


SOLAR EVAPORATION PONDS 

CLOSURE PLAN 

U S .  DEPARTMENT OF ENERGY 
ROCKY FLATS PLANT 
GOLDEN, COLORADO 

JULY 1, 1988 

ROCKWELL INTERNATIONAL 
NORTH AMERICAN S P A C E  OPERATIONS 
ROCKY F L A T S  PLANT 



C07890010526 Date: July 1, 1988 
Revision No: 2 

TABLE OF CONTENTS 

1.0 INTRODUCTION 

1.1 Description of the Rocky Flats Plant 
1.1.1 Location and Operator 
1.1.2 Mission 
1.1.3 Brief History 

1.2 Description of the 207 Solar Evaporation Ponds 
1.2.1 Construction History 
1.2.2 Past Use 
1.2.3 Current Use 
1.2.4 Size and Volume of Impoundments 

1.3 Maximum Waste Inventory 
1.3.1 Waste Inventory Volumes 
1.3.2 Waste Inventory Composition 

1.3.2.1 Analyses in 1984 and 1985 
1.3.2.2 Analyses in 1986, 1987 and 1988 0 1.4 Description of Auxiliary Equipment 

1.5 Final Closure Plan Summary 
1.5.1 Closure Objectives 
1.5.2 Closure Plan 
1.5.3 Closure Schedule 
1.5.4 Justification for Extension of Schedule 
1.5.5 Protection of Human Health and the 

1.5.6 Administration of Closure Plan 
1.5.7 Closure Cost Estimates and 

Financial Assurance 

Environment 

2.0 REMOVAL, TREATMENT AND DISPOSAL 
OF WASTES, LINERS, SOILS AND GROUND WATER 

2.1 Introduction 

2.2 Free Liquids 
2.2.1 Background 
2.2.2 Volume of Free Liquids 
2.2.3 Removal of Free Liquids 
2.2.4 Treatment of Free Liquids 

1 
1 
3 
4 

6 
6 
18 
20 
21 

24 
24 
27 
27 
28 

41 

43 
43 
44 
48 
52 

53 
57 

57 

60 

60 

63 
63 
63 
65 
66 



C07890010526 Date: July 1, 1988 
Revision No: 2 

2.2.5 Disposal of Free Liquids 
2.2.6 Schedule 

2.3 Sludges and Sediments 
2.3.1 Background 
2.3.2 Volume of Sludges and Sediments 
2.3.3 Removal of Sludges and Sediments 
2.3.4 Treatment of Sludges and Sediments 
2.3.5 Disposal of Sludges and Sediments 
2.3.6 Schedule 

2.4 Liners 
2.4.1 Background 
2.4.2 Volume of Liners 
2.4.3 Removal of Liners 

2.4.3.1 Construction 
2.4.3.2 Health and Safety Plan 

2.4.4 Treatment of Liners 
2.4.5 Disposal of Liners 
2.4.6 Schedule 

2.5 Embankment Soils 
2.5.1 Background 
2.5.2 Volume of Embankment Soils 
2.5.3 Removal of Embankment Soils 
2.5.4 Treatment of Embankment Soils 
2.5.5 Disposal of Embankment Soils 
2.5.6 Schedule 

0 

2.6 Underlying and Surrounding Contaminated Soil 
2.6.1 Background 

2.6.1.1 Soil Characterization 
2.6.1.2 Closure Alternatives 
2.6.1.3 Closure Performance Standard 

2.6.2 Volume of Contaminated Soils 
2.6.3 Removal of Contaminated Soils 
2.6.4 Treatment of Contaminated Soils 
2.6.5 Disposal of Contaminated Soils 
2.6.6 Schedule 

2.7 Ground Water 
2.7.1 Background 

2.7.1.1 Summary of Applicable 
Requirements 

2.7.1.2 Ground-Water Quality 
2.7.2 Removal of Ground Water 
2.7.3 Volume of Ground Water 

66 
67 

73 
73 
76 
77 
81 
82 
83 

83 
83 
86 
87 
88 
91 
92 
92 
93 

94 
94 
94 
94 
95 
95 
95 

96 
96 
97 
98 
100 
101 
101 
101 
105 
105 

105 
105 

105 
106 
106 
107 



C07890010526 Date: July 1, 1988 
Revision No: 2 

2.7.4 Treatment of Ground Water 
2.7.5 Disposal of Ground Water 
2.7.6 Schedule 

3.0 DECONTAMINATION OF EQUIPMENT 

3.1 Introduction 

3.2 Decontamination Procedures 

3.3 Auxiliary Equipment 

3.4 Construction Equipment Used During Closure 

4.0 REGRADING, COVER AND VEGETATION 

4.1 Introduction 

4.2 Regrading 

4.3 Final Cover 0 4.3.1 Extent of Final Cover 
4.3.2 Type of Materials 
4.3.3 Depth of Materials 
4.3.4 Volume of Materials 
4.3.5 Source of Materials 
4.3.6 Final Cover Design 
4.3.7 Final Cover Stability 
4.3.8 Differential Settlement 
4.3.9 Infiltration Control 
4.3.10 Surface Drainage Control 
4.3.11 Subsurface Drainage Control 
4.3.12 Construction Equipment 

4.4 Vegetation 

4.5 Quality Assurance/Quaiity Control Procedures 
4.5.1 Quality Control 
4.5.2 Quality Assurance 

4.6 Health and Safety Plan 

107 
108 
108 

110 

110 

110 

113 

113 

115 

115 

115 

118 
118 
121 
127 
128 
129 
130 
132 
133 
133 
135 
135 
137 

137 

139 
140 
141 

142 

4.7 Maintenance 144 



C07890010526 

5.0 GROUND-WATER MONITORING 

6.0 CLOSURE CERTIFICATION 

6.1 Certification Requirements 

Date: July 1, 1988 
Revision No: 2 

6.2 Activities Requiring Inspections by a 
Registered Professional Engineer 

6.3 Anticipated Schedule of Inspections by a 
Registered Professional Engineer 

7.0 LEACHATE AND GAS COLLECTION AND TREATMENT 

8.0 SITE SECURITY 

146 

148 

148 

149 

150 

152 

153 

REFERENCES 



C07890010526 Date: July 1, 1988 
Revision No: 2 

TABLE OF FIGURES 

Figure 1 - Vicinity Map 2 

Figure 2 - Location Map 

Figure 3 - Plan Solar Ponds 207-B 

Figure 4 - Details Solar Ponds 207-B 
Figure 5 - Plan Solar Pond 207-C 

Figure 6 - Details Solar Pond 207-C 

Figure 7 - Typical Trench and French Drain 
Cross-sections 

Figure 8 - Cross-Sections Through the Solar 
Evaporation Ponds 

7 

10 

11 

14 

15 

17 

2 2  

Figure 9 - Closure Plan Activity Flow Diagram 45 0 Figure 10- Summary of Solar Pond Closure Activities 49 

Figure 11- Closure Schedule Time Line 68 

79 

Figure 13- Pond-Creting Facility Flow Diagram 80 

Figure 14-Extent of Final Cover 116 

Figure 12- Pond-Creting Facility Layout 

Figure 15- Plan and Contours of Final Cover 120 

Figure 16- Typical Section of Final Cover 122 



C07890010526 Date: July 1, 1988 
Revision No: 2 

LIST OF TABLES 

Table I - Maximum Waste Inventory 
Anticipated at any Time Prior to Closure 

Table I1 - Liquid Characterization Summary 1984-1988 

Table I11 - Sludge Characterization Summary 1984-1988 
Table IV - Cost Estimate for Multi-Layered Cover 

for Solar Pond Closure 

Table V - Volume of Liquids and Sediments/Sludges 
in the Solar Evaporation Ponds on 
April 20, 1988 

Table VI - Schedule f o r  Evaporation of Liquids in 
the Solar Evaporation Ponds 

Table VI1 - Schedule for Removal, Treatment and 
Disposal of Sludges and Sediments in the 0 Solar Evaporation Ponds 

Table VI11 - Schedule for Liner Removal and Disposal 

2 5  

34 

39 

59 

64 

67 

83 

93 



C07890010526 Date: July 1, 1988 
Revision No: 2 

LIST OF APPENDICES 

Appendix 1 - Engineering Drawings 
Appendix 2 - Volume, Schedule and Cover Design Calculations 

Appendix 3 - Chemical and Radiochemical Analyses of Solar 
Evaporation Pond Liquid and Sludge 

Appendix 4 - Laboratory Test Results 
Solar Ponds 207-A and 207-B North 
Interceptor Trench Pump House 
Buffer Zone 
April and May 1986 

Sludge and Pond-Crete 
Volatile Organics Analysis 
Pond 207-A 
February 1988 

207-B Solar Pond 
North and Center 
Quarterly Metals Analysis 
August 14, 1987 
Lab No. E87-3918 

207-B Solar Pond 
North and Center 
Quarterly Metals Analysis 
November 30, 1987 
Lab No. E87-4254 

207-A and 207-C Solar Pond 
Quartelry Analysis Results (Liquids) 
March 1987 to March 1988 

207-B Solar Pond 
Weekly Analysis Results 
October 1987 to June 1988 

Appendix 5 - Quality Assurance/Quality Control Procedures 

Appendix 6 - Solar Evaporation Ponds 
Hydrogeologic Characterization Report 
Closure Plan 



C07890010526 Date: July 1, 1988 
Revision No: 2 

1.0 INTRODUCTION 

1.1 Description of the Rocky Flats Plant 

1.1.1 Location and Operator 

The U.S. Department of Energy's Rocky Flats Plant is located 

in north-central Colorado, northwest of the City of Denver 

(Figure 1). The Plant is located in Sections 1 through 4 

and 9 through 15 of T. 2 S., R. 70 W. The facility's EPA 

identification number is c07890010526. The mailing address 

0 is: 

U.S. Department of Energy 
Rocky Flats Plant 
P.O. Box 928 
Golden, Colorado 80402 

The facility conta.ct is: 

Albert E. Whiteman, Area Manager 
Phone: (303) 966-2025 

The facility covers approximately 6,550 acres of federally 

owned land in northern Jefferson County, Colorado, which is 

centered at 105O 11' 30" west longitude, 3 9 O  53' 30'' north 

latitude. The facility is approximately 16 miles northwest 

1 
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o f  D e n v e r  a n d  n i n e  t o  1 2  m i l e s  f r o m  t h e  n e i g h b o r i n g  

communities of Boulder, Broomfield,  Golden and Arvada. It 

is  bounded on  t h e  n o r t h  by S t a t e  Highway 1 2 8 ,  on t h e  w e s t  by  

a p a r c e l  of l a n d  e a s t  of  S t a t e  Highway 93 ,  on t h e  s o u t h  by a 

p a r c e l  of  l a n d  n o r t h  o f  S t a t e  Highway 7 2  and on t h e  e a s t  b y  

J e f f e r s o n  County Highway 17. A c c e s s  t o  t h e  p l a n t  is from an 

e a s t  access r o a d  e x i t i n g  f rom J e f f e r s o n  County Highway 1 7  

a n d a w e s t  access r o a d e x i t i n g  f rom S t a t e H i g h w a y  93 .  

T h e  f a c i l i t y  i s  s i t u a t e d  a t  a n  e l e v a t i o n  o f  a p p r o x i m a t e l y  

6 ,000  f e e t .  It  is on t h e  e a s t e r n  edge of a g e o l o g i c a l  bench 

known l o c a l l y  as  Rocky F l a t s .  T h e  bench  is a p p r o x i m a t e l y  

f i v e  m i l e s  w i d e  and f l a n k s  t h e  e a s t e r n  edge of  t h e  f o o t h i l l s  

of  t h e  Rocky Mountains. 

1 . 1 . 2  Mission 

The Rocky F l a t s  P l a n t  is a government-owned and c o n t r a c t o r -  

o p e r a t e d  f a c i l i t y .  I t  i s  p a r t  of  a n a t i o n w i d e  n u c l e a r  

w e a p o n s  r e s e a r c h ,  d e v e l o p m e n t  a n d  p r o d u c t i o n  complex  

a d m i n i s t e r e d  by  t h e  Albuquerque  O p e r a t i o n s  O f f i c e  o f  t h e  

U.S. D e p a r t m e n t  o f  Energy  (DOE). T h e  p r i m e  o p e r a t i n g  

3 
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contractor for the Rocky Flats Plant is Aerospace Operations 

of Rockwell International. 

The facility produces metal components for nuclear weapons: 

therefore, its product is directly related to national 

defense. The facility fabricates components from plutonium, 

uranium, beryllium and stainless steel. Other production 

activities include chemical recovery and purification of 

recyclable transuranic radionuclides, metal fabrication and 

assembly and related quality control functions. Other 

activities include research and development in metallurgy, 

machining, non-destructive testing, coatings, remote 0 
engineering, chemistry and physics. Parts made at the plant 

are shipped elsewhere for final assembly (U.S. Department of 

Energy, 1987a). 

1.1.3 Brief History 

Construction of the Rocky Flats Plant was approved by the 

U . S .  Government in 1951 as an addition to the nation's 

nuclear weapons production complex. Operations began in 

1952 under direction of the Atomic Energy Commission. The 

original facility covered an area of approximately 

2,520 acres (Figure 1). 

0 4 
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A b u f f e r  zone was added i n 1 9 7 4 - 1 9 7 5 t o e n l a r g e t h e p l a n t t o  

i t s  p r e s e n t  s i z e  of  a p p r o x i m a t e l y  6 , 5 5 0  a c r e s .  The b u f f e r  

zone had been  used  f o r  g r a z i n g  c a t t l e  and h o r s e s  and is  

e n c l o s e d  w i t h i n  a c a t t l e  f e n c e  which i s  p o s t e d  w i t h  s i g n s  

i n d i c a t i n g  r e s t r i c t ed  a c c e s s .  Two o f f i c e  b u i l d i n g s ,  a 

warehouse,  f i r e b r e a k s ,  h o l d i n g  ponds a l o n g  th ree  w a t e r  

c o u r s e s ,  e n v i r o n m e n t a l  m o n i t o r i n g  i n s t r u m e n t a t i o n ,  a 

s a n i t a r y  l a n d f i l l  a r e a ,  a s a l v a g e  y a r d ,  p o w e r  l i n e s ,  

i n a c t i v e  g r a v e l  p i t s ,  c l a y  p i t s  and two t a r g e t  r a n g e s  a r e  

l o c a t e d  i n  t h e  b u f f e r  zone. A d d i t i o n a l l y ,  a f o r m e r  wind 

e n e r g y t e s t s i t e  now used  a s  a n o f f i c e b u i l d i n g a n d a G r o u n d  

Wave Emergency Network (GWEN) tower  being i n s t a l l e d  by the e 
U.S. A i r  Force a r e  loca t ed  i n  t h e  b u f f e r  zone. 

M a j o r  f a c i l i t y  s t r u c t u r e s  a r e  l o c a t e d  i n  a 4 0 0 - a c r e  

c o n t r o l l e d  a r e a  n e a r  t h e  c e n t e r  o f  t h e  p r o p e r t y .  

Production, r e sea rch  and development f a c i l i t i e s  a t  t h e  p l a n t  

a r e  l o c a t e d  i n  t h e  c o n t r o l l e d  a r e a  w h i c h  c o n t a i n s  

approximately 134 s t r u c t u r e s  w i t h  a combined floor space of 

approximately 2.67 m i l l i o n  square feet. 

5 
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1 . 2  Description o f  the 207 Solar Evaporation Ponds 

1 . 2 . 1  Construction History 

The original solar evaporation pond consisted of a clay- 

lined impoundment constructed in December 1 9 5 3 .  Figure 2 

shows the locations of the original solar pond as dashed 

perimeter lines in the vicinity of existing Pond 207-C. The 

bottom of this pond consisted of a rolled subgrade lined 

with four inches of clay or silt. This clay-lined pond had 

a maximum of two containments measuring 1 0 0  by 2 0 0  feet and 

2 0 0  by 2 0 0  feet, respectively, and was operated until 1 9 5 6  0 
when its regular use was discontinued. However, one of the 

two cells held liquids at least once since 1 9 6 3  (Drawing 

1 - 3 3 9 8 - 2 0 7 ,  Appendix 1) .  These ponds were entirely removed 

in 1 9 7 0  (Aerial Photographs, 1 9 5 3  to 1 9 8 6 )  when the existing 

207-C pond was constructed. 

Pond 2 0 7 - A  was placed in service in August 1 9 5 6 .  The pond 

was originally lined with asphalt planking, which is 

believed to have been approximately half-inch thick. This 

is the thickness of the asphalt planking originally used at 

the 2 0 7 - B  ponds. Ponds 2 0 7 - B  North, Center and South were 

placed in service in June 1 9 6 0 .  These ponds were a l s o  

0 6 
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originally lined with asphalt planking. Pond 207-C was 

placed in service in December 1970. The original lining is 

the existing lining. 

Modifications to the ponds' linings have been made since the 

original construction because of cracking and slumping of 

the existing linings and leakage of pond contents. 

Pond 207-A was relined in November 1963, when the asphalt 

planking was replaced with asphaltic concrete. At this 

time, the interior berm slopes of the pond were modified to 

less steep slopes (1:3.7 as opposed to 1:2). The bottom 

slope of the pond w a s  also modified to slope to the 0 
northeast corner of the pond. The bottom of this pond now 

consists of a four-inch thick aggregate base course laid 

over subgrade; over the base course is an asphalt prime coat 

under 1 1/2 inches of asphalt concrete under an asphalt tack 

coat under 1 1/2 inches of asphalt concrete under an asphalt 

tack coat under a catalytically blown asphalt seal coat. 

The 207-B ponds were relined shortly after being placed in 

service. The asphalt planking was covered with asphaltic 

concrete at 207-B South in November 1960, and at 207- B 

North and Center in August 1961. 

8 
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During these repairs, four-inch diameter underdrains were 

installed at the 207-B ponds. These underdrains were laid 

so that any waste leaking through the asphaltic concrete 

would be collected in these drains. These drains drain to 

the east where any water is collected in a header pipe 

daylighting at the northeast corner of the 207-B ponds (see 

Figures 3 and 4). The location at which this pipe daylights 

was provided with a sump and pump system (Sump #1) to return 

the water to 207-B North in approximately 1974. 

An unsuccessful attemDt to fill cracks on the side w a l l s  
& 

found at the 207-B ponds with mastic was made in April 1967. 0 
The 207-B North pond side walls had cracks successfully 

repaired with burlap and asphalt covering in November 1967. 

In October 1968, the 207-B Center pond had side walls 

successfully repaired with burlap and asphalt covering, and 

an additional coat of asphalt was applied to 207-B North 

pond. In September 1969 and October 1969, the side walls 

were covered with burlap and asphalt in Ponds 207-B North 

and 207-B Center, respectively. The side walls of 207-B 

South were covered with burlap and asphalt in September 

1970. The side walls of 207-B North and Center were covered 

with Petro-mat and hydraulic sealant in October 1971. The 

side walls and bottom of 207-B South and 207-B North were 

9 
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r e l i n e d  w i t h  Petro-mat and h y d r a u l i c  s e a l a n t  i n  October 1972 

and September 1973,  r e s p e c t i v e l y .  

I n  1 9 7 6 ,  p r e l i m i n a r y  s l u d g e  r e m o v a l  work w a s  c o n d u c t e d  i n  

Pond 2 0 7 - B  S o u t h .  T h i s  w o r k  w a s  d o n e  i n  r e l a t i o n  t o  

c o m p l e t e l y  r e n o v a t i n g  t h e  2 0 7 - B  s o l a r  ponds.  These  ponds  

had  h e l d  p r o c e s s  was te  up t o  t h a t  t i m e ,  b u t  w e r e  now 

in t ended  f o r  u s e  r e l a t e d  t o  t h e  Reverse Osmosis (RO) P l an t .  

The 207-B ponds w e r e  t o  ho ld  and evapora t e  t reated s a n i t a r y  

e f f l u e n t  p r i o r  t o  p rocess ing  through t h e  RO P l a n t ,  and a l s o  

t o  ho ld  and evapora t e  RO P l a n t  backwash. 

I n  1 9 7 7 ,  a l l  o f t h e  207-Bponds w e r e c l e a n e d o f  s l u d g e  wh ich  

w a s  d i sposed  o f f  si te.  The Petro-mat l i n i n g s  of  Ponds 207-B 

South and 207-B Center  were removed, bagged, cemented, and 

d i s p o s e d .  2 0 7 - B  N o r t h  had  a m i n i m a l  amount  of s l u d g e ,  and  

t h e  P e t r o - m a t  l i n i n g  w a s ,  t h e r e f o r e ,  n o t  removed. A l l  o f  

t h e  2 0 7 - B  p o n d s  w e r e  r e l i n e d ,  w i t h  Pond 2 0 7 - B  S o u t h  

r e c e i v i n g  a s y n t h e t i c  Hypalon l i n e r  o f  4 5 - m i l  t h i c k n e s s .  

T h i s  pond w a s  a l s o  p r o v i d e d  w i t h  a l e a k  d e t e c t i o n  s y s t e m  

b e t w e e n  t h e  Hypalon l i n e r  and  t h e  a s p h a l t  c o n c r e t e  l i n e r .  

Pond 207-C h a s  n o t  been r e l i n e d .  

1 2  
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The l i n e r  o f  Pond 207-C c o n s i s t s  o f  p r e p a r e d  subgrade w i t h  a 

f o u r - i n c h  a g g r e g a t e  b a s e  c o u r s e ,  a n  a s p h a l t  p r i m e  c o a t ,  1 

1 / 2  i n c h e s  o f  a s p h a l t  c o n c r e t e ,  an a s p h a l t  tack c o a t ,  1 1 / 2  

i n c h e s  o f  a s p h a l t  c o n c r e t e ,  an  a s p h a l t  t a c k  c o a t  and a 

surface o f  c a t a l y t i c a l l y  blown a s p h a l t  seal  coat .  T h i s  pond 

i s  p r o v i d e d  w i t h  a l e a k d e t e c t i o n p i p e a s  s h o w n o n F i g u r e s  5 

a n d  6 .  T h e  e x i s t i n g  l i n i n g s  o f  t h e  o t h e r  f o u r  p o n d s  

g e n e r a l l y  c o n s i s t s  o f  a s p h a l t i c  c o n c r e t e ,  P e t r o - m a t  

( t r a d e m a r k ) ,  b u r l a p  and a s p h a l t .  

S i x  i n t e r c e p t o r  t r e n c h e s  a n d  a " f r e n c h  d r a i n "  s y s t e m  

( R o c k w e l l ,  1983a a n d  1 9 8 3 b )  h a v e  b e e n  c o n s t r u c t e d  on t h e  

h i l l s i d e  n o r t h  of t h e  s o l a r  ponds t o  p r e v e n t  n a t u r a l  seepage  

and pond l e a k a g e  from e n t e r i n g  North W a l n u t  Creek. The s i x  

i n t e r c e p t o r  t r e n c h e s ,  shown on F i g u r e  2 ,  were c o n s t r u c t e d  

n o r t h  o f  t h e  p o n d s  i n  t h e  1 9 7 0 ' s .  T r e n c h e s  1 and 2 were 

i n s t a l l e d  i n  O c t o b e r  1 9 7 1 ,  T r e n c h  3 i n  S e p t e m b e r  1 9 7 2 ,  

T r e n c h e s  4 and 5 i n  A p r i l  1 9 7 4  a n d  T r e n c h  6 i n  J u l y  1 9 7 4  

( M a a s ,  1 9 8 6 ) .  T r e n c h  5 d r a i n e d  b y  g r a v i t y  t o  T r e n c h  4.  

T r e n c h  4 pumped water t o  T r e n c h  3 ,  and  T r e n c h  3 r e t u r n e d t h e  

water t o  Pond 207-A. T r e n c h e s  1 a n d  2 pumped water u p h i l l  

i n t o  Sumps 

i n t e n d e d  t o  

These  p i p e s  

1 and 2 ,  r e s p e c t i v e l y .  Sumps 1 and 2 were 

c o l l e c t  water b lowing  o u t  o f  p i p e s  i n  t h e  area. 

are f u r t h e r  d i s c u s s e d  below. These  sumps t h e n  

1 3  
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r e t u r n e d  t h e  w a t e r  t o  P o n d s  2 0 7 - B  N o r t h  a n d  2 0 7 - A ,  

r e s p e c t i v e l y .  

T h e  s i x  t r e n c h e s  a r e  no l o n g e r  i n  o p e r a t i o n .  O p e r a t i o n  of  

t h e s e  t r e n c h e s  ceased w i t h  t h e  p l a c i n g  i n  s e r v i c e  o f  t h e  

c u r r e n t  f r e n c h  d r a i n  s y s t e m .  F i g u r e  7 shows a t y p i c a l  

t r e n c h  and f r e n c h  d r a i n  c r o s s - s e c t i o n  (Maas, 1986) .  

T h e  c u r r e n t  f r e n c h  d r a i n  s y s t e m ,  t h e  l o c a t i o n  shown on 

F i g u r e  2 ,  i s  c u r r e n t l y  i n  u s e .  T h e  d r a i n  s y s t e m  w a s  

i n s t a l l e d  i n  t h e  h i l l s i d e  n o r t h  of t h e  s o l a r  e v a p o r a t i o n  

ponds  and  became a c t i v e  i n  A p r i l  1 9 8 1 .  A t  t h i s  t i m e ,  0 
o p e r a t i o n  o f  t h e  p r e v i o u s  s i x  t r e n c h e s  and  t w o  sumps w a s  

d i scont inued .  F igu re  7 shows a t y p i c a l  c r o s s - s e c t i o n  of t h e  

f r ench  d r a i n  system (Rockwell, 1983a). Rockwell, 1983a and 

o t h e r  s o l a r  p o n d  d e s i g n  d r a w i n g s  a r e  p r e s e n t e d  i n  

Appendix 1. T h e  d e p t h  o f  t h e  d r a i n s  r a n g e  f r o m  

approximate ly  one t o  2 7  feet below t h e  ground s u r f a c e  w i t h  a 

t y p i c a l  dep th  of  f o u r  t o  1 6  f e e t .  

L i q u i d  c o l l e c t e d  i n  t h e  s y s t e m  f l o w s  by g r a v i t y  t o  t h e  

i n t e r c e p t o r  t r e n c h  pump house .  The  l i q u i d  f rom t h e  pump 

house is c u r r e n t l y  pumped t o  Pond 207-B  North. T h e  c u r r e n t  

amount of  i n t e r c e p t e d  seepage c o l l e c t e d  by t h e  f r ench  d r a i n  

0 1 6  
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s y s t e m  i s  e s t i m a t e d  a t  a p p r o x i m a t e l y  f o u r  m i l l i o n  g a l l o n s  

p e r  year .  The maximum amount of w a t e r  c o l l e c t e d  i n  any one 

1988). week w a s  700,000 g a l l o n s  i n  June,  1987 (Rockwell, 

1 . 2 . 2  P a s t  U s e  

The s o l a r  e v a p o r a t i o n  ponc; w e r e  c o n s t r u c t e d  pr ,mar  l y  t o  

s t o r e  and  t r e a t  (by  e v a p o r a t i o n )  low l e v e l  r a d i o a c t i v e  

p rocess  was te s  con ta in ing  h igh  n i t r a t e s  and t reated acidic 

w a s t e s  c o n t a i n i n g  aluminum h y d r o x i d e .  Dur ing  t h e i r  u s e ,  

these ponds  a r e  known t o  have  received a d d i t i o n a l  w a s t e s  

s u c h  a s  s a n i t a r y  sewage s l u d g e ,  l i t h i u m  m e t a l ,  sod ium 0 
n i t r a t e ,  ferric c h l o r i d e ,  l i t h i u m  c h l o r i d e ,  s u l f u r i c  acid, 

ammonium p e r s u l f a t e s ,  h y d r o c h l o r i c  a c i d ,  n i t r i c  ac id ,  

hexavalen t  chromium and cyanide  s o l u t i o n s .  

S o l v e n t s  a n d  o t h e r  o r g a n i c s  h a v e  n o t  b e e n  r o u t i n e l y  

d i s c h a r g e d  t o  t h e  ponds.  I t  w a s  f e l t  t h a t  o r g a n i c s  would 

lead t o  a l g a e  growth which would d i m i n i s h  s o l a r  evapora t ion .  

However, low c o n c e n t r a t i o n s  of s o l v e n t s  may have been  

p r e s e n t  as  a minor c o n s t i t u e n t  i n  o t h e r  aqueous wastes. 

A s  de sc r ibed  i n  S e c t i o n  1.2.1, t h e  u s e  o f  t h e  207-B s o l a r  

ponds  changed  i n  1977. u p  t o  t h a t  t i m e ,  t h e  t h r e e  207-B 
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s o l a r  pond c e l l s  had  h e l d  p r o c e s s  was te .  I n  1 9 7 7 ,  a f t e r  

p r e l i m i n a r y  work i n  1 9 7 6 ,  t h e  s ludge  o f  a l l  t he  207-B  s o l a r  

ponds w a s  removed. The l i n e r s  of  t h e  207-B Center  and South 

ponds  w e r e  a l s o  removed a n d  d i s p o s e d  o f f  s i t e .  N e w  l i n e r s  

w e r e  l a i d  i n  t h e s e  ponds.  The 2 0 7 - B  Nor th  pond, h a v i n g  

a l m o s t  no  s l u d g e  p r e s e n t ,  d i d  n o t  h a v e  t h e  l i n e r  removed,  

b u t  had t h e  e x i s t i n g  l i n e r  r e p a i r e d .  These a c t i v i t i e s  w e r e  

related t o  c o n s t r u c t i o n  of t h e  Reverse Osmosis (RO) f a c i l i t y  

and  t h e  r e l a t ed  p l a n t  w a t e r  r e c y c l e  a c t i v i t i e s .  A f t e r  t h e  

1 9 7 7  c l e a n o u t ,  t h e  2 0 7 - B  s o l a r  ponds  h a v e  n o t  c o n t a i n e d  

p r o c e s s  w a s t e .  S i n c e  1 9 7 7  t h e s e  ponds  h a v e  h e l d  t r e a t e d  - 

s a n i t a r y  e f f l u e n t ,  t r e a t e d  w a t e r  f rom t h e  R O  f a c i l i t y ,  0 
backwash  ( b r i n e )  f rom t h e  RO f a c i l i t y ,  and  c o n t a m i n a t e d  

ground w a t e r  pumped back t o  the  s o l a r  ponds from t h e  f r ench  

d r a i n  system. Ponds 207-B  Center  and South w e r e  sampled i n  

t h e  summer of  1 9 8 6  when t h e y  each h e l d  approximate ly  e i g h t  

i n c h e s  of l i q u i d  and  s e d i m e n t s .  The w a s t e  mos t  r e c e n t l y  

s t o r e d  i n  2 0 7 - B  C e n t e r  had been  t e r t i a r y  t r e a t e d  s a n i t a r y  

e f f l u e n t .  I n  1 9 8 7 ,  t h e  2 0 7 - B  C e n t e r  a n d  S o u t h  p o n d s  

rece ived  a p p r o x i m a t e l y  o n e  m i l l i o n  g a l l o n s  e a c h  o f  

i n t e r c e p t e d  seepage from t h e  f r e n c h  d r a i n  system. 

Pond 2 0 7 - C  was c o n s t r u c t e d  t o  p r o v i d e  a d d i t i o n a l  s t o r a g e  

c a p a c i t y  and  t o  e n a b l e  t h e  t r a n s f e r  and  s t o r a g e  o f  l i q u i d s  

1 9  
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f rom t h e  o t h e r  p o n d s  i n  o r d e r  t o  p e r f o r m  r e p a i r  work on  

them. 

1 . 2 . 3  C u r r e n t  U s e  

The f o l l o w i n g  d e s c r i b e s  t h e  c u r r e n t  p r e v a i l i n g  usage o f  t h e  

s o l a r  ponds. During c l o s u r e ,  water w i l l  b e  t r a n s f e r r e d  from 

p o n d  t o  p o n d  o n  a n  Ifas n e e d e d "  b a s i s .  P o n d  2 0 7 - A  i s  

c u r r e n t l y  u s e d  f o r  storage purposes  o n l y ;  t h e  p l a c e m e n t  o f  

waste materials d i r e c t l y  i n t o  t h i s  pond c e a s e d  i n  1986.  The 

o n l y  ongoing a c t i v i t i e s  are t h e  e v a p o r a t i o n  o f  l i q u i d s  being 

h e l d  a n d  t h e  r e m o v a l  and s o l i d i f i c a t i o n  o f  pond s l u d g e  0 
( R o c k w e l l ,  1 9 8 8 ) .  The c u r r e n t  combined inventory o f  s l u d g e  

and water i n  Pond 207-A i s  a p p r o x i m a t e l y  2 8 , 0 5 0  g a l l o n s .  

P o n d s  2 0 7 - B  N o r t h ,  C e n t e r  a n d  S o u t h  are  u s e d  t o  s t o r e  

i n t e r c e p t e d  s e e p a g e  water c o l l e c t e d  by t h e  f r e n c h  d r a i n  

system n o r t h  o f  t h e  ponds ( F i g u r e  2 ) .  The i n t e r c e p t e d  water 

i s  pumped t o  Pond 207-B North from a pump house  l o c a t e d  a t  

t h e  n o r t h e r n  end o f  t h e  f r e n c h  d r a i n  s y s t e m .  T h e  water i s  

p e r i o d i c a l l y  t r a n s f e r r e d  from Pond 207-B North t o  Pond 207-B 

C e n t e r .  T h i s  water c a n  a l s o  b e  p l a c e d  i n  Pond 2 0 7 - A ,  Pond 

207-B S o u t h  and Pond 207-C. 

2 0  
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Pond 207-C i s  c u r r e n t l y  u s e d  f o r  emergencies a n d  t o  s t o r e  

and e v a p o r a t e  f i l t e r e d  l i q u i d  from Pond 207-A. 

1 . 2 . 4  S i z e  and Volume o f  Impoundments 

C r o s s - s e c t i o n s  t h r o u g h  t h e  s o l a r  p o n d s  a r e  s h o w n  o n  

Figure  8. The l o c a t i o n s  o f  t h e  c r o s s - s e c t i o n s  are shown on 

F i g u r e  2 .  H i s t o r i c a l  d r a w i n g s  o f  t h e  s o l a r  p o n d s  a re  

p r e s e n t e d  i n  Appendix 1. 

Pond 207-A i s  a p p r o x i m a t e l y  2 5 0  f e e t  b y  5 2 5  f e e t  a t  t h e  

crest.  Pond 207-A a n d  t h e  o t h e r  s o l a r  p o n d s  a r e  o p e r a t e d  0 
w i t h  a minimum f r e e b o a r d  o f  two feet.  When o p e r a t i n g  a t  i t s  

maximum a l l o w a b l e  l e v e l ,  t h e  pond's l i q u i d  c o v e r s  a n  area o f  

a p p r o x i m a t e l y  2 3 0  f e e t  b y  5 0 5  feet .  T h i s  c o r r e s p o n d s  t o  a 

sur face  area o f  a p p r o x i m a t e l y  1 1 6 , 2 0 0  square f e e t ,  o r  

2.7 acres.  T h e  maximum o p e r a t i n g  d e p t h  i s  a p p r o x i m a t e l y  

7 1/2 feet ( R o c k w e l l ,  1 9 7 6  and R o c k w e l l ,  1 9 7 7 a ) .  

Ponds 2 0 7 - B  North ,  

1 8 0  f e e t  b y  2 5 3  f e e t  a t  t h e  crest .  

maximum allowable l e v e l ,  

a p p r o x i m a t e l y  1 7 5  f e e t  b y  2 4 5  f ee t .  

C e n t e r  and South  are e a c h  a p p r o x i m a t e l y  

When o p e r a t i n g  a t  t h e i r  

t h e  ponds' l i q u i d s  cover areas of 

T h i s  c o r r e s p o n d s  t o  

sur face  areas o f  a p p r o x i m a t e l y  4 2 , 9 0 0  s q u a r e  f e e t  e a c h ,  o r  
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0.98 acre. Ponds 2 0 7 - B  N o r t h  and  C e n t e r  h a v e  maximum 

o p e r a t i n g  d e p t h s  o f  a p p r o x i m a t e l y  6 1 / 2  f e e t .  Pond 207-€3 

S o u t h  has  a maximum o p e r a t i n g  d e p t h  o f  a p p r o x i m a t e l y  

5 1 / 2  feet  (Benson-Lord, 19??; Rockwell, 1976 and Rockwell, 

1978a) .  

Pond 2 0 7 - C  i s  a p p r o x i m a t e l y  1 6 0  f e e t  by 2 5 0  f e e t  a t  t h e  

crest. When o p e r a t i n g  a t  i t s  maximum a l l o w a b l e  level ,  t h e  

pond ' s  l i q u i d  c o v e r s  a n  a rea  of  a p p r o x i m a t e l y  155 f e e t  by  

2 4 5  feet .  T h i s  c o r r e s p o n d s  t o  a s u r f a c e  area o f  3 8 , 0 0 0  

s q u a r e  f e e t ,  o r  0 . 8 7  a c r e s .  The  p o n d  h a s  a d e p t h  o f  

a p p r o x i m a t e l y  s e v e n  f e e t  (Rockwel l ,  1 9 7 6 ;  R o c k w e l l ,  1 9 7 7 a  0 
and Rockwell, 1978a). 

The maximum o p e r a t i n g  vo lumes  o f  Ponds 2 0 7 - A ,  2 0 7 - B  S o u t h  

a n d  2 0 7 - C  a r e  a p p r o x i m a t e l y  5 . 1 ,  1 .5  a n d  1 . 3  m i l l i o n  

g a l l o n s ,  r e s p e c t i v e l y .  T h e  maximum o p e r a t i n g  v o l u m e s  o f  

Ponds 207-B  North and Center  are approximate ly  1.7 m i l l i o n  

g a l l o n s  each. These maximum o p e r a t i n g  volumes g iven  above 

a s sume  a t w o - f o o t  f r e e b o a r d .  C a l c u l a t i o n s  o f  t h e  maximum 

o p e r a t i n g  volumes of t h e  ponds are p r e s e n t e d  i n  Appendix 2 ,  

and provided by Rockwell, 1988. 
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1 . 3  Maximum Waste Inventory  

A c l o s u r e  p l a n  mus t  i n c l u d e  "an  e s t i m a t e  o f  t h e  maximum 

inven to ry  of  w a s t e s  i n  s t o r a g e  and i n  t r e a t m e n t  a t  any t i m e  

d u r i n g  t h e  l i f e  o f  t h e  f a c i l i t y "  [ 6  CCR 1 0 0 7 - 3 ,  S e c t i o n  

265.112(a) (2 )  3 .  T h e  e s t i m a t e  of  t h e  maximum w a s t e  i nven to ry  

should  l fa lways be high enough t o  ensu re  t h a t  i f  an i n s p e c t o r  

came o n t o  t h e  f a c i l i t y ,  t h e  amount  of w a s t e s  i n  s t o r a g e  a s  

w e l l  a s  t h e  amount of  l i q u i d  i n  t h e  impoundments would n o t  

exceed t h e  es t imate  i n  t h e  p l an ,  assuming normal o p e r a t i n g  

c o n d i t i o n s f t  (U.S.  E n v i r o n m e n t a l  P r o t e c t i o n  Agency, 1 9 8 1 ) .  

The  i n t e n t  o f  6 C C R  1 0 0 7 - 3 ,  S e c t i o n  2 6 5 . 1 1 2 ( a )  ( 2 ) ,  a s  

c l a r i f i e d  by t h e  U.S. Environmental  P r o t e c t i o n  Agency, 1981, 0 
and a s  a p p l i c a b l e  t o  t h i s  f a c i l i t y  i s  t o  provide  an estimate 

of  t h e  maximum waste inventory  from t h i s  d a t e  u n t i l  c lo su re .  

1 . 3 . 1  Waste Inven to ry  Volumes 

The maximum w a s t e  i nven to ry  expec ted  on s i t e  from t h i s  d a t e  

u n t i l  c l o s u r e ,  a s s u m i n g  n o r m a l  o p e r a t i n g  c o n d i t i o n s ,  i s  

shown on T a b l e  I. The w a s t e s  i n c l u d e  l i q u i d s  i n  a l l  t h e  

ponds ,  s l u d g e s  i n  Pond 2 0 7 - A ,  and  s e d i m e n t s  wh ich  h a v e  

accumulated i n  t h e  remaining ponds. Maximum was te  inventory  

c a l c u l a t i o n s  are p resen ted  i n  Appendix 2. 
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TABLE I 
MAXIMUM WASTE INVENTORY ANTICIPATED 

AT ANY TIME PRIOR TO CLOSURE 

207-B 207-B 207-B 
South 207-C Waste 207-A North Center 

Liquids (a) 5.05 
(mill ion 
gallons) 

1.55 

Sludges 
(cubic 
yards) 

“PPsgy none 
250 

1.55 

none 

1.40 

none 

1.15 

none 

750 750 720 745 Sediments none 
(cubic 
yards) (c) 

Notes: 
(a) Maximum capacity estimates by Rockwell, 1988. 
(b) Volume estimate includes potential sediments in Pond 

207-A. Volume is based on dry sludge, i.e., does not 
include pond liquid. Volume estimate by Rockwell, 
1988. 
Volume estimates are based on visual estimates of a 
depth of 8 inches of sediment across thebottoms ofthe 
ponds, and quantities by Rockwell, 1988. 

