

























































































































































































































































































































































































The accuracy of the model results is limited relative to flow. The
steady-state condition of flow in scenario 4 projected an increase of average
recharge of 1.4 in/yr to the bedrock aquifers for the modeled area. The time
frame over which the projection holds is the time frame in which the aquifer
system appears to reach steady state, about 4 to 6 months. Therefore, the
model predictions are more reasonable projections of the probable effects of
short-term drought but may underestimate the effects of long-term drought
factors such as streamflow depletion.

The model results can overstate drawdown. At two locations (cells cen-
tered about 17, 42, 8 and 42, 16, 8), model-calculated heads were projected to
be below the bottom of the aquifer in scenario 4. This is physically impossi-
ble and has several consequences relative to the validity and accuracy of
model simulations. Consequently, the model is not quantitatively valid given
the ground-water withdrawals used in scenario 4 in northern Ramsey County
through the panhandle of Anoka County and in southeastern Hennepin County.
Because the problem of overdrafting the aquifer hopefully would be recognized
during design of the well field, the probable solution would be a combination
of lower pumping rates for individual wells plus pumpage from more widely
spaced well fields. The consequence of this sort of development would be an
areally more extensive, but shallower, cone of depression. Different develop-
ment patterns will cause different results. Detailed discussion of this
problem is beyond the scope of this report. However, this report indicates
the locations of potential problems.

Assumptions made in the model about the location of new wells and lack of
availability of ground-water from storage, when combined with the given dis-
tribution of higher simulated pumpage rates, help define a range or an "en-
velope" about an "ultimate sustainable yield" or maximum ground-water with-
drawal rate. The envelope reflects model sensitivity to parameter uncertainty
and sheds understanding on the accuracy of the maximum ground-water withdrawal
rate. Results from scenario 4 suggest that the rate is approximately 650
Mgal/d. But given a range of *150 Mgal/d, the "ultimate sustainable yield" is
better expressed as being between 500 Mgal/d and 800 Mgal/d.

NEED FOR FUTURE STUDIES

The present numerical ground-water-flow model can serve as an indicator
of where and how much additional data are needed to increase understanding of
ground-water flow in the aquifer system and to provide updated information to
improve the predictive capability of future models. In addition, water-level-
data networks need to be constructed with a clear understanding of the uses to
which the data will be put. Otherwise, data maybe collected at such intervals
as to make it practically uninterpretable and generally useless. Identified
data-collection needs fall into three areas: Water levels (heads), water use,
and hydraulic characteristics.

Future activities related to collection of water-level data in the study
area include:

(1) regional, synoptic, water-level measurements in the various aquifers

during both winter and summer at least every 10 years and preferably every
5 years;
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(2) regional, synoptic, water-level measurements for both the Mount Simon-
Hinckley and Prairie du Chien-Jordan aquifers every winter to monitor the
cumulative effect of long term, increased pumpage; and

(3) Continuous water-level data using recorders in areas of largest summer
pumpage.

Future activities related to collection of ground-water-use data in the
study area include:

(1) Careful study of the development of supplemental ground-water supplies for
the cities of Minneapolis and St. Paul. (Results of model simulations
indicate that the simultaneous development of ground-water supplies at
projected withdrawal rates and locations indicated by the municipalities
themselves could substantially affect the potentiomentric surface of the
Prairie du Chien-Jordan aquifer);

(2) estimates of nonpermitted, hence unrecorded, water use at sites where
withdrawals exceed 10 million gallons per year;

(3) estimates of future ground-water consumption based on past consumption,
economic factors, population change, and climatic factors with time-series
modeling methods; and

(4) coordination of the frequency of measurements of water-level data and
collection of water-use data.

Specific studies of hydrologic properties of the aquifer system might
include:

(1) A detailed study of the interaction between bedrock aquifers and the
Mississippi, Minnesota, and St. Croix Rivers. (Because of the complex
nature and extremely variable thickness of the streambed material, the
calibrated values of streambed leakance are only estimates on a regional
scale);

(2) improved definition of the effects of recharge from lakes and reservoirs
in maintaining water levels in various aquifers;

(3) detailed determination of the vertical hydraulic conductivity of bedrock
and unconsolidated confining units;

(4) improved definition of the hydrologic budget in the study area to
determine the relations among surface runoff, shallow ground-water flow,
intermediate ground-water flow, deep ground-water flow, and manmade and
natural discharges;

(5) establishment and verification of the southern hydrologic boundary for
the Mount Simon-Hinckley aquifer in the study area by means of water-level
and hydraulic data;

(6) determination of the extent of buried karst terrain within the Prairie du
Chien-Jordan aquifer and its hydrologic importance; and

(7) improved definition of the saturated thickness of the drift.
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SUMMARY AND CONCLUSIONS

The aquifer system contains 14 geologic formations as much as 1,000 ft
thick. The formations can be grouped into 5 aquifers and 4 confining units.
Bedrock aquifers consist of sandstone with intergranular flow and limestone
with high secondary permeability. The aquifers in ascending order are: the
Mount Simon-Hinckley, Ironton-Galesville, Prairie du Chien-Jordan, and St.
Peter aquifers. Bedrock confining units consist of silty, fine-grained sand-
stone and shale. The confining units in ascending order are: the Eau Claire,
St. Lawrence-Franconia, Lower St. Peter, and Decorah-Platteville-Glenwood
confining units. As much as 600 ft of unconsolidated drift overlies a deeply
incised bedrock surface. These unconsolidated deposits consist primarily of
sandy to gravelly outwash and alluvium (aquifers) and silty to clayey till and
alluvium (confining units).

The two uppermost bedrock aquifers, the St. Peter and the Prairie du
Chien-Jordan, and the two uppermost bedrock confining units, the Decorah-
Platteville-Glenwood and the Lower St. Peter, are extensively cut by pre-
glacial valleys. Consequently, drift-filled valleys in the bedrock surface
connect the upper two bedrock aquifers and the drift aquifer, forming a well-
connected hydraulic system on a regional scale. Few bedrock valleys fully
penetrate the Eau Claire confining unit and cut into the lowermost aquifer in
the flow system, the Mount Simon-Hinckley. As a result, the Mount Simon-
Hinckley aquifer is hydraulically isolated from the shallow and intermediate
flow systems in the overlying interconnected aquifers.

In general, the valleys of the Mississippi, Minnesota, and St. Croix
Rivers act as regional drains for the bedrock aquifers as well as the drift.
The rivers form important hydraulic boundaries to all aquifers. In contrast,
the valleys of the Rum, Crow, and Cannon Rivers lie in drift and generally do
not cut down to bedrock except for the Cannon River, which is in the "drift-
less zone". The major effect of the smaller river valleys on the aquifer
system is limited to controlling the shape of the water table.

In the study area, long-term precipitation generally ranges from 26 to 32
in/yr. Most of the precipitation is lost to evapotransporation, leaving only
8 to 9 in/yr for either recharge to the ground-water system or overland runoff
to streams. Historically, overland runoff has been about 5 in/yr. Conse-
quently, 3 to 4 in/yr of water have been available to recharge the ground-
water system.

Lakes and wetlands store overland runoff and represent locations where
recharge to or discharge from the ground-water system can occur throughout the
year. In addition, lake stages are relatively constant because of control
structures on outlets and additions of pumped ground water to maintain lake
levels.

The aquifer system was represented by a quasi-three-dimensional ground-
water-flow model. Each of the 10 layers in the model has 59 east-west rows
and 69 north-south columns. The top layer (layer 10) represented only drift.
All other layers represented both drift and bedrock. The bedrock aquifers
represented are the Mount Simon-Hinckley (layer 1), Ironton-Galesville (layer
7), Prairie du Chien-Jordan (layer 8), and St. Peter (layer 9) aquifers. The
Eau Claire confining unit was represented by model layers 2-6.
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Model cells representing either bedrock or drift or both were assigned
transmissivity values calculated from the unit’s average horizontal hydraulic
conductivity and thickness. In addition, either hydraulic heads or fluxes
were specified for the hydraulic boundaries represented in the model and for
time-varying fluxes. In the aquifer system, boundary conditions used include
no-flow boundaries, head-dependent-flux boundaries, leaky streams, springs and
seepage faces, and constant heads along rivers and at lakes; time-varying
fluxes include recharge and pumpage.

The model simulated the most important aspects of the observed ground-
water-flow system. In the Prairie du Chien-Jordan aquifer: (1) the highest
water levels generally coincided with topographic highs; (2) the lowest water
levels coincided with the Mississippi River where the river leaves the south-
eastern corner of the study area; (3) ground water generally flowed from
water-level highs toward the major streams with only minor diversions of
ground water at local cones of depression; and (4) ground-water-flow divides
closely paralleled watershed divides. 1In the Mount Simon-Hinckley aquifer:
(1) the highest water levels generally coincided with the highest altitude of
the aquifer in the study area; and (2) the lowest water levels coincided with
either actual or projected major pumping centers.

Model results indicate that: (1) the major rivers act as regional drains
for all the bedrock aquifers except the Mount Simon-Hinckley; (2) water-level
highs are topographically controlled; (3) the Prairie du Chien-Jordan aquifer
is highly transmissive and in good hydraulic connection both with the overly-
ing drift and the major rivers; (4) the control on flow from the bedrock to
the rivers does not depend on their direct commnection, but rather on the
horizontal hydraulic properties of the intervening drift; (5) there is a
direct correlation between flow in the bedrock aquifers and discharge from the
aquifer system to the major rivers; (6) the major effect of minor rivers is
limited to controlling the shape of the water table; (7) the system was ap-
proximately in mass balance with a recharge rate of 3.5 in/yr but, because all
discharge from shallow ground-water-flow subsystems is not explicitly repre-
sented in the numerical model, this rate only represents the flux of water
through the drift to the bedrock part of the aquifer system from precipita-
tion; and (8) lakes and wetlands help control the shape of the water table and
contribute about 0.7 in/yr net recharge to the ground-water system, suggesting
that the total influx of water infiltrating from land surface was about 4.2
in/yr in these areas.

The model was calibrated in steady-state against the median of observed
hydraulic heads for 1971-80, with a standard deviation of the absolute residu-
als of about 20 ft.

The sensitivity of the model was evaluated in terms of three broad cate-
gories: Those factors that directly affect (1) horizontal flow through the
ground-water system; (2) vertical flow through the ground-water system; and
(3) flow influenced by boundary conditions and time-varying fluxes. The most
sensitive parameters were recharge and vertical hydraulic conductivity of the
drift and the Eau Claire confining unit.

