
_ _ _ _ . .

. .

NUREG/CR-1289
,

BNL-NUREG 51143

EVALUATION OF IS0 TOPE MIGRATION - LAND BURIAL

WATER CHEMISTRY AT COMMERCIALLY OPERATED LOW-LEVEL

RADIDACTIVE WASTE DISPOSAL SITES

STATUS REPORT THROUGH SEPTEMBER 30,1979

.

.

ALLEN j. WEISS AND PETER COLOMR0 -

|'

NUCLEAR WASTE MANAGEMENT DIVISION
s

- DEPARTMENT OF NUCLEAR ENERGY, BROOKHAVEN NATIONAL LABORATORY4

UPTON. NEW YORK 11973
i

|

[ g 3 m, @ Prepared for the U.S. Nuclear Regulatory Commission
l

[ [|j Li La |:yj jfj ; Offae of Nuclear Regulatory Research
t1 Contract No. DE-ACO2-76CH00016.M,

| Ik b
| td..M b$ 0
t

,

. . . _ . - - -- -. ,



_ _. --

.

NUREG/CR-1289

BNL-NUREG-51143

AN,RW

EVALUATION OF IS0 TOPE MIGRATION - LAND BURIAL

WATER CHEMISTRY AT COMMERCIALLY OPERATED LOW-LEVEL

RADl0AL./E WASTE DISPOSAL SITES

STATUS REPORT THROUGH SEPTEMBER 30,1979

Allen J. Weiss and Peter Colombo

Principal Investigators

,

Contributors

James H. Ginton Sandra L. Gorber
i Kenneth 5. Czyscinski Catherine L. Green

| Sharon Dobbs Charles R. Iden
t

Robert F. Doering Beverly J. Nine

A.J. Francis Richard F. Pietrzak

Gregory G. Goldi Joseph R. Steimers

Manuscript Completed - February 1980

Date Published - March 1980

NUCLEAR WASTE MANAGEMENT DIVISION
! DEPARTMENT OF NUCLEAR ENERGY, BROOKHAVEN NATIONAL LABORATORY

UPTON, NEW YORK 11973
,

Prepared for the U.S. Nuclear Regulatory Commission
| Office of Nuclear Regulatory Research

Contract No. DE-AC02 76CH00016

flN No. A-3042 ..

,

1



. -

i
;

1

A

t

J

i

j

N O TI Cl'.

'IM repirt was prepared as an account of work sponsmi by an agenwy of the
,

! United States Government. Neither the United States Government nor any agency
thereof, or any of their emplovers, makes any warranty, expressed or implied. or ,

assumes any legalliability or responsibility for any third party's use, or the results of ;

Isurh use, of any information, apparatus, produc t or process disclimi in ihis ' eport, orr

represents that its use by such third party would not infringe privately owned rights.
The vice expressed in this repirt are not ncimarily the of the U.5 Nuricar

Regulaimy Onnminion.

Available from
Gl'O Sales Program

Division ofhhnical Information and Darument Control )
U.S. Nuclear Regulatory Commission

Washington, D.C. 20333
and

National Technical Information Savice
Springfiehl, Virginia 22161



CONTENTS

CONTENTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii

FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi
. TABLES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xii

ACKNOWLEDGEMENTS. . . . . . . . . . . . . . . . . . . . . . . . . . . xix

EXECUTIVE SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . xxi

1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1 Purpose of Study. . . . . . . .-. . . . . . . . . . . . . . . 1>

1.2 Scope of the Study. . . . . . . . . . . . . . . . . . . . . . I

1.2.1 Trench Water Analysi s. . . . . . . . . . . . . . . . . 1

1.2.2 Microbiological Processes. . . . . . . . . . . . . . . 1

1.2.3 Geochemical Considerations . . . . . . . . . . . . . . 1
'

2 COMMERCIAL DISPOSAL 0F LOW-LEVEL RADI0 ACTIVE WASTE . . 3.....

2.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2 Low-Level Radioactive Waste . . . . . . . . . . . . . . . . . 4

2.3 Site Characteristics. . . . . . . . . . . . . . . . . . . . . 5

2.4 Sh al l ow L a nd Bu ri al . . . . . . . . . . . . . . . . . . . . . 5

3 PRELIMINARY STUDY. . . . . . . . . . . . . . . . . . . . . . . . . 7

3.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . 7

3.2 Trench Water Collection . . . . . . . . . . . . . . . . . . . 7

3.3 Trench Water Filtration . . . . . . . . . . . . . 8.....

3.3.1 Iron Precipitation . . . . . . . . . . . . . . . . . . 8

3.4 Sampl e Analys i s . . . . . . . . . . . . . . . . . . . . . . . 8
3.5 Discussion. . . . . . . . . . . . . . . . . . t 10.......

3.6 References. . . . . . . . . . . . . . . . . . . . . . . . 10.

4 SURVEY STUDY OF LOW-LEVEL RADI0 ACTIVE WASTE DISPOSAL SITES . . . . 11

4.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . 11
4.2 Sampl e Col l ecti on . . . . . . . . . . . . . . . . . . . . . . 11
4.3 An a l y s e s . . . . . . . . . . . . . . . . . . . . . . . . . . . 12.

4.3.1 Dissolved Organic Carbon (DOC) . . . . . . . . . . . . 12
4.3.2 Tritium. . . . . . . . . . . . . . . . . . . . . . . . 12,

4.3.3 Gross Alpha-Gross Beta . . . . . . . . . . . . . . . . 12
4.3.4 Gamma. . . . . . . . . . . . . . . . . . . . . . . . . 12
4.3.5 Detection Limits . . . . . . . . . . . . . . . . . . . 13-

'

4.4 Maxey Flats, Kentucky, Site . . . . . . . . . . . . . . . . . 13

4.4.1 Collection . . . . . . . . . . . . . . . . . . . . . . 13
4.4.2 Results........................ 16

4.5 West Valley, New York, Site . . . . . . . . . . . . . . . . . 26

4.5.1 Collection . . . . . . . . . . . . . . . . . . . . . . 26
4.5.2 Results. . . . . . . . . . . . . . . . . . . . . . . . 28

:

iii
i

i

f

i
,

--



|

|
|

4.6 Sheffield, Illinois, Site . . . . . . . . . . . . . . . . . . 35

| 4.6.1 Collection . . . . . . . . . . . . . . . . . . . . . . 35
F 4.6.2 Results. . . . . . . . . . . . . . . . . . . . . . . . 35

! 4.7 Barnwell , South Carolina, Site. . . . . . . . . . . . . . . . 39

4.7.1 Collection . . . . . . . . . . . . . . . . . . . . . . 39
4.7.2 Results. . . . . . . . . . . . . . . . . . . . . . . . 39

4.8 References. . . . . . . . . . . . . . . . . . . . . . . . . . 43

,

5 TRENCH WATER ANALYSIS. . . . . . . . . . . . . . . . . . . . . . . 45

5.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . 45
5.2 Procedures. . . . . . . . . . . . . . . . . . . . . . . . . . 45

5.2.1 Anoxi c Col l ection. . . . . . . . . . . . . . . . . . . 45
5.2.2 In-Li ne Probe Measurements . . . . . . . . . . . . . . 48
5.2.3 Anoxi c Fi l t rati on. . . . . . . . . . . . . . . . . . . 48
5.2.4 Inorganic Analyses . . . . . . . . . . . . . . . . . . 48
5.2.5 Organi c Analyses . . . . . . . . . . . . . . . . . . . 50
5.2.6 Radiochemical Analysis . . . . . . . . . . . . . . . . 51

5.3 Resul ts o f Analyses . . . . . . . . . . . . . . . . . . . . . 52

5.3.1 Maxey Flats, Kentucky, Disposal Site . . . . . . . . . 52
5.3.2 West Valley, New York , Disposal Site . . . . . . . . . 82
5.3.3 Sheffield, Illinois, Disposal Site . . . . . . . . . . 108
5.3.4 Barnwell, South Carolina, Disposal Site. . . . . . . . 112

5.4 Summa ry a nd Co ncl u si ons . . . . . . . . . . . . . . . . . . . 117

5.4.1 Objectives of the Analytical Ef fort. . . . . . . . . . 117
5.4.2 Interim Conclusions. . . . . . . . . . . . . . . . . . 117
5.4.3 Comparison With 10CFR20, Appendix B, Table II. . . . . 118

6 MICROBIOLOGY . . ... . . . . . . . . . . . . . . . . . . . . . . 121

6.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . 121
6.2 Enumeration of Bacteria in Trench Leachate Samples. . . . . . 121
6.3 Identi fication of Bacteria. . . . . . . . . . . . . . . . . . 124
6.4 Growth of Bacteria in Trench Leachates. . . . . . . . . . . . 126
6.5 Effect of Radionuclides on Trench Leachate Bacteria . . . . . 126
6.6 Microbial Degradation of Organic Compounds Present in Trench

Leachates . . . . . . . . . . . . . . . . . . . . . . . . . . 130t
'

6.7 Microbial Generation of Tritiated and Carbon-14 Methane From
Trench Leachates. . . . . . . . . . . . . . . . . . . . . . . 130

6.8 References. . . . . . . . . . . . . . . . . . . . . . . . . . 134

- 7 GE0 CHEMICAL CONSIDERATIONS . . . . . . . . . . . . . . . . . . . . 137

7.1 Sediment Cnaracterization . . . . . . . . . . . . . . . . . . 138

7.1.1 Introduction . . . . . . . . . . . . . . . . . . . . . 138 |

7.1.2 Particle Size Distribution . . . . . . . . . . . . . . 139
7.1.3 Surface Area . . . . . . . . . . . . . . . . . . . . . 140

! 7.1.4 M i n e ra l o gy . . . . . . . . . . . . . . . . . . . . . . 142

iv

L



7.1.5 Extractable Iron Content . . . . . . . . . . . . . . . 143
7.1.6 . Organic Carbon . . . . . . . . . . . . . . . . . . . . 143
7.1.7 Carbonate Content. . . . . . . . . . . . . . . . . . . 143
7.1.8 Cation Exchange Properties . . . . . . . . . . . . . . 144

'7.2 Determination of Sorption Coefficients (K ) With Water andd
Soils Collected at Low-Level Radioactive Waste Disposal
Sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

7.2.1 Introduction . . . . . . . . . . . . . . . . . . . . . 145
7.2.2 Experimental . . . . . . 146< . . . . ..........

7.2.3 Results. . . . . . . . . . . . . . . . . . . . . . . . 149
7.2.4 Conclusions. . . . . . . .-. . . . . . . ... . . . . . 177

7.3 Future Sorption Tests and Core Analysis . . . . . . . . . . . 178

7.3.1 li t rodu c t i o n . . . . . . . . . . . . . . . . . . . . . 178
7.3.2 Batch Versus Column Tests. . . . . . . . . . . . . . . 179
7.3.3 Batch Test . 179. . . . . . . . . . . ..........

7.3.4 Column Experiment. . . . . 180. . . . ..........

7.3.5 Selection of Materials . . . . . . . . . . . . . . . . 184
7.3.6 Trench Core Analysis . . . . . . . . . . . . . . . . . 184

7, 4 References. . . . . . . . . . . . . . . . . . . . . . . . . . 187

8 WORK IN PROGRESS AND FUTURE DIRECTIONS . . . . . . . . . . . . . . 191
,

APPENDIX A - PROCEDURE FOR SURVEY STUDY OF COMMERCIAL LOW-LEVEL
RADI0 ACTIVE WASTE DISPOSAL SITES . . . . . . . . . . . . 193

APPENDIX B - AN0XIC COLLECTION AND FILTRATION PROCEDURES. . . . . . . 199,

i

APPENDIX C - METHODS FOR THE DETERMINATION OF INORGANIC CONSTITUENTS
j IN TRENCH LEACHATES FROM SHALLOW LAND RADI0 ACTIVE WASTE

DISPOSAL SITES . . . . . . . . . . . . . . . . . . . . . 211

APPENDIX D - ORGANIC ANALYSIS . . . . . . . . . . . . . . . . . . . . 257

APPENDIX E - ANALYTICAL METHODS FOR SEDIMENT CHARACTERIZATION . . . . 259

APPENDIX F - PREPARATION PROCEDURE FOR THE DETERMINATION OF Kd
SORPTION COEFFICIENTS. . . . . . . . . . . . . . . . . . 261

4

3

0

,

1

V

4

9 , -, . . - - , -. , , ,



FIGURES

2.1 Commercial Low-Level Radioactive Waste Disposal Sites
in the United States. . . . . . . . . . . . . . . . . . . 3

3.1 Portable Unit Used for Pumping Water from Trenches at,

Maxey Flats . . . . . . . . . . . . . . . . . . . . . . . 7

3.2 Filtration Equipment Used at Maxey Flats. . . . . . . . . 9

4.1 Map of Burial Trench Locations at the Maxey Flats,
Kentucky, Radioactive Waste Disposal Site (Adapted From
Drawing Supplied by J. Clancey, Dames & Moore). . . . . . 14

4.2 Sampling Locations Near the Maxey Flats, Kentucky,
Disposal Site (Adapted from Topographical Map Obtained
From H. Zehne r, USGS) . . . . . . . . . . . . . . . . . . 15

4.3 Distribution of pH, Specific Conductance, DOC, Tritium,
Gross Alpha, Gross Beta, and Gross Gamma Among Trench
Waters Taken From Maxey Flats, Kentucky, Disposal Site
(1977). . . . . . . . . . . . . . . . . . . . . . . . . . 24-25

4.4 Sketch of the West Valley, New York, Radioactive Waste
Disposal Site Indicating Sampling Points (Updated From
Sketch by USGS) . . . . . . . . . . . . . . . . . . . . . 27

4.5 Approximate Sampling Locations Near the West Valley, New
York, Disposal Site, (Ashford Hollow, New York,1964,
Base From USGS, Obtained From D. Prudic). . . . . . . . . 29

4.6 Sampling Locations of Wells at the Sheffield, Illinois,
Disposal Site (Adapted From Topographical Map, USGS,
Obtained From J. Foster). . . . . . . . . . . . . . . . . 36

4.7 Sampling Locations of Trenches and !! ells at the Barnwell,
South Carolina, Waste Disposal Site (Updated from Sketch
by USGS, Obtained From J. Cahill) . . . . . . . . . . . . 40

5.1 Scheme for Partitioning Water Samples for Analysis. . . . 46

5.2 Schematic Diagram of the System for Anoxic Collection of
Water . . . . . . . . . . . . . . . . . . . . . . . . . . 46

5.3 Portable Anoxic Collection System Used to Sample Trench
Water From Low-Level Radioactive Waste Disposal Sites . . 47

5.4 Trench Water Samples Collected Anoxically at the West |
Valley, New York, Low-Level Radioactive Waste Disposal '

Site, November 1977 . . . . . . . . . . . . . . . . . . . 47

vi



FIGURES, Continued

5.5 Comparison of Ammonia Analyses by Gas Sensing Probe and
Berthelot-Colorimetric Methods. . . . . . . . . . . . . . 56

5.6 Acid-Base Titration Curves of Water Samples From Maxey
Flats, Kentucky, Disposal Site, May 1978. . . . . . . . . 57

5.7 Gas Chromatogram of Methylene Chloride Extract of Trench
19S Water Sample From Maxey Flats, Kentucky, Disposal
Site. . . . . . . . . . . . . . . . . . . . . . . . . . . 60

5.8 Gas Chromatogram of Methylene Chloride Extract of Trench
26 Water Sample Fram Maxey Flats, Kentucky, Disposal Site 62

5.9 Gas Chromatogram of Methylene Chloride Extract of Trench
27 Water Sample From Maxey Flats, Kentucky, Disposal Site 64

5.10 Gas Chromatogram of Methylene Chloride Extract of Trench
32 Water Sample From Maxey Flats, Kentucky, Disposal Site 66

5.11 Gas Chromatogram of Methylene Chloride Extract of Trench
33L-4 Water Sample From Maxey Flats, Kentucky, Disposal
Site. . . . . . . . . . . . . . . . . . . . . . . . . . . 68

5.12 Gas Chromatogram of Methylene Chloride Extract of Trench
'

33L-18 Water Sample From Maxey Flats, Kentucky, Disposal
Site. . . . . . . . . . . . . . . . . . . . . . . . . . . 70

5.13 Gas Chromatot am of Methylene Chloride Extract of Well
UB1 Water Sancle From Maxey Flats, Kentucky, Disposal
Site. . . . . . . . . . . . . . . . . . . . . . . . . . . 72

5.14 Gas Chromatogram of Mcthylene Chloride Extract of Well
UB1-A Water Sample From Maxey Flats, Kentucky, Disposal
Site. . . . . . . . . . . . . . . . . . . . . . . . . . . 74

5.15 Com.oarison of Acid-Base Titration Curves of Trench 3
Water From West Valley, New York, Disposal Site . . . . . 85

5.16 Comparison of Acid-Base Titration Curves of Trench 4
Water From West Valley, New York, Disposal Site . . . . . 85

5.17 Comparison of Acid-Base Titration Curves of Trench 5-

Water From West Valley, New York, Disposal Site . . . . . 86

5.18 Comparison of Acid-Base Titration Curves of Trench 8
Water Frw West Valley, New York, Disposal Site . . . . . 86

vii

- - - -- -



FIGURES, Continued

5.19 Comparison of Acid-Base Titration Curves of Trench 9
Water From West Valley, New York, Disposal Site . . . . . 86

5.20 Acid-Base Titration Curves of Trench , aters Frum WestW
Valley, New York, Disposal Site, November 1977. . . . . . . 86

5.21 Gas Chromatogram of Methylene Chloride Extract of Trench
2 Water Sample From West Valley, New York, Disposal Site. 90

5.22 Gas Chromatogram of Methylene Chloride Extract of Trench
3 Water Sample From West Valley, New York, Disposal Site. 92

5.23 Gas Chromatogram of Methylene Chloride Extract of Trench
4 Water Sample f rom West Valley, New York, Disposal Site. 94

5.24 Gas Chromatogram of Methylene Chloride Extract of Trench
5 Water Sample From West Valley, New York, Disposal Site. 96

5.25 Gas Chromatogram of Methylene Chloride Extract of Trench
8 Water Sample From West Valley, New York, Disposal Site. 98

5.26 Gas Chromatogram of Methylene Chloride Extract of Trench
9 Water Sample From West Valley, New York, Disposal Site. 100

!

5.27 Correlation Between Ammonia Concentrations Determined in
| Both the Presence and Absence of Air. . . . . . . . . . . 109

5.28 Acid-Base Titration Curves of Water Samples From Sheffield,
Illinois, Disposal Site, April 1979 . . . . . . . . . . . 110

5.29 Acid-Base Titration Curves of Water Samples From Barnwell,
South Carolina, Disposal Site, March 1979 . . . . . . . . 115

~

6.1 Anaerobic Growth of Mixed Culture Bacteria in Maxey Flats
Trench 26 Water Sampl e. . . . . . . . . . . . . . . . . . 127

6.2 Anaerobic Growth of Mixed Culture Bacteria in Maxey Flats
Trench 32 Water Sampl e. . . . . . . . . . . . . . . . . . 127 1

|

l
'

6.3 Anaerobic Growth of Mixed Culture Bacteria in West Valley
Trench 3 Wate r Sampl e . . . . . . . . . . . . . . . . . . 127

6.4 Anaerobic Growth of Mixed Culture Bacteria in West Valley
Trench 5 Water Sampl e . . . . . . . . . . . . . . . . . . 127

60 o, 85 r, and 134,137Cs on Growth of MixedC S6.5 Effect of
Culture Bacteria From Trench 32 at the Maxey Flats,
Kentucky, Disposal Site . . . . . . . . . . . . . . . . . 129

|

1

viii !

l

l



, . .

FIGURES, Continued

6.6 Microbial Generation of Methane From Maxey Flats Trench
19S Leachate. . . . . . . . . . . . . . . . . . . . . . . 133

6.7 Microbial Production of Tritiated Methane From HT0 and
Tritiated Acetate (CH TC00-). . . . . . . . . . . . . . . 1342

7.1 Particle Size Distributions Data for Maxey Flats and West
Valley Samples. . . . . . . . . . . . . . . . . . . . . . 140

607.2 K Sorption Coefficient Versus Water / Soil Ratio for Co. 151d

7.3 Kd Scrption Coefficient Versus Water / Soil Ratio for
.

134,137Cs . . . . . . . . . . . . . . . . . . . . . . . . ' 152
857.4 Kd Sorption Coefficient Versus Water / Soil Ratio for Sr. 153

7.5 Kg Sorption Coefficient Versus Addition of Acid or Base . 155

7.6 Kd Radionuclides Sorption Coefficients Versus Time for
Trench Water and Soil from West Valley, New York, Disposal
Site. . . . . . . . . . . . . . . . . . . . . . . . . . . 157

7.7 Kd Radionuclides Sorption Coefficients for Diluted (1/10'
Trench 4 Water and Soil From West Valley, New York, Dis-
posal Site. . . . . . . . . . . . . . . . . . . . . . . . 159

7.8 0xidation Potential Versus Time . . . . . . . . . . . . . 160

241 m Kd Sorption Coefficient Versus Time for Waters7.9 A
and Soils From Maxey Flats, Kentucky, Disposal Site . . . 163

85 r Kd Sorption Coefficient Versus Time for Waters7.10 S

and Soils From Maxey Flats, Kentucky, Disposal Site . . . 164

134 s Kd Sorption Coefficient Versus Time for Waters7.11 C

and Soils From Maxey Flats, Kentucky, Disposal Site . . . 164

137 s Kd Sorption Coefficient Versus Time for Waters7.12 C

and Soils From Maxey Flats, Kentucky, Disposal Site . . . 165

60 o Kd Sorption Coefficient Versus Time for Waters7.13 C

and Soils From Maxey Flats, Fantucky, Disposal Site . . . 165

137 s Kd Sorption Coefficient Versus pH for Trench7.14 C

Waters and Soils From Maxey Flats, Kentucky, Disposal
Site. . . . . . . . . . . . . . . . . . . . . . . . . . . 166

ix



FIGURES, Continued

60 o Kd Sorption Coefficient Versus pH for Trench7.15 C
Waters and Soils From Maxey Flats, Kentucky, Disposal
Site. . . . . . . . . . . . . . . . . . . . . . . . . . . 167

7.16 Flow Chart Outline of Batch Sorption Experiment . . . . 181.

7.17 Flow Chart Outline of Column Soprtion Experiments . . . . 183

7.18 Flow Chart Outline for Trench Core Analysis . . . . . . . 186

B.1 Schematic Diagram of the System for Anoxic Collection of
Water . . . . . . . . . . . . . . . . . . . . . . . . . . 200

B.2 Schematic Diagram Depicting the Arrangement of Probes for
In-Line Measurements. . . . . . . . . . . . . . . . . . . 200

B.3 Portable Anoxic Collection System Used to Sample Trench
Water From Low-Level Radioactive Waste Disposal Sites . . 201

B.4 Sanpl e Collection Bottle. . . . . . . . . . . . . . . . . 203

B.5 Combination Valve . . . . . . . . . . . . . . . . . . . . 203

| B.6 Schematic Diagram Depicting the Apparatus for Anoxic
Filtration of Water . . . . . . . . . . . . . . . . . . . 208!

| B.7 Apparatus for Anoxic Filtration of Water. . . . . . . . . 208
|

| C.1 Atomic Absorbtion Apparatus Vented to Hood and Absolute

|
Filter.......................... 238

1

D.1 Extiaction and Fractionation Scheme for Organic Analysis
of Trench Water Samples . . . . . . . . . . . . . . . . . 258

F.1 Schematic Diagram of the Filtration System for Kd
| Manifold. . . . . . . . . . . . . . . . . . . . . . . . . 264,

F.2 Breakdown of the Filtration Unit Used in K Experiments . 265
d,

|

F.3 Schematic Diagram of the Sample Preparation Manifold for
Anoxic K Experiments . . . . . . . . . . . . . . . . . . 266

d

| F.4 Sampl e Preparation Mani fol d . . . . . . . . . . . . . . . 267

Experiment. . . . . . . . . . . . 268F.5 Equipment for Anoxic Kd

F.6 Probe Chamber for Measuring pH, Eh, and Temperature . . . 268

i

x

-- - - . _ . - -



. .. _ .. ._

.

..

'

FIGURES, Continued

F.7 Glass Tube With Screw Cap and Septum. . . . . . . . . . . 271

F.8 Teflon Bottle with Aluminum Capped Septum Along Side of
Collimated Counting Shield. . . . . . . . . . . . . . . . 271

F.9 . Teflon Bottle.With Septum Aluminum Cap and o-Ring Seals . 271

F.10 Sample Tumbling Chamber With Provision for Maintaining
Nitrogen n .... here . . . . . . . . . . . . . . . . . . . 271

3

1

i

;

|

i

|

.

1

i

,'

,

\

|

|

4

Xi;

i

L.

-

! l

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



TABLES

2.1 Commercial Low-Level Radioactive Waste Disposal Sites . . 4

2.2' Hydrogeological Characteristics of Commercial Disposal
Sites . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3.1 Constituents of Interest in Water Samples Taken From
Maxey Flats, Kentucky, Disposal Site, April 1976. . . . . 8

4.1 Sampling Locations in the Vicinity of Maxey Flats,
Kentucky, Disposal Site, Survey Study 1977. . . . . . . . 15

4.2 Ranges of Measurements of Water Samples Taken From
Maxey Flats, Kentucky, Disposal Site, Survey Study 1977 . 16

4.3 Field Measurements of Water Samples Taken From Maxey
Flats, Kentucky, Disposal Site and Vicinity, Survey Study
1977. . . . . . . . . . . . . . . . . . . . . . . . . . . 17-18

4.4 Radionuclide and DOC Concentrations in Water Samples
Taken From Maxey Flats, Kentucky, Disposal Site and
Vicinity, Survey Study 1977 . . . . . . . . . . . . . . . 20-21

4.5 Concentration of Gamma-Ray Emitting Radionuclides in
Water Samples Taken From Maxey Flats, Kentucky, Disposal
Site, Survey Study 1977 . . . . . . . . . . . . . . . . . 22-23

4.6 Description of Sampling Points at West Valley, New York,
Disposal Site, Survey Study 1977. . . . . . . . . . . . . 26

4.7 Sampling Locations in the Vicinity of West Valley, New
York, Disposal Site, Survey Study 1977. . . . . . . . . . 28

4.8 Ranges of Measurements of Water Samples Taken From West
Valley, New York, Disposal Site, Survey Study 1977. . . . 30

4.9 Field Measurements of Water Samples Taken From West
Valley, New York, Disposal Site and Vicinity, Survey
Study 1977. . . . . . . . . . . . . . . . . . . . . . . . 32

4.10 Radionuclide and DOC Concentrations in Water Samples
Taken From West Valley, New York, Disposal Site and
Vicinity, Survey Study 1977 . . . . . . . . . . . . . . . 33

4.11 Concentration of Gamma-Ray Emitting Radionuclides in
Water Samples Taken From West Valley, New York, Disposal

I

Site, Survey Study 1977 . . . . . . . . . . . . . . . . . 34

4.12 Ranges of Measurements of Water Samples Taken From
Sheffield, Illinois, Disposal Site, Survey Study 1977 . . 35

xii |

_ _ _



TABLES, Continued
.

4.13 Field Measurera , of Water Samples Taken From Sheffield,
Illinois, Dis' Site, Survey Study 1977. . . . . . . . 3i

4.14 Radionuclide and DOC Concentrations in Water Samples
Taken From Sheffield. Illinois, Disposal Site, Survey
Study 1977. . . . . . . . . . . . . . . . . . . . . . . . 38

4.15 Ranges of Measurements of Water Samples Taken From
Barnwell, South Carolina, Disposal Site, Survey Study
1978. . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.16 Field Measurements of Water Samples Taken From Barnwell,
South Carolina, Disposal Site, Survey Study 1978. . . . . 41

4.17 Radionuclide and DOC Concentrations in Water Samples
Taken From Barnwell, South Carolina, Disposal Site,i

Survey Study 1978 . . . . . . . . . . . . . . . . . . . . 42

4.18 Concentration of Gamma-Ray Emitting Radionuclides in
Water Samples Taken From Barnwell, South Carolina, Dis-
posal Site, Survey Study 1978 . . . . . . . . . . . . . . 43

5.1 Field Measurements of Water Samples Taken Frora Maxey
Flats, Kentucky, Disposal Site. . . . . . . . . . . . . . 52

5.2 Concentration of Dissolved Non-Metals in Water Samples
Taken From Maxey Flats, Kentucky, Disposal Site . . . . . 54-55

5.3 Concentration of Dissolved Metals in Water Samples Taken
From Maxey Flats, Kentucky, Disposal Site . . . . . . . . 56-57

5.4 Concentration of Carbon in Water Samples Taken From Maxey
. Flats, Kentucky, Disposal Site. . . . . . . . . . . . . . 59

5.5 Concentration of Organic Compounds Identified in Trench
19S Water Sample From Maxey Flats, Kentucky, Disposal
Site. . . . . . . . . . . . . . . . . . . . . . . . . . . 61

5.6 Concentration of Organic Compounds Identified in Trench
26 Water Sample From Maxey Flats, Kentucky, Disposal Site 63

5.7 Concentration of Organic Compounds Identified in Trench
27 Water Sample From Maxey Flats, Kentucky, Disposal Site 65

5.8 Concentration of Organic Compounds Identified in Trench
32 Water Sample From Maxey Flats, Kentucky, Disposal Site 67

xiii

-_
__



|

TABLES, Continued

5.9 Concentration of Organic Compounds Identified 'n Trench
i

33L-4 Water Sample From Maxey Flats, Kentucky, Disposal l

Site. . . . . . . . . . . . . . . . . . . . . . . . . . . 69 :

5.10 Concentration of Organic Compounds Identified in Trench
33L-18 Water Sample From Maxey Flatt, Kentucky, Disposal
Site. . . . . . . . . . . . . . . . . . . . . . . . . . . 71

'

5.11 Concentration of Organic Compounds Identified in Well UB1
Water Sample From Maxey Flats, Kentucky, Disposal Site. . 73

5.12 Concentration of Organic Compounds Identified in Well
UB1-A Water Sample From Maxey Flats, Kentucky, Disposal
Site. . . . . . . . . . . . . . . . . . . . . . . . . . . 75

5.13 Organic Compounds Identified in Other Water Samples From
Maxey Flats, Kentucky, Disposal Site. . . . . . . . . . . 76

5.14 Concentration of Dissolved Radionuclides in Water Samples
sTaken From Maxey Flats, Kentucky, D sposal Site . . . . . 78-79i

5.15 Radionuclides in Particulates Filtered From Water Samples
Taken From Maxey Flats, Kentucky, Disposal Site, May 1978 80

5.16 Radionuclidee in Particulates Filtered from Water Samples
Taken From Mcxey Flats, Kentucky, Disposal Site, May 1978 80

5.17 Distribution of Radionuclides Between Suspended Particu-
lates and Aqueous Phase in Water Samples Taken From Maxey
Flats, Kentucky, Disposal Site, May 1978. . . . . . . . . 81

5.18 Comparison of Radionuclide Activity in the Dissolved
Fraction Relative to That in the Suspended Particulate
Fraction in Water Samples Taken From Maxey Flats,
Kentucky, Disposal Site, May 1978 . . . . . . . . . . . . 81

5.19 Field Measurements of Water Samples Taken From West
Va l l ey , New Yo rk , D i s po s al S i t e . . . . . . . . . . . . . 82

~

5.20 Concentration of Dissolved Non-Metals in Water Samples
Taken From West Valley, New York, Disposal Site . . . . . 84

5.21 Concentration of Dissolved Metals in Water Samples Taken
From West Valley, New York, Disposal Site . . . . . . . . 85

5.22 Concentration of Carbon in Water Samples Taken From West
Valley, New York, Disposal Tite . . . . . . . . . . . . . 87

xiv

_ . - ._



TABLES, Continued

5.23 Concentration of Organic Compounds Identified in Trench 2
Water Sample From West Valley, New York, Disposal Site. . 91

5.24 Concentration of Organic Ccmpounds Identified in Trench 3
Water Sample From West -Valley, New York, Disposal Site. . 93

5.25 Concentration of Organic Compounds Identified in Trench 4
Water Sample From West Valley, New York, Disposal Site. . 95

5.26 Concentration of Organic Compounds Identified in Trench 5
Water Sample From West Valley, New York, Disposal Site. . 97

5.27 Concentration of Organic Compounds Identified in Trench 8
Water Sample From West Valley, New York, Disposal Site. . 99

5.28 Concentration of Organic Compounds Identified in Trench 9
Water Sample From West Valley, New York, Disposal Site. . 101

5.29 Concentration of Organic Compounds Identified in Water
Samples Taken From West Valley, New York, Disposal Site,
October 1978. . . . . . . . . . . . . . . . . . . . . . . 102

5.30 Concentrations of Dissolved Radionuclides in Water Samples
Taken From West Valley, New York, Disposal Site . . . . . 103

5.31 Radionuclides in Particulates Filtered From Water Samples
Taken From West Valley, New York, Disposal Site . . . . . 104

5.32 Radionuclides in Particulates Filtered From Water Samples
Taken From West Valley, New York, Disposal Site . . . . . 105

5.33 Distribution of Radionuclides Between Suspended Particu-+

lates and Aqueous Phase in Water Samples Taken From
West Valley, New York, Disposal Site. . . . . . . . . . . 106

5.34 Comparison of Radionuclide Activity in the Dissolved;

Fraction Relative to That in the Suspended Particulate
Fraction in Water Samples Taken From West Valley,
New York, Disposal Site . . . . . . . . . . . . . . . . . 107

i 5.35 Field Measurements of Water Samples Taken From Sheffield,
l Illinois, Disposal Site, Ap: il 1979 . . . . . . . . . . . 108

| 5.36 Concentration of Dissolved Non-Metals in Water Samples
Taken From Sheffield, Illinois, Disposal Site. April 1979 109'

5.37 Concentration of Dissolved Metals in Water Samples Taken
From Sheffield, Illinois, Disposal Site, April 1979 . . . 110

i

| XV



TABLES, Continued

i
5.38 Concentration of Carbon in Water Samples Taken From'

Shef field, Illinois, Disposal Site. . . . . . . . . . . . 111

| 5.39 Concentration of Dissolved Radionuclides in Water Samples
Taken From Sheffield, Illinois, Disposal Site, April 1979 112

5.40 Field Measurements of Water Samples Taken From Barnwell,
South Carolina, Disposal Site, March 1979 . . . . . . . . 113

5.41 Concentration of Dissolved Non-Metals in Water Samples
Taken From Barnwell, South Carolina, Disposal Site, March

| 1979. . . . . . . . . . . . . . . . . . . . . . . . . . . 114

5.42 Concentration of Dissolved Metals in Water Samples Taken
From Barnwell, South Carolina, Disposal Site, March 1979. 115

5.43 Concentration of Carbon in Water Samples Taken From
Barnwell, South Carolina, Disposal Site . . . . . . . . . 116

| 5.44 Concentration of Dissolved Radionuclides in Water Samples
Taken From Barnwell, South Carolina, Disposal Site, March

| 1979. . . . . . . . . . . . . . . . . . . . . . . . . . . 117
|

5.45 Trenches Containing Dissolved Radionuclides Exceeding the
Standard in 10CFR20, Appendix B, Table II . . . . . . . . 119

6.1 Composition of Media for Culturing Methanogens. . . . . . 123

6.2 Population of Bacteria in Leachate Samples From Low-
Level Radioactive Waste Disposal Sites. . . . . . . . . . 123

6.3 Population of Denitrifying, Sulfate Reducing, and
| Methanogenic Bacteria in Leachate Samples From Low-
| Level Radioactive Waste Disposal Sites. . . . . . . . . . 124

6.4 Characteristics of Bacteria Isolated From Water Samples
Taken From Maxey Flats, Kentucky, Disposal Site . . . . . 125

! 6.5 Biochemical Reactions of Strictly Anaerobic Bacteria
Isolated From Water Samples Taken From Maxey Flats,
Kentucky and West Valley, New York, Disposal Sites. . . . 125

6.6 Composition of Mineral Salts Medium . . . . . . . . . . . 128

6.7 Levels of Radionuclides Added to Bacterial Growth Media . 128

6.8 Anaerobic Degradation of Organic Compounds Present in
Maxey Flats Trench 26 Leachate Sample by a Mixed Culture
Ba ct eri a . . . . . . . . . . . . . . . . . . . . . . . . . 131

xvi

-, _



'

TABLES, Continued

6.9 Anaerobic Degradation of Organic Compounds Present in
Maxey Flats Trench 32 Leachate Sample by a Mixed Culture
Bacteria. . . . . . . . . . . . . . . . . . . . . . . . . 132

6.10 Microbial Production of 14CH4 and CH T From Maxey3
Flats Trench 19S Leachate Sample. . . . . . . . . . . . . 133

i 7.1 Soil Surface Area Measured by EG, EGME and BET Methods. . 141

7.2 Qu'alitative Fineralogical Analyses of Maxey Flats Shale
a nd Wes t Val l ey Til l . . . . . . . . . . . . . . . . . . . . 142

7.3 Carbonate, Organic Carbon, and Extractable Iron Content
of Disposal Site Materials. . . . . . . . . . . . . . . . 143

7.4 Cation Excha'ge. Data of Disposal Site Materials . . . . . 144

7.5 Water Used to Prepare Samples for the Determination of Kd 147

7.6 Soils Used to Prepare Samples for the Determination of Kd 148
.

7.7 Sorption Coefficient of Trench 5 Water and Soil From West
Valley, New York, Disposal Site (Anoxic Versus Oxic
Water). . . . . . . . . . . . . . . . . . . . . . . . . . 149

7.8 Sorption Coefficients of Trench 5 Water and Soil From
West Valley, New York, Disposal Site (Solution / Soil Ratio
Study). . . . . . . . . . . . . . . . . . . . . . . . . . 151

7.9 Sorption Coefficients of Distilled Water and Soil From
West Valley, New York, Disposal Site (Effect of Changes
in the Solution / Soil Ratio) . . . . . . . . . . . . . . . 152

7.10 Sorption Coefficients of Trench 5 Water c. i Soil From
West Valley, New York, Disposal Site (Modified by Addi-
tion of Nitric Acid). . . . . . . . . . . . . . . . . . . 154

7.11 Sorption Coefficients of Trench 5 Water and Soil From
West Valley, New York, Disposal Site (Modified by Addi-
tion of Sodium Hydroxide) . . . . . . . . . . . . . . . . 154

.

7.12 Sorption Coefficient Versus Time of Trench 4 Water and4

Soil From West Valley, New York, Disposal Site (Equili-
'

bration Time Study) . . . . . . . . . . . . . . .'. . . . 157

'

7.13 Sorption Coefficient Versus Time of Trench 4 Water and
Soil From West Valley, New York, Disposal Site (Effect
of a 1/10 Dilution) . . . . . . . . . . . . . . . . . . . 158

| xvii

i

'
... - _ , -



j'

TABLES, Continued

7.14 pH and Eh of Kd Samples of Trench 2-1A Water and Soil
From West Valley, New York, Disposal Site (Comparing 0xic
and Anoxic Conditions). . . . . . . . . . . . . . . . . . 1C

| 7.15 Sorption Coefficients for Trench 2-1A Water and Soil From
; West Valley, New York, Disposal Site (Comparison Oxic and

Anoxi c Condi t ions ) . . . . . . . . . . . . . . . . . . . . 162

7.16 Sorption Coefficients for Trench 331 -18 Water and Disag-
gregated Soil From Maxey Flats, Kentucky, Disposal Site
(Teflon Versus Glass, Ef fect of pit) . . . . . . . . . . . 168

7.17 Sorption Coefficients for Trench 33L-18 Water and Soil
(100-200 Mesh Fraction) From Maxey Flats, Kentucky,
Disposal Site (Teflon Versus Glass, Effect of pil) . . . . 169

7.18 Sorption Coefficients for Trench 19S Water and Disag-
! gregated Soil From Maxey Flats, Kentucky, Disposal Site

(Teflon Versus Glass, Effect of pH) . . . . . . . . . . . 170

7.19 Sorption Coefficients for Trench 195 Water and Soil ,.

(100-200 Mesh Fraction) From Maxey Flats, Kentucky,
Disposal Site (Teflon Versus Glass Containers, Effect of

| pil)........................... 171

!
l 7.20 Sorption Coefficients for Trench Water and Soil from West

Valloy, New York, Disposal Site (Soil and Water Pretreat-
ment) . . . . . . . . . . . . . . . . . . . . . . . . . . 173

7.21 Does Soil and Water Composition Variation Af fect Kd
1 Results for Trench Water and Soil From West Valley, New
I York, Disposal Site? (See Also Table 7.20) . . . . . . . 174

7.22 Sorption Coefficients for Trench Water and Shale From
Maxey Flats, Kentucky, Disposal Site (Soil and Water
Pretreatment) . . . . . . . . . . . . . . . . . . . . . . 175 |

| 7.23 Does Soil and Water Composition Variations Affect K
| Results From Maxey Flats, Kentucky, Disposal Site? d(See
| Also Table 7.22). . . . . . . . . . . . . . . . . . . . . 176

E.1 Sediment Characterization - Analytical Procedures . . . . 259
,

|
| F.1 Operations Sequence to Replace Air in the Kd Manifold
; with Nitrogen . . . . . . . . . . . . . . . . . . . . . . 269

F.2 Control Positions for Manipulating Trench Water in the
Sample Preparation Manifold . . . . . . . . . . . . . . . 270

;

|

!

!

xviii

! !

.

_ s - , . . - _ _ _ _ _ _ _



- _

ACKNOWLEDGEMENTS

The authors wish to express their appreciation to W. Wood, R. Malcolm,
and the many staff members of the U.S. Geological survey with whom we con-
sulted and who have contributed to this study. We especially thank the low-
level waste project chiefs; H. Zehner, A. Randall, D. Prudic, J. Foster, and
J. Cahill for their guidance and assistance in obtaining samples from the
waste disposal sites that they are studying.

The cooporation and assistance of J. Razor, manager of the Maxey Flats,
Kentucky, disposal site, is gratefully acknowledged.

The authors wish to thank the following individuals from Brookhaven
National Laboratory for the aid they supplied in many areas of this study.

C. Ruege and W. Becker for their technical assistance and their in-
valuable contributions to the design and construction of much of the equipment
used through the study,

K. Walther and P. Roman in designing and fabricating the glass col-
lection bottles, dubbed "The Brookhaven Bottle,"

t

D. Henze, L. Olmer, and A. Wallner of the Safety and Environmental
Protection Division for performing many of the radiochemical analyses reported
in chapter four,

M. McGrath and N. Schneider for their skillful preparation of this
manuscript.

I

I

y.ix

i

. . _ , - - -



EXECUTIVE SUMMARY

The prime consideration for continued use of shallow land burial prac-
tices for the disposal of low-level radioactive waste is the containment of
radionuclides from the enivronment. Before additional disposal sites for
commercial low-level waste can be licensed, the existing sites must be evai-
uated in terms of their effectiveness for retaining radionuclides. A multi-
disciplined approach is required in this effort, one part of which 'a the
study reported here.

In cooperation with the U.S. Geological Survey, a field and laboratory
program was initiated to study the existing commercial low-level radioactive
waste disposal sites. This investigation will provide source term data for
radionuclides and other solutes in trench waters at the sites and will de-
scribe the physical, chemical, and biological properties of the geochemical
system that control the movement of radionuclides. This study was also ini-
tiated to provide experimental research support to the U.S. Nuclear Regula-
tory Commission for development of criteria for the selection and licensing
of solid low-level radioactive waste disposal sites.

The disposal sites sampled to date are located at West Valley, New York;
Maxey Flats, Kentucky; Barnwell, South Carolina; and Sheffield, Illinois.
Procedures for the collection, preparation and analysis (particularly under

i anaerobic conditions) of trench waters were developed, when necessary, to
supplement standard procedures. Inorganic, organic, and radiochemical con-
stituents in trench waters are measured and their relevance to movement of
radionuclides is being evaluated. Water samples from test wells are being
monitored to detect and characterize radionuclides along the flow paths of
ground water.

A survey of the disposal sites was conducted to obtain an overview of
the radioactivity in trench and well waters to select specific trenches for
comprehensive study. Water samples were collected from: (a) 46 trenches and
5 wells at Maxey Flats, Kentucky, (b) 13 trenches and 3 wells at West Valley,
New York, and (c) 27 test wells at Sheffield, Illinois, during the summer of
1977. The specific conductance, pH, and temperature of the water samples were
measured in the field at the time of collection. Dissolved organic carbon
(DOC), tritium, gross alpha, s"oss beta, and gamma radioactivity were measured
in .the laboratory (BNL). Tritium was the most abundant of the radionuclides
found. Radioisotopes of americium and cesium cobalt were also found in a
large number of trenches.

i

The trenches selected for further study were chosen based on extreme andi

average values of the parameters measured in this study. The final selection
of trenches for sampling depended upon the availability of water in the
trenches, location of new monitoring wells at the disposal sites, and local
gr.ound water flow paths.

More detailed radiochemical, inorganic, and organic analyses were per-
formed on trench and well waters obtained during repeated sampling of the West
Valley and Maxey Flats sites. Only one sampling of trenches at the Barnwell
and Sheffield disposal sites has been performed. Some general conclusions

,
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can be made from these data in terms of source tenn information to be used in
modeling efforts, as well as processes which may affect migration of radionu-
clides away from the trenches.

Trench waters are complex anoxic chemical systems which require more
extensive investigation to assess their role in radionuclide retention and
mobilization.

No overall systematic changes i". any disposal site trenches were observed
during the brief sampling interval. However, changes in some radionuclide and
cation concentrations were observed in several trenches.

Tritium was the most abundant of the radionuclides and was found in all
the trench waters. Chemically bound as HTO, tritium would be the most mobile
radionuclide.

90Sr, 238,239,240Pu and 137Cs were found as dissolved species in all
trench waters and sorbed on suspended particulates at Maxey Flats and West
Valley. Radionuclides measured as dissolved species in trench waters may -

be compared to the standard for release to an unrestricted area in 10CFR20,
Appendix B, Table II, although it is understood that the waters in the
trenches are not releases.

Tritium, 90 r,137 s, and Pu in several trenches at Maxay Flats andS C <

West Valley exceeded the standard.

137 s and 90 r in oneOnly tritium in two trenches at Barnwell and SC

trench at Sheffield exceeded the standard.

Movement of radionuclide bearing suspended material through the hydro-
ilogic system may be a means by which radionuclides can migrate rapidly from

disposal sites.

Numerous organic compounds were identified in the trench waters at Maxey
Flats and West Valley, some of which have the potential for chelation with
radionuc' ides.

The presence of radionuclides above background in well VB1 and UB1-A at
Maxey Flats, together with organic compourds that are also found in nearby
trenches, indicates communication between the wells and trench water i

leachates, and that migration of radionuclides from trenches has occurred.

The objectives of the microbiology study are: (i) to enumerate the
abundance and distribution of microorganisms active in the trench leachates, j
and (ii) to determine the effects of various microbial processes on the '

transformation and migration of the buried radionuclides from the trenches
into the environment.

Results of this study showed that aerobic, anaerobic, sulfate reducing,
denitrifying, and methanogenic bacteria are present in the leachate samples,
and are able to grow anaerobically in trench leachates, which indicates that
the radionuclides and organics present in leachates are not toxic to these

. bacteria.
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Methane bacteria present in the leachate samples produced appreciable
amounts of tritiated and carbon-14 methane from the leachates. The presence
of active microflora in the trench leachates suggest that they may play a
significant role in the transformation of radionuclides and the organic con-
stituents of the waste, and thus affect the long-term storage, mobility and
migration of radionuclides from the waste disposal sites into the biosphere.

The geochemical aspects of radionuclide migration and retention treated
in this report describe laboratory sorption studies involving batch experi-
ments using site-specific materials and performed under conditions which
simulate the field situation.

Sorption tests performed in this program have aimed at supplying rele-
vant Kd numbers for use in the groundwater transport modeling studies of the
commercial burial sites.

Solid phases used in the experiments were characterized in terms of
parameters thought to influence sorptive properties. Laboratory experiments
were performed to assess the effect on sorptive behavior of the following
experimental variables: aqueous and solid phase compositional variations,
contact time, water / soil ratio, and containers used in the experiments.
Experimental results indicate that the observed Kd is a function of both
solid and liquid phase compositional variations as well as contact time.
The observation that the los;est Kd results are observed with anoxic trench
waters and ultrasonicated soils points to the need to use site specific mate-
ria's and experimental conditions which simulate in situ conditions as closely
as possible. -

Future sorption experiments will involve some batch experients, but also
flow-through column experiments which more closely simulate the field situa-
tion. Batch experiments will be designed to allow comparison with column ex-
periment results, and provide information of a mechanistic nature which will
be useful in predictive applications.

Cores collected from below the disposal trenches at Barnwell, South
Carolina, and Sheffield, Illinois will be analyzed radiochemically to deter-
mine the migration of radionuclides from the trenches and allow comparisons
with laboratory studies.

Using laboratory sorption data to establish siting criteria involves
detennining mineral-pore water-radionuclide associations. Field verification
of these associations requires a core analysis scheme more involved than a
simple bulk radiochemical analysis as a function of depth. Both a bulk radio-,

| chemical analysis of the cored material and a further analysis based on min-
eral fractions will be performed on the trench cores. This analytical plan
will permit detailed comparisons of laboratory results with the field situa-
tion.

|
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EVALUATION OF IS0 TOPE MIGRATION - LAND BURIAL

WATER CHEMISTRY AT COMMERCIALLY OPERATED LOW-LEVEL
RADI0 ACTIVE WASTE DISPOSAL SITES

1 INTRODUCTION

1.1 Purpose of the Study

This study is designed to provide an understanding of and to monitor the
behavior of existing low-level sites and to provide experimental research sup-
port to the U.S. Nuclear Regulatory Commission (NRC' for development of criteria
for the selection and licensing of solid low-level adioactive waste disposal
sites. One of the significant factors in the development of these criteria is
the ability to make predictions on the rate of movement of radionuclides along
the ground water flow path.

In cooperation with the U.S. Geological Survey (USGS), a field and labo-
ratory program was initiated to study the existing commercial low-level radio-
active waste disposal sites. This investigation will define the source terms

(concentrations in solutions) of radionuclides and other solutes in trench
waters at the sites, and will describe the physical, chemical, and biological
properties of the geochemical system that control the movement of radionuclides.

1.2 Scope of the Study

1.2.1 Trench Water Analysis

Procedures for the collection, preparation and analysis of trench waters
were developed, when necessary, to supplement standard procedures. Additional
procedural improvements are made when necessary. Inorganic, organic, and radio-
chemical constituents in trench waters are being measured and their relevance to
movement of radionuclides is being evaluated. Water from test wells in and
around the disposal sites are being sampled to detect and characterize radionu-
clides along the flow paths of ground water.

1.2.2 Microbiological Processes

Microbial degradation of organic material buried in the trenches may
contribute directly or indirectly to the migration of radionuclides. The
consequances of the interaction of radionuclides present in the trenches with
the products of microbial activity, e.g., gas generation, formation of soluble
organo-radionuclide complexes, and bicaccumulation of radionuclides, are being
measured and evaluated.

1.2.3 Geochemical Considerations

The geochemical aspects of radionuclide migration and retention treated
in this portion of the program are limited to, (i) laboratory sorption studies

1
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and, (ii) radiochemi' cal analyses of cores obtained by the U.S. Geological Survey
from beneath waste disposal trenches. Laboratory sorption studies involve batch1

and column expcriments using site-specific materials and are performed under'

conditions which simulate the field situation. Data and ideas developed from,
" these studies will be compared to the results of the core analysis for field
i verification. Conclusions derived from these studies are expected to have

direct application to modeling studies of some of the sites and to establish'

siting criteria and improved burial practices at future sites.

:
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2 COMMERCIAL DISPOSAL 0F LOW-LEVEL RADI0 ACTIVE WASTE

2.1 Introduction

Disposal of low-level radioactive wastes at commercially operated disposal
sites began in 1962 at Beatty, Nevada. Since that time additional disposal
sites were established in Maxey Flats, Kentucky; West Valley, New York;
Richland, Washington; Sheffield, Illinois; and Barnwell, South Carolina, shown
in Figure 2.1.
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Figure 2.1. - Commercial low-level radioactive waste
disposal sites in the United States.
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( The disposal sites at West Valley, Maxey Flats, and Sheffield have
' discontinued operations leaving Barnwell as the only disposal site accepting

commercial radioactive wastes in the Eastern U.S. Table 2.1 lists the existing,

! disposal sites, the year licensed, ~and their current status.

!
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Table 2.1

Commercial Low-Level Radioactive Waste Disposal Sites

Year Current
Site Licensed Status

Beatty, Nevada 1962 open
Maxey Flats, Kentucky 1963 closed
West Valley, New York 1963 closed
Richland, Washington 1965 open
Sheffield, Illinois 1967 closed
Barnwell, South Carolina 1971 open

1

According to a recent study,(1) the total land presently available at the
sites for shallow land burial is 660 acres. Based on current disposal practice
which utilizes 50 percent of trench volume, 9.7 x 103 m3 of packaged waste

5

can be buried per acre of land. This results in a total capacity of 6.4 x 106
m3 of waste that can be buried at the commercial sites. With moderate nuclear
powe, growth and projected waste generation rates, it is calqulateq that the
entire licensed land burial capacity will be used up by 1990(1,2,31. These
estimates were based on the capacities of all six sites; and with three sites
presently closed, the need to license additional acreage will be reached sooner
than projected.

,

i 2.2 Low-Level Radioactive Waste

Low-level waste consists of a variety of laboratory, hospital, and reac-
| tor equipment, residues, and trash which are contaminated with radioactive

materials. For the most part, the types of materials buried include clothing,
plastics, ' paper, ion exchange resins, scintillation yials, animal carcasses,
solidification agents, decontamination reagents, and other materials in small
quantities.

,

i

| Transuranic elements, e.g., plutonium, americium, neptunium, etc., in
| concentrations greater than 10 nCi/g of waste are classified as TRU waste and

are not accepted at commercial disposal sites. However, in the past, solid
wastes contaminated with plutonium and other transuranic radionyq} ides were
mixed with low-level wastes and buried at the commercial sites.W

Solid low-level radioactive wastes, such as those generated at commercial
power plants, hospitals, research facilities, and universities, are usually
buried in the containers in which they are shipped. The parpose of the package
is to minimize personnel exposure and to prevent the loss of radioactive mate-
rials during shipment to the disposal site, according to regulations set forth
by the Department of Transportation.

4
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2.3 Site Characteristics

The disposal sites are located in sparsely settled areas that were con- '

sidered suitable for shallow land burial of low-level radioactive wastes (Table
2.2). The sites' geohydrological characteristics are considered the primary
containnent for radioactive wastes buried there. These characteristics were
believed to afford isolation of the buried radionuclides by sorption and ion
exchange processes which attach the radionuclides to the soil or rocks in which
they are in contact.

Table 2.2

Hydrogeological Characteristics of Commercial Disposal Sites

Geologic Material Distance of Water Average Annual
Site Containing Trenches Table From Surface Rainfalla

Maxey Flats, weathered and un- 10 meters or less
> Kentucky . eathered shale to perched waterw

(fractured) table 113 cm/yr
West Valley, glacial till saturated or near

New York (high clay content) saturated to the
surface 104 cm/yr

Sheffield, glacial loess
Illinois (silts and clays.

with interbeddea
send lens) 10 meters 89 cm/yr

Barnwell, sandy clay coastal
South Carolina plain sediment

(sand, silts and
clays) 10 meters 118 cm/yr

Beatty, Nevada alluvium
(sand and silts) 85 meters 12 cm/yr

aRainfall data obtained at burial sites or at weather bureau stations
located several miles from the sites.

2.4 Shallow Land Burial

Burial practices at the commercial disposal sites are similar. Typically,
sclid wastes are buried in shallow rectangular trenches with varying dimensions,
ranging from 60-150 m long. 8-15 m wide, and 6 m deep. The trench floor is
sometimes sloped toward one or more sumps, and riser pipes are provided for rou-
tine observation of water levels and for removal of water. Solid wastes are
buried in an~ assortment of containers, such as cardboard and wooden boxes, plas-
tic bags, cement casks, steel drums, and steel bins.

A
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When filled with waste, the trench is backfilled "!th previously excavated
earth, compacted, and covered with capping naterial. Generally, the compacted
cap contains clay that expands when moist, to retard infiltration of rain water.*

The finished trench is covered with soil and planted with shallow rooted ground
cover to prevent soil erosion. Rain or ground water that enter 3 a trench may
leach the contents of the buried containers that have failed either during
burial operations or through corrosion and decomposition processes. A prime
concern of burial operation is that the leached material may be carried to the
environment around the trenches by the infiltrated water.

In this report, the terms " trench water" and " trench leachate" are used
interchangeably to identify water that resides in a trench, and that may be
removed via sumps or test wells in the trench.

2.5 References

1. U.S. Nuclear Regulatory Commission, "NRC Task Force on Review of the
Federal / State Program for Regulation of Commercial Low-Level Radioac-
tive Waste Burial Grounds," USNRC Report NUREG-0217, March 1977.a

2. M. F. O'Connell and W. F. Holcomb. "A Summary of Low-Level Radioactive
Wastes Buried at Commercial Sites Between 1962-1973, with Projections to <

tne Year 2000," Radiation Data and Reoorts, Vol. 15, No. 12, (December
1974).b

3. W. F. Holcomb, "A Summary of Shallow Land Burial of Radioactive Wastes at i
Commercial Sites Between 1962 and 1976 with Projections," Nuclear Safety,
Vol.19, No.1, p. 50 (January-February 1978).b

4. U.S. Nuclear Regulatory Commission," Regulation of Federal Radioactive
Waste Activities - Report to Congress on Extending the Nuclear Regulatory
Commission's Liccasing or Regulatory Authority to Federal Radioactive
Waste Storage and Disposal Activities," USNRC Report NUREG-0527, September
1979.a

f

:
1

aAvailable for purchase from National Technical Information Service,
Springfield, Va. 22161.

b vailable.in public technical libraries.A
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| 3 PRELIMINARY STUDY
l

3.1 Introduction -

Water samples were initially obtained from the Maxey Flats, Kentucky, dis-
posal site in April 1976 to gain experience in the collection, handling, and

i analyses of trench waters. The first samples were collected jointly with the
USGS, State of Kentucky, BNL, and with the assistance of Nuclear Engineering i

Company (NECO) personnel at the site. )
l

Field measurements and sample filtration were perfomed on the site, in a l'

l laboratory provided by NECO, within an hour after sample collection. The
samples were packed in ice and brought to BNL for chemical and radiochemical
analyses.

3.2 Trench Water Collection

Trench water samples were obtained by lowering flexible Tygon tubi 19 into
the trench via a riser pipe and pumping the water with a peristaltic pump (Fig-
ure 3.1). Initially, some water was diverted to a waste tank to clean out the
lines before collecting a sample. Samples were collected from eight trenches
selected by USGS on the basis of previous experience at Maxey Flats. Sample.s
obtained for inorganic and radiochemical analyses were collected and stored in

,

plastic containers, while samples for organic analyses were kept in glass bot-
ties.

! j{:-
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Figure 3.1. Portable unit used for pumping water from trenches at Maxey Flats,,
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3.3 Trench Water Filtration'

The water samples contained solid materials including suspended particu-
lates and sediment that were stirred up when the tubing was lowered to the
bottom of the sump. These particulates were removed from the sample by filtra-
tion through a 0.45 pm membrane filter. it is generally ecepted that material
in " solution" will pass through a 0.45 pm fili.er. However. it is understood
that true solution is not defined by this arbitrary cut-off limit.

,

The procedure used for filtering the trench waters is in accordance with
standard USGS field methods.(1) Figure 3.2 shows the filtration equipment
used at Maxey Flats.

3.3.1 Iron Precipitation

The initially clear trench waters become cloudy with the for mation of a
brown iron hydroxide precipitate after being exposed to air. Water samples

high Fe +/Fe + ratio (Wqst Valley, New York, disposal site were shown to have afromtrgnchegatthe 2 Ferrous iron, which is more soluble than ferric ironc 1 ;

in the pH range normally found in trench waters, is oxidized to the latter by
air. This phenomenon is commonly observed in water obtained from land fills.

containing buried iron drums.

3.4 Sample Analysis j

Inorganic, organic, and radiochemical analyses of t' 2 samples were per-
formed to measure the concentrations of selected constituents dissolved in the

!trench waters (source term). The constituents of interest in these amples are
listed in Table 3.1.