(c) 

Pond-Crete is the solid material resulting from combining 

Pond 207-A sludge with portland cement and calcium chloride. 

The maximum amount of inside storage for curing of pond- 

Crete undergoing solidification is currently 240 boxes. 

Each box holds approximately 15 cubic feet of pond-Crete. 

Prior to October 1986, the maximum amount of inside pond- 

Crete storage for solidification was 120 boxes. A new 

building for the pond-creting facility was completed by 

2 5  



C07890010526  Date: J u l y  1, 1988  
R e v i s i o n  No: 2 

O c t o b e r  1 9 8 6  a l l o w i n g  t h i s  i n c r e a s e  i n  s o l i d i f i c a t i o n  

s t o r a g e  capaci ty  (Brady, 1 9 8 6 ) .  

S o l i d i f i e d  p o n d - C r e t e  i s  c u r r e n t l y  s t o r e d  o n - s i t e .  T h e  

maximum amount of o n - s i t e  s t o r a g e  f o r  s o l i d i f i e d  pond-Crete 

i s  2 6 , 9 0 6  b o x e s .  A p p r o x i m a t e l y  1 9 , 0 0 0  b o x e s  o f  s o l i d i f i e d  

p o n d - C r e t e  a re  c u r r e n t l y  h e l d  on  s i t e .  F u r t h e r  d e t a i l s  o f  

t h i s  s torage  are d i s c u s s e d  i n  S e c t i o n  2.3.5. 

Ponds 207-B C e n t e r  and South  and 2 0 7 - C  c o n t a i n  a c c u m u l a t i o n s  

o f  sediments .  A d d i t i o n a l l y ,  Pond 207-B North i s  a n t i c i p a t e d  

t o  c o n t a i n  s e d i m e n t s .  The s e d i m e n t s  are a p p a r e n t l y  soil 0 
particles which have been t r a n s p o r t e d  i n t o  t h e  ponds by wind 

a n d  s u r f a c e  water r u n o f f  f r o m  t h e  berm area  ( S h i r k ,  1 9 8 6 ) .  

The c o m p o s i t i o n  o f  t h e  s e d i m e n t s  is p r e s e n t e d  i n  Appendix 6. 

B a s e d  on  t h e  s a m p l i n g  and a n a l y s e s  r e s u l t s ,  t h e  c l o s u r e  

s c h e d u l e  i n c l u d e s  r e m o v a l ,  t r e a t m e n t  a n d  d i s p o s a l  o f  

accumulated  s e d i m e n t s  u s i n g  e x i s t i n g  p o n d - c r e t i n g  methods. 

T h e  s e d i m e n t  v o l u m e s  g i v e n  i n  T a b l e  I are  b a s e d  on a n  

estimated e i g h t  i n c h e s  o f  s e d i m e n t s  o b s e r v e d  i n  Ponds 207-B  

C e n t e r  a n d  S o u t h  when these  p o n d s  were a l m o s t  empty o f  

l i q u i d s  i n  t h e  summer o f  1 9 8 6 .  Pond 2 0 7 - B  N o r t h  was f u l l  o f  

l i q u i d  a t  t h e  t ime ,  b u t  i s  a l s o  a n t i c i p a t e d  t o  h a v e  e i g h t  

i n c h e s  o f  sediment .  

2 6  
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1.3.2 Waste Inventory Composition 

Since 1984, several indicator parameters were monitored on 

weekly or quarterly bases in the solar ponds. Summaries of 

the laboratory results are discussed below and presented on 

Tables I1 and I11 at the end of this section. Detailed 

laboratory results are presented in Appendices 3 and 4. 

1.3.2.1 Analyses in 1984 and 1985 

Quarterly analyses of Ponds 207-A and 207-C liquid included 

PH, nitrates, cyanide, beryllium and radiochemical 

parameters. Chemical and radiochemical analyses were 0 
conducted on a sample of Pond 207-A sludge taken in May 

1985. 

Weekly analyses of Ponds 207-B North and Center liquids 

included pH, nitrates, gross alpha and g r o s s  beta. During 

the period of weekly monitoring, samples for metals analyses 

were collected twice from Ponds 207-B North and Center. 

Separate summaries of each set of analyses are presented in 

Appendix 3, Tables 3-1, 3-11, 3-111, and 3-IV. 
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1.3.2.2 Analyses in 1986, 1987 and 1988 

During April and May 1986, liquid and sludge in Pond 207-A 

and liquid in Pond 207-B North were sampled and analyzed for 

volatile organics, radionuclides, metals, phenols, RCRA 

hazardous characteristics, hexavalent chromium and total 

cyanide. A description of the sample codes and copies of 

the laboratory data sheets are presented in Appendix 4 and 

summarized in Tables 4-1 and 4-11. 

AcetrJne was found in three samples of Pond 207-A sludge, 

ranging in concentration from 5 to 4,680 ug/kg. Acetone was 

found in two of three laboratory blanks as well as the e 
samples. Tetrachloroethene (PCE) was found in two of three 

samples of Pond 207-A sludge at 200 and 1,200 ug/kg; PCE in 

the third sample was undetected. PCE was at 1,800 ug/kg 

found in both laboratory blanks for the samples with 

detectable concentrations. The levels of acetone and PCE in 

the blanks cannot be determined from the available data. 

Methylene chloride was found ina fieldblankat71ug/land 

was found in three samples from Pond 207-B North liquid at 

values ranging from 19 to 35 ug/l. Methylene chloride was 

detected in all four laboratory blanks at unknown 
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concentrations; however, the methylene chloride 

concentration in the field blank indicates possible 

laboratory contamination on the order of the sample 

concentration levels. 

Radiochemical analyses were conducted on samples of Pond 

207-A liquid and sludge, and Pond 207-B North liquid in 

April and May, 1986. Plutonium-239 and Americium-241 were 

not identified in the Pond 207-B North liquid. Storage in 

Pond 207-B North consists of water returned from the french 

drain system north of the solar ponds. 

0 
Metals and phenols analyses were conducted on samples of 

Pond 207-A liquid and sludge, and Pond 207-B North liquid in 

April and May, 1986. The samples tested did not exhibit the 

RCRA characteristics of ignitability, 

reactivity. 

for cadmium. 

corrosivity or 

One sludge sample from Pond 207-A was EP toxic 

Hexavalent chromium and total cyanide were found in 

Pond 207-A and Pond 207-B North liquids at values ranging 

from below the detection limit to 0.02 mg/l and from 9.4 to 

17 mg/l, respectively. Hexavalent chromium and total 
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cyanide were found in a sample of Pond 207-A sludge at 

0.01 mg/l and 6.5 ug/g, respectively. 

Separate summaries of each set of analyses are presented in 

Appendix 4, Tables 4-1 and 4-11. The cumulative data from 

the Appendix 4 tables was used in Tables I1 and I11 at the 

end of this section. 

Sporadic quarterly and weekly analyses of liquids in Solar 

Ponds 207-A, 207-B North and Center, and 207-C were taken 

between August 1987 and June 1988. These results are 

included in the summary of Table 11. The data is presented 

in Appendix 4. 

-----_ Summary: Data from the solar pond liquid and sludge 

analyses can be summarized as follows: 

Pond 207-A: Although it is presently nearly empty and 

cleaned of sludge, it used to contain high concentrations of 

nitrate, metals, and radionuclides in the liquid which were 

approximately two orders of magnitude higher than those in 

Ponds 207-B North and Center. Specifically, Pond 207-A 

liquid was characterized by high levels of: 
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Nitrates 

as Nitrogen 

Metals 

Al, Aluminum 
Cr, Chromium 
Cu, Copper 
Fe, Iron 
K, Potassium 
Na, Sodium 
Ni, Nickel 
Sn, Tin 

Radionuclides 

Plutonium 
Americium 
Uranium 
Tritium 

Pond 207-A liquid was generally more contaminated than 

Pond 207-C except for plutonium and americium. The liquid 

had particularly high levels of chromium and nickel and a 

slightly to very alkaline pH ranging from 8.3 to 11.0. 

0 Pond 207-A sludge analyses showed high levels of nitrates, 

metals and radionuclides similar to the pond liquids. In 

addition to the high analyte concentrations found in the 

liquid, calcium and magnesium were also found in high 

concentrations in the sludge. Radionuclides up to 14,000 

pCi/g of gross alpha and 4,400 pCi/g of americium were 

found . 

Samples of the pond-Crete, which are comprised of solidified 

sludge from Pond 207-A, and the sludge from Pond 207-A, were 

tested for organics February 1988. The test results, 
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presented in Appendix 4, 

including: 

indicate scattered trace organics, 

Sample: Pond-Crete 

Acetone 1OU-37 ug/kg 
2-Butanone 1OU-23 ug/kg 

Tetrachloroethene 5U-26 ug/kg 

Sample: Soil Matrix (sludge) 

Fluoroanthene 161-1,683 ug/kg 
di-n-Butyl Phthalate 33OU-590 ug/kg 

bis(2-ethylhexy1)Phthalate 330U-14,949 ug/kg 

Organics are not a component of the process wastes and are 

not considered a characteristic constituent of the sludge. 

It is difficult to draw any conclusions concerning organic 0 
levels in the pond liquids due to limited data and high 

detection limits, but the occasional identification of 

organic compounds in the sludge indicates that organics may 

be present at very low levels in the liquid. 

Pond 207-B North and Center have generally low 

concentrations of nitrates, metals and radionuclides. 

Nitrate concentration in the pond liquids averaged 380 mg/l. 

Metal concentrations in the pond liquids are at or below 

drinking water standards. 

---------- 
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G r o s s  a l p h a  i n  t h e  pond l i q u i d s  averaged 104 p C i / l ;  however ,  

p l u t o n i u m  a n d  a m e r i c i u m  were n o t  de tec ted  i n  t h e s e  t w o  

ponds .  T r i t i u m  was found i n  Pond 207-B N o r t h  r a n g i n g  from 

1,200 (300) t o  1,300 (300) p C i / l .  Ponds  207-B N o r t h  a n d  

C e n t e r  have a s l i g h t l y  t o  very a l k a l i n e  pH r a n g i n g  from 7.3 

t o  11.3. 

__ Pond -------_ 207-C l i q u i d  c o n t a m i n a n t s  a re  a p p r o x i m a t e l y  two 

orders  o f  m a g n i t u d e  h i g h e r  t h a n  t h o s e  i n  Pond 207-B N o r t h  

and C e n t e r  f o r  n i t r a t e ,  metals and r a d i o n u c l i d e s .  However, 

Pond 207-C l i q u i d  i s  g e n e r a l l y  l e s s  c o n t a m i n a t e d  t h a n  t h e  

a n a l y z e d  l i q u i d  i n  Pond 207-A, except  f o r  p l u t o n i u m  a n d  0 
a m e r i c i u m  which are a p p r o x i m a t e l y  t e n  times h i g h e r  i n  Pond 

207-C. The pond l i q u i d  h a s  a s l i g h t  t o  a l k a l i n e  pH r a n g i n g  

f r o m  7.7 t o  12.5. 
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NOTES FOR TABLES I1 AND I11 

ND = Not Detected 

(pCi/l)* = Units as shown on data provided for sludge in 
Pond 207-A 

0 = Test result reference ranging from 1 to 10, 
described below. 

TEST RESULT REFERENCE NUMBER: 

1 Summary of quarterly sampling 1984 and 1985, Appendix 3 
Table 3-1. 

2 Summary of weekly sampling f o r  Ponds 207-B North and 
Center liquids, Appendix 3, Table 3-11. 

3 Summary of two sets of metals analyses of Ponds 207-B 
North and Center liquids, October 1984 and April 1985, 
Appendix 3, Table 3-111. 

4 Summary of radiochemical analyses, April and May 1986, 
Appendix 4, Table 4-1. 

5 Summary of metals and phenols test*ing, April and May, 
1986, Appendix 3, Table 3-IV. 

6 Summary of parameters monitored in Pond 207-A sludge in 
May 1985, Appendix 4, Table 4-111 

7 207-B Solar Pond North and Center quarterly metals 
analysis, August 14, 1987, Lab No. E87-3918, Appendix 4 

8 207-B Solar Pond North and Center quarterly metals 
analysis, November 30, 1987, Lab No. E87-4254, 
Appendix 4 

9 207-A and 207-C Solar Pond quarterly analysis results 
(liquids), March 1987 to March 1988, Appendix 4 

10 207-B Solar Pond weekly analysis results (liquids), 
October 1987 to June 1988. 
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1.4 D e s c r i p t i o n  of A u x i l i a r y  Equipment 

The equipment r e g u l a r l y  used i n  t h e  Pond 207-A pond-cre t ing  

o p e r a t i o n  c o n s i s t s  of  a Mud Cat pumper w i t h  an  a g i t a t o r  and 

a pump on a p o n t o o n  s u p p o r t e d  r a f t .  T h e  pump pumps t h e  

s l u d g e  f rom Pond 2 0 7 - A  i n t o  a 2 5 , 0 0 0 - g a l l o n  s teel  G a r d n e r  

Denver/Stearns Roger t h i c k e n e r  tank. A r a k e  enc losed  i n  t he  

b a s e  o f t h e  t a n k d i r e c t  s t h e  s l u d g e  t o  a d r a i n  a t  t h e b o t t o m  

of  t h e  tank.  A f t e r  t h e  s e t t l i n g  process ,  which t a k e s  about  

t e n  t o  1 2  h o u r s ,  i s  c o m p l e t e d ,  t h e  l i q u i d  i s  d e c a n t e d  f rom 

t h e  t a n k  back i n t o  Pond 207-A. T h e  t h i c k e n e r  is des igned  t o  

a l l o w  a cont inuous  overf low p a s s i n g  ove r  an a d j u s t a b l e  w e i r  

and  f l o w i n g  t h r o u g h  a f o u r - i n c h  d i a m e t e r  p i p e  d i s c h a r g i n g  a 
i n t o  Pond 207-A.  The t h i c k e n e r  is vented  t o  t h e  atmosphere. 

T h e  s l u d g e  is  t h e n  pumped f rom t h e  base o f  t h e  t a n k  by a 

h igh  p r e s s u r e  diaphragm s l u r r y  pump through rubbe r  p i p i n g  t o  

t h e  back end of a steel  "pug m i l l . I 1  A series of s u r g e  p i n s ,  

screw auge r s  and paddle  wheels l i f t  and mix t h e  s l u d g e  w i t h  

p o r t l a n d  cement, which is fed i n  from an a d j a c e n t  s i l o .  T h e  

mixed s l u d g e  and cemen t  f l o w s  o v e r  a w e i r ,  t h r o u g h  a c h u t e  

and i n t o  p l a s t i c  l i n e d  boxes. 
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To i n c r e a s e  t h e  c a p a c i t y  o f  t h e  p o n d - C r e t e  p r o d u c t i o n  

o p e r a t i o n ,  a d d i t i o n a l  equipment was purchased  i n  1986.  The 

m a j o r  p ieces  o f  a d d i t i o n a l  e q u i p m e n t  a re  a c o n c r e t e  mixer 

t r u c k  and a f r o n t  end l o a d e r .  The c o n c r e t e  mixer t r u c k  (7.5 

c u b i c  yards ,  Boardman Model N o .  805LD,  1 9 8 0 )  receives a 

t r a n s f e r  o f  f o u r  c u b i c  y a r d s  o f  c o n c e n t r a t e d  pond s l u d g e  

f r o m  t h e  e x i s t i n g  t h i c k e n e r .  T h e  s l u d g e  i s  t r a n s f e r r e d  t o  

t h e  mixer t r u c k  by a n  e x i s t i n g  pump t h r o u g h  a t w o - i n c h  

diameter  l i n e  a t  2 5  gpm. Type I p o r t l a n d  c e m e n t  i s  t h e n  

p n e u m a t i c a l l y  t r a n s f e r r e d  t o  t h e  mixer t r u c k  from a p o r t a b l e  

c e m e n t  s i l o  w i t h  a p n e u m a t i c  t r a n s f e r  system.  T h e  c e m e n t  

a n d  s l u d g e  i s  mixed by r o t a t i n g  t h e  mixer. T h e  m i x t u r e  i s  

t h e n  d i s c h a r g e d  i n t o  a 2 .5  c u b i c  y a r d  h o p p e r  mounted  on  a 

c o n c r e t e  g r o u t  pump, which pumps t h e  cement /s ludge  m i x t u r e  

through t h e  b u i l d i n g  w a l l  and discharges  it i n t o  boxes .  

T h e  f r o n t  end l o a d e r  i s  u s e d  t o  t r a n s f e r  s l u d g e  f r o m  t h e  

bottom o f  Pond 2 0 7 - A  and dump it i n t o  a c o n c r e t e  pumper f o r  

t r a n s f e r  t o  t h e  t h i c k e n e r .  T h e  f r o n t  end l o a d e r  i s  a l s o  

used t o  move s l u d g e  from t h e  s h a l l o w  end o f  t h e  pond t o  t h e  

deep end.  

The equipment used i n  t h e  Pond 2 0 7 - A  p o n d - c r e t i n g  o p e r a t i o n  

w i l l  b e  u s e d  i n  o t h e r  areas  a t  t h e  R o c k y  F l a t s  P l a n t  o n c e  
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c l o s u r e  o f  t h e  s o l a r  ponds  i s  c o m p l e t e d .  The  p o n d - m e t i n g  

f a c i l i t y  i s  b e i n g  permit ted  under  t h e  RCRA Part  B O p e r a t i n g  

P e r m i t  A p p l i c a t i o n  (U.S. Department o f  Energy,  1986a) and i s  

i d e n t i f i e d  as U n i t  4 8  i n  t h a t  document. The o n l y  a u x i l i a r y  

e q u i p m e n t  a t  t h e  s o l a r  ponds  r e q u i r i n g  c l o s u r e  u n d e r  t h e  

RCRA P o s t - C l o s u r e  Care P e r m i t  A p p l i c a t i o n  (U.S. Department 

o f  Energy,  1986c )  i n c l u d e s  equipment a t  t h e  s o l a r  ponds t h a t  

i s  n o t  a s s o c i a t e d  w i t h  t h e  p o n d - c r e t i n g  o p e r a t i o n .  S o l a r  

pond equipment  n o t  a s s o c i a t e d  w i t h  t h e  p o n d - c r e t i n g  f a c i l i t y  

i n c l u d e s  a p o r t a b l e  pump t o  pump l i q u i d s  f r o m  o n e  pond t o  

a n o t h e r  and t h e  pontoon supported  r a f t .  

0 
1 . 5  F i n a l  C l o s u r e  P l a n  Summary 

1 . 5 . 1  C l o s u r e  O b j e c t i v e s  

T h i s  c l o s u r e  p l a n  h a s  been prepared t o  meet t h e  p e r f o r m a n c e  

s t a n d a r d s  o f  6 CCR 1 0 0 7 - 3 ,  S e c t i o n  265.111. The promulgated  

s t a n d a r d s  r e q u i r e  a f a c i l i t y  m u s t  b e  c l o s e d  i n  a manner  

t h a t :  

m i n i m i z e s  t h e  need f o r  f u r t h e r  maintenance ,  and 

c o n t r o l s ,  m i n i m i z e s  o r  e l i m i n a t e s ,  t o  t h e  e x t e n t  
n e c e s s a r y  t o  p r o t e c t  human h e a l t h  a n d  t h e  
e n v i r o n m e n t ,  p o s t - c l o s u r e  escape o f  h a z a r d o u s  

4 3  
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w a s t e ,  h a z a r d o u s  w a s t e  c o n s t i t u e n t s ,  l e a c h a t e ,  
c o n t a m i n a t e d  r a i n f a l l ,  o r  w a s t e  d e c o m p o s i t i o n  
p r o d u c t s t o t h e  ground o r  s u r f a c e  w a t e r s  o r t o t h e  
atmosphere. 

1 . 5 . 2  C losu re  P lan  

The a c t i v i t i e s  necessary  t o  complete  c l o s u r e  and comply w i t h  

t h e  g r o u n d - w a t e r  c o r r e c t i v e  a c t i o n  r e q u i r e m e n t s  o f  6 CCR 

1 0 0 7 - 3 ,  S e c t i o n  2 6 4  S u b p a r t  F a r e  shown on  t h e  diagram i n  

F igu re  9. F igu re  2 shows t h e  p r o j e c t  boundary and i n d i c a t e s  

t h e  maximum e x t e n t  o f  c l o s u r e  a c t i v i t i e s  f o r  t h e  s o l a r  

e v a p o r a t i o n  p o n d s .  T h e  n o r t h e r n  edge  o f  t h e  p r o j e c t  

boundary is c u r r e n t l y  p laced  approximate ly  50 feet  s o u t h  of  e 
N o r t h  Walnut Creek,  a t  approximately t h e  downgradient  edge 

of  t h e  f r e n c h  d r a i n  system. 

S o l i d  Waste Management U n i t s  (SWMU) covered under t h e  S o l a r  

evapora t ion  ponds c l o s u r e  p l a n  are  a s  fo l lows:  

SWMU No. Desc r ip t ion  

101 207  S o l a r  Evaporat ion Ponds 
1 2 1 *  O r i g i n a l  Process  Waste Line 
138 Cooling Tower Blowdown-Building 779 
1 4 9  E f f l u e n t  P ipe  
150.8 Radioac t ive  Liquid Leaks Nor theas t  of 

Bui lding 779 

* -  The s o l a r  pond c l o s u r e  p l a n  a d d r e s s e s  o n l y  t h e  p o r t i o n  
of  t h e  o r i g i n a l  p r o c e s s  w a s t e  l i n e  w i t h i n  t h e  p r o j e c t  
boundary. 
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T h e  l i s t e d  S W M U s  are  d e s c r i b e d  i n  Appendix  1 o f  t h e  P a r t  B 

RCRA P e r m i t ,  dated November, 1 9 8 6 .  

The c l o s u r e  a c t i v i t i e s  on F i g u r e  9 t h a t  c a n  be d e f i n e d  a t  

t h i s  t ime are  shown as  shaded r e c t a n g l e s .  These  c l o s u r e  

a c t i v i t i e s  r e l a t e  t o  waste i n v e n t o r y  r e m o v a l  a n d  w i l l  be 

completed.  They i n c l u d e :  

dewater ing  t h e  impoundments, 

r e m o v i n g ,  t r e a t i n g  and d i s p o s i n g  o f  t h e  pond 
s l u d g e s  and s e d i m e n t s ,  and 

r e m o v i n g ,  t r e a t i n g  and d i s p o s i n g  t h e  e q u i p m e n t  
used  a t  t h e  s o l a r  ponds. 

W n d e f i n e d 1 '  c l o s u r e  a c t i v i t i e s ,  i n d i c a t e d  on F i g u r e  9 as  

u n s h a d e d  r e c t a n g l e s  a s s o c i a t e d  w i t h  a s e r i e s  o f  d e c i s i o n  

d i a m o n d s ,  are based o n  t h e  c h a r a c t e r i z a t i o n  o f  l i n e r  and 

s o i l  c o n t a m i n a t i o n  a t  t h e  s o l a r  e v a p o r a t i o n  ponds.  T h e  

e v a l u a t i o n  o f  l i n e r  and s o i l  c o n t a m i n a t i o n  a t  t h e  s i t e  w i l l  

be p e r f o r m e d  as  p a r t  o f  t h e  f i e l d  and e n g i n e e r i n g  s t u d i e s  

d u r i n g  c l o s u r e .  

T h e  s i t e  c h a r a c t e r i z a t i o n  r e p o r t  f r o m  e n g i n e e r i n g  s t u d i e s  

c o m p l e t e d  i n  a c c o r d a n c e  w i t h  t h e  Compiance Agreement (U.S. 

Department o f  Energy,  1986b) i s  p r e s e n t e d  i n  Appendix 6. 

4 6  



C07890010526 Date: July 1, 1988 
Revision No: 2 

The site characterization results are the basis for 

determining the concentration of contaminants in the soil 

and bedrock. The levels of contamination for a selected 

group of indicator parameters determined the implementation 

of: 

No action; 

Placement of a multi-layer cap; 

Removing and disposing of the soil off site: 

Soil treatment; and 

Alternative technologies. 

Discussion of site contamination and closure alternatives, 0 
including closure performance standards for liner and soil 

removal, are presented in Section 2.6.1.2. 

Closure activities for contaminated soils and bedrock will 

Comply with 6 CCR 1007-3, Section 265.228. Closure 

alternatives for the solar evaporation ponds are presented 

in Section 2.6.1.2. In general, contaminated soils and 

bedrock will be: 

Regraded to promote surface runoff, 

Covered with a multi-layer cap, and 

Revegetated. 
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Pos t -c losure  care and moni tor ing  w i l l  be r e q u i r e d  as  f o r  a 

l a n d f i l l  u n d e r  6 CCR 1007-3, S e c t i o n  265 S u b p a r t  G and  

265.310. T h i s  t y p e  o f  c l o s u r e ,  w h e r e  w a s t e s  r e m a i n  i n  

place, m e e t s  6 CCR 1007-3, Sec t ion  265.228. 

Ground-water  q u a l i t y  h a s  been  e v a l u a t e d  and  cor rec t ive  

a c t i o n  is r e q u i r e d  t o  m e e t  6 CCR 1007-3, S e c t i o n  2 6 4  Subpart  

F o r  t h e  NPDES p e r m i t  f o r  N o r t h  and  S o u t h  Walnu t  Creeks .  

Ground-water corrective a c t i o n  w i l l  be  implemented, perhaps 

inco rpora t ed  a s  p a r t  of an area-wide ground-water corrective 

a c t i o n ,  a s  d i s c u s s e d  i n  S e c t i o n  2.7.2. 

0 
Compliance w i t h  t h e  Resource  Conservat ion and Recovery A c t  

(RCRA), w i t h  r e s p e c t  t o  s o l a r  pond c l o s u r e ,  w i l l  be  achieved 

by m e e t i n g  6 CCR 1007-3, S e c t i o n s  265.228 and  S e c t i o n  2 6 4  

Subpar t  F. 

1 .5 .3  C losu re  Schedule 

The  s c h e d u l e  o f  a c t i v i t i e s  s e l e c t e d  f o r  c l o s u r e  a r e  

s u m m a r i z e d  o n  F i g u r e  1 0  a n d  d e s c r i b e d  b e l o w .  T h e s e  

a c t i v i t i e s  are  based upon c u r r e n t  c o n d i t i o n s  and p r o j e c t i o n s  
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of the time required for activities. The critical activity 

for closure of the solar ponds is removal/evaporation/ 

treatment of the liquid currently held in the solar ponds 

and the disposition of incoming water from the french drain 

system. 

The schedules presented are based upon resumption of pond- 

creting operations by the end of July 1988. Pond-Crete 

solidification/destabilization problems were first 

identified on May 23, 1988, when approximately 0.25 ft3 of 

pond-Crete was spilled onto the 904 pad (RCRA Storage Unit 

#15). Pond-Crete production ceased upon identification of 

this problem. The RCRA Contingency Plan was implemented, 

and the required written report was made on June 7, 1988, 15 

days after RCFtA Contingency Plan implementation. The cause 

of the unsolidified pond-Crete is still being investigated. 

If this schedule, as presented, cannot be met, the Colorado 

Department of Health and Environmental Protection Agency 

will be notified of this problem, and these schedules 

revised, within 30 days of identification of the problem. 

Evaporation of liquids in a l l  of the ponds was assumed to 

begin in June 1987 for purposes of calculating a closure 
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s c h e d u l e .  P l acemen t  of any l i q u i d  i n  t h e  s o l a r  ponds w i l l  

cease  i n  December 1990.  A s  p rev ious ly  explained, removal, 

t r e a t m e n t  and d i sposa l  of s ludge  i n  Pond 207-A began i n  June 

1 9 8 5  and a r e  n o t  y e t  comple te .  Removal of t h i s  s l u d g e  is  

e x p e c t e d  t o  be c o m p l e t e  i n  J u l y  1988.  Removal, t r e a t m e n t ,  

and d i s p o s a l  of  s e d i m e n t s  i n  Ponds 2 0 7 - B  Nor th ,  C e n t e r  and 

Sou th  and Pond 2 0 7 - C  w i l l  b e g i n  i n  August 1 9 8 8  and w i l l  be  

completed by November 1989.  Radiochemical eva lua t ion  of t h e  

p o n d s '  l i n e r s  w i l l  b e g i n  i n  A u g u s t  1 9 8 9  a n d  w i l l  be  

comple t ed  i n  Februa ry  1 9 9 1 .  I f  n e c e s s a r y ,  removal  of pond 

l i n e r s  w i l l  b e g i n  i n  A p r i l  1 9 9 0  and w i l l  be comple t ed  by 

J u n e  1991 .  I f  r e q u i r e d ,  p a r t i a l  removal  and d i s p o s a l  of  

c o n t a m i n a t e d  s o i l  w i l l  b e g i n  i n  A p r i l  1 9 9 0  and w i l l  be 

completed by June 1991. The requi red  cap w i l l  be placed and 

r e v e g e t a t e d  b e t w e e n  J u n e  1 9 9 1  and November 1 9 9 1 .  C l o s u r e  

w i l l  be certif ied i n  November and December 1991. 

The c l o s u r e  schedule is dependent on r ece iv ing  approval of 

f i n a l  d e s i g n  w i t h i n  9 0  d a y s  of s u b m i s s i o n  t o  t h e  Colorado  

Department  of  Hea l th .  T h e  f i n a l  s c h e d u l e  o f  a c t i v i t i e s  

r e q u i r e d  f o r  c l o s u r e  w i l l  be  d e f i n e d  based  on r e c e i p t  o f  

design approval. 
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1.5.4 Justification for Extension of Schedule 

The regulations in 6 CCR 1007-3, Section 265.113(a) require: 

"Within 90 days after receiving the final volume of 
hazardous wastes, or 90 days after approval of closure 
plan, if that is later, the owner or operator must 
treat, remove from the site, or dispose of on-site all 
hazardous wastes in accordance with the approved 
closure plan.I1 

The intent of this regulation is to avoid causing serious 

environmental damage due to accumulating inventory over long 

periods of time. Additional regulations outlined in 6 CCR 

1007-3, Section 265.113 (b), require: 

!'The owner or operator must complete closure activities 
in accordance with the approved closure plan 0 
and within 180 days after receiving the final volume of 
wastes or 180 days after approval of the closure plan, 
if that is later." 

The activities required to treat, store and remove all 

wastes and to complete final closure at the solar 

evaporation ponds will take longer than schedules required 

by the referenced regulations. The rate determining process 

that controls the progress of closure is the liquid 

evaporation. However, sludge and sediment solidification 

can only be completed approximately three months before 

completion of liquid evaporation. Evaporation of liquids 

from the ponds was increased in June 1987 above the previous 
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rate by the use of forced evaporators on site. Sludge 

solidification was increased by approximately 60 percent in 

the fall of 1986 by the increase in storage space for curing 

pond-Crete. Detailed justifications are provided for the 

schedule in Section 2.0. 

1.5.5 Protection of Human Health and the Environment 

Threats to human health and the environment from the solar 

ponds will be addressed during closure by: 

continuing to limit access to the solar ponds, as 
discussed in Section 8.0, 

continuing to collect and treat liquid intercepted 
by the french drain system, 

minimizing windblown releases during closure 
activities, as discussed in Sections 2.4.3.2, 
2 .5 .3  and 2 . 6 . 3 ,  and 

continuing to collect and store, in surface 
drainage ponds located downgradient of the solar 
ponds, surface runoff from the solar ponds area 
until the requirements of an NPDES permit are met. 

Additional protection is provided by the routine monitoring 

activities conducted at Rocky Flats and by restricted access 

to the facility. Specific details of the routine monitoring 

program are summarized in the "Annual Environmental 

Monitoring Report" (Rockwell, 1986b). This document is 
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reviewed and updated on an annual basis. Brief discussions 

of the monitoring activities that are conducted and the 

security procedures at the plant are presented below. 

The routine environmental monitoring program includes the 

sampling and analysis of airborne effluents, ambient air, 

surface and ground water, and soil. External penetrating 

gamma radiation exposures are also measured using 

thermoluminescent dosimeters. Samples are collected from 

on-site, boundary and off-site locations. 

Particulate and tritium sampling of building exhaust systems e 
is conducted continuously. For immediate detection of 

abnormal conditions, ventilation systems that service areas 

containing plutonium are equipped with Selective Alpha Air 

Monitors. These monitors trigger an alarm automatically if 

out-of-tolerance conditions are experienced. Particulate 

samples are collected from ambient air samplers operated 

continuously on site. The ambient air samples are analyzed 

for Total Long-Lived (TLL) Alpha activity or for plutonium 

activity. There are currently 52 of these ambient air 

samplers. Twenty-three are located within and adjacent to 

the Rocky Flats exclusion area, 14 are located in nearby 
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The m a j o r i t y  o f  t h e  w a t e r  u s e d  a t  t h e  Rocky F l a t s  P l a n t  

(RFP) is 

t rea ted  and  e v a p o r a t e d  a n d / o r  r e u s e d  f o r  c o o l i n g  t o w e r  

makeup o r  steam p l a n t  use. The discharge of  w a t e r  o f f - s i t e  

is  m i n i m i z e d  t o  t h e  g r e a t e s t  e x t e n t  p o s s i b l e .  Water 

d i s c h a r g e s  from t h e  RFP a r e  monitored f o r  compliance w i t h  

a p p r o p r i a t e  CDH s t a n d a r d s  a n d  E P A  N a t i o n a l  P o l l u t a n t  

Discharge E l i m i n a t i o n  Sys tem ( N P D E S )  p e r m i t  l i m i t a t i o n s .  

S u r f a c e  r u n o f f  f rom p r e c i p i t a t i o n  i s  c o l l e c t e d  i n  s u r f a c e  

w a t e r  c o n t r o l  p o n d s  a n d  d i s c h a r g e d  o f f  s i t e  a f t e r  

f o r  p l a n t  p rocess  o p e r a t i o n s  and s a n i t a r y  purposes  

monitor ing.  Routine water moni tor ing  is conducted f o r  two 

downstream r e s e r v o i r s  and f o r  d r i n k i n g  w a t e r  s o u r c e s  i n  n i n e  0 
communities.  

1987 a t  approximate ly  1 6 0  ground-water sampl ing  l o c a t i o n s .  

Ground-water moni tor ing  w a s  conducted d u r i n g  

S o i l  s a m p l e s  w e r e  c o l l e c t e d  d u r i n g  1 9 8 7  f rom 4 0  s i t es  

l o c a t e d  on r a d i i  f rom Rocky F l a t s  a t  d i s t a n c e s  o f  1 . 6  a n d  

3.2 k i l o m e t e r s  (one  and two  m i l e s ) .  The p u r p o s e  o f  t h i s  

s o i l  s a m p l i n g  i s  t o  d e t e r m i n e  if t h e r e  a r e  a n y  c h a n g e s  i n  

plutonium c o n c e n t r a t i o n s  i n  t h e  s o i l  around t h e  p l a n t .  

When h i g h e r  c o n c e n t r a t i o n s  t h a n  u s u a l  a r e  found  i n  any  o f  

t h e  r o u t i n e  moni tor ing  a c t i v i t i e s  o r  when out-of-compliance 

a r e  i d e n t i f i e d ,  t h e  c a u s e  of t h e  p r o b l e m  i s  
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investigated. If the solar ponds are found to be the cause 

of an out-of-compliance condition, then this closure plan 

will be revised within 30 days. 

Access to the plant is limited by: 

a three-strand barbed wire cattle fence 
surrounding the facility (Figure 1) posted to 
identify the land as a government reservation/ 
restricted area, 

a fence surrounding and guards posted 24 hours per 
day at two gates to the controlled area of the 
facility (Figure I), 

a six-foot high chain link fence topped by t w o  
feet of three-strand barbed wire surrounding and 
guards posted 2 4  hours per day at gates to the 
perimeter security zone ( P s Z ) ,  

guards patrolling the controlled area and the PSZ 
2 4  hours per day, and 

surveillance by security cameras 24 hours per day. 

The existing fences and gates are operated and maintained by 

the U . S .  Department of Energy. 

The monitoring and security measures outlined above are 

designed to protect human health and the environment by 

threats posed by the RFP as a whole. More specifically, 

they protect human health and the environment from threats 

posed by the solar ponds. 
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1.5.6 Administration of Closure Plan 

The closure plan for the solar evaporation ponds will be 

kept at the Rocky Flats Area Office, Building 111, U.S. 

Department of Energy. The person responsible for storing 

and updating this copy of the closure plan is: 

Mr. A.E. Whiteman 
Area Manager 

His address and phone number are: 

U.S. Department of Energy 
Rocky Flats Plant 
P.O. Box 928 
Golden, Colorado 80402 
Phone: (303) 966-2025 

Mr. Whiteman is also responsible for updating other copies 

of the closure plan held off-site by sending additions or 

revisions by registered mail. 

1.5.7 Closure Cost Estimates and Financial Assurance 

State and Federal governments are exempt from the financial 

requirements imposed by Subpart H of 6 CCR 1007-3, Section 

265.140(c). Because the Rocky Flats Plant is a federally- 

owned facility, no cost estimates or financial assurance 

documentation are required. However, cost estimates are 

0 57 



C07890010526 Date: July 1, 1988 
Revision No: 2 

presented in Table IV for regrading and construction of a 

multi-layered cover over the solar pond area. The estimates 

are provided for planning, budgeting and informational 

purposes. These estimates can in no way be considered 

binding. 

Activities omitted from the cost estimate due to unknown 

scheduling and construction details include: 

Liner disposal at an off-site facility; 

Removal/disposal of 207-C embankment; 

Removal/disposal of contaminated soil, if 
required; and 

. Decontamination of construction and auxiliary 
equipment. 
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TABLE IV 

COST ESTIMATE FOR MULTI-LAYERED COVER* 
FOR SOLAR POND CLOSURE 

Item 

Liner Removal 
and Container- 
ization 

Regrading 

Clay 
(Import, Place & 
Compact) 

Membrane 

Sand Drain 
(Import & Place) 

Compacted On-Site 
S o i l  (Cut, Haul 
Place & Compact) 

Total Quantity Unit Cost** 

10,000 yd3 $13/cy $130,000 

60,000 yd3 $4/CY $240,000 

30,000 yd3 $28/cy $840,000 

750,000 ft2 $0.90/ft2 $675,000 

18,000 yd’ $32/cy $576,000 

55,000 yd3 $7/CY $385,000 

Topsoil (On-Site 30,000 yd3 $5/CY $150,000 
Haul and Place) 

Revegetate 800,000 ft2 $0.17/ft3 

10% Engineering 

15% Contingency 

TOTAL 

$136,000 

$3,132,000 

$ 313,000 

$3,445,000 

$ 516,980 

$3,962,000 

* Section 4.0 discusses regrading, cover and vegetation; 
typical cover section is shown on Figure 16. 

** Unit costs include a 1.3 multiplier to account for work 
conducted inside the perimeter security zone (PSZ). 
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2 . 0  REMOVAL, TREATMENT AND DISPOSAL 
O F  WASTES, LINERS, SOILS AND GROUND WATER 

2 . 1  I n t r o d u c t i o n  

T h i s  s e c t i o n  o f  t h e  c l o s u r e  p l a n  r e s p o n d s  t o  6 CCR 1 0 0 7 - 3 ,  

S e c t i o n  265 .112(a )  (2)  through ( 4 )  by p r o v i d i n g  t h e  f o l l o w i n g  

i n f o r m a t i o n :  

E s t i m a t e s  o f  t h e  maximum i n v e n t o r y  o f  wastes 
e x p e c t e d  d u r i n g  t h e  c l o s u r e  p e r i o d .  Waste 
i n v e n t o r y  f o r  t h e  s o l a r  e v a p o r a t i o n  p o n d s  i s  
c o m p o s e d  o f  free l i q u i d s ,  s l u d g e s  a n d  s e d i m e n t s ,  
and p o r t i o n s  o f  t h e  l iners  and embankment s o i l s .  

D i s c u s s i o n  o f  t h e  v o l u m e s ,  r e m o v a l  m e t h o d s ,  
treatment p r o c e d u r e s ,  and d i s p o s a l  p l a n s  f o r  e a c h  
o f  t h e  s o l a r  e v a p o r a t i o n  pond wastes. 

T ime s c h e d u l e s  f o r  c l o s u r e  a c t i v i t i e s .  

B r i e f l y ,  t h e  s o l a r  e v a p o r a t i o n  p o n d s  w i l l  be c l o s e d  b y  

c o n c u r r e n t l y  e v a p o r a t i n g  t h e  pond l i q u i d s  and removing t h e  

pond s l u d g e s  a n d  s e d i m e n t s .  T h e  s l u d g e s  a n d  s e d i m e n t s  i n  

t h e  ponds w i l l  b e  s o l i d i f i e d  t o  form pond-Crete  which w i l l  

b e  t r a n s p o r t e d  t o  a n d  d i s p o s e d  o f  a t  a n  a p p r o v e d  o f f - s i t e  

d i s p o s a l  f a c i l i t y  o r  t h e  Nevada T e s t  S i t e  (NTS).  

