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cm centimeter

cm/sec centimeter per second
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co
Co,
COD
CosS

CS,
CSM

Cup
CWA

dBA
dbh
DO
DOE
DSM
ECT
EEI
EIS
EIV
EMF
EMS
EPA
EPRI
°F

F.A.C.

FCC

LIST OF ACRONYMS
(Continued, Page 2 of 8)

carbon monoxide

carbon dioxide

chemical oxygen demand

carbonyl sulfide

cone penetration test

County Road

carbon disulfide

cubic foot per second per square mile
combustion turbine

Conditional Use Permit

Clean Water Act

degree

Shannon Weaver diversity index
A-weighted decibel

diameter at breast height

dissolved oxygen

U.S. Department of Energy
demand-side management
Environmental Consulting & Technology, Inc.
Edison Electric Institute
environmental impact statement
Volume of Environmental Information
electromagnetic field

emergency medical services

U.S. Environmental Protection Agency
Electric Power Research Institute
degree Fahrenheit

Florida Administrative Code

Federal Communications Commission
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FCG
FCREPA
FDACS
FDCA
FDER
FDER/PSES
FDHR
FDLES
FDNR
FDOT
FEECA
FEMA
FEPPSA
FGD
FGFWFC
FGS
FGT
FLUCCS
FLUCFS
FM
FNAI
FPC
FPSC

FR

F.S.

FSRI

ft

ft bls
ft/day

LIST OF ACRONYMS
(Continued, Page 3 of 8)

Florida Electric Power Coordinating Group

Florida Committee on Rare and Endangered Plants and Animals
Florida Department of Agriculture and Consumer Services
Florida Department of Community Affairs

Florida Department of Environmental Regulation

FDER Point Source Evaluation Section

Florida Division of Historical Resources

Florida Department of Labor and Employment Security
Florida Department of Natural Resources

Florida Department of Transportation

Florida Energy Efficiency and Conservation Act

Federal Emergency Management Agency

Florida Electrical Power Plant Siting Act

flue gas desulfurization

Florida Game and Fresh Water Fish Commission

Florida Geological Survey

Florida Gas Transmission Company

Florida Land Use and Cover Classification System

FDOT Land Use, Cover, and Forms Classification System
frequency modulation

Florida Natural Areas Inventory

Florida Power Corporation

Florida Public Service Commission

Federal Register

Florida Statutes

Florida Sinkhole Research Institute

foot

foot below land surface

foot per day
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ft2/day
f}/day
fe’/day/ft>
ft/ft
ft’/hr
ft-msl
ft-NGVD

gpm/ft
gpm/ft?
gr/scf
gr/100 scf
H,S
H,SO,
HGCU
HHV
HRSG
HUD
IGCC
IWTP
kg

km

kV
kV/m
kw

LIST OF ACRONYMS
(Continued, Page 4 of 8)

square foot per day

cubic foot per day
cubic foot per day per cubic foot

foot per foot

cubic foot per hour

foot above mean sea level

foot national geodetic vertical datum

full-time equivalent

General Electric Company

General Electric Environmental Systems, Inc.

gallon per day

gallon per minute

gallon per minute per foot

gallon per minute per square foot
grains per standard cubic foot
grains per 100 standard cubic feet
hydrogen sulfide

sulfuric acid

hot gas cleanup

higher heating value

heat recovery steam generator

Housing Urban Development

integrated coal gasification combined cycle

industrial wastewater treatment plant

kilogram
kilometer

kilovolt

kilovolt per meter

kilowatt
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kwh
LAER
Ib/day
b/t
Ib/hr
Ib/MMBtu

Lia

Leq
L,(24)
LHV
LOLP

LOS

LIST OF ACRONYMS
(Continued, Page S of 8)

kilowatt hour

lowest achievable emission rate

pound per day

pound. per cubic foot

pound per hour

pound per million British thermal units
day-night sound level

equivalent noise level

equivalent sound level for 24-hour periods
lower heating value

loss of load probability

level of service

logical reclamation unit

meter

square meter

maximum current rating

milligauss

milligram per liter

million gallons per day

square mile

milliliter

miles per hour

megavolt amperes

megawatt

National Audubon Society

National Environmental Policy Act of 1969
National Electrical Safety Code

National Emission Standard for Hazardous Air Pollutants

National Geodetic Vertical Datum

xTix G-TECPPSSCA.9/LOA 5—071492



NH,
NO,

NO,
NPDES
NSCR
NSPS

NSR

NTU

NWS

O,

OAQPS
organisms/m
PCB

pCi/L
persons,/mi,
PHX

PM

PMlO

2

POS
POTW

ppb
ppm
ppmv
ppmvd
PRECO
PSD
psia

psig

LIST OF ACRONYMS
(Continued, Page 6 of 8)

ammonia

nitrogen dioxide

nitrogen oxides

National Pollutant Discharge Elimination System
non-selective catalytic reduction

new source performance standards

New Source Review

nephelometric turbidity unit

National Weather Service

ozone

Office of Air Quality Planning and Standards
organisms per square meter

polychlorinated biphenyl

picoCurie per liter

persons per square mile

~ primary heat exchanger

particulate matter

particulate matter less than or equal to 10 micrometers
aerodynamic diameter

plan of study

publicly owned treatment works

part per billion

part per million

part per million volumetric

dry volume parts per million

Peace River Electric Cooperative
prevention of significant deterioration
pound per square inch absolute

pound per square inch gauge
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Pt-Co
PVC
QA/QC
R-1
RC
RCC
R.O.
RCRA
RMD
rpm
RRD
RV
SARA
SCA
scf
SCR
SCS
SF-1M
SIC
SMSA
SNCR
SO,
SO,
SOP
SPCC
SPT
SR