<

Table 3.1'

Constituents of Interest in Water Samples Taken From
Maxey Flats, Kentucky, Disposal Site, April 1976

Field
Measurements Metals Non Metals Radionuclides

pH calcium bicarbonate gross alpha
temperature iron carbon gross beta
specific lithium carbonate gamma scan
conductance magnesium chloride (Ge(Li))

manganese dissolved organic 241Am

potassium carbon (DOC) 238 u' P

sodium nitrate 239,240 uP
>

90 rSnitrite
silica
sul f ate
residue

8
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Figure 3.2. Filtration equipment used at Maxey Flats.
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3.5 Discussion

The iron that precipitated from the trench waters and was subsequently fil-
tered from the samples contained material that was originally dissolved in the
water. Radionuclides and other solutes that were originally in solution in the
trench environnent may have been adsorbed onto, or coprecipitated with, the iron
hydroxide. Therefore, the results of these analyses are not representative of
the trench condition and are not reported here. These data are available in a
previous report of this program.(3)

Procedures were developed to prevent air from coming in contact with trench
water samples during collection and filtration. These anoxic procedures are de-
scribed in Chapter 5 and Appendix B. The analytical procedures, including modi-
fications made to conventional standard methods, that are employed in this study
are also fully described in Chapter 5 and Appendices C and D.

3.6 Refererres

1. E. Brown, M.W. Skoukstad, and M.J. Fishaman, " Methods for Collection and
Analysis of Water Samples for Dissolved Minerals and Gases", USGS-TWR I,
Book 5, Chapter Al,1970.

2. L. Husain, J.M. Matuszek, J. Hutchinson, and M. Wahlen, " Chemical and
Radiochemical Character of a Low-level Radioactive Waste Burial Site",
in Management of Low-level Radioactive Waste, M.W. Carter, et al., Ed.
(Pergamon Press, N.Y. ,1979), Vol. 2, p. 888.

3. P. Colombo, A.J. Weiss, and A.J. Francis, Brookhaven National Laboratory,
" Evaluation of Isotope Migration - Land Burial, Water Chemistry at Com-

| _mercially Operated Low-level Radioactive Waste Disposal Sites", USNRC
Report BNL/NUREG 50623, March 1977. Available from the Superintendent of
Documents, U.S. Government Printing Office, Washington, D.C.

;
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4 SURVEY STUDY OF LOW-LEVEL RADI0 ACTIVE WASTE DISPOSAL SITES
(G.G. Galdi, S. Garber, C. Green, B. Nine, J. Steimers, and
A.J. Weiss)

4.1 Introduction

A survey of the commercial low-level radioactive waste disposal sites was
conducted to obtain an overview of the radioactivity in trench waters and well
waters for selecting specific trenches for comprehensive study. Water samples
were collected from: (a) 46 trenches and 5 wells at Maxey Flats, Kentucky,
(b) 13 trenches and 3 wells at West Valley, New York, and (c) 27 test wells at
Sheffield, Illinois, during the summer of 1977. Samples were not collected
from Barnwell, South Carolina, at that time due to the absence of water in the
trenches during the summer. However, six trench and six well water samples
were obtained from the Barnwell site in the winter of 1978 during the rainy
season in South Carolina. Surfact and ground water samples were also col-
lected from areas adjacent to the Maxey Flats and West Valley sites.

The specific conductance, pH, and temperature of the water samples were
measured in the field at the time of collection. Dissolved organic carbon
(DOC), tritium, gross alpha, gross beta, and gamma radioactivity were mea-
sured in the laboratory (BNL).<

4.2 Sample Collection

United States Geological Survey personnel conducting hydrogeological stud-
ies at the disposal sites collected the water samples for this survey study.
Samples were obtained from most trenches and wells that contained water. The
procedures adopted by USGS and BNL personnel for conducting the survey study
are described in Appendix A.

Briefly, +rench water samples were obtained by lowering plastic tubing
into established riser pipes in the trenches and lifting the water with a
peristaltic pump. Some trench and well water samples were obtained with a
bailer when the water levels were below the lift capability of a peristaltic
pump. A 500-nt non-filtered sample, for radiochemical analysis, and a 50-nt
filtered sample, for organic analysis, were collected from each sampling
location.

The sample for radiochemical analysis was acidified with 35 mL concen-
trated nitric acid immediately after collection to prevent iron hydroxide
precipitation and was stored at ambient temperature in a polyethylene bottle.
The radioactivity of this sample represents the total activity (dissolved plus
particulate solids) in the water.

The procedure in Appendix A describes steps for obtaining a samWe for
DOC analyses by in-line filtration of trench water. However, in-line filtra-
tion in the field was not accomplished due to rapid clogging of the filter by
particulate material in the water. Also, the pressure available from the peri-
staltic pump, after lifting the water from the trench, was insufficient for fil-
tering. Instead, the organic sample was obtained by filling a stainless steel
filtration unit directly from the outflow of the peristaltic pump, or from the

11
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bailer, and pressurizing the unit with a portable nitrogen cylinder. A 50-mL
sample was filtered through a 0.45 pm silver membrane into a glass bottle and
was kept at * 4 C until the DOC analysis was completed.

4.3 Analyses

4.3.1 Dissolved Organic Carbon (DOC)

Carbon analysis was determined on the filtered, non-acidified sample
using the Beckman Total Carbon Analyzer which measured both total and inorganic
carbon. The organic carbon content was obtained by difference with a detection
limit = 1-2 mg/L.'

4.3.2 Tritium

Tritium as HT0 was determined on the filtered, non-acidified sample. One
mL of a distilled aliquot of water sample in 15 mL of liquid scintillation fluid
was counted in a Beckman LS8100 liquid scintillation counter. Trench water sam-
ples were counted for 1 minute, whereas well and stream samples were generally -

counted for 10 minutes. With these counting times, and with a background count
of approximately eight counts / min, the detection limit for tritium is 8,000
pCi/L for trench water and 2,000 pCi/L for wells and streams. This study was
intended to survey a large number of samples in a limited time, therefore the'

detection limit is somewhat higher than commonly achieved in environmental moni-
toring studies. Because well waters from the Sheffield, Illinois, and Barnwell,
South Carolina, sites were not expected to contain much tritium, if any, a
larger aliquot was counted for a longer time. The detection limit for tritium
is 240 pCi/L, when 7 mL of sample plus 9 nt of liquid scintillation fluid is
counted for 100 minutes.

4.3.3 Gross Alpha-Gross Beta

Gross alpha and gross beta activities were measured on an aliquot of the
acidified non-filtered water sample. A 3-nt aliquot of trench water was heated
to dryness in a 50 mm diameter planchette and counted with a Nuclear Chicago
two-channel, low-level, proportional flow counter for 10 minutes. Well and
stream samples were concentrated from 50 mL to 3 nt, dried in a 50 mm diameter
planchette, and counted for 20 minutes. The alpha detection limits for these
counting conditions are 200 pCi/L for trench water and 6 pCi/L for wells and
streams. Beta detection limits for these conditions are 700 pCi/L for trench
water and 30 pCi/L for wells and streams. The gross beta concentrations re-
ported do not include tritium radioactivity, which is reported separately.

4.3.4 Gamma

The gamma activities of the acidified, non-filtered samples were mea-
sured by scintillation counting with a NaI(T1) detector. Gross gamma activity,
without energy discrimination, was determined with a 76-x 76-mm Nal(T1) well

icrystal in a Searle 1185 gamma counting system. A 10-mL aliquot of water sam-
ple was counted for 20 minutes in an energy window between 15 and - kev. This
counting method was used to obtain relative gamma activities of a large number
of trench water samples in a short period of time.

12



In addition to NaI(TI) counting, 15-mL and 250-mL aliquots of these
samples were counted for 1000 minutes with a 2 kev resolution Ge(Li) gamma
ray spectrometer system to identify and measure the individual gamma emit-
ting radionuclides present. Detection limits for the individual radione-
clides varied from sample to sample because of Compton continuum variations
resulting from different combinations of radionuclides in the samples.

4.3.5 Detection Limits

The detection limits reported here and elsewhere in the report are
based on the premise that the minimum detectable activity is that activity
which, in the same counting time, gives a count which is different from the
background count by three times the standard deviation of the background

i count.

4.4 Maxey Flats, Kentucky, Site

4.4.1 Collection

Water samples were collected from 46 trenches and 5 wells at the Maxey
Flats, Kentucky, disposal site. Figure 4.1 shows the location of trenches and4

wells at Maxey Flats. Some trenches have one or more riser pipes for water
removal. They are identified by a riser number or letter following the trench
number. Trench 34 has four riser pipes, trench 31 has risers in its ee;t and
west ends, and trenches 40, 43, and 44 have risers in the north and south ends.
The "33L trench" is a group of side by side slit trenches each having one or
more riser pipes.

The inside of new Tygon tubing was flushed with approximately three
gallons of trench water before a sample was collected. Due to a shortage of
new tubing, it was necessary to sample trenches 33L-17, 33L-13,1, SS, and 23
in sequence with the same tubing. The outside of the used tubing was wiped
clean before it was inserted into the next riser pipe, and the inside was then
flushed with at least five gallons of trench water before the sample was col-
lected.

Water samples from trenches 40N, 42, and 44N were collected with new
PVC bailers which had been washed with detergent and rinsed with approximately
one half gallon of distilled water before taking the sample. All on-site well
water samples were taken with separate copper bailers. Trenches 12L, 13L, 28,

j 29, 33L-2, 33L-5, 33L-7, 33L-14, 33L-15, 34-2, 34-3, 40S, 41, 43N, and 43S
were not sampled because of insufficient water or badly bent sump pipes.

Ten samples from wells and streams in the vicinity of the disposal site
| were also collected. Locations of the off-site sampling positions in relation

to the treach area at the disposal site are showa in Figure 4.2 and described
in Table 4.1. The off-site samples were taken directly in glass bottles, except
at: (a) location 5, which was obtained in a metal bucket and then poured into

i a glass bottle, and (b) location 6, which was collected in a glass bottle from
a kitchen tap.
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,

Table 4.1

Sampling Locations in the Vicinity of Maxey Flats, Kentucky,
Disposal Site, Surmy Study 1977

Sampling
Positiona Location

#1 Fox Creek below Rock Lick Creek
#2 Rock Lick Creek at USGS Gaging Station
#3 Drip Springs Hollow above Rock Lick Creek
#4 Drip Springs Hollow at McRoberts House
#5 McRoberts Well in Drip Springs Hollow
#6 Skaggs Well - South of Trench Area
#7 KDHRb Sample Point 13 in Site Main Drainage
#8 No-Name Hollow above Rock Lick Creek
#9 Rock Lick Creek above No-Name Hollow
#10 Rock Lick Creek below No-Name Hollow

aPosition numbers correspond to circled locations shown
in Figure 4.2, except #1, which is approximately three
quarter mile SW of area shown.

b entucky Department of Human Resources sample point.K
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4.4.2 Results

The ranges of pil, specific conductance, '10C, gross alpha, gross beta,
gross gamma, and tritium measured in the trenci water samples taken from the
disposal site are shown in Table 4.2.

Table 4.2

Ranges of Measurements of Water Samples Taken From
Maxey Flats, Kentucky, Disposal Site, Survey Study 1977

Measurenent Range

'
pil 2.2 - 12.4
Specific conductance 2.8 E2 - 3.9 E4

(pmho/cm at 25 C)
DOC (mg/L) <1 EO - 6.0 E3
Gross alpha (pCi/L) <2 E2 - 6.4 ES

fGross beta (pCi/L) 8 E2 - 5.7 E7
Gross gamma <1 E1 - 1.6 E4
(relative cpm)

Tritium (pri/L) 2.5 ES - 7.4 E9

Field measuremen+ of pli, temperature, and specific conductance of indi-
vidual water samples taken from the disposal site and vicinity are given in
Table 4.3. These measurements were generally made less than five minut3s after
collecting a sample. When there was greater than five minutes delay in making
the measurements, the elapsed time is indicated in parenthesis after the temper-

*ature. Since the water temperature was not measured immediately after sampling,
the value should not be taken as the actual ground water temperature. The spe-
cific conductance of the on-site samples ranged from 280 to 38,500 pmho/cm at
25 C. The specific conductance of the off-site waters are in a narrow range
between 128 and 428 pmho/cm at 25 C. Since specific conductance is related to
the amount of dissolved solids in the trench water, any iron hydroxide that pre-
cipitated before making the measurement would have caused a reduction of the
measured value.

The pil of the trench samples varied from 2.2 to 12.4 indicating differ-
ences in chemical composition of the trench waters. The pil of the off-site

water samples are in a range between 4 and 7.

16
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Table 4.3

Field Measurements of Water Samples Taken From Maxey Flats, Kentucky,
Disposal Site and Vicinity, Survey Study 1977

Sampling Date Tempgrature Specific Conductance
a pH

( C) (pmho/cm at 25 C)Loca tion Sampled

Trench 1 6/16/77 7.0 21.0 (15)b 2.30 E3
Trench 2 6/9/77 7.1 17.0 (30)c 3.85 E4
Trench 3 6/6/77 6.6 22.0 1.75 E3--

Trench SS 6/16/77 6.6 23.0 (12) 1.83 E3
Trench 7 6/6/77 7.1 28.0 2.33 E3--

Trench 8 6/6/77 8.2 25.0 2.68 E4--

Trench 9L 6/6/77 7.0 25.0 2.78 E2--

Trench 14L 6/7/77 6.5 25.5 4.23 E2--

Trench 17L 6/7/77 5.8 22.5 -- 1.32 E4
Trench 18 6/9/77 7.2 16.5 (25) 4.35 E3+

Trench 19S 6/9/77 6.8 18.0 (35) 2.32 E3
Trench 22 6/7/77 7.0 20.0 -- 9.42 E2
Trench 23 6/16/77 7.2 23.0(13) 5.20 E3
Trench 24 6/8/77 6.9 15.5 3.38 E3--

Trench 25 6/8/77 6.9 15.0 -- 2.36 E3
Trench 26 6/8/77 7.0 14.5 -- 2.72 E3
Trench 27 6/8/77 5.7 16.5 1.63 E4--

Trench 30- 6/9/77
Trench 31E' 6/9/77 7.4 17.0 (25) 3.18 E3
Trench 31W 6/9/77 7.6 17.0 (30) 7.46 E3
Trench 32 6/8/77 7.3 17.0 5.55 E3--

Trench 33L-1 6/16/77 7.2 22.0 (10) 1.09 E3
Trench 33L-3 6/16/77 5.3 19.5(10) 1.22 E4
Trench 33L-4 6/9/77 12.4 16.0(15) 7.23 E3
Trench 33L-6 6/16/77 7.0 19.5 (7) 8.19 E3
Trench 33L-8 6/14/77 6.6 19.5 -- 1.06 E3
Trench 33L-9 6/14/77 5.8 19.5 6.49 E3--

Trench 33L-10 6/16/77 6.6 19.0 (13) 1.26 E3
Trench 33L-ll 6/16/77 12.0 19.0(7) 3.00 E3
Trench 33L-12 6/16/77 6.7 19.0(10) 1.50 E3
Trench 33L-13 6/16/77 6.9 19.0 (8) 7.62 E2
Trench 33L-16 6/9/77 12.4 18.0 -- 9.14 E3
Trench 33L-17 6/16/77 12.2 20.0(12) 4.00 E2
Trench 33L-18 6/16/77 2.2 -19.0 (19) 1.10 E4
Trench 34-1 6/7/77 7.0 18.5 -- 7.55 E2
Trench 34-4 6/7/77 6.7 17.0 1.38 E3--

Trench 35 6/8/77 7.9 16.0 5.50 E3--

Trench 36E 6/8/77 8.6 16.0 5.80 E3--

Trench 36W 6/8/77 7.3 16.0 2.84 E3--

Trench.37 6/9/77 6.1 16.5(20) 8.66 E3
Trench 38 6/7/77 6.9 16.0 -- 1.67 E3 Cont. +
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Table 4.3, continued

Field Measurements of Water Samples Taken From Maxey Flats, Kentucky,

j Disposal Site and Vicinity, Survey Study 1977

!
l

| Sampling Date
Pg Tempgrature SpecificConducfance

| Location Sampled ( C) (umho/cm at 25 C)

1.53 E3.Trench 39 6/7/77 6.3 17.5 --

Trench 40N 6/17/77 7.2 20.0 (10) 6.33 E3
Trench 42. 6/17/77 7.1 20.0 (10) 2.83 E3

1.16 E4Trench 44N 6/17/77 6.4 19.0 --

Trench 44S 6/17/77 6.6 19.5(10) 2.32 E3

1.12 E4Well SE 6/10/77 7.5 16.0 --
,

1.20 E3; Well 8E 6/10/77 7.0 16.0 '
--

1.81 E3| Well 12E 6/10/77 7.1 15.0 --

2.10 E3| Well 13E 6/10/77 7.4 15.5 --

1.83 E3t Well 14E 6/10/77 6.9 16.0 --

d 2.10 E2#1 6/15/77 7.0 22.5 --

1.86 E2#2 6/15/77 6.7 24.5 --

1.83 E2#3 6/15/77 6.6 22.5 --

1.85 E2#4 6/15/77 5.6 25.0 --

#5 6/15/77 4.9 19.0 2.40 E2--

#6 6/15/77 4.0 20.5 3.45 E2--

#7 6/15/77 5.0 21 .0 (1 0) 4.28 E2
1.62 E2#8 6/15/77 5.6 23.0 --

#9 6/15/77 5.8 24.0 (1 0) 1.28 E2
#10 6/15/77 6.1 26.5 (10) 1.33 E2

aSampling locations correspond to positions indicated in Figure 4.1.
bNumbers.in( )areminutesbetweensamplingandmeasurement.
c-- Indicate less than five minutes between sampling and measurement.
dSampling location numbers (#1-#10) correspond to locations in Figure 4.2
as described in Table 4.1.

.
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Radionuclide and DOC concentrations in the trench, well, and stream
samples are given in Table 4.4. Gross alpha, gross beta, and tritium concen-
trations are given in pCi/L, gross gamma is reported as relative counts / min
above laboratory background. The numbers in parenthesis represent 2a percent
counting uncertainty. It should be noted that the radiochemical samples were
not filtered; therefore, the reported radionuclide concentrations include the
activity of any particulate material in the water samples.

Tritium was measured in all samples; the highest concentration was
4.8 x 109 pCi/L in trench 27. Well 13E contains a considerable amount of
tritium (6.1 x 106 pCi/L). Gross beta was found in all trenches and gross
alpha was found in most trenches. Two of the five on-site wells, 8E and 12E,
contained small but detectable amounts of gross alpha and gross beta activity.
The presence of alpha and beta radioactivity in these wells is not necessarily
a consequence of radionuclide migration from adjacent trenches. Traces of
radioactivity in these wells could have resulted from (a) cross contamination
during previous water sampling, (b) contamination during drilling, (c) contami-
nation of surface water runoff seeping from the ground surface dcwn the cement
grout and well' bore interface,(1) or (d) natural radioactivity from the rock.

Dissolved organic carbon was found in all trench waters except in trench
22 and ranged in concentration from 7.4 mg/L to 6,000 mg/L. Analyses for DOC in
the on-site well waters were performed prior to the present study by USGS lab-
oratories. The values obtained from samples taken March 2,1977, and April 26,
1977, are given in Table 4.4.

The concentrations of gamma-ray emitting radionuclides identified in
trench water samples are given in Table 4.5. Cobalt-60 was found in most
trench waters; cesium-134, cesium-137 and americium-241 were found in many
samples; manganese-54 and sodium-22 were found in a few samples. No gamma-
ray emitting radionuclides were detected in any of the five on-site well sam-
ples or in the ten off-site water samples collected.

The pH, specific conductance, DOC, tritium, gross alpha, gross beta,
and gross gamma data from Tables 4.3 and 4.4 are presented in Figure 4.3 show-,

! ing the distribution of these measurements among the trenches. The bar graphs
list the trench numbers that fall within ranges of these measurements.

Based on the data obtained from this survey of the Maxey Flats, Ken-
tucky, disposal site, trenches 2, 19, 26, 27, 32, 33L-4, 33L-18, and 37 have
been identified for further studies. These trenches represent extreme and
average values of the parameters measured in this study. The final selection
of trenches for sampling will depend upon availability of water in the trenches,
location of new monitoring wells at the disposal site, and local ground water
flow paths.

l
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Table 4.4

Radionuclide and DOC Concentrations in Water Samples Taken
From Maxey Flats, Kentucky, Disposal Site and Vicinity, Survey Study 1977

Sampling Gross Alpha Gross Beta Tritium Gross Gammaa DOC
Location (pCi/L) (pCi/L) (pCi/L) (counts / min) (mg/L)

Trench 1 1.4 E3 (41)b 1.2 E4 (17) 3.7 E6 (3.5) <1 El 1.0 E2
Trench 2 6.4 E3 (17) 3.4 E4 (15) 1.9 E7 (1.6) 1.2 E2 5.0 El
Trench 3 5 E2 (69) 2.8 E4 (9.7) 1.3 E7 (1.9) <1 El 2.6 E2

' Trench SS 4.8 ES (2.2) 5.7 E7 (<1) 1.5 E8 (<1) 1.6 E4 3.6 E2
Trench 7 7.4E4(5.8) 8.8 E6 (<l) 3.6 E8 (<1) 3.0 E3 3.2 E2
Trench 8 1.4 E3 (41) 8.9 E4 (5.3) 6.4 ES (8.4) 7.4 E2 6.0 E3
Trench 9L <2 E2 2.3 E3 (44) 7.9 ES (7.6) <1 El 2.5 E2

,

Trench 14L 7 E2(59) 2.4 E4 (10) 2.5 E5 (13) <1 El 7.4 E0 ,

Trench 17L 1.5 E4 (12) 3.2 E6 (<l) 8.9 E6 (2.3) 1.0 E3 5.6 E3
Trench 18 1.6 E3 (35) 1.6 ES (3.4) 4.5 E8 (<1) 1.9 E2 4.6 E2
Trench 19S 1.8 ES (3.6) 9.6 E5 (2.2) 8.4 E7 (<1) 2.8 E2 4.0 E2
Trench 22 <2 E2 3.3 E3 (33) 1.8 E6 (5.1) 1.1 El <1 E0
Trench 23 9.3 E4 (5.2) 2.0 E5 (4.7) 1.0 E9 (<1) 2.6 E2 8.0 E2
Trench 24 1.2 E4 (15) 4.6 ES (2.3) 1.9 E8 (<l) 1.4 E2 1.1 E3
Trench 25 6- E2 (62) 5 E3 (35) 8.0 E8 (<1) <1 El 9.6 E2

.

Trench 26 2.8 E4 (8.5) 1.1 E5 (5.7) 1.1 E8 (<1) 5.9 El 6.8 E2
'

Trench 27 8.6 E4 (5.3) 5.7 ES (2.3) 4.8 E9 (<1) 4.3 E2 7.0 E2
Trench 30 3.7 E3 (25) 2.7 E5 (2.9) 7.4 E9 (<l) 6.8 E2 3.5 E2
Trench 31E 2.3 E4 (10) 5.8 E4 (8.8) 4.8 E8 (<1) 7.0 El 1.7 E3
Trench 31W 9.3E3(16) 1.3 E5 (4.8) 4.7 E9 (<1) 2.2 E2 7.0 E2
Trench 32 2.8 E4 (9.5) 1.3 E6 (<1) 1.9 E9 (<l) 3.9 E2 8.9 E2
Trench 33L-1 <2 E2 3 E3 (38) 3.7 E6 (3.5) <1 El 6.2 El
Trencn 33L-3 1.2 E4 (13) 1.7 ES (3.8) 4.6 E7 (1.0) 9.0 E2 4.5 E3
Trench 33L-4 3.9 E3 (24) 6.7 E4 (6.4) 5.9 E7 (1.3) 2.5 El 1.7 E3
Trench 33L-6 <2 E2 7.9 E3 (21) 7.4 E6 (2.5) <l El 8.6 E2
Trench 33L-8 1.5 E3 (40) 2 E3 (90) 1.3 E6 (5.1) 2.2 El 3.9 El
Trench 33L-9 1.8 E4 (11) 2.8 E4 (15) 2.6 E7 (1.3) 5.3 El 4.1 E3
Tre.nch 33L-10 <2 E2 6.8 E3 (22) 7.4 ES (7.8) <1 El 4.3 El
Trench 33L-11 <2 E2 3.2 E3 (36) 2.2 E7 (1.4) <1 El 4.4 E2
Trench 33L-12 6 E2(63) 1.1 E4 (16) 2.4 E7 (1.3) 4.7 E2 5.7 El
Trench 33L-13 <2 E2 4.2 E3 (32) 5.7 E5 (8.9) <1 El 2.7 El
Trench 33L-16 4 E2(72) 6.7 E4 (5.8) 1.3 E8 (<1) <1 El 1.0 E3

1. Trench 33L-17 1.9 E3 (36) 7.1 E3 (24) 1.4 E7 (2.6) <1 El 3.2 E2
Trench 33L-18 6.4 E5 (1.8) 1.6 ES (13) 5.0 E7 (<1) 6.6 E2 5.8 E3' Trench 34-1 1.1 E4 (15) .l.8 E6 (1.5) 1.9 E6 (4.9) 6.7 E2 2.5 El'

Trench 34-4 3.9 E3 (24) 2.8 E5 (2.8) 9.9 E6 (2.2) 1.7 E3 2.5 El >

Trench 35 3.5 E3 (24) 3.7 E4 (8.8) 2.4 E9 (<l) <1 El 8.1 E2
'

i

)

!
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Table 4.4, continued

Radionuclide and DOC Concentrations in Water Samples Taken
From Maxey Flats, Kentucky, Disposal Site and Vicinity, Survey Study 1977

Sampling Gross Alpha Gross Beta Tritium Gross Gamma DOC
a

Location (pCi/L) (pCi/L) (pCi/L) (counts / min) (mg/L)

Trench 36E 5.7 E3 (18) 1.0 E4 (24) 5.3 E8 (<1) <1 El 1.1 E2
Trench 36W 9.5 E3 (15) 2.8 E4 (12) 5.1 E7 (<1) 8.7 El 2.9 E2
Trench 37 8.2 E3 (17) 9.4 E4 (5.5) 9.8 E6 (2.2) 2.9 E2 3.0 E3
Trench 38 1.3 E3 (39) 1.9 E4 (12) 3.3 E7 (1.2) 2.5 El 1.7 E2
Trench 39 <2 E2 4.1 E3 (29) 7.5 ES (7.8) <1 El 1.7 El
Trench 40N 1.3 E4 (13) 3.4 E5 (2.7) 6.6 E8 (<1) 1.0 E3 4.4 E2.

Trench 42 4 E2(80) 3.0 E4 (9.1) 1.6 E7 (1.7) 3.4 El 3.3 E2 ,

Trench 44N 8.8 E3 (17) 1.0 E6 (1.6) 1.0 E8 (<1) 6.2 E3 3.0 E3
'

Trench 44S 8 E2 (55) 2.0 E3 (58) 1.4 E7 (1.8) 2.1 El 5.6 El
,

ci Well SE <6 E0 <3 El 1.8 E3 (4.0) <1 El 3.3, 3.l
c; Weli 8E 6 El (33) 2.1 E2 (25) 1.4 E4 (18) <1 El 3.5, 5.3
c

: Well 12E 5 El (36) 1.8 E2 (29) 1.8 E4 (15) <1 El 6.0, 2.7
! Well 13E <6 E0 <3 El 6.1 E6 (< l) <1 El 13,13c

cWell 14E <6 E0 <? El 2.4 E4 (12) <1 El 2.2, 2.7

d
#1 <l El <4 El 8.6E3(17) <1 El 2.9 EO
#2 <1 El <4 El 2.2 E4 (13) <1 El 4.2 EO
#3 <1 El <4 El 2.4 E4 (12) <1 El < 3.5 EO
#4 <1 El <4 El 2.3 E4 (12) <1 El 1.8 EO
#5 <1 El <4 El 1.4 E4 (15) <1 El <1 EO
#6 <1 El 8 El (63) 1.5 E4 (14) <1 El 1.3 E0
#7 <1 El 1.3 E2 (63) 2.9 E4 (11) <1 El <2 E0
#8 <1 El 1.7 E2 (38) 3.8 E4 (10) <1 El 3.3 EO.'

#9 <1 El <4 El 2.0 E4 (13) <1 El < l.5 EO
#10 <1 El <4 El 1.4 E4 (15) <1 El <2 E0

i

1

' aRelative counting rate.
b umber in ( ) = 2o percent counting uncertainty.N

cDOC analyses performed by USGS on samples taken 3/2/77 and 4/26/77.
dSampling location numbers (#1-#10) correspond to locations in Figure 4.2

| as described in Table 4.1.
,

:
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( Table 4.5

Concentration of Gamma-Ray Emitting Radionuclides in Water Samples Taken |
From Maxey Flats, Kentucky, Disposal Site, Survey Study 1977 f

sampling 241 134 1h Cs Cs CoLocation (pCi/L) (pCi/L) (pCi/L) (pCi/L)

Trench 1 <1.7 E2 <1.3 E2 <1.9 E2 <2.7 E2
Trench 2 4.7 E3 (6.2)a <1.7 E2 <2.3 E2 1.9 E4 (3.1)
Trench 3 <1.9 E2 <1.4 E2 <2.0 E2 1.9 E3 (12)
Trench SS <1.7 E2 <2.2 E2 <2.9 E2 9 E2(24)
Trench 7 <6.7 E2 <2.5 E2 3.3 E3 (12) 8.5 E4 (1.4)
Trench 8 <2.7 E2 <2.6 E2 9 E2 (29) 1.2 E5 (1.2) .

Trench 9L <4.0 El <1.6 El <2.0 El <2.0 El
Trench 14L <1.7 E2 <1.4 E2 <1.7 E2 <1.6 E2,

i Trench 17L <1.9 E2 <1.2 E2 <1.5 E2 <1.5 E2
'

Trench 18 <2.2 E2 <1.6 E2 4.8 E3 (6.8) 2.3 E4 (2.8)
Trench 195 <2.8 E2 <1.2 E2 4.6 E3 (5.2) 1.3 E3 (13)
Trench 22 <1.8 E2 <1.2 E2 <1.7 E2 1.5 E3 (13)
Trench 23 <1.8 E2 <1.1 E2 <1.6 E2 <1.6 E2
Trench 24 9 E2 (34) <1.4 E2 4.3 E2 (19) 1.2 E3 (15) '

Trench 25 - <1.7 E2 <1.3 E2 3.8 E2 15) <1.2 E2
Trench 26b 1.0 E3 (9.5) 7 El(29) 4.4 E3 2.0) 4.6 E2 (8.6)
Trench 27c 2.7 E3 (10) 5.7 E2 (16) 5.6 E3 2.1) 1.3 E4 (1.4)
Trench 30 <2.8 E2 <2.9 E2 9.2 E4 1.1) 3.0 E4 (2.4)
Trench 31E 3 E2(62) <1.4 E2 7.6E3(4.0) 3.6 E3 (7.7)
Trench 31W 7 E2 (23) 9.9 E2 (6.1) 4.0 E4 (<1) 1.9 E2 (13)
Trench 32 <3.0 E2 <1.6 E2 4.2 E3 (5.7) 2.2 E3 (13)
Trench 33L-1 <1.7 E2 <1.2 E2 <1.3 E2 1.5E3(4.2)
Trench 33L-3 1.8 E3 (17) 3.3 E3 (18) 4.6 E4 (1.7) 9.7 E4 (1.4)
Trench 33L-4d 2 E2 (47) <1.0 E2 <2.0 El <1.8 E2
Trench 33L-6 <1.5 E2 <1.0 E2 <1.2 E2 3.7 E2 (8.5)
Trerch 33L-8 <1.9 E2 <1.7 E2 <2.2 E2 5.5 E3 (2.2)
Trench 33L-9 <1.7 E2 <1.4 E2 2.8 E3 (7.6) 1.9 E3 (13)
Trench 33L-10 <1.5 E2 <1.2 E2 <1.7 E2 1.1 E3 (14)
Trench 33L-11 <1.5 E2 <1.2 E2 <1.8 E2 1.0E3(19)
Trench 33L-12 <1.9 E2 <1.8 E2 <2.5 E2 3.4 E4 (2.4)
Trench 33L-13 <4.1 El <1.8 El <2.1 El 1.3 E3 (4.5)
Trench 33L-16 <5.4 El <1.6 El <1.8 El <2.5 El
Trench 33L-17 <1.5 E2 <1.1 E2 <1.8 E2 1.3 E3 (16)
Trench 33L-18 4.7 E3 (10) 2.6 E3 (12) 3.6E4(1.8) 8.3 E3 (5.0)

-Trench 34-1 <3.4 E2 1.6 E3 (21) 2.8 E4 (2.0) 1.0 E4 (4.3)
Trench 34-4 <3.6 E2 <3.9 E2 <5.2 E2 2.7 E5 (<1)
Trench 35 2.4 E2 (33) <1.7 E2 5.1 E2 (12) <2.9 E2

,
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Table 4.5, continued
,

Concentration of Gamma-Ray Emitting Radionuclides in Water Samples Taken
From Maxey Flats, Kentucky, Disposal Site, Survey Study 1977

Sampling 241 134g Cs Cs Co
Ltication (pCi/L) (pci/L) (pCi/L) (pCi/L)

-
,

; Trench 36E <1.7 E2 <1.3 E2 <2.0 E2 1.4 E3 (16)
<1.8 E2 3 E2 (90) 6.7 E3 (4.2) 2.4 E3 (11)Trench 36pe

'

Trench 37 9.3 E3 (4.0) 8 E2 (46) 4.1 E3 (6.9) 3.5 E4 (2.2)
Trench 389 5 E2 (57) <1.3 E2 1.8 E3 (10) 1.8 E3 (12)
Trench 39 <4.1 El <1.5 El 2.6 E2 (18) <1.9 El
Trench 40N <3.2 E2 2.2 E4 (2.8) 1.7 E5 (<1) 2.8 E3 (11)'

|. Trench 42h <1.6 E2 <1.2 E2 <1.8 E2 2.8 E3 (9.2)
; Trench 44NI <6.4 E2 7 E3 (32) 1.5 E4 (7.2) 8.4 E5 (<1)

Trench 44Sd <4.1 El <1.8 El <2.7 El 4.7 E2 (7.8)

Well SEk <3.9 El <1.6 El <1.8 El <1.8 El
Well 8Ek <3.9 El <1.6 El <1.8 El <1.8 El
Well 12Ek <3.9 El <1.6 El <1.8 El <1.8 El
Well 13Ek <3.9 El <1.6 El <1.8 El <1.8 E1

i We?! 14Ek <3.9 El <1.6 El <1.8 El <1.8 El

,

;

.

1

! aNumberin( ) = 20 percent counting uncertainty.
b22 a in trench 26 = 1.3 E2 (21).N

c54Mn in trench 27 = 3 E2 (34).
'

d22 a in trench 33L-4 = 1.3 E2 (20).N

e54 n in trench 36W = 2.1 E3 (14).M

f54Mn in trench 37 = 1.8 E3 (26).
954 n in trench 38 = 9 E2 (28).M

h54Mn in trench 42 = 6 E2 (33).
154 n in trench 44N = 1.9 ES (1.3).M

-354Mn in trench 44S = 1.7 E2 (24).
kMinimum detectable level < 1.7 El for 22Na and 54Mn.
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D0C, tritium, gross alpha, gross beta, and gross ganma among trench waters taken
from Maxey Flats, Kentucky, disposal site (1977).
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4.5 West Valley. New York, Site

4.5.1 Collection

Water samples were collected from 13 trench locations and 3 wells at the
West Valley. New York, disposal site during June and July 1977. The locations
of trenches pd wells at the West Valley low-level disposal site are shown in

,

'

Figure 4.4(21 with a description of the sampling points given in Table 4.6.

|
Table 4.6

| Description of Sampling Points at West Valley, New York,
Disposal Site, Survey Study 1977

Sampling Pointa Description

Trench 1 NFS/1975
Trench 2 NYGS/2-1A

.

Trench 3 8" Sumpi

| Trench 4 NYGS/4-1A

| Trench 5 8" Sump
| Trench 8 NYGS/8-1B
| Trench 9 New 6" Sump
| Trench 10N New 6" Sump

| Trench 11 NYGS/11-1A
Trench 12 8" Sump
Trench 13 6" Sump
Trench 14 NYGS/14-1A
Trench 2 New Sump - samples taken after 1 hr, 7 hrs, and

24 hours of pumping
Well C2-1 USGS test hole, 15 feet from NW corner of trench 4
Well B-2 USGS test hole,10 feet from north end of trench 2
Well D-1 USGS test hole, 8 feet from west side of trench 5

aSampling points correspond to positions indicated in Figure 4.4.

Seven water samples from wells and streams outside of the disposal site
!

I were also taken. Figure 4.6 shows the approximate location of the off-site
sampling positions in relation to the trench area at the disposal site. The

. numbers adjacent to the arrows in Figure 4.6 correspond to sampling locations |

described in Table 4.7.

,
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I Table 4.7

Sampling Locations in the Vicinity of West Valley, New York,
Disposal Site, Survey Study 1977

Sampling
Positiona Location / Description

#1 Well PAH-1: USGS test hole,1200 feet south
of burial ground; water enters iron casing
from gravel layer 19-23 feet beneath till.

#2 Spring near PAH-16: 900 feet NE of burial
ground, across Erdman Brook, 80 feet inside
site security fence.

#3 Erdman Brook Upstream: Immediately upstream
from RR track, south of site security fence.

#4 Erdman Brook at Gage: Waterfall above plunge
pool at USGS gage.

#5 Buttermilk Creek at BM Road: Riffle approxi-
mately 100 feet upstream from abandoned

i bridge on Buttermilk Road.
| #6 Buttermilk Creek at Thomas Corners Road:
j Riffle approximately 300 feet upstream from

bridge on Thomas Corners Road.
#7 Ehmke Well: Unused flowing 10 inch well nn

Rock Springs Road, 1 mile south of burial
ground.

aPosition numbers correspond to location indicated in
Figure 4.5.

|
i

All samples were obtained with new plastic tubing except well D-1 where
the same tubing from well B-2 was used. During the filtration of samples for
DOC analyses, it was discovered that the filtration assembly was not operating
properly; and that some part of the sample may have by-passed the silver filter.
Samples that are suspect are from trenches 3, 4, 5, 10, 11, 12, 14, and from
well D-1,~ well pAH-1, and spring near PAH-16. It should be assumed that the
organic carbon values reported in these trenches are total organic carbon
instead of D0C.

4.5.2 Results

The ranges of.pH, specific conductance, DOC, gross alpha, gross beta,
gross gamma, and tritium measured in the trench water samples taken from the
disposal site are shown in Table 4.8.

I'
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Table 4.8

Ranges of Measurements of Water Samples Taken From
West Valley, New York, Disposal Site, Survey Study 1977

Measurement Range

pH 6.5 - 11.1
Specific conductance 1.5 E3 - 1.7 E4

(pmho/cm at 25 C),

DOC (mg/L) 2.7 E2 - 4.9 E3|
| Gross alpha (pCi/L) <2 E2 - 2.9 E6
| Gross beta (pCi/L) 9.1 E4 - 3.1 E7
! Gross gamma <1 E1 - 7.3 E3
| (relative counts / min)
| Tritium (pCi/L) 2.2 E5 - 5.6 E9
|
|

Field measurements of pH, temperature, and specific conductance of
water samples taken from the disposal site and vicinity are given in Table
4.9. These measurements were generally made soon after collecting a sample.i

I Since the water temperature was not measured in-line. the values should not
! be taken as the actual ground water temperature. The pH of the trench water
'

samples ranged from 6.5-9.4, which is narrower than the pH range of 2.2-12.4
found at Maxey Flats. Water from well C2-1 has a pH of 11.1. This is prob-

| ably a consequence of the well construction wh rg the piezometer was set in9
2; a sand erivelope and covered with cement grout.t ; In a well where there is

! little water movement, the hydrated cement contaminates the water resulting
in an elevated pH. Because the till at West Valley is poorly permeable, the
grout-contaminated water was not diluted by ground water adjacent to the well
boring. The pH cf the off-site water samples are in a range between 6.8 and;

j 8.3.

Values of specific conductance of trench waters ranged from 1,500 to
17,000 pmho/cm at 25 C. Since specific conductance is related to the amount'

of dissolved solids in the water, any iron hydroxide that precipitated before
making the measurement would have caused a reduction of the measured value.
Specific conductance of the off-site waters are in a narrow range between 150
and 520 pmho/cm at 25 C and are between one and two orders of magnitude lower
than the trench waters.

Radionuclide and DOC concentrations of trench, on-site well, and off-
site water samples are given in Table 4.10. Gross alpha, gross beta, and tri-

[ tium concentrations are given in pCi/L; gross gamma is reported as relative
| counts / min above laboratory background. Tritium is present in all trenches
| and on-site wells, and in nearly all the off-site samples. The highest tri-

tium levels were found in trenches 8 and 10 with concentrations of 4.0x109
-pCi/L and 5.6x109 pCi/L respectively. Gross bcta was found in all trench

30



samples and gross alpha was fcund in most trenches. Organic carbon was found
in all on-site samples.

The concentrations of gamma-ray emitting radionuclides in trench water
samples from the West Valley site are given in Table 4.11. Cobalt-60, cesium-
134, and cesium-137 were found in many trench waters, while americium-241,
sodium-22, and manganese-54 were found in only a few samples. No gamma-ray
emitting radionuclides were detected in any of the on-site well samples or in
the seven off-site water samples collected. The minimum detectable levels for
off-site water samples are the same as the well samples given in Table 4.11.

Based on the data obtained from this survey of the West Valley, New
York, disposal site, trenches 3, 4, 5, 8, 9, and 11 have been identified as
candidates for further studies. The final selection will depend upon avail-
ability of water in the trenches, location of monitoring wells at the disposal
site, and local ground water flow paths.

-
.

|

31



-

Table 4.9

Field Measurements of Water Samples Taken From West Valley, New York,
Disposal Site and Vicinity, Survey Study 1977

__

Sampling" Date Temperature Specific ConductancepH
[o ) (pmho/cm at 25 C)Location Sampled C 0

Trench 1 6/ 21/7 7 6.49 13.4 6. 2'; E3
Trench 2 6/21/77 7.16 15.5 6.60 E3
Trench 3 6/22/77 7.15 13.2 8.60 E3
Trench 4 6/22/77 6.89 14.1 1.71 E4
Trench 5 6/22/77 6.85 12.6 6.95 E3
Trench 8 7/27/77 6.82 11.7 8.10 E3
Trench 9 7/28/77 6.79 13.2 3.72 E3
Trench 10N 7/27/77 6.77 13.0 5.95 E3
Trench 11 6/23/77 9.35 16.0 1.53 E3
Trench 12 6/23/77 6.77 14.5 8.44 E3
Trench 13 6/23/77 6.71 13.9 1.26 E4
Trench 14 6/23/77 7.14 12.2 3.22 E3

Trench 2
New Sump

1 hr 7/27/77 7.27 11.2 7.95 E3
7 hr 7/27/77 7.19 10.0 8.05 E3

24 hr 7/28/77 7.20 11.0 7.90 E3

Well C2-1 6/21/77 11.1 16.2 9.48 E2
Well B-2 6/22/77 7.90 12.6 4.90 E2
Well D-1 6/23/77 7.96 12.8 8.70 E2

#1 Well PAH-1 6/24/77 7.02 10.8 5.li E2
#2 " Spring" near 6/24/77 6.80 16.7 1.54 E2

PAH 16

#3 Erdman Erook 7/28/77 6.96 16.9 2.94 E2
Upstream

#4 Erdman Brook 7/29/77 7.37 18.0 3.08 E2
at Gage

#5 Buttermilk 7/29/77 8.25 20.4 2.97 E2
Creek at BM
Road

#6 Buttermilk 7/29/77 8.29 22.0 3.12 E2
Creek at
Thomas Corner

#7 Ehmke Well 7/29/77 7.44 10.2 4.95 E2

aSampling locations correspond to positions indicated in Fdures 4.4 and 4.5.
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Table 4.10

Radionuclide and DOC Concentrations in Water Samples Taken
From West Valley, New York, Disposal Site and Vicinity, Survey Study 1977

l

Sampling Gross Alpha Gross Beta Tritium Gross Gammaa DOC
Location (pCi/L) (pCi/L) (pCi/L) (counts / min) (mg/L)

Trench 1 2.2 E4 b 9.1 E4 5 9) 2.2 E5 u41 1.9 El 2.6 E3
Trench 2 1.6 E3 1.5 E5 4 ) 1.2E8(<1h 1.4 E2 2.7 E2
Trench 3 2.0 E4 4.1 E6 < 4.4 E8 (<1) 1.9 E3 1.6 E3c
Trench 4 <2 E2 2.4 E7 < 4.5 E8 (<1) 7.3 E3 6.9 E2c
Trench 5 6 E3 (18) 6.5 E5 1.8) 1.4 E9 (<1) 3.3 E2 2.6 E3c

'
Trench 8 6.3 E4 (4.4) 4.5ES(<1) 4.0 E9 (<1) 7.6 E2 3.1 E3
Trench 9- 1.1-E3(9.2) 1.7 E5 (<1) 4.8 E8 <1) 2.3 E2 1.7 E3

! Trench 10N 2.3 E5 (<1) 8.8 E5 (<1) 5.6 E9 <1) 4.3 E2 2.6 E3c
? Trench 11 <2 E2 1.4 ES (4.6) 2.6 E8 <1) <1 El 6.8 E2c

Trench 12- 1.8E4(11) 2.3E6(<1) 3.6 E8 <1) 4.4 E3 4.9 E3c,

! Trench 13- 2.9 E6 (<1) 3.1 E7 (<1) 4.8 E7 (<1) 1.7 E2 2.5 E3
Trench 14 8.5 E3 (16) 1.5 E6 (<1) 1.2 E8 (<1) 1.7 E3 1.7 E3c
Trench 2'

New Suap

1 hr 1.2 E3 (9.5) 2.0 ES (<1) 9.5 E7 (<1) 1.6 E2 5.6 E2-

7 hrs 9.4 E2 (9.7) 1.7 E5 (<1) 1.6 E2
24 hrs 1.1 E3 (9.5) 1.8 ES (<1) 1.7 E2

| Well C2-1 <6 E0 6 El (52) 3.4 E4 (11) 6.8 El
Well B-2 <6 E0 <3 El 3.6 E4 (10) <1 El 6.9 E0
Well D-1 2 El(70) 6.3 E2 (11) 3.5 E7 (1.2) <1 El 2.5 Elc,

#1d <6 EO 8 El (45) <2 E3. <1 El 4.0 Elc
#2 <6 E0 5 El-(63) 2.0 E4 (13) <1 El 2.2 E0c
#3 <6 E0 <3 El 9.7 E3 (3.6) <1 El 1.0 E1
#4 <6 E0 6 El (61) 2.2 E4 (13) <1 El 7.6 EO

I.
#5' <6- E0 <3 El 2.0 E4 (2.5) <1 El 2.7 E0
#6 <6 E0 <3 El 1.8 F.4 (2.7) <1 El 2.3 EO
#7 <6 E0 <3 El <2 E3 <1 El 2.1 E0

aRelative counting rate.
b
Number in ( ) = 2a percent counting uncertainty.cFilter assembly was not operating properly. Some samples may have by-passed
the filter,

dSampling location numbers correspond to -locations in Figure 4.4 as described
in Table 4.5.

|
;
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Table 4.11

Concentration of Gamma-Ray Emitting Radionuclides in Water Samples Taken
From West Valley, New York, Disposal Site, Survey Study 1977,

i

a 241h 134Cs 137Cs 60Co|
Sampling

- Location (pCi/L) (pCi/L) (pCi/L) (pCi/L)

| ' Trench 1 <1.7 E2 <1.1 E2 <1.6 E2 <1.1 E2
Trench 2- <2.1 E2 <1.2 E2 2.4 E4 (2.2)b <1.2 E2
Trench 3 <5.1 E2 <1.9 E2 1.6 E5 (<1) 1.0 E4 (4.5)

| -Trench 4 <1.1 E3 <1.9 E2 2.6 E4 (2.2) <1.9 E2
| Trench Sc <2.7 E2 2.6 E3 (12) 3.8 E4 (1.7) 3.9 E2 (23)

Trench 8 5.2 E2 (83) 1.4 E3 (26) 1.3 E5 (<1) <1.8 E2
Trench 9d <2.2 E2 2.7 E3 (12) 4.0 E4 (1.6) 9 E2 (18)
Trench 10Ne 1.1 E3 (30) 8 E2 (40) 9.9 E3 (3.5) <1.8 E2
Trench 11 <1.8 E2 <1.3 E2 <2.2 E2 2.7 E3 (10)
Trench 12f <6.1 E2 1.3 E4 (6.0) 9.0 E5 (<1) 6.2 E3 (6.4)
Trench 139 <2.4 E2 6 E2(49) 4.9 E3 (5.?) 2.8 E3 (10)
Trench 14h <4.2 E2 3.3 E4 (2.2) 2.4 ES (<1) 1.4 E3 (14)
Trench 2

New Sump i

1 hr <2.2 E2 <1.3 E2 3.2 E4 (1.8) 5 E2 (24)
7 hrs <2.2 E2 <1.3 E2 2.9 E4 (1.9) 8 E2 (21)

24 hrs <2.2 E2 <1.3 E2 2.9 E4 (1.9) 7 E2 (18) J

Well'C2-li <3.9 El <1.6 El <1.8 El <1.8 El
Well B-21 <3.9 El <1.6 El <1.8 El <1.8 El.

Well D-11 <3.9 El <1.6 El <1.8 El <1.8 El
a

| Sampling dates and location same as in Table 4.9.
i Number in ( ) = 20 percent counting uncertainty.

j22aintrench5=4E2(45).N|
22Na in trench 9 = 9 E2 (25).;

! e22Na in trench 10N = 3.7 E3 (8.7)f22 a in trench 12 = 1.1 E3 (24); 54Mn = 1.1 E3 (34).Ni

922 a in trench 13 = 8 E2 (25). 54
i N
j h22Na in trench 14 = 4 E2 (32); Mn = 3.1 E3 (34 .

Minimum detectable level < 1.7 El for 22 a and 5)Mn.N
|

|

|

.
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4.6 Sheffield, II.linois, Site

4.6.1 Collection

Water samples were collected from 27 test wells at the Sheffield, Illi-
nois, disposal site during June, July, and November 1977. Samples from 8 wells
(512,517,518,524,525,527,528,529) were obtained by peristaltic pumping
as described earlier. The other 19 samples were collected with separate copper
- brass bailers, each dedicated to a well. Figure 4.6 shows the approximate
location of the wells, some of which are adjacent to disposal trenches, and
some outside of the trench area. The boundaries of three trench areas are
shown with ++++. The "E" and "N" markings on the two axes are State of Illi-
nois coordinates representing 500 feet between coordinates. Due to the absence
of accumulated water in the trenches at the site, no trench water samples were
obtained for analysis.

4.6.2 Results

The ranges of pH, specific conductance, DOC, gross alpha, gross beta,
and tritium measured in the well water samples taken from the disposal site
are shown in Table 4.12.

4 fable 4.12

Ranges of Measurements of Water Samples Taken From
Sheffield, Illinois, Disposal Site, Survey Study 1977

Measurement Range

pH 6.2 - 12.1
Specific conductance

(umho/cm at 25 C) 2.2 E2 - 7.0 E3
DOC (mg/L) 1.2 E1 - 6.6 E3
Gross alpha (pCi/L)a <6 E0 - 1 El

Grossbeta(pCi{L) <3 E1 - 1.5 E3
Tritium (pCi/L) <2.4 E2 - 5.9 E3

aGross alpha concentrations in two wells are
slightly above background.'

b ritium was measured in three wells.T

Field measurement's of pH, temperature, and specific conductance of the
well samples are given in Table 4.13. The pH range of 25 well waters is be->

tween 6.2-8.5 which is comparable to well and ground water samples from Maxey
Flats and West Valley. However, water from wells 512 and 519 show a pH of
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Figure 4.6. Sampling locations of wells at the Sheffield, Illinois, disposal
site (adapted from topographical map, USGS, obtained from J. Foster).
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Table 4.13

| Field Measurements of Water Samples Taken From
j Sheffield, Illinois, Disposal Site, Survey Study 1977

aSampling Date Tempgra ture SpecificConducgancePgLocation Sampled ( C) (pmho/cm at 25 C)

Well 507 7/8/77 7.0 13.0 1.48 E3
Well 510 6/29/77 8.5 12.0 7.00 E2
Well 511 6/29/77 7.0 17.5 7.65 E2
Well 512 6/29/77 10.8 14.0 5.60 E2
Well 513 6/28/77 7.0 17.0 8.10 E2
Well 515 6/27/77 6.8 20.0 5.20 E2
Well 516 6/27/77 7.1 16.0 5.10 E2
Well 517 6/27/77 7.3 22.0 1.05 E3
Well 518 7/7/77 7.4 17.5 7.25 E2
Well 519 6/28/77 12.1 15.0 7.00 E3
Well 520 6/28/77 6.8 19.0 8.90 E2
Well 521 7/7/77 7.1 15.0 7.20 E2
Well 522 6/28/77 7.1 16.0 6.70 E2
Well 523 7/8/77 6.8 20.0 1.26 E3
Well 524 7/8/77 7.8 18.0 4.55 E2
Well 525 7/8/77 6.3 10.8 7.60 E2
Well 527 11/18/77 7.9 10.4 8.25 E2
Well 528 7/7/77 6.7 20.0 1.24 E3
Well 529 7/7/77 6.9 16.0 9.20 E2
Well 530 7/8/77 7.2 15.0 1. 51 E3
Well 531 7/8/77 7.4 13.9 9.00 E2
Well 532 7/8/77 6.9 15.5 1.55 E3

. Well 533 7/7/77 7.2 15.0 8.95 E2
Well 535 7/8/77 6.6 12.3 1.21 E3
Well 536 7/8/77 6.2 12.5 1.55 E3
Well M0W-1 7/7/77 7.0 14.5 8.85 E2
Well M0W-2 7/7/77 6.9 13.0 2.24 E2

aSampling locations correspond to positions indicated in Figure 4.6.

10.8 and 12.1 respectively, which may be a result of contamination fro,n cement
i grout around the well casing. The specific conductance of well 519 is also
' unusually-high for ground water.

Radionnelide and DOC concentrations of these well samples are given in
Table 4.14.' DOC concentrations ranged from 1.2 El-6.6 E3 mg/L. The concentra-
tions in most of these wells are higher than in wells at the other sites and
are comparable to concentrations normally present in trench waters.a Two sam-
les contained alpha activity slightly above background, three samples contained

;- aThe DOC concentrations in Well water samples collected in April 1979 (Section
5.3.3.3) showed a decrease of two orders of magnitude.1
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Table 4.14o

Radionuclide and DOC Concentrations in Water Samples Taken'

From Steffield, Illinois, Disposal Site, Survey Study 1977

,

dSampling Gross Alphaa Gross Betaa Tritiumb D0Ca
Location ~ (pCi/L) (pCi/L) (pCi/L) (mg/L)

Well 507 <6 E0 <6 El 4.8 E3 (8.0) 4.4 E2
Well 510 <6 E0 2.6 E2 (29)c <2.4 E2 1.7 E2
Well 511 <6 E0 <6 El <2.4 E2 8.1 E2

'
Well ' 512 <6 E0 1 E2 (53) <2.4 E2 4.8 El
Well 513 <6 E0 <3 El <2.4 E2 1.5 E3
Well 515 <6 E0 <3 El <2.4 E2 3.5 E2.

Well 516 <6 E0 <3 El <2.4 E2 1.5 E2
Well 517 <6 EO 8 El (50) <2.4 E2 1.2 El
Well 518- <6 E0 6 El (65) <2.4 E2 1.8 El3

; Well 519 <6 E0 1.6 E2 (29) <2.4 E2 5.7 E2
Well 520- <6 E0 2.9 E2 (27) <2.4 E2 3.4 E2

dWell 521 <6 E0 <6 El 1.1 E3
Well 522 <6 E0 <6 El <2.4 E2 6.7 E2dWell 523 <6 EO 4.7 E2 (19) 6.6 E3
Well 524 <6 E0 <3 El <2.4 E2 3.5 El ;

Well 525 <6 E0 <6 El <2.4 E2 1.4 E38Well 527 5.9 E3 (6.1)
Well 528 1 El (70) <3 El 7 E2(52) 9.6 E2
We!1 529 <6 E0 2.9 E2 (27) <2.4 E2 2.0 E2

: Well 90 <6 EO 4 El (85) <2.4 E2 3.3 E3
Well 511 <6 E0 <3 El <2.4 E2 1.1 E3i

Well 532 <6 E0 6.2 E2 (16) <2.4 E2 1.8 E3
Well 533 <6 E0 <3 El <2.4 E2 8.5 E2

-Well 535 8 E0 (77) 6 El (58) <2.4 E2 7.9 E2
Well 536 <6 E0 1.5 E3 (10) <2.4 E2 4.5 E3
Well M0W I <6 E0 6 El (57) <2.4 E2 1.1 E3
Well M0W II <6 E0 <3 El <2.4 E2 2.3 E2

a
Sampling locations and dates same as in Table 4.13.

bSampled 11/18/77.
cNumber in (- ) = 2a percent counting uncertainty.
dNot sampled.
eNew well drilled after July 1977..

small amounts of tritium, and beta activity was detected in approximately half
the samples. Sample 536, which contained the highest beta activity, did not
contain any measurable gamma emitting radionuclides when counted with a Ge(Li)
system. Gamma counting was not performed on the other well samples due to the
very low alpha and beta activity levels measured.

Any trenches that accumulate sufficient water for sampling will be col-
1ected for analyses.

,
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4.7 Barnwell, South Carolina, Site

4.7.1 Collection

Water samples were collected from 6 trenches and 6 wells at the Barnwell,
South Carolina, site in February and March 1978. Water is usually not present
in the trenches at the Barnwell site, except during the winter rainy season.
The location of trenches and wells which were sampled are shown in Figure 4.7.
Wells CN-3, WWS, WW6, and WW7 are approximately 30 feet west of the trenches TR-
5, TR-6, and TR-7. Well CN-4 is located at the southwest edge of trench TR-8,
and well CN-1 is located between the east ends of trenches TR-13 and TR-16.
Trench TR-11 is adjacent to and south of trench TR-13. All samples were col-

,

lected with bailers because the water level was greater than 30 feet below
gr w d level. Tritium concentrations in the wells were measured on unfiltered
ater samples collected November 1978.

4.7.2 Results

The ranges of pH, specific conductance, DOC, gross alpha, gross beta,
and tritium measured in the trench water samples taken from the disposal site
are shown in Table 4.15.

~

Table 4.15

Ranges of Measurements of Water Samples Taken From-

Barnwell, South Carolina, Disposal Site, Survey Study 1978

Measurement Range

pH 5.9 - 6.7
Specific conductance

(umho/cm at 25 C) 4.5 E1 - 1.4 E3
DOC (mg/L) <1 - 2.8 E2
Gross alpha (pCi/La 6 E1 - 1.0 E3
Gross beta (pCi/L) 3 E2 - 3.6 E3
Tritium (pCi/L) 1.0 E6 - 6.4 E8

aGross alpha found only in trench 701.

.

Field measurements of pH, temperature, and specific conductance of the
trench and well samples are given in Table 4.16. The pH of the trench waters
ranged from 5.9 to 6.7, whereas the pH of the well waters ranged from 5.9 to
11.4. The probable cause of the high pH in some well samples is contamination
from the cement grout used in construction of the wells. Specific conductance
of the well waters are comparable to well waters from the other disposal sites.
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Table 4.16

Field Measurements of Water Samples Taken From Barnwell, South Carolina,
Disposal Site, Survey Study 1978

aSampling Date Tempgrature SpecificConducgance
PHLocation Sampled ( C) (umho/cm at 25 C)

Trench 5D1 2/22/78 5.9 14 5.80 E2
Trench 6D1 2/22/78 5.9 13 3.60 E2
Trench 701 2/23/78 6.5 17 1.37 E3
Trench 8D1 2/22/78 6.3 15 7.50 E2
Trench 13D3 2/23/78 6.3 17 3.80 E2
Trench 22D11 2/23/78 6.7 14 4.5 El

Well WW5 3/1/78 8.4 18 2.3 El
Well WW6 3/l/78 6.8 18 3.5 El
Well WW7 2/23/78 5.9 30 3.0 El

'
Well CN-lE 3/1/78 9.6 18 1.64 E2
Well CN-3N 3/1/78 11.4 18 1.60 E3
Well CN-4W 3/1/78 10.4 18 2.05 E2

a Sampling locations correspond to positions indicated in Figure 4.7.

