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ABSTRACT

This report presents the results of the evaluation of trench subsidence
and possible future stabilization techniques at the Sheffield- Low-Level
Radioactive Waste Disposal Facility, Sheffield, Illinois. The investigation
was based on a review, analysis and summary of available surface main-
tenance records on the site, and other data obtained from the site operator,
t he U.S. Nuclear F agulatory Commission, the U.S. Geological Survey, and
the lilinois Department of Nuclear Safety.

Analyses were p- >rmed to detennine subsidence trends and project
future subsidence for 21 trenches into which the wastes were placed.
The types of subsidence, potholes, sudden slumps, and long term area
settlement were evaluated to develop future projections. The mechanisms
evaluated as causing subsidence and settlement were: piping and settle-
ment of the trench backfill soll into voids, consolidation of the trench

backfill soil, and deterioration of the waste containers and wastes by
corrosion and biodegradation. The engineering feasibility and costs of
potential trench stabilization techniques were developed. Recommendations2

were made for stabilization, final capping, and future monitoring of each
trench.

:

,

.

er

,

|

[ ill

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



TABLE OF CONTENTS

Abstract . . . . iii.......................

List of Figu re s . . . . . . . . . . . . . . . . . . . . . . . . vil

Li st of Tables . . . . . . . . . . . . . . . . . . . . . . . . ix

List of Plates xi........................

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . xlit

I. Introduction . . . 1....................

II. Site Description 3.....................

A. Loca t ion . . . . . . . . . . . . . . . . . . . . . . . 3

B. Geology 3... ....................

C. H y d rolog y . . . . . . . . . . . . . . . . . . . . . . 3

D. Climate 9.......................

E. General Surface Conditions . . . . . . . . . . . . . . 9

t i l . T rench S ubsidence . . . . . . . . . . . . . . . . . . . . 20

A. T rench H istory . . . . . . . . . . . . . . . . . . . . 20

B. Past Subsidence 23...................

C. Mechanisms of Subsidence. . . . . . . . . . . . . . . 44

D. Prediction of Future Subsidence . . . . . . . . . . . 49

IV. Trench Stabilization Techniques. . . . . . . . . . . . . . 66

A. I n troduction . . . . . . . . . . . . . . . . . . . . . 66,

B. Compaction Techniques . . . . . . . . . . . . . . . . 66

C. Grouting Techniques . . . . . . . . . . 73......

D. B iological Technique . . . . . . . . . . . . . . . . . 81

E. Cost Analysis and Summary of Techniques 83......

V. Fu tu re Monitoring. . . . . . . . . . . . . . . . . . . . . 89

v

i
i

1
-- . , , - , . . . - ., _ . . . . , , , - . - - . . - . - - . . , . - - _ . , . . . , , . , , , , . , - . . . . - - _ , - - - _ , - . . . - , .



- _ _ _ - - - -

TABLE OF CONTENTS (cont)

VI . Conclusions and Recommendations . . . . . . . . . . . . . 93

R eference s . . . . . . . . . . . . . . . . . . . . . . . . . . 99

Appendices

A. T rench Status Reports . . . . . . . . . . . . . . . . 101

B. Monthly Trench inspection Reports . . . . . . . . . . 123

C. Cost E stimates . . . . . . . . . . . . . . . . . . . . 167

Distribution. . . 177.......................
,

f

vi

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



.

LIST OF FIGURES
,

Figure No. Description Page

1 Vicinity Map 4

2 Approximate Site Location 5

3 Equiootential Lines of Water Table 8

'

4 Average Monthly Precipitation 10

5 Surface Repairs - November 5, 1980 '.

6 Minor Erosion - November 5, 1980 12

7 Northern Drainage Channels -
November 5, 1980 14

8 Southern Gully - November 5, 1980 15

9 Surface Water Swale - November 5,1980 16

10 Potential Areas of Concentrated
infiltration - November 5,1980 17

,

11 Well and Special Burial Casings -
November 5, 1980 18

12 Location of Wells, Borings, Trenches
and Tunnel 19

13 Chronological Trench Subsidence During
Two Years of Monitoring 34

14 Accumulated Waste Volume Per Year 37

15 Subsidence Size Distribution 38

16 Schematic illustration of Random Place-
ment of Waste Containers 46

17 Typical Time-Settlement Curve for Soil 50

18 Trench Types by Cross-Section 55

19 Dynamic Consolidation 68

vii

|

|

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



_ _ __

'
LIST OF FIGURES (cont)

Figure No. Description Page

20 Compaction by Pile Driver 70

21 Compaction by Su charging with Heavy
Soil Mounds . 72

,

22 Moisture-Density Curves of a Cohesive
Soil for Different Compactive Efforts 74

23 Compaction by Heavy Compaction Equip-
ment 77

24 Compaction Grouting Process 80

25 Penetration Chemical Grouting 82

Proposed Plotting of Direct Level Data 92

i

i

vill |
,

- _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ = _



LIST OF TABLES

Table No. Description Page

1 Soil identification 6

2 Trench Data 21

3 Trench Subsidence Summary 24

4 Chronological Trench inspection Summary 31

5 Precipitation in Inches 33

6 Subsidence by Age of Trench 35

7 One-Dimensional Consolidation Theory
Solutions for Four Cases of Initial
Excess Pore Water Pressure Distribution 52

'

5 8 One-Dimensional Consolidation Theory.
Time Factor for Various Average

Degrees of Consolidation. 53

9 Summary of Trench Types 56

10 Time-Settlement Prediction for Trench
58Type I

11 Summary of Trench Settlement least
>

Time Prediction 60

12 Trench Estimated Relative Deterioration
Potentials 64

13 Compaction Equipment and Methods 75

14 Cost, Effectiveness and Applicability of
Stabilization Techniques Summary 84

ix

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



. . ..

,

LIST OF PLATES

Located in Pocket

Plate No. Description

1 Trench Filling

2 Trench Subsidence

3 Subsidence Occurring Within Zero to
Three Years of Trench Completion

4 .
Subsidence Occurring Within Three
to Six Years After Completion

5 Subsidence Occurring Within Six to
Twelve Years After Completion

!

xi

!

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



.-

.

i
i

l

ACKNOWLEDGEMENTS

The authors wisN to express their appreciation to Mr. David Siefken,
Project Officer, U.S. Nuclear Regulatory Commission, for his guidance
in the conduct of the study and presettation of the results; to Russell
Moore, Site Manager for Nuclear Engineering Company, Inc. at Sheffic.;d
for his cooperation during our site visits; and the following agencies
and individuals who furnished additional data and information:

; clear Engineerin.1 Company, Inc. - Mr. Thomas Baer

Soil Conservation Service - Mr. Donald Pretsch, District Conservationist

I

U. S. Geological Survey - Mr. J. B. Foster

Illinois Department of Nuclear Safety - Mr. Bruce Myer

The report was prepared by Ralph Stone and Company, Inc. under the
direction of Mr. Richard Kahle, Project Director and Mr. James Rowlands ,
Project Manager.

The authors wish to note the efforts of Mr. Michael Scholten and Ms. Mimi
Doyle, Staff Engineers, for their valuable contributions in preparing this
report.

xill

1

I

|
|



_ _

EVALUATION OF TRENCH SUBSIDENCE AND STABILIZATION AT
SHEFFIELD LOW-LEVEL RADIOACTIVE WASTE DISPOSAL FACILITY,

SHEFFIELD, ILLINOIS

1. INTRODUCTION,

California Nuclear Company and the lilinois Department of Public Health
signed a lease agreement on October 2, 19i6, permitting the establishment
of a low-level radioactive waste disposal site near Sheffield, Illinois. The
burial of low-level radioactive wastes was first authorized on August 1,
1967. Nuclear Engineering Company, Inc. (NECO), succeeded the
original site lessee, in March 19, 1968. Approximately three million cubic
feet of waste material containing 60,000 curies of by-product material,
55 kilograms of special nuclear material and 600,000 pounds of source
material in 21 trenches has been buried at the Sheffield site. The last
waste burial was in April 1978. NECO was recently renamed US Ecology,
Inc.

The objective of this study was to develop detailed information on trench
subsidence trends and stabilization techniques for the site. Tasks to be
accomplished were:

o Visit the site to become familiar with the layout and surroundings.
o Review, analyze and summarize NECO's site surface maintenance

records.
o Summarize available information on trench cap construction.
o Estimate the locations, magnitudes, and rates of past trench sub-

sidence,

o Predict future subsidence and estimate the time for subsidence to
reduce making it feasible to construct final trench caps for long-
term site stabilization.

o List, describe and estimate the costs of all reasonable techniques
that could be used for stabilizing the trenches.

o Assess the value of future monitoring of subsidence.

The work was accomplished from October 15, 1980 to January 30, 1981.
All existing data on trench cap construction, placement of wastes in
trenches, and records pertaining to maintenance and past trench sub-
sidence were reviewed. The data has been used to estimate future
subsidence, recommend feasible techniques for stabilization, and deter-
mire tneir costs. The analysis was accomplished in four stages beginning
wih a visit to the Sheffield site, becoming familiar with its layout, trench
surface conditions and the general site area. The second stage was the
collecting, reviewing, analyzing and summarizing Nuclear Engineering

.

- - - - , , , , - - .,c..-.- + - - . _ m - . . - , _ - _ . - - . _ _ . - - . - - , , . , --
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Company's surface maintenance records of the Sheffield site. The third
stage was accomplished by list!ng and describing all potentially feasible
techniques for stabilizing the trenches to minimize future subsidence. )
The fourth stage was the assessment of the ces N and benefits of future '

monitoring of subsidence.
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11. SITE DESCRIPTION

A. LOCATION

The Sheffield low-level radioactive waste disposal site is located at approx-
imately W89047' longitude and N41*:1' latitude, on 20 acres of rolling
terrain, three miles southwest of the town of Sheffield in Bureau County,
in northwestern Illinois. It is 120 miles west of Chicago, Illinois; 50 miles
north of Peoria, Illinois and 45 miles east of Moline, Illinois, as shown in
Figure 1 and 2. The site was developed in a coal mining area of Bureau
County. The site is bordered to the north by rolling terrain, abandoned
strip mines and a hazardous chemical waste disposal site operated by
NECO. Further to the north and to the northeast and n rthwest exist
abandoned coal mines of which little or no effort in land reclamation har.
been initiated. These pits now contain water and serve as narrow lakes
which provide some fishing, swimming, and boating. The area is also
used for hunting by local residents. The a.eas south of the site are used
primarily for agriculture, including pasture and row crops and also recre-'

ation .

B. GEOLOGY

The Sheffield area includes gentle slopes of surface glacial deposits. The
agricultural soils are mainly the Fayetta and Strawn soil association as!

reported in the U.S. Department of Agriculture (l) . Fayette and Strawn
soils are light colored, generally well to moderately well drained and silty.
The surface layers are dark grayish brown and are developed in a Ten-
eriffe Silt or Peoria Loess Formation. The subsoil layers are dark yellow-
Ish brown, silty clay loam developed in the Glasford Formation. Generally,
the waste disposal site was constructed in glacial deposits consisting of
silt, clayey silt, silty clay, sand-silt-clay, pebbly sand and pebbly silty,

;

| sand, as depicted in Table 1. These soils occupy nearly level to moder-
ately steep areas of ridge tops and upper slopes. The nature of the soll
(blocky, massive, granular, platy) and the slope of the terrain make
erosion and prolonged dryness a serious problem with respect to loss of

| trench cap integrity, and subsequent infiltration of water into the trenches.

C. HYDROLOGY

Groundwater ess(ntially flows north and northeastward beneath approx-
imately three-fourths of the site and south and southeastward beneath
approximately one-fourth of the site. I-igure 3 indicates this flow divide.
The groundwater elevations depicted in Figure 3 indicate that the water
table varies from approximately 15 to 45 feet below the ground surface
shown in Plate 2.

3

1

l
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TABLE 1 - SOIL IDENTIFICATION
I
i

| Trench Lithologic Soil Soil
) No. Unit Below Formatimi Structure

Trench

1 Clayey silt; silt; sand ; Peoria Loess Blocky; platy; massive
silty clay Glasford fine .o coarse sand'

j 2 Clayey silt; sandy silt; clay ; Teneriffe Silt Platy to weak blocky
,

silt; silty clay Glasford pebbly, massive
I 3 Clayey silt; sandy silt; clay; Teneriffe Silt Platy to weak blocky
j silt; silty clay Glasford pebbly, massive
i 4 Clayey silt; silt ; Peoria Loess Blocky; platy; massive
; sand; silty clay Glasford fine to coarse sand
I 5 Clayey silt; silt;
j pebbly sitty sand Glasford Massive to weak platym

6 Silt; clayey silt; Peoria Loess Massive, weak;
silty clay Glasford platy

7 Silt, clayey silt; Peoria Loess Massive , weak;
silty clay Glasford platy

i 8 Clayey silt; sand; Massive pebbly
! sandy silt clay Glasford
|
|

9 Sand; clayey sand; Peoria Loess Blocky to massive
sandy silt clay; Glasford Blocky to granular4

! pebbly Platy to massive

| 10 Sand; clayey silt: Teneriffe Silt Sangamon Soil
Sandy silt day; pdably silty sand Glasford Massive

11 Sand; sandy silty clay; Peoria Loess Weak platy - massivei

: silty clay Glasford Massive
t

| 25 Clayey silt; sand; Glasford Massive
j pebbly
i
,

i l

i



._. _

TABLE 1 - SOIL IDENTIFICATION (conti"

i

Trench Lithologic Soil Soil
No. Unit Below Formation Structure

Trench

8A Clayey silt; sand; Glasford Massive
sandy sitt clay pebbly

8B Clayey silt; sand; Glasford Massive
sandy sitt clay pebbly

26 Clayey silt; sand; Gla ; ford Massive

,

sandy sitt clay pebbly

24 Clayey silt; sand; Glasford Massive,

sandy silt clay pebbly
i

18 Sand; sandy silt clay; Peoria Loess Massive
pebbly silt sand, silty sand Glasford calcareous

] 25C Clayey silt; sand Glasford Massive
sandy silt clay pebblyu

| 23 Sand; pebbly sitt sand; Peoria Loess Blocky to massive

| clayey silt; silty clay Glasfor;d Massive
Lacustrine

14 Clayey silt; sand; Peoria Loess Blocky to massive
! sandy sitt clay Glasford Blocky to granular,

Platy to massive

14A Clayey silt; sand; Peoria Loess Blocky to massive
sandy sitt clay Clasford Blocky to granular

Platy to massive

!

|
.

| Source: Preliminary Report on the Hydrogeology of a Low-Level Radioactive-Waste Dispcsal Site
i Near Sheffield, Illinois.(2)
!
:
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The U. S. Geological Survey-(USGS) has installed groundwater monitoring
wells in order to determine the range of seasonal and annual fluctuations
as a result of varia.tions in seasonal and yearly rainfall. Water levels rise
during the spring after the ground thaws and tend to decline during the
summer and early fall.(2) The topographic conditions and the developed
surface drainage provide for rapid runoff, anticipated to be from 12 to 15
inches per year.(2) It is also estimated that between one and two inches
of recharge reaches the water table each year.(2) pproximately 20 inches
of water are evapotranspired annually at the site.(2'

D. CLIMATE

Bureau County, Illinois experienc.es qpical continental climate ranging in
tenperature from summer highs in the upper 90 F to winter lows of -10'F
to -15 F below zero. Summerc are warm with July typically being the
wannest month. Brief showers and thunderstorms and cool air from the

i north help prevent stagnation of summers hot, humid air masses. North-
ern Illinois's summer precipitation occurs mostly as the result of showers
and thunderstorms of short duration. The annual precipitation rate on
the site is approximatley 35 inches of water. January is normally the
coldest month and annual snowfalls have averaged 26 inches. The total
number of freezing days per year occur between mid-October to the end
of April (3) making the cold season six months long. Frost depths have
been recorded averaging three to four feet. The average monthly pre-I

cipitation is shown in Figure 4.,

E. GENERAL SURFACE CONDITIONS
,

The major soil development of Bureau County is of a silt nature. When
the trenches were excavated the spoil was left beside the open trenches
and used as uncompacted backfill as the waste was deposited. After each
trench except 14 and 14A, was filled the caps were constructed of this
same soil type. An unknown amount of compaction was performed on each
of these caps. On trenches 14 and 14A, " clay shale" was imported for
the caps and compaction was tested to meet a specification of 90 percent
of the maximum density as determined by the modified proctor test.

The Sheffield site is covered with a bromegrass and tall fescue except
for the recent grading, slope and erosion repair areas which make up
approximately 20 percent of the total acreage. Photographs of these
repair areas are shown in Figure 5. The repairs that have been initiated
on the drainage problem areas should be monitored until such time as the'

bromegrasses or other approved ground cover has been established.

Figure 6 depicts minor erosion which can develop into major gully erosion
with surface runoff carrying away the topsoil of the caps and soil in the

9
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areas between the trenches. Runoff occurs first as sheet flow which
gradually develops into poorly defined rills upon the trench caps. T F.e
rills tend to form on the side slopes and run into developing swales Yong
the side of the trenches. The swale water then follows the site topography
and ultimately ends up in the well defined drainage channels at the north-
ern end, Figure 7, or the southeastern end of the site, Figures 8 and 9.
This erosion puess can lead to damage to the caps, loss of cap integrity
and will require regular future inspection of the existing caps to dete.-
mine if rilling develops.

Other factors affecting cap integrity are areas of potential concentrated
infiltration. Field observations indicate that present potential concentrated
infiltration areas are maintenance vehicle tire tracks and low spots developed
between the treriches as shown in Figure 10. These areas are located on
Plate 2. There ara numerous wells and sumps with PVC casings protrud-
ing abov the ground surface throughout the site, Figure 11. If any of

the casings were damaged, a point of concentrated infiltration could result.

