h e  top  of t he  E l l e n t o n  
is  268 ppb and a t t e n u a t e s  t o  10 ppb (Table  7-6) a t  t h e  bottom of 
t h e  "Tuscaloosa" c l a y ,  which u n d e r l i e s  t he  E l l e n t o n .  ( E d i t o r i a l  
Note: During t h e  d r i l l i n g  of a replacement w e l l  f o r  MSB-23A i n  
J u l y  1985, 18 s o i l  samples were c o l l e c t e d  i n  t h e  E l l en ton  and upper 
"Tuscaloosa" Formations between depths  of 250 and 325 f t .  Analyses 
of these  samples show less than  10 ppb t o t a l  chorocarbons,  t he  
d e t e c t i o n  l i m i t ,  f o r  a l l  samples.)  

I n  1984 (Appendix B) p o s i t i v e  r e s u l t s  f o r  t r i c h l o r o e t h y l e n e  
began t o  appear i n  the  f l u i d  samples of  well MSB-23A. There i s ,  
however, a very d e f i n i t e  p o s s i b i l i t y  t h a t  the  cement shea th  between 
t h e  c a s i n g  and t h e  ground a t  t h i s  w e l l  may a l s o  be imperfec t  even 
though t h e  a n a l y s i s  given i n  Appendix C is not  h igh  i n  the  
c o n s t i t u e n t s  l i s t e d  on Table 7-3. Other ana lyses  from t h i s  w e l l  
show t h a t  pH is h ighly  dependant on t h e  amount of water  pumped 
p r i o r  t o  sampling . 
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It appears  t h a t  i t  simply took over a year f o r  t h e  s o l v e n t s  t o  
mig ra t e  through the  f i n e  cracks o r  poor bonding of the  cement 
shea th .  It i s  planned t o  plug t h i s  w e l l  and i n s t a l l  ano the r  one. 
( E d i t o r i a l  Note: A replacement w e l l  was i n s t a l l e d  i n  J u l y  1985.) 
No degrease r  s o l v e n t s  have been found i n  t h e  "Tuscaloosa" at  any 
o t h e r  monitor w e l l  l o c a t i o n  du r ing  the  f i r s t  h a l f  o f  1984. 
Although some ana lyses  i n  Appendix B show s l i g h t  p o s i t i v e  r e s u l t s  , 
t h e s e  are not c o n s i s t e n t  and subsequent ana lyses  show n e g a t i v e  
r e s u l t s .  These a r e ,  t h e r e f o r e ,  thought t o  be spu r ious  ana lyses .  
Thus , it appears t h a t  prevasive contamination of t he  "Tuscaloosa" 
from t h e  T e r t i a r y  plume has not occurred.  It a l s o  appears  t h a t ,  
based on d a t a  c o l l e c t e d  up t o  October 1984, where d e g r e a s e r  
s o l v e n t s  are p resen t  i n  "Tuscaloosa" water, it i s  r e l a t e d  t o  w e l l  
c o n s t r u c t i o n .  ( E d i t o r i a l  Note: In t he  d r i l l i n g  program o f  the  
F a l l  o f  1984, 14 a d d i t i o n a l  "Tuscaloosa" monitoring wells were 
d r i l l e d .  Only one of t h e s e  w e l l s  (MSB-37TA) showed ch lo roca rbons  
apprec i ab ly  above t h e  d e t e c t a b l e  l i m i t .  A f a u l t y  cement seal  can 
be r u l e d  out  as the  cause f o r  t h i s  c o n c e n t r a t i o n  because concentra-  
t i o n s  i n  t h e  T e r t i a r y  sediments above are lower. The cause  of t he  
presence of chlorocarbons i n  the  "Tuscaloosa" at  t h i s  l o c a t i o n  is  
be ing  v igo rous ly  i n v e s t i g a t e d . )  

7.5 Movement of Degreaser Solvents 

Resu l t s  of ana lyses  f o r  deg rease r  s o l v e n t s  are q u i t e  v a r i a b l e .  
F i g u r e s  7-20 t o  7-24 show t ime /concen t r a t ion  graphs f o r  water from 
w e l l s  i n  c l u s t e r s  MSB-9, 14, and 19, and w e l l s  MSB-26A and 28A. 
These p l o t s  are somewhat t y p i c a l  f o r  t h e  v a r i a b i l i t y  o f  ana lyses  a t  
o t h e r  w e l l  c l u s t e r s .  From these  graphs it is  d i f f i c u l t  to draw 
d e f i n i t i v e  conc lus ions  about deg rease r  s o l v e n t  movement. More 
ana lyses  t o  es t  ab1 i s h  t i m e  t r ends  are r equ i r ed .  

However, some conclusions can be drawn about d e g r e a s e r  s o l v e n t  
movement from t h e  p re sen t  shape of t h e  plume. F igu re  6-1 shows the  
p o t e n t i a l  o r  suspected d i s t r i b u t i o n  of sou rces .  The p r i n c i p a l  
sou rces  seem t o  be a t  t he  so lven t  t a n k ,  the s e t t l i n g  b a s i n ,  and the  
A-14 o u t f a l l .  

These sources  a r e  r e f l e c t e d  on F igu re  7-11 as p l a c e s  where t h e  
water t a b l e  concen t r a t  ions  of over 10,000 ppb of t r i c h l o r o e t h y l e n e  
p l u s  t e t r a c h l o r o e t h y l e n e  occur .  From t h e s e  l o c a t i o n s  the  s o l v e n t s  
move i n  t h e  d i r e c t i o n  of t he  groundwater g r a d i e n t  which is downward 
as w e l l  as l a t e r a l l y .  Thus on F igu re  7-12, which is a h o r i z o n t a l  
s l i ce  through t h e  ground at a l e v e l  about 6 0  t o  100 f e e t  below t h e  
water t a b l e ,  t w o  lobes of s o l v e n t s  appear t h a t  are no t  p r e s e n t  i n  
t h e  c o n c e n t r a t i o n  map of t h e  water t a b l e .  

i 
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The lobe of e l e v a t e d  concen t r a t ions  centered  i n  t h e  v i c i n i t y  
of t h e  so lvent  tank and drum s to rage  l o c a t i o n s  matches a p o t e n t i o -  
metric lobe i n  t h e  water  t a b l e .  Cur ren t ly ,  t h e r e  a r e  i n s u f f i c i e n t  
d a t a  t o  determine i f  t h i s  p iezometr ic  lobe is a l s o  present  a t  an 
e l e v a t i o n  of 60 t o  100 f e e t  below t h e  water t a b l e .  The v e r t i c a l  
descent  of deg rease r  s o l v e n t s  i n  t h i s  lobe is  shown on F i g u r e  7-9. 

The second lobe of  s o l v e n t s  i n  the  v i c i n i t y  of t he  s e t t l i n g  
b a s i n  (F igure  7-12) a l s o  g e n e r a l l y  fo l lows  t h e  g rad ien t  of t h e  
water t a b l e  ( F i g u r e  5-3)  o r  t h a t  of t he  zone 60 t o  100 f e e t  below 
t h e  water t a b l e  (F igu re  5-4) except  t h a t  t h e  l o b a t e  shape is  
accentua ted  by the  l o w  concen t r a t ions  at MSB-10. The e f f e c t  of 
t h e s e  low c o n c e n t r a t i o n s  a t  MSB-10 a l s o  i n f l u e n c e s  the  shape of t he  
average c o n c e n t r a t i o n  map ( F i g u r e  7 - 7 ) .  ( E d i t o r i a l  Note: Subse- 
quent s t u d i e s  of t h e  geology of t h i s  area i n d i c a t e  t h a t  w e l l  
MSB-1OB may be i n  a sand t h a t  i s  not c o r r e l a t i v e  with o t h e r  sands 
i n  t h i s  zone.) 

The degrease r  s o l v e n t s  i n  the  deepes t  T e r t i a r y  zone ( F i g u r e  
7-13)  appear  t o  be not  as  h igh  i n  concen t r a t ion  nor as  e x t e n s i v e  
as t h e  middle  zone (F igu re  7-12), a l though mapping c o n t r o l  on t h e  
deepes t  zone is  not  a s  g r e a t  a s  on t h e  middle zone. Never the less  
t h e  a r e a s  of h ighes t  concen t r a t ion  i n  the  deepes t  T e r t i a r y  zone a r e  
those  d i r e c t l y  under t h e  major s u r f a c e  sources  of deg rease r  
s o l v e n t s .  

7.6 Conclusions 

Degreaser s o l v e n t s  have en te red  the  groundwater i n  t h e  
T e r t i a r y  sediment from s e v e r a l  s u r f a c e  sources .  The probable  
primary s u r f a c e  sources  are the  M-Area s e t t l i n g  bas in ,  t h e  s o l v e n t  
s t o r a g e  tank  a r e a ,  and t h e  A-14 sewer o u t f a l l  (F igure  6 - 1 ) .  Other  
p o s s i b l e  sources  a r e  the  p i p e l i n e  l ead ing  t o  t h e  s e t t l i n g  b a s i n  and 
t h e  p rocess  a r e a  inc lud ing  a d iscont inued  so lven t  drumming 
f a c i l i t y .  The maximum concen t r a t ion  of  deg rease r  s o l v e n t s ,  542 
ppm, occur s  at  t h e  water  t a b l e  (F igu re  7-11) under t h e  s e t t l i n g  
bas in .  High concen t r a t ions  a l s o  occur  a t  the  water  t a b l e  under t h e  
o t h e r  s u r f a c e  sources .  A t  a g r e a t e r  depth  (about  75 f e e t  below t h e  
water t a b l e ) ,  t h e  maximum concen t r a t ion  has  decreased t o  61 ppm b u t  
t h e  plume occupies  a l a r g e r  a r e a  than  i t  does a t  t h e  water  t a b l e  
( F i g u r e  7-12). Near the  base of t h e  T e r t i a r y  sediments  (120 f e e t  
below the water  t a b l e )  both t h e  maximium concen t r a t ion  and t h e  a r e a  
o f  t h e  plume have decreased  g r e a t l y ,  being r e s t r i c t e d  t o  t h e  
g e n e r a l  a r e a  beneath t h e  s u r f a c e  sources  (F igu re  7 - 1 3 ) .  
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Although low concen t r a t ions  of degreaser  s o l v e n t s  have been 
de tec t ed  from product ion and monitor ing w e l l s  t h a t  a r e  screened i n  
t h e  "Tuscaloosa" Formation, t he re  i s  evidence i n  each case  of  a 
f a u l t y  w e l l  s e a l .  Based on the  evidence t o  d a t e ,  t h e r e  does not 
appear t o  be a prevas ive  passage of degreaser  s o l v e n t s  even a t  low 
concen t r a t ions  i n t o  t h e  "Tuscaloosa" Formation. ( E d i t o r i a l  Note: 
A s  mentioned i n  the  e d i t o r i a l  no te  at t h e  end of Sec t ion  7 .4 ,  w e l l  
MSB-37TA i n d i c a t e s  chlorocarbons i n  the "Tuscaloosa" tha t  have not 
come through a f a u l t y  w e l l  s e a l . )  , 

Plumes of e l eva ted  concen t r a t ions  of t o t a l  d i s so lved  s o l i d s  
(F igu re  7-14) occur in the  v i c i n i t y  of the  M-Area s e t t l i n g  bas in  
and i n  the  M-Area process  area ( v i c i n i t y  of Rui ld ing  321-MI. 
same two a r e a s  a r e  unde r l a in  by plumes of e l eva ted  n i t r a t e  concen- 
t r a t i o n s  a t  t h e  water t a b l e  (F igu re  7-15). In  the  wells 
immediately ad jacent  t o  t h e  M-Area s e t t l i n g  b a s i n  t h e r e  a r e  some- 
what e l eva ted  concen t r a t ions  of aluminum, c h l o r i d e ,  f l u o r i d e ,  
magnesium, manganese, n i c k e l ,  sodium, s t ron t ium,  and t r a n s  
1 ,2-d ich loroe thylene .  The s i g n i f i c a n c e  of t hese  f ind ings  i s  not  
c l e a r  at t h i s  time but  i s  be ing  i n v e s t i g a t e d  a s  p a r t  of the  ongoing 
groundwater assessment program. 

These 

Addi t iona l  i n v e s t i g a t i o n s  of t he  hydrogeology and t h e  contami- 
nant  plume are p r e s e n t l y  being v igorous ly  pursued. In  a d d i t i o n ,  
the  f u l l - s c a l e  remedial  a c t i o n  program (400 gpm a i r  s t r i p p e r  and 11 
recovery w e l l s )  is scheduled t o  begin i n  Apr i l  1985. ( E d i t o r i a l  
Note: The a i r  s t r i p p e r  s t a r t e d  ope ra t ion  on A p r i l  19,  1985 and t h e  
e n t i r e  system w a s  o p e r a t i o n a l  on September 9 ,  1985.) 
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TABLE 7-1 

Estimate of Inventory of Degreaser Solvents in the Saturated Zone 

Area of Volume" 
E leva t ion  Thick- Concentrat ion Concen- of Degreaser 
In t erva 1 n e s s  Range t r a t i o n  Solvent 

From 
( f t )  ( f t )  (mg/L) (106ft2) (ft3) 

From To Average - -  To - - 

'-lass** o f  
Degr e a se r 
Solvent 
(103 t b )  

Water- 
Tab l e  
(240) 187 53 132 

10 
1 

10 
1 
.1 

71 
5.5 
* 55 

195.7 
42 .Lr 

6 . 3  

1.5 
4.2 
6.3 

1919 
416 
62 

187 146 41 36 
10 
1 

10 23 
1 5.5 
. 1  .55 

1 .? 
5 .a 
8.0 

609 
444 
61 

6 2 . 1  
45.7  

6.2  

146 46 . 3  .1 .2 2 .o 6 . 5  100 

Tota l  140 15.7 3517 358.5 

350 Acres within 
100 microgram P e r  
l i t e r  contour  
i n  middle T e r t i a r y  
zone 

------------- 
* A so i l  t o t a l  p o r o s i t y  of 34 percen t  is used (Table  5-1) 

** A d e n s i t y  102 l b / f t 3  i s  used (Gordon, 1982). 
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TABLE 7-2 

Elements, Compounds, and Properties for Which Analyses were Made on 
Samples of Water Collected from Monitoring Wells 

(Results f o r  those preceeded by an astrisk are not reported in 
Appendix C, and the reason for not reporting them is given in the 
introduction to the appendix.) 

Metals 

Antimony 
Arsenic 
Beryl 1 ium 
Cadmium 
Chromium 
Copper 
Le ad 

Organics 

*Acrolein 
*Ac r y 1 on i t r i L e 
*Benzene 
*Bis (2-ethylhexyl) Phthalate 

*Bromoform 
*Bromome thane 

Bromodichlorome thane 

Carbon Tetrachloride, 
Chlorobenzene 
*Chloroethane 
*Z-Chloroethylvinyl Ether 
*Chloroform 
*Chloromethane 
Cyanide 
*Dibromochloromethane 
1, 2-Dichlorobenzene 
1,4-Dichlorobenzene 
1,l-Dichloroethane 

Mercury 
Nic ke 1 
Selenium 
Silver 
Thallium 
Uranium 
Zinc 

* 1,2-D ich lo roe thane 
*2,4-Dichlorophenoxyacet ic Acid 
*l,Z-Dichloropropane 
* 1,3-Dich lo ro pro py Le ne 
*Diethyl Phthalate 
*Di-n-Butyl Phthalate 
*Ethy 1 benzene 
*Fluoranthene 
*Methylene Chloride 
*N aph th alene 
*Nitrobenzene 
Phenanthrene 
Phenol 
*Py rene 
1,1,2,2-Te t r ac h lo roe thane 

*Toluene 
Trans-1,2-Dichloroethylene 

*Trichorofluoromethane 
Vinyl chloride 

1,l-Dichloroethylene 
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TABLE 7-2, Contd 

Cations 

Aluminum 
Barium 
Calcium 
Iron 
Magnesium 
Manganese 
Potassium 
Sodium 
Strontium 

Anions 

Chloride 
Fluoride 
Nitrate 
Nitrite 
Phosphate 
Sulphate 
* Su 1 ph ide 

Radioactivity 

Gross Alpha 
Gross Beta 
Radium 226 
Radium Total 

Pesticides 

*Endrin 
*L ind ane 
*Me thoxychio r 
"Silvex 
*Toxaphene 

Properties 

Conduc t iv i t y 
PH 
*Color 
*Corrosivi ty 
*Fecal Coloform 
*Odor 
*Turb idi t y 

Other - 
Carbon, Dissolved organic 
Carbon, Total Organic 
Grease and Oil 
Silica 
*Silicon 
Surfactants 
Total Dissolved Solids 
Total Organic Halogens 



TABLE 7-3 

Wells Where Leaching of Cement May Be 
of Anafytes 

Influencing the Concentration 

Well 

perspective 
value 

- 

AC-3B 

MSB- 9B 

MSB- 1 OC 

MSB- 1 3B 

MSB-20C 

MSB-24 

MSB-30C 

pH 

4.2-6.1 

10.8 

10.4 

9.4 

9.5 

10.3 

11.7 

10.5 

conduct i v  i t y 
(vmho/cm) 

100 

224 

260 

215 

2 13 

147 

960 

175 

Aluminum 
(mg/L) 

-1 

2.5 

< . 3  

< . 3  

< .3  

. 7  

5.5 

1 .6  

Calcium 
(mg/L) 

1-30 

33 

10 

32 

a 

40 

115 

40 

T o t a l  
D i s s o l v e d  

Strontium Solids 
(lJg/L) ( mg/L) 

110 100 

105 142 

126 120 

497 182 

168 160 

106 73  

408 322 

496 100 
i 
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TABLE 7-4 

Anal scs of De reaser Solvents 
on dT-1 (l0-1!-82 t o  11-17-82) 

pH, Temperature, and Conductivity During 30-Day Pumping Test 

Sample 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

) 

ADprox. 
Cumulative 
Gal Pumped 

1800 
3600 
5300 
10600 
15900 
21550 
32200 
43000 
64400 
85700 
107200 
128950 
162300 
181200 
207600 
252600 
292600 
338000 
385350 
427500 
511250 
551700 
598600 
671550 
729700 
806300 
902950 
985100 
1072750 
1164300 
1247600 

Average 
Approx. Trichloro- 
Cumulative e t  hy lene 
Time (ppm) 

1 h r  191 
2 hr 152 
4 h r  164 
6 hr 162 
9 h r  165 
13 hr  139 
19 h r  ' 155 
24 hr 170 
35 h r  162 
48 hr 164 
59 h r  111 
72 hr 132 
90 h r  10 min 138 
101 hr  30 mfn 210 
116 h r  10 min 211 
141 hr 50 min 202 
165 h r  132 
190 hr 189 
216 h r  191 
239 hr 15 mln 219 
284 hr 50 min 324 
307 hr 166 
334 hr 185 
380 h r  55 mln 237 
432 h r  30 min 281 
475 h r  35 min 330 
529 hr 262 
575 hr 216 
621 hr 40 min 245 
671 h r  55 min 230 
717 h r  35 min 250 

Averaqe 
Tetrachloro- 
ethy lene 

208 
,140 
150 
162 
147 
126 
144 
150 
139 
135 
102 
114 
126 
170 
172 
159 
158 
199 
173 
173 
256 
84 
124 
160 
190 
209 
1 49 
130 
143 
134 
136 

( P W )  

Average 
Tota l  
Organics 
(Ppm) 

399 
292 
314 
324 
312 
265 
299 
320 
30 1 
299 
213 
246 
264 
380 
383 
361 
290 
388 
364 
392 
580 
250 
309 
397 
47 1 
539 
41 1 
346 

364 
386 

388 

Tem 
pH ('CP 

3.80 20.0 
3.75 19.2 
3.75 19 
3.80 18 
3.40 19 
3.75 19.5 
3.65 20.5 
3.60 19.2 
3.60 20 
3.60 20 
3.60 20 
3.50 18.5 - 

3.50 19 
3.55 19 
3.60 19 
3.70 19 
3.70 19 
3.75 19.5 
3.45 - 
3.40 19.5 
3.70 19 
3.70 19.5 
3.50 19.5 
3.45 19 
3.55 18.5 
3.40 19.5 
3.50 19 
3.60 19 
3.80 19 
3.60 t8 

- 
Conduct i v  1 t y  
(umho/cm 1 

- 
470 
480 
550 
550 
525 
520 
475 
47 5 
420 
490 
475 
490 
465 
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TABLE 7-5 

hzlalyses of Inorganic Chaairtry of Selected Water S.mplt8 from MPT-1 
During 30-Day Puqing Test 

( s e e  Tab le  7-4 f o r  i d e n t i f i c a t i o n  of sample numbers) 

O W *  Cond N02+NOg=N Chlo r ide  SO,, Ortho P 
Sample pH (mV). (Vmho/cm) (mp N/L) (rng/L) (mg SOJL) (mg P/L) 

4 
8 
14 
17 
20 
22 
24 
26 
28 
31 

3.38 
3.32 
3.30 
3.32 
3.35 
3.38 
3.39 
3.42 
3.40 
3.38 

490 
4 10 
410 
4 10 
415 
490 
480 
480 
480 
420 

45 0 
46 0 
460 
420 
465 
500 
495 
420 
480 
425 

54.5 
59 .O 
57.5 
56.0 
67.5 
63.0 
65.5 
51.5 
62 .O 
62.0 

5 .OO 
4.50 
4.25 
4.25 
'4 e 50 
4.50 
4.50 
4.00 
4 .OO 
4.00 

0.4 
0.2 
<0.2 
<0.2 
(0.2 
<0.2 
<0.2 
<0.2 
(0.2 
(0.2 

0.141 
0.105 
0.132 
0.124 
0.141 
0.136 
0.121 
0.105 
0.116 
0.106 

*Oxidat ion - Reduction p o t e n t i a l  measured a t  25'C, r e f e r e n c e d  t o  hydrogen 
e lect  rode 

Sample 

4 
8 
14 
17 
20 
22 
24 
26 
28 
31 

A1 
(mg/L> 

10.6 
10.7 
9.3 
7.6 
8 .O 
7.5 
7.6 
5.9 
6.7 
5.9 

Ca cu  
(mg/L) (mg/L) 

35.3 c0.005 
36.1 c0.005 
36.1 C0.005 
35.3 (0.005 
42.5 <0.005 
43.9 <0.005 
41.6 (0.005 
35.9 (0.005 
41.4 (0.005 
44.3 C0.005 

Fe 
(mg/L) 

0.091 
0.085 
0.077 
0.064 
0.063 
0.048 
0.053 
0.040 
0.041 
0.037 

K 
(mg/L) 

