THREE-DIMENSIONAL STEADY-STATE SIMULATION
OF FLOW IN THE SAND-AND-GRAVEL AQUIFER,
SOUTHERN ESCAMBIA COUNTY, FLORIDA

By Henry Trapp, Jr., and Linda H., Geiger

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 85-4278

Prepared in cooperation with the

ESCAMBIA COUNTY UTILITIES AUTHORITY, FLORIDA

Tallahassee, Florida

1986



UNITED STATES DEPARTMENT OF THE INTERIOR
DONALD PAUL HODEL, Secretary
GEOLOGICAL SURVEY

Dallas L. Peck, Director

For additional information Copies of this report can be

write to: purchased from:

District Chief U.S. Geological Survey

U.S. Geological Survey Books and Open-File Reports Section
Suite 3015 Federal Center, Bldg. 41

227 North Bronough Street Box 25425

Tallahassee, Florida 32301 Denver, Colorado 80225

(Telephone: (303) 236-7476)



CONTENTS

Abstract

Introduction

Purpose and scope

Acknowledgments

Hydrogeology of the aquifer system

Lithology of the sand-and-gravel aquifer
Hydraulic properties of the sand-and-gravel aquifer

Confinement

Main-producing zone

Transmissivity
Hydraulic conductivity of the unconfined zone

Boundaries

Lateral boundaries

Vertical boundaries

Recharge and discharge

Description of the model
Assumptions and simplifications used in simulation

Application

Selection of grid

Input

Starting-head matrices

Storage-coefficient matrices and constant-head nodes —----

Transmissivity of layer 1

Leakance matrix (TK): the hydraulic connection

between layers 1 and 2

Lateral hydraulic conductivity of layer 2 (PERM)

Altitude of the bottom of layer 2

Recharge rate (QRE)

Simulation of rivers

Pumping periods

Calibration and model results

Mass balance

Flow between layers for each node

Heads and drawdowns

Testing

Model sensitivity to changes in input

Model sensitivity to changes in boundaries

Further development of the model

Storage coefficients

Refinement and expansion of grid

Infiltration basins

Simulation of streams

Summary and conclusions

Selected references

Glossary

Supplementary data I--Program listing

Supplementary data II--Data input instructions

Supplementary data III--Input matrices and results

I1I1

Page

WCWOWOONNNNOAOESE S PDN -



6-7.

8-15.

16-18.

19-22.

ILLUSTRATIONS

Map showing area of investigation and locations of observation
wells used as control points for the aquifer model and of

wells used as the basis for simulated pumping stress

Generalized geologic units, hydrogeologic units, and

equivalent units used in the computer model

Map-matrices showing input values for:
Transmissivity of layer 1
TK, which represents the hydraulic connection between

3.
4-

5.

layers 1 and 2

PERM, or lateral hydraulic conductivity of layer 2 ———=————=
Graphs showing observed versus calculated head values,
regression line, and confidence band for:

6. Layer 1 for pumping period 1 (no pumping)

7. Layer 1 for pumping period 4 (January-December 1972) —--—=—-—-
Map-matrices showing drawdown for:

8. Layer 1, pumping period 2 (January 1939-March 1940) —-—————-
9. Layer 2, pumping period 2 (January 1939-March 1940) —-===--
10. Layer 1, pumping period 3 (January-December 1958)-———=—=—w—-
11. Layer 2, pumping period 3 (January-December 1958)-—=———v—wem
12, Layer 1, pumping period 4 (January-December 1972)—-————-———n
13. Layer 2, pumping period 4 (January-December 1972)~=—=—————=
14, Layer 1, pumping period 5 (January-December 1977)-————w———-
15. Layer 2, pumping period 5 (January-December 1977)-——=—=—===—

Graphs showing observed versus
regression line, and confidence band for:

calculated head values,

16. Layer 1 for pumping period 2 (January 1939-March 1940) -———-
17. Layer 1 for pumping period 3 (January-December 1958) —-=--—-
18. Layer 1 for pumping period 5 (January-December 1977) —————-
Graphs showing effect of varying recharge on heads in:

19. Layer 1 along row 9 -

20. Layer 2 along row 9

21. Layer 1 along row 7

22. Layer 2 along row 7 ———

IV

Page

12

15
16

29
32

57
58
59
60
61
62
63
64

71
72
73

74
75
76
77



Tables

1_40

12-16.

17_190

TABLES

Wells and discharge rates per node for:
1. Pumping period 2: January 1939-March 1940
2, Pumping period 3: January-December 1958-
3. Pumping period 4: January-December 1972
4. Pumping period 5: January-December 1977-
Control-node observed and computed head values for:
5. Llayer 1, pumping period 1 (no pumping)
6. Layer 1, pumping period 4 (January-December 1972--————————-
Mass balances for:
7. Pumping period 1 (no pumping), with flow rates to
constant-head nodes
8. Pumping period 2 (January 1939-March 1940), with flow
rates to constant-head nodes
9. Pumping period 3 (January-December 1958), with flow rates
to constant-head nodes
10, Pumping period 4 (January-December 1972), with flow rates
to constant-head nodes
11. Pumping period 5 (January-December 1977), with flow rates
to constant-head nodes
Flow to top layer by node in cubic feet per second:
12, Pumping period 1 (no pumping)
13, Pumping period 2 (January 1939-March 1940)
14. Pumping period 3 (January-December 1958) -
15. Pumping period 4 (January-December 1972)
16. Pumping period 5 (January-December 1977)- -
Control-node observed and computed head values for:

17. Layer 1, pumping period 2 (January 1939-March 1940)----—---
18. Layer 1, pumping period 3 (January-December 1958)-——-—————-
19. Layer 1, pumping period 5 (January-December 1977)-——————-—-

Page

19
20
22
25

28
30
34
36
38
40
42
45
47
49
51
53

65
67



THREE-DIMENSTONAL STEADYF%TATE SIMULATION OF FLOW IN THE SAND-AND-GRAVEL
AQUIFER, SOUTHERN ESCAMBIA COUNTY, FLORIDA

By Henry Trapp, Jr., and Linda H. Geiger
ABSTRACT

The sand-and-gravel aquifer is the only freshwater aquifer in southern
Escambia County and is the source of public water supply for the area, in-
cluding the City of Pensacola. The aquifer was simulated by a two-layer,
digital model to provide hydrologic information for water-resource planning.
The lower layer represents the main-producing zone; the upper layer represents
all of the aquifer above the main-producing zone including an unconfined zone
and discontinuous perched, confined, and confining zones.

The model is designed for steady-state simulation and predicts the
response of the aquifer (changes in water levels) to ground-water pumping
where steady-state conditions have been reached. Input to the model includes
matrices representing constant-head nodes, starting head, transmissivity of
layer 1, leakance between layers 1 and 2, lateral hydraulic conductivity of
layer 2, and altitude of the base of layer 2. The sources of water to the
model are from recharge by infiltrated precipitation (estimated from base
runoff), inflow across boundaries, and induced recharge from river leakance in
periods of prolonged ground-water pumping. Model output includes final head
and drawdown for each layer and total values for discharge and recharge in the
model area.

The model was calibrated for 1972 pumping and tested by simulating
pumpages during 1939-40, 1958, and 1977. Sensitivity analyses showed water
levels in both layers were most sensitive to changes in the recharge matrix
and least sensitive to river leakage.