A tunnel has been constructed by the U.S. Geological Survey (USGS) to
provide access for monitoring radiation directly beneath Trenches 1, 2,
3, and 11. The six and one half foot diameter tunnel extends northward
under Trench 11, then Trench 3, Trench 2, and Trench 1, respectively;
for a total of 290 feet in length, as depicted in Figure 12. The USGS
tunnel was extended southerly in December 1980 and the construction
cut was filled and regraded to match the adjacent contour indicated in
Plate 2.

.
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FIGURE 12 - LOCATION OF WELLS, BORINGS, TRENCHES, AND TUNNEL

Waste Disposal Site near Sheffield, Illinois.(2) Low-Level Radioactive-
Preliminary Report on the Hydrogeology of aSource:
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111. TRENCH SUBSIDENCE<

|

A. TRENCH HISTORY

The history of the opening, closing, excavation size, and burial inventory
by date was recorded monthly by NECO on trench status reports. The
final trench status report for each trench is presented in Appendix A.
For exampie, Trench I was opened in August 1967 and closed one year ;

later in August 1968. It has a noted length of 450 feet, a width of 40
feet, no given depth and a noted waste volume of 144,817 cubic feet.
This data for each trench is summarized in Table 2 along with known
details of the types of-waste containers and cap constraction method as
related by NECO.4

The time sequencing of the opening and closing of the trenches is depicted2

graphically in Plate 1. Wastes would be delivered to the site by truck
in shielded containers constructed to keep radiation levels outside the
containers lower than the maximum allowed by the Department of Transport-
ation for transport. Wastes were deposited in cardboard boxes, plywood'

and wood crates, metal drums, and concrete septic tanks. Wastes were
also solidified on-site for disposal.

There is no detailed inventory of waste characteristics by trench. All
trenches were reportedly filled with the waste containers described above
except for Trenches 8A, 8B and 10 which received Anafco tubs of solidified
wastes. Trench 18 reportedly had sand filled concrete septic tanks placed
on the bottom and metal drums with wastes above the tanks.

Generally, the trenches were initially totally excavated with the soil
placed along their sides. Wastes were deposited in the trenches and cov-
ered with backfill. As the waste filled the trench, more backfill soil was
added until the wastes were within three feet of the original grade. An
approximately three foot thick soll cover cap was then placed and mounded
above grade to provide for runoff. The placement equipment probably
applied some compactive effort. No compaction was documented on any of
the trenches except 14, 14A and 18. Trenches 14 and 14A were built
above grade and the walls were compacted. Trench 18 was overexcavated
and the bottom was recompacted up to its required grade as selected by
the NRC prior to the burial of waste.

On Trenches 14 and 14A the outside walls were brought to a uniform grade
by placing a compacted fill of clay shale and Ioess blend over the natural
loess surface soil. These wall fil!s were placed as' engineered fills and' -

documented by Daley r, Associates, Engineers, incorporated. The com-
paction of the Trench 14 and 14A caps were also tested to meet 90 per-

,

cent of the maximum density as determined by the Modified Proctw test.'

Trench 18 received a compacted blanket of fill over the bottom of the
trench cn which the filled septic tanks were placed.

20
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TABLE 2 - TRENCH DATA

Trench Date T rench Trench , Waste Waste Cap

No. Opened / Closed Dimensions Volume Volume Containment Construction,

3 3L-W-D (ft) (ft ) (ft )

1 8-67/8-68 450-40-20 360,000 144,817 General * * N .D . * * *

"
I "

2 8-68/3-71 460-60-25 693,000 231,235

""
3 3-71/5-72 400-55-25 550,000 191,201

""
4 5-72/4-73 280-60-20 336,000 197,898

""
5 4-73/8-73 350-50-20 350,000 136,419

""
6 8-73/3-74 390-45-20 351,000 211,677

""
Bf 7 3-74/6-74 400-30-20 253,200 133,709

""
8 7-74/8-74 200-45-11.5 103,500 49,364

""
9 7-74/2-75 350-58-22 446,600 185,237

"
10 7-74/1-75 130-17-15 33,150 13,945 Anafco tubs

"
11 12-74/6-75 350-40-20 183,200 92,410 General

""
25 2-75/5-75 100-8-18 43,200 14,525

""
26 5-75/8-75 180-64-23 264,960 166,138

"
SA 5-75/5-75 35-8-18 5,040 3,178 Anafco tubs

"
8B 5-75/6-75 *51-8-18 7,344 2,653

"

"
24 6-75/5-76 455-62-17 479,570 227,696- General



TABLE 2 - TRENCH DATA (cont)

Trench Date Trench Trench * Waste Waste Cap
No. Opened / Closed Dimensions Volume Volume Containment Construction

3 3L-W-D [ft) (ft ) (ft )
"

18 3-76/12-76 320-70-15 336,000 120,655
7 tal rums N.D.

25C 4-76/8-76 218-35-18 137,340 65,579 General "

23 8-76/1-77 440-54-18 427,680 184,450 " "

14 1-77/9-77 580-54-25 783,000 394,400 Compacted +"

14A 8-77/4-78 475-58-26 716,300 351,877 " "

U
TOTALS 6,957,084 3,119,063

* Calculated from dimensions

j General-Cardboard, plywood, wood and boxes, metal drums, etc.**

*** N.D.- Not documented
I Compacted to 90' percent maximum ' Proctor density+

++ Depth estimaieo, Data not given
'

Source: NECO Trench Status Reports

4
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B. PAST SUBSIDENCE

Monitoring of trench subsidence began in October 1978, ten years from
the time the first trench, T-1, was completed and six months after the
last trench, T-14A, was completed. The site monitoring data was recorded

, by NECO in the trench inspection reports included as Appendix B, and
J represent observations made over the two year period from October 1978

through October 1980. These observations were recorded by site personnel
as they inspected the surface of each trench. As surface subsidence,
erosion and other incidents were recorded and if weather conditions per-
mitted, the site personnel would initiate repairs. The completed repairs,
consisting of filling the holes, were also noted on the trench maintenance
records.

The subsidence data from thesa reports is summarized in Tables 3 and 4
for each trench together with *.he date on which the subsidence was noted,
the elapsed years between the completion of the trench and the recorded
subsidence and a brief aescription of the subsidence.

The number of incidences of recorded subsidence are plotted against
chronological time in Figure 13 together with monthly precipitation from
Table 5. Precipitation includes the liquid equivalent of snowfall. Spikes
in the number of incidences of subsidence are preceded by historically

. high spikes in the amount of precipitation. For example, in March - April
' 1979, 56 subsidences were noted. This followed five months (November -

March) with 13.00 inches of precipitation during which the 30 year normal
for the same period was 9.28 inches. Also, normally, at the beginning
of the winter season, moisture within the surface soil freezes, creating
a hard in. permeable frozen ground cover. During the winter months of
1978 and 1979 a frost depth was reportedly not established, due to the
warmer than normal winter. Consequently, the snow that fell on the Shef-
field site covered the surface soil oefore it fro 7e, and when the snow
melted, water infiltrated into and saturated the soil. Rain also occurred
during the winter and heavily in the spring, which added to the saturated;

surface soil conditions and trench infiltration. The saturated soils then
subsided in the spring of 1979 as shown in Figure 13.

i All the recorded subsidences are tabulated by the age of the trench
in Table 6. The age of the trench is divided into one year
increments and the number of subsidences occurring in that time
frame and the number of trenches on which they occurred are shown. Alsoi

! Indicated are the number of trenches of the given age and the number of
l the trenches out of 21 trenches which are not applicable because of the

limited period of recorded data. It is seen that for the one trench for
which the 0 - 1 year age is applicable, Trench 14A,14 subsidences occur-
red. All but one subsidence occurred on the wall between Trenches 14
and 14A and reportedly in the direction of 14A. These occurred in a
period of higher than normal precipitation.

23
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TABLE 3 - TRENCH SUBSIDENCE SUMMARY
Date Years Probable Cause

Subsidence Since Type of
Trench Noted Completion Subsidence Primary Secondary Remarks

1 11/7/78 10.2 0.33' Diameter Consolidation Loose USGS Drilling
10' Deep backfill

" 12/26/79 11.3 5' Diameter "
- -

I' Deep
2 None - - - - -

3 4/17/80 7.9 , Diameter Precipitation Consolidation Noted on 4/15/80
"

3' Deep Sheet
" 7/80 8.0 6' Diameter Consolidation - Reported by Hard-

1.33' Deep ing and Lawson
Associates

4 None - - - -y
a

-

5 3/23/79 5.4 3' Diameter Precipitation Consolidation Snow Melt
2' Deep,

6 3/30/79 4.9 2' Diameter " " "

0.5' Deep
" " " 2' Diameter " " Heavy Rains

0.5' Deep During Day4

" 4/4/79 5.0 5' X 2' " ",

Snow Melt

" " " Law Spot " " "

No recorded
dimensions

" 5/4/79 5.1 3' Diameter Precipitation " "

l' Deep,

. - _ _ _ _ _ - _
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TABLE 3 - TRENCH SUBSIDENCE SUMMARY (cont)
Date Years Probable Cause

Subsidence Since Type of
T rench Noted Completion Subsidence Primary Secondary Remarks

7 3/23/79 4.7 15' Diameter Precipitation Snow Melt Exposed Waste
10' Deep

" " -" " " 3' Diameter
I' Deep

Snow Melt3/24/79 2' Diameter " "" "

l' Deep

3/30/79 I' Diameter " " "" " -

0. 5' Deep
" " "" " " I' Diameter

0. 5' Deepw
un

" " "l' Diameter" " '

0. 5' Deep
" " "

4/4/79 4.8 3'. X 2'"

" " " "
4/16/79 2' Diameter"

5' Deep
" " "3' Diameter" " "

3' Deep

4/26/79 5' Diameter Exposed Waste" " ""

10' Deep
Snow Melt" "1' Diameter" " "

10' Deep
" " -5/4/79 4.9 5' Diameter."

l' Deep .

_ _ _
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TABLE 3 - TRENCH SUBSIDENCE SUMMARY (cont)
Date Years Probable Cause

Subsidence Since Type of
Trench Noted Completion Subsidence Primary Secondary Remarks

: 7 5/4/79 4.9 2' Diameter Precipitation Consolidation
-4' Deep

,

4/15/80 5.8 3' Diameter " " -"

2' Deep
" " - 'oted on 4/15/804/17/80 3' Diameter"

3' Deep . sheet

8 None - - - -

9 10/31/78 3.7 1' Diameter Consolidation - -1

1' Deep
Low Spot Vehicular - Southside" " "

No Recorded Traffic Holds Water,

,
Dimensions'

i 3/23/79 4.1 3' Diameter Consolidation Precipitatior. Snow Melt"

2' Deepw
cn

4/4/79 4.2 Low Spot Vehicular - Southside"
a

No Recorded Traffic - Holds Water
Dimensions<

3' X 2' Poor Consolidation Snow Melt" "10
,! Drainage

" " " 3' X 2' " " "

" n Il Il

n n .' 3' X 2' " " "

n n n 3. X 2' " " "

I " " " 3' X 2' " " "

11 None - - - - -

25 " - - - - -4

| 8A - - - - -
"

1
!
4

!

I

i

i
.

5
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TABLE 3 - TRENCH SUBSIDENCE SUMMARY (cont)
Date Years Probable Cause

Subsidence Since Type of*

Trench Noted Completion Subsidence Primary Secondary Remarks

8B None - - - - -

26 4/12/79 3. 6 2' Dlameter Precipitation Consolidation -

1' Deep
" " -" " " I' Diameter

2' Deep

j 10/11/79 4. 2 Depression Consolidation - -"

No Recorded'

Dimension

! 24 3/23/79 2.8 10' Diameter Precipitation Consolidation Snow Melt
4' Deep

4/26/79 2.9 20' Diameter Exposed Waste" ""
w

5' Deepw

i 18 12/19/78 2.0 2' Diameter " " Settlement on
4' Deep Wall

N
" "3/23/79 2. 3 3' Diameter Snow Melt"

4' Deep Hign water table,

" " "" " " 10' Diameteri

|
2' Deep

" " "" " " 4' Diameterj

I' Deep
" " Rain4/2/79 2.3 3' Diameter"

| 2' Deep <

" " "2' C!ameter" " "
i

3' Deep
" " "" " " l' Diameter

1' Deep'

_ _ _



TABLE 3 - TRENCH SUBSIDENCE SUMMARY (cont),

+ Date Years Probable Cause
Subsidence Since Type of

Trench Noted Completion Subsidence Primary Secondary Remarks

18 4/2/79 2.3 1' Diameter Precipitation Consolidation High Water Table
4' Deep

" " " 4' Diameter Depression" "
,

l' Deep
1 8/17/79 2. 7 1' Diameter" " " Settlement on

2' Deep Wall
" 9/118/79 2. 8 6' Diameter- " - High Water Table'

3' Deep
; 25C 3/23/79 2. 6 4' Diameter " " Snow Melt

5' Deep
,

" " " I' Diameter " "
**

-

j l' Deep
a " " 1' Diameter " " -

1' Deep
" 4/12/79 2. 7 2' Diameter " " -

; l' Deep
.

" 1/18/80 3.4 4' Diameter Occurring Around" "
i 2' Deep Monument and Sump

" 4/15/80 3. 7 1' Diameter "
- Pe u

I 2' Deep
" " " 3' Diameter - Around Sump Pipe"

l' Deep
23 11/20/78 1.8 3' Diameter " Consolidation Rain'

6' Deep
i

" 3/23/79 2.1 20' Diameter " " Snow Melt
6' Deep

!

i

|

|
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TABLE 3 - TRENCH SUBSIDENCE SUMMARY (cont)
Date Years Probable Cause

;

Subsidence Since Type of
Trench Noted Completion Subsidence Primary Secondary Remarks

,

; 23 3/23/79 2.1 4' Diameter Precipitation Consolidation Snow Melt
i 1. 5' Deep

" " "
" " " 5' Diameter

1' Deep
4 " " "

4/4/79 2. 2 3' X 2'! "

" " "" 10' Diameter4/12/79"

j 0. 5' Deep

! Settlement around" "12/26/79 2.8 5' Diameter"

7' Deep sump pipe

: Wall
; y between
| 14 and Slumping Loss of subgrade

14A 12/15/78 0. 6 3' Diameter of Trench support. Failures"

4' Deep Walls into 14A.
1

" " "n u " 3' Diameter
,

| 4' Deep
" " "3' Diameter" " "

4' Deep

| Snow Melt3/23/79 0.8 4' Diameter " ""

3' Deep
;

" " "4' Diameter" " "

3' Deep
1 " " "" " " 8' Diameter
! 6' Deep

|

|

|
_ _ - - ___ - _
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TABLE 3 - TRENCH SUBSIDENCE SUMMARY (cont)
4

- Date Years Probable Cause
' Subsidence , Since Type of

Trench Noted Completion Subsidence Primary Secondary Remarks

Wall -

between 3/23/79 0.8 10' Diameter Precipitation Snow Melt Exposed Waste
'

14 and 6' Deep
| 14A

i " " " 10' Diameter " " Rain
; 5' Deep
;

3/29/79" 2' Diameter" " " "

4' Deep
" 4/2/79 0.9 1' Diameter< " " "

3' Deep,

u 4/16/79 3' Diameter ' " " ""w
o l' Deep<

' " 4/21'/79 " 3' Diameter " " "

l' Deep
' 14A 3/23/79 0.8 6' Long " " "

i 6" Deep
! " 4/3/79 0. 9 2' Diameter " " "

4' Deep
'

14 12/26/79 2.2 2' Diameter " " -

I' Deep

Source: NECO Monthly Trench inspection Reports, October 1978 to October 1980, unless otherwise
noted.
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TABLE 4 - CHRONOLOGICAL TRENCH INSPECTION SUMMARY

Date Number of Number of Trench
Recorded Subsidences Trenches Numbers Remarks

10/12/78 0 0 Erosions Noted

10/31/78 2 1 9 Erosions Noted

11/7/78 1 1 1 USGS Drilling

11/20/78 1 1 23 Caused by Heavy Rains

12/15/78 3 1 Between Caused by Settling
14 & 14Ai

12/19/78 1 1 18 Settling

1/31/79 - - - Three Feet of Snow

2/27/79 - - - Covered with Snow

3/23/79 20 9 5,7,9,14 Exposed Waste
14A,18,23,

25C,24

3/24/79 1 1 6 -

3/29/79 2 2 7,between -

14 & 14A

3/30/79 5 2 6,7 Heavy Rains

4/2/79 4 2 18,between -

14 & 14A

4/3/79 1 1 14A -

4/4/79 10 5 6,7,10,23,9 -

j 4/12/79 4 3 23,25C ,26 End Loader Got Stuck

4/16/79 3 2 7,between -

14 & 14A;

4/19/79 0 - - -

|

| 4/21/79 3 2 18,between -

! 14 & 14A

4/26/79 3 2 7,24 1.7 inches of rain
l 5/4/79 3 2 6,7

5/25/79 0 - - -

6/20/79 0 - - -

7/30/79 0 - - -

|

!
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TABLE 4 - CHRONOLOGICAL TRENCH INSPECTION SUMMARY (conti

Date Number of Number of Trench
Recorded Subsidences Trenches Numbers Remarks

8/17/79 1 1 18 Around side sump
8/20/79 0 - - Erosions after 9 inches

of rain in one weekend
9/14/79 1 1 18 -

10/11/79 1 1 26 Repaired Erosions

10/25/79 0 - - -

12/26/79 3 3 1,14,23 -

1/18/80 1 1 25C -

1/30/80 0 - - -

2/29/80 - - - All snow covered
3/12/80 0 - - -

3/28/80 0 - - -

4/15/80 3 2 7,25C

4/17/80 2 2 3, 7 Noted on 4/15/80 Sheet
5/27/80 0 - - -

6/27/80 0 - - -

7/23/80 0 - - -

8/29/80 0 - - -

10/31/80 0 - - -

Source: NECO Monthly Trench inspection Reports,
October 1978 to October 1980.

|

|
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TABLE 5 - PRECIPITATION * IN INCHES

Month 30 Year- 1978 1979 1980
Normal * *

January 1.63 0.59 2.72 1.31

February 1.25 0.67 1.02 1.55

March 2.61 0.78 2.77 1.74

April 3.72 3.02 4.01 2.34

May 4.01 4.65 2.86 4.01

June 4.40 3.50 2.85 4.97

July 4.22 3.24 4.40 3.46

August 3.51 2.47 6.94 9.09

September 3.74 3.91 0.02 2.94

October 2.63 1.95 2.51 1.63

November 2.08 3.32 2.13 7.00

December 1.71 3.17 2.27 2.75
!

