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¢ UNITED STATES GOVERNMENT

Memorandum TENNESSEE VALLEY AUTHORITY
TO - : O. P. Thornton, Project Manager, Fossil Design Projects, 102 SPT-K
FROM : R. O. Barnett, Chief, Civil Engineering Support Branch, W9D224 C-K
DATE : - o . 1053

SUBJECT: WIDOWS CREEK STEAM PLANT - BORROW AREA FOR SCRUBBER SLUDGE POND DIKE
RAISING - TOP-OF-ROCK CONTOUR MAP

Reference: Memorandum from H. S. Fox to M. N. Sprouse dated September 20,
1982 (DES 820921 007)

On December 22, 1982, W. M. Seay of CEB hand carried the contour map
requested in the reference memorandum to M, H, Miller of FDP for
incorporation into a construction drawing to be issued by FDP. The map was
at a scale of 1" = 100', contour interval of 2 feet, had 6 feet added to
all contours and data points, and was contoured from both the soil boring
and seismic refraction data.

During a meeting on December 20, 1982, between M. H. Miller and J.P.H.
Stivers of FHP; R. J. Hunt, H. K. McLean, and W. M. Seay of CEB; and C. D.
Loflin of CSB, caution was urged in utilizing the map to achieve an

.' excavation with a final bottom configuration very much like the contour map
but with some set soil thickness remaining. Due to the fairly broad
(200+ feet) data centers and the saw-toothed character of the top-of-rock
surface, there is some likelihood that rock between data points will
occasionally be encountered higher than that indicated by the contour map.
As such, the map should be used as only a guide to excavation, and the
6-foot elevation addition to the contours should provide sufficient buffer,
thereby significantly reducing the likelihood of encountering rock.

As was also discussed, if we can assist CSB during excavation by providing
additional seismic refraction, please contact us.

2. Jeoe /Qéavufi
~ zfrz,R. 0. Barnett

\ J,,P‘ ROB : WMS : DDM
’w&/ cc: MEDS, WSB63 C-K
4 M. N. Sprouse, W11A9 C-K

Principally Prepared By: W. M. Seay, Extension 4775

Dare TTC Cmoinven Dnnde Doveniliidas mni #hn Daviwall Cavdanmn Dlnn 072008 .06
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. - | Spro-se |
0 : M. N. Sprouse, Manager of Engineering Design, W11A9 C-K | Bowen
, ///,/ v ' | Burroughs | /
FROM H. S. Tox, Director of Fossil and -Hydro Power, 716 EB-C — gfﬁfgf[:%;;Z?
SEP-2019 | | | ——
DATE , Y R
SUBJECT: ~ WIDOWS CREEK STEAM PLANT ~ BORROW AREA FOR THE SCRUBBER SLUDGE POND DIKE — ~

RAISING N | -

We have been informed by representatives of the Construction Services
Branch (CSB) that rock has been encountered in the borrow area to the
south 0f the transmission lines. As agreed in the meeting of June 17,
1982 between the Offices of Power and Natural Resources and the Division
of Engineering Design, we will complete the top of rock map prior to re—
moving any borrow from the site of the new scrubber sludge wet stacking
arez. .

Because of the problems encountered by the construction forces, it may
become necessary to begin borrow activities in the area north of the

powerlines in a short period of time. Therefore, we request that the
top of rock map for phase I of the disposal area be prepared and provided
to CSB as soon as possible to avoid potential project delays.

This work should be charged to the existing accounts for preliminary

studies for the new wet stacking area (Job Order No. 31401-J83). Any
questions regarding this matter should be directed to T. F. Manseill

at extension 3505 in Chattanooga. '

By copy of this memorandum, we request the Land Branch to obtain the
required permits for access to any private tracts. Ferther information
will be forwarded to Wade Cowan informally to expedite the project.

) . . fogaived
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UNIPSD STATES GOVERNMENT

Memorandum TENNESSEE VALLEY AUTHORITY

TO

FROM - :

DATE

SUBJECT:

CER82 1206 012

R. O. Barnett, Chief, Civil Engineering Support Branch, W9D224 C-K
W. M. McMaster, Chief, Data Services'Branch, 350_EB4K
December 2, 1982

WIDOWS CREEK STEAM PLANT - BORROW AREA FOR THE SCRUBBER SLUDGE POND
DIKE RAISING

In reference to your memorandum to me dated October 21, 1982, attached
is a tabulation listing the plant grid coordinates and elevations of
thirty seismic stations at Wldows Creek.

WJM

W. M. McMaster

KWK :KYR
Attachment
cc: H. S. Fox, 716 EB-C

S. E. Griffith, 6411 EBR-C (Attachment)

C. L. Olive, Jr., 464 LB-C

R. A. Painter, E5C80 C-K

M. D. Ramsey, FOR B-N _
M. N, Sprouse, W11A9 C-K

0. P. Thornton, - 102 SPT-K

DSB-TR, 335 EB-K (Attachment)

Ct‘/iL ENGINEZRING BRANCH

Prepared by Kary W. Kaley

$§b ROB:KMP --12/6/82
cc: MEDS, W5B63 C-K (Attachment)




SLH~T

- SLH-8

STLH~-9

STLH-~10

. TENNESSEE VALLEY AUTHORITY
DATA SERVICES BRANCH
AND MAPPING SERVICES BRANCH

WIDOWS CREEK STEAM PLANT

SEISMIC LOCATIONS
4TH ORDER

(F1e7d Books: ESS- 3064 Pages 1-7

. Plant Grid

ES-815

Coordinates

e HE 2l 2E 2E =h

B =

==

=

PR

95+62.0
19+43.6

92+79.1
19+43.1

89+96.8

16+59.7

87+14;5
13+76.3

84+32.2

10+92.9

89+95 T
22425, 4
87+13.4
19+42.D

84+31.1

16+58.6

81+48.8
13+75.2

78+66.6

10+91.8

34+30,1
22+24.3

Pages 13-14 )

Elevation

 §Feet2

624.1

621.8

625.9

615.1
607,0
613.4

617.8
622;5
621.3
610.1

612.,2

Pagé 10f3

1 December 1982




STH-19

SLH-20

SIH-21

'SIH-22

SLH-23

- SLH-24

STH-~25

- SIH-26

SLH-27

SLH-28 .

Plant Grid
Coordinates

E
N

E
N

E
)

e e 2n 2w =2

e =

81+47.8 -

19+40.9
78+65.5

16+57.5

75+83.,2
13+74.2

73+00.9
10+90.8

84+29,5
25+07 .2

81+47.2

22+23%.8

72+99.8
16+56.4

T70+17.5

13+73.1

78+6%.8
25+06.1

78+6%.%3
27+88%?

75+81.0

25+05,5

72498.7
22422 .1

70+16.4
19+38.8

T5+80.4

27+82,4

Elevation
(Feet)
.611.4

613.9
' 608.6
608.6
. 609.1
608.4
véoe.6~
610.3
1609.9
608,4
605.6
607.6
602.6

610.7

607.9

606.6

606,2

Pége 2 of 3




Plant Grid
Ccordinates

E 75+79.9
N 30+71.2

E 72+97.6
N 27+87.8

Elevation

fFeetz

601.2

603.4

Page 3 of %
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Heep In Wouss Of Frle

INFORMATION PERTAINING TO
THE WIDOWS CREEK PROPOSED SCRUBBER

SLUDGE DISPOSAL PROJECT

. V \,w’/




General Information

The proposed wet stacking of the oxidized scrubber sludge is expected
to commence operation sometime in December 1984. The disposal project
will encompass approximately 200 acres and will proceed in two phases,
that is, there will be two identical stacks.

This information package includes design schematics, maps, soils reports,

and other pertinent information to the project. In order the attachments
are:

1. Schematic of wet stack contruction.

2. A map depicting the location of the disposal facility, private wells,
waterways of concern, etc.

3. A map showing the expected land acquistion needed to complete the project.

2
4. A map showing the location of recent TVA core borings in the area of
concern,

5. A soils report prepared by Ardaman and Associates, Inc., on the area
where the wet stacking pilot study has been proposed. (Approximately
3/4 miles to the west of the proposed large scale disposal facility.)

6. Seepage patterns to be expected with various soil conditioms. Figure 16-7
best represents what we expect at Widows Creek Steam Plant.

7. RCRA extraction studies performed on scrubber sludge from the existing
scrubber pond.
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Upstream Method of Gypsum Stack Construction
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Tennessee Valley Authority
File Number 81-156

SITE CONDITIONS

The proposed site of the disposal area is currently adjoined on two sides by
existing dikes which are built 3 to 5 feet above adjacent ground, and on one side
by an existing road. The proposed site is currently used as an equipment and
materials storage area and is covered with gravel from an off-site borrow area.

A soils investigation consisting of two hollow-stem auger borings was performed in
the disposal area on December 9 and 10, 1981 by the Tennessee Valley Authority
(TVA). Based on this investigation, the site is characterized by approximately 5
feet of uncontrolled fill composed of rubble mixed with a slightly sandy lean clay,
overlying 15 to 20 feet of fill composed of slightly sandy lean to fat clay. One
undisturbed sample and one disturbed sample from the upper 5 feet of the profile
. indicated that the clay is charagterized by: a natural moisture content of 31%; an
in-place dry density of 86 1b/ft°; a fines content (i.e., percent silt and clay size
material by dry weight) of 85 to 90%; liquid limits of 31 to 44%; and plasticit
indices of 11 to 20%. One laboratory permeability test on an undisturbed sample
from tléese soils indicated a relatively low coefficient of permeability, k, of
8.4x10 ° em/sec.

slightly sandy lean to fat clays which are also reported as fill. These soils are’
chargeterized by a natural moisture content of 26%; an in-place dry density of 98
1b/ft; a fines content of 75 to 95%; liquid limits of 32 to 52%; and plasticity
indices of 13 to 26%. Two laboratory permeability tests on undi%turbed samples
yielded relatively low coefficients of permeability of 8.4x107 - and 7.8x1079
em/sec. Underlying these soils is bedrock or an approximately 5-foot thick layer
of residual sandy silt overlying bedrock.

Underlying the upper 5 feet of uncontrolled fill is 15 to 20 feet of relatively soft,” \

At the time of the soils investigation, the groundwater level was reported at 1-
foot below ground surface.

Overall, the results reported by the TVA soils investigation indicate that the
disposal area is underlain by fill largely composed of slightly sandy lean to fat
clays with rubble within the upper 5 feet. Laboratg}ry permeability tests indicate
relatively impervious foundation conditions (k < 10" ‘ cm/sec), although the in situ
coefficient of permeability may be greater since the fills were apparently
randomly placed and also contain rubble. Borrow material used to construct the
starter dike for the disposal area is scheduled to be obtained from within the
disposal area. The high natural moisture content of the clays, the presence of

rubble, and the high water table, however may make excavation and subsequent
fill placement and compaction difficult.




Figure 16~6. Seepage Pattern through a
Gypsum Stack on a Pervious Foundation
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Figure 16-7. Seepage Pattern through a
Gypsum Stack on an Impervious Foundation
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CHEMICAL ANALYSES OF FGD SLUDGE EXTRACTS

AND INTERSTITIAL WATER FROM EXISTING SCRUBBER POND

Concentration, mg/l
‘Pond core Pond core sludge
sludge extracta interstitial waterb

Arsenic . 0.004 : 0.090

Barium 2.7 0.64
Beryllium <0.010 : <0.010
- Boron 15 20
- Calcium : 2,100 130
Cadmium <0.001 ‘ 0.001
Chromium <0.005 <0.005
Copper 0.050 0.030
Iron 0.150 . 0.230 °
Lead : : <0.010 0.015
Magnesium 19 2.8
Manganese 0.620 0.040
Mercury ' <0.0002 <0.0002
Nickel 0.220 0.100
Selenium 0.014 . - 0.034
Silver 0.040 0.030
Thallium 0.430 0.250
Zinc 0.030 0.020
Chloride 90 ' 700
Sulfate 480 _ 1,500

a. EPA extraction procedure extract of sludge from a
layer of pond sediment between 10 and 50 cm below
the solid-liquid interface.

b. Interstitial water physically extracted from the
same sludge sample.
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* UNITED STATES GOVERNMENT v A
Memorandum TENNESSEE VALLEY AUTHORITY
TO . William M. McMaster, Chief, Data Services Branch; 350 EB-K
FROM : R. O. Barnmett, Chief, Civil Engineering Support Branch, W9D224 C-K

DATE = (CT 14 1982

SUBJECT: WIDOWS CREEK STEAM PLANT -~ BORROW AREA FOR THE SCRUBBER SLUDGE POND
DIKE RAISING

References: 1. Memorandum from H. S. Fox to M. N. Sprouse dated
September 20, 1982 (DES 820921 007)

2. Memorandum from G. L. Buchanan to Frank Van Meter
dated August 6, 1979 (CDB 790806 015)

In response to a request for a top-of-rock map for the borrow area for

the scrubber sludge pond at Widows Creek Steam Plant (reference 1),

we request that the grid system previously utilized during a Widows

Creek Steam Plant soils investigation in this area (reference 2) be

reestablished. Thirty additional stations for a seismic refraction

survey need to be located as shown on the attachment. These locations

should be given an appropriate alpha-numeric designation. Additionally,
' we request that four random original soil borings be relocated. All

location stakes should be marked with the appropriate grid coordinates

- and elevations. A table with all pertinent data should be transmitted to
us upon completion of your work.

The attachment to this memorandum identifies the survey site so the
Land Branch of the Division of Property and Services can obtain the
required permits for access to private land tracts as requested in
reference 1. The Land Branch should be aware that seismic survey
activities will include the use of a 4-wheel-drive vehicle and small
subsurface blasts that will create minimal noise and, depending on soil
conditions, possibly a crater 2 feet deep and 3 feet in diameter. All
craters will be backfilled.

By copy of this memorandum, we request that the Cultural Resources Program
of the Division of Land and Forestry Resources assess the potential impact
of the seismic survey operations, described above, upon the site
(attachment).

Any questions regarding budgetary matters related to 6perations should be
directed to T. F. Manseill of the Division of Fossil and Hydro Power at
extension 3505 in Chattanooga.

Rin IS Sarinac Ronds Reoularly on the Pavroll Savinos Plan
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William M. McMaster .

WIDOWS CREEK STEAM PLANT - BORROW AREA FOR THE SCRUBBER SLUDGE POND
DIKE RAISING :

If you have any questions concerning these requests, please contact
Bill Seay at extension 4775.