C o n t a m i n a t e d  pond l i n e r s  and s o i l  ( i n c l u d i n g  embankment  

s o i l )  w i l l  b e  p a r t i a l l y  removed i n  t h e  v i c i n i t y  o f  t h e  
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s o u r c e  areas t o  meet t h e  r e m o v a l  c r i t e r i a  p r e s e n t e d  in 

S e c t i o n  2 .6 .1 .2 .  T h e  pond l i n e r s  a n d  s o i l  w i l l  be  sampled 

and a n a l y z e d  i n  a c c o r d a n c e  w i t h  S e c t i o n  2.6.1.3 t o  e s t a b l i s h  

if r e m o v a l  i s  r e q u i r e d .  L i n i n g  m a t e r i a l s  w h i c h  a r e  l e f t  

b e l o w  t h e  cap w i l l  be  b r o k e n  up i n t o  p ieces  less t h a n  

1 2  i n c h e s  i n  s ize.  

Ground water i n  t h e  s o l a r  pond area  r e q u i r e s  t r e a t m e n t  i n  

o r d e r  t o  meet t h e  g r o u n d - w a t e r  p r o t e c t i o n  s t a n d a r d s .  T h e  

f r e n c h  d r a i n s  and i n t e r c e p t o r  t r e n c h  pump h o u s e  ( I T P H )  

system i s  c u r r e n t l y  u s e d  f o r  g r o u n d - w a t e r  c o l l e c t i o n .  

A p p l i c a b l e  ground-water r e q u i r e m e n t s  and removal, t r e a t m e n t  0 
and d i s p o s a l  o f  c o n t a m i n a t e d  ground water are d i s c u s s e d  i n  

S e c t i o n  2.7.  

E v a p o r a t i o n  o f  t h e  ponds' l i q u i d s  w a s  se lected a s  t h e  

r e m o v a l / t r e a t m e n t  m e c h a n i s m  f o r  t h e  l i q u i d s  b e c a u s e  

e v a p o r a t i o n  i s  e n v i r o n m e n t a l l y  a c c e p t a b l e ,  t e c h n i c a l l y  

f e a s i b l e ,  and a c o s t - e f f e c t i v e  t r e a t m e n t  method.  N a t u r a l  

e v a p o r a t i o n  has  been  supplemented p e r i o d i c a l l y  i n  t h e  p a s t  

w i t h  f o r c e d  e v a p o r a t i o n .  Forced  e v a p o r a t i o n  has b e e n  

a v a i l a b l e  f o r  r e g u l a r ,  p a r t - t i m e  u s e  s i n c e  J u n e  1 9 8 7 .  

L i q u i d  e v a p o r a t i o n  i s  t h e  r a t e - d e t e r m i n i n g  c l o s u r e  a c t i v i t y .  

T h i s  ra te  d e t e r m i n i n g  s tep i s  impacted by t h e  ground-water  
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corrective action program since the I T P H  system returns 

approximately four million gallons of contaminated water to 

the solar ponds annually. 

The sludge and sediments in the ponds requires 

solidification for disposal. Solidifying pond sludges and 

sediments into pond-Crete was selected because the basic 

technology has been used and proven to be effective, the 

plant has experience with the process, the material meets 

the requirements of the Department of Transportation (DOT) 

regulations for shipping, and the material meets 

requirements of the Nevada Test Site for solidification of 0 
radioactive waste. 

Pond-Crete from the pond sludges and sediments was disposed 

of at the Nevada Test Site (NTS) until the fall of 1986 when 

this material was identified as a mixed hazardous and 

radioactive waste. Since the fall of 1986, the pond-Crete 

has been stored on site on two asphalt paved pads awaiting 

permitting of an approved disposal facility. 
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2 . 2  Free L i a u i d s  

2 . 2 . 1  Background 

P o n d s  2 0 7 - A  a n d  207-C are n o  l o n g e r  r e c e i v i n g  l i q u i d s  on a 

r e g u l a r  b a s i s .  Ponds 207-A and 207-C r e c e i v e d  wastes from 

t h e  p l a n t  o n  a n  e m e r g e n c y  b a s i s  u n t i l  J u n e  1 9 8 7  when t w o  

t a n k s  were c o n s t r u c t e d  f o r  t h e  s t o r a g e  o f  l i q u i d s  p r i o r  t o  

p r o c e s s i n g .  P o n d s  2 0 7 - B  N o r t h ,  C e n t e r  a n d  S o u t h  a r e  

receiving water from t h e  f r e n c h  d r a i n  i n t e r c e p t o r  system. 

L i q u i d  from t h e  s o l a r  ponds have been  pumped t o  B u i l d i n g  374 0 
f o r  f o r c e d  e v a p o r a t i o n  on a r e g u l a r ,  p a r t - t i m e  b a s i s  since 

J u n e  1 9 8 7 .  B e t w e e n  S e p t e m b e r  1 9 8 6 ,  a n d  J u n e  1 9 8 7 ,  

i n t e r m i t t e n t  l i q u i d s  a p p r o a c h i n g  t h e  maximum o p e r a t i n g  

l e v e l  i n  Pond 2 0 7 - B  N o r t h  were t r a n s f e r r e d  t o  B u i l d i n g  3 7 4  

f o r  f o r c e d  e v a p o r a t i o n  o r  t r a n s f e r r e d  t o  Pond 207-B C e n t e r  

o r  S o u t h .  

2 . 2 . 2  Volume o f  F r e e  L i q u i d s  

T h e  a p p r o x i m a t e  volume o f  l i q u i d s  h e l d  i n  t h e  p o n d s  on  

A p r i l  2 0 ,  1 9 8 8 ,  i s  shown on T a b l e  V. 
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TABLE V 

VOLUME OF LIQUIDS AND SEDIMENTS/SLUDGES IN THE 
SOLAR EVAPORATION PONDS 

ON APRIL 20, 1988 

Sediment/Sludge Total 
Liquid Volume Volume Capacity 

Pond @illion Gallons) flillion Gallons) Gillion Gallons) 

207-A 0.05 0.05 5.10 

207-B 
North 1.55 
Center 1.55 
South 1.00 

0.15 
0.15 
0.10 

1.70 
1.70 
1.50 

207-C 0.85 0.15 1.30 
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Water i n t e r c e p t e d  by t h e  f r e n c h  d r a i n  system i s  p l a c e d  i n  

t h e  207-B ponds .  S i n c e  Ponds 207-B N o r t h  a n d  C e n t e r  are  

c u r r e n t l y  f u l l ,  i n t e r c e p t e d  water w i l l  be  p l a c e d  i n  Pond 

207-B S o u t h .  T h e  average amount  o f  water c o l l e c t e d  by t h e  

f r e n c h  d r a i n  system o v e r  t h e  c o u r s e  o f  a year  i s  est imated 

t o  be  f o u r  m i l l i o n  g a l l o n s  based o n  o b s e r v a t i o n s  made i n  

1987. A meter o n t h e  f o r c e  m a i n  f r o m t h e  I T P H w a s  i n s t a l l e d  

i n  J u n e  1988, p r o v i d i n g  t h e  c a p a b i l i t y  f o r  m o r e  a c c u r a t e  

f l o w  measurements .  

2.2.3 Removal o f  Free L i q u i d s  0 
T h e  f r e e  l i q u i d s  i n  t h e  p o n d s  have b e e n  r e m o v e d  b y  a 

c o m b i n a t i o n  o f  n a t u r a l  e v a p o r a t i o n  and f o r c e d  e v a p o r a t i o n .  

N a t u r a l  e v a p o r a t i o n  w i l l  c o n t i n u e  d u r i n g  t h e  c l o s u r e  p e r i o d  

as one  mechanism f o r  removal  o f  free l i q u i d s .  

T h e  f o r c e d  e v a p o r a t o r  i n  B u i l d i n g  374 h a s  b e e n  u s e d  on a 

p a r t - t i m e  b a s i s  t o  evaporate s o l a r  pond l i q u i d s  s i n c e  June 

1987. T h e  f o r c e d  e v a p o r a t o r  i s  c u r r e n t l y  u s e d  f o r  t r e a t e d  

p r o c e s s  wastes a t  t h e  p l a n t .  However, a d d i t i o n a l  capacity 

i s  a v a i l a b l e  f o r  f o r c e d  e v a p o r a t i o n  on a p a r t - t i m e  basis .  

T h e r e f o r e ,  t h e  f o r c e d  e v a p o r a t o r  i s  used  f o r  s o l a r  pond and 

i n t e r c e p t e d  water on an as available basis .  
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T h e  f o r c e d  e v a p o r a t o r  c a n  p r o c e s s  4 0 , 0 0 0  g a l l o n s  o f  l i q u i d  

p e r  day on a l o n g  term b a s i s .  T h i s  c a p a c i t y ,  a n d  o t h e r  

d e m a n d s  o n  t h e  e v a p o r a t o r ,  a l l o w s  a v e r a g e  l o n g - t e r m  

p r o c e s s i n g  o f  i n t e r c e p t o r  t r e n c h  pump house  water e q u i v a l e n t  

t o  a p p r o x i m a t e l y  o n e  day p e r  week. Upon c o m p l e t i o n  o f  a n  

e v a p o r a t o r  u p g r a d e  p r o j e c t  i n  t h e  s t a r t  o f  c a l e n d a r  year 

1 9 8 9 ,  t h e  average e v a p o r a t o r  p r o c e s s i n g  c a p a c i t y  w i l l  

i n c r e a s e  t o  a p p r o x i m a t e l y  5 7 , 0 0 0  g a l l o n s  p e r  day. T h i s  

i n c r e a s e ,  a n d  o t h e r  d e m a n d s  o n  t h e  e v a p o r a t o r ,  were 

c o n s i d e r e d  i n  s c h e d u l i n g  c l o s u r e  o f  these s o l a r  ponds. 

0 2 . 2 . 4  Treatment  o f  Free L i q u i d s  

T r e a t m e n t  o f  t h e  f r e e  l i q u i d s  i n  t h e  p o n d s  by n a t u r a l  a n d  

f o r c e d  e v a p o r a t i o n  i s  d i s c u s s e d  i n  S e c t i o n  2.2.3.  

2 . 2 . 5  D i s p o s a l  o f  Free L i q u i d s  

N a t u r a l  and f o r c e d  e v a p o r a t i o n  w i l l  remove a l l  free l i q u i d s  

from t h e  p o n d s ;  t h e r e f o r e ,  n o  l i q u i d s  w i l l  r e m a i n  f o r  

d i s p o s a l .  
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2.2.6 Schedule 

The schedule for liquid evaporation from the solar 

evaporation ponds is shown on Table VI. The schedule is 

also shown graphically on Figure 11. Calculations for the 

evaporation schedules are presented in Appendix 2. 

TABLE VI 

SCHEDULE FOR EVAPORATION OF 

SOLAR EVAPORATION PONDS 
LIQUIDS IN THE 

Pond 

207-A 

207-B 
North 
Center 
South 

207-C 

The schedule for 

End of 
Evaporation 

June 1990 

June 1990 
June 1990 

December 1990 

August 1989 

liquid evaporation is based on long-term 

climatic data for the vicinity of the Rocky Flats Plant 

(Cowie, 1986) and the capacity of the forced evaporator. 

Based on the climatic data, an average monthly net 

evaporation rate of 1.3 gallons per square foot was 

calculated. Data used to calculate this evaporation rate 
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are presented in Appendix 2. A non-toxic, non-radioactive 

dye may also be added to the water in the solar ponds to 

increase heat gain and thereby increase solar evaporation. 

The Material Safety Data Sheet (MSDS) for this dye is on 

file at the Rocky Flats Plant. Use of the forced evaporator 

is described in Section 2.2.3. 

The calculated natural evaporation rate was applied to the 

volumes of free liquids in the ponds (Section 2.2.2) to 

obtain the estimated completion dates. A decrease in 

evaporation rate is anticipated as evaporation progresses 

and total dissolved solids increase. The decreased natural 0 
evaporation rate was considered by increasing the time 

required for natural evaporation by one-third. 

In order to minimize the time necessary for closure, liquid 

from some of the ponds will be transferred to other ponds 

for natural evaporation. Liquid transfer will maximize the 

combined surface area and will allow other closure 

activities to begin in some ponds while liquids are still 

evaporating from the other ponds. A description of the 

transfer of liquids is presented in Appendix 2 and briefly 

discussed below. 
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The evaporation schedule activities described herein are 

anticipated, but utilization of the ponds will vary as 

necessary. The schedule is not binding in any way. 

Pond 207-A: Liquid in Pond 207-A will be naturally and 

force evaporated until June 1990. In October 1988, liquid 

from Pond 207-B North and Pond 207-B Center will be 

transferred into Pond 207-A. In August 1989, liquids from 

Pond 207-B South and the interceptor trench pump house 

(ITPH) will be transferred into Pond 207-A. Inflows will 

----- 

cease in February 1990. Natural and forced evaporation will 

remove Pond 207-A liquids by June 1990. 0 
Pond 207-B North: Liquid from the interceptor trench pump 

house (ITPH) will be placed in Pond 207-B North for natural 

and forced evaporation until October 1988. ITPH liquid will 

be subsequently transferred to Pond 207-B South. One 

million gallons were directed from Pond 207-B North to the 

forced evaporator in calendar year 1987 (Rockwell, 1988). 

ITPH flows which exceed the capacity of Pond 207-B South and 

Building 374 evaporator will be transferred to Pond 207-A 

after October 1988. Previous excess flows were transferred 

to Ponds 207-B Center and South as necessary. From August 

1989 until February 1990, Pond 207-A will take ITPH flows. 

0 
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Subsequent to February 1990 the ITPH flows will go to the 

forced evaporator in Building 374 directly, or via emergency 

storage of liquids in the 207-B South pond until December 

1991. After December 1991, excess ITPH flows will be 

directed to a planned four million-gallon interceptor trench 

water (ITW) surge tank, which will then be fed to the forced 

evaporator in Building 374. 

--~---_____ Pond 207-B Center: Liquid in Pond 207-B Center will be 

natural and force evaporated until October 1988. The 

remaining liquid will be transferred to Pond 207-A in 

October 1988. 0 
Pond 207-B South: ITPH liquid inflows will be transferred 

from Pond 207-B North in October 1988, assuming four months 

for ITPH piping charge. Liquid in Pond 207-B South will 

natural and force evaporated until August 1989. The 

remaining liquid and ITPH flows will be transferred to 

Pond 207-A in August 1989. Pond 207-B South will be 

maintained during closure for emergency storage of 

interceptor trench water (ITW) since its liner incorporates 

a hypolon geomembrane and the pond liner is considered most 

competent of the existing pond liners. 
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---------- Pond 2 0 7 - C :  L i q u i d  i n  Pond 2 0 7 - C  w i l l  b e  n a t u r a l l y  

e v a p o r a t e d  u n t i l  J a n u a r y  1 9 8 9 .  N a t u r a l  a n d  f o r c e d  

evapora t ion  w i l l  occur  from January 1989 u n t i l  August 1989. 

S o l a r  pond l i q u i d s  are being t r e a t e d  on a r e g u l a r  pa r t - t ime  

basis  by f o r c e d  e v a p o r a t i o n  i n  B u i l d i n g  374 .  Two m i l l i o n  

g a l l o n s  a r e  s c h e d u l e d  f o r  t r e a t m e n t  i n  f i s c a l  y e a r  1988  

(Oc tobe r ,  1 9 8 7  t o  O c t o b e r ,  1 9 8 8 ) ;  f o u r  m i l l i o n  g a l l o n s  a re  

s c h e d u l e d  f o r  f i s c a l  y e a r  1 9 8 9 .  The t o t a l  i n t e r c e p t o r  

t r e n c h  w a t e r  ( I T W )  w i l l  b e  r o u t e d  t o  B u i l d i n g  3 7 4  i n  

Februa ry  1 9 9 0  w i t h  a v a i l a b l e  s u r g e  s t o r a g e  i n  Pond 2 0 7 - B  

South. Cons t ruc t ion  of ITW s t o r a g e  t a n k s  w i l l  be completed 0 
by D e c e m b e r  1 9 9 0 ,  r e p l a c i n g  Pond 2 0 7 - B  Sou th  f o r  s u r g e  

s to rage .  

Eventually,  w a t e r  c o l l e c t e d  i n  t h e  i n t e r c e p t o r  t r e n c h  pump 

house may be t r e a t e d  i n  a f a c i l i t y  cons t ruc t ed  f o r  area-wide 

ground-water c o r r e c t i v e  ac t ion .  T h i s  could be accomplished 

by c o m p l e t i n g  t h e  g round-wa te r  t r e a t m e n t  u n i t  b e f o r e  t h e  

area-wide ground-water c o l l e c t i o n  system so t h e  t r ea tmen t  

u n i t  c o u l d  i n i t i a l l y  t r e a t  water from t h e  pump house.  

Completion of t h e  t r e a t m e n t  u n i t  is t e n t a t i v e l y  planned f o r  

November 1991.  
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Ano the r  o p t i o n  may be t o  p r o c e s s  t h e  i n t e r c e p t e d  w a t e r  i n  

t h e  on - s i t e  sewage t r ea tmen t  p l an t .  Treatment i n  t h i s  p l a n t  

w i l l  d e c r e a s e  t h e  t i m e  r e q u i r e d  f o r  l i q u i d  e v a p o r a t i o n .  

However, wi thout  r egu la to ry  a u t h o r i z a t i o n  f o r  t h i s  op t ion  a t  

t h i s  t i m e ,  t h e  t i m e  f o r  t r ea tmen t  of t h e  ponds' l i q u i d s  w i l l  

be estimated assuming only n a t u r a l  and forced  evaporat ion.  

2 . 3  Sludges and Sediments  

2 . 3 . 1  Background 

0 Pond 2 0 7 - A  is  c u r r e n t l y  t h e  o n l y  pond c o n t a i n i n g  s l u d g e s  

which  a r e  a r e s i d u a l  o f  t h e  p r o c e s s  w a s t e  s t r e a m  a t  t h e  

p l a n t .  Ponds 2 0 7 - C  and 2 0 7 - B  C e n t e r  and Sou th  a p p e a r  t o  

c o n t a i n  s e d i m e n t s .  Pond 2 0 7 - B  Nor th  i s  a l s o  assumed t o  

c o n t a i n  s e d i m e n t s ;  however,  t h i s  c a n n o t  be c o n f i r m e d  by 

v i s u a l  i n spec t ion .  

Removal, t r e a t m e n t  and d i sposa l  of s ludges  from Pond 207-A 

began June 19,  1985. Treatment progressed f o r  approximately 

t h r e e  months p r i o r  t o  a t empora ry  c e s s a t i o n  o f  o p e r a t i o n s  

due  t o  t h e  i n a b i l i t y  of  t h e  pond-Crete  t o  s o l i d i f y  d u r i n g  

c o l d  w e a t h e r .  During t h e  a p p r o x i m a t e  t h r e e - m o n t h  work ing  
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period, 866 boxes of pond-Crete were produced. The boxes of 

pond-Crete contained approximately ten percent sludge, by 

weight (Brady, 1986; Eng, 1987 and Gaskins, 1986). 

Pond-creting operations resumed in June 1986. From June 

1986 until September 30, 1986, 3,000 boxes of pond-Crete 

were completed. From October 1, 1986 until January 12, 

1987, 1,927 boxes of pond-Crete were completed. The boxes 

contained approximately ten percent sludge solids, by weight 

(Eng, 1987). 

The production goal of the pond-creting operation prior to 0 
October 1986 was 112 boxes per week. The capacity of the 

covered curing facility available at that time was 120 

boxes. The production goal was increased to 240 boxes per 

week in October 1986 when a new storage building for the 

pond-Crete curing facility was completed. 

Pond-creting through May 1, 1988, has resulted in a total of 

16,199 boxes of pond-Crete stored on site at two pads 

designated RCRA Unit Nos. 15 and 25. Scheduled pond-creting 

rates for fiscal year 1988 are as follows: 
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Month 

January 
February 
March 
April 

June 
July 
August 
September 
October 
November 
December 

May 

Rates Der Month 

600 
750 
750 
870 
870 
870 
870 
870 
870 
750 
600 
600 

Actual processed quantities slightly exceeded scheduled 

rates from September 1987, to May 1988 until the pond-Crete 

problem was identified on May 23, 1988. For this period, 

4,746 boxes were scheduled and 5,082 were processed. 0 
The solidified pond-Crete is stored on site at two 

locations. Pad #1 (RCRA Unit #25) is located at Parking 750 

and has a total storage capacity of 14,906 boxes: as of 

May 1, 1988, the remaining storage capacity was 3,108 boxes. 

Pad #2 is located east of Building 886, designated the 904 

pad (RCRA Unit #15), with a total capacity of 12,000 boxes 

and a remaining storage capacity of 7,599 boxes. The total 

remaining storage availability on May 1, 1988, was 10,707 

boxes. 
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Production at the pond-creting facility is or has been 

impacted by: 

Cold weather causing a retarding of pond-Crete 
solidification and causing the liquids in the 
ponds and the dewatering unit to freeze. Cold 
weather decreases production to approximately 150 
boxes per week (Brady, 1986 and Eng, 1987). 

The capacity to store the pond-Crete boxes while 
the contents are solidifying before approval for 
off-site shipment is given, and 

. Periodic equipment failure. 

2.3.2 Volume 

The volume of 0 
approximately 

of Sludges and Sediments 

sludges in Pond 207-A on April 20, 1988, was 

250 cubic yards (Rockwell, 1988). The sludges 

are scheduled to be completely removed by July 1, 1988, as 

shown on Figure 10. The volume of sediments in 207-A is 

included in the volume of sludges. The estimated 250 cubic 

yards of sludge is based on the dry weight volume of 

sludges. The actual volume of the sludge mixed with pond 

liquid at the bottom of the pond is approximately 1,136 

cubic yards. 

Twenty-four samples of sludge/liquid were taken from the 

bottom of Pond 207-A between May 1985 and June 1986 and 
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s l u d g e / l i q u i d  mixture  a t  t h e  b o t t o m  o f  t h e  pond ranged from 

e i g h t  p e r c e n t  t o  3 4  p e r c e n t ,  averaging 2 2  p e r c e n t .  T h e  

volume c a l c u l a t i o n s  are p r e s e n t e d  i n  Appendix 2. 

T h e  volume o f  s e d i m e n t s  i n  P o n d s  2 0 7 - B  N o r t h ,  C e n t e r  a n d  

S o u t h  a n d  Pond 207-C a r e  e s t i m a t e d  t o  b e  7 0 5 ,  7 0 5 ,  7 2 0  a n d  

7 4 5  c u b i c  y a r d s  b a s e d  on  d r y  w e i g h t ,  r e s p e c t i v e l y .  T h e  

s e d i m e n t  vo lumes  are b a s e d  on v i s u a l  estimates o f  a d e p t h  o f  

e i g h t  i n c h e s  o f  s e d i m e n t  i n  Ponds 207-B S o u t h  and C e n t e r  and 

207-C.  Pond 2 0 7 - B  N o r t h  i s  a l s o  a n t i c i p a t e d  t o  c o n t a i n  

a p p r o x i m a t e l y  e i g h t  i n c h e s  o f  s e d i m e n t s .  T h e  volume 

c a l c u l a t i o n s  are p r e s e n t e d  i n  Appendix 2. 0 
The s l u d g e s  i n  Pond 207-A were sampled  and c h a r a c t e r i z e d  i n  

1 9 8 5 .  T h e  r e s u l t s  o f  t h e  t e s t s  a r e  p r e s e n t e d  i n  

S e c t i o n  1 .3 .2  a n d  A p p e n d i x  3 .  A l l  o f  t h e  pond s l u d g e s  a n d  

s e d i m e n t s  w i l l  b e  removed,  s o l i d i f i e d  us ing  t h e  p o n d - c r e t i n g  

p r o c e d u r e s ,  a n d  d i s p o s e d  o f  a t  a n  a p p r o v e d  m i x e d  waste 

d i s p o s a l  f a c i l i t y .  

~ 

2 . 3 . 3  Removal o f  S l u d g e s  and Sediments  

The s l u d g e s  from t h e  bot tom o f  t h e  ponds have  b e e n  and w i l l  

b e  r e m o v e d  b y  a Mud C a t  pumper  f l o a t a t i o n  h a n d l i n g  u n i t  

0 
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controlled by an operator from the berm of the pond. The 

unit is propelled by an electrical traverse winch system. 

The unit transfers the sludge to the sludge thickener. The 

sludge thickener overflow is decanted and placed back into 

the pond. A solids handling, submersible pump is being used 

to pump the sludge from one location in the pond to the Mud 

Cat pumper. 

A backup system utilizing a sludge pump to pump the sludge 

from the pond to the sludge thickener was completed in the 

spring of 1987. Figures 12 and 13 show the physical layout 

of the pond-creting facility and the f l o w  diagram for the 0 
facility, respectively. 

The sediments in Ponds 207-B North, Center and South and 

Pond 207-C will be removed and processed in the pond-creting 

facility in the same manner as the sludge in Pond 207-A. 

The schedule for closure activities allows removal of sludge 

and sediments to be conducted while some liquid remains in 

the ponds. The presence of liquids in the ponds will keep 

the sludge and sediments from drying and blowing out of the 

ponds, thereby eliminating windblown releases of the sludge 

and sediments. 
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2 . 3 . 4  Treatment of Sludges and Sediments 

The pond sludge and sediments from the sludge thickener is 

transferred to the pug mill where sludge and portland cement 

chloride are mixed to form pond-Crete. The pond-Crete flows 

over a weir, through a chute and into boxes for packaging. 

The portland cement handling system has pneumatic transfer 

and metering capabilities. The boxes are made of triple 

wall fiberboard, are lined with 0.011-inch plastic and have 

a capacity of approximately 15 cubic feet. Boxes of 

immobilized sludge are stored in a prefabricated metal 

building for curing, labeling and shipment to two asphalt 

paved pads, RCRA Units #15 and #25 (Brady, 1986; Eng, 1987 0 
and Gaskins, 1986). 

The backup system allows sludge from the sludge thickener to 

be transferred to a mobile concrete mixer truck. 

Unsolidified sludge will then discharge into a 2.5 cubic 

yard hopper mounted on a concrete grout pump, which pumps 

the unsolidified sludge through the building wall and 

discharges it into triple wall fiberboard boxes. A second 

cement silo is available for the backup system. 
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The s e d i m e n t s  i n  Ponds 2 0 7 - B  Nor th ,  C e n t e r  and  Sou th  and 

Pond 207-C w i l l  be t r e a t e d  and s o l i d i f i e d  i n  t h e  same manner 

as t h e  sludges from Pond 207-A.  

2.3.5 Disposal of Sludges and Sediments 

The pond-Crete from Pond 207-A w a s  d isposed of a t  t h e  Nevada 

T e s t  S i t e  u n t i l  t h e  f a l l  o f  1 9 8 6  when t h i s  w a s t e  was 

i d e n t i f i e d  a s  mixed l o w - l e v e l  r a d i o a c t i v e  and haza rdous  

was te .  S i n c e  t h e  f a l l  of  1 9 8 6 ,  t h e  pond-Cre te  h a s  been  

s t o r e d  o n - s i t e  on an a s p h a l t  paved pad. The boxes of pond- 

Crete have been  c o m p l e t e l y  wrapped w i t h  t a r p s  made of 0 
p l a s t i c - l i n e d  c a n v a s .  These b o x e s  of  p o n d - C r e t e  a r e  

a r r a n g e d  i n  a r r a y s  o f  7 2  boxes  each. As of  May 1, 1 9 8 8 ,  

1 1 , 7 9 8  boxes  o f  pond-Crete  w e r e  b e i n g  h e l d  on t h e  a s p h a l t  

pavement  a t  Pad #1 (RCRA U n i t  #25), which  is  l o c a t e d  a t  

Parking 750. A t o t a l  o f  1 4 , 9 0 6  boxes  c a n  b e  h e l d  on t h e  

pad. A second a s p h a l t  paved s t o r a g e  a r e a  is loca ted  e a s t  of 

B u i l d i n g  886. Des igna ted  Pad # 2  (RCRA U n i t  #15), it h a s  a 

t o t a l  s t o r a g e  capac i ty  of 1 2 , 0 0 0  boxes, w i th  4,401 boxes i n  

s t o r a g e  on May 1, 1988. On-site s t o r a g e  i n  t h i s  manner w i l l  

c o n t i n u e  u n t i l  a l l  p o n d - C r e t e  i s  d i s p o s e d  o f f  s i t e .  

D i s p o s a l  is e x p e c t e d  t o  t a k e  p l a c e  a t  a n  approved  o f f - s i t e  

f a c i l i t y  o r  t h e  Nevada T e s t  S i t e .  
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2 . 3 . 6  Schedule  

The s c h e d u l e  f o r  removal ,  t rea tment  a n d / o r  d i s p o s a l  o f  

s ludges  from Pond 207-A is shown on T a b l e  V I .  The t e n t a t i v e  

s c h e d u l e  f o r  r e m o v a l ,  treatment and d i s p o s a l  o f  s e d i m e n t s  

f rom t h e  r e m a i n i n g  ponds is a l s o  shown on T a b l e  V I I .  The 

schedule  i s  shown g r a p h i c a l l y  on F i g u r e  7.  

TABLE V I 1  

SCHEDULE FOR REMOVAL, TREATMENT AND DISPOSAL 
O F  SLUDGES AND SEDIMENTS I N  THE 

SOLAR EVAPORATION PONDS 

207-A 
207-B North 
207-B C e n t e r  
207-B South 
207-C 

2 . 4  L i n e r s  

S t a r t  o f  Removal, End o f  Removal, 
Treatment  and Disposal  Treatment  and Disposal  

2 . 4 . 1  Background 

June 1985  
August 1989  
August 1988  
August 1988  

January 1989  

July  1988  
November 1 9 9 0  
November 1 9 9 0  
November 1990  

August 1989  

I n  December 1 9 5 3 ,  one  c l a y - l i n e d  e v a p o r a t i o n  pond was 

c o n s t r u c t e d  i n  t h e  area now occupied by e x i s t i n g  Fond 207-C. 

T h e  pond h a d  a s u r f a c e  a r e a  o f  a p p r o x i m a t e l y  1 0 0  b y  
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1 0 0  feet. T h i s  pond was enlarged t o  100 by 2 0 0  feet  i n  1955 

w i t h  an  a d j a c e n t  c e l l  t o  t h e  s o u t h  m e a s u r i n g  2 0 0  by 2 0 0  

feet. The cells w e r e  removed from r e g u l a r  service by 1956; 

however ,  one  of  t h e  c e l l s  r e c e i v e d  l i q u i d  a t  l e a s t  once  

p r i o r  t o  b o t h  c e l l s  b e i n g  removed i n  1970 f o r  c o n s t r u c t i o n  

of Pond 2 0 7 - C .  S o i l  from t h e  area o f  t h e  o l d  c l a y - l i n e d  

pond w a s  p o s s i b l y  used  i n  t h e  c o n s t r u c t i o n  o f  Pond 2 0 7 - C  

( A e r i a l  Photographs, 1953 t o  1986) .  The o r i g i n a l  s o l a r  pond 

l o c a t i o n s  a r e  shown on F i g u r e  2 a s  dashed  l i n e s  i n  t h e  

v i c i n i t y  of e x i s t i n g  Pond 207-C. 

Pond 207-A was placed i n  service i n  August 1956. Ponds 207- 0 
B Nor th ,  C e n t e r  and South  w e r e  p l a c e d  i n  se rv ice  i n  J u n e  

1 9 6 0 .  Pond 2 0 7 - C  was p l a c e d  i n  s e r v i c e  i n  December 1970.  

These  ponds w e r e  a l l  l i n e d  w i t h  a s p h a l t  p l a n k i n g  a n d / o r  

a s p h a l t i c  concrete .  T h e  h i s t o r y  of t h e  ponds i s  d iscussed  

i n  S e c t i o n  1 . 2 . 1 .  

Pond 2 0 7 - A  is c u r r e n t l y  l i n e d  wi th  f o u r  inches  of a s p h a l t i c  

concrete .  T h e  l i p  of t h e  embankments a r e  l i n e d  w i t h  Petro- 

m a t .  

Engineering drawings (Benson-Lord, 19??) i n d i c a t e  Pond 207-B 

Nor th  i s  l i n e d  w i t h  1 1 / 2  i n c h e s  of  a s p h a l t  s u r f a c i n g  

0 
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overlying a 1 l/2-inch asphalt binder. The binder is 

underlain by four inches of granular aggregate known as base 

course. The base course is underlain by two inches of sand. 

The top three inches of asphalt surfacing and binder extends 

past the top of the slope by 18 inches. A cross-section of 

the lining is included in the drawings presented in 

Appendix 1 and shown on Figure 4 .  

Engineering drawings (Rockwell, 1977a; Rockwell, 1978a and 

Rockwell, 197813) indicate Pond 207-B South is lined with 

two, 1 l/2-inch layers of asphaltic concrete overlying four 

inches of base course. The base course is underlain by two, 0 
l/2-inch layers of asphalt planks. The planks, whose exact 

composition is unknown, are underlain by two inches of sand. 

The top three inches of asphaltic concrete extends three 

feet past the top of the embankment on the east, south and 

west sides of the pond and one foot past the top of the 

embankment on the north side of the pond. Cross-sections of 

the lining are included in the drawings presented in 

Appendix 1. 

The liner of Pond 207-C consists of a catalytically blown 

asphalt seal coat and an asphalt tack coat overlying 1 1/2 

inches of asphaltic concrete. The asphaltic concrete is e 
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underlain by another layer of asphalt tackcoat and 

1 1/2 inches of asphaltic concrete. The second asphaltic 

concrete layer is underlain by an asphalt prime coat and 

four inches of base course. A cross-section of the lining 

is included in the drawings presented in Appendix 1 and is 

shown on Figure 6. 

2.4.2 Volume of Liners 

Based on the data available, on existing drawings and the 

references given in the' previous sections, volumes were 

calculated for the liners. The volumes include the liner e 
and underlying granular soils. The volume calculations are 

presented in Appendix 2. 

The lining of Pond 207-A consists of approximately 

1,700 cubic yards of asphaltic concrete. 

The liners in Ponds 207-B North and Center each consist of 

approximately 430 cubic yards of asphaltic concrete, 

72 cubic yards of asphalt planking, 1,160 cubic yards of 

base course and 290 cubic yards of sand. The 18-inch wide 

asphaltic concrete apron that extends past the tops of the 

sidewalls has a volume of approximately 11 cubic yards. 
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The liner of Pond 207-B South consists of approximately 

430 cubic yards of asphaltic concrete, 140 cubic yards of 

asphalt planks, 580 cubic yards of base course and 290 cubic 

yards of sand. The asphaltic concrete apron extending past 

the tops of the sidewalls is approximately 18 cubic yards in 

volume. 

The liner of Pond 207-C consists of approximately 385 cubic 

yards of asphaltic concrete and 5 0 0  cubic yards of base 

course. 

The total volume of liners in the ponds is estimated to be 0 
approximately 8,000 cubic yards. A contingency of 

approximately 25 percent of the liner volume or 2,000 cubic 

yards is assumed to require removal. 

2 . 4 . 3  Removal of Liners 

Liner removal criteria will be the same as the underlying 

soil, as discussed in Section 2.6.1.2. Briefly, this will 

include performing sampling and analyses on the liners and 

comparing with permissible contamination levels to determine 

whether the liners can remain in place beneath the cap or 

will have to be removed. If removal is necessary, the 

0 
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liners will be disposed of at an approved disposal facility. 

The closure schedule presented in this closure plan includes 

the time required for removal and off-site disposal. 

The liners and underlying soil will be evaluated for removal 

concurrently at each pond location in accordance with the 

schedule shown on Figure 11. Soil removal will be based on 

the criteria presented in Section 2.6.1.2. A sampling plan 

for evaluating the liners and underlying soils will be 

submitted not later than May 1, 1989. 

0 2.4.3.1 Construction 

Prior to conducting the samplAng plan to evaluate the iners 

and underlying soils for removal, the surface of the liners 

will be decontaminated with a high pressure spray. Fluids 

which result from the spray will be pumped to Pond 207-B 

South prior to December 1990 and to the ITW tank and forced 

evaporation after that date. 

The solar pond liner which must be removed will be reduced 

in size for packaging prior to off-site disposal. 
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Based  on  c u r r e n t  c o n s t r u c t i o n  t e c h n o l o g i e s ,  o n e  o f  t h e  

methods a v a i l a b l e  f o r  l i n e r  r e m o v a l  i n c l u d e s  r e m o v a l  by 

backhoes and/or front-end loaders .  The excavated material 

may b e  h a u l e d  t o  an  area  where t h e  mater ia l  c a n  be  r e d u c e d  

i n  s i z e  by a p o r t a b l e  crusher .  Only t h e  amount o f  material 

t h a t  c a n  b e  c r u s h e d  and packaged i n  o n e  day w i l l  b e  moved 

from t h e  ponds t o  t h e  s ize  reduction/packaging area. 

The uncrushed s t o c k p i l e d  material w i l l  be placed i n  a hopper 

w i t h  a s c r e e n  by a smal l  l o a d e r .  T h e  s c r e e n  w i l l  a l l o w  

small s ize  material t o  be removed p r i o r  t o  be ing  processed  

t h r o u g h  t h e  c r u s h e r .  M a t e r i a l  i n  t h e  h o p p e r  w i l l  b e  0 
t r a n s f e r r e d  t o  t h e  c r u s h e r  o r  d i r e c t l y  t o  t h e  p a c k a g i n g  

boxes ,  depending on material s i z e ,  by conveyers.  Material 

processed  by t h e  c r u s h e r  w i l l  be transferred t o  t h e  boxes by 

conveyer.  

F i l l i n g  t h e  c o n t a i n e r s  w i l l  r e q u i r e  h a n d  l a b o r  t o  p r o v i d e  

rearrangement o f  p a r t i c l e s  and t o  p i c k  up any spi l lage .  The 

prepared  c o n t a i n e r s  w i l l  b e  moved, by f o r k l i f t ,  f rom t h e  

packaging area t o  a holding a r e a .  
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The size reduction/packaging area will be located east of 

the northeast corner of Pond 207-B North. This area will be 

approximately 100 feet by 200 feet in size. 

The hopper, portable crusher, three conveyers and packaging 

boxes will be placed on a concrete pad to provide equipment 

support and to allow rapid clean up of any spilled material. 

The concrete pad will be large enoughto coverthe area that 

could potentially be exposed to spills during crushing and 

packaging. 

In the event of precipitation, any material stockpiled in 0 
the packaging area will be securely covered with a plastic- 

lined canvas tarp. 

Other removal and size reduction technologies may be 

considered based on technological and cost effectiveness. 

The liner which will not be removed from the site will be 

reduced in size to pieces not greater than 12 inches. The 

size reduction procedures for the on-site material will be 

left to the contractor. 
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2.4.3.2 Health and Safety Plan 

A site specific Health and Safety Plan will be prepared by 

February 1990, two months before liner removal begins. The 

Health and Safety Plan will be guided by the Rocky Flats 

Plant Operational Safety Analysis (OSA) procedure. The plan 

will be submitted to the Colorado Department of Health for 

information. The procedures presented below are guidelines 

that will be followed during closure activities. Additional 

procedures and details will be presented in the site 

specific Health and Safety Plan. Worker safety guidelines, 

such as OSHA regulations, DOE orders and Rocky Flats Plant 

policies will be followed. Protective clothing will be 0 
similar in nature to: 

hardhats, 
hard-toe boots, 
Tyvek over-boots, 
Tyvek suits, and 
dust masks. 

The intent of this equipment is to provide a barrier to 

inhalation, ingestion and absorption of dust particles and 

material fragments. Appropriate protective gloves will be 

used. 
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Air monitoring will be conducted in the working area. 

Airborne contamination may require upgrading dust masks to 

air-purifying respirators or self-contained breathing 

apparatus. Sudden increases in airborne contamination due 

to excavation in localized highly contaminated areas may be 

addressed by a temporary cessation in work until natural 

dissipation reduces contamination. 

Windblown releases from the site will be minimized with dust 

abatement measures. Dust suppressants will be applied to 

the work area, as necessary. If necessary, the liner 

material will also be sprayed prior to processing in the 0 
crusher. 

2.4.4 Treatment of Liners 

Treatment of the liners will not be conducted prior to 

disposal, if disposal is required based on analysis and 

testing. 

2.4.5 Disposal of Liners 

The containerized liner material will be shipped to a 

permitted facility for disposal. If the liner material e 
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qualifies as a mixed hazardous and radioactive waste, it 

will be disposed at the Nevada Test Site. 

2.4.6 Schedule 

If necessary, removal of the pond liners will begin after 

the liquids are evaporated from the ponds, the sludges and 

sediments are removed and the liners are sampled and 

analyzed. Sampling of the pond liners will take 

approximately two months including laboratory analyses. 

Liner removal in some of the ponds will begin and be 

completed before the liquids and sediments are removed from 

other ponds. This sequence will improve the efficiency of 0 
removal, reduce the time necessary for closure and avoid 

unnecessary mobilizations and demobilizations. The schedule 

for liner removal is shown in Table VI11 and on Figure 11. 