Radionuclide and DOC concentrations of trench and well samples are given
in Table 4.17. The DOC concentrations fall within the DOC ranges found in
trenches and wells at the Maxey Flats and West Valley sites. Tritium was found
in all trenches and wells. The concentrations in the trenches are also compara-
ble to the levels found at the Maxey Flats and West Valley sites. Only well
sample CN-4W contains a significant amount of tritium and has detectable amounts
of alpha and beta activities; only trench water sample 7D1 has detectable alpha
activity. Three of the trenches show low levels of beta activity between 7.9
E2-1.4 E3.

|

.
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Table 4.17

Radionuclide and DOC Concentrations in Water Samples Taken
From Barnwell, South Carolina, Disposal Site, Survey Study 1978

i

~

aSampling Gross Alpha Gross Beta Tritium DOC
Location (pCi/L) (pCi/L) (pCi/L) (mg/L)

Trench 5D1 <6 El 1.4 E3 (21)b 1.3 E7 (<1) 130
Trench-6D1 <6 El <3 E2 1.0 E6 (<1) 6.1
Trench 7D1 1.0 E3 (21) 3.6 E3 (10) 6.4 E8 (<l) 3.0
Trench 8D1 <6 El 8 E2 (32) 3.5 E7 (<1) 180
Trench 13D3 <6 El <3 E2 1.7 E6 (<1) 280
Trench 22D11 <6 El <3 E2 1.2 E6 (<1) 1

Well WW5 <6 E0 <2 El 9.7 E2 (28)c 2-3.7
Well WW6 <6 E0 <2 El 1.4 E3 (21)c j
Well WW7 <6 E0 <2 El 1.1 E3 (24)c 2-3.9
Well CN-lE <6 E0 <2 El 1.5 E3 (20)c 15

cWell CN-3N <6 E0 <2 El 9.7 E2 (28)c 4.5
Well CN-4W 3 El (33) 1.2 E2 (15) 1.9 ES (<1) jj

A

aSampling dates and locations same as in Table 4.16.
b umber in ( ) = 2a percent counting uncertainty.N;

cUnfiltered samples collected 11/16/78.
.

1

The concentrations of gamma-ray emitting radionuclides in the trench
water and well water samples from the Barnwell site are given in Table 4.13.
Four trench water samples contain cesium-137, two contain cobalt-60, and one
contains mar anese-54. No gamma activity was detected in any of the well watera
samples. T e limits of detection for the radionuclides of interest are shown
in Table 4, ;8.

Any trenches that accumulate sufficient water for sampling will be col-
lected for analyses.

i

i
'
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Table 4.18
(

Concentration of Gamma-Ray Emitting Radionuclides in Water Samplesi

Taken From Barnwell, South Carolina, Disposal Site, Survey Study 1978

a 137 60Sampling Cs Co

Location (pCi/L) (pCi/L)
DTrench 501 1.8 E2 (13)c 2.8 E2 (12)

Trench 6D1 <l .8 El <l.8 El
Trench 701 3.6 El (28) <l.8 El
Trench 8D1 <l.8 El 7 El (24)
Trench 1303 1.1 E2 (18) <1.8 El
Trench 22D11 8 El (24) <l.8 El

Well WW5 <l.8 El <l.8 El
Well WW6 <l .8 El <l.8 El
Well WW7 <l.8 El <l.8 El
Well CN-lE <1.8 El <l.8 El
Well CN-3N <l.8 El <l.8 El
Well CN-4W <l.8 El <l .8 El.

a

Sampling dates and locations same as in TaglgCs < l.6 El,4.16.
241 m < 3.9 E1,Minimum detectable. levels: A

22 a < 1.7 El, 54Mn < l.6 El.N

b54Mn in trench 5D1 = 1.3 E2 (20).
cNumber in ( ) = 2a percent counting uncertainty.

4.8. References

1. D.M. Montgomery, H.E. Kolde, and K.L. Blanchard, " Radiological Measure-
ment at the Maxey Flats Radioactive Waste Burial Site 1974-1975", EPA-'

520/5-76/020, 1977. Available from U.S. Environmental Protection,

1- Agency, Office of Radiations Programs, Cincinnati, OH. 45268. Available
from National Technical Information Service, Springfield, Va. 22161.

2. D.E. Prudic and A.D. Randall, " Ground-Water Hydrology and Subsurface
Migration of Radioisotopes at a Low-Level Solid Radioactive-Waste
Disposal Site, West Valley, New York", in Management of Low-Level
Radioactive Waste, Vol. 2, M.W. Carter, A.A. Moghissi and B. Kahn,
Eds.-(Pergamon Press, London, 1979), pp. 853-882. Available in public
technical libraries.4
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5 TRENCH WATER ANALYSIS

f 5.1 Introduction
!
' The objective of the analytical program is to measure the concentration

of radionuclides and other chemical species present in trench waters at the
commercial low-level radioactive waste disposal sites. This source term infor-
mation is essential in evaluating potential radionuclide migration along ground
water flow paths, and modeling of existing disposal sites. Such information
will contribute to the evaluation of radionuclide retention at the existing

sites and the establishment of criteria and standards for shallow lani burial
of radioactive waste.

; Water samples were obtained from trenches and wells at the commercial
radioactive waste disposal sites located in Maxey Flats, Kentucky; West Valley,
New York; Barnwell, South Carolina; and Sheffield, Illinois, between September
1976 and September 1979. Collection procedures were developed to maintain
anoxic conditions in ground waters, while measuring pH, Eh, conductance, dis-
solved oxygen and temperature in situ.

; Trench waters were analyzed for major inorganic constituents using ion
specific electrodes, colorimetric, and atomic absorption methods. Organic
compounds were determined by gas chromatographic and mass spectrometric anal-
yses.

Radiochemical analyses of components dissolved in the trench waters and
sorbed on suspended particulates in the waters were performed. Gross alpha,
gross, beta, tritium, strontium-90, plutonium-238,239,240 and gamma-ray emit-
ting radionuclides were measured.

,

An overview of the analytical scheme is given in Figure 5.1.

5.2 Procedures

The following is a sumvary of the procedures that were developed and em-
! ployed for the collection and analysis of trench water samples from the low-

level radioactive waste disposal sites. The details of each procedure are
,

; found in the appendices as indicated.

5.2.1 Anoxic Collection (J.H. Clinton, G.G. Galdi, R.F. Fietrzak, and
| A.J. Weiss)
|
l Procedures were designed to maintain the anoxic nature of the trench

waters. Oxygen leaking into the samples will result in the formation of an
j iron (ferric) hydroxide precipitate.
!
' After collection, the water samples are stored in 4-liter borosilicate
i glass bottles designed to maintain the trench water environment. The anoxic

collection procedure allows samples to be stored for months without visible
signs of the reddish-brown ferric hydroxide. A schematic diagram of the
. anoxic water sample collection system is shown in Figure 5.2. A photograph
of the anoxic collection apparatus employed at the disposal sites is shown in

45
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Figure 5.1. Scheme for partitioning water samples for analysis.
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Figure 5.3. Figure 5.4 shows trench water samples collected anoxically at one l
of the low-level radioactive waste disposal sites. The detailed collection

'

| procedure is described in Appendix B.

5.2.2 In-Line Probe Measurements

Physico-chemical characteristics of trench waters which are subject to
change during storage are measured at the time of sample collection. The temp-
erature, pH, redox potential (Eh), dissolved oxygen, and specific conductance of
the ' trench water samples are measured in-line while the water sample is being
collected. A description of the manifold containing the probes is given in
Appendix B.

5.2.3 Anoxic Filtration

Upon arrival at BNL, the trench water samples are filtered through 0.45
pm membrane filters to remove particulate matter present in them. The filtering
process is also done under an inert atmosphere to maintain the anoxic character
of the waters. The detailed procedure developed to transfer and filter aliquots
of trench water anoxically are described in Appendix B. The filtrate is divided

,

into several fractions and processed according to the scheme shown in Figure
5.1. The dissolved fraction of each sample is analyzed for inorganic, organic,
and radiochemical constituents. The particulate fraction is analyzed for radio-
chemical constituents only.

5.2.4 Inorganic Analyses (S. Garber)

The following is a brief summary of methods used to measure the dissolved
chemical constituents in trench waters. A more complete description is given in

| Appendix C.

5.2.4.1 Alkalinity Titration

| The alkalinity titration is performed with filtered trench water, im-
mediately after filtration. Generally carbonate and bicarbonate concentrations
in ground water are determined by titrating the water sample with a standard
acid to pH 8.3 and pH 4.5, respectively. The equations that govern the reac-

| tions are:
~

C03 + H+ HC03- (1)

HCO ~ + H+ HO+CO2 (2)3 2

The end points of these titrations are sharp in the absence of other
ions that are in competition for the hydrogen ion. In the presence of salts of
weak organic and inorganic acids the titration curve does not give a sharp end-
point due to buffering of the system. The titration alkalinity in this case is ,

not a simple function of the carbonate-bicarbonate concentrations. The shape of
an acid-base titration curve can yield useful information in addition to carbon-
ate and bicarbonate relationships. '

.

.
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5.2.4.2 Chloride

Thiocyanate ion is liberated from mercuric thiocyanate by the ' formation
of non-ionic but soluble mercuric chloride. In the presence of ferric ion, the
liberated thiocyanate forms a highly colored ferric thiocyanate whose concentra-
-tion is proporticnal to the original chloride concentration. The intensity of
the ferric thiocyanate is measured spectrophotometrically.

5.2.4.3 Dissolved Metals

Dissolved metals in the acidified aliquot of filtered trench water are
determined by atomic absorption spectroscopy.

5.2.4.4 Ferrous - Ferric Iron

Iron in the ferrous state is reacted with 1,10-phenanthroline between
pH 3.2 and 3.3. Three molecules of phenanthroline chelate each atom of ferrous
iron to form an orange-red complex which is measured spectrophotometrically.
Ferric iron is determined by subtracting the ferrous iron concentration from the
total iron concentration. Total iron is ' determined colorimetrically by reduc-
tion with hydroxylamine hydrochloride and subsequent reaction with 1,10-phenan-
throline. Atomic absorption determination of total iron is a convenient check
on this method.

>

5.2.4.5 Fluoride

Fluoride is determined with a specific ion electrode consisting of a
single-crystal lanthanum fluoride membrane and an internal reference. The crys-
tal is an ionic conductor in which only fluoride ions are mobile. The potential
developed across the membrane in the Orion 94-09 probe is proportional to the
fluoride ions in solution and is measured against an external refereace with the
Orion 407A specific ion meter.

5.2.4.6 Phosphate

The determination of orthophosphate depends upon the formation of
molybdophosphoric acid with the addition of ammonium nolybdate in acid medium.
This is reduced to molybdenum blue by ascorbic acid at 37 C and is measured
spectrophotometrically.

5.2.4.7 Nitrogen-Anmonia
1

A gas sensing electrode, containing a hydrophobic gas permeable mem-
brane, allows dissolved ammonia generated in the sample to diffuse through the
membrane until-the partial pressure of ammonia is the same on both sides. The

; partial pressure of-ammonia is proportional to its concentration according to
; Henry's law.

When sodium phenoxide and sodium hypochlorite are added to a solution
containing an ammonium salt, the Berthelot reaction takes place with the for-
mation of a green compound related to endophenol. The color intensity is mea-
sured spectrophotometrically which is proportional to the amnonia concentration.
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Methods have been developed to perform this analysis in a nitrogen or argon
environment.

5.2.4.8 Nitrogen-Nitrite i

|
Nitrite reacts with sulfanilamide under acidic conditions to yield a

diazo compound which couples with N-1-napthylethylene-diamine dihydrochloride
to form a red colored compound. The color intensity measured spectrophoto-

i metrically is related to the concentration of nitrite.
!

! 5.2.4.9 Nitrogen-Nitrite plus Nitrate

Nitrate is reduced to nitrite when passed through a cadmium-copper
column. The nitrite is then treated with sulfanilamide and N-1 naphthylene-
diamine dihydrochloride to form the red azo dye as above. When both nitrite
and nitrate are present in a sample, the nitrate value is obtained by sub-
tracting the nitrite value from the combined nitrite plus nitrate value.

5.2.4.10 Silica
,

| Ammonium molybdate reacts with silica (SiO ) in acid medium to2
| form molybdosilicic acid. This is reduced to molybdenum blue by ascorbic acid
| and measured spectrophotometrically. Oxalic acid is added before the ascorbic

."
I acid to eliminate interference from phosphates.

5.2.4.11 Sulfate

When equimolar barium chloride and methylthymol blue are added to a
sulfate-containing sample at pH 2.5-3.0, barium sulfate precipitates. After
adjusting the pH to 12.5-13.0, the barium remaining in solution reacts with the
methylthymol blue to fonn a chelate. The uncombined methylthymol blue remain-
ing in solution is measured spectrophotometrically and is proportional to the
sulfate initially present in the sample.

5.2.4.12 Sulfide
1

f A silver-silver sulfide electrode used in conjunction with a refer-

i ence electrcde develops a potential which is a direct function of the logarithm
of the activity of the sulfide ion.

;

:

i 5.2.5 Organic Analyses (A.J. Francis, B. Nine, C.R. Iden, and C. Chang)

| 5.2.5.1 Carbon Analyses
|
' The total carbon and inorganic carbon content is determined using a

Beckman Model 915 Total Carbon Analyzer. The difference between the total
carbon and the inorganic carbon measurements is the dissolved organic carbon

| (DOC) of the sample.
I

'

t

i
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5.2.5.2 Organic Compound Identification

A liquid extraction technique using methylene chloride is employed to
isolate acidic, neutral, and basic organic compounds from the trencn waters.
These fractions are analyzed by gas chromatography and identified by mass spec-
trometry (GC/MS) methods. The details of these procedures are described in
Appendix E.

5.2.6 Radiochemical Analysis (J.H. Clinton, G.G. Galdi, S.L. Garber,
R.F. Pietrzak, and A.J. Weiss)

Radiochemical measurements are performed on the filtrate and particu-
lates collected during filtration of each trench water sample. Except for
tritium, all of the radiochemical measurements are made on an acidified ali-
quot of the filtrate. Tritium is measured on a non-acidified fraction of
filtrate. The following is a brief summary of the procedures used to measure
radionuclides in these trench waters.

5.2.6.1 Gross Alpha / Gross Beta

An aliquot of acidified filtrate (2-mL to 5-mL) is heated to dryness
in a 50 mm planchette and counted with a Canberra model 2200 low-level alpha /
beta gas flow proportional counter. Each sample is counted at two instrument
settings corresponding to the plutonism-239 alpha plateau and the strontium-90/
yttriium-90 beta plateau. This measurement is not made for the particulate
fraction. Gross counting should be regarded as a rapid, semi-quantitative
measure of sample activity.

5.2.6.2 Tritium

An aliquot of tritiated water, distilled by conventional methods at
atmospheric pressure, is emulsified with Packard Insta-Gel liquid scintilla-
tion reagent and counted in a Searle Analytic-92 liquid scintillation counter.

5.2.6.3 Strontium-90

Strontium-90 is determined by radiochemically separating strontium
from the trench water sample and counting the in-growth of yttrium-90 with a
low-level beta counter.

5.2.6.4 Plutonium-238,239,240

Plutonium isotopes are radiochemically separated from other alpha
emitting radionuclides by anion exchange chromatography and electroplated onto
a counting disc. Plutonium isotopes on the disc are measured by alpha spec-
troscopy with a surface barrier silicon detector. '

5.2.6.5 -Gamma-Ray Emitters

Gamma-ray emitting radionuclides are measured by counting 15-mL- or
250-mL aliquots of the filtered trench water for 1000 minutes with a 2 kev
resolutionGe(Li) 2ctor. Gamma spectra are collected with a Tracor Northern
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TN 1700 multichannel analyzer and andvzed by the computer code INTRAL (courtesy
of-J. Cumming, Chemistry Department, BNL). Radionuclide identifications are
made on the basis of measured gamma ray energies and relative peak heights of ,

nuclides emitting more than one gamma. )
5.3 Results of Analyses

The analytical results of (i) field, (ii) inorganic, (iii) organic, and
(iv) radiochemical measurements are presented in this section. The results are
grouped according to disposal site.

The number of constituents that are analyzed has increased as the program
developed. Consequently, there are missing entries in some tables.

5.3.1 Maxey Flats, Kentucky, Disposal Site

5.3.1.1 Field Measurements

In-situ measurements made at Maxey Flats for collections made September
1976, July 1977, and May 1978 are shown in Table 5.1. The sampling le ations
correspond to trenches indicated in Figure 4.1.

Table 5.1
Field Measurements of Water Samples Taken From

Maxey Flats, Kentucky, Disposal sitea

Sampling Apparent Eh Dissolved Specific
(mV,NHE)b 0xygen

Conductance TempeSatureDateLocation Color pH
( C)(mg/L) (umho/cm)

Trench 2 9/76 gray 6.7 e c 3400 20.
//77 yellow 7.4 90 d 3200 15.

Trench 7 9/76 clear 6.9 c c 2530 22.5
Trench 18 9/76 light brown 7.0 c c 3450 21.5
Trench 195 9/76 light green 6.6 e c 2340 21.0

5/78 light green 6.9 25 0.2 2310' 12.4
Trench 26 9/76 black 6.8 c c 2910 21.0

7/77 gray 7.3 130 si 2680 20.8
Trench 27 9/76 yellow-green 6.0 c c 12 000 20.0

5/78 light green 6.6 17 0.05 93708 17.6
Trench 32 9/76 green-black 7.3 c c 5750 20.0

7/77 gray 7.9 10 d 5650 17.2
Trench 33L-4 9/76 yellow 12.3 c c 7600 20.0

5/78 light
yellow-green 12.1 -7 4.1 5580' 12.0

Trench 33L-0 9/76 light yellow 5.6 e c 6150 22.0
Trench 33L-19 5/78 pale green 2.4 520 0.25 9390e 10.7
Trench 37 9/76 light green 5.1 c c 6900 20.0

eWell U81-A 5/78 white cloudy 6.6 274 0.2 2310 12.4

*In September 1976. the field measurements were made on separate aliquots of trench
water within 30 minutes of the time of collection. On subsequent samplings, these
measurements were made with probes inserted directly into the wat?r flowing through
the collection apparatus.

bField measurements of redox potentials (Eh) are reported relative to the normal

|hydrogenelectrode(NHE).Redox potential (Eh) and dissolved oxygen not measured in September 1976.
Dissolved oxygen not measured in July 1977.

eMeasurements made by USGS personnel in the field imediately after collecting the
sample.

f
Result of low water level; a v in lines.

|
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The high and low pH's in the "L" trenches (33L-4, 33L-9, and 33L-18)
are related to the past practices of pouring liquid wastes into trenches and
solidifying them either with cement or urea formaldehyde.

The Eh's of the trench waters are low (reducing) compared to well
UB1-A, a test well not located in a trench. The Eh of water in 33L-18 is the
highest, probably caused by the low pH, which may affect microbial activity.

5.3.1.2 Inorganic

Results of inorganic analyses for the collection dates shown are given
in Tables 5.2 and 5.3.

5.3.1.2.1 Maxey Flats - 1976

Nitrogen as N03- + N02 is derive. from only N0 since N0 was not3 2
detected in any of the samples. A preliminary analysis was made for nitrogen as
ammonia in three randomly selected trench water samples, viz. trench 7, trench
19S, and trench 33L-4, since most of the trenches showed little or no nitrate +
nitrite. Each of these trench waters contains more than 10 mg/L of nitrogen as
ammonia. Ammonia analysis was added to the list of analyses for the trench,

water samples subsequently collected.

5.3.1.2.2 Maxey Flats - July 1977

Alkalinity titrations with standard acid were performed to pH 4.5
end point. Calculation of bicarbonate concentration from a total alkalinity
measurement is not possible in a buffered trench water system and is not
reported here.

Water collected anoxically from trench 32 was filtered anoxically
within 24 hours after collection and analyzed for ammonia with a gas sen.ing
probe. The measured concentration of nitrogen as ammonia was 112 mg/L. The
same filtered sample (in a sealed bottle) re-analyzed three months later by
the same method contained 114 mg/L nitrogen as ammonia.

The ammonia value reported in Table 5.2 (117 mg/L nitrogen as am-
monia) was determined from the sample that was anoxically filtered in the labo-
ratory and from which the other re. ported constituents were determined. At that
time ammonia analyses were performed by both the probe and the Berthelot-
colorimetric methods on freshly filtered samples from trenches 2, 26, and 32,
which bd been kept in the anoxic collection bottles for three months the
results illustrated in Figure 5.5 indicate that the sample was not affected by
storage, and that the two analytical methods are comparable. The open circles
in Figure 5.5 correspond to samples filtered in the laboratory. The triangle
is from the one sample measured by probe at Maxey Flats.

5.3.1.2.3 Maxey Flats - May 1978

Acid-base alkalinity titration curves for trenches 19S, 27, 33L-4
and 33L-18, and for well UB1-A are shown in Figure 5.6. The titration curve
of water from well UB1-A resembles a typical simple groundwater. The shapes
of the trench water samples indicate complex water systems.

'
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Table 5.2

Concentration of Dissolved Non-Metals in Water Samples
Taken From Maxey Flats, Kentucky, Disposal Site<

(mg/L)

Dissolved
Component Date Trench 2 Trench 7 Trench 18A Trench 19S Trench 26 Trench 27

Total 9/76 1560 1090 2050 980 1320 432
Alkalinity 7/77 1370 -a -- -- 860 --

330(as CACO 3) 5/78 -- -- -- 910 --

Inorganic 9/76 270 210 440 78 150 <2
-- -- -- 100Carbon 7/77 330- --

70 -- <25/78 -- -- --

DOC 9/76 210 250 500 620 950 730
7/77 90 -- -- -- 770 --

-- -- -- 500 -- 5405/78
Hardness (Ca+Mg) 9/76 400 630 670 680 590 3300

(as CACO 3) 7/77 170 -- -- -- 360 --

810 19005/78 -- -- --

Residue (180*C) 9/76 2160 1410 2240 1670 1580 7620
7/77 2740 -- -- -- 1150 --

84005/78 -- -- -- 2100 --

Chloride 9/76 310 220 310 150 290 4200
7/77 230 -- -- -- 210 --

5/78 -- -- -- *40 -- 3900
Nitrogen (N) 9/76 -- -- -- -- -- --

(NH3 probe) 7/77 36 -- -- -- 115 --<

5/78 -- -- 4.1 -- 80
Nitrogen (N) 9/76 -- -- -- -- -- --

(NH4 Color) 7/77 - 39 -- -- -- 99 --

5/78 -- -- -- -- -- --

Nitrogen (N) 9/76 <0.5 <0.0' <0.05 <0.05 <0.05 1.6,

(N0 + NO ~) 7/77 0.08 -- -- -- <0.04*

2 3
--

<0.15/78 -- -- <0.1 --

Fluoride 9/76 -- -- -- -- -- --

Direct 7/77 -- -- -- -- -- --

Reading 5/73 0.8 0.4
Fluoride 9/76 -- -- -- -- -- --

Standard 7/77 -- -- -- -- --

Addition 5/78 -- -- -- 1.0 0.9--

Phosphate 9/76 -- -- -- -- -- --

7/77 <0.5 -- -- -- 1.0 --

5/78 -- -- -- <2 -- 17
Silica 9/76 14 12 13 9.0 9.0 14

7/77 12 -- -- -- 6.5 --

9.0 -- 55/78 -. -- --

Sulfate 9/76 11 <10 18 <10 <10 69
<17/77 <5 -- -- -- --

-- -- -- <5 -- <55/78
Total Antons 9/76 40 28 50 24 34 130

(meq/L) 7/77 34 -- -- -- 28 --

5/78 -- -- -- 22 -- 120
-

a-- Indicate no sample was collected.
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Table 5.2, continued

Concentration of Dissolved Non-Metals in Water Samples
Taken From Maxey Flats, Kentucky, Disposal Site

(mg/L)

Dissolved Trench Trench Trench Trench Trench Well
Component Date 32 33L-4 33L-9 33L-18 37 UB1-A

Total 9/76 2720 1810 358 -a 125 --

Alkalinity 7/77 2600 -- -- -- --

(as CACO ) 5/78 -- 1600 -- b -- 50
3

Inorganic 9/76 510 <2 180 -- 23 --

Carbon 7/77 380 -- -- -- -- --

5/78 -- 9.3 -- 98 -- 74
DOC 9/76 790 1900 4500 -- 3300 --

7/77 990 -- -- -- -- --

5/78 -- 1071 -- 5557 -- 7.3
Hardness (Ca+Mg) 9/76 1200 3600 5700 -- 3600 --

(as CACO ) 7/77 1300 -- -- -- -- -

3
5/78 -- 1600 -- 120 -- 1300

Residue (180'C) 9/76 3810 4870 9560 -- 11200 --

7/77 3590 -- -- -- -- --

5/78 -- 4960 -- 5600 -- 3360
Chloride 9/76 370 320 90 -- 180 --

7/77 580 -- -- -- -- --

5/78 -- 168 -- 144 -- 300
Nitrogen (N) 9/76 -- -- -- -- -- --

(NH3 probe) 7/77 117 -- -- -- -- --

5/78 -- 18 -- <1 <1
Nitrogen (N) 9/76 -- -- -- -- -- --

(NH + Color) 7/77 99 -- -- -- -- --

4
5/78 -- -- -- -- -- --

Nitrogen (N) 9/76 <0.05 21 900 -- 13 --

(N0 + NO -) 7/77 <0.04 -- -- -- -- --

2 3
5/78 10.6 -- 2000 -- <0.1--

Flouride 9/76 -- -- -- -- -- --

Direct 7/77 -- -- -- -- -- --

Reading 5/78 -- <0.1 -- <1.0 -- --

Fluoride 9/76 -- -- -- -- -- --

Standard 7/77 -- -- -- -- -- --

Add: tion 5/78 -- 0.2 -- -- -- 0.7
Phosphate 9/76 -- -- -- -- -- --

7/77 24 -- -- -- -- --

5/78 -- <2 -- <2 -- <3
Silica 9/76 14 1.7 9.0 -- 35 --

7/77 10 -- -- -- -- --

5/78 -- 1 -- 132 -- 14
Sulfate 9/76 11 (10 390 -- 8000 --

7/77 <1 -- -- -- -- --

5/78 -- <5 -- 1000 -- 1200
Total Anions 9/76 65 47 32 -- 140 --

(meq/L) 7/77 68 -- -- -- --' --

5/78 -- 38 170 35-- --

a-- Indicate no sample was collected.
b nitial pH of 1.9 for the water sample from trench 33L-18 does not allow anI
alkalinity tritiation.

l
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! Table 5.3

Concentration of Dissolved Metals in Water Samples
Taken From Maxey Flats, Kentucky, Disposal Site

(mg/L)

Metal Date Trench 2 Trere: 7 Trench 18 Trench 19S Trench 26 Trench 27

i C.ilcium 9/76 29 130 14 58 31 600
l 7/77 20 -a -- -- 45 --

| 5/73 -- -- -- 50 -- 240
'

Cesium 9/76 -- -- -- -- -- --

7/77 <0.1 -- -- -- 0.2 --

5/78 -- -- -- 0.1 -- <0.05
Iron 9/76 40 61 33 150 65 1200

7/77 28 -- -- -- 110 --

5/70 -- -- -- 115 -- 1150
Lithium 9/76 0.99 0.56 18 O.34 1.9'

7/77 1.3 -- -- - 0.15 --

5/78 -- -- -- .38 -- 1.85
Ma9nesium 9/76 79 73 160 130 130 430

7/77 41 -- -- -- 87 --

5/78 -- -- -- 124 -- 255
Manganese 9/76 0.75 0.50 0.03 0.76 0.74 70 t

7/77 -- -- -- -- -- --

5/78 -- -- -- 0.42 -- 88
Pota ssit.m 9/76 66 140 50 25 39 120

7/77 35 -- -- -- 27 --

5/78 -- -- -- 12 -- 36!

'

Sodium 9/76 700 243 540 100 240 670
7/77 1300 -- -- -- 270 -- (
5/78 -- -- -- 650 -- 450 |

Strontium 9/76 -- -- -- -- -- --

| 7/77 -- -- -- -- -- --

5/78 -- -- -- 0.53 -- 3.8
| Total 9/76 42 28 42 24 26 140 I
I Cations 7/77 66 -- -- -- 34 --

(meq/L) 5/78 -- -- -- 45 -- 100

i a-- Indicate no sample was collected.
|

| | | | I
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Figure 5.5 Comparison of ammonia analyses by gas sensing probe
and Berthelot-colorimetric methods.
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Table 5.3, continced

Concentration of Dissolved Metais in Water Samples
Taken From Maxey Flats Kentucky, Disposal Site

(mg/L)

Metal Date Trench 32 Trench 33L-4 Trench 33L-9 Trench 33L-18 Trench 37 Well UBI-A

Calcium 9/76 75 1400 2000 -a 250 --

7/77 65 -- -- -- -- --

5/78 650 650 44 -- 160
Cesium 9/76 -- -- -- -- -- --

7/77 (0.1 -- -- -- -- --

5/78 -- <0.05 -- 0.1 -- <0.05
Iron 9/76 16 <0.01 34 -- 1100 --

7/77 32 -- -- -- -- --

5/78 -- 0.3 -- 194 -- <0.01
Lithium 9/7G 0.15 0.23 0.08 -- 0.30 --

7/77 0.23 -- -- -- -- --

5/78 -- 0.16 -- 0.50 -- 0.44
Magnesium 9/76 230 0.03 190 -- 730 --

7/77 320 -- -- -- -- --

5/78 -- 0.08 -- 1R.4 -- 224
Manganese 9/76 1.2 (0.01 20 -- 42 --

7/77 -- -- -- -- -- --

5/78 -- <0.05 -- 26 -- 0.14
Potassium 9/76 210 160 13 -- 20 --

7/77 280 -- -- -- -- --

5/18 -- 30 -- 14 -- 4

Sodium 9/76 700 160 110 -- 680 --

7/77 1900 -- -- -- -- --

5/78 -- 180 -- 185 -- 500
Strontium 9/76 -- -- -- -- -- --

7/77 -- -- -- -- -- --

5/78 -- 7.0 -- <0.1 -- 2.5
Total 9/76 59 83 121 -- 180 --

Cations 7/77 130 -- -- -- -- --

(meq/L) 5/78 -- 41 -- 21 -- 49

a- Indicate no sample was collected.

3 I I I I I I I I I I I I i3 3 I I I I I I I
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Figure 5.6. Acid-base titration curves of water samples from
Maxey Flats, Kentucky, disposal site, May 1978.
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Because the initial pH of the water sample from trench 33L-18 is 1.9,
an alkalinity titration to pH 4.5 is not applicable (Table 5.2).

The probe method of analyzing for fluoride is sensitive to the pres-
ence of complexing agents which can combine with the F and consequently re-
duce the measured F values. When the fluoride concentration, as measured by
standard addition, is higher than by direct reading, there is reason to suspect
the presence of complexing substance.

- -

The 2000 mg/L of nitrogen (N02 + NO3 ) measured in trench 33L-18 is
-

2predominantly in the NO3 fonn with 4 mg/L present as N0 . It is presumed that
liquid waste was solidified with urea formaldehyde in situ in trench 33L-18.
This polymerization is acid catalyzed which is probably the source of the low pH
measured in the trench water. The concentrations of chloride and phosphate are
not high in the trench water, whereas sulfate is present at a concentration of
1000 mg/L. Sulfuric acid is commonly used as the catalyst with urea formalde-
hyde. Although nitric acid is not generally used to catalyze the_polymeriza-
tion, if it had been used, it could be the source of the high NO3 concentration
found. This does not exclude the possibility that nitrates were in the buried
wast e.

It is presumed that liquid waste was solidified with cement in situ
in trench 33L-4, which is the reason for the high pH measured in the trench
water. Consequently the concentration of dissolved calcium is high, and cations
such as irca and magnesium are low (Table 5.3).

A semi-quantitative search for mercury in trench water samples by
conventional atomic absorption analysis indicated the presence of mercury in
trench 27. A cold-vapor flameless atomic absorption procedure was used to
determine the mercury with greater accuracy. Volatile organic compounds in the

| water, which interfered with the analyses, were decomposed by oxidative diges-
tion using potassium permanganate and potassium persulfate. Using the method of

|
standard additions, 7.5 mg/L of mercury was measured in trench 27 water sample.

| 5.3.1.3 Organic Analyses (A.J. Francis, B. Nine, C.R. Iden, and C. Chang)

| Water samples collected from wells UB1 and UB1-A and from trenches 2,
! 7,18,19S, 26, 27, 32, 33L-4, 33L-9, 33L-18 and 37 at Maxcy Flats were analyzed

for dissolved organic carbon (DOC) and for various dissolved organic constitu-
| ents.
|

| Thc concentrations of dissolved inorganic and organic carbon in these
water samples are shown in Table 5.4. The DOC concentrations in the trenches!

| ranged from 90 mg/L to 5600 mg/L. The DOC in well UB1 (210 mg/L) is signifi-
cantly higher than the 8 mg/L measured in well UB1-A, a level that is normally!

| encountered in many unpolluted or slightly Lolluted well waters.
i

! Results of the GC/MS analyses of the water samples are presented in
Figures 5.7 through 5.14 and Tables 5.5 through 5.13. Each figure shows the
gas chromatograms for the acidic, neutral, and basic organic fractions obtained
by methylene chloride extraction from a single trench or well sample. The "X64"
and "X4" designations on the abscissa refer to the degree of attenuation of the

.
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Table 5.4

| Concentration of Carbon in Water Samples
Taken From Maxey Flats, Kentucky, Disposal Site

j Total Inorganic Organic
| Samplinga Collection Carbon Carbon Carbon
' Location Date (mg/L) (mg/L) (mg/L)

Trench 2 9/76 480 270 210
7/77 420 330 90

Trench 7 9/76 460 210 250
Trench 18 9/76 940 440 500
Trench 19S 9/76 700 78 620

5/78 570 70 500
.

Trench 26 9/76 1100 150 950
' 7/77 870 100 770

Trench 27 9/76 730 <2 730
5/78 540 <2 540

Trench 32 9/76 1300 510 790
7/77 1400 380 9905

Trench 33L-4 9/76 1900 <2 1900
5/78 1100 10 1100

Trench 33L-9 9/76 4700 180 4500
Trench 33L-18 5/78 5700 100 5600
Trench 37 9/76 3300 20 3300
Well UB1 10/77 310 100 210
Well UB1-A 5/78 15 7 8

aSampling locations correspond to positions indicated in Figure 4.1.

recorder, and that the relative heights of the peaks in these two regions are
16:1. Not all peaks seen in a set of chromatograms from a single sample were

i identified. The first peaks shown are associated with the solvent and the TMS
' reagent. Those which were identified are numbered, and their concentrations are

listed in the tables.

The organic compounds reported are those found in the methylene chlo-
ride extracts of the ori91nal water samples and are reported as concentrations

| .per liter of the water sample. The solvent extraction efficiency for each com-
pound in these-complex aqueous solutions was not determined. Methylene chloride:

extraction is not expected to remove all organics from the water samples, so
that hydrophillic organics, such as EDTA, are presumed to remain in the water
phase.

'

The organic compounds found in the trench waters consisted of several
straight- and branched-chain aliphatic acids, aromatic acids, alcohuls,
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. Table 5,5
,

Concentration of Organic Compounds Identified in Trench 195 ,
Water Sample From Maxey Flats, Kentucky, Disposal Site

__

Peak Concentration
a CompoundNumber

Acidic Fraction:
1 2-Methylpropionic acid 0.40
2 2-Methylbutanoic acid 4.6
3 3-Methylbutanoic acid 1.8
4 Valeric acid 2.0
5 3-Methylpentanoig' acid 3.1
6 C6 branched acid O.35
7 Hexanoic acid 1.5
8 2-Methylhexanoic acid 1.5

-9 Cresol 2.9
10 2-Ethylhexanoic acid 5.6
11 C8 branched acidc 0.72

{ 12 C8 branched acidc 0.68
13 Benzoic acid 0.22
14 Octanoic acid 0.36
15 Phenylacetic acid 0.56
16 Phenylpropionic acid 1.2
17 Phenylhexanoic acid N.Q.d

Neutral Fraction:
1. p-Dioxane N.Q.
2 Methyl isobutyl ketone 0.56
3 Toluene 2.9
4 Xylene (isomer) N.Q.
5 Xylene (isomer) N.Q.
6 Cyclohexanol 2.9
7 Xylene (isomer) N.Q.
8 Dibutyl ketone N.'
9 Fenchone 0.03

10 Triethyl phosphate 0.38
11 S.;phthalene 0.12
12 Tributyl phosphate 0.16

a Correspon'ds to numbers in Figure 5.7.
b ~

Quantified using 3-Methylper+anoic acid standard,
c QuantificJ using 2-Ethylhexanoic acid standard.

i

d Not quantified.

|
1
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Figure 5.8. Gas chromatogram of methylene chloride extract of trench
26 water sample from Maxey Flats, Kentucky, disposal site.'
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Table 5.6

Concentration of Organic Compounds Identified in Trench 26
Water Sample From Maxey Flats, Kentucky, Disposal Site

Peak Concentration
Numbera

Compound
)

Acidic Fraction:
1 2-Methylpropionic acid 3.6
2 2-Methylbutanoic acid 19
3 Pentanoic acid 4.6
4 3-Methylpentanoic acid 4.2
5 Hexanoic acid 1.9
6 2-Methylhexanoic acid 1.2
7 Cresol (isomers) 2.0
8 2-Ethylhexanoic acid 3.4
9 Benzoic acid 1.2

10 Phenylacetic acid 1.5
11 Phenylpropionic acid 1.3

Neutral Fraction:
1 p-Dioxane N.Q.b
2 Toluene 3.5
3 Naphthalene 0.28
4 a-Terpineol 0.31

8 Corresponds to numbers in Figure 5.8.
b Not quantified.

.
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| Table 5.7

Concentration of Organic Compounds Identified in Trench 27
Water Sample From Maxey Flats, Kentucky, Disposal Site

Peak Concentration
Numbera Compound

(mg/L)

Acidic Fraction:
1 2-Methylbutanoic acid 0.98
2 3-Methylbutanoic acid 0.48

b3 C6 branched acid 0.66
4 Phenol 0.40
5 Hexanoic acid 1.2
6 2-Methylhexanoic acid 0.40
7 C8 acid N.Q.,

8,9 Cresol (isomers) 0.70
10 2-Ethylhexanoic acid 17
11 Cg branched acide 0.03

branched acidc 0.0312 C8
13 Benzoic acid 0.22
14 Octanoic acid 0.64
15 Phenylacetic acid 0.08
16 Pheny1 propionic acid 0.56
17 Phenylhexanoic acid N.Q.d

Neutral Fraction:
1 p-Dioxane N.Q.
2 Toluene 3.4
3 Bis (2-ethoxyethyl) ether N.Q.
4 2-Ethyl-1-hexanol 0.23
5 Fenchone N.Q.
6 Triethyl phosphate N.Q.
7 Camphor N.Q.
8 Naphthalene 0.15

a Corresponds to numbers in Figure 5.9.
b Quantified using 3-Methylpentanoic acid standard,
c Quantified using 2-Ethylhexanoic acid standard,
d Not quantified.
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Table 5.8

Concentration of 0rganic Compounds Identified in Trench 32
; Water Sample From Maxey Flats, Kentucky, Disposal Site
,

,

Peak Concentration
| Numbera

. Compound ggj )
_.

Acidic Fraction:
! 1 Isobutyric acid 2.0
i 2 2-Methylbutyric acid 13

3 3-Methylbutyric acid 5.8
4 Pentanoic acid 4.7

b
3 5 2-Methylpentanoic acid 4.0

6 3-Methylpentanoic acid 1.4
i 7 Phenol 1.2

8 Hexanoic acid 4.7.

9 2-Methylhexanoic acid 3.2
10 Cresol (isomers) 4.2'

11 2-Ethylhexanoic acid 8.8
12 Benzoic acid 1.9,

3 13 Octanoic acid 1.3
14 Phenylacetic acid 3.4,

15 Phenylpropionic acid 9.8
16 Phenylhexanoic acid N.Q.c

'

17 Phthalate N.Q.4

Neutral Fraction:
1 p-Dioxane N.Q.

. 2 Toluene 7.0
} 3 Xylene 0.48
,

4 Cyclohexanol 0.24
5 Naphthalene 0.28'

'

6 a-Terpineol 0.49
7 Tributyl phosphate 0.36-

I

a Corresponds to numbers in Figure 5.10.
b Quantified using 3-Methylpentanoic acid standard.,

| Not quantified.c

[
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Table 5.9

Concentration of Organic Compounds Identified in Trench 33L-4
Water Sample From Maxey Flats, Kentucky, Disposal Site

;

.

Peak Concentration
Compound mg/L)-Numbera

Acidic Fraction:
1 3-Methylbutanoic acid 1.6
2 Valeric acid 1.3,

b
; 3 C branched acid 0.74

b
4 C branched acid 0.41;

5 P enol 0.20
6 Hexanoic acid 2.0

,

7 2-Methylhexanoic acid 0.30
8 Cresol (isomers) 0.28

1 9 2-Ethylhexanoic acid 27,

10 Benzoic acid 0.59
11 Octanoic acid 0.39'

12 Phenylacetic acid 0.25
13 Phenylpropionic acid 0.704

i4 Vanillin 8.6'

Neutral Fraction:
1 p-Dioxane N.Q.c
2 Toluene 0.39
3 Cyclohexanol 1.1
4 2-Ethyl-1-hexanol N.Q.

a Corresponds to numbers in Figure 5.11.
b Quantified using 3-Methylpentanoic acid standard.
c Not quantified.
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Table 5,10

Concentration of Organic Compounds Identified in Trench 33L-18
Water Sample From Maxey Flats, Kentucky, Disposal Site

Peak Concentration
Numbera

Compound mg/Q

Neutral Fraction:
1 p-Dioxane N.Q.b
2 Toluene <0.12
3 Tributyl phosphate N.Q.

a Corresponds to numbers in Figure 5.12.
b Not quantified.

|
|

|

|
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| Table 5,11
1

Concentration of Organic Compounds Identified in Well VB1
Water Sample From Maxey Flats, Kentucky, Disposal Site

Peak Concentration
| Numbera

Compound (mg/L)
_

Acidic Fraction:
1 2-Methylbutyric acid 0.84

b
2 2-Methylpentanoic acid 0.73
3 3-Methylpentanoic acid 0.16
4 Phenol 0.31
5 liexanoic acid 1.1
6 2-Methylhexanoic acid 0.74
7 Cresol (isomer) 0.394

i 8 Cresol (isomer) 0.38
; 9 2-Ethylhexanoic acid 1.6

10 Benzoic acid 0.40
11 Octanoic acid 0.38

.

12 Phenylacetic acid 0.44
| 13 Toluic acid (isomer) 0.13
j 14 Toluic acid (isomer) 0.28
i 15 Phenylpropionic acid 3.8

16 Phenylhexanoic acid N.Q.c4

! Neutral Fraction:
1 p-Dioxane N.Q.

; 2 Toluene 2.7
3 Xylene 0.12,

4 Naphthalene 0.093

! 5 a-Terpineol 0.16

i
a Corresponds to numbers in Figure 5.13.
b Quantified using 3-Methylpentanoic acid standard.
c

|. Not quantified.
!

|

|
i

i

,

73

. . . _ _ ._ , _ ._ -. -- _ . _ _ _ _ _ _ _



i i i i i i i i s i i

ACCIC F%7CN
TMS DERIVATIVE

!

.% bb d A-
a64 se

i i i i i s i i i i i

BASIC FRACTION

N

I
e
a
E

5
a
8
Y

. di -
- 64 - 34 -

i i i s i i i i s i-

NEUTRAL FRACTION

1

1,

64 - 4

0 S 10 IS 2'O 25 30 35 40 4'S S'O SS
TIME (men)

Figure 5.14. Gas chromatogram of methylene chloride extract of well
UB1-A water sample from Maxey Flats, Kentucky, disposal site.

<

74



Table 5.12

Concentration of Organic Compounds Identified in Well UBl-A
Water Sample From Maxey Flats, Kentucky, Disposal Site

Peak Concentration
Numbera

Compound
g

-

Neutral Fraction:
1 Dibutyl phthalate 0.02
2 Triphenyl phosphate N.Q.b

a Corresponds to numbers in Figure 5.14.

Not quantified.

|
|

.

|
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Table 5.13

Organic Compounds Identified in Other Water Samples
From Maxey Flats, Kentucky, Disposal Sitea

Trench

Compound 2 7 18 33L-9 37

Aniline +
4-t-Butylphenol + +
Benzoic acid +
Bis (2-chlorcethyl) ether + +
Bis (2-chloroethoxy) ethane +

Bis (2-chloroethoxy) methane +

Cresol(isomers) + +

C5 acid + +

C6 acid + +

C8 acids + + +
Cyclohexylamine +
Dicyclohexylamine +
Diethylphthalate + +
Dimethylnaphthalene +
p-Dioxane + +
2-Ethylhexanol + + +

Naphthalene +
Octanoic acid +
Phenol +
2-Phenylcyclohexanol +
Phenylacetic acid + +
Phenylpropionic acid +
(Propylene glycol) +
Tributyl phosphaten + , +
Triethyl phosphate +
Toluene + +
Xylene +
Tripropylene glycol methyl ethyl +

a0rg.nic compounds identified, but not quantified,

,

aldehydes, ketones, amines, aromatic hydrocarbons, esters, ethers, and phenols.
Typically, the acidic fraction contained several compounds, the neutral fraction
contained fewer compounds, and the basic fraction, except in the case of one or
two trench water samples, did not contain any detectable compounds. This may be
due to the limitation of using a gas chromatographic column not specifically
selected for the detection of basic compounds. It is interesting to note that
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in many cases two water samples from a trench taken a year apart contained the
i same or similar, types of major compounds, although quantitative variations
j between the two samples were generally observed.

A comparison of organics identif!ed in well UB1 and trench 32 shows
that every compound in well VB1, except tolulic acid, is present in trench 32,
and a majority of these compounds are present in trench 19S. Other nearby
trenches, which were not sampled, may also contain these compounds.

The types of organic compounds identified in the trench waters reflect
both the nature of the buried waste and the products of biodegradation. Sol-
vents or scintillation fluids, such as p-dioxane, toluene, and xylene are pres-
ent. Tributyl phosphate may originate from the p' ss of solvent extraction
of metal ions from solutions of reactor products, and low molecular weight
straight- and branched-chain aliphatic acids are due mainly to microbial degra-

^ dation of complex natural and synthetic materials in the buried waste.
'

5.3.1.4 Radiochemical Results for Maxey Flats, Kentucky

5.3.1.4.1 Dissolved Radionuclides

The activities of dissolved radionuclides for trench waters collected
September 1976, July 1977 and May 1978 are reported in Table 5.14. The most
outstanding feature was the increase in 3H and 239,240Pu activity by one

238 u by two orders of magnitude, inorder of magnitude and the activity of P

trench 32. Also, an order of magnitude increase in 238 u was noted for trenchP;

26. The well water sample UB1-A contained the lowest radionuclide activities.
Tritium (2.3 E9 pCi/L, trench 32) was the most abundant radionuclide found.-

238 u (2.1 E5 pCi/L, trench 19S) were the90 r (2.0 E6 pCi/L, trench 7) and PS

next most abundant radionuclides found.

5.3.1.4.2 Well UR1

Contaminated water was encountered in five wells drilled by USGS.

The water from well UB1 :ontained 4.8 E8 pCi/L tritium $9,240 u.7.1 c.4 pCi/L 90 r: 4,7S

60 o, 3.3 El pC./L 238 u, and 4.2 E-1 pCi/L 2 P ihe zoneC PE3 pCi/L
of contamination in four v alls, including well UB1, was subsequently grouted
with cement, but well UB1-, drilled nearby was left open to the contaminated
zone (Figure 4.1). Water from well UB1-A is also contaminated, but at a lower
activity level than UBl.,

The presence of radioisotopes above background in wells UB1 and UB1-A
shows that migration of radionuclides from +mches has occurred.

|
!

5.3.1.4.3 Radionuclides in Particulates

Radionuclides in suspended particulates filtered from trench and well
waters collected at Maxey Flats, Kentucky, during May of 1978 are shown 'n Table
5.15 and Table 5.16. The particulates were obtained at the time the samt les
were anoxically filtered through 0.45 pm Millipore filters (Section 5.3).
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Table 5.14

Concentration of Dissolved Radionuclides in Water Samples
Taken From Maxey flats. Kentucky, Disposal Site

pCi/L (t2??.) a

..

Radionuclide Date Trench 2 Trench 7 Trench 18 Trench 1955 Trench 26 Trench 27

Gross Alpha 9/76 1.2 E4 (4.3) 2.7 E3 (5.3) 1.5 E4 (4.3) 2.3 ES (<1) 4.1 E4 (2.71 4.8 E4 (2.3)
7/77 6.7 E3 (8.5) -- c --- --- 2.7 E4 (4.0) ---

5/78 1.7 ES (1.7) --- 4 9 F3 (11)--- --- ---

Gross 8 eta 9/76 2.8 E4 (3.6) 5.3 E6 (<1) 1.5 ES (1.4) 7.5 E5 (<1) 1.3 E5 (1.6) 7.2 ES (<!)
'/7? 2.4 E4 (5.5) --- --- --- 1.2 ES (1.2) ---

ST,8 --- --- --- 6.4 E5 (2.0) --- 4.0 ES (2.6)
Tritium 9/76 2.5E7(<1) 4.4 E8 (<!) 4.5 E8 (<1) 6.9 E7 ((1) 2.0 E8 (<1) 3.1 E8 (<l)

7/77 2.1 E7 (<1) --- --- --- 1.3 E8 (<l) ---

5/78 --- --- .-- 6.8 E7 (<1) --- 5.9 E8 (<1)
90 rd 9/76 6.8 E3 (<1) 2.0 E6 (<1) 4.7 E4 (<1) 2.6 E5 (<1) 3.5 E4 (<1) 2.0 E S (<1)S

7/77 3.6 E3 (10) --- --- --- 3.0 E4 (10) ---

5/78 --- --- --- 2.9 E5 (10) --- 2.1 E5 (10)
238 Pud 9/76 3.8E3(2.7) 5.0 EO (20) 5.9 E2 (5.4) 1.7 E5 (7.6) 3.1 E4 (6.8) 1.3 E4 (3.1)

7/77 9.4 E3 (10) --- --- --- 1.3 E5 (10) --

5/18 --- --- --- 2.1 E5 (10) --- 4.1 F3 (10)
239,240 Pud 9/76 4.1 E2 (8.6) <1 5.1 El (2f.) 2.1 E4 (24) 2.7 E3 (?.2) 1.7 E3 (13)

7/77 2.8 E2 (10) --- --- --- 3.5 E3 (10). ---

5/78 --- --- --- 8.4 E2 (10) --- 6.7 E2 (10)
241 m 9/76 4.3 E3 (3.9) (20 <20 7.7 E2 (7.0) 1.0 E3 (5.7) 1.5 E4 (3.8)A

7/77 2.9 E3 (8.9) --- --- --- N.D.e ---

'5/78 --- --- --- 1.5 E3 (17) --- 1.4 E3 (11)
60 o 9/76 1.4 E4 (1.9) 2.5E3(5.1) 2.2 E4 (1.5) 1.3 E3 (23) 1.3 E3 (6.8) 2.0 E4 (3.2)C

7/77 1.0 E4 (4.5) --- --- --- 1.4 E3 (14) ---

5/78 --- --- --- 2.5 E3 (11) --- 1.3 E3 (21)
134Cs 9/76 (100 <100 <100 (100 3.1 E2 (18) (100

1/11 N.D. --- --- --- N.D. ---

5/78 --- -- --- N.D. --- N.D.
137Cs 9/76 (100 4.6 E. ".9) 4.9 E3 (3.0) 3.2 E3 (9.8) 7.5 E3 (2.0) 2.3 E4 (2.4)

7/77 N.D. -. --- --- 5.3 E3 (5.7) ---

5/78 --- --- --- 1.0 E4 (3.8) --- 8.0 E3 (4.6)

aNumber in ( ) = 20 percent counting uncertainty.
b rench 195 sample collected 9/76 contained 2.3 El (11) pCi/L 22T Na in addition to radienuclide listed in table.
c--- indicates sample was not collected from trench on indicated date.
dAnalyses of 7/77 and S/78 series perfonned by LFE laboratories. Richmond. California.
eN.D. . not detected.

The r. cst abundant radionuclide F.bi i on th particulates was 238Pu
(1.4 E4 pCi/L in t ench 19S). The next mist al dant lements sorbed on sus-
pended partictlates were 90Sr, 239,240Pu, 241Am ad 60 Well water from UB1-A..

was found to ;ontain 238Pu in both the aqueous - d so id phase.

The distributions of radionuclides between suspended particulates.and
the aqueous phases of the water samples are given in Table 5.17 and Table 5.18.
These distribution ratios do not represent the total retardation capability of
the soil since they are not'the sorption coefficients for the bulk sediment.
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Table 5.14. continued

Concentration of Dissolve <1 Radio 9uciloes in Water Samples
Taken From Maxey Flats, rentucky. Disposal Site

pC1/L (92a%) a
i

..

Radionuclide Date Trench 32 Trench 33L-4f Trench 33L-9 Irench 33t-18 Trench 371 well t'nt - A

Gross Alpha 9/16 8.6 E4 (1.4) 7.6 E3 (5.2) 1.2 F4 (3.2) -- 3.2 I4 (2.8) ---

7/17 3.1 E4 (3.9) --- --- -- --- ---

<ln5.9 ES (3.0)4.9 E3 (11)5/18 --------

1.1 E5 (1.9)Gross Beta 9/76 1.2 E6 (<1) 7.0E4(1.9) 4.2 E4 (2.6) ------

i 7/77 1.8 E6 (<1) --- -- ---
--- --

2.3 ES (3.5) 3.1 [2 (30)3.7 E4 (8.8)' 5/78 --------

1.1 E7 (<l) ---Tritium 9/76 2.1 E8 (<l) 6.2E7(<1) 6.2 E7 (<!)' ---

7/77 2.3E9(<l) --- --- --- --- ---

5.8 I6 (<l)2.9 E7 (<!) --- 4.6 E1 (<!)5/78 ------

1.9 E3 (<l)90 r 9/76 3.8 E5 (<l) 2.4E4(<!) 1.1 E4 (<1) ------
S

7/77 5.4 ES (<10) --- --- --- --- ---

6.3 El (10)3.4 E4 (10)1.7E4(10)5/78 --------

1.8 E4 (1.n) --

1.1ES(10))
9.9 E3 (4.4)3.6E3(4.2238Pu 9/76 --- ---

7/77 --- --- --- --- ---

1.4 El (16)4.2 E2 (10) --- 8.0 O (12)5/78 -----

3.1 E2 (2.6)239,240Pu 9/76 1.1E2(25) 8.4 E2 (40) -- -- ---

7/77 2.9 E3 (10)
----- ---

5.4 F-1 (lln)
--- ---

2.4 E3 (20)6.6 E3 (10)5/78 ---------

2.8 E4 (1.0) --

241 m 9/76 (40 (20 (40 --
A ---

7/77 n.n. .-. --. --- ...

N.D.N.D. --- 3.9 E3 (5.8)5/78 ------

60 o 9/76 6.0 E3 (5.6) <300 3.2 E3 (9.0) -- 5.n E4 (1.0) ---

C
7/77 3.5 E3 (8.1)

---
--- --- --- ---

2.5 E2 (13)3.6 El (64) --- 5.5 E3 (6.6)5/78 ------

1.7 F3 (4.3) ---

134Cs 9/76 4.2 E2 (24) <100 <100 ---

7/77 N.D. --- --- --- --- ---

N.n.1.2 E3 (14)M.D.5/78 ---------

9.8 E3 (2.1) ---

137 s 9/76 6.0E3(4.6) (100 4.8 E3 (5.3)# ---
C

7/77 4.8E3(5.5) --- --- --- --- ---

N.D.2.1E2(661 --- 2.2 E4 (2.4)
|

5/78 -----

f rench 33L-4 sample collected 5/78 contained 8.d EO (22) pct /L 22Na,i

9 Trench 37 sample collected 9/76 contained 3.7 E3 (6.5) pC1/L 54 n and 2.7 E3 (16) pCi/L 65Zn.M

I

I

I

i

: Thest distribution ratios of the suspended particulates do, however, reflect
the potential for radionuclide mobility of plutonium as a sorbed species rela-
tive to dissolved plutonium. Similar radionucitde sorption was observed forNew York,
suspended particulates in trench waters rollecied at the West Valley 238,239,240 u.

The most strongly sorbed spc les are 241 m and PAdisposal site.
In addition, 90sr, 60Co and 137Cs were sorbed on the suspended particulates.

See section 5.3.2.4.2 for further comments relative to geohydro- <

' logical considerations.
.!

+
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Table 5.15

Radionuclides in Particulates Filtered From Water Samples Taken
from Maxey Flats, Kentucky, Disposal Site, May 1978a

[pCi/mg ( 20%)]

Radionuclide Trench 19S Trench 27 Trench 33L-4 Trench 33L-18 Well UB1-A
'

r 5.0El(10) 1.4 E 1 (10) 2.4 E 0 (10) 1.6 E 0 (30) N.D.c0 b

23 Pu 1.5 E3 (10) 6.9E1(12) 7.1 E-1 (10) 2.5 E O (10) 2.3 E-1 (12)b

239,240pp'' 2.7 El (10) 1.4 E 1 (16) 1.2 E 0 (10) 7.6 E-1 (14) N.D.
241Am 1.9 El (2) 7.0 E O (3) N.D. 2.8 E-1 (20) N.D.
60 2.4 E0 (15) 4.1 E-1 (30) N.D. 4.4 E-1 (20) N.D.o
13 Cs N.D. 1.1E-1(66) N.D. 8.0 E-2 (49) N.D.
137Cs 3.3 E0 (10) 1.0 E 0 (13) N.D. 1.4 E 0 (7) N.D.

[ Water samples were filtered through 0.45 pm Millipore filter.
Analyses performed by LFE Laboratories, Richmond, California.

cN.D. = not detected,

i

Table 5.16

| Nionuclides in Particulates Filtered From Water Samples Taken
From Maxey Flats, Kentu sposal Site, May 1978a,

Pi
_

liter of water filtered ( 20%)
- _

Radionuclide Trench 19S Trench 27 Trench 33L-4 Trench 33L-18 Well UB1-A

r 4.8 E2 (10) 3.3 E2 10) 3.9 El (10) 6.3 El (30) N.D.c90 b
b23 Pu 1.4 E4 (10) 1.6 E3 12) 1.2 El (10) 9.9 El (10) 3.1 E0 (12)

,

'

b239,240Pu 2.6 E2 (10) 3.2 E2 16) 1.9 El (10) 3.0 El (14) N.D.
241Am 1.8 E2 (2.4) 1.6 E2 (2.8) N.D. 1.1 El (20) N.D.
60 2.2 El (15) 9.6 E0 (30) N.D. 1.7 El (20) N.D.0
139Cs N.D. 2.5E0(66) N.D. 3.2 E0 (49) N.D.
137Cs 3.2 El (10) 2.3 El (13) N.D. 5.4 El (6.8) N.D.j

[ Water samples filtered through 0.45 pm Mil 11 pore filter.
Analyses performed by LFE Laboratories, Richmond, California.

cN.D. = not detected.

.
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Table 5.17

Distribution of Radionuclides Between Suspended Particulates and Aqueous
aPhase in Water Samples Taken From Maxey Flats, Kentucky, Disposal Site, May 1978

[mL/g ( 20%)]

Radionuclide Trench 19S Trench 27 Trench 33L-4 Trench 33L-18 Well UB1-A

0
r 1.7 E2 (14) 6.7 El (14) 1.4 E2 (14) 4.7 El (32) d

23 Pu 6.8 E3 (14) 1.7 E4 (16) 1.7 E3 (14) 3.1 E2 (16) 1.6 E4 (20)
239,240Pu 3.2 E4 (14) 2.1 E4 (19) 1.8 E2 (14) 3.2 E2 (24) d
241Am 1.2 E4 (1M 5.0 E3 (17) c 7.2 El (21) c
60C0 9.3 E2 (19) 3.1 E2 (27) d 8.0 El (21) d
134Cs c b c 6.5 El (51) c
137Cs 3.2 E2 (11) 1.2 E2 (14) d 6.2 El (7) c

Ratio = Activity in suspended particulates (pCi/g)a

Activity in aqueous phase (pCi/mL) *

bActivity found only in the particulate fraction.c
H activity found in either fraction.

dActivity found only in the dissolved fraction.