L. Joo Mot
ﬁ%z,R. 0. Barmett

ROB:WCW:DDM

Attachment

cc (Attachment):

C. L. Olive, Jr., 464 LB-C
R. A. Painter, E5C80 C-K
M. D. Ramsey, FOR B-N

M. N. Sprouse, W1lA9 C-K
J. T. Thompson, 705 EB-C
0. P. Thornton, 102 SPT-K

MNS:DDM -
cc (Attachment):
MEDS, W5B63 C-K
M. G. Msarsa, 268 401B-C

.Principally Prepared By: Wade C. Whitaker, extension 4779
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D STATES GOVERNMENT -~

*_Memomndum o TENlﬁsg'gEE ngEgOA}JTHWg-.

TO : C. C. Schonhoff, Director of Fossil and Hydro Power, 716 EB-C

B - ) - o7 - o . 'F]’T.\m ‘N\HM 3885

FROM : R. G. Domer, Director of Engineering Projects, W1lA6 C-K

pate : MAR 7185 - o

SUBJECT: WIDOWS CREEK STEAM PLANT ‘SCRUBBER SLUDGE OXIDATION FACILITIES -~ SCOPE -
MODIFICATIONS -

We have evaluated our status of work on the gypsum stack area and recommend
the following scope modifications. These modifications will improve the
. reliability of the finished product and document construction quantities.

,Follov1ng is a brief description of the scope mod1f1cat1ons along with
schedule and budget information.

Scope ) -

1. Provide additional engineering services beyond those for previous
projects (reference Colbert ash pond 5 and John Sevier ash pond J) to
monitor and document the integrity of the clay liner. These services
will reduce the probability of recurrence of problems as we are
currently experiencing at Colbert Steam Plant. Under part 1, OE and OC
would:

a. Review the engineering report and final design drawings to
'« determine if any changes or additional invest?gations are
- necessary. -

b. Survey, plot, and compare the final excavated pond bottom contours
with the excavation contours specified on the borrow drawing. Use
ground truth techniques to obtain supplemental information on
lining thickness. Establish a foundation inspection team to
perform visual inspections of the stack foundation and clay linmer.
Identify problems and specify corrective action.

¢. Perform wveekly site inspections to assist OC in satisfying final
design requirements.

2. Provide additional initial controls to assist OC during borrow
excavation within the pond to help assure an adequate pond limer
remains to satisfy environmental requirements. Under part 2, OE and
0C would: ’

a. Provide a more accurate borrow excavation drawing by revising

4 the original drawing (made in 1983) to reflect rock elevations
obtained from borings made after the original issue. Borrow
will be limited to approximately 5 feet above known rock
elevations. By revising the drawing and using the conservative
5-foot cover, we will reduce the risks of infringing on the
3-foot clay liner that must be maintained over the rock.

) /\ié‘ R
"Rua IT§ Saninas Bonds Resulariy on the Pavroll Savings Plan
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WIDOWS CREEK STEAM PLANT - SCRUBBER SLUDGE OXIDATION FACILITIES - SCOPE
MODIF ICATIONS : - -

RN, .

b. Find additional borrow source.- The amount of borrow available
within the ponds dikes has been reduced due to the following.

- increase of bottom liner thickness from 3 to 5 feet - - : -

- reloca;ion of internal dike .

- later soils investigation reveal rock elevations are higher

3. Document "actual® £fill and foundation excavation quantities and compare
- with "estimated" quantities. Final cost for actual quantities would be
compared with estimated costs.

a. Survey and plot initial x-sections of the dike foundationm.
b. Survey and plot x-sectioms of the dikes after the foundation
excavation.

. ¢. Calculate actual fill and foundation excavation quantities based on
the initial x-sections and the dike template specified by design
dravings. i -

Schedule

. Final recommendations for corrective action (if required) can be made -
within 4 weeks after borrow excavation in the stack area is completed.

Bﬁdget ’ -+

The estimated engineering and surveying costs for these items are as
follows:

la $4,500 engineering

1b $7,400 engineering and $6,000 surveying and ‘
field support)

lc $8,600 engineering

2 s $7,500 engineeting and $1,700 surveying

FhponRe

~
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/' Y WIDOWS CREEK STEAM PLANT - SCRUBBER SLUDGE OXIDATION FACILITIES - SCOPE

-+

MODIFICATIONS

20 . $10,000 engineering ~ and §i.900 sdiveying
(including field )
investigation) ’ ]

3 a,b,c  $8,000 engineering and $4,000 surveying

As a minimum, Items la, lb, 2a, and 2b should be performed to reduce risks
of future problems with the pond liner. Items lc, 3a, 3b, and 3c are
recommended to help monitor construction progress and prevent possible cost
overruns. To avoid construction delays, please notify us by March 15

if you wish us to proceed with any or all of the items described.
Additional funding authorization for each approved item will be required.
Please contact B. C. Morris, extension 6389, if you have questions or
require additional informationm. ' )

R. G. Domer

OPT :MHM:TB .
cc: RIMS, SL26 C-K !
R. O. Barnett, W9D224 C-K - A
C. Bonine, 12-108 SB-K ‘ - . )
W. D. Hall, W12C62 C-K - :
. 0. P, Thornton, W3D224 C-K :
F. Van Meter, 10-103 SB-K (3) T

Principally Prepared By: M. H, Miller, ;;Eggsibn 3806 and

B. Clark Morris, Extension 6389

865046 .02
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at the exit
srocess water was

silat stu a contt s lcop which could
result in a buildup of =metals concentratiens in the process water to an
equilidbrivm with concentraticns in the coxidized scrubber sludge. The
zctuzl system will discharge rather than recycle, and
2, The samples frcm the pilot test facility were takan udstrezn of a sump
pond. Settling in the sump pond =zy further reduce lavels of
sattl2adls solids and meatals.

suz=p pond,
control a lO

year 24-hour rainfall

Soils

Soil investigations were conducted ia the phase I disposal area during 1980
and 1983 to identify borrow material and to define the in-situ soil
prperties. These “epo"“s ware issued on March 9, 1281, ard October 20,
1883, znd eatitled Divisicn of Erglqpe* ag Desizn's Soil Schedule Numbers
85.1, and 83.2, respactively. opies of thesas reporis havs been provided
sgparately.l \

e 1980 iavestigation included 31 zuger borings drilled at 400-foot
.znters and a lzboratory testing progranm consisting of soil classification,
standzrd cozpaction,(ASTM D 638), and triaxial shear tests. Samples for
the triaxiezl shear tests were recolded to 93-percent wmaxizum standard dry
density with moisture content within 3 percent of optimum.

Soil investization performed during 1283 included 50 split-spoon borings
end 8 undisturbed borings. The laboratory testing program consisted of
soil classification, triaxial shear, cecnsolidation, and perzzability tests.
Trizxial shzar and conmsolidation tests wire conducted on r2presentative
undisturbed samples. Perceability tasts wara serformad on rspresentative
undisturbed and ramolded samples, )

Additionally, a seismic refrzction survey was parformed duriang 1982 to "
defina top-osi-rock elevationms. All r bec 511 borings,
undisturded bSorings, and seismic ra ! shown on the
drawing 3%Ci02217-01, RI.

The averagzs soil overburdea depth in the phase I borrow ar (Dounded by~
the dikes) was approximately 11 feet with a minimum deptH of 2 feet”and a
maximum of 22 feet., Borrow from this zrea will be taken such that a :
minimem of 3 feet of soils will remain in place. Permeability of these in
situ scils is in tha range of 1.6x107° ;m/sec to 6:x10°8 con/sec which
indicates relatively imperviocus material. The borrow depth will be based
G34153.01

w211 as the interior ponds
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zneral, the soil pLOflle at the ve foundations consists of up to 1l
of top501l followed by a clay CL layer up to 11 feet thick. The CL
r is underlain by a CH stratum up to 19 feet in thickmess. DBedrock is
srally encountered below the CH stratum., The consistency of the in situ
generally varies from stiff to very stiff. The borings did not
ary zone of pervious material., Therefore, the possibility for any
icant seepage through the dike foundations is remote. The foundztion
are adequate to support the dik
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groundwater. Mincr dzep weatheving along joints and faults can produce
effactive travel saths for groundwatar zs s2en in Widows Crzek unit 7
foundaticn drilliing, where instantanaous z2ir znd water connections wera
chsarved and racorizd between at lzzst 10 <rill holes which intercepted a
wzathered fault plane.

Greoundwater in the viciaity of the proposad scrubber sludge di¥sposal area
cceurs under un Onfl?—d water table cenditions, and movexzent is generally

3 and Widsws Crae< Stzzno Plant. The de velopment of =

a1 the te 11 zlter both
he stack.

Groundwatar use C use
within a l-mile s ioma s zpproximately 700
fzet sast of the proposed disposzl zrezs. A cooputer simulation of the
effects of the disposal area on groundwater was performad to determine
izpacts of the Phase I disposal area on the closest domestic well.and on
Widows Creek., The simulation included modeling of hydrodynzmics and solute
transport. A discussion of the simulation and znalysis of the results araz
provided in Appendix A.

Bazsed on the results of the simulation, the potential for contamination of
the domestic wall located 650 fest upgradient of thz gypsum stack will be
minizal. The sizulaticn shows that some veversal of groundwater flow

£ <

rs due to the wounded water table. The-.reversal of flow, however, will
e limited to a2 s=2all region benmeath the gypsum stack, and will not rzach
the nearby private well, The likely effect of the g,pbum stack on the
nezgby walls will be to raise the water tzble in the arza of the wells by
“about a foot. This cccurs because thz mound bensath the gypsum stack will
the flow c¢f +zter towards Widows Crzaz!
ce, the u;gr*dieﬂt hydraul il

A znd, 1n response to this
i
ater flow to ch Widows CrzsaXk.

{
1 increase to allow the natura

ts of the waste leachate on groundwater quality have zlso bezn

ated. The contzainents which eventually reach Widows Creek will be

ciently diluted such that effactis on watsr quality will be

nificant.
Greoundwater nmonitsring walls o3 attzched drawiag 34ClOZ214, R4,
Snzlilow monitoring w2ll W-15 installad to monitor groundwater ina
tha overburdan. Although no aticn is znticipated based on the
hydrodynzmic modeling, wells 13, and W-15 will provide iadication
0f any change in groundwater prior to its reaching the nearby
orivate walls.
Closure
Upon completion of storage of scrubder waste, the area will be reclaimsd by
draining the rec=zining water from the area and allowing the waste to dry.
When the waste has dried, the top of the arez will be graded to provide
G34153.01 |
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WIDOWS CREEK STE&M PLANT

f : SCRUBBER WASTE DISPOSAL AREA
’ ' ENGINEZRING REPORT, REVISION 1
MAY 1984

Widows Creek Steam Plant, located in the northeast portion cf the State of
Alabama, has eight operating units. Units 7 and 8 operate with limestone
scrubbers with the raw waste ponded northwest of the plant. In 1981 TVA
made the decision to utilize the forced oxidation process on scrubber waste
from units 7 and 8. The disposal of the oxidized scrubber waste will be in
an area located approximately 1.5 miles northeast of the plant just east of
Widows Creek. The specific location is shown on drawing 34Cl10E2231-01, RO.

General

The scrubber waste primarily consists of gypsum and fly ash. The waste
will be transported from the plant area by pumping after it has undergene a
forced oxidation process. Sluice water for the oxidized scrubber waste
will be composed of 75-percent recycle from the ash pond and 25-percent raw
water from the plant intake. The scrubber waste slurry lines will cross
Widows Creek on a bridge and discharge the waste into the disposal area.

The disposal area will be comstructed in two phases designed to handle the
wastes for approximately 20 years. The initial phase will be sufficient
for approximately 5 years of disposal. During the first 5 years the only
activity considered for phase 2 is excavation (borrow of overburdea soils)
and possibly the construction of the initial spillway. The same disposal
method will be used in both phases.

An. initial containment dike will be constructed of relatively impermeable
soils excavated from the interior of the disposal area. Oxidized scrubber
waste will-be sluiced to the interior pond, where the solid scrubber waste
will settle. The process water will be decanted by a gravity spillway to a
sump collection pond, and the gypsum waste will be air dried. Interior
ditches, slopes, and berms will be constructed using air dried gypsum.- A
perimeter runoff ditch will be maintained batween the gypsum pile exterior
slopes and the initial containment dike. This runoff will zlso be routed
to the sump pond, which is cocmon to phases 1 and 2. The suzp pond
orovides collection for runoff from the extzarior slopes and decanted
process water from the interior pond.

Supernatant from the sump pond will be gravity drained to Guntersville
Resatvoir. This sravity discharge includes an entry skimser, 30-iach
steel pipe across Widows Creek, 30-inch buried concrete pipe, and an

opea channel flow to the reservoir. A weir constructed at the discharge
from the concrete pipe into the open channel discharga ditch will provide
for flow monitoring. The location and profiles of the discharge route are
shown on drawings 34Cl10H232-1 and 34C10H232-2. Details of the discharge
design are shown on drawings 34C10H232, sheets 0l through 09 (attached).

The disposal area is protected from the 100-year frequency flood
(zpproximate elevation 608.5) by the containment dike. The dike will be
grassed to protect against erosion and minimize washout during the 100-year
flood.

G54153.01
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The phase 1 disposal area includes approxizately 59 acres inside the
containment dike; the phase 2 contains 76 zcres. The anticipated disposal
volumes available are 3700 and 9900 acre-feet, respectively. The higher
disposal volume of phase 2, with the relatively same base zrea as for
phase 1, is due to the usage of the north face of the phase 1 stack as a
retaining structure for phase 2. The volumz of impermeable soils necessary
to build the containment dike for phase I is estimated to de 225,000 cubic
yards, and 238,000 cubic yards for phase II. The expected rate of waste
generation is approximately® 5000 gallons per aminute at 13 percent solids.,

Approxinzataly 75 percent of the scrubber waste sluice water {4600 gal/m to
5100 gal/z) will be taken from the ash pond. The remainder will be
provided by the plant raw water intake puzps. The expected rate of
discharge from the scrubber disposal area suaop pond to Guntersville
Reservoir is approximately 6000 gal/m based on normal rainfall and
30-percent water retention by the waste material. This discharge will mix
with discharge from the ash pond (between 15,500 gal/am and 16,100 gal/m)
and flow into the Guntersville Reservoir. (Discharge occurs from the ash
pond. apprcximately 50 percent of the time (based on pH) and is recycled to
the plant intake the remainder of the time.)

TVA performed a pilot study at WCF to identify stacking characteristics of

the solid waste and to characterize the expected discharge wastewater
quality from the new disposal area. A small quantity of sludge was

oxidized to obtain gypsum, and the oxidized sludge was sluiced to an onsite

pond.

ctacking characteristics of the waste as determined in the pilot study will
ve used in designing the interior slopes, ditches, and berms. The slopes
of the containment Jike and gypsum stack as wzll as the in situ foundation
will be dz=signed to provide a minimum safety factor of 1.5 at {full
hydrostatic  head inside the disposal area. The compaction of the soils in
the dikes rasults in a low permeability mzterial which experience has
demonstrated will result in little or no loss of water through the dikes.