TABLE VI11 

SCHEDULE FOR LINER REMOVAL AND DISPOSAL 

Pond 

207-A 
207-B  North 
207-B Center 
207-B South 
207-C 

Start of 
Liner Removal 
and Disposal 

September 1990 
September 1990 
September 1990 
February 1990 
April 1989 

End of 
Liner Removal 
and Disposal 

June 1991 
June 1991 
June 1991 
June 1991 

September 1990 

93 



C07890010526 Date: Ju ly  1 ,  1 9 8 8  
R e v i s i o n  No: 2 

2 . 5  Embankment S o i l s  

2 . 5 . 1  Background 

The extent of removal  r e q u i r e d  f o r  a l l  embankment s o i l s  w i l l  

b e  d e t e r m i n e d  by s o i l  s a m p l i n g ,  t e s t i n g  and compar ison  w i t h  

t h e  p e r m i s s i b l e  c o n t a m i n a n t  l e v e l s  a n d  d i s c u s s e d  i n  

S e c t i o n  2 . 6 . 1 . 2 .  T h e  s o i l  s a m p l i n g  i s  d i s c u s s e d  i n  

S e c t i o n  2 . 6 . 1 . 3 .  

2 . 5 . 2  Volume o f  Embankment S o i l s  0 
The volume o f  embankments s o i l s  assumed t o  r e q u i r e  removal 

is 2 , 7 0 0  c u b i c  y a r d s .  T h e  v o l u m e  c a l c u l a t i o n  p r e s e n t e d  i n  

A p p e n d i x  2 uses t h e  207-C pond embankment a s  a p o s s i b l e  

e m b a n k m e n t  r e m o v a l  c a n d i d a t e  s i n c e  it may h a v e  b e e n  

c o n s t r u c t e d  w i t h  s o i l  from t h e  o r i g i n a l  c l a y - l i n e d  pond. 

2 . 5 . 3  Removal o f  Embankment S o i l s  

I f  n e c e s s a r y ,  t h e  embankment  s o i l s  w i l l  b e  r e m o v e d  a n d  

packaged u s i n g  t h e  same c o n s t r u c t i o n  sequence d i s c u s s e d  f o r  

l i n e r s  ( S e c t i o n  2 . 4 . 3 ) .  However ,  t h e  r e q u i r e m e n t s  f o r  
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Only the amount of material that can be packaged in one day 

will be excavated on any given day and moved to the 

packaging area. The health and safety plan outlined in 

Section 2 . 4 . 3 . 2  will be followed for removal of embankment 

soils. 

2 . 5 . 4  Treatment of Embankment Soils 

The embankment soils may be treated as discussed in 

Section 2.6.4. 

0 2.5.5 Disposal of Embankment Soils 

If removed, the embankment soils will be placed in approved 

containers and shipped to the Nevada Test Site (NTS) or 

other permitted off-site facility for disposal, depending on 

the soil characteristics. 

2.5.6 Schedule 

If necessary, removal of the embankment soil in Pond 207-C 

will begin after the liner from that pond has been removed. 

Liner and embankment removal will begin in April 1990 and 

end by June 1991 as shown on Figure 10. 

0 
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2.6 Underlying and Surrounding Contaminated Soil 

2.6.1 Background 

Soil and bedrock characterization in the vicinity of the 

solar ponds have been conducted by two investigations in 

1986 and 1987. The results of these investigations are 

presented in Appendix 6. This section presents a brief 

summary of the soil characterization information, discusses 

the selective alternatives to protect human health and the 

environment and presents an outline of testing to be 

performed during closure. Briefly, the closure actions 0 
selected include a multi-layered cap in the vicinity of the 

source areas. Prior to placing the cap, pond liners and 

underlying soil will be removed for off-site disposal if it 

exceeds 20 pCi/gm of combined plutonium and americium 

activity. Sampling and analyses will be conducted prior to 

pond liner and soil removal to identify those areas which 

require removal and off-site disposal. 

On-site treatment of contaminated soils and liners will be 

considered as an alternative to removal and off-site 

disposal. Potential soil treatment procedures are currently 

being evaluated and if a procedure appears technically and 

0 
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economically feasible for the soils and for the liners at 

the solar ponds, it will be implemented as an alternative to 

off-site 

2.6.1.1 

removal. 

S o i l  Characterization 

The firs, investigation was conducted ,n 1986 and consisted 

of soil and bedrock chemical and radiochemical analyses from 

five soil boring holes: 

18-86 
20-86 
22-86 
25-86 
27-86 

In 1987, extensive soil and bedrock sampling was conducted 

in 16 borings within the solar pond project area. The 

locations of these borings are shown on Plate 5-1, 

Appendix 6, identified as SPO1-87 through SP16-87. The 

soils were analyzed for a comprehensive suite of metals, 

organics, radionuclides and other inorganics as shown on 

Table 4-8 in Appendix 6. 

The results of the 1986 and 1987 soil characterization 

studies are presented in Appendix 6. Briefly, the results 

of the soil characterization studies indicated elevated 

0 
97 



C07890010526 Date: July 1, 1988 
Revision No: 2 

metal concentrations near the solar ponds. Elevated metal 

concentrations exceeding three times background were 

identified at soil borings in the immediate vicinity of the 

solar ponds. This information is summarized in Section 4 of 

Appendix 6. 

2.6.1.2 Closure Alternatives 

Based on the results of the soil characterization, a multi- 

layered cap has been located to cover the solar pond source 

areas and the immediate vicinity. The cap extends to the 

southwest to cover an area of the original clay lined solar 0 
pond. In addition, the cap has been extended down the slope 

north of the solar ponds in order to provide continuous 

surface runoff to the existing surface drainage ditch 

system. The cap completely covers the existing and historic 

pond areas and all of the test hole locations in the 

vicinity of the ponds where elevated metal concentrations in 

soils were identified during the 1986 and 1987 soil 

characterization. 

Closure performance standards have been established for 

the removal of pond liners, pond embankment soils and in- 

place soils beneath the ponds. This standard is based on e 
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the radioactivity of plutonium and americium. Plutonium and 

Americium were considered together since the U.S.  EPA, in 

consultation with other federal agencies, has developed 

interim recommendations to be used for protection of public 

health in areas where significant contamination by Pu, Am 

and other transuranium elements exist. The recommendations 

are intended to provide long-term radiation protection for 

all exposed persons in a "critical segment of the general 

population" and specify that both the individual and 

collective radiation doses should be "as-low-as-reasonably- 

achievable (AURA) .I1 These interim recommendations present 

a soil screening level of 0.2 microcuries of transuranics 

per square meter in the upper 1 cm of soil. This represents 

a combined inhalation and ingestion incremental cancer risk 

of 1 x At activity levels greater than this, 

additional evaluation is recommended to determine the actual 

0 

dose rates to exposed persons (U.S. Environmental Protection 

Agency, 1986). Assuming a soil density of 1 gm/cm3, this 

activity level translates to 20 picocuries per gram (pCi/gm) 

of soil. A soil sampling analysis plan will be conducted 

prior to liner and soil removal to evaluate the areas that 

are requiring removal. 
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Soil treatment may be selected as an alternate to disposal 

off-site if the results of ongoing studies prove it to be 

economical and protective of human health and the 

environment. Other currently unidentified technologies that 

are shown to be viable alternatives prior to implementing 

the closure activities for s o i l  contamination may also be 

considered. 

2.6.1.3 Testing to be Performed During Closure 

The lateral and vertical extent of soil contamination 

requiring capping has been evaluated and is discussed in the 

site characterization presented in Appendix 6. A field 

sampling program will be necessary to evaluate the 

requirements for liner and soil removal. The liners and 

underlying soils will be evaluated for removal concurrently 

at each pond location in accordance with the schedule shown 

on Figure 11. Soil removal will be based on the 20 pCi/gm 

criteria presented in Section 2.6.1.2. A sampling plan for 

evaluating the liners and underlying soils will be submitted 

not later than May 1, 1989. 
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2.6.2. Volume of Contaminated Soils 

The volume of contaminated soil requiring removal has not 

been estimated. Based on the removal criteria of 20 pCi/gm 

and the site characterization, the volume of soil to be 

removed is anticipated to be small. In Appendix 6, which 

expands on areas of soil contamination, only one soil sample 

was found with soil contamination exceeding 20 pCi/gm of 

combined plutonium and americium activity. 

2.6.3 Removal of Contaminated Soils 

0 If required, contaminated soils will be removed’ and disposed 

at an approved off-site facility or the Nevada Test Site 

(NTS). 

2.6.4 Treatment of Contaminated Soils 

On-site treatment of contaminated soils will be considered 

as an alternative to removal and off-site disposal. Studies 

have been conducted at Rocky Flats to develop and 

demonstrate decontamination of soils contaminated with 

transuranic elements (Olsen, 1980 and Rockwell, 1982a and 

b). Results have shown that after s o i l  removal and treatment 

to remove transuranics, the bulk of the soil can be returned 

0 - 
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to its natural environment, while the remaining fraction 

would be packaged for shipment off-site and disposal. 

Several soil conditions exist at Rocky Flats that are 

advantageous to soil decontamination processes (Olsen, 

1980) : 

the soil is granular, 

the contamination exists on the surface of the 
soil grains, and 

. the surface-contaminated soil contains only 
approximately 20 percent clay and organic matter. 

The decontamination procedures described in the studies may 0 
not be effective for contaminated claystone bedrock. 

Processes that have been studied at Rocky Flats include: 

wet screening at high pH, 

attrition scrubbing with a surfactant at high pH, 

attrition scrubbing with a surfactant at l o w  PH, 

vibratory grinding with water, 

vibratory grinding with a high pH solution, 

vibratory grinding with a surfactant and a weak 
acid solution, and 

vibratory grinding with a strong acid. 
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I n  w e t  s c r e e n i n g  a t  h i g h  pH, up t o  6 0  t o  7 0  p e r c e n t  of  t h e  

+35 m e s h  m a t e r i a l  by weight ( g r e a t e r  t h a n  4 2 0  microns) w a s  

d e c o n t a m i n a t e d  t o  l ess  t h a n  30  pCi/gm of  p lu ton ium.  I n  

a t t r i t i o n  s c r u b b i n g  w i t h  a s u r f a c t a n t  a t  h i g h  pH, 

a p p r o x i m a t e l y  8 0  p e r c e n t  o f  t h e  mater ia l  by we igh t  w a s  

decontaminated t o  below f e d e r a l  g u i d e l i n e s  and w a s  r e tu rned  

t o  t h e  n a t u r a l  environment. Typica l ly ,  a t t r i t i o n  scrubbing 

w i t h  a s u r f a c t a n t  a t  low pH decontaminated 84 percen t  of t h e  

soil tested f rom 4 5 , 0 0 0  dpm/g of p l u t o n i u m  t o  less t h a n  

5 dpm/g. T h e  d e c o n t a m i n a t e d  p o r t i o n  o f  t h e  s o i l  w a s  

r e t u r n e d  t o  i t s  n a t u r a l  e n v i r o n m e n t .  T h e  r e m a i n i n g  

1 6  pe rcen t  was packaged and disposed of o f f - s i t e .  0 
All f o u r  o f  t h e  s c r u b  s o l u t i o n s  combined w i t h  v i b r a t o r y  

g r i n d i n g  r e d u c e d  t h e  amoun t  o f  p l u t o n i u m - 2 3 9  f r o m  

7 , 0 0 0  dpm/g t o  30  dpm/g o r  less f o r  t h e  +35 mesh p o r t i o n  of 

t h e  sample .  T h e  e x p e r i m e n t s  d e c o n t a m i n a t e d  85  p e r c e n t  of  

t h e  Rocky F l a t s  s o i l  tes ted t o  l e v e l s  t h a t  m e t  EPA screening  

l e v e l s  f o r  u n r e s t r i c t e d  use. T h e  decontaminated p o r t i o n  of 

t h e  s o i l  w a s  r e t u r n e d  t o  i t s  n a t u r a l  env i ronmen t .  The 

remaining 1 6  percent  was packaged and disposed of o f f - s i t e .  

Decon tamina t ion  methods w i l l  be c o n s i d e r e d  f o r  u s e  on 

transuranic-contaminated g r a n u l a r  s o i l .  Determination of 

0 
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the applicability of these methods for use at the solar 

ponds will be based on soil characterization and the lateral 

and vertical extent of contaminated granular soil. 

It is possible that the methods used to treat soil 

contaminated with transuranics will also be effective in 

removing other contaminants. An effective combination might 

be using a low pH scrubbing solution with a surfactant. The 

low pH would serve to solubilize the metals which are 

adsorbed onto the s o i l .  The surfactant would increase the 

solubility of the organic compounds. Both the metals and 

organics could then be removed with the scrubbing solution. 0 
In addition, the other radionuclides of interest, uranium 

and strontium-90 (if it is present) would probably be 

removed. 

Potential soil treatment procedures will be evaluated 

between July 1988 and June 1989. If one or more procedures 

are selected, they will be implemented beginning in January 

1991. 
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2.6.5 Disposal of Contaminated Soils 

Any underlying and surrounding contaminated soils removed 

for disposal will be disposed at a permitted off-site 

disposal facility or at the Nevada Test Site. 

2.6.6 Schedule 

Underlying and surrounding soil closure activities will be 

conducted between April 1990 and June 1991. If conducted, 

soil treatment procedures will be implemented by January 

1991. 

2.7 Ground Water 

2.7.1 Background 

2.7.1.1 Summary of Applicable Requirements 

As discussed in Section 2.7.1.2, the available ground-water 

data from recent studies at the solar evaporation ponds 
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i n d i c a t e  t h a t  ground-water  c o r r e c t i v e  a c t i o n  w i l l  be 

r e q u i r e d  t o  m e e t  6 CCR 1 0 0 7 - 3 ,  S e c t i o n  2 6 4 ,  S u b p a r t  F. Due 

t o  t h e  complexity of p o t e n t i a l  ground-water contaminat ion 

r e s u l t i n g  from o t h e r  p o t e n t i a l  s o u r c e s  i n  t h e  v i c i n i t y  of  

t h e  s o l a r  ponds, t h e  requi red  ground-water c o r r e c t i v e  a c t i o n  

may be i n t e g r a t e d  w i t h  an area-wide program. 

2 . 7 . 1 . 2  Ground-Water Q u a l i t y  

T h e  r e s u l t s  of ground-water  a n a l y s e s  f rom w e l l s  i n  t h e  

v i c i n i t y  o f  t h e  s o l a r  ponds p e r f o r m e d  be tween  t h e  f a l l  of  

1986 and t h e  first q u a r t e r  of 1988 a r e  presented  i n  Appendix 

6 o f  t h i s  c l o s u r e  p l an .  B r i e f l y ,  t h e  r e s u l t s  i n d i c a t e  t h e  

ground w a t e r  i n  t h e  h i l l s i d e  n o r t h  o f  t h e  s o l a r  ponds h a s  

been  a f f e c t e d  by l e a k a g e  from t h e  ponds.  T h e  p l a n  t o  

m i t i g a t e  g round-wa te r  i m p a c t s  is d i s c u s s e d  i n  t h e  n e x t  

s e c t i o n .  

0 

2 . 7 . 2  Removal of Ground Water 

The ground w a t e r  i n  t h e  h i l l s i d e  n o r t h  o f  t h e  s o l a r  ponds 

w i l l  be c o l l e c t e d  and t r e a t e d  i n  two systems. F i r s t ,  ground 

w a t e r  n o r t h  of  t h e  p e r i m e t e r  s e c u r i t y  zone ( P S Z )  w i l l  b e  

c o l l e c t e d  i n  t h e  e x i s t i n g  french d r a i n  system a s  p a r t  of t h e  
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g round-wa te r  c o r r e c t i v e  a c t i o n .  Secondly ,  g round-wa te r  

f lows  d i r e c t l y  n o r t h  of t h e  s o l a r  ponds w i l l  be c o l l e c t e d  by 

an  i n t e r c e p t o r  d r a i n  a t  t h e  downgrad ien t  t o e  o f  t h e  f i n a l  

cover  as  d i scussed  i n  Sec t ion  4.3.11. 

T h e  c o l l e c t e d  g r o u n d  w a t e r  w i l l  be  pumped f r o m  t h e  

i n t e r c e p t o r  d r a i n  s y s t e m  and t h e  f r e n c h  d r a i n  t o  t h e  s o l a r  

ponds and  t h e  f o r c e d  e v a p o r a t i o n  s y s t e m  i n  B u i l d i n g  3 7 4  a s  

d i s c u s s e d  i n  S e c t i o n  2.2.6.  

2 .7 .3  Volume of Ground Water 0 
T h e  volume of ground water t h a t  may r e q u i r e  t r e a t m e n t  a f te r  

c o l l e c t i o n  i n  t h e  e x i s t i n g  f r e n c h  d r a i n  s y s t e m  and t h e  

p roposed  i n t e r c e p t o r  d r a i n  i s  c u r r e n t l y  b e i n g  e v a l u a t e d .  

Ground water c o l l e c t e d  from ad jacen t  S o l i d  Waste Management 

U n i t s  ( S W M U s )  may a l s o  b e  t r e a t e d  i n  t h e  p r o c e s s  s t r e a m s  

used f o r  t h e  s o l a r  ponds. 

2 . 7 . 4  Treatment of Ground Water 

Based on d a t a  c o l l e c t e d  t o  d a t e ,  it appears  t h e  evapora t ive  

t r e a t m e n t  p r o c e s s  c u r r e n t l y  e m p l o y e d  i s  a n  a d e q u a t e  

t r e a t m e n t  method c o n s i d e r i n g  t h e  c h a r a c t e r i s t i c s  of  t h e  

0 
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ground water collected to date in the existing french drain 

system north of the solar ponds. Eventually, water 

collected in the interceptor trench pump house may be 

treated in a facility constructed for area-wide ground-water 

corrective action. Completion of the treatment unit is 

tentatively planned for November 1991. 

2.7.5 Disposal of Ground Water 

Disposal methods for the treated ground water have not been 

established; however, reintroduction to the ground water and 

discharge to surface streams will be evaluated on an ongoing e 
basis. No changes will be made with respect to ground-water 

discharge or surface water discharge without first seeking 

regulatory approval. 

2.7.6 Schedule 

Evaluations are currently being conducted to develop 

criteria for final design of the ground-water collection and 

treatment system at the solar evaporation ponds. The 

information being developed includes the required depths of 

drains, the flow quantities which can be anticipated from 

the geologic formations, the adequacy of the existing pipes 
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to adequately handle the flow and seasonal variations in 

flow rates which may require surge tank holding capacity. 

Required modifications to the existing french drain system 

are being evaluated, including whether the existing east- 

west trench on the south end of the system can adequately 

serve as the interceptor drain at the downgradient toe of 

the final cover. The results of these evaluations will be 

completed in time to be incorporated into the final design. 
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3.0 DECONTAMINATION O F  EOUIPMENT 

3 . 1  I n t r o d u c t i o n  

A s  r e q u i r e d  by 6 CCR 1 0 0 7 - 3 ,  S e c t i o n s  2 6 5 . 1 1 2 ( b ) ( 4 )  and 

2 6 5 . 1 1 4 ,  a u x i l i a r y  and c o n s t r u c t i o n  equipment  u s e d  a t  o r  

d u r i n g  c l o s u r e  o f  t h e  s o l a r  e v a p o r a t i o n  ponds w i l l  be 

d e c o n t a m i n a t e d .  D e c o n t a m i n a t i o n  w i l l  i n v o l v e  t h e  

procedures  described i n  t h e  fo l lowing  sec t ion .  

3 . 2  Decontamination Procedures 0 
A l l  c o n s t r u c t i o n  e q u i p m e n t  i n v o l v e d  w i t h  r e m o v i n g  

and regrading  contaminated s o i l s  a t  t h e  s o l a r  ponds w i l l  be 

s c r a p e d  o r  b r u s h e d  t o  remove chunks of s o i l  o r  d e b r i s  

whenever t h e  equipment l eaves  the  excavat ion area.  The a r e a  

used f o r  s c rap ing  o r  brushing w i l l  be raked and/or swept t o  

c o l l e c t  a l l  removed ma te r i a l .  T h e  c o l l e c t e d  m a t e r i a l  w i l l  

i n i t i a l l y  be  hand led  a s  a mixed waste. A r e p r e s e n t a t i v e  

sample  of  t h i s  w a s t e  w i l l  be o b t a i n e d  and a n a l y z e d  and t h e  

m a t e r i a l  handled appropr i a t e ly  based on t h e  r e s u l t s  of t h i s  

ana lys i s .  I f  t h i s  waste  q u a l i f i e s  as a mixed waste,  it w i l l  

be  s h i p p e d  off s i t e  t o  an approved t r e a t m e n t  o r  d i s p o s a l  
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Construction equipment will then move to an adjacent wash 

down area consisting of a pre-clean area and a final clean 

area. The pre-clean and final clean areas will be located 

in a portion of Pond 207-B South. The existing hypolon 

liner will be maintained in the wash down area, which will 

be located downslope in the pond area to contain rinsate. 

The pre-clean area will be used for the general removal of 

soil from auxiliary and construction equipment. 

The final clean area will consist of a concrete wash rack 

overlying a portion of the hypolon liner in Pond 207-B 

South. This area will measure approximately 30 feet by 50 e 
feet in plan dimension. A gravel pad will be placed around 

the area for ease of working. The equipment will be driven 

or placed on the rack from the pre-clean area and the 

appropriate decontamination procedure for radioactive or 

hazardous material will be conducted. The rinsate will be 

collected and will be transferred to a holding tank. The 

rinsate will be characterized according to the procedures 

outlined in the Waste Management and Waste Analysis Plan, 

Section C of the RCRA Part B Operating Permit Application 

(U.S. Department of Energy, 1986d). Upon characterization, 

the rinsate will be treated on site in the appropriate Rocky 

Flats process waste treatment facility. 
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F o l l o w i n g  f i n a l  u s e  of t h e  wash down a r e a ,  t h e  pond l i n e r  

w i l l  be decontaminated fo l lowing  t h e  procedures o u t l i n e d  i n  

Sec t ion  2.4.3. I f  t h e  l i n e r  cannot be f u l l y  decontaminated, 

it w i l l  be packaged  i n  approved  c o n t a i n e r s  and s h i p p e d  t o  

the Nevada T e s t  S i t e .  Equipment used f o r  demol i t ion  of t h e  

wash down area w i l l  be of p r o p e r  s i z e  t o  b e  s u b s e q u e n t l y  

decontaminated i n  Building 889. T h i s  f a c i l i t y  is  c u r r e n t l y  

e q u i p p e d  t o  d e c o n t a m i n a t e  u p  t o  m o d e r a t e l y  s i z e d  

c o n s t r u c t i o n  equipment .  The f a c i l i t y  i s  p l a n n e d  t o  be 

e n l a r g e d  by J a n u a r y  1989  t o  accommodate s l i g h t l y  l a r g e r  

cons t ruc t ion  equipment. 

0 
A t  t h e  washdown a r e a  and i n  B u i l d i n g  8 8 9 ,  e q u i p m e n t w i l l  be  

t r i p l e  r i n s e d  w i t h  a s p r a y  sys t em.  T h e  d e c o n t a m i n a t i o n  

s p r a y  s y s t e m  t o  be used  w i l l  h ea t  w a t e r  t o  a p p r o x i m a t e l y  

350°F under 250  pounds pe r  square inch gauge pressure .  T h e  

s u p e r - h e a t e d ,  h i g h - p r e s s u r e  s t r e a m  w i l l  be s p r a y e d  on t h e  

c o n t a m i n a t e d  s u r f a c e  t h r o u g h  a s e r i e s  o f  n o z z l e s  

incorpora ted  i n t o  t h e  vacuum/spray c l ean ing  head. T h e  exac t  

equipment  u s e d  f o r  d e c o n t a m i n a t i o n  w i l l  v a r y  depending  on 

c o n t r a c t o r  s e l e c t i o n .  T h e  d e c o n t a m i n a t i o n  equipment  used  

w i l l  p r o v i d e  f o r  a d e q u a t e  d e c o n t a m i n a t i o n  o f  t h e  

cons t ruc t ion  equipment. 
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3 . 3  A u x i l i a r y  Equipment 

As d i s c u s s e d  i n  S e c t i o n  1 . 4 ,  t h e  o n l y  a u x i l i a r y  equipment a t  

t h e  s o l a r  ponds r e q u i r i n g  decontaminat ion under t h i s  c l o s u r e  

p l a n  i s  a p o r t a b l e  pump t h a t  pumps l i q u i d s  from one pond t o  

a n o t h e r  and a pontoon supported raft .  

3 . 4  C o n s t r u c t i o n  Equipment Used During C l o s u r e  

I n  a d d i t i o n  t o  t h e  e q u i p m e n t  d e s c r i b e d  i n  S e c t i o n  3 . 3 ,  

c o n s t r u c t i o n  equipment a n t i c i p a t e d  t o  be used d u r i n g  c l o s u r e  

may i n c l u d e  b a c k h o e s ,  l a r g e  f r o n t - e n d  l o a d e r s ,  smal l  

l o a d e r s ,  h o p p e r s ,  c o n v e y e r s  and f o r k l i f t s .  The  large  

q u a n t i t i e s  o f  r e g r a d i n g  arid e a r t h  movement r e q u i r e d  may 

n e c e s s i t a t e  a d d i t i o n a l  e q u i p m e n t ,  s u c h  a s  h a u l  t r u c k s  and 

s c r a p p e r s .  A l l  equipment exposed t o  c o n t a m i n a t e d  s o i l s  w i l l  

be decontaminated a c c o r d i n g  t o  t h e  procedures  p r e s e n t e d  i n  

S e c t i o n  3 . 2 .  

E q u i p m e n t ,  s u c h  a s  t h e  f o r c e d  e v a p o r a t o r s  l o c a t e d  i n  

B u i l d i n g  3 7 4  t h a t  w i l l  b e  u s e d  t o  e v a p o r a t e  l i q u i d s  i n  t h e  

ponds and/or t h e  i n t e r c e p t o r  t r e n c h  pump house,  are i n c l u d e d  
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in the RCRA Part B Operating Permit Application (U.S. 

Department of Energy, 1987a) and are identified as Unit 42. 
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4 . 0  REGRADING, COVER AND VEGETATION 

4 . 1  I n t r o d u c t i o n  

The s o l a r  e v a p o r a t i o n  ponds w i l l  b e  c l o s e d  w i t h  wastes 

r e m a i n i n g  i n  p l a c e ,  m e e t i n g  6 C C R  1 0 0 7 - 3 ,  S e c t i o n  

265 .228(c ) .  P o r t i o n s  o f  t h e  s i t e  w i l l  r e q u i r e  regrading t o  

e s t a b l i s h  f i n a l  s u r f a c e  c o n t o u r s .  A f i n a l  c o v e r  w i l l  b e  

p l a c e d  and revegetated.  T h i s  s e c t i o n  d i s c u s s e s  r e g r a d i n g  

t h e  s i te ,  t h e  f i n a l  c o v e r  and v e g e t a t i o n .  

0 4 . 2  Regrading 

R e g r a d i n g  w i l l  b e  r e q u i r e d  i n  t h e  s o l a r  e v a p o r a t i o n  pond 

area p r i o r  t o  placement  o f  a f i n a l  cover.  The grading w i l l  

be  p e r f o r m e d  t o  reshape t h e  ground s u r f a c e  i n  t h e  v i c i n i t y  

o f  t h e  ponds t o  m i n i m i z e  s u r f a c e  water i n f i l t r a t i o n  and 

c o n t r o l  e r o s i o n  f rom r u n o f f .  I f  t h e  embankments o f  t h e  

s o l a r  ponds do n o t  r e q u i r e  r e m o v a l  and d i s p o s a l  a t  an o f f -  

s i t e  l o c a t i o n ,  it i s  a n t i c i p a t e d  t h a t  they  w i l l  be used as a 

fill material  f o r  r e g r a d i n g  b e n e a t h  t h e  c o v e r .  T h e  area  

r e q u i r i n g  regrading  extends t o  t h e  l i m i t s  o f  t h e  cover  shown 

on F i g u r e  1 4 .  

115 



C07890010526 Date: July 1, 1988 
Revision No: 2 

The surface grading will be designed to reduce ponding and 

subsequent infiltration. In addition, slopes will be kept 

to a m i n i m u m t o r e d u c e e r o s i o n a s  aresultof surfacerunoff 

velocities. Based on estimated quantities to balance cut 

and fill at the site, approximately 60,000 cubic yards will 

require removal and replacement within the limits of the 

cover. 

Embankment soils will be cut and placed as fill in the pond 

areas to achieve a uniform grade. In addition, cuts up to 

approximately ten feet deep in the soils and bedrock 

adjacent to the north embankments of the ponds will reduce 0 
final surface slopes at the slope crest. These additional 

cut materials will also be required to fill the ponds 

without importing additional materials. 

Regrading will result in cover subgrade contours that tie in 

uniformly with existing contours near the cover boundaries. 

Run-on will be controlled by constructing the 4.5-foot thick 

cover on the regraded surface, effectively forming a l1berrnl1 

around the west, south and east limits of the cover. At the 

north end, the ground surface will be overexcavated a depth 

equivalent to the liner thickness to permit transition with 

a maximum 20 percent slope. e 
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4 . 3  Final Cover 

The final cover has been designed to meet performance 

standards set forth in Sections 265.228 and 265.310. The 

final cover will be a multi-layered section, designed and 

constructed to: 

. Provide long-term minimization of the migration of 
liquids through the closed impoundment: 

Function with minimum maintenance; 

Promote drainage and minimize erosion or abrasion 
of the cover: 

Accommodate settling and subsidence so that the 
cover's integrity is maintained; and 

Have a permeability less than or equal to the 
permeability of any bottom liner system or natural 
subsoils present. 

To meet these standards, the cover will be comprised of 

three components: 

Erosion control in the form of minimum slope 
grades and vegetation; 

Drainage layer to expedite removal of surface 
infiltration and maintain cover stability; 

Infiltration barrier, including both a flexible 
membrane liner (FML) and low permeability 
compacted clay. 

Due to the previous history of ground-water seepage 

daylighting on the slope surface north of the ponds, and the 

low permeability barrier component of the cover, an 
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a d d i t i o n a l  d r a i n a g e  layer w i l l  be added t o  t h e  c o v e r  s e c t i o n  

f o r  t h a t  p o r t i o n  o f  t h e  c o v e r  l o c a t e d  n o r t h  o f  t h e  e x i s t i n g  

ponds.  T h i s  component  w i l l  b e  d i s c u s s e d  separate ly  i n  

S e c t i o n  4.3.10. 

4.3.1 E x t e n t  o f  F i n a l  Cover 

The e x t e n t  o f  t h e  f i n a l  c o v e r  w i l l  i n c l u d e  a l l  o f  s o l a r  

e v a p o r a t i o n  ponds 2 0 7 - A ,  207-B North,  C e n t e r  and South,  and 

2 0 7 C .  I n  a d d i t i o n ,  t h e  c o v e r  w i l l  e x t e n d  down t h e  s l o p e  

n o r t h  o f  t h e  ponds t o  t h e  perimeter s e c u r i t y  z o n e  (PSZ) .  

The t o t a l  c o v e r  area i s  a p p r o x i m a t e l y  6 7 0 , 0 0 0  s q u a r e  f ee t .  a 
T h e  e x t e n t  o f  t h e  c o v e r  i s  b a s e d  o n  t h e  s i t e  

c h a r a c t e r i z a t i o n  (Appendix 6) as summarized i n  S e c t i o n  2.6. 

The e x t e n t  of t h e  f i n a l  c o v e r  i s  shown on F i g u r e  14. 

The topography a f t e r  r e g r a d i n g  o f  t h e  ground surface for t h e  

f i n a l  c o v e r  i s  p r e s e n t e d  on F i g u r e  1 5 .  T h e  f i n a l  c o v e r  

e l e v a t i o n s  w i l l  b e  e l e v a t e d  e q u i v a l e n t  t o  t h e  c o v e r  

t h i c k n e s s  based on t h e  a c t u a l  regraded s u r f a c e  o f  t h e  s o l a r  

ponds a t  time o f  c l o s u r e .  
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4 . 3 . 2  Type of Materials 

The design of the multi-layered cap will conform to the 

performance standards in 6 CCR 1007-3, Section 265.310. The 

specified performance standards will be achieved on the 

solar evaporation ponds site by utilizing a multi-layered 

cap. A typical cross section of the final cover is shown on 

Figure 16. 

-- Sand: The sand drain layer will be comprised of hard, 

durable sands or gravels having no more than five percent 

passing the U.S. standard No. 200 sieve. Final gradation of 

the drain material will be based on the gradations of the 0 
compacted soil layer material selected in final design. The 

sand drain layer will be designedto act as a filter against 

the compacted soil layer. During final design, 

characteristics of the compacted soil layer, anticipated 

hydraulic heads at the interface with the filter and 

required hydraulic conductivities for the drain material 

will be considered in selecting filter design criteria. 

The sand drain layer will also serve a dual function as a 

bedding layer against the underlying synthetic membrane 

preventing the membrane from being damaged during the 
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placement  and compaction o f  t h e  e r o s i o n  c o n t r o l  layers. The 

sand s p e c i f i e d  f o r  t h e  dra inage  layer(s) w i l l  be  imported t o  

t h e  s i t e  o r  s c r e e n e d  f rom o n - s i t e  borrow areas. The s a n d  

may b e  A S T M  C-33 f i n e  a g g r e g a t e  ( c o n c r e t e  s a n d ) ,  o r  

e q u i v a l e n t ,  t e n t a t i v e l y  meeting t h e  f o l l o w i n g  gradat ion:  

S i e v e  S i z e  

N o .  4 ( 4 . 7 5  mm) 
N o .  8 ( 2 . 3 6  mm) 
N o .  1 6  (1 .18  mm) 
N o .  30 ( 6 0 0  um) 
No. 50 (300 um) 
No. 100 (150  um) 
No. 2 0 0  ( 7 5  um) 

Percent P a s s i n g  

100 
8 0  - 100 
50 - 8 5  
25 - 60 
10 - 30 

2 - 10 
0 - 5  

0 I n  a d d i t i o n  t o  A S T M  C-33 f i n e  a g g r e g a t e ,  a n  e q u i v a l e n t  

g r a d a t i o n  i s  Amer ican  A s s o c i a t i o n  o f  S t a t e  Highway and 

T r a n s p o r t a t i o n  O f f i c i a l s  (AASHTO) Class C f i l t e r  m a t e r i a l ,  

p r o v i d e d  1 0 0  p e r c e n t  passes t h e  N o .  4 s i e v e .  S i n c e  t h e  

d r a i n  material w i l l  be placed a g a i n s t  t h e  s y n t h e t i c  l i n e r  i n  

p o r t i o n s  o f  t h e  m u l t i - l a y e r  c o v e r ,  t h e  maximum aggregate 

s ize  i s  l i m i t e d  t o  1 / 4  i n c h  t o  prevent  punctures.  

--- C l a y :  C l a y  b e n e a t h  t h e  s y n t h e t i c  l i n e r  w i l l  have a 

h y d r a u l i c  c o n d u c t i v i t y  o f  c e n t i m e t e r s  p e r  second when 

compacted  i n  t h e  l a b o r a t o r y  t o  9 5  p e r c e n t  o f  t h e  maximum 

s t a n d a r d  P r o c t o r  d e n s i t y  ( A S T M  D-698). T h e  c l a y  w i l l  b e  

compacted  b e t w e e n  p l u s  o r  minus two p e r c e n t  o f  optimum 
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moisture content. The specified moisture content at 

compaction will promote low permeability and decrease the 

potential for cracks resulting from a brittle compacted 

structure. 

Suitable clay will be imported to the site or obtained from 

on-site borrow sources if the location of suitable soils are 

identified prior to construction. Previous studies at the 

site indicate local sources of available material; however, 

large quantities suitable for borrow without contamination 

of higher permeability materials may require import from an 

off-site location. Published data (Hunt, 1984) indicate a 0 
hydraulic conductivity of lo” centimeters per second will 

be achieved with soils containing 30 to 50 percent colloidal 

clay fraction (percentage less than two micrometers). The 

clay will have a liquid limit less than 50 to reduce 

potential for shrinkage cracks prior to placement of the 

membrane. 

--- Compacted Soil: Published data and site investigation 

reports indicate that natural clay soils available on the 

site classify as A-6 and A-7 in accordance with the AASHTO 

classification system (U.S. Department of Agriculture, 1984 

and Woodward-Clevenger, 1974). The A-6 and A-7 soils are 0 
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silty and sandy clays. The 24-inch compacted soil zone in 

the final cover section serves the following purposes: . Provides protection of the low permeability 
sections from surface damage. 

Insulates the llfunctioningit sections, i.e., sand, 
drain and l o w  permeability barrier, from frost 
penetration. 

Fortifies erosion protection beneath the topsoil 
by affording increased water erosion velocities. 

Permits deep root penetration to promote vigorous 
vegetation growth in an arid climate without 
affecting the llfunctioningii sections. 

The on-site soil used in the compacted zone beneath the 

topsoil and above the sand drain will have more than 35 

percent passing the No. 200 sieve, with a liquid limit 0 
greater than 30 and a plasticity index greater than 10. 

This soil layer will be placed in uniform eight-inch loose 

lifts, compacted to at least 95 percent of the maximum 

standard Proctor density near optimum moisture content (ASTM 

D-698). 

-- Topsoil: ---- The 12-inch topsoil layer will be constructed 

using on-site soils to which 300 pounds per cubic yard of 

organic fertilizer and natural pumice will be added. The 

topsoil mixture will then be spread over the entire cover 

area to be vegetated. Vegetation of the cover is discussed 
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in Section 4.4 .  The topsoil will be placed in a single 

uniform 12-inch loose (uncompacted) lift. 

Synthetic -__------- Membrane: A 30-mil high density polyethylene 

(HDPE) synthetic membrane will be placed above the l o w  

permeability clay and beneath the sand drain as shown on the 

cross section on Figure 16. The membrane will be 

manufactured from virgin first quality resin designed and 

formulated specifically for use in hazardous waste 

environments. 

minimum specifications: 

The HDPE membrane will meet the following 

Property Test Method 

Density (g/cc) ASTM D-792 

Environmental Stress Crack ASTM D-1693 
(min., hrs.) Condition C 

Low Temp Brittleness ASTM D-746 

Thickness ASTM D-2103 
ASTM D-751 

Tensile Strength at Yield ASTM D-638 
(Psi) 

Elongation at Yield ASTM D-638 

Tear Resistance (lb) ASTM D-1004 
Die C 

Carbon Black ASTM D-1603 

Test Value 

0.935 

1,500 

-75OC 

-5% to +lo% 

2,000 

13% 

20 for 30-mil 
40 for 60-mil 

2% to 3% 
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4.3.3 Depth of Materials 

The depth of the materials were determined to provide the 

specified performance for protection of human health and the 

environment while maintaining an efficient design. The sand 

drain layers will be six inches thick. The sand drain above 

the synthetic membrane is sized based on infiltration and 

drainage calculations using the HELP computer model 

(Schroeder, 1983). Results of the modeling are presented in 

Appendix 2 .  Based on the maximum drain length and finished 

slopes, and using a conservatively low hydraulic 

conductivity on order of 1 x centimeters per second, 

the six-inch sand drain will more than accommodate design 0 
flows. 

The sand drain beneath the low permeability barrier will be 

placed only on the steeper slope north of the solar pond 

locations. The sand drain will intercept potential ground- 

water seepage which historically has daylighted on the 

slope. The sand drain is sized to a minimum thickness of 

six inches for constructability purposes. The drain will 

carry less flow than the existing interceptor french drain 

system. Estimated flows at the interceptor trench pump 
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house are approximately four million gallons per year as 

discussed in Section 2.2.2. 

The low permeability clay is a ltsecondlf component beneath 

the synthetic membrane to minimize surface infiltration. 

The 12-inch thick clay soil will have a maximum hydraulic 

conductivity of 1 x centimeters per second. The clay 

will be placed in two, six-inch lifts, which will permit 

good quality control during construction to achieve the 

design performance. 

The compacted on-site soil above the synthetic membrane and 0 
sand drain will be placed 24 inches thick. Adequate frost 

protection and protection from surface abrasion is provided 

by the combined 12 inches of topsoil and 2 4  inches of 

compacted on-site soil. The 12-inch topsoil depth is 

typical for support of native vegetation in the semi-arid 

region. 

4.3.4 Volume of Materials 

The material volumes for the final cover are estimated as 

follows: 
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Mater i a1 Quantity 

Sand Drain (above synthetic membrane) 

Sand Drain (below clay, north slope) 

Clay ( centimeters per second i 

14,000 yd3 

4,000 yd3 

compacted volume) 30,000 yd3 

Compacted On-Site Soil (A-6 or A-7; 
compacted volume) 

Topsoil 

30-mil HDPE 

55,000 yd3 

30,000 yd3 

750,000 ft2 

The material volumes may vary slightly depending on final 

design and construction. 

4.3.5 Source of Materials 

The sand drain material and low permeability clay may be 

imported to the site or obtained from on-sit borrow sources. 

