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WATTS BAR NUCLEAR PLANO

YARD HOLDING POND MODIFICATIONS

1. INTRODUCTION

The yard holding pond at Watts Bar Nuclear Plant (WBN) is used

primarily as a holding pond for cooling water retention when the

Tennessee River flow is not sufficient for dissipation of waste heat

and, also as a centralized collection point for various waste streams

and yard drainage prior to its ultimate release to the Tennessee River

as described in the WBN National Pollutant Discharge Elimination System

- Permit No. TN 0020168. Underneath a section of the yard holding

pond, an underground barrier (UB) was constructed to protect buried

piping in the unlikely event of soil liquefaction during a large

earthquake. The UB was constructed by excavating a trench to bedrock

and backfilling with compacted earthfill. Some crushed stone was used

in the bottom portion of the UB. Following construction of the UB and

return of the east end of the yard holding pond to service, groundwater

seepage near the intake pumping station was discovered. To isolate the

east end of the pond a temporary dike was constructed in May, 1987.

Monitoring of the seepage and other water levels in the area identified

a correlation of seepage rate with the level of water in the cast end

of the yard pond. Following a technical review it is concluded that a

clay liner is required to reduce Seepage in the east end(7 of the pond.

rsolated zones of crushed stone used for dewaterirnq purposes (Sumps,

etc.) during construction of the UB are believed to be a possible cause

of the excessive pond seepage. Thus, TVA is proposing to modify the

east end of the yard holding pond as described in this report.
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,I. DESCRIPTION OF SITE GEOLOGY AND HYDROLOGY

The following information for site geology and hydrology is

summarized from the WBN Environmental Statement.

Ceology

Geological studies of the bedrock at the site show that it is

overlain by approximately 40 feet of unconsolidated terrace deposits

laid down by the Tennessee River when flowing at a higher level.

Drilling and excavations have shown that the upper half of the

terrace deposits consist of sandy, silty clay. The lower half is

more granular, consisting of sand, pepples, cobbles, and small

boulders of quartz or quartzitic sandstone embedded in a sandy clay

matrix.

Beneath the terrace cover are the interbedded limestone and shales of

the Conasauga Formation of Middle Cambrian Age. Stratigraphically,

the Conasauga is overlain to the southeast by 2,500 to 3,000 feet of

massive limestone and dolomite of the Knox Group and is underlain to

the northwest by 800 to 1,200 feet of sandstone and shale of the Rome

Formation. During the geologic past, folding and faulting compressed

the Conasauga Formation between the more competent overlying Knox and

underlying Rome Formations with the result that the thin--bedded

limestones and shales of the Conasauga are complexly folded,

crumpled, contorted, sheared, and broken by small faults.
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,The Conasauga Formation at the site is relatively urnfossiliferous and

has no known areas of unique paleontologic significance.

Hydrology

Ground water at Watts Bar is derived principally trom precipitation

which, over the past 30 years of record, has averaged 52.9 inches per

year. Because the shales and limestones of the Conasauga Formation

are essentially impervious, the bedrock at the site is a poor

aquifer. The majority of the ground water flows through the overlying

terrace deposits toward Chickamauga Lake. Water level readings made

in the exploration holes show that the water table stands

approximately 20 feet above rock in the terrace material.

The ground water elevation near the east end of the yard holding pond

has been closely monitored since August, 1987. During this period

the ground water elevation has ranged from approximately 684 to 694.
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III.' DESCRIPTION OF Y9 D HOLDING POND

The yard holding pond consists of a natural valley diked off to

elevation 714.0, a skimmer structure, and a discharge control weir.

The dikes arc constructed of compacted earth fill. The skimmer is

designed to retain floating solids and liquid debris that do not

settle to the bottom of the pond. The discharge control weir is

designed to handle a 100-year rainfall from the drainage area in

addition to the normal contents of the pond.

The yard holding pond has direct or indirect interfaces with the

following plant features:

Equipment and Floor Drains

Makeup Water Treatment Plants

Diffuser Backflow

Alum Sludge Ponds

Essential Raw Cooling Water

Yard Drainage System

Metal Cleaning Waste Ponds

Low Volume Waste Treatment Pond

Thepond is designed to prevent floating debris and oil and grease

from entering Chickamnauga Reservoir. The limiting water quality

parameters a2re suzpended solids, oil and jrease discharges amid total

residual chlorine. The only treatment done in the pond is to allow

for sedimentation. The various waste streams will not have a

detrimentlal effect on the proposed clay liner.
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will cover t pond bottom east of Lhe L0orary dike- .is JilWon in

Figure 3. The clay liner will not be needed in a narrow zone

(approximately 40 feet wide) adjacent t:o the east toe of the

temporary dike. This is because this zone was not disturbed

during the UB construction. The exact limits of this undisturbed

zone will be determined during construction of the clay liner.