Settling characteristics of the waste wers studied in the test program.

The gypsua settles relatively quickly with velocities ranging from 2.0 to
3.0 cm/ain.  To allow for settling of finer particles withia the waste, a
value of 0.5 cm/min can be used to detercmine a minimum reguired datention
area. The iaterior pond depth may vary from two to fifteen feet during
stacking operations. An averge depth of five feet will be zssumed. For
this depth, a settling time of approximataly 5 hours will be requirasd. For
the projeczad flow rate of 5000 gal/m, a treatment volume of approximately
200,000 £c3 would, therefore, be required, corresponding to an area
slightly less than one acre. The projected final area in phase I will be
greater than 20 acres. The interior pond will, therefore, provide adequate
detention for settling of the waste prior to discharge of the process water
into the sump pond.

GS4153.01
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In tHe pilot study, samples of process water were collected at the exit
from the stacking area (pond) into a sump pond from which process water was
recycled. The chemical conposxtlon of the process water samples is glven
in Table 1. This composition is expected to be generally representative of
the discharge water, but conservative in the follow wing regards:

1. The pilot study was operated in a continuously closed loop which could
result in a buildup of metals concentrations in the process water to an
equilibrium with concentrations in the oxidized scrubber sludge. The
actual system will discharge rather than recycle, and '

2. The samles from the pilot test facility were taken upstream of a sump
. pond. Settling in tbe sump pond mzy further reduce levels of
sattleable solids and ametals.,

The perimeter runoff ditch and the sump pond, as well as the interior pond
with spillway, will be designed to control a 10-year 24-hour rainfall
event.

Soils

Soil investigations were conducted in the phase I disposal area during 1980
and 1983 to identify borrow material and to define the im-situ soil
properties. These reports were issued on March 9, 1981, and October 20,
1983, and entitled Division of Engineering Design's Soil Schedule Numbers
85.1, and 83.2, respectively. Copies of these reports have been provided
separately.

The 1980 investigation included 31 auger borings drilled at 400-foot
centers and a laboratory testing program consisting of soil classification,
standard compaction,(ASTM D 698), znd triaxial shear tests. Samples for
the triaxial shear tests were remolded to 95-percent maximum standard dry
density with moisture content within 3 percent of optimum,

Soil investigation performed during 1983 included 50 split-spoon borings

zand. 8 undisturbed borings. The laboratory testing program consisted of

soil classification, triaxial shear, consolidation, and permeability tests.

Triasxial shear and consolidation tests wire conducted on representative

undisturbed samples. Permeability tests wera performed on representative
disturbad and remolded samples.

Additionally, a seismic refraction survey was performed during 1982 to
define top-of-rock elevations. All auger borings, split-spoon borings,
undisturbed Yorings, and seismic refrzction stations are shown on the
drawing 34C10E217-01, Rl.

The average soil overburden depth in the phase 1 borrow area (bounded by
the dikes) was approximately 11 feet with a minimum depth of 2 feet and a
maximum of 22 feet. Borrow from this area will be taken such that a
minimum of 3 feet of soils will remain in place. Permesability of these in
situ soils is in the range of 1.6x1078 cm/sec to 6x10™3 cm/sec which
indicates relatively impervious material. The borrow depth will be based
G54153.01 :
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upon known top-of-rock elevations as previously deternined by the auger and
szlit-spoon borings and seismic refraction. Should borrow excavation

uncover an unexpected high portion of rock, a minimum backfill of 3 feet of
compacted clay_gill~gg_ih§£§l}¢d. The borrow soils consist primarily of
cizys, classified as CH or CL (Unified Soil Clzassification System). The

Sortow soils specimens remolded to 95-percent zaxizum standard dry density
near opticum moisture content exhibitad a permeability Tange of 6x107° to
7x1078 ca/sec which iqﬁjg§5§§wgggfuthgwéprrow;:a:g;ialvavailable»qgﬂ;he

si;gfggg}dm;?ﬁ?ltwin:afrélgﬁivglymié?eryisﬁé,soil mass when properly
cozpacted. Therefore,m;Qg;ggggggufpilsmg;gw§uitéblaaéorwcqnsgructingwgllfa
cozpacted clay liner betwéen the bottom of the/gypsua/fly ash stack and top

- - - [P

0% zock (if rock is exposed during the borrow Excavatioms of foundation
p-zparations) and (2) a relatively impervious containzent dike around the
dissosal area to allow 'véry little or no sz2opage losses.

Split-spoon borings drilled at the proposed location of the containment
dike and its general vicinity indicated that thickness of soil over-
burden varies between 6+ and 35+ feet with an average of 14+ feet.

In general, the soil profile at the dike foundations consists of up to 1
foot of topsoil followed by a clay CL layer up to ll feet thick. The CL
layer is underlain by a CH stratum up to 19 feet in thickness. Bedrock is
generally encountered below the CH stratum. The consistency of the in situ
soils generally varies from stiff to very stiff. The borings did not
reveal ary zone of pervious material., Therefore, the possibility for any
significant seepage through the dike foundations is remote. The foundation
soils are adequate to support the dike.

; Tz TFEPhL
p=wewwt. - Bedrock underlying the digzpmel ar2a will be lizestone,
{1tstone, and shale of the Chickamzuga Group of Ordovician age.  The
astones are generally thin to cmedium bedded and contain varying amounts
cilt. Siltstonmes and shales arz interbedded with the limestones. The
zta dip to the southeast at an zngle of 12 to 15 degrees from the

s

[}V
(9]
3]
(=
]
n

indicated a depth to top of rock-

ranging from 2 to 22 feet. Thus, an irregular or

epped top-of-rock surface similar to that encountered at the steam plant
aaticipated due to the uneven rate of weathering of the various strata.

.
< =

)
.
"

0n (v

ot [0 0
Y

.cavations in similar situations (i.e., the Widows Creek powerhouse and
s1lefonte Nuclear Plant), show a top-of-rock surface consisting of
lternating highs and lows. This results from the uneven rate of
wzathering of beds of varying resistance. The long axis of these highs and
1sws trends northeast along the strike of the inclined beds. These lows,
sroduced by weathering of more susceptible beds, may contain accumulations
cf coarser insoluble materialg, x £6T =ovem
534153.01 ' ) .
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Groundwater

Groundwater in the vicinity =
occurs under unconfined water table conditions, and movement is generally

toward Widows Creek and it S Siemt, Tre—develeopmert of—=
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As for domestic use

in a l-mile/radius. / sre located appgroximately 700
proposed dfsposal areas. A computer simuldtion of the
fects of th¢ disposal arga on groundwatgr was per formad fo determine
Jhe closest domes, ic well and o
The simulftion included godeling of hydrofynamics and gdlute
of the simulayfion and analysisfof the resul‘f'ara

[{]

transport.
provided i

Based on /the results ! Y for contami ation of
the domeftic well logated 650 feet ppgradient of th¢ gypsum stacl will be
minimal/ The sizmulgtion shows thag some reversal ¢f groundwatey flow

421 of flow,
tack, and wily
he gypsum St3
the area o:f

However, will
not reach
£k on the

le. The rever
£11 region benepth the gypsum
the ndarby privatg well. The lifely effect of

[of ..zter towarfis Widows Creekfand, in resppnse to this

/ increase tofallow the nal ral

dr quality hak
Aly reach Wiflows Creek 11 be
ufficient

Easignificg

hydrodynamic modeling, fwells
. i .
f any dhange in groundwater
rivate wells.

Upon completion of sgbrage of scrubber waste, the area will be reclaimed by
draining the remaining water from the area and allowing the waste to dry.
wnen the waste has dried, the top of the area will be graded to provide
G54153.01

o tra bl tahle vhich  tiid ) eaeltbas S -




(?.!shee: flcw of precipitation across the top and down the slopes into the

runcff collection ditch and into the sump pond.
¢

The £z3 of the scrubber waste pile will be coverad with &4 to 6 inches of
earth, zad a good cover of vegetation will be estzblished and maintained to
pravant srosion. TVA experience is that 2 to 6 inches of cover is needed
to support vegetation of sufficient quality and quantity for the production
of R2y cr pasture. Supporting information is containad in Appendix B,

The gravity drain to Guntersville Reservoir will be maintained until
vegetztion cover is established and then the water level inside the sump
pond will Se lowered by appropriate means to be detarmined at that time.
Tootnctes
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A rme CALGOMP DATA SHERT . Sorebbar Slisge @orran

“,4//—1 ASHEET Page | of 3

ve O CNTL 4|6 X-COORD. 15|16 Y-COORD. 25|26 Z-VALUE 35

:: PAH | 1200 3600 §00.7 £08.7.

4 PANR-2 1600 3600 5949 009
PAH-3 2000 3600 602.2 6082
PAH- 1 2400 3600 £69.6 £15.6
PAH- 5 2800 3600 8182 £21.2
PAH- & 3200 2600 589.4 595.¢
PAH- 7 3200 c}obo 511.8 617.%
PANH- B 3200 Yy, 582 624. ¢
PAH- 9 2800 4000 Sil. 3 617.3
PAN- 10 2400 4000 6071.7 13.7
PAN- 1 2800 44 00 £09.4 §15 4.

e PAH-12 2400 4400 600,2 606.2.
PAH-13 1200 3200 596.3 602,3
PAH-14 1200 2 8oo 594 .9 ¢00.9
PAH -15 1200 2400 54,7 5977
PAH- 1€ 1600 2200 5499.5 605.5
PAH-IT 1600 2800 (- 595.3) £01].3
TAH- )8 1600 2400 £96.6 §02.4
PAHR-19 1600 Z009 591.0 5910
PAH-20 2000 3200 §03.3 §09.3
PAH:- 2l 2400 3200 5967 §02.7
PAH-22 2000 z800 594. | §00. ¢
PAH-23 2400 2800 (-5852) |911.2

@ | PAn-24 2000 2400 599.4 0S¢
PAR-25 2400 2400 60l 1 €o67.1
PAR-2€ 2000 2000 =589, 1) 595.)

* | PAN-Z] 2400 2000 (-606.3) |612.3




Widows Creek

CALCOMP DATA SHEET &5 ¢ "5ue Borrew
O CNTL 4|6 X-COORD. 1i5[l6 Y-COORD. 25|26 2Z-VALUE 35

PAH -2% 2000 16 00 (<8 06.4) |&124
DAY -29 2800 3200 5 85,2 5. 2
PAKH-30 Z800 2800 594.1 021
PAH-3] 2800 2400 §22.3 £28+3
npy,

| SLH- | 2200 4800 c07.7 tPc13.2

SLH- 2 3000 H g0 608.| &l188g14
SLH-3 20 00 Y200 510, ] LB3FEI8.
SLH- 4 3000 %800 c0z.0 LIf080
SLH- & 3000 2400 593.8 c.aQ-J(sa?.s
SLH- ¢ 2600 44 00 538.6 U4 046
SLH- T 2800 4200 801.9 oﬂhfw?—?
SLH- 8 2600 3800 s08.2 WYeiI1e
SLH- 4 2600 2400 §00.5 {,;5&,%6065
SLH-10 2600 3000 589.3 595.3
SLH- 2200 4z00 £00.3 bh1606.3
SLH-)2 2200 3800 600.4 Lll.g 6064
SLH-13 2200 3400 595,68 (ot 1€01.6
SLH- M 2200 3000 587.9 5139
SLH-15 2200 2600 579.2 5852
SLH-1¢ 2000 44 00 5439 15971
Sl H-17 2000 He 00 599 4 Log) 6054
SLH-18 | 800 42 00 593. ¢ Qyé;ﬂ 599.¢
SLH-19 | 800 2800 598.6 @d 6046
Sk H-20 1800 2400 598.7 bgﬁ,‘ §64.7




CALCOMP DATA SHEET

Widow Creek

Strubber «Slui&e, Borvow

Poge 3 of 3

O CNTL 4|6 X-COORD. 15[l6 Y-COORD. 25{26 Z-VALUE 35
| SLH-2Z| 1800 2000 588.2 Labfl 974-2

SULH-22 1800 2600 594.2 004.'5600-1
5UH-23 1600 Y000 £92.2 (APsI182
SLH-24 1400 Hz00 591.6 leap5TT€
LLH-25 1400 2800 595.6 Lol 401.6

SLH-26 1400 2400 593.5 b 5715
gul4-27 | 1400 3000 54570 Yow 5955
SLH-78 1200 4000 589 8 wljl 595.8
SuH-29 1000 4UZ00 583.0 591p589.0
SLH-30 1000 2800 584.3 592.3
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o *  RJP NEWS % *
Ao ek ok ol ok ok vk ool el *
* %* -
‘ i# o - - * dekodede ke ok ok Aok kkYWELCOME TO THE NEW DATA CENTE R********#f#**#*#* 3
* ST CCCCCTCC__CURRENT MOVE INFORMATION—————— —= *
o * FOR THE LATEST MOVE INEORMATION, USERS MAY LI ST DATA SET B o
) * DoUSI07 002 WHWDD DATA, WHERE WWW = MON, TUE, WED, THR, FRI, e
% AND DD = THE DATE. *
* LATEST DATA SET IS D.US907002.MON13.DATA *
@ * B , o x
P 1w *
% ******#**#*********##IEHPR{}GM#*#***#**#***#******************#3_ _ *
® * WHEN USING THE CATLG STATEMENT ON IEHPROGM, SPECIFY 3350 ON &
B % VOL= PARAMETER. DO NOT SPECIFY DASD QR SYSDA. HSM dILL NOT ) R
* HANDLE THIS SITUATION. ¥
. % ~*************#*********#*******************************#*******w V *
* - KNOXVILLE SCHEDULED POWER OUTAGE x
) * THERE WILL BE A SCHEDULED OUTAGE ON SAT., DEC. 18, FROM 5.00 PM x
® * UNTIL SUN.s, DEC. 19 @ 1.00 PM AT SL59-X. THE FOLLOWING WILL BE *
N * _ AFFECTED: CONTROLLERS A000, A500, A680, A7AO, A920, ALL *
° % SYSTEM 3 USERS, REMOTES 01, 11, 38, 43, 45. ¥
B I
* ********************************#**#**#******###********1#**#** *
#* *
° * _ o
. * *
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1AT6140 JOB ORIG IN FROM GROUP=RGROUPOLl, DSP=IR s DEVICE=INTRDR , 000