Suggestions for further development of the model include subdivision and
expansion of the grid, assignment of storage coefficients for transient
simulations, more intensive study of the stream-aquifer relations, and con-
sideration of the effects of infiltration basins on recharge.

INTRODUCTION

Ample quantities of soft water with low concentrations of dissolved
solids are obtainable from the sand-and-gravel aquifer in southern Escambia
County. However, some public-supply wells have yielded water with high
concentrations of iron and carbon dioxide, and some wells have been abandoned
because of low yields. Hydrologic information is needed by water-resource
planners and others to plan for future expansion of the water-supply systems.
To properly plan for expansion, a basis for predicting the effects of various



concentrations of pumping on water levels and for defining ground-water flow
(and thus the possible movement of contaminants or occurrence of saltwater
intrusion) is necessary.

A comprehensive cooperative investigation by the U.S. Geological Survey
and the City of Pensacola began in 1970 to provide information on the quality
and quantity of water available from the sand-and-gravel aquifer. The inves-
tigation was carried out in four 3-year phases, the final one, ending in 1982,
was done by the Survey in cooperation with the Escambia County Utilities
Authority, which includes the former City of Pensacola Water Department.

The area of investigation extends from the western end of Santa Rosa
Island, west to Perdido River, and north through Pensacola to State Road 196
(S-196) north of Quintette (fig. 1). The first phase (1970-73) concentrated
on well inventory, water sampling, test drilling, and preliminary interpre-
tation (Trapp, 1972; 1973; 1975). The second phase (1973-76) concentrated on
construction and calibration of a preliminary two-dimensional digital model of
the aquifer, test drilling, and monitoring effects of spray disposal of
treated sewage (Trapp, 1978). The third phase (1976-79) included attempts to
refine the two-dimensional model, continuation of test drilling and monitoring
activities, and the construction of a three-dimensional digital model. The
fourth phase (1979-82) included continued monitoring of the spray disposal of
treated sewage and further testing of the three-dimensional model.

This report provides information to water managers, ground-water
modelers, and others regarding the use of the three-dimensional digital model
as an aid in resolving water-management and development problems in the
central and southern part of Escambia County. Also, it provides information
for refining or enhancing the model. With proper interpretation and a
thorough understanding of its limitations, the model can be used to provide
water-management officials with guidance in controlling drawdown, limiting the
possibilities of saltwater intrusion into public-supply wells, determining the
movement of ground water, and establishing future well locations and with-
drawal rates.

Purpose and Scope

This report covers parts of the third and fourth phases of the investi-
gation. It describes the construction and testing of the three-dimensional
model, which encompasses refinements of the two-dimensional model. The model
provides a better understanding of the hydrology of the area and can be used
to furnish information pertinent to water-resources management. It may be
used to help predict areas of excessive drawdown and determine ground-water
flow.

The report briefly describes the hydrogeologic framework of the model
area and defines aquifer hydraulic characteristics. The construction and
testing of the three-dimensional model are documented and the assumptions and
limitations that govern it are defined. Possibilities for enhancement of the
model are briefly discussed in the section called "Further Development of the
Model."

A glossary of selected terms used in this report begins on page 83.













































The value for unit base runoff, used to determine the recharge rate, may
require revision. Most of the stream gaging was done in northern Escambia
County where the recharge-runoff relations may not be typical of the southern
part of the county. In the southern part of the county the topographic relief
is less and the population is more dense. The net recharge in the southern
part of the county may tend to be less because of the greater prevalence of
areas of natural discharge and the greater density of paving, sewers, and
drains.

The recharge applied to the model is based on an average year. For
simulation of an unusually wet or dry period, the recharge parameter can be
changed. The recharge rate can also be varied to simulate the effects of
changes in plant cover, paving, drains, catch basins, and lowering of the
water table,

Simulation of rivers.--The streams, other than the Escambia and Perdido
Rivers, generally act as drains. Most of them head within the study area, and
therefore transfer no water from outside the study area. Streams were modeled
by setting the array values of river water level, RH(NRIV), equal to the array
values of river-bed bottom, RB(NRIV), so that if the head in the aquifer drops
below the stream, the model will compute no aquifer discharge to the stream.
The Escambia and Perdido Rivers and the tidal reaches of smaller streams are
simulated with the head set a few feet above the bottom, using realistic depth
values. Under these conditions, the direction as well as the rate of flow
between layer 2 and the stream depends on the relative positions of their
heads and river-bed leakance.

The justification for using two different ways of representing streams is
that shallow gaining streams are fed by the aquifer and cannot recharge it
(except locally or as a result of storms). The two rivers and the tidal
reaches are assumed to have a fixed depth of water ("infinite" source in
Alabama for the rivers and saltwater from the bays for the tidal reaches) and
can recharge the aquifer, depending on the position of river head relative to
the head in the aquifer.

The model also has an index array IDR that specifies the nodes containing
streams, and a river-bed leakance coefficient matrix RC(NRIV) that includes
the ratio of stream bottom to node-rectangle area (Supplementary Data III).

The model was found to have a low sensitivity to changes in the river-bed
leakance coefficient; large increases in the coefficient beyond the value used
produce only a small increase in the river leakage rate, which is more sensi-
tive to changes in the head of layer 2.

The model-computed leakage rate to streams of 333 ft®/s (no pumping) can
be compared to estimates of 422 ft®/s for base runoff and 400 ft3/s for the
model's recharge rate. According to Musgrove and others (1965, table 1,

p. 97) the average total discharge of the Perdido and Escambia Rivers and of
Bayou Marcus and Carpenter Creeks from the Escambia-Santa Rosa Counties part
of the drainage basin was 1,420 ft3/s for 1958-62. The sum of the drainage

areas is 690 mi?. The areas of the Perdido and Escambia River drainage basins
within the model area are 141 and 84 mi®, respectively. (These areas do not
include constant-head nodes in layer 2 (shown in fig. 5) because constant-head
nodes were not designated as RIVER nodes even if they include streams, and
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therefore their discharge is not included as RIVER LEAKAGE in the mass
balance.) The average discharges of the Perdido and Escambia Rivers from
drainage of the model area are estimated at 260 and 180 ft3/s, respectively,
using the proportions of the model drainage basin area to the drainage areas
in the two counties. Adding in Bayou Marcus (93 ft3/s) and Carpenter Creeks
(31 ft3/s) plus an estimated 87 ft3®/s for Elevenmile Creek's natural discharge
gives a total river discharge of 650 ft3/s for the model area. Multiplying by
0.65 (see Recharge and Discharge) gives an estimated base runoff of 422 ft3/s.

River discharge is affected by pumping and rainfall; therefore, the above
estimate applies primarily to the period in which the river discharge esti-
mates were made. Several small streams and bayous were simulated in the model
but not included in table 1 of Musgrove and others (1965), and therefore the
model's RIVER LEAKAGE should be somewhat more than the base runoff estimate of
422 ft3/s. This estimate, however, is higher than the model recharge rate of
approximately 400 ft3/s, or 16.28 in./yr, when it should be somewhat lower, to
allow for discharge from the aquifer directly into the bays and for pumped
ground water that is not returned to the rivers. The estimates for aquifer
recharge and river leakage are not based on data sufficiently accurate to
support close comparisons of this type, and can only serve as guides to the
reasonableness of the mass balance.