The materials specified are commonly available through local 

suppliers from borrow sources in the region. Maximum haul 

distances will range up to 1 5  miles. The topsoil and 

compacted on-site soil will come from borrow sources at the 

Rocky Flats Plant in the vicinity of the landfill and/or 

west spray fields. The distance to these borrow sources is 

approximately 0.5 and 1.5 miles, respectively. 
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Materials will be brought to the site and placed in sequence 

for construction of the final cover to avoid stockpiling and 

double hand1 ing. 

4.3.6 Final Cover Design 

Slope of Cover: The minimum slope of the cover will be two 

percent to promote surface runoff and reduce ponding and 

surface water infiltration. The minimum slopes will occur 

along the south boundary of the cover where existing slopes 

are nearly level. The maximum slope for the cover is 20 

percent and will occur near the north boundary where 0 
existing slopes are steep and excavation into the hillside 

is necessary to merge the cover thickness with the existing 

contours. A maximum 20 percent slope will control surface 

erosion for the vegetated cover. 

Slope Length: Slope lengths along the cover range from 500 

to 900 feet. Grading is specified to result in gradual 

transition of slopes along the surface runoff paths to avoid 

flow concentrations and gully erosion. 
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Erosion Protection: Final cover vegetation will provide 

erosion protection from surface runoff. Calculations to 

determine maximum surface velocities relative to permissible 

velocities for vegetated soil cover are presented in 

Appendix 2. Velocities were calculated using the rational 

formula for surface runoff assuming a 100-year, 60-minute 

storm event, adjusted for the time of concentration for the 

longest flow path on the cover. An area equal to the 

longest flow length, having a unit width, was used in 

conjunction with a 

of 3.0 to account a flow conditions. 

were calculated 

flow concentration factor (Nelson, 1986) 

for potential gully erosion from sheet 

Flow velocities of 2.7 feet per second 

using Manning's equation. Maximum 

velocities will occur along the limits of the cover on the 

north slope. Permissible flow velocities below which 

surface erosion will not occur were obtained from referenced 

sources (Nelson, 1986; NAVFAC, 1982). The average 

permissible velocity for the conditions anticipated on the 

cover is three feet per second. Therefore, the erosion of 

the soil and vegetation cover is not anticipated as a result 

of the design storm event. 

In addition, the compacted on-site soil beneath the 

12 inches of topsoil contains sand and gravel sized 
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particles, which are generally present in the Rocky Flats 

Alluvium. In addition to the higher flow velocities 

permitted for compacted soil, the larger gradation will 

provide self-armoring should flow velocities increase until 

the on-site compacted soil layer begins to erode. As a 

result, the compacted soil layer w i l l  provide additional 

erosion control for the final cover in the event the 

vegetative cover is eroded or lost on portions of the cover 

between maintenance periods. 

4.3.7 Final Cover Stability 0 
The stability of the final cover design was evaluated f o r  

the maximum slope of 20 percent (five horizontal to one 

vertical). An infinite slope analysis was performed to 

evaluate the sliding potential of the overlying drainage and 

erosional layers on the synthetic membrane. The synthetic 

membrane is considered the critical surface for sliding 

since the frictional resistance between the membrane and 

overlying sand material is approximately 60 percent of that 

in the sand itself. In addition, seepage forces may be 

present within the sand drain which act to further reduce 

stability. Using conservative assumptions for sliding 

resistance and seepage forces within the sand drain, the 

0 
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final cover has a factor of safety against sliding in excess 

of 1.5. Calculations for cover stability are presented in 

Appendix 2. 

4.3.8 Differential Settlement 

Differential settlement is not anticipated to be a concern 

for closure of the solar evaporation ponds. Maximum depth 

of fill placement during regrading will be on the order of 

ten feet. The fill will be relatively compact as a result 

of construction activities durina closure. Since the fill 
d 

consists entirely of earthen materials, and the depths of 

fill are relatively shallow, significant long-term 

settlement is not a concern. Therefore, evaluation of the 

cover stability as a result of differential settlement was 

not evaluated. 

4.3.9 Infiltration Control 

Infiltration through the final cover will initially be 

reduced by surface grading, evapotransporation by the 

vegetation cover and the reduced permeability of the 

compacted soil layer. However, it is recognized that some 

waters w i l l  infiltrate beneath compacted layers. Further 

0 
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infiltration of the water will be reduced by placing a 30- 

mil HDPE synthetic membrane below the six-inch sand drain 

layer. Infiltrating waters will therefore be diverted 

through the sand drain and out the cover. 

Although the intact HDPE material is for practical purposes 

impermeable, field seaming of the membrane panels, other 

construction defects and construction damage may occur to 

the liner. As a result, there will be an effective 

permeability of the liner based on the percentage area of 

defects to the overall liner area. For purposes of the 

computer modeling, it was conservatively assumed that for 0 
every 100 feet of seam, there was one foot having a hairline 

opening or an equivalent hole opening of 1,000ths of a 

square foot. Opening in the membrane will be minimized by 

QA/QC procedures. In any event, the assumed openings are 

considered a Ifworst caseff analysis. 

Based on the proposed final cover and the assumed 

inefficiency of the synthetic membrane, the Hydrologic 

Evaluation of Landfill Performance (HELP) computer model 

(Schroeder, 1983) was run and no significant quantity of 

water infiltrated through the synthetic membrane on a yearly 

basis. In comparison it is estimated that 103,687 cubic 

0 
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feet (12.77 percent of precipitation) infiltrates the cover 

and discharges at the base on an annual basis. Output from 

the analysis is in Appendix 2. 

4.3.10 Surface Drainage Control 

Surface runoff from the final cover will be collected in the 

existing drainage channel south of the existing road which 

parallels the Perimeter Security Zone (PSZ). Surface 

drainage is presently collected in a shallow retention pond 

and routed throush a culvert beneath the road and onto the - 
ground surface in the PSZ. Since total surface runoff 0 
volumes will not be substantially increased, additional 

protection of the channel beyond the toe of the cover is not 

anticipated as a result of the solar evaporation pond 

closure. 

4.3.11 Subsurface Drainage Control 

An interceptor drain is shown on the cross section of the 

final cover on Figure 12 near the north, downslope toe of 

the cover. The drain is connected to the sand layer beneath 

the synthetic membrane. The interceptor drain will isolate 

ground-water migration from beneath the cover to permit 
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handling or treatment separate from the french drain system. 

Separate handling may be driven by: 

. Large quantities of ground water intercepted by 
the existing french drain system: 

I. Limited ground-water treatment capacity; and 

. Ground-water contaminant contributions possibly 
isolated to the solar pond area. 

The interceptor drain will extend along the entire length of 

the toe of the cover and discharge into a sump where the 

water can be pumped to the forced evaporators at Building 

374 , and eventually to the ground-water treatment process 
facility when it is completed. The interceptor drain may 0 
consist of the existing upslope french drain lateral if its 

integrity can be economically maintained during regrading. 

The sand layer extends downslope of the interceptor drain 

location to allow abandoning the drain in place at some 

future date when treatment of the water is no longer 

required. The interceptor drain may fill with water and 

overflow through the sand layer without generating 

hydrostatic pressure beneath the cover. 
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4 . 3 . 1 2  Cons t ruc t ion  Equipment 

Regrading, fill placement, and compaction w i l l  be p o s s i b l e  

w i t h  c o n v e n t i o n a l  e a r t h  moving  e q u i p m e n t .  M o i s t u r e  

ad jus tments  w i l l  be accomplished w i t h  water t r u c k  and hose 

a p p l i c a t i o n  methods.  Compaction of  t h e  low p e r m e a b i l i t y  

c l a y  w i l l  be accomplished w i t h  a minimum 50,000-pound smooth 

drum v i b r a t o r y  r o l l e r .  T h e  f i n a l  l i f t  o f  t h e  l o w  

p e r m e a b i l i t y  c l a y  w i l l  be  r o l l e d  smooth t o  p r o v i d e  a 

s u i t a b l e  b e d d i n g  s u r f a c e  f o r  t h e  s y n t h e t i c  membrane.  

Equipment  w i l l  n o t  be a l l o w e d  t o  o p e r a t e  d i r e c t l y  on t h e  

s y n t h e t i c  membrane. S t o p p i n g  o r  t u r n i n g  o f  equ ipmen t  on 

s l o p e s  s t e e p e r  t h a n  f i v e  p e r c e n t  w i l l  n o t  be p e r m i t t e d  
0 

dur ing  c o n s t r u c t i o n  t o  avoid damage t o  t h e  l i n e r .  

4 . 4  Vegetat ion 

T h e  s u r f a c e  of  t h e  cap  w i l l  b e  s t a b i l i z e d  t o  decrease 

e ros ion  by wind  and water  and c o n t r i b u t e  t o  t h e  development 

of a s t a b l e  s u r f a c e  environment. T h i s  w i l l  be  accomplished 

by e s t a b l i s h i n g  a v e g e t a t i v e  cover on t h e  cap. 

T h e  a r e a  r e q u i r i n g  v e g e t a t i o n  w i l l  c o n s i s t  of t h e  7 5 0 , 0 0 0  

s q u a r e  f o o t  c o v e r  and t e n  p e r c e n t  a d d i t i o n a l  a r e a  f o r  t h e  
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surrounding perimeter where construction activities extend 

beyond the final cover. 

Vegetation of the cover will be conducted by seeding with a 

mixture of native grasses. The mixture will consist of: 

Grass 

Western Wheatgrass 
Thickspike Wheatgrass 
Little Bluestem 
Green Needlegrass 
Canby or Canada Bluegrass 

Quantity (p ounds) 

6.0 
3.0 
2.0 
2.0 
1.0 
14.0 pounds/acre 

The properties of the native grass mix are: 0 A root structure which will not penetrate the 
cover: 

Require no irrigation after the grass has been 
established: 

. Be capable of withstanding the temperature range 
experienced at Rocky Flats: 

Require little fertilization after initial 
seeding, and 

Be compatible with the soil properties, 
pH, of the vegetative layer. 

such as 

Preparation of the topsoil layer will include ripping of the 

upper six inches, applying two tons per acre of weed free 

native hay mulch and crimping the mulch with a crimper disc. 

The fertility of the topsoil layer will be analyzed in the 

0 
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first year and appropriate fertilizers applied to the cover 

in the second year, if needed. Irrigation will not be 

required. 

Additional periodic maintenance will be performed, including 

reseeding and weed control as necessary. The solar pond 

cover and vegetative growth will be inspected quarterly as 

specified in the Part B Post-Closure Care Permit. During 

this inspection, trees and bushes will be removed, and the 

condition of the vegetation will be observed. 

4.5 Quality Assurance/Quality Control Procedures 0 
A quality assurance/quality control manual will be completed 

by July 1989 as shown on the Summary of Solar Pond Closure 

Activities, Figure 10. 

Detailed plans and specifications for the solar pond capping 

activities will be completed by July 1989. These plans and 

specifications w i l l  conform to the performance criteria 

given in this document, and will be incorporated into the 

appendices of this closure plan. These plans and 

specifications w i l l  be submitted to the Colorado Department 
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of Health and Environmental Protection Agency for review 

when available. 

4.5.1 Quality Control 

Quality control of the closure of the solar ponds w i l l  

include materials, lines and grades, and placement. The 

method for controlling the quality of each of these areas 

will be presented in the final construction specifications. 

Control of material quality will be by random sampling at 

specified intervals. Earthen materials will be tested for 

their characteristics such as gradation, atterberg limits, 

moisture-density relation, specific gravity and durability. 

Manufactured materials will be certified by the manufacturer 

to meet the required specifications. Throughout the closure 

of the solar ponds, materials utilized will be visually 

observed during placement to see that the materials meet the 

intended use and project specifications. 

Control of lines and grades during closure will be by 

surveying. Surveys will be conducted under the supervision 

of a registered land surveyor. Deviation from construction 

drawings will be indicated and as-built drawings showing 
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constructed lines and grades will be prepared upon 

completion. 

Control placement will overall be by visual observation of 

the methods, equipment and practices utilized for placement 

of materials. Earthen materials shall also be tested for 

proper placement by in-place testing of moisture, densities 

and gradations, as applicable. Manufactured materials shall 

be tested, as appropriate, to determine that field 

installation methods have produced the required quality of 

product. The synthetic membrane shall have all field seams 

tested in accordance with the manufacturer's 0 
recommendations. As a minimum, all field seams will be 

visually inspected. 

Quality control testing will be performed in accordance with 

ASTM or other recognized test procedures. 

4.5.2 Quality Assurance 

To assure that the quality control plan is being implemented 

during closure of the facility, a quality assurance plan 

will also be set forth as part of the final construction 

documents. The quality assurance plan will set forth the 
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time intervals between quality assurance reviews, 

information to be reviewed and procedures for correction of 

quality control problems if present. The quality assurance 

plan will be dependent on the final quality control 

specifications and the time schedule set for closure. It is 

anticipated that the certifying engineer for closure will 

provide quality assurance reviews. 

4 . 6  Health and Safety Plan 

A site specific Health and Safety Plan, or such health and 

safety procedures identified in the Rocky Flats Plant e 
Operational Safety Analysis (OSA) procedure, covering liner 

and contaminated soil removal will be prepared two months 

before liner and soil removal activities begin. The plan 

will be submitted to the Colorado Department of Health for 

information and will comply with all applicable 

requirements. The procedures presented below are guidelines 

that will be followed during closure activities. Additional 

procedures and details will be presented in the site 

specific Health and Safety Plan or the OSA. Worker safety 

guidelines, such as OSHA regulations, DOE orders and Rocky 

Flats Plant policies will be followed. Protective clothing 

will be similar in nature to: e 
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- hardhats, 
hard-toe boots, 
Tyvek overboots, 
Tyvek suits, 
dust masks, and 
air-purifying respirators or self-contained 
breathing apparatus (optional). 

The intent of this equipment is to provide a barrier to 

inhalation, ingestion and absorption of contaminated 

materials. Appropriate protective gloves will be used based 

on the contamination found at any particular 

Air monitoring will be conducted in the work 

high-volume (40 cfm) samplers or fixed radioactive ambient 0 

site. 

area. Portable 

air samplers (25 cfm) will be located around the excavation 

area, including at probable downwind locations. 

Air monitoring will also be conducted using hand-held 

photoionization detectors. The site specific health and 

safety plan or O S A  will present levels, which if exceeded, 

will require some action be taken, such as increasing 

respiratory protection or work cessation. 

A Rocky Flats Environmental Sciences representative Will be 

monitoring conditions during excavation activities. This 
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person will have the authority and responsibility to 

terminate the work if any of the following events occur. 

Wind speeds exceed 24 km/hr (15 mph). 

. Any visible dust is present or there is any 
indication that dust control measures are 
inadequate. 

. The total long-lived alpha concentrations measured 
on filters from high-volume samplers exceed 
0.06 pCi/m3 in order to re-evaluate dust control 
procedures. 

Power failure. 

Heavy rainfall or snow. 

Airborne contamination may require upgrading dust masks to 

air-purifying respirators or self-contained breathing 0 
apparatus. Sudden increases in airborne contamination due 

to excavation in localized highly contaminated areas may be 

addressed by a temporary cessation of work until natural 

dissipation reduces contamination. 

4.7 Maintenance 

Maintenance of the final cover is required to meet the 

performance standards of 6 CCR 1007-3, Section 265.111. 

Continuing maintenance of the final cover is not 
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anticipated. Periodic maintenance of the final cover will 

be conducted as required. Periodic maintenance may include: 

0 regrading to maintain slope and grade 
0 fertilization 

0 irrigation 

0 control of rodents. 

mowing 

reseeding 

The amount of periodic maintenance will depend largely on 

the extent to which the cap is protected against erosion 

damage by vegetation. Routine repair of the cap may be 

needed to prevent ponding and drainage problems due to 

minor subsidence of the solar ponds. 0 
Periodic visual inspection of the final cover will be 

conducted on a quarterly basis until final closure and then 

biannually thereafter during the post-closure care period. 
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5.0 GROUND-WATER MONITORING 

Ground-water contaminat ion  a t  t h e  Rocky F l a t s  P l a n t  has  been 

t h e  s u b j e c t  of ongoing i n v e s t i g a t i o n s  b e i n g  p e r f o r m e d  

p u r s u a n t  t o  t h e  Resource  C o n s e r v a t i o n  and Recovery A c t  

( R C R A ) ,  t h e  C o m p r e h e n s i v e  E n v i r o n m e n t a l  R e s p o n s e ,  

Compensa t ion  and L i a b i l i t y  A c t  ( C E R C L A ) ,  and t h e  U.S.  DOE 

Comprehensive E n v i r o n m e n t a l  R e s p o n s e  Program ( C E R P ) .  I n  

a d d i t i o n  t o  t h e  s o l a r  e v a p o r a t i o n  pond f a c i l i t i e s ,  o t h e r  

s o l i d  waste management u n i t s  (SWMUs)  i n  t h e  v i c i n i t y  of and 

u p g r a d i e n t  of t h e  ponds have l i k e l y  i m p a c t e d  g round-wa te r  

qua l i t y .  0 
A n  assessment of t h e  ground-water contaminat ion r e s u l t i n g  

from s o l a r  pond l e a k a g e  w a s  conduc ted  a s  p a r t  of  t h e  

hydrogeological  s i t e  c h a r a c t e r i z a t i o n  presented  i n  Appendix 

6 .  G r o u n d - w a t e r  m o n i t o r i n g  w e l l s  i n s t a l l e d  f o r  t h e  

assessment  w i l l  be u t i l i z e d  t o  m e e t  t h e  c losu re  ground-water 

m o n i t o r i n g  r e q u i r e m e n t s  o f  6 CCR 1 0 0 7 - 3 ,  S e c t i o n  265.90 e t  

seq. The w e l l s  are: (SP=Al luvia l  W e l l ;  BR=Bedrock W e l l )  

13-86SP 
14-86BR 
15-86SP 
16-86BR 
17-86SP 
18-86SP 
20-86SP 
22-86SP 

23-86BR 
24-86SP 
25-86BR 
26-86SP 
27-86BR 
28-86SP 
29-86SP 
30-86BR 

31-86BR 
32-86BR 
21-87SP 
22-87BR 
37-87SP 
38-87SP 
39-87BR 
56-87SP 
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Ground-water protection standards are presented in 

Appendix 6. 
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6.1 Certification Requirements 

Closure certification requirements are outlined in 6 CCR 

1007-3, Section 265.115 and 40 CFR 265.115: 

"Within 60 days of completion of closure of each 
hazardous waste surface impoundment, waste pile, land 
treatment, and landfill unit, and within 60 days of 
completion of final closure, the owner or operator must 
submit to the Department of Health/Regional 
Administrator by registered mail, a certification that 
the hazardous waste management unit or facility, as 
applicable, has been closed in accordance with the 
specifications in the approved closure plan. The 
certification must be signed by the owner or operator 
and by an independent registered professional 
engineer. 

Certification by an independent registered professional 

engineer does not guarantee the adequacy of the closure 

procedures and does not necessarily involve detailed testing 

and analyses. It implies that, based on periodic facility 

inspections, closure has been completed in accordance with 

the specifications in the approved closure plan (U.S. 

Environmental Protection Agency, 1981). 
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6.2 Activities Requiring Inspections by a Registered 
Professional Engineer 

The following closure activities will require inspections by 

a registered professional engineer: 

Completion of liquid evaporation, 

Removal, treatment and disposal of pond sludges 
and sediments, 

Removal and disposal of pond liners, if required, 

Decontamination of equipment used at the ponds, 

Removal, treatment and disposal of contaminated 
soil , if required, and 

Construction activities related to cap, ground- 
water collection, Interceptor Trench Pump House 
(ITPH) system. 

A summary of these activities and the dates when they 

occurred will be presented in the closure certification 

report. 

The engineer will obtain and review the results of chemical 

testing which provide a record of the progress and 

effectiveness of the implemented closure plan. 

Documentation supporting closure certification will be 

included in the certification report. This documentation 

will include hazardous waste manifests, surveying records 

verifying final slopes and contours, and records of 

equipment decontamination. Any deviations from the closure 

0 
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plan and their resolutions will be documented by the 

engineer performing the closure certification. 

6.3 Anticipated Schedule of Inspections by a Registered 
Professional Engineer 

An independent registered professional engineer will 

periodically review the closure operations listed in 

Section 6.2 in order that a final certification of closure 

can be developed which states that the closure has been 

carried out according to the plan. The engineer w i l l  

observe construction activities and be present during 

performance and completion of key closure activities. 

The independent registered professional engineer and the 

owner will, at the end of closure, inspect the site and 

certify that the closure plan was carried out as described. 

Prior to final certification, deficiencies noted by the 

engineer will be corrected. When deficiencies have been 

corrected, the engineer will issue a written report to the 

regulatory agencies certifying that the facility has been 

closed according to this closure document. The 

certification of closure, signed by the owner and the 

independent registered professional engineer, will be mailed 
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to the CDH within 60 days after completing closure of the 

ponds. 
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7 . 0  LEACHATE AND GAS COLLECTION AND TREATMENT 

The applicable standards (U.S. Environmental Protection 

Agency, 1981) require systems to collect, remove and treat 

leachate and to collect gas if these systems are required 

during the operation of the impoundment. Leachate and gas 

collection and treatment systems are not and have not been 

present at the solar evaporation ponds. Nitrates and the 

attendant compounds from the process wastes w i l l  not produce 

methane gas because organic compounds and biodegradation are 

not present. Additionally, leachate and gas are not 

expected to be generated since all the waste inventory will 

be removed for closure. 

Therefore, 

are not required at this facility. 

leachate and gas collection and treatment systems 
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The existing security measures at the Rocky Flats plant 

include: 

a three-strand barbed wire cattle fence 
surrounding the facility (Figure 1) posted to 
identify the land as a government reservation/ 
restricted area, 

a fence surrounding and armed guards posted 24 
hours per day at two gates to the controlled area 
of the facility (Figure l), 

a 6-foot high chain link fence topped by 2 feet of 
three-strand barbed wire surrounding and guards 
posted 24 hours per day at gates to the perimeter 
security zone (PSZ) ,  

guards patrolling the controlled area and the PSZ 
24 hours per day, and 

surveillance by security cameras 24 hours per day. 

The existing security measures are sufficient to meet the 

requirements of 6 CCR 1007-3, Section 265.14. 

The existing fences and gates are operated and maintained by 

the U.S. Department of Energy. Maintenance requirements 

will be performed by the U.S. Department of Energy, 

regardless of the activities at the solar evaporation ponds. 
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NOTE: T h e  s o l a r  pond systems dep ic t ed  i n  Drawings 2 5 7 8 7 - C O 1  

and 2 5 9 7 6 - D O 1  w e r e  n o t  c o n s t r u c t e d .  T h e r e f o r e ,  these 

drawings have been deleted from Appendix 1. 
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TABLE 1 
Ultimate F r i c t i o n  F a c t o r s  and Adhesion f o r  -Dissimilar. Mate'rials 

I n t e r f a c e  Materials 

ass c o n c r e t e  on t h e  f o l l o w i n g  foundat ion materials: 
Clean sound rock...........*...................... 
Clean g r a v e l ,  gravel -sand m i x t u r e s ,  c o a r s e  sand... 
Clean f i n e  t o  medium s a n d ,  s i l t y  medium t o  c o a r s e  

s a n d ,  s i l t y  o r  c l a y e y  g r a v e l . .  .................. 
Clean f i n e  s a n d ,  s i l t y  o r  c l a y e y  f ine  t o  medium 

sand...........................................- 
F i n e  sandy s i l t ,  n o n p l a s t i c  silt.................. 
Very s t i f f  and hard r e s i d u a l  o r  p r e c o n s o l i d a t e d  

Medium s t i f f  and s t i f f  c l a y  and s i l t y  clay........ 
(Masonry on f o u n d a t i o n  materials has same f r i c t i o n  

c l a y  ............................................ 
f a c t o r s .  ) 

i teel  s h e e t  p i l e s  a g a i n s t  t h e  f o l l o w i n g  s o i l s :  
Clean g r a v e l ,  gravel -sand m i x t u r e s ,  well-graded 

r o c k  f i l l  w i t h  s p a l l s . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clean sand,  s i l t y  sand-graxrel m i x t u r e ,  s i n g l e  s i z e  

hard r o c k  fill.................................. 
S i l t y  sand,  g r a v e l  o r  sand mixed w i t h  s i l t  o r  c l a y  
F i n e  sandy s i l t ,  n o n p l a s t i c :  silt.................. 

'ormed c o n c r e t e  o r  c o n c r e t e  s h e e t  p i l i n g  a g a i n s t  t h e  
Eollowing s o i l s  : 

Clean g r a v e l ,  g r a v e l - s a n d  m i x t u r e ,  well-graded 
r o c k  f i l l  w i t h  spalls........................... 

Clean .sand, s i l t y  sand-gravel  m i x t u r e ,  s i n g l e  s i z e  
hard r o c k  fill.................................. 

S i l t y  s a n d ,  g r a v e l  o r  sand mixed w i t h  s i l t  o r  c l a y  
F i n e  sandy s i l t ,  n o n p l a s t i c  silt.................. 

Masonry on masonry, igneous and metamorphic r o c k s :  
Dressed s o f t  r o c k  on d r e s s e d  s o f t  rock.......... 
Dressed hard r o c k  on d r e s s e d  s o f t  rock.  ......... 
Dressed hard r o c k  on d r e s s e d  hard rock.......... 

Masonry on wood ( c r o s s  g r a i n ) .  .................... 
S t e e l  on s tee l  a t  s h e e t  p i l e  interlocks. . . . . . . . . . .  

Various s t r u c t u r a l  materials: 

~~ - 

I n t e r f a c e  M a t e r i a l s  (Cohesion) 

J e r y  s o f t  c o h e s i v e  s o i l  ( 0  -. 250 p s f )  
S o f t  c o h e s i v e  s o i l  (250 - 500 p s f )  
Yedium s t i f f  c o h e s i v e  s o i l  ( 5 0 0  - 1000 p s f )  
S t i f f  c o h e s i v e  s o i l  ( 1 0 0 0  - 2000 psf) 
Very s t i f f  c o h e s i v e  s o i l  (2000 - 4000 psf) 

F r  ic  t i o n  
f a c t o r ,  

t a n  6 

0.70 
1.55 t o  0.60 

1.45 t o  0.55 

1.35 t o  0.45 
t.30 t o  0.35 

1.40 t o  0.50 
1.30' t o  0.35 

0.40 

0.30 
0.25 
0.20 

0.40 t o  0.50 

0.30 t o  0.40 
0.30 
0.25 

0.70 
0.65 
0.55 
0.50 
0.30 

~ ~ 

F r i c t i o n  

d e g r e e s  
mzle,  8 

35 
29 t o  31 

24 t o  29 

19 t o  24  
17 t o  19 

22  t o  26  
17 t o  19 

2 2  

1 7  
14 
11 

22  t o  26  

17 t o  22 
17 
1 4  

35 
33 
29 
26  
17 

Adhesion C, ( p s f )  

0 - 250 
250 - 500 
500 - 750 
7 5 0  - 9 5 0  
950 - 1 ,300  

~ 

7.2-63  
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where dS0 i s  the mean rock s i z e  i n  feet. 
f o r  determining n i s  presented i n  F igures  4.12 and 4.13. 
values were developed f o r  uniform flow condit ion over submerged r iprap. 
When overtopping f lows on steep s lopes begin to  cascade, n value. will 
increase and may range from 0.07 t o  0.09 o r  higher. 
and COE, 1970). 

A graphical  representation 
However, these 

(Abt and Ruf f ,  1985 

Table 4.2. Manning Coeff ic ient,  n. 

Channel Materi a1 Manning Coef fi c i  ent, n 

F ine sand, col 1 o i  dal 
Sandy 1 oam, non-col 1 o i  dal 
S i l t  loam, non-colloidal 
A l l u v i a l  s i l t s ,  non-colloidal 
Ordinary f i r m  loam 
Volcanic ash 
Stiff  c lay,  very co l l o i da l  
A1 1 uv i  a1 s i  1 t s ,  c o l l  o i  dal 
Sha les  and hardpans 
Fine gravel 
Graded loam t o  cobbles, non-colloidal 
Graded s i  1 ts to cobbles , col 1 o i  dal 
Coarse gravel ,  non-col l o i d a l  
Cobbles and sh i  ngl  es 

0 . 020 
0.020 
0.020 
0.020 
0.020 
0 . 020 
0.025 
0 . 025 
0.025 
0 . 020 
0.030 
0.030 
0.025 
0.035 

Source: Morr i s  and Wiggert, 1972. 

4.8 COVER EROSION RESISTANCE EVALUATION 

The cover design should be evaluated t o  determine if the unprotected 
s l ope s ( s )  can withstand overland or  sheet flow with a minimum of eros ion. 
Based upon the s i  te-speci f i c  cover and prec ip i ta t ion  parameters, the des ign  
sheet f low ve loc i ty  should be estimated. A comparison of  the design flow 
ve loc i ty  with the cover permiss ible flow ve loc i ty  can be performed. 
Furthermore, the design ve loc i ty  can be used to determine the sediment 
discharge us ing  the Universal  S o i l  Loss Equation (Chapter 5) and for s i z i n g  
stone protect ion  (Sect ion  4.2). 

The design ve loc i ty  w i l l  u sua l l y  be determined from the peak discharge 
generated from the Probable Maximum Flood (PMF). 
by 

The PMF can be estimated 

( a )  Using computer models, i.e., HEC-1 (COE, 1974), that are widely 
accepted by the engi neeri ng profess ion.  

I -  
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B O F  2 5  

Table 4.3. Manning Coefficient, n, fo r  natural channels. 0 
Natural Channel Conditions Value of n 

Smoothest natural earth channels, free from growth with 
s t r a i  ght a1 i gnment 

Smooth natural earth channels, free from growth, l i t t l e  
curvature 

Average, we1 1 -constructed, moderate-si zed earth channel s i n  
good condition 

fmall earth-channels i n  good condition, or l a rge  earth chan- 
nels  with some growth on banks o r  scattered cobbles i n  bed 

-rpBJ 
- ,->- - -3 +nrCRCl-l.,---*T- -.--"---qr~-,*- 

Earth channel s with considerable growth , natural st reams 
with good alignment and f a i r l y  constant section, or  l a rge  
floodway channel s we1 1 mai ntai Red 

Earth channels considerably covered with small growth, or 
cleared but not conti nuously mai ntai ned floodways 

Mountain streams i n  clean loose cobbles, r i ve r s  with variabel 
cross-section and some vegetation growing i n  banks, o r  earth 
channel s with thick aquatic growths 

Rivers with f a i r l y  s t ra ight  alignment and cross-section, 
badly obstructed by small trees and underbrush or  aquatic 
growth 

Rivers  with i rregul a r  a1 ignment and cross-section, moderately 
obstructed by small trees and underbrush 

R iver s  with f a i r l y  regular alignment and cross-section, 
heavi ly  obstructed by small trees and underbrush 

Rivers  with i r regu la r  alignment and cross-section, covered 
with growth o f  v i r g i n  timber and occasional dense patches 
of bushes and small trees, some logs and dead fa l len  trees 

Rivers  with very i r regu la r  a1 i gnment and cross-section, 
many roots, trees, large logs,  and other d r i f t  on bottom, 
trees continually f a l l i n g  i n t o  channel due to  bank caving 

0.017 

0.020 

0 -0225 

6.653 

0.030 

0.035 

0.050 

0.075 

0 0 100 

0.100 

0.125 

0 0 200 

Source: DOI, 1975. 
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(b) Applying the Rational Method f o r  t r ibutary  areas that are l e s s  
than approximately one square mile i n  area. 

The Rational formula is  canmonly expressed as  

Q = CiA (4.42) 

where Q i s  the maximum or  design discharge in  cfs, C i s  a runoff coeffi- 
c ient dependent upon the characterization o f  the drainage basin, i i s  the  
r a i n f a l l  intensity expressed i n  inches per hour and A i s  the tr ibutary area 
expressed i n  acres. When a unit  width approach i s  taken, the area 45 i s  
the slope(s) length times the unit  width. Therefore, Equation 4.42 would 
be presented as 

q = C i h  (4.43) 

fo r  a unit  width analys is.  

4.8.1 Runoff Coefficient 

The runoff coefficient, C, i s  related to the cl imatic conditions and 
type o f  te r ra in  characteristic of the watershed i ncl udi ng so i l  materi a1 s , 
permeability and storage potential . Values o f  the coeff ic ient C are . . 
presented i n  Table 4.4 (Lindsley e t  a1 ., 1958), Table 4.5 (Chow, 1964), and 
Table 4.6 (ASCE, 1970 and Seelye, 1960). 

Table 4.4. Values of Coefficient C. 

Type Area Value of C 

F la t  cultivated land, open sandy s o i l  0.20 

0.50 Ro l l i ng  cultivated land, clay-loam so i l  

H i l l  land, forested, clay loam s o i l  

Steep, impervious sl ope 

0.50 

0.95 

Source: Lindsley, e t  a l ,  1958. 

The selection of a coefficient value requires considerable judgment as 
it i s  a tangible aspect of using the rational formula. It i s  recommended 
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that a conservative value o f  C be applied fo r  PMF estimation since i n f i l -  
t ra t ion  and storage comprise a low percentage o f  the runoff. 
the C values presented were derived for  storms o f  5-100 year frequencies. 
Therefore, l e s s  frequent, higher in tens i ty  storms w i l l  require the use of a 
higher C value (Chow, 1964). It is  recomended that a runoff coefficient 
of 1.0 be used f o r  PMF applications i n  very small watersheds since the 
effects o f  l oca l i zed  storage and i n f i l t r a t i o n  w i l l  be small. 

Furthermore, 

Table 4.5. Values of C for  Use i n  Rational Formula. 

Watershed Cover 

S o i l  Type Cultivated Pasture Woodlands 

With above-average i n f i l t r a t i o n  rates;  0.20 0.15 0.10 
usual ly  sandy or  gravel ly  

clay pans; loams and s imi la r  s o i l s  
ToT4V; 0.35 0.30 

5. rr ‘9 . . I  - --..-*-Tv--r 

443th average I n f i l t r a t i o n -  rates;  no 

With below-average i n f i l t r a t i o n  rates;  0.50 0.45 0.40 
heavy clay s o i l s  or  s o i l s  with a clay 
pan near the surface; shallow s o i l s  0 above impervious rock 

Source: Chow, 1964. 

4.8.2 Rainfal l  Intensity 

I n  order t o  determine the r a i n fa l l  i n tens i ty ,  i ,  the time of concen- 
t ra t ion ,  t, must be estimated. 
approximated by: 

The time of concentration can be 

(a) Applying one of the many accepted empirical formulae such as 

LO 077 
tc = 0.00013 

sO.385 
(4.44) 

where L i s  the length of the basin i n  feet measured along the 
watercourse from the upper end of the watercourse t o  the drainage 
basin outlet and S i s  the average slope of the basin. 
concentration i s  expressed i n  hours. 
applicable t o  rock covered slopes. 

Time of 
This procedure i s  not 

This expression w s  
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Table 4.6. Values of runoff coeff ic ient C. 

Runoff Coef f i c i ent s 

Character of Surface Range Rec mended 

Pavement--aspha1 t o r  concrete 

Gravel, from clean and loose t o  

Roofs 

clayey and compact 

Lawns ( i r r igated) sandy sol 1 
F l a t ,  2 percent 
Average, 2 t o  7 percent 
Steep, 7 percent o r  more 

Lawns ( i r r igated) heavy so i  1 
F l a t ,  2 percent 
Average, 2 t o  7 percent 
Steep, 7 percent 

Pasture and non-i rr igated 1 awns 
Sand 

Bare 
L ight  vegetation 

Bare 
Light vegetation 

Bare 
L ight  vegetation 

Loam 

C1 ay 

Composite areas 
Urban 

S i  ng 1 e- f ami 1 y , 4-6 u n  i t s/  acre 
Multi-family, >6 units/acre 

Rural (mostly non-irrigated lawn area) 
<1/2 acre - 1 acre 
1 acre - 3 acres 

Indus t r i  a1 
L i gh t  
Heavy 

Business 
Downtown 
Neighborhood 

Parks 

0.70-0.95 

0.25-0 -70 

0.70-0 -95 

0.05-0.15 
0.15-0 20 
0.20-0.30 

0.13-0 -17 
0.18-0 . 22 
0.25-0 -35 

0.15-0.50 
0.10-0.40 

0.20-0 -60 
0.10-0 -45 

0.30-0 -75 
0.20-0.60 

0 .25-0.50 
0.50-0.75 

0.20-0.50 
0.15-0.50 

0.50-0 -80 
0.60-0 . 90 

0 -70-0.95 
0.50-0.70 
0.10-0.40 

0 090 

0.50 

0 090 

0 010 
0.17 
0.25 

0.15 
0.20 
0-30 

0-30 
0.25 

0.40 
0.30 

0 -50 
0.40 

0.40 
0.60 

0.35 
0.30 

0 -65 
0.75 

0.85 
0.60 
0.20 

Source: ASCE, 1970 and Seelye, 1960. 
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designed fo r  and applicable to small drainage basins (Kirpich, 
1940). 

Using the So i l  Conservation Service (SCS) Tr iangular  Hydrograph 
Theory (DOI, 1977), the time o f  concentration i s  

(b) 

t = 11.9 L3 (0.385) 
C H 

(4.45) 

where L i s  the length (miles) of the longest watercourse from the 
point o f  interest to the t r ibutary  divide, H i s  the difference i n  
elevation (feet) between the point of interest  and the tr ibutary 
divide. The time of concentration w i l l  be expressed in  hours. 
The SCS procedure is  most appl icabl e to drainage basins  of a t  
l e a s t  10  square miles. 

Once the r a i n fa l l  duration o r  time o f  concentration i s  determined, the 
rainfal l  depth can be computed based on the PMP intensity values estimated 
i n  Section 2.1.2. 

4.8.3 Tributary Area 

The tr ibutary area may be expressed i n  a un i t  width format for design 
Therefore, the area i s  the length o f  of rock protection on an embankment. 

the longest expected or measured water course mult ipl ied by the un i t  width. 
This procedure i s  primarily applicable to Zones I, 11, and I11 and i s  not 
applicable fo r  drainage ditch design. It should be noted that a un i t  width 
approach to drainage and divers ion ditch design i s  not effective. 
design requires an entire basin analys is  i n  which a composite inflow hydro- 
graph i s  determined and i s  routed along the channel * 
hydrograph, water surface pro f i le s  ( i .e * ,  HEC-2) can be estimated to  deter- 
mine flow depth and velocit ies  for  r ip rap  design (COE, 1982). 

4.8.4 Sheet Flow Velocity 

mated by solv ing the Manning formula presented i n  Equation 4.39. 
assumed that the hydraulic radius, R, i s  approximately equal to the f low 
depth, y, and that the design discharge i s  equal to that estimated by the 
Rational Method. Therefore, the depth o f  flow i s  

D i tch  

Fran the inflow 

The design velocity for sheet flow on an enbankment slope can be esti- 
It i s  

= 1+13/5 
L J 

(4.46) 

where Q i s  the discharge, S i s  the slope, and n i s  the Manning coefficient. 
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Therefore, the design velocity can be estimated as 

VDesign = Q/A (feet/sec) 

where A i s  the cross-sectional area o f  flow. 

4.9 FLOW CONCENTRATIONS 

I 

(4.47) 

Despite the extensive e f fo r t s  of the impoundment reclamation designer, 
reviewer, contractor and inspector, the topographic features of the cover 
w i l l  a1 t e r  over time without continual maintenance (Powledge and Dodge, 
1985). Cover modifications w i l l  r e su l t  fran differential  settlement, 
col 1 apsi ng soi 1 s , margi nal qual i ty control in cover pl acernent , erosion, 
major hydro1 ogic events and monitoring disturbance. Because of these 
unpredictable and general l y  uncontroll ab1 e events, tr ibutary drainage areas 
evolve that were not o r i g i na l l y  designed or  constructed. The re su l t  i s  
that the peak discharge and volume o f  runoff exceed design leve l s  and 
increase the erosion potential . 

Abt and Ruf f  (1985) conducted a se r ie s  o f  flume experiments on a 1V:5H 
prototype embankment protected by r ip rap  with median rock s i zes  o f  2 inches 
t o  6 inches in  diameter. It was observd that 2-4 inch diameter r iprap were 
highly susceptible to sheet flows converging along the face of  the embank- 
ment into channel s. 
total discharge over the embankment by 

* 

The discharge in  the channel (s) was canpared to the 

(4.48) 

where CF i s  the concentration factor, Qc i s  the discharge i n  the channel 
and Q i s  the total discharge over the embankment. 
factors ranqed from 1.1 t o  3.2 where flows were l e s s  than the f a i l u re  dis- 

The concentration 

charge. 
flow conditions may be subjected to%Txafi<l i zations that . concentrate .. ---I_ 3 
times the-di scharge i n  a s ingle 1 ocation. 