® 09:19:17

09:19:17

091911 T

09:19:17

S 09191 T TAT4401

09:19:17
09:19:27
09:19:27
093:19:27

09:19:27

092319227

09319327

09:19:27

TAT4401
1AT4402 UNIT=3350 +VOL{S)=S0FT02

“LOCATE Fﬁﬁ‘STE?'STE?I”‘“"ﬁﬁ“STEPtTﬁ“‘ﬁSN‘SYS#}TS922ﬁ89*PtﬂTLﬁAﬁ

IAT4401 L OCATE - FOR-STFEP=STFEP LT — ﬁ‘B‘F‘f"ﬂﬁFﬁﬁi “DSN=$KEDTO T CONTROLDATA
TAT4402 UNIT=3350 s YOL{S)=T50003

LOCATE FOR STEP=STEP1 ‘ﬂB’FTiéFﬂGl“BSN=$&BB?ﬁisw{BBH
IAT4402 UNIT=3350 » VOL {5)=TS50003

TAT5220 JOB 6815 {KXWIDOWS) IS INELIGIBLE-FOR SETUP ON SYSC- -
1AT5295 DD=STEPLIB UNIT=3350 VOLUME=SOFT02 DSN=

=DATA

~09:19: 27 -TA 15230 NO— DEVFCES—AVA T LABLE —BF —FHE—FYPE-REQUESTED— o omm o o

IAT5295 DD=FTO5F001 UNIT=3350 VOLUME=TS0003 DSN=
TAT5230 NO- DEVICES AVATLABLE -BF THE-TYPE REQUESTED-
1AT5295 DD=FTO9F001 UNIT=TAPE VOLUME=PLOTXD DSN=

1AT5230 NO DEVICES AVAILABLE OF THE-TYPE-REQUESFED—

IAT5295 DD=F T16F001 UNIT=3350 VOLUME=TS0003 DSN=

0919527 FAF5230NE-DEV-ICE S—AVAT EABL £ OF —FHE—T¥PEREQUESTED -~ oo

09115128
09:19:28
09333342
09:33342

09233242
09234:54
09234357
09:43:17
0921441225
09344330
0931443230
09344230
092443230
. 09244332

09:44235
..09:44:37

09:19:28 IAT5110 JOB 6815 (KXWIDDWS) USES

09:3%:53

- ﬁ 9 :!}’Q"‘: 2 .0. Jro—

0923445229

DIs&5230

099%4:30

D SOFT02

AATSTI0 J0B 6815 KXW DOWS T USES D TS0003—
IAT5110 JOB 6815 (KXWIDOWS) GET T PLOTKD ,NL
TAT5200-408 6815 (KXWIDOWS) IN-SETUPBN-MAIN=S¥SB -

[IAT5210 STEPLIB USING D SDFTOZ ON T4E

T FN
"‘ '3"‘*2‘ fAlSZiU riUJrUU‘l GSI!\;G U !JUUUJ Ul‘l ‘fUU

TAT5210 FTO9F001 RSRVD) T PLOTKD ON 59F +NL,RING

1A 12000 J0B 6815 KXWIDOWS SELECTED SYSB
[EF4031 KXWIDOWS - STARTED - TIME=09.34.54

~GRP=BATCH — - e

*TECS501A M- S59F5PLOT KDy NLy 800 BP Iy KXHIDBWSySTEP L

PLOT 1S 14 6% %ddkakokskdodolsk ko koot deok e ook ok deofook stk ook ool ool ko o fe e deok i o e ok okl sk deakolok ok ok ok ok kol Kok ok Rk dkofolok ke ok kbR ok ok kokok ki ok k kb k ki .

rvaoea%ux*wfﬁews~s¥sae4—ee2~ee*eae+e~«—f*£9-99e24~«~39N—F¥i4see+wmm«nw
TVA0021 KXWIDOWS SYSBO4 2C2 BC=02048 EXCP=00449  DDN=FT14F001

TVAGOZI KXW IDOWS SYSB04 2C2 BC-02048  — EXCP=00674 —-DBN=FT14F00L
TVAQO2I KXWIDOWS TSO003 40D BC=00256 EXCP=00002 DDN=FTO5F001
TVAOO2I KXW IDOWS PLOTKD 59F BC=00125 - EXCP=00125 - DDN=FTO9FOO1

TVAQOLI

PLOTKD 59F TR’ODO;TN 0004y EG=030,CL=000,N= OOO:SIC~00135

TECS02E K 59F; PLOTKDvNL 7KXW DOWSSTEPY

TVAQO21 KXWIDOWS TS0D03 40D BCLC=00512 EXCP=30003 DDON=FT16F001

TVADO02T KXW IDOWS SOFTO02 74E BL=00000 EXCP=00004 ~ ODN=STEPLIB T

T1EF4041 KXWIDOWS - ENDED - TIME=09.44,.32
IAT5410 KEEP T PLOTKD ON 59F,SYSB
IAT5400 JOB 6815 {(KXWIDOWS) IN BREAKDG%N
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—0e 1006000
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00100000
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[P xm@%
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ity o 1 06040Y. 04 \N
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AWWNG Qg 10031044 7//
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06123000

0100000

01100000

AYath SalaVaPadal

¥HS=dSIQ*V1IVa *I0YINOI* 10 1CONS=NSA aa 10035014 //
e Y HS = S HH G VOO 6802 Z65 1 2SS AS=NSG- 00~ G1 H 4S54/ — -
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e

Tt

o1
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IEF2351 ALLOC. FOR KXA IDOWS STEPL

) TEF2370 74E  ALULOCATED TO STEPLIB™
IEF2371 2CF ALLOCATED TO SYS00133

AEF23TT- 40D~ ALLBCATED TO-FTO5F001
EF2371 JES3 ALLOCATED TO FT06F001
EF2371 OMY  ALLOGCATED TO FTOTFO0O1

1EF2371 S9F ALLOCATED TO FT09F001

IEF2371 DMY ALLOCATED TO FFLEFOOL —

o IEF2371 9AA ALLOCATED TO FT11F301
“FEF23 7126 A -ALLBEATED-FO-FFI3F00L — ~ o - e = e e
® IEF2371 202 ALLOCATED 70O FT14F001
IEF237T 40D ALLBCATED-FO-FTIS6FOOY 7 e R
TVADO21 KXWIDOWS SYSBO 4 2C2 BC=02048 EXCP=00224 DDN= FT14F091
® TVAOD2L KXWIDOWS SYSBO4 2€2 B8C=02048 EXCP=00449 DDN=FT14FO01
TVAQQO21 KXWIDOWS SYSBOo4 2C2 BL=02048 EXCP=006T74% DDON=FT 14F 001
~“FVADF 2L BERS—T-58003 40D-BE=00256—EXEP=00002- —BBN=F T05F00 1~ — s - — e
. TVAOQO21 KXWI COWS PLOTKD 59F BL=00125 EXCP=00125 DDN=FT 09F 001
FYAQOY T PLOTKD 59F TR=DDO05 TW=000+EG=060+CL=000+N=008+5183=00135—— - -
TVADO2I KXWIDOWS TSO003 40D BC=D0512 EXCP=00003 DON=FT16F 001
P TVADO2 I -KXWIDOWS SOF 702 T4E-BC=)D000 — EXCP=00004 - DDN=STEPLIB —
TEF1421 KXWIDOWS STEPL - STEP WAS EXECUTED - COND CODE 0016
“TEF2 8515545922089 PLOTLEAD KEPF
® T1EF2851 VOL SER NQOS= S50FT02.
TEF2851T SYSTIJUSRCATL - HKEPT
IEF2851 VOL SER NOS= USCATL.
® IEF2851  ~ $KBDTO 1. CONTROLDATA KEPT - -
IEF2851 YOL SER NOS TS0003.
“TEF2851 - STEP L FTO6FOCL R 451 A
o 1EF2851 PLOT KEPT
“TEF2851  ~vOLSER NOS= PLOTKD+ - -
IEF2851 SYS82354,T091913.RA007 . KXW IDOWS .RO000002 DELETED
® IEF2851  VOL SER NOS= SYSBOl. ~ S -
1EF28B5] SY582354,T091913.RA000 KXW IDOWS.RO000003 DELETED
“TEF285T - VOL-SER-NES=-SYSBO3:
® 1EF2851 SYS82354.,T091913.RA000.KXWIDOWS, R0000004 DELETED
[EF285T " VOL SER NOS=SYSBO%. T B -
IEF2851 $K BDTO 1. WIDDWS .DATA KEPT
® TEF2851 VOL-SER-NOSTS0003+— — — -
fEF3731 STEP /STEP1 / START 82354.0934
TEFITET- SFEPASTEPL—/STOP 823540944 P ——OMIN—09+ 60 SEC—SREB-—~ - -OMIN-—B 024 BSEC— VERT- 300K S ¥S—— 23 2K
. **t**t#t##w***#*****#*#******##**t**#******t**t*****#*************************#***********###**#*******#******#**#*#**#***#**#**#*
O . ] e - o I e i HR
* KGMANB BATA acau;sx?xsm SYSTEM *
‘ * STEP NAME STEPL START TIME 09.34.54.69 VIRT SYS  USED 212 K PAGE INS 55 STEP CPU 00,00,07,29 *
®-PGM NAME- ~ZPL1E05L - STOP T EME--0% 4%+32 « 10— VIRT CORE USE 300 -K PAGE JUTS e @ JOB BRY  — D0w0De 0T 23 F
.‘ * DISPATCH PRTY 73 ELAP, TIME 00.09.38.01 SWAPS/PAGES 07 C SRB TIME 00.00.00.20 CCNDITION CODE 0016 *
- PN - - oG- SERYTCE YN 205086 - TRANS ACT-TIME 00.0%9:33, 52 . =
#* E
. R Rk Rk **** FI ek e N *&#***M*#M*M%**Mm*#wmntk#ﬂﬂtm3:*&##***kt%####*#**#k# ek kk ok bk fdhdddkodk bk dldok kokk khdbk okkkrkbkkik
* EXCP STATISTICS *
< B e i ot et e et e 85 e 1 0 i e . e i S .
® ® UNIT EXCP COQUNT UN!T EXCP COUNT UNIT EXu9 CBUNT U\! IT EX(Z? CCUNT UNIT EXCP CCUNT UNIT EXCP COUNT =*
* ?#E 4 ZCF 0 40D 2 59F 125 SAA 0 244 0 *
EXCP ToTAL 808 VID PAGE INS 0 VI2 PAGE OUTS 0 PAGES SWAPPED IN 0 *

® IEF3751  J0B /KXWIDOWS/ START 82354,

0934

IEF376T - JOB /KA WIDBHS /- STOP— 8235450944 CPY————OMIN- 09,60 5EC - SRB -
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IAT6140 U8 URIGIN FROM GRUUP=RGROYPOL, DSP=IR
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1024146 TAT4402 UNIT=3350  +VOL(S)=SOFTO2

10T 2ATHS TATA¥ 0T L OE ATE FER-STEP=STEP T —— DO=FTO5FOUT OSN=SKBOTOI-CONTROL2DATA

10:24:46 IAT4402 UNIT=3350  ,VOL{S)=TS0005

10224346 IAT4401 - LUCATE FOR STEP=STEPL — —DO=FT16F001 DSN=$KBOTOL-WIDOWS2DATA

10324346 1AT4402 UNIT=3350  ,VUL{S)=TS0005

@ 10724748 IAT5220 JUB 7517 {KXHIDUWZ) 1S INELTGIBLE FOR SETUP ON-SYSC S

10:24348 1AT5295 DD=STEPLIB UNIi=3350 VOLUME=SOFT02 DSN=

~1OT24TH 8 TAT5 236N~ DEVICES AVATCABCE—OF THE TYPEREQUESTED -
10:24:48 IAT5295 DD=FTO5F001 UNIF=3350 VOLUME=TS0005 DSN=

1032446 1AT5230 NO DEVICES AVATILABLE OF THE TYPE REQUESTED
10:24:48 1AT5295 DD=FTO9F001 UNIT=TAPE VOLUME=PLOTKX DSN=

10724348 [AT523G NE DEVICES AVAILABLE OF THE TYPE REQUESTED
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® ALKXWIDOKWS. JOB 2614725 KDAVIS o 160L 0K e X477 7:CLASS=K,MSGLEVEL=1 00000010
//¥MAIN CORG=RGROUPOL 000C0020
//7*0PERATOR  PLOUTTING INSTRUCTIONS JOB 07344
//%0PERATUR o o JOB 07344
//*CPERATOR  KXWIDOWS,261472,KDAVIS JOB 07344
//*¥CPERATOR  THIS IS A CALCOMP PLUT,PLEASE TRANSMIT & PLUTIN KNOXVILLEJDB 07344
@@ /+*CPERATUR PLEASE MAIL THE PRINTUUT TU K.DAVIS AT 160 LB-K JOB 07344
/75TEPL EXEC PGM=GPC11051, TIME=05 T ) 00000080
 //STEPLIB DD DSN=SYS54.TS922089.PLUTLOAD,DISP=SHR 00000090
//FTO5F001 DD DSN=3$KBDT01.CONTROL.DATA,DISP=SHR B 00000100
//FT06F001 DD 5YSOUT=A 00000110
J/FTOTFO0L DD DUMMY ’ 00000120
@ //FTOSFO0L DD UNIT={TAPE,sDEFER),UCB=DEN=2,VOL=SER=PLOTKD yLABEL={,NL), 00000130
//  DISP={,KEEP) ,DSN=PLOT 00000140
//FT10F0O0L DD DUMMY , 00000150 i

@ //FT1IF001 0D UNIT=8YSPL,SPACE=(CYL,1%,51) ) T E 00000160
_//FT13F001 DD UNIT=SYSPL,SPACE={CYLs(545)) 000C0LTO
J/FT14F001 OD UNTIT=SYSPL,SPACE=I(CYL,(5,57) 00000180
"AYJ{FTiéFGGI DD DSN=3$KEDTOLl « WIDOWS.UATA,DISP=SHR 00000190

i //KXWIDOWS JOB 261472,KOAVIS 160LBK. X4 TT7T,CLASS=K,MSGLEVEL=1 00000010

N 2 //STEP1 EXEC PGM=GPCLl1051,TIME=05 00000080

® 3 /7STEPLIB DD DSN=3Y54.T5922089.PLOTLOAD,DISP=SHR o 00000090

4 J/FTOS5F00L DD DSN=$KBDTOL.CONTROL.DATA,DISP=SHR 0000100

5 J7FTOBF001 DD SYSOUT=A - UUUU0II0

6 //FTOTFOOL DD DUMMY 00000120

7 //FTO9FDUL DD UNIT={TAPE+DEFER] 4DCB=DEN=2,VOL=SER=PLOTKD,LABEL=T,NLY, 00000130

I’/ DISP={,KEEP) yDSN=PLUT 00000140

8 J//FTIOFO01 DD DUMMY . - 00000150

9 //7FTLIF001 DD UNIT=SYSPL ,SPACE={CYL,(5,5)) 00000160

i¢ J7FTI3F001 DO UONTT=SYSPL ,SPATE=ICYL,, (5,57 , e IAe[6) R £ 4]

il //FT14F001 DD UNIT=SYSPL +SPACE={CYL,(5,5)) 00000180

. 12 J//FT16F001 DD DSN=SKBDTUT.WIDUWS .DATA,DISP=SHR 00000190

t
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° ®  PROUGKAMMER KDAVIS.1l60LBKeX4777 “INIT DATE 12715782  82.349 INITIATION TIME 13.05.14.55  *