ST
stpd

LIST OF ACRONYMS
(Continued, Page 7 of 8)

platinum-cobalt

polyvinyl chloride

quality assurance/quality control
Residence

Rural Conservation

Rural-Cluster Center

reverse OSMOSIs

Resource Conservation and Recovery Act
Rural Mixed-Use Development
revolutions per minute

Rural Residential

recreational vehicle

Superfund Amendment and Reauthorization Act
Site Certification Application

standard cubic foot

selective catalytic reduction

Soil Conservation Services

Single Family-Mixed

Standard Industrial Classification
Standard Metropolitan Statistical Area
selective non-catalytic reduction

sulfur dioxide

sulfur trioxide

standard operating procedure

Spill Prevention, Control, and Countermeasure
standard penetration test

State Road

steam turbine

short-tons per day
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SUS
SWFWMD
TCLP
TDS
Texaco
tpd

tpy

TSP

TSS
UE&C
g/l
pg/m’
umhos/cm
US.C.
USACE
USFWS
USGS

vOC
WUP

LIST OF ACRONYMS
(Continued, Page 8 of 8)

Saybolt Universal seconds

Southwest Florida Water Management District
toxicity characteristic leaching procedure
total dissolved solids

Texaco, Inc.

ton per day

ton per year

total suspended particulate

total suspended solids

United Engineers & Constructors
microgram per liter

microgram per cubic meter

micromhos per centimeter

United States Code

U.S. Army Corps of Engineers

U.S. Fish and Wildlife Service

U.S. Geological Survey

Universal Transverse Mercator

volatile organic compound

water use permit

IRR G-TECPPSSCA .9/LOA 8071492



11.7.6 COOLING RESERVOIR--SURFICIAL AQUIFER MODEL



SURFICIAL AQUIFER AND
COOLING WATER RESERVOIR
GROUNDWATER FLOW MODEL

Prepared for:

TAMPA
I’I ELECTRIC

A TECO ENERGY COMPANY
Tampa, Florida

Prepared by:
-c-
Environmental Consulting & Technology, inc.
Tampa, Florida

ECT No. 90-263-0409

July 1992




Section

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

TABLE OF CONTENTS

INTRODUCTION

1.1 OBJECTIVES
1.2 BACKGROUND

COMPUTER MODEL
MODEL SETUP

3.1 MODEIL FRAMEWORK
MODELING APPROACH

4.1 INPUT AQUIFER PARAMETERS

4.1.1 SIMULATION OF MINING RELATED
FEATURES
4.12 HYDRAULIC CONDUCTIVITY
4.1.3 SATURATED THICKNESS
4.1.4 SPECIFIC YIELD/STORAGE COEFFICIENT
4.1.5 RECHARGE AND EVAPORATION
MODEL CALIBRATION AND VERIFICATION
5.1 CALIBRATION PROCESS
5.2 VERIFICATION PROCESS
5.3 ADJUSTMENT TO INITIAL CONDITIONS
MODEL PREDICTIONS
6.1 APPLICATION OF MODEL
MODEL RESULTS

7.1 PREDICTED WATER BALANCE DATA
7.2 PREDICTED IMPACTS FROM DEWATERING

DISCUSSION

CONCLUSIONS

[= =

11
13
13
15
15
15
18
18
21
21
22
22

22
24

25
61

61
61

62

64

1 G-TECPPSSCA.15/SAM.2—072692



TABLE OF CONTENTS
(Continued, Page 2 of 2)

Section Page
10.0 REFERENCES 65
APPENDICES

APPENDIX A-- CALIBRATED/VERIFIED MODEL GROUND-
WATER LEVEL FIGURES

APPENDIX B-- RECHARGEAND EVAPORATION SUPPORTING
DATA AND CALCULATIONS

APPENDIX C-- COOLING RESERVOIR AND GROUNDWATER
FLOW EXCHANGES

2 G-TECPPSSCA.15/SAM.3-072692



Table
1

2

LIST OF TABLES

Page
Calibration and Verification Statistical Error Analysis 23
Proposed Dewatering Schedule and Plan Summary 39

3 G-TECPPSSCA.15/SAM.4-072692



10
11
12
13
14
15
16
17
18
19
20
21

22

LIST OF FIGURES

Model Area

Location of Soil Profile

Soil Profile A-A’

Groundwater Flow Model Grid

Illustration of Mining Related Features

Modeled Hydraulic Conductivity Distribution

Modeled Saturated Thickness Distribution

January - Groundwater Levels [Water Balance Simulation]
February - Groundwater Levels [Water Balance Simulation]
March - Groundwater Levels [Water Balance Simulation]
April - Groundwater Levels [Water Balance Simulation]

May - Groundwater Levels [Water Balance Simulation]

June - Groundwater Levels [Water Balance Simulation]

July - Groundwater Levels [Water Balance Simulation]
August - Groundwater Levels [Water Balance Simulation]
September - Groundwater Levels [Water Balance Simulation]
October - Groundwater Levels [Water Balance Simulation]
November - Groundwater Levels [Water Balance Simulation]
December - Groundwater Levels [Water Balance Simulation]

Dewatering Units of Modeling Grid [Dewatering Simulation]

February 28, 1994 - Drawdown Levels [Dewatering Simulation]

March 31, 1994 - Groundwater Levels [Dewatering Simulation]

10

14

16

19

20

26

28

29

30

31

32

33

37

40

41

42

4 G-TECPPSSCA.15/SAM.5-072692



26
27

28
29
30
31
32

33

34

35
36
37

38
39

40

LIST OF FIGURES
(Continued, Page 2 of 2)