The clay liner will also be placed on a portion of the inside

side slope (as shown in Figure 3) that was disturbed during

construction of the UB (see Figure 2 for the barrier location).

The temporary dike will be removed after construction of the clay

liner is completed. A clay liner under the area of the temporary

dike is not required because this area was not disturbed during

the construction of the UB.

The clay liner will be constructed with fine grained earth fill

obtained from an onsite borrow source (Borrow Area 16). To

;naintain the pond capacity the area to be covered with the liner

will be excavated to the depth necessary to accomodate the clay

liner.

Desiqn

Figures 4 and 5 show details of the liner. (See Appendix A for

the note: referenced on the f igures).
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The liner is designed to provide a coefficient of permeability no

greater than 7.3 x 1.0 cm/sec (see State of Tennessee

Department of Health and Environmental Division of Water

'Pollution Control Wastewater Treatment Section, August 1987).

The design is based on laboratory permeability test data for

remolded specimen's of the proposed liner earthfill. Also,

consideration is given to laboratory permeability test data for

block samples taken from the underground barrier located in the

pond. Soil test data is presented in Appendix B. Permeability
-6

test data shows that the design permeability value (7.3 x 10

cm/sec) can be achieved by:

1. compacting the earthfill to at least 100 percent of the

maximum dry density and

2. placing and compacting the earthfill on the wet side of the

optimum moisture content.

Protection Against Cracking

Protective measures are provided to prevent wetting and drying

cycles (caused by ra is ing/lower ing the pond( level (dur ing plant

operation) from causincJ des icc.-ition crack inq g, in th!eQ clay liner.

A 6-inch thick soil cover will be placed over t Lhe r)t ion of the

clay liner located in the buttom of the pond. The 12-inch thick

rock blanket placed on the sidel slopes for eros ion protection

will also provide side slope protection q(gainst desiccation

r- ck in(j. 7



Filter Protection

A filter is provided to protect the clay liner against piping

(hydraulic erosion of fine particles) in the areas where gravel

zones are encountered in the foundation (see Figures 4 and 5).

Figure 5 shows the details of the filter which consists of 1032

crushed stone and a geotextile.

Slope Stability

The side slopes of the clay liner will be no steeper than 3:1.

This will require some flattening of portions of the existing

slopes in the area of the pond to be lined with clay. A slope

stability analysis shows that 3:1 slopes are stable.

V. SUMMARY

TVA proposes to modify the yard holding pond by installing a 2-foot

thick clay liner in the east end o; t-he pond. The clay 1L nllr i:;

designed to provide a coefficient ot permeability no (greatler thdn 7.3-6
x 10 cni/s-1 (- TPo assure that: the desiqn permeability is achievedl

appjropriate construction technique:; and profce(Iure:3 will beo used to

install the liner. Also, quality coontrol will be emphasized to

verify and document that the liner is properly in:stalled.
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APPENDIX A

WBN YARD POND REPAIR (CLAY LINER)
CONSTRUCTION REGUIREMENTS

EXCAVATION

1. The existing pond bottom shall be excavated to a minimum depth
of 3t0 inches to accomodate a 24-inch thick compacted clay linerand a 6-inch thick soil cover (see figure 4). in areas where
granular materials (ie pervious soils) are encountered the
excavation depth shall extend an additional ` inches to
accomodate the 1032 crushed stone filter (see figure 5).

'. For the side slope areas to be covered by the clay liner the
minimum excavation depth shall be 24 inches (;0 inches where
granular materials are encountered). The existing rock blanket
shall be removed and stockpiled prior to excavating side slope
areas for the clay liner.

Excavation depths shall be verified by a qualified inspector at
50 ft grid intervals. During the excavating phase significant
effort shall be made to visually locate all the areas where
granular materials are encountered in the foundation. The
dimensions and plant coordinates for each granular material
location shall be documented and submitted to NE. The required
accuracy for these measurements is + 1 ft.

EARTHF ILL

4. All earthfill construction shall be in accordance with the WBN
iNSTRUCTION titled "BACKFILL" (WBN-CPI-8.1.8-C-j0)l) with the
following additions and exceptions.

a. Earthfill for constructing the clay liner shall be obtained fromBorrow area 16. Borrow area 16 soils information compaction
curves, etc.) are contained in WBN-CPI-8.1.B-C-1Cci1. Only finegrained soils (ie CHCLMHML classification) shall be used to
construct the liner.

o. The clay liner shall be constrlcted in lifts. See section 6.-. 10of 0WBN-CFFI-8.1.B-C-iC01. The maximum loose lift thickness shall
be in accordance with par. D of section 6.3 .10 of
WBN-CPI-8.1.B-C-c-oi. Any rocks larger than Z; inches in diameter
shall be removed from each lift prior to compacting the lift.