Pumping periods.--Five pumping periods were simulated. Pumping period 1
represents conditions before development (no pumping). Tables 1 through 4
show the estimated distributions of simulated pumping for periods 2 (January
1939-March 1940), 3 (1958), 4 (1972), and 5 (1977). Pumping was estimated
from published reports (Jacob and Cooper, 1940; Musgrove and others, 1965),
water-use data, well-construction and well-abandonment dates, and reported
well yields.

CALIBRATION AND MODEL RESULTS

The preliminary calibration of the model was for unstressed conditions.
For each node in layer 2 a range of head values was estimated. Its upper
limit was set so that the corresponding rectangle, as located on the topo-
graphic map, would not be flooded by an excessively high water table beyond
mapped surface-water bodies, and its lower limit was equal to RB(NRIV), or
average altitude of streams, if the node was a river node., It was assumed
that all the streams were gaining under conditions of no pumping, and thus the
altitude of the water table must be no lower than the altitude of the average
stream surface.

Control for layer 1 for unstressed conditions consisted of historical
data and water levels measured in wells remote from areas of heavy pumping.
Water levels of wells were sometimes adjusted to derive the estimated node
head because the wells are usually not located at the node. The adjustments
were based on estimated potentiometric gradient and distance from the node.
In the expanded grid rectangles at the north end of the model, such adjustment
involves considerable uncertainty. Other possible sources of inaccuracy in
the control values are inaccuracies of measurement and in measuring-point
altitudes estimated from topographic maps, and measurements at times unrepre-
sentative of average conditions.
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Table 1.--Wells and discharge rates per node for pumping period 2:
January 1939-March 1940

[Number of well nodes: 14]

Lat.-
Node long2 Names of wells and water users Withdrawal1
quad Mgal/d Ft>/s
5,20 032-723 Muscogee flowing well 0.01 0.015
8,11 027-720 U.S. Navy Saufley Field wells 3, 4 .1 .155
9,26 045-719 Barth flowing wells .13 .2
10,25 043-718 Molino flowing wells .087 .134
11,5 021-717 U.S. Navy NAS 1 .007 .01
11,8 024-717 U.S. Navy Corry Field wells 1, 2, 4, 9, .8 1.24
10, 14
12,7 023-716  Peoples Water Co., old no. 1 .1 .15
12,8 024-716 U.S. Navy Corry Field wells 7, 8, 11, 12 .007 .01
13,7 023-715 U.S. Navy Bayou Chico Well Field .1 .155
14,8 024-~714  Weis-Fricker Lumber .1 16.4
Spearman Brewery 1.5
Newport Industries 9.
15,11 027-713 Peninsular-Lurton .03 .046
16,8 024-712 Peoples Ice .5 .17
16,9 025-712 Pensacola Water Works (wells 1-6) 2,351 3.64
19,13 029-709 Pensacola Turpentine Southern Pine Chemical .7 1.08

1Where two or more wells are in one node rectangle, the Mgal/d column shows
the withdrawal of each well or group of wells; the Ft3/s column shows the
combined withdrawal for the node.

2Abbreviated designation of l-minute latitude and longitude quadrangles as
described by Musgrove and others, 1965, p. 8-9.

Input values were varied within reasonable limits established by control
until a satisfactory comparison of computed to observed head was obtained from
both layers 1 and 2.

Although the fit between observed and computed head values for unstressed
conditions appeared good, the control for layer 1 was sparse and unevenly
distributed. Also, the model may not have been sensitive to some of the input
parameters under unstressed conditions, but large discrepancies could appear
under stress. Therefore, the model was recalibrated for 1972, a year for
which there was a much wider distribution of observation wells and widely
distributed pumping.
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Table 2.--Wells and discharge rates per node for pumping period 3:
January-December 1958

[Number of well nodes: 37]

Lat.-

Node long2 Names of wells and water users Withdrawall
quad Mgal/d Ft®/s
3,7 023-725 U.S. Navy Bronson Field wells 1, 2 0.065 0.1
8,11 027-720 U.S. Navy Saufley Field wells 3, 4 .55 .85
8,20 036-720 St. Regis wells 30-32 7. 10.84
8,21 037-720 St. Regis wells 8-13 8.4 13.01
9,19 035-719 St. Regis wells 20-27 8.4 13.01
9,20 036-719 St. Regis wells 2-5, 15-19 7. 10.84
9,21 037-719 St. Regis wells 6, 7 2.8 4,34
9,26 045-719 Barth flowing wells .13 .2
10,10 026-718 W. Pensacola Utility Avondale .2 31
10,20 036-718 St. Regis well 1 1.4 2.17
10,25 043-718 Molino flowing wells .087 .134
11,5 021-717 U.S. NAS wells 1, D .065 .1
11,8 024-717 U.S. Navy Corry Field wells 1, 2, 4, 2.6 4.11
9, 10, 14
12,5 021-716 U.S. NAS well 2 .032 .05
12,7 023-716 Peoples Water Co., wells 1-3 1.14 2.01
12,8 024-716 U.S. Navy Corry Field wells 7, 8, 2.2 3.48
11, 12
12,9 025-716 Pensacola W. Pensacola Plant .8 1.2
13,7 023-715 Peoples Water well 4 0.38 0.77
Pensacola Country Club .1
13,8 024-715 Newport wells 10, 12, 13 2.6 4,14
13,9 025-715 Newport well 11 7 1.11
13,11  027-715 Montclair Util. well 1 .2 .31
13,19 035-715 Chemstrand wells 1, 2, 4-7, 9 7.04 11.54
14,8 024-714  Newport Industries .2 2,64
Spearman Brewery-Crystal Ice 1.5
14,9 025-714 Pensacola W & Avery Plant 8 2.395
Pensacola I & Cervantes Plant .8
14,16 032-714 Pensacola Scenic Hills C. C. .1 .15
14,19 035-714 Chemstrand well 3 1. 1.64
15,10 026-713 Pensacola No. 9 Plant .8 2.49
Pensacola F & Scott Plant .8
Small-capacity Pensacola .1

wells - Kuhn Grocery

See footnotes at end of table.
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Table 2,--Wells and discharge rates per node for pumping period 3:
January-December 1958--Continued

Lato‘-

Node long2 Names of wells and water users Withdrawal1
quad Mgal/d Ft°/s
15,11  027-713 Agrico, Concrete Supply, Escambia .065 .1
Treating
15,13 029-713 Pensacola Davis Plant .8 1.2
15,17 033-713 Gulf Power Christ Plant wells 1-3 .2 .3
16,8 024-712 Peoples Ice .3 5
16,9 025-~712 Pensacola No. 6 Plant .8 3.6
Pensacola No. 8 Plant .8
Pensacola East Plant .8
16,10 026-712 Pensacola 12th Ave. Plant 0.3 0.45
16,13 029-712 Pensacola 9th Ave. Plant .8 1.2
16,15 031-712 U.S. Navy Ellyson Field wells 1, 2 .14 .21
17,11 027-711 Pensacola Hagler Plant .3 .45
17,13 029-711 Pensacola McAllister Plant .3 .45
Totals for major users
Mgal/d Ft3/s Mgal/yr
Pensacola 8.9 13.77 3,249.5
Peoples Water Co. 1.73 2.68 632
W. Pensacola Utilities .13 .2 47
U. S. Navy:
Bronson, Saufley, Ellyson Fields .75 1.16 274
NAS .1 .15 35
Corry Field 4,903 7.59 1,790
St. Regis Co. 35. 54,72 12,775
Chemstrand (Monsanto) 8.51 13.17 3,108
Newport Industries 3.6 5.57 826
Gulf Power .19 .3 69

1Where two or more wells are in one node rectangle, the Mgal/d column shows
the withdrawal of each well or group of wells; the Ft3/s column shows the
combined withdrawal for the node.