Page
March 31, 1994 - Drawdown Values [Dewatering Simulation] 43
July 31, 1994 - Groundwater Levels [Dewatering Simulation] 44
July 31, 1994 - Drawdown Values [Dewatering Simulation] 45
August 15, 1994 - Groundwater Levels [Dewatering Simulation] 46
August 15, 1994 - Drawdown Values [Dewatering Simulation] 47

September 15, 1994 - Groundwater Levels [Dewatering
Simulation] 48

September 15, 1994 - Drawdown Values [Dewatering
Simulation] 49

September 30, 1994 - Groundwater Levels [Dewatering
Simulation] 50

September 30, 1994 - Drawdown Values [Dewatering
Simulation] 51

October 31, 1994 - Groundwater Levels [Dewatering
Simulation] 52

October 31, 1994 - Drawdown Values [Dewatering Simulation] 53

February 28, 1995 - Groundwater Levels [Dewatering
Simulation] 54

February 28, 1995 - Drawdown Values [Dewatering Simulation] 55
March 31, 1995 - Groundwater Levels [Dewatering Simulation] 56
June 30, 1995 - Groundwater Levels [Dewatering Simulation] 57

September 30, 1995 - Groundwater Levels [Dewatering
Simulation] 58

December 31, 1995 - Groundwater Levels [Dewatering
Simulation] 59

March 31, 1996 - Groundwater Levels [Dewatering Simulation] 60

5 G-TECPPSSCA.15/SAM.6--072692



1.0 INTRODUCTION

This modeling effort was conducted in support of the Site Certification Application
(SCA) study underway for the Tampa Electric Company Polk Power Station. The
study is aimed at simulating various cooling reservoir designs to meet the groundwa-
ter flow and quality data requirements and regulatory requirements for assessing

potential impacts to the surficial aquifer.

L1 OBJECTIVES

The objects of this modeling effort were to use a numerical groundwater flow model
to provide information in support of designing the cooling water reservoir and
assessing potential dewatering/construction impacts. The overall goals included the
following:

1. Assess the monthly rates and volumes of groundwater flow into/out of the
cooling reservoir and assess the groundwater elevation impacts within the
surficial aquifer from the surficial aquifer upon full build out of the
Tampa Electric Company Polk Power Station; and

2. Assess the drawdown impacts and assist in determining pumpage rates
associated with the dewatering of the cooling water reservoir elevations to
a depth range between 119 to 120 feet National Geodetic Vertical
Datum (ft-NGVD) at the Tampa Electric Company Polk Power Station.

1.2 BACKGR D

The model area encompasses approximately 26 square miles (mi?) in the southwest
corner of Polk County (Figure 1). Three aquifers exist in the study area and include
the surficial aquifer system, the intermediate aquifer system, and the Floridan aquifer
system. For the most part, the surficial aquifer is an unconfined aquifer system
composed of marine and non-marine quartz sand, clayey sand, and phosphorite, with
occasional stringers of marl and limestone. This aquifer averages approximately
40 feet (ft) in thickness throughout the study area and is generally considered a

limited source for groundwater in the region. The surficial aquifer is generally in
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good hydraulic connection with the existing streams and tributaries throughout Polk

County.

Throughout southwest Polk County, a substantial amount of the surficial deposits and
aquifer have been impacted by surface, phosphate mining activities. In the study
area, mining activities have been occurring since the early 1900s. The results of the
mining activities include water filled mine cuts, return of tailing sands to pre-existing
mine cuts, and construction of clay settling ponds. The low permeability (<107 centi-
meters per second [cm/sec]) of the clay within the settling ponds would cause locally
semi-confined conditions for the underlying surficial aquifer and relatively
impermeable zone to horizontal groundwater flow. Under the site at the base of the
phosphate ore zone (Bone Valley Member of the Peace River Formation), a clay
confining unit (i.e., bed clay) exists separating the surficial aquifer from the upper
intermediate aquifer system. Because of this separation and the relatively low
permeability of the intermediate aquifer, the intermediate and Floridan aquifer
system were not considered in this modeling simulation. The intermediate aquifer
and the Floridan aquifer were modeled on a regional basis in support of the Water
Use Permit for the SCA (Appendix 11.7.7 Regional Groundwater Flow Model).
Figures 2 and 3 illustrate a soil profile location map and a soil profile for the

surficial deposits at the site.

A variety of hydrogeologic studies providing information for the model area are
available in the literature. Most work done has been compiled and published by the
Southwest Florida Water Management District (SWFWMD), U.S. Geological
Survey (USGS), and the Florida Bureau of Geology. Values for aquifer parameters
including transmissivity, specific yield/storage coefficient, and recharge are addressed
in aquifer test reports compiled by SWFWMD (1987), in the Ground-water Resource
Availability Inventory for Polk County, Florida (SWFWMD, 1988), and various other

sources.
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2.0 COMPUTER MODEL

The Modular Three-Dimensional Finite Difference Groundwater Flow Model
(MODFLOW), developed at USGS by McDonald and Harbaugh (1984), was used
to create the surficial aquifer model for the Tampa Electric Company Polk Power
Station. The program was selected based on its applicability to the aquifer
framework (three-dimensional character), its capability of simulating various types
of stresses, and on its popularity among groundwater modeling professionals.
MODFLOW is perhaps the most well known and most widely applied groundwater
model in hydrogeologic studies. The governing equation for MODFLOW is a partial
differential equation derived by substitution of Darcy’s equation into the mass

continuity equation in three dimensions. The resultant governing equation is shown

below:
a2 oh 0 oh 0 oh oh
— K =)+ —K, =)+ —K, —=)-W=§ —
a,(‘ax) ay(’ay)+az(zaz) r 5
Where:
XY,z =  cartesian coordinates (with the z - axis aligned vertically)
K, K, K, = X, Y, z - components of hydraulic conductivity
h =  potentiometric head
\' =  volumetric source, representing a source or sink of water
S, = specific storage

time

Lad

MODFLOW is capable of simulating confined, unconfined, and semi-confined
aquifer scenarios with groundwater flow at steady state or transient state conditions.
It uses a finite-difference approximation to solve the flow equation. The program
consists of a series of packages that allow incorporation of special features into the

model. These packages include wells, drains, rivers, recharge, and evaporation.