Table 5.18

Comparison of Radionuclide Activity in the Dissolved Fraction Relative to
That in the Suspended Particulate Fraction in Water Samples Taken From

Maxey Flats, Kentucky, Disposal Site, May 1978
[Patica( 2c%)]

Radionuclide Trench 195 Trench 27 Trench 33L-4 Trench 33L-18 Well UB1-A

OSr 6.1 E2 (14) 6.4 E2 (14) 4.4 E2 (14) 5.4 E2 (32) d
238Pu 1.5 El (14) 2.6 E0 (16) 3.5 El (14) 8.1 El (16) 4.6 E0 (20)239,240Pu 3.3 E0 (14) 2.1 E0 (19) 3.4 E2 (14) 7.9 El (24) d
241 m 8.5 E0 (17) 8.6 E0 (17) c 3.5 E2 (21) cA

60 o 1.1 E2 (19) 1.4 E2 (37) d 3.2 E2 (21) d
C

|
1 34Cs c b c 3.8 E2 (51) c
137Cs 3.2 E2 (11) 3.4 E2 (14) d 4.0 E2 (7) c|

Concentration of dissolved radionuclides (pCi/L)|
a

Ratio _ Activity in suspended particulates expressed as
picocuries per liter of water filtered

bActivity found only in the particulate fraction.
cNo activity found in either fraction.
dActivity found only in the dissolved fraction.
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5.3.2 West Valley, New York, Disposal Site

5.3.2.1 Field Measurement

In-situ measurements made at West valley for collection periods,
November 1977 and October 1978, are shown in Table 5.19. The sampling locations
correspond to positions ' indicated in Figure 4.4. The pH range is not as wide as
observed in Maxey Flats trench waters. !

The field measured Eh potential for each West Valley, New York, trench
water was more negative at the second sampling, approximately a year later. The
decrease in Eh values ranged from 36 my for trench 1 to 227 my for trench 3.
The same electrode system and calculatira methods were used. It appears that a
more progressively reducing environment was being produced, possibly by continu-
ing anaerobic microbial activity or chemical changes due to leaching of the
buried wastes. Although changes in the inorganic species were noted in Section
5.3.2.2, no specific reason for the decreases in Eh was identified. However,
new trench caps were placed over the north teenches between August 1978 and
September 1978, which may have reduced air movement into the trenches, and the
north trenches (3,4,5) showed larger Eh decreases than the south trenches (8,9).

Table 5.19

Field Measurements of Water Samples Taken From
West Valley, New York, Disposal Sitea

Dissolved Specific
Sampling Apparent Eh Oxygen Conductance Temperature
Location Date Color pH (mV,NHE)a (mg/L) (umho/cm) ( C)

Trench 2 11/77 black 7.7 47 b 6700 11.7
Trench 3 11/77 dark gray 7.5 240 b 8750 10.2

10/78 black tint 7.3 -3.4 0.1 7600 10.5
Trench 4 11/77 light yellow 7.2 210 b 8100 13.3

10/78 1ight green 6.5 54 0.1 14 200 13.5
Trench 5 11/77 yellow-gray 7.1 240 b 7200 10.8

10/78 dark green 6.7 40 0.2 6750 10.5
Trench 8 11/77 light yellow 6.7 93 b 7900 11.1

10/78 1ight yel1ow 6.9 -6.3 0.05 5900 12.5 <

Trench 9 11/77 light grey 7.3 71 b 3850 13.6
10/78 yellow-green 6.7 18 0.15 3400 13.5

afield measurements of redox potentials (Eh) are reported relative to the
normal hydrogen electrode (NHE.).

bDissolved oxygen not measured in November 1977. "

,.

|
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5.3.2.2 Inorganic

Results of inorganic analyses for the two sampling periods are given in
Tables 5.20 and 5.21.

The shape of an acid-base titration curve can yield some generalized
characterizations of the chemical system. As such, comparisons between titra-
tion curves of the same trenches sampled on two different occasions are shown in
Figures 5.15-5.19. Standard 0.1 N hcl and 0.1 N Na0H were added to 25-ml ali-
quots of trench water immediately after filtration.

Trenches 3, 8, and 9 demonstrated little variation over a year, whereas
trenches 4 and 5 appear to have changed, demonstrating the non-static composi-

,

tion of these burial sites leachates.

Shown in Figure 5.20 is a titration curve of Ehmke well water, which is
representative of a natural ground water one mile south of the West Valley,
burial site. A sharp inflection point at pH S7 and large changes of pH follow-
ing small additions of acid and base are typical with simple ground water. The
long plateaus and bumps in the trench water titration curves indicate complex
water systems. Alkalinity values given in parenthesis are obtained by deter-
mining the inflection point of the corresponding pH vs. mL of titrant graph.
The conventional method of titrating to pH 4.5 ascribes the entire alkalinity
to bicarbonate, carbonate and hydroxide. This is not possible in the buffered
trench water systems reported here. As graphically illustrated, the pH 4.5 end
point is on the plateau of the curve.

Nitrogen in an oxidized state was found in small quantities (less than
3 mg/L). Nitrogen as ammonia was found more abundantly in all the trenches and
this is presumed to be a consequence of the reducing environment present in the
trenches.

The probe method of analyzing for fluoride is sensitive to the presence
of complexing agents which can combine with the F and results in lower mea-
suiad F values. The standard additions method for measuring F- by probe is
a convenient check on the dire-t eading method. When the fluoride concentra-
tion, as measured by standart ad? tion, is higher than by direct reading, there
is reason to suspect the presence of complexing agents. All trenches sampled in
1977, except trench 3, show higher F concentrations by standard addition;
hence all trenches sampled in 1978 were analyzed by standard addition.

The presence of large amounts of dissolved barium is probably the
reason for the absence of dissolved sulfate in trenches 4, 5, and 8, since the
solubility product of barium sulfate is s 1x10-10 However, the presence of
both barium and sulfate in trench 3 may be reasonable if the barium is tied up
with a chelate, and as such is not available for reaction with dissolved
sulfate.

The barium concentration in trench 4 increased in 1978 with no corre-
sponding increase in the anion concentration.

83
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| Table 5.20

i Concentration of Dissolved Non-Metals in Water Samples
Taken From West Valley, New York, Disposal Site

(mg/L):

;

Dissolved
Component Date Trench 2 'rench 3 Trench 4 Trench 5 Trench 8 Trench 9

| Total 11/77 3120 1600 1800 1000 2040 1480
; Alkalinity (1200)a (3200)a'

(asCaCO) 10/78 ..b 1730 800 2300 2000 16003
Inorganic 11/77 670 90 130 50 100 140

Carbon 10/78 95 130 10 70 120--

DOC 11/77 200 1600 350 3600 2700 1400
10/78 1700 630 2900 2900 1700--

|

| Hardness (Ca+Mg) 11/77 1100 1100 1400 1400 1600 870
| (as CACO ) 10/78 1100 1500 1700 1400 9303 --

l Residue (180*C) 11/77 3070 3850 5030 4170 5380 2700
| 10/78 5140 1240 5310 5600 3850--

: Chloride 11/77 470 1300 2100 840 850 230
| 10/78 1300 2100 820 870 82--
'

Nitrogen (N) 11/77 230 240 68 17 140 53
(NH3 probe) 10/78 300 130 180 290 84--

Nitrogen (N) 11/77 230 230 65 16 120 49
(NH + color) 10/784 -- -- -- -- -- --

Nitrogen (N) 11/77 <0.05 <0.05 <0.05 2.9 c <0.1 <0.05
(N0 2 + N0 3-) 10/78 1.6 0.87 1.1 <0.02 <0.02--

Fluoride 11/77 2.6 1.6 0.6 1.5 0.5 1.6
Direct 10/78 -- -- -- -- -- --

Reading
Fluoride 11/77 4.1 1.6 0.9 2.5 2.3 2.3

Standard 10/78 1.8 0.4 2.0 0.6 1.8--

Addition
Phosphate 11/77 <1 7.0 2.9 7.4 <1 <1

10/78 2.9 8.0 3.4 5.8 12--

Silica 11/77 15 6.8 13 26 12 10
2.0 13 9.2 10 14 !10/78 --

Sulfate 11/77 <5 24 <5 <5 <5 20
10/78 26 <5 <5 <S <5--

. Total Antons 11/77 76 68 95 44 65 36
(meq/L) 10/78 90 79 87 81 45--

1

|
| aEnd point taken frem titra, ion curve (Figure 5.18r).
| b-- Indicate no sample was collected.
| cPresent as N02~-

|
;

i

!

;
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Table 5.21
.

! Concentration of Dissolved Metals in Water Samples
! Taken From West Valley, New York, Ditposal Site
j (mg/L)

!

Metal Date Trench 2 Trench 3 Trench 4 Trench 5 Trench 8 Trench 9
i

Barium 11/77 <1 62 700 86 560 <1 ;

10/78 -.a 70 2900 100 570 <1

Calcium 11/77 72 150 180 300 -200 130
150 25010/78 -- -- ----

; Cesium 11/77 <0.1 <0.1 <0.1 <0.5 <0.1 <0.1
<0.1 <0.1 <0.1 <0.1 <0.110/78" --

Iron 11/77 13 86 82 260 130 72
56 150 540 130 57| 10/78. --

Lithium 11/77 0.87 2.5 0.62 0.62 0.21 1.1
2.0 0.39 0.98 0.16 1.310/78 --

! Magnesium 11/77 220 170 if7 140 220 130
180 190 200 240 150! 10/78 --

1 Manganese 11/77 (0.1 0.6 0.5 1.5 0.6 0.3
0.34 1.5 2.3 0.5 0.210/78 --

; Potassium 11/77 330 320 330 340 330 120

10/78 -- 320 820 270 300 91

Sodium 11/77 900 880 970 800 1600 500
1000 1100 690 1700 43010/78 --

i Strontium 11/77 0.9 3.6 8.3 3.3 5.7 1.0
0.2 7.7 0.5 1.6 0.5! 10/78 --

i Total 11/77 86 90 91 82 130 49
Cattonsb 10/78 -- 100 150 100 140 47:
(meq/L)

i

aTrench 2 not sanipled in October 1978.
bNitrogen as NH + from Table 5.20 is included in the total cations.4
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Figure 5.15. Comparison of acid-base Figure 5.16. Comparison of acid-base
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titration curves of trench 3 water titration curves of trench 4 water
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from West Valley, New York, disposal from West Valley, New York, disposal
site. site.
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titration curves of trench 5 water titration curves of trench 8 water
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site. site.
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site. November 1977.
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! In the ca'lculation of total dissolved cations (meq/L), the iron was
considered to have been as Fe+2 Nitrogen as ammonium ion may have been pres-
ent in the waste when buried and/or may have been produced by microbial conver-
sion of N0 and NO in the waste. P,egardless, nitrogen as NH + from Table2 3 4

l 5.20 is included in the total cations shown in Table 5.21. There is no explana-
tion given at this time for the imbalance between total cations and total
anions. It would seem that not all of the consti.uents in the water are being

! measured.

5.3.2.3 Organic Results

The concentrations of dissolved inorganic and organic carbon in the
trench water samples from West Valley are shown in Table 5.22. The DOC content
ranged from 200 to 3600 mg/L.

.

Table 5.22

Concentration of Carbon in Water Samples
Taken From West Valley, New York, Disposal Site

a Total Inorganic Organic
Sampling Collection Carbon Carbon Carbon

. Location Date (mg/L) (mg/L) (mgfL)'

Trench 2 11/77 870 670 200
Trench 3 11/77 1700 90 1600

10/78 1800 95 1700
..

Trench 4 11/77 480 130 350J

10/78 760 130 6304

Trench 5 11/77 3700 50 3600
10/78 2900 10 2900

Trench 8 11/77 2800 100 2700
10/78 3000 70 2900

,

Trench 9 11/77 1500 140 1400
10/78 1800 120 1700

.

8 Sampling locations correspond to positions indicated in Figure 4.4.

!

Organic compounds identified in the trench water samples collected
November 1977 are shown in Figures 5.21-5.26. Concentrations of identified
compounds in acidic, basic, and neutral fractions are given in Tables 5.23-5.29.
Table 5.29 gives the concentration in the same trenches collected October 1978.
Several straight and branched chain aliphatic acids, aromatic acids, alcohols,
aldehydes, ketones, amines, aromatic hydrocarbons, esters, plasticizers, ethers
and phenols were identified. These compounds in general represent the synthetic

87
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and natural organic wastes buried in the trenches, such as contaminated cellu-
losic materials, scintillation liquids, solvents, and decontamination fluids and
their biological decomposition products. Some qualitative differences of the
organic constituents identified between the trenches were normally observed.

The concentrations of organic compounds reported are those present in
the methylene chloride extract and are not corrected for the solvent extraction -

efficiency and possible matrix effects in such complex solutions, as discussed
in Section 5.3.1.3.

The same types of organic compounds identified in the water samples
from the West Valley are seen in the water samples from Maxey Flats. However,
differences were observed in the organic constituents among the trenches and
between the two disposal sites.

,
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Figure 5.21. Gas chromatogram of methylene chloride extract of
,

trench 2 water sample from West Valley, New York, disposal site.
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Table 5,23

Concentration of Organic Compounds Identified in Trench 2:

Water Sample From West Valley, New York, Disposal Site

Peak ConcentrationCompound
Numbera (mg/L)

Acidic Fraction
1 2-tiethylbutyric acid 0.21
2 Pentanoic acid 0.ll
3 C branched acid N.Q.b6
4 Phenol 0.04
5 Cresol (isomers) 0.08
6 2-Ethylhexenoic acid 0.06
7 C8 branched acid N.Q.
8 Unknown phthalate N.Q.

Basic Fraction
1 Dicyclohexylamine N.Q.
2 Methyldicyclohexylamine N.Q.

Neutral Fraction
1 p-Dioxane N.Q.
2 Triethyl phosphate N.Q.
3 Tributyl phosphate 0.04

a Corresponds to numbers in Figure 5.21.
b

flot quantified.

|
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Figure 5.22. Gas chromatogram of methylene chloride extract of
trench 3 water sample from West Valley, New York, disposal site.
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Table 5.24

Concentration of Organic Compounds Identified in Trench 3
Water Sample From West Valley, New York, Disposal Site*

Peak Concentration
a Compound ,

(mg/L)Number,

Acidic Fraction:
: 1 Propionic acid + ? N.Q.b
; 2 2-Methylpropionic acid 12

3 2-Methylbutyric acid 88
4 Pentanoic acid 30

'

5 2-Methylpentanoic acid 14
6 Hexanoic acid 22

| 7 2-Methylhexanoic acid 7.5
- 8 _ Cresol (1somers) 3.4
; 9 2-Ethylhexanoic acid 11

10 Benzoic acid 5.8
11 Octanoic acid 6.4
12 Phenylactic acid 3.8
13 Nonanoic acid 2.0
14 Phenylpropionic acid 9.J

! 15 Decanoic acid 0,1/

16 Phenylhexanoic acid N.,.

17 Butyl phthalate N.Q.

Basic Fraction:
1 Methyldicyclohexylamine N.Q.

.

Neutral Fraction:
1 p-Dioxane N.Q.
2- Toluene 1.9

'

3 2-Ethyl-1-hexanol 8.0
: 4 Tripropylene glycol methyl ether N.Q.

5 Octyl phenol (isomer) N.Q.
6 Tributyl phosphate 0.35

( * Corresponds to numbers in Figure 5.22.
b. Not quantified.

:

!
i-

I

t
i

93

|



1 I I
.

8 ACIDIC FRACTION

I I I I i i I

TMS DERIVATIVE

2

3 4 7
9

11 16 10 |2 36diljj,(gj '4

--x 64 * x4 :

I I I I I I | | | |

BASIC FRACTION

U
z
2
8
m

5
@
8

A A. _ - -

I I I I I I | | | 1

i NEUTRAL FRACTION

l

6 ;
I | t | i | | t | |

0 5 to 15 20 25 30 35 40 45 50 55 l
TIME (min)
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Table 5,25

Concentration of Organic Compounds Identified in Trench 4
Water Sample From West Valley, New York, Disposal Site

Peak Concentra tion
Numbera

Compound mg/L)
_

Acidic Fraction:
1 2-Methylpropionic acid 0.28
2 2-Methylbutanoic acid 1.0
3 Methylbutanoic acid 0.57
4 3-Methylpentanoic acid 0.60
5 Hexanoic acid 0.20
6 2-Methylhexanoic acid 0.33
7 Cresol 0.56
8 2-Ethylhexanoic acid 12

9 C8 acid N.Q.b
10 Benzoic acid 0.28
11 Phenylacetic acid 0.41
12 Toluic acid 0.59
13 Phenylpropionic acid 0.56
14 Phenylhexanoic acid N.Q.

Neutral Fraction:
1 p-Dioxane N.Q.
2 Toluene 0.31
3 Tripropylene glycol methyl ether N.Q.
4 N-Ethyl tolyl sulphonamide (isomer)c N.Q.
5 Tributyl phosphate 0.04
6 N-Ethyl tolyl sulphonamide (isomer)c N.Q.

-

_

a Corresponds to numbers in Figure 5.23.
b Not quantified.
c Tentative identification.
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| Table 5.26
!

f Concentration of Organic Compounds Identified in Trench 5
! Water Sample From West Valley, New York, Disposal Site

Peak Concentration
Numbera Compound (mgA)

t
'

Acidic Fraction:
1 Isobutyric acid 15
2 2-Methylbutyric acid 60

'

3 3-Methylbutyric acid 17
4 Pentanoic acid 40

b5 2-Methylpentanoic acid 12
6 3-Methylpenanoic acid 1.6

i 7 Phenol 9.5
'

8 Hexanoic acid 43
9 2-Methylhexanoic acid 15 .

10 Cresol (isomer) 3.4
11 2-Ethylhexanoic acid 89
12 Benzoic acid 13
13 Octanoic acid 19

'
14 Phenylacetic acid 7.5
15 Toluic acid 0.78
16 Nonanoic acid 5.0
17 Phenylpropionic acid 8.6
18 Decanoic acid 2.6
19 Hydroxybenzoic acid N Q.c
20 Phenylhexanoic acid N.Q.
21 Unknown phthalate N.Q.

Neutral Fraction:
1 p-Dioxane N.Q.
2 Toluene 18
3 Cyclohexanol 0.59

; 4 Anisole 2.7
i 5 2-Ethyl-1-hexanol 3.6

6 Naphthalene 1.7'

| 7 Tripropylene glycol methyl ether N.Q.
| 8 Tributyl phosphate 0.76

_ _

! a Corresponds to numbers in Figure 5.24.
b

! Quantified using 3-Methylpentanoic acid.
- c Not quantified.

:
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Table 5.27

Concentration of Organic Compounds Identified in Trench 8
; Water Sample From West Valley, New York, Disposal Site

, ___

Peak Concentration
Numbera Compound (mg/L)

Acidic Fraction:
1 Isobutyric acid 21
2 2-Methylbutyric acid +<

1903-Methylbutyric acid
3 Pentanoic acid 73' c4 2-Methylpentanoic acid 20
5 3-Methylpentanoic acid 2.1,

6 Phenol 0.88,

7 Hexonoic acid 65
8 2-Methylhexanoic acid 14
9 Cresol (isomer) 4.2

10 2-Ethylhexanoic acid 220
2 11 Bentoic acid 6.7

12 Octaaoic acid 20
t 13 Phenyiacetic acid 6.0

14 Toluic ccid 0.63
15 Nonanoic c.id 6.4
16 Phenylpropionic acid 14
17 Decanoic acid- 1.14

18 Phenylhexanoic acid N.Q.b
19 Unknown phthalate N.Q.

I Neutral Fraction:
1 p-Dioxane N.Q.
2 2-Hexanol N.Q.
3 . Toluene 4.8
4 Cyclohexanol 0.44
5 Bis (2-methoxyethyl) ether N.Q.

j 6 2-Ethyl-1-hexanol 5.7
7 Fenchone 0.14i

8 Naphthalene 0.46
9 a-Terpineol 0.26

10 Tripropylene glycol methyl ether N.Q.
11 Octyl phenol (isomer) N.Q.
12 Tributyl phosphate 0.85

-
---

a Corresponds to numbers in Figure 5.25.
b Not quantified.
c. Quantified using 3-Methylpentanoic acid.

.
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Table 5.28

' Concentration of Organic Compounds Identified in Trench 9
Water Sample From West Valley, New York, Disposal Site

-Peak Concentration
Numbera

Compound (mg/L)

Acidic Fraction:
1 Isobutyric acid 5.2
2 2-Methylbutyric acid + 483-Methylbutyric acid
3 Pentanoic acid 16

e
4 2-Methylpentanoic acid 7,9

5 3-Methylpentanoic acid 0.74
6 Phenol 0.38
7 Hexanoic acid 15
8 2-Methylhexanoic acid 5.2
9 Cresol (isomer) 2.6

10 2-Ethylhexanoic acid 11 0
i 11 Benzoic acid 2.5

12 Octanoic acid 4.6
13 Phenylacetic acid 2.6
14 Nonanoic acid 1.5
15 Phenylpropionic acid 6.9
16 Decanoic acid 0.51
17 Phenylhexanoic acid N.Q.b
18 Unknown Phthalate N.Q.

.

Neutral Fraction:
1 p-Dioxane N.Q.
2 Toluene 1.1
3 2-Ethyl-1-hexanol 6.8
4 Fenchone 0.03
5 Biphenyl N.Q.
6 a-Terpineol 0.15
7 Tripropylene glycol methyl ether N.Q.
8 Octyl phenol (isomer) N.Q.

i

a Cceresponds to numbers in Figure 5.26.
'

b Not quantified..

c Quantified using 3-Methylpentanoic acid.

.
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Table 5.29

Concentration of Organic Compounds Identified in Water Samples
Taken From West Valley. New York. Disposal Site, October 1978

(mg/L)

Trench

Compound 3 4 5 8 9,

Acids

Benzoic acid 7.6 1.0 14 7.5 2.7
Decanoic acid 0.7 N.D.a 1.9 1.7 0.68
2-Ethylhexanoic acid 71 5.6 78 170 100
Hexanoic acid 28 5.8 90 66 16
2-Methylbutyric acid 69 5.8 120 160 51
3~Nethylbutyric acid 16 3.7 40 +b 8.4
2-Methylhexanoic acid 11 1.0 17 14 6.8 '

C6 branched acidC 1.4 0.59 2.7 2.3 0.95
3-Methylpentanoic acid 23 2.1 23 22 10
2-Methylpropionic acid 10 1.5 33 20 6.0
Nonanoic acid 3.5 N.D. 5.8 6.3 2.9
Octanic acid 6.9 0.76 30 21 4.9
Pentanoic acid 40 6.2 87 76 18 )Phenylacetic acid 5.2 1.9 11 4.5 2.6
Pheny1hexanoic acid + + + + +

Phenylpropionic acid 11 1.6 8.8 12 6.4
Propionic acid + + + + + 4

Toluic acid N.D. 0.52 1.9 N.D. N.D.

Others

Benzene N.D. N.D. + N.D. N.D.
Biphenyl + N.D. N.D. N.D. N.D.
Ris(2-methoxyethyl) ether + N.D. N.D. N.D. N.D.
Camphor + N.D. N.D. N.D. N.D.
1,8-Cineole + N.D. N.D. N.D. N.D.
Cresol (isomers) 7.5 1.5 5.4 5.9 2.6
Cyclohexanol N.D. N.D. 2.1 N.D. N.D.
1,2-Dimethoxyethane N.D. + N.D. N.D. N.D.
p-Dioxane + + + + +
2-Ethyl-1-hexanol N.D. N.D. 18 3.8 30
Fenchone 0.34 N.D. N.D. N.D. N.D.
2-Hexanol + N.D. N.D. N.D. N.D.
Methyl butyi ketone N.D. N.D. + N.D. N.D.
Naphthalene N.D. N.D. 1.1 N.D. N.D.
Phenol 0.3 0.1 6.1 0.64 0.2
a-Terpineol 0.95 N.D. N.D. N.D. N.D.
Tetrahydrofuran N.D. N.D. + N.D. N.D.
Tetramethyl butyi phenol (isomer) N.D. N.D. N.D. N.D. +

Toluene 5.0 1.5 25 8.3 3.1
Tributyl phosphate 0.89 0.12 0.7 0.77 N.D.
Tripropylene glycol methyl ether N.D. N.D. + + +

aN.D. = Not detected.
b+ = Compound present but not quantified,
c = Quantified using 3-Methylpentanoic acid.
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' 5.3.2.4 Radiochemical Results for West Valley, New York

,

| 5.3.2.4.1 Dissolved Radionuclides
i

The activities of dissolved radionuclides for trench waters collected
in November 1977 and October 1978 are reported in Table 5.30. Significantr

i increases in radionuclide activities were observed for gross alpha in trench 8,
3H in trench 5, and 137 s in trench 3 for samples from the two periods. TritiumC

was the most abundant radionuclide (3.7 E9 pCi/L) in trench 8. The next most
i abundant radionut' ides were 90Sr (8.6 E6 pCi/L, trench 4),137 s (1.0 E6 pCi/L,C

- trench 3) and 238 u (1.6 E5 pCi/L, trench 8) as of the October 1978 collec-Pi

tion.
'

Table 5.30

Concentrations of Dissolved Radionuclides in Water Samples
Taken from West Valley. New York, Disposal Site

pCf/L(120%)]a

t

Radionuclide Date Trench 2b Trench 3 Trench 4 Trench 5 Trench 8 Trench 9

Grcss Alpha 11/77 1.6 E2 (1.2) 4.1 E2 (7.1) 6.3 E2 (5.6) 4.9 E2 (6.4) 6.9 E4 (1.6) 1.R E2 [12)
10/78 - - - 7.3 E2 14) 1.4E3(11) 8.9 E2 (11) 1.3 ES (1.5) 2.7 E2 [15)

Gross 8 eta 11/77 8.0 E4 (2.1) 1.9 E6 <1 3.8 E7 (<1) 1.4E6(<1) 4.2 ES (1.6) 1.2 E5 (1.7)
2.9 E6 <1 1.7E7(<1) 4.7 E5 (<l) 4.7 ES (1.7) 1.2 ES [3.4)10/78 ---

Tritium 11/77 8.9E7(<l) 3.7 E8 (<1 3.0 E8 (<1) 9.5E8(<1) 2.9 E9 (<1) 4.4 E8 (<1)
10/78 --- 4.8E8(<1) 3.0 E8 (<1) -2.3 E9 (<l) 3.7 E9 (<1) 4.6 E8 (<1)

90Src 11/77 3.4 E4 (10) 9.7 E5 (10) 2.4E7(10)
6.1ES(10) 1.4 ES (10) 3.8 E4 i 10)

10) 1.5 ES (10) 4.8E4jl0)
10/78 --- 8.5 E5 (10) 8.6 E6 (10) 1.5 ES (

238Puc 11/77 3.3 El (24) 6.6 El (10) 2.8 El (22) 3.9 E2 (10) 1.5 ES (10) 2.4 E2 i'10)
10/78 --- 7.6 El (14) 9.8E0(40) 1.3E2(10) 1.6 E5 (10) 2.8 E2 ||10)

239.240Puc 11/77 1.9 E2 (10) 9.2 El (10) 7.1 El (10) 3.3 El (10) 3.1 E2 (10) 2.4 EO (24)
10/78 --- 8.1 El (12) 1.5 El (32) 8.1 El (12) 3.4 E2 (20) 3.0 E0 (100)

241 m 11/77 N.D.d N.D. N.D. N.D. 3.6 E2 (36) N.O.A
10/78 --- N.D. N.0 N.D. 2.0 E2 (57) N.D.

22Na 11/77 N.D. 2.3 E2 (25) 2.6E2fl8) 5.5 E2 (9.2) 3.3 E2 (11) 4.7 E2 (9)
10/78 --- 1.5 E2 (40) 1.3 E2 (21) 4.3 E2 (8.2) 2.7 E2 (11) 3.9 E2 (9)

. 40K 11/71 4.7 E2 (35) N.D. 5.6 E2 (55) N.D. 3.0 E2 (65) N.D.
| 10/78 4.5 E2 (72) 1.5 E3 (20) N.D 3.9 E2 (53) 3.1 E2 (62)---

j 60Co 11/77 3.3E2(12) 2.6 E4 (1) 1.1 E3 (6.4) 1.8E3f4.3) 2.0 E2 (19) 1.1 E3 (5.9)
i 10/78 --- 7.0E4(<1) 9.9 E2 (6.0) 3.9 E2 (10) 2.0 E2 (18) 9.7 E2 (5.8)

133 a 11/77 N.D. N.D. N.D. 6.8 E2 (24) 3.6E2|25)
4.5E2||23)

1.4 E2 J43)8
N.D. 9.3 El (65) 2.7 E2 (57)10/78 8.0 El L52)---

134Cs !!/77 N.D. N.D. 1.3 E2 (54) 5.0 E3 (3.2) 1.5 E3 (6.2) 1.9 E3 f4.2)
N.D 6.4 El (49) 1.7 E3 (3.6) 9.4 E2 L6.6) 9.6E2d5.4)10/78 . ---

137Cs 11/77 2.7 E4 (<1) 2.9E5k<l) 1.1 E4 1.4) 2.7 ES (<1) 1.4 ES (<1) 3.4 E4 (<l)
1.0 E6 (<!)- 1.1 E4 1.2) 3.3 E4 (<1) 1.4 E5 (<l) 2.6 E4 (<l)10/78 ---

aNumber in ( ) = 2a percent counting uncertainty.
b ot sampled in October.1978.N,

| cAnalyses performed by LFE Laboratories. Richmond. California.
d .D. = not detected.; N

.
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5.3.2.4.2 Radionuclides in Particulates.

.

Radionuclides in particulates filtered from trench waters collected
at the West Valley, New York, disposal site during November of 1977 and October
of 1978 are given in Table 5.31 and Table 5.32. The particulates were obtained,

at the time the samples were anoxically filtered through 0.45 pm Millipore,

; filters (Section 5.3).
I

Several radionuclides, 40g,125Sb and 133 a, were found on the par-B

ticulates but were not as dissolved species in the corresponding trench waters.
j The radionuclide of the highest concentration on the particulates was 238 u (1.0P

. E5 pCi/L, trench 8), but in the particulates from all other trench water samples
90Sr was the most abundant radionuclide. Other nuclides strongly sorbed by the
particulates were 60 o and 137 s.C C

'
i

Table 5.31

'.
Radionuclides in Particulates Filtered From Water Samples j

Taken From West Valley, New York, Disposal Sitea

{pC1/mg(120%)]

Radionuclide Date Trench 2b Tr ench 3 Trench 4 Trench 5 Trench 8 Trench 9

! ' Sr' !!N ' * ! " (' ) i:l | i lid i:! ! ! !! 8 B i i ?! $ !:! ! i !!!P !:! ! ! !! 8
"'*P=* a ' ' ' (' )n' '.9 E 1 (10) M M ML2 U M L!!! M M'!M L !'M
239,240Puc 11/77 7 5.0 E O fl0) 2.5 E O (10)

1.3EO(10) 7.7 E O (10) 1.7 E-1 (10)7.9 E-1
j 10/78 --- 3.6 E O l'10) 7.9 E-1 (10) i 10) 1.3 E I (10) 1.6 E-1 (10)

241 m 11/77 3.1 E-1 (18) 3.2 E O f6.6) 1.5 E O (16) 5.7 E-1 fl0) 9.1 E O (2)
10/78 --- 8.6 E-1 (13) 3.6 E-1 (24) 7.6 E-1 ||8) 6.3 E O (2) 9.5 E-1 (5) )

1.7 E 0 (4 4A

40K 11/77 1.3 E O (55) 7.1 E-1 i'66) 1.5 E O (57) 1.1 E-1 i;44) 1.4 E-1 (68) 1.0 E O (46)
7.2E-1'|103) 9.2 E-1 (44) 8.7 E-1 i,49) 6.4 E-1 (51) 7.5 E-1 (60)10/78 ---

57 o 11/77 N.D.d 1.2 E-1 (67) N.D. N.D. N.O. 8.2E-2(48)C
10/78 1.6 E-1 (62) 1.3 E-1 (45) N.D. N.D. 7.3 E-2 (53) -----

,

60 o 11/77 2.7 E-1 (25) 1.9 E I (2) 1.0 E O (12) 8.7 E-1 (8 4) 1.1EOi;11) 2.4 E O (5.6)
'

i :
C

10/78 .--- 1.3 E 2 (<1) 2.4 E O (5) 3.2 E-1 (16) 6.7 E-1 L9) 4.4 E O (3.4),

125Sb 11/77 N.D. N.D. N.D. N.D. 2.7 E-1 f57) 1.7 E-1 (61)<

N.D. 1.3 E-1 (77) 1.8 E-1 (52) 2.4 E-1 (47) 2.7 E-1 (54)10/78 ---

1338a 11/77 N.D. N.D. N.D.
5.2 E-2 (63)
2.0 E-1 39) N.D. 1.7 E-1 1;33)

10/78 --- N.D. N.D. L 7.7 E-2 (48) 4.4 E-2 i 43)
134Cs 11/77 N.D. N.D. N.D. 1.3 E O

(24)52)
1.1E-1i;41) 1.4 E-1 f33)
7.4 E-2 i 32) 1.1 E-1 J38)10/78 N.D. N.D. 1.6 E-1 i---

137Cs 11/77 3.9 E O (3) 2.3 E 1 (1.6) 1.0 E O (10) 4.8 E 1 ';0.6) 8.2 E O (2.6) 2.8 E O ||4.4) l

1.1 E 2 (<1) 6.5 E-1 (10) 3.4 E O L3) 9.2 E O L2) 3.7 E O ',3.3) l10/78 ---
,

1

aWater samples were filtered through 0.45 vm M1111 pore filter.
b ot sampled in October 1978.N

cAnalyses performed by LFE Laboratories, Richmond, California.
d .D. = not detected.N
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Table 5.32

Radionuclides in Particulates Filtered From Water Samples
Taken From West Valley. New York, Disposal Sited

picocuries ~-
liter of water filtered U24)

Radionucilde Date Trench 2b Trench 3 Trench 4 Trench 5 Trench 8 Trench 9

90 r$c 11/77 2.2 E2 (10) 4.6 E3 (10) 4.9 E4 (10) 2.0 E3 (10) 4.1 El (120) 3.3 E2 (10)
10/78 -- b 7.5 E3 (10) 1.2 E4 (10) 1.1 E3 (10) 3.0 E2 (10) 1.4 E2 (10)

238Puc 11/77 1.0 El (10) 6.3 El (10) 2.7 El (10) 2.7 El (10) 7.9 E4 (10) 5.2 E2 (10)
10/78 --- 4.1 El (10) 1.6 El (10) 1.6 E2 (10) 1.0 E5 (10) 4.1 E2 (10)

239.240Puc 11/77 2.3 El (10) 2.1 E2 (10) 5.7 El (10) 3.0 El (10) 1.9 E2 (10) 4.5 EO (10)
10/78 --- 3.3 E2 (10) 2.9 El (10) 8.9 El (10) 2.7 E2 (10) 3.8 EO (10)

241 m 11/77 8.8 E0 (18). 1.3 E2 (7) 3.3 El (16) 2.2 El (10) 1.7 E2 (2) 4.4 El (4)A

10/78 --- 7.8 El (13) 1.3 El (24) 5.2 El (8) 1.3 E2 (2) 2.2 El (5)
40K 11/77 3.7 El (55) 2.9 El (66) 3.3 El (57) 4.2 E0 (44) 2.6 EO (68) 2.6 El (46)

10/78 --- 6.5 El (103) 3.4 El (44) 5.9 El (49) 1.3 El (51) 1.8 El (60)
57C0 11/77 N.D.d 4.8 EO (67) N.D. N.D. N.D. 2.1 EO (48)

10/78 --- 1.4 El (62) 4.6 EO (45) N.D. N.D. 1.7 E0 (53)
60 o 11/77 7.8 E0 (25) 7.9 E2 (1) 2.5 El (8) 3.1 El (8.4) 2.1 El (11) 6.4 El (6)C

10/78 --- 1.2 E4 (<l) 8.8 El (5) 2.1 El (16) 1.4 El (9) 1.0 E2 (3)
1255b 11/77 N.D. N.D. N.D. N.D 5.1 EO (57) 4.3 EO (61)

10/78 --- N.D. 4.6 EO (77) 1.2 El (52) 4.8 EO (47) 6.4 EO (54)
133 a 11/78 N.D. N.D. N.D. 7.4 EO (39) N.D. 4.5 E0 (33)B

10/78 --- N.D. N.D. 3.5 EO (63) 1.5 E0 (48) 1.0 EO (43)
134 s 11/77 N.D. N.O. N.D. 4.8 El (5) 2.0 E0 (41) 4.0 E0 (33)C

10/78 --- N.D. N.D. 1.4 El (19) 1.5 EO (32) 2.6 E0 (38)
137 s 11/77 1.1 E2 (3) 9.4 E2 (2) 2.3 El (10) 1.8 E3 (<1) 1.5 E2 (3) 7.4 El (4)C

10/78 --- 1.0 E4 (<1) 2.4 El (10) 2.3 E2 (3) 1.8 E2 (3) 8.7 El (3)

aWater samples filtered through 0.45 pm Millipore filter.
bNot sampled in October.1978.
cAnalyses performed by LFE Laboratories, Richmond. California,
d .D. = not datected.N

Considerable variation in radionuclide concentration on the particu-
lates was observed for the same trench, from waters collected at the two sam-
pling times. The variation could be due to the particle size and clay mineral
composition of the particulates which may have different sorption capabilities
for radionuclides. The particulates filtered from the solution probably only
represent the finest clay fraction of the sediment and amorphous materials.
Mineral characterization of these particulates would be essential to an under-
standing of radionuclide mobilization on these suspended particulates. The
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distribution of radionuclides between suspended particulates and the aqueous
phase of the trench waters are given in Table 5.33 and Table 5.34. These dis-
tribution ratios are not sorption coefficients for the bulk ' sediment and do not
mpresent the total retardation capability of the soil. However, the distribu-
tion ratios-do represent the sorption capabilities of suspended (colloidal?)
particulates and reflect the potential for radionuclide mobility on these parti-
cles vs. transport or dissolved species. The most strongly sorbed species,
without exception, a e 238 u, 239/240 u and 241Am.P P

Table 5.33
Distribution of Radionuclides Between Suspended Particulates and

aAqueous Phase in Water Samples Taken From West Valley, New York, Disposal Site
[(mL/g)(+ 2a Percent))

_

Radionuclide Date Trench 2 Trench 3 Trench 4 Trench 5 Trench 8 Trench 9

90Sr
11/77 2.3 E2 [14) 1.1 E2 14) 9 a El (14) 8.7 El (14) 1.5 El 120) 2.6 E2 14)
10/78 --- 9.6 El 14)- 3.9 El (14) 1.1 E2 (14) 1.1 E2 16) 1.6 E2 14)

238 u 11/77 1.1 E4 (26) 2.3 E4 14) 4.3 E4 (24) 1.8 E3 (14) 2.9 E4 37) 8.4 E4 14)P

10/78 --- 6.0 E3 17) 4.6 E4 (41) 1.8 E4 (14) 3.3 E4 14) 6.3 E4 14)239,24O
Pu 11/77 4.2 E3 (14) 5.5 E4 14) 3.6 E4 (14) 2.4 E4 (14) 3.2 E4 14) 7.2 E4 (26)-

4.4 E4 16) 5.2 E4 (34) 1.6 E4 (16) 4.0 E4 22) 5.5E4(100)10/78 ---
241

Am 11/77 c c c c 2.5 E4 (36) c
10/78 --- c c c 3.2 E4 (57) c22

Na 11/77 d e e e e e
10/78 --- e e e e e-40

K 11/77 2.8 E3 (65) c 2.7 E3 (79) c 4.8 E2 (94) c
1.6 E3 (126) 6.3 E2 (48) c 1.6 E3 (74) 2.4 E3 (86)10/78 ---

57
Co 11/77 d c d d d c

10/78 --- c c d d c60
Co 11/77 8.4 E2 (28) 7.3E2(2.6) 9.0 E2 (14) 4.8 E2 (9.4) 5.6 E3 (22) 2.3 E3 (8.1)

10/78 --- 1.9 E3 (<l) 2.4E3(7.5) 8.1 E2- (19) 3.3 E3 (20) 4.5 E3 (G.7)125
$b 11/77 d d J d c c

!'10/78 --- d c c c cI33
Ba 11/77 d d d 2.9E2(46) e 1.3 E3 (55)

10/78 d e 1.9 E2 (85) 1.7E2(53) 5.5 E2 (68)---
134

Cs 11/77 d 'd e 2.6 E2 (6.1) 7.2 El (42) 7.3 E1 (34)
10/78 d e 9.5 El (24) 7.9 El (33) 1.2 E2 (38)---

137
Cs 11/77 1.4E2(4.0) 7.7 El (1.6) 8.9 El (10) 1.8 E2 (0.6) 5.9 El (2.6) 8.3 El (4.4)'

1.1 E2 (<1) 5.8 El (9.7) 1.0 E2 (3.2). 6.5 E1 (1.6) 1.4 E2 (3.4)10/78 ---.

1

aRatio = Activity in suspended particulates (pct /g)
Activity in aqueous phase (pCi/mL)

b Trench 2 not sampled in October 1978.
cActivity found only in particulate fraction.
dNo activity found in either fraction, i

' Activity found only in the dissolved fraction.

|
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Table 5.34

Comparison of Radionuclide Activity in the 01ssolved Fraction Relative to That in the
Suspended Particulate Fraction in Water gamples Taken From West Valley, New York. Disposal Site

(Ratio (+ 2o Percent)]_

Radionuclide Date Trench 2 Trench 3 Trench 4 Trench 5 Trench 8 Trench 9

90Sr 11/77 1.5E2(14) 2.1 E 2 14) 4.9 E 2 (14 3.0 E 2 3.7 E3 (120) 1.4 E 2 (14)
10/78 -- b 1.1 E 2 14) 7.0 E 2 (14 1.3 E 2 4.6 E2 (14) 2.6 E 2 14)238

Pu 11/77 3.2E0(26) 1.1 E O 24) 1.1 E 0 (24 1.5 E 1 1.9EO(37) 4.6 E-1 la)
10/78 --- 1.8 E-0 (17) 6.0 E-1 (41) 8.1 E-1 14 1.5 E0 14) 6.7 E-1 14)239*240

Pu 11/77 8.3EO(14) 4.4 E-1 (14) 1.3 E O (14) 1.1 E O (14 1.7 E0 14 5.3 E-1 26)
10/78 --- 2.5 E-1 (16) 5.2 E-1 (34) 9.0 E-1 (16 1.3 EO 22 7.7 E-1 (100)241

Am 11/77 c c c c 2.1 E0 (36 c
10/78 --- c c c 1.5 EO (57) c32

Na 11/77 d e e e e e
10/78 -- e e e e e40

K 11/77 1.3 El (65) c 1.7E1(79) c 1.2 E2 (94) c
10/78 --- 6.9 E 0 (126) 4.3 E 1 (48) c 3.1 E1 (74) 1.7 E 1 (86)57

Co 11/77 d c d d d c
10/78 c c d d c---

, 60
Co 11/77 4.2 E1 (28) 3.3 E 1 (2.6) 4.4 E 1 (6.5) 5.8 E 1 (9.4) 9.5 EO (22) 1.7 E 1 (8.1)i

10/78 --- 5.8 E O (<l) 1.1 E 1 (7.5) 1.8 E 1 (19) 1.5 E1 (20) 9.4 E O (6.7)'
125

Sb 11/77 d d d d c c
10/78 --- d c c c c133

Ba 11/77 d d d 9.2 E 1 [46) e 3.0 E 1 (55)
10/78 --- d e 7.7 E 1 [85) 2.9 E2 (53) 7.7 E 1 (68)j 34

Cs 11/77 d d e 1.1 E 2 [6.1) 7.5 E2 (42) 4.6 E 2 33)
10/78 --- d e 1.6 E 2 (24) 6.4 E2 (33) 3.7 E 2 38)j37

Cs 11/77 2.5E2(4.0) 3.1 E 2 (1.6) 5.0 E 2 (10) 1.5 E 2 [<11 9.0E2(2.6) 4.6 E 2 4.4)
10/78 --- 1.0 E 2 (<1) 4.7 E 2 (9.7) 1.4 E 2 [3.2) 7.8E2(1.6) 2.9 E 2 (3.4)

* Concentration of dissolved radionuclide (pCi/L)
Ratio = Activity in suspended particulates expressed as picocuries per liter of water filtered

bTrench 2 not sanpled in October 1973.
Cfctivity found only in the suspended particulates.
"No activity found in either fraction,
eActivity found only in the dissolved fraction.

i

|

|
,

Such fine grained suspended material may be transported through
the geological media at rates equal to that of ground water flow. In hydro-
logic regimes, where flow-rates are controlled by intergranular flow, some of

j this suspended material may be retained via filtration by the solid media.
Where fracture ficw controls ground water movement, radionuclides held on sus-

| pended particles can be transported in greater amounts and greater distances
than predicted by transport modeling, using Kd numbers from laboratory
experiments (seeChapter7).

More attention needs to be focused on the nature of the suspended
material and its role in migration.

(
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5.3.3 Sheffield, Illinois, Disposal Site

5.3.3.1 Field Measurements

In situ measurements made at Sheffield, April 1979, are shown in Table
5.35. The Eh in the two trenches that were sampled are more positive than the

,

trenches at Maxey Flats and West Valley.

The trenches at Sheffield do not have large amounts of water for long
periods of time compared to the other sites.

Water samples for organic analysis were obtained by bailing from wells
536, 513, and 523 (Figure 4.6), and kept cold in amber bottles.

Table 5.35

Field Measurements of Water Samples Taken From <

Sheffield, Illinois, Disposal Site, April 1979

Dissolved SpecificSampling Eh
PN (mV,NHE)a 0xygen Conductance TempeEature

(mg/L) (pmho/cm)
(gLocation

Trench 14 5.0 143 0.3 600 8.5 j
Trench 18A 6.8 181 0.1 1600 10.0
Well 525 7.5 1.9 2.2 51 0 10.0

|
a Field measurements of redox poteotials (Eh) are reported relative to the

| normal hydrogen electrode (NHE).
-

5.3.3.2 Inorganic

! Tables 5.36 and 5.37 summarize the inorganic constituents measured in
the samples from the Sheffield site.

Ammonia analysis was done colorimetrically in both the presence and
absence of air. Figure 5.27 demonstrates the direct correlation between the

| " air poor" and " conventional" colorimetric amnania analysis methods for
. Sheffield, Illinois waters. The waters at these sites have much lower cation!

concentrations and can be readily analyzed by conventional colorimetric methods.

Ferrous / ferric iron ratio was measured in order to more completely
study the chemical systems of these trench waters. Trench 14A was anoxic while
well 525 appeared to be more oxic in nature.

The alkalinity titration curve, Figure 5.28, indicates that trench 18
was a buffered system.
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-Table 5.35

Concentration of Dissolved Non-Metals in Water Samples
Taken From Sheffield, Illinois, Disposal Site, April 1979

5 (mg/L)
,

-
,

Dissolved Trench Trench Well
Component 14A 18 525

. Total Alkalinity

(as CACO ) 200 850 3203
Inorganic Carbon 40 190 70

,

DOC 100 50 3

Hardness (Ca+Mg)
3

(as CACO ) 200 870 330'

3
Residue (180 C) 395 1050 300
Chloride 20 28 13
Nitrogen (N),

(ammonia) 5.1 9.0 <0.1;

Nitrogen (N)
'(N0 + NO -) 0.04 0.38 <0.042 3

Phosphate <0.5 <0.5 <0.5,

Silica 7.4 7.0 14
Sulfate 78 190 47
Sulfide <1 <1 <1

Total Anions
(meq/L) 6.4 22 7.4

I i i i i i

1

' E
E 50 - a BARNWELL 1979 -

o SHEFFIELD 1979

'

40 - -

?
$ 30 - -

| 5

20 - -

il
to - -

I o
i I f I I I t;

| 10 20 30 40 50 so
AMMONIA AS N (mg/L) -(N 0R Ar)2

Figure 5.27. . Correlation between ammonia concentrations determined
in both the presence and absence of air,

i
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Table 5.37

Concentration of Dissolved Metals in Water Samples Taken
From Sheffield, Illinois, Disposal Site, April 1979

(mg/L)

;
'

Trench Trench Well
Metal 14A 18 525

i Barium <1 <1 <1
Calcium 52 190 74
Cesium <0.1 <0.1 <0.1e

; Iron
i Fe2+ 7.5 0.4a 2

Fe3+ 3.4 8 ,

; Lithium (0.1 <0.1 <0.1
Magnesium 17 94 34
Manganese 1.6 1.1 0.15
Potassium 13 72 0.7
Sodium 50 67 35

,

Strontium <0.1 0.6 <0.1
Total Cations

(meq/L)b 7.3 22 8.3
,.

aTotal iron.
b ncludes nitrogen as NH4+.I

4 .,,,,,,,,,,,,,, , , ,,,,,,

* SHEFFIELD,lLLINOIS

'
14 - -

| 12 - ELL S25 -

43
,

10 - -

'
8 - -

6 - -

4 - -

14A
~

WELL $25
-

O 6 12 h k rkt db2 6 0 24 $8
0.IN NoOH o.IN hcl

Figure 5.28. Acid-base titration curves of water samples from
Sheffield, Illinois. -disposal site, April 1979.
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5.3.3.3 Organic Analysis

' Carbon analysis of the Sheffield samples collected April 1979 are
shown in Table 5.38. Wells 536, 513, and 523 were not sampled by the anoxic
procedure, but were bailed. The DOC concentration in trench 14A is somewhat
above background levels, but considerably less than the levels found in
trenches au Maxey Flats and West Valley.

Table 5.38

Concentration of Carbon in Water Samples
Taken From Sheffield, Illinois, Disposal Site

a Total Inorganic Organic
Sampling Collection Carbon Carbon CarbonLocation Date (mg/L) (mg/L) (mg/L)

,

Trench 14A 4/79 140 40 100
Trench 18 4/79 240 190 50

i Well 525 4/79 73 70 3
Well 536 4/79 110 90 20
Well 513 4/79 66 51 15
Well 523 4/79 260 220 40

a Sampling locations correspond to positions indicated ir
Figure 4.6.

The methylene chloride extract of trench 14A water sample did not show
any significant peaks in the GC/MS analysis.

A two orders of magnitude decrease in DOC is observed in water samples
from wells 513, 523, 525, and 535 compared to the values reported in the 1977
survey study (Table 4.14). The DOC levels found in 1977 were higher than ex-
pected for groundwater. A possible explanation is that the wells were contami-
nated with oil that normally coats the surface of new pipes, and that the origi-
nal contamination was washed out of the well.

5.3.3.4 Radiochemical Results for Sheffield, Illinois

5.3.3.4.1 Dissolved Radionuclides

.The activities of dissolved radionuclides in water samples col-
lected at Sheffield, Illinois, in April of 1979 are given in Table 5.39. Tri-

'

tium was the most abundant radionuclide found in the trench waters (6.2 E5
pCi/L, trench 14A). No radionuclides were found in the water from well 525,
and very little activity was detected in trench 18.

111
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Table 5.39

Concentration of Dissolved Radionuclides in Water Samples
Taken From Sheffield, Illinois, Disposal Site, April 1979a

pCi/L ( 20%)

Radionuclide Trench 14A Trench 18 Wejl525

Gross Alpha 8.6 E2 (4.3) <9 <14
Gross Beta 5.6 E4 (<1) 4.5 E2 (7.9) <28
Tritium 6.2 ES (<1) 2.0 E5 (1) <6.2 E2
238 u 1.4 E0 (48) 1.4 EO (58) bP
239,240 u 2.3 E-1 (200) 2.2 E-1 (120) bP

90Sr 2.2 E3 (10) 1.3 E2 (10) b
22 a 1.1 E3 (6.4) N.D.c M.D.N

40K N.D. N.D. N.D.
*

54Mn 2.3 E3 (4.8) N.D. N.D.
60 o 2.3 E4 (1.0) 4.1 E2 (8.8) N.D.C

134 s 1.4 E4 (1.2) N.D. N.D.C

137 s 3.0 E4 (<1) N.D. N.D. 1C

aSaniples filtered through 0.45 pm Millipore filter.
bNot analyzed.

cN.D. = not detected.

5.3.3.4.2 ' Suspended Radionuclides

Analyses not yet completed.

5.3.4 Barnwell, South Carolina, Disposal Site

5.3.4.1 Field Measurements

In situ measurements made at Barnwell, March 1979, are shown in Table
5.40. The Eh's measured in these samples are in an oxidizing range for ground-
waters. Groundwater does not remain in the trenches very long at Barnwell be-
cause of the high soil porosity precluding anaerobic microbial activity.
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!



Table 5.40

Field Measurements of Water Samples Taken From.

Barnwell, South Carolina, Disposal Site, March 1979

Dissolved SpecificSampling Eh
(mV,NHE)a 0xygen Conductance Temp 8raturepHLocation (mg/L) (umho/cm) ( C)

. Trench 3Dlb 5.8 225 0.1 210 13.0'

Trench SD2b 6.6 148 0.8 600 19.0
Trench 6D1 5.9 358 1.3 370 19.5

dTrench 802b c 308 1.5 1400 19.0d
Trench 25/21D1 5.9 538 1.0 550 18.5

a field measurements of redox potentials (Eh) are reported relative to the
normal hydrogen electrode (NHE).

bMeasurements made prior to loss of suction due to presence of insufficient
recoverable water in the trench.

cNo measurement due to equipment malfunction.
d URedox potential (Eh) calculated using an assumed water temperature of 19 C.

5.3.4.2 Inorganic

The results of the inorganic analysis are summarized in Tables 5.41 and
5.42.

.

Sulfide frequently controls some metal concentrations, due to sulfide
precipitation. Analysis for sulfide by electrochemical probes indicated con-
centrations of less than 1 mg/L. Since the waters are oxic there is no reason
to expect sulfide in the water.

Alkalinity titration curves of the trench water samples taken from
Barnwell are shown in Figure 5.29.

.
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Table 5.41

' Concentration of Dissolved Non-Metals in Water Samples Takene

From Barnwell, South Carolina, Disposal Site, March 1979
(mg/L)

Dissolved Trench Trench Trench Trench Trench
Component 802 601 25/21-D1 3D1 502;

1 Total
Alkalinity

(as CACO 3) 600 40 80 100 200
'

Inorganic
Carbon

DOC
Hardness (Ca+Mg)

(as CACO 3) 160 44 66 20 81
4 Residue

(180 C) 650 330 185 80 385a:
Chloride 85 90 42 7 10
Nitrogen (N)

(ammonia) 59 1.4 25 0.3 -b .

'

Nitrogen (N)t

(N02' + N03-) 8.0 23 15 <0.04 <0.1
Phosphate <0.5 <0.5 <0.5 <0.5 <0.5
Silica 6.0 5.8 5.0 4.3 7.6
Sulfate 34 18 56 <5 7

Sulfide <1 <1 <1 <1 <1
'

Total Anions'

(meq/L) 16 4 5.7 2.3 4.4

aFiltered acidified sample.
b nsufficient sample for analysis.; I

;

4
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Table 5.42

Concentration of Dissolved Metals in Water Samples Taken
From Barnwell, South Carolina, Disposal Site, March 1979

(mg/L)

Trench Trench Trench Trench Trench
Metal 802 6D1 25/21-D1 3D1 SD2

i
Barium <1 <1 <1 <1 <1
Calcium 34 16 21 4.0 3.2
Cesium <0.1 <0.1 <0.1 <0.1 <0.1
Iron 1.2 0.4 0.2 0.15 1.5
Lithium <0.1 <0.1 <0.1 <0.1 <0.1
Magnesium 18 1.0 3.3 2.5 3.3

' Manganese 0.72 0.45 0.32 0.24 0.34
Potassium 12 1.4 3.5 1.0 4.6
Sodium 87 29 37 2.3 20
Strontium <0.1 <0.1 <0.1 <0.1 <0.1
Total 12 2.3 4.8 0.55 2.9

Cationsa
(meq/L)

aIncludes nitrogen as NH +.4

i,,,,,,,,,,,,,,,,,,,, ,,,
BARNWELL,50UTH C AROLIN A

1979
14 -

_

12 - 25/2 - i _

10- 8D _.

8- _

6- _

4 -
_

3D1 8022 -

6Di
,

30;, ,2,sppi,,,,,,,b,16,,,,,,,,1 , ,

I2 8 4 rnt 4 8 12 16 20 24 28
o.IN NoOH O.lN hcl

Figure 5.29. Acid-base titration curves of water samples from
Barnwell, South Carolina, disposal site, March 1979,
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The end points of the alkalinity titration curve are sharp for all the
trenches except trench 8D2, which appears to be a more buffered system. This is
also related to the short residence time of ground water in the trenches.

5.3.4.3 -Organic Analysis

Carbon analysis for the Barnwell samples collected March 1979 are shown
in Table 5.43. Only trench water 802 had any significant amount of D0C.

Table 5.43

Concentration of Carbon in Water Samples Taken i

From Barnwell, South Carolina, Disposal Site

a Total Inorganic Organic 1

Sampling Collection Carbon Carbon CarbonLocation Date (mg/L) (mg/L) (mg/L)

Trench 8D2 3/79 300 130 1 70

Trench 6D1 3/79 13 11 2

Trench 25/21D1 3/79 50 38 12
Trench 3D1 3/79 31 24 7 4

_.

8 Sampling locations correspond to positions indicated in Figure 4.7.

5.3.4.4 Radiochemical Results for Barnwell, South Carolina

5.3.4.4.1 Dissolved Radionuclides

The activities of dissolved radionuclides in water samples collected
from the Barnwell site in March 1979 are given in Table 5.44. Trenches SD2 and
8D2 have detectable amounts of beta and gamma emitting radionuclides. Tritium
is the most abundant radionuclide (4.8 E8 pCi/L, trench 8D2) and is present in
all trench waters.

5.3.4.4.2 Suspended Radionuclides

Analyses not yet completed.

.
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Table 5.44

Concentration of Dissolved Radionuclides in Water Samples
Taken From Barnwell, South Carolina, Disposal Site, March 1979a

pCi/L ( 20%)

Trench
Radionuclide Trench 3D1 Trench 502 Trench 6D1 Trench 8D2 25/21-01

Gross Alpha <14 <14 1.6 El (65) <9 <14
Gross Beta <28 4.1 E2 (8.3) <28 7.9 E2 (6.6 1.0 E2 (27)
}r ium 1.2 E4 (6.5) 9.6 E6 (<1) 5.7 ES (<1) 4.8 E8 (<1) 3.7 ES (<1)3 b 1.4 E0 (56) b 1.9 E0 (40) 4.6 E0 (18)u
23 ,240Pu b 1.9 E-1 b 4.6 E-1 1.9 E-1

(200) (110) (200)
90Sr b- 4.2 El (10) b 3.7 El (18) 9.3 E0 (78)
54Mn N. D .c 3.5 El (58) N.D. N.D. N.D. ;
60Co N.D. 1.3 E2 (18) N.D. 2.6 El (69) N.D.
137 s N.D. 1.6 E2 (14) N.D. N.D. N.D.C

aSamnles were filtered through a 0.45 pm Millipore filter. '

b ot analyzed.N

c N.D. = not detected.

5.4 Summary and Conclusions

5.4.1 Objectives of the Analytical Effort

The analytical effort described in this chapter was designed to gather
information pertinent to the following objectives:

Determine concentrations of radionuclides and other chemical speciese

to assess the magnitude and temporal stability of source term input
used in modeling efforts.

Describe the nature of the water systems in the disposal trenches.e

Evaluate the potential for radionuclide migration from the disposale
trenches studied.

5.4.2 Interim Conclusions
|
|

No overall systematic changes in the Maxey Flats and West Valley dis-e
posal sites were observed during the brief sampling interval. How-
ever, changes in some radionuclide and cation concentrations were ob-
served in several trenches. This may be the result of random break-
ing of drums and other buried containers.
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e To date only one sampling has been performed at the Barnwell, and
Sheffield, disposal sites, whereas, the Maxey Flats and West Valley
facilities were sampled more extensively over the duration of the
program. The water regimes at these sites are oxic relative to the
Maxey Flats and West Valley facilities. More detailed conclusions
must await the results of further sampling and analysis,

e Tritium was the most abundant of the radionuclides and was found in
all the trench waters. Chemically bound as HTO, tritium would be
the most mobile radionuclide.