2Abbreviated designation of l-minute latitude and longitude quadrangles as
described by Musgrove and others, 1965, p. 8-9.

21



Table 3.--Wells and discharge rates per node for pumping period 4:

January-December 1972

[Number of well nodes: 51]

Lat.-
Node long Names of wells and water users Withdrawall
quad Mgal/d Ft’/s
8,11 027-720 U.S. Navy Saufley Field wells 3, 4 0.32 0.5
8,20 036-720 St. Regis wells 30-32, 4,56 7.18
Farm Hill Util. No. 1 .08
8,21 037-720 St. Regis wells 8-13 5.47 8.46
8,23 039-720 Mazurek Farm .12 .19
9,9 025-719 Pensacola Lillian Plant AN .68
9,19 035-719 St. Regis wells 20-27 5.47 8.46
9,20 036-719 St. Regis wells 2-5, 15-19 4.56 7.06
9,21 037-719 St. Regis wells 6-7 1.82 2.99
Cottage Hill Util. well 1 11
9,22 038-719 Boise-Cascade well 1 .004 .006
9,23 039-719 Boise-Cascade well 2 .009 014
9,26 045-719 Barth flowing wells .15 .2
10,10 026-718 W. Florida Util. Avondale 2.7 4,18
10,20 036-718 St. Regis well 1 .92 1.41
10,25 043-718 Molino flowing wells .09 134
11,5 021-717 U.S. NAS Hovey Rd. well .2 31
11,7 023-717 Peoples Water well 7 .45 o7
11,8 024-717 U.S. Navy Corry Field wells 1, 2, 4, 9, 4. 6.19
10, 14
11,11 027-717 W. Florida Util. Charbar 0.15 0.23
11,19 035-717 Gonzalez Util. well 1 .11 .17
12,5 021-716 U.S. NAS well 2 .05 .08
12,7 023-716 Peoples Water wells 1-3, 6 1.35 2.09
12,8 024-716 U.S. Navy Corry Field wells 7, 8, 11, 12 3.74 6.48
Peoples Water well 8 .46
12,9 025-716 Pensacola W. Pensacola Plant 1.5 2.33
12,11 027-716 Pensacola Montclair 2, 3 1. 1.55
12,14 030-716 Pensacola Broad Plant 1.5 2.33
12,15 031-716 Pensacola Ensley Plant .9 1.39
12,16 032-716 Pensacola Sweeney Plant 1.5 2.33

See footnotes at end of table.
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Table 3,--Wells and discharge rates per node for pumping period 4:

January-December 1972--Continued

Lat.-
Node long2 Names of wells and water users Withdrawal1
quad Mgal/d Ft/s

12,18 034-716 Monsanto well 11 .97 1.5

13,7 023-715 Peoples Water well 4 W45 .85
Pensacola Country Club .1

13,8 024-715  Newport well 13 1.61 2,49

13,9 025-715 Newport well 11 46 .71

13,11 027-715 Pensacola Montclair 1 o5 77

13,18 034-~715 Monsanto well 13 1.94 3.

13,19 035-715 Monsanto wells 1-2, 4-9 7.52 11.64

14,8 024-714  Newport well 9 .09 1.84
Crystal Ice 1.1

14,9 025-714  Pensacola W & Avery Plant 1.5 4.65
Pensacola I & Cervantes Plant 1.5

14,16 032-714 Pensacola Scenic Hills C, C. .05 .077

14,19 035-714 Monsanto well 3 11 .17

15,10 026-713 Pensacola F & Scott Plant 1.5 4,65
Pensacola No. 9 Plant 1.5

15,11  027-713 Concrete Supply & Escambia Treating .02 .077
Agrico .03

15,13 029-713 Pensacola Davis Plant 1.5 2.33

15,16  032-713 University of West Florida well 2 .2 .31

15,17 033-713 University of West Florida well 1 .08 2.41
Gulf Power Christ Plant wells 1-3 1.48

16,8 024-712  Peoples Ice 3 o5 77

16,9 025-712  Pensacola No. 8 Plant 1.5 2.33

16,13 029-712 Pensacola 9th Ave. Plant 1.5 2.33

16,14 030-712 Pensacola Olive Plant .9 1.39

16,15 031-712 U. S. Navy Ellyson Field wells 1, 2 2 .31

17,11  027-711 Pensacola Hagler Plant 1.48 2.29

17,13 029-711 Pensacola McAllister Plant 1.5 2.3

17,16 032-711 Pensacola River Gardens well .1 .16

See footriotes at end of table.
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Table 3.~-Wells and discharge rates per node for pumping period 4:
January-December 1972-~Continued

Lat.-

Node 1ong2 Names of wells and water users Withdrawal1

quad Mgal/d Ft’/s

Totals for major users--Continued

Mgal/d Ft3/s Mgal/yr

Pensacola 21.9 33.9 7,994.5
Peoples Water Co. 2.7 4,2 987
W. Pensacola Utilities 2.8 4.4 1,040

U. S. Navy:

Saufley, Ellyson Fields .5 .8 191
NAS .25 .39 91
Corry Field 7.7 12.0 2,824
St. Regis Co. 22.8 35.3 8,319
Monsanto Co. 10.5 16.3 3,847
Newport Industries 2.2 3.3 788
Gulf Power 1.5 2.3 540

1Where two or more wells are in one node rectangle, the Mgal/d column shows
the withdrawal of each well or group of wells; the Ft3/s column shows the
combined withdrawal of the node.

2Abbreviated designation of l-minute latitude and longitude quadrangles as
described by Musgrove and others, 1965, p. 8-9.

3Well plants No. 6, Pensacola East Plant not in operation in 1972,

The data were analyzed statistically after calibration. Table 5 lists
the sites used as control for the head of layer 1 under unstressed conditions
(pumping period 1) and compares the altitudes of measured water levels, node
heads estimated from those observations, and node heads from the model.
Figure 6 shows the same data graphically, with the y-axis representing
measured values and the x-axis computed values. The equation of the regres-
sion line is y = -0.2556 + 0.97414x. The correlation coefficient r is 0.954.
If the calibration fit the observed points exactly, the equation would be
y = x and the correlation coefficient would be 1. The 95-percent confidence
band shows the joint confidence interval for the regression line at any value
of x (computed head) from 0 to 70 feet by the Scheffé method (Brown and
Hollander, 1977, p. 271-274). The widening of the confidence band for the
higher head values may be explained by (1) less refinement in the calibration
in the upland (northern) areas where these originated, owing to less control
for the input matrices and large grid blocks and (2) more scatter in the
measured water-level data, owing to a greater reliance on single measurements
at sites, some of which had imprecise land-surface datum control.
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Table 4.--Wells and discharge rates per node for pumping period 5:

January-December 1977

[Number of well nodes: 58]

Lat.-
Node 1ong2 Names of wells and water users Withdrawal1
quad Mgal/d Ft®/s
3,7 023-725 Pensacola Bronson wells 1, 2 0.69 1,07
5,16 032-723 Beulah Water System .2 .31
5,18 034-724 Florida Welcome Station .007 .01
5,26 046-723 Molino Utility well 2 .11 .17
7,20 036-721 Farm Hill Utility 2 .06 .09
8,11 027-720 U.S. Navy Saufley Field wells 3, 4 .18 .28
8,20 036-720 St. Regis wells 30-32 2.865 4.44
Farm Hill Util. No. 1 .05
8,21 037-720 St. Regis wells 8-13 5.73 8.87
8,23 039-720 Mazurek farm .03 .046
8,25 043-720 Molino Utility well 1 .11 .17
9,9 025-719 Pensacola Lillian Plant 1.04 1,607
9,14 030-719 Pensacola Dunaway Plant .69 1,07
9,19 035-719 St. Regis wells 20-27 7.64 11.82
9,20 036-719 St. Regis wells 2-5, 15-19 5.73 8.87
9,21 037-719 St. Regis wells 6-7 1,91 3.19
Cottage Hill Util, well 1 .15
9,26 045-719 Barth flowing wells .15 .2
10,10 026-718 W. Florida Util. Avondale .6 .93
10,20 036-718 St. Regis well 1 .955 1.48
10,25 043-718 Molino flowing wells .09 134
11,3 019-717 Gulf Island Natl. Seashore .075 116
11,5 021-717 U.S. NAS Hovey Rd. well 2 31
11,7 023-717 Peoples Water well 7 .397 .61
11,8 024-717 U.S. Navy Corry Field wells 1, 2, 4, 9, 3.83 5.93
10, 14
11,11 027-717 W. Florida Util. Charbar .11 .17
11,19 035-717 Gonzalez Util. well 1 .19 .29
12,5 021-716 U.S. NAS well 2 401 .62
12,7 023-716 Peoples Water wells 1-3, 6 1.59 2.46
12,8 024-716 U.S. Navy Corry Field wells 7, 8, 11, 12 2.74 4,85

See footnotes at end of table.
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Table 4.--Wells and discharge rates per node for pumping period 5:

January-December 1977--Continued

Lat.-
Node long2 Names of wells and water users Withdrawal1
quad Mgal/d Ft3/s

Peoples Water well 8 .397

12,9 025-716 Pensacola W. Pensacola Plant 1.38 2.14

12,11 027-716 Pensacola Montclair 2, 3 1.73 3.6
W. Florida Util. Carriage Hills well .6

12,14 030-716 Pensacola Broad Plant 1.38 2.14

12,15 031-716 Pensacola Ensley Plant 1.04 1.607

12,16 032-716 Pensacola Sweeney Plant 1.38 2.14

12,18 034-716 Momnsanto well 11 1.244 1,925

13,7 023-715 Peoples Water well 4 .397 .769
Pensacola Country Club .1

13,8 024-715 Newport well 13 42 .65

13,9 025-715 Newport well 11 .42 .65

13,11 027-715 Pensacola Montclair 1 .69 1.07

13,13 029-715 Holiday Inn .03 046

13,18 034-715 Monsanto well 13 1.244 1.72

13,19 035-715 Monsanto wells 1, 2, 4-9 9,066 14,03

14,8 024-714 Newport well 9 42 3.78
Crystal Ice 2.019

14,9 025-714 Pensacola W & Avery Plant 1.38 4,28
Pensacola I & Cervantes Plant 1.38

14,11 027-714 Hollingsworth Dairy .002 .003

14,12 028-714 Southern Prestressed Concrete 0.001 0.0015

14,19 035-714 Monsanto well 3 1.244 1,92

15,10 026-713 Pensacola F & Scott Plant 1.38 3.75
Pensacola No. 9 Plant 1.03

15,11  027-713 Concrete Supply .007 .02
Escambia Treating .006

15,13 029-713 Pensacola Davis Plant 1.38 2.14

15,16  032-713 University of West Florida well 2 .224 .35

15,17 033-713 University of West Florida well 1 .08 3.99
Gulf Power Christ Plant wells 1-3 2,5

16,9 025-712 Pensacola No. 8 Plant .69 4.82
Pensacola No. 6 1.03
Pensacola East Plant 1.38

16,13 029-712 Pensacola 9th Ave. Plant 1.38 2.14

See footnotes at end of table,
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Table 4.--Wells and discharge rates per node for pumping period 5:

January-December 1977--Continued

Lat.-
Node long2 Names of wells and water users Withdrawal1
quad Mgal/d Ft’/s
16,14 030-712 Pensacola Olive Plant .69 1.07
16,15 031-712 U.S. Navy Ellyson Field wells 1, 2 .198 31
17,11 027-711 Pensacola Hagler Plant 1.03 1.607
17,13 027-713 Pensacola McAllister Plant 1.38 2.14
18,12 028-710 Pensacola Airport N. .69 1.07
Totals for major users
Mgal/d Ft3/s Mgal/yr
Pensacola 24,92 38.56 9,095.8
Peoples Water Co. 2.78 4,30 1,015
W. Pensacola Utilities 1.31 2,03 478
U. S. Navy:
Corry Field 6.57 10.2 2,398
Ellyson Field .198 .306 14.3
NAS .601 .930 219
Saufley Field .18 .28 65.7
St. Regis Co. 24,83 38.42 9,063
Monsanto Co. 12.8 19.8 4,672
Newport Division, Reichhold Chemical 1.265 1.96 462
Gulf Power 2.5 3.87 912
Peoples Ice 2,019 3.124 736.9

lWhere two or more wells are in one node rectangle, the Mgal/d column shows
the withdrawal of each well or group of wells; the Ft3/s column shows the

combined withdrawal of the node.

2Abbreviated designation of l-minute latitude and longitude quadrangles as

described by Musgrove and others, 1965, p. 8-9.
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Figure 6.--0Observed versus calculated head values, regression line, and
confidence band for layer 1 for pumping period 1 (no pumping).

Table 6 lists the sites used as control for the calibration of layer 1
for 1972 (pumping period 4), adjusted observed heads, and heads computed by
the model. The interpretation of measured water levels to represent pumping
nodes involves more problems than those for other nodes. The model treats
pumping in any node rectangle as if it is concentrated in a single well at the
node, which is rarely the case. If an observation well is close to a pumping
well and both are distant from the node, or if the two are at opposite ends of
the node rectangle, measurements in the observation well would not indicate
the node value with the pumping well extrapolated to the node. Adjustments
were made to some observation-well head values by means of the Theis equation
(Lohman, 1979, p. 15): first solve for the drawdown in the observation well
produced by the pumping well(s) at the actual radius (or radii) and add it to
the mean observed head. Then solve for the drawdown produced in the observa-
tion well by a hypothetical well at the node with discharge equal to the sum
of all the discharge within the rectangle. This, subtracted from the pre-
viously adjusted head, should approximate the head at the well site if pumping
were concentrated at the node, except that leakage is ignored. The adjustment
appeared to give reasonable results in the simpler situations, but produced a
greater discrepancy than the unadjusted value in areas of closely spaced
pumping wells. In these areas the unadjusted value was used.