Projected ground-water withdrawals of 370 Mgal/d, 510 Mgal/d, and 670
Mgal/d were used for simulating four scenarios with the steady-state model.
Results are summarized for the Prairie du Chien-Jordan and Mount Simon-Hinck-
ley aquifers because projected increases in ground-water use are concentrated
in those aquifers.
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All four scenarios of future water use indicated the following results.
For layer 8 (Prairie du Chien-Jordan aquifer): (1) the highest calculated hy-
draulic heads generally coincided with topographic highs; (2) the lowest cal-
culated hydraulic heads coincided with locations of projected pumping centers;
and (3) cones of depression could exist below the lowest natural outlet for
the Prairie du Chien-Jordan. For layer 1 (Mount Simon-Hinckley aquifer): (1)
the highest calculated hydraulic heads generally coincided with the highest
altitude of the aquifer in the study area; and (2) calculated hydraulic heads
were lowest in the vicinity of either actual or projected major pumping
centers.

Scenario 1, which projected future increases in pumpage from the Prairie
du Chien-Jordan aquifer and aquifers in the drift, indicated that: (1) for
layer 8 (Prairie du Chien-Jordan aquifer) the cones of depression could exist
below the lowest natural outlet for the aquifer at Bloomington, Burnsville,
and the St. Paul Water Utility at Vadnais Heights; and (2) for layer 1 (Mount
Simon-Hinckley aquifer) calculated hydraulic heads were lowest at Edina and
five cities in the northern tier of suburbs (Anoka, Coon Rapids, Blaine,
Fridley, and New Brighton).

Scenario 2, which projected future increases in pumpage from the Prairie
du Chien-Jordan aquifer and the aquifers in the drift, indicated that: (1) for
layer 8 (Prairie du Chien-Jordan aquifer), cones of depression could exist
below the lowest natural outlet for the Prairie du Chien-Jordan in the study
area at Bloomington, Burnsville, and the St. Paul Water Utility at Vadnais
Heights as well as at Eden Prairie, the Minneapolis Water Works treatment
plant at Fridley, downtown Minneapolis, the Energy Park area in St. Paul, an
industrial area in northwest central St. Paul, and the McCarrons Lake area in
Roseville just north of the St. Paul city limits and (2) for layer 1 (Mount
Simon-Hinckley aquifer), calculated hydraulic heads were lowest in the vicini-
ty of either actual or simulated major pumping centers at Anoka, St. Louis
Park, Edina, Savage, Coon Rapids, Blaine, Fridley, and New Brighton.

Scenario 3, which projected future increases in pumpage from the Prairie
du Chien-Jordan and Mount Simon-Hinckley aquifers, indicated that: (1) for
layer 8 (Prairie du Chien-Jordan aquifer), cones of depression could exist
below the lowest natural outlet for the Prairie du Chien-Jordan in the study
area at Bloomington, Burnsville, and the St. Paul Water Utility at Vadnais
Heights; and (2) for layer 1 (Mount Simon-Hinckley aquifer), calculated hy-
draulic heads were lowest in the vicinity of either actual or projected major
pumping centers at Andover, Maple Grove, and Brooklyn Park in addition to St.
Louis Park, Edina, Savage, Blaine, Fridley, and New Brighton.

Scenario 4, which projected future increases in pumpage under drought
conditions from the Prairie du Chien-Jordan aquifer and the drift, indicated
that: (1) for layer 8 (Prairie du Chien-Jordan aquifer), cones of depression
could exist below the lowest natural outlet for the Prairie du Chien-Jordan in
the study area at Bloomington, Burnsville, and the St. Paul Water Utility at
Vadnais Heights, Eden Prairie, the Minneapolis Water Works treatment plant at
Fridley, downtown Minneapolis, the Energy Park area in St. Paul, an industrial
area in northwest central St. Paul, and the McCarrons Lake area in Roseville
just north of the St. Paul city limits, with additional cones of depression
occurring at Minnetonka, Richfield, downtown St. Paul, the Fort Road- Jeffer-
son Avenue in St. Paul, and Cottage Grove; and (2) for layer 1 (Mount Simon-
Hinckley aquifer), calculated hydraulic heads were lowest in the vicinity of
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either actual or simulated major pumping centers at Anoka, St. Louis Park,
Edina, Savage, Coon Rapids, Blaine, Fridley, and New Brighton.

The results of these model simulations suggests that while ground water
generally will continue to flow from the water-level highs toward the major
streams, the Mississippi, Minnesota, and St. Croix Rivers, increasing amounts
of ground-water will be diverted to local pumping centers as pumpage in-
creases. For ground water in the Prairie du Chien-Jordan aquifer, this gener-
al flow pattern indicates that, in the Twin Cities area, the major streams
will still be the principal natural drains for the ground-water system. In
addition, because the Prairie du Chien-Jordan aquifer is in good hydraulic
connection with the overlying drift, increased capture of that part of precip-
itation which percolates to the water table as recharge by the bedrock aquifer
can result in reduced water available for overland runoff and shallow ground-
water flow. For the Mount Simon-Hinckley aquifer, the cone of depression
centered on major pumping centers in St. Louis Park and Edina through the
early 1980's may become centered on pumping centers in New Brighton and Frid-
ley if increased future pumpage comes from the Prairie du Chien-Jordan aquifer
and the drift or on pumping centers in Andover, Maple Grove, and Brooklyn Park
if increased future pumpage comes from the Prairie du Chien-Jordan and Mount
Simon-Hinckley aquifers.

Evaluation of the effects of increasing withdrawals suggests that future
changes in water use can result in increased capture of that part of precipi-
tation which percolates to the water table, with a consequent decreased
discharge of ground water to streams and increased induced infiltration of
surface water in rivers, lakes, and wetlands. If increased withdrawals are
restricted to areas of population increase or to treatment-plant sites, sig-
nificant declines in hydraulic heads in both the Prairie du Chien-Jordan and
Mount Simon-Hinckley aquifers can be expected, perhaps reaching the point of
legally defined "ground-water mining." The effects on flow to streams from
the ground-water system and local reversals of flow from streams into the
aquifer system may be sufficient during periods of low precipitation to reduce
the ground-water contribution to surface flow out of the study area by more
than 40 percent. Another consequence of changes in the ground-water-flow
system due to increased withdrawals might possibly be decreased time for
contaminants to travel from shallow to intermediate to deep ground-water-flow
paths.

Future water availability depends on the pattern of development and the
aquifer from which the water is withdrawn. On the basis of the development
patterns defined for this study, approximate limits of ground-water availabil-
ity in the Twin Cities Metropolitan Area are from about 500 to about 800
Mgal/d.

Results of this numerical ground-water-flow model can serve as an indica-
tor of where and how much data need to be collected to increase understanding
of ground-water flow in the aquifer system and to provide updated information
to improve the predictive capability of future models. Suggested data needs
include periodic monitoring of hydraulic heads and ground-water use as well as
further collection and compilation of hydrogeologic data on the aquifer system.
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GLOSSARY

Alluvium.--A general term for clay, silt, sand, gravel, or other similar
material deposited in a streambed or a flood plain during comparatively
recent geologic time.

Aquifer.--A formation, group of formations, or part of a formation that
contains sufficient saturated permeable material to yield significant
quantities of water to wells or springs.

Aquifer system.--A heterogeneous body of bedrock or unconsolidated deposits or
both that contains interbedded permeable (aquifer) and less permeable
(confining unit) material acting together as a water-yielding hydraulic unit
of regional extent.

Bedrock.--A general term for the rock, usually solid, that underlies soil or
other unconsolidated surficial materials.

Cell.--A block within a digital ground-water model at which hydraulic
properties, boundary conditions, and hydraulic head can be fixed, or
referenced, in space.

Colluvium. --Any incoherent mass of soil material or rock fragments or both
deposited by rainwash, sheetwash, or slow continuous downslope creep,
usually collecting at the base of gentle slopes or hillsides.

Cone of depression.--A depression in the potentiometric surface of an aquifer
that has the shape of an inverted cone and develops around a well from which
water is being withdrawn. It defines the "area of influence" of a well. The
shape of the depression is due to the fact that the water must flow through
progressively smaller cross sections as it nears the well, and hence the
hydraulic gradient must be steeper.

Confined aquifer.--An aquifer bounded above and below by impermeable beds,
such as clay or unfractured shale, or by beds of distinctly lower
permeability than that of the aquifer itself; an aquifer containing confined
ground water,

Confining unit.--A layer of "relatively impermeable" material
stratigraphically adjacent to one or more aquifers. The hydraulic
conductivity of the confining bed is distinctly lower than that of the
adjacent aquifers. This term supplants the terms aquiclude, aquitard, and
aquifuge.

Darcy's Law.--A derived formula for the flow of fluids through porous media
based on the assumption that the flow is laminar and that inertia can be
neglected.

Divide (ground water).--A ridge in the water table or other potentiometric
surface from which the ground water represented by that line moves away in
both directions.

Divide (surface water).--The line of separation, or the ridge, summit, or
narrow tract of high ground that marks the boundary between two adjacent
drainage basins or dividing the surface waters that flow naturally in one
direction from those that flow in another direction; the line forming the
rim of, or enclosing a drainage basin; a line across which no water flows.

Drawdown.--(a) The lowering of the water level in a well as a result of
withdrawal. (b) The difference between the height of the water table and
that of the water in a pumped well. (c) The reduction of the pressure head
as a result of the withdrawal of water from a well.

Drift-filled bedrock valley.--Valley cut into the preglacial surface by
erosional processes that was later filled with glacial drift.
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GLOSSARY- -Continued

Evapotranspiration.--Water withdrawn from a land area by evaporation from
water surfaces and from moist soil and by plant transpiration.

Gaging station.--A location on a stream at which a record of stream discharge
is obtained. Within the U.S. Geological Survey, this term is used only for
those stream sites where a continuous record of discharge is obtained.

Glacial drift.--A general term applied to all rock material (clay, silt, sand,
gravel, boulders) transported by a glacier and deposited directly by, or
from the ice, or by running water emanating from a glacier.

Hydraulic conductivity.--The volume of fluid, at the existing kinematic
viscosity, that will move in unit time under a unit hydraulic gradient
through a unit area measured at right angles to the direction of flow. It
describes the ability of aquifer material to transmit water. Values for
horizontal and vertical flow through the same material may differ.

Hydraulic head (or head).--The height of the free surface of a body of water
above a given datum at a specified point. In this report the datum is the
National Geodetic Vertical Datum of 1929 (NGVD of 1929). See also glossary
entry for Water Level.

Hydrogeologic unit.--A body of rock or unconsolidated material having
considerable lateral extent and forming "a geologic framework for a
reasonably distinct hydrologic system."

Hydrograph.--A graph of stream stage, discharge, water level, velocity, or
other property of water with respect to time.

Hydraulic boundaries.--(a) Constant-head boundary--A boundary where a part of
the boundary surface of an aquifer system coincides with a surface of
essentially constant head. (The word "constant," as used here, implies a
value that is uniform at all points along the surface as well as through
time.) (b) Head-dependent-flux boundary--The flux across a part of the
boundary surface changes in response to changes in head within the aquifer
adjacent to the boundary; it is a specified function of that head and varies
during problem solution as the head varies. (c) No-flow boundary-- No
component of flow exists normal to this boundary at every point along its
length.

Infiltration.--The vertical movement of water through the land surface.