0.94 
1.14 
1.06 

1.16 
1.19 
1.18 
1.04 
1.22 
1.21 

0.98 

7 .Ol 
7.40 
8.56 
7.96 
9.98 
10.23 
10.11 
9.10 
10.76 
11.04 

Na !ti 
(mg/L) (mg/L) 

10.6 0.09 
10.9 0.16 
12.1 0.09 
9.7 0.10 
11.8 0.11 
11.3 0.09 
11.0 0.06 
8.8 0.08 
13.8 0.11 
11.6 0.09 

0.10 
0.11 
0.10 
0.09 
0.10 
0.09 
0.09 
0.06 
0.07 
0.07 
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TAELE 7-6 

Results of Soil h a l y r e s  for Degreascr Solvents in the 
Illentor lorumtion at Monitor Well MSB-2% (Figure 7-1) 

Concent rat ions (pg/L) 

Depth 
( f t )*  

2 50 

255 

2 78 

281 

283 

293 

298 

308 

- l,l,l- Trichloroethane 

<lo 
< 10 
<10 

< 10 
<10 

<10 
< 10 
< 10 

Trichloroethylene 

<lo 

97 

32 

45 

45 . 
44 

23 

(10 

Tetrachloroethylene 

54 

171 

21 

40 

35 

36 

22 

10 

Total 
Degreaser 
Solvents 

54 

268 

53 

85 

80 

80 

45 

10 
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of Total Degreaser Solvents i n  Groundwater, July 1984 
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at Well RWM-3 
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APPENDIX A. WELL NUMBERING SYSTEM 

A t  SRP, i d e n t i f y i n g  w e l l  numbers are assigned according t o  
t h e  p r o j e c t  or purpose f o r  which the  wells were i n s t a l l e d .  
Although the l o c a t i o n  coord ina te s  on t h e  SRP w e l l s  a r e  known, t h e  
i d e n t i f y i n g  number i s  not based on the  l o c a t i o n  of t h e  w e l l .  The 
i d e n t i f y i n g  w e l l  number g e n e r a l l y  c o n s i s t s  of t h r e e  par t s :  (1) a 
series of t h r e e  letters t h a t  i d e n t i f y  t h e  p r o j e c t  o r  purpose of t he  
w e l l ,  ( 2 )  a serial number of up t o  t h r e e  d i g i t s  i d e n t i f y i n g  i t s  
sequence p o s i t i o n  i n  t h e  p r o j e c t ,  ( 3 )  up t o  two letters t h a t  
i d e n t i f y  an i n d i v i d u a l  well's r e l a t i v e  depth i f  i t  is  p a r t  of a 
c l u s t e r  of wells at  t h e  same loca t ion .  The w e l l  "A" is  g e n e r a l l y  
the  deepest  w e l l  i n  a c l u s t e r ,  "B" the  next deepes t ,  e t c ;  so t h a t  
"F" or '%" m y  be t h e  sha l lowes t .  
f i r s t  w e l l  i n  a c l u s t e r  (A) i s  cored t o  a predetermined depth  and 
t h e  depth of o t h e r  w e l l s  i n  t h e  c l u s t e r  a r e  s e l e c t e d  from the  
geo log ica l  and geophysical  logs of t h a t  ho le .  Occas iona l ly  t h e r e  
is  a need t o  d r i l l  a w e l l  deeper than t h e  o r i g i n a l  cored h o l e  and 
such a w e l l  may r ece ive  a two  l e t t e r  s u f f i x  (such as TA). 
example : 

This i s  done because usually t h e  

For 

MSB 9A is the  deepes t  w e l l  i n  the  n i n t h  l o c a t i o n  d r i l l e d  f o r  
i n v e s t i g a t i n g  t h e  contaminant plume at  the  M-Area s e t t l i n g  
bas in .  

0 AC-2B is t h e  shal lower of two w e l l s  at  the  second l o c a t i o n  
1 

d r i l l e d  i n  t h e  A-Area c l u s t e r  series. 

0 MSB-34 TA is  the  deepes t  w e l l  i n  the  "Tuscaloosa" Formation a t  
t h e  34th  l o c a t i o n  i n  t h e  MSB series. 

The p r o j e c t  s e r i e s  t h a t  a r e  included i n  AIM Area are given i n  
Table A-1. 

j 
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TABLE A-1 

Prefix Letter and Project Series i n  A/M Area 

AC - 
AS8 - 
ACB - 
NSB - 

A-Area C l u s t e r  - - 
A-Area Seepage Basins now c a l l e d  SRL Seepage Basins  

A-Area Coal P i l e  Runoff Containment - Basin 

- M-Area S e t t l i n g  Basin.  I n i t i a l l y  cons i s t ed  of  4 w e l l s  around 
s e t t l i n g  b a s i n  and 4 wells around Los t  Lake. 
included w e l l s  d r i l l e d  t o  i n v e s t i g a t e  the  plume of contami- 
n a t i o n  thought t o  be o r i g i n a t i n g  from the  M-Area b a s i n ,  Lost 
Lake, e f f l u e n t  p i p e l i n e ,  or Tims Branch (MSB 9 - 2 2 ) .  The same 
p r e f i x  was used t o  des igna te  any plume d e f i n i t i o n  wells 
i n s t a l l e d  i n  the  genera l  AIM Area, inc luding  w e l l s  i n s i d e  the  
M-Area fence ,  i n  A Area, and a d d i t i o n a l  w e l l s  i n  t he  Tims 
Branch area (MSB-23 t o  3 4 ) .  

- - - 
- - 

Subsequently 

The o r i g i n a l  we l l s  MSB-1 through 8 had ga lvanized  s teel  cas-  
i n g s ,  which a f f e c t e d  the chemical ana lyses  of water samples.  
These steel  case  w e l l s  were plugged, abandoned, and rep laced  
i n  the  F a l l  of 1982.  The replacement wells were cased with 
PVC and received the  des igna t ion  MSB-lA, 2A, 3A, e tc .  The 
S u f f i x  A des igna te s  the replacement well of approximately t h e  
same depth (Water Table) .  These w e l l s  a r e  not i n  c l u s t e r s .  

SBA changed t o  AMB, August 1984 - - A-Area  - Meta l lu rg ica l  Laboratory 
Bas i n  - 

ABG changed t o  ABW, September 1984 - - A-Area - Background - W e l l  

ABP - A-Area  Metals Burning P i t  - - - 
AOP changed t o  AOB, August 1984 - - A-Area - O i l  ( P i t )  - - Basin near  

Bui lding 715-A 

LA changed t o  905 i n  1962 - o r i g i n a l  water product ion w e l l s  d r i l l e d  
by Layne A t l a n t i c ,  Co. dur ing  c o n s t r u c t i o n  of SRP. Shown as  
PW TProduct ion - Well) i n  W e l l  Data F i l e .  , 

905 r eads  PW i n  Well Data F i l e  -Water Product ion Well. For t h e s e  
w e l l s  the  s u f f i x  A s t ands  fo r  t h e b ,  Area not-deepest w e l l  i n  
c l u s t e r ;  G s t ands  for g a t e  house or gene ra l  area. These 
wells a r e  not i n  c l u s t e r s .  

SR changed t o  SRW, September 1984 - - S i l v e r t o n  - Road - Waste S i t e  
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TABLE 8-1, Contd 

S - Wells p rev ious ly  e x i s t i n g  when SRP took over  p rope r ty  i n  
1951. 

MPT - 
RWM - 
A R P -  

P -  

M-Area Product ion - Test  Well 

- Recovery - Well fi Area 

- A-Area Burning - Rubble Pits 

Bedrock - Piezometer 

- - 

The fo l lowing  p r o j e c t  series c o n s i s t  of foundat ion e x p l o r a t i o n  
bo r ings  t h a t  were subsequent ly  c losed  without i n s t a l l i n g  wells. 

E S M  - DuPont - Engineering Department - Map Borings 

ESN - Also DuPont - Engineering Department - S o i l  - M a p  Borings 

I M  - Foundation - I n v e s t i g a t i o n  Borings - M-Area (U.S. Army, Corps of 
Engineers)  

IMV - Foundation I n v e s t i g a t i o n  Borings (U.S.  Army, Corps of 
Engineers )  

I X M  - Foundation I n v e s t i g a t i o n  Borings (U.S. Army, Corps of 
Eng i ne e r s 1 
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APPENDIX 8. COBCENTRATIONS OF DEGREASER SOLVENTS IN WATER 
FROM MONITORING WELLS 

The t a b l e  i n  t h i s  appendix g ives  the  concen t r a t ion  of 
l , l , l - t r i c h l o r o e t h a n e ,  t r i c h l o r o e t h y l e n e ,  t e t r a c h l o r o e t h y l e n e ,  and 
the  t o t a l  of t hese  i n  water samples from monitor ing wells.  The 
l o c a t i o n s  of t h e  m n i t o r i n g  wells a r e  shown on Figure  4-1. 

Analysis  i s  by gas  chromatograph except  t h a t  ana lyses  per forrned 
on samples from 4-84 t o  7-84 were by GC/r?rS. R e s u l t s  a re  given by 
w e l l  and then by sampling d a t e .  Resu l t s  are given i n  micrograms per  
l i t e r  ( p a r t s  per  b i l l i o n ) .  LT s t ands  f o r  "less than". N s t ands  f o r  
"not repor tab le" .  

Except f o r  t he  samples from w e l l  MSB-23A on 6/27/84 and 
7/10/84, a l l  samples are pumped from t h e  w e l l  by a dedica ted  pump. 
The sampling p ro toco l  i s  given i n  Appendix E-1. 

Samples from w e l l  MSB-23A, an upper Tuscaloosa monitor ing w e l l  
were taken  by t h e  method given i n  t h e  p ro toco l  (Appendix E-1) except  
f o r  t h e  samples on 6/27/84 and 7/10/84. Samples on these  d a t e s  were 
c o l l e c t e d  by t h e  b a i l e r  nrtthod. It was suspected t h a t  t h e  cement 
shea th  i n  the  annulus between the  cas ing  and the  ground was l eak ing ,  
caus ing  contaminated water from the  T e r t i a r y  sediments above t o  
migra te  downward t o  the  "Tuscaloosa" Formation. Bailer samples were 
c o l l e c t e d  t o  provide more informat ion  on t h i s  hypothes is .  Although 
i n v e s t i g a t i o n  i n t o  t h i s  t o p i c  is ongoing, it appears t h a t  the  
hypothes is  i s  c o r r e c t ,  and the  p o s i t i v e  r e s u l t s  are dependent on t he  
volume of  water removed from the  w e l l .  

Even with a l l  t h e  q u a l i t y  assurance methods t h a t  have been 
a p p l i e d ,  t he  deg rease r  so lvent  concen t r a t ion  i n  some w e l l s  v a r i e s  
many f o l d  with d i f f e r e n t  samples.  Thus, conclus ions  about changing 
c o n c e n t r a t i o n s  with t i m e  must be c a r e f u l l y  examined. Wells t h a t  
vary  more than two-fold i n  t r i c h l o r o e t h y l e n e  are MSB-ZA, 3A, 9A, 9C, 
11A,  l l B ,  l f D ,  11F, 12B, 12C, 13C, 16C,$17A, 17B, 19B, 2OC, 22, 23, 
23B, 24A, and 34B. The ana lyses  f o r  a l l  t hese  w e l l s  are r epor t ed ;  
however, on ly  t h e  r e s u l t s  of f u t u r e  sampling w i l l  determine i f  these 
v a r i a t i o n s  a r e  those t h a t  e x i s t  i n  the  ground o r  whether they a r e  
due t o  some v a r i a t i o n  i n  t h e  sampl ing/ana lys i s  system. 
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.APPENDIX B. CONCENTRATIONS OF DEGREASER SOLVENTS IN WATER FROM 

.WELL 

ABG 1 
AC 1A 
AC 1A 
AC 1B 
AC 1B 
AC 1B 
AC 2A 
AC 2A 
AC 2A 
AC 2B 
AC 2B 
AC 2B 
AC 3A 
AC 3A 
AC 3A 
AC 3B 
AC 3B 
AC 3B 
AMB 2 
AOB 1 
AOB 2 
ASB 3 
ASB 4 
ASB 7 
ASB 8 
ASB 9 
MSB 1A 
MSB 1A 
MSB 1A 
MSB 2A 
MSB 2A 
MSB 3A 
MSB 3A 
MSB 3A 
MSB 4A 
MSB 4A 
MSB 5A 
MSB 5A 
MSB 6A 
MSB 6A 
MSB 7A 
MSB 7A 
MSB 8A 
MSB 8A 
MSB 9A 
MSB 9A 
MSB 9A 
MSB 9A 
MSB 9B 

WELLS REPORTED IN MICROGRAMS PER LITER (PPB). 

SAMPLE 
DATE 

06/ 12/84 
05/02/83 
07/12/83 
04/27/83 
07/ 12/83 
06/ 18/84 
04/23/83 
0711 1/83 
06/13/84 
05/10/83 
07/11/83 
05/01/84 
04/29/83 
07/ 12/83 
06/07/84 
04/29/83 
07/12/83 
06/07/84 
06/ 11/84 
06/11/84 
06/11/84 
05/ 14/84 
06/12/84 
05/14/84 
05/30/84 
06/20/84 
07/ 16/83 
07/ 16/83 
05/03/84 
07/16/83 
05/03/84 
06/06/83 
07/ 16/83 
05/03/84 
07/ 16/83 
05/03/84 
07/ 16/83 
05/ 10184 
07/16/83 
05/10/84 
07/16/83 
05/10/84 
07/ 16/83 
05/10/84 
04/24/83 
06/03/83 
07/07/83 
04/13/84 
06/03/83 

1,1,1 TCE 

LT 

LT 
LT 
LT 
LT 
LT 
LT 
LT 

LT 
LT 

LT 
LT 

LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 

LT 

LT 

LT 

LT 

LT 
LT 

LT 
LT 

5 
4 
1 
1 
1 
5 
1 
1 
5 
2 
1 
5 
1 
1 
6 
1 
1 
5 
5 
6 
5 
6 
6 
5 
5 
5 
2 
6 
5 
33 
5 

45 
47 
203 
42 
25 
1 
6 
46 
25 
6 
5 
1 

1 
5 

LT 1 

TRICHLORO- 
ETHYLENE 

LT 
LT 
LT 
LT 
LT 

LT 

LT 
LT 

LT 
LT 

LT 
LT 

LT 

LT 

LT 

13/ 
1 J  
1 J  
1 J  
lJ 
5 J  
2’ 
2 d‘ 
5 J  
4 J’ 

1 J  
E. / *  
1J 
1 J  
6 ,  
1 J  
1 /‘ 
5J 

l6lJ 
l69J 
6 d  
7 /  

5 ‘  

5J 
125 J 

133 
194 J 

1300J 
303 J 

87400’ 

17 

is40 J 

161000 .J 
115000 

402 
453 ’ 
3/ 

LT 5’ 
LT I /  
LT 5’ 

3 4  
LT 6 4  

95 
83 
104 J 
179 
207 J 

432 fl 
204 1 

TETRA CHLORO- 
ETHYLESE 

LT 
LT 
LT 
LT 
LT 
LT 

LT 
LT 
LT 
LT 

LT 
LT 

LT 
LT 
LT 

LT 
LT 
LT 

LT 
LT 

LT 
LT 

LT 

12 
1 
1 
1 
1 
5 
1 
2 
5 
1 
1 
5 
1 
1 
5 
1 
1 
5 
5 

126 
6 
5 
5 
5 
5 
5 
85 
84 
85 

1014 
178 

133500 
269000 
427000 

617 
1910 
69 
34 
1 
5 
27 
5 

149 
246 

7 
7 
10 
274 

3 .  

TOTAL 

25 
4 
0 
0 
0 
0 
2 
4 
0 
6 
0 
0 
3 
0 
0 
3 
0 
0 

161 
295 
0 
7 
17 
5 

1340 
0 

212 
223 
279 
2347 
48 1 

430000 
542045 

lOGG 
2566 
114 
SO 
1 
0 
76 
25 
250 
329 
107 

214 
442 
478 

I 

B-2 I t  



.APPENDIX B. CONCENTRATIONS OF DEGREASER SOLVENTS IN WATER FROhl 
WELLS REPORTED IN MICROGRAMS PER LITER (PPB). 

.WELL 

MSB 9B 
MSB 9B 
MSB 9B 
MSB 9C 
MSB 9C 
MSB 9C 
MSB 9C 
MSB 9C 
MSB 1OA 
MSB 10A 
MSB 10B 
MSB 10B 
MSB 1OB 
MSB 10B 
MSB 1OC 
MSB 1OC 
MSB 1OC 
MSB 1OD 
MSB 11A 
MSB 11A 
MSB 11A 
MSB 11A 
MSB 11B 
MSB 1 l B  
MSB l l B  
MSB 1 1 C  
MSB 11C 
MSB 1 1 C  
MSB 1lD 
MSB 11D 
MSB 11D 
MSB 11F 
MSB 1lF 
MSB 11F 
MSB 12A 

- MSB 12A 
LZ MSB 12B 

MSB 12B 
MSB 12B 
MSB 12C 
MSB 12C 
MSB 12C 
MSB 12D 
MSB 12D 
MSB 12D 
hlSB 12D 
MSB 12TA 
MSB 12TA 

- ' 1  MSB 12A 

SAMPLE 
DATE 

06/29/83 
06/29/83 
04/ 17/84 
05/ 16/83 
06/02/83 
06/02/83 
06/29/83 
04/16/84 
04/24/83 
04/17/84 
05/26/83 
06/27/83 
07/07/83 
041 18/84 
04/24/83 
07/07/83 
04/18/84 
06/17/83 
04/24/83 
05/25/83 
06/27/83 
04/ 12/84 
05/24/83 
06/28/83 
041 12284 
05/24/83 
06/28/83 
04/ 12/84 
05/24/83 
06/27/83 
04/ 12/84 
061 17/83 
07/07/83 
04/12/84 
05/24/83 
06/27/83 
04/19/84 
04/27/83 
07/07/83 
04/19/84 
04/27/83 
07/07/83 
04/18/84 
06/16/83 
07/07/83 
07/07/83 
04/18/84 
10/24/83 
10/25/83 

l , l , l  TCE 

10 
8 

LT 5 
10 

41 
29 

LT 1 
LT 6 

2 
LT 1 
LT 1 
LT 5 

6 
LT 1 
LT 5 
LT 1 
LT 1 

1 
2 

LT 6 
2 

LT 1 
LT 5 

2 
13 

LT 5 
LT 1 
LT 1 
LT 6 

5 
LT 1 
LT 5 

3 
LT 1 
LT 6 

225 
237 
509 
233 
257 
282 
3 
3 
3 

LT 5 
LT 1 
LT 1 

TRICHLORO- 
ETMY LENE 

188 
194 1 
143 J 

495 4 

633 J 

556 ' 
1264 r /  

11000J 
LT 1J 
LT 5 w' 

33 b' 
88 
3" 

LT 5 v  
113 ' 
132J 
175/ 
156 
98 

67 
20 * 

263 6 
464 " 
138 

38500 L 
22000 - 
34000 - 
6130- 

34000 
7340 

22200. 
60000-' 
17900 ' 

86 1 
118' 
137 ' 
30 
39 
15 '' 
16 
29 ' 

37 ../ 
LT 1 
LT 1 
LT 1 
LT 5 '  
LT 1 
LT 1 

TETRACIILORO- 
ETHYLENE 

200 
199 
37 

1280 
258 
259 

1267 
3770 

LT 1 
LT 5 

1 
LT 1 
LT 1 
LT 5 

640 
4 13 
313 
79 

4 
7 
3 

LT 5 
107 
30 
7 

LT 100 
11 

LT 5 
180 
56 

866 
3970 
3300 
2670 

LT 1 
LT 1 
LT 5 

537 
270 
147 
529 
262 
223 

LT 1 
LT 1 
LT 1 
LT 5 
LT 1 
LT 1 

TOTAL 

398 
40 1 
180 

1785 

2572 
14799 

0 
0 

. 36 
8 
3 
0 

658 
545 
488 
235 
102 

72 
20 

372 
494 
145 

38502 
22024 
34000 
6310 

34056 
8206 

26175 
53300 
20570 

89 
118 
137 
792 
54G 
67 1 
778 
548 
642 
3 
3 
3 
0 
0 
0 
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.APPENDIX B. CONCENTRATIONS OF DECREASER SOLVENTS I N  WATER FROM 

1 

WELLS REPORTED IN MICROGRAMS PER LITER ( P P B ) .  