Annual 35.51 31.27 34.50 '62. 79

* Includes liquid equivalent of snowfall
'

**1940-1979

Source: Weather Assistance, Moline, Illinois (1980)

U.S. Department of Commerce, NOAA (1941-1979)

:
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TABLE 6 - SUBSIDENCE BY AGE OF TRENCH

Number of
Number of Trenches of Number of

Years Since Given Age * Trenches-

Completion Subsidences Tren :hes During the Two Year Not
invcived Period of Monitoring Applicable

0-1 14 1 1 20

1-2 2 2 3 18
.

2-3 23 5 7 14

3-4 7 3 12 9

4-5 25 5 12 9

5-6 4 3 10 11

6-7 - - 6 15

7-8 1 1 4 17

8-9 1 1 2 19

9-10 - - 1 20

10-11 1 1 1 20

11-12 1 1 1 20

12-13 - - 1 20

Determined back from period of recorded subsidences, October 1978*

and October 1980.

35
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Twenty three subsidences occurred on five trenches in the 2-3 year age
category for which seven tre-hes were applicable. in the older age
grouping a smaller numbe n subsidences were noted but the available
number of applicable trenenes of the given age was also greatly reduced
due to the limited recorded data period.

All the instances cf recorded subsidence from October 1978 to 1980 are
plotted by relative size and identified in chronological groupings in
Plate 2. The groupings were chosen around the extreme weather conditions
of early snowfall, reduced ground freezing and heavier than normal pre-
cipitation which occurred in the Winter to Spring of 1978 to 1979.

Plate 3 shows the incidences and locations of subsidence for the period
from 0-3 years of completion of each trench for which the recorded
data period covers the time after which the trench was completed. As
noted, Plate 3 is applicable to only seven of the 21 trenches. The re-
corded data reviewed on subsidence does not cover 14 of the trenches,

Plate 4 depicts the locations of subsidences for the period 3-6 years from
completion of each trench for which the recorded data period covers the
time after a trench was completed. Four of the 21 trenches .shown on
Plate 4 are not applicable as noted.

Plate 5 depicts the subsidences occurring for the period 6 - 12 years
following trench completion. As noted it is not applicable to 13 of the
21 trenches.

Figure 14 presents the accumulated waste volume plotted against time from
the opening of Trench 1 to the closing of the last trench and shows an
increasing quantity of waste placed in later years. Based on our exper-
ience with solid waste handling, trench integrity may have been affected
by the rate at which waste came intc, the trenches. The average volume
buried from 1967 to 1972 was approximately 119,000 cubic feet per year.
For the period 1972 to 1974 the average volume of waste buried at the
Sheffield site was 145,000 cubic feet per year, an approximate annual
22 percent increase over the previous period. For the period of 1974 to
1978 an average of 451,000 cubic feet per year was buried. This was an
average increase of over 210 percent over the 1974 to 1978 period.

Knowing the distribution of subsidence sizes may prove useful in the design
of the final trench caps. Figure 15 is a plot of the diameter of recorded
subsidences against the number of incidences of that particular size. The
figure indicates that most subsidences were 10 feet in diameter or less, with

|
,
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a few larger than 10 feet in diameter. The occurrence of one subsidence
being less inan one foot in diameter as is plotted may be due to the
observer estimating its diameter too accurately to less than one foot. The

i impact of the Winter 1978-1979 is again indicated by percent of subsidences
which occurred at that time.

A discussion of each trench follows:

Trench 1
.

The burial of waste in Trench 1, once NECO assumed operation of the
Sheffield site, was continued from approximately 60 feet from the east.

end and completed westerly by August 16, 1968. While drilling a moni-
toring well on the south side of Trench 1, the USGS perforated a container

i of hospital or laboratory waste as indicated in the monthly trench report,
November 7,1978. The four inch wide subsidence was ten feet deep and'

was filled with cement and bentonite.

On December .26,1979, a subsidence was recorded as five feet in diameter
and one foot deep occurring around a sump pipe, it was filled the same
day. The subsidence occurred over eleven years after the trench was
completed.

Trench I also had three special culverts on its north side installed as the.

trench was excavated in order to facilitate the burial of tritium, cesium,
cobalt, and other special waste. These special casings were filled with
concrete and capped with metal lids, Figure 11, in 1977 according to
NECO.

Trench 2
.

There has been no subsidence noted on Trench 2 within the 2 year period
that NECO has been recording subsidence data.

Trench 3'

|
' There was one subsidence on Trench 3 recorded on sheet dated April 15,

1980, and noted as found on April 17, 1980. The subsidence was five
feet in diameter and three feet deep. Soft ground hampered filling the

( hole. It was completed by April 21, 1980.

The Harding Lawson report, submitted to the NRC, July 31, 1980, reports
a six foot diameter and 1.33 feet deep subsidence on the southwest end
of Trench 3 recorded on July 23, 1980. It was not mentioned in the trench
maintenance records Stone received from NECO covering the period of
October 1978 to October 1980. It was not visable or: the site in November,

,

1980 or January 1981 and is assumed to have been repaired shortly after
the Harding Lawson report was published.
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Trench 4

There have been no subsidences on Trench 4 during the two year monitor-
Ing period.

Trench 5

One subsidence was recorded on March 23, 1979 on the east end of
the trench following the winter of 1978-1979. It was three feet in diameter
and two feet deep.

Trench 6

Subsidences were noted.on Trench 6 on March 30, April 4 and May 4,1979 follow-
ing noted adverse climatic conditions. ' Also,a low spot located between
Trench 5 and Trench 6 was cited on April 4, 1979. This low spot was
identified as a possible point of concentrated infiltration.

Trench 7

Trench 7 has had the most incidences of subsidence of all the trenches.
The subsidences occurred during and after the spring of 1979.

The first recorded subsidence,15 feet in diameter and 10 feet deep, was
noted as being on the west end of the trench in March 23, 1979. That
same day a three foot diameter, one foot deep subsidence was noted on the
north side of the trench. On March 24, 1979 a two foot diameter, one foot
deep subsidence was noted between Trench 6 and Trench 7. On March 24,
1979 one subsidence was recorded existing on the north side of the trench
two feet in diameter and one foot deep. On March 30, 1979 three subsidences
were noted on the north side of the trench. All were one foot in diameter
and half of one foot deep. On April 4, 1979 a three foot diameter two
foot deep subsidence was noted on the north west side of the trench. On
April 16,1979 a two foot diameter five foot deep and three foot diameter
three foot deep subsidence were noted on the south side. On approximately
the same location on April 26, 1979 on the southside of Trench 7 another
subsidence one foot in diameter and 10 feet deep was recorded. On that
same day on the west end of the trench a five foot diameter,10 feet deep
subsidence was noted. During May 1979 a five foot diameter one foot deep
and a two foot diameter four foot deep subsidence was noted on the trench
toward the west end of me trench. On the April 15, 1980 report there were
two subsidences noted, one was three fe'et in diameter and three feet deep
and the other was three feet in diameter and two feet deep.
Some of these subsidences were noted as exposing waste materials.

Trench 8

There was no subsidence recorded on Trench 8 during the two years of
data.
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- T rench 9
i

Subsidences were noted in October 1978 along the south : side of the trench.
There were vehicle tire marks and low spots along the trench's sides that
could facilitate water infiltration. On March 23, 1979 one subsidence was
noted as three feet in diameter and two feet deep on the south side of
Trench 9.

Trench 10

Five subsidence features occurred on the south end of the trench and were
recorded and repaired on April 4,1979. The trench is oriented northwest
to southeast on the site compared with east and west, the alignment of most
of the other trenches. The subsidence is blamed by site personnel on hav-
ing the drainage from the west directed over the trench. Drainage is now

^ directed around the north end of the trench.

Trench 11

There is no record of subsidence for Trench 11, during the two year

monitoring period. Trench 11 has the steepest finished surface slope
of all the trenches on the site and as a result is subject to erosion. Be-
cause of the extreme s! ope, water tends to sheet off of the south surface
of the trench at a velocity fast enough to erode the top soil causing rilling
and gullying. For this reason the regraded trench surface has been
seeded again for the establishment of ground cover. Stone's three visits
occurred too soon after reseeding to determine whether the erosion
problem' on this steep slope will be controlled.

Trench 25, 8A, and 8B

i
There is no record of subsidence for Trenches 25, 8A and 8B during

,

the two year monitoring period. Trenches 8A and 8B reportedly received
! Anafco tubs of solidified waste and were open only a short time.

Trench 26

Trench 26 has three subsidences, two of which were reported in April
1979. One was two feet in diameter and one foot deep and the other was'

|
one foot in diameter and two feet deep. In October 1979 a small depression
was noted and repaired on the east end of the trench.

!
Trench 24

,

,

i
! On March 23, 1979 a ten foot diameter, four foot deep subsidence was

noted at the southeast corner. On April 26, 1979 a 20 foot diameter
five foot deep subsidence exposing wave was noted. It was also noted
as being filled the same day after 1./ anches of rainfall.

l
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: Trench 18

Treng 18 is the only . trench that appears to intercept the existing water,

table The bottom of all the trenches were required to be sev
ten feet above the surface of the water table at its highest point g to

..

I
.

During a NRC staff visit to the Sheffield site in June of 1976, a damp
zone was observed in the walls of an un
height of 15 feet from the trench bottom {iged portion of Trench 18 to aThis observation lead to the.

conclusion that perhaps a zone of groundwater had been intercepted by
the trench excavation. Revised requirements for burial of waste then
required that replacement soil of clay shale and silt had to be used4

and compacted to raise the level of the trench bottom. The compacted
fill was selected to have a lower permeability than the natural soil.
Additionally, the buried waste was restricted _to low activity material.
The waste containers consisted of concrete septic tanks and large steel
bins.

Plate 2 shows all of the incidences of subsidence on Trench 18 to have
occurred on or within the vicinity of the southern wall of the trench.
The majority of these subsidences occurred during the spring of 1979.'
and ranged in size from one to ten feet in diameter. One subsidence
was noted on December 19, 1978. It was two feet in diameter and four
feet deep, located on the west end of the southern wall of Trench 18.

t

t
~Three subsidences were also reported on March 23, 1979. One of them
was ten feet in diameter and two feet deep and the others were both less
than four feet in diameter and depth..

Three subsidences were also reported on April 2,1979 and all were less
than four feet in diameter and less than four feet deep.Two subsidences were
also noted on April 2, 1979. One was four feet in diameter and one foot
deep and the other one foot in diameter and four feet deep.

Two subsidences were noted on August 17, 1979 and September 14, 1979.
They were one foot in diameter and two feet deep, and six feet in diameter
and 6hree feet deep, respectively.

The adverse climatic conditions occurring during the winter to spring of
1979 and having a major drainage path paralleling the south side of Trench
18 contributed to water percolating toward the trench's south wall and
probable piping and locally saturating the subsoils. The trench wall
soils could have. then piped and or slumped into voids and less dense areas.

j of the trench resulting in the subsidences concentrated along the trench's
i south wall. Variations in the level of the water saturated soils will also

cause soil settlements.

1
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Trench 25C

There were a total of seven subsidences on Trench 25C recorded during
the two year data period. Four of them were noted during the Spring
1979. One was four feet in diameter and five feet deep and the other

. two were one foot in diameter and one foot deep, recorded on March 25,
1979. One subsidence was also recorded on April 12, 1979 as two feet'

in diameter and one foot deep.'

Three subsidences occurred after the spring of 1979. One was noted
in January 1980 as a four foot diameter, two foot deep depression around
the trench's monument and sump pipe. Two others were noted in April
1980 around the same monument and sump pipe. One was one foot M
diameter and two feet deep and the other was three feet in diameter and
one foot deep. This could be indicating water is entering down along the
sump pipe causing the subsidence.-

:

Trench 23

Trench 23 was constructed on relatively flct ground and has good ground'

cover on its easterly end. It was recently regraded and reseeded on the
west end after the recent installation of a drainage culvert to the south-
west.

Seven subsidences, related to periods of heavy rain, have been recorded
since the trench's completion in 1977. One of these subsidences occurred
during the winter of 1978 and was noted on November 20,1978 on t!.e
wall between Trenches 23 and 24 as a three foot diameter and six feet
deep hole caused by heavy rains as noted on the inspection report. Three
subsidences werre noted on March 23, 1979. One was 20 feet in diameter

,

and six feet deep occurring in approximately the same location as the sub-4

sidence that was noted during November 1978. Because of the rain con-
.

ditions, the saturated fill and undisturbed wall soils may have piped or
slumped into a trench void adjacent to the wall interface. The second!

one was four feet in diameter and one and one half feet deep and the
third one was five feet in diameter and one foot deep. Two more sub-

,

sidences were noted on April of 1979. One was recorded on April 4,
1979 as three feet in diameter and two feet deep and the other on April

i 12, 1979 as ten feet in diameter and one half of one foot deep. The
seventh subsidence was recorded on December 26, 1979 as five feet in'

diameter and seven feet deep settling around a sump pipe.'

Trenches 14 and 14A

j Trenches 14 and 14A were constructed during the period that " maximum
|

site utilization" was being practiced. The site walls were constructed to
~ level grade with a minimum ten foot thickness. The cap and wall soils

were reportedly compacted to ninety percent of their maximum Cansity
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as determ:ned by the modified Proctor test and layed directly over the
natural loess surface soll.

,

it is evident from maintenance records that -12 out of 15 of the subsid-
ences occurred on the wall separating the two trenches. The composition
of the wall is a blend of loess ar.d clay shale which was compacted for
additional strength. Loess by neture is a fine grained deposit char-
acterized by a very uniform grain size, a high void ratio and possibly
a slight cementation in its natural deposit. The cementation is destroyed
whm the soil is disturbed or partially or fully saturated. Modified
forms of loess, those mixed with clay, will retain some cohesion even
when submerged. They must be compacted properly to develop full
strength , it is our opinion that these subsidences occurred as a result
of the natural loess beneath the sidewall fills failing and removing sur-
port from the fills. The diection of the failure was probably into the-
trench and they were noted following periods of heavy prec!pitation.

Three other subsidences occurred on Trenches 14 and 14A. Trench 14A
had two noted on March 23, 1979 and April 3,1979, six feet long by six
inches deep and two feet in diameter by four feet deep, respectively.

i The one on Trench 14 was noted on December 26, 1979 as two feet in
'

diameter and one foot deep.

C. MECHANISMS OF SUBSIDENCE

Subsidence, evidenced by the formation of pot holes and sudden slumps,
and gradual settlement of the trenches at the Sheffield site is caused by
the following mechanisms:

Slumping of the trench soil cover caused by the filtering of fine soilo
particles into the voids and interstices in the backfill soils and around
the waste containers.

o Deterioration and collapse of the waste disposal containers.

o Consolidation of the backfill soil in the trenches.;

o Deteriot otion and long term settlement of the buried waste materials
and containers.

The first mechanism cited is primarily due to the travel of water through
the soil and is directly related to the infiltration of precipitation through
the existing trench caps. It has probably been primarily responsible for
most of the subsidences recorded between October 1978 and October 1980
and especially those in the spring of 1979.;

The rate and magnitude of subsidence and settlement due to the
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aforementioned mechanisms are influenced by several factors such as the
initial degree of compaction of. the waste containers and backfill soil in
the trenches, the orientation of placement of waste containers, the degree
of saturation of the trench materials due to infiltration of rainfall and mel-
ting snow, and the drainage characteristics of the backfill and cover soil.

Except for Trenches 8A, CB, and 10, the waste containers were sometimes
placed and sometimes dumped into the trenches at the Sheffield site in-
stead of always being plac'ed in orderly rows and layers. In the other three
trenches Anafco tubs filled with solidified wastes were reportedly stacked
in a more orderly manner. The dumping of waste containers in the major-
ity of trenches would result in a random orientation of containers as
shown in Figure 16. The random orientation would result in volds from
soll bridging between containers and open spaces beneath containers.

C .1. Piping and Slumping of Trench Soil Cover

Subsidence of the trenches may be caused by filtering of the fine cover
soil particles into the voids and interstices which occur between and be-
neath the waste containers in the trenches. Voids include spaces left
beneath containers and collysing of the soil bridges between containers.
Sifting of the soit particles causes piping in the trench soil cover and
the creation of seepage channels and points of concentrated infiltration
in the trench caps. This results in loss of trench cap integrity and in-
creases the probability of undermining the soil caps and backfill soll to
result in the formation of potholes and sudden slumps.

The potential for piping to occur increases with saturation of the trench
cover soil, and the resulting infiltration of water from rainfall and melting
snow. In the past, loss of trench cap integrity has been accelerated by
vehicles and equipment used to construct and maintain the site. Surface
damage was caused by vehicle wheels and people treading upon areas
devoid of sufficient ground cover thereby establishing a potential for soil
erosion . This gradual erosion causes water infiltration which can also
lead to leaching of radioactivity. Trench integrity is also affected by soil
shrinkage which occurs after prolonged dry periods. Cracks occur in the'

site's surface clayey soils, which are expansive, leading to soil erosion
and the creation of points of entry for water infiltration.

Changing climatic conditions also have an affect on trench integrity.
Freezing and subsequent thawing of surface and subsurface soils can also
create cracks leading to water infiltration and sudden slumps in the trench
caps. This type of subsidence is random and may tend to decrease in
frequency over time as voids fill and less compact areas densify.