Leakage.--The act or process involving the movement of water through a porous
media. For example, (a) water moving from one aquifer to another through a
semiconfining unit under hydrostatic pressure; (b) water moving between
rivers and aquifers through river-bottom material.

Leakage coefficient.--The rate at which water of the prevailing kinematic
viscosity is transmitted through a confining unit under a unit hydraulic
gradient.

Mean annual instantaneous discharge.--The arithmetric mean of instantaneous
discharges during the year, given in cubic foot per second.

Qutwash.--Sorted, stratified glacial drift deposited beyond the glacial ice
front by melt-water streams.

Percolation.--The laminar flow of water, under hydrostatic pressure or by
force of gravity, through the interstices of a rock or soil. It does not
include movement through large openings such as caves.

Potentiometric surface.--An imaginary surface representing the total head of
ground water and defined by the level to which water will rise in a tightly
cased well. The water table of an unconfined aquifer is a particular
potentiometric surface.
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GLOSSARY- -Continued

Precipitation.--All forms of water particles, liquid or solid, that fall from
the atmosphere and reach the ground.

Preglacial erosional surface.--Bedrock surface developed by erosional
processes before the most recent period of glaciation.

Pumpage. --The quantity or discharge of water, or other liquid, pumped, such as
ground water.

Recharge.--The process involved in the absorption and addition of water to the
zone of saturation; also, the amount of water added.

Runoff.--That part of precipitation that appears in surface streams. It is
the same as streamflow unaffected by artificial diversions, storage, or
other works of man in or on the stream channels.

Sand plain.--A small outwash plain consisting chiefly of sand deposited by
meltwater streams flowing from a glacier.

Saturated zone.--A thickness of rock or soil material in which all the
interstices are filled with water under pressure greater than atmospheric.
The upper surface of the zone of saturation is the water table.

Seepage face.--A belt along a slope, such as the bank of a stream, along which
water emerges at atmospheric pressure and flows down the slope. The
uppermost level at which flowing water emerges in the seepage line
represents an outcrop of a water table; above it is moist material
representing an outcrop of the capillary fringe.

Spring.--A place where ground water flows from a rock or soil upon the land or
into a body of surface water.

Steady-state hydraulic heads.--Hydraulic heads occurring when, at any point,
the magnitude and direction of the specific discharge are constant in time.

Storage.--In ground-water hydrology, storage refers to water naturally
detained in a ground-water reservoir, to artificial impoundment of water in
ground-water reservoirs, and to the water so impounded.

Till.--Unsorted, unstratified glacial drift deposited directly by glacial ice.

Transient (unsteady) flow (time-dependant behavior).--Flow that results if the
magnitude or direction of the specific discharge changes with time.

Transmissivity.--The rate at which water of the prevailing kinematic viscosity
is transmitted through a unit width of the aquifer under a unit hydraulic
gradient. '

Unconfined aquifer.--An aquifer having a water surface at which the water
pressure is atmospheric.

Unconsolidated deposits.--(a) Sediment that is loosely arranged or
unstratified, or whose particles are not cemented together, occuring either
at the surface or at depth. (b) Soil material that is in a loosely
aggregated form.

Unsaturated zone.--The thickness of material between the land surface and the
water table.

Water level.--The water level in a well that is in equilibrium with the
ground-water flow conditions of the aquifer at the well; that is, when no
water is being, or recently has been, taken from the aquifer either by
pumping or by free flow.

Water table.--The upper surface of a zone of saturation where the body of
ground water is not confined by an overlying impermeable zone.
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Appendix A.--Calculation of transmissivity and vertical leakage coefficients
for heterogeneous hydrogeologic materials in a model cell

Hydrogeologic materials in each model cell were digitized into either
bedrock or drift. Model cells with drift were then identified as having
drift, drift over bedrock, fully penetrating valleys, and partially penetrat-
ing valleys. Up to four variables were used to describe cells with drift:
drift thickness, bedrock thickness, direction of drift-filled bedrock-valley
(either E for an approximate east-west direction, or N for an approximate
north-south direction, and the fraction of the area represented by the cell
which contains the buried valley. The direction of the bedrock valley was
used to pick the length of the side of the cell perpendicular to the axis of
the bedrock valley. This length was divided into lengths which correspond to
the fractions of the cell that represent bedrock and drift. Ground-water flow
in the vicinity of buried valleys was assumed to be perpendicular to the
valleys for the purpose of calculating transmissivity and vertical leakage
coefficients. This emphasized the hydraulic effects of buried valleys. Note
that because the numeric code for ground-water flow incorporates the area of
model cells into calculating flows between cells, it was necessary to use
fractional parts of cell area to calculate transmissivities and vertical
leakage coefficients for model cells representing buried valleys.

Four physical models formed the basis for calculation of transmissivity
and vertical leakage coefficients for model cells (fig. A-1). In each of
these models let the following variables be defined.

T = total-cell transmissivity

Tg = total-cell vertical leakage coefficient

Ky = horizontal hydraulic conductivity

Ky = vertical hydraulic conductivity

a = thickness of drift represented in a model cell

b = total thickness represented by model cell; b = a or ¢

¢ = thickness of bedrock represented in a model cell

d = fraction of length representing drift in a model cell perpendicular
to a bedrock valley

e = fraction of length representing bedrock in a model cell
perpendicular to a bedrock valley

f = thickness of partically penetrating bedrock valley represented in a
model cell

g = thickness of bedrock under a partially penetrating bedrock valley
represented in a model cell.
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Model used to calculate transmissivity

[All numerical-inversion calculations were performed with a computer.
Subscripts D and B indicate drift and bedrock, respectively.]

Model number

and description Transmissivity Vertical leakage coefficient
K,
1: Cell with only T = bKy Ty = —
drift or bedrock b
1 a c
2: Drift over bedrock —= +

3: Fully penetrating
valley

4: Partially penetrating
valley (combination
of models 2 and 3)

T = a(Kp)p + c(Kpp

1 d e
—_— = +

T bRy bEyp

d e
+

ERyppg EEKypp

+ g(Kyp)g

Tx  Kyp Kyl

d(Ky)g e(Ky)p
+

T -
K
b b
1 1 1
— = +
Ty d(Ky)p . e(Ky)p (Kylp
£ £ g

133



T
Bedrock :
or drift
Bedrock
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Case 1 Case 2
a—]
Ny )
Bedrock b b
Bedrock
g
Y 4 X
Case 3 Case 4

Figure A-1.--Four physical models for the calculation of transmissivity.
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Appendix B.--Withdrawals simulated at each cell
for all simulations

[in cubic feet per second; a dash indicates no value]

Calibration
Model Cell Cell simulation Scenario Scenario Scenario Scenario
layer column row (1970-79) 1 2 3 4

1 2 48 -0.040 -0.005 -0.005 -0.005 -0.006
1 3 46 -.090 - -- -- --

1 3 47 -1.360 -- -- -- --

1 4 46 -.060 -.088 -.088 -.088 -.120
1 5 35 ~.060 ~.106 ~.106 ~.106 ~.144

1 5 3z -.030 ~.,043 -.043 ~-.043 -.058
1 6 29 -.460 -.319 -.319 -.319 ~.436
1 7 44 -.500 -2.666 -2.951 ~2.666 -3.946
1 7 51 -.250 .- -- - --

1 8 45 -.060 -.53¢4 ~-.591 ~.534 -.790
1 9 45 -1.120 -.187 -.187 -.187 -.236
1 10 3 -.030 -,066 -.066 ~.066 -.100
1 10 44 -.030 -.064 -.001 ~.064 -.116
1 10 45 -.200 ~.196 ~.292 -.196 -.368
1 11 4 -.010 - - - -

1 12 4 -.010 - -- - --

1 12 19 -- -1.140 -1.140 ~1.140 -1.437
1 13 6 -.040 -.205 -.205 -.205 -.281
1 13 9 -- ~10.412 ~1.756 -1.756 ~2.402
1 13 11 ~.070 -.177 -.202 -.177 ~.274
1 14 6 -.510 -3.910 ~-5.647 -3.910 -7.612
1 14 8 .000 -.013 -.013 -.013 -.018
1 14 33 -.870 - -- -- -

1 15 6 - -.190 -.275 -.190 -.370
1 15 12 -.370 -2.934 -.602 -.602 -.823
1 15 30 - ~-.579 ~-.579 -.579 -.792
1 16 2 -.070 -.006 -.006 -.006 -.008
1 16 10 -- -.287 -.059 -.059 -.088
1 16 11 ~.540 ~.609 -.151 ~.125 -.204
1 16 25 -.920 -- -- -- -

1 16 28 -1.110 -.829 -.829 -.829 -1.134
1 16 33 ~.760 ~-1.969 -2.046 ~1.968 ~-2.798
1 16 36 -.170 ~.237 -.273 -.237 -.,359
1 16 46 -.010 -3.811 -2.907 -.677 -3.977
1 17 7 -.670 -4 449 -1.804 ~1.804 ~-2.467
1 17 11 -.430 -1.275 ~.262 ~.262 ~-.358
1 17 39 ~1.090 -1.134 ~1.304 -1,134 -1.716
1 17 42 ~.190 - - -- -

1 18 7 -.370 ~1.415 -1.388 -.965 -1.872
1 18 8 -.080 -.650 ~1.067 ~-.650 -1.433
1 19 8 -.630 -.676 -1.110 ~-.676 -1.492
1 19 11 ~-.400 .- - - --

1 20 11 - -.436 -.436 ~.436 ~-.596
1 21 6 -- -.681 -1.229 -.681 ~1.647
1 21 7 -.040 -- .- - -

1 21 8 - ~. 424 -.881 ~. 424 -1.177
1 21 20 -.120 -- .- - -

1 21 22 -.270 -- -- - -

1 22 7 -.940 -2.919 -1.183 -1,183 -1.618
1 22 8 -.200 -.801 -.325 -.325 ~-. 444
1 22 24 .000 -- - - -