90 r, 238,239,240Pu and 137Cs were found as dissolved species in allSe
trench waters and sorbed on suspended particulates at Maxey Flats and
West Valley.

e Trench waters are complex anoxic chemical systems which require more
extensive investigation to assess their role in radionuclide reten-
tion and mobilization.

e Numerous organic compounds were identified in the trench waters at
Maxey Flats and West Valley, some of which have the potential for
chelation with radionuclides (e.g., Tributyl phosphate, Methyl
Isobutyl ketone, phthalates, aniline, cyclohexylamine, etc.).

e The presence of radionuclides above background in wells UB1 and
VB1-A together with organic compounds that are also found in nearby
trenches indicates communication between the wells and trench water
leachates, and that migration of radionuclides from trenches has
occurred.

e The two orders of magnitude decrease in DOC in well waters from
Sheffield between 1977 and 1979 indicates that the previously
suspected contamination from the chemical disposal site adjacent
to the radioactive disposal site may not be a problem.

5.4.3 Comparison With 10CFR20, Appendix B, Table II

Radionuclides measured as dissolved species in trench waters may be com-
pared to the standard in-10CRF20, Appendix B, Table II. However, it is under-
stood that the waters in the trenches are not releases and that the standards
apply only to releases to an unrestricted area. In this context, Table 5.45
lists in a general way trencher at the disposal sites whose measured concentra- ,

tions of radionuclides exceed the limits for unrestricted relecse. I
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Table 5.45.
|

| Trenches Containing Dissolved Radionuclides Exceeding
i the Standard in 10CFR20, Appendix B, Table 11
i

!

f Disposal Site
i

'

Radionuclide Maxey Flats West Valleyb Sheffieldc Barnwellda

2

Tritium All All None SD2, 802
; 241 m 37 None None NoneA

134 s None None None NoneC,

: 137 s None 2, 3, 5, 14A NoneC

8, 9
| 60 o None 3 None NoneC

90 r All All 14A NoneS
.

238 u 2, 19S, 26, 8 None NoneP

27, 32,
33L-18

239,240 u 19S None None NoneP

aTrenches at Maxey Flats in Talbe 5.14: 2, 7, 18, 19S, 26, 27, 32, 33L-4,
33L~-9, 33L-18, 37.'

j b renches at West Valley in Table 5.30: 2,3,4,5,8,9.T
t cTrenches at Sheffield in Table 5.39: 14A, 18.

d renches at Barnwell in Table 5.44: 3D1, SD2, 6D1, 8D2, 25/21-D1.: T
1

:

f

i

!

i
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t

1

l

!

i
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6 MICROBIOLOGY
,

(A. J. Francis, S. Dobbs, B. Nine, and R. F. Doering)!

6.1 Introduction

This chapter addresses the potential problem of novement of radionuclides
out of the low-level trenches by microbial activity.

' ow-level radioactive wastes buried in the comirercially operated shallow.

land iisposal sites contain solids and liquids generated from fuel-cycle and
non.;uel cycle sources. In general, much of the wastes consist of organic mate-
rials such as contaminated paper, clothing, plastics, packing materials, cleanup
solutions, and radioactive carcasses of experimental animals.

Microorganisms play an important role in the decomposition of natural and
man-made organic materials and are responsible for the transformation of various
elements in nature. However, there is very little infonnation on the microbial
activities of the low-level radioactive wastes in relation to long term storage,

disposal, and possible release of radioactivity in the biosphere.

The objectives of this study are: (i) to enumerate the abundance and dis-
tribution of microorganisms active in the trench leachates, and (ii) to deter-
mine the effects of various microbial processes on the transformation and migra-
tion of the buried radionuclides from the trenches into the environment. This+

report describes the abundance, distribution, and growth of microorganisms in
the waste leachates containing a variety of radionuclides and organics and pre-
liminary data on the degradation of organic constituents of the leachates.

It was found that: (i) aerobic, and anaerobic bacteria, sulfate reducing,
denitrifying, and methanogenic bacteria are present in the leachate samples,
(ii) the bacteria identified are Bacillus sp. , Pseudomonas sp. , Citrobacter sp. ,
and Clostridium sp., (iii) mixed bacterial cultures isolated from the trench
leachates are able to grow anaerobically in trench leachates, which indicates
that the radionuclides and organics present in leachates are not toxic to these
bacteria, (iv) the organic conpounds in the leachates are utilized by the
bacteria as a carbon source for growth, (v) preliminary studies on the anaerobic
degradation of organic compounds of the leachate sample indicate that several
of the organic compounds are being both synthesized and destroyed by these bac-
teria, and (vi) methane bacteria present in the leachate samples produced
appreciable amounts of tritiated and carbon-14 methane from the leachates.

Work was initiated on microbial generation of tritiated- and carbon-14 :

methane fran trench .leachates.

6.2 Enumeration of Bacteria in Trench Leachate Samples

Water leachate sanf es from trenches at Maxey Flats, Kentucky; West Valley,l
New York; Sheffield, Illinois; and Barnwell, South Carolina disposal sites were

.

collected under anoxic conditions in sterile nitrogen-filled 100-mL serum bot-
ties, packed in ice, and shipped to BNL. The bacterial populations were enumer-
ated within 24 hours after sample collection.
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Total aerobic and anaerobic bacterial populations were determined by the
pour-plate technique using tripticase soy agar. Tenfold serial dilutions of
trench water were made in 90-mL sterile distilled water blanks in stoppered se-
rum cattles, previously flushed and filled with N . The dilution agar plates2
were incubated aerobically or anaerobically at 28 C for up to 2 weeks. Anaero-
bic incubation was achieved by using anaerobic jars with disposable gas genera-
tors and anaerobic indicators (BBL Gas-pak 150, anaerobic system, Bioquest,
Cockeyville, Maryland).

Denitrifying bacteria were determined by the most-probable-number (MPN)
technique using nitrate broth as described by Focht and Joseph.(1) The aeni-
trifiers are responsible for the reduction of nitrate and nitrite in the pres-
ence of an adequate supply of available organic compounds under anaerobic cond-
itions. The end products of biological denitrification are N 0 and N -2 2

Sulfate-reducing bacteria were det
reduced anaerobically sterilized (PRAS)yrmined by the MPN technique using pre-(2) sulfate API broth (Difco, Detroit,
Michigan) prepared in 9-mL volumes in 20-mL serum bottles. Inoculations and
dilutions were carried out simultaneously as described in the Difco technical
information supplement No. 0233. Vials were incubated at 28 C for 1 to 3 weeks
and examined daily for blackening of the medium. Sulfate-reducing bacteria
convert the sulfate to sulfide which reacts with ferrous ion and gives a black
color. These bacteria are active in the corrosion of iron and aluminum alloys,
desulfurization of oil, and deposition of mineral sulfides. An anaerobic envi- (

ronment with hydrogen or an adequate supply of organic materials is required for
efficient reduction of sulfate.

Complex organic materials in soils can be degraded by microorganisms to

simple organic acids, 3,9,5).h2, H2S, CO2, and CH (alqohqls, aldehydes, ketones, esters, and gases such as4 In anaerobic environments, the methane-producing
bacteria are the terminal organisms in the microbial food chain. Organic acids,
alcohols, H2, and possibly other simple organic compounds serve as energy
sources for them. Methanogenic bacteria were determined by the MPN
measuring the production of methane in a PRAS modified medium. (6,7) technique byThe compo-
sition of the medium used in this study is given in Table 6.1. Inoculations and
dilutions in 9 mL of media in aluminum sealed tuber |Rell(e Glass Co., Vineland,New Jersey) fitted with butyl-rubber septum-lip stoppers were carried out in
the same manner as described for sulfate-reducing bacteria. The inoculated me-
dia was incubated at 28 C in an atmosphere of 80% H2 and 20% C0 . After 4 weeks2
incubation, the presence of methane in the head space was determined by gas
chromatography. A Perkin-Elner model 3920 gas chromatograph equipped with a
flame ionization detector and fitted with 3.7-m x 3.2-mm i.d. stainless steel
column, packed with Porapak R (80/100 mesh) was used. The operating tempera-
tures of the injector, column and detector were 150 C, 60 C, and 250 C, respec-
tively.

The population distribution of aerobic and anaerobic bacteria, denitri-
fiers, sulfate-reducers, and methanogens in the trench water and well water
samples are given in Tables 6.2 and 6.3. The number of aerobic and anaerobic
bacteria is expressed as colony forming units (CFU). The denitrifier popula-;

| tions are much higher than the sulfate-reducers and methanogens.

't
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Table 6.1

Composition of Media for Culturing Methanogens

Component Amount

KH PO4 0.75 g2
K HPO4 1.45 g2
NH Cl 0.9 g4
MgCl 6H O 0.2 g2 2
Na2003 2.0 g
Na2 *9Hg0 0.5 g5
L-Cystetne hydrochloride 0.5 g
Trypticase peptone 2.0 g
Yeast extract 2.0 g
Sodium formate 2.0 g
Sodium acetate 2.0 g
Trace mineral solutiona 9 et
Resazurinsolution(0.1%) 1 mL
Oistilled H2O 1,000 nt

3 Composition of trace mineral solution per liter distilled
water (adjusted to pH 7.0 with KOH): nitrilotriacetic acid.
4.5g; FeCl2 *4H20. 0.4g; MnC12 4H2 , 0.lg; CoC1 6H 0, 0.17 ;0 2 2 9
Incl , 0.19. CaCl , 0.02g; H B0 , 0.0199; and Na2 o0 2H 0,M2 2 3 3 4 20.01g,

i

I

Table 6.2

Population of Bacteria in Leachate Samnles
From Low-Level Radioactive Waste Disposal Sites

Sample Collection Aerobic Anaerobic
Oate CFU/rt CFU/rt

Maury Flats

Trench 2 7/77 1.2 x 103 1.0 x 102
26 7/77 4.7 x 103 4.1 x 102"

32a 7/77 4.8 x 104 1.2 x 104"

195 5/78 2.2 x 102 3.2 x 102"

Well UB1-A 5/78 3.4 x 103 N.D.b

West Valley

Trench 3 10/78 5.0 x 104 4.0 x 103
4 10/78 2.3 x 103 3.3 x 103"

5 10/78 1.6 x 103 3.5 x 102"

8 10/78 1.4 x 103 7.6 x 102"

9 10/78 5.0 x 102 7.3 x 103"

Barnwell

Trench 802 3/79 2.0 x 108 1.0 x 104
601 3/79 3.3 x 103 1.3 x 102"

*25/21-01 3/79 3.5 x 104 2.2 x 103
301 3/79 1.5 x 105 1.2 x 103"

Sheffield
Trench 14A 4/79 1.7 x 105 4.4 x 104

18 4/79 7.1 x 102 6.9 x 101"

Well 525 4/79 6.3 x 102 4.2 x 102

aSample analyzed 7 days after collection.
b .O.- Not detected.N

123



,

Table 6.3

Population of Denitrifying, Sulf ate Reducing, and
Methano9enic Bacteria in Leachate Samples From

Low-level Radioactive Waste Disposal Sites

_

Sample Collection Denitrifiers Sul f ate-Reducers Methanogens

Date MPN/mL MPN/mL MPN/mL

.

Maxey Flats
0

i Trench 19S 5/78 3.3 x 101 4.0 x 10 4.9 x 1002 N.D.a 1.0 x 10Well UB1-A 5/78 4.6 x 10

West _ Val _ ley

Trench 3 10/78 1.3 x 10 7.0 x 10 2.3 x 1014 1

4 10/78 2.3 x 10 4.9 x 10 1.7 x 1003 2"

2 I N.D.5 10/78 3.3 x 10 1.1 x 10"

8 10/78 7.9 x 10 1.7 x 10 1.0 x 1002 2"

2 2 4.5 x 1009 10/78 1.3 x 10 3.5 x 10"

Barnwell ;

Trench 802 3/79 2.3 x 105 1.1 x 100 0.8 x 100
6D1 3/79 1.1 x 1 3 N.D. N.D."

"25/21-01 3/79 1.3 x 1 1.3 x 102 0.2 x 100 3

301 3/79 5.4 x 10 N.D. N.D."

Sheffield
Trench 14A 4/79 2.4 x 105 N.D. 0.2 x 100

". 18 4/79 9.5 x 102 4.9 x 101 N.D.

Well 525 4/79 1.7 x 103 2.3 x 100 N.D.

aN.D.- Not detected.

6.3 ' Identification of Bacteria

| On the basis of differences in colony morphology, several colonies of bac-
1. '

teria were isolated from the aerobic and anaerobic agar plates from Maxey Flats
and West Valley samples. Tentative identification of some of the isolates wasI

,

made with the aid of Bergey's Manual 9f) Determinative Bacteriology,(8) (accord-ing to Willis,(9) Holdeman, and Moore (2 ), descriptive keys included with the
The

BBL-Minitek differentiation sets, and the Roche Oxi/ fern and Enterotubes- .los-bacteria identified were Bacillus sp, Pseudomonas sp, Citrobacter sp,
'tridium sp. Several aerobic gram negative isolates with different b'(Th e. s

properties were present but not identified. The radienuclides and tn, crg it
i a

'

. compounds present in the trench leachate may be acting as mutagen c agt -
these bacteria. The following isolates 26E1, 26E5, 32E2, and 32E3 were iw.iti-
fied as Bacillus sp; 26E2, 26E3, 26E4, 32E6, 32E100, 2El, 2E2, and 2E3 as
Pseudomonas sp; and 32E101 a's Citrobacter sp (Table 6.4). The strict anaerobes'

listed in Table 6.5 were identified as Clostridium sp.
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l Table 6.4
i

Characteristics of Bacteria Isolated From Water Samples

Taken From Maxey Flats, Kentucky, Disposal $tte

Isolate Number

Trench 26 Trench 32 Trench 2
Characteristic,

; 26El 26E2 26E3 26F4 26ES 26E6 32E1 32E2 32E3 32E5 32E6 32E!D0 32EIDI 2E1 2E2 2E3
|

-

MfCromorphol0Gf!

Gram stain + - - - + + + + - - - - - - -

aCell morphology R R R R R R R R R R R R R R R R

Spores + ND ND ND + ND + + + ND ND ND ND ND ND ND
+ - - - - - + + - + + + - + -Mottlity -

Biochemical reactions:
Daidose + + + + - - + + + - + + - + + +

Citrate + - + + - - + + - - + + + + + +

bNitrates reduced den den den den - - den den den . . + + + + +

Methyl red + - - - - - - - - - - - + - - -

Destrose - aerC aer aer + - ND - - - - + + aer + +

Maltose - - + + + - + - - - - + ND - + +

HI ~ * * * * * * * * * * * * * * *

2
Indole - - - - - - - - - - - + - - + +

z
u ,i.se . . . . . . . - - - . . . - . .

Lysine decarboxylase NDd - - - - - ND ND - - - + - - + +

Gelatinase - - - - + - + - - - - + - - + +

aR, rods
bden, denitrified
c aer, aerobic degradation
d ND, not deterin!ned

Table 6.5

Blochemical Reactions of Strictly Anaerobic Bacteria Isolated
from Water Samples Taken From Maxey Flats Kentucky and

aWest Valley, New York, Disposal Sites
j

I

!$olate Numter

! Maxey Flats, Kentucky West Valley, New York
l

l Trench 26 Trench 32 Trench 19S Trench 3 Trench 8*

Test 26-5 26 9 32-3 32E7 195-11 195-13 195-14 35 7 35E2 35-10 35E3 38-4 38-5 38-6

Dextrose - - - + - + + + + - - - - -

Maltose - - - - - + + + - - - - - -

|
Xylose - - - - - - + + - - - - - -

Lactose - - - - - - - + - - - - - -

! Nitrates reduced - - - - - - - + - - - - - -

I Esculin - - + - - - - + - - - - - -

! Glycerol - - - - - - - + - - - - - -

bCooked meat media D.B D D d D d,g o d d D.B D DB B D

a All strains are spore forming rods; digestion; grow aerobically.d, slow digestion; o, gas; B, blackening; o, no reaction.will not
b Reactions on cooked meat media: D.

,

t
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6.4 Growth of Bacteria in Trench Leachates

Although aerobic, anaerobic, and facultative organisms are present in the
trench leachates, it is not known which of these organisms are actively growing
in the trenches. To distinguish and isolate those organisms that are capable of
growth in the trench leachate from those organisms that are dormant or not ac-

i tively growing,1 mL of the raw trench leachate sample from Maxey Flats trenches
.

I

I! 26 and 32, and West Valley trenches 3 and 5 were added to 50 mL of the respec-
tive filter sterilized trench leachates. The inoculated samples were incubated

i anaerobically (BBL Gas-Pak anaerobic system) at 28 C. At periodic intervals, 1-

| mL aliquots were removed from the enrichment cultures and transferred to their
i respective filter sterilized trench leachates. After a few days, the inoculated

trench leachate samples turned cloudy indicating bacterial growth. Several days,

| after incubation, the leachates turned black indicating the possible formation
| of metal sulfides. Microbiological examination of the leachate samples revealed
! the presence of a mixed bacterial population in all of the leachate samples.

A detailed study was undertaken to determine the growth of bacteria in un-
diluted filter sterilized trench leachate and trench leachate supplemented with

i mineral salts. For this purpose, 0.5 mL of a 7-day old mixed culture from Maxey
Flats trenches 26 and 32, and West Valley trenches 3 and 5 were used to inocu-
late 100 mL C the respective filter sterilized trench leachate with and without

ymineral salts. The composition of the mineral salts is given in Table 6.6. The
inoculated samples were incubated at 28 C in anaerobic jars. At periodic inter-

| vals 1 mL aliquots were removed from each culture flask and the bacterial popu- ,

| lations were enumerrced by the serial dilution agar pour plate method. Tri pii-

| cate plates of trypticase soy agar medium were used for each appropriate dilu-
tion series, and the plates were incubated anaerobically at 28"C for 3 days.
The bacterial populations were enumerated after 3 days, and the results are ex-
pressed as colony forming units /mL (Figures 6.1 to 6.4). Addition of mineral
salts to the leachates had some influence on the growth of bacteria, but not to
the extent that it is a major growth limiting factor for the bacteria. Oi. the
basis of colony morphology, there appear to be three to five types of colonies.
However, there may Se more types of bacteria present that were not distinguish-
able by colony morphAgv alone.

These results indicate that: (i) microorganisms are present in the trench
leachates, (ii) they are able to grow under anoxic conditions using the nutri-
ents present in the leachates, (iii) the organic compounds present in the leach-
ates are not toxic to these bacteria, and (iv) the radionuclides present in the
leachates are not lethal to these bacteria.

6.5 Effect of Radionuclides on Trench Leachate Bacteria
!

| The radioactivity of the waste in the trenches is several orders of magni-
| tude higher than the levels of activity detected in the trench leachate. In
| addition to radianuclides, a variety of low molecular weight organic acids and
'

alcohols are present in the leachates. The presence of these organic compounds
is primarily due to the microbial decomposition of complex organic materials
under anaerobic conditions. Although aerobic and anaerobic bacteria have been
detected in the leachate samples and have been shown to be metabolically active, .

it is not known whether these bacteria can grow in the presence of highe- levels
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! Table 6.6
.

4

! Composition of Mineral Salts Medium

; Component Amount

i
a

1 (NH)2 SO4 0.45 g4
Nacl 0.9 g

] MgSO 7)l 0 0.18 g4 2j

CaCl .2il 0 0.1 g
! 2 2

Nii C1 0.5 g4
Kl! P04 1.5 g

2
KgitP04 2.2 g
Distilled Water 1000 mL4

pil 7.2

f

of radioactivity. Therefore, the threshold level of radioactivity beyond which
the trench water bacteria cannot survive or contribute to the degradation of the
buried wastes was determined. For this purpose, a mixture of radionuclides con- g

60 o, 85 r, and 134,137Cs was prepared in 0.5 M_ hcl and added tosisting of C S
2

gryth media to give total activity concentrations of 2.6 x 10 pCi/mL, 2.7 x4 510 pCi/mL, 2.7 x 10 pCi/mL and 2.7 x 10 pCi/mL. Uninoculated media contain- 3'

|
ing radionuclides were acidified with 10 mL of 6 M hcl and were standardized by
gamma ray analyses using a Gc(Li) detecter and muTtichannel analyzer system. ,

iThe levels of each isotope added to the bacterial growth media are shown in
Table 6.7. One milliliter of a 4-day old mixed culture of bacter from Maxeyi

Flats trench 32, grown in filter sterilized trench leachate, was used to inocu-
late 50 mL of medium in 300-mL nephlo flasks. The medium consisted of NH N034
0.5 ; MgS0 7110, 0.29; Nacl, 0.2g; CaCl 2110, 0.0E0; FeS0 +7H 0, 0.005g;9 4 2 2 2 4 2

Table 6.7
1

Levels of Radionuclides Added to Bacterial Growth Media;

Isotope Activity (pCi/mL)

60Co 1.1 x 102 1.0 x 103 1.1 x 104 1.1 x 105
2 1.4 x 103 1.4 x 10485 0Sr 8.9 x 10 1.3 x 10

134Cs 3.8 x 101 3.9 x 102 3.4 x 103 3.4 x 104
137 s 1.0 x 102 1.2 x 103 1.1 x 104 1.1 x 105C

Total 2.6 x 102 2.7 x 103 2.7 x 104 2.7 x 105

|
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(NH4)2SO4, 0.4g; K HP0 , 4.89: KH P0 ,1.29; dextrose, 5.0g; yeast extract,2 4 2 4
2.5g; and distilled H20, 1000 mL. The growth of bacteria was monitored by
measuring the optical density at 525 nm in a Spectronic-20 spectrophotometer.

The effect of a mixture of the radionuclides on the growth of a mixed
culture bacteria isolated from trench 32 at Maxey Flats is shown in Figure 6.5.
There is no significant difference in effect on the growth of bacteria between
the control,3containing no radionuclides, and the media, containing 2.6 x 102' and 2.7 x 10 pCi/mL of radioactivity. The levels of radionuclides added to
these bacterial growth media were of the same order of magnitude as those
radionuclides found in Maxey Flats trench leachates. At a concentration of
2.7 x 104 pCi/mL the growth of bacteria was inhibited, and two distinct
growth curves were observed. This is probably due to selection of radio-
resistant strains or mutants of bacteria. However, growth of bacteria was
completely inhibited at 2.7 x 105 pCi/mL of radioactivity.

. i i . , i

1.4 -e CONTROL -

2o 2.6 x10 pCi/mi, ,
3a 2.7x lO pCi/ml

1.2 o,e 2.7 x 104 pci/ nl
~

5* 2.7 x 10 pCi/mi~

E

||.O - -

m
~

a

[0.8 - -

a
d - :
O O.6 - -

3
2
$0.4 - -

o

0.2 - -

O * * * ; *
, , , , ,

O 10 20 30 40 50 60 70
HOURS

Effect of 60 o, 85 r, and 134,137Cs on growth of mixedFigure 6.5. C S

culture bacteria from trench 32 at the Maxey Flats, Kentucky, Dis-
posal Site.
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6.6 Microbial Degradation of Organic Compounds Present in Trench Leachates
t

The organic compounds present in the leachate samples may play a major
role in the transport of radionuclides by leaching, solubilirtion, and forma-
tion of organoradionuclide complexes. For example, chelating cents such as

.

60 o from radioactive waste dis- |EDTA have be(n 5eported in the transport of
C

posal sites. 10 Several organ 4 acids from the decomposition of organic

materials are(involved in the sold 'lity and leachability of heavy metals inforest soils. Ill Microbial degradation of the organic constituents of the
,

! waste under anaerobic conditions results in the production of gases such as
carbon dioxide, hydrogen, methane, and several organic acids and alcohols'

which may influence the mobility of buried radionuclides. The chemical and
biclogical stability of the synthetic (decontamination agents), naturally
occurring and microbiologically synthesized complexing agents, and the radio-
nuclide complexes are among the critical factors which determine the mobility
of the radionuclides from the burial environment into the biosphere. Lack of
such information often complicates studies that deal with prediction of soil
retention characteristics of radionuclides. Furthermore, a comprehensive
information on the behavior of the contaminated organic compounds in the dis-

;

posal environment may aid in the formulation of guidelines that will either
, restrict or allow certain kinds of compounds for shallow-land disposal.
;

i Although microbial degradation of organic materials in anaerobic environ-
ments proceeds albeit slowly, it is not clear which of the organics found in -!

the leachates.are further degraded and the extent of decomposition. For this;

j purpose, leachate samples collected from trenches 26 and 32 at Maxey Flats were
~ filter sterilized. A mixe<1 culture bacteria isolated from each of trenches 26
; and 32 was used to inoculate 100 mL of the respective filter-sterilized trench
j waters, in serum bottles filled with N - Uninoculated, filter-sterilized2

control samples were incubated under identical conditions. After 30 days of<

: incubation at 28 C, the inoculated and the control samples were analyzed for
! the organic constituents by gas chromatography and mass spectrometry as de-

scribed in the organic analyses section of this report (Appendix D). The
changes in concentration of several organic constituents due to microbial ac-
tion are shown in Tables 6.8 and 6.9. Changes in concentrations of severalt

acidic compounds were observed in both the leachate samples. However, little
degradation of tributyl phosphate and a-terpineol were observed. These com-
pounds may play an important role in the transport of radionuclides. Several 1;

of the low molecular weight organic acids are formed due to breakdown of com-
; plex organic materials and are further metabolized by microorganisms; hence

these compounds are in a dynamic state being both synthesized and destroyed.

6.7 Microbial Generation of Tritiated and Carbon-14 Methane from Trench'

Leachates

H !
Radioactive gaseous compounds such as CH3T, HT0CH , and other 14

T, other tritiated

C0 , 14 4 C hydrocarbons have beenhydrocarbons, 85 r, 222 n, 14K R 2
detected coming from burial trenches at West Valley, N.Y.(12,13) Of these,
tritiated methane is one of the most abundant; it has been estimated that one
tenth to two curies per year of CH3T is released to the environment from vari-
ous trenches at West Valley.(13)
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i Table 6.8

Anaerobic Degradation of Organic Compounds Present in
Maxey Flats Trench 26 Leachate Sample by a Mixed Culture Bacteria

Initial Change in
Concentration Concentration

Compound (mg/L) (%)

2-Methylpropionic acid 3.5 + 31
2-Methylbutanoic acid 19 + 16
Valeric acid 4.6 - 100
C6 acid (unidentified)a N.Q.b + 5.8
C6 acid (unidentified)a N.Q. + 3.6
Ilexanoic acid 1.8 - 100
2-Methylhexanoic acid 1.3 + 8

Cresol 1.8 + 11
4C8 acid (unidentified)a N.Q. -

C8 acid (unidentified)a N.Q. - 0.5
Benzoic acid 1.1 0
Phenylacetic acid 1.4 7-

Phenylpropionic acid 1.2 - 100
a-Terpincol 0.16 - 6

aPercent change in concentration was determined on the basis of the
ratio of the compount th the internal standard.

b .Q. = Not Quantified.N

I4Although much C-compounds
and production of js known gout the microbial metabolism ofCO2 and CH4, very little is known about the microbial
generation of tritiated methane.

Since methane bacteria were detected in several of the leachate samples,
the ability of methanogens ta produce tritiated methane from trench leachate
containing tritium and other radionuclides and from synthetic media containing
tritiated water was investigated. For this purpose, a mixed methanagenic bac-
terial culture was isolated from Maxey Flats trench 19S leachate sample. Trench
water aliquots of 30 mL each were transferred to sterile stoppered 60-mL serum
bottles filled with 85% N2,10% C02. and 5% H2 or with 80% H2 and 20% CO2 They
were incubated (a) as is, (b) inoculated with mixed methanogenic culture, or (c)
with 10% formaldehyde to prevent bacterial growth (control). The rates of meth-
ane production by the uninoculated and inoculated samples incubated in the N2 +
C02 + H2 and CO2 + H2 atmospheres are shown in Figure 6.6. At the conclusion of
the experiment, the gas samples were analyzed for the presence of carbon-14 and
tritium activity in the methane fraction. The samples incubated under H2 + CO2
produced more methane with higher 14

2 (Table 6.10)4 and CH T activity than the samples incu-
CH 3Furthermore, significant quantities ofbated under N2 + CO2+H .
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Table 6.9

Anaerobic Degradation of Organic Compounds Present in
Maxey Flats Trench 32 Leachate Sample by a Mixed Culture Bacteria

Initial Change in
Concentration Concentration

. Compound (mg/L) (%)

2-Methylpropionic acid 5.9 2-

2-Methylbutyric acid 21 - 52
3-Methylbutyric acid 9.9 0
Valeric acid 5.5 + 27
2-Methylpentanoic acida N.Q.b - 24
C6 acid (inidentified)a N.Q. - 27
Phenol 1.1 - 27
Hexanoic acid 5.1 - 45
2-Methylhexanoic acid 3.0 - 10
Cresol (isomers) 3.9 - 21
C8 acid (unidentified)a N.Q. - 13
Benzoic acid 1.9 - 26
Octanoic acid 1.9 - 21
Phenylacetic acid 3.8 - 50
Phenylpropionic acid 9.3 - 53
Phenylhexanoic acid N.Q. - 11
u-Terpineol 0.26 - 12 i

Tributyl phosphate 0.24 0

aPercent change in concentration was detennined on the basis of the
ratio of the compound with the internal standard.

b .Q. = Not Quantified.N

tritiated methane were produced from synthetic media containing 2 mci of tritium
as HT0 or CH TC00Na (tritiated acetate). The levels of tritium used in this2study had no apparent effect on methanogenesis. Although the same levels of
tritium as HT0 and tritiated acetate were added to the media, increased levels
of tritiated methane were produced from media containing tritiated acetate (Fig-
ure 6.7). This is due to preferential utilization of acetate by methanogens in
the biosynthesis of methane. In nature, acetate is converted to methane via a
reaction in which the methyl group is reduced to methane while the carboxyl
group is oxidized to CO2 and H20. There was no detectable direct chemical ex-
change of tritium from HT0 to CH4 in incubation bottles containing uninoculated
media, sterile methane, and 1.4 mci of tritium as HTO. The mechanism of incor-
poration of tritium from HT0 to the methane fraction is not clearly understood.
Nevertheless, tritium may exchange with hydrogen atoms of the organic compounds,
such as acetate, or the bacteria are able to use tritium or hydrogen from water
in methane biosynthesis by e'nzymatic reactions.
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Figure 6.6. Microbial generation of methane from Maxey Flats trenc' 195 leach-
ate (a) gas phase 85% N , 10% C02 and 5% H ; (b) gas phase 801. H2 and 20% C0 ;2 22
0 - inoculated with mixed culture methane bacteria; 9 - uninoculated raw trench
leachate.

Table 6.10

Microbial Production of 14CH4 and CH3T From
Maxey Flats Trench 19S Leachate Sample

Total Activity (pCi)

Methane Produced
Samplea (nmol) 14CH4 CH3T

Control 980 0.5 0.03

Inoculated
(N2+CO2+H) 18,000 0.59 1.02

' Inoculated
(C02+H) 68,000 12 572

| a30 mL of trench leachate in 60-mL bottle.

,
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Figure 6.7. Microbial production of tritiated methane from HT0 and tritiated
)

acetate (CH2TC00-). Methane production from 0, control; o , 2 mci HT0; and a, 2
mci tritiated acetate. Tritiated methane production from e, 2 mci HT0; and A,
tritiated acetate.

Various microbial processes may bring about changes in the forms of ra.dio-
nuclides, such as oxidation-reduction reactions, solubilization, leaching, for-
mation of radionuclide complexes of microbial metabolites, and degradation of
organic components of the waste including chelating agents. The finding of ac-
tive microflora in the trench leachates suggest that they may play a significant
ro % in the transformation of radionuclides and the organic constituents of the
waste, and thus affect the long-term storage, mobility and migration of radionu-
clides from the waste disposal sites into the biosphere.
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7 GEOCHEMICAL CONSIDERATIONS
(K. Czyscinski)

Introduction

The migration and retention of radionuclides is largely a geochemical prob-
lem involving the interaction of local radionuclide-bearing groundwaters with
the solid components of the geological media. An important aspect of these pro-
cesses is the ability of the solid phases to selectively remove radionuclides
from the water, the property loosely referred to as sorption. Investigations

of the sorption process have numbered in the hundreds and involved both labora-
tory and field studies. The review by Ames and Rai(1) illustrates the magni-
tude of this effort over the years.

The present study is unique in that site specific materials are used in the
laboratory experiments. Waters collected from commercial shallow land burial
trenches are used as the aqueous phase in the sorption experiments. The solid
phases consist of samples of the lithosphere, also taken from these disposal
sites, at depths comparable to the trenches. Using these materials offers the
opportunity to perform laboratory experiments which duplicate the actual field
conditions as closely as possible. In addition to these laboratory studies,
cores taken from beneath disposal trenches at various sites, (as part of the
U.S. Geological Survey modeling studies) are also to be analyzed in terms of
their radionuclide content. The efficiency of the geological media in retard-
ing radionuclide migration can be directly determined by analysis of these
cores. In addition, the mechanisms which control sorption results observed in
laboratory experiments can be checked by looking for confirmatory evidence in
the trench cores. Such a combination of laboratory experiments with field
verification has seldom been reported in the open literature.

Some important information of direct concern in NRC licensing functions can
be obtained from this study. Results from this study will have direct bearing
on the following aspects of shallow land burial:

1) designing useful, reliable, testing procedures (such as batch vs. col-
unn tests) for measuring sorptive behavior which are in turn used in selecting
potential disposal sites, and in modeling studies,

2) establishing siting criteria for future disposal sites, based on
mineral-pore water-radionuclide associations which will maximize retention by
the geologic media,

3) designing burial procedures, such as using trench lining materials, in
order to improve the retention capacity of the geological media.

The geological media of any potential disposal site would require testing to
detennine its sorptive characteristics as a part of any site evaluation study.
Modeling efforts also require information of this kind. An extensive literature
exists on " batch" and " column" tests, but critical comparisons of the two meth-
ods are not common. The majority of studies use only one procedure. Performing
batch and column tests with the same starting materials offers a unique oppor-
tunity for critical comparison. Furthermore, the radiochemical analysis of the

!
1
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trench cores offers an opportunity to compare laboratory results with the field
situation. This is the ultimate test of these procedures in terms of their pre-
dictive application.

Proper site selection criteria are of concern for the obvious environmental
contamination problems. The host geologic media must be selected, not only with
respect to favorable hydrologic and tectonic conditions, but also based on geo-
chemical considerations. The environment in and around the trenches should be
maximized in terms of mineral-pore water associations favorable to radionuclide
retention. These associations can be identified by the closely interrelated
approach described, and the information applied as a predictive tool in other
similar geochemical environments.

The number of potential disposal sites will be limited due to restrictions
imposed by hydrogeologic, tectonic, and socio-political considerations. Sites
which satisfy these requirements may not have optimum mineralogical properties
for radionuclide retention. Such sites could be " engineered" by adding materi-
als to the trenches during construction to enhance radionuclide retention. The '

selection of proper materials for use as trench liners also requires knowledge
of favorable mineral-pore water-radionuclide associations. Again, the results
of a closely interrelated laboratory and field study are critical in this
respect.

This chapter describes previous work concerning sorption experiments, cur-
rent experiments, and future plans in this area. The chapter consists of three
major divisions: (i) characterization of the solid materials used in the batch
sorption tests (trench water used as the liquid phase in the experiments has
already been described), (ii) the results of experimental work particularly as
they relate to migration and retention of radionuclides, and (iii) future sorp-
tion experiments are described in the light of information gained from the past
work. The last section also describes the analytical plan to be used in study-
ing the cores taken from beneath the burial trenches. How the laboratory exper-
iments can be related to the field data is discussed, along with snme comments
on their practical application.

7.1 Sediment Characterization (K. Czyscinski)

7.1.1 Introduction

Characterization of the solid phases used in sorption (K ) experimentsd
is an integral part of the experimental procedure. Such data supplies necessary
input toward interpretation of the experimental results, and allows comparison
with the results of similar studies reported in the literature.

For the sedimentary materials used in past and future sorption experi-
ments, the following parameters have been chosen for characterization:

Particle Size Distribution
Surface Area
Mineralogy
Extractable Iron Content
Organic Carbon '

I Carbonate Content
Cation Exchange Properties
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P.easons for selecting these parameters are enumerated in the following pages,
along with the results for site-specific materials from the West Valley and
Maxey Flats disposal sites. Bulk samples of sedimentary material from the sites
were used for characterization, as well as ground and sieved (100-200 mesh frac-
tions) material used for some of the sorption experiments. Analytical proce-
dures used are listed in Appendix E, along with any modifications made to these
published procedures.

Preliminary results are reported here for shale and " sandstone" samples
from the Maxey Flats disposal site, along with till samples from the West Valley
facility. Complete characterization will be reported in future reports when
completed.

The disposal site at West Valley is situated in a till complex of late
Wisconsin age within a sequence of glacio-fluvial sediments. Material used for
the sorption experiments was unoxidized till (Lavery till) recovered from bore
hole A2, at depths of 27-35 feet (U.S. Geologic Survey drilling program,1975,
supplied by D. Prudic). Drilling logs describe the material as a very fine-

,
~ grained, moist, plastic, medium olive gray till (N5-5Y5/1), (D. Prudic, personal

communication,1979). The sample used for experiments was dried and har f.

The Maxey Flats disposal site is located in the Nancy shale which con-
sists of a largely fine-grained shale with interbedded sandstone and siltstone
lenses. Samples of the " sandstone" and shale were recovered from depths of
approximately twelve and twenty feet, respectively, during the course of U.S.
Geological Survey investigations of the site. Bulk samples of the material were
furnished to Brookhaven for use in sorption experiments (samples obtained from
11. ' Zehner, U.S. Geol. Survey,1977).

The tenn " soil" will be used in this report to designate the solid
I material used in sorption experiments, or in which a disposal site is located,

whether this material is soil by the pedologic definition or lithified material.
Results presented here aply only to the material used in the sorption experi-
ments. These results are not meant to be characterizations of the entire sedi-
mentary units from which the test materials were collected.

7.1.2 Particle Size Distribution

This is a basic parameter for the description of any sedimentary mate-
rial, and is chosen for determination when only limited characterizations are
performed. Variations in grain size have been observed to affect sorptive be-
havior in numerous cases. The data are presented graphically on the standard
sand-silt-clay triangular diagram (Figure 7.1).

There is not a marked difference between the Maxey Flats shale and " sand-
stone" (which would be properly called a siltstone), and the West Valley till
used in the experiments. The " sandstone" samples used in early sorption experi-

i ments were probably incorrectly labeled. The term sandstone is retained only
for consistency with earlier reports. However, a significant difference isL

evident between ground and sieved material, compared to the bulk samples. Al-
though the 100-200 mesh fraction is in the sand size range, these materials are
actually richer in fine-grained material than the bulk samples. Grinding has

!
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Figure 7.1. Particle size distributions data for
Maxey Flats and West Valley samples.

apparently created sand size aggregates of silt and clay size material which are
then retained on the sieves.

7.1.3 Surface Area

Sorption of ions from solution can take place by electrostatic attraction
arising from broken bonds along the surfaces of solid materials. The amount of
available surface area would therefore be a parameter affecting the sorptive be-
havior of solids. Numerous methods for measuring surface area exist, the most
common involving sorption of organic molecules and inert gases. Adsorption of
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ethylene glycol (EG) and gaseous nitrogen (BET) are the most widely used tech-
niques. Ethylene glycol adsorption is thought to measure both internal and
external areas of layer silicates, whereas the N2 adsorption technique mea-
sures external surface alone. Because sedimentary materials almost always con-
tain layer silicates (clay minerals), often in high percentages, the EG tech-
nfque would be most appropriate for these materials as opposed to the BET mea-
surement. Better correlation of EG measurements with other parameters such as
cation exchange capacity and sorption distribution coefficients has also been
reported.(2) A quicker procedure using ethylene glycol monoethyl ether (EGME)
was also used and gave numbers comparable to the EG results for equivalent sam-
ples (Maxey Flats and West Valley bulk samples). Several BET measurements were
performed for comparison with the EG results. As expected, large variations
between EG and BET results (Table 7.1) are apparent for equivalent samples.
The ground and sieved samples have a larger surface area than the bulk material
due to the higher content of fine-grained material, as shown by the size dis-
tribution data.

Table 7.1;
' Soil Surface Area Measured by EG, EGME and BET Methods

(m2/g)

Soil West Valley Till Maxey Flats Shale

EG EGME BET EG EGME BET

Range Range
,

Ground 27.6-34.0 19.7-22.2 12.1 31.4-42.3 12.1-17.8 12.1
4

1 Average Average

30.9 21.3 41.0 17.4
,

Range Range

Bulk 21.8-30.5 21.8-24.3 9.4 19.3-36.3 22.2-34.5 8.8
Average Average

22.7 22.6 19.8 25.7

! Prior to surface area determination, the ground and sieved samples used
for sorption experiments were exhausted and new material had to be prepared.
Differences between EG and EGME results for these samples are presumably due

,

to the difficulty in reproducing the grinding and sieving process.

|
|
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7.1.4 Mineralogy
l
'

The mineral composition of the sediment is the most fundamental property
relating to its sorptive behavior both qualitatively and quantitatively. Pres-
ence or absence of strongly sorbing minerals greatly influences the retention
capability of the geologic media. Interactions between minerals and pore waters
will control the composition and chemical behavior of the waters, in terms of
ion concentrations, pH, redox potential, and subsequent ion speciation. Miner-

| als such as sulfides, present in only minor concentrations, can greatly affect
| the behavior of the soil (or rock) - pore water system. At the minimum, mate-
| rials used in sorption experiments must be qualitatively analyzed as to their
i mineralogy. Mineralogical analyses of the sedimentary materials of concern in
| this work will be presented in terms of sand, silt, and clay size fractions of

the bulk material. Site specific samples were used and the fractionations,

| carried out by ultrasonic disaggregation, followed by appropriate sieving and
column settling and decantation procedures.

Qualitative x-ray and microscopic analysis of the shale from Maxey Flats,

and the till from the West Valley disposal site are given at this time (Table'

7.2). More detailed analyses will be performed in the future. Samples from
both sites are quite similar in terms of major components, the only significant,

| difference being the high carbonate content of the West Valley tills. |

|

Table 7.2

Qualitative Mineralogical Analyses of
Maxey Flats Shale and West Valley Till

Maxey Flats Shale West Valley Till
and " Sandstone" (Hole A2 27-28 ft)

| Sand Fraction Quartz Quartz
| > 63pm Mica (" illite") Mica (" illite")
! Feldspars Calcite
! Dolomite
| Feldspars
i Silt Fraction Quartz Quartz

62.5-4 un Mica (" illite") Mica (" illite")
Feldspars Calcite

Dolomite
Feldspars

; Clay Fraction Quartz Quartz
| < 4 nn Mica (" illite") Mica (" illite")

Kaolinite Kaolinite
| Chlorite (minor) Mixed Layer Clays

(minor)

|
|
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7.1.5 Extractable Iron Content

The extractable iron fraction of a sediment consists of amorphous iron
and aluminum compounds and more crystalline iron oxide, and oxyhydroxides.|

Iron precipitation in the sediment pore spaces can act as a scavenging mechanism
for radionuclides; and iron redox chemistry plays an important role in natural
systems. Cobalt may be expected to follow the behavior of iron in natural sys-
tems, and plutonium has been reported to show an affinity for iron phases in
sediments. For these reasons, the amount of highly reactive iron in a sediment
is potentially an important consideration.

Results (Table 7.3) show the West Valley till to be twice as iron rich
as the shale from Maxey Flats.

Table 7.3

; Carbonate, Organic Carbon, and Extractable Iron
Content of Disposal Site Materials

Carbonate Organic C Ext. Fe
(wt. %) (wt. %) (wt. %);

flaxey Flats Shale N.D.a 0.8 0.15
West Valley Till 14.2 1.7 0.35

a Not detectable

7.1.6 Organic Carbon

Organic material in sedimentary material affects the cation exchange be-
havior. Organic material also reacts with pore waters in terms of exchange and
complexing reactions which may influence the sorptive properties of the sediment
water system. Numerous procedures exist for organic carbon analysis. The rela-
tively simple dichromate oxidation procedure was chosen because it has a long -

history of use in soil studies and is easily performed. In comparison to the
amount and complexity of the organic fraction found in trench waters, the con-
tribution from the soil organic fraction would be relatively minor. As was the
case with extractable iron, the West Valley samples are approximately twice as
high in carbon as the shales (Table 7.3). This is attributable to the differ-
ence in ages between the sedimentary material in these areas. Additional char-
acterization of the organic content (% humic and fulvic acid fractions) of the
materials can be performed if necessary.

7.1.7 Carbonate Content

Carbonate minerals can exert a strong influence on the sediment-pore
water system. The pH and concentrations of alkaline earth ions in many natural
waters are a function of the carbonate content. Carbonate-bearing sediments
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also show strong pore water buffering capacities. Qualitative identification of
carbonate minerals was accomplished by standard petrographic and x-ray analysis
techniques, and quantified by a gravimetric procedure. The carbonate content of
the West Valley tills is high, reflecting their source area (Table 7.3) in the
complex of Palaeozoic sandstone, shales, and limestones of the region.

7.1.8 Cation Exchange Properties

Cation exchange behavior is probably the most complex and poorly under-
stood of the parameters mentioned. The capacity of a sediment to exchange cat-
ions is obviously significant in tenns of radionuclide retention, but choosing
quantitative measures of this behavior is not an easy task. Exchange determi-
nation results are strongly influenced by the experimental technique (3.4) so
that internal consistency is essential if results for different sediments are
to be compared.

A standard sodium displacement technique was used to determine the total
exchange capacity (CEC ) at pH's of 8.2 and 4.5. The pH-dependent portionT 4

( ApH) of the cation exchange is simply the difference between the two values.
Total exchange capacities for strontium (CEC r) were also determined. Pre-S
treatments of the sediments prior to the actual determinations were avoided.

"Little difference is apparent between sieved and bulk samples (Table 7.4)
in terms of total exchange capacity. Exchange capacities at pH 4.5 are consis-
tently lower than at higher pH. An approximate 2-fold decrease is evident for
strontium exchange capacities.

Table 7.4

Cation Exchange Data of Disposal Site Materials
(meq/100 g)

Maxey Flats West Valley
9

Shale Sandstone Till

.
Ground Bulk Ground Bulk

4

. CECT 10.9 10.9 7.3 8.3 7.4
i (pH 8.2)

CECT 10.5 7 .'8 6.6 7.0 6.1
(pH 4.5)

apH 0.4 3.1 0.7 1.3 1.3
: CEC r 6.5 3.9 2.8 4.1S

_
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| 7.2 Determination of Sorption Coefficients (K ) with Waters andd
Soils Collected at Low-Level Radioactive Waste Disposal Sitesi

(R.F. Pietrzak and K. Czyscinski)
1

7.2.1 Introduction '

At present, the ultimate container for long-term storage of low-level
radioactive wastes buried in shallow land disposal sites is the geologic media
of the disposal site. The materials in which the wastes are presently buried
will eventually deteriorate due to weathering and corrosion. Isolation of the
buried radionuclides for long periods of time will depend upon several factors,
such as the stability of the geologic environment, the hydrological conditions
at the site, and interactions of the radionuclidas with the geologic media.
Retention of radionuclides by geologic media is summarized by the commonly used
term " sorption". The mechanisms by which sorption takes place depend upon the
chemical and physical interactions between the geologic media and the matrices

! containing the radionuclides. The geologic media is a complex mixture of water,
minerals, and organic matter. Trench waters at the shallow land disposal sites4

,

are complex solutions motaining a variety of dissolved components which can
! influence radionuclide sJrption reactions. Evaluation of the ir.teractions of

these materials is essential to the understanding of sorption mechanisms and
for predicting radionuclide behavior in these environments.

To evaluate the potential for radionuclide migration, one of the parame-
ters that must be quantified is the distribution of the radionuclides between
the complex solid and liquid phases. This distribution is expressed as an ex-
perimentally determined distribution coefficient, K , for each element. Thed
Kd parameter, which is included in all groundwater solute transport models, is
generally determined by batch or column methods. Batch and column experiments:

will be conducted using site specific soils and trench waters from the low-level
radioactive waste disposal sites. Column studies will be conducted by passing
trench water through representative cores obtained from the burial sites and
mapping the resultant radionuclide distribution along the lengths of the cores.
These data will be compared to the dictribution of radionuclides in cores taken
from beneath the burial trenches at che disposal sites. The results of batch
Kd o% terminations using site specific soils and trench waters from the Maxey
Flats, Kentucky and West Valley, New York disposal sites, are presented in this
report.

In this study, the Kd of a radionuclide is defined as the ratio of spe-
cific activity in the soil to specific activity in the water after the two
phases have been in contact for a given length of time.

S 11 Activity / Weight of Soil (1)kd.
Liquid Activity / Volume of Liquid

Theoretically, Kd is the value of this ratio when a state of equilibrium
exists between the two phases. However, if the contact time is long enough to
approach equilibrium, the measured Kd will be a good approximation of the the-
oretical value.
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Sorption studies have generally been performed under oxic conditions.
When sorption was studied under both oxic and anoxic conditions, the results
differed by as much as an order of magnitude.(5)

The Kd is dependent upon the physio-chemical state of the solid-liquid
system. Variables such as Eh, pH, dissolved ion concentrations, soil exchange
capacity, surface area and mineralogy are likely to have a strong effect on the
sorptive behavior of the system.

Anoxic regimes are frequently present in groundwaters, particularly when
water movement is slow, both above and below the water table. Dissolved oxygen
in the original meteoric waters is rapidly consumed by bacterial actinn with the
resulting onset of anoxic conditions. Such situations are frequently strongly
reducing chemical environments with chemistries strikingly different from oxic
regimes.

Reducing conditions exist in the trenches at low-level disposal sites due
to microbiological degradation of buried organic wastes. As a result, the Eh

'and dissolved oxygen in trench waters are low. In order to measure Kd under
conditions similar to those existing at the disposal sites, batch experiments
were performed in an anoxic environment using actual trench water and unweath-
ered soil from the sites.(6)

Changes in environmental conditions such as pH, redox state (oxidizing or
reducing regimes), ion concentrations, soil to solution ratio, etc. , would be
expected to produce changes in the sorptive behavior of the solid-liquid system.
In order to assess the magnitude of such changes, a series of experiments were
designed to measure these effects. Anoxic conditions were also to be maintained
during some of these experiments in order to more closely simulate field condi-
tions.

Precipitation of iron oxyhydroxides is a sensitive indicator for the on-
set of oxic conditions in the original anoxic trench waters. Due to the very
low solubility of ferric oxyhydroxide, (Fe(0H)3 Ksp = 1.5x10-36), any oxi-
dation of dissolved ferrous iron in the trench water generally produces a red
precipitate.(7,8)

7.2.2 Experimental

7.2.2.1 Water Solution

Water solutions used to prepare samples for the determination of Kd
were collected at disposal sites by an anoxic collection procedure described in
Appendix B. The waters were stored at approximately 4 C in glass collection
bottles under a nitrogen atmosphere to preserve the reducing conditions (low
oxygen concentration and low Eh). A list of the water solutions used in the
Kd experiments are given in Table 7.5. Water solutions in the original ecl-
lection condition are referred to in this report as " anoxic trench waters".
Analytical data for the anoxic trench waters are given in Chapter 5 of this
report.
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Table 7.5

Water Used to Prep 3re Samples
| for the Determination of Kd

( Sample Disposal 31te Collection
Number Site Location Date

:

WV-36 West Valley, New York Trench 4 November 1977
WV-37 West Valley, New York Trench 5 November 1917
WV-40 West Valley, New York Trench 2-1A November 1977
MF-155 Maxey Flats, Kentucky Trench 19S May 1978
MF-156 Maxey Flats, Kentucky Trench 27 May 1978;

MF-157 Maxey Flats, Kentucky Trench 33L-4 May 1978i

MF-158 Maxey Flats, Kentucky Trench 33L-18 May 1978,

MF-159 Maxey Flats, Kentucky Well UB1-A May 1978

!

,

Trench' waters which existed under reducing conditions at the disposal
sites mest be handled in a low oxygen atmosphere to prevent precipitation of
ferric hydroxide. An inert atmosphere was used during the determination of the
Kd sorption coefficient, to simulate the anoxic conditions existing in the
burial trenches. Since the preservation of samples for Kd determination for a
month was quite difficult, an alternative procedure of working in an oxidizing
atmosphere was tried. Trench waters were exposed to the air to precipitate fer-;

ric hydroxide. The precipitate was removed by filtration through glass fiber
filter paper fol; ved by 0.45 um membrane filter paper. The resulting water was:

.

used to prepare samples for Kd determination. Such air exposed and filtered
waters are referred to as "oxic trench waters" in this rc~ mt.

i
! Dilutions (1/10 v/v) of trench waters under an inert atmosphere (nitro-
' gen or argon) were made by transferring 10 mL of filtered anoxic trench waters,

using the manifold procedure described in Appendix F, to 90 mL or distilled
water containing additional amounts of the radionuclides being studied.

7.2.2.2 Soil Samples

The U.S. Geological Survey collected bulk soil samples of unweathered
till from the West Valley, New York, Disposal Site and unweathered Nancy shale,

and sandstone from the Maxey Flats, Kentucky, disposal site.l91 These soilsi

were intact, nonhomogeneous bulk cores listed in Table 7.6. Chemical and
mineralogical data are given in Section 7.1. The first approach was to grind
the material in a ball mill and sieve the resulting powder to remove coarse
materials. A 100-200 mesh fraction (149 tm-74 om) was used to prepare samples,

! for the determination of K . Such samples will be referred to as containing ad
"100-200 mesh fraction" of soil in this report.

[
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Table 7.6

Soils Used to Prepare Samples
for the Determination of Kd

Disposal Site Collection
Sample Site Location Date

WV-A2 West Valley, New York Trench 2, east end 1975
Unweathered Test Hole A2 at
Till 34.8 to 35.1 feet

MF-II Maxey Flats, Kentucky Trench 46 at 1977
Sandstone s 12 feet

MF-III Maxey Flats, Kentucky Trench 46 at 1977
Nancy shale S 20 feet <

Unweathered

The process of grinding and sieving involved a considerable risk of
obtaining misleading Kd results because the grinding process can increase the
surface area of the materialq1,10). Also, the sieving of the ground till, to

! obtain a uniform sample, can produce separations of the clay, sand and silt con-
stituents. The alternative process was to prepare Kd samples from chips of the
bulk soil and to disaggregate the soil by vibrating the prepared Kd samples in
an ultrasonic bath. The disadvantage of the ultrasonic method is that the sam-i

| ples are not necessarily uniform.

7.2.2.3 Sample Preparation Procedure _

l The general method of preparing samples for the determination of the
| sorption coefficient Kd was to first add filtered trench water to a small vol-
! ymeofrggonuclide" spike"solutioncontaining 241Am, 85 r,134 s,137 s, 59pe,S C C
| 60Co or i Eu. Aliquots of the spiked trench water solution were added to soil

in a reaction container. Another aliquot of a spiked trench water solution was
added to a reaction container not containing soil and reserved as a " control"
sample to measure the initial radionuclide concentrations. A manifold was con-
structed to perform a series of anoxic operations with trench water. These

! operations included: (a) filtration, (b) dilution, (c) pH adjustment, (d) addi-
tion of specific radionuclides, and (e) transfer to reaction vessel containing

| soil.

|

| The samples were tumbled to achieve a radionuclide equilibrium between
the soil and the solution. The activity remaining in the liquid phase after
mixing with the solid was determined by gamma-ray spectroscopy using a Ge(Li)
detector. A description of the general procedure is given in Appendix F. Modi-<

fications of the general procedure are described in the individual experimental
results section.
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7.2.3 Results

7.2.3.1.Effect of Dilution and 0xidation of Trench Water

Preliminary experiments were designed to assess ',he effect of differ-
ences in redox state and large changes in ionic composition on the sorptive
behavior.of a specific trench water and soil system.

Kd sorption coefficients were measured with the following water r3

(1) Anoxic trench 5 water
(2) 1:10 dilution of anoxic trench water
(3) Trench water exposed to air, after which the Fe(0H)3 precipitate

was filtered from solution. Oxic trench 5 water.
(4) Deionized water (s5x10-4 M hcl).

Kd results are listed in Table 7.7.

Table 7.7
>

Sorption Coefficient of Trench 5 Water and Soil
From West Valley, New York, Disposal Site

(A ,oxic Versus 0xic Water)

Kd (mL/g)a

Liquid Phase Container 85 r 134 s 137c: 60 oS C C

Anoxic Trench Water Teflon 11 1 30 4 38 4 22 1

Glass <1 39 i 2 34 3 9 1

Anoxic Trench Water Teflon 8 1 121 3 120 8 116 12
1:10 dilution

Air Exposed & Filtered Glass <1 22 i 1 23 2 29 i 3
Trench Water

Defonized Water Glass 20 > 1800 > 1800 > 900
(5x10-4 M hcl)

i

Trench Water: Trench 5 water (WV-37)
Solid Phase: Unweathered till, (WV-A2), 100-200 mesh fraction.
Water / Soil Ratio: 20 mL/g
Equilibration Time: 18 hours
aKd is reported as an average one standard devia*\a> or thp observed
results.
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Doubt as to the totally anoxic condition of the samples arose because
of the presence of some red ferric hydroxide precipitate on the walls of the
Teflon containars.

Sorption of carrier free radionuclides from deionized water (* 5x10-4
M HC1) was very large. The Kd is reported as greater than the listed value
due to the low residual activity in the water phase, and because of possible
contribution of counts from the soil.

The Kd value from a 1:10 dilution of trench water is intermediatebetween anoxic trench water and deionized water for 134,137 s and 60 o. OneC C

possible explanation is that the trench water contains dissolved components
whicn coinpete with radionuclides for sorption sites on the solids. Complexi ng
agents in the trench water may also keep radionuclides in the liquid phase.
Diluted trench water will have less of these components, some of which may be
carrier metal ions, complexing agents or organic species in trench waters from
the disposal sites.

7.2.3.2 Effect of Water / Soil Ratio

The ultimate purpose of Kd detenninations is to estimate the retarda-
tion of nuclides by sorption on the geological media of the burial site. The
purpose of this experiment was to measure the sensitivity of the batch Kd }method to changes in the water / soil ratio.

Samples were prepared in glass test tubes. The septum-sealed glass
tubes shown in Appendix F, Figure F.7, preserved the anoxic condition of the
trench water.

When varying amounts of soil were equilibrated with a fixed volume of
anoxic trench water for 18 hours, the Kd values were not constant. Kd re-
sults are given in Table 7.8 for trench water samples and in Table 7.9 for dis-

tilled wat r sNrg les. The change in Kd versus water / soil ratio for 60 o,C

85Sr, and 34, Cs are shown in Figures 7.2, 7.3, and 7.4, respectively. The
straight line logarithmic relationship between Kd and water / soil ratio re-
sembles the Freundlich adsorption isotherm for sorption of solutes from solution

of gko in deionized water (Figure 7.2).No explanation is given at this time for g e exceptional behavior
ont solids.

134,137 s fromThe K 's for o and Cd
1:10 diluted anoxic trench water are shown in Figures 7.2 and 7.3 for a water /

Kd values for 85 r as a function of water / soil ratioSsoil ratio of 20 mL/g.
with anoxic trench water were not obtained in this series.