C . 2. Consolidation of Backfill Soil

The loosely placed backfill soil consolidates due to its own weight, water
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movement , and particle adjustments. The settlement occurs gradually
over a long tima period. Repeated moisture saturation and drying of the
soils can result in cycles of consolidation.

C . 3. Deterioration of Containers

Containers will deteriorate and then collapse as a result of one or more of
the following mechanisms:

a. Structural collapse of containers.

|

Structural collapse due to weakened containers and partial crushing or
fracturing of containers by compaction equipment during disposal. Some
structural collapse will occur relatively soon after the trench is filled when
the weight of the soll and other wastes causes structural failure. In dis-
cussions with operating personnel at the Sheffield site it was stated that
the tops came off some of the drums when they were dumped into trenches.
The loss of a top would remove some structural support from the drum
which could result in collapse of the open end under the weight of cover
soil and equipment. Voids within the trench which may occur shortly after
completion of the trenches may be cau ed by structural collapse of the
containers. The surface potholing and sudden slumping may increase
after rainfall infiltration due to piping of soils into the volds left by col-
lapsing containers.

b. Corrosion of metal drums.

|

! The corrosive action of soil and moisture on metal drum surfaces resulted
| ultimately in structural failure. The corroded drums will collapse various
' amounts due to the weight of soll and other wastes above. The amount
! of drum collapse will depend upon the quantity and types of wastes

in a drusa. If a drum is loosely packed with compressible materials
(plastic, rubber, cloth or paper), or the drum is partially filled with any
material its collapse could'cause sudden localized surface subsidence (pot-
holes and sudden slumps) . Rainfall infiltration into volds will increase
the incidents of potholing and slumping.

|
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c. Biodegradation of wood, plywood and cardboard containers.

Plywood, wood and cardboard containers are decomposed by bacterial
action . When cardboard, wood, or plywood containers collapse, localized
subsidence may result as described above for drum corrosion. The
cardboard will decompose more rapidly than wood and plywood containers.

C . 4. Blodegradation of Organic Materials

Organic materials in the wastes as well as collapsed cardboard, wood, and
plywood container materials will undergo decomposition by bacterial action.
The rate of blodegradation is slow and will result in long term gradual
settlement of trench surfaces. The settlement will occur over a large
area or the entire area of each trench where wastes were placed. Also
continual corrosion of metals will occur with the same long term effects.,

Soil and waste may bridge voids or less dense areas, for some time before
sufficient underlying support is lost to cause sudden failure.

|

|

|

|
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D. PREDICTION OF FUTURE SUBSIDENCE

D.I. Piping and Slumping Subsidence
,

The prediction of future subsidence due to piping and sudden slumping
is qualitative. This subsidence shculd eventually occur wherever voids
occur in the trench, as less dense material becomes more dense with time,
or as wa.ter travels from saturated cap areas causing piping into volds.
It is difficult to predict accurately where it will occur , how large the
resulting slumping and piping will be,or the number of subsidences that
will occur. These kinds of subsidences should continue to occur they
have in the past. Under precipitation and ground freezing climatic con-
ditions similar to those which occurred in Winter-Spring, 1978-1979, the
number of subsidences should be expected to increase over the number'

occurring during periods of normal or below normal precipitation.

D . 2. Consolidation Subsidence

The theory of consolidation of compressible soils provides a method for a
quantitative evaluation of the time-settlement prediction for the trenches.
To apply the theory, it is usually necessary to conduct one-dimensional
consolidation tests on specially prepared undisturbed samples representative
of the material under investigation. Due to the scope of this investigation
the following analysis is not based on tested samples, but on several i

estimates of the properties of the trench backfill soll to derive a time frame
in which settlement, due to consolidation of the trench backfill soil, should
occur. These time estimates are not conservative and longer times than
those predicted may occur due to the media not being saturated contin-
uously. The analysis gives an order of magnitude to the lower bound
in time, relative to other mechanisms for this particular mechanism to occur.

D . 2.1. Theory of Consolidation

| Consolidation is a gradual process which involves a slow expulsion of
'j water or moisture from the void spaces in a soil. The resulting settlement

is a time-dependent deformation. Figure 17 illustrates a typical settlement-
time curve for compressible soil. The time rate of settlement due to
primary consolidation is controlled by the rate at which water can be
expelled from the void spaces in the soil. During secondary compression
the speed of settlement is controlled largely by the rate at which the soil
skeleton itself yields and compresses. The transition time between the
two processes is identified as that time when excess pore water pressure
becomes zero, in Figure 17, ti corresponds to the 100 percent primary
consolidation point.

UITerzaghi's theory may be applied to the theoretical study of one
-dimensional consolidation. Equations may be set up from which the

| change in overall thickness of the compressible strata after an interval of
| time can be determined. The theory assumes a saturated stratum for
L

!
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analysis.

At any time during consolidation and the time at which ultimate or 100
percent primary consolidation occurs, the progress of settlement can be
described by the average degree of consolidation U(t)

U(t) = s(t) (i,3)
s

Where, S(t) = the settlement of the stratum at time t

ultimate settlementS =

U(t) = can be related to the distribution of excess pore
water by:

,H~
ue (z,t) dz

II* IU(t)*1'' H (u ) initial dze,o

the vertical distribution of excess pore waterWhere, u (z,t) =e
pressure at the time t

the vertical distribution of excess pore water(u ) initial =e
pressure at t = c

the length of the longest drainage pathH =

,

Analytical solutions of the integral f o r some practically useful initial
distributior. of excess pore water pressure are presented in Tables 7
and 8(7),

These tables give the relationship between U(t) ar.J time t, expressed as
a dimensionless time. factor T:

Cvt (1. 3)T =

H2

the coef'k'ent of consolidation and is defined by:C =y
,

K(1+e )' o
C =
v avYw

the coefficient of permeability of soll, feet /second.
| In which, K =

the unit weight of water, pc Jnds/ cubic foot; Y, =

!
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TABLE 7 - ONE-DIMENSIONAL CONSOLIDATION THEORY SOLUTIONS
FOR FOUR CASES OF INITIAL EXCESS PORE WATER
PRESSURE DISTRIBUTION

(a) Distributions of initial excess pore water pressure.

m

2H

,,

Constant Linear Half sine Sine Triangular
variation curve curve

CASE 1 CASE 2 CASE 3 CASE 4

(b) Average degree of consolidation for various values of T.

Average Degree of Consolidation. U(%)

T Case 1 Case 2 Case 3 Case 4

0.004 7.14 6.49 0.98 0.80
0.008 10.09 8.62 1.95 1.60
0.012 12.36 10.49 2.92 2.40
0.020 15.96 13.67 4.81 4.00
0.028 18.88 16.38 6.67 5.60

- 0.036 21.4 0 18.76 8.50 7.20
0.048 24.72 21.96 11.17 9.60
0.060 27.64 24.81 13.76 11.99
0.072 30.28 27.43 16.28 14.36
0.083 32.55 29.67 18.52 16.51

0.100 35.68 32.88 21.87 19.77
0.125 39.89 36.54 26.54 24.42
0.150 43.70 41.12 N.93 28.85
0.175 47.18 44.73 31.07 33.06
0.200 50.41 48.09 3..95 37.04

0.250 56.22 C4.17 41.03 44.32
0.300 61.32 5940 52 30 50.78 4

'

0.350 65.82 64.21 57.83 56.49
O.400 69.79 68.36 62.73 61.54
0.500 76.40 76.28 70.88 69 95

0.600 81.56 80.c9 77.25 76.52
0.700 85.59 84.91 82.22 81.65
0.800 88.74 88.21 86.11 85.66
0.900 91.20 90.79 89.15 88.80
1.000 93.13 92.80 91.52 91.25
1.500 98.00 97.90 97.53 97.45

<

2.000 99 42 99.39 99.28 99.26'

Foundation Engineering Handbook, Page 187.I DSource:;
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TABLE 8 - ONE-DIMENSIONAL CONSOLIDATION THEORY.
TIME FACTOR FOR VARIOUS AVERAGE DEGREES
OF CONSOLIDATION

Time Factor T

Ul%) Casa 1 Case 2 Case 3 Case 4

0 0 0 0 0
5 0.0020 0.0030 0.0208 0.0250

10 0.0078 0.0311 0.0427 0.0500
15 0.0177 0.0238 0.0659 0.0753
20 0.0314 0.0405 0.0904 0.101

25 0.0491 0.0608 0.117 0.128
30 0.0707 0.0847 0.145 0.157
35 0.09S2 0.112 0.175 0.187
40 0.126 0.143 0.207 0.220
4,5 0.159 0.177 0.242 0.255

50 0.197 0.215 0.281 0.25 4
' 55 0.239 0.257 0.324 0.3 36

60 0.286 0.305 0.371 0.*.84

65 0.342 0.359 0.425 0.438
70 0.403 0.422 0.488 0.501

75 0.477 0.495 0.562 0.575
80 0.567 0.586 0.652 0.665
85 0.684 0.702 0.769 0.782
90 0.848 0.867 0.933 0.946
95 1.129 1.148 1.214 1.227

100 . . . -

Source: Foundation Engineering Handbook, Page 188.

!
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*o the initial void ratio=

the one-dimensional coefficient of compressibility,a =y square foot / ton
The settlement S(t) of a compressible stratum due to c'onsolidation is
approximately given by:

S(t) = H' (1. 5)j , e,

Where , 4, void ratio change=

i

j eo = initial void ratio

thickness of stratumH8 =

D . 2. 2. Time-Settlement Prediction for Trenches

The trenches 'at the Sheffield site range in length from 35 to 580 feet, .3

width from 8 to 70 feet and in depth from 18 to 26 feet, and may be
grouped into three trench types in consideration of their cross-sections.
The trenches are categorized in Table 9 and Figure 18.

In the evaluation of trench settlement due to the mechanism of consolidation
of the backfill soil, trench side wall effects will be ignored to simplify the
analysis, it is assumed that the volumetric strains within the consolidating
stratum and the accompanying settlements occur only vertically. Such an
assumption is reasonable when the geometry and boundary conditions of
the trenches are such that vertical strains dominate. This is likely to
occur when the dimension of the consolidating area are large relative to
the thickness of the compressible stratum. Trench Type I, Figure 18 ,
satisfies the geometric conditions for one-dimensional consolidation
settlement.

i

The majority of the trenches at the Sheffield site fall into the category of
Trench Type I and that is the type evaluated here.

The following assumptions are made for purposes of simplifying the analysis
using Terzaghi's theory for one-dimensional consolidation:

o ignore trench side wall effects. From consideration of the cross-
section of Trench Type i , trench side wall effects will have negligible
effect on the consolidation settlement. Consideration of the side wall
effects will cause an increase in the time for settlement,

i o Consider the trench to consist of a saturated mass of silty soil.
Terzaghi's theory applies only to saturated soils. The analysis will
not produce a conservative estimate of settlement time because the
backfill soil is not saturated and natural settlement would take longer
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! TABLE 9 - SUMMARY OF TRENCH TYPES '.
.

Type Trenches
: --

1- T-1,2,3,4,5,6,8,9,11,14 - ,

; T-14A,18,23,24, 25C ,26

11 T-7,10

ill T-8A,8B,25'

4

r

$.
!

I
;

4

I
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if it were analyzed. The trench soils reportedly predominantly
consist of silty fine-grained type ' soils.

o Consider a single drained stratum. The length of the longest
drainage path is the full thickness of the compressible stratum. The
analysis will produce a more conservative estimate of settlement times
than one assuming a' double drained stratum, where one-half the
thickness of the stratum is considered.

The thickness of the compressible stratum is taken as 20 feet, theo
mo::t common depth reported for trenches of Type 1 in Table 2.

o The coefficient of consolidation of a(s i
soll is taken to be approx-

imately 0.01 square inch per minute

o - The initial excess pore pressure distribution is taken as uniform
(Use Case 1 in Table 8) due to the lack of experimental data on the
actual properties.

Then from equation (1. 3)

CvtT =

H'
;

and rearranging,
H2t = - *TC y

3
Substituting and making the time conversion,

(20) h m) .Tt = (0.01)(60)(24)

and,

4000 T dayst =

Substituting various values of T for Case 1 in Table 8, the time (t) taken
to settle corresponding to different degrees of consolidation (U) can be
determined. These calculated times are presented in Table la

The results in Table 10 indicate that nearly all primary consolidation
settlement may occur within thirteen years of trench completion if all
simplifying assumptions of this analysis are met. Not all the assumptions
are applicable, such as complete saturation, because only partial saturation
is understood to exist in the trench backfill soils. it is anticipated that
the results presented in Table 10 will be non-conservative estimates but
may be used to establish an approximate time frame for future settlement
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TABLE 10 - TIME-SETTLEMENT * PREDICTION FOR TRENCH TYPE I

Degree of Tme Time (t)
Consolidation Factor

U(t) (T) Days Years

0 0 0 0
0.20 0.0314 126 0.34
0.30 0.0707 283 0.77.
0.40 0.126 504 1.38
0.50 0.197 788 2.16
0.60 0.286 1144 3.13
0.70 0.403 1612 4.42
0.80 0.567 2268 6.21
0.90 0.848 3392 9.29
0.95 1.129 4516 12.37

* Due to consolidation subsidence mechanism

.
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of the trenches due to only the consolidation subsidence mechanism of
the backfill soils.

The time data calculated in the analysis was matched against the date of
completion of each individual trench of Type 1, to arrive at an estimate
of time remaining to arrive at 95 percent consolidation as summarized in
Table 11 Due to the consolidation mechanism alone, years remaining on
all trenches except T-1 exceed two years and range up to nearly ten
years for Trench lilA. The analysis is not conservative and time should
be expected to be increased due to the analysis method's required
assumptions not being entirely applicable. This analysis and Table 11 show
the earliest time that consolidation subsidence could occur in, provided
all assumptions previously stated were to be in existence, which is pro-
bably doubtful at best.

,

!
!

,
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TABLE 11 - SUMMARY OF TRENCH SETTLEMENT LEAST TIME PREDICTION

Trenches Year Type Years for 95 percent Years Since Years Remaining
Completed Consolidation to Occur * Completion ** for 95 percent

Consolidation
to Occur

1 1968 1 12.4 12.3 0.1
2 1971 .1 " 9.8 2.6
3 1972 1 " 8.6 3.8
4 1973 1 " 7. 7 4. 7
5 1973 1 " 7.3 5.1
6 1974 1 " 6.7 5.7
8 1974 1 " 6.3 6.1
9 1975 1 " 5.8 6.6

11 1975 1 " 5.5 6.9
26 1975 1 " 5.3 7.1
24 1976 1 " 4.6 7.8
18 1976 1 " 4.0 8.4
25C 1976 1 " 4.3 8.1
23 1977 1 " 4.0 8.4

| 14 1977 1 " 3.3 9.1
| 14A 1978 1 " 2.7 9.7
i

!

* From Table 10.

** As of December 1980.

i
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D . 3. Deterioration Subsidence

Deterioration will be evaluated as a two-stage mechanism for effects on
subsidence: first the waste containers will deteriorate and ultimately collapse
creating localized subsidence; and second the wastes in the containers will
deteriorate at a more uniform rate creating gradual settlement over moder-
ate areas. These two stages will occur sequentially for each type of
container and its wastes (cardboard, plywood, and metal) . The stages
for the different containers may overlap. For example,the plywood containers may
collapse (first stage) while the cardboard container waste contents are

,

undergoing second stage deterioration.

D . 3.1. First Stage Deterioration

The first stage mechanism of container material deterioration and collapse
will be due to corros|cn of metal drums and biodegradation of cardboard
and plywood containers.

,

D . 3.1.1 Metal Drum Corrosion

The rate of corrosion of buried metal drums is dependent upon the follow-
ing parameters which are listed with estimated values for the Sheffield
site:

Drum material steel4

Drum surface protection some with paint, others bare metal
Ground soil-temperature 50 degrees F.
Soit moisture content range assumed - 10 to 100 percent by

weight
Soil pH range 7-7. 5
Oxygen in soil negligible to 6 percent of pore volume
Drum wall thickness 0.0324 inches or 0.0478 inches ( 8 )Electrh:al resistivity of 1770-2980 ohm /cm(@60F) for silt

i soil

Values for drum material and surface protection, and soil temperature and
pH were obtained from Sheffield site data. Some drums were painted and
others were bare metal. The range of moisture content is considered to
cover a range of site conditions. Landfills have negligible to 6 percent
oxygen content below 5-foot depths when organics are present. Due to
the lower organic content of the Sheffield trenches, the oxygen content
may be nearer the higher value. Low oxygen content produces concen-
trated pitting and can proceed rapidly if oxygen content varies over the
drum surface. Standard 55-gallon steel drums are 18 or 20 gage which
are equal to the values shown. NECO personnel stated that standard
55-gallon drums were used. The soil resistivity values shown were for
typical silts similar to the loess. When soil moisture is near the saturation
level the resistivity varies by only 10 percent as moisture increases above.

saturation . The resistivity values given are for pH 7.3 and 7.6 and
moisture was at saturation levels. The corrosivity maximu,m pit depths
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for the two resistivity values are 29 and 39 mils in 12 years for the
electrical resistivity values of 1,770 and 2,980, respectively. Using these

i corrosion rates estimates were made for the two steel drum thicknesses,
'

assuming no protective coating, by the following method:
metal thickness, inches 0.0324
corrosivity/12 years 0.039 X 12 = 10 years, time for pit penetration*

The results of the calculated pit penetration periods are summarized below:

Steel thickness, in. Corrosivity, inches /12 yrs Pit Penetration, Yrs
0.0324 0.029 13.5

0.039 10.0
0.0478 0.029 20.0

,

0.039 14.5

Depending upon the drum thickness and soil corrosivity level the time for
the metal drums to be penetrated by corrosion pits could vary from 10 to
20 years. The. pit penetration time would be the maximum period to collaps-
ing. Penetration of bare drum walls by pits can occur over 100 percent
or less of the drum surface area depending upon the drum metallurgy and
corrosion parameters. A lesser percentage of surface area may be pene-
trated on drums having surface protective coatings. The drums would be
structurally weakened prior to pit penetration and thus could collapse

If load carrying capacity decreased to where collapse would occur.
sooner.
upon penetration of 70 percent of the drum thickness, the drum collapse'

could occur from 7 to 14 years after disposal. The drum contents and
orientation in the trenches will effect the load carrying capacity. Since,

i these are random and unknown, the above assumption of 7 to 14 years is
, a best approximation for the occurrance of localized drum corrosion sub-

sidence. Many containers may take even longer to reach collapsing point.
E'
*

D . 3.1. 2. Cardboard and Plywood Container Biodegradation

Cardboard and plywood containers will degrade by bacterial action. The
i rate of blodegradation depends upon the following parameters, some of

which are known:
Soil / waste temperature 50 degrees F
Moisture content range assumed 10 to 100 percent by

weight
Quantity of organic less than the waste container volume

material in trenches range of 33 to 64 percent
Soil / moisture pH 7-7.5
Types of organic materials wood, cardboard, paper, plastic, rubber,

(includes solidified wastes) textiles
Depth of waste 33 to 60 percent of trench depth
(excludes so|idified wastes)

62

,

|



A coefficient of decomposition would have to be determined for the specific
parameters, which is not available. Data is also not available on the effect
of biodegradation on cardboard and plywood container structural strength.
Thus, no projection of time to collapse can be made. Some general obser-
vations from other landfill sites have indicated that plywood can remain
structurally intact for over 10 years. Cardboard loses structural strength
when wet and thus the sides of the cardboard containers may collapse if
the trench is compacted or saturated with moisture. If the cardboard
containers have wood frames only the cardboard sides would collapse thus
reducing the degree of subsidence that could result. It is possible that
some of the potholing and sudden slumping that occurred in early 1979
following the heavy rains and warm winter were caused by collapse of
saturated cardboard containers.