These preliminary resu l t s  indicate that r iprap cJesign@.for-*eet 

- -  

The peak discharge along a crest  or  at a design point i s  a function of 
the amount of precipitat ion,  the tr ibutary drainage area, the slope of the 
drainage basin,  the basin contouring, the cover material and cover protec- 
tion. Any modification i n  one or  more of these parameters can impact the 
outlet peak discharge. The cover design must account for  these potential 
changes i n  the form of a concentration o r  safety factor. 
concentration factor may be incorporated into the design process to 
adequately evaluate the so i l  resistance to erosion, to adequately select 
and evaluate alternative protective measures and to s i ze  riprap when 
warranted. 

Therefore, a flow .. 

i! 



It i s  d i f f i c u l t  to  accurately predict  the value of the flow concen- 
t r a t i on  factor  s ince l imited information i s  current ly  ava i lab le  t o  substan- 
t i a t e  design limits. Hawever, it i s  reasonable to  assume that  values 
between 2 and 3 are atta inable  with only a s l i g h t  evolut ionary change i n  
cover. 
can compensate f o r  d i f f e ren t i a l  settlement, it i s  recomended that  a 
conservat i ve concentration factor  be used unti  1 addit ional  research can 
j u s t i f y  a more reasonable range o f  values. 

To incorporate the flow concentration factor  in to  the stone s i z i n g  
procedure o f  any r iprap design method, mult ip ly  the design peak discharge 
by the flow concentration factor.  A l l  subsequent computations, i .e., 
ve loc i ty  and depth estimate, stone s i z e  determination, etc., w i l l  r e f lect  
the inf luence o f  the flow concentration. 

Unless  it can be shown that design procedures such as overbui ld ing  

4.10 PERMISSIBLE VELOCITIES 

Eva1 uat ion  of proposed reclamation a1 te rnat i  ves should include an 
ana l y s i s  of  the c r i t i c a l  eros ion  potential  of the cover material.  E ros ion  
potent ia l  can be determined based upon the propert ies  of  the reclamation 
mater ia l s  as well as the degree of compaction i n  which the material i s  
placed. The permiss ib le  ve loc i ty  approach con s i s t s  of  specify ing a 
ve loc i ty  c r i t e r i o n  that  w i l l  not erode the cover or  channel and w i l l  pre- 
vent scour. 
permiss ib le  ve l oc i t i e s  associated with overland flows, sheetflows or  chan- 
nel flows determines the eros ion potential When the design flow ve loc i ty  
meets or exceeds the permiss ible ve loc i ty,  cover protect ion should be 
considered. 

A comparison o f  the actual or design flow ve loc i t i e s  t o  the 0 
The permiss ible ve loc i ty  values presented were developed from experi - 

ments performed pr imar i ly  i n  canals and stream beds. Therefore, the fol-  
lowing permiss ib le  ve loc i t ie s  should provide a conservat ive estimate for 
evaluat ing the eros ion res i s tance o f  the reclaimed covers over long term 
periods.  I n  cases where a range of permiss ib le  ve l oc i t i e s  are presented, 
it i s  recommended that the lower ve loc i ty  be used fo r  determining e ros ion  
potent ia l  . 

A se r ie s  o f  permiss ible maximum canal ve loc i t ie s  was developed by 
Fo r t i e r  and Scobey (1926) and adapted by Lane (1955). The maximum 
permiss ib le  ve l oc i t i e s  presented i n  Table 4.7 are appl icable t o  co l lo ida l  
s i l t s .  These ve loc i ty  values were developed f o r  channels without 
s inuos i ty .  
13 percent i f  the canal/channel i s  moderately sinuous. The maximum 
allowable ve l oc i t i e s  fo r  sandy-based materials  are given i n  Table 4.8. 
Table 4.9 provides l im i t i ng  ve l oc i t i e s  f o r  cohesive materials  according t o  
compactness f o r  materials  with l e s s  than 50 percent sand content. The S o i l  
Conservation Serv i  ce maxi mum permi s s i  b le  vel oci  ti es (SCS, 1984) for  we1 1 
maintained g ras s  covers are presented i n  Table 4.10. 

Lane recommended a reduction of  the ve loc i t ie s  i n  Table 4.7 by 

e .  It i s  important to  recognize that l imited information i s  ava i l ab le  
perta in ing  to  permiss ible ve loc i t ie s  on covers under sheet flow condit ions.  
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Table 4.7. Maximum pennissible ve loc i t ie s  i n  erodible channels. 

Water Transporting 
Col lo idal  S i l t s  

Channel Materi a1 v (ft/sec) 

Source: Lane 1955. 

Table 4.8. Maximum allowable ve loc i t ie s  i n  sand-based material . 

F i  ne sand, col 1 o i  dal 
Sandy 1 oam, non-col 1 o i  dal 
Silty-loam, non-colloidal 
A1 1 uvi a1 s i  1 ts, non-coll oidal 
Firm loam 
Volcanic ash 
Stiff  clay, co l lo ida l  
A1 1 uvi a1 s i  1 ts, col l o ida l  
Shales and hardpans 
Fine gravel 
Graded loam to  cobbles, non-col 1 o i  dal 
Graded s i lts t o  cobble, co l lo ida l  
Coarse gravel , non-col 1 o i  dal 
Cobbles and shingles 

2.50 
2.50 
3.00 
3.50 
3.50 
3.50 
5.00 
5 .OO 
6 .OO 
5-00 
5.00 
5.50 
6-00 
5.50 

Velocity 

Materi a1 

Very l i g h t  sand o f  quicksand character 
Very l i g h t  loose sand 
Coarse sand t o  l i g h t  sandy s o i l  
Sandy s o i l  
Sandy loam 
Average 1 oam, a1 1 uvi a1 soi  1 , volcanic ash 
Finn loam, clay loam 
St i f f  clay soil, gravel s o i l  
Coarse gravel , cobbles and shingles 
Conglomerate, cemented gravel, soft  s l a te ,  

tough hardpan, soft  sedimentary rock 

0.75 t o  1.00 
1.00 t o  1.50 
1.50 t o  2.00 
2.00 t o  2.50 
2.50 t o  2.75 
2.75 t o  3.00 
3.00 to  3.75 
4.00 t o  5.00 
5.00 t o  6.00 

6.00 t o  8.00 

Source: Lane, 1955. 
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Therefore, the penni ssi b l  e vel oci t i e s  devel oped fo r  channel s i s  usual 1 y 
extended t o  overland flow situations. 
exceed those indicated in  Tables 4.7 through 4.10, protection i s  warranted. 

When design ve loc i t ie s  reach o r  
0 

Table 4.9. L imit ing Velocit ies  i n  Cohesive Materials. 

Compactness of Bed 

Loose Canpact Canpact Canpact 
Fa i  rl y Very 

Velocity Vel oci  ty 
OCi ‘y ( ftj sec) ( f t l sec )  Materi a1 (ftfsec)  ( ftj sec 

P r  i nci  pl e Cohesi ve Vel oci ty 

Sandy c l  ay 1.48 2.95 4.26 5.90 

Heavy clayey so i l  s 1.31 2.79 4.10 5.58 

C1 ays 1.15 2.62 3.94 5.41 

The materials presented i n  Tables 4.7 through 4.9 can be referenced to 
the Unified So i l  C l a s s i f i ca t i on  S y s t m  as presented by Wagner (1957). An 
engineering ana l y s i s  o f  the cover material can provide an approximation of 
the permissible ve loc i t ie s  that the alternative cover materials may with- 
stand without suppl emental protection. 

4.11 PERMISSIBLE VELOCITY EXAMPLE 

A t a i l i n g s  disposal s i t e  located i n  the northwest corner of New Mexico 
has prepared a reclamation plan for  review. The reclamation plan indicates 
that a 10 foot thick cap will be placed atop the t a i l i n g s  at a slope of 
2.4% with a canpaction o f  95% o f  optimum. The cap w i l l  be graded as shown 
i n  Figure 4.14 and shall  t r an s i t i on  into side slopes of  1V:lOH. 
proposed that the cap w i l l  be composed of a sandy clay with a coarse gravel 
cover. Along the c res t ,  a 12  inch thick layer of r iprap will be placed for 
at l e a s t  8 feet upslope and downslope of the crest to s t ab i l i ze  the 
t rans i t ion .  The r iprap will have a median stone s ize o f  6 inches. The 
gravel cover w i l l  have a median rock s ize o f  1.5 inches. The design 

It  i s  

. .  
reviewer must ve r i f y  that the gravel cover will r e s i s t  the potential 
ve loc i t ie s  that may re su l t  on the cap. 0 
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Table 4.10. Maximum Permiss ible Ve loc i t ie s  i n  Feet per Second (fps) 
f o r  Channels L ined With Uniform Stands o f  Various 

We1 1 -Maintained Grass  Covers. 
~~ 

Maximum Permiss ib le  Ve loc i t ie sa  

Cover 
S lope Range Eros ion- Eas i  ly-Eroded 

x Res i s tant  Soi 1 s Soi 1 s 

Bermudagrass ---k::o 
lover 10 

Buf fa logras s  

Kentucky b luegrass  

Smooth brome 

Blue grama 

Grass  mixture 

Lespedeza s e r i  cea 

Weeping lovegras s  

Y el 1 ow bl uest  emc 

Kudzu 

A1 fa1  f a  

Crabgrass 

Common lespedezac9d 

Sudangrassd 

b 

0- 5 

0- 5 

8 
7 
6 

7 

6 

5 

5 

4 

3.5 

3.5 

6 
5 
4 
5 

4 

3 

4 

3 

2.5 

2.5 

’Use v e l o c i t i e s  over 5 fps only where good covers and proper maintenance 
can be obtained. 

bDo not use on s lopes steeper than 10 percent. 

‘Use on s lopes steeper than 5 percent i s  not recommended. 

dAnnuals are used on mild s lopes or as temporary protect ion  un t i l  
permanent covers are establ i shed. 

Source: SCS, 1984. 
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Fig. 4.14. Repmtatire reclaimed tailing pile-exrmple problem. 
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I n  order t o  assess the s tab i l i za t ion  o f  the cap against erosion due to  
overland flow, information provided i n  Sections 4.6 through 4.10 of t h i s  
report must be ut i l i zed.  
presented i n  the fol-lowing analysis. 

One alternative means of reviewing the design i s  

4.11.1 Estimation of Peak Runoff 

The peak runoff can be estimated us ing the Rational formula presented 
i n  Equation 4.43. The three components of the Rational formula that  
require consideration are: the runoff coeff ic ient,  C;  the rainfal l  inten- 
sity, i; and the tr ibutary area, A. 

The runoff coefficient can be estimated by examining Tables 4.4 
through 4.6. Since the cap w i l l  be composed of a compacted clay, the 
i n f i l t r a t i o n  and localized storage w i l l  be low. The peak runoff is a 
direct function of the estimated loca l i zed  PMF. Therefore, a reasonable C 
value i s  1.0. 

The ra in fa l l  intensity can be estimated by determining the 1-hr, 

For northwest New 
1-mi2 l oca l  storm PMP value and adjusting the rainfal l  depth i n  accor- 
dance with the percentages presented i n  Table 2.1. 
Mexico, the 1-hr, 1 4 2  PMP i s  estimated to  be 9.5 inches after the 
appropriate elevation and area adjustments are performed. 

The time of concentration, tc, should be estimated. Using Equation 
4.44, the t, can be estimated where the longest flow path i s  approxi- 
mately 450 feet as 

(450) 0*77 t, = 0.00013 (4.49) 
(0.024) 0.385 

and 

tc = 0.06 hrs  = 3.62 minutes (4.50) 

The r a i n fa l l  depth for variable r a i n fa l l  durations can be estimated 
using the values presented i n  Table 2.1 which are applicable to northwest 
New Mexico. Since the time of concentration i s  3.6 minutes, the percent of 
the 1-hr PMP can be interpolated to be approximately 35 percent. 
r a i n fa l l  depth i s  computed using Equation 2.1 t o  be 

The 

Rainfal l  depth = (0.35) x 9.5 inch = 3.33 inches (4.51) 
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A conservative estimate of the r a i n fa l l  i n ten s i t y  i s  determined by 0 applying Equation 2.2. 

- 55.5 inches/hr i = 3.33 inches x - - 60 

3.6 
(4.52) 

The tr ibutary area, A, can be estimated us ing  a unit  width approach 
presented i n  Section 4.8. Since the longest flow path i s  450 feet with a 
un i t  width of one foot, the tr ibutary area i s  450 square feet. The 
tr ibutary area can be converted t o  acres by d i v i d i ng  by 43,560 square 
feet/acre resu l t ing  i n  an area of 0.0103 acres. 

The peak sheet flow unit  discharge at the t r an s i t i on  can be computed 
' by us ing the Rational formula presented i n  Equation 4.43. 

9 = (1.0) (55.5) (0.0103) = 0.57 cfs (4.53) 

4.11.2 Sheet Flow Velocity 

The sheet flow design velocity can be estimated by first determining 

From Equation 4.41, the Manning n value can be calculated as 

the depth of flow. The depth of flow, y, can be calculated us ing  Equation 
4.46. 
determined. 

However, the Manning surface roughness coefficient, n, must be 

n = 0.0395 (0.125)1/6 = 0.028 (4.54) 

The depth of flow i s  then computed to be 

315 
= 0.202 feet (0.57) 0.028 

Y =  - .^ 
1.486 (0.024)1/' 

(4.55) 

o r  

y = (0.202 ft) (12 in/ft)  = 2.42 inches (4.56) 

The design sheet flow velocity i s  calculated us ing  Equation 4.47. 

0.57 
v =  = 2.82 feetlsec 

( 1 . 0) ( 0 2 0 )  
(4.57) 
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where 0.57 i s  the unit discharge, 1.0 i s  the width of flow i n  feet and 0.20 
i s  the depth of flow i n  feet. 
t ion  factor was not incorporated into th i s  canputation. 

4.11.3 Cover Permissible Velocity 

It should be noted that the flow concentra- , 

The permissible velocity for the clay cap covered with gravel has been 
determined to  be 5.0-6.0 feet/sec as presented i n  Table 4.8. Since the 
design sheet f low velocity was calculated to be 2.9 feet/sec, the cover 
should be able to withstand the design flow. 
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TABm 4 
Llmiting Flow Velocit ies  t o  Minimize Erosion 

S o i l  Type 

Sand, S i l t ,  Sandy 
loam, S i l t y  loam 

S i l t y  c l a y  loam, S i l t y  
c l a y  

1 Clay 
I 

I PERMISSIBLE VELOCXTI 

Bare 
Channel 

1.5 

2.0 

2.5 

With Channel Vegetation 

6" to  10" 
i n  height 

2.0 to 3.0 

3-00 to  5.0 

7.1-300 

11" t o  24" 
i n  height 

2.5 t o  3.5 

3.5 t o  4.5 

3.0 to 5.5 

Over 30" 
i n  height 

3.0 t o  4.0 

3.0 to  6.0 

I 

1 
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WILTING POINT 
EFFECT IYE Iff DliXiLl i CGrJUCT I V I T Y  

BARRIER SGlL LAYER WITH LINER 
THICKNESS = 12.00 IHCtiE? 
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UPPER Li#IT VEE. STORAGE - 4.5G00 IliCHES 
INITIAL VEG, STORAGE - 2.2410 IWCHES 

- 
- 
- 
- 

C?It!4TCLOGIC DATA FFR DEIVER COLDRAC4 

!WNTHLY HEAN TEHPERATLIRES, DEGREES FAHRENHEiT 

flONTHLY FlEANS SGLAR RADiATiDti, LANGLEYS PER DAY 



AVERAGE YONTHLY TljTAtS FOii 74 TiiROiiGH 78 

PRECIPITATION (INCHES) 0.38 0.45 1.23 1.65 1.68 1.39 
2.19 i.17 0.67 0.69 0.94 9.35 

EVRPOTRANSPIRATIOH 0.421 0.525 0.596 !.!E ! . 4 2  1.417 
i Ili iHES) 1.760 1.109 9.5&? 9.564 lj.65: C.401 



RUNOFF 0.003 0. 0. 00 



IficHESi -------- 

PRECIFlTATiCtN 1.79 

RUNOFF 0.000 

PERCOLATION FXN MSE OF WVER a . a m  
: 
I PERCOLATION FR3H BASE OF LANDFILL 0.0000 
i 

DRIIRAGE FROH BASE OF CDL'ER 0.520 

DRAINAGE FRIlH B E E  OF LANDFiLl O.900 

HEAD OK BASE Gi CGVER . 3.9 

HEilD EN BASE 9F iG#EF!iL 0.0 

i SNOi WATER 
i 

0.63 



APPENDIX 3 

CHEMICAL AND RADIOCHEMICAL ANALYSES OF 
SOLAR EVAPORATION POND LIQUID AND SLUDGE 



C078 9 001052  6 

TABLE 3 -1  

Date: J u l y  1, 1 9 8 8  
R e v i s i o n  No: 2 

SUMMARY O F  QUARTERLY MONITORING O F  PONDS 207-A AND 207-C 
LIQUIDS DURING 1 9 8 4  AND 1 9 8 5  

ANALY S IS 

PH 

Nitrate- 
Nitrogen (ppm) 

Cyanide (ppm) 

B e r y l l i u m  (ppm) 

Gross  Alpha (pCi/L)  

Gross  Beta (pCi/L) 

Pu-239 (pCi/L) 

Am-241  (pCi/L) 

Uranium ( p c i / L )  

T r i t i u m  ( p c i / L )  

POND 207-A POND 207-C 

range 8 . 3 - 1 1 . 0  r a n g e  7 . 7 - 1 2 . 5  

r a n g e  ND(a)-2 3 9  r a n g e  0 . 4 - 1 8 , 8 4 1  t'7 average 6 , 6 0 0  

r a n g e  ND-1.7 
a v e r a g e  1 . 2  
( 5 / 7 )  

r a n g e  ND-0.1 
average 0 . 1  
( 4 / 7 )  

r a n g e  3 2 - 5 6 , 0 0 0  
a v e r a g e  1 3 , 4 0 0  
( 0 / 7 )  

r a n g e  ND-27,000 
a v e r a g e  1 1 , 1 0 0  
(3 /7 )  

range ND-240 
a v e r a g e  110 
( 1 / 6 )  

r a n g e  ND-650 
a v e r a g e  3 0 0  
(3/6) 

r a n g e  ND-26,000 
a v e r a g e  9 , 2 0 0  
(1/6) 

r a n g e  6 2 0 - 4 , 3 0 0  
a v e r a g e  2 , 2 0 0  
( 0 / 6 )  

r a n g e  ND-1.9 
average 1 . 9  
( 2 / 3 )  

r a n g e  ND-0.6 
average 0 . 6  
( 2 / 3 )  

r a n g e  ND-15,000 
a v e r a g e  6 , 3 0 0  
(1/7) 

r a n g e  4 0 5 - 1 1 , 0 0 0  
a v e r a g e  3 , 5 0 0  
(0/7) 

range ND-1,400 
a v e r a g e  4 1 0  
( V 6 )  

r a n g e  ND-13,000 
a v e r a g e  2 , 7 0 0  
(1/6) 

r a n g e  1 , 8 0 0 - 1 5 , 0 0 0  
a v e r a g e  6 , 5 0 0  

r a n g e  0 - 6 , 4 0 0  
a v e r a g e  2 , 4 0 0  
( 1 / 6 )  



C07890010526 

TABLE 3-1 

Date: July 1, 1988 
Revision No: 2 

SUMMARY OF QUARTERLY MONITORING OF P O N D S  207-A AND 207-C 
LIQUIDS DURING 1984 AND 1985 

(a) ND indicates less than detection limit or less than 
error limit. 

(b) Average presented is for reported concentrations 
greater than the detection limits. 

(c) Fraction represents number of non-detectable samples/ 
total number of samples. 



C07890010526 Date: July 1, 1988 
Revision No: 2 

TABLE 3-11 

SUMMARY OF PARAMETERS MONITORED 
IN POND 207-A SLUDGE IN MAY 1985 

ANALYSIS 

PH 

Nitrate-Nitrogen (ppm) 

Beryllium (ppm) 

Hexavalent Chromium (ppm) 

Gross Alpha (pCi/L) (b) 

u-235 (pci/L) (b) 

U-238 (pci/L) (3) 

POND 207-A SLUDGE 

9.5 

8,800 

170 

N D ( ~ )  

860,000 

28 

520 

(a) ND indicates less than detection limit. 

(b) Units of pCi/l indicated on lab results. 



C07 8 9 00 105 2 6 Date: J u l y  1, 1 9 8 8  
R e v i s i o n  No: 2 

TABLE 3-1x1 

SUMMARY OF PARAMETERS MONITORED 
WEEKLY DURING 1 9 8 4  AND 1 9 8 5  

FOR PONDS 207-B  NORTH AND CENTER LIQUIDS 

ANALYSIS POND 207-B  NORTH POND 207-B  CENTER 

PH r a n g e  7 . 5  - 9 . 6  range 7 . 3  - 1 1 . 3  

Nitrate ( a s  N )  range 3 3 5  - 1 3 6 7  range ND(b) -($5.6 
average ( 4 . 7 )  

averagb729 ( 3 0 / 7 7 )  
(PPm) 

( 0 / 7 1 )  

G r o s s  Alpha range ND - 3 2 3  range ND - 5 9  
( P C i / U  average (144) average ( 2 4 )  

( 2 / 7 1 )  ( 4 5 / 7 7 )  

Gross B e t a  range ND - 1 6 3  range ND - 74  
( P C i / l )  average ( 6 3 )  a v e r a g e  ( 3 0 )  

( a )  F r a c t i o n  r e p r e s e n t s  number o f  n o n - d e t e c t a b l e  s a m p l e s /  

( 1 3 / 7 1 )  ( 6 0 / 7 7 )  

t o t a l  number o f  s a m p l e s .  

( b )  N D  i n d i c a t e s  l e s s  t h a n  d e t e c t i o n  l i m i t  o r  l e s s  t h a n  
error l i m i t .  

( c )  Average p r e s e n t e d  i s  f o r  r e p o r t e d  c o n c e n t r a t i o n s  
greater t h a n  t h e  d e t e c t i o n  l i m i t s .  



C07890010526 Date: July 1, 1988 
Revision No: 2 

TABLE 3-IV 

SUMMARY OF TWO SETS O F  METAL ANALYSES OF 
PONDS 207-B NORTH AND CENTER LIQUIDS 
TAKEN IN OCTOBER 1984 AND APRIL 1985 

ELEMENT 

Aluminum 

Boron 

Calcium 

Cesium 

Copper 

Iron 

Lead 

Lithium 

Manganese 

Magnesium 

Molybdenum 

Nickel 

Phosphorous 

Potassium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

POND 207-B NORTH POND 207-B CENTER 
(mg/ L) (mg/L) 

0.16, 1 0.15, 2 

0.29, 0.31 0.24, 0.67 

20.0, 290 2.9, 45.0 

ND(~) ND, 0.041 

ND 0.016, 0.037 

0.28, 0.29 0.074, 0.2 

ND, 0.0035 ND, 0.002 

0.37, 3.5 0.052, 0.41 

0.022, 0.081 ND 

87.0, 120.0 3.9 , 13.0 

ND, 0.0069 0.016, 0.037 

ND 

ND 

0.015, 0.016 

0.074, 0.2 

82.0, 120.0 30.0, 36.0 

ND 0.01, 0.02 

2.1, 5.6 2.4, 5.5 

ND, 0.082 0.0016 , 0.015 

370.0, 620.0 6 7 . 0 ,  250.0 

1.2, 3.5 0.28, 0.52 



C 0 7 8 9 0 0 1 0 5 2 6  0 D a t e :  J u l y  1, 1988 
Revis ion N o :  2 

TABLE 3 - I V  (CONT)  

SUMMARY O F  TWO SETS O F  METAL ANALYSES 
PONDS 2 0 7 - B  NORTH AND C E N T E R  L I Q U I D S  
TAKEN I N  OCTOBER 1984 AND A P R I L  1985 

ELEMENT 

T r i t i u m  

POND 2 0 7 - B  NORTH POND 2 0 7 - B  C E N T E R  
(mg/ L) (mg/ L )  

ND, 0 . 0 6 9  0 . 0 2 2 ,  0 . 0 4 1  

Vanadium ND ND,  0 .0081 

Z i n c  ND N D ,  0 . 0 4 1  

Z i r c o n i u m  ND ND, 0 . 0 0 4 1  

0 ( a )  ND ind ica tes  concen t r a t ion  below de tec t ion  l i m i t .  



COD07 83 43 4 07 Date: November 8, 1985 
Revision No.: 0 

TABLE OF CONTENTS 

Pond 207A Quarterly Water Data March 1984-September 1985 
Sludge Data May 1985 

Results of TCLP April 1988 
Sludge Analysis 

Pond 207B Weekly Water Data January 1984-September 1985 
Elemental Water 

Analysis October 1984, April 1985 

Pond 207C Quarterly Water Data March 1984-September 1985 
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ANALYTICAL REPORT 
ROCKWELL INTERNATIONAL 
NORTH AMERICAN SPACE OPERATIONS 

GOLDEN, COLOUDO 80401 
P .0 .  BOX 464 GENERAL LABORATORY 

BUILDING 881 

DISTRIBUTION: LAE "UMBER: M5-2224 
DATE : 10-03-85 

C. T. I l l s l e y ,  HSCE T452B ACCOUNT NO: 331 
R. L. Henry, HSCE T452B 

Mile  

SAMPLE DESCRIPTION 

207 A and C S o l a r  Pond - Quarterly - Received: 9-11-85 - 
ANALYSIS RESULTS 

A n a l y s i s  

pH (S.U.) 
as N (w/L) 

T. D. S. (mg/L) 

CN- ( P P )  
Be (ug/ml) 

Gross Alpha (pCi /L)  

Gross B e t a  (pCI/L)  

Pu-239 (pCI/L)  

Am-241 (pCi /L)  

u (PCi /L)  

3E (pCi /L)  

207 A 

10.0 

21739 
171976 

1.7 

0.1 

(5 .6  2 0.0) x lo4 

(0.0 2 1 . 0 )  x lo3 

(3.0 5 0 .8 )  x 103 

4 

2 
(2.7 2 0.6)  X 10 

(0.0 2 4.2)  X 10 

(2 .6  - + 0.2)  X lo4 

207 C 

12.5 

18841 
171 135 

<0.1 

0.6 
(8 .8  2 0 .6 )  X 10 3 

( 1 . 4  2 0.3) X 10 3 

(1 .3  + 0.1)  X 10 4 

3 
(6.4 2 1 . 1 )  X 10 

- 
(1 .8  f 0.3)  X lo3 

2 
(7 .2  - + 0.9)  X 10 



RoCI[wELL I-TIONAL 
NORTH AYERlCAN SPACE OPERATIONS 
P.0 .  BOX 464 
COLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
B U I L D I N G  881 

D I S T R I B U T I O N :  m E R :  M85-1357 
DATE : 7-1 1-85 A. T. I l l s l e y ,  HSdE T-452B ACCOUNT NO: 331 

F i l e  
APPROVED : 4.$&&- 

A. Blair 

SAMPLE D E S C R I P T I O N  

Solar Pond 207A d 207C - Quarterly Received: 6-25-85 

ANALYSIS RESULTS 

Analysis 

pll (S.U.) 

NO-3 as N (mg/L) 

T . D . S .  (w/L) 

Be (ug/ml) 

Gross Alpha (pCI /L)  

Gross Beta ( p C i / ~ )  

a- (mg/L) 

207A 

10.1 

14800 
10360 

0.1 

- 

4 2.4 X 10 

( 5 . 2  2 1.0) x lo3 
(0.01 

207C 

10.7 
7 

8000 

6420 

<0.1 

6.5 x 10 3 

4 
(1.1 - i- 0 . 2 )  x 10 

<0.01 



L. ANALYTICAL REPORT 
ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 

COLDEN, COLORADO 80401 
P . 0 .  BOX 464 GENERAL LABORATORY 

BUILDING 881 

DISTRIBUTION: LAB M E R :  W5-0499 

C. T. I l l s l e y ,  HSdE T452B ACCOUNT NO: 331 
R. L. Henry, ES&E T452B 

DATE: 4- 2 5- as 

APPROVED: { W L  4 i l e  

P A* 
-LE DESCRIPTION 

207-A S o l a r  Pond - Q u a r t e r l y  - Received:  3-5-85 

ANALYSIS RESULTS 

Analysis 

pH (S.U.) 

as N ( m g / ~ )  

T o  D o  So (w/L) 

ai- (PPI 
Be (ug/ml) 

Gross Alpha (pCi/L) 

Gross Beta (pCf/L) 
h-239 (pCI/L) 
Am-24 1 ( pCi /L) 

u (pCI/L) 
3H (pCi/L) 

R e s u l t s  

10.0 

7 300 
5340 

(0.1 
0.1 

(8.4 + 0.3) X lo3 
4 

(1.3 + 0.6) X lo2 

- 
(1 .2  + 0.1) x 10 - 

- 
(0.0 + 1.5) x 10 2 
(9.2 - + 1.1) x lo3 
(1.0 + 0 . 4 )  x lo3 

- 

- 



BOCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 

GOLDEN, COLORAW 80401 
P .0 .  BOX 464 

ANALYTlCAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

DISTRIBUTION: LAB "UMBER: M84-2975 
DATE : 12-24-84 

k. T. Illsley. HS&E T452B ACCOUNT NO: 331 
/R. L. Henry,-€iS&E T452B 

P i  le 
# 

APPROVED: & / 
/J. A. Blair 

S W L E  DESCRIPTION 

Solar Pond 207A - Received: 12-5-84 

ANALYSIS RESULTS 

ANALYSIS 
pH (S.U.) 

No3 as N (mg/L) 
T.D.S. (mg/L) 

CN- (mg/L) 

Gross Alpha (pCi/L) 

Gross Beta (pCi/L) 

Be (mg/L) 

Pu (pCi/L) 

u (pCi/L) 

RESULTS 

8 . 3  

929 

<o. 1 

<0.05 

204 + 120 - 
21 + 26 

(1.6 2 0.7) X I O 2  
- 

/bo 
(8.6 + 7 . 0 )  X 10 1 86 - 
(0.0 - + 7.6) x 10' . 
(6 .2  - + 2 . 3 )  X 10 626 



' ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

ON: LAB NUMBER: N84 - 2275 
DATE : 9-27-84 

I C .  T. I l l s l e y ,  T4528 HSLE ACCOUNT NO: 331 
FI le 

APPROVED : 

SAMPLE DESCRIPTION 

S o l a r  Pond 207A - Quart ley Sanple - Recelved: 9-13-84 

ANALYSIS RESULTS 

A n a l y s i s  

PH 

Resu l t s  

11 .o 
NO3 a s  N (mg/L) 

Be (ug/L) (0.1 

(1 .o 
TDS (mg/L) 403 

(0.1 

(2.8 + 1.0) x l o3  - 
Gross Alpha (pCl/L)  32 - + 16 

39 + 40 - 
2 (2.4 - + 1.0) X 10 

(2.0 - + 1.2) X102 

(69 2 7.9) x10-l . 



ROCKWELL INTERNATIONAL 
e ANALYTICAL REPORT 

ENERGY SYSTEM GROUP 
P.O. BOX 464 GENERAL LABORATORY 
GOLDEN, COLORADO 80401 BUILDING 881'- 

DATE : 8/16/84 
'C. T. I l l s l e y  1-452B ACCOUNT NO: 331 

R. L e  Henry T-4528 
N. D. Hoffman T-4528 
R. D. Gaskins 374 
F i l e  

APPROVED : 

PLt D t S C R m  

207A So l a r  Pond - Quarterly Sample Received: 6/5/84 

Analysis 

pH (S.U.) 

Result  

9.9 

No3 as N (mg/L) 5150 

Total D i s so lved So l i d s  (mg/L) 4383 0 
CN' (mg/L) 0.6 

(3.5 + 2.9) x 103 Gross A l p h a  (pCi/L) - 
Gross Beta (pCi/L) 

Pu - 239 (pCi/L) 

Am - 241 (pCi/L) 

u (PCi/L) 

3H (pCi/L) 

2 + 27 - 
(1.1 2 2.4) x lo1 
(3.8 - + 2.8) X lo1 

(6.5 - + 0.4) X lo3 

(4.3 - + 0.8) x lo3 



P.0. Bax 464 
COLDEN, C O m  80401 

Solar maporation pond 207A - M t h l y  Smnple 
m i v e d  3 4 8 4  

ANALYSIS RESULTS 

PB 10.5 

5000 

36000 

<0.1 

1.3 lo3 



ROCKUELL INTERNATIONAL 
NORTH AMERICAN SPACE OPERATIONS 

COLDEN, COLORADO 80401 
P.0. BOX 464 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

DISTRIBUTION: UB "BER: n85-1236 

A. D. Gaskins, L i q  Waste Oper ,  374  ACCOlTNT NO: 371 
10-07-85 DATE : 

4. Greengard, HSdE T452B 

Pile APPROVED: 
A. Blair  

SAHPLE DESCRIPTION 

207A S o l a r  Pond Water Sludge 
(REF: Req No. 2-59838) Received:  5-21-85' 

ANALYSIS RESULTS 

A n a l y s i s  

pH (S.U.) 

 NO-^ as N ( m g / ~ )  

T o t a l  Dissolved S o l i d s  (mg/L) 

T o t a l  S o l i d s  (mg/L) 

S p e c i f i c  G r a v i t y  ( g / d )  

C r  +6 (mg/L) 

T o t a l  A l p h a  

U-235 (pCI/L) 

U-238 (pCi/L) 

Be (mg/L) 

F- (g/L)  

a- (g/L) 

P04-3 (g/L)  

NO3- (g/L)  

 SO^-^ (g/L) 

R e s u l t  

9.5 

8800 

7 7 300 

108700 

1.08 

170 

<1 .o 
8.6 x lo5 

(2 .8  + 1.9) x l o 1 ?  < l* 

(5 .2  - + 0.9)  X 10' I:' 
(0.75 

2.0 

(1.0 

3 6 .  

2.2 

See a t t a c h e d  s h e e t  f o r  e l e m e n t a l  a n a l y s i s  r e s u l t s .  



POND 207-A TCLP SLUDGE ANALYSES 



e-  
Client: Rock we 11 
RPW Batch: 8803-875 

D e t e r m i n a t i o n  of H e t h a n o l  i n  TCLP Leachates. 

The leachate was a n a l y z e d  by Packed Column Gas Chromatography 
w i t h  a Flame I o n i z a t i o n  Detector. 

Gc C o n d i t i o n s :  

Column: S i x  F o o t  x 1 / 4  i n c h  glass, pack w i t h  208 

Oven Temp: 7OoC Isothermal 

I n j e c t o r  Temp: ZOO'C 

Detector Temp: 200°C 

Carbowax 2QM on S u p e l c o p o r t  CSO/lOO mesh) 

a- - 
8803- 87 5-0 0 2 TCLP Leachate of S-Pond <I5 ug/mL 

TCLP Blank <15 ug/mL 
8803-875-002 TCLP Leachate of S-Pond Dup <l5 Ug/-  

Date C o l l e c t e d :  03-21-88 
Date Leached: 03-28,29-88 
Date Analyzed:  03-31-88 

The leachate was a l s o  s c r e e n e d  f o r  c y c l o h e x a n o n e ,  1 - d u t a n o l ,  
ethylether and e t h y l  acetate. These  a n a l y t e s  vere n o t  detected 
i n  t h e  leachates (estimated d e t e c t i o n  l i m i t  of 200 ug/mL). 

Carter P. Nulton ,  Ph.D. DATE 
Manager 
Lionvi l le  A n a l y t i c a l  Laboratory 



TOT& SeECIFIC ACTIVITY 

ELE?ENT nCi 16 

0 lwSs 
TOTAL 

TOT& nCi  f G 



ROCKWELL 

W . O . #  2029-21-01 
RFW x 8803-875, VOA's Only (Special List) 

1. The following qualifiers are used on the data summary: 

U - Indicates that the compound was analyzed for but not 
detected. The detection l i m i t  for the sam le (not 
the method detection limit) is reported wi R the U (e.9.' 
J - Indicates an estimated value. This fla is used either when 
estimating a concentration for tentatively s dentiffed c 
vhere a 1: 1 response is assumed o r  where the mass spe 
indicate the presence of a compound that meets the identification 
criteria but the result is less than the soecified detection limit 

10U). 

but greater than zero (e.g., 1OJ). If lidt of detection is 10 
ug/l  and a concentration of 3 ug/l is calculated, it is reported as 
3J. 
BS - Indicates blank spike in which reagent grade water is 
spiked with the CLP matrix spiking solutions and carried 
through all the steps of the method. Spike recoveries are 
reported. 

BSD - Indicates blank spike duplicate. 
B¶S - Indicates matrix spike. 
X S D  - Indicates matrix spike duplicate. 
DL - Indicates that surrogate recoveries were not obtained 
because the extract had to be diluted f o r  analysis. 

NA - Not applicable. 
DF - Dilution factor. 
NR - Not reported. 

Leaching Date 03-28-88 
2 .  Samples Collected: 03-21-88 

Analysis Date 03-29,31-aa 
3. Samples were analyzed by the USEPA Method 8240. 

4. Several  Tentatively Identified Compounds (TIC'S) were 
detected in the method blank and the sample. 

e- c Y-1-W 
C k e r  E&lulton, Ph.D. - - 
Manager 
Lionville Analytical Laboratories 
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-- 

DATA SUMMARY FOR: ROCKWELL 
0 

R.F.W. NO.: 8803-875-TCLp BLANK 

SAKPLE DESCRIPTION: TCLP BLANK 03-28 --- 
(VOA FRACTION) 

C6-ALKENES/ CY CIBALKANES 
U"0WN 

427 

546 
665 
748 

488 
120 J 
25 J 
180 J 
4 J  
10 J 



_- 

DATA SUMMARY 

R . F . W .  N O . :  

FOR: R O C K W E U  

8803-875-002 

SAKPLE DESCRIPTION: TCLP S-POND 

TENTATIVELYIDENTUrIED- 
(VOA PRACTION) 

comuNp 

C -CYCLOALICANES/OLEFINS 
d x E D  HYDROCARBONS 
XG-ALXANES 
C7-ESTER 

427 
488 
546 
749 

140 J 
14 J 
110 J 

5 J  



. e DATA SUMMARY FOR: ROCKWELL 

R . F . W .  NO.: 8803-875-TCLP BLANK 

SAKPLE DESCRIPTION: TCLP BLANK 03-28  

Cg -CYCrX)ALKANES 
U " 0 W N  
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

TeNTATIVELY-COMPOUNPS 
(VOA FRACTION) 

272 
329 
336 
388 
442 
600 

aa J 
12 J 

9 J  
190 J 
5 J  
18 J 



R.F .W.  N O . :  

FOR: ROCXWEU 

8803-875-002 

SAMPLE DESCRIPTION: TCLP S-POND 

T E N T A T I V E L Y I D E N T I F I E P g s a m x m s  
(VOA F'RACTION) 

CG-CYCIDALKANES 
UNKNOWN 
UNKNOWN 
UNKNOWN 

269 
327 

600 
3 8 7  

120 J 
10 J 

130 J 
a 5  
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Revision NO. : 0 

POND 2078 DATA 



ANALYTICAL BEPORT 
ROCKWELL X N l " A T I 0 N A L  
NORTH AHERICAN SPACE OPERATIONS 
P.0-  BOX 464 GENERAL LABORATORY 
COLDEN, COLORADO 80401 BUILDING 881 

DISTRIBUTION: LAB " B E &  k5-2220 
10-08-85 DATE: 

R e  L o  &XI-, T452B ESdE ACCOUNT NO: 331 
C. T. U l s l e y ,  T452B BSdE 
R, D. Cacrklnr, 374 Liq Usee Ops 

P i  le 
Pf. Creengard, T4528 =&E 

J. A. Blair 

SAMPLE DES-ION 

Solar Evaporation Pond 2078 1) North 1) Center 
(Weelily Sample) Received: 9-17-85 

Analysis 

Cross Alpha (pcI/L) 

Cross Beta (pCf/L) 

North Center - 
9.3 9.3 

7 27 1.4 

7 + 3  

59 + 4 

- 209 + 21 - 
109 - + 63 - 



ANALYTICAL REPORT - x-rXoNAL 

P.0- BOX 464 GENERAL LABO~ATORY 
NORIW AHERICAN SPACE OPERATIONS 

GOLDEN, COLORADO 80401 BUILDING 881 

DISTRIBUTION: LAB " B E B :  n85-2157 

R. L. Henry, T4S2B HS6E ACCOUNT NO: 331 
C. T. I l l r l e y ,  T4S2B HSdE 

DATE: 9-30-85 

K. D. mlrinb, 374 u q  Wste ops 

File 
A. Crecngard, T452B HSdE 

SIUBLE DESCRIPTION 

Solar Evaporation Pond 207B 1)  North 1)  Center 
( We.eUy Sample) Received: 9-10-85 

Analysis 

pH (S.U.) 