.WELL 

MSB 12TA 
MSB 12TA 
MSB 12TA 
MSB 12TA 
MSB 12TB 
MSB 12TB 
MSB 12TB 
MSB 12TB 
MSB 12TB 
MSB 12TB 
MSB 13A 
MSB 13A 
MSB 13A 
MSB 138 
MSB 13B 
MSB 13B 
MSB 13C 
MSB 1 3 C  
MSB 1 3 C  
MSB 14A 
MSB 14A 
MSB 14A 
MSB 14B 
MSB 14B 
MSB 14B 
MSB 14C 
MSB 14C 
MSB 14C 
MSB 15A 
MSB 1 5 A  
MSB 1BA 
MSB 1 5 A  
MSB 16A 
MSB 16A 
MSB 16A 
MSB 16A 
MSB 16C 
MSB 1GC 
MSB 16C 
MSB 16C 
MSB 17A 
MSB 17A 
MSB 17A 
MSB 17B 
MSB 17B 
MSB 17B 
MSB 18A 
MSB 18A 
MSB 1 8 A  

SAMPLE 
D A T E  

10/26/83 
05/22/84 
05/25/84 
06/ 19/84 
10/24/83 
10/25/83 
10/25/83 
10/26/83 
05/ 17/84 
06/ 19/84 
04/28/83 
07/ 12/83 
04/20/84 
06/03/83 
07/05/83 
04/20/84 
04/28/83 
07/ 12/83 
04/20/84 
06/16/83 
07/11/83 
06/ 14/84 
05/25/83 
06/29/83 
04/13/84 
04/27/83 
07/11/83 
04/13/84 
04/28/83 
05/26/83 
06/27/83 
04/16/84 
04/23/83 
05/25/83 
06/27/83 
04/17/84 
04/24/83 
05/26/83 
06/28/83 
04/17/84 
0 4 / 2 8 / 8 3 
07/11/83 
04/23/84 
04/29/83 
07/11/83 
04/24/84 
06/02/83 
06/28/83 
06/28/83 

l , l , l  TCE 

LT 1 
LT 1 
LT 6 
LT 5 
LT 1 
LT 1 
LT 1 
LT 1 
LT 5 
LT 6 

2 
LT 1 
LT 6 

16 
LT 1 
LT 6 

186 
97 
5 
6 
1 

LT 6 
3 

10 
LT 6 

63 
50 
32 

4 
7 

LT 1 
LT 5 

3 
7 
N 

LT 5 
3 

34 
9 

LT 5 
171 

LT 1 
LT 5 

38 
61 

124 
LT 1 

1 
1 

TR I CIILORO- 
ETHYLENE 

LT 1J 
LT 1, 
LT 6 1  
LT 6' 
LT 1/ 
LT 1J 
LT 14 
LT 1/ 

N 
LT S J  

1' 
LT 1" 
LT S J  

39 ' 
75 ll 
76J 
6 '  
38 
6 /  

954 J 

938 L/ 

732 r/ 
320 J 
264 
226 J 

16d 
16 J 

2350 J 

2840 .r 
27001, 
2370 ./ 
1 6 2 0 ~  
1980 fl 

N 

11J 

1430 J 

9630 J 

10000 J 

11000 ' 
4980J 

62 
131 J 
60 J 

28 
2s J 

9 J  
9 J  

LT 6 J  
g J  

TETRACHLORO- 
ETHYLENE 

LT 1 
LT 1 
LT 6 
LT 6 
LT 1 
LT 1 
LT 1 
LT 1 
LT 6 
LT 6 

1 
LT 1 
LT 5 

88 
155 
14 
17 
12 
9 

77 
98 
79 

400 
304 
346 
6 
6 
7 
2 
4 

LT 1 
LT 5 

4 
3 
N 
5 

1140 
693 
676 
733 
335 
500 
79 1 
273 
380 
64 1 

LT 1 
LT 1 
LT 1 

TOTAL 

0 
0 
0 
0 
0 
0 
0 
0 

6 
4 
0 
0 

143 
230 
90 

208 
147 
20 

1037 
1037 
811 
723 
578 
67 1 

80 
71 
54 

2356 
285 1 
2700 
2370 
1627 
1990 

1435 
10773 
10727 
11685 
5713 
568 
63 1 
84 1 
339 
459 
765 

8 
10 
10 

I 
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.APPENDIX B. CONCENTRATIONS OF 

.WELL 

MSB 18A 
MSB 18B 
MSB 18B 
MSB 18B 
MSB 18C 
MSB 18C 
MSB 18C 
MSB 18C 
MSB 19A 
MSB 19A 
MSB 19A 
MSB 19B 
MSB 19B 
MSB 19B 
MSB 19B 
W B  19C 
MSB 19C 
MSB 19C 
MSB 20A 
MSB 20A 
MSB 20A 
MSB 20A 
MSB 20A 
MSB 20A 
MSB 20A 
MSB 20C 
MSB 20C 
MSB 20C 
MSB 20C 
MSB 20C 
MSB 21A 
MSB 21A 
MSB 21A 
MSB 21C 
MSB 21C 
MSB 21C 
MSB 22 
MSB 22 
MSB 22 
MSB 23 
MSB 23 
MSB 23 
MSB 23 
MSB 23 
MSB 23A 
MSB 23A 
MSB 23A 
MSB 23A 
hfSB 23A 

WELLS REPORTED IN 

' SAMPLE 
DATE 

04/23/84 
04/28/83 
07/ 12/83 
04/23/84 
04/28/83 
071 12/83 
071 12/83 
04/23/84 
04/30/83 
07/08/83 
06/08/84 
06/08/83 
06/08/83 
07/11/83 
06/08/84 
04/30/83 
0711 1/83 
06/13/84 
04/23/83 
04/27/83 
06/08/83 
07/06/83 
07/06/83 
04/24/84 
04/24/84 
04/23/83 
04/27/83 
06/08/83 
07/06/83 
04/24/84 
04/23/83 
07/ 1 1 /83 
04/25/84 
04/23/83 
07/ 1 1/83 
04/24/84 
05/24/83 
06/27/83 
04/13/84 
05/09/83 
06/01/83 
06/07/83 
07/06/83 
051 11/84 
04/ 11/83 
05/09/83 
06/07/83 
07/06/83 
05/11/84 

1.1.1 TCE 

DEGREASER SOLVENTS IN WATER FROM 
MICROGRAMS PER LITER 1PPB). 

LT 

LT 

LT 
LT 
LT 
LT 
LT 

LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 

LT 
LT 
LT 
LT 

LT 
LT 

LT 
LT 

LT 
LT 
LT 

LT 
LT 

5 
71 
31 
27 
1 
2 
1 
5 
6 
2 
5 
1 
1 
1 
6 
2 
1 
5 
1 
1 
1 
1 
1 
5 
5 
1 
1 
1 
1 
6 
1 
1 
5 
1 
1 
6 
2 
2 
6 
1 
N 
1 
1 
5 
1 
1 
3 
1 
5 

B-5 

TRI CIILORO- 
ETHYLENE 

Sd 
2 J  
6 J  
6 J  
1 J  

LT l /  
LT ld 
LT S J  

104 J 

110J 
111 J 

468 4 

453 J 

191 J 

195 J 

195 
313 J 

808 
4 d  
5' 
5 J  
7' 
74 
19 J 
7-/ 
69 

5054 
443, 
3384 
69 J 
5 J  
3 J  

LT 5 
LT 1 4  
LT 1 4  
LT 5 J  

67000 
79000 
20600 J 
123000 
81500" 
50000 J 

49000 5 
27000 

LT 1 d  
LT 1, 
LT l* 
LT lfl 

LT 5 4  

TETRACIILORO- 
ETIIY LENE 

LT 5 
47 
43 
16 
1 

LT 1 
LT 1 
LT 5 
LT 1 
LT 1 
LT 5 

484 
487 
6 

LT 6 
8 
17 
153 

LT 1 
LT 1 
LT 1 .  
LT 1 
LT 1 
LT 5 
LT 5 
LT 1 
LT 1 
LT 1 
LT 1 
LT 6 
LT 1 
LT 1 
LT 5 
LT 1 
LT 1 
LT 5 

85000 
94000 
36700 
6SOO 
5248 
5600 
4900 
1590 

LT 1 
LT 1 
LT 1 
LT 1 
LT 5 

TOTAL 

8 
120 
79 
47 
3 
2 
1 
0 

109 
112 
111 
952 
940 
196 
195 
205 
330 
96 1 
4 
5 
6 
7 
7 
19 
7 
69 
605 
444 
339 
69 
6 
3 
0 
1 
0 
0 

152002 
173002 
57300 
129800 

5560 1 
6390 1 
28590 

0 
0 
3 
0 
0 

I 



.APPENDIX B. CONCENTRATIONS OF DEGREASER SOLVENTS IN WATER FROM 

.WELL 

MSB 23A 
MSB 23A 
MSB 23A 
MSB 23A 
MSB 23A 
MSB 23A 
MSB 23A 
MSB 23A 
MSB 23B 
MSB 23B 
MSB 23B 
MSB 23B 
MSB 24 
MSB 24 
MSB 24 
MSB 24A 
MSB 24A 
MSB 24A 
hISB 24A 
MSB 25 
MSB 25 
MSB 25 
MSB 25A 
MSB 25A 
MSB 25A 
MSB 26 
MSB 26 
MSB 26 
MSB 26A 
MSB 26A 
MSB 26A 
MSB 27 
MSB 27 
MSB 27 
MSB 27 
MSB 27A 
MSB 27A 
MSB 27A 
MSB 27A 
MSB 27A 
MSB 28 
MSB 28 
MSB 28 
MSB 28A 
MSB 28A 
MSB 28A 
MSB 30A 
MSB 30A 
MSB 30A 

WELLS REPORTED IN MICROGRAMS PER LITER (PPB).  

SAMPLE 
D A T E  

05/29/84 
06/05/84 
06/26/84 
06/26/84 
06/27/84 
06/27/84 
07/10/84 
07/10/84 
05/09/83 
06/01/83 
07/06/83 
05/1 1/84 
06/02/83 
07/07/83 
05/15/84 
04/29/83 
06/01/83 
07/07/83 
05/15/84 
05/16/83 
07/12/83 
051 15/84 
05/ 16/83 
071 12/83 
05/15/84 
05/ 10/83 
07/11/83 
04/26/84 
051 10183 
07/11/83 
04/26/84 
05/16/83 
06/10/83 
07/11/83 
04/26/84 
05/10/83 
06/06/83 
06/06/83 
07/11/83 
06/13/84 
05/12/83 
.07/ 1 1/83 
04/30/84 
051 12/83 
071 1 1 /83 
04/30/84 
05/12/83 
05/3 1/83 
07/05/53 

l , l , l  TCE 

LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 

LT 
LT 

LT 

LT 
LT 

LT 
LT 

LT 
LT 
LT 

LT 

LT 
LT 

LT 
LT 
LT 

LT 
LT 

LT 

LT 
LT 

LT 

6 
1 
5 
5 
5 
5 
1 
1 
1 
N 
1 
6 

87 
48 
5 
1 

78 
1 
5 
3 
1 
5 
3 
1 
6 
1 
1 
5 
2 

67 
5 
1 

1 
5 
1 
2 

30 
100 

5 
1 
1 
6 
2 
1 
5 
1 
1 

LT 1 

TRICHLORO- 
ETHYLENE 

LT 
LT 
LT 
LT 

LT 

LT 

LT 

LT 
LT 
LT 

5 /  
1' 

5 '  
181 ' 
163 ' 
497' 
499' 

78000 ' 
46200 / 
36000 / 
15000' 
11700 J 
14000*/ 
9980 J 

16010' 
41100' 
9900 

1150d 
2400 J 
1730 
3150 A 
4900 J 
2910J 

30 v 
34 J 
19 ' 

22000 4 
21000 4 
33500 / 

5 J  

1 J  
l d  
l v  

37 J 

63O0OJ 

48600 
28000 J 

61400 
4 /  
4 J  
6' 

2350 
2400 J 

3470J 
1' 
1' 
1' 

TETRACHLORO- 
ETHYLENE 

LT 
LT 
LT 
LT 
LT 
LT 

LT 

LT 
LT 
LT 

LT 

LT 
LT 

LT 
LT 
LT 

LT 
LT 
LT 
LT 
LT 

5 
1 
5 
5 
5 
6 
6 
7 

1390 
2060 
510 
144 
788 
280 
598 
108 
350 
175 
6 

181 
146 
142 
24 
26 
22 
1 
1 
5 

402 
195 
297 

1 

1 
5 

753 
397 
289 
254 
230 

1 
1 
5 
3 
1 
5 
1 
1 
1 

TOTAL 

0 
0 
0 
0 

181 
163 
503 
506 

79330 

36510 
15144 
12575 
14328 
10578 
15119 
41528 
10075 

0 
1334 
2546. 
1872 
3177 
4926 
2932 

30 
35 
19 

22404 
21262 
33797 

0 

1 
37 

53753 

48919 
28254 
61630 

5 
5 
0 

2355 
2400 
3470 

1 
0 
0 
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.APPENDIX B. CONCENTRATIONS OF DEGREASER SOLVENTS IN WATER FROM 
WELLS REPORTED IN MICROGRAMS PER LITER (PPB). 

.WELL 

MSB 30A 
MSB 30A 
MSB 30A 
MSB 30A 
MSB 30A 
MSB 30C 
MSB 30C 
MSB 30C 
MSB 30C 
MSB 30C 
MSB 31A 
MSB 318 
MSB 31A 
MSB 31A 
MSB 31A 
MSB 3 1 A  
MSB 31B 
MSB 318 
MSB 318 
MSB 31B 
MSB 31B 
MSB 3 1 C  
MSB 31C 
MSB 31C 
MSB 31C 
MSB 31C 
MSB 32 
MSB 32 
MSB 32 
MSB 33 
MSB 33 
MSB 33 
MSB 34A 
MSB 34A 
MSB 34A 
MSB 34A 
MSB 34A 
MSB 34A 
MSB 34A 
MSB 34B 
MSB 348 
MSB 34B 
MSB 34B 
MSB 34B 
MSB 341) 
MSB 34B 
MSB 34C 
MSB 34C 
MSB 34C 

SAMPLE 
DATE 

07/ 12/83 
04/30/84 
05/21/84 
06/25/84 
06/25/84 
05/12/83 
OW3 1/83 
07/05/83 
07/05/83 
04/30/84 
06/02/83 
06/29/83 
10/10/83 
10/10/83 
05/09/84 
05/22/84 
06/01/83 
06/29/83 
08/31/83 
09/01/83 
05/09/84 
06/0 1/83 
06/28/83 
08/31/83 
09/01/83 
05/09/84 
05/02/83 
06/28/83 
061 14/84 
05/02/83 
06/28/83 
05/09/84 
08/16/83 
08/23/83 
08/25/83 
08/27/83 
09/08/83 
09/08/83 
04/25/84 
OS/ 16/83 
08/23/83 
08/25/83 
08/27/83 
09/08/83 
09/08/83 
04/25/84 
08/27/83 
09/08/83 
09/08/83 

1,1,1 TCE 

LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 

LT 
LT 
LT 

LT 

LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 

LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 

1 
5 
1 
5 
5 
1 
1 
1 
1 
6 
1 
1 
1 
1 
5 
1 
1 
N 
1 
1 
N 

i 
7 
6 

12 
5 
2 
5 
8 
6 
5 
1 
1 
1 
1 
1 
1 
5 

12 
1 
1 
1 
1 
1 
5 
1 

600 
LT 1 

TR I CHLORO- 
ETHYLENE 

LT 

LT 
LT 
LT 

LT 
LT 
LT 
LT 
LT 
LT 

1 J  
5’ 
1 /  
S J  

8 ’  
5 ‘  
7 “  
7 /  
5 J  
1/  
1’ 
1’ 
1, 
6~ 
1./ 

349 ’ 
N 

278 J 

345d 
262 J 

5’ 

84000 
105000-‘ 
135000 
158000 1 
76500 J 

LT 1fl 
LT l /  

131 4 

90 v/ 
178 r/ 
650 
690-’ 
440 
509 
703 J 

703 I/ 
607 

31000 
2S00D4 

N 
27000 4 
32500 ,/ 
32500 
8480 4 

29300 ‘ 
48500 
48500 / 

LT 5 4  

TETRACIILORO- 
ETHYLENE 

LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 

LT 

1 
6 
1 
6 
5 
1 
1 
1 
1 
5 
1 
1 
1 
1 
5 
1 

1; 
2 

51 
. s  

33000 
90000 

106000 

83900 
LT 1 
LT 1 
LT 5 

169 
93 

102 
38 
38 
33 
39 
37 
37 
35 

5300 
5401) 

N 
3600 
3000 
3000 
1370 
4100 
5400 
5400 

204000 

TOTAL 

0 
5 
0 
0 
0 
8 
5 
7 
7 
5 
0 
0 
0 
0 
0 
0 

280 
396 
262 

195005 
241007 
362006 
160412 

5 
2 
0 

308 
188 
280 
688 
728 
473 
548 
740 
740 
642 

363 12 
33400 

30600 
35500 
35500 
9850 

33400 
53900 
53900 
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.APPENDIX B. CONCENTRATIONS OF DBGREASER SOLVENTS I N  WATER FROM 
WELLS REPORTED IN MICROGRAMS PER LITER (PPB). 

THTRACIILORO- SAMPLE TRICHLORO- 
.WELL DATE l , l , l  TCE ETHYLENE ETHYLENE TOTAL 

MSB 34C 
MSB 34TA 
MSB 34TA 
MSB 34TA 
MSB 34TA 
MSB 34TA 
MSB 34TA 
MSB 34TA 
MSB 34TA 
MSB 34TA 
MSB 34TA 
MSB 34TA 
MSB 34TA 
MSB 34TB 
MSB 34TB 
MSB 34TB- 
MSB 34TB 
MSB 34TB 
MSB 34TB 
SRW 1 C  
SRW 2A 
SRW 28 
SRW 2 B  
SRW 2 C  
SRW 3 C  
SRW 4C 
SRW 5 C  
SRW 6 C  
SRW SA 
SRW 9B 
SRW 12A 
SRW 1 2 B  
SRW 1 2 C  
SRW 13A 
SRW 1 3 B  
SRW 1 3 C  
SRW 14A 
SRW 1 4 B  
SRW 14C 
SRW 15A 
SRW 15B 
SRW 15C 
SRW 16A 
SRW 16B 

04/25/84 
08/08/83 
09/12/83 
09/12/83 
09/19/83 
09/19/83 
09/ 19/83 
OS/ 19/83 
10/26/83 
05/16/84 
05/18/84 
OW20184 
06/20/84 
09/08/83 
09/08/83 
051 16/84 
05/18/84 
O W 2  1/84 
06/2 1 /84 
05/04/84 
05/02/84 
07/25/84 
05/02/84 
05/02/84 
05/02/84 
06/18/84 
05/04/84 
05/04/84 
0610 1/84 
06/04/84 
06/04/84 
06/04/84 
06/06/84 
05/31/84 
05/31/84 
06/01/84 
05/07/84 
05/04/84 
05/04/84 
05/07/84 
05/07/84 
05/01/84 
05/08/84 
05/07/84 

LT 5 24800 3210 
LT 1 LT 14- 1 
LT 1 LT 1s  LT 1 
LT 1 LT 1 d  LT 1 
LT 1 LT 1J LT 1 
LT 1 LT 1J LT 1 
LT 1 LT 1 W' LT 1 
LT 1 LT 1 J  LT 1 
LT 1 LT 1 1  LT 1 
LT 5 N LT 5 
LT 5 LT 5 J  LT 5 
LT 5 LT 5 ,  LT 5 
LT 5 LT 5 J  LT 6 
LT 1 LT 1J LT 1 
LT 1 LT LT 1 

5 
5 

lJJ LT LT 5 LT 5 
LT 5 LT 5 LT 
LT 5 LT 5 '  LT 5 
LT 5 LT 5 J  LT 5 
LT 5 7 4  27 
LT 5 N N 
LT 1 LT 1J LT 1 
LT 5 LT 5 J  LT 5 
LT 5 LT S J  LT S 
LT 5 LT 5 /  LT 5 
LT 5 LT 5' LT 5 
LT 5 6' 9 
LT 5 10' 24 
LT 5 LT 5 /  LT 5 
LT 5 LT 5' LT 5 
LT 5 LT 6"  LT 5 
LT 5 LT 5 /  LT 5 
LT 5 LT 5 J  LT 5 
LT 5 LT 5' LT 5 
LT 5 LT 5' LT 5 
LT 5 LT 5J LT 5 
LT 6 LT S J  LT 5 
LT 5 LT 5' 10 
LT 5 LT 5 J  8 
LT 5 LT 5 J  LT 6 
LT 5 LT 5' LT 5 
LT 5 LT 5' LT 5 
LT 5 LT S T  LT 5 
LT 5 LT 5' LT 5 

28010 
1 
0 
0 
0 
0 
0 
0 
0 

. ; J  
0 
0 
0 
0 
0 
0 
0 
0 

34 

il 
0 
0 
0 
0 

15 
34  

0 
0 
0 
0 
0 
0 
0 
0 
0 

10 
8 
0 
0 
0 
0 
0 
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APPENDIX C. ANALYTES DETECTED IN EACH WELL 

The t a b l e s  i n  t h i s  appendix g ive  the  ana ly t e s  d e t e c t e d  i n  
water samples from each monitoring w e l l  as  p a r t  of the  M-Area plume 
d e f i n i t i o n  program. Addi t iona l  a n a l y t i c a l  r e s u l t s  f o r  wells MSB-1 
through 8 c o l l e c t e d  as p a r t  of the  q u a r t e r l y  monitor ing program a r e  
given i n  Appendix D. The l o c a t i o n s  of t hese  w e l l s  are shown on 
Figure  4-1 and c o n s t r u c t i o n  d e t a i l s  are given on Table 4-2. The 
u n i t s  used a r e  MG/L - mil l igrams per l i t e r  (PPM), UG/L - micrograms 
per  , ‘ l i t e r  (PPB),  PC/L - p i c o c u r i e s  per Liter, UMHOS/CM - micromhos 
pe r  cen t ime te r ,  PH - pH u n i t s .  The a n a l y t i c a l  methods used a r e  
g rav ime t r i c  f o r  t h e  t o t a l  d i s so lved  s o l i d s ,  e l ec t rome te r  f o r  pH and 
conduc t iv i ty ,  w e t  chemistry of t he  ion ic  s p e c i e s ,  atomic abso rp t ion  
f o r  nretals, i n d u c t i v e l y  coupled plasma emission spec t roscopy f o r  
metals, gas chromatography and GC/MS f o r  organic  compounds, beta-  
gamma p ropor t iona l  count ing f o r  g ross  beta ,  and a lpha  s c i n t i l l a t i o n  
count ing  f o r  g ross  a lpha and radium. 

Analytes  a r e  arranged a l p h a b e t i c a l l y  ac ross  the  t o p  of t h e  
page i n  groups of n ine  t o  a page, and t h e  wells a re  arranged alpha- 
b e t i c a l l y  and numer ica l ly  a long t h e  s i d e  of t he  page i n  e i g h t  pages 
be fo re  a new group of ana ly t e s  is  begun. The ana lyses  of f i e l d  
blanks are g iven  at  the  beginning of each l ist  of w e l l s .  

Negative s i g n  i n d i c a t e s  t h a t  t he  concen t r a t ion  w a s  below t h e  
l i m i t  of d e t e c t a b i l i t y  which i s  ind ica t ed  by the  number fo l lowing  
the  nega t ive  s i g n .  A do t  i n d i c a t e s  t h a t  no a n a l y s i s  was made f o r  
t h a t  a n a l y t e  on t h a t  sample. The sampling p ro toco l  used f o r  t h e  
1983 analyses  are descr ibed  i n  Appendix E-1 and t h a t  f o r  1984 
ana lyses  i n  Appendix E-2. Because t h e  1983 samples f o r  nretals 
ana lyses  were not  f i l t e r e d ,  it i s  considered t h a t  t h e  1984 ana lyses  
a r e  mre r e l i a b l e ,  and the  1983 ana lyses  f o r  metals should be 
cons idered  wi th  g r e a t  cau t ion .  

The l a b o r a t o r i e s  used are: 

Envirodyne Engineers ,  Inc.  f o r  organic  and ino rgan ic  ana lyses  

Teledyne I so topes ,  Inc,  f o r  r a d i o a c t i v e  ana ly t e s  on samples  
colLected i n  1983 except  fo r  well MPT 1 on  9-22-83 which was 
done by Cont ro ls  f o r  Environmental P o l l u t i o n ,  Inc.  