% : 3

% ACCTG DATA 261472 TERM DATE 12715782 82.349 TERMINATION TIME 13.08.46.75 *
* *

@® = 0S-VS2 REL 03.38 " PGN7SERVICE 197 11,945 ELAPSED TIME 00.03.32.20 *®
% &
Lk SYSTEM 1D A3 CLASS K COMPLETION STATUS €0016 *
,. | «
ok 3 o gk A Ak okok A Aok K ok Sk okl AR Ak KA AR K KRR R kR R R R R KR KA KR AR KRR R F L ER R AE FR RN RN AT PR E R AR DR R R SRR C R FF AR E R AR EREEF KRR EFFENETE AR KR TR E
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‘- OB WIDDWS - CREEK-SCRUBBER-SLUDGE BORROW

BAS
. SIZE_ 400.000 _ 400.000 0.0 0.0 600.000  33.333 3600.000 1200.000 44 . 444 5200.000
® eIt 16 0
_CNTL 0.040 1 7 0 0 15
NTL (7XyF4a092XyF4e092X9sF5eLle1X9B8AL94X,12,1Xy411)
OW11 2 3.0 0 0 12 4 8 |
CNTL 1200.0000 3600.0000 600. 7000 0.0 0.0 0.0 0 0 PaH-1
CNTL __ 1600.0000 3600.0000 594.8999 0.0 0.0 0.0 0 0  PAH-2
® cCnTL 2000.0000 3600.0000 602.2000 0.0 0.0 0.0 0 0 PAH-3
CNIL ... .2400,0000 3600.0000 609,6001 0.0 0.0 0.0 0 0 PAH-4
~ CNTL 2800.0000 3600.0000 615.2000 0.0 0.0 0.0 0 0 PAH-5
@® cnTL 3200.0000 3600.0000 589.6001 0.0 0.0 0.0 0 0 PAH-6
CNTL 3200.0000 4000.0000 611.8000 0.0 0.0 0.0 0 0 PAH-T
CNTL  3200.0000 4400.0000 651842000 0.0 0.0 0.0 0 0 PAH-8
® caTL 2800.0000 4000.0000 611.3000 0.0 0.0 0.0 C 0 PAH-9
ONTL ..2400.0000 4000.0000 607. 7000 0.0 0.0 0.0 0 0 PAH-10
CNTL 2800.0000 4400.0000 609.3999 0.0 0.0 0.0 0 0 PAH-11
@ cCNTL 2400.0000 4400.,0000 600. 2000 0.0 0.0 0.0 0 0 PAH-12
CNTL 1200.06000 3200.0000 59643000 0.0 0.0 0.0 6 O PAH-13
CNTL 1200.0000 2800,0000 594,8999 0.0 0.0 0.0 0 0 PAH-14
® cnTL 1200.0000 2400.0000 591.7000 0.0 0.0 0.0 0 0 PAH-15
© CNIL 1600.0000 3200.0000 599.5000 0.0 0.0 0.0 0 0 PAH-16
CNTL 1600.0000 2600.0000 595. 3000 0.0 0.0 0.0 0 0 PAH-17
@® cuL 1600.0000 2400.0000 596,6001 0.0 0.0 0.0 0 O PAH-18
CNTL 1600.0000 2000. 0000 591.0000 0.0 0.0 0.0 0 0 PAH-19
~ CNTL 2000.0000 3200.0000 6033000 0.0 0.0 0.0 0 0 PAH-20
@ cnTL 2400.0000 3200.0000 596, 7000 0.0 0.0 0.0 0 0 PAH-21
CNTL _2000.0000 2800.0000 594, 1001 0.0 0.0 0.0 0 0 PAH-22
CNTL 2400.0000 2600.0000 585.2000 0.0 0.0 0.0 0 0 PAH-23
@ cCnNTL 2000.0000 2400.0000 599, 3999 0.0 0.0 0.0 0 0 PAH-24
CNTL 2400.0000 2400,0000 601.1001 0.0 0.0 0.0 0 0 PAH-25
PONTL  2000.0000 2000,0000 589.1001 0.0 0.0 0.0 0 0 PAH-26
@ catL 2400.0000 2000.0000 606.3000 0.0 0.0 0.0 0 0 PAH-2T
CNTL 2000.0000 1600.0000 606+3999 0.0 0.0 0.0 0 0 PAH-28
CNTL 2800.0000 3200.0000 585, 2000 0.0 0.0 0.0 0 O PAH-29
@® cnTL  2800.0000 2800.0000 59641001 0.0 0.0 0.0 0 0 PAH-30
CNTL 2800.0000 2400.0000 522.3000 0.0 0.0 0.0 0 0 PAH-31
_CNTL 3200.0000 4800.0000 607.2000 0.0 0.0 0.0 06 0 SLH-1
@ cuTL 3000.0000 4600.0000 608.1001 0.0 0.0 0.0 0 0 SLA-2
CNTL 3000.,0000 4200. 0000 610.1001 0.0 0.0 0.0 0 0 SLH-3
CNTL 3000.0000 3800.0000 502.0000 0.0 T 0.0 0.0 0 0 SLH%
® cnTL 3000.0000 3400.0000 593.8000 0.0 0.0 0.0 0 0 SLH-5
CNTL 2600.0000 4600.0000 598. 6001 0.0 0.0 0.0 0 0 SiLH-6
CNTL 2600.0000 4200.0000 601.8999 0.0 0.0 0.0 0 0 SLH-T
® cCnTL 25600.0000 3800.000G0 608.2000 0.0 0.0 0.0 0 ©0 SiH-8
_ CNTL 2600.0000 3400.0000 600.5000 0.0 0.0 0.0 0 O SLH9
CNTL 2600.0000 3000.0000 589. 3000 0.0 0.0 0.0 6 0 SLH-10
@ cnTL 2200.0000 4200.0000 600. 3000 0.0 0.0 0.0 0 0 SiLhH-11
CNTL 2200.0000 3800.0000 600.3999 0.0 0.0 0.0 0 0 sSiH-12
CNTL 2200.0000 3400.0000 595.6001 0.0 0.0 0.0 0 0 SLH-13
® cunTL 2200.0000 3000.0000 587.8999 0.0 0.0 0.0 0 0 SLH-14
CANTL 2200,0000 2600,0000 579.2000 0.0 0.0 0.0 0 0 SLH-15
CNTL 2000.0000 440040000 593.8999 0.0 0.0 0.0 0 0 SLA-16
® cniL 2000.0000 4000.0000 599,3999 0.0 0.0 0.0 0 0 SLH-17
CNTL 1800.0000 4200.0000 593.6001 0.0 0.0 0.0 0 0 SLH-18
1800.06000 3800.0000 598. 6001 0.0 0.0 0.0 0 O SLH-19
1800.0000 3400.0000 598, 7000 0.0 0.0 0.0 0 0 ~SLH-20
1800.0000 3000.0000 588.2000 0.0 0.0 0.0 0 0 SLH-21
3 S ok feokokok ke ok ook ke e END PLOTTER TAPE BLOCK NUJHBER kkkdk hdkdkk ok kdkgokkkkhg ] ]
® cnte 1800.0000 2600.0000 594,2000 0.0 0.0 0.0 0 0 SLH-22
CNTL 1630.0000 4000.0000 592.2000 0.0 0.0 0.0 0 0 SLH-23
CONTL 1400.6000 4200.0000 531.6001 0.0 0.0 0.0 0 0 SLH-24
® cn1L 1400.0000 3800.0000 595.6001 0.0 0.0 0.0 0 0 SLH-25
CNTL 1400.0000 3400. 0000 593, 5000 0.0 0.0 0.0 0 0 SLH-26

® ¢ 6 & &6 o &6 & o & O & 6 6 6 O o 6 © o & o



ENTRY PUINT= 0OOIICETS R

CNTL 1400.0000 3000.0000 589.5000 0.0 0.0 0.0 6 0 sSLH-27
® coatL 1200.0000 4000.0000 589. 8000 0.0 0.0 0.0 0 0 SLH-28
CNTL 1000.0000 4200.00u0 583, 0000 0.0 0.0 0.0 0 0 SLH-29
CNTIL  1000.0000 3800.0000 586.3000 0.0 0.0 0.0 0 0 SLH-30
® s&nD 61 CONTROL POINTS
DATMIN = 0.57919995E+03DATMAX = 0,62230005E+03
PHS4
oKIP  0.020 o
BULD 4.000
BLEY 5.000 . R .
® 5ROk
CEND
Fkgokdokk kAR kkkkkE¥ k% END PLOTTER TAPE BLOCK NUMBER DR ERFEREREFFRBH AR T
. .
TIHUSG0T EXECUTION TERMINATING DUE TO ERROR CUUNT FOR ERROR NUMBER 217
@ (AC2I71 FIUCS = END OF DATA SET ON UNIT 5
TRACFRACK “RUUTINE —CALLED FROMISN REG. 1% REG IS REG. U REGS T
o
o I18CCM CO11I59A0 $01292D%  0ODCUO001 00115508
. T ) TONTCTL 4211F91C VOUTIBSAE0  L5D5044C QOUOL OOV
) MLl 6 Zi1iDUBA DOTITF6L 0™ UUui13EuUDV UL ILEEL
®
MATHN UU033920 O0LICE78 ~O0TFC928 O01L14FF8
®
®
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27 March 198k

TENNESSEE VALLEY AUTHORITY
DATA SERVICES BRANCH
AND MAPPING SERVICES BRANCH

WIDOWS CREEK STEAM PLANT
FORCED OXIDIZED SCRUBBER SLUDGE
DISPOSAL AREA
FOUNDATION EXPLORATION
SPLIT SPOON HOLES

Ala. East
Hole Coordinates
8s-1 X=  526,658.34
= 1,600,771.69
85-2 =  526,64L.33
= 1,601,171.98
85-3 =  526,680.33
= 1,601,571.49
SS~4 = 526,74hk.23
@ = 1,601,830.5k
S5-5 =  527,145.68
: = 1,601,924.53
85-6 = 527,547.51
= 1,602,043.51
SS-7 =  527,823.46
= 1,602,104.39
s55-8 = 528,150.67
= 1,602,249.49
S5-9 = 528,452.39
= 1,602,360.1k
85-10 = 528,6L7.7h.
= 1,602,137.87
S5-11 X=  523,664.83
= 1,601,856.7k
55-12 = 528,710.09
. = 1,601,541.01

S5-172 X=  528,656.50
et el s e 0 Y20, 601,301.80:
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‘ Ala. East
Hole Coordinates
S8-1k X= 528,459.69
Y= 1,601,100.17
S58-15 =  528,230.98
= 1,600,906.03
$5-16 . = 528,002.28
= 1,600,711.89
§5-17 X=  527,773.57
. Y= 1,600,517.75
85-183 = 527,544 .86
= 1,600,323.61
S8-19 = 527,122.29
= 1,600,36L.71
S5-20 X=  526,931.31
= 1,600,967.63
5s-21 X=  526,943.30
‘ = 1,601,767.5_5
§5-22 = 526,531.36
= 1,600,973.62
| 88-23 = 526,537.35
= 1,601,373.58
ss-2h , =  526,543.35
Y= 1,601)773-5)-{-
8325 X= 526,749.32
= 1,602,170.50
S8-26 =  527,149.28
= 1,602,164.51
85-27 X=  527,615.73
Y= 1,602,257.52

85-28 = 527,95L.07
Y= 1,602,477.46

55-29 ¥=  528,355.15
' = 1,602,546.45

20 X=  528,687.60
: ' Y= 1,602,530.21

35-321 X=  528,9Lk6.07
Y= 1,601,937.51
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Ala. REast
‘ Hole Coordinates

S8-32 X=  528,940.07
Y= 1,601,537.56
$5-33 "X=  528,731.10
= 1,600,940.6k4
5S-3L4 =  527,325.26
= 1,600,561.68
85-35 = 527,128.29
= 1,600,764.65
85-36 = 527,528.24
= 1,600,758.66
S5-37 =  527,331.26
= 1,600,961.63
85-38 = 527,731.22
= 1,600,955.63
’ $5-39 =  527,134.80
. = 1,601,199.63
s8-40 ' =  527,534.23
= 1,601,158.62
SS-hi = 527,934.18
= 1,601,152.62
gs-h2 A , = 527,737.22
' = 1,601,355.59
S8-43 X=  528,137.16
= 1,601,349.59
SS-Lk = 527,540.24
= 1,601,558.58
85-k5 = 528,3L41.65
= 1,601,6L6.56
SS-46 X=  527,54L.21
= 1,601,823.54




Hole

58-50
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Ala. East
Coordinates

X=  526,925.31
Y= 1,600,567.67

A9




Point
PAH-1
PAH-2
PAH-3
PAH-4
PAH-5
PAH-6
PAH-7
PAH-8
PAH-9
PAH-10
PAH-11
PAH-12
PAH-13
PAH-14
PAH-15
PAH-16
PAH-17
PAH-18
PAH-19
PAH-20
PAH-21
PAH-22
PAH-23
PAH-24
PAH-25
PAH-26
PAH-27
PAH-28
PAH-29
PAH-30
PAH-31
SLH-1
SLH-2
SLH-3
SLH-4
SLH-5
SLH-6
SLH-7
SLH-8
SLH-9
SLH-10
SLH-11
SLH-12
SLH-13
SLH-14
SLH-15
SLH-16
SLH-17
SLH-18
SLH-19
SLH-20

Northing Easting

1601352
1601352
1601352
1601352
1601352
1601352
1601752
1602152
1601752
1601752
1602152
1602152
1600952
1600552
1600152
1600952
1600552
1600152
1599752
1600952
1600952
1600552
1600552
1600152
1600152
1599752
1599752
1599352
1600952
1600552
1600152
1602552
1602352
1601952
1601552
1601152
1602352
1601952
1601552
1601152
1600752
1601952
1601552
1601152
1600752
1600352
1602152
1601752
1601952
1601552
1601152

526730
527130
527530
527930
528330
528730
528730
528730
528330
527930
528330
527930
526730
526730
526730
527130
527130
527130
527130
527530
527930
527530
527930
527530
527930
527530
527930
527530
528330
528330
528330
528730
528530
528530
528530
528530
528130
528130
528130
528130
528130
527730
527730
527730
527730
527730
527530
527530
527330
527330
527330