29



*37qe3 JO pPUd 3B S230UI00F 393§

8y 1- 8h° 1- 0 L/TI-10 8" %1 79 BTquedsd S9SN T0°LISGTL80ZEYCOE  STL~%T0 w.mﬁm
0S¢ 0S° %1 L ZL/T1-%0 L GT HL S9SN T10°S€9I1/80/G8€0€ 9T1/-8€0 2Z°TI
L/11-%0 7°01 L1 HL S9SN 10°609T1.805%9€0€
0£°¢ 0€°6 L zL/21-10 Vi %#{ Ojuesuol 10°0G9T1/800T9€£0E 9T/~9€0 0C°CI
A/ A 8G°8Y 16 ZL/21-10 9°0¢S 9% BTQUedSH SHSA T0°€Z9T/80801€0€ 9T/-T€0 SI*ZI
1€°9 69°9- €1- TL/T1-10 %°0- 6€ BTqUEIST S9SN T10°SE€91/8080€£Z0€ 9T1.~€20 N.Nﬁm
9T°1- %8 4% 9% TL/TT-S0 9% 8T HL S9SN T0O°%S8T/809%E€€0E 8IL-€E€0 LI°0T
0G°- 0S° ¢y Y 2L/21-10 GY % HI S9S0 T10°7Z81/80€%0£0E€ 8I/~0€0 ¥I‘0T
1%°01 6S° ! 81 L/21-10 91 € HL S9S0 10°9781/80TE%C0E 8IL~%C0 8°01
16°1 16°01 6 TL/21-10 ¢ Gh BTqUedsy S9SN T0°6061£80%19€0€ 61.~9€0 ON.mm
6C° 6C°9¢ 9¢ ZL/21-10 Ge G HL S9SN 10°CC61L80810€0€ 61/~0E0 %16
L8° G- €1°%¢ 0€ 2L/T1-20 8¢ { HL $9S0 10°7S0Z/80900€£0¢ 07L~0€0 %I1°8
6L°% 6L°9 Z TL/21-€0 1 €C HL S9SN 10°870CL80€£020€ 0ZL-020 v°g
68" 68°€1 €1 ZL/21-€0 Z1 77 HI S9SN 10°%117./80078Z0€ 17.-820 TI°L
S1°¢ S1°21 01 ZL/21-10 6 6 HL S9S0 T10°GOTCL80%SECOE T1CL~€C0 Lt
18°¢ 18" %% A/ ZL/21-20 9% €1 HI S9SN 10°7€€7.808S6€0€ €Z.~6€0 €Z°S
Ge* ge e Z€ 2L/21-20 €€ Z1 HI S9SN T10°€7€7L807%9€0€ €TL~9€0 0T°S
8¢ - 79° L1 81 TL/21-20 ¥4 8 HI S9S0 T10°00£7/808S670€ €7.-620 €1°G
I1° 11°6 6 TL61/12/21 6 GZ HL S9SN T10°1%€£7/.807S0Z0€ €Z/~-020 vals
GL°0- Gz 0¢€ 1€ TL/21-10 86°6C 1-%2£=C€0 S9SN T10°T11%7L8080CE0E %TL~TEO0 91°%
(3993)  (39933) (3993) (3993) :
QOHum>wa£o ﬂmwoﬁ soniea vmw& vwsw
woxJ poajru woxq peAxasqo UOT3IBAISQO paaxasqo QueN N.oz *d°I 9318 Hwaoq wﬁqz
-T3s?@ snulu woxly Jo poTaad ueauw IO =*3e] p
Topou woxjg pa3jewrlsy pajxodayg
peay SpoN

(/6] doquada(-Alenuer)

7 poraad Zuidund €] JI34e] I0J Son[eA peay pajindwod pue paslasqo apou-ToIJUO0D--°g ITqe]

30



*apou Zurdung

€

*93e103s 193ndwod ur BIEP
TT1°# fopn3itSuol pue apniTie] @3ewrxoadde uo paseq JIaqunu UOTIBOTITIUSPT 33TS I9leM-punoil §9gn anbrup

[4

*6-8 *d ‘G961 ‘sasyzo
pue 9a013sn Aq poqTIdSap se saf3ueapenb apniTSuol pue IpnITIB] 923NUTW-] JO UOTIBRUITSOP PajleTAdIqQY

!

86°¢C 86°¢ 1 ¢L/T1-20 2 T HL s9Sn T10°G%1T1/L80T%SC0E T1L-6T0 6°L1
S1°1 G1°1¢ 0¢ TL/11-10 %°1¢ 9 HI S9SO0 T10°/CETL8080CE0E €T1/-CE0 91°GI
1972~ €e vl L1 TL/T1-10 8°1¢C G-€1/-920 S9SN T10°€0ET1L808S9C0E €1/-920 OT°ST
€g BIqUEDSYH
%0°9- T1e° ¢~ €L°C ¢L/T11-10 6° 8- fojuesuol 10°00%1.80L7SE0E€ HIL-GEO mﬁaqam
89°1 89°¢¢E z¢ ¢L/1T1-€0 0°2¢ 17 HI S9SN 10°80%1.806%C€0€ H%I1.-T€0 9T1°¥I
¢/ BTIqUEOSH
18°¢ 61°C1- I~ TL/21-10 9'6— ‘ojuesuol TQ°GSGT/ZB808GSE0E GT/-GE€0 6I1°€ET
c9°¢- GETOY £y ¢L/T1-60 g ve 0C HL S9SN T0°C0ST/Z801SCEOE ST/-TEO 9T1°€I
19°9- 6€° LT 123 ¢L/t1-¢0 9¢ ¢ HL S9SN 10°9€GT1/80E€%920€ S1/-920 OT°€I
(1993)  (3997)  (3993) (2993)
UOTJIBAIISQO TIpouw sanyea peoy penb
woXj polew  WOIXJ  PIAIISQO  UOTIBAIIQO  PIAIISQO aweN *ON *q'I 93IS choq 2pON
-TI2S9 Snuru woiy JO potiag uepau 10 4 —*3e]
Tepow woxd paieur3sy peiaoday
peaYy 9poN

panurjuo)--(z/61 IaquUadaq-LAienuer)

% poTaad Surdund ¢ I94B] I0J SONTRA pPEIY pPaiIndwWod PUB PIAIISQO IPOU-TOIJUO)--*Q I[qB]

31



Figure 7 shows observed heads plotted against computed heads for 1972,
with the equation of the regression line: y = -0.7121 + 1.059x and correla-
tion coefficient r = 0.974. The 95 percent confidence band is broader than
for the no-pumping period, perhaps in part because of the difficulty in
adjusting observed water levels at pumping nodes, but the high correlation
coefficient indicates that the calibration should be satisfactory for most
purposes.
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Figure 7.--Observed versus calculated head values, regression line, and
confidence band for layer 1 for pumping period 4 (January-December
1972).

Mass Balance

Lohman (1979, p. 63) defined the hydrologic budget of an aquifer with the
following equation:

R+AR=D+AD+q+S% (2)
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where

R = recharge rate per unit area,
AR change in recharge rate per unit area,

D = natural discharge per unit area,

AD = change in discharge rate per unit area,

q = rate of withdrawal from wells per unit area, and
Ah

S af - rate of change in storage per unit area.