1 23 16 -.010 -- -- - et

1 23 20 ~-1.490 - .- - -

1 23 22 -.050 -.118 ~-.118 -.118 -.125
1 23 23 -.010 - - -- -

1 23 24 -.320 -.123 -.123 ~.123 -.132
1 23 37 -.160 -.416 ~. 423 ~.416 -.576
1 23 45 -.020 ~.702 ~1.172 -.702 -1.543
1 24 6 - -1.216 ~1.473 -1.216 -1.983
1 24 7 ~.300 ~.274 -.332 -.274 ~.447
1 24 8 -.060 ~.325 -.393 ~.325 ~.529*
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Appendix B.--Withdrawals simulated at each cell

for all simulations--Continued

Calibration

Model Cell Cell simulation Scenario Scenario Scenario Scenario

layer column row (1970-79) 1 2 3 4
1 24 10 -1.100 -0.363 -0.363 -0.363 -0.497
1 24 24 -.020 - -- -- -—
1 24 28 -.040 -= -- -- --
1 25 5 -.130 -.088 -.088 -.088 -.131
1 25 12 -1.410 -2.299 -2.869 -2.299 -3.720
1 25 13 -.330 -.132 -.165 -.132 -.214
1 25 17 -.050 -- -- -- -
1 26 21 -.030 -~ - -- -
1 27 9 -.390 -1.899 -2.301 -1.899 -3.097
1 27 25 -.010 -- -- -- -
1 27 27 -.010 == -- -- -
1 28 6 -.010 -.016 -.016 -.016 -.023
1 28 13 -- -.043 -.243 -.043 -.313
1 28 14 - -.157 -.157 -.157 -.215
1 28 30 .000 == -- -- --
1 29 11 -- -.195 -1.098 -.185 -1.414
1 29 13 -- -2.436 2.567 -2.436 -3.499
1 29 14 -- -.238 -.238 -.238 -.325
1 30 6 -.010 -.001 -.001 -.001 -.001
1 31 L} -.010 -.002 -.002 -.002 -.003
1 31 10 -.350 -.350 -.350 -.350 -.479
1 31 13 - -.242 -1.363 -.242 -1.754
1 32 15 -- .135 -.760 -.135 -.978
1 32 26 -.230 == -- -= -
1 33 13 - -.073 -.073 -.073 -.100
1 36 8 -.100 -1.661 -2.095 -1.661 -2.812
1 36 28 -.030 - - - -
1 39 26 -.130 == -- -- --
1 41 26 -.120 -- -- -- --
1 41 29 -.150 -~ -- -- --
1 41 45 -.030 -~ -- -- --
1 42 29 .000 == -- -- --
1 43 30 -- -.087 -.087 -.087 -.110
1 47 35 -.030 == -- -- --
1 47 46 -1.780 -~ == -- -
1 48 36 -.570 -~ - -- --
1 48 46 -.070 -.490 -.490 -.490 -.618
1 48 47 -.690 -1.115 -1.115 -1.115 -1.406
1 49 36 -.550 -~ -- -- -
1 49 37 -4.360 == -- == --
1 49 as -.820 -.351 -.351 -.351 -.442
1 49 47 -- -.165 -.165 -.165 -.208
1 51 11 -.060 -- -- -- --
1 51 15 -.380 -.381 -.539 -.381 -.734
1 52 L} -.510 -1.088 -1.448 -1.088 -1.860
1 57 20 -.070 -.102 -.102 -.102 -.140
1 59 14 -- -.001 -.001 -.001 -.002
1 60 49 =.140 -- -- == -=
1 61 14 ~.180 -- -- - --
1 63 51 ~.120 -.303 -.303 -.303 -.454
1 64 4 ~.070 -.094 -.094 -.094 -.118
1 64 16 ~.190 -.203 -.203 -.203 -.256
1 64 17 ~.610 -.965 -.965 -.965 -1.217
7 2 37 ~.030 -.037 -.037 -.037 -.052
7 2 46 ~.180 -.140 -.140 -.140 -.176
7 2 47 -.100 -.186 -.186 -.186 -.259
7 2 48 -.010 -.002 -.002 -.002 -.003
7 3 37 ~.050 -.051 -.051 -.051 -.071
7 3 46 ~.020 -- -- -- --
7 4 40 ~.250 -.234 -.240 -.234 -.332
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Appendix B.--Withdrawals simulated at each cell

for all simulations--Continued

Calibration
Model Cell Cell simulation Scenario Scenario Scenario Scenario
layer column  row (1970-79) 1 3 4

7 4 46 -0.010 -0.017 -0.017 -0.017 -0.023
7 5 35 -.010 -.009 -.009 -.009 -.012
7 5 37 -.010 -.008 -.008 -.008 -.010
7 5 53 -.030 -.013 -.013 -.013 -.020
7 6 19 -.160 -.001 -.003 -.001 -.003
7 6 27 -.020 -.002 -.002 -.002 -.003
7 6 31 -- -.637 -.637 -.637 -.886
7 6 35 -- -.020 -.020 -.020 -.028
7 6 48 -- -.011 -.011 -.011 -.017
7 7 19 -.100 -.003 -.006 -.003 -.007
7 7 31 -.940 -.438 -.438 -.438 -.609
7 7 38 .000 -.001 -.001 -.001 -.001
7 7 b4 -.090 -.470 -.521 -.470 -.706
7 7 47 -.130 -.194 -.194 -.194 -.261
7 7 51 -.020 -- -- -- -

7 8 b4 -.370 -1.506 -1.506 -1.506 -2.062
7 8 45 -.010 -.094 -.104 -.094 -.141
7 8 46 .000 -.002 -.002 -.002 -.003
7 8 49 -.030 -- -- -- --

7 8 53 -.170 -- -- -- --

7 8 56 -.680 -.698 -.698 -.698 -.871
7 9 6 =.140 -.135 -.135 -.135 -.188
7 9 45 -.320 -.094 -.094 -.094 -.118
7 10 3 -.020 -.012 -.012 -.012 -.018
7 10 L1} -.010 -.032 -.046 -.032 -.058
7 10 45 -.040 -.098 -.146 -.098 -.186
7 11 3 -.010 -.022 -.022 -.022 -.033
7 12 4 .000 -- - -- --

7 12 19 -- -.201 -.201 -.201 -.254
7 13 6 -.010 -.036 -.036 -.036 -.050
7 13 9 -- -1.837 -.310 -.310 -.431
7 13 11 -.010 -.031 -.036 -.031 -.048
7 14 2 .000 -- -- -- --

7 14 6 -1.680 -.876 -1.265 -.876 -1.734
7 14 7 -.010 -.347 -.347 -.347 -.482
7 14 8 .000 -.002 -.002 -.002 -.003
7 14 33 -.030 -.030 -.036 -.030 -.047
7 15 6 -1.210 -.763 -.854 -.763 -1.108
7 15 8 .000 -.001 -.001 -.001 -.002
7 15 9 -.060 - -- -- -

7 16 4 -.030 -.022 -.022 -.022 -.033
7 16 6 == -.074 -.157 -.074 -.212
7 16 10 -- -.051 -.010 -.010 -.016
7 16 11 -.090 -.107 -.032 -.022 -,041
7 16 46 -- -.025 -.025 -.025 -.032
7 17 7 -.120 -.785 -.318 -.318 -, 442
7 17 11 -.080 -.225 -.046 -.046 -.064
7 17 42 -.030 -.256 -.312 -.256 -.411
7 18 7 -.070 -.250 -.245 -.170 -.335
7 18 8 -.020 -.115 -.188 -.115 -.257
7 18 9 -.050 -.050 -.050 -.050 -.076
7 19 8 -.110 -.119 -.196 -.119 -.267
7 21 6 -- -.120 -.217 -.120 -.295
7 21 7 -.030 -- - - -

7 21 8 -- -.075 -.156 -.075 -.211
7 21 23 -.010 -- -- -- -

7 22 7 -.960 -1.039 -1.297 -.732 -1.765
7 22 8 -.030 -.141 -.057 -.057 -.080
7 22 17 - -.006 -.006 -.006 -.007
7 22 19 -.010 -- - -- --
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Appendix B.--Withdrawals simulated at each cell
for all simulations--Continued

Calibration
Model Cell Cell simulation Scenario Scenario Scenario Scenario
layer colum row (1970-79) 1 2 3 4

7 22 23 -0.020 -0.024 -0.024 -0.024 -0.025
7 22 24 .000 - -- - -
7 23 19 -.040 -.045 -.045 -.045 -.057
7 23 20 -.050 - - - -
7 23 23 -.010 -.018 -.018 -.018 -.020
7 23 24 -.020 - -- - -
7 23 37 -.030 -.073 -.075 -.073 -.103
7 23 45 .000 -.124 -.207 -.124 -.276
7 24 6 -- -.215 -.260 -.215 -.355
7 24 7 -.050 -.048 -.059 -.048 -.080
7 24 8 -.010 -.057 -.069 -.057 -.095
7 24 10 -.040 -.018 -.018 -.018 -.025
7 25 5 -.020 -.015 -.015 -.015 -.023
7 25 7 -.420 -2.302 -2.789 -2.302 -3.810
7 25 13 -.060 -.023 -.029 -.023 -.038
7 25 17 -.010 - -- - -
7 25 22 .000 -- -- -- --
7 26 6 -.220 -1.371 -1.661 -1.371 -2.269
7 26 7 -.480 -- - -- --
7 26 8 -.390 -1.538 -1.863 -1.538 -2.545
7 26 10 .000 -.006 -.006 -.006 -.008
7 27 7 -- -1.927 -2.335 -1.927 -3.190
7 27 9 -.020 -.185 -.227 -.185 -.310
7 27 25 .000 -- -- -- -
7 27 27 .000 - -- - -
7 28 2 -.010 -.059 -.059 -.059 -.088
7 28 6 .000 -.003 -.003 -.003 -.004
7 28 30 .000 -- -= -- --
7 30 6 .000 .000 .000 .000 .000
7 30 7 -.010 -.009 -.009 -.009 -.014
7 31 4 .000 .000 .000 .000 -.001
7 31 10 -.080 -.049 -.049 -.049 -.068
7 32 26 -.050 - -~ -- -
7 33 26 -.060 -- -~ -- -
7 33 27 -.170 -- - - -
7 34 9 -- -.584 -.707 -.584 -.966
7 34 26 -.040 -- -~ - -
7 34 32 -.010 -- = - -
7 35 8 -- -.255 -.255 -.255 -.355
7 36 8 -.150 -.293 -.370 -.293 -.503
7 a7 52 -.030 -- -- - --
7 as 7 -.040 -.062 -.062 -.062 -.067
7 40 15 -.010 -~ - -- --
7 41 45 -.010 -- - — -
7 42 28 .000 - -- - -
7 43 8 -.010 -- - -- --
7 45 26 -.120 -.112 -.112 -.112 -.141
7 47 35 -.010 - - -- --
7 47 46 -.310 - -= -- --
7 48 5 - -1.430 -1.430 -1.430 -1.803
7 48 36 -.100 -- == == ==
7 48 46 .000 -.005 -.005 -.005 -.006
7 49 20 .000 -- -- - -
7 49 36 -.110 - -- -- --
7 49 37 -.770 -- -~ - -
7 49 38 -.140 -.062 -.062 -.062 -.078
7 51 11 -.010 -- - - -
7 52 4 -.100 -.003 -.004 -.003 -.006
7 52 11 -.030 -- - -- -~
7 57 20 -.010 - - -- --
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Appendix B.--Withdrawals simulated at each cell