Cont ro ls  f o r  Environmental  P o l l u t i o n ,  Inc .  f o r  r a d i o a c t i v e  
a n a l y t e s  on samples c o l l e c t e d  in  1984, 

The fo l lowing  i s  a l i s t  of t he  ana ly t e s  not repor ted .  They 
are arranged according t o  t h e  reason f o r  not  r epor t ing  them. 
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Turbid it y 

Lab blank and or fi 
samples. 

Benzene 

Secondary drinking water standard of little value in this study. 

omparable concentration to ld blank at 

Bis (2-ethylhexyl) phthalate 
Chloroform 
Diethyl Phthalate 
Di-n-Buty 1 Phthalate 
Ethylbenzene 
Methylene Chloride 
Nitrobenzene 
Toluene 
Trichlorofluoromethane 

Not detected by the method used 

Ac r o l e i n 
Ac ry loni t r i le 
B r om0 form 
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Toxaphene 
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1,3-Dichloropropylene 
2-Chloroethylvinyl Ether 
2,4-Dichlorophenoxyacetic Ac id 

e Not of significance 
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APPENDIX D. RESULTS OF MONITORING WELL ANALYSES FOR M-AREA 
SETTLING BASIN 

Appendix D contains a time sequence of  analyses from water- 
table  wells adjacent t o  the M-Area s e t t l i n g  basin and Lost Lake. 
Although these w e l l s  are not as spacia l ly  distributed as those i n  
Appendix C ,  the t i m e  sequence may be of value. The protocol for 
c o l l e c t i n g  these samples is  given i n  Appendix E-3. 
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Footnotes  t o  t h e  m n i t o r i n g  well ana lyses  Tables .  

* MCL a t  21.5 t o  26.2"C. 

** Not r epor t ed  ( F i e l d  measurement not confirmed by l a b o r a t o r y  measurement) . 
** Not r epor t ed  ( F i e l d  blank h igh ) .  

t Envirodyne a n a l y s i s  of t hese  parameters  s t a r t e d  4th q u a r t e r ,  1983 
(p rev ious ly  determined by SRL-Health P r o t e c t i o n ) .  

t t  F i l t e r e d  t h r u  0.45 urn membrane. 

t t t  S p e c i a l  Resample, (Samples taken f i r s t  q u a r t e r  of  1984). 

q S p e c i a l  sample analyzed by ICP and I C  at SEU. 

19 Assumed repor t ing  e r r o r ;  changed 9.4 mg/L t o  94 mg/L. 
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APPENDIX E. SAMPLING AND ANALYTICAL PROTOCOLS FOR GROUNDWATER 
QUALITY ANALYSES 

A l l  of t he  ana lyses  repor ted  i n  Appendices B ,  C, and D were 
c o l l e c t e d  by us ing  a sampling p ro toco l ,  but  t hese  d i f f e r e d  over 
t i m e  and depending on the  purpose of t he  sampling. 

P Appendix E-1 con ta ins  a sampling pro tocol  developed i n  A p r i l  
1983 and d i r e c t e d  p r imar i ly  toward ob ta in ing  samples f o r  a n a l y s i s  
of v o l a t i l e  o rgan ic s .  Thus i t  w a s  used f o r  &he 1983 samples which 
were analyzed f o r  degreaser  s o l v e n t s  repor ted  i n  Appendix €3. It’ 
w a s  a l s o  =sed, however,, f o r  t h e  1983 samples analyzed f o r  me ta l s ,  
major c a t i o n i c  and an ionic  c o n s t i t u e n t s ,  r a d i o a c t i v i t y ,  and c e r t a i n  
o t h e r  o rgan ic  c o n s t i t u e n t s  repor ted  i n  Appendix C. It should be 
noted t h a t  t h e  p ro toco l  does not c o n t a i n  a requirement for  f i l t e r -  
i n g  the  sample, which can g r e a t l y  a f f e c t  the  r e s u l t s  f o r  metal  
concen t r a t ions .  

Appendix E-2 con ta ins  the  sampling p ro toco l  formal ly  i ssued  i n  
October 1984; however, it was t h e  p ro toco l  used i n  c o l l e c t i n g  the  
samples Apr i l  t o  J u l y  1984, which are repor ted  i n  Appendix C. This  
p ro toco l  is  broadly based and addresses  the  c o l l e c t i o n  of samples 
f o r  any reason. It con ta ins  a procedure f o r  f i l t e r i n g  the  sample 
f o r  metal a n a l y s i s .  The f u l l  p ro toco l  con ta ins  a s e c t i o n  on 
a n a l y t i c a l  procedure f o r  samples analyzed a t  SRP. This is  no t  
included because a l l  of the  r e s u l t s  given i n  Appendix C are from a 
c o n t r a c t o r  l abora to ry  which main ta ins  i t s  own pro toco l  and fo l lows  
Environmental P r o t e c t i o n  Agency procedures.  

Appendix E-3 con ta ins  the  sampling p ro toco l  fo r  t h e  a n a l y t i c a l  
r e s u l t s  repor ted  i n  Appendix D. 
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APPENDIX E-1 

( 
M-AREA GROUNDWATER SAMPLING PROCEDURES 

PURPOSE 

The technique for collecting groundwater samples for 
chemical analysis is critically important especially in the 
identification of volatile organic compounds. The primary 
concerns in collecting samples are: 1) to obtain representative 
samples by evacuating stagnant water from the well casing prior to 
obtaining the sample, and 2 )  to assure that contamination of the 
sample does not occur as part of the sampling technique. The 
purpose of this procedure is to provide complete instructions f o r  
the sampling of monitoring wells as part of the M-Area Groundwater 
Program. 

INTRODUCTION 

Newly installed monitoring wells are developed by the 
addition of large volumes of clean water and pumping with 
compressed air until the water being produced by the well is clear 
and free of sediments-. After initial development approximately 
1000 gallons of water is removed from the well by use of a 
submersible pump. Since volatile organics are a major concern, 
pumping with air is NOT used to remove this volume as this method 
would strip the organic compounds from the water during pumping. i 

Once the development of the well is completed, water samples 
for laboratory analysis can be collected. The South Carolina DHEC 
recommends four to six well-volumes be evacuated from a monitoring 
well prior to obtaining a sample for analysis. The sample should 
be collected immediately after evacuation. Because of the 
relative large diameter ( 4 " )  of the monitoring wells and the depth 
of the wells (up to 300' or more), the evacuation of the minimum 4 
well volumes is best accomplished with a submersible pump. 
Therefore, in order to prevent cross contamination and to 
facilitate the sampling operation, dedicated pumps are installed 
in each well to be sampled. The procedures to be followed in the 
collection of M-akea groundwater samples as detailed in this 
document are in agreement with DPSOL 271-1-323, Well Water 
Sampling Procedure for Nonradioactive Parameters. 

SAFETY 

1) 

2) 
3 )  

4 )  

Personnel will wear safety glasses and rubber gloves when 
performing all phases of the sampling and handling 
procedures. 
Hou'sekeeping must be maintained at all sites. 
Any unsafe conditions or hazards should be reported to 
supervision immediately. 
When pumping, all equipment must be properly grounded. 
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PUMP SAMPLING 

1) Obta in  copies of groundwater  sample data c o l l e c t i o n  sheets 
from s u p e r v i s i o n .  Attachment 1. 

2) Obta in  sample v i a l s ,  f i e l d  b l a n k s ,  and coolers from 320-M 
l a b o r a t o r y .  Ob ta in  f r o z e n  ice packs  and p l a c e  i n  separate 
coolers for t r a n s p o r t  t o  t h e  f i e l d ,  

3 )  Hook g e n e r a t o r  t o  v e h i c l e .  All pumps are l l S - v o l t ,  
4 )  Proceed t o  t h e  moni tor ing  w e l l  w i t h  equipment.  Wear 

s a f e t y  glasses and rubbe r  g l o v e s  f o r  your  p e r s o n a l  
p r o t e c t i o n  a t  each  s i te ,  Gloves also p r o t e c t  t h e  sample 
s i n c e  p e r s o n a l  c o n t a c t  w i t h  equipment c a n  i n t r o d u c e  
chemica l  contaminants .  

5 )  P o s i t i o n  g e n e r a t o r  n e a r  w e i P  t o  be sampled, b u t  o n  
o p p o s i t e  side o f  w e l l  d i s c h a r g e  l i n e .  

6) Using an electric w a t e r  l e v e l  i n d i c a t o r ,  measure t h e  d e p t h  
to water (DTW) f rom t h e  top o f  t h e  w e l l  c a s i n g  by 
i n s e r t i n g  t h e  probe  i n t o  t h e  1/2" s t a n d p i p e  i n s t a l l e d  i n  
each  w e l l  for  t h i s  purpose .  Record t h e  DTW i n  Column C 
of t h e  data s h e e t .  

7 )  D e t e r m i n e  t h e  water column i n  t h e  w e l l  by s u b t r a c t i n g  t h e  
DTW (Column C )  from t h e  t o t a l  d e p t h  of t h e  w e l l  (Column B). 
Record i n  Column D. 
Determine t h e  amount ( g a l l o n s )  of water t o  be pumped f r o m  
t h e  w e l l  i n  order t o  e v a c u a t e  4 w e l l  volumes by 
m u l t i p l y i n g  t h e  water column (Column D) by 2.6, Record 

8 )  

9 )  
10) 

11) 

12) 
13) 
14) 

15) 

16 1 

17 1 

18) 

i n  Column E ,  
Connect f l o w  meter t o  d i s c h a r g e  l i n e .  
Ensure pump s w i t c h  i s  OFF and- then  connec t  pump cord t o  
power s o u r c e .  [ N o t e :  More than  one w e l l  a t  a sample s i t e  
may be  pumped a t  t h e  same t i m e ] .  Ensure sys tem is  
grounded, 
Check a l l  v a l v e s ,  gages, etc. The d i s c h a r g e  l i n e  v a l v e  
must be  open. 
Record t h e  f l o w  meter reading i n  Column F. 
S ta r t  g e n e r a t o r .  
Turn pump s w i t c h  t o  ON and remove f o u r  well volumes as 
de te rmined  i n  Column E. 
After remQving 4 w e l l  volumes f i l l  sample v i a l s  from t h e  
1/4" sample n i p p l e  located on  t h e  discharge l i n e  f r o m  t h e  
pump. S i n c e  t h e  pr imary  c o n c e r n  i s  v o l a t i l e  o rgan ic s ,  t h e  
w a t e r  sample shou ld  have minimum c o n t a c t  w i t h  a i r  and 
shou ld  n o t  s p l a s h  i n t o  t h e  r e c e i v i n g  c o n t a i n e r .  T h e  
sample v i a l  must be f i l l e d  t o  over f lowing  b e f o r e  capp ing  
t o  purge  a l l  a i r  from t h e  v i a l .  [Note: Handle sample 
v i a l s  o n l y  w i t h  c l e a n  g l o v e s ,  n o t  ones used t o  hand le  pump 
equipment 1 . 
After c o l l e c t i n g  sample t u r n  pump s w i t c h  t o  OFF and 
record t h e  e n d i n g  meter read ing  i n  Column G .  
N o t e  t h e  e x a c t  amount of  water removed i n  Column H by 
s u b t r a c t i n g  Column G from Column F.  
Label  sample v i a l s  w i t h  w e l l  number a n d  da t e  collected. 
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-3- c 19) Record t h e  c o l l e c t i o n  date in.Column I and s i g n  Column J. 
20)  Ensure t h e r e  is no leak i n  t h e  sample v i a l  and p l a c e  

sample i n  cooler, 

N o t e :  For w e l l s  t h a t  w i l l  n o t  p rov ide  4 w e l l  volumes, 
i.e., t h e  to ta l  column o f  water is evacuated  w h i l e  
pumping, a l l o w  t h e  w e l l  t o  f u l l y  r e c o v e r  (measure w a t e r  
level aga in ) ,  When r e c o v e r y  is complete, t h r o t t l e  pump 
by p a r t i a l l y  c l o s i n g  d i s c h a r g e  v a l v e  and  proceed  w i t h  
sampl ing .  I f  p o s s i b l e ,  more t h a n  one volume of w a t e r  
shou ld  be e v a c u a t e d ,  Samples shou ld  be collected 
immediately a f t e r  w e l l  r ecove ry .  

21) When sampling is comple te  a t  each s i te ,  unplug pump/pumps 

22) Perform housekeeping around s i te ,  load samples and 

23) Repeat  s t e p s  5 th rough 22 f o r  e a c h  w e l l  be ing  sampled.  
2 4 )  A t  end  of day r e t u r n  a l l  samples  collected t o  320-M 

f r o m  power s o u r c e ,  

equipment ,  and p roceed  t o  n e x t  s i te ,  

l a b o r a t o r y ,  

4 
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Issued : 10/1/84 
Revision: 0 

A. PURPOSE 

The technique for collecting groundwater samples for chemical 
analysis i u  critically important. The primary concern in 
collecting samples is to protect sample integrity and minimize 
error. The procedures described here are designed: 1) to obtain 
representative samples by evacuating nonequilibrated water from the 
vel1 casing or sample tap prior to obtaining the sample, 2)  to 
assure that contamination of the sample does not  occur as part of 
the sampling technique, 3)  to provide sample preservation, and 4 )  
to follow chain of custody requirements and proper documentation 
specifications. In addition, these sampling procedures are 
designed to comply with applicable regulations and guidelines (Ref. 
l-51, and to provide consistency with Savannah River Plant sitewide 
procedures (DPSOP 254 , H#I.wt i PP) These 
procedures have been written to minimize loss of volatile organic 
compounds when sampling wells w i t h  effervescent water. Bladder 
pumps should be used for these wells while turbine pumps can be 
used for all others. 

, 
B INTRODUCTION 

Water samples are routinely collected for analysis of volatile 
organic compounds (VOC) , full-scan priority pollutants (FSPP) and 
other chemical parameters from monitoring wells. 

The proper sampling procedures for these collections are described 
h e r e i n  and are organized as follows: 

1) Safety 
2 )  Chain of Custody 
3 )  G e n e r a l  Considerations 
4 )  Collection Methods and Field Measurements 
5 )  Analyte Specific Requirements 

5.1) volatile organic compounds 
5.2) f u l l  scan priority pollutants 
5.3) o t h e r  chemical parameters 

6 )  Shipping and Delivery of Samples 

The personnel responsible for sampling the groundwater monitoring 
wells s h o u l d  r e a d  carefully the pertinent sections and meticulously 
follow the protocol. A copy of these field procedures should be 
available at the sampling location for review. Supervision (or 
project manager) is responsible for requesting the collection of 
groundwater samples and f o r  maintaining auditable files on sample 
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collection and c u s t o d y  records. 
report each  week of samples collected dur ing  t h e  week, and a 
projected schedule for t h e  fol lowing week, 
w i l l  be main ta ined  which documents d a i l y  in s t rumen t  c a l i b r a t i o n ,  
ins t rument  service, w e l l s  sampled and f ie ld  observations. Each page 
of t h e  notebook w i l l  be dated and s i g n e d  by t h e  sampler.  

The sampler w i l l  provide a summary 

A bound f i e l d  notebook 

C. PROCEDURES 

1, Safety 

1 

2 

, Personne l  w i l l  wear goggles and disposable gloves when 

) Housekeeping must be main ta ined  a t  a l l  sites. 
3 )  Any u n s a f e  c o n d i t i o n s  or haza rds  should be reported t o  

4 )  when pumping m o n i t o r i n g  w e l l s ,  all e q u i p n e n t  (e.g., portable 

pe r fo rming  a l l  p h a s e s  of t h e  sampl ing  a n d  h a n d l i n g  p rocedures ,  

s u p e r v i s i o n  immediately . 
generators and pumps) must be properly grounded. 

2. Chain of Custody 

The primary .objective of t h e s e  p rocedures  is t o  create a n  a c c u r a t e  
w r i t t e n  record t h a t  can  be used to document and trace t h e  possession 
of a sample from t h e  moment of its c o l l e c t i o n  through i t s  a n a l y s i s .  
The r e s u l t i n g  " infomation aids in s c i e n t i f i c  data i n t e r p r e t a t i o n  a n d  
i s  r e q u i r e d  i f  t h e  sample is used as legal evidence. I n  cha in  of 
custody p r o c e d u r e s ,  each  cus tod ian  must s i g n  and d a t e  each  t r a n s f e r .  
The f o l l o w i n g  d e s c r i p t i o n  of "bulk t r a n s f e r "  p rocedures  conforms t o  
t h a t  of t h e  EPA Off ice of Enforcement, 

i 

Samples must be accompanied by t h e  Custody T r a n s f e r  Record (s imilar  
t o  Attachment  1) which i n c l u d e s  t h e  sampler's s i g n a t u r e  and i n i t i a l s ,  
sample i d e n t i f i c a t i o n ,  d a t e ,  t h e  " r e t u r n  to" addres s  (e.g., "name of 
s u p e r v i s i o n " ,  " a u d i t a b l e  f i l e  location"),  and  t h e  r e l e v a n t  t r a n s f e r  
and s h i p p i n g  h i s t o r y  o f  t h e  sample c o n t a i n e r s .  Attachment 1 w a s  
designed f o r  ease of u s e  and t o  f a c i l i t a t e  computer e n t r y  and 
t r a c k i n g .  The sampie r  should  f i l l  i n  each  a p p r o p r i a t e  space  i n  
ba l l -po in t  pen .  Subsequent  transfers are reco rded  by s i g n a t u r e  and  
i n i t i a l s .  S h i p p i n g  r e c e i p t s  a long  wi th  a copy of o n - s i t e  cus tody  
t r a n s f e r  s h e e t s  s h a l l  be maintained i n  a s p e c i f i e d  l o c a t i o n  w i t h  
cop ie s  s e n t  to SRL and  s u p e r v i s i o n  i n  M A r e a .  Ou t s ide  laborator ies  
should r e t u r n  a s i g n e d  copy of t h e  cus tody  t r a n s f e r  record along w i t h  
a summary of t he i r  i n t e r n a l  c h a i n  of cus tody  t o  M - A r e a  s u p e r v i s i o n .  
Any unusua l  i n c i d e n t s  (e .g . ,  broken or p a r t i a l l y  f u l l  bottles, o r  
miss ing  i n f o r m a t i o n )  should  be noted and r e p o r t e d  t o  s u p e r v i s i o n  
immediately.  If o n l y  a p o r t i o n  of t h e  sample v i a l  are  t r a n s f f e r e d ,  
t h e  i t e m  numbers or a p p r o p r i a t e  i n fo rma t ion  should  be noted.  
A d d i t i o n a l l y ,  a form OSR-14-31 ( A n a l y s i s  Reques t  - SRP) must be 
submi t t ed  t o  o n - s i t e  l abs  w i t h  t h e  samples .  
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3. General Con8iderationr 

3.1 Requ’lated Area8 

o P e r s o n n e l  e n t e r i n g  Regula ted  Areas must familiarize themse lves  
a n d  comply  w i t h  a l l  s a fe ty  rules a n d  protective c l o t h i n g  
p r o c e d u r e s  . 

o Health P r o t e c t i o n  area supervision must  be n o t i f i e d  prior t o  
s a m p l i n g  w e l l s  i n s i d e  regulated areas. 

o When moving from one  w e l l  s i t e  to a n o t h e r  i n s i d e  r e g u l a t e d  
areas, t h e  t e c h n i c i a n  w i l l  remove shoe  covers when e n t e r i n g  
v e h i c l e  a n d  p u t  on  shoe covers prior to dismount ing  from 
v e h i c l e  . 
[NOTE: Shoe covers and  any o t h e r  Regula ted  Area p r o t e c t i v e  
equ ipmen t  w i l l  be disposed of i n  approved receptacles.] 

o V e h i c l e  tires must be checked pr ior  t o  l e a v i n g  a Regu la t ed  
Area. The v e h i c l e  must n o t  leave t h e  area u n t i l  Hea l th  
P r o t e c t i o n  ( A r e a  Survey) g i v e s  permiss ion .  

3.2 Equipment Requi red  - all s o u r c e s  of equipment and i n d i v i d u a l  
- items are  to be approved by supervision lor the - p r o j e c t  

manager  1 .  

o Generator, g a s o l i n e  can  h c o n t r o l  box (used  when pumping w i t h  
portable g e n e r a t o r )  . 

o Bladder pump c o n t r o l l e r  and  compressed gas ( a i r  o r  n i t r o g e n )  

o Measur ing  tape, steel 200 f t  and/or  electric water l e v e l  

s o u r c e  ( u s e d  when pumping d e e p  w e l l s  which e f f e r v e s c e ) .  

ind ica tor  (ca l ibra ted  w i t h i n  6 months) .  

o Tape, one roll, f i l a m e n t  

o Field data S h e e t s  and C h a i n  o f  Custody Shee t s  

o Pens ( 2 1 ,  water res is tant  i n k  a n d  ball p o i n t  

o Thyac ( i f  needed) 

o D i s t i l l e d  water t o  r inse equipment 

o Aluminum f o i l  ( t o  protect water level t ape  from contact with 
g r o u n d )  

o F l o w  meter 
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o L a b o r a t o r y  grade thermometer  

o Hand air/vacuum pump 

o . I S  m f i l t e r  and h o l d e r  

o P r o p e r l y  prepared bottles (See Attachment  # 2 )  

o Coolers: received from laboratory and c o n t a i n i n g  sample 
bottles and f r o z e n  ice packs, [NOTE: Sample blanks s h o u l d  be 
treated as samples. They are sh ipped  on  ice and s h o u l d  be 
k e p t  cold after i n s p e c t i o n .  If a vial is broken, t h e  
remainder of b l a n k s  i n  t h e  s a m e  c a n i s t e r  should  be discarded. 
Coolers s h o u l d  be c l e a n . ]  Some of t h e  sample c o n t a i n e r s  
submi t t ed  to on-site labs are k e p t  i n  stores, C o n t a c t  l a b  
p e r s o n n e l  for c a p t i o n  and  b i n  numbers. 

o Water q u a l i t y  mon i to r s  c a l i b r a t i o n  s t a n d a r d s ,  r i n s e  bottle, 
beakers and laboratory w i p e s .  [NOTE: Normally, separate p H  
and  c o n d u c t i v i t y  meters w i l l  be used. These s h o u l d  be k e p t  i n  
p l a s t i c  bags w i t h  d e s s i c a n t  and  c a l i b r a t e d  each  day ,  and a t  
each  s i te as d e s c r i b e d  i n  Attachment  3, C a l i b r a t i o n  records 
w i l l  be kept  i n  t h e  b o u n d ’ f i e l d  notebook. I 

f - -.. . o P r e s e r v a t i v e  (See Attachment  # 2 )  - -  - . - - 

o Rubber gloves, l e a t h e r  gloves, s a f e t y  glasses, d i s p o s a b l e e  

o R e g u l a t e d  A r e a :  Follow posted requi rements  

p l a s t i c  gloves 

o A copy of t h e  f i e l d  p rocedures  

o C l i p  board 

o Correct bound f i e l d  notebook. 