An extended memory version of the model, MODFLOWEMM, and its post-processor
(HEDSRFEM) were used in combination with SURFER™, a contouring program
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(kriging technique), to format and generate contour maps showing MODFLOW’s
output head and drawdown data. The contours on these maps have not been
smoothed or otherwise manipulated or adjusted. Another associated program,
ZONEBUDGET, was used to determine and print the various groundwater flow

rates and volumes for the subregion of the model designated as the cooling reservoir.
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3.0 MODEL SETUP

3.1 MODEL FRAMEWORK

An area 4.8 by 5.4 miles (26 mi?), large enough to accommodate potential impacts
within a reasonable distances from the cooling reservoir, was selected for the model.
Two variable-spaced grids consisting of 24 columns and 18 rows for the groundwater
flow and head simulations, and 24 columns and 20 rows for the dewatering
simulations were developed for these simulations (Figure 4). Two rows in the initial
model were split to create four rows to provide more detail for the dewatering
simulations. The variable grid spacing allows for improved model resolution (i.e.,
- smaller grid spacing) at the area of interest, the cooling reservoir. Cell dimensions
in the models varied from 600 ft per unit cell for portions of the reservoir to 2,400 ft

per unit cell for the outer boundaries of the grid.
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4.0 MODELING APPROACH

MODFLOW was utilized to develop a single layer model to represent the surficial
aquifer systems (Figure 4). Groundwater and surface water level measurements for
May 1991 were used to generate a groundwater contour map for the modeled
domain. These data were then digitized and used as initial starting heads for the

model.

Heads for the surficial aquifer were set constant in the outer most cells of the model.
By setting constant heads at the model boundaries, the model will maintain
groundwater flow through the modeled area. The constant head boundaries
represent groundwater underflow through the aquifer system and the South Prong
Alafia River. This constant head assignment may interfere with evaluation of the
impacts near the model boundaries. However, the primary area of interest was the
cooling reservoir and adjacent surficial aquifer which should not have been

significantly affected.

4.1 INPUT AQUIFER PARAMETERS

Input parameters required for the model are dependent on the type of aquifer

modeled. In this model the parameters required include simulation of mining related
features, hydraulic conductivity, saturated thickness, specific yield/storage coefficient,

and recharge and evapotranspiration as described in the following sections.

4.1.1 SIMULATION OF MINING RELATED FEATURES
The impacts of the mining activities that occurred within the modeled region include

highly permeable tailing sands, clay settling ponds, and water filled mine cuts.

Near the intersection of State Road 630 and Fort Green Road (northeast section of
the study area), mining activities from the early 1900s have left a significant area
covered with relatively clean, poorly consolidated, very loose, tailing sands (Figure 5).

Near groundwater monitor station GW-4 (see Figure 2), "n" values from the Standard
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Penetration Test for the sand sequence between approximately 6 and 14 ft below
land surface were zero (0). This suggests a highly permeable soil zone that is almost
liquified. Thus, the hydraulic conductivities in this area were increased during

calibration until a reasonable match was obtained.

On the southern end of the modeled region the relatively impermeable clay settling
ponds (<107 cm/sec) would intersect the surficial aquifer. At these locations the
base of the settling ponds (approximately 125 ft-NGVD) would act as the top of the
surficial aquifer causing locally confined (i.e., regionally semi-confined) aquifer
conditions for the underlying surficial aquifer. Additionally, no recharge from
precipitation or loss from evapotranspiration would occur in the surficial aquifer
beneath the clay settling ponds. The simulated locations of these feaﬁres are

illustrated in Figure 5.

Another impact to the surficial undifferentiated deposits and surficial aquifer
resulting from mining activities includes numerous water filled mine cuts. The need
for steady-state calibration of the simulated mine cuts and desire to allow the water
surface to fluctuate freely to produce a more reasonable water flow budget into and
out of the simulated mine cuts and cooling reservoir presented a technical problem.
Michael McDonald, co-author of the MODFLOW model, was consulted for technical
support and to discuss the simulation options. During calibration and verification
and to allow simulation of steady-state conditions, the river package was used to
simulate the surface water feature. While the fixed stage of the river package would
have an impact on the water flow budget into and out of the mine cuts or cooling
reservoir, it would not have as significant an impact on the water table elevations
within the surficial aquifer (primary purpose of calibration and verification). This
application is justified by the limited (approximately 2 ft) seasonal water level
fluctuation at the shallow lake near Fort Green Road on the Tampa Electric
Company Polk Power Station. The use of elevated storage coefficients in a steady-
state simulations would cause an error in the model’s operation and calculation, but

would provide more accurate water budget results during transient simulations.
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Thus, to more accurately determine the water flow budget into and out of the
simulated mine cuts or reservoir under various monthly, transient, stress conditions,
these features were simulated with cells of high hydraulic conductivities and high
storage coefficients. Comparison of groundwater budget data for flow out of the
simulated mine cuts or reservoir indicated reasonable agreement of flow values for

the simulated river or the highly conductive high storage zones.