for all simulations--Continued

Calibration

Model Cell Cell simulation Scenario Scenario Scenario Scenario

layer column row (1970-79) 1 2 3 4
7 59 14 -- 0.000 0.000 0.000 0.000
7 60 49 -0.020 - -- - -
7 61 14 -.030 -- -- -- --
7 62 28 -.020 - -- -- -
7 63 17 -.150 -.165 -.165 -.165 -.229
7 63 18 -.340 -.192 -.192 -.192 -.267
7 63 40 -.170 -- -- -- --
7 63 51 -.020 -.053 -.053 -.053 -.080
7 64 4 -.010 -.017 -.017 -.017 -.021
7 64 17 -.110 -.170 -.170 -.170 -.215
7 64 27 -.030 -.032 -.032 -.032 -.040
8 2 47 -.100 -.057 -.057 -.057 -.077
8 2 48 -- -.040 -.040 -.040 -.054
8 3 25 -.180 -.289 -.289 -.289 -.415
8 3 26 -.080 -.009 -.009 -.009 -.013
8 3 53 -.020 -.039 -.039 -.039 -.059
8 4 29 -.040 -- -- -- --
8 4 40 -.340 -.285 -.292 -.285 -.417
8 4 53 -.400 -.573 -.573 -.573 -.823
8 5 7 -.160 -.182 -.182 -.182 -.262
8 5 53 -.350 -- -- -- --
8 5 54 -.020 -.224 -.224 -.224 -.336
8 6 27 -.020 -.046 -.046 -.046 -.061
8 6 31 -1.160 -.956 -.956 -.956 -1.373
8 6 38 -- -.018 -.018 -.018 -.027
8 7 31 -.330 =. 424 -.424 -.424 -.571
8 7 36 -- -.008 -.008 -.008 -.010
8 7 38 .000 -.015 -.015 -.015 -.020
8 8 22 -.230 -.280 -.331 -.280 -.431
8 8 30 -.140 -- -- -- --
8 8 34 -.120 -.170 -.170 -.170 -.229
8 8 35 -.550 -.876 -1.122 -.876 -1.419
8 8 37 -.040 -.121 -.866 -.121 -1.110
8 8 39 -.160 -.181 -1.299 -.181 -1.666
8 8 45 -.050 -.049 -.049 -.048 -.052
8 8 46 -.050 -.035 -.035 -.035 -.047
8 8 49 -- -.089 -.089 -.089 -.112
8 ] 22 -.240 -.110 -.130 -.110 -.169
8 ] 34 -- -.057 -.057 -.057 -.077
8 9 39 .000 -.060 -.433 -.060 -.555
8 9 40 -- -.060 -.433 -.060 ~.555
8 9 45 -.640 -1.592 -1.592 -1.592 -2.006
8 10 21 .000 -.679 -1.153 -.679 ~-1.497
8 10 23 -- -.083 -.093 -.093 -.140
8 10 24 ~.250 -.310 -.327 -.310 ~.436
8 10 34 -- -.446 -.908 ~.446 -1.174
8 10 39 -.1980 -.060 -.433 -.060 ~-.555
8 10 44 -.080 -.545 -.776 -.545 ~.977
8 10 45 -.570 -1.665 ~2.479 ~-1.665 -3.100
8 11 19 -1.200 -5.989 -8.995 -5.989 -11.761
8 11 20 -.100 -- -- -- --
8 11 22 .000 -- - -- --
8 11 32 -- 446 -.808 -.446 -1.174%
8 11 34 -.300 -.446 -.908 ~.446 -1.174
8 11 35 -.120 -- -- - --
8 11 39 -- -.054 -.094 -.054 -.120
8 11 44 -- -.058 -.058 -.058 -.073
8 11 45 ~.030 - -- -- --
8 11 46 -- -1.673 -2.380 -1.673 -2.998
8 12 2 -- ~.892 -1.816 -.892 ~-2.347
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Appendix B.--Withdrawals simulated at each cell
for all simulations--Continued

Calibration

Model Cell Cell simulation Scenario Scenario Scenario Scenario

layer colum row (1970-79) 1 3 4
8 12 19 -1.500 -13.886 -21.126 -13.886 -27.599
8 12 20 -.260 -.197 -.296 -.197 -.387
8 12 23 - ~.446 -.908 ~.446 ~1.174
8 12 25 -.030 ~. 446 -.908 -. 446 =1.174
8 12 26 -.010 -- - -~ --
8 12 30 ~.040 -- - -- --
8 12 32 -.120 ~.h46 -.908 ~.h46 -1.174
8 12 33 -.060 -.446 -.908 -.h4b =1.174
8 12 34 -.880 -. 446 -.908 -.h46 =1.174
8 12 39 ~.840 ~-14.140 ~24.452 -14.140 =31.417
8 12 40 -.460 -2.911 -5.056 -2.911 ~6.497
8 12 41 -- -.004 -.004 -.004 ~.006
8 12 45 -.920 -1.688 -2.311 -1.688 ~2.911
8 13 & -.010 - -- -- -=
8 13 8 -.080 -.146 -.146 ~-.146 ~.183
8 13 9 -.670 -8.425 -21.582 -18.609 -30.694
8 i3 10 -.160 -.106 -.106 -.106 -.133
8 13 31 -.890 -1.508 ~-1.800 -1.508 -2.318
8 i3 32 .000 -- -- -- -
8 13 36 -.880 -9.016 ~-9.940 -9.016 -13.298
8 13 39 -.080 -.053 -.053 -.053 -.059
8 13 45 ~9.240 -10.454 -10.454 -10.454 ~10.454
8 14 3 -.010 -- -- -- -
8 14 6 -.230 -.118 -.118 -.118 -.178
8 14 17 -.020 -.679 -1.153 -.679 ~1.497
8 14 20 -.370 -.260 -.260 -.260 -.327
8 14 23 -1.850 -1.330 -1.330 -1.330 -1.418
8 14 25 -1.230 -2.148 =2.347 -2.148 -3.076
8 14 26 -.950 -1.621 -1.771 -1.621 -2.321
8 14 28 -.610 -.892 -1.816 -.892 ~2.347
8 14 31 -1.150 ~.148 -.152 -.148 -.223
8 14 33 -1.760 -3.691 -4.627 -3.691 ~5.716
8 14 49 -.330 -3.362 -5.936 -3.362 -7.905
8 15 6 -.800 -1.036 ~1.496 ~-1.036 -1.990
8 15 8 -.050 -.023 -.023 -.023 ~.034
8 15 12 -.360 -2.175 -3.419 -2.342 -4 . h54
8 15 15 - ~-.h4h8 -.970 -. 448 -1,133
8 15 21 ~.840 -.693 -.693 -.693 ~.874
8 15 23 - -.603 -.603 -.603 ~-.643
8 15 27 -.590 -.617 -.617 -.617 -.777
8 15 28 -.360 -- -- - -
8 15 30 -.260 -- -- -- --
8 15 31 -.110 -- -- -- -
8 15 32 -.660 -.123 -.248 -.123 -.288
8 15 33 -.150 -.059 -.059 -.059 -.089
8 15 34 -.420 -.201 -.231 -.201 -.300
8 15 37 -.750 -1.156 -1.327 -1.156 ~1.724
8 15 39 -.100 -.129 -.149 -.129 -.193
8 16 7 -.020 - -- -- -
8 16 11 -.320 -.337 -.177 -.129 -.212
8 16 20 ~1.490 -- - -- -—-
8 16 22 -.210 -.057 -.057 -.057 -.072
8 16 27 -.210 -.192 -.192 -.192 -.242
8 16 28 -.770 -.118 -.207 -.119 -.240
8 i6 29 -.790 - -- - --
8 16 31 -.320 -.248 ~.248 -.248 -.313
8 16 33 -1.680 -.705 -.877 -.705 =1.074
8 16 35 -.140 -.326 -.375 -.326 -.488
8 16 37 -.150 -.089 -.102 -.089 ~.133
8 16 h1 -.670 ~-.010 -.010 -.010 -.015
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Appendix B.--Withdrawals simulated at each cell
for all simulations--Continued

Calibration

Model Cell Cell simulation Scenario Scenario Scenario, Scenario

layer column row (1970-79) 1 2 3 4
8 17 6 -0.060 ~0.049 -0.049 -0.049 ~0.073
8 17 11 ~.410 -1.780 ~.816 -.551 -1.001
8 17 16 -.790 -1.658 -1.671 -1.658 -2.247
8 17 17 =. 440 -.289 -.291 -.289 -.392
8 17 22 -.140 -- -- ~- --
8 17 32 -.250 -- -- -- --
8 17 34 -1.700 -1.857 -2.136 -1.857 -2.775
8 17 35 ~.450 -.504 -.567 -.504 -.753
8 17 36 =1.090 =1.741 -2,002 -1.741 -2.602
8 17 39 -1.450 -2.869 -3.299 -2.869 -4,288
8 17 42 -1.880 -23.124 -27.853 -23.124 -35.955
8 17 45 -.700 -.084 -.084 -.084 -.090
8 17 46 -.640 -.257 -.257 -,257 -.324
8 17 55 =.040 -- -- -- --
8 18 7 -.010 ~.499 ~2,137 -1.028 -2.980
8 18 12 -- -.034 -.041 -.034 -.053
8 18 13 -.690 ~= -- -- --
8 18 18 -.550 -.301 -.304 -.301 ~.408
8 18 25 -.340 -- -- -- --
8 18 30 == ~.095 ~.095 -.095 -.143
8 18 34 -.080 -.033 -.038 -.033 -.050
8 18 36 -.170 -.203 ~.233 -.203 -.303
8 18 37 -.840 -.558 -.558 -.558 -.594
8 18 38 -.910 -.135 -.155 -.135 -.201
8 18 40 -.680 -.280 -.280 -.280 -.353
8 18 44 -.200 ~- -- -- --
8 18 45 -1.660 -- -- -- --
8 18 46 -- -1.953 -1.953 -1.953 -2.462
8 18 48 -.020 -- -- -- --
8 19 13 -.290 -- -- -- --
8 19 18 -.510 -.244 -.246 -.244 -.331
8 19 20 -.020 -- ~-- -- --
8 19 29 -.240 -.255 -.255 -.255 -.272
8 19 30 -.180 -- -- -- --
8 19 38 -.200 -- -- -- --
8 19 39 -.070 -.044 -.051 -.044 -.066
8 19 42 -.300 -.259 ~.259 -.259 -.276
8 19 50 ~= .000 .000 .000 -.001
8 20 12 ~1.390 -1.502 ~1.794 -1.502 ~2.322
8 20 23 -- -.158 -.158 -.158 -.200
8 20 28 -.100 -- -- -- --
8 20 31 -.090 -- -- -- ~=
8 20 41 -- -.995 -1.210 -.995 ~1.520
8 20 45 -.040 -.825 -1.379 -.825 -1.793
8 21 6 -.160 -.017 -.017 -.017 -.025
8 21 11 -.160 -1.787 ~2.136 -1.787 -2.763
8 21 12 -2.490 -3.060 -3.656 ~3.060 -4.731
8 21 20 -.020 -- -- -- --
8 21 23 -.610 -.118 ~-.118 -.118 -.148
8 21 38 -.230 ~.140 -.142 -.140 -.179
8 21 45 -1.230 -- -- -- --
8 21 46 -1.180 -2.476 ~4.137 ~2.476 -5.381
8 21 49 -- -.004 -.004 -.004 -.006
8 22 7 -- -.474 -5.231 -2.516 -7.219
8 22 13 -1.330 ~.041 -.052 -.041 -.066
8 22 14 -.210 -15.746 ~31.246 ~15.746 ~42.098
8 22 17 =.140 ~.107 -.107 -.107 -.135
8 22 19 -.290 ~- -- -- --
8 22 20 -- -.412 -.412 -.412 ~-.519
8 22 21 -.040 ~- -- -- --
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Appendix B.--Withdrawals simulated at each cell
for all simulations--Continued