NO-3 as N (W/L) 

Cross U p h a  (pCi/L) 

Cross Beta ( p C i / ~ )  

N o r t h  

9.2 

746 

268 2 89 

23 + 16 

- 

- 

Center 

9.7 

< l o 0  

24 + 5 

-4 + 25 

- 
- 



ROCRWELL INTEBNATIONAL 
NORTH AMERICAN SPACE OPERATIONS 

COLDEN, COLORADO 80401 
P.0. BOX 464 

ANALYTICAL REPORT 

GENERAL LABOann>Rl 
BUILDING 881 

- 
DISTBIBUTION: L4B NUMBER: M85-2096 

R* Lo &UW, T4S2B BShE ACCOUNT NO: 331 

BO I). Caejdus, 374 Liq Wste Ope 

Pi le 

DATE : 9-30-85 

APPROVED: 

c. T. 111~1ey, ~ 4 5 2 ~  H S ~ E  

VT. Creengard, T452B HSdE 

SAHPLE DESCRIPTION 

Solar Evaporation Pond 2078 1) North 1) Center 
(Weekly Sample) Received: 8-27-85 

Analysis 

pE (SOU.) 

 NO-^ as N (mg/L) 

m O S S  u p h a  (pcf/L) 

Gross Beta (pCi/L) 

Pu-239 (pCl/L) 

U- Total ( p C f / L )  

Am-241 (pCI/L) 

* Not requested 

North 

9 .o 

716 

- 

323 + 33 

96 + 25 

- 
- 

71.2  

82.6 

57.6 

Center 

10.3 

(1 .u 

-4 + 0 - 
-8 + 11 - 
L 

* 
* 



NORTH AMERICAN SPACE OPERATIONS 

COLDEN, COLORADO 80401 
P.0. BOX 464 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

DISIIUBIJTION : LAB " B E R :  H85-2035 
DATE : 9-30-85 
ACCOUNT NO: 331 

SAUPLl! DESCRIPTION 

Solar Evaporation Pond 207B 1)  North 1) Center 
(Weekly Sample) Received : 8-20-85 

Anal ysf s 

pH (S.U.) 

Cross Beta (pCf/L) 

North - 
8.7 

676 

113 + 38 - 
41 + 10 - 

Center 

10.6 

<1.0 

19 2 5 

6 + 16 - 



ROCKWELL INTERNATIONAL 
NORTH AMERICAN SPACE OPERATIONS 

COLDEN, C0LOBAI)O 80401 
P.0. BOX 464 

ANALYTICAL W O R T  

GENERAL MORATORY 
BUILDING 881 

-- 
D ISTBIBUTION : WB " B E R :  X85-1973 

R. L. Henry, T452B HSLE ACCOUNT NO: 331 
C. T. I l l s l e y ,  T452B HShE 
B. D. Caskins, 374 Liq Uste Ops 
T. Greengard, T4S2B HSdE 
File A. Blair 

DATE : 9-30-85 

. .-- 

SAMPLE DESCRIPTION 

Solar Evaporation Pond 2078 1 )  North 1)  Center 
(Weekly Sample) Received: 8-13-85 

Analysis 

pa (SOU.) 

North 

8. 8 

- Center 

9.6 

Gross Alpha (pCI/L) 110 - + 6 0 2 0  

Gross Beta (pCi/L) 77 - + 5 9 2 4  



Analyefs 

pR (Sou.) 

ANALYTICAL REPORT 
ROCKWELL INTERNATIONAL 
NORTH AMERICAN SPACE OPERATIONS 

GOLDEN, COLOBADO 80401 
P-0. BOX 464 GENERAL LABORATORY 

BUILDING 881 

DISTRIBUTION: LAB " B E R :  M05-1915 
DATE : 9-30-85 

R. L o  B c n q ,  T452B W E  ACCOUNT NO: 331 

R. D. Gasklno, 374 L l q  Wste Ope 
T. Creengard, T4S2B HSE APPROVED: 
File /J. A. Blair 

SAWLE DESCRIPTION 

C. T. X l h l e y ,  T452B ESdE 

Solar Evaporation Pond 207B 1 )  North 1 )  Center 
(Weekly sample) Received : 8-6-85 

Gross Beta (pCI/L)  

North 

9.1 

590 

- 

166 + 31 

115 + 7 

- 
- 

Center  

10 00 

(1 00 

6 2 2  

29 + 8 - 



ROCKUELL INTERNATIONAL 
NORTH AMERICAN SPACE OPERATIONS 

GOLDEN, COLORADO 80401 
P.0. BOX 464 

ANALYTICAL REPORT 

CENERAL LABORATORY 
BUILDING 881 

DISTRIBUTION: LAB "MBER: H85-1860 

B o  Lo Ben-, T452B HSdE ACCOUNT NO: 331 

R D. Gaskins, 374 Liq Wste Ope 

File 

SAMPLE DESCRIPTION 

DATE: 8-9-85 

c. T. x i i e i e y ,  T ~ B  H S ~ E  

id! Creengard, T452B ES&E 

Solar Evaporation Pond 207B l)-North 1 )  Center 
Weekly Sample) Recelved: 7-30-85 

Analysis North 

9.1 

627 

200 + 86 

57 + 12 

- 

- 
- 

Center 

9.9  

2.0 

38 + 20 

34 + 39 

- 
- 



0 ROCKWELL INTERNATIONAL 
NORTH AMERICAN SPACE OPERATIONS 

COLDEX, COLORADO 80401 
P.0. BOX 464 

ANALPTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

DISTRIBUTION: LAB " B E B :  H85-1787 
DATE : 7-29-85 

R. Lo Henry, T452B HSIE ACCOUNT NO: 331 
C. To Illsley, T452B ESIE 
R. D. Gaskins, 374 Liq Wste Ops 

P i l e  

SAMPLE DESCRIPTION 

4. Creengard, T452B HSIE 

Solar Evaporation Pond 207B 1 )  North 1) .Center 
(Weekly sample) Received : 7-23-85 

Analysis 

pE (SOU.)  

Cross Beta (pCi/L) 

North - 
8.9 

625 

169 + 14 

52 + 15 

- 
- 

Center 

10.3 

<1 .o 

18 + 11 

11 + 0 
- 
- 



ROCKWELL INTERNATIONAL 
NORTH AMERICAN SPACE OPERATIONS 

COLDEN, COLORADO 80401 
P - 0 .  BOX 464 

ANALYTICAL REPORT 
/ 

GENERAL LABORATORY 
BUILDINC 881 

DISTRIBUTION: LAB " B E R :  H85-1733 

R. L. Eenry, T452B ESdE ACCOUNT NO: 331 
DATE : 7-19-85 

C. T. IllSlCy, T452B ES&E 
D. Caeklas, 374 LLq Wste Ops 2 Creengard, T452B W E  

F i l e  

SAMPLE DESCRIPTION 

Solar Evaporation Pond 2078 1 )  North 1) Center 
(Weekly Sample) Received: 7-16-85 

Analysis 

pK (S.U.)  

 NO-^ as N (=/L) 

cross Alpha (pCf/L) 

Gross Beta (pCi/~) 

North Center 

8 .8  

718 

21s + 14 

45 + 24 

- 
- 

10.0 

(1 .o 
22 + 12 

22 + 23 

- 
- 



ROCKWELL INTERNATIONAL 0 NORTH AMERICAN SPACE OPERATIONS 
Po00 BOX 464 
COLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATDRY 
BUILDING 881 

DISTRIBUTION: LAB " B E R :  H85-1662 

R. Lo Henry, T452B HShE ACCOUNT NO: 331 
C. T. I l l s l e y ,  T452B HSdE 
R. D. Caskfns, 374 Wq Wste Ops 

F i l e  A. B l a i r  

SAMPLE DESCRIPTION 

DATE : 7-19-85 

A P P R O V E D > ~  ho Greeagard, T452B H S E  

-. 

Solar Evaporation Pond 207B 1) North 1) Center  
(Weekly Sample) Received:  7-9-85 

Analysis  

pH (S.U.) 

NO-3 as N ( m g / ~ )  0 Gross Alpha (pCI/L) 

Cross Beta (pCI/L) 

North 

8.4 

- 

66 2 

112 + 16 

5 2  + 4 2  

- 
- 

Center  

10.4 

<I .o 
6 + 9  - 
-3 + 21 - 



ANALYTICAL REWRT 
4 R O W L L  INTERXATIONAL 

NORTH AMERICAN SPACE OPERATIONS 

GQLDEN, COLORADO 80401 
P.0. BOX 464 GENERAL LABORATORY 

BUILDING 881 

DISTRIBUTION: LAB " B E B :  H85-1615 

R. L. Henry, T452B HSdE ACCOUNT NO: 331 
C- T. Il1eley, T452B BSLE 
R. D. C a ~ k i ~ ,  374 Liq Wste Ops 

F i l e  

DATE: 7-23-85. 

Creeugard, T452B HS&E 

SAMPLE DESCRIPTION 

Solar Evaporation Pond 207B 1 )  North 1 )  Center 
(Weekly Sample) Recefved: 7-2-85 

Analysf s 

pH (S.U.) 

cross Alpha (pcl/L) 

Cross Beta (pcI/L)  

North  

8.7 

634 

118 5 10 

88 + 20 

Center 

11.0 

<lo0 

19 2 10 

26 + 36 - 



ANALYTICAL REPORT 
ROCKWELL INTERNATIONAL 
NORTH AMERICAN SPACE OPERATIONS 

GOLDEN, COLORADO 80401 
P.0. BOX 464 GENERAL LABORATORY 

BUILDING 881 

DISTRIBUTION: LAB "KBER: H85-1555 

Re Lo Henry, T452B ESdE ACCOUNT NO: 331 
C. T. Illslep, T452B HSdE 
E, D. Caskins, 374 Liq Wste Ops 

File  )J. A. B l a i r  

DATE : 7-1 1-85 

d. Greengard, '114528 HSbE APPROVED : 

SAKPLE DESCBUPTION 

Solar Evaporat ion  Pond 207B 1 )  North 1) Center  
(Weekly Sample) Received : 6-25-83 

Gross B e t a  ( p C l / L )  

North 

8.6 

815 

70 + 0 - 
95 + 13 - 

Center 

10.7 

<1.0 

7 2 9  

5 2 0  



ANALYTICAL REPORT 
B0CWEX.L IKIIERNATIONAL 
NORTH AMERICAN SPACE OPERATIONS 

GOLDEN, COLORADO 80401 
P.0.  BOX 4 6 4  GENERAL LABORATORY 

BUILDING 881 

DISTRIBUTION: LAB NUMBER: H85-1499 

R. Lo Henry, T4S2B HSdE ACCOUNT NO: 331 
C. To I l l s l e y ,  T452B HSCE 

DATE : 6-26-85 

APPROVED: 
,R. D. Gaskins, 374 t i q  Wste Ops 

f T. Creengard, T4S2B HSCE 
P i l e  

SAMPLE DESCRIPTION 

Solar E v a p o r a t l o a  Pond 207B 1)  North I )  Center 
(Weekly Sample) Received:  6-18-85 

Anal ys Is 

Cross Alpha (pCI/L) 

Gross Beta (pCI/L) 

N o r t h  

9.1 

658 

231 - + 19 

4 4  + 17 - 

Center 

10.2 

<1 .o 
18 + 0 - 
3 3  + 15 - 



ANALYTICAL REPORT 
uocI[wI?u x m n o # A L  
NORTH AHERICAN SPACE OPERATIONS 
P o O o  BOX 464 
COLDEN, COLOEuDo 80401 

GENERAL LABORATORY 
BUILDING 881 

DISTRIB[ITION: U B  NUMBER: H85-1433 

B o  Lo B e r r q ,  T452B ESCE ACCOUNT NO: 331 
C. To I l l s l e y ,  T452B W E  

DATE : 6-20-85 

Do Gaskins, 374 Liq Wste Ope 4. Cretngard, T452B HS6E 
Pile i.3. A, BlkLr 

* 
SAHPLe DESCRIPTION 2 

Solar Evaporation Pond 207B 1)  North 1) Center 
(WetltLy sample) Received: 6-11-85 

Analvsls 

pH (SOU.) f 

R O - ~  as N ( a g / ~ )  

Gross Alpha (pCI/L) 

Cross Beta ( p c I / ~ )  

North 

7.5 

- Center 

9.2 

732 <1.0 

175 + 16 - 
39 + 0 - 

27 + 7 - 
45 + 55 - 



RocKweu INTERNATION&, 
NORTH AMERICAN SPACE OPERATIONS 

GOLDEN, COLORADO 80401 
P - 0 .  BOX 464 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BULLDING 881 

DISTRIBUTION: LAB " B E B :  M5-1360 

B. L. Henry, T452B HS&E ACCOUNT NO: 331 
C. T. I l l s l e y ,  T452B W E  
R. Do Caskhe, 374 Liq Wste Ops 

Pf le  J. A. B l a i r  

SAHPLE DESCRIPTION 

DATE : 6-20-83 

I /T. Creeagard, T452B =&E 

1 

Solar  Evaporation Pond 2078 1)  North 1)  Center 
(WeeUy Sample) Received: 6-4-85 

 NO-^ as N ( m g / ~ )  

Cross Alpha (pCl/L) 

Gross Beta  (pCl/L) 

North 

9.1 

616 

88 2 27 

50 + 24 

- 

- 

Center 

9.4 

< l o 0  

8 + 9  - 
49 + 9 - 



RocKweIlL IRTERNATIO#AL 
NORTX AMERICAN SPACE OPERATIONS 

GOLDEN, COLORAW 80401 
P.0-  BOX 464 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUIUXNC 881 

DISrB)[BUTION: IAB "BEE:  H85-1292 

R e  Lo Eenry, T452B ESdE ACCOUNT NO: 331 
C. To Illslcy, T452B HSdE 

Pile 

-LE DESCRIPTION 

DATE: 6-7-85 

Do Casldns, 374 Wq Wste Opt3 x Grtengard, T4S2B E S E  

Solar Evaporation Pond 207B 1) North 1) Center 
(Weekly sample) Received: 5-28-85 

Analysis 

pH (S.U.) 

NO-, as N ( q / L )  

cross Alpha (pCi/L) 

Gross Beta (pCi/L) 

North 

9.3 

660 

29 2 14 

118 + 34 

- 

- 

Center 

10.6 

<1 .o 
19 + I8 

20 + 44 

- 
- 



ROCRVEU INTERNATIONAL 
NORTA AMERICAN SPACE OPERATIONS 

GOLDEN, COLORADO 80401 
P.0.  BOX 464 

ANALYTICAL REPORT 

CENERU LABORATORY 
BUILDING 881 

DISTRIBUTION: LAB NUMBER: H85-1233 

B. L. Benry, T452B HS6E 

R. D. CaaWna, 374 Wq Wste Ops 
h. Greengard, T452B W E  

Pile 

C- T o  Illsley, T452B HS&E 

DATE : 6-7-85 
ACCOUNT NO: 331 

APPROVE3 : 

SAHPLX DESCRIPTION 

Solar Evaporation Pond 207B 1) North 1)  Center 
(Weekly Sample) Received: 5-21-85 

Analysis 

pB (Sou.) 

NO-3 as N (mg/L) 

Cross Alpha (pcI /L)  

Gross Beta ( p C i / l )  

North 

9.4 

632 

165 + 9 

80. - + 0 

- 

' Center 

10.9 

<lo0 

32 + 14 

12 + 8 
- 
- 



ENERGY SYSTEMS CROW 

GOLDEN, COLORAM) 80401 
P-0. BOX 464 

ANALPrrICAL BEPORT 

GENERAL LABORATORY 
BUILDING 881 

DISTRIBUTION: LbB mEB: M5-1160 
DATE : 5-22-85 

R. L. Henry, T452B HSdE ACCOUNT NO: 331 
C. T. I l leley,  T452B HSLE 
R. D. Gaskins, 374 Wq Wete Ops 

File 
i/r. Creengard, T452B HSBE 

Solar Evaporation Pond 207B 1)  North 1 )  Center 
(Weekly sumple) Received: 5-14-85 

Gross Alpha (pCI/L) 

G r o s s  B e t a '  (pCi /L)  

North 

8.6 

662 

161 2 15 

43 + 24 - 

Center 

11.0 

<1 .o 
41  + 2 - 
-9 + 4 - 



R-LL INl"AZI0NAL 
ENERGY SYSTEMS CROUP 

COLDEN, COLORADO 80401 
P.0. BOX 464 

m Y T I C A L  REPORT 

GENERAL LABORATORY 
BUILDINC 881 

DISTRIBUTION: b B  NUMBER: US-1082 

R. L.  TI^, T452B BSdE ACCOUNT NO: 331 

R- DO Ca8klns, 374 Liq  Uste Ope 

Pile / J. A. Blair 

DATE : 5-17-85 

C. To Il1rlcy, T452B RShE 

h. CreePgard, T4S2B HSiE APPROVED : 

SAMPLE DESCRIPTION 

Solar Evaporation Poad 207B 1 )  North 1) Center 
(Weekly Sample) Recefved: 5-7-85 

Analysis 

cross Alpha (pcl/L)  

Cross Beta (pCf/L) 

North 

9.2 

557 

195 + 19 

37 + 7 

- 

- 
- 

Center 

1 1  00 

<1.0 

7 + 14 - 
9 + 3  - 



ROCKUELL INTZRXATXONAL 
ENERGY SYSTEMS CROUP 

GOLDEN, COulBADo 80401 
P.0. BOX 464 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

DISTRIBUTION: LAB " B E R :  H85-1003 

B. L. Henry, T452B EIS&E ACCOUNT NO: 331 
c. T. 1 1 1 ~ i ~ ) t ,  T ~ B  W E  
R. D. e S k i n 6 ,  374 Wq Wste Ops 

File  

DATE : 5-16-85 

4. Greengard, T452B HSCE 

SAMPLE DESCRIPTION 

Solar Evaporation Pond 207B 1 )  North 1)  Center 
(Weekly Sample) Received: 4-30-85 

Analysis 

pH (SOU.) 

NO-3 as  N (mg/L) 

Gross Alpha (pcI/L) 

North Center 

9.0 10.7 

656 1.8 

29 + 22 

-5 + 3 

- 129 + IO 

30 + 28 

- 
- - 



RocRweLL INTJZRNATIONAL 
ENERGY SYSTEMS GROUP 

GOLDEN, COLORADO 80401 
P.0. BOX 464 

ANALYTZCAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

DISTRIBUTION: L4B " X B E R :  H85-0947 

R. L. Henry, T4528 HS&E A C C O m  NO: 331 
C. To I l l s l e y ,  T452B HSbE 
R. D. Gasklne, 374 Llq Wste Op6 

File p'J. A. Blair 

SAMPLE DESCRIPTION 

DATE: 5-3-85 

/&a /To Greengard, T452B HShE APPROVED : 

Solar Evaporation Pond 207B 1)  North 1 )  Center 
(Weekly Sample) Received: 4-23-85 

Analysis 

p x  (S.U.) 

Gross Alpha (pCi/L)  

North - 
9.2 

65 1 

149 + 23 

Center 

10.8 

2.4 

27 + 4 - 
31 + 0 - 47 + 33 - Gross Beta (pCi/L) 



RocIcweLL INTERNATIONAL 
ENERGY s r s m  CROUP 
P . 0 -  BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

DISTlUBUTION: LAB NUKEER: M85-0892 

R. L. Henry, T452B HSdE ACCOUNT NO: 331 
C. T. I l l s l e y ,  1452B HSdE 
R. D. Gaskins, 374 Llq Wste Ops 

F i l e  

DATE : 4-25-83 

'T. Greengard, T452B HS&E 

SAHPLE DESCRIPTION 

Solar  Evaporation Pond 207B 1 )  North 1) Center 
(Weekly Sample) Received: 4-16-85 

Analysis North 

9.3 

- 

6 15 

Center 

10.1 

3.2 

Gross Alpha (pCi/L) 

Gross Beta (pCi/L) 

154 + 4 

20 + 6 

- 
- 

14 - + 2 

7 + 14 - 

i 



DISX'RUUTION: LllB WJMBEB: X83-0824 

R. Lo Henry, 1452B WdE ACCOr.INT NO: 331 
C. T. Illmley, T432B ESdE 

T. Crcengard, T452B ESdE APPROVED: 
P i  le 

SAMF'LE DESCRIPTION 

DATE: 4-19-85 

DO Ga8klu8, 374 L i q  U s t c  Ope * 

,?J. A. Blalr 
/ 

Solar Evaporation Pond 207B I) North I) Center 
(Weekly sample) Received : 4-9-85 

North - 
9.2 

6 30 

108 + 3 

64 + 13 

- 
- 

Cenccr 

8.9 

4.3 

14 2 4 

10 + IO - 



l m c m E L L I ~ T I O N A L  
ENERGY SYSTEXS GROUP 
P.0. BOX 464 
COLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LAJ!QBAIORY 
BUILDING 881 

bISIUBUII0N: LAB NUmEB: M5-0766 

Po. L o  Hen-, T432B =&E ACCOUNT NO: 331 
C. T. I l l a l e y ,  T4S2B B E  
B. D. Gaaldas, 374 Liq Wste Ops 

Plle J. A. B l a i r  

0 MTE: 4-15-85 

r 

APPROVED :,* r/r. Creeogard, T452B W E  

Solar Evaporation Pond 207B 1 )  North 1) Center 
(Weekly &mple) Received : 4-2-85 

North 

9.1 

5 40 

Center 

8.5 

5.3 

I 

Cross Alpha (pCl/L) 33 2 0 
86 - + 0 

18 + 2 

20 + 28 

- 
- 

.C 



ENERGi SYSTmS CROUP 
P.0. BOX 464 
COLDEN, COLORADO 80401 

GENERAL UBOUTORY 
BUILDING 881 

DIsfpzBUTXOH: LbBNuwBEB: H85-0712 

CO To I l l a l e y ,  T4S2B HSdE 
B- D. Gaektns, 374 Llq Wete Ope 

P i l e  PJ. A. Blair 

SAMPLE DESCRIPTION 

- DATE : 4-15-85 
L* &q, 1452B H S E  . ACCOUNT NO: 331 = 

/To Creengard, T452B ES&E APPROVED: 

Solar Evaporation Poad 207B 1) North 1)  Center 
(Weekly Sample) Recefved: 3-26-83 

North - 
9.2 

492 

186 + 105 

1S6 - + 54 

- 

Center 

10.1 

S o l  

26 + 7 - 
17 2 2 

. .. 



RO-L 1 " A T I O N A L  
E E R G Y  SYSTEMS GROUP 

GOLDEN, COLORAW 80401 
P.0. BOX 464 

ANALYTICAL REPORT 

GENERAL UBORATORY 
BUILDING 881 

DISIPIBUTION: LAB NUMBER: n85-0642 

R. L. Henry, T452B HS&E 
C. T. I l l s l e p ,  T452B HShE 
8. De Gaskins, 374 Liq Wste Ops 

4. Greengard, T452B HSCE 
P i l e  /3. A. Blair 

DATE : 3-28-85 
ACCOUNT NO: 331 

4& APPROVED: . 

.- 

SAXPLE DESCRIPTION 

Solar Evaporation Pond 207B 1)  North 1)  Center 
(Weekly Sample) Received : 3-1 4-85 

Analysis  

pH (S.U.)  

Gross Alpha (pCi/L) 

Gross Beta  (pCI/L) 

North 

9.0 

585 

230 2 56 

163 + 25 

- 

- 

Center 

10.8 

2.9 

16 5 3 

25 2 22 



ENERGY SYSTEHS GROUP 

COLDEN, COLORAM) 80401 
P o 0 0  BOX 464 GENERAL LABORATORY 

BUILDING 881 

DISTRIBUTION: i A B  RUKBER: H85-0573 

R. L. Henry, T452B HSLE ACCOUNT NO: 331 
C. T. I l l s l e y ,  T452B H S E  
B. D. Gaskins, 374 Liq Wste Ops 

P i l e  J. A. Elair 

SAMPLE DESCRIPTION 

DATE : 3-26-85 

L/f. Greengard, T452B HSdE 

Solar  Evaporation Pond 207B 1)  North 1) Center 
(Weekly Sumple) Received:  3-12-85 

Analysis 

pH (S.U.) 

Cross Alpha (pCI/L) 

~ ~~~ ~~ 

North Center 

8 . 8  10 -7 

390 2.2 

19 + 13 (1.3 - + 0 . 4 )  X 10’ - 
31 + 16 - Cross Beta (pCl/L) (1.6 2 0.1) X 10’ 



RlxKmLL xwIzBHATI0~  
ENERGY SYSTENS CROUP 
P.0. BOX 464 
COLDEN, COLORADO 80401 

GENERAL LABORATORY 
BUILDING 881 

DISTIUBUIION : LAB " K E E R :  ti85-0501 

R. L. E e n r y ,  T452B HSiE ACCOUNT NO: 331 
C. T. I l l s l e y ,  T452B RS&E 
R. D. Gaskins, 374 Lfq Wste Ops 

File J. A. Blair 

DATE : 3-26-85 

LA. Greengard, T452B HSdE 

S d w U  DESCRLPTION 

Solar Evaporation Pond 207B 1) North 1) Center 
(Weekly Sample) Received : 3-5-85 

Analysis 

pE (S .U. )  

North - 
* 

Cross Beta (pCf/L) * 

Center 

10.1 

15.6 

59 2 23 

73  + 0 - 
No sample r e c e i v e d  - Pond R o t e n  



CWERCU, UBOEATORY 
BIJILDIHC 881 

DISTRIBUTION: LAB NUUBER: w85-0433 

R. L. Henry, T452B HSbE ACCOUNT NO: 331 
C. T. Xllsley, T452B BSdE 
R. D. Caskins, 374 LI4 Wste Ope 

P i l e  

SAMPLE DKSCRXPTION 

DATE : 3- 26- 8 5 

yT. Creengard, T452B HSdE 

Solar Evaporation Pond 207B 1) North 1 )  Center 
(Weekly sample) Received: 2-26-85 

- _. 

Analysis North Center 

pH (SOU.) * 10 04  

 NO^ 18 N ( 4 L )  * 3.4 

* -2 + 10 

* 38 + 19 

- Croee Alpha (pci /L)  

- Gross Beta (pCf/L)  

No sample r e c e i v e d  - Pond Frozen. 



0 ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

DISTRIBUTION: LAB "UMBER: M84-3027 
DATE : 12-24-84 

R. L.  Henry, T452B HSdE ACCOUNT N O :  331 
C. T. I l l e l e y ,  T452B HSSE . D .  G a s k i n s ,  374 L i q  Wate Ops . .Greengard, T452B HSdE APPROVED : 

/3. A. Blair 
x 

F i l e  

SAMPLE DESCRIPTION 

S o l a r  E v a p o r a t i o n  Pond 207B 1 )  North 1)  C e n t e r  
(Weekly Sample) Received : 12-1 1-84 

Analvsis 

pH (S.U.) 

Gross  Alpha (pCI/L)  

Gross B e t a  (pCi/L)  

North  

* 

FROZEN 

NO 

SAMPLE 

Center 

9 . 2  

4.1 

4 + 1 1  

3 + 2 1  

- 
- 



ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABOR ATOR Y 
BUILDING 881 

D ISTR €B UTION: LAB N UMBER: M84 - 2952 

R. L. Henry, T452B HSLE ACCOUNT NO: 331 
C. T. I l l s l e y ,  T4528 HSLE 

DATE: 12-1 2-84 

R. 0. Gaskins, 374 L i q  Wste Ops 

F i l e  
d Greengard, T4528 HS8E 

/ 
- SAMPLE DESCRIPTION 

So l a r  Evaporat ion Pond 207B 1) North '1) Center 
(Weekly Sample) Recei ved: 12-4-84 

Ana ly s i s  

PH (S.U.) 

NO3 as N (mg/L) 

Gross Alpha ( p C i / ~ )  

Gross Beta (pCi/L) 

North 

* 
Center 

10.0 

4.0 

6 + 17  

3 + 26 

- 
- 

Pond f rozen 



0 ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 

- 

P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

IBUTION: LAB NUMEER: M84 - 2888 
DATE: 12-12-84 

R. L. Henry, T4528 H S U  ACCOUNT NO: 331 
C. T. I l l s l e y ,  T452B H U E  
R 0. Gaskins, 374 L i q  Wste Ops 
L?? Greengard, T452B HS&E 
F i l e  

SAMPLE DESCRIPTION 

APPROVED : 

Solar  Evaporat ion Pond 2076 1) North 1) Center 
(Weekly Sample) Recei ved: 11-27-84 

Ana l y s i s  

pH (S.U.) 

Gross Beta (pCi/L) 

North 

8.1 

579 

160 t 63 

29 + 29 

- 
- 

Center 

10.7 

2.9 

1 + 11 

5 + 24 

- 
- 

I 



ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

D ISTR IBUT ION: LAB NUMBER: H84 -2855 
OAT€ : 12- 12 -84 

R. L. Henry, T452B HS&E ACCOUNT NO: 331 
C. T. I l l s l e y ,  14528 H U E  
R. 0. Gaskins,  374 L i q  Wste Ops d Greengard, T452B HS8E 
F i l e  

SAMPLE DESCRIPTION 

So l a r  Evaporat ion Pond 207B 1) North 1) Center 
(Weekly Salrple) Received: 11-20-84 

Analys i s  

pH (S.U.) 

' 0 NO3 as N ( W L )  

Gross Alpha (pCi/L) 

Gross Beta (pCi/L) 

North 

8.0 

Center 

10.6 

579 5.5 

217 + 80 34 + 19 

1 7  + 26 

- 
11 - + 24 - 



ROCKWELL I MTERNATIONAL 
ENERGY SYSTEWS GROUP 
P.O. BOX 464 
GOLDEN, COiORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

FISTRIBUTION: 
R. L. Henry, T452B HSLE 
C. T. I l l s l e y ,  14528 HSLE 
R .  D. Gaskins, 374 L lq  Uste Ops 
JT. Greengard, T452B HSaE 

Ff l e  

- LAB NWBER: H84 2787 

ACCOUNT NO: 331 
DATE : 11-29-84 

%HPLE DESCRIPTIO N 

Solar Evaporation Pond 207B 1 )  North 1) Center 
(Weekly Sample) Recef ved: 11-13-84 

North Center Analys is  - 
pH (S.U.) 

Gross Beta (pCi/L) 

8.3 

500 

203 + 94 

46 + 43 

- 
- 

10.8 

a . 0  

20 + 14 

-2 + 28 

- 
- 



' ROCKMLL INTERNATIONAL 
ENERGY SYSTEHS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

DATE : 11-29-84 
R ,  L. Henry, T452B HSLE ACCOUNT NO: 331 
C. T. I l l s l e y ,  T452B HS IE  
R. D. Gaskins,  374 L i q  Uste Ops 
4. Greengard, T452B HSCE 
F i l e  

So l a r  Evaporation Pond 2078 1) Nokh 1) Center 
(Weekly Sample) Received: 11-6-84 

Ana lys i s  

pH (S.U.) 

Gross Alpha (pCi/L) 

North 

8.3 

570 

143 + 55 - 

Center 

10.7 

2.7 

11 + 16 - 
-5 + 23 - 19 + 37 - Gross Beta (pCi/L) 



ANALYTICAL REPORT 
ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

GENERAL LABORATORY 
BUILDING 881 

D D  
DATE : 11 -7-84 

R, L. Henry, T452B HS&E ACCOUNT NO: 331 
C. T. I l l s l e y ,  T4528 HS&E 
a .  D. Gaskins, 374 L i q  Wste Ops 

F i l e  

SAMPLE DESCRIPTION 

1T.  Greenqard, T452B HSLE 

So l a r  Evaporation Pond 2078 1) North 1 )  Center 
(Weekly Sample) Recei ved: 10-30-84 

Ana ly s i s  

pH (S.U.) 

NO3 as N (mg/L) 

Gross Alpha (pCi/L) 

Gross Beta ( p C i / L )  

North 

8.2 

535 

165 + 62 - 
53 + 44 - 

Center 

10.5 

2.2 

5 + 10 

-5 + 22 

- 
- 



ANALYTICAL REPORT 
ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

GENERAL LABORATORY 
BUILDING 881 

DISTRTBUTION: LAB NUMBER: M84 - 2604 
R. L. Henry, T4528 HSLE ACCOUNT NO: 331 
C. T. I l l s l e y ,  T452B HS&E 
R. D. Gaskins,  374 L i q  Wste Ops 

F i l e  

SAHP LE DESCRIPTIO N 

DATE : 11-7-84 

APPROVED : dT. Greengard, T4528 HS&E 

S o l a r  Evaporat ion  Pond 2076 1) North 1) Center 
(Weekly Sample) Recei ved: 10-23-84 

North Center Analysis 

pH (S.U.) 8.2 10.6 

NO3 as  N (mg/L) 530 (1 .o 
11 + 12 

3 + 26 
- 116 + 42 

48 + 47 
Gross Alpha (pCi/L) - 
Gross Beta (pCi/L) - - 



ANALYTICAL REPORT 
ROCKYELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN , COLORADO 80401 

GENERAL LABORATORY 
BUILDING 881 

D I STR IBUT ION: LAB NUMBER: M84-2541 

R. L. Henry, T452B HS&E ACCOUNT NO: 331 
C. T. I l l s l e y ,  T4528 HSLE 
R. D. Gaskins,  374 L i q  Wste Ops 
;T. Greengard, T452B H U E  
F i l e  

DATE : 10/22/84 

APPROVED : 

SAMPLE DESCRIPTION 

S o l a r  Evaporation Pond 2078 1) North 1) Center 
(Weekly Sample) Received: 10/17/84 

~~ -~ ~- ~ ~~ 

Ana ly s i s  North Center 

pH (S.U.) 7.8 10.5 

NO3 as N (mg/L) 600 1.6 

2 + 11 - 123 + 50 Gross Alpha (pCi/L) - 
39 + 35 - 3 + 23 - 



ROCKUELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

lmm IBUT I ON: LAB NUMBER: M84-2479 
DATE : 10/22/84 

R .  L. Henry, T452B HS&E ACCOUNT NO: 331 
C. T. I l l s l e y ,  T4528 HSLE 
R. 0. Gaskins, 374 L i q  Wste Ops 

F i l e  

SAMPLE DESCRIPTION 

APPROVED: 4. Greengard, T452B HS&E 

- 

So l a r  Evaporation Pond 2078 1) North 1) Center 
(Weekly Sample) Recel ved: 10/9/84 

Analys l  s 

pH (S.U.) 

NO3 as  N (mg/L) 

Gross Alpha (pCi/L) 

Gross Beta (pCI/L) 

North 

8.3 

570 

124 + 54 - 
39 + 39 

Center 

10.9 

< 1.0 

8 + 9  - 
-3 + 24 - 



ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

'DISTRIBUTION: LAB NUMBER: W-2425 
DATE : 10/22/84 

R. L. Henry, T452B HS&E ACCOUNT NO: 331 
C,, T. I l l s l e y ,  T452B HSLE 

T. Greengard, T452B HSLE 
F i l e  

SAMPLE DESCRIPTION 

. 0. Gaskins,  374 L i q  Wste Ops 

S o l a r  Evaporat ion Pond 2078 1) North 1) Center 
(Weekly Sample) Received: 10/2/84 

Ana l y s i s  North 

pH (S.U.) 8.3 

NOg a s  N (mg/L) 720 

Gross Alpha (pCi/L) 

Gross  Beta (pCI/L) 

97 + 38 

44 + 38 - 

Center 

10.9 

< 1.0 

4 + 15 

2 + 26 

- 
L 



ROCKUELL I NTERNATIONAC 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO a0401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

~ I S T  R IBUTION: LAB NUMBER: M84-2377 
DATE : 10-05-84 

R. L. Henry, T452B HSIE ACCOUNT NO: 331 
C. T. I l l s l e y ,  T452B HSLE 
R D. Gaskfns, 374 L i q  Wste Ops 

F i l e  

SAMPLE DESCRIPTION 

d Greengard, T452B HSLE 

So lar  Evaporation Pond 2078 1) North 1) Center 
(Weekly Sample) Received: 9-25-84 

Analys is  

pH (S.U.) 

NO3 a s  N (mg/L) 

Gross Alpha (pCi/L) 

Gross Beta (pCi/L) 

335 a . 0  

98 + 45 - 
38 + 45 - 

. . . .  



ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

DISTRIBUTION: LAE NUMBER: M84-2312 
DATE: 10-05-84 

R. L. Henry, T452B HSLE ACCOUNT NO: 331 
C. T. I l l s l e y ,  T452B HSLE 

F i l e  
APPROVED : 

. 0. Gaskins,  374 L i q  Wste Ops x . Greengard, T452B HS&E 

SAMPLE DESCRIPTION 

So l a r  Evaporation Pond 2078 1) North 1) Center 
(Weekly Sample) Recei ved: 9-18-84 

Ana ly s i s  

pH (S.U.) 

NO3 a s  N (mg/L) 

Gross Alpha (pCi/L) 

Gross Beta (pCi/L) 

North Center 

8.4 11.1 

560 2.6 

126 + 56 15 + 16 - - 
-8 + 27 39 - 4- 50 - 



' 0 ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

q B UMBER: M -22 

R. 1. Henry, T4528 HSLE 
C. T. I l l s l e y ,  T452B HSLE 

' R. 0. Gaskins, 374 L i q  Wste Ops 
JT. Greengard, T452B HSLE 

F i l e  

DATE : 9-27-84 
ACCOUNT NO: 331 

SAMPLE DESCRIPTION 

So l a r  Evaporation Po-nd 2078 1) North 1 )  Center 
(Weekly Sample) Received: 9-11-84 

Analys i s 

pH (S.U.) 

North 

8.7 

Center 

11.1 

NO3 as N (mg/L) 

Gross Alpha (pCi/L) 

Gross. Beta (pCi/L) 

85 2 <1 .o 
3 + 13 - 157 + 63 - 
17  + 30 - 30 + 44 - 

. . . . - - . .  . ~ . . . _ - . - -  - . -  - 



ANALYTICAL REPORT 
ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 GENERAL LABORATORY 
GOLDEN, COLORADO 80401 BUILDING 881 

0 I S IR  IBUTI  ON: LAB NUMBER: M84-2173 

R. L. Henry T452B 
C. T. I l lsley T452B 

0. Gaskins 374 x Greengard T452B 
F i l e  

DATE : 9-13-84 
ACCOUNT NO: 331 

AP P R o VE D/ 
3. A. B l a i r  

SAMPLE DESCRIPTION 

S o l a r  Evaporat ion Pond 207B 1) North 1) Center 
(Weekly Sample) Recei ved: 9/4/84 

Ana l y s i s  

pH (S.U.) 

 NO^ a s  N (mg/t) 

Gross Alpha (pCi/L) 

Gross  Beta (pCi/L) 

North 

8.9 

340 

15 + 79 

60 + 45 

- 
- 

Center 

10.7 

<1.0 

30 + 22 

13 + 26 

- 
- 



ANALYTICAL REPORT 
ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 GENERAL LABORATORY 
GOLDEN, COLORADO 80401 BUILDING 881 

R: M84-2124 
DATE : 9-1 3-84 

R. L. Henry T452B ACCOUNT NO: 331 
C. 1. I l l s l e y  T452B 
R .  D. G a s k i n s  374 

F i l e  
Greengard T452B 

So lar  Evaporat ion  Pond 207B 1) North 1) Center 
(Weekly Sampi e)  Received: 8/28/84 

. 
A n a l y s i s  

pH (SOU.) 

Gross A lpha  (pC i /L )  

G r o s s  Beta (pC i /L )  

North - 
9.0 

590 

13 + 50 

24 + 43 

- 
- 

Center  

10.6 

(1.0 

4 + 8  

8 + 3 1  

- 
- 



ROCKWELL INTERNATIONAL 

P.O. BOX 464 
GOLDEN, COLORADO 80401 

0 ENERGY SYSTEMS GROUP 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

ON: LAB NUMBER: M84 - 2043 
DATE : 8/28/84 

R. L. Henry T452B ACCOUNT NO: 331 
C. T. I l l s l e y  T452B . D. Gaskins 374 
T. Greengard T452B APPROVED : 

SAMPLE DESCRIPTION 

/;I. A. B l a i r  
J” 
6 i l e  

So l a r  Evaporat ion Pond 2078 1) North 1) Center 
(Weekly Sample) Received: 8/21/84 

Analys i s 

pH (S.U.) 

J 0 Gross Alpha (pCi/L) 

Gross Beta (pcI/L) 

North - Center 

9.0 10.2 

682 

87 - + 42 

61  + 52 - 

1.2 

24 + 20 

24 + 33 

- 
- 



0 ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 

ANALYTICAL REPORT 

P.O. BOX 464 GENERAL LABORATORY 
GOLDEN, COLORADO 80401 BUILDING 881- 

ON: LAB NUMm:  M84 

R. L. Henry T452B 
C. T. I l l s l e y  T452B 

D. Gaskins 374 2 0. Hoffman T452B 
F i l e  

DATE : a/zo/84 
ACCOUNT NO: 331 

APPROVED: 

S M P L t  DESCRIPTIO N 

S o l a r  Evaporation Pond 207B 1) North 1) Center 
(Weekly Sample) Received: 8/14/84 

Ana 1 y s i s 

pH (S.U.) 

NO3 as N (mg/L) 0 Gross Alpha (pCi/L) 

Gross Beta (pCi/L) 

North 

9.3 

676 

141 + 66 

16 + 32 

- 
- 

Center 

10.2 

< 1.0 

18 + 25 - 
-2 + 26 - 



0 ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANAtYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881. 