4.1.2 HYDRAULIC CONDUCTIVITY

Hydraulic conductivity of an aquifer is a measurement of the rate at which
groundwater flows through a unit area of the aquifer material in a specified time at
a specified hydraulic gradient. For this application of MODFLOW, hydraulic
conductivity was expressed in units of feet per day (ft/day). The range of hydraulic
conductivity values used in the model for the surficial aquifer were based on
hydraulic conductivity analyses conducted at the Tampa Electric Company Polk
Power Station, on data representative of aquifer tests compiled by the SWFWMD
(1987), and on model derived values during calibration. Hydraulic conductivity
values for the surficial aquifer used in the model range from S to 60 ft?/day, while
they ranged from 60 to 100 ft*/day for the highly permeable tailing sands (Figure 6).

Refer to Appendix A for specific model input parameters at each cell.

4.1.3 SATURATED THICKNESS

The saturated thickness of an aquifer is a measurement from the water table surface
to the base of the aquifer (top of a confining unit or aquitard). For this application
of MODFLOW, the saturated thickness was expressed in units of feet. The range
of saturated thickness values used in the model for the surficial aquifer were based
measured values the Tampa Electric Company Polk Power Station, on regionally
reported data, the reported data representative of aquifer tests compiled by the
SWFWMD (1987), and the resulting trends. The saturated thickness values for the
surficial aquifer used in the model range from 13 to 50 ft (Figure 7).
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4.14 SPECIFIC YIELD/STORAGE COEFFICIENT

The specific yield of an aquifer is a measurement of the water yielded from a water-
bearing strata by gravity drainage, as occurs when the water table declines. Storage
coefficient is a measurement of the volume of water released from or taken into

storage per unit surface area of the aquifer per unit change in head.

For this application of MODFLOW, these storage values are represented as a
dimensionless ratio and are expressed as a decimal. The specific yield and storage
coefficient values used in the model for the surficial aquifer were based measured
values the Tampa Electric Company Polk Power Station, on regionally reported data,
and by the reportéd data representative of aquifer tests compiled by the SWFWMD
(1987). The specific yield value used fbr the surficial aquifer in the model was 0.3
while the storage coefficient was 0.03. Storage values used to simulate the mine cuts
(partial open cells) were 0.6, and values used to simulate the cooling reservoir (fully

open cells) were 1.0.

4.1.5 RECHARGE AND EVAPOTRANSPIRATION

Recharge and evapotranspiration are two additional input parameters for the
modeling application. Recharge to the surficial aquifer is a measurement of the
percentage of the precipitation that percolates into the groundwater system and that
reaches the water table surface. Evapotranspiration is the rate of water loss from the
water table from the affects of plants and direct evaporation. Evapotranspiration is
simulated as a linear relationship between the depth range of the evapotranspiration
surface and a critical depth beneath the land surface. For the numerous simulations
conducted, various values of recharge and evapotranspiration were calculated from
either the data available for 1991 or the annual average values. Since the values of
recharge and evapotranspiration area were applied most of the modeled area, the
model is sensitive to a minor change in these values. The actual recharge and
evapotranspiration rates used during the simulations were dependent upon the time
frame being simulated. The data used to simulate the various recharge and

evapotranspiration rates are presented in Appendix B.
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5.0 MODEL CALIBRATION AND VERIFICATION

Calibration is the process of adjusting input aquifer parameters to achieve a
reasonable degree of agreement between the simulated heads and the heads
observed in the hydrogeologic system. Verification, as its name implies, is the
process of using the heads resulting from a known aquifer stress to validate the
outcome of the computer model representing the same modeled stress. The degree
of correspondence between the two can be taken as an indicator of the ability of the
model to represent new hydrogeologic conditions within the range of those to which

the model was calibrated and verified.

5.1 CALIBRATION PROCEDURE

Steady-state calibration for the Tampa Electric Company Polk Power Station surficial

aquifer model was accomplished through trial-and-error adjustment of the input
aquifer parameters. During calibration the model was run at steady-state several
times varying hydraulic conductivities, recharge, and evapotranspiration until a
reasonable match to the May 1991 measured groundwater surface was accomplished.
The resulting modeled groundwater surface was compared visually to the May 1991
measured groundwater surface (See Figures Al and A2 in Appendix A). As shown
by these figures, a match was reasonably accomplished (model results show similar
hydraulic gradients and head values). While some differences still occur, considering
the limited number of actual control points (ie. monitor wells), the overall agreement
was acceptable. A statistical evaluation of the calibration is summarized in Table 1.
With a reasonable visual and statistical match, the model was determined suitable

for initiation of the verification process.

5.2 VERIFICATION PROCEDURE

After obtaining a reasonable match to the May 1991 groundwater surface, the next
objective was to attempt verification of the model to the other 1991 measured head
values; April, July, October, November, and December (see Figures A3 through A7

in Appendix A). This period would cover approximately two-thirds of a year with
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. Table 1. Calibration and Verification Statistical Error Analysis