Calibration
Model Cell Cell simulation Scenario Scenario Scenario Scenario
layer column row (1970-79) 1 2 3 4
8 22 22 -0.680 -- -- -- --
8 22 23 -3.120 -2.556 -4.359 -2.556 -4 .,993
8 22 24 -.470 -- -- - --
8 22 25 -.070 - - -- --
8 22 28 -.040 -- -= -- --
8 22 37 -1.480 -1.082 -1.100 -1.082 -1.477
8 22 45 -.710 -.825 -1.379 -.825 -1.793
8 22 46 -1.660 -3.301 -5.515 -3.301 =7.174
8 22 47 -.030 - -- - -
8 22 49 -.040 -.825 -1.379 -.825 -1.793
8 23 11 -.070 -.025 -.025 -.025 -.031
8 23 14 -.680 -- - -- --
8 23 16 .000 -- -- -- --
8 23 19 -.710 -.859 -.859 -.859 -1.083
8 23 20 -.730 -- -- - --
8 23 22 -.530 -.368 -.368 -.368 -.392
8 23 23 -3.780 -9.108 -13.522 -9.109 ~15.142
8 23 24 -3.030 -.135 -.135 -.135 -.144
8 23 27 -.130 -- -- -- --
8 23 37 -4.560 -5.158 -5.244 -5.158 -7.025
8 23 45 -.750 -1.651 -2.757 -1.651 -3.587
8 23 50 -- -.862 -1.197 -.862 -1.592
8 24 11 ~.440 -.680 -.848 -.680 -1.088
8 24 15 -.300 -.157 -.157 -.157 -.198
8 24 16 -.190 -= - - --
8 24 21 -.530 -- -- -- --
8 24 22 -.380 == -- - --
8 24 24 -.530 -- -- - -
8 24 27 -.810 -- -- -- -
8 24 45 -.110 -.220 -.220 -.220 -.278
8 25 12 -1.700 -2.053 -2.561 -2.053 -3.286
8 25 17 -.150 -- -- - -
8 25 22 -.300 -.129 -.129 -.129 -.162
8 25 24 -.110 -= -- - --
8 25 [1} -.110 -.056 -.056 -.056 -.070
8 26 10 -.050 -.114 -.114 -.114 -.154
8 26 11 -.060 -.034 -.042 ~-.034 -.054
8 26 26 -.050 -- -- -- --
8 26 48 -.460 -.178 -.253 -.178 -.338
8 26 52 .000 -.909 -1.439 ~.909 -1.906
8 27 9 -.370 -.717 -.931 -.717 -1.230
8 27 21 -.040 -- -- -- -
8 27 25 -.040 -- -- -- --
8 27 27 -.150 - -- - --
8 27 28 -.070 - -- - --
8 27 44 -.040 - -- == -
8 27 48 -.350 -.136 -.193 -.136 -.258
8 28 14 -.260 -.757 -.818 -.757 -1.097
8 28 20 -.140 -1.098 -1.098 -1.098 -1.384
8 28 21 -.120 - - - --
8 28 23 -.060 -= - -- -
8 28 27 -.680 -1.040 -1.040 -1.040 -1.311
8 28 30 .000 -- -- - --
8 28 40 -.030 -.129 -.129 -.129 -.138
8 28 47 -.370 -2.965 -4.200 -2.965 -5.614
8 29 10 -.310 -.531 -.531 -.531 -.716
8 29 13 -2.130 -- -- -- -
8 29 14 -.340 == -- -- --
8 29 15 -.490 -.060 -.060 -.060 -.076
8 29 20 -1.260 -- -- - -
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Appendix B.--Withdrawals simulated at each cell

for all simulations--Continued

Calibration
Model Cell Cell simulation Scenario Scenario Scenario Scenario
layer column row (1970-79) 1 2 4
8 29 21 -0.130 -- -- -- --
8 29 24 ~-.670 -0.303 -0.303 -0.303 -0.381
8 29 25 ~.200 -- -- -- --
8 29 40 -.130 ~.396 -.396 -.396 -.423
8 29 52 ~.350 -2.319 -3.221 ~2.319 -4.286
8 30 16 -1.820 -- -- -- --
8 3o 19 -.060 - -- -- -
8 30 20 -.390 -.307 -.307 -.307 -.387
8 30 24 ~.420 - - -- --
8 3o 25 -.050 -.059 -.059 -.059 -.074
8 30 &4 -.170 ~1.190 -1.847 -1.190 -2.411
8 30 49 -.620 ~2.679 -3.721 ~2.679 ~4,951
8 31 10 ~.350 ~.325 ~.325 -.325 ~.438
8 31 11 -.380 ~.486 -.486 -.486 -.655
8 31 18 ~.280 -- -- - -
8 31 19 -.040 -- -- .- -
8 31 37 -1.030 -.973 -.973 -.973 -1.038
8 31 38 -1.980 ~1.016 -1.016 -1.016 -1.281
8 31 48 ~.610 -.513 ~.513 ~.513 ~.647
8 32 18 -.220 -.202 -.202 -.202 -.255
8 32 20 -- -.034 -.034 -.034 -.036
8 32 26 ~.660 .- -~ .- -
8 32 28 ~.090 -- -- -- -~
8 32 38 - ~1.062 -1.062 ~1.062 ~1.339
8 32 48 -.810 -5.888 -8.340 -5.888 ~11.149
8 32 50 -.050 -.030 -.030 ~.030 ~.044
8 33 13 -.020 -.056 -.056 ~.056 -.071
8 33 20 -.080 -.005 ~.005 -.005 -.007
8 33 26 -1.200 -1.639 ~1.639 -1.639 -2.066
8 33 27 -8.120 -6.105 -6.105 -6.105 -7.696
8 33 33 ~-.110 -.059 -.059 ~.059 -.062
8 33 48 -.240 -3.236 -4,583 -3.236 -6.127
8 34 9 -.230 -.151 -.151 -.151 -.203
8 34 11 -2.560 -.864 -.864 ~-.864 -1.089
8 34 20 - ~.069 -.068 -.069 -.074
8 34 25 -.320 -- -~ - -
8 34 26 -.9830 - - - -
8 34 27 -.180 -.212 -.212 -.212 -.226
8 34 32 ~.150 -- -~ -- --
8 34 36 -.570 - -- - -
8 34 41 -.070 -.003 -.003 -.003 -.003
8 34 42 -2.220 -19.149 -29.716 -19.149 ~38.780
8 34 51 -.450 -.922 -2.896 -.922 -3.792
8 as 9 -~ -.016 -.016 -.016 -.022
8 35 12 ~.430 -.020 -.020 -.020 -.025
8 35 14 ~.100 -- -- - -
8 as 24 -- -8.420 -16.287 -8.420 -18.871
8 35 27 ~.150 -- -- - -
8 35 28 - -.110 -.110 -.110 ~.139
8 35 56 -.010 - - - -
8 36 15 -.010 -- - —-- -~
8 36 25 -.870 -- - - --
8 36 27 -.070 -- - -- -~
8 36 34 - -.026 -.026 026 -.033
8 36 35 ~.240 ~. 460 -.460 460 -.580
8 36 38 -- -.029 -.029 ~.029 -.043
8 36 40 ~.120 -.533 ~.533 ~.533 ~.672
8 36 46 ~.040 -.085 -.085 ~.085 -.128
8 36 53 -.020 -.023 -.023 ~-.023 -.035
8 36 56 -.010 -.062 ~.062 ~.062 ~.094
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Appendix B.--Withdrawals simulated at each cell
for all simulations--Continued

Calibration

Model Cell Cell simulation Scenario Scenario Scenario Scenario

layer colum  row (1870-78) 1 2 3 4
8 37 8 -0.280 -0.224 -0.224 -0.224 -0.302
8 37 13 -.210 -.059 -.058 -.059 -.062
8 37 15 -.010 -1.707 -2.643 -1.707 -3.531
8 37 34 -.560 -- -- - -
8 37 48 -.130 -.020 ~.077 -.020 -.100
8 37 52 -1.850 -- -- -- -
8 37 53 -.210 -.352 -1.105 -.352 -1.447
8 37 57 -.010 -.004 ~.004 -.004 -.006
8 38 11 -.530 -- -- -- --
8 38 12 -1.330 -3.922 -5.522 -3.922 -7.361
8 38 14 -.010 -= -- -- -
8 38 48 -.060 -.512 -1.994 -.512 -2.5984
8 38 56 .000 -- -- -- --
8 39 2 -- -.709 ~.709 -.709 -.756
8 39 24 -.060 - -- -- --
8 39 32 -2.290 -- -- -- --
8 39 35 -.090 -.079 ~.079 -.079 -.084
8 39 39 -.190 -- -- -- --
8 39 42 -.010 -.053 ~.082 -.053 -.107
8 3s 47 -.160 -.145 -.145 -.145 -.182
8 39 48 -.210 -. 442 -1.720 -. 442 -2.238
8 39 53 .000 -.037 -.037 -.037 -.055
8 40 2 -- -.565 -.565 -.565 -.603
8 40 12 -.030 -- -- -- -
8 40 15 -.230 -- -- -- --
8 40 19 -.030 -.027 -.027 -.027 -.034
8 40 29 -.010 -.559 -.559 -.559 -.596
8 40 30 -.860 -- -- -- --
8 40 31 -.130 -.093 -.093 -.093 -.118
8 40 32 -.220 -3.559 -5.023 ~3.559 -5.654
8 40 52 -- -.020 -.020 -.020 -.031
8 40 53 -.020 -.027 -.027 -.027 -.041
8 40 55 -.020 -- -- -- --
8 40 56 -.040 -.143 -.143 -.143 -.214
8 41 12 -- -1.838 -1.865 -1.838 -2.506
8 41 15 -- -14.513 -24.846 -14.513 -33.493
8 41 17 -.040 -- -- -- --
8 41 27 -.090 -.012 -.012 -.012 -.013
8 41 28 -.410 -- - -- -
8 41 29 -.770 - - -- ==
8 41 52 -.050 -.085 -.085 -.085 -.127
8 41 53 -.030 -.058 -.058 -.058 -.087
8 41 56 -.060 -.221 -.221 -.221 -.331
8 41 57 -.050 -.051 -.051 -.051 -.076
8 42 8 -- -.059 -.165 -.059 -.192
8 42 13 -.110 -.204 -.207 -.204 -.278
8 42 14 -- -29.027 -49.693 -29.027 -66.986
8 42 16 -- -.112 -.112 -.112 -.120
8 42 27 -.700 -.956 -.956 -.956 -1.019
8 42 28 -.940 -.061 -.061 -.061 -.076
8 42 29 -3.430 -1.563 -1.563 -1.563 -1.689
8 42 30 -.200 ~.402 -.402 -.402 -.428
8 42 55 -.010 ~.087 -.087 -.087 -.131
8 43 25 -.010 -- -- -- --
8 43 29 -.070 - -- -- --
8 43 30 -.030 ~.068 -.068 -.068 -.086
8 43 52 -.100 ~.042 -.042 -.042 -.062
8 43 53 -- -.016 -.016 -.016 -.024
8 43 57 -.070 ~.098 -.098 -.098 -.146
8 44 31 -.070 - -- -- --