In the present model, S is assumed to be zero, and so the equation would

read:
R+ AR =D + AD + q (3)
where
R = a constant recharge rate plus recharge through constant-head nodes,
AR = change in recharge through constant-head nodes only,
D = natural discharge rate including discharge through rivers and

constant-head nodes,

AD = net changes in discharge rate per unit area through rivers and
constant-head nodes, and

q = rate of withdrawal from wells per unit area.

The simplifications depart from reality because water produced by wells
is always, to some extent, derived from storage in the aquifer, and recharge
is likely to increase in response to enlarging cones of depression because of
infiltration of water that would otherwise have been rejected.

The mass balance output identifies the contribution from each source, and
should show, for each pumping period, that flow into the model area is roughly
equal to flow out of the model area.

Mass balances for the five pumping periods are shown in tables 7 through
11. 1In each case, the error is less than 1 percent. Note that the constant-
head input rate is only a small part of the total input and increases only
moderately from pumping period 1 (no pumping) to succeeding periods of
pumping. This is one indication that the model results are not influenced
excessively by the constant-head nodes.

The constant-head input rate actually decreased from pumping period 2
(28.6 ft3/s) to pumping period 3 (28.1 ft3/s) although the pumping rate
increased more than four times. This can be explained by a change in the
distribution of pumping. For pumping period 2 (table 8), pumping was concen-
trated around Pensacola Bay and, particularly, around Bayou Chico (fig. 1) in
node 14,8. Constant-head nodes at sea level in layer 2 under Pemnsacola Bay
(nodes 14,5-6; 15,5-7 and 16,6-7), which had been receiving flow from ad-
joining nodes in layer 1, became sources of water as a result of pumping. For
pumping period 3 (table 9), pumping in node 14,8 continued at only one-fourth
the former rate, and all the offshore nodes except 14,6 again acted as sinks
rather than sources. This reversal is sufficient to explain the small changes
in constant-head input rate between pumping periods 1 and 3.
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The change in the direction of flow in the constant-head nodes underlying
the bay suggests induced infiltration of saltwater during pumping period 2,
(January 1939-March 1940, table 8). Although model parameters for the sub-
merged areas are based on projection from the land and conjecture, the simula-
tion is confirmed, in approximate fashion, by the appearance of saltwater in
wells in the Bayou Chico area before 1940 (Jacob and Cooper, 1940; Musgrove
and others, 1965).

The mass balances (tables 7 through 11) show a decrease in the discharge
rate to constant-head nodes of 22.6 ft®/s (24 percent) and a decrease of
102 ft3/s (31 percent) in river leakage as pumpage increased from O to 125.6
ft3/s. Therefore, according to the simulation, these are the principal
sources of the water pumped.

Flow Between Layers for Each Node

Tables 12 through 16 show the flow between the layers of the model.
Positive values indicate upward flow (from layer 1 to layer 2), whereas
negative values represent downward flow. The model omits values for all nodes
in which transmissivity and conductivity are zero. Thus, nodes in only the
active model area have vertical flow rates computed (rates are in ft3/s).

The highest rates of flow between layers with no pumping (table 12) are
approximately 18 ft3/s for nodes 8,27 (downward) and 9,27 (upward). These are
adjoining nodes representing rectangles of the largest size in the model
(5,246 ft by 30,606 ft) and with constant-head values in layer 2 of 160 feet
and 20 feet, respectively. The steep gradient in layer 2, established by the
constant heads, simulates the gradient in the water table associated with the
boundary between the uplands to the west and the Escambia River flood plain to
the east. The head in layer 1 is not held constant at these nodes. The
actual transfer of water from uplands to the flood plain in the area repre-
sented by these rectangles is partly through streams draining the upland, but
in the model it is treated as if it were all ground-water flow. The downward
rate in 8,27 approximately equals the upward rate in 9,27. The unit rate is
about 3 (ft3®/s)/mi2. Most of this flow represents increment to the Escambia
River in node 9,27. It does not appear as RIVER LEAKAGE in the mass balance
because constant-head nodes were not identified as RIVER nodes in the model.

Under conditions of no pumping, the highest rates of interlayer flow per
unit area are in nodes 14 and 15,17 and 8,14 and 15, which have flow rates,
respectively, of 4.3 and 5.6 ft3/s, or 3.8 and 4.9 (ft3/s)/mi? (51.4 to
66.7 in./yr). Nodes 14 and 15,17 represent areas containing short, steep-
gradient streams. Nodes 8,14 and 15 represent part of the deeply incised
Elevenmile Creek. Except for extreme values related to discharge to streams,
computed rates of interlayer flow generally range from 0.03 to 2 ft3/s (about
0.4 to 24 in./yr).

The net flow between layers changed from 4.96 ft3/s upward to layer 2 for

no pumping (table 12) to 19.0 ft®/s downward to layer 1 during pumping period
2 (table 13) and to 120.5 ft3/s to layer 1 during pumping period 5 (table 16).
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Heads and Drawdowns

Computed heads and drawdowns are shown in Supplementary Data III.
Drawdown equals the starting head for a given layer in a given pumping period
minus the final head for the model run. Because the source data are shown in
the head matrices, only contours are shown in the drawdown maps (figs. 8
through 15).

Figure 8 shows a shallow cone of depression in layer 1 for pumping
period 2 (1939-40) with two centers adjoining Pensacola Bay. Figure 10,
representing drawdown in layer 1 for pumping period 3 (1958), shows that the
two centers of drawdown in the previous period have shrunk, have shifted
slightly northward, and have been overshadowed by a much deeper cone of
depression near the center of the grid. This new cone is the result of the
near-maximum pumping rate (later reduced) for industrial purposes near Canton-
ment and the early stage of industrial pumping near Gonzalez (fig. 1).
Figure 12, representing drawdown in layer 1 for pumping period 4 (1972), shows
a shallowing of the cone of depression in the center of the grid and the
development of two separate centers. This is the result of the reduction in
the pumping rate around Cantonment and continued pumping near Gonzalez.
Centers of the two cones in the southern part of the area have shifted slight-
ly northward, but have deepened. These changes reflect increased but more
dispersed pumping for public supply in and around Pensacola. Figure 14,
representing the effects of pumping on layer 1 in pumping period 5 (1977),
shows a similar pattern to that in figure 12, but the cones have spread and
deepened. This reflects the continuation of the trend of increased but more
dispersed pumping.

Figures 9, 11, 13, and 15 show drawdown in layer 2 for the pumping
periods 2 through 5. The patterns of their cones of depression are similar to
the corresponding ones for layer ! in figures 8, 10, 12, and 14, but the cones
are somewhat shallower and less widespread. According to the model, under
steady-state conditions the water table is drawn down one-half to two-thirds
as much in the centers of cones of depression as the head in layer 1. Draw-
down of the water table is difficult to compare with long-term water-level
records because data are scarce and difficult to use in calibration because of
variations in the water table with topography, precipitation, and evapotrans-—
piration.