Calibration Verification
0572091 04/1191 07/1091 1073151 1171951 123181
ACTUALHEADS MEASURED - T
GW-1 135.90 137.60 140.39 136.50 135.96 13538
GW-2 133.01 134.00 133.96 13381 13385 134.01
GW-3 141.47 141.0 14384 142.68 142.50 142.00
GW—4 1922 1928 141.7% 1250 1926 13886
GW-5 1253 131.92 137.68 1123 12.77 13.17
SIMULATED HEADS MODELED
GW-1 13430 1376 140.1 1382 1355 134.7
GW-2 131.% 123 11 1319 1319 1318
GW-3 137.60 12.0 128 1413 140.7 129
GW-—4 136.80 140.0 141.1 1%2 138.4 1375
GW-5 131.40 134.1 1369 135.7 126 120
DIFFERENCES BETWEEN ACTUAL & SIMULATED HEADS
GW-1 -16 00 -03 17 -05 -01
GW-2 -17 -17 -19 -19 -2.0 22
GW-3 -39 03 -1.0 -14 -18 -21
GW-4 -2.4 0.7 -07 -03 -09 -14
GW-5 -11 22 -0.8 2.5 -02 —02
Mean Eiror (ME) =21 03 ~09 0.1 -1.0 -13
Root Mean Squared (RMS) 23 13 11 17 13 15
Net ME —0.6
Net RMS 14
A A M A
. GW-1 0.00 1.70 2.79 -3.89 -0.54 -0.58
GW-2 0.00 099 —0.04 -0.15 0.04 0.16
GW-3 0.00 022 2.15 ~-1.16 -0.18 -0.50
GW-4 0.00 0.06 2.48 -226 —024 —0.40
GW-5 0.00 -0.61 5.76 —4.45 —0.46 -0.60
DIFFERENCES BETWEEN SIMULATED HEAD FLUCTUATIONS ON MODELED DATES
GW-1 0.0 33 25 -19 -2 -08
GW-2 0.0 10 -02 -02 0.0 -0.1
GW-3 0.0 44 08 -15 —-0.6 -08
GW-4 0.0 32 11 -19 —-08 —09
GW-5 0.0 2.7 28 -12 -1 -0.6
DIFFERENCES BETWEEN ACTUAL & SIMULATED HEAD FLUCTUATIONS
GW-1 0.0 1.6 -03 20 -22 -02
GW-2 0.0 00 -02 -0.1 ~0.0 -03
GW-3 0.0 42 -13 -03 -04 -03
GW-—4 0.0 31 -14 0.4 -0.6 —05
GW-=5 0.0 i3 —-3.0 33 -2.6 0.0
Mean Eiror (ME) 0.0 24 12 1.0 12 —-03
Root Mean Squared (RMS) 0.0 29 16 17 1.6 03
Net ME 02
Net RMS 1.6
Source: ECT, 1992.
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various sized time steps and stress (recharge and evapotranspiration) conditions. The
results of the error analysis for the five monthly measurements indicates relatively
good statistical agreement between the actual measured water levels and those
simulated by the model (Table 1). Review of the statistical error analysis had the

following results:

Fluctuation
Analyses Method Simulated Heads Differences
e Mean Error (ME) -13t0 0.1 -12to 24

e Root Mean Squared (RMS) 1.1to 1.7 031t02.9

The results of the transient simulations and the error analyses indicate that a
reasonable match was completed for the various stress periods and time frame
simulated. Therefore, the groundwater flow model was considered calibrated and

verified.

53 ADJUSTMENT TO INITIAL CONDITIONS

Since the selected calibration data were from the month of May 1991, two
adjustments were required to obtain starting heads values that would be representa-
tive of January 1 of an average year (long-term historical precipitation and
evaporation data). First, a transient step back to January 1, 1991, was conducted
(See Figure A8 in Appendix A). Second, a steady-state simulation was performed
using the stress differences between the measured precipitation and evaporation data
in 1991 and the long-term historical data. The results of these two steps should be
a close approximation of the groundwater elevations on January 1 of an average year
based on historical data (See Figure A9 in Appendix A). These calibrated and
verified model parameters and historically adjusted groundwater elevations were now

ready for model simulation and prediction analyses.
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6.0 MODEL PREDICTIONS

6.1 APPLICATION OF MODEL

As stated in the introduction, the primary objects of this modeling effort were to
develop a numerical groundwater flow model to provide information in support of
designing the cooling water reservoir and assessing potential dewatering/construction

impacts.

The first application of the model was to assess the monthly rates and volumes of
groundwater flow into and out of the cooling reservoir from the surficial aquifer in
response to the various seasonal and industrial stresses and the resulting influence
on the groundwater elevation at full build-out of the Tampa Electric Company Polk
Power Station. Throughout the modeling application various scenarios of reservoir
operating elevations were simulated. These efforts were undertaken to evaluate the
affects various reservoir designs would have on water quality to minimize potential
impacts. The final design elevation for the cooling reservoir was set at 136 ft-NGVD,
with allowances for small fluctuations. This design reservoir elevation requires an
average of approximately 5.0 million gallons per day (MGD) makeup from the
Floridan aquifer with approximately 3.1 MGD being discharged from the cooling
reservoir into Little Payne Creek. The elevation of the reservoir was fixed at
136 ft-NGVD by assigning constant head values to the reservoir cells. Monthly
simulations, accounting for the variations in precipitation and evaporation, were
conducted for a 12-year period. After simulation for this length of time, the
groundwater flow system was relatively stabilized; the volumetric groundwater
balances between the aquifer and the reservoir plus the groundwater levels were
exhibiting very minor changes. Thus, the monthly modeled values for the last
(twelfth) year simulated were considered reasonable for use in the cooling reservoir
water quality calculations and preparation of a groundwater elevation contour maps
(Figures 8 to 19) . The water budget for groundwater flow into and out of the

cooling reservoir for this simulation are summarized and presented in Appendix C.
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A second application of the groundwater flow model was to assess the drawdown
impacts and assist in determining potential pumpage rates associated with the
dewatering and construction of the cooling water reservoir. The bottom of the
cooling reservoir was designed to be at a depth of approximately 120 ft-NGVD.
Therefore, the dewatering must lower the water levels to a range between 119 and
120 ft-NGVD. The well package was used to assign a well to each cell of the cooling
reservoir. The pumpage rate from the wells was increased until the groundwater
elevation was between the desired elevation of 119 and 120 ft-NGVD for each cell.
To minimize potential drawdown impacts from the dewatering activities, the water
withdrawn during dewatering was applied to other adjacent areas of the mine cuts
or reservoir. The time schedule for the dewatering and application activities, and a
summary of the modeled pumping rates are provided in Table 2. The locations of
the dewatering units referenced in Table 2 are provided on Figure 20. Figures 21
through 35 illustrate the groundwater elevations and resulting drawdowns for the
seven various stages of the dewatering activities. =~ The drawdown values were
determined with respect to the starting water level conditions on March 1, 1994.
Figures 36 through 40 illustrate the water levels for approximately 1 year after
ceasing dewatering activities. It should be noted that the withdrawals associated with
the dewatering are considered short term, and the entire dewatering effort will not
last longer than approximately 1 year in time. Also, these dewatering activities and
resulting impacts are not significantly different than those associated with the

phosphate mining in this region.
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. Table 2. Proposed Dewatering Schedule and Plan Summary