T.O.R
600.7
594.9
602.2
609.6
615.2
589.6
611.8
618.2
611.3
607.7
609.4
600.2
596.3
594.9
591.7
599.5
595.3
596.6

591
603.3
596.7
594 .1
585.2
599.4
601.1
589.1
606.3
606.4
585.2
596.1
622.3
607.2
608.1
610.1

602
593.8
598.6
601.9
608.2
600.5
589.3
600.3
600.4
595.6
587.9
579.2
593.9
599.4
593.6
598.6
598.7



SLH-21
SLH-22
SLH-23
SLH-24
SLH-25
SLH-26
SLH-27
SLH-28
SLH-29
SLH-30

1600752
1600352
1601752
1601952
1601552
1601152
1600752
1601752
1601952
1601552

527330
527330
527130
526930
526930
526930
526930
526730
526530
526530

588.2
594.2
592.2
591.6
595.6
593.5
589.5
589.8

583
586.3
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EVALUATION OF ENGINEERING PROPERTIES AND WET STACKING
DISPOSAL OF WIDOWS CREEK FGD GYPSUM-FLY ASH WASTE

by

John E. Garlanger, Ardaman & Associates, Inc., Orlando, Florida
Sal H. Magliente, Tennessee Valley Authority, Chattanooga, Tennessee
Thomas 8. Ingra, Ardaman & Associates, Ine., Orlando, Florida
James L. Crowe, Tennessee Valley Authority, Chattanooga, Tennessee

ABSTRACT

Wet stacking of by-product gypsum has been practiced by the phosphate
fertilizer industey for more than 25 years. The ability to use wet stacking for
disposal of flue gas desulfurization (FGD) gypsum was first demonstrated during
an Electric Power Research Institute sponsored project on Chiyoda Thoroughbred
121 FGD gypsum produced at the Scholz Electric Generating Station of Gulf
Power Company in Sneads, Florida. Wet stacking of FGD gypsum containing fly
ash, however, has not been previously demonstrated. Accordingly, as part of an
overall project investigating various FGD waste disposal alternatives, the
Tennessee Valley Authority constructed a pilot-seale wet stacking disposal facility
to evaluate the feasibility of wet stacking FGD gypsum-fly ash waste produced at
the Widows Creek Steam Plant in Stevenson, Alabama. Operational experience
and results from geotechnical laboratory testing performed on the waste are
presented. The results indicate that although the Widows Creek FGD gypsum-fly
ash had settling, dewatering, and structural characteristics not as favorable for
stacking as phosphogypsum or CT 121 FGD gypsum, they were adequate for wet
stacking. Therefore, the project findings should extend the ability of the utility
industry to employ wet stacking disposal to facilities which also use FGD/forced
oxidation systems as the primary particulate removal process.



INTRODUCTION AND OVERVIEW OF WIDOWS CREEK STEAM PLANT

The Tennessee Valley Authority (TVA) has been developing scrubber operating
and waste disposal experience with limestone flue gas desulfurization (FGD)
systems via a series of demonstration projects on Unit 8 of the Widows Creek
Steam Plant in Stevenson, Alabama (1) (2) (3). Unit 8 is a coal-fired 550-MW
boiler which became operational in 1964, and is the newest of eight coal-fired
units at Widows Creek. With its sister unit, Unit 7, it occupies a separate
powerhouse about one-quarter mile from the powerhouse containing Units 1
through 6. The aggregate capacity of the eight units is 1,950 MW. A schematic
site plan of the Widows Creek Steam Plant is shown in Figure 1.

WiDOWS CREEK
/ NEW ASH DIBPOSAL POND

EXISTING ASH DISPOSAL
AREA FOR UNITS I-8

SWITCHY ARD 4

POWERKGUSE
UNETS T &8

UMIT 8 SOLIDS
DISPOSAL POND

LIMESTGRE
JNLO&DING POIN

POWERHIUSE

UNITS 16 \ i

L

VAT B SCRUSBING SYSTEM

PUMPING BTATION

Tl mr
POND RECYCLE WATER S =i S0y
PUMPING STATION

LIMESTONE OE£a0 STORAGE AREA
LIMESTONE GRINDING AREA

TERNESSEE RWER
P

Figure 1. Widows Creek Steam Plant Site Plan.

Various landfilling methods involving dewatering, stabilization, and fixation
of FGD calcium sulfite wastes produced by Unit 8 have been studied by TVA.
Primary among these studies was the use of dry fly ash for stabilization of
dewatered FGD calcium sulfite waste and landfill disposal. This methodology did
not appear feasible for Unit 8, because insufficient dry fly ash was available for
stabilization.

Subsequently, one of the four modules of the Unit 8 FGD system was modified
to permit forced oxidation of caleium sulfite to caleium sulfate (gypsum), which is
a waste considered more suitable for disposal. As part of an evaluation of various
disposal alternatives for FGD gypsum-fly ash waste, a wet stacking disposal
demonstration project was initiated. Gypsum produced as a by-product at
phosphate fertilizer plants, i.e., phosphogypsum, is disposed of using the wet
stacking method, and hence it was anticipated that FGD gypsum-fly ash waste
could also be disposed of using the wet stacking method.



boiler. One FGD train is connected to each of the four flue gas ducts from the
boiler. A schematie illustration of the Unit 8 FGD scrubber system is presented in
Figure 2.

As shown, the FGD scrubber consists of an adjustable throat venturi followed
by a grid-type absorber spray tower. For the forced-oxidation demonstration
project, the D train was modified to allow forced oxidation of the scrubber sludge
by installing air-sparging and turbine agitation equipment in the D train absorber
and venturi circulation tanks.

The forced oxidation of caleium sulfite to caleium sulfate requires: aeration
of the scrubber slurry in the absorber and venturi ecirculation tanks at atmospheric
pressure; and maintaining a suitable pH in the slurry at the point of air
introduction. Since the scrubber was also used as the primary particulate removal
system, the resulting waste was a combination of calcium sulfate and fly ash.
Unreacted limestone and unoxidized calecium suifite also occurred within the
waste,

Aeration in the absorber and venturi circulation tanks was provided by four
serew type diesel air compressors. The compressors were rated at 1,600 acfm and
100 psig at the outlet. Air flow to the absorber and venturi circulation tanks was
controlled by a rubber pinch valve at the inlet to the tanks. The venturi
circulation tank was 18 feet in diameter and 25 feet high with a working capacity
of 40,700 gallons (Figure 3). The absorber circulation tank was 33 feet in
diameter and 25 feet high with a working capacity of 147,000 gallons (Figure 3).

b

5 FEET t8 FEET
i, —— 8= - pia,
25 PEET
DEEF
AGITATOR
25 FEET ra e~ AGITATOR
BAFFLE BAFFLE
& (rreo TP
AIR SPARGE|
[ } Rino
%J" N i
SPARGE RING
ABSORBER CIRCULATION TANK VENTURI CIRCULATION TANK

Figure 3. Absorber and Venturi Circulation Tanks.

Normally, only two compressors were needed for complete oxidation, with the
other two compressors serving as standby units. The compressed air was
distributed within the absorber and venturi circulation tanks by means of a sparge
ring (Figure 4) consisting of a perforated annular duct surrounding the agitator
impeller, The sparge rings were held above the tank floor by supports welded to
the floor.

The turbine agitators installed inside and directly above the sparge rings in
the absorber and venturi tank, respectively, were significantly larger than
standard circulation tank agitators to enhance mixing. The bladed turbine



ash waste produced at Widows Creek, a laboratory testing program was performed
to characterize the engineering properties of the waste relevant to wet stacking
disposal, and to provide properties for use in the design of a full-scale facility
{4). The chemical composition, crystal morphology, and physical characteristics
of the waste are first addressed. Specific engineering properties regarding
settling, conseolidation, permeability and shear strength are subsequently
discussed.

CHEMICAL COMPOSITION AND CRYSTAL MORPHOLOGY

The chemical compositon of a FGD gypsum-fly ash waste is expected to
influence its engineering properties. Generally, the presence of caleium sulfite,
due to reduced oxidation levels, inhibits dewatering, decreases settling rates,
increases compressibility, and decreases permeability and shear strength.
Further, high fly ash content wastes are expected to be less suitable for wet
stacking than those higher in gypsum content.

During operation of the scrubber facility, the chemical composition of
gypsum~fly ash solids within the venturi bleed stream was typically determined
three times daily. The chemical composition of the venturi bleed stream solids
was characterized by the following average constituents:

® 41% gypsum @ 139 limestone
@ 43% fly ash @ 0.7% sulfite

As shown, the chemical composition was characterized by essentially equal
weights of gypsum and fly ash with 13% unreacted limestone and 0.7% unoxidized
ealejum sulfite. The low calcium sulfite content resulted from the high average
degree of oxidation achieved of 97.9%. The fly ash content never decreased below

40 3m

Figure 5.  Scanning Electron Photomicrograph of FGD
Gypsum-Fly Ash Waste.



limestone, with the gypsum, fly ash and unoxidized caleium sulfite phases
oceurring within the minus 74 um size fraction.

The particle size distribution is similar to that previously reported for Widows
Creek gypsum-fly ash waste (5), and is also consistent with particle size
distributions typically reported for FGD gypsum (6)7) and fly ash (6).

The specific gravity of the gypsum-fly ash waste was determined to vary
from 2.34 to 2.93 with an average of 92.50%0.14. This average value is in general
agreement with the specific gravity of 2.46 reported for a waste with 25% gypsum
and 75% fly ash (7) and 2.29 reported for a waste with 55% gypsum, 20%
limestone, 25% fly ash, and 1% calcium sulfite (5). For comparison, the specific
gravity of the various minerals within the waste are: gypsum {2.33); caleium
sulfite (2.50); magnetite (5.18); hematite (5.25); calcium carbonate (2.70);
magnesium earbonate (2.85); and quartz (2.66). A much higher specific gravity is
calculated using the mineral specific gravities and the weight percent of each
mineral within the waste. The measured average gypsum-fly ash waste specific
gravity of 2.50, however, is consistent with the expected value using a fly ash
specific gravity of 2.50 as often reported. The fly ash speecific gravity is typically
lower than its constituent mineral specific gravities, due to the "porous" nature of
the spheres.

SEDIMENTATION CHARACTERISTICS

Settling tests performed on the venturi bleed stream solids indicated that the
settling rate, Q, varied from a minimum of 0.32 em/min, for a poor level of
oxidation (62.9%), to a maximum of 4.8 em/min with an overall average of 3.0
em/min., The effect of oxidation of solids on the settling rate is presented in
Figure 7. As expected, although the data are limited, the settling rate decreases
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markedly below an oxidation level of approximately 80% when the calcium sulfite
content exceeds about 3% (Figure 8).



approximately 1.5 em/min rather than 3.0 em/min, and a "final" setiled solids
content of 58% rather than 63.5%.

Correlations between gypsum and fly ash content with settling rate and
"final" settled solids content were attempted. No definitive correlations were
apparent. As shown in Figure 10, however, weak trends of decreasing seftling rate
and decreasing "final" settled solids content with increasing fly ash content were
observed.

COMPRESSIBILITY AND CONSOLIDATION CHARACTERISTICS

The void ratio, e, (or solids contents) versus effective vertical consolidation
stress, 6\!(:’ curve developed for the FGD gypsum-fly ash waste from the slurry-
congolidation and settling tests is presented in Figure 11. As shown, the void
ratio, e, ranges from 1.3 (8=65.9%) at low effective stresses typical of self-weight
consolidation stresses existix&g after sedimentation, to 0.80 (8=75.8%) at an
effective stress of 4.0 kg/em® whieh corresponds approximately to the effective
stress existing at the base of a 150-foot high stack. The compression ratio, or
slope of the void ratio versus effective stress curve expressed in terms of strain is
approximately 0.05 between stresses of 0.01 to 1.0 kg/em®. Comparatively, this
compression ratio is similar to_that expected for a loose sand. At low stresses
between 0.001 to 0.01 kg/cmz, i.e., below less than 1 foot of material, the
material is relatively more compressible, with a compression ratio of 0.14.
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Figure 11. Void Ratio Versus Effective
Stress Compressibility Curve.

Typically, FGD gypsums consolidate quickly under self-imposed or externally
applied loads. Following consolidation, drained creep or secondary compression
ocecurs resulting in slight increases in dry density with time at a given effective
stress, The Widows Creek FGD gypsum~-fly ash waste was also found to consoli-
date quickly wi‘t%w representative coefficients of consolidation, ¢_, in the range of
0.01 to 0.10 em“/sec. For comparison, low to high plasticity clays typically have
coefficients of consolidation in the range of 0.001 to 0.0091 cm*“/sec.
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Stress-strain curves for Widows Creek FGD gypsum-fly ash waste from three
consolidated drained triaxial tests performed on undisturbed samples recovered
from the pilot-scale stack are presented in Figure 14. The test samples displayed
pre-shear solids contents, S, of
71.29% to 74‘]3%, dr‘y densitief?, Yd’ SOLIDS CONTENT, ${%) FOR Gg=2.5!
of 78.2 Ib/ft’ to 84.0 b/ft° and ek ] o
were isotropically consolidated
under effective confining gtresses,
G,, of 0.5 to 3.0 kg/em®. The
samples display similar behavior
mobilizing peak strengths at axial
strains, €, of 6.7% to 11.5% and
displaying slight strain softening
behavior or decreases in strength
with additional strain. Volume
change  measurements  during
drained shear indicate that the
samples initially compressed (i.e.,
positive volume change), prior to
a slight inerease in volume at
large strains. Figure 13. Dry Density Versus
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WET STACKING OF GYPSUM IN THE
PHOSPHATE FERTILIZER INDUSTRY

Wet stacking of by-product gypsum, i.e., phosphogypsum, has been practiced
by the phosphate fertilizer industry for more than 25 years., In Florida alone,
more than 21 million tons of phosphogypsum are disposed of annually using the wet
stacking method. The resulting gypsum stacks are typically large (50 to 300
acres), structurally stable stockpiles reaching heights greater than 100 feet. A
gypsum stack located near Bartow, Florida is shown in Tigure 15.

DESIGN CONSIDERATIONS

Wet stacking as performed by the phosphate fertilizer industry uses the
upstream method of construetion. In this method, illustrated in Figure 186, an
earthen starter dike is first constructed to form a sedimentation pond and
stacking area. Gypsum is pumped to the sedimentation pond in slurry form,
usually at 15 to 20 percent solids, and allowed to settle and drain to approximately
60 to 70 percent solids. Process water is decanted and refurned to the plant.
Once sufficient gypsum sediments within the pond, the gypsum is excavated with a
dragline to raise the perimeter dikes of the stack. The cast gypsum is then shaped
to form a road on the crest of the dike using a bulldozer. The process of
sedimentation, excavation, and raising of the perimeter dikes continues on a
regular basis during the active life of the stack.