144



Appendix B.--Withdrawals simulated at each cell

for all simulations--Continued

Calibration

Model Cell Cell simulation Scenario Scenario Scenario Scenario

layer column row (1970-79) 1 2 4
8 44 52 -0.070 -- -- -- --
8 44 53 ~.040 -- -- -- --
8 44 56 .000 -0.098 -0.098 -0.088 -0.147
8 44 57 -.020 -- -- -- --
8 45 25 -1.930 -1.174 -1.174 -1.174 -1.480
8 45 26 -10.210 -6.842 -6.842 -6.842 -8.624
8 45 33 -- -.913 -.913 -.913 -1.151
8 45 34 -- -.021 -.021 -.021 -.022
8 45 52 -.010 -- -- -- --
8 45 53 -.050 -.094 -.094 -.094 -.141
8 45 54 -.030 -.121 -.121 -.121 -.182
8 45 55 -.010 -.077 -.077 -.077 ~-.115
8 45 56 -.100 -.213 -.213 -.213 -.319
8 46 19 ~-.590 -.511 -.511 ~.511 ~-.767
8 46 20 -.580 -.647 -.647 -.647 -.816
8 46 25 -3.500 -3.357 -3.357 -3.357 -4.232
8 46 26 -.950 -1.627 ~-1.627 ~-1.627 -2.051
8 46 34 -.270 -- -- -- --
8 46 35 -.440 -.049 -.049 -.049 -.066
8 46 37 -.400 -.872 -.872 -.872 -1.176
8 46 51 -.020 -.050 -.050 -.050 -.074
8 46 55 -.030 -.086 -.086 -.086 -.129
8 46 56 -.030 -.071 -.071 -.071 -.106
8 47 14 -- -2.002 -2.032 -2.002 -2.730
8 47 135 == -1.183 -1.200 -1.183 -1.612
8 47 32 -2.960 -3.777 -3.777 -3.777 -4.761
8 47 35 -.090 -- -- -- --
8 47 38 -.600 -.146 -.146 -.146 -.196
8 47 41 -.690 -3.186 -3.186 -3.186 -4.295
8 47 48 -.010 -.034 -.034 -.034 -.051
8 47 55 -.030 -.055 -.055 -.055 -.083
8 47 56 -.080 -.296 -.296 -.296 -. 444
8 48 12 -.050 - -- -- --
8 48 36 -1.400 -2.157 -2.157 -2.157 -2.907
8 48 37 -1.320 -1.327 -1.327 -1.327 -1.672
8 48 38 -.910 -1.135 -1.135 -1.135 -1.530
8 48 39 -.150 -- -- -- --
8 48 41 -.410 -1.184 -1,184 -1.184 -1.596
8 48 42 -.410 -1.591 -1.591 -1.591 -2.144
8 48 46 -.560 -- -- ~-- -~
8 48 47 -2.820 -.622 -.622 -.622 -.784
8 48 50 -.010 -.033 -.033 -.033 -.049
8 48 51 -.020 -.021 -.021 -.021 -.031
8 48 52 -.060 -.046 -.046 -.046 -.069
8 48 55 -.010 ~-.024 -.024 -.024 -.036
8 48 57 -.010 -.077 -.077 -.077 -.115
8 49 20 ~-.120 -.282 -.282 -.282 -.424
8 49 36 -2.480 -.330 -.330 -.330 -.416
8 49 38 ~.460 -.175 -.175 -.175 -.236
8 49 47 -1.960 -1.105 -1.105 -1.105 -1.393
8 49 49 -.030 -.016 -.016 -.016 024
8 49 52 -.080 -.302 -.302 -.302 -.453
8 49 53 .000 -- -- -- --
8 49 54 -.040 -.073 -.073 .073 -.110
8 49 56 -.030 -.044 -.044 -.044 .066
8 50 17 -.330 -.295 -.295 -.295 -.398
8 50 36 -.500 -.257 -.257 -.257 -.324
8 50 48 -.060 -.027 -.027 -.027 -.040
8 50 49 -.040 -.039 -.039 -.039 -.059
8 50 50 -.070 -.148 -.148 -.148 -.222
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Appendix B.--Withdrawals simulated at each cell
for all simulations--Continued

Calibration
Model Cell Cell simulation Scenario Scenario Scenario Scenario
layer column row (1970-79) 1 2 3 4

8 50 53 -0.010 -0.059 -0.059 -0.059 -0.080
8 50 - 55 -.010 -.053 -.053 -.053 -.112
8 50 56 -.020 -.075 -.075 -.075 -3.339
8 51 8 -.090 -.170 -2.498 -.170 --
8 51 11 -.390 -- -- --

-.169
8 51 13 .000 -.089 -.126 -.089 -10.096
-] 51 15 -2.720 -5.317 -7.522 -5.317 -.298
8 51 18 -.420 -.221 ~.221 -.221 -2.010
8 51 19 -1.010 -1.491 -1.491 -1.491 --
-] 51 28 -.070 -- -- --

-.365
8 51 38 -.290 -.247 ~.277 -.247 -.471
8 51 39 -.170 -.319 ~.357 -.319 -3.468
8 51 40 -3.540 -2.751 -2.751 -2.751 -7.927
8 51 44 -.640 -7.927 -7.927 -7.927 --
8 51 45 -4.290 -- -- --

-.089
8 51 48 -.040 -.059 ~.059 -.059 -.395
8 51 49 -.100 -.264 ~.264 -.264 -.038
8 51 50 -.030 ~.025 ~.025 -.025 -.234
8 51 51 -.030 -.156 ~.156 -.156 -.103
8 51 52 -.030 -.069 ~.069 -.069

-.070
8 52 4 -- -.052 ~.052 -.052 --
8 52 11 -.540 -- -- -- --
8 52 17 -.010 -- -- -- --
8 52 21 -.150 -- -- -- --
8 52 22 -.210 -- -- --

-.004
8 52 30 -.010 -.002 -.003 -.002 --
8 52 32 -.050 -- -- -- -.300
8 52 41 -.250 -.223 -.223 -.223 -.594
8 52 42 -.180 -.441 . 441 =441 -.273
8 52 48 -.070 -.182 -.182 -.182

-.120
8 52 49 -.060 -.080 -.080 -.080 -.127
8 52 50 -.020 -.084 -.084 -.084 --
8 52 51 -.040 -- -- -- -.269
8 52 52 -.070 -.179 -.179 -.179 --
8 52 54 -.040 -- == --

-.057
8 52 55 -.030 -.038 -.038 -.038 -.467
8 52 56 -.250 -.311 -.311 -.311 -.039
-] 53 19 -.300 -.017 -.029 -.017 -1.058
-] 53 26 -.300 -.785 -.785 -.785 ~4.593
8 53 27 -.300 -1.971 -3.473 ~1.971
8 53 28 -.080 -- -- -- -1.811
8 53 42 -.340 -1.017 -1.354 ~1.017 -.772
8 53 43 -.340 -.433 -.577 -.433 -.096
8 53 44 -.010 ~.064 -.064 -.064 --
8 53 48 -.020 -- -- --
8 53 49 -.080 -- -- -- -.220
8 53 50 -.050 ~.147 -.147 -.147 -.265
8 53 51 -.050 ~.177 -.177 -.177 -.276
8 53 52 -.130 ~.184 -.184 -.184 -.057
8 53 53 -.010 ~.038 -.038 -.038
8 53 54 -.020 -- -- -- -.119
8 53 55 -.030 ~.079 -.079 -.079 -.246
8 53 56 -.130 ~.164 -.164 -.164 -.179
-] 54 12 -.190 ~.133 -.133 -.133 ~-.500
8 54 13 -.320 ~.371 -.371 -.371

-3.938
8 54 24 -- -1.690 -2.978 -1.690 -.044
8 54 29 -- ~.029 -.029 -.029 -.037
8 54 37 -.010 ~.025 -.025 -.025 -.006
8 54 &4 -- ~.004 -.004 -.004 -2.670
8 54 49 -.010 -1.842 -2.013 -1.842
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Appendix B.--Withdrawals simulated at each cell
for all simulations--Continued

Calibration

Model Cell Cell simulation Scenario Scenario Scenario Scenario

layer column row (1970-79) 1 2 3 4
8 54 50 -0.040 -0.130 -0.130 -0.130 -0.195
8 54 51 -.030 -.098 ~-.098 -.098 -.147
8 54 52 -.090 -.129 -.129 -.129 -.194
8 54 53 -.090 -.059 ~.059 -.059 -.089
8 54 54 -.040 -= - - --
8 54 56 -.140 -.160 -.160 -.160 -.241
8 55 33 -1,080 -9.355 -15.050 -9.355 -19.923
8 55 42 -1.550 -6.489 -8.645 -6.489 -11.560
8 55 44 .000 -.007 -.007 -.007 -.011
8 55 45 -.070 -.036 -.036 -.036 -.053
] 55 48 -.040 -.667 -.667 -.667 -1.000
8 55 49 -.110 -.141 -.141 -.141 -.212
8 55 50 -.100 -.247 -.247 -.247 -.371
8 55 51 -.150 -.183 -.183 -.183 =.274
8 55 52 -.110 -.147 -.147 -.147 -.221
8 55 53 -.030 -- -- -- --
8 55 54 -.020 -.014 -.014 -.014 -.019
8 55 55 -.080 -.076 -.076 -.076 -.114
8 55 56 -.010 -.038 -.038 -.038 -.057
8 56 11 -.070 -.022 -.022 -.022 -.033
8 56 27 -.230 -.249 -.249 -.249 -.335
8 56 45 -10.670 -10.790 -10.790 -10.790 -13.601
8 56 47 -.050 -.046 -.046 -.046 -.069
8 56 49 -.080 -.202 -.202 -.202 -.304
8 56 50 -.260 -.287 -.287 -.287 -.430
8 56 51 -.140 -.316 -.316 -.316 -.474
8 56 52 -.230 -.315 -.315 -.315 -.473
8 56 53 -.080 -.111 -.111 -.111 -.167
8 56 54 -.040 -.100 -.100 -.100 -.150
8 56 55 -.050 -.112 -.112 -.112 -.167
8 56 56 -- -.034 -.034 -.034 -.051
8 57 5 -.030 -.007 -.007 -.007 -.011
8 57 17 -- -.036 -.036 -.036 -.039
8 57 36 -.030 -.022 -.022 -.022 -.033
8 57 39 -4.870 -6.052 -6.052 -6.052 -7.628
8 57 40 -.010 -- -- -- --
8 57 41 -.010 -- -- -- --
8 57 42 -.030 -- -- -- --
8 57 45 -- -.031 -.031 -.031 -.046
8 57 49 -.160 -.160 -.160 -.160 -.240
8 57 50 -.230 -.265 -.265 -.265 -.397
8 57 51 -.140 -.272 -.272 -.272 -.408
8 57 52 -.260 -.586 -.586 -.586 -.879
8 57 54 -.010 -.025 -.025 -.025 -.037
8 57 55 -.100 -.533 -.533 -.533 -.799
8 57 56 -- -.021 -.021 -.021 -.032
8 58 24 -.220 -.101 -.101 -.101 -.152
8 58 38 -.010 -.043 -.043 -.043 -.065
8 58 45 -.060 -.031 -.031 -.031 -.046
8 58 48 -1.120 -1.853 -2.028 -1.853 -2.685
8 58 49 -.670 -1.121 -1.218 -1.121 -1.629
8 58 50 -.030 -- -- -- --
8 58 51 -.250 -.520 -.520 -.520 -.780
8 58 52 -.250 -.517 -.517 -.517 -.776
8 58 53 -.070 -.059 -.059 -.059 -.088
8 58 55 -.080 -.295 -.295 -.295 -.442
8 59 9 -.040 -.012 -.012 -.012 -.018
8 59 15 -.100 -.391 -.425 -.391 -.560
8 59 41 -.040 -.010 -.010 -.010 -.015
8 58 44 -.010 -- -- -- --