Main
Withdrawn Dewatering Dewatering Withdrawal
Dewatered Water Duration  Duration Rates
Dates Units Application to (days) (days) (gpd) (gpm)
Late 1993 START DEWATERING
and early
1994 Al A2 and D (75 percent)/ 31 87,480,000 60,750
west wetland (25 percent)
B C 31 16,126,000 11,200
Mid-1994 Al A2 and D 122 32,595,000 22,635
B C 122 8,842,000 6,140
A2 Al 15 28,936,000 20,090
A2 Al 30 18,656,000 12,955
Removing berm 2 15 -- -
. Late 1994 D Al and A2 31 16,974,000 11,790
C Al and A2 31 33,614,000 23,340
D Al and A2 120 1,996,000 1,385
C Al and A2 120 15,334,000 10,650

Early 1995 FINISH DEWATERING

Sources: UEC, 1992,
ECT, 1992,
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FIGURE 27

AUGUST 15, 1994 - DRAWDOWN VALUES [DEWATERING SIMULATION]
TAMPA ELECTRIC COMPANY

POLK POWER STATION
Source: ECT. 1992.
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FIGURE 28

SEPTEMBER 15, 1994 - GROUNDWATER LEVELS [DEWATERING SIMULATION] TAMPA POLK
TAMPA ELECTRIC COMPANY ELECTRIC|| Power
;?;KEEP \ggEzR STATION . . ATECO ENERGY COMPANY STATION
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FIGURE 29
SEPTEMBER 15, 1994 - DRAWDOWN VALUES [DEWATERING SIMULATlON]
= TAMPA ELECTRIC COMPANY

POLK POWER STATION
Source: ECT, 1992.
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FIGURE 30
SEPTEMBER 30, 1994 - GROUNDWATER LEVELS [DEWATERING SIMULATION]
TAMPA ELECTRIC COMPANY

POLK POWER STATION
Source: ECT, 1992.
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FIGURE 31
SEPTEMBER 30, 1994 - DRAWDOWN VALUES [DEWATERING SIMULATION]
TAMPA ELECTRIC COMPANY

" POLK POWER STATION
Source: ECT, 1992.
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FIGURE 32
OCTOBER 31, 1994 - GROUNDWATER LEVELS [DEWATERING SIMULATION] TAMPA POLK
TAMPA ELECTRIC COMPANY ELECTR'C POWER
POLK POWER STATION ATECO ENERGY COMPANY STATION
Source: ECT. 1992
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FIGURE 33
OCTOBER 31, 1994 - DRAWDOWN VALUES [DEWATERING SIMULATION]
TAMPA ELECTRIC COMPANY

POLK POWER STATION
Source: ECT, 1992.
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FIGURE 34 ' :
FEBRUARY 28, 1995 - GROUNDWATER LEVELS [DEWATERING SIMULATION] , TAMPA POLK
TAMPA ELECTRIC COMPANY I | ELECTRIC|| Power
POLK POWER STATION

Source: ECT, 1992,
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FIGURE 35
FEBRUARY 28, 1995 - DRAWDOWN VALUES [DEWATERING SIMULATION]
TAMPA ELECTRIC COMPANY

POLK POWER STATION
Source: ECT, 1992.
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FIGURE 36
MARCH 31, 1995 - GROUNDWATER LEVELS [DEWATERING SIMULATION]
TAMPA ELECTRIC COMPANY

POLK POWER STATION
Source: ECT, 1992.
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FIGURE 37
JUNE 30, 1995 - GROUNDWATER LEVELS [DEWATERING SIMULATION]
TAMPA ELECTRIC COMPANY

POLK POWER STATION
Source: ECT, 1992
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FIGURE 38
SEPTEMBER 30, 1995 - GROUNDWATER LEVELS [DEWATERING SIMULATION]
TAMPA ELECTRIC COMPANY

POLK POWER STATION
Source: ECT, 1992,
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FIGURE 38
DECEMBER 31, 1995 - GROUNDWATER LEVELS [DEWATERING SIMULATION]
TAMPA ELECTRIC COMPANY

POLK POWER STATION
Source: ECT, 1992.
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FIGURE 40
MARCH 31, 1996 - GROUNDWATER LEVELS [DEWATERING SIMULATION]
TAMPA ELECTRIC COMPANY

POLK POWER STATION
Source: ECT, 1992.
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7.0 MODEL RESULTS

Model results were separated into two summaries: (1) groundwater volumetric flow
budget into and out of the cooling reservoir considering full site build-out, and
(2) drawdown impacts of dewatering during construction of the cooling reservoir and

the wetlands at the Tampa Electric Company Polk Power Station.

7.1 COOLING RESERVOIR GROUNDWATER BALANCE

The model provided results simulating pumpage of sufficient Floridan aquifer

makeup water into the reservoir to maintain a constant reservoir elevation of
136 ft-NGVD. The volumetric groundwater flow into the reservoir ranged from
182,407 to 380,926 gallons per day (gpd) in with a yearly average of approximately
281,712 gpd. The volumetric groundwater flow out of the cooling reservoir ranged
from 474,793 gpd to 624,438 gpd out with a yearly average of approximately
522,000 gpd.