D . 3. 2. Second Stage Settlement from Waste and Container Deterioration

Second stage settlement will result from further corrosion and biodegrad-
ation of th,s wastes in the containers and of the containers. The rate of
deterioration and resulting change in volume will be small. Thus the
effect on trench surfaces will be to cause long-term area settlement rather
than short-term potholing and slumping. The parameters involved are the
same as discussed for first stage deterioration. A summary of waste
volume to trench volume for each trench is given on Table 12 The over-

all potential for deterioration given on Table 12 was based upon the
percentage of trench volume occupied by the waste container volume,
consideration of the type of waste in the trench where it was known,
and the relative decomposition potential of the waste.

The rate of biodegradation depends upon the types of wastes. Plastics
may require hundreds of years to degrade whereas paper and textiles
may take 30 to 100 years to degrade. The trend usually observed in land-
fills with organic wastes is for an initial settlement of 2 to 3.5 percent of
the landfill depth during the first two years after waste disposal. After
about 2 years the settlement rate may vary from negligible up to one-half
percent per year, at decreasing rates each year, depending on the para -
meters previously discussed. Since the Sheffield trenches contain 33 to
64 percent of waste by volume and assumed the same by depth, the long
term settlement by biodegradation could vary from negligible in trenches
8A, 8B, and 10 up to 0.06 feet per year in trench 14A. This assumes
the organics volume to be equal to container volumes which is not likely
to occur. Thus actual long term settlement rates due to biodegradation
could be much less depending upon the actual volume of organics in containers.

D . 3.-3. Effects of Deterioration on Trench Surfaces
The major effects of container collapse will be localized potholing and
slumping. This could occur randomly over the long term. The major
effect on trench surface subsidence willoccurifseveral containers of the
same materials are located in one place in any trench. If they all collapsed
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TABLE 12 - TRENCH ESTIMATED RELATIVE
DETERIORATION POTENTI AL

Trench Waste Vol Re!a.sve
No. Trench Vol Deterioration

( %) * PotentiaP*

1 40 Moderate

2 33 Moderate

3 35 Moderate
4 59 Major

5 39 Moddrate

6 60 Major

7 53 Major

8 41 Moderate

9 44 Moderate
10 42*** Negligible
11 50 Moderate
25 33 Moderate
8A 63*** Negligible
8B 64*** Negligible
26 36 Moderate
24 47 Moderate
18 36 Moderate
25C 48 Moderate
23 43 Moderate
14 50 Moderate

| 14A 49 Moderate

*The ratio of waste volume divided by total trench volume.
** Negligible- solidified, encapsulated waste; Moderate-ratto .50 or

less; Major-ratio greater than 50.
*** Slit trenches for disposal of Anafco tubs of solidified waste.
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within a short period a slump could result on the trench surface whose
size would depend upon the number of containers and the area they occupy.
The frequency and size of subsidences will be random due to the unknown
locations of each type of container in all trenches except 8A, 88, and 10
(these contain solidified wastes in Anafco tubs) .

Blodegradation settlement of wastes exposed after containers collapse will
be negligible. Such small settlement could occur for up to 100 years after
waste disposal. Long term settlement due to biodegradation may vary at
different locations in a trench depending upon the distribution of organic
wastes in the trench.

in summary, there are many conditions that effect the mechanism of deter-
,

ioration as a cause of subsidence. The above discussion is a qualitative
assessment of the mechanism and is not a precise quantitative analysis
due to the unavailability of waste data and deterioration rates in the
trenches.

|

|

|
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IV. TRENCH STABILIZATION TECHNIQUES

A. INTRODUCTION

Feasible techniques for stabilizing the trenches so as to minimize future
'.

subsidence are evaluated in the following sections. The choice of tech-
igue is dictated by the estimated degree of compaction achievable at the
present time which will minimize future subsidence, the relative cost of
each method, and potential for radiological releases.

.

B. COMPACTION TECHNIQUES

B.I.. Deep Compaction Methods

The trenches at the Sheffield site vary -in depth from eight to twenty-
six feet. Deep voids and interstices which may be present in the trench
backfill soils and between the waste containers may be collapsed and
decreased in size by the application of high energy impacts. Collapse
of large voids and improved densification of the poorly compacted back-
fill soil and waste materials may result in significant initial settlement of
the trenches, minimization of future old collapse, and reduction in the
formation of pot holes and sudden slumps. The following deep compaction
methods were considered for stabilization of the trenches:

( o Dynamic Consolidation
i

o Pile Drivers and Compaction Piles

o Surcharging

o Blasting

B.1.1. Dynamic Consolidation

Dynamic consolidation for deep compaction was developed by Menard, in
Europe (9). The method employs heavy tamping, in which high energy
impacts applied to the surface of the site result in settlements. The
method has been found to be effective to depths of 50 feet and surface
settlement
achieved (g) .of 5 to 15 percent of the total deposit thickness can be

The method involves dropping 5 to 40 ton weights from heights of 20
; to 100 feet according to a predetermined pattern evaluated for the par-

ticular site. A high capacity crane is employed to lift and release the,

|
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weight, which is dropped several times at one location before moving on t'o the
next impact location. After the initial pass over the entire site, subsequent
passes are accomplished at time intervals, which may be up to three weeks
depending upon the type of soil at the site.

In granular and non-saturated soils, the high energy impact is believed
to cause partial liquefaction f )the material, thereby allowing the soil massg
to settle into a denser state However, the principle of dynamic con-
solidation of fine grained saturated soils is not so well understood. Menard
and Broise(9) hypothesized that in saturated cohesive soils, the shock
waves and high stresses resulting from repeated high energy impacts cause
gradual liquefaction and consolidation of the soil mass. The creation of
tension cracks around the impact points increase the permeability of the
soil mass so that percolation of the existing pore water is assisted.

The technique appears applicable,with reservations as described below, to
stabilization of the trenches at the Sheffield site. The impact of the selected
weights should be sufficient to collapse deep voids and the waste containers.
Interstices between the containers and large voids formed by the collapsei

of the containers may also be filled by soil during the dynamic consolidation
treatment. The overall trench stability may therefore be improved by re-
ducing voids and future container collapsing.

'

Applied at the Sheffield site, a minimum of six feet of extra soil cover over
the existing surface of the trenches m a y be required to provide sufficient
material to fill anticipated voids in the trenches. During the heavy
tamping operation, significant collapse of the containers, without.

sufficient soil cover over the trenchos, may result in uncovering of radio-
active waste materials and release of radioactive gases. The potential exists
for contamination of the tamping weight and exposure of personnel to radio-
logical releases. Significant lateral ground vibrations produced by the
high energy impacts should not adversely affect structures on the relatively
open site. However, adjacent trenches may be affected by the vibrations-

causing slumping and ground cracking and the resulting loss of trench
cap integrity.

Figure 19 illustrates compaction of the trenches by dynamic consolidation.
The heavy tamping weight may be hauled in, or possibly cast of concrete

i in a steel bin at the site. The reduction of void ratio of the trenches
'

may be observed from the surface by monitoring the settlements occurring
during the treatment. It will also be necessary to apply final surface
grading and compaction, following dynamic consolidation of the trenches.

B.1.2. Pile Drivers and Compaction Piles

Driving of piles to densify deep soil deposits has been practiced for many
years. The compaction technique is most suitable for densification of
loose cohesionless soils but partly saturated clayey soils and loess have
also been successfully compactedl9) . Densification results from two effects:i
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displacement of material equal to the volume of the pile and the vibratory
effect of the' driving of the pile.

The method involves driving wood piles, at close centers on a grid pat-
tern, into the soil deposit to be densified. Alternately, compaction
piles consisting of sand, gravel or crushed stone have been found to be
effective. Such piles are constructed by driving a hollow steel madrel
with a false bottom to the required depth, filling the madrel with cohesion-
less material, withdrawing the madrel and leaving the column of self com-
pacting backfill material in the hole.

Deep compaction of the trenches may be achieved using these techniques
which have just been described. Penetration of the pile into the trenches
and the accompanying vibratory effects of the pile driving operation may
cause voids and containers to collapse and compact the less dsnse trench
backfill soil and waste materials. The overall trench stability will there-
fore be improved by reducing future void and container collapsing and
subsequent sudden slumping of the trench surfaces.

;

During the pile driving operation the penetrating equipment may punc -
ture the containers and be exposed to the waste materials contained in
them. Consequently, radioactive gases may be released. Radioactive waste
materials :sy also adhere to the equipment as it is withdrawn from the
trenches. It may be necessary to dispose of the contaminated equipment
by burying them in trenches. Care must also be taken to insure that the pile
is not driven to a depth that would penetrate into the french drains or
sumps which are constructed at the bottom of each trench. Figure 20
tilustrates compaction of the trenches by pile driving.

B.I.3. Surcharging

When foundation loads are applied to a cohesive soil, there is a tendency
for volumetric strain, which is manifested in an increase in pore water
pressurel7) With sufficient elapsed time, water flows out of the soil
voids, accompanied by dissipation of the excess pore pressure and result-
ing in consolidation settlement. The application of a surcharge load in
advance of construction may eliminate most or all of the post construction,

primary consolidation and the accompanying settlements. The technique
'

of surcharging is most suitable for soft clays, silts and organic deposits (g).
7

The maximum effective treatment deptis is variable and depends on the
type of soil, surcharge load intensity and surcharging period.

The materials used for surcharging may consist of concrete slabs, rock
fills, or earth fills. The surcharging period and load intensity depend on
the coefficient of consolidation of the soil, degree of saturation, and the
drainage path. These parameters control the rate at which excess pore
pressures are dissipated. Surcharging periods may, in some cases,
be reduced by the use of sand drains and wicks to accelerate consolidation
of thick layers of soft, fine grained soils with low permeability.
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The technique of surcharging may be applied to stabilization of the treaches
at the Sheffield site.(4) Soil mounds may be placed over the surface of
the trenches, so that consolidation settlement of the trench backfill soil
may be accelerated. Some of the weaker waste containers may also be
collapsed by the surcharge weight . Figure 21 illustrates compaction of
the trenches by surcharging with soil mounds.

,

it may be necessary to import and place high soil mounds over the trenches
for a relatively long period, of time because of the large depths of some
of the trenches, and hence the significant length of the drainage path.
Periodic monitoring of the mounded trenches using piezometers and strat-
egically placed settlement plates would provide verification and correction
factors for predictions concerning loading times and intensities. At the
end of the preloading period, the surcharge soil may be removed and used
as surcharge on adjacent trenches or hauled for other earthwork in the
vicinity. The compaction technique is non-penetrative and exposure of
personnel and equipment to radioactive waste materials and gases is limited.

B.I .4. Blasting

The technique of blasting using explosives can sometimes be applied to deep
compaction of saturated and partly saturated sands anri saturated siltsf 9)

The general procedure for densification by blasting is as follows:

Drive a pipe to the desired depth, usually two thirds the thickness ofo
the stratum to be densified.

Lower an explosive charge to the bottom of the pipe.o

o Withdraw the pipe.

o Backfill the hole.

Fire charges according to a pre-established pattern.o

The generated shock waves and vibrations may cause localized spontaneous
liquefaction within the soil mass, and the subsequent expulsion of pore
water. Displacement, remolding and densification of the soil mass then
follows.

Applied to the trenches at the Sheffield site, the shock waves and vib-
rations produced by the explosives may cause collapse of deep voids and
waste containers, so as to reduce future container and soil void collapsing.
However, applicability of the technique to densification of the backfill soil
will be limited due to the unsaturated condition of the silty fine-grained
soil.

The technique requires pipes to be driven into the trenches, and the
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! potential exists for contamination of equipment and worker exposure to
the radioactive waste materials. Inherent in the blasting operatin may
also be the release of radioactive gases and worker exposure to these

i releases. The technique also requires strict control and expert personnel
to handle the potentially dangerous material and operation.

!

B . 2. S_ hallow Compaction

Surface compact.on of the top few feet of the trench surface soils would be
; required following application of deep compaction methods such as dynamic

consolidation and pile driving. The stabilization techniques generally loosen
and disrupt the surface soils, creating surface voids in the existing trench
soil caps.i ,

.

Compaction of the trench surface soils would generally follow standard
|

construction grading techr.iques wherein for a compactive effort a definite
moisture-density relationship exists for a soy and there is an " optimum"
moisture content v/hich results in the greatest dry density or maximum
compaction. Figure 21 illustrates the moisture-density relationship, which
can be determined in a laboratory testing following ASTM 1557. In the;

field, specifications for compaction require the soil to be compacted near
.

'

the optimum value of moisture content, and to a dry density stated as a
percentage of the laboratory standard. It is usual to specify a compacted i

fill density of 90 to 95 percent of the standard laboratory (ASTM 1557)
maximum dry density.

.

I The energy which is required to cause comraction can be supplied by a
variety of mechanical equipment. Table 1317} presents a list of compaction
equipment which may be suitable for compaction of a variety of soil types.
The depth of compaction achievable with the equipment should be on the

! order of era to six feet.

Applied to the Sheffield site, the disrupted trench surface soils may be
removed to within a few feet of the top of the buried waste materials and
recompacted in layers by rolling, the aim being to get the optimum com-
paction for the least numt er of passes with the equipment. Precautions
should be taken to insure that the surface soil is not removed to a depth
that would expose the waste materials. The compaction technique is
illustrated in Figure 23.

|

C. GROUTING TECHNIQUES

Future void collapse and subsidence of the trenches may be reduced by
injection of certain chemical grouts and soil-cement grout. The groutingl

materials would mix with the trench backfill soil to form an improved
strength, settlement resistant mass. Large voids and low density areas

| which exist in the trench backfill soil and between the waste containers
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TABLE 13 - COMPACTION EQUIPMENT AND METHODS
'

Requirements for Compaction of 95% to 100%
: Standard Proctor Maximum Density.
'

Equipment Applicability Compacted lift Passes Dimensions and weight of equipment
type thickness,in.

2
Sheepsfoot For fine-grained soils 6 4 to 8 Foot contact area: 5 to 14 in
rollers or dirty coarse-grained Foot contact pressures: 50 to 500 psi.

soils.
,

j

Rubber tire For clean, coarse- 10 3 to 5 Tire inflation pressures of 60 to 80
rollers grained soils. psi for clean granular material. Wheel

load 18,000 to 25,000 lb.
:

|
For fine--grained soils 6 to 8 4 to 6 Tire inflation pressures in excess of
or well-graded, dirty 65 psi for fine-grained soils of high

j coarse-grained soils plasticity. For uniform clean sands,

or silty fine sands, use large size tires
| g with pressure of 40 to 50 psi.

Smooth For compaction of well 8 to 12 4 Tandem-type rollers for base course or
subgrade compaction.10 to 15 ton weight

| wheel graded sand-gravel 300 to 500 lb per lineal inch of width of
rollers mixtures. rear roller.

I For fine grained soils 6 to 8 5 3-wheel roller for compaction of fine
other than earth dams. grained soil: weights from 5 to 6 tons

for materials of low plasticity to 10 tons
of materials of high plasticity.

!

|
Vibrating For coarse-grained soils. 8 to 10 3 Single pads and plates should weigh

no less than 200 lb.baseplate,

compactors

Crawler For coarse-grained soils. 10 to 12 3 to 4 No smaller than D8 tractor with blade,

tractor 34,500 lb weight, for high compaction.

!
I
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TABLE 13 - COMPACTION EQUIPMENT AND METHODS (cont)

Requirements for Compaction of 95% to 100%
Standard Maximum Density

Equipment Applicability Compacted lift Passes Dimensions and weight of equipment
type thickness,in.

Power For difficult access, 4 to 6 in for 2 30-Ib minimum weight.
tamper or trench backfill. Suit- silt or clay, 6
rammer able for all inorganic in for coarse-

soils. grained soils.

Source: Foundation Engineering Handbook, Page 269. I 7 I
M

i
a

'

_ - _ - _ __



r
e-v es
o rr
c e
dy

hna
c alr n no edit

c re
t vdap oegmtm n e co ir at pc s

lit i

o xo
o Es
f
s
p T
e e Ne t

s E
h a MS w P

I

d U
n Qa E

l

Ni

o
s O_4 I

l

a Tl
_ li i

f r CAI _ ke A
ct Pa a

U
l \bm M.