LA6 NUMBER: H84 - 1938 
DATE : 8/20/84 

R. L. Henry 14528 ACCOUNT NO: 331 
C. T. I l l s l e y  14528 
R. 0. Gaskins 374 
A. D. Hoffman 14528 
F i l e  

t DtS: 

Solar  Evaporatton Pond 2078 1) North 1) Center 
(Weekly Sample) Recei ved: 8/7/84 

Analys i s  

pH (S.U.) 

Gross Beta (pCi/L) 

North 

8.4 

647 

95 + 46 

15 + 38 

- 
- 

Center 

7.4 

c 1.0 

1 2 16 

20 - + 29 



' ROCKUELL INTERNATIONAL 
ANALYTICAL REPORT 

ENERGY SYSTEMS GROUP 
P.O. BOX 464 GENERAL LABORATORY 
GOLDEN, COLORADO 80401 BUILDING 881'- 

t 

LA6 N m E R :  M84 - 1884 
DATE : 8/15 /84 

R. L. Henry T452B ACCOUNT NO: 331 
C. 1. I l l s l e y  T452B 
R. 0. Gaskins  374 

V". 0. Hoffman 14528 
F i l e  

'SMPLk D-ON 

APPROVED : 

S o l a r  Evaporat ion Pond 2078 1) North 1) Center 
(Weekly Sample) Received: 7/31/84 

Ana ly s i s  

pH (S.U.) 

- 
Gross Alpha (pCi/L)  

Gross Beta (pC i /L )  

North 

8.9 

765 

117 + 74 - 
27 + 43 - 

Center 

11.0 

1.2 

30 + 24 - 
0 + 29 - 



ROCKUELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

D ISTR IBUTI  ON : LAB NUMBER: fl84-1815 
OATE : 7/30/84 

R. L. Henry T452B ACCOUNT NO: 331 
C. T. I l l s l e y  T452B 
R. D. Gaskins 374 
A. D. Hoffman T452B 

F i l e  

SAMPLE DESCRIPTION 

S o l a r  Evaporat ion Pond 2078 I )  North 1) Center 
(Weekly Sample) Recei ved: 7/24/84 

Ana ly s i s  

Gross Alpha (pCI/L) 

Gross Beta (pCi/L) 

North 

9.0 

743 

80 + 32 

20 + 40 

- 

- 

Center 

10.9 

4 . 0  

15 + 19 - 
1 7  + 30 - 



0 ROCKWELL INTERNATIONAL ~ 

ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

--- -- --.---.- 
D ISTR I BUT I ON: LA6 NUMBER: H84-1751 

DATE: 7/24/84 
R. L. Henry T4526 ACCOUNT NO: 331 
C. T. I l l s l e y  T452B 
R. 0. Gaskins  374 

4N. D. Hoffman T4528 
F i l e  

SAMPLE D E S C m I O N  

- 

-- - -- .-. 

S o l a r  Evaporat ion Pond 2076 1) North 1) Center 
(Weekly Sample) . Received: 7/17/84 

Analysis North Center 

pH (S.U.) 8.5 10.4 

NOj a s  N (mg/L) ' Gross Alpha (pCi/L)  

57 5 

143 - + 58 

< 1.0 

7 + 19 - 
61 + 66 25 2 32 - Gross Beta (pCI/L)  



0 ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

DISTRIBUTION : LAB NUMBER: M84-1690 
DATE : 7/24/84 

R. L. Henry 14528 ACCOUNT NO: 331 
C. 1. I l l s l e y  T452B 
R. D. Gaskins 374 

4 N .  0. Hoffman T452B 
File 

SAHPLE DESCRIPTION 

S o l a r  Evaporatlon Pond 207B 1) North 1) Center 
(Weekly Sampl e) Received: 7/10/84 

Analys i s 

pH (S.U.) 

- 

NOg as  N (mg/L) 

Gross Alpha (pCi/L) ' 

Gross Beta (pCi/L) 

North 

9.3 

690 

90 - + 38 

52 + 46 - 

Center 

11.2 

< 1.0 

12 + 18 

37 + 39 

- 

- 



ROCKUELL INTERNATIONAL 0 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

DISTRIBUTION : LAB NUMBER: M84-1650 
DATE : 7/24/84 

R. L. Henry T452B ACCOUNT NO: 331 
C. T. I l l s l e y  T452B 
R. D. Gaskins  374 

/No D. Hoffman T452B 
F i l e  A. P a l c i c  

S M P L E  DESCRIPTION 

S o l a r  Evaporat ion  Pond 2078 1)  North 1) Center  
(Weekly Sample) Received: 7/3/84 

A n a l y s i s  -- 

pH (S.U.) 

Gross Alpha (pCi/L) 

Gross  Beta  (pC i /L )  

North 

9.2 

-- - 

633 

153 + 70 

62 + 55 

- 
- 

_-- Center - 

10.9 

3.7 

6 + 23 

20 + 35 

- 
- 



ROCKUELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

b ISTR1  BUT I ON: LAB NUMBER: M84-1593 

R. L. Henry T452B ACCOUNT NO: 331 
C. T. I l l s l e y  T452B 
R. 0. Gaskins 374 

4. 0. Hoffman 14528 
F i l e  

SAMPLE DESCRIPTION 

DATE : 7/6/84 

APPROVED : 

S o l a r  Evaporat ion Pond 207B 1) North 1) Center 
(Weekly Sample) Received: 6/26/84 

Ana 1 y s i s 

pH (S.U.) 

- 
Gross Alpha (pCi/L) 

Gross Beta (pCI/L) 

North 

9.6 

675 

124 + 67 

67 + 49 

- 
- 

Center 

8.9 

1.9 

43 + 25 - 
-6 + 27 - 



ANALYTICAL REPORT 
ROCKUELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

GENERAL LABORATORY 
BUILDING 881 

b ISTR I BUT I ON: 

R. L. Henry T452B ACCOUNT NO: 331 
C. 1. I l l s l e y  T452B 
R .  0. Gask ins  374 

p N .  D. Hoffman T452B 
F i l e  

SAMPLE DESCRIPTION 

lAB NUMBER: M84 - 1-m 
DATE : 7/6/84 

Solar Evaporat ion  Pond 2078 1 )  North 1 )  Center 
(Weekly Sample) Received: 6/19/84 

Analys I s 

pH (S.U.) 

NO3 as N (rng/L) 

Gross Alpha (pC i /L )  

Gross  Beta  (pCl /L)  

North 

9.3 

- Center 

8.2 

674 1.9 

7 + 20 - 250 + 132 - 
55 + 51 - 11 + 33 - 



0 ROCKWELL INTERHATIOMAL - 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

DI STR I BUT I ON : LAi"BER : M84-1467 

R. L. Henry T452B ACCOUNT NO: 331 
C. T. Illsley T452B 
R. D. Gaskins 374 

+N. 0. Hoffman T452B 
F i l e  

SAHPLE DESCRIPTION 

DATE : 7/24/84 

APPROVED : 

So la r  Evaporation Pond 2078 1) N o r t h  1) Center 
(Weekly Sample) Received: 6/12/84 

Analysis 

pH (S.U.) 

NO3 as N (mg/L) 

@ Gross Alpha (pCi/L) 

Gross Beta (pCi/L) 

North 

8.9 

667 

84 + 49 - 
35 + 39 - 

Center 

7.7 

1.0 

10 + 16 - 
23 + 30 - 



0 ROCKWELL INTERNATIONAL 
ANALYTICAL REPORT 

ENERGY SYSTEMS GROUP 
P.O. BOX 464 GENERAL LABORATORY 
GOLDEN, COLORADO 80401 BUILDING 881'- * 

LAB m E R :  H84 - 1417 
DATE : 8/15/84 

C. T. I l l s l e y  T-452B ACCOUNT NO: 331 
'N. 0. Hoffman T-452B 

R. L. Henry T-452B 
R. D. Gaskins 374 APPROVED: 
F i l e  

ON 

2078 S o l a r  Pond - Quarter ly  Sample Received: 6/5/84 

Anal ys i s 

pH (S.U.) 

No3 as  N (rng/L) 

Total D i s so lved  S o l i d s  (rng/L) 

Gross Alpha (pCi/L) 

Gross  Beta (pCi/L) 

Pu - 239 (pCi/L) 

A n  - 241 (pCi/L) 

U (pCi/L) 

33( (pCi/L) 

Resu l t  

9.6 

2650 

2109 

2886 - + 2423 

(3.0 - + 1.9) X lo1 

722 + 250 - 

(9.7 - + 3.4) x lo1 

(3.3 - + 0.2) x 103 

3 (6.4 - + 0.6) X 10 



D I S E U B U S I C ~ ~ :  LAB NUMB=: M84-1410 
WrE: 6/14/84 

R e  L o  Rev T452B ACCCUNT No: 331 
C. T. Illsley T452B 
R. D. Gaskins 374 

dN. D. H o f h  T452B 
File 

solar Evaporation pond 207B 1) NOM I) enter 
(mir-ly Sample) Feceived: 6/5/84 

North 

8.6 

600 

142 + 63 

58 + 46 

- 

- 

enter 
~ 

8.2 

3.1 

8 - + 15 

29 + 31 - 



ENEK;Y m G R f X 7 P  
P.O. Bop( 464 
GOLDEN, OclUlRADo 80401 

D I S J X W I T O N :  IAB NUMBER: M34-1347 

R- L o  T4528 AclcouKT NO: 331 
C. T. Illsley T452B 
R. D. Gaskins 374 
&. D. Hoffman T452B 
File ,-J. A. Palcic 

SAMPLE DEscEuma 

mTE: 6/14/8 4 

Solar Evaporation Fond 2078 1) North 1) Center 
( M k l y  -le) m i v e d :  5/29/84 

North 

8.7 

600 

145 - + 64 

37 + 37 - 

Center 

9.6 

1.7 

20 + 19 

8 + 25 

- 
- 



m Y  SY!XDiS GRaJP 
P.0. Box 464 
GOLDE4r COIDRJ4EO 80401 

GENERAt LABORATORY 
BUILDIN; 881 

DISIRIBVTION: LAB NUMBER: M84-1298 

R. L. Henry T452B ACXXUW No: 331 
C. T. Illsley T452B 
R. D. Gaskins 374 
N. D. Hoffman T452B 

m: 6/7/84 

APPROVED: 
/Tile 

Solar Evaporation pond 2078 1) North 1) Center 
(-fly Sanple) w i v e d :  5/22/84 

Analvsis 
1 

PH (S.U.) 

Gross Alpha (pci/L) 

Gross Beta (pCi/L) 

wrth 

8.7 

- 

6 28 

134 + 59 - 
47 + 56 - 

Center 

10 .8 

5.8 

6 + 14 

17 + 33 

- 
- 



ENEK;Y Sysrpts G W  
P.O. Box 464 
GO=, aXoRAD0 80401 

GENERAL IABORAlDRY 
BUILDIS 881 

DISLRIBUI?CN: LAB NUMBER: m4-1221' 

R. L o  Hew T452B ACCOUKT Ex): 331 
C; T. Illsley T452B 
R. D. Gaskins 374 
N. D. Hof- T452B 

m T E  : 6/l/84 

Y-Fi le 
- 

SAMPLE DESCRIPTION 

Solar Evaporation Pond 2078 1 )  North 1 )  Center 
(Weekly Sanple) W i v e d :  5/15/84 

Anal ys i s 

pH (S.U.) 

Gross Alpha (pci/~) 

Gross Beta (pCi/L) 

North 

8.5 

605 

132 + 59 

51  + 41  

- 
- 

~~ 

Center 

10.9 

6.1 

12 + 13 

-11 + 26 

- 
- 



GENERAL m R A T O R Y  
BUILDIN; 881 

DISI"BUlT(XJ:  IA.6 NUMBER: M84-1158 

R. L. Henry T452B IuXXUNT NO: 331 
C. T. Illsley T452B 
R. D. Gaskins 374 

mm: 6/7/84 

N. D. Hoffjnan T4S2B 
eile 

SAMPLE DESCIUPTION 

Solar Evaporation Fond 207B 1) Ekrth 1) enter 
(Weekly Sample) Fteceived: 5/8/84 

Analysis 

PH (SOU.) 

-- 
Gross Alpha (pCi/L) 

Gross Beta (pCi/L) 

North 

8 . 2  

6 28 

121 + 53 - 
51 + 31 - 

enter 

10.3 

3 . 2  

18 + 19 - 
5 + 2s - 



, 
! 
! 

0; 
i 
i 

i 1 
L 
! 

1 

i 

! 

0 

i 
I 

L 

i 
1 
i 

GDERAL IAKXWTORY 
BOILDIN3 881 

DISIRIBUITON: IABNUMBER: m4-1091 
MTE: 5/18/84 

R. L o  HWKY T452B AccaMT No: 331 

R. D. Gaskins 374 
C. T. Illsley T452B 

N. D. Hofhan T4528 
4 i l e  

SAMPLE DEscRIPrION 

Solar mapration Fpnd 207B 1 )  North 1) Center 
( m k l y  Smrple) Rxeived: 5/1/84 

mrth 

8.5 

561 

105 - + 48 

43 + 32 - 

enter  

11.2 

4.8 

-3 + 12 

0 - + 24 



TmrBLTz?cN: LAB NUMBER: M84-1012 
m: 5/9/84 

.. L. ~ e n r y  T452B ACXUJNT NO: 331 
. f. I lkley T452B 
:. D. Gaskins 374 
,. D. Aoffman T452B 
p. :e 

*I2 [XscRIPTIm 

Solar Evaporation Fond 207B 1) North 1) Oenter 
(Wkly Sample) Iktceived: 4/24/84 

- 

i'd 1 ys i 5 

? (S.U.1 

North e n t e r  

8.3  11 .o 
- 



I- 

=mmoN: IAE W E R :  M84-963 
m m  5/9/8 4 

.. L. Henry T452B ACXXWKT NO: 331 -. f. Illsley T4S2B 
:. D. Gaskins 374 
t. D. Fioffman T452B APPROVED: 
t; le /J. A. Palcic 

wu DEscRIPTIm 

Solar Evaporation P a d  207B 1 )  North 1 )  Center 
( m k l y  Sample) w i v e d :  4/17/84 

North 

8 .4  

56 3 

98 + 48 

71 - + 4 1  

- 

enter  

11.1 

5.5 

6 + 17 - 
21 - + 2s 



- -- . DISTRIBUTION: LAB NUMBER: W4-902 
R. L. Hew T452B DATE: 4-16-84 
C. T. Illsley T452B No: 331 

@i le 
R. D. Gaskins 374 

A P P m D :  

SFMPLE ~CR-rVTIoN 
Solar mapration pond 207B 
Sanples: 1 )  North 2) Center 
kceived: 4-10-84 

ANALYSIS FE!%LS 

North 

209 + 91  

- Analysis 

Gross Alpha (pCi/L) - 

enter 

2 2 16 

53 + 42 12 - + 27 Gross Beta (pci/~) 

PH (S.U.) 

537 

8.5 11 .1 

3.9 



ANALYTICAL REWn I 

Account No. 331 Oate 4-10-84 Lab. NO. H84-825 

- 1  Henry T452B 
Illsley T452B 

- .. Gaskins 374 
- .. Hoffman T452B 

Reported by 

Approved 

- -  

4lar Evaporation Pond 2078 - 1) North 2) Center 

Received: 4-3-84 

I RewltS 

Analysis 

Ph (S.U.) 

NO3 as N (mg/L) 

Gross Alpha (pCi/L)  

Gross Beta (pCi/L)  

North - 
8.2 

531 

283 - + 133 

72 f: 47 

Center 

10.2 

4.7 

18 - + 21 

- 

21 2 29 



m 7 

ANALMICAL REPORT 

Account No. 331 Date 4-3-84 Lab. No. ~ 8 4 - 7 6 6  
L. Henry T452B 
T. Illsley T452B 
D. Gaskins 374 
b. Hoffman T452B 
e 

Reponed by 

Approved 

iDescriotion 

Solar Evaporation Pond 2078 - Samples North & Center 

Received: 3-27-84 
6 Results 

Anal  ys i  s 

Gross Beta ( p C i / L )  
Gmss Alpha (pCi/L) 
PH 
NO, as N (mg/L) 

North 

53 + 40 
139 7 63 

871 
51 0 

Center 

3 + 23 
12  15 

1 OT5 
7.1 



Rockwell Internstlonal 
6-WtVrcm-p 

ANALYTICAL REPORT 

Solar Evaporation Pond 2078 - Samples North and Center 

I 

Received 3-20-84 
-- 

Gross Alpha (pCi/L) 

Gross Beta ( p C i / L )  

PH 

NO3 as N (mg/L) 

North Center 

6 2 27 

3 + 24 

8.6 11.3 

570 9.6 

144 - + 74 

45 2 36 - 



ANALYTICAL REPORT R w e l l  lnternaaonat 

Account No. 331 Date 3-27.434 Lab. No. m4-635 
1 _. Henry T452B 

*. Illsley T452B 
:. Gaskins 374 Reponed by 
1 .  Hoffman T452B 

Solar Evaporation Pond 2078 - Samples North and Center 

Received 3-1 3-84 
I iierults 

: j  Alpha (pCi/L) 

.i Beta (pCi/L) 

North 

151 + 81 

- 
- 

37 2 33 

8.0 

1367 

Center 

2 + 16 - 
13 - + 22 

9.9 

6.7 



%&well Intematfonal 
~ S V m m C ~  

b r a 0  )(Yo1 

Account No. 331 Oate 3-23-84 Lab. No. ~ 8 4 - 5 7 3  I 

1. Ills ey - T452B 
0. Gaskins - 374 
0. Hoffman - T452B I ‘ e  

ANALYTICAL REPORT 

ReDoned bv 

4 :alption 
- 3 North and Center Solar Ponds. 
*- 1::eived: 3-6-84 

h l t s  

.. 75s Alpha (pCi/t) 

207B North 201B Center 

80 f 42 
51 2 40 

3 f 15 
12 i 30 

8 . 2  10.9 
569 8 .6  

. . .  . _ _  



ANALYTICAL REPOR'I 

? -  
' 19. L. Henry - T452B Account No. 331 Date 3-23-84 Lab. NO. M84-514 

t. T. Illslev - T452B 
i ,  D. Gaskin;  - 374 
Y. D. Hoffman - T452B 
'. I c 

Reponed by 

be Description 

2078 North Solar Pond. Received 2-28-84 

t 

&sts Results 

Analysis 
Gross Alpha (pC i /L )  
Gross Beta (pC i / t )  

NO3 a s  N (mg/L) 
PH 

Result 
76 f 33 
66 f 41 
8.3 

420 

( 3  - 79) ppoc 67.3 
\ 

-- a 



Rockwell International @A! ANALYTICAL REPORT 

I To R.L.  Henry 452 Account No. 331 Date 2/29/84 Lab. NO. M84-451 
C.T. I l l s l e v  452 i -4  - -  

R.D. Gaskins 374 
N.D. Hoffman 452 
F i l e  

Reported by 

Approved 

SOLAR EVAP. POND 2078 CENTER a NORTH 
Received: 2/21/84 1 

I 
I 

I 

i 
hnalvsis Results I 

I 

I 
I ANALYSIS 

Gross  Alpha (pC i /L )  

Gross  Beta  ( pC i / L )  

PH 
NO; as N 

RESULTS 

North Center 

70231 6515 
3 4 t 3 2  9i22 
- 8 . 4  10.6 

550 8 .2  

I 

1 
I 

I 

I 

I 

i 
i 
I 
I 
I 

i 

! 
! 
I 
I 

L- 
RF28950 (3 - 79) PPQC 4-7.3 

1 



Rockwell Internatjonal ANA LYT I CA L R €PO R 1 

M84- 39 5 Lab. No. 
2/27/84 

Date To Account No. 
R.L .  Henry 452 331 
C.T.  Illsley 452 
!?ski& 374 Reported by 

LI_ 

ffrnan 452 

Approved 

5arnDle Description 

SOLAR EVAP. POND 207 B NORTH & CENTER 

Received: 2/14/84 
inalvsis Results - 

ANALYSIS RESULTS 

North Center 

PH 8.1 9.7 

NO: as N (rng/L) 579 8.6 
Gross Alpha (pCi/L) 110556 2+16 

Gross Beta (pCi/L) 25531 3524 



ANALYTICAL REPORT 

Sample Description 

SOLAR EVAP. POND 207B CENTER 

Received : 2/7/84 
b 

Analvsis Results 

- 
To Account No. 331 Date 2/16/84 lab. NO. m4-311 

R.L. Henry 452 

I 

C.T. I L l s i e y  123 1 R.D. Gaskins 374 Reponed by 

Approved ,' J.A. Palcic 

ANALYSIS 

Alpha (pCi/L) 

Beta (pCi/L) 

PH 
NO; as N (mg/L) 

RESULTS 

5514 

2522 

9.1 
7.1 

L 
Rf 28950 ( 3  - 791 PPOC 47.3 



Rockwell Intematlonal 
E- 8r t .m  Crwp 

ANALYTICAL REPOH I 

Reported by R . O .  Gaskins 374 
N . D .  Hoffman 452 
F i l e  Approved 

/J.A. Pa’lcic 
Sample Dexrbtion 

SOLAR EVAP. POND 2078 CENTER 
Recei ved : 1/3 1/84 

inalvsis Results 

ANALYSIS 

Gross Alpha (pCi/L) 
Gross Beta (pCi/L) 

PH 
NO: as N (mg/L) 

RESULTS 

20223 

23526 
8.4 

5.5 



ANALYTICAL REPORT wkwell International 
~ 5 r t - G ~  
n, f Y U  Nnl 

UarrcOa.QoW1 
P O  Wa 464 

Account No. 331 Date 2/6/84 Lab. NO. m4-0182 - Henry 452 1 .. 
-, I l ls ley 123 
- -. Gaskins 374 
- ,. Hoffman 452 
le 

Reponed by 

&scription 

SOLAR EVAP. PONE 207 B CENTER 

ANALYSIS 

Gross Alpha (pCi/L) 
Gross Beta (pCi/L) 

NO; as N (mg/L) 
PH 

I 

i 
7 

RESULTS 

6212 

- 
5+25 

7 . 3  
10.1 



ANALYTICAL REPORT 
BOCKWeLL INTERXATIONAL 
NORTH AKERICAN SPACE OPERATIONS 

GQLDEN, COLORADO 80401 
P.0. BOX 464 GENERAL LABORATORY 

BUILDING 881 

DISTRIBUTION: LAB " B E R :  H85-0949 

B. L. Henry, HSdE T452B ACCOUNT NO: 331 
C. T. I l ls ley,  HSdE T452B 
R. D. Gaskins, Liq Waste Ops 374 

File  

SAKPLE DESCRIPTION 

DATE : 5-24-85 

APPROVED : t T. Greengard, HSdE T452B U 

Solar Evaporat ion  Pond 207B 1 )  North 1) Center 
( Q u a r t e r l y  Sample) Received:  4-23-85 

Elemental  a n a l y s i s  results are r e p o r t e d  on a t t a c h e d  s h e e t s .  



i 

TO: C.T. ILLSCEY 
CC: FILE 

ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 

ROCKY FLATS PLANT 
881 GENERRL LABORATORY 

ANALYSIS REPORT ................................. 
BLDG: T 452B 

. DEPT: ENV. RNRLYSIS 
CHARGE: 331 

..........................................*.......,..,......................*.~. 
SRMPLE DESCRIPTION: 

SOLRR POND <NORTH) 

EMISSION SPECTROGRAPHIC RESULTS 
..............................................................................,~ 

ELEMENT 

Ag 
A 1  
As + 
B 
Ba + 
Be + 
Bi 
ca + 
Cd + 
Ce 
co 
Cr + 
C. 
cu 
F. 
Ge 
Hg + 

K +  
Li 
no * 
fln 

Mg/L 

.082 

.16  
< . e 1  

.29  

<.e5 
< .e2  

< . e 1  

< . e 2  
< . 0 5  
< . 4 1  
< . e 2  

. 2 9  
< .e2  <. 002 

.37  

<.e041 

<1 .0  

290 

< 4 . 1  

120. 0 

120. 0 

ELEHENT 

HO 
N& 4 

Nb 
Mi 
P 
Pb 
Rb 
Sb 
S. + 
Si + 
Sn 
Sr 
T& 
Te 
Th 
Ti 
T1 
U 
v 
W 
Zn 
Zr 

<.0041 
620.0 

< . 2  
< .e41 
< . 2  
<.e041 
< .41  <. 041 

. e 2  
2 .1  
< .e41  
1.2 <. 041 
< .41  
< . e 4 1  
< .e2  
< . e 2  

< 2  

< 2  
<.mi 
< . 2  
< . e 4 1  

+ RTOMIC RBSORPTIOH SPECTROPHOTOMETRIC RESULTS. 
4. NOT RUN 

TOTRL SOLIDS: 4084 

SNRLYSIS BY: R2D,  DLP 0 - 
2994 - PLATE NO: RPPROVED BY .. '?zlcp 



LAB NO: M85-8949 
DATE: HAY 23, 1985 

TO: C. T. ILLSLEY 
CC: FILE 

ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 

ROCKY FLATS PLANT 
881 GENERAL LABORATORY 

ANALYSIS REPORT .............................. 
BLDG: T 452B 
DEPT: ENV. RNRLYSIS 

CHARGE: 331 

................................................................................ 
SRMPLE DESCRIPTION: 

SOLAR POND (CENTER) 

EHISSION SPECTROGRAPHIC RESULTS 
................................................................................ 

ELEHENT Hg/L 

Ag 
A1 
As 4 

B 
Ea 4 

Be 4 

B1 
C& 
Cd + 
C. 
co 
Cr + 
CS 
cu 
F. 
C. 
Hg 
K o  
L1 
Ha 
tln 

,015 
.15 

< . e 1  
.67 

<.e5 <. 0037 
<.e1 
<.74 <. 0037 
< . a 5  <. 074 
,837 
.074 <. 0037 <. 002 

.852 

.e22 

<1.8 

45.0 

36.8 

13.0 

EL E H E N T Mg/L 

No .037 
N8 250.0 
Nb <. 837 
Hi .e15 
P .e74 
Pb <. 0007 
Rb < .e74 
Sb <. 0074 
S. <.81 
Si 5.5 
Sfl < .e874 
S r  .52 
11 <. 0874 
Te <. 874 
Th  < .e074 
Ti .e22 
T1 <. 0037 
U <.37 
V <. 0874 
W <.37 
Zn <. 837 
Zr <. 0874 

+ ATOMIC ABSORPTION SPECTROPHOTOMETRIC RESULTS. 
NOT RUN 

TOTAL SOLIDS: 744 

................................................................................ 
‘L 

ANALYSIS BY: R2D, DLP 

2994 - PLATE NO: APPROVED B 6 p . . k .  



ROCKWELL I NTERNATI OWL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATdRY 
BUILDING 881 

m 1 8 U T I O N :  LA6 NUMBER: H84-2608 
11-28-84 DATE : 

R. L. Henry, HSLE T452 ACCOUNT NO: 331 
C. T. I l l s l e y ,  HSLE T4S2B 
R J D .  Gask ins ,  L l q  Wste 374 

File 
q. Greengard, HSLE 14526 

SAJIPLE DESCRIPTION 

S o l a r  Evaporat ion Pond 2078 
Received: 10/23/84 

1) North 2 )  Center 

ANALYSIS RESULTS 

Elemental a n a l y s i s  r e s u l t s  are reported on attached sheets. 



LAB NO: ~ 8 4 - 2 6 a e  
DATE: NOVEVBER 2 1 , 1 9 8 4  

TO: R. L. HENRY 
CC: FILE 

ROCKWELL INTERNATIONt3L 
ENERGY SYSTEMS GROUP 

ROCKY FLATS PLANT 
861 GENERAL LABORATORY 

ANALYSIS REPORT 
. . . . . . . . . . . . . . I . . . . . . . . . . . . . . .  

BLDG: T452B 
DEPT: ENV. RNALYSIS 

CHARGE: 331 

............................................................................... ' 
SAMPLE DESCRIPTION: 

SOLAR POND B <CENTER) 

EMISSION SPECTROGRAPHIC RESULTS 
..........................................................................**.*~~ 

ELEMENT 

f39 
A1 
As 
B 
Ba 
Be 
Bi 
CP 
Cd 
Ce 
co 
Cr 
cs 
cu 
Fe 
G I  
H9 
K *  
Li 
Ng * 
Mn 

Mg/L 

, 0 0 1 6  
2 

< . 0 1  
. 2 4  

< . 0 5  <. 002 
2 . 9  
< . 0 1  
< . 4 1  
< . 0 0 2  
< . 0 5  

. 0 4 1  
016 

. 2  
< .0@2 <. 002 

. 4 1  

.e81 

< 1 . 0  

3 6 . 0  

3 . 9  

ATONIC ABSORPTION SPECTROPHOTOMETRIC RESULTS. 
** NOT RUN 

TOTRL SOLIDS: 486 

ELEMENT 

No 
Ha 
Nb 
Ni 
P 
Pb 
Rb 
Sb 
Se 
Si 
Sn 
Sr 
1 1  
Te 
T h  
Ti 
T l  
U 
V 
W 
Zn 
Z r  

MgIL 

. 0 1 6  
6 7 . 0  

< . 0 2  
. 0 1 6  
. 2  

.041  
< . 0 0 4 1  
< . 0 1  
2 . 4  <. 0041 

. 2 8  <. 0041 
< . 0 4 1  

. e02 

< . 0 e 4 i  . a4 i 
< . 0 0 2  
< . 2  

< . 2  
.0081 

. 0 4 1  

.0041 

................................................................*....~.......... 
RNALYSIS BY: R2D, DLP 

PLATE NO: 2884 RPPROVED BY 



LflB NO: M84-2608 
DATE: NOVEMBER 21,1984 

TO: R. L. HENRY 
CC: FILE 

ROCKWELL INTERHATIONRL 
ENERGY SYSTEMS GROUP 

ROCKY FLATS PLANT 
881 GENERAL LABORATORY 

ANALYSIS REPORT .............................. 

BLDC: T452B 
DEPT: ENV. ANALYSIS 

CHARGE: 331 

.................................................................................... 
SAMPLE DESCRIPTION: 

SOLAR FOND B (NORTH) 

EMISSION SPECTROGRAPHIC RESULTS 
.............................................*.......................* ~~w........= 

ELEMENT 

Ag 
A 1  
As 
B 
Ba + 
Be 
Bi 
Ca 
Cd 
Ce 
CO 
Cr * 
cs 
cu 
Fe 
Ge 
Hg 
K *  
Li 
Mg 
M n  

Mg/L 

<. 0835 

<.01 
.31 

< . 0 5  <. 017 
<.01 

<. 017 <. 0 5 '  
< . 3 5  
<.017 
.28 

<.017 
< . 0 0 2  

82.0 
3.5 

87.0 <. 035 

1 

<1.0 

20. 0 

< 3 . 5  

ELEMENT 

MO 
Na * 
Nb 
Ni 
P 
Pb 
Rb 
Sb 
Se * 
Si 
Sn 
Sr 
Ta 
Te 
T h  
T i  
T1 
U 
V 
w 
Zn 
Zr 

Mg/L 

.006? 
378 .0  <. 17 <. 035  <. 17 

< . 3 5  
< . 0 3 5  
.01 

5 . 6  
< . 0 3 5  
3 . 5  <. 035 
< . 3 5  <. 835 
.069 

<.017 

<. 035 

<. 17 
<. 035 

. e635  

<1.7 

<1.7 

ATOMIC RBSORPTION SPECTROPHOTOMETRIC RESULTS. 
**  NOT RUN 

TOTAL SOLIDS: 3459 

'HALYSIS B Y :  R2D, DLP 0 - 
2884 - PLATE NO: RPPROVED B Y  .. T..W+ 



COD078343407 Date: November 8 ,  1985 
Revision No.: 0 

POND 207C DATA 



z o 7  c . u--TIoNAL - ~ 

NORTH AMERICAN SPACE OPERATIONS 

COLDEN, COLORAM) 80401 
P.0. BOX 464 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

DISTRIBUTION: LAE "BU: n85-2224 
DATE : 10-03-85 

c. T. 11181ey. HSE T ~ X B  ACCOUNT NO: 331 
R. L. Henry, ES6E T452B 

H i l e  

-LE DESCRIPTION 

207 A and C Solar Pond - Quarterly - Received: 9-11-85 - 
ANALYSIS RESULTS 

207 A 

10.0 

21739 
171976 

1.7 

0.1 

- 

(5 .6 +- 0.0) x lo4  

(0.0 2 1.0) x lo3 
(2.6 2 0.2) x lo4 

(3.0 - + 0.8) x 103 

4 

(0.0 2 4.2) X 10' 
(2.7 +- 0.6) X 10 

207 C 

12.s 

18841 
171 135 

(0.  I 
0.6 

(8.8 + 0.6) X IO3 

(1.4 + 0.3)  X lo3 

(1.8 3 0.3) X lo3 
2 

- 

(6.4 + 1.1) X IO 3 

(1.3 + 0.1) X IO 4 - 
(7 .2 - + 0.9) X IO 

- . .  

. .  -. . 



LAB NO: H85-1236 
DATE: JULY 12, 1985 

TO: R.D.CASK1HS JR. 
CC: FILE 

ROCKUELL INTERNATIONAL 
ENERGY SYSTEHS GROUP 

ROCKY FLATS PLRNT 
881 GENERAL LREORFITORY 

ANALYSIS REPORT .............................. 
BLDC: 374 
DEPT: LIQ. UASTE OPER. 

CHARGE: 371 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * . . . . . . . . . . . . . . . . . . . O . ~ ~ . C  

SRMPLE DESCRIPTION: 

WATER SLUDGE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * . . . . . * ~ * 9 ~ ~ ~ ~  

EMISSION SPECTROGRAPHIC RESULTS 

ELEMENT 

fig 
A1 
Flr 
B 
Ba 
E. 
Bi 
Ca 
Cd 
C. 
co 
Cr 
CS 
cu 
F. 
C. 
Hg 
K 
L i  
no 
Rn 

Hg/L 

4.3 
>I100 
< 5 . 4  
1 1  
3.3 
9.8 
< . 5 4  
>I100 
33 
<ll0 

65 
( 1 1  
43 
1 le 
(1.1 

90 
1100 
6.5 

. 9 8  

< . 5 4  

> i  ieee 

+ RTONIC ABSORPTION SPECTROPHOTOHETRIC RESULTS. 
++ NOT RUN 

TOTAL SOLIDS: 108700 

ELEMENT 

Mo 
Ha 
Nb 
Hi 
P 
Pb 
Rb 
Sb 
S I  
Si 
Sn 
Sr 
T I  
T. 
T h  
T i  
TI 
U 
V 
U 
Zn 
Zr 

Mg/L 

.87 
>11eee 
1 1  
22 
760 
7.6 

1 1  
<l. 1 

220 
<1. 1  
5 4  
<1-1 
< 1 1  
<l.l 
9.8 
< . 5 4  

*+ e 

<54 
<l.  1 
< 54 
7.6 
2.2 

R2D - HRLYSIS BY: 

rtATE NO:  3020 APPROVED BY 



m7 c 

m U  1NZ"ATIOUA.L 
NORTH MERICAN SPACE OPERATIONS 

COLDEN, COLORADO 80401 
P.0. BOX 464 

ANALIITZCAL REPORT 

GENERAL UBORATORY 
BUILDING 881 

DISTRIBUTION: LliB "UMBER: H83-1557 5 

DATE : 7-1 1-85 
TO I l l e l e y ,  HS6E T-4520 ACCOUNT NO: 331 

File 
APPROVED : 

4. A. Blair 

SAMPLE DESCRIPTION _--_ 

Solar Poad 207A & t07C - Quarterly Received: 6-25-83 

ANALYSIS RESULTS 

207A 

10.1 

207C - 
10.7 

14800 8000 

10360 6420 

0.1 (0. 1 
4 3 2.4 X 10 6.5 X 10 

(5 .2  1.0) x lo3 . (1.1 - + 0.2) x lo4 
<0.01 - (0.01 

8 



ANALYTICAL REPORT 
ROCKKELL IIVTERNATIONAL 
ENERGY SYSTWS CROUP 

COLDEN, COLORAM) 80401 
P.0 .  BOX 464 GENERAL MORATORY 

BUILDING 881 

DISTRIBOTION: IAB NUMBER: X85-0718 

C. T. I l l s l e y ,  HSLE T452B ACCOUNT NO: 331 
R. L. Henry, ES6E T 4 5 2 B  

DATE : 4-25-85 

& /Pf le 
APPROVED : 

1 J .  A. Blair 

SAHPLE DESCRIPTION 

207-C Solar Pond - Quarterly - Received: 3-25-85 

l. - - .  

AHALYSIS RESULTS 

Analvsfs Results 

7.7 

2593 

27304 

1.9 

<o. 1 

(2 .5  - + 0.4) x 103 

(4.3 - + 0.3) x lo3 

(3 .7 2 0.4) x 103 

0.0 - + 0.0 

(2.1 - + 3.2) x 10' 

( 1 . 1  i O . 5 )  X lo2 



I -  

ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS CROUP 
P.O. BOX 464  
GOLDEN, COLORADO 80401  

MALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

DISTRIBUTION : LAB NIJMBER: H84-2976 
DATE : 12-2 4-84 

C, T. I l l s l e y ,  HSdE T452B ACCOUNT N O :  331 
fl’. L. Henty,-HS&E T452B 

F i l e  
APPROVED: . * ‘ -  

, J .  A. B l a i r  , 

SAMPLE DESCRIPTION 

S o l a r  Pond 207C - Received: 12-5-84 

ANALYSIS RESULTS 

ANALY S I S 

pH (S.U.) 

NO3 as N (mg/L) 0 T.D.S (mg/L) 

Gross Alpha (pCi /L)  

Gross B e t a  (pCi /L)  

pu (pCI/L) 

u (pCi /L)  

RESULTS 

9 .a 
7 0 5 0  

6 6 4 3 2  

(1 .5  - + 0.3) X lo4  

405 + 79 

( 4 . 6  + 1.3) X l o 2  
- 
- 

(1.5 + 0.1) x lo4  - 
(0.4 + 1.0) X I O 2  

3 (1 .5 + 0.6) X 10 
- 
- 



ROCKWELL INTERNATIONAL - 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

ANALYTICAL REPORT 

GENERAL LABORATORY 
BUILDING 881 

4 B H B : M -  
DATE : 9-27-84 4. T. I l l s l e y ,  T452B HSlCE ACCOUNT NO: 331 

F i l e  n 

APPROVED: 
pJ. A. B l a i r  

SAMPLE DESCRIPTION . 

S o l a r  pond 207C - Quarter ly  sample - Received: 9-13-84 

ANALYSIS RESULTS 

Analysis 

pH (S. U.) 

NO3 a s  N (mg/L) 

TDS (mg/L) 

Gross Alpha (pCi/L)  

Gross Beta (pCi/L)  

pu (pC i /L )  

(pCi/L) 

u (pCi/L)  

T r i t i um  (pCi/L)  

Resu l t s  

10.0 

7100 

66757 

(1.0 + 1.7) x lo4 - 
771 + 227 

(1.2 + 0.8) X 10' 

(1.4 + 0.9) X 10' 

- 
- 
- 

(1.3 + 0.1) x lo4 
(1.2 + 0.4) X 10 3 

- 
- 



ANALYTICAL REPORT 
ROCKWELL INTERNATIONAL 
ENERGY SYSTEMS GROUP 
P.O. BOX 464 
GOLDEN, COLORADO 80401 

GENERAL LABORATORY 
BUILDING 881 

ON: LAB N m :  M84 1417 - 
DATE : 8/15/84 

C. T. I l l s l e y  T-452B ACCOUNT NO: 331  
N. D. Hoffman T-4528 
R. L. Henry T-4528 
R. D, Ga sk i n s  374 APPROVED: 

v f i l e  /J. A, P a l c i c  

207C S o l a r  Pond - Qua r t e r l y  Sample Received:  6/5/84 

A n a l y s i s  

pH (S.U.) 

No3 as N (mg/L) 0 Tota l  D i s s o l v e d  S o l i d s  (mg/L) 

Gros s  A lpha (pCI/L) 

G ro s s  Beta  (pCi/L) 

PU - 239 (pCi/L) 

Am - 241  (pCi/L) 

U ( p C W  

R e s u l t  

9.6 

- 

2650 

2109 

2886 2 2423 

(3.0 2 1.9) X lo1 

722 + 250 

(9.7 - + 3.4) x lo1  

(3.3 2 0 .2 )  x 103 

3H (pCi/L) (6.4 - + 0.6) X 10' 



DISIRIBOTI(TJ: IABtauHEeR: m4-712 

C. T. I l l s l e y  F452B MXUlNT No: 331 

Pi le 

m m  5/9/84 

4". D. B o f h  F452B 

SIMPLE DEsQuFmm 

Sol- Fond 207C - rJonthly w i v e d :  3/22/84 

0.4 

2090 

(2.1 + 1.5) lo3 - 
(6 .2  + 1.7) x lo2 

2 (4 .0  + 1.7) x 10 

- 
- 

4.9 x lo1 
1 1.2 x 10 
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