7.2 PREDICTED IMPACTS DURING DEWATERING

Based on the results obtained from the model, proposed average daily pumping rates
required to achieve the necessary dewatering depths during the various stages of
dewatering are summarized in Table 2. The model results indicate drawdowns at
the property boundaries of approximately 8 to 10 ft and 8 ft, respectively, at the
northwest corner and the east border of the Tampa Electric Company Polk Power
Station. The drawdown at the southern border of the site, adjacent to the clay

settling ponds, are anticipated to range from 10 to 12 ft.
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8.0 DISCUSSION

Based on the calibration and verification procedures performed, the MODFLOW
groundwater modeling should adequately represent the aquifer system. Aquifer
parameter values used in the model are all within reasonable ranges and are

considered acceptable.

Environmental impacts considered when evaluating dewatering activities include
offsite drawdowns, impacts to other surface water features, and impacts to wetlands,

and interference to existing legal withdrawals.

Makeup from the Floridan will be used to maintain a water level of approximately
136 ft-NGVD in the cooling reservoir. Blowdown from the reservoir will be
discharged at approximately 3.1 MGD into Little Payne Creek. The cooling reservoir
water elevation of 136 ft-NGVD is above the typical water table level for much of
the year and will act to replenish the surficial aquifer during operation of the facility.
Therefore, the operation of the cooling reservoir will provide recharge to the surficial
aquifer. The 3.1 MGD blowdown into Little Payne Creek will correct a previous

shortfall for this drainage basin caused by mining related activities.

Only a limited number of wetlands exist onsite that have not been already impacted
from previous mining activities. During the construction of the power plant,
additional wetlands will be created and reclaimed in accordance with post
reclamation plans submitted with the SCA. As previously discussed, the cooling
reservoir is anticipated to maintain an operational water level of approximately
136 ft-NGVD. This surficial source of recharge to the groundwater will minimize the
potential impacts to wetlands. Most of the simulated offsite impacts are going to
occur at locations where clay settling ponds should limit the extent of impacts to
either wetlands or other sensitive features. From the above data, it is not expected
that recharge from operation or the short term withdrawals during dewatering will

have a significant impact to adjacent wetlands.
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The Tampa Electric Company Polk Power Station will use groundwater from the
Floridan aquifer as makeup for the cooling reservoir and industrial processes. To
ensure groundwater and surface water discharge quality standards are met, detailed
calculations pertaining to makeup, blowdown, operating level, and water quality for
the cooling reservoir were performed. The resulting water quality data are presented
within the SCA. The lowest quality water and the lowest volume of water are
incorporated into the design of the power plant to meet the water quality criteria for

technical and economical reasons.

The worst-case model simulated dewatering impacts indicated drawdowns at the
property boundaries of approximately 8 to 10 ft and 8 ft, respectively, at the
northwest corner and the east border of the Tampa Electric Company Polk Power
Station. The drawdown at the southern border of the site, adjacent to the clay
settling ponds, are anticipated to range from 10 to 12 ft. The adjacent water supply
withdrawals identified in the SCA do not utilize the shallow surficial aquifer for
potable purposes. This indicates that under the conditions simulated, no existing

legal withdrawal will be significantly or adversely impacted.
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9.0 CONCLUSIONS

A calibrated and verified model that incorporated acceptable ranges of aquifer input
parameters was used successfully to simulate the surficial aquifer and the cooling
reservoir for the Polk Power Station. The resulting groundwater flow balance into
and out of the cooling reservoir were used in determination of the anticipated
cooling reservoir and groundwater quality. While the dewatering simulations
indicated there would be some offsite drawdown impacts, these are not expected to
be significantly different from those associated with phosphate mining or reclamation
activities common in this area. Otherwise there are no significant adverse impacts
from the construction or operation of the cooling water reservoir at the Tampa

Electric Company Polk Power Station.
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APPENDIX A

CALIBRATION/VERIFICATION MODEL
GROUNDWATER LEVEL FIGURES
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FIGURE A
MAY 21, 1991 - GROUNDWATER LEVELS [SITE DATA] , TAMPA POLK
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FIGURE A2
MAY 21, 1991 - GROUNDWATER LEVELS [CALIBRATION SIMULATION]
TAMPA ELECTRIC COMPANY
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Source: ECT, 1992,
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FIGURE A3

APRIL 11, 1991 - GROUNDWATER LEVELS [VERIFICATION SIMULATION] TAMPA POLK
TAMPA ELECTRIC COMPANY
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ELECTRIC|| Soues

ATECO ENERGY company || STATION




Legend
— 134 — Water Level Contour (ft, NGVD)
Contour Interval (Cl = 2 ft)

90263 0401 07/92°

MODEL BOUNDARY

SURFER BOUNDARY

[PROPERTY BOUNDARY POLK POWER STATION/

o]

e -
—

0
(METERS)

—

FIGURE A4
JULY 10, 1991 - GROUNDWATER LEVELS [VERIFICATION SIMULATION]
TAMPA ELECTRIC COMPANY

POLK POWER STATION
Source: ECT, 1992.
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FIGURE AS
OCTOBER 31, 1991 - GROUNDWATER LEVELS [VERIFICATION SIMULATION]
TAMPA ELECTRIC COMPANY

POLK POWER STATION
Source: ECT, 1992.
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FIGURE A6
NOVEMBER 19, 1991 - GROUNDWATER LEVELS [VERIFICATION SIMULATION]
TAMPA ELECTRIC COMPANY

POLK POWER STATION
Source: ECT, 1992,
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FIGURE A7
DECEMBER 19, 1991 - GROUNDWATER LEVELS [VERIFICATION SIMULATION]
TAMPA ELECTRIC COMPANY

POLK POWER STA