4, C o l l e c t i o n  of Methods and F i e l d  Measurements 

a )  O b t a i n  c o p i e s  of t h e  Custody T r a n s f e r  Sheet ( A t t a c h m e n t  81 or  
s i m i l a r )  and t h e  f i e l d  d a t a  sheet f r o m  s u p e r v i s i o n  (or t h e  
project manager ) .  Normally, a n  OSR 2 4 - C 2 4 1 A  (Water Sample 
C o l l e c t i o n  F i e l d  Data Form) w i l l  be used (Attachment  8 3 ) .  
R e f e r e n c e s  i n  t h i s  p rocedure  p e r t a i n  t o  t h e s e  forms .  A l s o ,  
o b t a i n  a l is t  of w e l l s  ( s ampl ing  order and l o c a t i o n ) ,  spec i f ic  
samples  needed and t h e  d e s t i n a t i o n  l a b o r a t o r y  loca t ion  from 
s u p e r v i s i o n .  

b l  O b t a i n  sample  v i a l s ,  f i e l d  b l anks ,  and c o o l e r s  f r o m  d e s i g n a t e d  
area. O b t a i n  f r o z e n  ice packs  and p l a c e  in c o o l e r s  for  t r a n s p o r t  
t o  t h e  f i e l d .  
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C )  

d )  

e) 

f) 

k) 

1) 

11 5 

O b t a i n  ell o t h e r  equipment  l i s t e d  i n  S e c t i o n  C, 

A l l  pumps are 115 s ing le  p h a s e  120 v o l t  AC except t h e  pressure 
operated bladder pumps i n  t h e  Tuscaloosa Wells, 

P r o c e e d  to t h e  m o n i t o r i n g  w e l l  w i t h  equipnent ,  
glasses and  rubber gloves for your  p e r s o n a l  p r o t e c t i o n  a t  
e a c h  site- Gloves also protect t h e  sample since personal 
contact w i t h  equipment can i n t r o d u c e  contaminants ,  Wear 
l e a t h e r  gloves when working w i t h  machinery or s h a r p  objects, 
r u b b e r  gloves when working w i t h  s t r o n g  acids or  bases, and 
disposable gloves for  o t h e r  sample manipula t ions .  

Wear s a f e t y  

P o s i t i o n  g e n e r a t o r  or compressed gas source  and c o n t r o l  box 
nea r  w e l l  t o  be sampled, bu t  on  s i d e  opposite t o  d i s c h a r g e  
l i n e  of pump. 

P i l l  in date o n  f i e l d  form, Sign ,  date and i n i t i a l  top of 
c u s t o d y  t r a n s f e r  record, 

F i l l  i n  w e l l  number, date and  d u p l i c a t e  I D  ( i f  r e q u i r e d )  on  
b o t h  f i e l d  forms and custody t r a n s f e r  r eco rd ,  Record t i m e  
on  f ie ld  forms. Record w i l l  number, date a n d  d u p l i c a t e  I D  ( i f  
r e q u i r e d ) ,  and t i m e  i n  bound f i e l d  notebook. 

F i l l  i n  t o t a l  w e l l  d e p t h  o n  t h e  f i e ld  form (Column A ) ,  Obta in  
w e l l  d e p t h  i n f o r m a t i o n  from s u p e r v i s i o n  (or project manager).  

- 

Using an electronic w a t e r  l eve l  i n d i c a t o r  or steel measuring 
tape (DPSOP 2541, measure t h e  dep th  t o  t h e  water (DTW) from 
t h e  top  of t h e  w e l l  casing, The tape or probe s h o u l d  be 
i n s e r t e d  i n t o  t h e  1/2" s t a n d p i p e  i n s t a l l e d  i n  e a c h  w e l l .  Record 
t h e  D T W  o n  t h e  f i e l d  forms (Column B). P l a c e  aluminum f o i l  o n  
ground to protect tape. Wash tape before sampl ing  n e x t  w e l l .  

Determine  t h e  water column i n  t h e  w e l l  by: 
DTW (Column B) grom t h e  t o t a l  w e l l  dep th  (Column A )  and 
r e c o r d  t h e  r e s u l t  on t h e  f i e l d  form (Column C), 

o for t u r b i n e  pumps - s u b c o n t r a c t i n g  t h e  DTk' (Column B) 
f r o m  t h e  t o t a l  well depth (Column A ) .  Record the result  
on  t h e  f i e l d  form (Column C). 

o for b l a d d e r  pumps - s u b c o n t r a c t i n g  t h e  d e p t h  of t h e  w e l l  
packer (p rov ided  by s u p e r v i s i o n )  from t h e  r e s u l t  o n  t h e  
f i e l d  form (Column C) , 

Using Attachment  85 d e t e r m i n e  t h e  volume t o  be pumped from 
t h e  w e l l  i n  order t o  e v a c u a t e  4 w e l l  volumes p r i o r  t o  
sampl ing .  I f  t h e  w e l l  is n o t  4"  diameter ,  or i f  t h e  water 
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m) 

6 -.* f 
column Zength is not i n  the table, calculate the volume 
umfng the formulas provided. 

Record the volume t o  be pmped on  the f i e l d  form i n  t h e  
column provided. 

Connec t  f l o w  meter t o  d i s c h a r g e  l i n e .  

n )  E n s u r e  pump s w i t c h  is OFF and t h e n  connect pump cord t o  
p o w e r  sou rce .  Ensure  system is grounded. Only one well 
should be pumped a t  any  t i m e .  For bladder pumps, i n f l a t e  
packer and prepare sys tem t o  pump. 

0 )  

P) 

9) 

r) 

Check a l l  valves, gages, etc. The d i a c h a r g e  l i n e  valve 
m u s t  be open. 

Record t h e  i n i t i a l  f l o w  meter reading o n  t h e  f i e l d  form i n  
the column provided. 

Start  generator for t u r b i n e  pumps or pressur ize  bladder 
pump system. 

Turn pump s w i t c h  on and  remove 4 w e l l  volumes o f  water. 
Note any obvious water c h a r a c t e r i s t i c s  i n  t h e  f i e l d -  
notebook.  -7f a'note is e n t e r e d  i n  t h e  notebook,  an  "X" 
s h o u l d  be p l a c e d  i n  t h e  contaminant  column of t h e  f i e l d  
form. Examples of n o t a b l e  c h a r a c t e r i s t i c s  are: c o l o r ,  
odor, r o t t e n  egg smell, f loc (algae, b a c t e r i a ,  e t c ) ,  o i l ,  
s and ,  o t h e r  solids , bubbles .  

SI Calibrate p H  meter w h i l e  w e l l  is pumping. A f t e r  removing 4 
w e l l  volumes, open sample n i p p l e  and r u n  f o r  2 minutes ;  
rinse t h e  measur ing  probes and t h e  sample vessel w i t h  t h i s  
w a t e r  t o  e q u i l i b r a t e .  Measure a i r  and water  t empera tu re  
u s i n g  l a b o r a t o r y  grade thermometer, Then measure t h e  pH 
a n d  c o n d u c t i v i t y  acco rd ing  t o  t h e  d i r e c t i o n s  i n  a t t a c h m e n t  
#3. ReccLsd t h e s e  measurements o n  t h e  f i e l d  form. Perform 
any o t h e r '  f i e l d  measurements (e.g. a l k a l i n i t y )  w h i c h  were 
r e q u e s t e d  by s u p e r v i s i o n  (or t h e  p r o j e c t  manager ) .  

t )  P i l l  sample v i a l s  and p rese rve  as r e q u i r e d  acco rd ing  t o  
S e c t i o n  E and Attachment 82.  [NOTE: When sampling f o r  
v o l a t i l e  compounds, f i l l  v i a l s  c a r e f u l l y  w i t h o u t  a g i t a t i o n  
o r  s p l a s h i n g  t o  a v o i d  l o s s  of a n a l y t e .  Leave no a i r  space 
a t  t h e  t op .  H a n d l e  sample v i a l s  on ly  w i t h  c l ean  p l a s t i c  
g l o v e s ,  n o t  o n e s  used to handle  pump equipment .  F i l t e r  
samples  for metals through a 0 . 4 5  urn f i l t e r  u s i n g  a non- 
meta l l ic  f i l t e r  ho lde r  and hand a i r  pump before add ing  
acid.  1 
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U) A f t e r  col lect ing eamples, t u r n  pump s w i t c h  off and record 
end ing  meter reading o n  f i e l d  forms. Measure the water 
l eve l ,  record t h i s  reading and t h e  time on t h e  we11 
r e c o v e r y  data form. 
on f i e l d  form. While  comple t ing  steps v th rough y ,  
cont inue  to p e r i o d i c a l l y  measure t h e  DTW and t i m e  and  
record on t h e  f i e l d  form ( u n t i l  w e l l  r e c o v e r y ) .  

C a l c u l a t e  t h e  volume pumped and  r e c o r d  

v )  Label sample v i a l s  w i t h  w e l l  number and date collected. 

w) Check sample v i a l s  and place i n  cooler. F i l l  i n  Custody 
T r a n s f e r  Record. 

R inse  meter probes, sample cup and f i l t e r  h o l d e r  w i t h  
d i s t i l l e d  w a t e r .  Turn  o f f  power and p r e p a r e  for t r a n s i t .  
[NOTE: For w e l l s  t h a t  w i l l  not prov ide  4 w e l l  volumes, 
i.e., t h e  t o t a l  column of water is evacuated  w h i l e  pumping, 
a l l o w  t h e  w e l l  to f u l l y  r e c o v e r  (measure w a t e r  l eve l  
a g a i n ) .  When r e c o v e r y  is complete,  t h r o t t l e  pump by 
p a r t i a l l y  c los ing  discharge va lve  and proceed w i t h  sampling. 
Samples s h o u l d  be c o l l e c t e d  immediately a f t e r  w e l l  recovery .  
A l s o ,  r e c o r d  t h i s  o n  t h e '  f i e l d  form and i n  t h e  f i e l d  notebook. I 

[NOTE: F o r  w e l l s  which are cont inuous ly  pumped, pu rge  
sampling port fo r  2 - m i n u t e s  and proceed-wi th- -sampl ing .  1 

y )  Sample n e x t  w e l l  i n  c l u s t e r  ( r e p e a t i n g  steps h-x) 

z) Unplug electric pum/pumps from power source .  

aa) Perform housekeep ing  around site, load  samples and 
equipment ,  and p r o c e e d  t o  next  site. 

b b )  A t  t h e  end  of t h e  day ,  r e t u r n  all samples t o  704-U (or  
location d e s i g n a t e d  by s u p e r v i s i o n  or t h e  p r o j e c t  manager 
f o r  s h i p m e n t / d i s t r i b u t i o n .  T r a n s f e r  samples t o  t h e  
s h i p p i n g  d e p a r t m e n t  and  record .  [NOTE: T h r e e  pho tocop ies  
of  t h e  f i e l d  d a t a  forms ,  custody t r a n s f e r  s h e e t s  and 
p e r t i n e n t  pages  of t h e  f i e l d  book should be made. T h e  
o r i g i n a l s  w i l l  be ma in ta ined  i n  t h e  QA/Data/Equipment f i l e  
( i n  704-U or o t h e r  d e s i g n a t e d  l o c a t i o n )  and t h e  c o p i e s  will 
be d i s t r i b u t e d  t o  (1) M-Area Superv is ion ,  ( 2 )  SRL and ( 3 )  
sampler .  1 

5 .  A n a l y t e  S p e c i f i c  Requi rements  

5 .1)  V o l a t i l e  Organ ic  Compounds 

Samples s h o u l d  be c o l l e c t e d  i n  45 m l  v i a l  w i t h  a t e f l o n  l i n e d  
s i l i c o n e  septum. V i a l  should be g e n t l y  f i l l e d  u n t i l  water  
flows over t h e  t o p  a n d  t h e n  t i g h t l y  capped. Samples should 
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5 . 3 )  

b. mtored cold (about 4. C) until analysis. Duplicate vials 
will ba filled for each well sample. 

Full-Scan Priority Pollutants 

When a full scan of analyses for priority pollutants is 
required. the following bottles should be set out for each 
well sample: 

2 vials - volatile organics 
1 vial - GC scan 
1 platic container - metals (filtered) 
1 amber glass jar - phenols 
1 amber glass jar - TOE 
1 glass jar - coliform 
1 plastic bottle - radionuclides 
1 plastic bottle - sulfide 
1 plastic bottle - Soar F-8 etc. 
1 glass jar - non-volatile organics 
1 glass jar - odor 

Several constituents are required to be preserved with . 
particular chemicals, Many of these chemicals are caustic 
and should be treated with caution. Plastic gloves (not 
those used for sampling) should be used. -The_container 
description- and necessary preservatives for each analyte are 
listed in Attachment 12. 

Other Chemical Parameters 
Analysis of groundwater samples for a partial list of 
analytes discussed above or for other chemical parameters may 
be required. Appropriate containers/instruments/ 
instructions will be provided for each round of samples. 

Examples of other typical analytes include alkalinity 
(field), sodium, calcium, magnesium, aluminum and potassium. 
These major constituents in groundwater are often required 
for variousrwater chemistry purposes. 

6, Shipping and Delivery of Samples 

Many of the chemical analyses for groundwater constituents must be 
carried out within two weeks (Attachment 4 2 ) .  Therefore, 
supervision (or  the project manager) should make arrangements for 
the immediate transfer of samples to the appropriate laboratories. 
Supervision is responsible for  designating a shipping coordinator 
who will receive and distribute the samples and completed 
paperwork, Samples shipped to offsite laboratories s h o u l d  be 
packed with fresh ice packs and shipped by air in ice chests w i t h i n  
2 days. Shipping information should be recorded on the custody 
transfer record, Do not ship samples offsite on Fridays without 
pr i or a r ra ngemen t s . 
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1 SAMPLE ?AMnuTu?l 

vo la t l lo  otgonlcr (VOC) 

n o n - v o l a t l l o  otpanlcr 

peotlclder 

M H  

phenol 

.. 

odor 

grorr a n d  

r a d l m  

TDS 

NO3 

oulflde 

so4 
cyanlde 

o s t a l r  

t o t a l  collforn 

G/- / l  l i t e r  

P/P/ l  l i tor 

P/P/2 l i tero  

P/P/ l  l i t e r  

P/P/500 81 

P/P/2SO rl 

p/P/2  l l torr 

P/P/ l  l l t a t  

P/P/1 l l tar  

r t e r l l e  P/P/ 
100 D l  

Cold, 4.C 
1 

n 
I 
N 



, 
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1) Each vial label w i l l  contain the  W e l l  group ID, date, dupl i ca te  
( i f  appl icable1  8 preservat ive ,  and parameter, 

2) The laboratory or 6ampler should prepare bottles, caps and 
preservat ives  ( e x c e p t  coliform - this sterile !conta iner  i s  
purchased from stores). P = polyethylene,  G = glas8, T = 
t t f l o n  l i n e r ,  TS = t e f l o n  l i n e d  s i l i c o n e  septum, 

3 )  * - 320-H or o f f p l a n t  laboratory (non-radioactive samples) *+ = Offplant laboratory *** - 73s-A or o f f p l a n t  laboratory **** = 772-D or o f f p l a n t  laboratory 

- . . - .. . .. . 
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ATTAcHtENT 3 
INSTRUMENT -. CALIBRATION PROCEDURES 

The e lx t rmics  of a l l  meter8 u s e d  i n  t h e  f i e l d  s h o u l d  be k e p t  i n  
8 plrstic b8g w i t h  derricmt.  
r e g i o n  shows t h a t  t h i s  is a necessary s t e p  t o  avoid p r o b l e m s  w i t h  
humid i ty .  

E x p e r i e n c e  i n  t h e  % o u t h e r s t e r n  

s, EQNeuclrYlLv B E E R  
1) Daily C a l i b r a t i o n  - Place a small amount of p r e v i o u s l y  
p r e p a r e d  0.01 N KC1 s o l u t i o n  i n  a b e a k e r  ( s o l u t i o n  is p r e p a r e d  b y  
d i s s o l v i n g  745.6 mg of a n h y d r o u s  KCl i n  d e i o n i z e d  w a t e r ) .  
fleasure t h e  t e m p e r a t u r e  04 t h i s  s o l u t i o n  w i t h  a l a b o r a t o r y  g r a d e  
the rmomete r .  Record i n  bound f i e l d  notebook.  P l a c e  c o n d u c t i v i t y  
p r o b e  i n  s o l u t i o n ,  t u r n  t e m p e r a t u r e  c o m p e n s a t i o n  knob t o  t h e  
measured t e m p e r a t u r e ,  a n d  t u r n  selector knob t o  t h e  0-1999 scale .  
A d j u s t  the r e a d i n g  t o  1413 umhos/cm u s i n g  t h e  cell  c o n s t a n t  knob. 
Record  the m e t e r  w a s  s u c c e s s f u l l y  calibrated t o  1413 umhos/cm i n  
t h e  + i e l d  notebook.  R i n s e  e l e c t r o d e  w i t h  d e i o n i z e d  w a t e r  a n d  d r y  
w i t h  a l a b o r a t o r y  w i p e .  

2) A t  Each S i t e  - No r e c a l i b r a t i o n  is r e q u i r e d .  f l e a s u r e  t h e  
t e m p e r a t u r e  of t h e  s a m p l e  s o l u t i o n .  P l a c e  t h e  c o n d u c t i v i t y  p r o b e  
i n  t h e  s a m p l e ,  t u r n  t h e  t e m p e r a t u r e  c o m p e n s a t i o n  knob t o  t h e  
measured t e m p e r a t u r e ,  a n d  p l a c e  t h e  selector knob i n  e i ther  t h e  
O-I99.9,7F1999,-0r -0&19999 p o s i t i o n .  Use the l o w e s t  ( m o s t  
a c c u r a t e )  p o s i t i o n  wh ich  r e s u l t s  i n  a n  " o n - s c a l e "  r e a d i n g .  I f  a 
r e a d i n g  is " o f f - s c a l e " ,  t h e  d i s p l a y  w i l l  r e a d  ' 1 '  i n  t h e  f a r  l e f t  
d i  g i t p o s i  ti on. 
NOTE: Three zeros m u s t  be added t o  t h e  v a l u e s  r e a d  on t h e  
0 - 19,999 scale (eq., 12.88 = 12880 umhos/cm). 

5 )  W e e k l y  Ma in tenance  & T r o u b l e s h o o t i n g  - Each week, t h e  cover 
of t h e  p r o b e  s h o u l d  be removed, and t h e  PVC body a n d  steel r i n g s  
s h o u l d  be c l e a n e d  u s i n g  a l c o h o l  and a c o t t o n  swab. A f t e r  
c l e a n i n g ,  t h e  probe s h o u l d  b e  t h o r o u g h l y  r i n s e d  and  d r i e d  
c a r e f u l l y  w i t h  a l a b o r a t o r y  wipe. Check t h e  d e s s i c a n t  a n d  
replace i f  necessary. R e p l a c e  9 v o l t  b a t t e r y  when t h e  ' low 
b a t t e r y '  s i g n a l  is d i s p l a y e d .  

- .  - f 

T h e  electrode is made of PVC a n d  has a l i m i t e d  r e s i s t a n c e  to 
temperature  e x t r e m e s .  I n  p a r t i c u l a r ,  i t  s h o u l d  b e  n o t e d  t h a t  t b E  
4 steel r i n g s ,  which combine  t o  f o r m  2 e l e c t r o d e  p a i r s ,  are  
imbedded i n  PVC. P r o l o n g e d  e x p o s u r e  t o  h i a h  hea t  c a n  open t h e  
j o i n t  p e r m i t t i n g  f l u i d  u n d e r n e a t h  and b r e a k i n g  t h e  c o n t a c t .  A 

. damaged electrode c a n  be i d e n t i f i e d  a s  f o l l o w s :  i n  a i r  ( w i t h  
s w i t c h  in the 0-199.9 p o s i t i o n ,  t h e  d i s p l a y  s h o u l d  read ' ( 3 . i3 '  
( r e a d i n g s  of '0 .1 '  t o  '0.2' are  s t i l l  acceptab le) .  Higher  
r e a d i n g s  ,(eg., ' 1 0 ' )  are  a c l ea r  s i g n  of a r u i n e d  e lectrode.  
O t h e r  e r r a t i c  b e h a v i o r  s h o u l d  be c o r r e c t e d  b a s e d ' o n  t h e  m a n u a l  or 
b y  c a l l i n g  Cole-Farmer f o r  t e c h n i c a l  a s s i s s t a n c e  a t  
f -86(:)-323-454c). ( m o d e l  number 1481-5(3) 

t 
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DATB 

sample collection date. (example: 0907831 

DCnLICAm # 

blorpilly a blank field. 
character tud to dirtinguish 8amp1.8 collected a t  a r i t e  during 
8 single day. (example a & b) 

This  can be an alpha or nrmeric 

c TIltll 

Military ti-. (examples: 7:45 An 18 0745,  1:SO pn is 13501 

The total depth of the  well frm the top of t h e  caring. Thir  
number i s  obtained from the  driller's log of t h e  well. 

DEPTB OF WATER 

The d i s t a n c e  fran the top of the  casing to  the  water surface .: 
t h e  w e l l  prior to  pumping recorded as decimal feet. 

WATER WLUSB 

See instruct ions i n  procedures. 

,' 

VOLUKE To BB PUMPED 

See instruct ions in procedures. 
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WttllRmmlCIOEllb- 

The water meter reading after pumping the well. 

NBTER R l U D I f f i  END Bintl8 KETER RBADIHG BEGINNING, If the well 
r a s  .ampid w i t h  no pumping, enter zero (0) .  -tar -1 if well 
is  being continuously pumped. 

Enter X if the well was pumped dry. 

Enter pH measurement of water taken after pumping is completed. 
._ - ---- 

Specific conductance measurement, 

W A T m  ZBtp *c  
Water temperature measured a t  sampling point ,  

Air temperature meaaured at time of sampling. 

NO. S A W I L m  

Number of samples collected, 

SAMPLKR'S IRITIALS 
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PclivOsE: 
To provide irrstructims fo r  sarn9ling well water for analyses of 
nonradioactive parameters. 