These preliminary results do not indicate a limiting value of Kd with
decreasing water to soil ratio. This seems to iinply that it is necessary to ob-
tain chromatographic Kd values from soil core:; and trench water under field
conditions. The batch method nevertheless provides a rapid method for determin-
ing relative Kd values of a group of radionuclides under the same experimental
conditions, and for studying general properties of trench water-soil systems at
the disposal sites.
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Table 7.8

Sorption Coefficients of Trench 5 Water and Soil
From West Valley, New York, Disposal Site

(Solution / Soil Ratio Study)

Kd (mL/g)

Solution / Soil
Ratio (mL/g) 134Cs 137c3 60Co

290 < 1 15 26
163 15 23 16
68 24 29 14
30 33 36 13
24 35 42 13
20 37 42 13
18 41 37 13
11 54 49 12

Trench Water: (WV-37) Trench 5, Anoxic
Solid Phase: Unweathered till (WV-/2), 100-200 mesh

fraction.
Reaction Containers: Screw cap, septum sealed, glass test

tubes (Bellco 2047-16125), Appendix F, ,

|Figure F.7
Equilibration Time: 18 hours

// i i i isiti i T iI i i 1 | Illi
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Figure 7.2. Kd sorption coefficient versus
water / soil ratio for 60 o.C
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Table 7.9

Sorption Coefficients of Tistilled Water and

Soil From West Valley, New York, Disposal Site
(Effect of Changes in the Solution / Soil Ratio)

Kd (mL/g)

Solution / Soil Ratio
-L/q) 85 r 134 s 137 s 60 oS C C C

.272 44 27,500 26,200 6,200
168 47 19,300 20,800 8,700
63 30 10,000 10,400 9,500
28 24 7,000 6,800 8,300
25 21 6,900 6,300 7,300
21 21 6,700 5,600 7,100
18 21 4,300 5,100 5,900
17 20 --- 5,300 5,200

Distilled Water: s 5x10-4 M hcl
Solid Phase: Unweathered till (WV-A2), 100-200 mesh

fraction. <

Reaction Containers: Screw cap septum sealed, glass test tubes,
(Bellco 2047-16125), Appendix F, Figure F.7

Equilibration Time: 18 hours

/,i i i i i iiii i i i iiiii i i i

300 - g -

200 - -

"o
2 137Cs

I 4'' Cs
0

I # "60 Cs

h 50
-

ANOXIC WATER DEIONIZED WATER ~
s 40 - TR ENCH 5, WV-37 PH * 5 9, T . 20*C -

8
~

pH . 6.4, T = 20* C SolL : UNW EATHERE D i

5 S0ll:UNWEATHERED TILL |I * #U |wy.A2 ,o20 - e e -

O*ANOXIC WATER

li to DILUTION
|

|
' ' ' I I I' ' ' ' '10 I I ' ' I I '' ,I

)1 2 3 4 56 8 10 3 4 56 8 a 2 3 4

310' 10 10"

Kd{*i#9}

Figure 7.3. Kd sorption coefficient versus
water / soil ratio for 134,137 s.C
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Figure 7.4. Kd sorption coefficient versus
water / soil ratio for 85 r.S

1

7.2.3.3 Vari'ation of Kd with Solution Acidity
~

. The change in radionuclide sorption, K , after the addition of smalld' amounts of acid or base to trench water was investigated. <,

[ Samples for Kd determinations were prepared in glass test tubes shown
, in Appendix F, Figure F.7. The septum sealed glass tubes preserved the anoxic
' condition of the trench water.

Addition of- small volumes (0.1 mL) of nitric acid (0.1 M) or sodium
i hydroxide (0.1 M) to the septum sealed glass sample tubes was made by means of a
| hypodermic syringe._

.

!

Radionuclide Kd results for addition of acid or base are given in
| Table 7.10 and Table 7.11, respectively. Trench 5 water (WV-37) maintained a
|- constant pH of 6.4.in spite of the addition of sodium hydroxide or nitric acid,
i because the solution is a _ highly buffered system (see titration curves in Sec-

tion 5.3.2.2). However, significant changes in the sorption coefficients, Kdi
of radionuclides were observed. A graph'of these Kd versus addition of acid
or base results is given in Figure 7.5.,

+
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Table 7.10

Sorption Coefficients of Trench 5 Water and Soil
from West Valley, New York, Disposal Site

| (Modified by Addition of Nitric Acid)
|

Kd (mL/g)

| HNO3
mmoles/mL 85Sr 134 s 137 s 60 oC C C

0 - 39 34 9.3
0.7x10-4 21 45 39 10
1.4x10-4 32 36 33 5.9
2.0x10-4 15 33 34 6.6
2.8x10-4 15 40 42 8.1

Trench Water: Anoxic Trench 5 (WV-37)
Solid Phase: Unweathered till (WV-A2),100-200 mesh

fraction.
Solution / Soil Ratio: 20 mL/g
Reaction Containers: Screw cap, septum sealed, glass test

tubes 'Bellco 2049-16125) Appendix F,
Figure F.7

Equilibration Time: 18 hours

Table 7.11

Sorption Coefficients of Trench 5 Water and Soili
'

from West Valley, New York, Disposal Site
(Modified by Addition of Sodium Hydroxide)

Kd (mL/g)

Na0H

mmoles/mL 85Sr 134Cs 137Cs 60Co

0 - 39 34 9.3
0.7x10-4 11 34 37 9.0
1.3x10-4 33 42 38 11
2.0x10-4 36 43 39 15
2.8x10-4 24 45 41 32

Trench Water: Anoxic Trench 5 (WV-37)
Solid Phase: Unweathered till (WV-A2), 100-200 mesh

fraction.
Solution / Soil Ratio: 20 ml/g
Reaction Containers: Screw cap, septum sealed, glass test

tubes (Bellco 2047-16125) Appendix F,
Figure F.7

Equilibration Time: 18 hours
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Figure 7.5. Kd sorption coefficient versus
addition of acid or base.

It is evident that addition of 5x10-5 mmoles/mL of H+ by the spike'

solution to the trench water is sufficient to significantly affect the K
Radionuclide spike solutions mixed initially with trench 5 water (WV-37)d-should
not exceed an addition of 1x10-5 mmoles/mL of H+. Consequently, the pre-
ferred method for preparing samples for Kd determinations would be to evapo-
rate all the acid from the radionuclide carrier solution before mixing with
trench water.

The fact that addition of acid or base to the experimental system did
produce a change in the observed Kd results, but did not change the pH, is not
easily explained. One possible explanation is that the added acid or base was
consumed to produce changes in the water chemistry which in turn affected the
sorption capacity. An' alternate explanation involving the solid phases may also
be possible. The acid or base may compete directly with the radionuclides for>

the available exchange sites on the soil, or may modify the exchange sites them-
selves. f
sites (ll).lydrogen ion can preferentially displace other cations from exchangeDestruction of layer silicates (clay minerals) by acid attack, and. -

subsequent lowering of the total
acid sulfate soil development (12) exchange capacity, has been observed during'

,

A systems approach to the sorption experiment must be adopted to
resolve this question. Water chemistry should be understood in tems of chem-i

; ical systems operative in the trench waters. In this way, interactions with
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additional chemical components can be assessed, and interactions between spe-
cific soil minerals and the liquid phase also understood. Both the liquid and
solid phases of this experiment should be thoroughly analyzed after, as well as
before the experiment to determine which of the above explanations is correct.
Once the mechanism for the observed results is determined, this information can
be applied as a predictive tool in transport modeling.

7.2.3.4 Sorption Coefficients Versus Time

The efficiency of the geologic media for retaining radionuclides will
depend, in part, upon the flow rates of the groundwaters in the field situation.
Longer mineral-solution contact times will favor enhanced sorption because che
sorption process is not instantaneous. This series of experiments atteapts to
examine the kinetic effect by determining Kd as a function of time.

Trench waters at the West Valley and Maxey Flats burial sites contain
appreciable amounts of ferrous ion which oxidizes when exposed to air and pre-
cipitates as ferric hydroxide. Since radionuclides could coprecipitate with the
iron hydroxide an attempt was made to design an improved reaction bottle. A
thick walled, o-ring and septum-sealed TFE Teflon bottle was made, as shown in
Figure F.9. Samples were prepared using the manifold technique described in
Appendix F. The sealed samples were tumbled in the lucite chamber shown in
Figure F.10 which was flushed with a stream of nitrogen. After each period of
tumbling the samples were centrifuged and counted with a Ge(Li) detector while
shielding the detector from the soil with a lead collimator.

After 235 hours of tumbling the samples were opened in a nitrogen atmo-
sphere glove box. The Eh of each sample was measured with a platinum electrode.
The solution from each sample was filtered through a 0.45 pm membrane filter and
a 10-mL aliquot was acidified for counting. Counting only the liquid phase from
each equilibrated sample gives the best value for the sorption coefficient by
eliminating any contribution to the liquid phase counts from the activity in the
soil phase.

An identical experiment was performed with a 1/10 di' tion of trench 4
| water (WV-36) with distilled water.

Sorption coefficients for the trench 4 water (WV-36) equilibrated with
unweathered till are given in Table 7.12 and Figure 7.6. The sorption of 134 sC
and 137Cs appeared to have reached a constant value after 130 hours. No signifi-
cant changes in the sorption of 59pe, 60Co or 85Sr were observed with time.
After 235 hours of equilibration the samples were opened in a glove box contain-
ing a nitrogen ~ atmosphere. The integrity of the anoxic solution appeared to
have been breached, as some reddish precipitate, possibly ferric hydroxide, was
observed. Eh measurements of the solution with a platinum electrode confirmed
tSat the solutions were indeed oxic. Consequently, some of the radionuclide
content of the control and sample solutions could have been coprecipitated. The

! solution was filtered through a 0.45 pm membrane filter and a 10-mL aliquot of
I the filtrate was acidified. The results of counting only the liquid phase are

listed at the bottom of Table 7.12.
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Table 7.12

Sorption Coefficient Versus Time of Trench 4 Water
and Soil From West Valley, New York, Disposal Site

(Equilibration Time Study)

,

Kd (mL/g)a

Time'

i Elapsed
(hours) 85Sr 134 s- 137Cs 60Co 59Fei

C

50b 36 4 220 50 220 50 64 9 190 30
,

! 72 3916 500 220 530 170 59 / 220150
1 130 46 10 950 160 930 200 57 8 190 20

235 37f6 860 140 770 110 52 1 340 80

:
! 10 mLc 2.2 0.3 520 t40 510 40 12 1 ---

aliquot
i

Trench Water: West Valley, New York, Anoxic Trencn 4 (WV-36)
Solid Phase: West Valley, New York, Unweathered till (WV-A2)

100-200 mesh fraction
Reaction Containers: o-ring sealed TFE Teflon bottles, Appendix F, Figure F.9;

i Solution / Soil Ratie: 20 mL/g
aKd is. reported as an average one standard deviation of the observed
results.

b esults were obtained by shielding the soil from a Ge(Li) detector.R

cResults were obtained by counting a 10-mL aliquot of the liquid phase.

i

I I I I 1 I t I t I F I I I I

' icoo - -

g

ol34Cs
800 -

o837cs
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3 Figure 7.6. Kd radionuclides
sorption coefficients versus'

56U ~ ~

time for trench water and soil
i a / - disposal site.4 0 ~

from West Valley, New York,
,--g

, ___
Fe

;

200 - a -

f0Co
i iDi %e$ sri, i , i 1 , i

40 80 12 0 16 0 200 24o 28o
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Sorption coefficients for a 1/10 dilution of trench 4 water (WV-36)
with distilled water equilibrated with unweathered till are given in Table 7.13
and Figure 7.7. The sorption coefficients for 134 s,137Cs and 59Fe appear toC

have slightly increased with time during equilibration. No significant increase
with time was observed for 60 o or 85Sr. No red precipitate of ferric hydroxideC

was seen when the samples were opened in a nitrogen atmosphere glove box. The
aqueous phases were filtered through a 0.45 pm membrane filter and a 10-mL ali-
quot was acidified with nitric acid. The results of counting the liquid phase
only are listed at the bottom of Table 7.13.

Table 7.13

Sorption Coefficient Versus Time of Trench 4 Water
and Soil From West Valley, New York, Disposal Site

(Effect of a 1/10 Dilution).

,

*

Kd (mL/g)a

Time
Elapsed
(hours) 85Sr 134Cs 137Cs 60Co 59 eF

b50 16 3 430 8 400 30 130 20 250150
72 16il 400 220 380 200 140 45 280 150

130 17 1 500 38 330 10 150 5 260 34
235 18 1 500 7 480 110 160 15 360d80

10 mLc 12 2 630 70 620 60 240 20 ---

aliquot

Trench Water: West Valley, New York, Trench 4 (WV-36) anoxic diluted
1/10 with distilled water. )

Solid Phase: West Valley, New York, Unweathered till (WV-A2), ;

100-200 mesh fraction. ;

Solution / Soil Ratio: 20 mL/g
Reaction Containers: o-ring sealed TFE Teflon bottles.
agd is reported as an average one standard deviation of the observed
results.

b esults were obtained by shielding the soil from a Ge(Li) detector.R
cResults were obtained by counting a 10-mL aliquot of the liquid phase.
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The Kd results for the diluted trench water are significantly higher'.
for 85Sr and 60Co than the Kd results for the anoxic trench water. This is
again probably due to the competition effect from other ions in the trench water
which compete with the radionuclides for exchange sites on the solids. The di-
luted water contains less competi.ig ions and therefore produces a larger K -d

7.2.3.5 Anoxic Versus Oxic Trench Water

Waters from the West Valley trenches are chemically reducing, anoxic
solutions, frequently containing high ferrous iron contents. Exposure to air
causes the ferrous fron to oxidize and precipitate, as commonly observed. This
reaction produces hydrogen ion which in tv n affects the other charged species
in solution. Upon exposure to air, carbon '. oxide will also be released from
solution, thereby readjusting the carbonate equilibria. The chemical systen in
anoxic waters is obviously quite different than that in the air exposed waters.
A series of experiments designed to assess the effect of these two different

[ water _ chemistries .on sorption behavior were conducted.
!

j
.

Difficulties were experienced in attempting to completely preserve the
integrity of the anoxic trench waters during Kd determinations. Consequently,'

heavy walled, o-ring sealed TFE Teflon bottles were constructed (see Appendix
F.3.3.3,FigureF.9). An earlier experiment with a water from the West Valley,

,

New York, disposal site, trench 4 (WV-36), was not completely successful usingi

these bottles. During the current experiment an effort was made to minimize the
exposure of the' Teflon vessels to air after preparation of the samples by the-

manifold method as described in Appendix F. The prepared samples were trans-
ferred to an ' argon atmosphere glove box, sealed in the tumbling chamber, removed

,

|
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from the glove box, and tumbled for 456 hours. The samples were transferred
back to argon atmosphere glove box, opened, and the solutions were filtered
through a 0.45 pm membrane filter. The pH and Eh of each solution was measured.
A 10-mL aliquot of each sample solution was acidified with 1-mL of 8 M HNO3
for gamma ray spectroscopy using a Ge(Li) detector.

Kd results were compared among three sets of samples as follows:

1) Anoxic trench 2-1A water (WV-40),.
2) A 1/10 v/v dilution of trench 2-1A water (WV-40)

l diluted with distilled water,

3) 0xic trench 2-1A water (WV-40).

The Teflon containers were opened in an argon atmosphere glove box and
visually inspected for evidence of ferric hydroxide precipitation. No reddish I

brown colorations due to the oxidation of Fe+2 and consequent precipitation of
ferric hydroxide was found. The pH and Eh of each sample was measured. The Eh
results were calculated from platinum electrode potentials which had reached a
steady state value in contact with the sample solution. The time response be-
havior is shown in Figure 7.8. Results of the Eh and pH measurements are given
in Table 7.14. The Eh difference between any oxic or anoxic sample is not sig-
nificant. This would imply that the anoxic samples had been partially oxidized
during the preparation process. However, no visible ferric hydroxidt. precipi-

<tate had formed.

f

'so , , , , , , , ,

170 - -

, , , _ _

Figure 7.8. Oxidation potential
versus time. AE(mv) is the

mo - - measured potential difference
j '* i-
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s
* electrode. The trench 2-1Ano _ _
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Table 7.14

pH'and Eh of Kd Samples of Trench 2-1A Water and Soil
From West Valley, New York, Disposal Site

(Comparing ~0xic and Anoxic Conditions)

Americium Spiked Solutions

Sample pH Eh (mV)

control sample control sample

Oxic 7.95 7.85 315 357
Anoxic 8.16 8.41 320 309

85Sr. 134,Cs, 60Co Spiked Solutions
_

Sample pH Eh (mV)

control sample centrol sample

Oxic 8.23 8.13 316 390
Anoxic 8.16 8.14 309 371

Trench Water: West Valley, New York, disposal site
Trench 2-1A (WV-40)

Soil: West Valley, New York, disposal site
Unweathered till, Test Hole A2 (WV-A2),
100-200 mesh fraction

Control: Solution only
Sample: Solution plus soil (20 mL/g)
0xic: Trench 2-1A water (WV-40) was exposed to air

to precipitah ferric hydroxide. Samples for
Kd determination were prepared from the
solution after the precipitate was removed
by filtration.

Anoxic: Samples maintained in an argon atmosphere

A comparison of results for the " anoxic", " anoxic 1/10 dilution" and
~"oxic" sample sets prepared from trench 2-1A water (WV-40) are given-in Table
7.15. The major difference between Kd results for anoxic and oxic solution

241 m from anoxic solution. Sorption from an anoxicwas.the large sorption of A-

solution diluted with distilled water gave generally higher Kd results for all
radionuclides measured except 241 m.A
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Table 7.15

Sorption Coefficients for Trench 2-1A Water and Soil
From West Valley, New York, Disposal Site

!

(Comparison Oxic and Anoxic Conditions) '

,

Kd (mL/g)a

Sample 241Am 85Sr 134Cs 137Cs 6Qo

Anoxic 8000 14 2 56 5 5614 1.6
2000

Anoxic
1/10 Dilution 290 20 14.2 0.5 380 36 378 38 24 2

0xic 0.3 12 1 55 4 55 4 <1

Trench Water: West Valley, New York, disposal site, Trench 2-1A
(WV-40), Collected anoxically, November 1977. '

Soil: West Valley, New York, disposal site, Unweathered
till, Test Hole A2 (WV-A2),100-200 mesh fraction

Solution / Soil Ratio: 20 mL/g
Reaction Containers: TFE Teflon septum bottles in an argon filled

tumbling chamber
Equilibration Time: 456 hours
Anoxic: Original materials maintained in an argon atmosphere
Oxic: Trench water was exposed to air to precipitate ferric

hydroxide. Samples for Kd determination were pre-
pared from the solution after the precipitate was
removed by filtration.

aKd is reported as an average one standard deviation of results.

Since both the "oxic" and " anoxic" waters were chemically oxidizing
(positive Eh) at the conclusion of the experiment, the Am sorption has appar-
ently arisen due to a change in the water chemistry of the breached " anoxic"
sampl e. A speciation change for americium ray have occurred, or some other
water chemistry change wSich could affect the sorption behavior less directly.
In order to explain these results tht- liquid phase would have to be analyzed at
the end of the experiment also. Th- ffect of anoxic conditions could not be
evaluated from these results.

7.2.3.6 Equilibration Time
,

AKd versus time study has also been performed using waters and soil
samples from the Maxey Flats disposal facility. In this study bulk samples of
the shale and " sandstone" were used because they are more representative of the
site-specific material. Ground and sieved material is significantly different
than the bulk samples in terms of particle size distribution, and surface area,
(Section 7.1).

;-
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The amount of time necessary to achieve an equilibrium concentration of
radionuclides in solution by sorption on burial site soils was determined by ob-
serving the apparcat Kd change with time.

Oxic samples for Kd determination were prepared from five trench
waters and two soils obtained from the Maxey Flats, Kentucky, waste disposal
site. The soils (shale and sandstone) are very similar in composition and grain
size. Filtered, air oxidized trench water was spiked with 241Am, 85Sr, 134Cs,
137 s and 60 o, and added to granules o'f soil in TFE Teflon bottles. TheC C

granules of soil were disaggregated by vibrating the samples in an ultrasonic
bath. The activity remaining in solution, after each tumbling period, was used
to calculate an apparent K .d

Plots of the apparent Kd as a function of time are shown in Figures
7.9 to 7.13 for each radionuclide. 241Am continued to be sorbed from solution
after 800 hours for the majority of water and soil combinations in Figure 7.9.
134 s and 137 s also showed a similar behavior in Figures 7.11 and 7.12. 90 rC C S

60 o sorption did not increase significantly after 200 hours of equilibra-and C

tion. Similar behavior was also observed for these radionuclides in the West
Valley "Kd versus time" study.

i

241Am Kd sorption coeffi-Figure 7.9.
cient versus time for waters and soils
From Maxey Flats, Kentucky, Disposal, , , , , , , , ,

soo - - Site.
O

250 -
' Water: Oxic

'

; [ !. Soil: Ultrasonicated,

} zoo - ,/ - Solution / soil ratio: 20 mL/g'S
~

Reaction Container: TFE Teflono

2150 - / o o 8 -

S MF
*

#--m

2 100 - 7 8
'

-

o - Experiment Code Water Soil
lo 155 19S shale

50 -
- 29 155 19S sandstone

3o 156 Well UB1A shale4,5

soFifoo~ ~Tdoo [o'oo 4 157 27 shale400

rmenuo 5o 157 27 sandstone
60 158 33L-4 shale

* 70 158 33L-4 sandstone
8o 159 33L-18 shale
90 159 33L-18 sandstone

I
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Figure 7.10. 85Sr Kd sorption coeffi-
cient versus time for waters and soils
from Maxey Flats, Kentucky, disposal

, _ _
site.- ' ' ' ' 6 ' ' ' '

8 _ _ Water: 0xic
Soil : Ultrasonicated,

7 - -

Solution / soil ratio: 20 mL/g,

;s _ _ Reaction Container: TFE Teflon*

2
35 - - MF

a
4 ~ " -

Experiment Code Water Soila
- o/ 9

a s 1 155 19S shale
3 _ _ 2a 155 19S sandstone:

3 156 Well UBIA shale
2 - = - 40 157 27 shale

' ' [ ~

6 15 33L-4 sh e
7o 158 33L-4 sandstone_a-. - - . . . . -

4oo soo i200 isoo 2 8 159 33L-18 shale
''" ' I" "'''

90 159 33L-18 sandstone

aExperiments 1, 3, and 8 were not
performed.

Figure 7.11. 134Cs Kd sorption coeffi-
l

,

cient versus time for waters and soils
from Maxey Flats, Kentucky, disposal
site.

Water: 0xic' ' ' ' ' ' ' ' ' '

iioo . . s _ Soil: Ultrasonicated.
~

s Solution / soil ratio: 20 nt/ga

. '000 -T - O ''

Reaction Container: TFE Teflon7 -,
O

R 800 - -

I MF
a' ~.700 - - Experiment Code Water Soil

5
f"

~

>2 -
1 155 19S shale
2o 155 19S sandstone.

- 200 -
*

- 9 - 3 156 Well UB1A shale
' ~ #[ l i 4o 157 27 shale4

" 6 i5 ~ 50 157 27 sandstone

4$o eso i2oo ' is'oo ' zo'oo 6 158 33L-4 shale' ' ''

san one
TIM E ( hours)

8 159 33L-18 shale
90 159 33L-18 sandstone,

aExperiments ., 3, and 8 were not
performed.
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137Figure 7.12. cs Kd sorption coeffi-
cient versus time for waters and soils

! f rom Maxey Flats, Kentucky, disposal
site.. . , , , , , , ,

1000 -

6

900 - rasonicated
5 Solution / soil ratio: 20 mL/gsoo _

_

Reaction Container: TFE Teflon5
f 700 - -

5 co _
_

Experimenta Code Water Soil
MF3

S m2o

200 -
*

- 1 155 19S shale
7__ ,3

a -5
~

2o 155 19S sandstone4' ' NC "
3 156 Well UB1A shale

# * * ' *
So 17 27 san t ne7iu o,,3

60 158 33L-4 shale
i 7o 158 33L-4 sandstone

8 159 33L-18 shale
90 159 33L-18 sandstone

aExperiments 1, 3, and 8 were not,

performed.

60 o Kd sorption coeffi-Figure 7.13. C

cient versus time for waters and soils
from Maxey Flats, Kentucky, disposal
site,

Water: 0xici . . . - - i ' i -

ol ion / soil ratio: m,e _ # Reaction Container: TFE Teflon
7

-

$ |4 - o e -

5: If2 - -

aI Experiment Code Water Soil
a 10 - -

1 155 19S shale
8 2b 155 195 sandstone

4 _ _ 3 156 Well UB1A shale
4o 157 27 shale,

" ~

.
~ 9

z - o - 50 157 27 sandstene>

i
, - - - a . . . 1 60 158 33L-4 shaleg

400 soo izoo isoo 2000 7o 158 33L-4 sandstone
TIME ( hours ) 8 159 33L-18 shale

90 159 33L-18 sandstone

; aExperinients 1, 3. and 8 were not
i performed.

b rratic results for experiment 2 were; E

not reported.
,
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.
Apparent Kd versus time for sample sets of sandstone and shale paralleled each

i other for the same trench water. Dif ferences between the sandstone and shale
| are probably due to small variations in particle size or surface area.

The pH of the original trench waters was a significant property which
60 o. Plots of appar-correlated with the apparent K 's for 134Cs,137Cs and CdI

7.15)d at 800 hours versus pH showed a regular trend with pH (Figures 7.14 and
ent Ki

The water from Trench 33L-18 (MF-159) was very acidic (pH = 2.0). At'

.

low pH, hydrogen ion may be a more efficient competitor than the radionuclides i

for the soil exchange sites. It is equally possible that the clay mineral '

structures are being destroyed by the high acidity, thereby lowering the soil
exchange capacity and changing the trend of the observed Kd versus pH line.
This effect has been observed in nature during the formation of acid sulfate

r soils (ll). This change would account for the 137Cs Kd and 60Co Kd being
much larger.l

|
|

|

'
,

!

,

137 s Kd sorption coeffi-| i200 - o4 - Figure 7.14. C
! cient versus pH for trench waters and

'0 " - - soils from Maxey Flats, Kentucky, dis-
,, _ _

posal site.=

soo - - C<ic trench waters /
ultrasonicated soils:

}roo - - Solution / soil ratio: 20 mL/g
5 Reaction Containers: TFE Teflon
# 5" - - Equilibration Time: 822 hours

Soo - -

MF Trench
| ,oo _ _

Experiment Code Water Soil
30o - - 1 155 19S sandstone

oi 2 157 27 sandstone
2" -

s
- 3 157 27 shale )

4 158 33L-4 shale
' ~

8
-

5 158 33L-4 sandstone
.

6 159 33L-18 sandstone
| , , , , , , ,

? 4 6 8 to 12 14

! pH
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60 o Kd sorption coeffi-Figure 7.15. Ci i i i i i i

cient versus pH for trench waters and'

'6 ~ - soils from Maxey Flats, Kentucky, dis-
g _

4
_

posal site.
3

,, _ _
0xic trench waters /
ultrasonicated soils:-

{ io - _ Solution / soil ratio: 20 mL/g
Reaction Containers: TFE Teflon-,

; e - _ Equilibration Time: 822 hours
O
*

6 - - MF Trench
Experiment Code Water Soil

4 - - 1 155 19S sandstone
2 157 27 sandstone

- 6 ' - 3 157 27 shale.
3 4 158 33L-4 sandstoae, , , g2 i , , ,

5 158 33L-4 shale2 4 s e io i2 a
6 159 33L-18 shalepH

7.2.3.7 Comparison of Kd Results for Glass and Teflon Containers
i

Determination of the sorption coefficient Kd was made by gamma-ray
counting the solution with a Ge(Li) detector while shielding the detector from
the soil. An error in Kd determination can be caused by any appreciable
amount of radionuclides adsorbed on the container walls, which would appear to
be in solution. The calculation of isotopic Kd from the radionuclide concen-
tration in solution would be systematically in error due to the wall adsorption.
TFE Teflon does not significantly adsorb radionuclides from solution. However,
low Eh trench waters cannot be preserved because oxygen diffuses rapidly through
TFE Teflon walls. Screw cap, septum sealed, glass test tubes (Bellco, 2047-
16125) were excellent for protecting trench water from oxyger. In spite of the
adsorption of radionuclides onto the glass walls, the glass test tubes offer a
great experimental convenience. Therefore, a comparison of isotopic Kd re-
sults for glass and Teflon containers was made to see if the Kd results were
within the experimental error.

Trench-19S (MF-155), and trench 33L-18 (MF-159) waters from the Maxey
Flats, Kentucky, disposal site, were exposed to air in the laboratory. The fer-
ric hydroxide precipitate was removed by filtration and the oxic solution was
used to prepare samples for isotopic Kd determination. Shale, also from Maxey
Flats, was used with the oxic trench water. Four types of sample sets were
prepared in glass and Teflon test tubes as follows:

Trench Water + Soil
1. Oxic Trench 19S (MF-155) + Shale (MF-III), 100-200 mesh fraction
2. Oxic Trench 19S (MF-155) + Shale (MF-III), chips of core disag- 1

gregated by ultrasonic vibration
3. Oxic Trench 33L-18 (MF-159) + Shale (MF-III), 100-200 mesh fraction
4. Oxic Trench 33L-18 (MF-159) + Shale (MF-III), chips of core disag-

gregated by ultrasonic vibration
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i

; The effect of pH changes in the solutions as well as dilution of the

| trench water was examined by preparing sample sets in glass test containers. I

!

| After the sample sets had been tumbled to equilibrate the solution
| with the soil, a 10.0-mL-filtered (0.45 pm membrane filter) aliquot was acidi-
| fied with 1-mL of nitric acid (8 M) and counted using a Ge(Li) gamma ray de-
! tector.

Kd results are given in Tables 7.16 to 7.19. The underlying assumption
in the comparison of results for glass and Teflon containers is that glass ad-

i sorbs radionuciggs and conseauently would result in lower Kd values. The134,I37 s, were significantly lower for glass con-| Kd results for 2Am and C

d results for 241 m, (Tables 7.16 and| tainers as shown in Table 7.19. The K A

Table 7.16,

|

Sorption Coefficients for Trench 33L-18 Water and Disaggregated Soil
From Maxey Flats, Kentucky, Disposal Site

(Teflon Versus Glass, Effect of pH)

Kd (mL/g)a s

85pH Container Sr 134Cs 137Cs 60Co 59Fe 241 mA

2.1 Teflon 1.4 0.3 105 2 104 2 < 0.1 0.90 0.04 173 6
2.1 Glass 1.2 0.4 127 2 130 10 < 0.1 21 125 6
-- Glassb 2.310.2 760t70 740i9 0.7 1 91 ---

3.3 G1 ass 1.8 0.1 110 10 110 20 0.7 1 < 0.1 104 4,

! 3.7 Glass 0.9 0.3 89t2 94 2 < 0.1 1.3 0.4 ---

Trench Water: Maxey Flats, Kenticky, disposal site
| Trench 33L-18 (M -159), collected May 1977

Exposed to air and filtered to remove ferric hydroxide
precipitate

Soil: Maxey Flats, Kentucky, disposal site
Shale (MF-III)

Chips of Core Disaggregated by Ultrasonic Vibration
Solution / Soil Ratio: 20 mL/g
Reaction Containers: TFE Teflon - Test tubes fabricated at BNL, Appendix F,

Figure F.8
Glass - Screw cap, septum sealed test tubes (Bellco

j 2047-16125), Appendix F, Figure F.7
Equilibrium Time: 110 hoursi

Sample Counted: 10-mL filtered and acidified aliquot of aqueous phase
aKd is reported as an average one standard deviation of the results.
b esults are for a 1/10 v/v dilution of trench 33L-18 water with distilledR

water.
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Table 7.17

Sorption Coefficients for Trench 33L-18 Water and Soil
(100-200 Mesh Fraction) From Maxey Flats, Kentucky, Disposal Site

(Teflon Versus Glass, Effect of pH)

Kd (mL/g)a

pH Container 85Sr 134Cs 137Cs 60 o 59 e 241 mC F A

2.1 Teflon 0.8 0.4 252 2 230 20 < 0.1 91 150 60
2.1 G1 ass 1.3i0.1 210 20 210 20 < 0.1 71 150 60

Glassb 5.8 0.4 790 30 750 120 81 150 20 --- 1
--

3.3 Glass 1.4 0.1 130 20 130 10 0.4 0.2 4t1 200 50 |
3.7 G1 ass 0.7 0.2 80 3 77 3 < 0.1 <1

|
---

Trench Water: Maxey Flats, Kentucky, disposal site
Trench 33L-18 (MF-159), collected May 1977
Exposed to air and filtered to remove ferric hydroxide
precipitate

Soil: Maxey Flats, Kentucky, disposal site
Shale (MF-III), 100-200 mesh fraction

Solution / Soil Ratio: 20 mL/g
Reaction Containers: TFE Teflon - Test tubes fabricated at BNL, Appendix F,

Figure F.8
Glass - Screw cap, septum sealed test tubes (Bellco

2047-16125), Appendix F, Figure F 7
Equilibrium Time: 110 hours
Sample Counted: 10-mL filtered and acidified aliquot of aqueous phase
agd is reported as an average one standard deviation of the observed
results.

bResults are for a 1/10 v/v dilution of trench 33L-18 water with distilled
water.

7.18), were also si The lower Kd results,Table 7.16,134,13/gnificantly lower in glass containers.Cs, in Teflon containers, reflect additional unidentified
experimental problems other than wall adsorption such as soil adhering to the
Teflon walls which was not observed with glass containe.s. Although the differ-
ences, in Kd between glass and Teflon containers, are less than an order of
magnitude, and not always consistent, the use of Teflon containers to ' avoid sys-
tematic errors due to wall adsorption appears to be prudent.

The effect of a 1/10 v/v dilution of the original solution with dis-
tilled water greatly enhanced the sorption onto the soil. Changes in solution
pH by addition of HNO3 or Na0H, did not produce a clear trend in sorption of
radionuclides.
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Table 7.18

Sorption Coefficients for Trench 19S Water and Disaggregated Soil
From Maxey Flats. Kentucky, Disposal Site

(Teflon Versus Glass, Effect of pH)

Kd (mL/g)a

pH Container 8537 134Cs 137 s 60Co 241 mC A
,

8.0 Teflon 4.310.2 240 10 230 10 < 0.1 21
8.0 Glass a 3 0.2 260 20 270 40 0.7 0.1 31
-- Glassb 15 3 2260160 2140 90 < 0.1 ---

7.7 Glass < 0.1 190 30 190 30 0.11 0.01 ---

2.4 Glass < 0.1 260 20 250 60 0.86i0.04 1.6 0.1

Trench Water: Maxey Fiats, Kentucky, disposal site
Trench 19S (MF-155), collected May 1977
Exposed to air and filtered to remove ferric hydroxide

.

'

precipitate

,

Soil: Maxey Flats, Kentucky, disposal site
| Shale (MF-III)
| Chips of Core Disaggregated by Ultrasonic Vibration

Solution / Soil Ratio: 20 mL/g
Reaction Containers: TFE Teflon - Test tubes fabricated at BNL, Appendix F,

Figure F.8
,

I Glass - Screw cap, septum sealed glass test tubes
'

Equilibration Time: 110 hours
| Sample Counted: 10-mL filtered and acidified aliquot of aqueous phase

aXd is reported as an average one standard deviation of the observed
results.

b esultr. are for a 1/10 v/v dilution of trench 19S water with distilledR

water.
;

I

i

!

| The most significant difference in Kd numbers results from using
ultrasonically disaggrelated bulk shale versus shale which had been ground in
a ball mill. The Kd results for both trench waters were significantly lower
with the ultrasonically disaggregated shale. The grinding and sieving process
appeared to concentrate the adsorbent materials, clay minerals, in the 100-200
mesh range, (Section 7.1), and artificially increased the surface area.

| 7.2.3.8 Handling of Sample Materials

The effect of the preliminary preparation of trench water and soil on
the Kd sorption coefficient was further examined in this study.
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Table 7.19

Sorption Coefficients for Trench 19S Water and Soil
(100-200 Mesh Fraction) From Maxey Flats, Kentucky, Disposal Site

(Teflon Versus Glass Containers, Effect of pH)

Kd (mL/g)a

85 r 134 s 137 s 60Co 241AmpH Container S C C

8.0- Teflon 26 3 635 1 683 2 44 3 410i40
8.0 Glass 20 1 500 15 500113 40 190 10

Glassb 70 17 2520 30 2350i40 370 60-- ---

7.7 Gl ass 460 160 430 100 < 0.1 ------

2.4 Glass 620 120 530 40 15 3 19 1---

Trench Water: Maxey Flats, Kentucky, disposal site
Trench 195 (MF-155), collected May 1977
Exposed to air and filtered to remove ferric hydroxide
precipitate

Soil: Maxey Flats, Kentucky, disposal site
Shale (MF-III), 100-200 fraction

Solution / Soil Ratio: 20 mL/g
Reaction Containers: TFE Teflon - Test tubes fabricated at BNL, Appendix F,

Figure F.8
Glass - Screw cap, septum sealed glass test tubes

(Bellco 2047-16125), Appendix F, Figure F.7
Equilibration Time: 110 hours
Sample Counted: 10-mL filtered and acidified aliquot of aqu3ous phase
aKd is reported as an average i one standard deviation of the observed
results,

b esults are for a 1/10 v/v dilution of trench 19S water with distilledR

water.

The results of previous experiments have shown that the experimentally
observed Kd-is a function of the_ nature of the water regime. If the water
regime is fixed, variation in the observed Kd can be produced by changing the
mineral composition of the solid phase, as shown by the last study using ultra-
sonicated as well as ground and sieved material. An experiment to examine the
effects of both soil and water variations on the same system was designed.

~ Anoxic versus Oxic Trench Water: Trench waters, which existed under
reducing conditions at the disposal sites, must be handled in a low oxygen atmo-
sphere to prevent precipitation of ferric hydroxide. An inert atmosphere was
used to simulate the anoxic conditions existing in the burial trenches during
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the determination of the Kd sorption coefficient. Since the preservation of
samples for Kd determination for a month was quite difficult, an alternative

,

| procedure of working in an oxidizing atmosphere was tried. Trench waters were
j exposed to the air to precipitate ferric hydroxide. The precipitate was removed
' by filtration and the resulting oxic water was used to prepare samples for Kd

determination. An identical sample set was prepared for comparison using thei

I anoxic water.
i

Ground versus Ultrasonically Disaggregated Soil: Soil samples of un-
| weathered till were received from the West Valley, New York, disposal site, and
| unweathered Nancy Shale from the Maxey Flats, Kentucky, Disposal Site. These

materials were intact, nonhomogeneous cores. The first approach was to grind'

the material in a ball mill and sieve the resulting powder to remove coarse
materials. The process of grinding and sieving involved a considerable risk ofi

! obtaining misleading Kd results because the grinding process can increase the
| surface area of the material. Also, sieving the ground material to obtain a

uniform sample can produce separations of the clay, sand and silt constituents.
| The alternative process was to prepare Kd samples from chips of the till core
| and disaggregate the chips by vibrating the prepared Kd sample set in an
| ultrasonic bath. The disa6xntage of the ultrasonic method is that the samples
| are not necessarily uniform.

Isotopic Kd sorption coefficients for four sets of samples, four com-
binations of conditions, are shown in Tables 7.20 and 7.22.

! These experimental results illustrate the behavior of the trench water-
soil geochemical system with respect to variations in soil characteristics and f
water chemistry which are likely to occur along migration paths.

By comparing the experimental results of ultrasonicated versus ground
material for either oxic or anoxic waters, the effect of relatively small
changes in the solid phases on the Kd of the system is apparent. In a similar
manner, the effect of changing water chemistry can be seen by comparing the re-
sults for oxic versus anoxic waters for either ground or sonicated material.

Two comparisons are of particular importance, 1) the comparison of
ground-sieved versus ultrasonicated soils under anoxic or oxic conditions, and
2) oxic versus anoxic water regimes for either ultrasonicated or ground-sieved

| soil. The first comparison applies to the sorptive behavior of the geochemical
; system as anoxic waters moving away from the immediate trench vicinity, come
! into contact with soils varying slightly in composition, grain size, etc. Such ;

lvariations are to be expected due to the inhomogeneity of the geologic media on
,

i a small scale. The second comparison mimics what would happen as trench waters |

move away from the near field trench area and mix with surrounding groundwater.
|

These surrounding waters would not have the high organic contents of trench
| waters, and consequently they would be much less reducing. Mixing would dilute

the trench waters, thereby producing a more oxic water regime as migration
continues.

Tables 7.21 and 7.23 give the results of comparisons for combinations
of soil conditions and waters. The yes or no response indicates if significant
variations in Kd are observed. For example, the Kd results for 152 u inE

172

l
|



.

Table 7.20
,

Sorption Coefficients for Trench Water and Soil '

From West Valley, New York, Disposal Site
(Soil and Water Pretreatment)

Kd (mL/g)a

Solution Condition

Oxic Anoxic

Soil Condition

Ground- Ground
Ultrasonic 100-200 Mesh Ultrasonic 100-200 Mesh

Radionuclide Disaggregated Fraction Disaggregated Fraction

152Eu 43001500 3700i600 600 60 2100 200
241Am 4700i60 4000!600 415160 1000 150
85Sr 31.9io.2 2512 6.9 0.4 7.4 i0.2

134Cs 200 9 100 30 49i6 260 7
137Cs 195 10 100230 4825 260 7;

-

60 o 2.3i0.2 1.8i0.1 1 51C

Trench Water: West Valley, New York, disposal site, Trench 2-1A
(WV-40), collected anoxically November 1977

Soil: West Valley, New York, disposal site
Unweathered till, Test Hole A2 (WV-A2)
collected July 1975

Solution / Soil. Ratio: 20 mL/g-
Reaction Containers: Screw cap, septum sealed, glass test tubes

-Equilibration-Time: 100 hours
Anoxic: Original materials maintained in an argon atmosphere
0xic: Trench water was exposed to air to precipitate ferric

hydroxide. Samples for Kd determination were prepared
from the solution after the precipitate was removed by
filtration.

Kd is rep,*ted'as an average one standard deviation of observed results.

Table 7.20 show that Eu sorption is affected by differences in water chemistry
-(oxic versus anoxic) for both the ground-sieved sediment (100-200 mesh),and

,

the ultrasonicated material. Yes responses in Table 7.21 are recorded 6 the;
'

- comparisons in the anoxic and -oxic columns. However, under oxic conditions,
the sedinent variation (100-200 mesh versus ultrasonicated) prodc ?s no signifi-
cant variation in the observed K . A no response appears for the esmparisond
in' the -last column in Table 7.21.

'

.
-

:
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Table 7.21

Does Soil and Water Composition Variation Affect Kd
Results for Tench Water and Soil From West Valley,
New York, Disposal Site? (See also Table 7.20)

Comparing Kd Results for:

Soil Compositions Water Compositions
With With

Ground Bulk Soil
100-200 Mesh Ultrasonically

Radionuclide Anoxic Water Oxic Water Soil Fraction Disaggregated

152Eu YES YES YES NO

2hm YES YES YES N0
Sr YES YES NO NO134Cs YES YES YES YES

137Cs YES YES YES YES60Co YES YES VES YES

Trench Water: West Valley, New York, disposal site, Trench 2-1A
(WV-40), collected anoxically November 1977 )Soil: West Valley, New York, disposal site

|Unweathered till, Test Hole A2 (WV-A2)
collected July 1975

If the magnitude of the Kd results are considered, some general pre-
dictions can be made concerning migration and retention of the radionuclides.
For example, Eu and Am sorption in the West Valley system is affected by soil
changes under anoxic conditions, but unaffected under oxic conditions, (Table
7.20). This would indicate that the soil variation is important in controlling
sorption around the immediate trench vicinity. However, as the waters move away
from the immediate trench vicinity, Am and Eu sorption would be expected to in-
crease due to the chemical iegime change. As migration continues, the changes
in water chemistry are important in terms of Eu and Am retention.

For Eu and Am in the Maxey Flats experiments, a similar pattern under
anoxic conditions is apparent, Table 7.23. Small variations in soil character
produce significant changes in the K . However, under oxic conditions thed
sorption is freque_ntly less strong. The reasons for these differences between
the West Valley and McAey Flats experiments are presumably due to differences
in water chemistries (oxic versus anoxic) and to some extent, the geological
media. In order to explain these differences, the water from the experiments
should be analyzed after the conclusion of the experiment as well as before.
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Table 7.22

Sorption Coefficients for Trench Water and Shale From
Maxey Flats, Kentucky, Disposal Site

(Soil and Water Pretreatment)

Kd (mL/g)a

Soil Condition

Oxic Anoxic

Soil Condition

Ground Ground
Ultrasonic 100-200 Mesh Ultrasonic 100-200 Mesh

Radionuclide Disaggregation Fraction Disaggregation Fraction

152 u 450 30 480il20 420 20 1480 270E

241 m 1240i180 560 230 480 70 900 20A

85 r 6.1 0.8 48 4 41 10.0 0.3S
'

134 s 1430 80 1800 100 570 30 490 2.0C
'

137 s 1210 60 1570 40 550 30 490 10C

60 o 92 6.9!8 51 11 2C

Trench Water: Maxey Flats, disposal site, Trench 27
(MF-157), collected anoxically May 1978

Shale: Maxey Flats, disposal site, Trench 46
(MF-III), unweathered shale at N 20 feet

Solution / Soil Ratio: 20 mL/g
Reaction Containers: Screw cap, septum sealed, glass test tubes, Appendix F,

Figure F.7
Equilibration Time: 100 hours
Anoxic: Original materials maintained in an argon atmosphere
Oxic: Trench water was exposed to air to precipitate ferric

hydroxide. Samples were prepared from the solution
after the precipitate was removed by filtration.

aKd is reported as an average one standard deviation of the observed
results.

In contrast, cesium sorption is sensitive to changes in both water
chemistry and soil character for the West Valley and Maxey Flats situations,
the later case showing an order of magnitude increase in sorptign. Cesium
sorption is thought to be controlled by ion exchange equilibria (13,15,16,17,18),
and the pattern shown by these experiments is consistent with this idea. Cesium
has also been observed to be preferentially sorbed and at least semi-permanently
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Table 7.23

Does Soil and Water Composition Variations Affect Ka
Results From Maxey Flats, Kentucky, Disposal Site?

(Se( also Table 7.22)

Comparing Kd Results for:

Soil Compositions Water Compositions
With With

Bulk Soil
100-200 Mesh Ultrasonically

Radionuclide Anoxic Water Oxic Water Soil Fraction Disaggregated

152Eu YES NO YES NO
241Am YES YES YES YES

i 85Sr YES N0 YES YES
134Cs YES YES YES YES
137Cs YES YES YES YES .

60Co YES N0 YES NO

Trench Water: Maxey Flats, disposal site, Trench 27
(MF-157), collected anoxically May 1978

Shale: Maxey Flats, disposal site, Trench 46
(MF-III), unweathered shale at s 20 feet

fixed on specific minerals,(14) most notably illite. In order to determine if
this is the case in these experiments, a simple desorption experiment can be
performed to determine if the cesium remains fixed in the soil or is readily
removed.

A desorption experiment will indicate the extent of passible remobili-
zation of radionuclides. Water regimes are not likely to remain constant over
the period of time required for radionuclide decay, resulting in possible migra-
tion of previously sorbed radionuclides. Information on this question cannot be
derived from consideration of Kd data alone. Similar information about the

i other radionuclides would be of interest in terms of their longer term retention
i in the geologic media.

i Strontium shows a similar sorption pattern to that for Cs in the Maxey
Flats experiments. However, for the West Valley sediments which are high in
carbonate, changes in the soil character do not markedly affect the observed
sorption under either anoxic or oxic conditions. This suggests that the car-
bonate in the sediments is exerting a strong influence on strontium behavior.
Calcium and strontium in natural waters are controlled by the carbonate-
bicarbonate-pH relationships and it is reasonable to assume that similar re-
straints are operative in these experiments. In order to determine what these
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restraints are, the carbonate species and calcium in the waters should be ana-
lyzed, both before and after the sorption experiment. Cobalt shows the least
retention of the radionuclides studied.

Finally, the most striking features of the data are that the combina-
tion of anoxic trench water and ultrasonically disaggregated soil produced the
least sorption for every radionuclide. Since the combination of unaltered sam-
ple materiah most closely represents the :ituation in the disposal trenches,
the batch Kd data most relevant to migration close to the trenches must be
obtained by measurement with carefully preserved samples.

Earlier batch experiments have shown a time dependency for sorption
of some.radioquelides, notably cesium. The natural state is a dynamic system
rather than the static one represented by batch experiments. Therefore, the
results of batch tests may represent upper limits for the sorption of some
radionuclides. Column experiments using undisturbed site-specific soil sam-
ples and trench waters are needed. Such experiments will give more realistic
results for some radionuclides and will compliment the results of batch tests.
Such experiments are planned for future work.

7. '' i Conclusions

At present,- the ultimate barrier to migration of radionuclides is the
geologic medic . * thin which the waste is emplaced. Prediction of potential
migration rates Gr radionuclide bearing groundwaters is a difficult problem
involving hydrogeologic as well as physical and chemical parameters. Experi-
mental work described in this section has attempted to examine the sorptive
behavior of site specific geological media and trench waters. Experiments I

were performed to simulate in situ conditions in the trenches, as well as ex- I

pected variations in enviroTmental conditions likely to be encountered during
migration.

Special handling of some sample waters was required which complicated
the experimental work. The reducing conditions generated by biological activ-
ity in some burial site trenches maintains a considerable amount of ferrous
ions in solution. Air exposure of these solutions will precipitate ferric
hydroxide and ';imultaneously coprecipitate other dissolved substances includ-
ing some of the radionuclides being studied. Anoxic conditions in these sam-
ples were attempted with an inert ocmosphere (argon or nitrogen).

Ideally the most suitable procedure to obtain Kd results for materi-
als from specific disposal sites is to use TFE Teflon vessels in an inert atmo-
sphere of argon, with no pretreatment of the trench waters or soils. Since
oxygen diffuses through TFE Teflon containers, work with anoxic trench water
must be performed in an inert atmosphere glove box. Reducing the soil sample
to a powder by ultrasonic vibration in the reaction tube, along with the radio-
nuclide spiked trench water, appears to be essential to avoid altering the sam-
ple in ways which will affect its sorption capacity.

Glass reaction tubes appear to be only acceptable for relative compari-
sons and the estimation of the length of time necessary to obtain equilibrium,
since glass wall adsorption 4:ontributes systematic errors to the isotopic Kd
results.
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Teflon is generally accepted as a satisfactory container material to
advoid wall adsorption. However, the problem of oxygen rapidly diffusing
through the Teflon walls will need to be avoided by working in an inert
atmosphere glove box.

Generally the Kd coefficient is determined under equilibrium condi-
tions. Establishment of equilibrium of the solution with the soil reguires
lengthy periods of intimate contact achieved by tumbling the samples 241Am,
and lJ/Cs require mixing period; of greater than 1000 hours. Periodic mea-
surement of the amount of isotope remaining in solution was made by countug
the aqueous phase with a Ge(Li) detector. The sorption of the radionuclides
241Am, 152 u, 85 r,134 s,137 s, 59Fe and 60 o was determined. EquilibriumE S C C C

was approached when the concentration of eei isotope in solution remained
constant.

Experimental results indicate that the observed Kd i s a function of
both solid and liquid phase compositional variations as well as contact time.
In terms of retention and migration predir' ion, these results have some di-

,

rect and important implications. Groundy..er modeling equations used to pre-
dict radionuclide migration involve terms for hydrogeologic parameters, but4

the sorption tenn (K ) is a constant in the equations.(19,20,21,22) It isd
evident from these experimental results that the sorption is a function of envi-

! ronmental conditions which will vary along the groundwater migration path for
.

any specific situation. Experiments of the type described here can be used to
! supply possible boundary limits for sorption in any specific fielo situation.

, The observation that the lowest Kd results are observed with anoxic
; trench waters and ultrasonicated soils points to the need to use site specific

materials and experimental conditions which simulate in situ conditions as
-

closely as possible. The observed contact time dependence for some radionu-
clides indicates the need for Kd determinations using flow through column ex-
periments, which more closely simulate the dynamic conditions operative in the
field situation. In order to interface batch and column studies, batch tests
using a range of soil / solution ratios need to be performed so that an extrapo-
lation can be made to the soil / solution ratio of a column experiment.

7.3 Future Sorption Tests and Core Analysis
(K. Czyscinski)

,

7.3.1 Introduction

Sorption tests performed in this program have aimed at supplying rele-
1 vant Kd numbers for use in the groundwater transport modeling studies of the

commercial burial sites. This effort is in cooperation with the U.S. Geological <

Survey. Order of magnitude approximations are useful in this respect in order
to estimate the effects of the sorption term in transport equations. Such gen- |

leral data are sufficient for this narrow application but not for a more general
one, such as establishing future site selection criteria based on the results of
these sorption studies. This longer range goal is of concern to NRC in terms of
its licensing role.
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Previous sorption studies involved a phenomenological approach in exper-
imental design. The solid-liquid system of site specific materials was treated
essentially as a black box, and Kd results measured for various changes in
experimental parameters such as gross water composition and contact time. Re-
sults of these experiments are valid only for the exact conditions of the ex-
periment. The experimental results are difficult to interpret because the
mechanisms controlling them are not identified, thereby limiting their predic-
tive application. Little of the information obtained can be applied to other
geochemical ent ironme nts, for example, to predict sorption behavior in an area
under considerat|on .s a future disposal site. Much more detailed information
is required to .stablish siting criteria based on sorption studies.

Knowledge of mineral-radionuclide associations, which res"It in effec-
tive retention of radionuclides, is required in order to apply to results of
these sorption studies to other environments. Reporting the magnitude of sorp-
tion alone is inadequate. The combinations of soil minerals, and aqueous phase

'components, which control the sorption, must be identified. A systems approach
to the sorption experiments is required for both batch and coluan tests.

7.3.2 Batch versus Column Tests

Future sorption experiments will involve some batch experiments, but
also flow-through column experiments which more closely simulate the field situ-
ation. Batch experiments will be designed to allow comparison with column exper-
iment results, and provide information of a mechanistic nature which will be
useful in predictive applications.

By performing both batch and column experiments with identical materials
it will be possible to determine which procedure produces more useful informa-
tion. It may also be possible to establish preferred methods for testing sorp-
tive properties for prospective disposal sites, and obtaining the most useful
data for modeling applications.

Batch tests are closed systems, static, and the most frequently used
mainly due to their relatively easy execution. Flow-through column tests are
dynamic #a nature and would probably supply Kd values closest to what would
be obse-;ed in the fielt situation. However, column ex9eriments are more dif-
ficult technically.

7.3.3 Batch Test
,

A series of experiments will be designed using the equipnent and proce-
dures to maintain anoxic conditions when appropriate. Ultrasonicated soil sam-
ples and trench waters will be used. The critical experimental variation will
be the soil / solution ratio which will be varied through a specific range for
each set of experiments. Any trend in the Kd results, with respect to the
ratio, can be extrapolated to the soii/ocleticr. catio of a saturated core of
the same material to be used in the column experiment. Differences between
batch and column Kd results would then be due to the relative sorption kinet-
ics of the static (batch) versus dynamic (column) experiments. This phase of
the work is simply the comparison of results from two experimental methodolo-
gies.
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In order to extend the amount of information to be gained from a batch
test to include information of a mechanistic nature, additional steps are re-
quired. Additional steps involve a desorption experiment at the conclusion of
the sorption test, and an analysis of the soil material used after the sorption
tests. The analysis of the soil will be in terms of its mineral components,
with the aim of determining with which components the remaining radionuclides
are associated.

Mineral phases which are effective sorbers of specific radionuclides
need to be identified, and the ability of the soil to "fix" the radionuclides |
assessed. Radionuclides may be reversibly sorbed on the soil, in which case j
relatively small changes in the water regime can result in remobilization, or
held in " fixed" positions from which desorption is difficult. Mineral species
which fix radionuclides would be useful for selection and design of artificial
barriers to radionuclide migration. Changes in the groundwater regime around
the trenches are likely to occur with time during the functional lifetime of
the disposal site, due to temporal variations in groundwater composition and
changes in the leachate composition derived from the waste. Resulting remo-
bilization is not presently considered in the simplistic groundwater transport '

models presently used.

The final step in the complete batch sorption experiment is the radio-
chemical analysis of the solids. An analytical procedure is proposed based on
separating various mineral fractions for radiochemcial analysis by gamma-ray

i spectroscopy. Characterization of the soil mineralogy is done on subsamples
! of the sediment prior to initiating the experiment. The fractionation pro-

cedure will be described in more detail in the trench core analysis section
(7.3.6). 1

i

A schematic plan for the complete batch experiment is given in Figure
7.16. The aqueous phase is analyzed after the completion of the various steps,
in addition to its intial characterization. Variables, such as Eh, OH and spe-
cific dissolved species, s.uch as carbonate-bicarbonate, can be determined if
they are thought to influence the sorption.

7.3.4 C_olumn Experiment
I

Flow through column experiments will use trench waters and " undisturbed"
cores taken from the disposal sites. Due to the extremely low permeabilities
of the sediments at West Valley and Maxey Flats, (hydraulic conductivities in
the range of 10-7-10-9 cm/sec, (9,23)), a column experiment using undis-
turbed cores from these sites would be technically extremely difficult at best,
and very time consuming in any event. Undisturbed cores from Maxey Flats would
be very difficult to obtain because the sha!e is extensively fractured.

Most column experiments described in the literature use columns composed
of packed homogenized material. This type of column test is little more than a
batch test using a high soil / solution ratio and short contact times. Due to the
drastic alterations produced in the solids when they are ground, homogenized and
repacked, this type of column experiment is unrealistic in terms of in situ
field conditions and will not be done in this study. This leaves little hope
for conducting a successful column experiment using cored material from West
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Figure 7.16. Flow chart outline of batch
i . sorption experiment.
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Valley and Maxey Flats. Forcing water through the material at high pressure is
possible but maintaining anoxic conditions during the process is a formidable
task, probably much more difficult than maintaining anoxic conditions during a
batch experiment.

A successful column experiment using cored sediments from the Barnwell.
South Carolina, disposal facility can be performed comparatively easily. The
sediments at this site are composed of unconsolidated sands gilts and clays
with hydraulic conductivities in the range of 10-5 cm/sec (I41 Gravity
head is sufficient to maintain adequate flow rates for experiments and the rela-
tively oxic nature of the trench leachates (Section 5.3.4) eliminates the prob-
lem of maintaining anoxic conditions during the experiment. In addition, re-
sults of column and batch experiments can be related to the results of detailed
analysis of cores taken from beneath the disposal trenches at the Barnwell fa-
cility. This will allow ideas and information developed as a result of la' ora-
tory studies to be compared directly with the field situation. Therefore,
priority will be given to batch and column tests using site-specific material,

from Barnwell, and detailed analysis of the trench cores. For a description of <

the analysis scheme to be used on the cores see Section 7.3.6.

The proposed column experiment is as follows. A reservoir of trench
leachate water collected from the disposal site (Section 5.3.4) will be spiked
with radionuclides of interest and percolated through a column consisting of
a section of " undisturbed" sediment from the disposal site. Effluent from the,

core is collected for chemical and radiochemical analysis. The breakthrough
time of specific radionuclides into the effluent is determined. After break-

! through, the sorption part of the experiment can be continued until steady-
' state concentrations of certain radionuclides develop in the effluent. This

point represents saturation of the available sites on the soil. Results of
batch studies indicate that cobalt would break through rather early, but ameri-i

; cium would probably not break through within practical time frames. Therefore,
the cut-off time for the column sorption step would be somewhat arbitrary.

Following the initial sorption step, the reservoir of spiked trench
water would be replaced with an unspiked trench water and a desorption experi-
ment begun. Again, the effluent would be collected for analysis to qualita-
tively and quantitatively detennine what has been remobilized. Once a steady
state situation has been re-established the desorption step is halted. Radio-
nuclides removed were those held in reversibly sorbed positions. Those re-

1maining on the core are in " fixed" positions in the soil. As in the batch
experiment, the final step is the fractionation of the sediment based on its
mineralogy, and radiochemical analysis of these fractions. This is to deter-
mine with which mineral phases the remaining radionuclides are associated.
Autoradiography of the split core can be performed to show the spacial distri-
bution of radionuclides before it is processed in the fractionation scheme.

A schematic flow diagram of the column experiment is shown in Figure
7.17. The sequence is virtually identical to that for the batch experiment,
allowing direct comparison of results from the various steps.
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7.3.5 Selection of Materials

Care must be exercised in the selection of soil materials to be used in
these experiments (batch and column). Not only must the materials be suffi-
ciently similar to allow intercomparison; but they must also be sufficiently
similar in composition and textbre to the material below the trenches to allow
direct comparison with. field data. Cores from beneath the trenches at Barnwell
have been received and their composition and texture will determine what
particular soil material will be used for laboratory experiments.

Representative samples of site specific materials from which to select
the experiment samples for batch and/or column tests are supplied by U.S. Geo-

,

logic Survey hydrologists actively involved in studies at these facilities. '

Trench waters collected from the site have also been analyzed as de-
scribed in Chapter 5. Examination of these data will determine which trench
water will be used for the liquid phase. Little effort has been made to inter-
pret trench water chemistry in terms of chemical systems. Therefore the selec-
tion of a " typical" trench water is somewhat arbitrary. Waters which show
extreme values of pH, Eh, or other chemical variables, relative to the range
observed in the waters, will be eliminated from consideration. In this way a
" typical" water will be selected.

7.3.6 Trench Core Analysis

As part of the cooperative study with the b S. Geological Survey,
Brookhaven is performing radiochemical analysis of sediment cores taken from
below the trenches at several of the commercial shallow land burial facilities.
These cores are important in two respects. First, the efficiency of the geolog-
ical media in retarding radionuclide migration can be assessed by determining
the depth of penetration of radioactive isotopes into these sediments. This
information is of interest in site-specific studies, and involves a relatively
simple radiochemical analysis of the cores as a function of depth.