The clay liner shall be compacted to at least )i. percent rf
maXiMum dry density (ASTM D69e). Allowable moLs1uL e ciTctent
during placement and compaction shall be between 1', dry ofoptimum and ;3' wet Of optimum moisture content. HoweverM to
ensure that most of the liner is constructed on the wet side otoptimum, the mean value of all the moisture content tests shallfail between optimum and -;;. wet of optimum. In place dry density
tests shall routinely be conducted at the rate of I for ever,
''SOii CY of earthfill placed. At least one test shall be per-formed
each day that earthfill is placed. Additional density tests
shail be conducted where deemed necessary by the inspector or NiE(engineer to veriry compaction and moisture contents.

16



APPENDIX A (con't)

6. The clay liner shall be compacted with tamping (sheepsfoot)
rollers. However, the surface of the liner shall be sealed with
smooth drum rollers or rubber tired equipment. Power
tampers(e.g.,air tampers, whackers) shall be used to construct
the lirer around st'ructures and in other areas t0o confined Tor
rollers to operate.

9. Drying cracks (desiccation cracks) occuring during construction
of the liner shall be treated and prevented in accordance with
section 6.3.14 of WBN-CPI-e.1.8-C-101. The 6-inch cover shall be
placed on completed portions of the clay liner as quickly as
possible to prevent desiccation cracking. The cover may be
constructed with the excavated material from the pond bottom.
Compaction control tests are not required for the cover.
However, when placed the cover material shall be sufficiently
wet to not cause drying in the clay liner. The surface of the
cover shall be sealed with smooth drum rollers.

10. The 1032 crushed stone filter shall in general conform to
section 6.4 of WBN-CPI-8.1.8-C-101. The gradation shall conform
to specified limits provided in Appendics D & E of
WBN-CPI-8.1.8-C-101. Relative density tests are not required.
However the crushed stone shall be compacted in 6 inch lifts
with a small vibratory roller (such as a bomag B4W35 or BW6C05)
making approximately 5 passes per lift. Larger vibratory rollers
may be used where the working area permits.

GEOTEXTILE

11. The geotextile fabric shall have an AOS(apparent opening size)
equal to or finer than the U.S. No. 120 standard sieve. The
minimum strength properties shall be as follows.

MIN VALUE ASTM DESIGNATION

GRAB 130 lbs D1682
PUNCTURE 40 lbs D751-68
BURST 210 psi D751-68
TEAR 40 lbs D1117

The geotextile shall be placed over the entire surface Cof the
comnpacted 1032 stone filter. 'rhe edges of the fabric hdall be
overlapped a mninimum Of 19 inches. During placement of the
initial lift of the clay liner over the fabric, construccion
equipment shall not be operated directly on the fabric. Also
special care shall be exercised to avoid tearing the fabric.

17
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APPENDIX £

SOILS DATA

Compaction Curves

The family of compaction curves for the Borrow Area 16 soils are

shown in Figure Bl.

Permeability Tests

Laboratory permeability testing was performed for the Borrow Area 16

soils and some of the underground barrier soils located in the pond

bottom. Some testing was also performed to investigate desiccation

cracking and its effects on permeablility.

Borrow Area 15

The results of the laboratory permeability tests for Dorrow Aezo

16 are provided in Taible fl2. Ai mndic.I Led in tlhe Libil tLhi 3

te:3ting is separated into 3 groiips.

19



Group 1

These test results show the relationship between-

permeability and remolding moisture content. All the

specimens were remolded to 95 percent maximum dry density.

As expected the results show that the permeability value can

be minimized by placing and compacting the soils on the wet

side of optimum moisture content.

Group 2

These test results show permeability values for specimens

remolded at 100 percent maximum dry density and optimum

moisture content. The data shows that increasing compac1tion

from 95 percent (Group 1) to 100 percent maximum density

(Group 2) causes a significant decrease in permeability at
-6

optimum moisture content (6.2 x 10 cm/sec decreased to
-7

5.3 1 10 cm/a:ec decreased to 5.1
-7

x 10 cm/sec).

Group 3

The purpose of t:hi- testing w.a.s to investigcat:c the effects

on permeability of 2uccejive wettinrj/drying cyci.> i'e.,

20



investigatce potenti,1l for inrd esftcts; ( L dess 1C~icion

cracking,. The test results in (general Show that tlhe

wetting/drying cycles cause some increase in permeability

for the class I (CL) soils. However, the data in general

does not show any increase in k for the class II (ML) soils.

Underground Barrier

Permeability testing was performed on undisturbed block samples

taken from the existing pond bottom. These samples were obtained

from the top of the compacted underground barrier (shown in

Figure 2) located in a portion of the east end of the pond. The

top of the barrier is the bottom of the pond in the area in which

it lies.