Groundwater is collected routinely for hazardous waste analyses from 
monitoring wells i n s t a l l ed  i n  the v i c i n i t y  of l i q d d  and &y.waste 
disposal sites. Somt disposal sites a re  no longer operative.. 

SPecial well water samples are also taken from 0 0 t h  permanent and 

0 

IAT80W2TLOI4: 

temporary wells e .g., plume dovelopmmt . 

A .  GENERAL I:WI3Rt4ATION 

Tne rocrtinc g: 

1. Schedirling 

xmdwater monitoring program fo r  hazardous waste -.ialyses i s  
carried out f o l l w i n g  tne direct ion of Energy Conservation and Enviromental 
Contra1 (ECEC) and tne rzyulating agency, Sodth Carolina Oepartment of Health 
and Environmental Control ( E C ) .  

Usually i n  Decemixr, ECEC sends azaltn Protection a memorandum detai l ing the 
requized analyses (i?.y., annual, qilarterly, site s p e c i f i c )  for  groundwater 
dells oeing monitored for  hazardws waste. 

Grodnddater weils monitors3 for  hazardous waste ars l i s t e d  on the Health 
Pratection Environmental Collections posted schedule. In addition, following 
receigt of the memoranclm from Special Programs, t h e  groundwater program f i e l d  
supervisor prepares an inter-office mmrandun l i s t i n g  the first quarter 
sampling dates. 

Exawlt: Intez-Of f i ce  MsnorandEi 

To: Environwntal Collections Sirpervisor, plus  dis t r ibut ion 
From: Graundwater Proqraz Suaervisor 
Title:  (Year) F i r s t  Quarter Sampling o f  Groundwater Monitoring Wells 

dzing Analyzed f o r  HazarcioJs Haste 

Y e l l s  . Propose3 Sampling Date 
793-s I1 Jai. 4 & 5 
230-9 S.8. #55-#7i 
200-i S.8. i176-1179 , ~ O O - M  s.a. m - i m  

327. 4 t 5 
321. 4 & 5 
J a i .  11 & 12 

Remarks 
.. 

876 dry 

ry 
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The wells l isted i n  tne examgle a r e  p r i o r i t y  wells ( a n i  otIners will D e  added 
as we continue) and a re  always samgled first i n  the quzrter; however, 
nonpriority wells are  also l isted i n  the inter-off ice  czarandun. 

J n i s  in te r -of f ice  mnorandum with scheduled sampling dates i s  repeated each 
quarter.  

2. Chain of Custody 

2.1 Transfer of Custody and Snipment: 

When t ransferr ing the possersisn of t n e  samples, tne transferee kigns and 
records tne date and time on the  Cnain-of-Custody Record. Custody t r a n s f e r s '  
account for each individual sample, although samples may be t ransferred as a 
arow I 

Jne GroundHater Program supervisor i s  responsiole f o r  seeing tha t  samples are  
properly preserved, laasled,  packaged, and dispatched t o  tne several  
laborator ies  fo r  analysis. Tn i s  respons ib i l i ty  includes f i l l i n g  o u t ,  da t ing ,  
and signing tne appropriate port ion of the Cnain-of-Custody Record. 
Preservation tecnniques ewloyed w i l l  be those prescribd by €PA (see 
Attachment #f). 

Tne sample container is then placed i n  a cooler along wit3 "blue ice" t o  
maintain the sample a t  approximately 4 O C .  Samples must & packed so a s  not t o  
break. A l l  packages sent t o  the l abora tor ies  should be accompanied by the 
Chain-of-Custody Record and otner per t inent  forms, A copy of these forms 
should be retained by t h e  Groundwater Program supervisor. 

Samples are delivered to  SR? Laboratories and shipped t o  the offplant  
laboratory on the second day of sampling (Thursday) each week via an a i r  
p r io r i ty  service. I f  a i r  p r i o r i t y  serv ice  i s  not avai la3le ,  a noo-stop f l i g h t  
should be selected for  s,mple t ransport .  If no nowstop f l i gh t  is avai lable ,  
every attempt i s  made t o  schedule the t r ans fe r  v i a  the same a i r l i n e  throughout 
t he  f l i gh t .  This l a t t e r  provision helps  minimize delays and other problems 
encountered witn t ransfers  between a i r l i n e s .  Transportation receipts  a r e  
retained as part  of t n e  permanent chain o f  custody docurmtation; 

2.2 Laboratory Custody Procedures: 

Chain of custody procedures are a l s o  necessary i n  the 1aSoratory'from the time 
of sample receipt t o  the time the sample i s  discarded. Tne following 
procedures a re  followed i n  the  laboratory: 

Samples a r e  received i n  the laboratory and logged i n  by the Laboratory 
~upervisora-7helaboratory Supervisor v e r i f i e s  t h a t  the items on the custody 
t ransfer  agree with What is received and t h a t  a l l  containers.are i n  good 
condition. If there i s  any discrepancy or i f  any samples are received broken 
i n  sniprnent, the sam9ler i s  not i f ied .  The Lauoratory Su?crvisor signs t h e  
custody sheet. A f i l e  copy is maintained. 
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3 ( A,2.2.. . 
I n  tne offplant  iaooratory,  each sa.nple fract ion is assigned a unique 
laooratory n w z r  by  a f f ix ing  a gckmed ta2e l abe l  wi th  a f ive-aigi t  nunber. 
Tne sample numoer, sample iden t i f i ca t ion ,  date,  descr ipt ion,  and parameters 
requested along wi th  t h s  p ro jec t  number, date, and person who received the 
sample a r e  recorded on the  laboratory work request form . Copies of the  
laooratory wor& request a r e  d i s t r ibu ted  t o  the various laboratory section 
managers who a r e  responsiole fo r  assigning and scheduling the pa r t i cu la r  
analyses to  be performed. The Data Manager a l so  i s  responsible fo r  recording 
the  sample iden t i f i ca t ion ,  sample date, an3 required parameters i n  a permanent 
bound logbook. 

. 

Once samples a r e  received and.logged, they a r e  stored at 4 O C .  The sample 
Gstodian  maintains the custody forms and technicians are t o  s ign fo r  samples 
when tney  r emve  tnem fo r  ana lys i s .  Samj l s  a r e  maintained u n t i l  the data are  
completed, reviewed and reported,  and disposal ins t ruc t ions  a re  provided by 
the Project  Manager. 

Sample Collect ioa Bott ies  - 
Routine: F r m  Stores,  735-A Water Qoality (WQ) Lab, and of fp lan t  

Special: Frm 320-M Lao, 773-A Lab, or Laboratories l i s t e d  aSove t o  
laooratory t o  H? Environnental Collections (EC). 

Sample Group. 

Sawles  - 
Routine: From EC t o  772-9 Lab, 7354 kfQ Lab, and offplant  laboratory 

Special: Frai EC or o ther  Sample Group t o  3204 Lao, 773-A Lao, or  
on forin EryI-7. 

i aoo ra to r i e s  l i s t e d  aoove on fora  EM-8. 

Field Measurements - 
Routine: Fron EC t o  HP Data Evaluation (DE) on forms EM-1 ( p r i o r i t y  wells) 

an3 EM-2 (nonprior i ty  wells) and then t o  Energy Conservation and 
En.:ironmental Control (ECEC) . 

Special: From EC or other  Sample Group t o  DE and then  t o  ECEC. 

Laooratory Results1 - 
Routine: From 735-A WQ Lao (Env. Chenistry) t o  Df on forms EM-3 (pr ior i ty  

wells) and-EM-4 (nonpriority wells), and then  t o  €CEC. 
Routine: From 77L-D Lab t o  DE on forms EM-5 (p r io r i ty  wells) and EM-6 

(nonpriority wells), and then t o  ECEC, 
Routine: From offp lan t  laboratory t o  EC on offplant  laboratory repor t ing  

form for review and then data, with any per t inent  comnents, is  
given t o  DE fo r  t ransmi t ta l  t o  ECEC. 

Special: From par t ic ipa t ing  Laboratories t o  EC or other spec ia l  groups, 
and then ECEC and Custodian. 

s-- -- 
l Tne summary of laboratory methods for analyzing for hazardous waste by 

onplant of o f f p l a n t  laoaratories is s h w n  i n  Attachment 112. 
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Data Evaluation - 
Routine: From ECEC t o  of fp lan t  laboratory f o r  (Ref Data Management 

Services, Scope of  Work oy ECEC, dated 1/17/83) t o  offplant  
1aDoratory: 

S t a t i s t i c a l  test of raw d a d  
Comparison to  Drinking Water Standard (DWS) or ArSitrary 

Graphic display of data f a i l i n g  s t a t i s t i c a l  test and outside 
Standard 

DWS . 
3- Quarterly and Annual Groundwater Monitoring 

Parameters and Laboratories Performing Analyses 

3.1 Routine Program 

[NOTE: Quar te r ly  analyses are indicated by an *. An annual (comprehensive) 
ana lys i s  includes a l l  parameters l i s t e d ,  including the  quarterly.] 

3.1.1 Offplant Lao 
Su l f a t e  
Fluoride 
Dissolved Organic CarDon* 
Phenols 
Foaqing agents 
Corrosivity 
Odor 
Seleniun 
Silver 
Copper 
I ron  
Manganese 
Zinc 
Radium, Total 
Stllf i de  
Cyanide 
Arsenic 
Barium 

3.1.2 735-A WQ LaD 
Total  dissolved solids* 
Chloride* 
Gross alpha 
Gross beta  

Cadmium 
Chromium 
Lead 
Nicke l  
Beryllium 
Mercury 

2,3,5-TP Silvex 
Lindane 
Endrin 
Methoxychlor 
Toxaphene 
Organic Constituents as 
determined by GC scan. 

Total Organic Carbon* 
Sodium 
Total Organic Halogen* 
Two Pr inc ipa l  Metals 

-2,443 

(s i te  specific)* 

T u m i d i t y  
Temp (Co)* 
Color 
Specific conductivity* 

QA samples wwld not be entered i n  s t a t i s t i c a l  analyses.' 
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[NOTE: Quarter ly  analyses are indicated by an *. An annual (comprehensive) 
analysis includes a l l  parameters l i s t e d ,  including the quarterly.]  

3.1.3 772-0 Lab 
Coliform, t o t a l  

3 -1.4 735-A Env. Collections (F ie ld  Measuremtnts) 
Temp (Co)* 
pH+ 
Specific conductivity* 
Water level* 

3.2 Special Samples 

3.2.1 Offplant, 735-A, and 772-0 
All parameters listed i n  sect ion 3.1 

3.2.2 3204 Lao and 773-A Lab 
Organic cons t i tuents  as determined by GC scan. 

8.  SAETY 

1. General 

3) 

1) 

Personnel w i l l  wear s a f e t y  g lasses  and rubaer gloves when performing a l l  
phases of the sampling and handling procedure. 

Housekeeping must be maintained a t  a l l  smple  si tes.  Health Protection 
supervision should be n o t i f i e d  when weeds and grass  a re  growing on the 
well site, 

Any unsafe conditions and hazards should be reported t o  supervision 
inmediately . 
When pumping, all equipment must be properly grounded. 

Acids must be transported i n  spec ia l  containers. 

When performing f i e ld  opera t ions ,  an acid wash s t a t i o n  must be available.  

2. Requirements f o r  Sampling i n  Regulated Areas 

Personnel enter ing Regulated Areas must famil iar ize  themselves and comply 
with a l l  s a fe ty  rules and protective clothing procedures. 

A T n y s  .musLbe car r ied  and used i n  order t o  monitor each sample s i t e ,  
sample, and sampling equipment. When entering a Regulated Area, the Thy+& 
must be on a t  tne entrance an3 during the e n t i r e  sampling period. 
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3) Health Protect ion Area Survey mJst be noti f ied p r i o r  t o  sampling wells 

ins ide  the o u r i a l  ground. 

4) Wnen moving from on2 well site t o  another i n s i d e  t h e  bur ia l  g r M d  fence, 
the tecnnician w i l l  remove shoe covers a t  a time when entering vehicle and 
put on shoe covers prior  t o  dismounting from vehicle.  
[NOTE: Shoe covers and any other Regulated Area pro tec t ive  equipnent will 
be disposed of i n  approved receptacles.] 

5 )  Vehicle tires must be checked pr ior  t o  leaving a Regulated Area. The 
vehicle must not  leave the area un t i l  Health Protect ion (Area Survey) 
gives permission. 

C. EQUIPMENT REQUIRED 

1. General 

- Sta in l e s s  steel p u l l e r  - Rope - Generator (used when pumping) - Measuring tape, steel 200 f t  - Tape, on2 roll, filament 

- Pens (21, water r e s i s t an t  ink - Thyac - Spare c ean pul le rs ,  locks 

- Coolers: 6-8, received from offplant laboratory and containing sample 

- Hydrolab water qual i ty  monitor, 4041* - Preservat ive1 

- Logbook 

- Bot t les  i 
bottles,. 2 containing frozen blue ice packs. 

2. Protective 

- Basic: rubber gloves, l ea ther  gloves, safety g lasses  - Portable  eye wash s t a t ion  - Regulated Area: Follow posted requirements. 

'See Attachnent #l. 

-- 'The Hydro&b is used for  measuring conductivity, tem?erature, and P;r. I t  
must be ca l ib ra t ed  weeKly oefore using and a l l  c a l i b r a t i o n  da ta  an3 result?? 
must be posted i n  the hazardous waste logbook (wells being sample3 t h a t  
week). See D?SL 271-1-415 for Hydrofab ca l ibra t ion .  
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1) Select coa lers  containing Dottles for  wells t o  be sampled. 
[NOTE: Earn well set of o o t t l e s  (i.!?., bo t t l e s  f o r  one well) w i l l '  a r r ive  
unplant fraq an of fp lan t  laboratory i n  the same cooler and are returned to 
tne offplant  laboratory the  same way. The blanks for  vo la t i l e  organics or 
organic cons t i tuents  accompany the set of empty bottles from offp lan t  
laboratory t o  SRP and the  f u l l  bottles back t o  offplant  laboratory i n  the 
same cooler. Obtain frozen ice packs from the f reezer  and place i n  
separate cmlers and c lose  the l ids . ]  

2) Obtain e q u i p i n t  listed i n  d iv is ion  C and proceed t o  load i n  vehicle. 

3) Proceed t o  the sample s i te  wi th  equipment; Wear glasses and rubber gloves 
fo r  your personal protect ion.  Personal contact with the ba i le r  can 
introduce both chemical and biological  contaminants i n  the  sample. 
[NOTE: I f  well is located i n s i d e  a Regulated Area, wear prescribed 
protective clothing and monitor area with Tnyac. If a reading greater than 
24,000 c/m is obtained, leave  the  area and not i fy  Health Protection 
supervision.J 

4 )  dnlocK and remove well cap and s t a in l e s s  steel samgle bucket suspended 
from cap. 
[NOTE: Be watchful of wasp n e s t s  and a l e r t  f o r  strong odors emitting from 
hazardous waste wells. If odor persists, request area survey t o  monitor. 1 

record i n  logbooh ( reference procedure 271-1-406). 
5) dsing etched steel tape,  measure depth of water oelow top of  pipe and 

6 )  Rinse sa,zqle bucket with d i s t i l l e d  water and a t tach  rope with snap la tch  
t o  the  4-ft chain extension on the  bucket. 

7 )  Ensure tha t  sample bucket and rope do not touch the ground. Hang bucket on 

8 )  Witn hands over the well (not  t o  the side), lower sample bucket slowly 

metal rod provided. 

i n t o  well u n t i l  i t  is below the  water surface. 
[NOTE: Wear ruboer gloves over leather  gloves.] 

motion. 
9)  Raise bucket of water from well by pulling s t r a i g h t  up with a smooth 

10) If t n e  rope has touched t h e  water, remove it from service. 
[NOTE: Look for  discolorat ion of the rope.] 

11) Pour the first bucket of water i n t o  a 6-gallon jug marked "Waste Water", 

12) Repeat stejs 7) and 8). 

13) Using water f rom t n i s  bucket, thoroughly r i n s e  the Hydrolab probes and its 

t o  ensurc renoval of the sur face  f i l m  on t h e  water colunn. 
.s. - __ - 

matcaing s23pfe container and then pour the remainder of  the Water i n t o  
tne  Hydrala sample container .  
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14 1 

15) 

16) 

17 1 

20) 

21 1 

22 1 

Imed ia t e ly  i n s e r t  trie Hydrolab pr-s i n t o  the Hydralab sample C U ~  o f  
sample watt (Ref procedure 271-1-415). Measure and record i n  loyb3x (see 
A t  tactunent #3) : - Temperature, O 2  
- p H  - Conductivity, pmhos/cm 

Pour tne water from tne  Hydrolab sample cup i n t o  the 6-gallon jug marked 
ttWaste Water". 

Rinse the sample cup and t h e  Hydrolab probes thoroughly with d i s t i l l e d  
water. Add d is t i l l ed  water t o  cup and screw cup t o  Hydrolab t o  keep 2robes 
moist and ready t o  use a t  the next well. 

For the  w e l l  being sampled, remove a11 sample bottles from t he  cooler. 
Cneck l a b e l s  and layout bottles with preservative a s  required, i n  the 
order shown in Attachment #I. 
[NOTE: A l l  sa-ple containers  a re  premarked with parameter and preserdative 
required. k i d  the site, well nunber, and date (i.e.,  300-M S.B., well #l, 
3/1O/83) . 1 
Repeat s t e p s  7 )  and 8 )  u n t i l  a l l  bo t t les  are f i l l e d .  
CN3TE: The reference  procedure for coliform sampling i s  O?SOL 271-1-418.] 
a) Wear protective c lo th ing  a s  required. 
D) As each bottle is f i l l e d ,  inmediately add preservative as requirs3 and 

cap bottle, 
[NOTE: Volatile organic samples should be poured i n  a manner t o  reduce 
exposure to a i r  (no bubbles i n  v ia l )  and i m e d i a t e l y  placed i n  a 
secondary container.  3 

Ensure as each sample is col lected that a l l  pe r t inen t  information (color, 
Sediment, odor, etc.) is recorded i n  the logbook (see Attachment #3) .  

Secure sampfing bucket t o  snap ring i n  cap, rep lace  well cap, lock well ,  
perform housekeeping around well, load samples and equipment, and mve t o  
the next w e l l .  

Repeat steps 3) tmough 20) for  each well being sampled. 

After each mttle is f i l l e d ,  preservative added t o  sample b o t t l e ,  the 
bo t t l e  is capped and labeled, check the sample f o r  leaks and f o r  c q l e t e  
information on  labe l .  P lace  bot t les  i n  coolers containing frozen, sealed 
ice packs. A t  the  end of the  first day o f  sampling, t h e  13 samples t aken  
from each well should be handled a s  follows: 
-a> The nine samples going t o  offplant laboratory should remain i n  the 

OffRlWlabOratOry  cooler  containing blanks. 
D) Oeliver me sample ( f o r  coliform) t o  the 772-0 Laboratory and p1a:e i n  

r e f r i g e r a t o r .  Sample analysis  request accompanies samples t o  772-2. 
[NOTE: Tnis  sample can be held on i ce  i n  cooler  overnight, but  mJst be 
delivered and analysis  s t a r t ed  wi th in  24 hours from time o f  sam3liq. 
Maintain on ice a f t e r  delivery. 1 

--3 
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c) Tnree samples stneduled for  delivery t o  735-A Lamratory can remain i n  
tne EC cooler un t i l  samples are delivered t o  7354 Laboratory. 

d )  Alert Snipping, phone 3483, tnat a shipment of s q l e s  w i l l  be ready 
f o r  shipment o f f s i t e  the following day. Provide time when sanples w i l l  
be del ivered,  tne date  t o  be shipped, method of sSipnent, and shipping 
request  nurnSer. 
[NOTE: One shipping request nu113er i s  used fo r  the calendar year.] 

23) Complete second day of week's sampling schedule by r e p a t i n g  s teps  1) 
tnrough 20) including del iver ing of  coliform samples t o  the 772-0 
Laboratory. Obtain signed r ece ip t  f o r  samples. 

l abora tor ies .  
24) Complete chain of custody forms fo r  samples going t o  735-A and offplant  

25)  Deliver samples t o  735-A Water Qual i ty  Laboratory an j  have Laboratory 
custodian s ign  chain of custody form f o r  rece ip t  of samples. Each sample 
set ( 3  sawles) should remain i n  individual coolers a x l  stored apart  i n  
t h e  r e f r ige ra to r .  

tney a r e  properly packed and iced (ice packs). 
[NOTE: Each set w i l l  be shipped i n  an individual cmI.er.1 

cooler and l i d  a t  both ends. 

26)  Check each offplant laboratory sam$e set ( 9  samples) careful ly  t o  ensure 

27) Place l i d  on each cooler and secure by wrapping reinforced tape around 

28) Deliver coolers  with samples t o  Snipping by 3:OO p.e- on day of shipment 
(second day of sam?ling schedule f o r  the week): 
a>  Obtain f l ight number and time of a r r i v a l  a t  f i na l  destination a i rpo r t .  
0 )  Immediately notify Laboratory of above informatim. 

29)  Have of fp lan t  laboratory: 
a )  Notify SRP b y  telephone imnediately a f t e r  receipt  of samples and their  

b) Return chain of custody r ece ip t  t o  SW. 
condition. 

E. PUW SAWLING 

11 Select coolers  containing b o t t l e s  fo r  wells t o  be s x j l e d .  

2 )  Ootain a l l  other eqdprnent listed i n  division C and proceed t o  loa3 i n  

[NOTE: See note a t  s tep D, l ) . ]  

venicle . 
3) HOOK gsneyator t o  vehicle (Ref procedure 271-1-212). 

I 
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4) Praceed t o  the sample site with equipment. Wear glasses and rubber g l w e s  
fo r  your personal protection a t  each well site. Gloves a l s o  protect  the 
sample s ince  personal contact  with equipment can introduce both chemical 
and biological  contaminants in the samples. 
[NOTE: See Note a t  s t ep  D,3) . ]  

5 )  Position generator near well t o  be sampled, but on side opposite t o  
discharge side of  punp (follow Ref procedure 271-1-119). 

6) Remove lock and cover from punp. 
[NOTE: Be watchful of  wasp n e s t s  and a l e r t  fo r  strong odors e m i t t i n g  from 
hazardous waste wells. I f  odor persists, request Area Survey t o  rnonit0r.J 

7 )  Using e t c k d  steel tape, measure depth of  water from top of well casing 
an3 record i n  logSook ( reference procedure 271-1-406). 

8 )  Subtract deptn of water from depth of well ( ins ide  bottom of screen) which 
is  posted for each well i n  the logbook (see Attachxnt U3). This  w i l l  g i v e  
the length of tne water column i n  feet. Record i n  logbook. 