Ol

f.
l

h Cl

l c.

l n Y
l e
l r V
l T Al

l
E
Hl

r l

Yo l
lt
l Bc l

a l

p Nl

m Ol
lo I

c T
Cy

r A
o P
t
a M
r O
b Ci

v -

m
u 3
r 2

d
- - E

h R
t Uo_. o G

_ m I

FS

_

_

_
.

_
-

-

d

; :i' ' :J



- -- - .- - -

may be initially filled with a soil-cement grout, so that they may be
decreased in size before being grouted using a more expensive chem-
ical grout, if found necessary. The interstitial grout may also act as
a structural web to minimize eventual collapse of the waste containers.

The principles involved in grouting using chemicals and soil-cement
differ slightly and a discussion of each technique follows:

] C.I. Compaction Grouting Using Soil-Cement
1

Compaction grouting is a process which involves extrusion e' a highly
viscous soil-cement grout into the voids of a compressible soil mass.
The injected grout remains in a homogeneous mass and acts as a radial
hydraulic jack, displacing and compacting the surrounding soil particles
in place.

Large voids within the trench backfill soil and waste may be filled
with the soil-cement grout. Densification of the poorly compacted trench
materials may also be achieved by expansion of the low slump grout
which is pumped under pressure.

i

The grout is usually composed of a cement sandy-loam mixture. The
gradation and corcistency of the sand used in the grout has considerable
influence upon the injection behavior and effectiveness of the grout, it

| Is also desirable to minimize the clay content in the mixture, so as to
| eliminate excessive shrinkage of the grout. A cement content of about

12 percent will
applications (ll) provide the grout strengths which are adequate for most

.

Compaction grouting is usually done in stages, only a few feet of the
hole being grouted at a time. The grout may be applied either from '

the top down or from the bottom up. The following sequence of oper-
ations is generally followed for grouting from the top down:

A hole is drilled from the surface to the top of the zone to beo
densified or a minimum of about four feet.

A steel casing is inserted in the hole and securely cemented ino
i place to its full depth .

| o The hole is then extended several feet (three to eight feet) by

1

I
i
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drilling through the casing .

A low slump grout mixture is pumped into the hole until there is ao
slight movement of the grcund surface, or to refusal.'

After hardening of the previously placed grout, the hole is redrilledo
- inside the casing and grout, and advanced several feet for the

next stage of grout injection.

Figure 24 illustrates the process of compaction grouting.

The technique of compaction grouting requires detailed preliminary in-
vestigations and planning. Successful execution of grouting requires
proper layout of the grout holes, sequencing of grouting, pumping pro-
cedures of the grout mixture, and the service of specialist contractors.
It is rarely feasible and practical to lay out the grout holes and plan
the grouting program in advance. The spacing of the grout holes vary,

according to the soll properties and individual job requirements, and are
usually on the order of five to 15 feet (11). The holes are generally
laid out on a basic grid, with the rows offset to give a triangular pat-
tern of roughly equidistant spacing. Continuous logs for drilling and
detailed grouting records should be maintained and analyzed to determine
whether the grout holes should be relocated and injection changes made
as appropriate.

The grouting technique to achieve stabilization of the trenches requires
grout holes to be drilled through the trench backfill soll and waste
materials and radioactive gases may be released during the operation.
The grout mixture may be contaminated and becomes a safety hazard if
backflow of the material occurs up the grouting pipe. Problems may then
arise with disposal of the grouting mixture. Contamination of the drill-
ing equipment and steel casings by radioactive waste materials may require
them to be buried onsite in trenches or hauled to another low-level
disposal site.

79
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Grout mixing and injection
I
t
.

Casing cemented in place
.

- -

. :r. .

..

'
), i '' . . .. -, ,s,'A

,,..(..?'" Existing trench cover,
,

. .
* -

..,.. ..
. .

Expanding soil-cement grout
displacing and compacting

'

surrounding material

E
Trench backfill soil and waste
material

!

,

4

FIGURE 24 -COMPACTION GROUTING PROCESS
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a

C . 2. Chemical Grouting

The soil which wasused for backfilling the trenches is of a silt nature.
A suitable chemical grout for stabilization of the trenches after the
larger voids have been initially filled with soil-cement, is a solution of
Acrylamide, consisting of two organic monomers. The viscosity of the
solution is quite low and penetrates readily !nto silt, consolidating the
silt and rendering it impervious (12),

; The process of grouting using Acrylamide involves injection of the solution
into the soil in a "one shot" process. Reaction of the low viscosity
organic monomer takes place in-situ and polymerizes into a stiff gel. Add-
ition of fillers, such as cement or silicaflour, can be used to increase
the strength of the gel (12) . The grouting technique is illustrated in;

i Figure 25 The grouting technique requires grout holes to be drilled
through the trench backfill soils and waste materials and problems may
be presented due to the possible release of radioactive gases and con-
tamination of equipment.

D. BIOLOGICAL TECHNIQUE

The maintenance of a suitable aerobic environment accelerates decompos-
tion of organic wastes, by promoting the rapid growth of cgose-con-
suming microbes and by increasing the internal temperature The
aerobic chemical reactions can be theoretically expressed as follows:

O )n + 6n(0 ) = 6n(CO ) + 6n(H 0) + n(688,000 calories)(C H12 6 2 2 26

cellulose oxygen carbon water heat energy>

dioxide

Oxygen is an essential requirement for the aerobic stabilization process,
and the temperature of the environment has been recognized as one.of
the key factors affecting the biological activity,'

in the process of aerobic decomposition, only tM organic portion of the
waste material is subject to biological breakdown. It ho:. been estimat-

|
edflag) that an organic content of 60 to 70 percent of the total volume,
may be required for effective aerobic decomposition of solid waste materials.'

The low level radioactive waste materials were packed in a variety of card-
board and plywood containers and metal drums. In general, the organic
content of the buried containers and waste materials at Sheffield is
60 percent or less of the trench volume and the biological technique is of
limited applicability to stabilization of the trenches at the Sheffield site.

,

!
i

i
|
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E. COST ANALYSIS AND SUMMARY OF TECHNIQUES

Details of the initial construction cost estimates are presented in Appendix
C. The estimates are based on costs as of December 1980. These costs
can be updated in the future by usino the December 1980 and future
construction cost indices. The costs .re developed for a " typical' trench
with surface dimensions of 350 feet by 50 feet. The cost elements that
have been included in the estimates are labor, materials and equipment.
It is assumed that the additional soil that may be needed to fill the trench
caps following stabilization will be imported relatively short distances to the
Sheffield site.

Maintenance costs are based on the general surface maintenance of the site.
Details of the maintenance costs estimates are presented in Appendix C.
It is anticipated that inspection of the site will be performed on a regularly
scheduled basis and repairs carried out on areas indicating erosion and
subsidences. A program of revegetating repaired areas of the site with
grasses, and regular maintenance of the vegetativecover is also anticipated
to be in operation.

i The useful life of the stabilization techniques is indirectly dependent on
the general maintenance of the site and trench soil caps, if the final
trench caps are properly constructed and the site is regularly inspected
and maintained to prevent erosion and infiltration of water into the trenches
it is anticipated that rnany of the stabilization techniques which have been
evaluated in the study would have an indefinite useful life. An indefinite
useful life is used because potholes or sudden slumps may occur over 100-

or 200 years as the waste containers decompose and collapse.

Table 188 summarizes the construction costs and the effectiveness and'

applicability of the various feasible trench stabilization techniques,

i

|

!
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TABLE 14 - COST, EFFECTIVENESS AND APPLICABILITY OF STABILIZATION TECHNIQUES SUMMARY

Stabilization Initial Cost *
Technique $K/ typical trench Effectiveness Applicability

A. Dynamic
Consolidation 59 0-50 feet High energy impacts should cause

collapse of deep voids and waste
C0hesionless soils most suitable, containers.

"

but may be extended to alluvial
soils and clay. Interstices between the waste con-

tainers and large voids may also,

' be filled by soil during the com-
paction treatment.

1

A minimum of six feet of extra
soil cover may be required over,

the existing surface of the trenches.

The potential exists for exposureco
*

; of personnel and equipment to radio-
} active wastes and radiological releases.

Significant lateral 9 . und vibrations
: produced by the high energy impacts
j should not adversely affect structures

on the relatively open site,although,

some effect may be felt by adjacent
'

trenches.

:

!

!

|

|
I

|

|

1

__
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TABLE 14 - COST, EFFECTIVENESS AND APPLICABILITY O:: STABILIZATION TECHNIQUES SU' AMARYfcont)

m
Stabilization Initial Cost * t

Technique $K/ typical trench Effectiveness Applicability

B. Pile Drivers 106 0 - 50 faet Vibrations during pile driving may

and Compac- cause collapse of deep voids anJ con-
tion Piles Loose cohesionless soils most suit- tainers.

able and has been used to com- .

pact partly saturated clayey soils Compaction of the backfill soil and
and loess. waste materials should also be achieved

by penetration of the piles.

Wood piles or piles consisting of sand,
gravel or crushed stone could be
driven into the trenches at close
centers on a grid pattern.

Requires control to avoid penetration
.

into the french drains or sumpsv'

constructed at the bottom of the
trenches.

Potential for exposure of personnel
and equipment to radioactive wastes
and radiological releases.

:
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1 ABLE 14 - COST, EFFECTIVENESS AND APPLICABIUTY OF STABILIZATION TECHNIQUES SUMMARY (cont)

Stabilization Initial Cost *
; Technique $K/ typical trench Effectiveness Applicability

; C. Surcharging 49 Effective treatment depth is Heavy soil mounds may be placed over
i variable. the surface of the trenches to accel-
I

erate settlement of the backfill soil.
Suitable for soft clays, silts and

] organic deposits. Some of the weaker waste containers
may be collapsed by the surcharge
weight,

j

The degree of compaction could be
controlled by varying the magnitude,

and period of application of the sur-
! charging load.co.

m

The large depths of some of the.

i trenches may require high soil mounds.i

i
to be placed for an extended period
of time.

The surcharge soil could be used on
j adjacent trenches.

{
; Exposure of personnel and equipment

to radioactive wastes or contaminated2,

j gases is limited since this is the only ,

non-penetrative technique.
,

!
.

k

:

:
1

!
!

I
,
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TABLE 14 - COST, EFFECTIVENESS AND APPLICABILITY OF STABILIZATION TECHNIQUES SUMMARY (cont)

.i
._-.

>

Stabilization initial Cost *
Technique $K/ typical trench Effectiveness Applicability

D. Surface 19 0-6 feet. Applied to the surface of the trenches'

Compaction after application of deep compaction
by Heavy Fine-grained soils-sheepsfoot techniques which loosen and disrupt
Equipment rollers, rubber tire rollers, the surface soils.i

smooth wheel rollers.
;

j The disrupted surface soils may be
Coarse-grained soils - vibrating removed to within a few feet of the
rollers. top of the buried warte and recom-

pacted in layers.
<

Potential for release of radioactive
'

O
. gases and uncovering of wastes if

excessive surface soil is removed.

I

! E. Compaction 361 Unlimited depth. Large deep voids in the trenches and
Grouting interstices between the waste containers

| Using Soil- Suitable for filling or compacting may be filled or compacted with a soil-
! Cement large voids, cement grout.

!

! The trench backfill soil may also be
compacted.

'

Grout holes may be laid out on a basic
grid at 5 to 15 feet centers, and-

drilled into the trenches.
|

l

1

1
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TABLE 14 - COST, EFFECTIVENESS AND APPLICABILITY OF STABILIZATION TECHNIQUES SUMMARY (cont)

Stabilization initial Cost *
Technique $K/ typical trench Effectiveness Applicability

E. Compaction
Grouting Potential for contamination of equipment
Using Soil- and release of gases. Backflow of the
Cement (cont) grout which may be contaminated, would

also present disposal problems.

F. Grouting 854 Unlimited depth. The chemical grout, Acrylamide, mayUsing be applied to the trenches after theSoil-Cement The chemical grout, Acrylamide, larger voids have been initially filledand Acry- penetrates readily into silts. and decreased in size with soil-cementfamide
grout.

E The injected chemical grout may poly-
merize into a stiff get and react with
the backfill soils to form a strong
impervious mass.

,

Potential for release of radioactive
g&ses and contamination of equipment
by radioactive waste materials.

* Detailed in Appendix C

- _ _ _ _ _ _ _ _ _ _ -
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V. FUTURE MONITORING,

-

Future monitoring of the Sheffield site trenches will be required to identify
areas of potential infiltration resulting from precipitation and runoff. Early
identification of erosion problem areas, low spots and small slumps followed
by immed* ate remedial measures of backfilling, regrading and erosion mit- ,

,

igation measures will correct small problems before they become larger pro-'

blems, thereSy limiting the potential for infiltration.

Methods of future monitoring studied for the Sheffield site consisted of
visual observations, direct survey measurements, and review of topographic
maps and aerial photographs.

1. Visual Observations

Visual observation monitoring has been underway at the Sheffield site since
October 1978. Observations have fallen into a routine pattern of approx-
imately monthly checks, or more often when weather conditions warrant.
The method consists of an observer walking the site to inspect for subsi-
dence, pot-holes, sudden slumps and other settled areas requiring
maintenance attention. The observer estimates the diameter, or width

and length and depth, and notes these by trench location on a data sheet
map of the site. Dimensions are estimated to the nearest foot. These
visual observations should be continued on the existing schedule. The

i visual observation data is gathered at low cost, approximately four hours
per inspection by on-site personnel. The additional data will not increase'

the accuracy of future projections, because subsidences are effected by'

variable climatic conditions. The inspections are primarily required to
adequately identify site surface problems requiring remedial maintenance,
which if not corrected will lead to slumps and increased infiltration.

2. Aerial Photographs

A review of historical aerial photographs indicated that the detail is not
sufficient to identify subsidences on the order of 20 feet in diameter and

.i smaller. It is our opinion that aerial photographs could be obtained by
special low-level reconnaissance flights but their cost and the time involved

,

| in review and eva!uation is much greater than actual visual observation
without significantly increasing the accuracy and usefulness of the visually

| obtained data.
I-
| 3. Topographic Maps

Existing topographic maps are not detailed enough to show small subsi-j

| dences. The least costly topographic maps are compiled from aerial
( photographs and therefore cost more than just aerial photographs

discussed above. Topographic maps of the site do not have sufficient,

accuracy or details of elevation to determine significant changes in overall

89
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elevation of the existing cover soil.

4. Direct Levels

Direct levels are those that would be run from one or more benchmarks
located on stable ground. Elevation measurements would be taken to3

the nearest 0.01 foot. The three types of " monuments" experiencing;

settlement that could be measured are differential settlement plates,
surface monuments, and the general ground surface.

Differential settlement plates consist of a 2-foot diameter (or square)
plate buried beneath the trench surface with an attached shrouded
vertical riser to the surface. The elevation of the top of the riser is
periodically recorded and the accumulated data is analyzed for changes
in the elevation of the riser. The advantage of this system is that
elevation changes at various depths within the trench could be mea-
sured. Disadvantages are: grass mowing will interfere with anything,

projecting to the cap surface; economics preclude installing a large
number of differential settlement plates; excavating in the trenches will
have to be done carefully due to possible exposure of waste; small
localized subsidences can easily tip the horizontal plate causing a lateral
instead of vertical movement of the riser pipe; and piping may occur
along the riser if the settlement plate tips. Althougn the establishment
of buried settlement plates and the analysis of the settlement rate data
generated may predict future subsidences, the plate would have to be
located at a point of future subsidence, which is impossible to predict
due to the causes of subsidences. The disadvantages of higher costs
and limited usefulness of the data make buried differental settlement '

plates unfeasible.

Surface monuments are similar to buried settlement plates with the ex-
, ception that they are located on the surface with a base extending
: one or two feet deep. Surface monuments are subject to frost heave, dis-

turbances from operating equipment, and tilting from differential settle-,

L men ts. They are most commonly made by casting a bronze, or other
. metal disk, in the top of a concrete monument which is poured at the
j desired location. As with the buried settlement plates the surface

monuments in our opinion are unfeasible.

Elevations of general ground surface appear to us to be the most feasible.
,Typically permanent reference points would be established at each end !

of each selected trench. These two reference points would then define l

a straight line along the longitudinal center of the top of each trench.'

Direct levels would then be taken every 25 feet by measuring with a
steel tape between the two reference points. Elevations should be mea-
sured to 0.01 foot and referenced to previously established permanent
benchmarks. Successive direct levels taken at six month intervals, say
in May and . November, should exhibit different elevations at each point
if overall subsidene:e were still occurring. The data would be plotted on

|
90 ;
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a graph as illustrated in Figure 26. When the rate of change of the
surface elevations has decreased to a rate for which the final cap is
designed to accomodate,the continuation of direct level measurements
could be reviewed. This type of monitoring data will tell when most
consolidation settlement has taken place and thereby give an indication
when further consolidation will be negligible. It will not increase the
accuracy of predicting sudden slumping.

.
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VI. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

A.I. Data Base

The existing data on subsidence, waste characteristics and plec.ement,
and backfill soil placement and compaction in each trench was not sufficient
enough to accurately predict future subsidence trends in specific trenches.
Only potential subsidence scenarios could be identified.

A . 2. Subsidence Potential

Subsidence as it has occurred to date at the Sheffield site, is dependent
on the amount of infiltration of surface water through the existing caps.
Unusual climate conditions such as heavy rainfall following early snow that
insulated the ground preventing freezing, which occurred from the winter
of 1978 through the spring of 1979, can allow increased amounts of late
winter and early spring snowmelt and rain to infiltrate the trenches. Heavy
infiltration would not likely occur during periods of more normal climatic
conditions where the ground was frozen. This extra amount of infiltration
caused the piping of soil into voids in the trench backfill and waste with
subsequent collapsing of trench surfaces. Eighty percent of,the recorded
subsidences were noted from November 7, 1978 to May 4 of 1979. Sub-
sidences may have occurred after May of 1979 as a result of delayed re-
action to a loss of support to the surface soils, or subsurface collapse of
volds or a waste container.