Using the upstream method of construction, some gypsum stacks have
reached heights exceeding 100 feet with slopes as steep as 1.5 horizontal to 1.0

12



Figure 15. Phosphate Fertilizer Plant Gypsum Stack Near Bartow, Florida.

It is possible to operate a gypsum stack so the coarser material is deposited
around the perimeter of the stack while simultaneously providing sufficient
retention time for the finer particles to settle within the interior of the stack.
This is accomplished by using an elevated ditch to carry the gypsum around the
periphery of the staeck and to create a ponded area within the interior of the
stack. This concept is shown schematically on Figure 17,

STARTER DIKE

CAST GYPSUM PERIMETER
DIKE(I5t LIFT)

~— CAST GYPSUM PERIMETER

DIKE (204 LiFT)

o
SIS GAST GYPOUM PERIMETER
DIKE (374 LIFT)

Figure 16. Upstream Method of Gypsum Stack Construction.
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It is not common to provide erosion protection on the outside slope of a
gypsum stack. Experience indicates there is essentially no erosion of the slope
from rainfall, and dusting has not been a significant problem, If long-term
maintenance and reclamation require the slopes be grassed, it may be expedient to
flatten the slopes to 2.5 horizontal to 1.0 vertical or flatter as the staek is
raised. These flatter slopes will generally hold topsoil cover and can be
maintained using conventional equipment.

Gypsum stacks within the phosphate fertilizer industry are generally built as
steeply as possible so that the storage capacity of the stack is maximized. If an
average slope flatter than the angle of repose is required for stability, the
perimeter dikes are generally offset from the outer perimeter as shown in Figure
19 to form benches in the slope. The excess material can be removed with a
dragline to provide a uniform slope.

The wet stacking method of waste disposal was also demonstrated for FGD
gypsum during operation of the Chiyoda Thoroughbred 121 Serubber at the Scholz
Electric Generating Station of Gulf Power Company in Sneads, Florida (8). A pilot
scale gypsum stack similar to those wused in the phosphate industry was
successfully construceted (Figure 20) at Plant Scholz using the essentially pure
gypsum produced by the CT 121 process.

EVALUATION OF WET STACKING DISPOSAL OF
WIDOWS CREEK FGD GYPSUM-FLY ASH WASTE

Gypsum-~fly ash waste was initially discharged into a 1.0-acre disposal area at
Widows Creek on November 15, 1982 and continued intermittently through August
4, 1983. During this time, the serubber was operational for 70 days and sufficient
waste was provided to raise a 0.3-acre stack to a height of about 10 to 12 feet.
The venturi bleed stream solids
content varied considerably during
operation of the scrubber from a
minimum of 1.6% to & maximum of
15.7%, with an average of 8.1%.
- Based on an average venturi bleed
stream solids content of 8.1%,
average venturi bleed stream flow
rate of 100 gal/min and 70 days of
serubber operation, an estimated
3,600 tons of waste were deposited
within the disposal area. Waste
deposited within the disposal area
was characterized by approximately
equal portions of gypsum and fly ash
with average constituent contents of
42% gypsum, 43% fly ash, 13%
unreacted limestone and 0.7%
unoxidized calcium sulfite. Figure 20. CT-121 FGD Gypsum

Stack,
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horizontal to 1.0 vertical. Below the line of seepage the slopes were flat and
sloughing of the cast slope immediately above the line of seepage was observed.
The use of relatively flat slopes at the toe of the stack or an internal drain may be
necessary to prevent similar conditions in a full-scale faecility.

Figure 23. Completed Cast Gypsum Fly Ash Perimeter Dike.

In a full-scale wet stacking disposal facility some of the handling problems
encountered during the demonstration project may be minimized by the use of an
elevated rim diteh along the perimeter of the stack. Rehandling of the waste
during casting, however, may still be required. The ability to allow drying/
dewatering periods of 30 days in the rim diteh and/or pond prior to raising the
stack should be considered in the
design of a stack. Further, the
stacking  characteristics are
sensitive to the fly ash and
caleium sulfite content,
Accordingly, gypsum-fly ash
waste should be produced with a
minimum amount of fly ash and
calcium  sulfite, Based on
experience at Widows Creek, fly
ash contents should be
maintained less than 40% and
caleium  sulfite contents less
than 19%. Improvement in the
stackability of the gypsum-fly
ash waste will result if the fly
ash and caleium sulfite contents
are minimized and the gypsum
content maximized. Figure 24. Completed Cast Gypsum

Fly Ash Perimeter Dike,

The work described in this paper was prepared by Ardaman & Associates, Inc.
(Ardaman), and the Tennessee Valley Authority (TVA). Neither Ardaman, TVA,
nor any persons acting on their behalf: make any warranty or representation,
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CONCEPTUAL DESIGN RECOMMENDATIONS
FOR CONSTRUCTION ARD MANAGEMENT OF THE
WIDOWS CREEK FGD GYPSUM-PLY ASH
WASTE DISPOSAL FACILITY

Introduction

The recommendations presented herein are for use in the conceptual design of the
proposed Widows Creek flue gas desulfurization (FGD) gypsum-fly ash waste
disposal facility., The recommendations are based upon the results of field
observations and laboratory testing performed during construction and operation
of a 0.3-acre, 12-foot high pilot-scale stacking facility at Widows Creek; and
experience with phosphogypsum stacking facilities in the phosphate fertilizer
industry. The recommendations are not based upon detailed seepage, stability,
water and material balance, ete. analyses, which are required for final design.

Waste Generation

Forced oxidization flue gas desulfurization serubbers are scheduled for installation
on Units 7 and 8 of the Widows Creek steam plant in Stevenson, Alabama. The
combined eapacity of the two units is 1100 megawatts (MW).

Gypsum-~fly ash waste for the fullwseale facility is projected by TVA to be
generated at the following rates:

Slurry Solids Flow Rate Gypsum-~Fly Ash

Unit Content (%) (gal/min) Waste {tons/day)
7 17 2200 2500
8 14 2800 2570
Combined 15 . 5000 5070

Note, that based on the pilot plant operation using one of the four paralle! FGD
trains on Unit 8, that an average slurry solids eontent of only 8% was achieved at
a flow rate on the order of 100 gal/min. Accordingly, based on pilot plant
operation a similar average slurry solids content of 8% at a flow rate of about 400
gal/min would be expected for all four Unit 8 FGD trains. The selected Unit 8
design slurry solids econtent of 14% and flow rate of 2800 gal/min, therefore, is
substantially higher than indicated by the pilot plant operation.

Using the design parameters, the serubber is projected to generate 1,850,000 tons
of gypsum-fly ash waste per year at a 100% capacity factor. For the next 12
years the best available TVA estimates indicate a capacity factor of
approximately 60%, resulting in 1,110,600 tons of gypsum-fly ash waste generated
per year. For the conceptual design recommendatlons contained herein, a slightly
higher capacity factor of 82% was used, corresponding to 300 days of operation
per year and 1,517,000 tons of gypsuin-fly ash waste generated per year.



Engineering Properties and Practicsl Implications

Based on field and laboratory investigations of the engineering properties of the
Widows Creek FGD gypsum-fly ash waste performed during operation of the pilot-
scale stacking facility, the following engineering properties are recommended for
design considerations relating to construction and management of a full-scale wet
stacking disposal faecility.

Physical Characteristics

The Widows Creek FGD gypsum-fly ash waste was predominantly a non-plastic
silt-sized material with a range of 64 to 100% and an average of 76% of the
particles finer than the 74 um size (Figure 1), and less than 10% finer than the 2
um size. The specific gravity was determined to vary from 2.34 to 2.93 with an
average of 2.50. Since the waste contains hydrated minerals (i.e., CaS04'2H,0
and CaSO:;‘%HzO) a drying temperature range of 40°C to 50°C was used for
evaluating moisture content and dry density.

Chemical Composition and Effects on Engineering Properties

Overall, the chemical composition of the Widows Creek FGD gypsum-fly ash
waste generated during the pilot-scale test program was characterized by the
following average constituents:

41% gypsum
43% fly ash
13% limestone
0.7% sulfite

® 99 &

Large deviations from these averages occurred, with fly ash contents ranging from
27 to 76%, gypsum contents ranging from 6 to 62% and limestone contents ranging
from 0.3 to 42%. Caleium sulfite contents ranged from 0.2 to 12.9%, although
78% of the tested samples displayed sulfite contents of 0.0 to 0.5%. A slightly

lower fly ash content and slightly higher gypsum content is being projected by
TVA for the full-scale facility. ‘

Generally, the test data indicated that over the range found during the pilot-scale
study, the chemical composition of the waste had little effect on the
consolidation, permeability and shear strength properties of the gypsum-~fly ash
waste. Accordingly, the engineering properties recommended below are
applicable for gypsum-fly ash waste produced with & chemical composition within
the range found during operation of the serubber for gypsum, fly ash and limestone
contents, and for caleium sulfite contents generally less than 1%. Improvements
in the engineering properties (i.e., increased shear strength and coefficient of
permeability) and stackability of the waste can be expected, however, by
minimizing the fly ash content. Caleium sulfite contents should also always be
maintained as low as possible to optimize the stackability of the waste.



Material and Water Balance Considerations

The dry density of sedimented gypsum-fly ash waste within a stack will increase
with depth. A minimum dry density of 88 lb/ft is expected at the surface,
increasing to a dry density of about 80 Ib/ft3 at a depth of 5 feef, to

approximately 86 Ib/ft” at a depth of 100 feet, and to approxignately 88 Ib/ftY at a
depth of 150 feet* with an overall average of about 85 Ib/ft° for a 150-foot high
stack.

Gypsum-fly ash waste below submerged ponds or the phreatic surface within the
stack will have a degree of saturation, S, of 100%. Essentially all of a ponded
stack, therefore, except the cast gypsum crest road and gypsum sbove the
phreatlc surface within the stack slope will be 100% saturated. For an average
gypsum~fly ash waste specific gravity of 2.50 and a dry density of 85 lb/ft3 the
free water moisture content fgr 100% saturation is 33.4%. The resulting average
total unit weight is 113.4 Ib/ft?7,

In summary, the following average properties are recommended for preliminary or
feasibility-type material and water balance caleulations for a 150-foot high stack.

Dry density, Y, = 85 1b/f13

Totsl saturated unit weight, ¥, = 113.4 1b/ft3
Moisture content, w_ = 33. 4%

Solids content, 8 = 75.0%

Degree of saturation, S, = 100%

e 6

Sedimentation Characteristies

Widows Creek FGD gypsum-fly ash waste will settle relatively quickly provided
oxidation levels are greater than 95% with corresponding sulfite contents
generally less than 1%. For oxidation levels greater than 95%, settling rates are
projected to range from about 2.0 to 3.0 em/min (Figure 2). For determining
minimum detention areas and times for clarification of decanted process water,
however, a lower value of 0.5 em/min is recommended to allow for settling of
finer particles within the waste.

The "final" settled solids content determined at the end of sedimentation
generally ranged from 64 to 68% (Figure 3). For a specific gravity of 2.50, these
settled solids contents correspond to dry den gitzes of 64.8 to 71.7 1b/ft° and total
saturated unit welghts of 101.3 to 105.4 Ib/ft”. Similar values can be expected for
sedimented waste in the wet stacking disposal area after sedimentation, but prior
to consolidation under subsequent layers of sedimented waste,

*Assuming pore pressures are hydrostatie, i.e., increase linearly with depth such
as occurs for a stack on a relatively impervious base,
**Where total unit weight, Yy = Y5 (1+w,).



Consolidation Characteristics

Following sedimentation, the gypsum~-fly ash waste will be moderately
compressible at the very low stresses of 0.001 to 0.01 kg/cm2 (Figure 4). At the
higher consolidation stresses which will exist below the upper few feet of the
sedimented waste, the compressibility will be lower, characterized by a
compression ratio, CR, of 0.05 which is similar to that of a loose sand.

Typically, FGD gypsums consolidate very quickly under self-imposed or external
applied loads. Following consolidation, drained creep or secondsry compression
oceurs resulting in slight increases in dry density with time at a given effective
stress. The Widows Creek FGD gypsum-fly ash waste was also found to
consolidate quickly with r%presentative coefficients of consolidation, ¢, in the
range of 0.01 to 0.10 em“/see. The one-dimensional coefficient of secondary
compressmn, Cq, governing the magnitude of drained creep or secondary
compression was characterized by an average value of 0.15%. This value is
relatively small and, hence, the effects of secondary compression may be
neglected in the design of the gypsum-fly ash stack.

Permeability and Seepage Analyses

Based on the measured coefficients of permeability of Widows Creek FGD
gypsum-fly ash waste (Figure 5), little variability is expected in the coefficient of
permeablhty within & 150-foot high stack. Typiecally, coefficients of permeablhtx
ranging from 3x10 ° cm/sec for sedimented gypsum-fly ash waste, to 1x10™
em/sec for gypsum~fly ash waste consolidated under an effective stress similar to
that at the base of 150-foot high stack are expected. For preliminary or
feasibility-type seepage analyses an overall representative average coefficient of
permeability of 2x10 ~ cm/sec is recommended. Variations from this average may
be expected where the gypsum-fly ash is generally coarser, such as near the slurry
discharge point, and where the gypsum-fly ash is generaily finer, such as neer
spillways.

Uniform sedimented gypsum-fly ash waste is expected to be isotropic with respect
to permeability., Due to the segregation of particle sizes which inherently oceurs
during any hydraulic disposal method, layering of the waste will occeur which may
result in anisotropic permeability. ’I‘he anisotropy ratio is not expected to be very

large and seepage evaluations may be performed using an isotropic coefficient of
permeability.

Vertical shrinkage cracks may increase the vertical permeability, ky, relative to
the horizontal permeability, ky,, on a macro field scale. The effect of shrinkage
eracks on the macroscopic permeability of the gypsum-fly ash stack are difficult
to quantify in seepage evaluations. However, since the effects are likely to be
localized and since shrinkage eracks in the pond become at least partially filled
with sedimented material, the stack may be modeled as homogeneous and
isotropic with respect to permeability.



Shear Strength and Stability Anslyses

For effective-stress or drained stability analyses the following average peak shear
strength determined from laboratory triaxial tests on gypsum-fly ash waste
(Figure 6) and predicted average in situ density are recommended for preliminary
and/or feasibility type stability analyses for the 150-foot high stack:

e Effective friction angle, & = 40°

® Effective cohesion, ¢ =0
& Total saturated unit weight, Y, = 113.4 Ib/1t3

Pield Observations of Pilot-Scale Wet Stacking Facility and Praectical Implications

The pilot plant Widows Creek FGD gypsum~fly ash stack was raised to a height of
12 feet using the upstream method of construction. Aeccordingly, it appears
feasible to use wet stacking for disposal of FGD gypsum-~fly ash waste provided
alternating compartments and rim ditehing are used to allow a period for drying
and desiceation prior to stacking.