The second aspect concerns the interrelation of field and laboratory
work. The critical test of information and ideas generated from laboratory
work is their confirmation in the field situation. For example, an estimate of
radionuclide migration, based on Kd numbers, can be made using the simplistic
chromatographic equation:

V /VN=Rd=1+Kd (D/C) (1)W

where Vw = velocityof the water front,
Vn = velocity of the radionuclide front,
Rd = retardation factor,
Kd = radionuclict distribution coefficient,
p = bulk density,
c = porosity.

.,

In a core sample, VW would represent tritium migration depth (Rd=1),
and V , penetration depth of specific radionuclides.N
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More complex equations exist (20-22), however; for a simple one-dimen-
sional flow model through a fracture free core, they reduce to equation (1)

' above. Predictions of migration can be made using the Kd data generated in
laboratory studies once the tritium front is defined. Comparison against actuali

| field results can then be made to test the reliability of these Kd numbers as
4 predictive tools,

Using laboratory sorption data to establish siting criteria involves de-t

termining mineral-pore water-radionuclide associations as described previously.
i Field verification of these associations requires a core analysis scheme more

involved than a simple bulk radiochemical analysis as a function of depth.

The trench core material must be radiochemically analyzed based on min-
eral fractions. An analytical plan for this analysis was designed which allows
comparison with results from the various steps in the proposed sorption experi-

; ments. Both a bulk radiochemical analysis of the cored material and a further
1 analysis based on mineral fractions will be performed on the trench cores.
; . Figure 7.18 shows the schematic flow chart for these analyses.

The left. side of the scheme is a simple bulk radiochemical analysis as
a function of depth ter thL wapled intervals. In the fractionation scheme, the

sediment from these depth intervals is processed into various components beforei

; radiochemical analysis, in an effort to determine the fate of the nuclides in
the geochemical system reoresented by the core. Radionuclides in the sediment

1 cores are either in the pore water phase, or on the solid material in reversibly4

sorbed or " fixed" exchange sites.
,

i

The following fractions are obtained in the fractionation scheme:

1) water rinse (aqueous fraction) - contains nuclides originally in
j -solution in the pore fluids, and those reversibly sorbed on the solids - the

water rinse is analogcus to a desorption experiment;
i

2) stractable " iron" fraction - radionuclides held on freshly precipi-;

tated iron (a:.J some aluminum) phases in the sediments;
,

) 3) carbonate fraction - nuclides held in carbonate materials;
i

4) sand, silt, clay fractions - radionuclides held on various minerals
in these size fractions.

Radionuclides in steps 2-4 are " fixed"; i.e., not readily mobilized by a
charge in the pore water regime. The bulk radiochemical analysis cannot dis-
tinguish between nuclides in the interstitial waters (pore water), and fixed or
rovnesibly sorbed nuclides. The bulk analysis rep esents the total content of;

[ radionuclides only.

All the trench cores can bc analyzed by this procedure, but emphasis will>

. be placed on a complete analysis of the Barnwell material, because both batch
and column experiments are scheduled using Barnwell sediments and trench waters.
However, bulk radiochemical analysis will be performed on all trench cores as a
minimum. As time and resources permit, the fractionation procedure will be done
on the other cores.

,
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|
| Data from these core analyses are critical in the total experimentri.
. plan. Laboratory results must be verified in the field before applications can
! be made to siting criteria, predictive modeling, and burial procedures described

in the introduction to this chapter.

l

I
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'
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|
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Figure 7.18. Flow chart outline for trench
core analysis.
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8 WORK IN PROGRESS AND FUTURE DIRECTIONS

This section will briefly describe some of the work in progress and some
of the work presently in the planning stages for future efforts.

e Batch Kd sorption and desorption experiments are in progress using
trench waters from Barnwell trenches 6D1 and 25/21-D1 and some site-
specific soil material. The soil / solution ratio is varied in these
experiments in order to obtain data for extrapolation to expected con-
ditions in the column experiments. Both liquid and solid phases are
also to be analyzed at the end of the experiments.

Determination of batch Kd in an anoxic environment using an improved
technique with waters and soils from Maxey Flats and West Valley are
in progress. Desorption of radionuclides from the solid phase and
chemical analysis of materials after equilibration is also anticipated
as outlined in Chapter 7.

e A column Kd experiment is in progress using a water, simulating
that from Barnwell trench 6D1 and a sediment core embedded in epoxy
resin. The anticipated results will include a radionuclide break-
through curve, a desorption experiment and analysis of the sediment

i after the completion of the sorption experiments as outlined in
Chapter 7.

e Cores recovered from below several of the disposal trenches at the
Barnwell facility and from an evaporation lagoon at West Valley are
currently being analyzed according to the scheme described in Chapter
'7. Cores from the Beatty, Nevada and Sheffield, Illinois facilities
will be analyzed when they are received. A distillation apparatus
has been constructed and tritium analyses in pore water from the core
sections are in progress. Prior to sectioning, survey gamma scans of
the core sections are performed. The remainder of the core analysis
procedure will be performed after the tritium distillations are com-
pl eted.

' e Additional radiochemical analyses are planned to survey the concen-
trations of long lived beta emitting radionuclides present in trench
waters.

e Additional radiochemical analyses to. measure the concentrations of
alpha emitting radionuclides in trench waters (e.g. radium, uranium,

j and thorium isotopes) leached from source materials buried in the
trenches will also be performed.

e Selected trench waters from Maxey Flats, West Valley, and Barnwell
will be analyzed for the presence of specific organic complexing,

! agents, as well as their concentrations.
'

.o To study the effects of small concentrations of organic complexing
agents on the sorptive behavior of the trench water-soil system, a
series of batch Kd experiments are to be initiated.
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The liquid phase for these expeirments will consist of trench waters
from Maxey Flats spiked wich various organic complexing reagents
(EDTA, oxalic acid, MIBK, etc.) at several concentrations. Site-
specific soil materials will be used for the solid phases. Addi-
tional experiments will use generic soil forming minerals such as
illite, kaolinite, limonite, etc. to determine the effect of organic
material on these mineral-trench water systems. Common soil forming
minerals that do not show a decrease in Kd in the presence of or-
ganic complexing agents may be useful as trench lining materials to
decrease the migration potential of radionuclides in trench waters
where organic complexing agents are present.

e Waters recovered from the interceptor trench adjacent to trench 27
at Maxey Flats will be analyzed for radionuclide content, dissolved
organic carbon, and selected inorganic constituents.

e Background levels for tritium in waters collected around the Barnwell
disposal site will be measured.

| e Analysis of waters from wells which border the chemical disposal
i ground at the Sheffield, Illinois disposal facility are in the plan-

ning stages.
! l

!
!

,

i

i
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APPENDIX A

PROCEDURE FOR SURVEY STUDY OF COMMERCIAL
LOW-LEVEL RADI0 ACTIVE WASTE DISPOSAL SITES

i (A.J. Weiss)

The following procedure for conducting the survey study of water samples
from commercial low-level radioactive waste disposal sites was adopted by the
U.S. Geological Survey (USGS) and Brookhaven National Laboratory (BNL) at
Reston, Virginia, March 29, 1977. Water samples will be collected by USGS per-
sonnel conducting hydrogeological studies at the disposal sites, who will be
responsible for measuring the temperature, pH, and conductivity of the samples.
BNL will be responsible for measuring dissolved organic carbon (DOC), gross
alpha, gross beta, tritium, and gamma radioactivity in the samples.

.
A.1 Equipment and Supplies

1

The equipment needed for sampling consists of items supplied by BNL and
USGS.

A.1.1 Items Supplied by BNL

Polyet" lene bottles (500-mL)*
DOC bottles from USGS Central Labs, Denver, Colorado
Glass bottles (1-liter)*
pH paper (range pH 1-2.5)
Plastic bags (water tight)
Masking tape
Insulated ice chest
Metal cans
Aluminum foil
Scotch tape
Hose clamps
Plastic squeeze bottles

A.1.2 Items Supplied by USGS

Peristaltic pump
Tygon tubing, laboratory grade R3603**, 5/8" x 3/8" and

3/8" x 1/4" sizes
Sailer
Nitric acid (HNO ). reagent grade (conc)3
Pipette or graduated cylinder'

Radiation survey meter
; Protective clothing (disposable gloves, shoe covering, etc.)

!
'

OAll items cleaned at BNL. Do not make substitutions.
00Tygon tubing R3603 is available in various sizes compatable with the

peristaltic pump available at the burial site.

!
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A.1.2 Items Supplied by USGS (Cont'd)

Marking pen
pH meter and electrodes
Conductivity meter and cell
Thermometer
Ice
Shipping crate
Absorbent material, e.g. , vermiculite
In-line stainless steel filter assembly with 3-way valve
Silver membrane filters; 47-mm-diam, 0.45-um thick.
Acetone
"~ tilled water.s

A.2 Collection Procedure

All trenches and wells from which water can be obtained should be sampled.
A radiochemical sample and an orqanic sample will be collected from each sam-
pling location.

A.2.1 Trench Sampling

1. Prior to collecting a trench sample, purge with trench water to
'

clean the lines. NEW TYGON TUBING SHOULD BE USED FOR EACH TRENCH TO AVOID
CROSS CONTAMINATING THE SAMPLES.

2. Rinse a 1-liter glass bottle with some trench water prior to col-
lecting approximately one liter of water sample. A hose clamp can be used to
regulate the flow rate.

3. Record the sample source and collection date on each bottle " d.
Cover all written labels with transparent tape to protect the label fr w
water.

A.2.1.1 Radiochemical Sample

1. Dispensa 5 mL of reagent grade concentrated nitric acid into a
500-mL polyethylene bottle followed by 100 mL of Liench water (from A.2.1 step'

2), 30 mL of concentrated nitric acid, and trench water (from A.2.1 step 2) to
approximately four hundred mL (total volume). Shake the contents of the glass
bottle before pouring into the polyethylene bottic.

2. Shake the contents of the polyethylene bottle and test the acidi-
fied sample with pH paper supplied. If the color is not red (pH < 1) add an
additional 5 mL of concentrated nitric acid shake. and test again. A maximum
of 100 mL of nitric acid should be added.

3. Fill the polyethylene bottle to the neck with trench water.
.

4. Do not cap the acidified sample bottle until all effervescence
has ceased.
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5. Record the total amount of nitric acid added to the sample on the
bottle label.

A.2.1.2 Organic Sample

1. - Prior to collecting the organic sample, the in-line filtration
assembly must be carefully cleaned by washing with detergent and brush, rinsing

~

with water, rinsing with acetone (use a squeeze bottle), rinsing with water, |
and finally rinsing with distilled water. IT IS IMPERATIVE THAT CAREFUL ATTEN-
TION BE GIVEN TO RINSING THE FILTER ASSEMBLY WITH SUFFICIENT WALER TO REMOVE ALL
TRACES OF DETERGENT AND ACETONE. Any residue will adversely affect the DOC mea-
surement.

2. Attac' the stainless steel filter assembly containing a new silver
membrane filter by clamping a short piece of 3/8" x 1/4" Tygon tubing into the
5/8" x 3/8" tubing attached to the peristaltic pump and connecting to the inlet
port of the filter.

3. Set the three-way valve on the filter assembly to bypass the silver
membrane filter and purge some trench water to waste.

4. Set the three-way valve to allow flow through the silver membrane
filter and filter some trench water to waste.

5. Remove the cap of the DOC bottle and carefully peel back the alumi-
num foil cover. Place the cap and aluminum foil cover on a piece of clean alum-
inum foil to avoid contaminating the cover.

6. Place the discharge tube of the filter assembly (3/8" x 1/4" Tygon
tubing) in the bottom of the DOC bottle and filter trench wate- through the sil-
ver membrane filter to the shoulder of the bottle.

7. Seal the bottle with the aluminum foil cover and cap.

8. Secure the DOC bottle in a plastic bag by folding the top of the
bag several times and bending over the tabs. Remove as much air as possible
before sealing the bag.

9. This sample must be kept on ice and in the dark until it is ana-
lyzed for DOC at BNL.

I 10. The temperature, pH, and conductivity of the remainder of the sam-
I ple in the glass bottle are measured in the field. Temperat'are is to be mea-

sured immediately after callection.
!

i 11. Waste water from pumping the trenches and wells should be collected
in suitable containers and disposed of in a manner approved by site managers.,

12. Discard the remainder of the- trench water, bottle, and Tygon tubing,

as prescribed by the site managers.

i
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A.2.2 Water Well Sampling

1. Wells should be developed if possible, before sampling.

2. A bailer is used to raise the water sample if the water level is too
low for a peristaltic pump. A separate bailer should be used for each well to
eliminate the possibility of cross contaminating well samples.

3. The bailer should be bounced in the well to mix the standing water
and to obtain a water sample containing bottom sediment.

4. Rinse a 1-liter glass bottle with some well water prior to collecting
approximately one liter of water sample.

5. Labels for well samples should indicate the kind of well casing, the
kind of bailer used, and the duration of time water sat in the well before sam-
pling.

A.2.2.1 Radiochemical Sample

Shake the contents of the well sample in the 1-liter glass bottle and
take an aliquot for radiochemical sample as in A.2.1.1 steps 1-5.

A.2.2.2 Organic Sample

1. Allow the remaining well sample in the 1-liter glass bottle to set-
,

tle for approximately fifteen minutes.

2. Connect the in-line filter assembly to a short length of Tygon tub-
ing and attach to the peristaltic pump.

3. Filter the settled well water into a DOC bottl: as in A.2.1.2 steps
1-12.

A.2.3 Stream Sampling

Stream samples should be collected and processed similar to well samples.

A.3 Packaging Procec

A.3.1 Radiochemical Sample

1. Seal the 500-mL polyethylene bottle containing acidified sample in a
plastic bag using the twist ties supplied.

2. Place each bagged 500-mL plastic bottle into a metal can and fill the
void space with absorbent material, such as vermiculite, prior to sealing.

3. Each can must have a radioactivity label which includes sample iden-
tification and radiation level at the surface of the can.

4. The sealed cans may be packed in any convenient shipping carton.
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5. The radioactivity at the surface of the shipping carton must be less
than 0.5 mr/hr, as required by Departnent of Transportation regulations.

6. No refrigeration is required for the acidified samples in the 500-mL
plastic bottles.

A.3.2 Organic Sample

1. Place each bagged DOC bottle into a metal can and fill the void space
with ice prior to sealing.

2. Label each can as in A.3.1 step 3.

3. The sealed cans must be stored in an insulated chest filled with ice
to maintain s 4 C until they arrive at BNL.

4. The ice chest may be packed in any convenient shipping carton.

4
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APPENDIX B

AN0XIC COLLECTION AND FILTRATION PROCEDURES
(J. Clinton, G. G. Galdi, R. F. Pietrzak, and A. J. Weiss)

B.1 Introduction

A proper study of water from waste disposal trenches requires that the
trench water be collected and maintained under conditions that prevent the
occurrence of significant alterations in the states of the various components
of the collected solution. Removal of a water sample from the anoxic environ-
ment of a trench, under conditions which allowed its exposure to air, resulted
in the formation of a reddish-brown precipitate that contained iron and other
substances, which had been in the dissolved state under ambient trench condi-
tions. To prevent formation of this precipitate, procedures were devised that
exclude air from the sample during collection, storage, and removal of aliquots.
These anoxic procedures allow samples to be stored for months without visible
signs of iron precipitation. The apparatus and procedures used for anoxic sam-
ple collection, storage and filtration of trench water samples are presented
here.

B.2 The Collection System

B.2.1 General Aspects

The system and procedures developed for obtaining water samples from a*

burial trench allow (i) collection and storage of the sample in an anoxic state,
such :s exists within the trench, (ii) continuous in-line measurements of a
number of water quality parameters throughout the period of sample collection,-

(iii) total containment of all radioactive water removed from the trench, and
(iv) return to the trench of all water not included in the sample. Figure B.1
gives a schematic diagram of the collection system. A peristaltic pump draws
trench water into the collection system through Tygon tubing that is lowered
into the trench through an established well or riser pipe. At the surface, a
series of valves controls the flow of water into one or more of three Tygon
lines connected to (i) a waste receptacle, (ii) one or more collection bottles,
(arranged in tanden order if more than one is used), and (iii) a manifold (Fig-
ure B.2) that holds probes for detecting pH, redox potential (Eh), dissolved
oxygen, temperature, and specific conductance. Other sample lines, such as the
one for microbiological sampling shown in Figure B.1, can be added as desired.
Since the water stream passing through the probe manifold and from the exit port
of the collection bottle is ultimately deposited in the waste receptacle, the
system is essentially closed. After the collection bottles are filled and
sealed, the water in the waste container is pumped back into the trench.

Anoxia during sample collection results from a number of factors. The
collection bottles are made anoxic by flushing and filling them with an inert
gas (e.g. nitrogen or argon) prior to departure from the laboratory. After the
manifold is assembled in the field, air is removed from it by purging with the
inert gas from a gas cylinder incorporated as part of the system (Figure B.1).
Once the pumping operation bbgins all gases within the system are displaced by

r
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trench water. Since the first several liters of water removed from a trench
come from within, or from the immediate vicinity of, the riser pipe, and may
have been affected by oxygen in the ambient air in the pipe, the actual sample
is collected only after the in-line measurements show that freshly recharged,
anoxic, raw trench waters are present. Air-barrier coils remain filled with
water whenever water flow is stopped and serve to prevent air from re-entering
the system through the waste container. At the same time these coils allow the
pressure in the collection bottles to come to near atmospheric level before the
valves on bottles are closed.

The collection system is assembled in the field for each day's sampling
session. A photograph of a field set-up is shown in Figure B.3. After each
trench is sampled, all tubing except that connected to the waste container is
replaced.

Full collection bottles are enclosed in plastic bags and stored in
ice-filled coolers until they are returned to the laboratory, where they are
transferred to refrigerators and stored for analyses.

>
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' Figure B.3. Portable anoxic collection system used to sample trench water

from low-level radioactive waste disposal sites.
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The collection procedure and apparatus are both readily modified to
deal with a special problem such as is presented by a trench that is known or
suspected to contain only a limited volume of water. In such a case, the usual
practice is to retain the normal configuration of the sampling apparatus, but
to reduce the volume of water diverted to waste before beginning to fill the
collection bottles. Another useful strategy is to fill the bottles separately
rather than in tandem, and to thereby assure that, if the water supply is de-
pleted before all bottles are filled, only the one being filled at the time of
depletion is exposed to air. Branches for filling bottles separately can be
added to either the normal sample line or to the normal waste line. Separate
filling of collection bottles also allows one to vary the duration of the
interval between times when samples are taken from the same trench during the
same pumping operation. If the volume of water obtained from a trench is ex-
tremely small, one can also take a sample from the water in the waste recep-
tacle.

B.2.2 Equipment List

peristaltic pump
cylinder of an inert gas (e.g., nitrogen or argon) with appropriate
regulator and pressure gauge

borosilicate glass collection bottles -- flushed and filled with the
inert gas prior to use

,

monitoring probes and meters for measurement of pH, redox potential,
specific conductance, dissolved oxygen and temperature -- meters
should be capable of battery operation (

monitoring probe holders
special in-line combination valve
waste receptable (i.e., 30 gallon drum)
Tygon tubing (Labroatory Grade, R-3603)
borosilicate glass tees
hosecock clamps
hose clamps
plexiglas board upon which valves, probe holders, and the gas cylinder
are mounted

ice-chest for transport and cold storage of collected samples
gasoline operated generator or electric power cord depending upon
extant field conditions.

B.2.3 Sample Collection Bottle

A special bottle designed for anoxic collection and storage of trench
water, as well as for subsequent anoxic removal of aliquots of water for analy-
sis, was produced at BNL. This container, which is shown in Figure B.4, is a
modified 4-liter borosilicate glass bottle having two high-vacuum-type stopcock
valves attached as input and output ports. The valve stems are made of Teflon
and have 0-rings for gas-tight sealing against the valve barrel.

B.2.4 Combination Valve

The combination valve pictured in Figure B.5 includes valves V-3 and V-4,
as well as the outlets to both the collection bottle (s) and the direct line to
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the waste receptacle. This valve uses two nigh-vacuum-type stopcocks identical
to those on the collection bottle. The stopcock on the left is shown in the
open position to illustrate the non-restrictive flow design necessary to allow
passage of particulate material contained in trench water. The valve on the
right illustrates the sealing action of the o-rings against the glass.

B.2.5 In-Line Measurements.

{ B.2.5.1 Introduction

The temperature. pH, redox potential (Eh), dissolved oxygen and spe-
cific conductance of trench waters are monitored and measured throughout the
sample collection operation. To accommodate these measurements without contam-
inating the sample with substances released from the detector probes, the probes
are contained in a manifold on a line separate from that carrying water to the
collection bottles. The probes are sealed in the manifold (made of Lucite) with
pressure-flattened o-rings. A schematic diagram of the probe manifold is shown-

in Figure B.2. ,
,

: 8.2.5.2. pFH

The pH is measured with an Orion 407A specific ion meter in conjunc-
! tion with a porous-plug combination glass and silver / silver chloride reference e

electrode.

B.2.5.3 Redox Pctential (Eh)
\Redox is measured with an Orion 407A specific ion meter in conjunction

,

l with an Orion 96-78 combination platinum redox and reference electrode. The
electrode system is calibrated with Zobell solution as described by Wood (l).>

; P,edox potentials of trench waters, measured in the field relative to the refer-
i ence incorporated in the Orion probe, are reported relative to the normal hydro-
| gen electrode (NHE).
i
' The redox potential for a solution provides a measure of the relative
i oxidizing or reducing characteristics of the system. Higher values are indica-

tive of conditions more favorable to oxidation and lower values of conditions
favoring reduction. Since many reactions contribute to the overall redox poten-
tial of a complex solution system such as trench water, and since some of these
reactions, especially those involving oxygen, occur at very slow rates, a redox
potential measured in the field may not represent a true equilibrium condition.

! Conse juently, any such value should be considered as or.. a qualitative or semi-
! quantitative tool for evaluating such a system. Redox pctentials are important,

in that calculations based upon such measurements, help to set limits to the
processes which might be expected to occur.

B.2.5.4 Temperature and Dissolved Oxygen'

: These parameters are measured with a YSI Model 57 dissolved oxygen
meter and a .YSI 5739 dissolved oxygen probe. The probe is a polarographic-type
whereby the current produced and measured is directly proportional to the abso-
lute pressure of oxygen outside the thin Teflon membrane separating the sample
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from the sensor element. An internal thermocouple provides temperature com- <

pensation, and the probe is pressure compensated as well. It is calibrated
against atmospheric air in a humid environment before each sample session.

B.2.5.5 Specific conductance

Specific conductance, a measure of ionized substances in solution,
gives an indication of the concentration of dissolved solids in trench water.
It is measured with a Markson Model 10 portable conductivity meter and a
Markten 1100 flow-through conductivity cell. The cell contains an internal
thermocouple for automatic temperature compensation and specific conductance
at 25 C is read directly from the meter.

B.2.6 Calibration

IPrior to collection of each series of samples, the operation of all
probes and meters is checked, and they are calibrated against appropriate
standards.

B.2.6 Detailed Collection Procedure

Refer to Figure B.1 and Figure B.2 for locations of valves and parts
named in this section.

e Flush the assembly with an inert gas (e.g. nitrogen or argon)

1. Close valve V-4
2. Open valve V-3 and adjust the pressure at the gas regulator

to 3 psi
3. Adjust valves V-5, V-7 and V-8 to assure that gas flushes all

portions of the assembly

e Direct the first portion of pumped water into the waste receptacle,
activate the monitoring system, and flush the collection system with
water

4. Close or leave closed valves V-1, V-2, V-3, V-6, V-7, V-8
5. Open valves V-4 and V-5
6. Turn the pump on
7. Open valves V-7 and V-8 and use these and V-5 to adjust the

flow through the monitoring subsystem
8. Activate the monitoring meters and start readings

e When meter readings have reached a near steady state, initiate sam-
ple collection

9. Open valves V-2 and V-1 (in the order indicated)
10. Close valve V-5
11. If necessary readjust water flow through the monitoring sub-

system
12. Flush four or five volumes of water through the collection

bottles

.
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e Collect the microbiology sample (this may be done before or during
collection of trench water)

13. Open valve V-6 and flush lines by running several milliliters
into a waste container

14. Close valve V-6
15. Place a sterile syringe needle on the leur-loc tip at valve V-6

and insert it through the rubber diaphragm that seals an inert-
gas-filled, sterile collection bottle

16. Prior to collection prepare an air trap bottle which is 1/2 to
2/3 full of water and, similar to the microbiology sample col-
lection bottle, sealed with a rubber diaphragm. To collect the
microbiology sample, insert a sterile syringe needle through
the diaphragm to serve as a vent; being careful not to submerse
the tip into the water. Next, take a sterile piece of plastic
tubing with sterile needles at both ends and insert one needle
through the diaphragm on the air-trap so that its tip is sub-
mersed in the water

17. Open valve V-6 and, as soon as liquid enters the collection bot-
tie, insert the sterile needle at the other end of the piece of
plastic tubing (from step 16) through the diaphragm on the col-
lection bottle

! 18. Fill the collection bottle to the desired level
19. Close valve V-6'

20. Break the tubing connection between the collection bottle and
the air-trap bottle by removing the needle (from step 17) from
the collection bottle

21. Remove the collection bottle from the needle at valve V-6 andi

j store in ice

e Terminate sample collection

22. Turn the pump off
23. Close valves V-7 and V-8
24. Open valve V-3 and, with the gas regulator set no higher than

( 3 psi, bubble inert gas through the collection bottles
25. Close valves V-1 and V-2 (in that order)
26. Open valves V-7 and V-8, and use the inert gas to move water

contained in the probe lines into the waste receptacle
27. Close valves V-3, V-7 and V-8

e Return water from the waste receptacle to the trench

28. Reverse the direction of the tubing in the peristaltic pump
29. Open valve V-5

j 30. Start the pump to return waste water to the trench
| 31. After waste water is returned, turn off the pump, carefully
! detach hoses connected to the sample bottles, and as each hose
| is removed wipe any water trapped in the nipples by which these
| hoses were attached to the input or output ports. Label sample

bottle, place into a double plastic bag, and store in ice in an
;

; insulated chest

|
'
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B.3 Anoxic Filtr? tion Procedure

Along with development of procedures for collecting samples anoxically,
methods were also devised by which aliquots of such samples could be withdrawn
anoxically from a collection bottle and, if desired, filtered anoxically. In
this way water can be retained under anoxic conditions until it is withdrawn for
chemical analysis. Furthermore, anoxic aliquots can be obtained by collecting
filtered water samples in sealed bottles which had been previously purged with
an inert gas. In this section the apparatus and methods used to withdraw and
fiMe. samples anoxically will be described. A schematic diagram and photo-
graph of the system are shown in Figure B.6 and Figure B.7.

B.3.1 Equipment

Collection bottles
Cylinder of inert gas (nitrogen or argon)
Millipore stainless steel sanitary sterilizing filter holder,147 mm
0.45 pm Millipore filter,147 mm

'

O.45 um silver membrane filter,147 mm
glass by-pass valve
Tygon tubing (Laboratory Grade, R-3603)
Glass tees
Hosecock clamps
Hose clamps
Lucite board upon which are mounted the hose-cock clamps used as valves
Narrow-mouthed bottles for air-barrier traps
Plastic bucket to contain u.iection bottles and air-barrier traps
during filtration

Various bottles to receive filtered samples
Petri-dishes in which to store used filters

B.3.2 Operation

A clean fil . ring apparatus containing a tared 0.45 um Millipore filter
membrane is assembied for each filtration performed. During filtration opera-
tions, bottles that are to receive filtrates and that are not to be acidified
are kept on ice. Those to be acidified are kept at ambient temperature. Due
to the presence of very fine particulates, most filtrations, even of apparently
clear samples, proceed slowly. The detailed procedure for filtration is given
bel ow. See Figure B.6 for the locations of valves or parts named in this sec-
tion.

o Purge the system with an inert gas to replace air

1. Close or leave closed valves V-1, V-2, V-7 and V-8
2. Open valves V-3, V-5 and V-6
3. Open valve V-4 and, with the gas regulator set at 3 psi, purge

the system with the inert gas
4. Open valves V-7 and V-8, and close valve V-6 to purge the inte-

rior of the filter holder

e Initiate filtration
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5. Close valve V-3
6. Open valves V-2 and V-1, in that order. This will start move-

ment of liquid from the collection bottle to the filter holder
7. When the liquid reaches the filter holder, close valve V-8

| 8. Continue filtration at gas pressures ranging between 3 and 6 psi
|

| e To change a filter membrane if one should become clogged

9. Close valve V-4
| 10. Open valve V-C

11. Close valves V-1, V-2 and V-7
12. Open valve V-8
13. Open valves V-4 and V-3, and use gas to purge water out of the

i tubing and into the air-barrier vent bottle
: 14. Close valves V-4, V-3 and V-5
i 15. Disassemble the filter holder, replace the clogged membrane

with a new weighed membrane, reassemble the filter holder,
' and proceed as indicated in steps 1-8 above

e To terminate filtration

16. Close valves V-1 and V-2
17. Open valve V-3
18. Close valve V-7
19. Open valve V-6 and purge water from the filter lines into the

air-barrier vent bottle
20. Close valves V-4 and V-3, in that order
21. Momentarily open valves V-1 and V-2 to allow pressure in the

collection bottle to come to near atmospheric level
22. Carefully disassemble the filtration apparatus and save the

filter in a labelled Petri-dish.

B.3.3 Filtration of Water for Analysis of Organic Constituents

Water that is to be analyzed for its organic constituents is filtered
through a 0.45 um silver metal membrane (from Selas Flotronics) to achieve ini-
tial filter-sterilization and, due to the bacteriostatic action of silver, to
inhibit bacterial regrowth in the filtrate. In this way post-filtration changes
in the organic composition of the filtrate due to bacterial metabolism are pre-
cluded. The filtration apparatus and method described above are usually used

* for these filtrat'nts. However, a cylindrical stainless steel filter-holder,
having a capacity of approximately 200 milliliters and containing a 47-mm-
diameter silver filter membrane, is also used.,

B.4 Reference
:

1. W. W. Wood, " Guidelines for Collection and Field Analyses of Ground-Water
Samples for Selected Unstable Constituents," in Techniques of Water-
Resources Investigations of the United States Geological Survey, Book 1,
Collection of Water Data by Direct Measurement, Chapter D2, Stock flumber
024-001-02878-4, 1976. Available for purchase from Superintendent of
Docu aents, U.S. GovernFent Printing Office, Washington, D.C. 20402.
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APPENDIX C

METHODS FOR THE DETERMINATION OF INORGANIC CONSTITUENTS IN TRENCH,

| LEACHATES FROM SHALLOW LAND RADI0 ACTIVE WASTE DISPOSAL SITES

(S.L. Garber)

The methods described in this manual are derived from established proce-'

deres frequently involving modifications of parameters due to the unique case
at hand. No claim for strict originality is made for these procedures. The
value of this manual is that all .the recommended techniques have been tested
on samples of chemically complex radioactive waste waters and therefore are
applicable to a varied range of aqueous samples having different matrices.

Although specifically written as a guide for the inorganic analyses of
low-level radioactive waste waters, the methods described are also applicable
to waste waters derived from land fills, waste disposal plants and sewers.

It is the intention of the author that the procedures described will be
useable by any competent analyst. In several methods, reagents or equipment
are cited by proprietary name. This is not intended as an endorsement and
equivalent products may be substituted. |

NON-METALS

Preparation and Storage of Samples

Samples received in our laboratory are stored prior to filtration at 4 C
in anoxic glass collection bottles. The samples are analyzed for dissolved

,

ammonia immediately after anoxic filtration. Analysis of other nutrients,' such as phosphate, nitrate, nitrite and sulfate are completed within 48 hour's.
i The samples are stored at -4 C in tightly capped polyproplene bottles or, more

recently, in sterile nitrogen purged glass serum bottles.

AMMONIA (By Probe)
;
'

1. Application

!
'

This method is applicable to dissolved ammonia in a homogeneous liquid so-
lution.

2. Summary of Method
,

The ammonia electrode uses a hydrophobic gas-permeable membrane which per-
mits dissolved ammonia to diffuse through until the partial pressure of ammonia>

.| is the same on both sides. The partial pressure of ammonia will then be propor-
{ tional to the concentration as determined by Henry's Law.
4
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[NH 33
h"P 56 moles / liter-atom (25'C)K

NH3

Standards and samples should contain about the same concentration level of
dissolved species at a given temperature. The nethod of standard additions is
preferred over direct reading methods.

t

3. Interferences
,

Volatile amines interfere with measurements. Mercury, silver, copper, gold,
nickel, cobalt, cadmium, and zinc form complexes with ammonia. Most of these

,

metal interferences can be removed by hydroxide precipitation or complex forma-'

tion. Mercury interference can be eliminated by the addition of iodide.
,

,

Water vapor can move across the membrane and change the concentration of the
j filling solution thus causing an electrode drift. Water vapor transport is not

a problem when electrode and sample temperatures are the same and the osmotic
strength of the solution is below 1 molar. The following procedure is used most
often in our laboratory.

(1) dilute samples with high osmotic strength, high ammonia concentration
'(2) add 10 molar Na0H to samples of low osmotic strength

! (3) add 4.25 g solid NANO 3 to each 100 mL of filling solution to samples of
high osmotic strength (above 1 molar) and low ammonium levels (below 10-5 molar).'

I

i Surfactants wet the membrane and the liquid solution can then penetrate.
The probe must then be placed in a closed system where the electrode can respond

i to ammonia in the gas phase.

4. Apparatus

; A 407A specific ion meter with an Orion ammonia electrode model 95-10.

i 5. Reagents

DISTILLED OR DEIONIZED WATER

Preparation: Pass distilled or deionized water through an ion-exchange col-
umn containing a strongly acidic cation exchange resin, such as Dowex 50W-X8.

10 M NaOH
Sodium Hydroxide 40 g'

Distilled Water 100 mL

Preparation: To prepare 10 M Na0H, add 40 g reagent-grade Na0H to 80 mL*

. distilled water in a 100-mL volumetric flask, dissolve, and dilute to volume
' with distilled water, or dilute 80 mL of commercially available 50% NaOH to 100

mL with distilled water.
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STANDARDS
STOCK STANDARD, 100 mg N/L

Ammonium Chloride (NH Cl) 0.382 g4
Distilled Water 1000 mL

Preparation: Dissolve 0.315 g of ammonium chloride in distilled water and
-dilute to 1 liter.

STANDARD SOLUTION
0.1 M ammonium chloride standard, Orion Cat. No. 95-10-06,
or 1000 mg N/L as nitrogen standard, Orion Cat. No. 95-10-07.

Preparation: To prepare a 0.1 M ammonium chloride standard from laboratory
supplies, add 0.535 g reagent-grade NH Cl to 50 mL distilled water in a 100-mL4
volumetric flask, stir to dissolve, and dilute to volume with distilled water.
To prepare a 1000 mg/L as N standard from laboratory supplies, add 0.382 g
reagent-grade NH Cl to 50 mL distilled water in a 100-mL volumetric flask.4
Stir to dissolve and dilute to volume with distilled water.

,

INTERNAL FILLING SOLUTION

Orion Cat. No. 95-10-02.

6. Procedure

Obtain a rough concentration range by direct measurement. Then adjust the
concentration of sample and standards for the method of standard additions. To
measure ammonia in samples containing surfactants adjust the sample pH to 12
with 10 M Na0H. Alizarin yellow b is a good indicator for this. Immediately
transfer the solution to a 125-mL Erlenmeyer flask fitted with a rubber stopper
with a hole large enough to hold the electrode.

Direct measurement using 407A specific ion meter-ppm

(1) Prepure 100 and 10 mg N/L standards by serial dilution of the 1000 mg
N/L standard.

(2) Place electrode in the 10 mg N/L standard. Add 1 mL 10 M Na0H to each
100 mL of standard. Turn the function switch to X . Adjust the meter needle
to "1" (center scale) on the red logarithmic scale with the calibration control.
Use magnetic stirring throughout the procedure.

(3) Rinse electrode and place in the 100 m/L standard. Add 1 mL 10 M Na0H
to each 100 mL of standard. Stir thoroughly. Turn the temperature compensator
knob until the' meter needle reads "10" (full-scale right) on the red logarithmic

i scale.

(4) Rinse electrode and place in sample. Add 1 mL 10 M Na0H to each 100 mL
of sample. Stir thoroughly. Multiply the meter reading on the red logarithmic
scale by 10 to determine sample concentration in mg/L of nitrogen.
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i Standard addition using 407A specific ion meter

(1) Prepare a standard solution about a hundred times as concentrated as
the sample concentration by diluting the 0.1 M or 1000 mg N/L standard.

(2) Add 1 mL 10 M Na0H to each 100 mL sample. Place the electrode in the
L solution. When checking a direct measurement, leave the electrode in 100 mL of
i the same sample used for direct measurement. Use magnetic stirring throughout

the known addition procedure.
-

(3) Turn the function switch to X . Turn the slope indicator and dial to
the percent slope of the electrode as determined in the daily electrode check.
Turn the temperature compensator knob until the white arrow points to the solu-
tion temperature. Adjust the calibration control knob to set the needle to "a"
on the green increment scale.

(4) Pipet 1 mL standard solution into 100 mL sample. Stir thoroughly.
Record the reading, Q, from the green increment scale. s,

7. Calculations

(1) To determine the total sample concentration, use the following equa-
tion:

Co = (Q/100)Cs
where:

Co = total sample concentration
Q = reading from green increment scale
Cs = concentration of added standard

(2) To check a direct measurement, compare results of the two methods. If

they agree within 4%, the measurements are probably good. If the known stan-
dard addition result is much larger than the direct measurement, the sample may
contain complexing agents, and measurements should be confirmed by another
method of analysis.

8. References

1. Orion Research Instruction Manual for the Ammonia Electrode 95-10,

| Orion Research Incorporated Form 1M95-10/679, 1976. Available from
Orion Research, 380 Putnam Avenue, Cambridge, Mass. 02139.

AMMONIA (Colorimetric)

1. Application

This automated procedure for the determination of ammonia is applicable in
the range 0-10 mg/L of ammonia in filtered liquid samples. Approximately sixty
samples per hour can be analyzed.

|
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2. - Summary GT Method

The Berthelot reaction in/olves the formation of a green compound believed
to be related to indophenol when a solution of an ammoni'm salt is added to so-
dium phenoxide followed by the addition of sodium hypochlorite. A solution of
potassium sodium tartrate is added to the sample stream to eliminate the precip-
itation of the heavy metals.

'3. Interferences

Air must be scrubbed through acid to remove ammonia before introduction into
the system.

.In some instances a high salt concentration may interfere. The previously
described probe procedure is then the method of choice.

In samples of high ammonia concentration, dilution of sample eliminates re-
fractive index interferences.,

In other complex matrices the method of standard additions may be used by
spiking successive sample cups containing the same volume with increasing
amounts of a concentrated standard.

4. Apparatus

Technicon auto analyzer equipped with manifold #116-D186-01.

5. Reagents

ALKALINE' PHEN 0L (Technicon No. T01-0115)
Sodium Hydroxide (Na0H) 200 g
Liquified Phenol, 88% (C H 0H) 276 mL65
Distilled Water, q.s. 1000 mL

Brij-35 Wetting igent 0.5 mL
(Technicon No. ??1-0010-01)

Preparation: Dissolve 200 g of sodium hydroxide to approximately 600 mL m '

distilled water contained in a vessel surrounded by circulating cold water.
Slowly add while cooling 276 mL liquified phenol (88%) stirring continuously.
Dilate to 1 liter with distilled water and store in a brown bottle. Add 0.5 mL
of Brij-35 per liter.

S0DIUM HYP0 CHLORITE (Technicon No. T01-0114)
' Household bleach having 5.25% available chlorine may be used.

P0TASSIUM S0DIUM TARTRATE
-Potassium Sodium Tartrate 150 g

(KNaC H 0 *4H 0)446 2
Distilled Water 1000 mL

Brij-35 0.5 mL
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Preparation: Dissolve 150 g of potassium sodium tartrate in 850 mL dis-
tilled water and dilute to 1 liter. Add 0.5 mL of Brij-35 per liter.

STANDARDS
STOCK STANDARD, 100 mg N/L |

Ammonium Chloride (NH Cl) 0.382 9 !
4

Distilled Water 1000 mL

Preparation: Dissolve 0.382 g of ammonium chloride in distilled water and
dilute to 1 liter.

6. Procedure

Samples and wash water should be adjusted to a pH of 6.5 - 7.0 using 0.1 N
hcl. Arrange ammonia standards in decreasing cor.centrations of ammonia and
alternate each sample and standard with a wash cup of ultrapure pH adjusted
water. Ultrapure water may be obtained by additional treatment of laboratory
grade water by a Millipore " Milli-Q" or similar system.

<

7. Calculations

Prepare appropriate curve and determine concentration value of samples
directly. This then is compared to values obtained using the ammonia probe.

8. References

1. D.D. Van Slyke and A.J. Hiller, J. Bio. Chem. , Vol. 2,1933, p. 499.

2. J. Fiore and J.E. O'Brien, " Ammonia Determination by Automatic Anal-
ysis", Wastes Engineering 33, 352 (1962). Available in public tech-

nical libraries.
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CHLORIDE

1. Application

This automated method is applicable to filtered waters in the ranges of 0.2-
10 mg/L and 2-100 mg/L. Approximately forty samples per hour can be analyzed.

2. Summary of Method

Thiocyanate ion is liberated from mercuric thiocyanate by the formation of
non-ionic but soluble mercuric chloride. In the presence of ferric ion the
liberated thiocyanate forms a highly colored ferric thiocyanate complex, the
colour intensity being proportional to the original chloride concentration.

3. Interferences

Filtration just prior to analysis is desirable. In our laboratory the sam-
1 ples are injected into'the sample cups utilizing a Millipore millex sterile 0.45

pm filter.

4. Apparatus

Technicon Auto Analyzer Manifold No.116-D051-01

5. Reagents

MERCURIC THIOCYANATE (STOCK)
Mercuric Thiocyanate (Hg (SCN)2) 4.17 g
Methanol, (CH 0H) 1000 mL3

Preparation: Transfer 500 mL of methanol into a 1-liter volumetric flask
containing 4.17 g of mercuric thiocyanate and dissolve. Dilute to volume with
methanol, mix and filter through filter paper.

i

FERRIC NITRATE, 20.2% (Stock) (Technicon No. T01-0028)
Ferric Nitrate (Fe (NO )3 9H 0) 202 g3 2
Nitric Acid, Concentrated (HNO ) 31.5 mL3
Distilled Water 1000 mL

Preparation: Place the ferric nitrate in a 1 liter volumetric flask, and1

| add approximately 500 mL of distilled water. Shake until all the ferric nitrate
is dissolved. Carefully add the concentrated nitric acid to the flask, and mix,'

bring to volume with distilled water. Filter through an analytical grade of

. filter paper and store in a sealed amber reagent bottle.

CHLORIDE COLOR REAGENT (Technicon No. T01-9352)
Mercuric Thiocyanate (Stock) 150 mL

Ferric Nitrate 20.2% (Stock) 150 mL

(Technicon No. T01-0028)
Distilled Water 1000 mL

Brij-35, 30% Solution 1.0 mL
(Technicon No. T21-0110)
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Preparation: Place 150 mL of mercuric thiocyanate into a 1-liter volu-
metric flask. Add 150 mL of 20.2% ferric nitrate, and mix. Dilute to volume
with distilled water. Add 1 mL of Brij-35 per liter.

DILVENT. WATER, 10 mL/L Brij-35 (.2-10 mg/L Range)
Distilled Water 1000 mL
Brij-35, 30% solution 10 mL

Preparation: Add 10 mL of Brij-35, 30% solution, to 1 liter of distilled
water and mix thoroughly.

DILVENT WATER, 1 mL/L Brij-35 (2-100 mg/L Range)
Distilled water 1000 mL
Brij-35, 30% solution 1 mL

Preparation: Add 1 mL of Brij-35, 30% solution, to 1 liter of distilled
water and mix thoroughly.

'

STANDARDS

STOCK S0DIUM CHLORIDE STANDARD SOLUTIONS
Stock A, 1000 mg/L C1 (for 2-100 mg/L Range)
Stock B,100 mg/L C1 (for 0.2-10 mg/L Range)

STOCK SOLUTION A, 1000 mg/L Cl
Sodium Chloride (Nacl) 1.648 g
Distilled Water 1000 mL

Preparation: Dissolve 1.648 g of sodium chloride in about 600 mL of dis-
tilled water. Dilute to 1 liter with distilled water and mix thoroughly.

STOCK SOLUTION B, 100 mg/L Cl
Sodium Choride 0.165 g
Distilled Water 1000 mL

Preparation: Dissolve 0.165 g of sodium chloride in about 600 mL of dis-
tilled water. Dilute to 1 liter with distilled water and mix thoroughly.

6. Procedure

A series of standards corresponding to the anticipated concentration range
of the samples are analyzed. Technicon advises that the range of analysis for
this manifold is 0.2-100 mg/L. However, because this chemistry does not anfora
to Beer's law and produces several predictable slope changes, it is found to be
more practical to analyze in concentration ranges of 0.2-10 mg/L and 2-100 mg/L.
These concentration ranges approximately correspond to the linear portions of
the curve. At all. times the sample is. " bracketed" by standards, i.e. , a stan-,

| dard with a concentration above and below that of the sample is analyzed on the
same sampler tray. Water blanks of the diluent water are also run routinely.

Ideally the standards would be prepared having the same chemical matrix as
the samples. However, due to the complexity of the samples received, dupli-

!- cating the chemical composition is difficult. We have found a hundred-fold di-
~

lution and analyses at the lower concentration range to be quite satisfactory.
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7. Calculations

Compute concentration of samples by comparing with standard curve.

8. References

1. J.E. O'Brien, " Automatic Analyds of Chlorides in Sewage", Wastes
Engineering 33, 670-672 (December 1962).a

2. D.M. Zai . , D. Fisher, and M.D. Garner, Anal . Chem. 28 (1956).a

aAvailable in public technical libraries.
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FLUORIDE -

1. Application

This method is applicable to fluoride in a homogenous liquid solution which
does not contain highly polar solvents.

2. Summary of Method

Fluoride is determined with a specific ion electrode consisting of a single-
.

crystal lanthanum fluoride membrane and an internal reference. The crystal is|

; an ionic conductor in which only fluoride ions are mobile. The potential devel-
' oped across the membrane in the Orion 94-09 probe is proportional to the fluo-

ride ions in solution and is measured against an external reference with the
Orion 407A specific ion mater.

,

|

| 3. Interference s

Fluoride forms complexes with aluminum, silicon, iron (+3) and other poly-i

! valent cations. The extent of complexation depends on the concentration of the
above cations, the ta' al fluoride concentration, the pH of the solution and the
total ionic strengun of the solution.,

!
I Addition of TISAB to fluoride standards and samples buffers the pH between

5.0 and 5.5 to avoid hydroxide interferences or the formation of hydrogen com-
plexes of fluoride. It is advisable to check the pH of the buffered samples
prior to analysis.

4. Apparatus

A 407A specific ion meter with an Orion fluoride electrode.

5. Reagents

TOTAL IONIC STRENGTH ADJUST 0R (TISAB III Orion Cat. No. 94-09-11)
Sodium Fluoride (NaF) 0.221 g
Distilled Water 100 mL

Preparation: Dissolve 0.221 g of sodium fluoride in distilled water and
dilute to 100 mL.

6. Procedure

Obtain a rough concentration range by direct measurement. Then, adjust the
concentration of sample and standards for the method of standard additions.
Direct measurenent using 407A specific ion meter is as follows:

(1) Prepare a 10 mg/L fluoride as F standard by serial dilution of the
100 mg/L standard. Place 50 mL of 10 mg/L standard and 50 mL of 100 mg/L stan-
dard into separate 250-mL beakers. Add 50 mL TISAB II or IV, or 5 nt TISAB III,
to each 50 mL standard. Use the nominal values of the standards in calibrating
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the electrodes; e.g. , if a 100 mg/L standard is diluted with TISAB, the reading
obtained is still designated "100 mg/L".

(2) Place electrodes in the 10 mg/L standard. Turn Function Switch to
X . Stir thoroughly. Adjust the meter needle to "1" (center scale) on the red
logarithmic scale with the Calibration Control.

(3) Rinse electrodes, blot dry, and place in the 100 mg/L standard. Stir

thoroughly. Turn the Temperature Compensator knob until the meter needle reads
"10" (full-scale right) on the red logarithmic scale.

(4) Transfer 50 to 100 mL of sample to a 150-mL plastic beaker. Add 50 mL
TISAB II or IV, or 5 mL TISAB III, to each 50 mL sample.

(5) Rinse electrodes, blot dry, and place in sample. Stir thoroughly.

Multiply the meter reading on the red logarithmic scale by 10 to determine the
sample concentration in eg/L.

(6) Recalibrate every 1 or 2 hours. If the ambient temperature has not
changed, repeat step 2. If the temperature has changed, repeat steps 2 and 3.

Known Addition

Known addition is convenient for measuring occasional samples because no
calibration is needed. Since an accurate measurement requir'es that the concen-
tration double as a result of the addition, sample concentration must be known
within a factor of three. Total concentration of fluoride can be measured in
the absence of complexing agents down to 2 x 10-5 M fluoride or M the pres-
ence of a large excess (50 to 100 times) of complexing agent if there is a high
level of fluoride (over 10-2 M) in solution. Known addition is a convenient
check on the results of direct measurement.

Using the 407A Specific Ion Meter

(1) When measuring an occasional sample, add 50 mL TISAB II or IV to 50 mL
sample, or add 5 mL TISAB III to 50 mL sample. Place the electrodes in the
solution. When checking a direct measurement, leave the electrodes in 100 mL of
the same sample used for direct measurement. Use magnetic stirring throughout
the known addition procedure.

| (2) Prepare a standard solution about a hundred times as concentrated as
L the sample conctntration by diluting the 0.1 M or 100 mg/L standard. Add 50 mL

TISAB II or IV, or 5 mL TISAB III, to each 50 mL standard. Use the nominal
| value of the standard in calculating results; e.g., if a 100 mg/L standard is
' diluted with TISAB, the standard is still designated "100 mg/L".

(3) Set the Function Switch to X . Turn the Slope Indicator dial to the
percent slope of the electrode as determined in the daily electrode check. Turn
the Temperature Compensator knob until the white arrow points to the solution
temperature. Adjust the Calibration Control knob to set the needle to " " on
the green increment scale.
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(4) Pipet 1 mL standard solution into 100 mL sample. Stir thoroughly.
Record the reading, Q, from the green increment scale.

7. Calculations
L

l To determine the total sample concentration, use the following equation:

Co = (Q/103)Cs
| where-
!

Co = total sample concentration
Q = reading from green increment scale
Cs = concentration of added standard before addition of TISAB

To check a direct measurement, compare results of the two methods. If they
agree within 4%, the measurements are probably good. If the known addition
result is~ much larger than the direct measurement, the sample probably contains
complexing agents.

(

!- For example, suppose that the meter reading, Q, after the addition of 100
j mg/L standard, was 3.5. Sample concentration then is:

| Co = (Q/100)C
=(3.5/100fx100!

= 3.5 mg/L .

If a result of previous direct measurement had been in the range 3.4 to 3.6 <

mg/L, the result is probably good.

8. References

1. Orion, " Fluoride Electrode", U.S. Patent No. 3, 431, 182, March 4, 1969.
Information available from Orion, 380 Putnam Avenue, Cambridge, Mass.

| 02139.
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| NITRATE AND NITRITE

| 1. Application

! This method may be used to determine nitrite alone or the sum of nitrite

: plus nitrate nitrogen in the 0-2 mg/L range.
!

2. Summary of Method

The nitrate is reduced to nitrite by a copper-cadmium column. The nitrite
ion is then treated with sulfanilamide under acidic conditions to yield a diazo
compound which couples with N-(1-napthyl)-ethylenediamine dihydrochloride to
form a red colored compound.

3. Interferences

Large concentrations of metal ions particularly divalent copper and mercury
will form a colored complex having absorption bands in the 520 nm region. This
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may be compensated for only by spiking the standard with the determined concen -
tration of these ions. Hence, standards must be prepared for each individual
sample matrix.

Highly turbid samples are pre-treated off-line with zinc sulfate and then
filtered using an in-line filter cartridge, such as millipore millex filters,
just prior to analysis.

In most trench water smaples it is necessary to add EDTA to eliminate the
interference from iron.

Samples that contain large amounts of organic are extracted with chloroform
to facilitate good hydrolysis through the column.

All samples must be pH adjusted to 6-8 prior to analysis as acid will de-
stroy the cadmium column.

4. Apparatus

A Technicon Auto Analyzer with manifold No. 116-0049-01. The manifold has a
three way valve in line to permit the column to be by-passed for nitrite analy-
sis.

Preparation of column:

A purple / purple Auto Analyzer I pump tube is used for the reductor column.
Before filling the column prepare the cadmium.

Cadmium powder is obtained from E. M. Laboratories, Elmsford, NY 10523,(40-
60 mesh). It is then ground and carefully sieved. The fraction which passes
through a 20 mesh sieve but is retained on a 40 mesh sieve is used. All ferrous
metal is removed by a magnet.'

The powder is then degreased with acetone and air dried. The cadmium is
than placed in a small beaker and covered with water. Add conc. HNO3 drop-:

wise until nitrogen dioxide is evolved. This addition pits the surface of the
powder. Next rinse thoroughly (10 times) with distilled water then treat the
cleaned cadmium repeatedly with 50 mL portions of 2% w/v copper sulfate until
the blue color does not fade. Rinse thoroughly with.1% NH Cl to remove all4

; collodial cadmium.
|

The cadmium is then packed in the column using a large disposable syringe
j fitted with a tygon sleeve. This permits back-flushirg.

!

| 5. Reagents

GRANULATED CADMIUM (E. M. Laboratories)
STANDARDS
STOCK STANDARD A, 100 mg N/L

Potassium Nitrate (KNO ) 0.722 g'

3
(Technicon No. T13-5074)

Distilled Water 1000 mL

Chloroform (CHCl ) 1 mL3

223



- - - ._ . - - . .

r.

l'
|
'

Preparation: Dissolve 0.722 g of potassium nitrate in distilled water and
dilute to.1 liter. Store in a dark bottle. Add 1 mL of chloroform ar a pre-
servative.

STANDARDS
NITRITE NITR0 GEN STANDARD, 100 mg N/L

Sodium Nitrite (nan 0 ) 0.493 g2
Distilled Water 1000 mL

Preparation: Dissolve 0.493 g of sodium nitrite in distilled water and
dilute to 1 liter. Store in a dark bottle. Add 1 mL of chloroform.

COLOR REAGENT

Sulfanilamide (C H N 02 ) 20 g682 S
j Concentrated Phosphoric Acid

(H PO ) 200 mL3 4
N-1-Naphthyl ethyl enediami ne

Dihydrochloride 1 g

(C l2 14 2 2HC1)H N
t Distilled Water 2000 mL

j Brij-35 (Technicon No. T21-0110) 1.0 mL

IPreparation: To approximately 1500 mL of distilled water add 200 mL of
concentrated phosphoric acid and 20 g of sulfanilamide. Dissolve completely.
Heat, if necessary. Add 1 g of N-1-naphthylethylenediamine dihydrochloride and
dissolve. Dilute to 2 liters. Add 1.0 mL of Brij-35. Store ir. a brown bottle, '

preferably flushed with nitrogen and keep in refrigerator.

AMMONIUM CHLORIDE - EDTA SOLUTION
Ammonium Chloride 10 g
Disodium ethylendiamine tetracetate 1.7 g
Distilled Water 1000 mL

Preparation: Dissolve 10 g ammonium chioride and 1.7 g disodium ethylene-
diamine tetracetate in 900 mL of distilled water. Adjust the pH to 8.5 with
conc ammonium hydroxide, add 0.5 mL Brij-35, dilute to 1 liter, use for analy-
sis when Fe is present.

ZINC SULFATE SOLUTION

Zinc Sulfate ZnSO4 7H2O 100 g
Distilled Water 1000 mL

Preparation: Dissolve 100 g ZnS0 4 7H O in distilled water and dilute to 12
liter.

[ -

| S0DIUM HYDR 0XIDE SOLUTION, 6N
| Sodium Hydroxide NaOH 240 g
'

-Distilled Water 1000 mL

Preparation: Dissolve 240 g NaOH in approximately six hundred mL distilled
water, cool'and dilute to 1 liter.
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DILUTE HYDROCHLORIC ACID, 6N
Conc. Hydrochloric' Acid 50 mL

Dictilled Water 100 mL

Preparationi Dilute 50 mL of conc. hcl to 100 mL with distilled water.

COPPER SULFATE SOLUTION, 2%
Copper Sulfate CuSO4 SH O 20 g2

4 5H 0 in 500 mL of distilled waterPreparation: Dissolve 20 g of CuSO 2
and dilute to 1 liter.

6. Procedure

Ideally samples are analyzed immediately after filtering or refrigerated
at 4 C.

Sample Pre-Treatment

Turbidity removal

Add the zinc sulfate solution,1 mL for each mL of sample and mix thor-
oughly. Add sufficient sodium hydroxide solut'on to obtain a pH of 10.5, let
sample stand and filter through a glass fiber filter.

Organic extraction

Extract the organics from the agueous solution using two 10 mL portions
of chloroform for each 20 mL sample portion.

pH adjustment

Using conc. hcl or conc. Na0H, the pH is adusted off-line to between 6
and 8.

A series of standards corresponding to the 0.01 - 2.0 mg N/L concentration
range are analyzed. The samples are loaded with a mid-range standard every
five samples and an ultrapure water blank after each group of ten.

7.- Calculations

Compute concentration of samples by comparing with standard curve.
!

! 8. References

1. L.J. Kamphake, S.A. Hannah, and J.M. Cohen, Automated Analyses for
Nitrate by-Hydrazine Reduction, Water Research 1, 206 (1967).a

aAvailable in public technical libraries.
.
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2. J. Fiore and J.E. O'Brien. " Automation in Sanitary Chemistry - parts 1
and 2, Determination of Nitrates and Nitrites", Wastes Engineering 33,

128 and 238 (1962).a

aAvailable in public technical libraries.

'
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PHOSPHATE

1. Application

This method is applicable to dissolved ortho-phosphate in the range 0.2-10
mg/L in water.

2. Summary of Method

The determination of ortho-phosphate depends on the formation of a molybdo-
phosphoric acid which is reduced to a molybdenum blue complex by reaction with
ascorbic acid.

3. Interferences

An excess of dissolved silica interferes, but the magnitude of this inter-

ference can be estimated by analyzing for dissolved SiO2 and P04 simultane-
ously. Interference from nitrite or sulfide ions can be minimized by adding an
excess of saturated potassium permanganate solution.

Interference from sample color, turbidity, etc. , is determined by running
sample color blanks; that is, repeating the analysis using 0.1 N H2SO4 rather
than the ammonium molybdate reagent.

Iron above 50 mg/L can cause an erroneously positive value.

4. Apparatus

Technicon auto analyzer equipped with manifold No.116-D186-01.

5. Reagents

ASCR0BIC ACID REAGENT
Ascorbic Acid, U.S.P. (C H 0 ) 17.6 g686
Acetone (CH C0CH ) 50 mL3 3
Distilled Water 1000 mL

Levor IV (technicon No. T21-0332) 0.5 mL

Preparation: Dissolve 17.6 g of U.S.P. quality ascorbic acid in approxi-
mately 600 mL of distilled water containing 50 mL of acetone. Mix and dilute to
1 liter with distilled water. Add 0.5 mL of Levor IV per liter of reagent.

AMMONIUM M0LYBDATE REAGENT
Ammonium Molybdate

(NH)6 Mo7 024 * 4H 0 10 g4 2
Sulfuric Acid 2.2N 1000 mL

Preparation: Dissolve 10 g of ammonium molybdate in 1 liter of 2.2N sul-
furic acid (62 mL of concentrated sulfuric acid, sp.gr.1.84). Filter and store
in. an amber bottle. Discard if discolored.
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ISTANDARD
STOCK STANDARD, 100 mg/L P04

Anhydrous Potassium Dihydrogen
Phosphate (KH P04) 0.143 g2

Concentrated Sulfuric Acid 1 mL

Distilled Water 1000 mL

Preparation: Dissolve the anhydrous potassium dihydrogen phosphate in
approximately 600 mL of distilled water. Add 1 mL of sulfuric acid and dilute
to 1 liter with distilled water.