9) Turn t o  table posted i n  logbook (see Attachment t 3 ) .  Look i n  left  margin 
fo r  feet measured i n  well (i.e. 10) and then move across the page t o  the 
column under the f rac t ion  o f  a foot measured (i.e. 0.5). Record i n  the 
logbook the volum? of water (10.98 gals) t o  be remved fo r  a column of 
water 10.5 ft long. 
[NOTE: The volume for any given length of  pipe was multiplied by 4 i n  
order t o  show the volume of water t o  be removed from the  well. The reason 
is the  requirement t ha t  four volumes be removed from a well p r io r  t o  
sampling. 3 

10) Ensure puinp switch is OFF and system is grounded; then connect punp cord 
t o  power source. 

11) Cneck a l l  valves,  gages, etc. The discharge l i n e  valve must be open. 

12) Place 6-gallon jugs marked llWaste Water" under the pump nozzle. Have 
spares nearby. 

13) S t a r t  power source. 

14) After again checking valves (ensure discharge l i n e  i s  closed, but open 
q u i c k l y  when punp s t a r t s )  t u rn  pump switch t o  ON and remove four volunes 
of tne water column. 
a )  I f  tne well goes dry while pumping, allow f o r  f u l l  recovery (measure 

water l e v e l  again). 
[NOTE:Tunetimes a w e l l  w i l l  not provide four volumes. 1 

b) When recovery is complete, t h r o t t l e  punp by pa r t i a l ly -c los ing  d i s c h a m  
valve and proceed witn sampling. 
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c) Xf experience snows a grea t  deal of time must elapse before f u l l  

recovery, proceed t o  the next well an3 empty the "Waste Water" purrQed 
i n  s t e p  E,14),a) i n t o  an approved receptacle.  
[NOT€: If not sampled within 24 nours the  well must be pumped again.] 

d) If tne well nistory ind ica tes  t h e  well being pumped w i l l  not provide 
the volume of water required for removal of four volumes of t h e  water 
COlUIIn, remove a l l  sample bot t les  from the cooler before the  pump is  
turned OM. 
(1) Cneck the labels and layout bottles and preservatives, a s  required, 

i n  the order shorn i n  Attachment #1. 
L W E :  A l l  sample containers a r e  premarked with parameter being 
s w l e d  and preservative required. J 

(2) Add s i te  ncmSer, well number, and da te  as shown i n  example below: 

Example: Si te :  300-X Seepage Basin 
Well I :  1 
Date: 3/10/64 

15) A s  pumping t o n t i n e s :  
a)  Keep check on volme being remved. 
D) Replace f i l l e d  jug marked Waste Water" w i t h  an emgty jug- 
c )  Repeatedly f i l l  the Hydrolab sam2le cup wi th  pumped water. 

[NOTE: This acclimates sample cup tenperature t o  well water 
temperature. 3 

d) I n s e r t  cal ibrated HydrolaD (reference procedure 271-1-415) probes i n  
c i  each time i t  is f i l l ed .  

e) Observe changes, i f  any, i n  conductivity, tem?erature, and pH. With the 
removal of four volmes of the water column, these parameters should 
stabilize. 

f )  After removal of four volumes of water, measure conduct ivi ty ,  
temperature, and pH. Record i n  logSook. 

g) Pour sawle cup water i n t o  "Waste Water" jug. 
h) Rinse the Hydrolab samgle cup an3 the  Hydrolab probe thoroughly with 

d i s t i l l e d  water. Place probes i n  cup containing d i s t i l l e d  water t o  keep 
moist during t ransi t .  
[NOTE: or any other  material must not be used on cup or probes.] 

16) F i l l  each oottle from the sample nip2le in t h e  order i n  which t h e  bot t les  
were l a i d  out. 
[NOTE: The sample n ipple  is on the main discharge l i ne  from the pmp.  A 
s l i g h t  back pressure caused by par t ia l ly  c losing the main valve w i l l  
increase the  flow from the  nipple. 1 

f 

17) Immediately a f t e r  bo t t le  is f i l l ed ,  cap, place in secondary container,  and 
retur&-to-coooler containing t r i p  blank. 
[NOTE: When sampling f o r  v o l a t i l e  organics, the water sampled should have 
minhcJin contact with air  and snould not splash i n t o  the recziving 
container.] 

--a 
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21 

28 1 

Add preservatives a s  required.  
[MITE: Wear protect ive c lo tn ing  as required. ] 

Cap Dottie f i r m l y .  Ensure there is no leak for each bottle. 

Cneck labe l  for complete information (should have been f i l l e d  i n  e a r l i e r )  
and place each sample i n  cooler. 
[NOTE: A l l  samples from the same well (called a set) go i n  t h e  same cooler 
for  transport  - 3  
When sampling is complete, t u r n  pun;, switch t o  OFF. Unplug pump from power 
source and replace cover on punp. 

Ensure tha t  a l l  per t inent  information (color, sediment, odor, etc.) 
pertaining t o  the well and the  sample is  recorded i n  the  logbook (see 
Attacrment f 3 ) .  

Perform hosekeeping around well, load samples and equipment, and move t o  
the next well. 

Repeat steps 1) tnrough 23) for each well being sampled t h i s  day. 

A t  tine end of the  f i r s t  day of sampling, the 13 samples taken from each 
well should be handled as follows: 
a )  Tne nine samples going t o  offplant  laboratory shwld  remain i n  the 

offplant laboratory cooler with the blanks. 
D) Deliver one sample ( for  coliform) t o  tne 772-0 Laboratory and place i n  

refrigerator. Submit sample analysis request with sample. 
[N.JT€: Tnis samgle can D e  held on ice i n  cooler overnight, but must oe 
cislivered and analysis  started within 24 hours from t h e  of sampling. 
Maintain on ice a f t e r  delivery.  3 

c )  Tnree samples scheduled for delivery t o  735-A Laboratory can remain i n  
EC cooler u n t i l  samples are delivered t o  735-A Laboratory. 

d) Alert Snipping, phone 83483, tha t  a shipment of samples w i l l  be ready 
fo r  shipment o f f s i t e  the following day. Provide time when samples w i l l  
be delivered, the  da t e  t o  be shipped, method of shipment, and shipping 
request ncmber. . 
cN3TE: One shipping reques t  number is used for tne calendar year.) 

Complete second day of weex's sampling schedule by  repeating s teps  1) 
tnrough 24) including de l ive r ing  of coliform samples t o  the 772-0 
Laooratory. Obtain signed r e c e i p t  fo r  samples. 

Complete chain of  custody forms for  s a v l e s  going t o  735-A and Offplant 
laooratories. *.---- 
Deliver sanples t o  735-A Water Quali ty  Laboratory and have Laboratory -3 

Custodian s ign chsin o f  custody form fo r  rece ip t  of  samples. Each sample 
s e t  ( 3  sawles) s h w l d  remain i n  individual EC coolers  and stored apart  i n  
t h e  re f r igera tor .  
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29)  Cneck eacn o f fp l an t  laboratory sample set (9  samples) careful ly  t o  ensure 
tney are properly packed and iced (ice packs). 
[NOTE: Each set w i l l  be shipped i n  an ind iv idua l  of fp lan t  laboratory 
cooler . 3 

30) Place l i d  on each cooler and secure by wrapping reinforced tape around 
cooler and l i d  a t  both ends. 

31) Deliver coolers with samples t o  Shipping by 3:OO p.m. on day o f  shipment 
(second day of sampling schedule for  the week): 
a) Ootain f l i g h t  nunber and time o f  a r r iva l  a t  f ina l  destination a i rpor t .  
b) Inmediately not i fy  Laboratory o f  above information. 

32) Have o f f p l a n t  laboratory: 
a) Notify S P  Oy telephone imnediately after r e c e i p t  of samples and their 

b) Return cha in  of custody receipt t o  W. 
conditia?. 
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ATTACHMENT #I 

REQUUED CONTAINERS, PtESERVATION TECHNIQUES, 
HCLOING TIMES, AND LABORATORIES PERFORMING ANALYSES 

PRESFlRVATIVE 
TYPE SAMPLE TYPE CONTA$NR 
CONTAINEH it VOLUME AND VOLUM€ 

Sterile ~ 4 ,  100 m l  cool, 4 0 ~  

SAtPLE P A M I E R  
FOR EACH WELL 

HOLDING 
TIME LABORATOFiY3 

772-0 

7354 

11 

T o t a l  Coliform 1 Day 

ms, No 

. Grosseand a 

NO3 

P, 111 

P, l a  
P, 500 ml 

Cool, 7 Days 

Conc HN03, S m l ,  G4 6 Months 

COnC H2S04, 1 ml, 
G 1 m l ,  G 28 Days 

Metals 1% C o o l ,  4O; 5 m l  Conc 
HNO3 6 Months Offplant Lab 

Pesticides 

Radium 

Sulf ide 

SO$ 

Odor 

Cyanide 

Pnenol 

G, 211 

P, 211 

P, 2SO m l  

P, 211 

G, 111 

P, 111 

G, 500 m l  

Cool, 4oc 7 Days 11 

Cool, 4% 6 Months 

7 Days 

Cool, 4% 28 Days 

C o o l ,  4% 11 

n Cool, 4OC; 15 m l  NaOH 14 Days 

2 inl Conc H3P04, G 
1 g 20.1 CuSO4, P 28 Days 11 

11 Organic Scan e, loa m l  Cool, 4% 14 Days 

Cool, 4% 14 Days TOH G, 500 ml 11 

kach  b o t t l e  w i l l  contain t h e  well group iden t i f i ca t ion  nunber, preservative,  and 

2735-A Water Qua l i ty  Laboratory prepares preservatives;  new bo t t l e s  and v i a l  caps 

37he laboratory receiving tne sample also provides the bot t les  except f o r  coliform; 

4P = Polyethylene and G = Glass. 

the parameter. 

are used witn polyseal l iners .  

t h i s  s te r ih  cont-ainer is purchased from Stores. 
Y . 3  

5100 m l  will preserve aaout ZOO samples. 
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m R Y  OF METHOOS FOR ArJALYrCS - HAZARWJS WASTE 

RfERENCEa 
€?A Method 335.2 

PCWAI.ETEH 
Cyanide 
Sulfate 

METHOO OESCRXPTION 
Colorimeteric without d i s t i l l a t i o n  
Automated methylthymol Slue 

F i l t e r  sample through 0.45 micron 

Combustion Method 

colorimetric 

f i l t e r ,  analyze by combustion 

P A  Method 375.2 

Dissolved Organic Carbon EPA Method 415.1 

EPA Method 415:l 

€PA Method 340.1 
EPA Method 450.1 

Total Organic Carbon 
Total Organic Halogens 
Fluoride Colorimetric, SPAONS with  Bellack 

Automated 4-AAP colorimetric wi th  

Colorimetric WAS 
Corrosivity towards steel  
Threshold odor 
Iodine t i t r a t i o n  

Di s t i l l a t i on  

Di s t i l l a t i on  
€PA Method 420.2 Phenol 

EPA Method 425.1 
Method 5.3 
€?A Method 140.1 
E P A  Method 376.1 

Surfactants 
Corrosivity 
Odor 
Surf ide 

METALS: 
Arsenic 
&rim 
Bsr y l l i un  
Cadmiun 
cnromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 

EPA Method 206.2 
f f A  Method 208.1 
€PA Method 210.2 
€PA Method 213.2 
€PA Method 218.2 
€?A Method 220.2 
€PA Method 236.1 
EPA Method 239.2 
EPA Metnod 243.1 
EPA Method 245.1 

AA, Graphite Furnace 
AA, Direct Aspiration 
AA, Graphite Furnace 
AA, Graphite Filrnace 
AA, Graphite Furnace 
AA, Graphite Furnace 
AA, Direct Aspiration 
AA, Graphite Furnace 
AA, Oirect Aspiration 
Manual cold vapor wi th  no 

Manual cold vapor with no 

AA, Graphite Furnace 
AA, Graphite Furnace 
AA, Direct Aspiration 
AA, Direct Aspiration 
Radiun by prec ip i t a t ion  

digest  ion 

digestion 
Nici<el EPA Method 249.2 

Seleniun 
Silver 
Sodium 
zinc 

Total Radiun 

EPA Method 270.2 
EPA Method 272.2 
P A  Method 273.1 
€PA Method 289.1 
Standard Methods, 

EPA Method 608 
Method 705 

Pesticides Organochlarine Pes t i c ides  i n  
Indus t r i a l  Ef f luents ,  GC/EC 

Chlorinated Phenoxy Acid 
Herbicides i n  I n d u s t r i a l  
Eff luents ,  GWEC 

Analysis o f  Trihalmethanes i n  
Drinking Water Dy Y - 4  

Liquid/Liquid Extract ion 

Herbicides EPA, f ede ra l  

€PA, Federal 

Register Vol 38, 
No. 75, Par t  I1 

Regis ter  Vol 44, 
No. 231 
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ATTACHPENT 02, Coritd 

P M T E R  
Color 
Special conductivity 

Turbidity 
Total dissolved so l id s  
PH 
Chloride 
Temperature 
Ni t ra te  
Nitrite 
Gross alpna-beta activity 
Coliform 

 REFERENCE^ 
Not i n  p r in t  y e t  
N s t  i n  p r in t  yet 
WS(# 271-1-415 
OPSOL 271-310 
OPSOL 271-310 

OPSOL 271-1-415 
WSOC 271-306 
WSOL 271-1-415 
OPSOL 271-33.3 
OPSOL 271-261 
DPSOL 271-251 
DPSOL 85-4H89.1 

Not i n  p r i n t  y e t  

METHOO DESCRIPTIW 
Visual comparative method 
Beckman -bridge 
Hydrolab (analyzed i n  f i e l d )  
Need revised Hach method 
F i l t e r a b l e  resid* (revised) 
Corning procedure 
Hydrolab (analyzed i n  f i e l d )  
End point t i t r a t i o n  
Hydrolab (analyzed i n  f i e l d )  
Technicon automated 
Technicon automated 

[NOTE: All references a re  on f i le  and avai lable  for inspection i n  735-9A. 
Tnese include three sets of the of fp lan t  laboratory procedures t i t l e d  
"Procedures for Analysis of  Groundwater Monitoring Samples fo r  Du Pont - SRP."] 

%PA Metho8sYMethods fo r  t h e  Chemical Analysis o f  Water and Waste EPA, 
March 1979, T 3  

Standard Methods - Standard Methods for  t h e  Examination of Water and 
Waste Water, 15 th  Edition, APdA-AWWA-WCF, 1980. 
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SITE AND WELL # EVALUATION (TOP OF CASING) 

E LENGTH (ft) FROM TOP OF . - COQFWZNATES: N 
CASING TO BOTTOM OF SCREEN 
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TABLE - 
P W I N G  WELLS 

FOUR VOLUMES (GAL.) OF H9O in 4" CASING WELLS - 
Water Column 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 . 8  0.9 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 .  

10 
11 
12 
1 3  
1 4  
15 
1 6  
1 7  
18 
1 9  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3 0  
31  
32  
33  

35 

a- - - =  

0 
3 
5 
8 

11 
1 3  
1 6  
1 8  
2 1  
24 
26 
29 
32  
34 
34 
39  
42  
4s 
47 
50 
53  
55  
58  
6 0  
63  
66 
68  
7 1  
74 
76 
79 
82 
84 
87 
89 
92 

0 
3 
6 
8 

11 
13 
16  
19 
2 1  
24 
27 
29 
32 
35 
3 7  
4 0  
4 2  
4 5  
4 8  
50 
53 
5 6  
58 
6 1  
64 
66  
6 9  
7 1  
74 
77 
7 9  
8 2  
84  
8 7  
9 0  
92  

P 
3 
6 

11 
1 4  
16  
1 9  
22 
24 
27 
29 
3 2  
3 5  
37 
40 
43 
4s 
48 
5 0  
5 3  
56 
58 
6 1  
64 
66 
69 
72 
74 
77 
79 
82  
84 
87 
90 
93 

a 

1 
3 
6 
9 

11 
14 
1 7  
19 
22 
24 
27 
30 
32 
3s 
38 
40  
43 
45 
48 
5 1  
53 
56 
59 
6 1  
64 
67 
69 
72 
74 
7 7  
80 
82 
85 
88 
90 
93 

P 
4 
6 
9 

1 2  
14 
1 7  
19  
22 
25 
27 
30 
33 
35 
38 
40 
43 
46 
48 
5 1  
54 
56 
59 
6 1  
64 
67 
69 
72 
75 
77  
80 

* 83 
85 
88 
90 
93 

1 
4 
6 
9 

1 2  
1 4  
1 7  
20 
22 
25 
27 
30 
3 3  
3 6  
38 
4 1  
43 
46 
49  
5 1  
5 4  
5 7  
59 
6 2  
64 
67 
7 0  
7 2  
75 
77 
80 
83 
85 
88 
9 0  
93  

2 
4 
7 
9 

1 2  
1s 
17 
20 
23 
25 
28 
3 1  
33 
36 
38 
4 1  
44 
46 
49 
5 2  
54 
57 
59  
6 2  
65 
67 
7 0  
73 
75 
78 
80  
83 
86 
88 
91 
94 

E-3 

I 

2 
4 i  
7 i  

10 * 

1 2  

18 ' 
20 
23 
26 
28 
3 1  
33 
36 
39 
4 1  
44 
47 . 
49 
5 2  
54 . 
5 7- 
6 0  
6 2  
65  
68  
70  
73 
75 
78 
8 1  
83 
86 . 
89 
9 1  
94 

15 , 

2 
5 
7 

10 
13 
15 
18 
20 
23 
26 
28 
3 1  
34 
36 
39  
42 
44 
47 
49 
5 2  
5s 
57 
60 
63 
65 
68 
70 
73 
76 
78 
8 1  
83 
86 
89 
92 
94 

2 
5 
8 

10 
13 
15 
18 
21 
23 
26 
29 
31  
34 
37 
39 
42 
44 
47 
50 
52 
55 
57 
60  
63 
65 
68 
7 1  
73 
76 
79 
8 1  
84 
86 
89 
92 
94-4 
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APPENDIX F.  WATER LEVEL ELEVATIONS IN MONITORING WELLS 

This appendix inc ludes  the  water-level e l eva t ions  tha t  were 
used to  cons t ruc t  Figures  5-3, 5-4, 5-5 ,  and 5-6 as w e l l  as o t h e r s  
t h a t  w e r e  measured before  c o l l e c t i n g  water samples f o r  ana lys i s .  

Appendix F-1 includes the  water-level measurements t h a t  were 
used t o  cons t ruc t  most of Figure 5-3, Water Table Eleva t ion  Map f o r  
Spring 1984. Most of these  measurements were a l l  made a t  the end 
of J u l y  t o  ob ta in  a synopt ic  set of water-level e l eva t ions .  Wells 
o the r  than water- table  w e l l s  were a l so  measured during t h i s  t i m e  
per iod and they are included i n  Appendix F-1. I n  order  t o  extend 
the water t a b l e  map t o  the  S i lve r ton  Road waste s i t e  a rea ,  i t  w a s  
necessary t o  use water-level measurements taken while c o l l e c t i n g  
samples f o r  chemical ana lys i s  and these  water l e v e l s  a r e  given i n  
Appendix F-2. These measurements were m d e  i n  May and June 1984. 
For cons t ruc t ion  of  Figure 5-4, Potent iometr ic  Map of the Eleva t ion  
I n t e r v a l  where t h e  Top of the  Screen is  Between 146 and 187 f t ,  
i.e., -50 f t  Below t h e  Green Clay, for April-June 1984, the 
measurements taken i n  J u l y  1984 d i d  not provide s u f f i c i e n t  areal 
coverage. So the  water-level measurements obtained while 
c o l l e c t i n g  samples f o r  chemical analyses  given i n  Appendix F-2 were 
used. This r e su l t ed  i n  a broadened t i m e  span but  provided bet ter  
areal coverage. 

The same s i t u a t i o n  appl ied t o  the cons t ruc t ion  of Figure 5 - 5 ,  
Potent iomet r ic  Map of t he  Elevat ion I n t e r v a l  $ere the  Top of the  
Screen i s  Between 100 and 144 f t ,  i.e., i n  Basal T e r t i a r y  Sediments 
for April-June 1984, and the  same s o l u t i o n  was appl ied ,  i .e. , the  
measurements are given i n  Appendix F-2. For Figure 5-6, Potent io-  
metric Map of t he  Eleva t ion  I n t e r v a l  where the Top of t he  Screen is  
Between 14 and 76 f t ,  i.e., Upper "Tuscaloosa" Formation, f o r  May 
1984, t h e  water-level ueasurements made while c o l l e c t i n g  samples 
f o r  chemical ana lyses ,  Appendix F-2, were used but  the  t i m e  per iod 
w a s  r e s t r i c t e d  t o  May 1984 without s a c r i f i c i n g  any a r e a l  coverage. 