These test results provide an indication of the permne.ibility that

can be expected for a clay liner constructed with the Borrow Area

16 soils. This is because the block samples consist of compacted

low plasticity clays and silty clays similar to the Borrow Area

16 soils. A review of construction control test results show

that the block sample<; consist of soils compacted to at least 100

percent maximum dry density. The moisture content during placing

and compacting the soil was within 3 percent of the optimum

moisture content. These same cornstruct~ion controls will be used

[or the proposed clay lirnler (e::cept: !-hat; thle crt:hLi will

placed and compacted only on Lhe wel Ride of optiimum modoisture to

improve permeability.

21



The Lcst results in Table El show a 'pinieability value less than

1 x 10 cm/sec for both undisturbed and remolded block sample

specimens. Therefore, the permeability of the proposed clay

liner after installation may well be below the design

permeability.

Dye testing was also performed on the block samples to evaluate

the potential for desiccation cracking. This testing was

performed both in the field and in the laboratory. The test

results in general show that desiccation cracking should not be a

problem for these soils if a 6 inch thick soil cover is provided

over the clay liner.
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WATTS BAR NUCLFAR PLANT

CLAY I.Ing DESTCCAATION AND SOILT- pREAHIUTY

BILO AMLP

Block Sample*

Symbol

Moisture Content, percent

Dry Density, lbtft3

Specific Gravity

Mechanical and Hydrometer Analysis
Gravel, percent
Sand, percent
Silt, percent
Clay, percent

Atterberg Limits
Liquid Limit, percent
Plastic Limit, percent
Plasticity Index, percent
Shrinkage Limit, percent

Permeabillty, c3s6ec
Undisturbed
Remolded

1(T)

ML/ CL

21.9

104.8

2.71

0
20
40
240

45
28
17
22

5.2x10 8
3.Ox 10 8

I (T) * Top portion of the block sample.

1(B)

ML/ CL

21.9

103.4

2.71

0
16
41
43

44
27
17
25

2(T)

ML/CL

21.4

104.5

2.72

016
43
41

45
27
18
23

5.x10 8 
90-8

24. 2x108

(B) = Bottom Portion of the block sample.
27334.4

P3

'09
oq
tD

r~.j

2(8)

CL

20.7

104.8

2.68

017
42
41

47
25
22
24

3(T)

CL

18.9

108.7

2.70

2
2139 _
38

~37
21
16
1 5

3(B)

CL

19.5

106.9

2.71

327
37
33

34
21
13
16

4(T)

CL
21.1

105.4

2.71

1
30
243

36
23
13
23

4(B)

CL

19.8

105.4

2.69

019
41
40

42
25
17
19

5(T)

CL

15.8

106.8

2.70

222
39

37
20
17
15

5(B)

CL/ML

19.5

105.5

2.73

230
40
28

.31
22

9
168
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Table 4

WATTS 1lAR vJU!PAR ptNT
CLay IrTNRR flPSTCCATION A~i SnTr PERHERnTT-TTY

BORROWABF 1

Soil Test
GAMA seri

I S-1
S-2

S-3
S-4

II S-1
S-2
S-3
S-4

NOTE: Gr 1 -

La
Soil Shrink Diapera

SYELZ j L-Imi ChbAr~a

CL 19.4 11.1 19.8 104.5 1.2x10 4.2s10 6 6.2X1O'6 7.4x10 6 7.6x10 6 5.3x10o7 5.8x1O 6
3.2x1 o6
1 .9x1O5
5.3x106

Max. Dry flr I. Hol C et Ct 7 Gr R . Arer I D -t3... an±tL 1,5 QHL... 1 ...... -.L5r .4. 
Q D y .2.... --

HL 19.0 11.1

(.4 -in. dia specimens remold
(OMC).

20.3 103.2 2.7x10 6 7.1x10-6 2.2x10 5 3.2x10o5 3.9x105 5.1xIO7

ed to 95% of max. dry density at varying moisture contents from +3% to -3%
Cr 2 * 1.4-in. dia specimens remolded to max. dry density at optimum moisture content (OHC).
Gr 3 * 2.8-in. dia specimens remolded to 95% of max. dry density at optimum moisture content (OMC).

A27334.5

1 .510 6
7.5vio-6
3..33 7IO 5
5 .3)Lt0 5

from optimum Moisture oontent

5.3x10 6
2.5x1O 6
2.6x10-5
3.6x10 5

1.6x10i6

8.1x106
3.lx 10 52.5x10 5

It'.)

GD
CD

. �

t

6.3S10 62.5x10

3.2S10 5
5.5x10

2 0x10-6
6:9X106
2.4x10 S
2.7x10 5

OQ
M

Q j S - | T ei