During construction of the stack the pond was drained and a drying/dewatering
period of 7 to 53 days allowed prior to stacking. Even with the drying/dewatering
period, however, only coarser material near the inlet to the stack was easily
cast. Sedimented gypsum-fly ash waste further from the inlet was difficult to
cast and required considerable rehandling due to the tendency to slough and "run"
into a flat slope immediately after casting. At the end of the first few days of
construction the traffieability of the cast dikes was generally poor. In some
areas, the cast dike was not capable of supporting a light dozer. With continued
rehandling and drying/dewatering, the cast dikes were eventually satisfactorily
consiructed. Based on the results of in situ moisture content and density
determinations, it appears that drying/dewatering of the sedimented gypsum-fly
ash waste to a moisture content of 25% or less is necessary before the material
can lae easily cast and shaped into a trafficable starter dike. Dry densities of 85
Ib/ft” or greater can generally then be expected in the cast starter dikes.

The slopes of the cast starter dike after stacking were steep, generally 1.0
horizontal to 1.0 vertical, Below the line of seepage the slopes were flat and
sloughing of the cast slope immediately above the line of seepage was observed.
The use of relatively flat slopes at the toe of the stack or a toe drain may be
necessary to prevent similar eonditions in a full-scale facility.

The slope of the surface of the sedimented gypsum-fly ash waste was determined
after each filling period. The measured flow slope varied from 2 feet per 1000
feet after the initial filling to 8.5 feet per 1000 féet after the second filling, For
design, a flow slope of 6.5 feet per 1000 feet, as measured after the third filling,
is tentatively recommended until additional measurements are made on the full-
scale facility.

In a full-scale wet stacking disposal facility some of the handling problems
encountered during the test program may be minimized by the use of an elevated
rim diteh along the perimeter of the stack. Rehandling of the waste during



casting, however, may still be required. The ability to allow a drying/dewatering
period of at least 30 days in the rim diteh and/or pond prior to raising the stack
will be necessary and should be considered in the design of the stack. Further, the
stacking characteristics are sensitive to the fly ash and esleium sulfite content.
Accordingly, gypsum-fly ash waste should preferably not be produced for the full-
scale stack with an average fly ash content appreciably greater than about 40%
(i.e., greater than the average percentage produced by the pilot plant) or with an
average calcium sulfite greater than about 1%. Improvement in the stackability
of the gypsum-fly ash waste may result if the fly ash and ealecium sulfite content
can be reduced and the gypsum content inereased. If gypsum-fly ash waste is
occasionally produced with elevated fly ash or caleium sulfite contents during
short periods of time the waste can still be disposed of within the staeck, but
should be diverted into the interior of the pond rather than deposited within the
rim diteh.

Stack Management Considerations

Upstream Method of Construction

Based upon the results of the pilot-scale stacking projeet, it appears that the
Widows Creek FGD gypsum-fly ash waste is a suitable construetion material
allowing for storage to a level above the earthen embankments forming the initial
sedimentation pond. Once sufficient gypsum-~fly ash waste has settled in_the pond
against the earthen starfer dike, some of the settled gypsum-~fly ash waste ean be
excavated and stacked along the inside edge of the earthen dike with a dragline

and then shaped with a dozer to form subsequent starter dikes, This'is doné i
accordance with the upstream method of construction as schematically illustrated
in Figure 7. The cast dikes are typically raised 3 to 5 feet each lift. A minimum
crest width of 30 feet should be maintained to provide a trafficable road along the
top of the cast dike. The ditch formed on the upstream side of the earthen starter
dike along the stack perimeter will collect runoff, seepage and minor accidental
spills from the staek, and can also be used to return decanted process water from
the stack to the plant or surge pond.

Rim=-Ditehing

Management of the staeck can be improved if peripheral rim-ditching is used in
conjunction with the upstream method of construction as opposed to one-point
sturry discharge. Gypsum-fly ash slurry is made to flow in an elevated perimeter
rim-diteh around the stack perimeter with sluices cut through the inside bank of
the diteh through which the finer fraction of the gypsum-fly ash waste flows inte
the center of the pond, as schematically illustrated in Figure 8. Rim~ditehing
should provide coarse gypsum-fly ash waste along the perimeter of the stack
which is more suitable for starter dike construction from strength, seepage and
handling standpeints. It should be noted that with a rim-diteh, the gypsum-fly ash
slurry discharge line does not need to be moved laterally and only needs to be
raised vertically as the stack rises. If waste is occasionslly produced with an
elevated fly ash or caleium sulfite content, it should be diverted into the interior
of the stack rather than deposited in the rim diteh.



The flow slope that the gypsum-~fly ash waste was found to develop within the
pilot-scale stack varied widely from 2 feet per 1000 feet to 8.5 feet per 1000
feet. For conceptual design, a flow slope of 6.5 feet per 1000 feet is tentatively
suggested until additional measurements are made on the full-scale faeility.
Accordingly, when planning the distribution of gypsum-fly ash waste around the

stack within rim ditches, a slope of 6.5 feet per 1000 feet should be used for the
ditehes.

Prior to stacking gypsum-fly ash waste from the rim ditches, a drying and
dewatering period will be necessary. Based on observations at the pilot-scale
stack, a minimum period of 30 days should be allowed for in planning the
management of the stack.

Compartments

The stack should be divided into & minimum of two compartments. This allows for
raising the starter dikes of one compartment while the other is active for gypsum-
fly ash waste deposition. I needed, process water can be stored within the
interior ponded section of the compartment even while the rim ditches are drying
in preparation for raising of the cast starter dikes. To allow sedimentation of the
gypsum-fly ash waste to occur and to allow clarification of the process water, a
working depth of 1 to 3 feet of water should be maintained in the aective
compartment. A minimum freeboard of 3 feet should always be maintained
between the pond water surface within the stack and the cast perimeter dike.

Stack Slopes

A side slope of 3.0 horizontal to 1.0 vertieal (3.0H:1.0V) is tentatively projected
by TVA for the full-scale stack, During casting of the starter dikes via a dragline,
however, steeper slopes will result {i.e., 1.5H:1.0V). The slopes can be
subsequently reshaped after easting to 3.0H:1.0V using & dozer. The acceptability

of an overall average slope of 3.0H:1.0V must be verified with stability analyses
during final design.

Operating Eguipment

Once the rim-ditch system is well established, construetion of starter dikes can
proceed by using a dragline to excavate gypsum-fly ash waste from the rim-diteh
and a dozer to shape and compact the excavated material. Management of the
full-scale stack will require as a minimum a D6 dozer and a dragline with a 70-
foot boom and a 2 to 3 cubie yard bucket. Typically, 100 to 200 feet of starter
dike can be cast by one dragline in a day. A second dragline may become
necessary: if the waste must be substantially rehandled during casting; if drying
periods substantially longer than 30 days become necessary; or when the ratio of
stack perimeter to stack area becomes large such as near completion of the stack.

Decant Structures

Figure 9 presents a schematic illustration of the recommended stage decant
spillway system for use in decanting process water from the inner settling



compartment. The spillway box is typieally constructed of plywood and/or with
individual boards. Stainless steel fittings and fasteners are used in corrosive
environments. The discharge pipe is typically high density polyethylene. Seepage
shields (at least 2) are recommended for the section of pipe through the cast
perimeter dike. In this system, the intake spillway box and horizontal section of
the discharge pipe are removed and raised each time the spillway needs raising,
and an extension is added to the inclined section of the discharge pipe running
down the outside slope. Alternatively, a movable wood flume can also be used for
the inclined section. This spillway system is more advantageous than a fixed
vertical rise type structure because it can be easily repaired, relocated or
replaced, and is not subjected to inereasing pressure and potential piping as the
surface of the pond rises. The stage decant spillway system is economically
feasible when the intake spillway box is located close to the edge of the gypsum
stack. To improve management and operation of the pond it is recommended that
two spillways are installed in each settling compartment.

Schematic Layout and Operation

Stack Layout

A schematic layout of the approximately 144-acre wet stacking disposal facility
proposed by TVA is illustrated in Figure 10. As shown, the stack consists of a 61~
acre Phase I area and an 83-acre Phase II area. A 9-acre runoff sump and surge
pond is located along the west side of the Phase I area.*

A final stack height of 150 feet has tentatively been selected by TVA for
conceptual design. For the combined Phase I and II base area of approximately
144 acres and 3.0H to 1.0V overall side slope, the final top area is projected to be
approximately 50 acres. This area is adequate for sedimentation of gypsum-fly
ash waste and clarification of process water.

The total Phase I and II storage volume available in a 150-foot high stack is
approximately 14,860 acre-feet. For a projected average waste generation rate of
1,517,000 tons per yeay (based on a 82% capacity factor) and an average in situ
dry density of 85 Ib/ft", the stack will provide approximately 18 years of storage
capacity.** The stack, therefore, will rise at an overall average rate of about 8.3
feet per year, varying from about & feet per year for the 144-acre base area to
about 16 feet per year for the 50-acre final top area.

Stack Operation

Initially, we recommend that the Phase I area is divided into two approximately
30-acre ponds as schematically shown in Figure 11. Pond A should initially be

*Stack layout taken from TVA during number IOE231-01 titled "Coneceptual Plan -
Serubber Waste Disposal Area" dated February 24, 1983,

**At a capacity factor of 100%, the stack will provide approximately 15 years of
storage capacity.



filled with gypsum-fly ash waste to a depth of 5 to 8 feet. This is about the
minimum initiel depth practical to allow raising of the perimeter dike. For an
average depth of 6.5 feet and projected average waste production rate of 4,160
tons per day, approximately 82 days will be required to fill Pond A. Once Pond A
is full, a ditch can be excavated within the gypsum-fly ash waste to transport
slurry to Pond B. Pond A can then be left to dry for 30 days or until the waste is
sufficiently dry to allow casting of the perimeter dike as previously shown in
Figures 7 and 8. Including the divider dike, approximately 4800 linesl feet of dike
will be cast around Pond A. Assuming that 100 feet of dike are cast per day, 48
days will be required to raise the perimeter dike. Since approximately 82 days
will also be required to fill Pond B to an average depth of 6.5 feet, sufficient time
should be available for Pond A to dry and for the cast dike to be raised prior to
filling Pond B.

During the initial filling period the rim diteh around the perimeter of the stack
will not be fully developed. To transport slurry within the stack and to allow
deposition of coarser gypsum-~fly ash waste around at least part of the perimeter,
TVA proposes to construct a small internal earthen dike paraliel to and upstream
from the starter dike to form a "ditch" along part of the perimeter of the stack.
The use of this "diteh" during start-up will allow the deposition of coarser gypsum~
fly ash waste around at least part of the stack perimeter by breaching the internal
dike to divert the finer waste into the interior pond. We recommend that the
internal dike be located sufficiently upstream of the starter dike such that the
cast perimeter dike can be constructed as previously shown in Figure 7.
Accordingly, the internal earthen dike can be constructed at the location
schematically illustrated for the internal east dike in the second diagram on
Figure 7, The internal dike can then be raised simultaneously with the cast
perimeter dike using gypsum-fly ash to form the elevated rim ditch.

Once Pond B is filled, Pond A can ageain be used while Pond B dries and its
perimeter dike is raised. The initial use of two smaller ponds during Phase I
rather than only one pond is recommended to allow TVA to obtain operating
experience on an initially smaller ares; and because two ponds are considered
necessary so that one pond can be drying while the second pond is actively
receiving waste,

After the initial filling period and stacking in each pond, a rim diteh system should
be established to transport the slurry within the stack and to allow deposition of
coarser gypsum-fly ash waste around the perimeter for use in raising the dikes
{Figure 12). The rim ditches can be breached at any point to allow waste to flow
into the interior pond. The furthest spillway from the breach should be used to
decant clarified water. The rim ditches are needed along the perimeter of the
stack and slong et least one side of the divider dike. Two spillways are shown in
each pond In opposite corners to provide flexibility in operating the rim ditches
and sedimenting waste within the interior pond,

Phase I can be operated as two ponds for 1.5 to 2.0 years until the stack reaches a
height of about 25 feet. Prior to this time the Phase II area should be
constructed. Once the Phase II area is available, the stack ecan be divided into two
larger ponds of 61 and 83 areas as shown in Figure 13. Two spillways are
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recommended for each pond at opposite corners, and a rim diteh is shown around
the perimeter of the stack., Decanted process water can be returned to the surge

pond through the ditch along the toe of the stack on the upstream side of the
earthen starter dike,

Initially, the Phase II pond will require about 225 days for filling to an average
depth of 6.5 feet. For the approximately 5800 lineal feet of perimeter dike
surrounding the Phase II pond, about 58 days will be required to raise the
perimeter dike. Using a 30-day drying period and 58-day construction period, the
Phase I pond must be used for at least 88 days to allow raising of the Phase II
pond. Since over 100 days will be required to fill the Phase I pond sufficient time
will be available for each pond to be dried for a period of 30 days prior to raising
the perimeter dike. The two-pond layout shown in Figure 13 can be used until the
stack is completed. The location of the divider dike can be moved as the stack
rises to provide two similar size ponds.

Reclamation

For eompliance with regulatory agency requirements, TVA plans to reclaim the
facility with a soil and grass cover. Reclamation of the slopes concurrent with
construetion of the staek, however, is not recommended. Instead, reclamation
" should be performed after the facility is retired.

Monitoring

During initial operation of the faeility & monitoring program is recommended to
document the operational characteristics of the full-scale plant and stack, and to
measure engineering properties of the gypsum-fly ash waste for comparison to the
selected design parameters. The monitoring program should include investigation
of the following items:

@ Serubber Operational Characteristies

- Slurry solids content
- Slurry flow rate

® Stack Operational Characteristics

- Flow slope of waste

- Drying/dewatering time before waste can be cast

- Produetion efficiency of dragline to cast perimeter
dikes (i.e., feet per day)

& Engineering Properties of Waste

- Mineralogy

- Oxidation

- Settling rate

- Particle size distribution

- Settled solids eontent and dry density of sedimented waste

- Solids content and dry density of waste cast in perimeter dikes
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Additionally, undisturbed samples of both sedimented and cast gypsum-fly ash
waste should be obtained after the stack is in operation for laboratory triaxial and
permeability testing. As part of the field monitoring program, a system of
piezometers should also be installed in the stack and foundation for monitoring
pore pressures as the stack climbs.
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Figure 7. Schematic of Upstream Method of Gypsum Stack Construction
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‘SURGE POND

Figure 10. Schematic Layout of Wet Stacking Disposal Facility
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