, 
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WELL 

AC 1 A  

AC l B  

AC 2 A  

AC 28 

AC 3A 

AC 38 

ASB 7 

ASB 8 

ASB 9 

HSB 9A 

HSB 9B 

w HSB 9C I 
h, 

HSB 10A 

HSB 100 

DATE 

3OJUL84 

3OJUL84 

26 JUL84 

26 JUL84 

26 JUL84 

26 JUL84 

27JUL84 

27JUL84 

27JUL84 

2 7 JUL84 

27JUL84 

27JUL84 

26 JUL84 

26JUL84 

HSB 1OC 26JUL84 

HSB 10D 26JUL84 

H5B 1 1 A  27JUL84 

HSB 1 l B  

HSB 11C 

HSB l l D  

HSB 11E 

HSB 11F 

HSB 12A 

flSB 128 

MSB 12C 

HSB 12D 

HSB 12TA 

27JUL84 

27JUL84 

27JUL84 

2 7 JUL84 

27JU184 

24 JUL84 

24JUL84 

24JUL84 

24JUL84 

24JUL84 

DEPTH ELEVWAT 

-39.54 222.56 

-39.33 222.67 

-84.83 217.47 

-83.56 218.84 

-112.66 240.72 

-110.00 238.95 

-63.25 245.70 

-136.66 221.04 

-114.50 243.40 

-115.42 243.68 

-135.42 219.58 

-132.91 221.79 

-114.08 241.92 

-114.00 241.50 

-143.25 221.65 

-138.83 225.97 

-132.25 232.65 

-122.50 242.70 

-122.00 243.20 

-121.66 242.94 

-130.75 217.05 

-117.50 230.90 

-113.08 234.82 

-107.50 240.60 

-157.75 190.75 

WELL 

HSB 12TB 

HSB 13A 

MSB 138 

HSB 13C 

MSB 14A 

HSB 148 

HSB 14C 

HSB 15A 

HSB l5C 

HSB 16A 

HSB 16C 

flSB 17A 

flSB 178 

HS0 17C 

HSB 18A 

HSB 18B 

HSB 18C 

HSB 19A 

HSB 19B 

HSB 19C 

HSB 2OA 

HSB 20C 

HSB 2 1 A  

MSB 21C 

HSB 22 

MSB 23 

HSB 238 

DATE 

24JUL84 

24JUL84 

24JUL84 

24 JUL84 

27 JUL84 

27JUL84 

27JUL84 

27JUL84 

27JUL84 

27JUL84 

2 7 JUL84 

24JUL84 

24JUb84 

24JUL84 

25JUL84 

25 JUL84 

25JUL84 

27JUL84 

274UL84 

27JUL84 

26JUL84 

26JUL84 

26 JUL84 

26 JUL84 

2 7JUL84 

3OJUL84 

?JLOQ 

DEPTH ELEVWAT 

-158.25 190.65 

-129.33 215.87 

-114.25 231.35 

-103.08 242.62 

-121.42 226.88 

-119.75 228.95 

-104.00 244.70 

-134.50 232.70 

-120.33 246.27 

-132.46 234.24 

-123.50 243.10 

-133.33 224.67 

-121.83 236.07 

-120.00 238.10 

-121.66 218.54 

-110.56 229.74 

-103.91 236.69 

-81.00 218.50 

-77.17 222.73 

-53.58 246.62 

-126.75 227.25 

-116.00 237.30 

-123.75 229.65 

-113.08 240.32 

-115.83 246.47 

-127.04 244.73 

-135.71 235.89 

tlSB 26A 26JUL84 

HSB 27 27JUL84 

tlSB 27A 27JUL84 

HSB 28 26JUL84 

HSB 28A 26JUL84 

HSB 30A 26JUL84 

HSB 30C 26JUL84 

HSB 31A 27JU184 

HSB 318 27JUL84 

HSB 31C 27JUL84 

MSB 32 27JUL84 

HSB 33 27JUL84 

hSB 34A 27JUL84 

HSB 368 27JUL8G 

BSB 34C 27JUL84 

HSB 34TA 27JUL84 

HS0 34TB 27JUL84 

-125.58 235.35 

-129.08 246.40 

-134.50 240.65 

-112.42 261.99 

-120.66 233.57. 

-157.50 197.06 

-112.91 241.13 

-151.66 195.54 

-120.48 227.02 

-101.00 246.30 

-27.83 227.43 

-35.33 221.30 

-159.58 223.59 

-145.25 237.83 

-143.54 239.65 

-183.66 198.83 

-181.37 201.40 
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APPENDIX F. WATER-LEVEL ELEVATIONS IN OBSERVATION WELLS IY THE A AND M 

AREA VICINITY. 

WELL SAMPLE DATE WATER ELEVATION WELL SAMPLE DATE WATER ELEVATION 

ABG 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
A OB 
403 

ASB 
ASB 
ASB 
LA 
MPT 
MPT 
MPT 
MPT 
MPT 
MPT 
MPT 
MPT 
MPT 
MPT 
MPT 
WPT 
MPT 
blS 5 
MSB 
MSB 
hfSB 
MSB 
MSB 
Mist) 
MSB 

1 
1A 
1A 
1A 
1B 
1B 
1B 
2A 
2A 
2A 
2A 
2A 
2B 
28 
2B 
28 
3A 
3.4 
38 
34 
3B 
38 
38 ' 

38 
38 
1 
2 

4 
7 
8 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1A 
2A 
3A 
3A 
3 A  
4A 
5.4 
5A 

06 1284 
050283 
07 1283 
060784 
042683 
071283 
060784 
042383 
071 183 
050184 
061384 
091984 
05 1083 
071183 
050184 
091984 
042983 
071283 
032484 
060784 
042983 
07 1283 
032484 
032484 
060784 
061184 
061184 

061284 
05 1434 
053084 
05 i884 
070783 
082283 
082683 
092383 
082683 
092983 
101483 
101853 
102083 
102553 
103183 
113083 
120583 
050384 
050384 
032154 
032184 
050384 
050354 
051054 
03 1254 

227.37 
217.10 
219.04 
221.63 
217.20 
219.16 
222.69 
226.30 
227.25 
230.79 
229.52 
230.76 
233.50 
235.00 
239.19 
237.33 
214.30 
215.11 
219.90 
218.57 
215.20 
215.82 
220.71 
220.71 
219.39 
245. S2 
245.55 

241.71 
241.93 
242.45 
207.00 
236.77 
223.06 
222.04 
223.16 
223.16 
223.45 
222.84 
225.66 
223.16 
222.66 
224.16 
221 -76 
221.91 
242.33 
242.48 
242.35 
242.35 
242.28 
242.15 
230.70 
240.07 

MSB 6A 
MSB 7A 
MSB 7A 
MSB 8A 
MSB 8A 
MSB 98 
MSB 9A 
MSB 9A 
MSB 9A 
MSB 9B 
MSB 9B 
MSB 9B 
MSB 9C 
MSB 9C 
MSB 9C 
MSB 9 C  
MSB 10A 
MSB 10A 

" MSB 1OA 
MSB IDB 
his3 IOB 
hlSB 1OB 
MSB 108 
MSB 1oc 
MS3 1UC 
MSB 1oc 
!YfSB 10c 
ZrlSB 103 
MS3 11.4 
MSB 11A 
MSB llil 
MSB 11.4 
MSB 11.4 
MSB 11.4 
MSB 11A 
MS13 1lA 
A@B 118 
MSB 11A 
MSB 1lA 
MSB 11A 
MSB 11A 
MSB 1lB 
MSB 11B 
MSB 11B 
MSB 11B 
MSB 1lB 
lMSB llB 
MSB 11B 
MSI) 118 
MSB 118 
MSB 11B 
MSB 11s 
MSB 119 

05 1084 
05 1084 
09 1284 
05 1084 
091284 
042483 
070783 
041384 
090684 
062983 
041784 
090684 
051683 
062983 
04 1654 
090684 
042483 
04 1784 
09 1084 
062783 
079783 
04 IS31 
001084 
0 124 53 
070783 
041884 
09 1084 
04 1854 
042.183 
062783 
082283 
052683 
091683 
092083 
092383 
092683 
092983 
120553 
032184 
041284 
090584 
062883 
OS2283 
OS2683 
09 1683 
092083 
092383 
002683 
092933 
113083 
032 1'34 
041284 
090584 

F- 3 
e 

224.43 
225.72 
235.48 
225.70 
241.16 
218.60 
218.90 
222.56 
221.84 
241.69 
244.72 
241.38 
241.90 
241.87 
244.97 
244.55 
216.50 
220.96 
220.90 
220.12 
220.17 
223.32 
223.42 
24c. 20 

e 243.09 
243.00 
242.86 
242.72 
219.10 
213.59 
220.30 
220.30 
220.36 
220.45 
220.54 
220.54 
220.55 
221.10 
221.26 
223.2s 
222.38 
231.09 
229.94 
229.87 
231.30 
230.43 
230.10 
230.10 
230.08 
230.00 
230.53 
232.22 
231.62 

I S  
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APPENDIX F. WATER-LEVEL ELEVATIONS IN OBSERVATION U'ELLS IN TEIE A AND $1 

AREA VICINITY. 

? : :  ; - - '  WELL SAMPLE DATE 

MSB 11C 
MSB 11C 
MSB 11C 
MSB 11C 
MSB 11C 
MSB 11C 
MSB llc 
MSB 11C 
MSB 11C 
MSB 11C 
MSB 1lC 
MSB 11D 
MSB IlD 
MSB 11D 
MSB 1lD 
MSB 1lD 
MSB 1lD 
MSB 11D 
MSB 11D 
h1SB 1lD 
MSB 11D 
MSB 11D 
MSB 118 
MIS3 11E 
MSB 11F 
MSB 11F 
hlSB 11F 
MSB 11F 
HSB 11F 
MSB 1lF 
MSB 11F 
hlSB 11F 
MSB 11F 
hfSB 11F 
MSB 11% 
MSB 11F 
MSB 11F 
MSB 12.4 
MSB 12A 
MSB 12A 
MSB 12A 
MSB 12B 
MSB 12B 
MSB 12B 
MSB 12B 
MSB 12B 
hlSB 12C 
MSB 12C 
MSB 12c 
hfSB 12C 
MSB 12D 
$?SB 12D 
blS8 12D 

062583 
082283 
082653 
091683 
092083 
092383 
092683 
092983 
112883 
04 1284 
090584 
062783 
OS2283 
OS2683 
09 1633 
092083 
092383 
092653 
092983 
112883 
04 1284 
090G84 
082283 
0826S3 
070753 
OS2283 
OS2683 
09 1683 
092053 
092383 
092653 
092983 
1213583 
032184 
032134 . 
041284 
090684 
062783 
032284 
04 1984 
091 184 
042783 
070783 
032284 
041984 
091 184 
042753 
032284 
04 1884 
01154 
079783 
02222s.i 
04 1584 

WATER ELEVATION WELL SAMPLE DATE WATER ELEVATION 

. .  .. 
. .  

232.32 
231.95 
231.80 
233.82 
232.59 
232.22 
232.22 
232.23 
232.40 
233.12 
233.77 
241.97 
241.95 
242.02 
242.49 
242.46 
241.96 
241.96 
242.25 
242.44 
243.90 
243.69 
242.7 1 
242.63 
24 1.83 
243.32 
242.39 
242.58 
242.70 
242.6s 
242.68 
242.6s 
24 I - 98 
242.89 
242 .89 
244.20 
244.10 
214.83 
216.75 
218.37 
21S.40 
224.60 
221.17 
229. GO 
229.85 
229.76 
232.90 
234.35 
233.25 
233.23 
239.03 
239. SO 
242.70 

MSB 12D 
MSB 12TA 
MSB 12TA 
MSB 12TA 
MSB 12TA 
MSB 12TA 
MSB 12TA 
>lSB 12TA 
MSB 12TB 
MSB 12TB 

- y  MSB 12TB 
. -"- MSB 12TB 

MSB 12TB 
MSB 12TB 

. , ;: YSB 12TB 
. ' MSB 13A 
. MSB 138 

MSB 13A 
MSB 138 
MSB 13B 
MSB 13B 
tlSB 138 
MSB 18C 
MSB 13c 
XS9 13C 
MS8 13C 
!dSS 14A 
hISB 144 
MSB 14A 
MS3 14.I 
MSI1 14A 
SISB 142 
SISB 148 
HSB 1413 
MSB 14C 

-, !SB 14C 
- ' MSB 14C 

MSB 14C 
MSB 15A 
MSB 15A 
MSB 15A 
MSB 15A 
MSB 16A 
MSB 1GA 
MSE 16A 
MSB 1GA 
MSB 16C 
MSB 1GC 
MSB 16C 
MSB ZGC 
hlSB 17.1 
MSB 17A 
MSB 17A 

F-4 

09 1184 
102483 
102533 
102683 
05 I. 784 
052284 
052584 
091054 
102483 
102583 
102683 
051754 
052 184 
052384 
09 1054 
032883 
071253 
042084 
091 184 
070533 
042084 
091284 
0.12383. 
071283 
0 4 2034 
091284 
0-12733 
07 1183 
04 1384 
06 1454 
0 9 C 4 54 
062983 

. 041384 - '  

090484 - 
042783 
071183 
041384 

042853 
062783 
041684 , 
090784 
042383 
062783 
04 1784 
090784 
0424S3 
OC2SS3 
04 1784 
090754 , , 

042853 
071 183 
042384 

080584 

I 

242. 66 
189.50 
190.50 
189.50 
193.55 
193.60 
193.1G 
194.20 
190.90 
130.90 
190.30 I 

193.99 
194.05 
193.90 
196.78 
213.50 
214.42 
217.15 
217.15 
229.29 
232.20 
232.16 
241.60 ( 
2-1 1 .20 
244.41 
243.46 
225.10 
226.10 
228.35 
225.01 
227.69 
227.39 
230.34 
220.65 
244.20 
243.24 
245.72 
245.26 
231.10 
231.19 
234.22 
233.41 
232.70 
232.85 
235.58 
235.21 
241.10 
241.48 
243. SO 
243.06 
222.20 
224.1s 
226. BO 
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APPENDIX F. WATER-LEVEL ELEVATIONS IN OBSERVATION WELLS I N  THE A A N D  M 

AREA VXCI."(ITY. 

WELL SAMPLE DATE WATER ELEVATION WELL SAMPLE DATE WATER ELEVATIOI 

MSB 17A 091384 226.56 MSB 23A 082484 200.01 
MSB 17B 042983 234.10 MSB 23A 082884 199.93 

MSB 2311 050983 234.30 MSB 17B 071183 235.42 
MSB 17B 042484 238.78 MSB 23B 070683 234.62 
MSB 17B 091384 238.70 MSB 23B 051 184 237.08 
MSB 1 X A  062853 216.55 MSB 21 042983 238.45 
MSB 18A 070183 217.62 MSB 24 070783 240.01 
MSB 1 8 A  042384 220.35 I' MSB 24 032384 230.32 
MSB 18A 091384 220.07 MSB 24 05 1554 240.30 
MSB 1SB 042883 226. SO MSB 24A 042983 237.08 
MSB tSB 071283 227.13 . 3isB 24a 070783 237.29 
MSB 1 8 B  042384 230.95 MSB 24A 032384 231.90 

231.90 MSB 1 8 B  091384 230.85. MSB 24A 032384 
& .  MSB 24A 051584 237.06 MSB 18C 042883 232.90 

MSB 1SC 071283 234.10 MSB 25 05 1683 240.53 
MSB 18C 042384 236.00 MSB 25 07 1283 232.32 
MSB 18C 091384 235.85 MSB 25 051584 241.15 
MSB 19A 043083 217.00 * < '  MSB 25A 051683 226.32 
MSB 198 060884 219.17 ~ MSB 25a 071283 228.31 
htSB 19B 060854 222.39 MSB 25A 051584 . 227.36 

hiSB 19C 071'183 244.55 $IS5 26 071183 243.01 

MSB 20A 042353 224.00 S!SS 26 09 1784 242.3g 
MSB 20A 070683 224. S6 MSB 26d 051053 233.23 
kISB 20A 04245.1 22s. 45 MSB 26a 071183 233.97 
MSB 20A 091734 228.40 MSB 2GA 042GS4 236.35 
MSB 20C 042333 234.00 MSB 26A 091884 236.39 
MSB 2OC 070683 234.68 MSB 27 05 1683 244.18 
MS13 20C 042484 235.30 YSB 27 071 183 242.93 

n MSB 20C 091784 23s. 19 hlSB 27 032484 249.64 
- 3ISB 21A 042383 226. SO MSB 27 0421384 246.4s 

239.15 MSB 21A 042584 230.85 MSB 27.4 051053 
MSB 21A , 001784 230.75 WSB Z ~ A  071153 242.60 
MSB 21C 042383 237.10 hlSB 27A 042684 241.80 
MSB 21C 042484 240.95 MSB 27A 061384 240.23 
MSB 21C 091784 240.90 MSB 27A 092084 240.21 

239.21 MSB 22 062783 241.32 MSB 28 051253 
239.96 MSB 22 032184, . 240.12 MSB 28 071183 
253.48 MSB 22 032 184 240.12 MSB 28 032584 

MSB 22 04 1384 244.23 MSB 28 043084 241.69 
. MSB 22 090584 ~ 243.97 hfSB 28 09 1884 241.67 

MSB 23 , 050983 '1 '' 243.57 MSB 28A 051283 231.03 
234.78 .,. MSB 23 070683 ' 243.77 MSB 28A 043084 
234.76 MSB 23 051 1S4 245.37 MSB 28A 091884 
194.56 

~ MSB 23A 050983 198.62 MSB 30A 051283 
196.91 MSB 23A 070683 198.36 MSB 30A 070553 

MSB 23A . 051184 202. GO MSB 30A 032484 201.15 
MSB 234 052484 199.44 , MSB 30A 043054 200.56 
MSB 23A 05205.1 201.70 MSB 30X 052134 198.20 

MSB 19C 043383 243.80 MSB 26 051053 242.45 

\ MS2 19C .'061334 245.82 MSB 26 042684 242.42 

MSB 21A U71183 227.60 MSB 27 09 1984 246.37 

F - >  

t i  
Q C - L  . ; ._ ' 2.: 

> ,  . 
.' ' 202.05 _. MSB 30A: 083184 . 198.96 

I 202.03 to: hiSB 30C.3 051283 ' 237.74 
J . -.-_ 

F- 5 
8 " ab - I .  
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APPEF(DIX F. WATER-LEVEL ELEVATIONS IN OBSERVATION FELLS IN THE A AND 31 

AREA VICINITY. 

WELL 

MSIl 30C 
MSB 30C 
MSB 30C 
MSB 318 
MSB 31A 
MSB 31A 
MSB 31A 
MSB 3 1 A  
MSB 31B 
MSB 31B 
hlSB 31C 
MSB 31C 
MSB 32 
MSB 32 
MSB 33 
MSB 33 
MSB 33 
MSB 34A 
MSB 34A 
MSU 34A 
HSB 34B 
MSB 34B 
MSB 34B 
MSB 34B 
Xs% 34B 
>!SI3 34c 
MSB 34c 
MSB 34c 
MSI3 34TA 
MSB 34TA 
MSB 39TA 
>fSA 34TA 
hlSB 34TA 
MSB 34TA 
MSB 34TA 
MSB 33TA 
bISB 34TA 
MSB 34TB 
MSB 34TB 
MSB 34TB 
MSB 3433 
MSB 34TB 
MSB 34TB 
RUiM 2 
RUM 2 
R W  2 
RWM 2 
RU?d 2 
R!m 2 
RU N  2 
R W  2 
Rwll 2 
RWI 2 

SAMPLE DATE 

070583 
043084 
08 1984 
100653 
101083 
050954 
052284 
052584 
062983 
050884 
062883 
050984 
062883 
06 1484 
050283 
062883 
050984 
0908S3 
04258.1 
072684 
090853 
042554 
072654 
OSOGSf 
OE2184 
1)90883 
042584 
072684 
09 12S3 
091583 
091983 
1026S3 
0816S4 
05 1YS4 
07 1964 
071934 
082 184 
090S83 
051684 
05 lS84 
071SS4 
071884 
0821534 
01 1254 
011484 
OllrJS4 
0 12554 
012634 
012754 
0 12534 
012984 
013054 
013 184 

WATER ELEVATION 

238.44 
241.54 
242.51 
194.24 
194.40 
19s. 91 
19s. 59 
195.60 
225.74 
229.06 
244.59 
247.40 
225.76 
228.62 
220.33 
220.2s 
223.63 
215.50 
225.47 
223.33 
237.1s 
239.35 
233.18 
238.40 
235.50 
238.99 
24 1 .04  
2-40.05 
197.49 
197.47 
197.74 
197.99 
199.22 
199.49 
195.89 
195.89 
201 $04 
199.27 
204.18 
204.26 
201.46 
201.46 
203.73 
209.26 
205. S8 
228.Sl 
210.69 
211.28 
212.2s 
212.53 
213.03 
212.57 
212.98 

F-6 

WELL SAMPLE DATE 

R%X 2 

RUM 2 
R'shI 2' 
RkN 2- 
RWN 2 
R W  2 
Rk?f 2 
R W l  2' 
RW?I :2, 
R W  2 .  
€?hM 2' 
RWM 2 
RRM 2 
RVM 2. 
KkM 3 
UkM 3 
u w  3 
Rvi?il 3 
Rk% 3 
RU?f 3 
KU?4 3 
w31 3 
R'fY 3 
rA3f 3 
XLM 3 
R M i  3 
R'24 3 
R W  3 
R'W 3 
R9N 3 
R W l  3 
RUV 3 
R'kM 3 
R\W 3 
RVjM 3 
RNM 3 
RVjM 3 
RW 3 
SRW 1C 
SKW 1c 
SRW 2'4 

SRW 28 
SRW 2B 
SRW 28 
SRW 2C 
SRW 3C 
SRW 4C 
SRW 4c 
SRW sc 
SRW 5C 
SRW 9.4 

RU?J 2 

SRW 2a 

020184 
020254 
020384 
0 20.1 8 4 
021584 
02 1781 
022484 
022884 
0302S-i 
030984 
03 1384 
032084 
032384 
032384 
033084 
020254 
020384 
020454 
020554 
020684 
020784 
02085.1 
020984 
02 10861 
021 18.3 
0212x4 
021354 
021534 
021784 
022184 
022481 

030284 
030984 
031384 
032084 
032384 
032384 
033034 
050484 
092634 
050254 
072584 
092084 
050284 
092054 
092684 
050284 
050484 
002754 
050484 
092754 
060184 

e22884 

I 

213.03 
213.40 
213.62 
214.89 
201.68 
205.74 
208.08 
207.78 
207.48 
222.18 
222.78 
210.68 
212.24 
212.24 
207.48 
231.37 
231.81 
232.25 
226.93 
226.89 
225. '15 
226.33 
225 .38  
226.4s 
226.67 
2 s .  75 
226.92 
231 -97 
230.07 
230.30 
231.43 
231.43 
230.13 
230.23 
230.63 
22s. 43 
228.19 
22s. 19 
225.83 
219.98 
220.03 
212.09 

212.17 
213.13 
213.14 
229.85 
219.15 
220.9Y 
220.8L 
217.57 
217.53 
206.41 

214.38 

l l  
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APPENDXS F. VATER-LEVEL ELEVATIONS I N  0BSERVATI.ON WELLS IN TIE A AND ?If 

AREA VICINITY. 

WELL SAMPLE DATE WATER ELEVATION 

SRW 9B 
SRW 12A 
SRW 12B 
SRW 12C 
SRW 1 3 A  
SRW 13B 
SRW 13C 
SRW 144 
SRW 14B 
SRW 14C 
SRW 1 5 A  
SRW 1 5 B  
SRW 1 5 C  
SRW 16A 
SRW 26B 

I -  

. .  
. ,  < .  . . . .  , 

~. 

. .  i . , 

060484 
060484 
060484 
060684 
053184 
053184 
060184 
050784 
050484 
050484 
050784 
050784 
050184 
0508S4 
050784 

2 . .  . .  

208.61 
202.27 
198.02 
206.02 
207.74 
209.84 
214.78 
211.56 
213.10 
219.82 
217.46 
217.23 
217.76 
222.85 
222.77 

. .  
..I . 

.. .. 
I.? . 
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