All trenches have a pctential for some future subsidence dua to piping of
soil, natural soll consolidation, and waste container deterioration. The
location, sizes and extent of this subsidence is quantitatively indeter-
minant due to the unknown void sizes and their numbers and locations
within the trenches. Subsidences due to piping will generally be char-
acterized by local sudden collapsing, and those due to consolidation and
conta!ner deterioration may be characterized by sudden collapsing or gen-
eral area settlement.

Increased incidences of subsidence may occur from 10 to 14 years after
waste disposal when metal drums, cardboard, and wood containers will
have experienced some deterioration.

It is believed that future subsidence in Trenches 10, 8A and 8B should
be small because the waste placed therein was reported to be solidified in
Anafco tubs and the prospect for future deterioration and collapse of
the containers is rated slight. The existing caps have no recent record
of any subsidences on these three trenches.

Subsidences around sump pipes on Trenches 25C and 23 may indicate
that backfill soils are piping through the gravel sumps and into the per-
forated drain pipes plugging them.

93
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Each trench's potential for future subsidences is discussed below. All
trenches should experience future subsidence due to the backfill soli
consolidation mechanism alone.

Trench 1
i

.

Trench 1 may have future subsidences due to piping and collapse of
voids brought on by climatic extremes. As the only trench older than i

ten years it experienced two subsidences during the two year monitoring |,

period, although one of them is attributed by NECO to a U.S.G.S.
attempted monitoring well installation. It has a moderate potential for
future subsidence due to waste t .J waste container deterioration. Its cap
seems to be in relatively good condition.

|
!

Trenches 2 and 8
1

Trench 2 has had no recorded subsidences and its cap seems to be ini

'i good condition. It has a moderate potential for future subsidences
resulting from deterioration.

Trench 3

Trench 3 had two subsidences in 1980 and may have more in the future
if adverse climate conditions occur. It has a moderate potential for
future subsidences resulting from deterioration.

Trench 4

Trench 4 has had no recorded subs!dences and its cap seems to be in
good condition. It has a major potential for future deterioration subsidence.

Trench 5

Trench 5 had one subsidence during the extreme climate condition periods
and may have more under any future adverse climate conditions. It has
a mcderate potential for future subsidences resulting from deterioration.i

Trench 6

Trench 6 had five recorded subsidences during March to May,1979 related
to the extreme climate conditions and may have more under any future
adverse climate conditions. It has a major potential for future deterioration
subsidence.

Trench 7

Trench 7 had many subsidences and may have more under any future
adverse climate conditions. It has a major potential for future deter-
ioration subsidence.
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Trench 9

Trench 9 had a number of subsidences during the winter and spring of
1978 to 1979 and may have more under any future adverse climate con-<

ditions. It has a moderate potential for future subsidences resulting
from deterioration.

Trench 10 ,

,

The Trench 10 subsidences may have been primarily due to drainage
over the trench which has now been corrected by redirecting it around
the north end of the trench. The trench contains solidified waste and
its deterioration potential is rated negligible.

Trenches 11, 25, 8A and 8B

These trenches have had no recorded subsidences and their caps seem
to be in good condition. Trenches 11 and 25 have a moderate potential
for future subsidences from waste deterioration. Trenches 8A and 8B
contain solidified waste and their deterioration potential is rated as neg-
ligible.

Trenches 18 and 26

Trench 26 had a number of recorded subsidences and may have more
under any.. adverse climato conditions. It has a moderate potential for
future related subsidences resulting from deterioration.

Trench 24

Trench 24 had two of the largest subsidences during the spring of 1979'

and may have more under adverse climate conditions. It has a moderate
potential for future subsidences resulting from deterioration.

Trench 25C

Trench 25C had a number of subsidences during the winter and spring
of 1978 and 1979 and continuing into April 1980 and may have more

|
related to any adverse climate conditions, it has a moderate potential
for future subsidences resulting from deterioration.

j

l

j Trench 23
:

Trench 23 had seven subsidences including 10 to 20-foot diameter ones'

between winter 1978 and winter 1979 and may have more related to any
adverse weather conditions. It has a moderate potential for future
subsidences resulting from deterioration.

I
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Trenches 14 and 14A

The wall between Trenches 14 and 14A is very susceptible to subsidences
as evidenced by 12 subsidences recorded there from December 15,1978 to
March 1979. There have also been subsidences on the caps of Trench 14
and 14A. Additional subsidences may occur with adverse climatic con-i

ditions. It has a moderate potential for future subsidences resulting'

from daterioration.

A . 3. Trench Stabilization

All feasible techniques evaluated for stabilizing the trenches in the immediate
future instead of. waiting for natural deep compaction processes to occur
have disadvantages. The primary disadvantage of dynamic consolidation
are the probable destruction of numerous containers, increased exposure
of radiological wastes to the backfill soll and the effects of strong vibration

: on adjacent trenches. These same disadvantages apply to using driven
compaction piles with the additional drawback of exposing the driven and
withdrawn reusable piles and thereby increasing worker exposure to low
level radiation. Cost of the compaction pile technique is estimated to be a
little less than double the estimated cost of dynamic consolidation. The,'

most expensive twhniques appear to be compaction grouting alone and in
combination with chemical grouting at estimated costs of three to eight
times that for driven compaction piles. The grouting pipes may also
puncture waste containers and withdrawn grout pipes would expose workers
to the possibly contaminated equipment.

The least hazardous technique from the standpoint of exposing waste, and
workers and equipment to waste, is surcharging. It is estimated to be
the least cost also. A disadvantage to surcharging is the extended
time period for subsidence to occur under the increased overburden loads.
Installed settlement plates would be required to monitor the trench cover
surface movement beneath the surcharging mounds of soil. Surcharging
should have less of an effect on collapsing waste containers then the other
techniques. Therefore potential settlements from future container deter-
ioration and collapse may remain a continuing problem with this technique.

96
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B. RECOMMENDATIONS

B.1. Future Monitoring

Continue visual trench cap monitoring on a minimum monthly basis and
more often as climate conditions may dictate to identify future subsidences
for repair and areas requiring other attention.

B . 2, Surface Stabilization

Use sod in places where it is difficult or there is not sufficient time to
seed grass to protect the surface from erosion, rilling and gullying which
can be contributory to subsidences.

Excelsior blankets may be used on sloping ground to reduce and control
erosion. They are used by the Illinois State Department of Transportation.
The blankets could be particularly helpful on the south side of Trench
11, the west end of Trenches 23 and 24, on the north half of Trench 14A,
and along the side slopes of the developed drainage channel which runs
through the middle of the site. These side slopes could alternatively be
sodded.

B . 3. General Site

Vehicular access to the site and particularly the trench surfaces should
be eliminated except for well defined necessary routes not crossing any
trench surfaces.

Allow maintenance and contractor vehicular access only over rigidly plan-
ned and controlled routes to mitigate damage to the soil surface.

,

The judicious use of large tarpaulins, or membranes, to cover problem
trench arear prior to adverse we.ather conditions may reduce water infil-
tration ,

j B.4. Impermeable Trench Caps
!

|
Trenches 8A, 8B, and 10

!

Trenches 8A, 8B and 10 have a low potential for future waste and con-
tainer deterioration and therefore future subsidences will be primarily
related to moisture infiltration and piping. Therefore it is recommended
to mitigate against future subsidences due to moisture infiltration and
low permeability caps be constructed on Trenches 8A, 8B and 10. This
should eliminate future maintenance problems on these three trenches.

|
Trenches 2, 4, 11, and 25

Trenches 2, 4, 11, and 25 did not experience subsidences during the
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period of recorded data. They are however, subject to future subsidence
from container and waste deterioration. Low permeability caps should be
constructed on these trenches to reduce infiltration and thus the potential
for subsidence from piping. The resulting reduced moisture content in the
trenches will decrease the rate of container and waste deterioration. The
reduced deterioration rate will extend the time until containers collapse.
The radioactivity levels of the contained waste will also have decreased over
the extended time period.

The low permeability caps will also reduce trench maintenance until the
containers collapse.

|

Trenches 1, 3, 5, 6, 7, 8, 9, 26, 24, 18, 25C, 23, 14, 14A

The trenches experienced subsidence during the period of recorded data.
They may still be susceptible to subsidence from settlement and piping due

1 to infiltration of water during and following unusual climate conditions.
Low permeability caps should be conste ucted on these trenches to reduce
infiltration for the same reasons as stated for Trenches 2, 4,11 and 25.

,

I
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APPENDIX A

TRENCH STATUS REPORTS

Source: Nuclear Engineering Company, Inc.
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NUCLEAR ENGINEERING COMPANY, INC.

TRENCH STATUS
(RADIOACTIVE WASTE MATERIAL)

BURI AL INVENTORYINFORf4AT10N

Faciiity : ILLINOIS Current Month To Date

Tronch No. ; 2
Current t/onth : March, 1971 Volume (Co. Ft.) : 9,002.8h 231,235.67

late Opened : August 16, 1968 By-Product (Curles) : 1,h79 92 10,451.15

Jate Closed : March 31, 1971 Plutonium : h0.60 4,y70.40

Length : h60 Feet Uranium 233 : 0.00 0.00
Widtb : 60 Feet Uranium 235 : h00.60 7,725 li6

Cepth : 25 Feet Total SNM (grams) : hhl.h0 12,695.06

Source (Lbs.) : 0.00 37,7J0.06
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NUCLEAR ENGINEERING COMPANY, INC.
a

TRENCH STATUS
,

(RADIOACTIVE WASTE MATERIAL)

'

INFORMATION BURIAL INVENTORY

Facility : tLLIxoIs Current Month To Date
Trench No. : 5
Current Month : avuvu 19 8 Volume (Cu.Ft.) : 15,420.11 136,r09.21.
Date Opened : APRIL 1973 By-Product (Curies) : 112.52 1,167.66
Date Closed : AUGUST 31, 1973 Plutonium : 43.00 1,237.2d>

Length : 350' Urdnium 233 : .o. .o.
Width : 50' Uranium 235 : .o. i,930.oS
Depth : zo' Total SNM (grams) : 48.00 3,la7.33

Source (Lbs.) : -o- 5,163.95

5a

i

O' S 350'

- R \ E: | R m m
9 \ E E R R

g - -

1 E ua
E $$ D

*

>

% E 4 4 5i

18

i

!

1

!
'

.__ - - -



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

Ni) CLEAR ENGINEERING COMPANY, INC.

TRENCH STATUS

I (RADIOACTIVE WASTE MATERIAL)
:

INFORMATION BURIAL INVENTORY

Facility : ILLINOIS Current Month To Date

Trench No. : 6 .,._:',10

Current Month : MARCH 1974 Volume e'Cu.F'.) : 30,640.93 211,677.27
~~~

Date Opened : AUGUST 1973 Sy-Product (Curies) 228.00 1,327.49_.

Date Closed : MARCH 22. 1974 Plutonium : so.75 1,131.86

: 390' Uranium 233 : -0- .014
i length

Width : 45' Uranium 235 : 22.00 5,908.30
~

i Depth : 20' Total SNM (grams) : 108.75 7,040.174

Source (Lbs.) : -0- 475.32
,
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NUCLEAR ENGIN !!NG COMPANY, INC.

TRENCH STATUS

(RADIOACTIVE WASTE MATERIAL)

INFORMATlON BURlAL INVENTORY

ILLINOISFacility : Current Month T_ o DateTrench No. : #7
Current M3 nth :~ JUNE 1974 Volume 'Cu.Ft.) : 10,031,32 133,709 37
Date Opened 326.6I~ 635.76: M RCH 22, 1974 By-Product (Curied :
Date C!om d : JUNE 24, 1974 Plutonium : 118.96 '450.83
Length : 400' Uranium 233 : 0 .o.
Width : 19 ' to 41 ' Uranium,235'- : -0 1,189.90
Ocpth : 17' to 23' Total SNM (grens) : 115 96 1,640.73

Source (Lbs.) : -0- 1,356.00
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NUCLEAR ENGlHEERING COWANY, INC.

TRENCH STATUS
(RA010 ACTIVE' WASTE MATERIAL)

INFORMATION '^ '

; Facility : ILLINOIS Current Month To Date
Trench No. : #8
Current Month : AfinTTR'P 147), Volume (Cu. Ft.) :

| Date Opened : J1ir.v 1.1 o71', By-Product (Curles) :
~~t_ pn6J R gg

.gi31 acay
afinirgi'Q_io?). Plutonium : ninn ''n nn.Date Closed : P

~

Lengtli : pon ce
'

Uranium 233 : n_nn n_on
Width : 1, e c e_ Uranium 235 : 0,00 0,00
Depth : 4' cw +n ,e c+ Total SNM (grams) : n_no n_nn

~ ~ ' ~

Source (Lbs.) : n nn n'nn-

:

|

%.o

O' S '.E . . 2008*

:e ' '

,
'

t-<

JUNE 1974 JULY 1974 SM NO TRENCHE. $$ W'
<

ggi N.
SCALE 1" = 42'
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NUCLEAR ENGINEERING COMPANY, INC.

TRENCH STATUS

(RADIOACTIVE WASTE MATERIAL)

INFORMA TION BURIAL INVENTORY

Facility : ILLINOIS Current Wnth To Date

Trench No. : #10
Volume (Cu.Ft.) : 213.15 13.9I'5.10i Current Wnth : JANtMRY 1975

: AUGUST 21, 1974 By-Product (Curies)| Date Opened : 6.57_ 181.91
Date Closed : JANUARY 2, 1975 Plutonium : .0- -0

: Length : 130' Uranium 233., : j. 0

! Width : 17' Uranium 235 : .e . -o.
: 15' Total SNM (grans) : .c .- _0Depth

i Source (1.bs.) : -0 -0
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NUCt. EAR ENGINEERING COMPANY, INC.

TRENCH S TATUS

(RADIOACTIVE WASTE MATERIAL)

INFORMATlON BURio i. :NVE N TORY

Focility : Iu rnors Current Month To Date
_

Trench No. : 11

Current Month : JUNE 1975 Volume (Cu.Ft.) : 2N)9/ 92.,409 94,

Date Opened : DEC. 18, 1974 By-Product (Curies) : 110 3s- _ 1446. %Date Closed : JUNE 4, 1975 Plutonium : .o. ing n
length : 354' Uranium 233 : -0- _n_
Width : 40' Uranium 235 :__ pvrgy-U-

Depth : 20' Total SNM (grams) : -0- 683.33
Source (Ibs.) : 32.947.734
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NUCLEAR ENGINEER ~ G COMPANY, INC.
!

TRENCH STATUS

(RADIOACTIVE WASTE MATERIAL)

INFORMATION BURIAL INVENTORY

! Facility : ILLINOIS Current Wnth To Date
'

Trench No. : #25
7676.05 % ,525.30Current Wnth : my 1975 Volume (Cu.Ft.) :

Date Opened : ' FEB. 20, 1975 By-Product (Curies) : 110.07 195.29,

! Date Clowd : my 15,1975 Plutonium : -0- _o_
~

Length : 300' Umnium 233 : -0- -0
i
'

Width : 8' Umnium S35 : . -o- -o-
Depth : 18' Total SNM (groan) : -0- -0-

Source (Lbs.) : -0- -0-

i

w

|
,

i 0 S 300'
; - "/ / / ,/ s' .. .'

1
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' mRCH Apart MY 19751975 1975 1975
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NUCLEAR ENGIN~~tlNG COMPANY, INC.

TRENCH STATUS

(RADIOACTIVE WASTE MATERIAL)

INFORMATION BURIAL INVENTORY

: ILLINOIS Current MonthFacility To Datei

Trench No. : u-A

Current Month : MY 1975 Volume (Cu.Ft.) : 1.178.an 3,178.30
Date Opened : MAY 16, 1975 By-Product (Curies) : 237.99 237.99
Date Closed : my 28, 1975 Plutonium -0-_n-
Length : 35' Uranium 233 -o . -0-,

Width : 8' Uranium 235 : -0 -u-
Depth : 18' Total SNM (grans) : -0- -0-

Sourr:e (Lbs.) ~ : -u- -u-

O
a

E
O' 35'

,. ','' '' ./,s ' , - -
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NUCLEAR ENGINEEelNG COMPANY, INC.

TRENCH STATUS
.

(RADIOACTIVE WASTE h%TERIAL)

INFORMATION BURIAL INVENTORY

ILLINOIS Current Month To Date
i Facility - :
'

Trench No. : 8B
Current Month : JUNE 1975 Volume (Co.Ft.) : 1578.25 2653.25

: W.3 7 250.67Date Opened : MAY 28, 197 By-Product (Curies)
Date Closed : JUNE 6,1975 Plutonium : 4 _n_

| Length : 51i Uranium 233 : .o. -o.
-0- -0-Width : 8' Uranium 235 :

Depth : 18' Total SNM '(grams) : -u- _o.

Source (Lbs.) : -u-

.
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NUCLEAR ENGINEERIN DOMPANY, INC.

TRENCH STATUS

(RADIOACTIVE WASTE MATERIAL)

INFORMA TION BURIAL INVENTORY

Facility : ILLIN0IS Current Month To Doto
Trench No. : 26
Current Month : AUGUST 1975 Volume (Cu.Ft.) : 28,340.34 166.137.91
Date Opened : my 30, 1975 By-Product (Curies) : 277.35 991.23
Date Cloud : AUGUST 27, 1975 P!utonium : -u- 5,o
tength : 180' Uranium 233 : -0- -0-
Width : 64' Uranium 235 .: d>3.do i ,062. BF
Depth : 238 Total SNM (grons) : 553 00 1,087.80

Source (Lbs.) : 16,378.79 29,611.79
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| nuu.:ms cNL.alNttKING t.UMPANY, INC.

! TRE. ZH STATUS

-(RADIOACTIVE WASTE MATERIAL),

. --

i INFORMATlON BURIAt. INVENTORY-
!
I Facility i n.r.TunTr, grrent enth To Date
, Trench No. : 24

2.?i 6hs.n'tCurrent Anth :~ my, 1994 Volume (Cu.Fr.) : s.243 m3
! Date Opened : JUNE 27, 1975 By-Product (Curies) : m. 3% O o ,,n
j Date Closed : t%Y 24,1976 Plutonium : -9- - 1.71
'

Length : & vf5' Uranium 233. :: -n- -n-
j Wideh : die Uranium 235 : -u- 4,283.90

{ Depth :_ 17e Total SNM (grams) : n- gwu-
i Source (ths.) : -r- 2h.123.71
|
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NUCLEAR ENGINEERING COMPANY, INC.
.

TRENCH'S talus
,

_

(RADI ACIIVE WASTE MATERIAL)
,

INFORMATION DURIAL INVENTORY

Facility : II1ntoIs Current Month To Octo
Trench No. : ,g

Current Month : nm nmpn. ,otA Volume (Cu.Ft.) :L.869 M 120,656.69;

Do.te Opened : worn >o" , o ,4 By-Product (Curies) : 32,72 ,MNsic Clomd : DT PMnF9'6. lo7A Plutonium : _o_ _a_
j tength : 320'- Uranium 233 : -o- _o_

Width' : voi sa .ph Urenlum 235 : 13.50 99.nn
e

Depth : g. Total SNM (grams) : 13, go
'

7
Source (Lbs.) : 27.00 399.00;
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NUCLEAR ENGINEERl''3 COMPANY, INC.

4

TRENCH STATUS -

(RADIOACTIVE WASTE MATERIAL)

INFORMATION BURIA ". INVENTORY
,.

Current Month To DateFacility : T u,inors

Trench No. : 250
Volume (Cu.Ft.) : 1,911,89 65,579.83Current Month : gunny

! Dcte Opened : APRIL 13.1976 By-Product (Curies) : 14.07 863.eA
Date Closed : AUGUST 6.19?A Plutonium : _o_ o_
LengIh : 218' l Uranium 233 : -o_ _n_

~

Width : 35' Uranium 235 . : -o_ 179,gg

Depth : 18: Total SNM (grans) : -o_ 177,sg.

j Source (Lbs.) : -o- 69.9s
;
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i

NUCLEAR ENGINEERING COMPANY, INC.
'

s

! TRENCH STAIUS

| (RADIOACTIVE WASTE MATERIAL)

1 INFORMATION SURIAL INVENTORY
,

f Facility : I m nois Current Month To Date
,

Trench No. : 23 -

; Current Month : January 1977 Volume (Cu.Ft.) : 4,288.80 194,4s0.75
Date Opened : August 16, 1976 By-Product (Curles) : w s.50 r.. u s.rn
Date Clo*.ed : January 13, 1977 Plutonium

~

-o- o-:
Length : f,40 : Uranium 233 : -o- -o-
Width : 54' Uranium 235 : -c- 211.27
Depth : 18' Total SNM (groirs) : -0- 2.2.1.27

Source (ths.) :
i

_ 45.00 6.422.44
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NUCLEAR ENGINEERING COMPANY, INC.

TRENCH STATUS
-

(RADIOACTIVE WASTE MATERIAL)

'

INFORMATION BURIAL lNVENTORY

Current Month To DateFacility : ILLINOIS
Trench No. : 14

'

-

Current Montha september 1977 Volume (Co.Ft.) : 14,832.03 394.399.80

Date Opened : January 6, 1977 By-Product (Curies) 7,197 06: 150,7t4
*

Septenber 12, 1977 Plutonium : -0 -0-Dole Cloud -

,

Length : 58 0' Uranium 233 : 0- -0'

Width : 54' Uranium 235 : 4.0 i _ _ 2 %g.w

: 25' . Total SNM (grams) : 4.01 2.346.39Depth
Source (tb;s.) Kgms. .: 33,001.69 133.139.70
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*

NUCLEAR ENGINEERING COMPANY, INC,

TRENCH 5TATUS

(RADIOACTIVE WASTE /AATERIAL)

INFORMA TION BURIAL.'INVE N TOP.Y -

Facility : sherrield, Illinois Current Month To Date
Trench No. : 3 3, _ ,

,

Current Month : Antti. 1978 V fume (Cu.'Ft.) :5,198.01 351,877.3h
Date Opened : August 12, 197A 7 By-Product (Curies) : ,,,,_3, o,3 ,n
Dore Closed : April 8. 1978 Plutonium : _o_

,

_ _n_
length : h75' Uranium 233 : _n_ _n_
Width : 3u' Uranium 235 : _o_ 5,097.63

Depth : 26 Total SNM (grans) : _n_ 5,097.63
. Source (kilograms) : _o_ _272_ iso,87
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APPENDIX B

MONTHLY TRENCH INSPECTION REPORTS

Source: Nuclear Engineering Company, Inc

Note: Writing on Reports has been enhanced for reproduction,
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jp//A/77

MONTHLY TRENCH INSPECTION

a/aps

T-13T~lf

s 3 L-
-

'.g m T-AY
'8r n E

U ;_ T-3 [

*% r.1 L --].
__

,

7, w,, _.
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7, y T -A a,

-

T-l
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T-A
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T-3
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( _

(__ T-T E

l 7 "H
F '

T~#
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}
o

T- to
_.

T->
_

3

|

1) Number and. circle the location of holes and erosion.
| 3) Describe below the size and cause of holes.

@ ,y , j '/ref A % r'n/r c/.us , Cen|!' 0 ~A
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/D/Ji l7?
MONTHLY TRENCH IN!PECTION

t

/0|3||18

.

i '

r.23
| b, . r- a c

5.f T Ay
'
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3. .. ..

' h # #3' ' /
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C af +.2, z 1r "**%
~

O
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T- y T -A s,
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fly .
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~

-.

^

T-9 I T '"i .i-$ 2 ;pi i i
. .

-
.

T-T UfA %'

. '
_

T-s
'

T-p .

1) Number and. circle the location of holes and erosion.
2) Describe below the size and cause of holes.

o f T-// o L. JfI'd'd* **J fr " h / 'of*!/'
e r.sio., ai.., is pi ,, ate

6 ''oIf t*,o
j y,y, o / f- 8- e 4 c.! I d ,, L*)'*fc

* " ' ' ' ' ' "' # # #'#0 &#''** j ,,g, p / 7-AST-

w e ~ ' '' '
,.i n .u- -... - - -~ ~~u+

, .. . . , ,
c,e- ,,, , ,. , ,,u.. . ~ , ~

hi's * * r@ "' "* y , s,. ,/ M
, -

7: ,i

(f) iikhr co-pieu c.,?/ .,,
b< nr><Wod.dr.& w sa - hay ca n

t n/ihr ;J . ,,& san gitn '',11 s , e ,

~d * ';
' t, , s ; 4 125

r/e,.,s



//[9/W
MONTHLY TRENCH INSPECTION

///7/78

T~lf
,_ T-A3

[" - As ,

l_ 7-Ay
VqE g

j'
:4+__

I~I ]m
_ |'

..
y. Age,

7-a r E- ~ _'g _

. .

y, y T -A L

T-l
T -tyn n

' '

T-A

T11 '~
r-3

-r
o T-? i

L 7 -H
.-

I'L

q-o
T- 6 ~

T-1
-

3

1) Number and. circle the location of holes and erosion.
2) Describe below the size and cause of holes,
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p/ t0/7V
NONTHLY TRENCH INSPECTION

///Z0/f8

T-It
'-
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# 'W . :T-Ay
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- ry, 7,2, 7 ._}r
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T-J

'
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~.
T- 6

7-7 q

1) Number and. circle the location of holes and erosion.
2) Describe below the size and cause of holes.
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| NMONTHLY TRENCH INSPECTION

/2.||5|18

T-A3,,
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- T- to
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; 1) Number and~ Circle the location of holes and erosion.
> 2) Describe below the size and cause of holes.
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oM/PP
MONTHLY TRENCH INSPECTION
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1) Number and circle the location of holes and erosion.
2) Describe below the size and cau e of holes
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MONTHLY TRENCH INSPECTION !

/ 3//99

l
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1) Number and circle the locat:lon of holes and erosion.
2) Describe below the size and cause of holes.
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MONTHLY TRENCH INSPECTION

-22779
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1) Number and. circle the location of holes and erosion.
2) Describe below the size and cause of holes.
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3/P W 7
MONTHLY TRENCH INSPECTION
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1) Number and circle the location of holes.and erosion.
2) Describe below the size and cause of holes. _ 3 ,} 9s
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3 ~34 -M
MONTHLY TRENCH INSPECTION

3- M - 79
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1) Number and. circle the location of holes and erosion.
2) Describe below the size and cause of holes.
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?/>7/ 7 7
HONTHLY TRENCH INSPECTION

T-A3
7.j p

e
'u

-
_

T-Ay

&.,h f__ - 4
_

T-3
__$ ,

r--
T- Mc. .

'

,~ rs, 71, m-
's .m.

T- V T t t.

-

-g--
._

T-!r_
T -IVR .-

T-A
LT-/ V '' y.3

'

=T-9 L 7 -os
--

JI
- .

T-7
_

^
_

*

-

T- t,

/T
('/

'

T-F .,

1) Number and circle the location of holes at 4 erosion.
2) Describe below the size and cause of hole .
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*HONTHLY TRENCH INSPECTION ,4 .4; - i '*\
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1) . Number and. circle the location of holes and erosion.
2) Describe below the size and cause of holes.
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VMn
M0|<TMLY TRENCN 'NSPECTION

1/2/n
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| 1) Number and circle the location of holes and erosion.
I 2) Describe below the size and c^ause of holes.
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MONTHLY TRENCH INSPECTION

4/577
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1) Number and circle the location of holes and erosion.
2) Describe below the size and cause of holes.
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APPENDIX C

l. INITI AL CONSTRUCTION COST ESTIMATES OF TRENCH
STABILIZATION TECHNIQUES

A. General Assumptions

o Estimates are based on costs as of December 1980.

The cost / typical trench is rounded off to the nearest $1000.o

A 25 percent contingency factor is added to the total estimatedo
costs.

Estimates are developed for a " typical" trench with surface dimen-o
sions: 350 feet by 50 feet.'

B. Dynamic Consolidation

B.I. Assumptions

40 ton weight required for the technique is cast of.o Up to a
concrete in a steel bin at the site.

o Up to a 80 Na crrne is required to lift and drop the weight onto
the surface of the trenches.

o The crane is rented for one week.

o Labor is provided by a 5 man crew.

import and place 6.0 feet of additional soil over the existing surfaceo
of the trenches.

Following dynamic consolidation treatment of the trenches, it will beo
,

necessary to regrade and compact the trench surface. Assume that
the trench surface settles by approximately 2.0 feet (i.e.10 percent
of 20 feet trench depth).

B . 2. Cost Estimate

o The volume of concrete required for the formation of the 40 ton
weight is:

( ' 5

f0) Ib/c .f . cu.yd. = 20 cu.yd.= 533 cu. f =
27
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o The volume of soil imported and placed over each trench is:

(6.0) 50) ( 50) - = 3889 cu.yd/ trench

o The volume of soil to be compacted after dynamic consolidation
treatment is:

.0)( 0) (50) = 1296 cu.yd/ trench
)

Total Cost / Trench ($K)

o Form and pour 20 CY 0 $250/CY 5

o Rent 80 ton crane 0 $4000/ week 4

o Labor, 5 man crew for 1 week (200)
hours 0 $15/ hour. 3

o import and place 3889 CY 0 $7.50/CY 29

o Grade (350)(50) SF 0 $ 0.15/SF 3

o Compact 1296 CY 0 $2.00/CY 3

Subtotal 47

Contingencies,
25 percent 12

Estimated Total 59

C. Compaction by Pile Drivers

C .1. Assumptions

o Use 12 inch diameter piles.

Drive the piles to a depth of 15 feet into the trench and at 5 feeto
intervals.

o Withdraw ar.d reuse the piles.

import granular material to backfill the voids formed by withdrawalo
of the piles.
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o import and compact additional soil to make-up the original grac'e
of the trench surface following densification and settlement of the
backfill soil and waste materials. Assume that the trench surface
settles by approximately 2.0 feet. (i.e.10 percent of 20 feet trench
depth).

C . 2. Cost Estimete

o The number of pile d.-iving location in each trench is:

(50)(350) = 700/ trench(5) (5)

o The total length of piles driven in each trench is:

(700)(15) = 10,500 ft/ trench

o T' . >lume of granular backfill in each trench is:

(3.14)(0.5)2(15)(700) = 305 cu.ydttrench

o The volume of imported cap soll for each trench is:

( 2. 0) 0)(50) = 1296 cu. yd/ trench
)

Total Cost / Trench ($K)

o Mobilization and removal of pile driver,
truck crane. 6

o Drive and withdraw 10500 LF piles
@ $6.00/LF 63

o import and backfill .305 CY granular
material @ $13.50/CY 4

o import and compact 1296 CY @ $9.50/CY J
Subtotal 85

Contingencies,
25 percent 21

' '
Estimated Total 106
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D. Compaction by Surcharging

D.1. Assumptions

o import and place soil mounds of approximately 6 feet in height
over the existing trench surface for several months.

o Remove 5 feet of the soil mounds and regrade the surface of the
trenches.

D . 2. Cost Estimag

o The volume of the soll imported and placed over each trench is:

QO)(3 }( } 3889 cu yd/ trench=
(27)

o The volume of soll removed from each trench is:

( 50) (3 II 3241 cu yd/ trench=
2

o The crea of soll graded over each trench is:

(50)(350) = 17,500 sq. ft/ trench

Total Cost / Trench ($K)

o import and place 3889 CY @ $7.50/CY 29

o Remove and dispose onsite 3241 CY
@ $2.20/CY 7

o Grade 17,500 sq. ft. @ $0.15/SF 3

Subtotal 39

Contingencies,
25 percent 10

Estimated Total 49

E. Surface Compaction by Heavy Equipment

E.1. Assumptions

Excavate the top 3 feet o7 '.he existing trench soil cap a distanceo
of 2 feet beyond the outi.de of the trench boundary.
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o - Stockpile the removed soil onsite.

o Replace and recompact the soil to 95 percent of maximum density
as determined by ASTM 1557.

o The existing soil cap was previously compacted to 80 percent of
maximum density.

o import and compact additional soil to make-up the original grade of
the trench surface following increased compaction of the soil cap.
An additional 15 percent at the original trench cap volume will be
required.

,

E.2. Cost Estimate

o The volume of soil removed from each trench 's:

3( 50+4) ( 350+4) = 2124 cu. yd/ trench
(27)

Total Cost / Trench ($K) !

o Excavate 2124 CY and stockpile onsite
0 $1.90/CY 4

1

o Backfill and compact 2124 CY fro.n onsite
stockpile 0 $3.20/CY 7

o import and compact (2124)(0.15) CY
0 $9.50/CY 3

o Engineering for excavation and fill 1

Subtotal 15

Contingencies,
25 percent 4

Estimated Total 19

F. Compaction Grouting using Soil-Cement Grout

F.1. Assumptions
!

o Grouting is applied to a depth of 20 feet in the trench.

o The volume of voids in the backfill soil is approximately 50 per-
;

cent of the total trench volume.'
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o 30 percent of the voids in the trench backfill soil are filled with
soil-cement grout.

o A batch plant is set up on site for batch mixing of the cement.

o Contractor estimates place the cost at $3 per cubic foot for the
soil-cement grout.

F.2. Cost Estimate

o The volume of the voids in the trench backfill soil is:

(0.5)(20)(350)(50) = 175,000 cu.ft./ trench

Total Cost / Trench ($K)

o Grout (0.3 ) (175,000) CF 0 $5.50/CF 289

Subtotal 289

Contingencies,
25 percent 72

Estimated Total 361

G. Grouting Using Soil-Cement Grout and Acrylamide

G.I. Assumptions

Grouting is applied to a depth of 20 feet in the trench.o

o The volume of voids in the backfill soil is approximately 50 percent
of the total trench volume.

For initial grouting use the less expensive soil-cement grout to fillo
20 percent of the voids.

Use the more expensive chemical grout to fill 10 percent of the volds.o

The estimated cost of Acrylamide grout is $25 per cubic foot ofo
mixture.

G . 2. Cost Estimate

o The volume of voids in the trench backfill soil is:

(0.5)(20)(350)(50) = 175,000 cu.ft/ trench
.
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Total Cost / Trench ($K)

o Grout (0.2)(175,000) CF 0 $5.50/CF 193

o Grout (0.1)(175,000) CF 0 $28/CF 490

Subtotal 683

Contingencies,
25 percent 171

Estimated Total 854

.
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11 . ANNUAL MAINTENANCE COST ESTIMATES

A. General Assumptions

o Estimates are based on costs as of December 1980.

A 25 percent contingency factor is added to the total estimated costs.o

o The total annual maintenance cost is estimated for the total area
of the site.

,

o The cost / total area of the site is rounded off to the nearest $1000.'

B. General Site Maintenance

B .1. Assumptions
,

Carry out monthly site inspections and carry out the necessary re-o
pairs on erosion, pot holes and slumps.

Each site inspection is carried out by one man and will be completed; o
in a day.

Assume that the repairs will be regrr.ded at 3 month intervals.o

Assume that the vegetation cover over a 17,500 square foot surfaceo
area is replaced by grassing and sodding per year.

B . 2. Cost Estimates

The total number of man hours to carry out inspection of the siteo
is:

(12)(8) = 96 hours / year

The total area of vegetation cover to be replaced is:o

(350)(50) = 1945 sq. yd/ year
9)

Total Cost / Year ($K)

o inspect site: 96 hours @ $25/ hour 3

o Regrade and repair: 4 times 0 $2,500ftime 10
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Total Cost / Year ($K)
o Replace vegetation cover: 1945 SY @ $2 to

$5/SY 4 to 10

Subtotal 17 to 23

Contingencies,
25 percent 4 to 6

, Estimated Total / site 21 to 29
,

. ,

| -

i

a

}

i
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