6. Procedure

All glassware should be well rinsed and care exercised in the use of deter-
gents which frequently contain phosphates. If a manifold employing Brij-35 was
used prior to phosphate analysi it is recommended that the flow cell of the
colorimeter be flushed with a solution of 5 ni of Levor IV/ liter of water.

7. Calculations

The concentration of samples is read by comparing with a standard curve.
Subtract any sample color value determined.

8. References

1. ASTM " water", 1978 Annual Book of ASTM Standards, part 31, R.P. Lukens,
iEd. (American Society for Testing and Materials, Pa.1978). Available

from the ASTM, 1916 Race Street, Philadelphia, Pa. 19103.

ORTHO PHOSPHATE IN WATER AND WASTEWATER

OOOog g

SAMPLER IV O og
00

WASTE -

TO SAMPLER IV
jg

GRN/GRN (2.00) WATER
37'C 5 TURNS 5 TURNS

157 B273-03 170-0103 170-0103 n BLK/BLK (0.32) AIR

| 116-0489-01 {n ORN'ORN (0.42) SAMPLE
| ORN/WHT (0.23) AMMONIUM MOLYBDATE0000 A10 00_00

ORN/WHT (0.23) ASCORBIC AOD

H (0.60) FROM F/C
WASTEnm

15 mm F/C a 2.0 mm 10
199-8023-06 ;

NOTE: FIGURES IN PARENTHESES
SIGNIFY FLOW RATES
IN ML/ MIN.

228

__ ___ ___ - _- -



. _ _ _ _ _ _ _ _ _ - _ __ _

SILICATE

1. Application

This method is applicable to the determination of monomeric reactive silica
in the 0.2-10 mg/L range.

2. Summary of Method

Ammonium molybdate reacts with dissolved silica in acid medium to form a
silcomolybdate complex. This is reduced to molybdenum blue by ascorbic acid.

3. Interferences

Phosphate also reacts with ammonium molybdate to form molybdophosphoric
acid. This complex is destroyed with oxalic acid. Tannin, large amounts of
iron color, turbidity and sulfide interfere. Sulfide may be removed by boiling
the acidified sample prior to analysis. Turbidity and color are corrected for
by running sample color blanks; that is, repeating the analysis using 0.1 N
H SO4 rather than the ammonium molybdate reagent. Tannin interference is con-2
trolled by the addition of oxalic ccid. The method of standard additions is
suggested for dealing with iron interferences.

,

4. Apparatus

Technicon auto analyzer equipped with manifold #116-0056-01.

5. Reagents

AMMONIUM M0LYBDATE REAGENT (Technicon No. T01-5050)
Ammonium Molybdate

(NH4)6 o7 24 * 4H 0 10 gM 0 2
Sulfuric Acid, 0.1 N 1000 mL

Preparation: Dissolve 10 g of ammonium molybdate in 1 liter of 0.1 N sul-
furic acid (2.8 ml concentrated sulfuric acid, sp. gr. - 1.84/L). Filter and
store in an amber plastic container.

OXALIC ACID
0xalic Acid (H C 0 )224

(Technicon No. T11-5051) 50 g
Distilled Water 1000 mL

Preparation: Dissolve 50 g of oxalic acid in 900 mL of distilled water and
dilute to 1 liter.

ASCORBIC ACIO REAGENT
Ascorbic Acid, U.S.P. (C H 0 )

(Technicon No. T11-5070)8 6 17.6 g
6

Acetone (CH C0CH )3 3
(Technicon No. T21-5071) 50 at
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Distilled Water, q.s. 1000 mL

Levor IV (Technicon No. T21-0332) 0.5 mL

Preparation: Dissolve 17.6 e of U.S.P. quality ascorbic acid in 500 mL of
distilled water containing 50 mL of acetone. Mix and dilute to 1 liter with
distilled water. Add 0.5 mL of Levor IV per liter of reagent.

STANDARDS
STOCK STANDARD. 100 mg/L SiO2

Sodium Metasilicate Nonabydrate
(Na2 iO3 * 9H 0)S 2
(Technicon No. T13-5080) 0.473 g

Distilled Water 1000 mL

. Preparation: _ Dissolve 0.473 9 of sodium metasilicate nonahydrate in 1 liter
of recently boiled and cooled distilled water. Store this stock solution in a
tightly stoppered plastic bottle.

6. Procedure

The use of glassware should be avoided. A dilution of sample is usually
necessary. This is accomplished in line by adding an injection of polished

'water after the sampler and decreasing the size of the sampler tubing. An
orange-green sampler tube and gray water tube have been most satisfactory.
Standards are then made to be 10 times more concentrated.

The method of standard additions may be used by spiking successive sample
cups containing the same volume with increasing amounts of a concentrated stan-
dard. However, we have found the off-line preparation of samples for standard
addition to be more accurate.

7. Calculations
~

The concentration of samples is initially determined by comparing with a
standard curve. Subtract any sample color value contribution determined.

The concentration of sample as determined by standard addition is calcu-
lated by extrapolation thru the origin and that value multipled by any dilu-
tion factors.

8. References

1. APHA-AWWA-WPCF, Standard Methods for the Examination of Water and
,

Waste Water, 13th edition, 303-306 (1971). Available in public
technical libraries.

!
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SILICATES IN WATER AND WASTEWATER
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SULFATE

1. Application

This automated method is applicable to filtered waters in the range of 10 to
300.mg SO /L. Approximately fifteen samples per hour can be analyzed.4

2. Summary of Method

Sulfate is reacted with barium chloride at a pH of 2.5-3.0 to form barium
sulfate. Excess barium then reacts with methylthymol blue to form a blue-
colored chelate at a pH of 12.5-13.0. Initially the reagents are prepared to be
equimolar in barium chloride and methylthymol blue, thus the amount of uncom-
plexed grey methi thymol blue, measured at 460 nm, is equal to the sulfatel
present.

3. Interferences

Cations such as calcium, aluminum and iron interfere by complexing the
methylthymol blue. These ions are removed by passage through an ion-exchange
column of Dowex-50W-X8. In most instances, a length of resin-filled .018-10-
tubing may be put in line. For samples of unusual ionic concentration pretreat-
ment utilizing a standard ion exchange column is recommended.

As BaSO4 is appreciably more soluble in acids than water, precipitations
of BaSO4 should be made from solutions that are only slightly acidic. It is 4

therefore advisable to adjust the pH of samples prior to analysis. In samples
displaying unusual buffering action, an off-line pH check of the sample / reagent
combination is necessary to assure a pH of 2.5-3.0. An in line addition of a
citrate buffer is suggested in those instances where voluminous quantities of
samples display a wide variation in pH. The buffer addition is accomplished by
means of an injection fitting prior to the mixing coil on the commercially
available manifold.

4. Apparatus

Technicon auto analyzer equipped with MTB manifold No.116-D096-01 and 460
nm filters. Additional p/p pump tubing or .018-I.D.-glass tubing and injection
fitting No. 116-0489-01.

5. Reagents

STANDARD STOCK SOLUTION

preparation: Dissolve 1.47 g of sodium sulfate in water, dilute to 1 liter.

BARIUM CHLORIDE SOLUTION
Barium Chloride Dihydrate

(BaCl2 2H 0) 1.526 g2
Reagent Grade Water 1000 mL

i
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Preparation: Dissolve 1.526 g of barium chloride dihydrate in approximately
600 mL of water. Dilute to 1000 mL. Store in a brown polyethylene bottle.

METHYLTHYM0L BLUE REAGENT
Methylthymol Blue 0.1182 g
Barium Chloride Solution 25 mL

Hydrochloric Acid (1.0 N hcl) 4 al

Reagent Grade Water 71 mL

Ethanol 500 mL

Preparation: Dissolve 0.1182 g of methylthymol blue in 25 mL of barium
chloride solution. Add 4 mL of 1.0 N hcl. Add 71 mL of water and dilute to 500,

mL with ethanol. Check pH of solution to be 2.6. Store in an amber glass bot-
tle and prepare fresh daily.

BUFFER pH 10.5 0.5
NH Cl 6.75 g4
NH 0H Concentrated (28M) 57 mL4
Reagent Water 1000 mL

Preparation: Dissolve 6.75 g of NH Cl in 500 mL of water. Add 57 of con-4
centrated NH 0H and dilute to 1 liter with water. Store in a brown polyethyl-4
ene bottle.

BUFFERED EDTA
Tetrasodium EDTA 40 g
Buffer pH 10.5 1000 mL

Preparation: Dissolve 40 g of tetrasodium EDTA in pH 10.5 buffer and q.s.
to 1 liter with buffer.

SODIUM HYDR 0XIDE 0.18 N
Sodium Hydroxide 7.2 g
Reagent Water 1000 mL

Preparation: Dissolve 72 g of sodium hydroxide in 800 mL distilled water.
Allow to cool and dilute to volume with water.

Ion Exchange Column

! The in-line column consists of " purple / purple AAI" pump tubing (2.0-mm-I.D.)
! or a. length of glass tubing 3.6-mm-I.D. no larger than 2.0-mm-I.D. (available

from Gamma, Mt. Vernon, N.Y. 10550). The Bio-Rex 70 resin is freed from fines |

by backflushing. - A large quantity may be processed by backflushing a 17-mm by'

| 315-mm column or burette. The ends of the purple / purple tube are plugged with
glass wool, care should be taken that air is not trapped within the column andI

; that excess glass wool does not cause back pressure.
:
L 6. Procedure

A series of standards corresponding to the anticipated concentration range
of the samples are analyzed. Technicon advises that the range of analysis for

l
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this manifold is 10-300 mg/L. However, because this chemistry does not conform
to Beer's law and produces several predictable slope changes; it is found to be
more practical to analyze in concentration ranges of 1-50, 20-150, 100-300.
These ranges roughly correspond to the linear portions of the absorbance/
concentration curve. The observed changes in slope are commonly attributed to
precipitation phenomenon. At all times the sample is " bracketed" by standards,
i.e. , a standard with a concentration above and below that of the sample ana-
lyzed on the same sampler tray. Water blanks of the diluent water are also run
routinely

Ideally, the standards would be prepared in the same chemical matrix as the
samples. However, due to the complexity of the samples received, duplicating ,

the chemical composition is impossible. It is desirable to dilute the sample
and analyze at a lower concentration range whenever possible. Then the matrix
of the sample closely approximates that of the water used in the preparation of
the standards.

Dilution alone is not sufficient to remove suspected interferences. This is
particularly true if the sample contains appreciable colloidial material or sub-
stances which pass thru a filter but interfere with the hydraulics of the mani-
fold and flow cell. The method of additions is then recommended; deteminations
are verified by adding a known amount of standard to aliquots of the sample and
all aliquots diluted to the same final volume. Additions of standard are made
to be approximately the same concentrations as that anticipated for the diluted
sample solutions.

In samples that are intensely turbid or in some manner contribute to the
gray color of the uncomplexed methylthymol blue, the color value of the samples
must be determined. All reagents and standards are prepared as described except
no MTB is added to the MTB reagent. The pH of the solutions individually and
combined is adjusted to be consistent with the methodology. The absorbance
reading subsequently obtained approximates the absorbance value contributed to
the system by the individual sample.

8. References

1. M.E. Gales, W.H. Kaylor, Jr. , and J.E. Longbottom, " Determination of
Sulfate by Automatic Colorimetric Analysis", Analyst, 93, 97 (1968).
Available in public technical libraries.
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SULFATE IN WATER AND WASTEWATER
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METALS

(Atomic Absorption, Flame Emission Methods)
|
!

General discussion as applicable in our studies: 1

l
1. Application 1

These methods are applicable to cation analysis on homogeneous liquid
sampl es.

2. Summary of Methcd

Atomic absorption spectrometry and flame emission are closely related ana-
lytical techniques for the quantitative determination at the part per million
range or less. In both methods, a homogeneous liquid sample is aspirated into a
chemical flame, where thermal and chenical reactions cause the sample to break
into free atoms. These free atoms can then be observed to emit or absorb light
of a specific wavelength, characteristic of the element being determined.

Flame photometry measures the amount of light emitted, whereas in atomic
absorption a light beam is directed through the flame into a monochromator and
onto a detect r. The atoms in the flame absorb the light and re-emit it equally
in all directions, hence the monochromator measures only a percentage of the
original light source, those photons not scattered in the flame.

A major difference between flame emission and atomic absorption is the com-
parative analytical sensitivities for elements whose excited states lie about
and below 3500 A. If the principle spectral line of an element is below 3500 A,
then flame emission is the method of choice; above 3500 A atomic absorption pro-
vides more sensitivity.

Copper is particularly useful in that its principle absorption is 3247 A,
hence it is only slightly more sensitive by absorption than by emission. This
dual sensitivity makes copper standards applicable in both nodes, thus providing
a convenient cross-reference.

3. Interferences

Chemical interferences occur when a chemical compound is formed between the
element of interest and some other material present in the sample. If the com-
pound formed is refractory and resists atomization, the free atom concentration
in the flame is lowered. Most multivalent cations and multivalent anions such
as sulfate, silicate, phosphate, etc. , exhibit chemical interferences. A re-
leasing agent such as lanthanum is added as standard practice for the analysis
of any Group II element and sometimes for the transition metals. Generally,
chemical interferences are not significant with Group I elements, but ionization
of the species depopulates both the state and excited state causing reduction in
both the emission and scatter signals. To suppress this ionization effect, a
surplus of a readily ionized element is added to both samples and standards.
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By using the higher temperature nitrous oxide flame as the oxidant, some

elements which form refractory oxides can be atomized more readily. However,
| the increased temperature can cause excessive ionization, necessitating the use

of an ionization suppressant if the element of interest has a low ionization
potential.

4. Apparatus

Perkin-Elmer atomic absorption spectrophotometer equipped with ver.t contain-
ing an absolute filter (Figure C.1).

,

A Platinum-rhodium nebulizer is recomnended. Earlier analysis utilizing a
corrosion resistant (Kel-F) nebulizer indicated that preferential adhesion oc-
curred on the nebulizer surface.

5. Reagents

Standards: All standards are obtained as prepared concentrates or from a
precisely weighed primary standard dissolved in an appropriate acid or base.
The acid or base employed for dissolution should contain only monovalent cations
and anions. In most cases the standard stock containing 1000 mg/L is adjusted
with acid to a pH between 1 and 2.

Glass containers are not considered operable for the storage of standards
primarily because glass surfaces are very efficient ion exchangers and will
exchange polyvalent cations in the solutions for monovalent cations present in
the glass. In addition, elements subject to hydrolysis will plate out. Wide
capped bottles made of linear polyethylene are the containers of choice.4

Standards below 1 mg/L must be prepared fresh daily. All standards should
be kept in the bottle in which samples of the same concentration of the same
element have been stored.

Occasionally a polyethylene bottle is blow molded in air that was too hot
and come oxidation occurred at the inner surface resulting in the formation of
hydroxyl or acetate groups on the surface of the plastic. These act as ion
exchangers and cause an initial loss of material from a standard. Thus re-use
of the same bottles for the same concentration of species conditions the
container.

6. Procedure

,
.

Ideally the standards would be prepared in the same chemical and physical
matrix as the samples, then any interferences that may occur in the sample will
be compensated for in the standards. One commonly used method of insuring simi-
larity of matrix is the method of Standard Additions. In this procedure known
amounts of standard are added to aliquots of the sample and all samples diluted
to the same final volume. The signals from the samples are plotted vs concen-
tration of standard added, (at least three points must be linear) and the line
is extrapolated beyond the origin. The concentration of the diluted sample is
read at the intersection with the axis.

i
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Figure C.I. Atomic absorbtion apparatus vented to hood and absolute filter.
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Secondary standardization is another technique, useful for a larger number
of similar samples. One sample is analyzed by the method of standard additions
and then those solutions are used as standards for the remainder of the analy-
sis, thus the standards are closely matched in physical and chemical properties.

7. Calculations

Waste water samples which frequently contain high solids, high acid con-
centrations, organic solvents or matrices which may cause light scatter or
molecular absorption will require the use of background correction. This is
determined by obtaining a reading at a nearby. non-absorbing wavelength, or by
inst &lling a deuterum arc background corrector.

Sensitivity is defined as that concentration of an element that will produce
a 1% absorption.

Detection limit is that concentration of standard that will produce a signal
that is twice the mean variation in the baseline measurement.
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CALCIUM

1. Application>

Under standard conditions, the working range for calcium is linear up to 7
mg/L in aqueous solution.

2. Summary of Method

Atomic absorption, utilizing a hollow cathode lamp at 422.7 nm-visible in an
acetylene / nitrous oxide flame.

The most sensitive emission wavelength is 422.7 nm. However, there is a
definite emission interference in the nitrous oxide / acetylene flame at calcium
concentrations greater than 4.0 mg/L.

3. Interferences

The air-acetylene flame is more stable at high calcium concentrations, but
has more chemical interferences and lower sensitivity. The addition of LaCl 3 IS
suggested to suppress these interferences.

Generally the dilution of the sample to a concentration of approximately two i
mg/L and the use of nitrous oxide / acetylene is the method of choice. The addi-

'

tion of an alkali salt is necessary to suppress ionization.

Welders acetylene which contains acetone depresses the calcium absorption.
We have found Matheson lab grade acetylene satisfactory as a fuel.

Most organic matrices cause a molecular absorption in the flame. This may
be eliminated by using a strongly oxidizing flame at optimum adjustment.

'4. Apparatus

High quality two stage regulators.

5. Reagents

CALCIUM STOCK STANDARD 1000 mg/L

Preparation: Markson Catalog #U 5114 or dissolve 2.4973 g calcium carbon-
ite, CaC03, with dropwise addition in a minimum volume of hcl and dilute to 1
liter with water.

POTASSIUM SOLUTION 1500 mg/L

Preparation: Dissolve 3.787 g of KNO3 in water and dilute to 1 liter.

6. Procedure

Since the absorption of Ca is dependent on the fuel to air ratio and height
of the light beam the following adjustments should be made:
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(1) High quality two stage regulators should be used on the gas line.

(2) Purified acetylene should be used.

(3) The flame should be ignited and water aspirated at least 15 min
before analysis.

(4) Maximum hollow cathode current should be used to overcome the flame
emission of calcium in nitrous oxide / acetylene flame.

(5) The~ flame is further optimized while aspirating a 4 mg/L standard
until maximum sensitivity is reached (about 40% absorption). In
making this adjustment the potassium blank solution is frequently
re-zerced so the absorption readings represent the difference
between the blank and 4 mg/L calcium. Water is aspirated between
standard and blank ad.ustments to clear the nebulizer and maintain
themal equilibrium o the burner head.

(6) Rotation of the burner head is not recommended since calcium is very
emissive at high concentrations.

(7) The nebulizer uptake is adjusted to a reduced level. This is accom-
plished by aspirating a solution and turning the knurled end cap of
the nebulizer counter clockwise until air bubbles back into the solu-
tion. Then the end cap is turned clockwise and the locking ring
turned until it rests against the nebulizer end cap. Readings of
standards and samples are taken by utilizing the longest instrument
intergration available and averaging at least three reported values.

Although the working range for calcium is linear up to 7 mg/L it is desir-
able to dilute all samples to a final concentration between 1-2 mg/L.

The method of additions utilizing incremental 1 mg/L increases is desirable.
(The method of additions is described in Metals, Section No. 6.)

In this analysis it is important to match the pH of samples and standards.
An initial 1 to 100 dilution of sample utilizing the potassium solution is rec-
ommended, but in some instances this is insufficient to adjust the pH to.that
of the standard matrix. It is then necessary to alter the pH of the standards
using 0.1 N hcl or 0.1 N NcoH.

7. Calculations

Blank correction is always necessary. Standard additions is the method of
choice.

The sensitivity for calcium is 0.08 mg/L for absorption. The lower limit
of detection is 0.02 mg/L units.

'

Concentration may be read directly or calculated from a plot of absorbance
vs standard concentrations.
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8. References
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CESIUM

1. Application

This method is applicable to homogenous solutions up to 15 mg/L.

2. Summary of Method

Atomic absorption utilizing an arc discharge lamp at 852.2 nm-visible, a
slit setting of 4.0 nm and an air-acetylene flame. ;

The most sensitive emissior wavelength is 852.2 nm using an air / acetylene
flame.

3. Interferences

Cesium has a lower ionization potential than any other metal so alkali salts
must be added. Solutions containing 1500 mg/L sodium ion are preferable.
Potassium salts, while effective ionizers, tend to produce high blank values.

4. Apparatus

A second order red filter is necessary.

A centinium lamp or background correction using the 848.0 nm line is uti-
lized for emission analysis.

5. Reagents

CESIUM STOCK STANDARD 1000 mg/L r

Preparation: Markson Catalog #J 5115 or dissolve 1.267 g of cesium chlo-
ride, CsC1, in 1 liter of purified water.

S0DIUM SOLUTION 1500 mg/L

Preparation: Dissolve 5.6 g of NANO 3 in 1 liter of water. Store in
plastic.

.
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6. Procedure

Emission analysis was the method of choice in our laboratory. The absorp-
tion method uses a discharge lamp and considerable self-reversal occurs with
this source. Occasionally metal will condense on the portion of the lamp that
is in the optical beam thus causing the. light to be obstructed. If this occurs,

it is suggested to run the lamp for 10 minutes at a higher current (1.1 amps).

7. Calculations

Background corrections are necessary with emission.

Blank corrections for the alkali addition are necessary.

Concentrations are determined from a concentration of standards vs absorb-
ance plot.

For the conditions described the sensitivity is 0.3 mg/L for 1% absorption.

8. References

1. Perkin-Elmer, Analytical Methods for Atomic Absorption Spectrophotometry
Perkin-Elmer, Connecticut,1973. Available from Perkin-Elmer, Main
Avenue, Norwalk, Conn. 06856.

2. E.E. Pickett and S.R. Kovityohann, " Emission Flame Photometry - A New
Lcek at an Old Method", Analytical Chemistry 41, No.14, 28-42 (December
1969). Available in public technical libraries.

IRON

1. Application

i

Ideally this method is used on anoxically filtered samples which were immed-
f ately acidified after filtration to a pH of 2.

2. Summary of Method

Atomic absorption utilizing a hollow cathode lamp at a 248.3 nm uv line with
a lean air / acetylene flame.

The most sensitive emission wavelength for iron is 372.0 nm using a nitrous /
oxide flame.

3. Interferences

A reduction in sensitivity occurs when samples containing nickel are acidi-
fied with nitric acid.
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Multi-element lamps containing cobalt demonstrate interference with the 1

'246.3 nm line; the 372 nm uv line is recommended.

4. Apparatus

A continium lamp, or background correction using the 247.5 nm non-absorbing
Fe line, is usually necessary for low Fe concentrations in the high solids
matrices.

An oxidizing flame is optimum.

Best precision and accuracy is obtained if the burner is pre-ignited and the
samples aspirated in such a manner as to maintain thermal stability at the
burner slot.

5. Reagents

IRON STOCK STANDARD 1000 mg/L

Preparation: Markson Catalog #J 5120 or dissolve 1.000 g of iron wire in 50
mL of conc HNO3 and dilute to 1 liter with purified water.

6. Procedure

Sampling, Storage, Re-dissolution, Aliquoting.

Iron in the ferrous state is relatively soluble in waters but upon exposure
to air the iron is oxidized to the ferric state and may hydrolyze to form a hy-
drated ferric oxide. Also, " iron bacteria" are considered capable of withdraw-
ing iron and depositing it in the form of hydrated ferric hydroxide in their
secretions. Samples received in the laboratory may contain iron in true solu-
tion, as a colloid, as a suspension, or as a complex. Thus, withdrawing a rep-
resentative aliquot and assuring a homogenous solution that will not clog the
nebulizer then becomes of chief concern.

Determination of Dissolvad Metals

(1) Samples collected and filtered anoxically with HNO3 added immediately.

Dilution of samples is accomplished using an Eppendort pipette and
volumetric flask. All glassware is acid washed with 1:1 hcl then rinsed with
polished water.*

Concentration of Samples

Samples containing below 30 ppm Fe should be concentrated for analy-
sis. This is accomplished by gently evaporating an HNO3 acidified sample until

* Polished water in our laboratory is obtained using reagent grade water and
a milii-Q system.
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a light colored quiscient residue remains. The initial volume reduction is done
using a hot plate stirrer, but the last stage evaporation is accomplished uti-
lizing an overhead heat lamp. The walls and sides of the beaker are then washed
thorough?y with 1:1 hcl and the residue re-dissolved anu quantitatively trans-
ferred to a volumetric flask.

(2) Samples not collected anoxically.

(a) Those with a pH 2 or below

In samples not collected anoxically, but sufficiently acidified
for the ferric hydroxide to be in solution, a simple aliquot may be withdrawn

,

and analyzed. However, it is anticipated that the reported value, while rep-'

resentative of the concentration in the sample vial, will be lower than that
observed in the source well or trench.

i (b) Samples with a pH above 2

j Samples collected non-anoxically and sent to our laboratory un-
acidified frequently exhibit color, turbidity and visible precipitation. For1

! routine comparative analysis the observed precipitate is dissolved using known
amounts of acid and the standards adjusted accordingly. It is necessary in

! these instances to repeatedly police the sides of the container and to stir
the now acidified samples for several hours until the sample appears clear.
Subsequent analysis of the container even after two days of acid dissolution
indicates that some iron does remain imbedded in the plastic walls, thus this
method of sampling produces a somewhat lowered iron value.

In those studies where it is desirable to analyze only the super--

, nate, the sample is stirred using a teflon stir bar. An aliquot is withdrawn
j via a disposable syringe and then filtered just prior to analysis or dilution

using a Millipore "millev" disposable filter unit. i

1

(3) Determinations of suspended Fe. !

The 0.45 pm membrane filter is digested using HNO . The sample is3
then evaporated gently and additional HNO3 added until the residue is clear.
The residue is then dissolved in 3 mL 1:1 hcl and diluted to a known volume
usually 10 mL with polished water. Appropriate dilutions are then made for
analysis and the standards prepared in a similar hcl matrix.

:

7. Calculations

! As discussed, sampling can lower the amount of Fe available for analysis.
For the conditions described the sensitivity is 0.12 mg/L Fe for 1% absorption.

The method of standard additions as described in Metals, Section No. 6, is
suggested..

Concentrations may also be determined directly.
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LITHIUM

1. Application

For the described standard conditions the working range for Li is linear up
to concentration of approximately 2 mg/L.

2. Summary of Method I

Atomic absorption utilizing a hollow cathode lamp at 670.8 nm visible line
with an oxidizing air / acetylene flame.

The most sensitive emission wavelength is 670.8 nm with a nitrous oxide /
acetylene flame.

'
3. Interferences

Like its sister elements in Group 1, Li is partially ionized in an air /
acetylene flame. This is controlled by the additica of 1500 mg/L alkali.

;

4. Apparatus i

A red second order interference filter is necessary to mask out the neon
,line emitted at the secondary 335.4 nm wavelength.

5. Reagents

LITHIUM STOCK STANDARD 1000 mg/L

Preparation: Markson Catalog #J 5122 or dissolve 5.324 g of lithium car-
bonate, Li CO ,-in a minimum volume of 1:1 hcl and dilute to 1 liter with2 3
water.

S0DIUM STOCK SOLUTION 150 g/L

Preparation: Dissolve 554.3 g of NANO 3 in 1 liter of water, use 100
microliters for each 10 milliliter of sample aliquot.

6. Procedure

Because of the low Li concentrations usually found in waste waters, little
dilution of the sample is necessary. The alkali spike is added in microliter
amounts to adju;t the total alkali concentration to 1500 mg/L.
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Only high purity sodium salts should be used for the spike and a blank
sodium ion solution value substracted from the absorbance or concentration
reading.

Background correction is not normally necessary for the determination of
lithium but blank correction for lithium contamination in reagents is an impor-
tant consideration.

7. Calculations

The sensitivity for Li under the conditions described is 0.035 mg/L Li for
1% absorption. The lower limit of detection under ideal conditions is 0.001
mg/L.

Concentration values are usually read directly fran the instrument display.

8. References

1. Perkin-Elmer, Analytical Methods for Atomic Absorption Spectrophotometry 1

Perkin-Elmer, Connecticut,1973. Available from Perkin-Elmer. Main {
Avenue, Norwalk, Conn. 06856. j

l
l

MAGNESIUM

1. Application

Under standard conditions the working range for Mg is linear up to concen-
trations of approximately 0.5 mg/L.

I

2. Summary of Method

Atomic absorption' utiliz;ng a hollow cathode lamp at 285.2 nm - uv, slit
setting of 0.7 nm and an oxidizing acetylene / nitrous oxide flame.

|

The most sensitive emission wavelength is 285.2 nm with a nitrous oxide /
acetylene flame.

3. Interferences

Silcon and aluminum depress magnesium absorption in an air / acetylene flame, i
but 1% lanthanum may remove this interference. Studies comparing lanthanum
spiked samples in air / acetylene and non-spiked samples in the recommended N 0/2
acetylene indicates that the N 0/ acetylene flame is hot enough to remove these2
interferences.

4. Apparatus

The analytical range may be extended by rotation of the burner head.
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. .

. ... . _-



.

i

5. Reagent

Magnesium STOCK STANDAPsD 1000 mg/L

Preparation: Markson Catalog #J 5123 or dissolve 1.854 9 of Ultrex Magnes-
ium Gluconate Dehydrate and dilute ta 100 mL.

6. Procedure

The recommended dilution for trench water samples is one to five hundred.
This is usually sufficient to remove any matrix effects and facilitates direct
readi19 of sample concentrations bracketed by standards.

7. Calculations

Background correction is not normally necessary for Mg and concentration
values can be determined directly from the instrument display.

The sensitivity for Mg is about 0.007 mg/L Mg for l'. absorption. The lower
limit of detection is 0.005 mg/L.

8. References

1. Perkin-Elmer, Analytical Methods for Atomic Absorption Spectrophotometry
Perkin-Elmer, Connecticut, 1973. Available from Perkin-Elmer, Main
Avenue, Norwalk, Conn. 06856.

MANGANESE

1. Application

Ideally this method is used on anoxically filtered samples which are acidi-
fied or analyzed immediately. Under standard conditions, the working range for
manganese is linear up to 3 mg/L.

2. Summary of Method

Atomic absorption utilizing a hollow cathode lamp at 279.5 nm-UV a slit
width of 0.2 nm and an oxidizing air / acetylene flame.

The most sensitive emission wavelength is at 403.1 nm, but a nitrous oxide /
acetylene flame is necessary.

3. Interferences

There appears to be little chemical or spectral interference in this method.
The low concentration of mangatuse present in waste water does not permit dilu-
tion so consequent clogging of the burner head and nebulizer with accumulated
salts is frequently a problem. It is therefore necessary to constantly aspirate
purified water and check the zero reading.
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4. Apparatus

A continuum lamp or background correction using the 282.5 nm non-absorbing
~1ine is usually necessary in these complex, high solid matrices.

An oxidizing flame is optimum.

5. Reagents

MANGANESE STOCK STANDARD 1000 mg/L

Preparation: Markson Catalog #J 5148 or dissolve 1.000 g of Mn metal in a
minimum volume of 8M HNO3 and dilute to 1 liter with 1% v/v hcl.

POTASSIUM SOLUTION 1500 mg/L

Preparation: Dissolve 3.787 g of KN03 in water and dilute to 1 liter.

6. Procedure

Sampling, Storage, Redissolution, Concentrating, Extracting, and Aliquoting.

Manganese collected anoxically is generally present in the soluble divalent
ionic form. When exposed to air it steadily oxidizes and precipitates from so-
lution or becomes adsorbed on the walls of the container.

Determination of Dissolved Metals

Anoxic filtration and immediate acidification are most desirable. In those
samples exposed to air without prior acidification, attempts at recovering the
Mn from the container walls by acid digestion and ultra sonic cleaning have met
with only limted success.

Concentration

EPA recommends that all samples below 25 mg/L be concentrated. This is con-
sistent with the operational lower limit of detection experienced in our labora-
tory. Manganese may be concentrated by extraction at a pH 5-10 with APDC/MIBK.
However, the presence of unusual organics and/or chealating agents in these
trench waters occasionally results in an emulsion like interface between the
aqueous and organic layers. Aspiration of this third interface layer with the
Mn-MIBK_ layer results in definite matrix problems. Discarding the interface
results in lowered Mn concentration values. Continuous back extraction yields
an increased volume negating attempts at concentration.

Coteentration by evaporation is then the method of preference. Gently evap-
or' ate 50 mL of an HNO3 acidified sample on a Corning hot plate stirrer. The
simultaneous use of an overhead heat lamp speeds the evaporation and hinders
bumping. The residue is then dissolved in s two mL of 1:1 hcl and quantita-
tively transferred to a 10 mL-volumetric flask. The sample is now concentrated
five times..

249

. . . . . . _ . _ . ..-..-..,_...n ..
_ _ _ _ _ _ _ _



i

On occasion, the salt content is too high for the residue to be dissolved in
10 mL and a 25 mL volumetric is used, the sample is then concentrated two times.

Filtrating just prior to aspirating using a 0.45 pm membrana filter is fre-
quently necessary in concentrated samples.

Alkali Spi n.g of Sample

It is recommended that all Mn analysis be done in a 1500 mg/L alkali salt
solution to suppress ionization. However, studies done in our laboratory have
indicated no difference in concentration value obtained between potassium spiked

,

and unspiked samples. On occasion, attempts to add a potassium spike to a con-!

| Centrated sample have resulted in the formation of salts indicating a super sat-
urated solution. The sample and salts must then be re-dissolved and diluted to'

a higher volume.

7. Calculations

As discussed, sampling can lower the amount of manganese available for anal-
ysis. For the conditions described the sensitivity is 0.055 mg/L Mn for 1% ab-
sorption.

Concentration may be read directly from the instrument display.

( 8. References

!1. Perkin-Elmer, Analytical Methods for Atomic Absorption Spectrophotometry
Perkin-Elmer, Connecticut,1973. Available from Perkin-Elmer, Main
Avenue, Nontalk, Conn. 06856,

2. W.B. Barnett, " Acid interferences in Atomic Absorption Spectrometry",
Analytical Chemistry 44, 695-698 (April 1972). Available in public
technical libraries.

.

POTASSIUM

1. Application

For atomic absorption gerating parameters, the working range for potassium
is linear up to concentrations of approximately 2 mg/L in filtered aqueous so-
lution. Potassium is seventh in order of abundance and appears to exist in
greater than trace amounts in the samples received in our laboratory. The rec-
ommended dilution is one to fifty. The optimum range 0.5 - 1.0 mg/L.

| 2. Summary of Method

Atomic absorption utilizing a hollow cathode lamp at 766.5 nm-visible line
with a lean air / acetylene flame.

,

!

!
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The most sensitive emission wavelength for potassium is 766.5 nm, although a
much better signal to noise ratio is reported at the secondary line of 404.4 nm
using an air / hydrogen flame.

3. Interferences
|
'

'The red filter which absorbs radiation shorter than 650 nm should be used
i for this determination.
|

| The effects of ionization may be substantially overceme by the use of dilu-
ent water containing 1500 mg Na/L.

4. Apparatus

A second order filter is necessary for thi detennination.

5. Reagents

POTASSIUM STOCK STANuARD 1000 mg/L

Preparation: Markson Catalog #J 5128 or dissolve 1.907 g of potassium chlo-
ride (kcl) in 1 liter of water.

~

SODIUM SOLUTION 1500 mg/L

Preparation: Dissolve 5.6 g of NANO 3 in 1 liter of water. Store in
plastic.

All dilutions of standards are to be made to contain 1500 mg/L sodium.
4

; 6. Procedure

Dilution of samples are made one to fifty using the sodium spiked water.

A standard curve is obtained in the 0.05 to 1.0 mg/L range.

Because of the large salt concentration care should be taken to flush the
nebulizer assembly, scrape the burner head and ream the nebulizer tube between
each analysis. Frequent replacement of the nebulizer tube is necessary and
there is a tendency for it zo develop internal grooves and ridges. A platinum
nebultzer is suggested as it is capable of withstanding the chemical and mechan-
ical abuse incurred in this analysis. Periodic microscopic examination of the
nebulizer is necessary to insure its integrity.

7. Calculations

A S lank correction of the sodium solution is necessary.

Report and Precision

The sensitivity for the described conditions to 0.04 mg/L K for 1% absorp-
tion. The detection limit is 0.005 mg/L.
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Concentration values are most frequently determined from a concentration vs
absorbance plot.

8. References

1. Perkin-Elmer, Analytical Methods for Atomic Absorption Spectrophotometry
Perkin-Elmer. Connecticut,1973. Available from Perkin-Elmer, Main
Avenue, Norwalk, Conn. 06856.

2. P.W. West, P. Folse, and D. Montgomery, " Application of Flame Spectro-
photometry to Water Analysis, Determination of Sodium, Potassium and
Calcium", Anal. Chem. 22, 667 (1950). Available in public technical
libraries.

S0DIUM

1. Application

Under standard conditions the working range fnr sodium is linear up to con-
centrations of approximately 1 mg/L. As sodium is the sixth most abundant ele-
ment and is commonly present in waste waters in appreciable quantities, dilution
is usually necessary.

2. Summary of Method

Atomic absorption utilizing a hollow cathode lamp at 589.0 nm visible line
with an oxidizing flame. Because of the concentrated nature of the samples an
initial thousand-fold dilution is recommended. In addition the analytical range

may be extended by rotation of the burner head. To overcome the effects of ion-
; ization, 1500 mg K/L as KN03 is added to standards and samples.

i The most sensitive emission wavelength for sodium is at 589.0 nm, the 330.2
| nm line is less sensitive; (3 ng/L sodium for 1% absorption) and provides a con-
' venient way to avoid further dilutions. An air / acetylene flame is suggested.

There is usually good agreement between absorption and emission data using the
described methods.

3. Interferences

Because of the large dilution necessary for analysis we have observed little
interference in our laboratory. Comparisons between direct reading and standard
addition values indicate there is negligible matrix effect. For the determina-
tion of low concentrations and all dilutions care should be taken that the stan-
dards and samples are not stored in glass.

4. Apparatus

A second order filter is necessary for flame emission determinations of
sodium.

i
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5. Reagents

; S0DIUM STOCK STANDARD 1000 mg/L

oreparation: Markson Catalog #J 5131 or dissolve 2.5421 g .of Sodium 'Chlo-
! rice,'(Nacl), in 1 liter of water.

*

P0TASSIUM SOLUTION 1500 mg/L

Preparation: Dissolve 3.787 g of KN03' in water and dilute to 1 liter.

6. Procedure

Dilution of samples are made 1 to 1000 using a 1500 mg/L potassium solution.

A standard curve is obtained in the .05 to 1.0 mg/L range, all standards
being made from dilutions of a stock standard with 1500 mg/L potassium spiked
water.a

7. Calculations

Background correction does not appear necessary at the 589.0 nm wavelength
and concentration values can be read directly from the machine display.

The sensitivity is about 0.015 mg/L for Na for 1% absorption.

8. References

1. Perkin-Elmer, Analytical Methods for Atomic Absorption Spectrophotometry
Perkin-Elmer, Connecticut,1973. Available from Perkin-Elmer, Main
Avenue, Norwalk, Conn. 06856,

2. P.W. West, P. Folse, and D. Montgomery, " Application of Flame Spectro-
photometry to Water Analysis, Determination of Sodium, Potass'ium and
Calcium", Anal. Chem. 22, 667 (1950). Available in public technical
libraries.

STRONTIUM (TOTAL)

1. Application

This method is applicable to homogenous solutions up to 10 mg/L.although
under standard operation, the working range is' linear only up to concentra-
tions of 5 mg/L.

2. Summary of Method

Atomic absorption utilizing a hollow cathode lamp at 460.7 nm visible, a
slit setting- of 0.4 nm and either a reducing air / acetylene or nitrous oxide /
acetylene flame.
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-The most sensitive emission wavelength is at 460.7 nm with a nitrous
oxide / acetylene f'.ame.

3. Interferences

Nitric acid, used to acidify samples after filtration reduces the absorp-
tion of a strontium solution. Care should be taken to have standards and sam-
ples equal in HNO3 concentration.

Silicon, aluminum, and phosphorous depress the absorption in the air /acet-
ylene flame. 1% lanthanum solution is suggested to control this interference.
The use of a nitrous oxide / acetylene flame is another method. To control ion-
ization, potassium is preferred as a spike because it has the highest ioniza-
tion potential of the available alkali salts.

Analysts have reported varying levels of success with the aforementioned
methods. Some manufacturers insist on the addition of 1% lanthanum, others pre-
fer N 0/ acetylene flame, alkali spiked. To date in our laboratory, the use of2 a

N 0/ acetylene flame with potassium spiked standards and samples has been the2
method of choice. It affords a ready cross check of absorption and emission
methods and has presented the least nebulizer problems.

4. Apparatus

The analytical ranges may be extended by rotation of the burner head.

5. Reagents

STRONTIUM STOCK STANDARD 1000 mg/L

Preparation: Markson Catalog #J 5132 or dissolve 2.415 g of strontium
| nitrate, Sr(NO )2 in 1 liter of 1% v/v HNO -3 3

P0TASSIUM SOLUTION 1500 mg/L

Preparation: Dissolve 3.787 g of KN03 in 1 liter of water.

6. Procedure

|

|
The method of standard additions is preferred. The initial concentration

I range is determined by direct reading of a potassium spike sample using N 0/2
acetylene flame. Dilutions if necessary are made to obtain a final concentra-
tion of approximately 1 mg/L Sr. A second aliquot of the sample is then com-
bined with standards to yield a final concentration of unknown plus 1 mg/L Sr.
A third aliquot is then taken to yield a final concentration of unknown plus 2
mg/L Sr. All samples contain 1500 mg/L of potassium.

Sr may be extracted with 0.2 nolar thenoyltrifh errtatene and MIBK at pH
,

| 10-12, but this has met with little succcss in our laboratory.

1
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7. Calculations

The method of additions as described in Metals, Section fio, 6.

For the conditions described the sensitivity for a HNO3 acidified standard
is 0.12 mg/L Sr for 1% absorption. The sensitivity as observed in trench waters
is usually lower.

8. References

1. Perkin-Elmer, Analytical Methods for Atomic Absorption Spectrophotometry
Perkin-Elmer, Connecticut,1973. Available from Perkin-Elmer, Main
Avenue, Norwalk, Conn. 06856.

2. V.J. Luciano, " Atomic Absorption", Pittsburgh Conference, 1975. Avail-
able for purchase from Fisher Scientific, Analytical Instrument Division
Pittsburgh, Pa.
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APPENDIX D

ORGANIC ANALYSIS
(A.J. Francis, B. Nine, C.R. Iden*, and C. Chang *)

D.1 Procedure

Water samples collected anoxically # rom trenches and wells at low-level ra-
dioactive waste disposal sites were filtered through a 0.45 pm silver membrane
filter under anoxic conditions and refrigerated until further analysis.

The total carbon and inorganic carbon content of the filtered water samples
were determined using a Beckman Model 915 Total Carbon Analyzer.(1) The di f-
ference between the total carbon and the inorganic carbon measurements is the
dissolved organic carbon (DOC) content of the water samples.

A liquid extraction technique,(2) used to isolate acidic, neutral, and
1

basic organic components from the trench water samples is shown schematically in
Figure D.1. Approximately two hundred to three hundred milliliters of filtered
water sample was acidified to pH 2 with hcl and extracted three times with 30 mL
mathylene chloride (Burdick & Jackson Laboratories, Inc., Muskegon, MI). The
extracts were canbined and back-extracted three times with 30 mL-5% w/v NaOH. to
remove acidic components, leaving only neutral compounds in the first organic
extract. The basic fractions were combined, acidified to pH 2, and extracted
with methylene chloride as before. This second organic extract contains acidic
compounds. The original water sample was then brought to pH 11 with 5% w/v Na0H
and extracted three times with 30 mL of methylene chloride. The third extract
contains basic organic components. Each extract was dried over Na2SO4 and con-
centrated to 1 mL using Kuderna-Danish and Micro-Snyder column evaporators. The
extract containing the acid components was divided in half. One portion was
reacted with N,0-bis-(trimethylsilyl)-trifluoroacetamide (Pierce Chemical Co. ,
Rockford, IL) for approximately one hour at room temperature in order to form
the trimethylsilyl (TMS) derivatives.

The extracts and derivatized extracts of water samples and control blank
samples were analyzed by gas-liquid chromatograph (GLC) using a Perkin Elmer
Model 900 Gas Chromatograph. A 1.8-m x 2.1-mm-i.d. stainless steel column
packed with 10% SE-30 on Chromosorb-W (80/100 mesh) was used for all analyses.
Helium was used for the carrier gas at a flow rate of 35 mL/ min. The column
temperature initially was held constant at 60 C for 4 min and then programmed to
240 C at 4 C/nin. The upper temperature was maintained until the analysis was
terminated. The GLC instrument was equipped with a flame ionization detector.
For quantitative analysis a known quantity of an internal standard, usually di-
ethyl phthalate, was added to the sample. The ratio of the area of the GLC-peak
of interest to the area of the internal standard peak was converted to a concen-
tration with a calibrated standard curve specific for the compound undergoing
analysis.

,

The water extracts were further analyzed by gas chromatography-mass spec-
trometry (GC/MS). A Hewlett Packard 5983 Mass Spectrometer system coupled to a

*SUNY at Stony Brook, N.Y. 11794
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SAMPLE ( 200 -500 Mil

1) pH 2 (with hcl)

2) CH Cl2 (30 mi a3)2

|
ORG ANIC L AYER i,

'5% NoOH AQ UEOUS LAYER

1) pH || (with NoOH)

| ORGANIC NEUTRALS | Il pH 2 (with hcl)
g g

DRIED OVER ANHYDROUS D SCARD
' 6 | ORGANIC BASES |No2SO4 ORG ANIC AOUEOUS LAYER g

( '8 '
CONCENTRATE IN DRIED OVER ANHYDROUS

RIED WER ANHYDROUS
,

KUDERNA-DANISH NotSO4
t E VAPOR ATOR To i ml No2SO4

CONCENTR ATE INOWWM W
K U D E R N A-D ANISH

KU R A-DA M H
EVAPORATOR TO I ml

GC EVAPOR ATOR TO l mi

GC/MS
GCGC TMS DER VATIVE

GC/MSGC/MS GC

GC/MS'

i

Figure D.1. Extraction and fractionation scheme for
organic analysis of trench water samples.

1

Hewlett Packard 5700 Gas Chronatograph and a 5933 Data System was used. The gas
chromatograph and mass spectrometer are interfaced by a heated glass jet separa- <

tor. Gas chromatographic conditions were the same as listed above, except that
a 2-mm-i.d. glass column was used. Mass spectral identification was facilitated
by use of the mass spectral search capabilities of the 5933 Data System. For
this purpose, both the HP Contributed Libraries and the EPA-NIH Library were
available on disc. Furthemore, the mass spectral search facilities of the CIS

1Project were accessible through a separate terminal. In some cases, known stan-
j dards were purchased commercially and run on the GC/MS instrument in order to
4 verify identifications. It should be noted that not all organic compounds can

be extracted by methylene chloride, and that many other organic compounds may be
present in the leachates.

D.2 References

1. Standard Methods for the Examination of Water and Waste Water, 14th Edition
M.J. Taras, A.E. Greenberg, R.D. Hook and M.C. Rand, Eds. (American Public
Health Association, Washington, D.C. 1976). Available from the American
Public Health Association,1015 Eighteenth Street, N.N. , Washington, D.C.
20036.

2. A.W. Garrison, J.D. Pope, and F.R. Allen "GC/MS Analysis of Organic Com-
pourids in Domestic Waste Waters", in Identification and Analysis of Organic
Pollutants in Water, L.H. Keith, Ed. (Ann Arbor Science, Mich., 1976).
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APPENDIX E

ANALYTICAL METHODS FOR SEDIMENT CHARACTER!ZATION

Representative samples of the site specific materials used in the sorp-
tion experiments were used for characterization studies. Bulk samples were dis-
aggregated by ultrasonic agitation. Analytical methods are summarized in the
accompanying table.

Table E.1

Sediment Characterization - Analytical Procedures

Parameter Procedure Modifications
Particle Size Sieving A
Distribution Pipette Analysis (1)

,

Surface Area Organic Liquid
Ethylene Glycol (EG)(2) No Sample

Ethylene Glycol Mono- Pre-Treatment
ethyl Ether (EGME)(3)

@as

N2 Adsorption (BET)(4) Freeze Dried
Samples of Consoli-
dated Materials
used after Initial
Disaggregation

Mineralegy Standard Techniques of
X-ray and Petrographic
Analysis

Extractable Iron Dithionite Extraction (5)
Organic Carbon Oxidation with Dichro-

matic (W(alkley-Blacknethod) 6)
Carbonate Material Gravietr)ically by loss Ultrasonic Disag-

of CO 57 gregation of Con-2
solidated Material

Cation Exchange Capacity
Total Cation Exch. Cap.

Na Disp (8)1gcement Standard Technique
pH 8.2 for CECT

pH dependent cation Na Disp 1gcement Na+ Used as Index
9Exchange Capacity pH 4.5\ 1 Cation Rather

(apH) than Ba+2

Sr Cation Exch. Cap. Same Procedure as Uses Sr as Displac-
Total Cation Exch. ing Ion Rather than

NH +4

Cs Cation Exch. Cap. (10) To be Completed
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APPENDIX F

PREPARATION PROCEDURE FOR THE DETERMINATION

OF KD SORPTION COEFFICIENTS
(R.F. Pietrzak, G.G. Galdi, and A.J. Weiss)

F.1. Summary

Samples for the determination of Kd were prepared from waste burial site

trench waters (15 nt) and soils (0.75 g) 241 m, 85 r.134 s 137 s, glass and59 e, 60 o
in reaction containers of

Te fl o n. Gamma emitting radionuclides of A S C C F C

and 152 u were added to filtered trench water before mixing with the soil. Con-E

trol samples without any soil were reserved to determine the initial activity of
a solution for any isotope. The sorption coefficient Kd was calculated using
the following equation

Kd = As/Agi

As = (Ar-Aj)/Ws = radionuclide concentration in soil

At = Aj/Vt = radionuclide concentration in solution

Ar = activity of the original solution

Ai = sample solution activity

Ws = solid weight

Vt = liquid volume

Special precautions to preserve reducing conditions were taken only with
samples that are described as " anoxic". This was accomplished by use of a
nitrogen or argon atmosphere during preparation and equilibration of the sam-
ples.

F.2. Materials

F.2.1 Mixed Tracer Solution

A carrier-free solution containing approximately one mci /at each of com-
85 r, 134,137C s, and bO o in 0.5 M hcl was used to spike themercially obtained S C

filtered trench water. A 0.02-mL aliquot of tracer solution was used with 100
mL of trench water.

241 m Tracer SolutionF.2.2 A

A carrier-free solution containing approximately one mci /mL of commer-
241 m in 8 M HNO3 A 0.02-mL aliquot of tracer solution wascially obtained A

used with 100 mL of trench water.
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152 u Tracer SolutionF.2.3 E

A commercially obtained solution of 152 u, approximately one mci /mL,E

in 0.5 M hcl which contains 0.19 mg Eu/mL. A 0.02 mL aliquot of tracer solution
was used with 100 mL of trench water.

F.3. Equipment

F.3.1 Filtration System

Trench water samples were filtered anoxically. A schematic diagram of
the filtration system is shown in Figure F.1, and a breakdown of the filter unit
is shown in Figure F.2. Trench water was transferred from the collection bottle
to the filter unit through 3/8"-i.d. Tygon tubing, and filtered through a 142-
mm-diameter, 0.1-um-cellulose membrane. All filter body surfaces that come in
contact with the trench water were coated with Teflon.

F.3.2 Sample Preparation Manifold <

l

The primary function of the sample preparation manifold was to prepare
*

the filtered trench water for the Kd experiment and to transfer measured
amounts of the water to reaction vessels containing soil. A schematic diagram'

of the manifold is shown in Figure F.3. The valve operations to perform various
manifold manipulations are indicated in the diagram. Three types of valves on
the manifold were used to route the trench water: (a) two-position / double func-,

t tion valves (PCV, RVV), (b) two-position / triple function valves (SV, FV, SIV),
and (c) a six-position / single function valve (DV). All tubing and valve sur-
faces of the sample preparation manifold shown in Figure F.4 are Teflon. The
total system is shown in Figure F.5.

The manipulations required to prepare a sample for a Kd measurement are-

. described in Tables F.1 and F.2. Table F.1 gives sequential operations for re-
! placing air with nitrcgen in various sections of the apparatus, and Table F.2

shows the positions of controls on the manifold for manipulating the filtered
trench water. These manipulations include: (a) diverting water to the probe
chamber shown in Figure F.6 where pH, Eh, and temperature are measured, (b) fill-
ing the mixing reservoirs where pH adjustments, dilutions, and tracer radionu-
clide additions are made, and (c) transferring 14.6 mL of water from a mixing
reservoir to a reaction vessel containing 0.75 g of soil.

F.3.3 Reaction Vessels

F.3.3.1 Glass Tubes

Commercially available 20-mL glass tubes (Bellco 2047-16125) that were
sealed with screw cap septa (Figure F.7) were used in some Kd experiments.
Approximately 2% of the original radioactivity in the solution was adsorbed
onto the container wall, and in approximately 10% of the experiments the tubes
failed to maintain an anoxic condition. Failure to maintain an anoxic condition
is easily seen by the presence of a red Fe(0H)3 precipitate. The systematic

,

error due to glass wall adsorption needs to be evaluated.!

[

| 262

._ - _ _ . - .



F.3.3.2 Teflon Containers

Teflon containers were machined from TFE Teflon rod and crimp-sealed
with aluminum cap and septa (Figure F.8). These bottles were found to adsorb
1ess than 0.17. of the radicactivity and are ideally suited for Kd experiments,
especially where the Kd is large and little of the initial activity remains
in solution. The failure rate for maintaining anoxic conditions was high.

F.3.3.3 Septum and 0-ring Sealed Teflon Bottles

An attempt to resolve the problem of maintaining trench waters in an
anoxic condition was made by constructing Teflon bottles with both septum and
o-ring seals (Figure F.9) and working in an inert atmosphere glove box. The
single seal Teflon bottles could be used in Kd experiments where anoxic con-
ditions were not required and where the problem of wall adsorption was to be
avoided.

i F.3.4 Sample Mixing Tumbler

The samples were mixed by tumbling the reaction vessels on a ball-mill
roller. A plastic chamber designed to maintain an inert atmosphere around the
sample bottles during the equilibration process is shown in Figure F.10. Inert
gas was passed through the chamber to insure an anoxic environment in the reac-
tion vessel in the event of an improper seal in the reaction vessel. When
anoxic conditions were not required, mixing was effected by packing the reac-
tion vessels in an appropriate container and tumbling on a ball-mill roller.

F.3.5 Counting Shield

After equilibration, the liquid phase was separatt ? from the solid phase
by centrifugation at 3,000 rpm for 20 minutes and analyzed with a Ge(Li) count-
ing system. The reaction vessel was counted in a collimated 'ead shield shown
in Figure F.8, where the soil in the bottom of the vessel was below the circular
window facing the detector. Thus, approximately three inches of lead was bc-
tween the soil and the detector, and as such, the detector saw the gamma radia-
tion from the liquid phase with an insignificant contribution from the soil.
This counting configuration eliminated opening the reaction vessel to reparate
the liquid from the soil and enabled repeated shaking and counting of the same
sample to determine the optimum mixing time to approach equilibrium.

! The small fraction of radiation from the soil that penetrates the shield
becomes significant when the Kd is very large. In this case, the centrifuged
samples were opened in an inert-atmosphere glove box to separate the liquid from
the soil before counting. An aliquot of the filtered liquid phase was counted.

F.4. Procedure

Soil samples were added to the reaction vessels which were crimp sealed
and connected to the Kd manifold. Air in the manifold, filtration unit, probe
chamber, and vessels was replaced with inert gas by alternately evacuating and
refilling with inert gas at least six times. This prevented iron hydroxide from
precipitating during the equilibration period. The procedure is summarized in

263

i



the operation sequence chart shown in Table F.1. The chart is read from left
to right and from top line down. The filtration apparatus was purged with inert
gas prior to purging the manifold. Filtered trench water was passed through the
probe chamber where pH, Eh, and temperature were measured. The filtrate was
then collected in four of the mixing reservoirs which may contain radionuclide
spike, acid, base, or deionized water. Measured volumes of a modified trench
water were transferred to an empty control vessel and to each of two reaction
vessels containing soil. The transfer lines were then washed with water from
the fifth mixing reservoir. Thus, four variations of a single trench water
could be studied in one run. The manipulations to accomplish these tasks are
shown in Table F.2. The reaction vessels containing soil and trench water were
removed from the manifold and mixed in the tumbling apparatus for a known length
of time. After centrifugation, the samples were analyzed by gamma-ray spec-
troscopy using a Ge(L1) detector. The lead shield used to prevent radiation
' om the soil from reaching the Ge(Li) detector is shown in Figure F.11. Sam-
ples were counted long enough to accumulate 10,000 counts in each gamma-ray
peak, or for 1,000 minutes, whichever was reached first. After counting was
completed, the final pH and Eh of the water were measured in an inert atmo- (

sphere glove box.

I

y NITROGEN TO
K MANIFOLDgg o y,3

"v-s X
V-2 v-l V-5

} XI [ V-7
)

Kv-4
-

1

PRESSURE v.s 1e~
" GAUGE > AIR BANIER l

V-6 VENT '

SAMPLE COLLECTION -
0'NM'" |

I
_ '

NITROGEN BOTTLE NITROGEN
(~ 3 psi) (< 30 psi)

V

FILTRATE To K M ANIFOLDg

Figure F.1. Schematic diagram of the filtration system
for Kd manifold.

1

l

l
|

|

264

1

1



i

|

4

e e.e-.
V-

. O? n
sh W

-

#p
fi9Ure F.2, gre kdown of tration unit Used

in Kg expert nts.

265

_- _ _ _ _ _ _ _ _ _



_ _ _ _ _ _ _ _ _ _ __

SCHEM ATIC KD MANIFOLD
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Figure F.3. Schematic diagram of the sample preparation
manifold for anoxic Kd experiments.
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Figure F.6. Probe chamber for measuring pH, Eh,'

and temperature.
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Table F.1

Operations Sequence to Replace Air in the Kd Manifold with Nitrogen

OBJECTIVE OPERATIONS SU)UENCE'

A. Preliminary Purge of All Lines
TURN VALVES THROUGil ALL OPERATING MODESIncluding Flitration Unit Kd hiani .

fold, and Proba Chamber with Nitrogen

GM GW2 W .3 W $1V RW.1 RW.2 RW-3 W.3

k-[ Cell.
B.i Cvacuate Reaction Vessels r Apply Vacuum

ill Fill Fill fill
Bykass (| || ]|

Close Close Close
y

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

| GFC-3 TV-3

B.2 Purge Reaction Vessels with Nitrogen Open &C_e]) N Flush
2

f5First C@
* TV.2

C.) Evacuate Measured Volume Chamber
' '

MkU ^EP'I 'dC"""

Ciose Ciose Ciose ny% ass Qu ryi Open vAC
............................................

TV-2
C.2 Purge Measured Volume Chamber with GrC.2 W4-Cel l N Flush

Nitrogen Open - r -- 7
VAC

First

D.1 Evacuate Mixing Reservoirs
' '

Ce_11 Waste Apply Vacuumg
C1ose C1ose C1ose By ss Ce11 VYC

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

GrC-1 Ty.)D.2 Purge Mixing Reservoirs with Open CeJ 1. ,-yWas.te N riushNitrogen 7
First fAC

. . _ .
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Table F.2

. Control Positions for Manipulating Trench Water in the Sample Preparation Manifold
-

'

IllNCTION CONTROL POSITIONS

LFC-1 PCV SV GFC-1 GTC-2 FV DV GFC-3 SIV LFC-2 RVV

( k
t%. ' /open open waste open openClear Stream epen

( bypass P 'N
,.

VMeasure pH, Eh, Teinperature open open open waste open open

/ T bypass

U
\ /fill Mixing Reservoir open open open cell open open

' '
fill fill

\ cell openMix Sample in Reservoir close open open

bypass fill fill open

Fill Measured Volume Vessel close open open cell open open

empty deliver

s !

Transfer ficasured Volume close open close
to Reaction Vessel

fill

.
. . _ ~ . ~ n
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Figure F.7. Glass tube with screw Figure F.8. Teflon bottle with
cap and septum. aluminum capped septum along side

of collimated counting shield.
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Figure F.9. Teflon bottle with septum Figure F.10. Sample tumbling
aluminum cap and o-ring seals. chamber with provision for

maintaining nitrogen atmosphere.
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