TESTING

The model calibrated for 1972 pumping, was tested by comparing its fit to
observed data under other conditions of stress. The pumping periods selected
for this purpose were period 2 (January 1939-March 1940), period 3 (1958), and
period 5 (1977). The 1939-40 period differed from 1972 in that industrial
pumping had not yet begun in the Cantonment and Gonzalez areas (fig. 1), but
pumping rates were higher northeast of the Pensacola Naval Air Station than in
1972, The City of Pensacola public-supply wells, although they pumped much
less than in 1972, were concentrated around the original water plant (node
16,9). Data for the 1939-40 period are mostly from Jacob and Cooper (1940).
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During the 1958 period, pumping at Cantonment was near its peak and was
substantial near Gonzalez. Total pumpage and distribution of the Pensacola
public-supply wells were intermediate between the conditions of 1940 and 1972.
The principal sources of data for this period are Musgrove and others (1965,
1966) and long-term records of observation wells established in 1939-40.

By period 5 (1977), pumping centers not active in 1972 had developed and
pumping generally increased, with local variations. The sources of data are
the current investigation of the sand-and-gravel aquifer, long-term
observation-well data, and the statewide water-use program.

Tables 17 through 19 list the sites used as control for the head of layer
1 in pumping periods 2, 3, and 5, respectively, nodal heads estimated from
observations, and nodal heads computed by the model. Figures 16 through 18
show the same data graphically.

The equations of the regression lines and the correlation coefficients
are:

Pumping Period 2, January 1939-March 1940
y = 0.8462x + 0,1597
r = 0.916
N = number of data pairs (14)

Pumping Period 3, January-December 1958
y = 1.87 + 0.8011x
r = 0.974
N = number of data paris (24)

Pumping Period 5, January-December 1977
y = 5.26 + 0.84x
r = 0.958
N = number of data pairs (34)

These compare fairly well with the calibration regression lines and
correlation coefficients, and therefore, the testing of the model shows that
it produces usable values within an acceptable range of accuracy for the
magnitude and distribution of pumpage to date.

Model Sensitivity to Changes in Input

A sensitivity analysis was included as part of the calibration of the
model in order to determine the importance of each parameter in affecting the
head. This procedure tests the effects of varying each input parameter while
keeping other parameters constant. A multiplier is used to either increase or
decrease the calibration value. Five parameters were varied in this manner:
TK matrix, horizontal hydraulic conductivity of layer 2, transmissivity of
layer 1, recharge, and river leakage. The results indicate deviations from
known head caused by varying each parameter. Of the five parameters studied,
the model was most sensitive to recharge. After recharge, layer 1 is most
sensitive to changes in TK, its own transmissivity, and horizontal hydraulic
conductivity of layer 2, in that order. After recharge, layer 2 is most
sensitive to its own horizontal conductivity, followed by changes in TK. Both
layers were least sensitive to variations in river leakage.
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Figure 8.--Drawdown for layer 1, pumping period 2 (January 1939-March 1940).
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Figure 11,--Drawdown for layer 2, pumping period 3 (January-December 1958).
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Figure 16.--Observed versus calculated head values, regression line, and
confidence band for layer 1 for pumping period 2 (January 1939-March
1940).

The sensitivity analysis results for the recharge parameter are most
clearly shown through graphic representation. Inasmuch as the model was most
sensitive to recharge, only those results are shown. One north-south and one
east-west cross section of the model area were included in the analysis. The
north-south section (section A-A', fig. 1) along row 9 was chosen since it
runs parallel to the Escambia and Perdido Rivers. The east-west section
(section B-B', fig. 1) was chosen along column 7, which includes major pumping
and an observation well. Each figure depicting either layer 1 or layer 2
shows a generalized land surface using the mean altitude of the node rectan-
gles and significant topographic features. Also shown are plots of computed
heads from pumping period 4 with one line showing the heads as calibrated and
two other lines showing the effects on the head predicted by increasing and
decreasing recharge. Control values, which are adjusted observed heads for
layer 1, are shown by large triangles.
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Figure 17.--Observed versus calculated head values, regression line,
and confidence band for layer 1 for pumping period 3 (January-December
1940).

Whenever a node in layer 2 goes dry or the head drops below the bottom of
the layer, the head plotted is the value of the altitude of the bottom of the
layer for that node. When this happens, the node is footnoted, since the head
plotted is not meaningful at that point. Also, although the figures may show
a certain number of nodes, not all are within the model boundaries. No values
are plotted for nodes outside the boundaries.
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Figure 18.--Observed versus calculated head values, regression line,
and confidence band for layer 1 for pumping period 5 (January-December
1977).

Figures 19 through 22 show fluctuations in water levels caused by
doubling recharge or by decreasing recharge by omne half. Figure 19 shows the
effect of varying recharge on heads in layer 1 along row 9. Figure 20 shows
the effect on heads in layer 2 along row 9. In this figure, nodes 19 and 20
go dry under decreased recharge. Figure 21 shows the effect of varying
recharge on heads in layer 1 along column 7. Figure 22 shows the effect on
heads in layer 2 along column 7. Figures 21 and 22 show water levels above
ground surface in some areas, under an increased recharge rate.
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Figure 19.--Effect of varying recharge on heads in layer 1 along row 9.
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Figure 20.-~Effect of varying recharge on heads in layer 2 along row 9.
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Figure 21.--Effect of varying recharge on heads in layer 1 along row 7.
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Figure 22.--Effect of varying recharge on heads in layer 2 along row 7.
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Model Sensitivity to Changes in Boundaries

Testing indicated that the model, over most of its area, is not very
sensitive to the limited extension of the eastern and western no-flow bound-
aries, either with or without simulated pumping, at least for present rates and
patterns of pumping.

The test procedure included extending matrix values of transmissivity of
layer 1, TK, hydraulic conductivity of layer 2, and altitude of the bottom of
layer 2 to the outermost row and column of the grid. In layer 2, the northern
constant-head boundary was extended eastward and additional constant-head nodes
were added to simulate sea level at Escambia Bay. The simulation of river
drainage was not extended into the previously unmodeled areas, but recharge to
these areas was adjusted during trial no-pumping model runs until heads in
layer 2 roughly approximated the water table, as estimated from topography. The
water table thus generated was too high in many of the nodes representing the
lowlands along the Escambia and Perdido Rivers and probably too low in many of
the nodes representing the highlands, but further refinement would have required
changing other parameters, for which data were lacking. Another reason for not
continuing to improve the fit of the simulated water table to the topography was
that the trial process had already shown that the head in the original modeled
area did not change much in response to changes in water table in the extended
areas,

In addition to the no-pumping case (pumping period 1), the sensitivity of
the model to expanding the no-flow boundaries was tested for the conditions of
pumping period 5 (representing 1977), and also pumping period 5 with the addi-
tion of two hypothetical pumping nodes outside the original modeled area:
1.1 ft3/s at node 2,8 and 11.3 ft3/s at 20,19.

The three sensitivity runs showed that from 2 to 8 nodes in layer 1 in the
original model area changed 10 feet or more as compared to the final head of the
corresponding calibration run, the maximum change being an increase of 21 feet.
About half of these nodes were outside the area of principal interest. Most of
them immediately adjoined the eastern no-flow boundary; the others were the
second node from the boundary. Most of the other nodes had head changes of
3 feet or less; many had no change. The changes were predominantly increases in
head. The run with no pumping showed the greatest change, and the run with the
outside pumping nodes changed the least. In all the runs, none of the nodes in
layer 2 had head changes exceeding 10 feet; most changed 1 foot or less.
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