147



Appendix B.--Withdrawals simulated at each cell
for all simulations--Continued

Calibration

Model Cell Cell simulation Scenario Scenario Scenario Scenario

layer colum  row (1970-79) 1 4
8 59 45 -0.010 -- -- -- -
8 59 46 ~-.010 -- -~ -- --
8 59 48 ~.150 -0.163 -0.178 -0.163 -0.236
8 59 49 ~.720 -.080 -.080 -.080 -.101
8 59 50 ~-.170 -.493 -.493 -.493 -.740
8 59 51 -.070 -.244 -.244 -.244 -.365
8 59 52 ~.060 -.131 -.131 -.131 -.197
8 59 53 - -.057 -.057 -.057 -.086
8 59 54 -.050 -.032 -.032 -.032 -.048
8 59 55 ~-.060 -.205 -.205 -.205 -.308
8 59 56 .000 -.101 -.101 -.101 -.152
8 60 12 -- ~-.047 -.047 -.047 -.071
8 60 13 -.100 -.001 -.002 -.001 -.002
8 60 14 -.760 -.531 -.578 -.531 -.762
8 60 15 -.020 -.377 -.410 -.377 -.540
8 60 16 -.260 -.513 -.900 -.513 -1.108
8 60 49 -.050 -- - -- ot
8 60 50 -.020 -.081 -.081 -.081 -.121
8 60 52 -.010 -.062 -.062 -.062 -.092
8 60 53 -.010 ~-.050 -.050 ~-.050 -.075
8 60 54 -.120 -.612 -.612 -.612 -.918
8 61 14 -.760 -.324 -.352 -.324 -.464
8 61 15 -.360 -.886 -.963 -.886 -1.270
8 61 51 -.050 -.204 -.204 -.204 -.306
8 61 52 -.010 -.021 -.021 -.021 -.032
8 61 53 -.050 -.154 -.154 -.154 -.232
8 61 54 -.010 -.052 -.052 -.052 -.078
8 62 28 -.300 - - -- -
8 62 50 -.070 -.142 -.142 -.142 -.213
8 62 51 -.060 -.242 -.242 -.242 -.363
8 62 53 -.040 -.124 -.124 -.124 -.186
8 62 54 -.020 -.075 -.075 -.075 -.112
8 63 50 -.050 -.356 -.356 -.356 -.535
8 63 54 -.010 -.042 -.042 -.042 -.062
8 64 27 -.660 -.600 -.600 -.600 -.756
8 64 50 -.040 -.137 -.137 -.137 -.206
8 64 52 -.030 -.001 -.091 ~-.091 -.136
8 65 50 -.010 -.006 -.006 -.006 -.009
8 66 50 -.010 -.032 -.032 -.032 -.048
9 7 47 .000 -- -~ -- --
9 8 18 -.030 -.110 -.219 -.110 -.258
9 8 20 -- -.061 -.095 -.061 -.118
9 8 42 -.100 -.059 -.059 -.059 -.088
9 8 44 -.270 - -- - -
9 13 10 ~-.160 -- -~ - --
9 13 49 -.100 -.020 -.042 -.020 ~-.059
9 14 10 -.450 -5.548 -7.087 -4.774 -9.944
9 15 9 -.080 -.038 -.038 -.038 -.057
9 15 10 -.880 -- -~ -- --
9 15 33 -.030 -- ~- -- --
9 16 28 -.230 -.083 -.144 -.083 -.930
9 17 9 -.110 -- -~ -- --
9 17 16 -.230 -.155 -.156 -.155 -.012
9 17 22 -.080 -- -~ -- -
9 17 34 -.090 -.328 -.377 -.328 -.470
9 18 9 -.070 -- - - --
9 22 14 - -15.500 -30.999 -15.500 -44 527
9 22 22 -.250 -- -- - --
9 22 24 -.010 - -- -- --
9 24 11 -.680 -1.650 -2.059 -1.650 -2.769
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Appendix B.--Withdrawals simulated at each cell
for all simulations--Continued

Calibration
Model Cell Cell simulation Scenario Scenario Scenario Scenario
layer colum row (1970-79) 1
9 24 24 ~0.150 -- -- -- -
9 26 10 -.050 - -- -~ -~
g 27 25 -.010 -- -- -- --
9 28 10 -.090 -- -- -- --
9 28 30 .000 -- -- -- --
9 30 19 -.030 -- -- - --
9 32 50 -- -0.005 -0.005 -0.005 -0.008
9 33 27 -.080 -- -- -- --
<] 34 9 -.170 -- -- -- -
9 34 32 -.070 -- -- -- --
[°] 35 50 -.030 -- - - --
9 36 8 -.070 -1.117 -1.451 1,117 -2.031
9 36 15 .000 -- -- -- --
9 36 27 .000 -- -- -- --
9 36 46 -.020 -.015 -.015 -.015 -.023
9 36 51 -.060 -.008 -.008 -.008 -.012
<] 37 51 -.020 -.016 -.016 -.016 -.024
9 39 48 -.010 -- - -- --
9 42 28 -.020 - - -- -
9 42 29 -.020 -- - - --
9 43 25 .000 -- -- -- -
9 46 51 -.010 -.018 -.018 -.018 -.027
9 49 8 -.010 -.030 -.030 -.030 -.045
9 49 20 -.060 -.050 -.050 -.050 -.075
9 49 36 -.180 -- -- -- -~
9 49 37 -.020 -- -- -- --
9 52 17 -.010 -- - -- --
9 52 56 -.070 -.031 -.031 -.031 -.047
9 53 55 -.020 -.051 -.051 -.051 -.076
9 54 56 -.140 -.197 -.197 -.197 -.295
-] 55 55 -- -.031 -.031 -.031 -.046
9 55 56 -.050 -.104 -.104 -.104 -.156
9 56 55 -.010 -.059 -.059 -.059 -.088
9 56 56 -.050 -.057 -.057 -.057 -.086
10 8 36 -.040 -- -- - -
10 9 15 -.040 -.078 -.121 -.078 -.152
10 10 15 -.100 -- -- - -
10 10 24 -.660 -.997 -1.052 -.997 -1.488
10 15 33 -.070 -.065 -.065 -.065 -.097
10 16 24 -.270 -.280 -.280 -.280 -.298
10 18 3s -.440 -.150 -.150 -.150 -.160
10 23 13 -- -.043 -.043 -.043 -.054
10 24 21 -.920 -.738 -.738 -.738 -.931
10 25 12 -1.220 -2.097 -2.605 -2.097 -3.511
10 27 21 -.390 -- -- - --
10 27 49 -.520 -~ -- - --
10 34 53 -.030 -.017 -.017 -.017 -.025
10 35 53 -.020 - -- -- --
10 36 53 -.070 -.086 -.0886 -.086 -.129
10 as 12 -.230 -.568 -.568 -.568 -.816
10 41 52 -.010 -- -- -- --
10 45 52 -.010 -.024 ~.024 -.024 -.036
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Appendix C.--True differences between model-calculated and observed
heads (residuals) for model calibration

Percent Percent
displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Column 1layer head 1971-80 measured heads
=21 =47 7 65 1 797 701 96
-42 -1 36 16 1 697 608 88
-14 76 33 14 1 700 621 78
17 -84 28 16 1 678 611 67
14 -10 51 7 1 781 742 39
68 -20 28 24 1 682 651 31
17 77 39 17 1 694 664 30
=77 11 47 22 1 722 694 28
-11 30 54 2] 1 783 755 28
-91 -7 4 6 1 913 888 25
-36 -22 4 52 1 848 823 25
-58 42 24 22 1 677 657 20
54 -55 11 16 1 713 698 15
89 -23 46 48 1 673 665 8
-16 32 11 18 1 687 689 8
-36 65 11 17 1 706 701 5
21 -33 16 64 1 706 702 4
87 -37 22 23 1 674 670 &4
-7 -13 25 27 1 681 678 3
-76 -19 26 38 1 685 684 1
62 -68 10 31 1 708 708 0
-15 35 26 41 1 685 688 -3
9 -69 29 41 1 680 685 -5
-51 71 12 24 1 676 688 =12
61 -85 4 5 1 924 937 -13
76 81 3 3 1 920 933 -14
-24 -71 12 25 1 669 683 -14
-89 -66 46 3 1 821 850 -29
-30 38 3 5 1 893 925 -32
-18 -44 6 14 1 801 857 -56
-20 61 29 6 1 818 878 -60
-69 18 3 8 1 885 955 -60
-88 88 10 3 7 1005 919 86
-97 =77 54 4 7 796 714 82
-9 -56 50 9 7 826 747 78
39 23 48 8 7 798 730 69
13 57 49 5 7 808 744 64
1 -39 54 5 7 804 741 63
-62 -24 50 11 7 846 793 53
-2 46 50 4 7 827 780 47
-25 52 40 26 7 763 724 38
97 -80 51 5 7 777 741 36
=51 -64 35 4 7 922 887 35
a5 59 51 6 7 786 752 34
58 4 49 8 7 803 780 23
-49 -10 56 5 7 845 826 19
-69 18 52 2 7 865 847 18
14 -43 6 25 7 864 852 12
61 -56 53 7 7 827 8ls 9
81 -17 6 9 7 887 879 8
10 13 47 13 7 805 798 7
-79 0 4 46 7 892 885 7
-55 74 51 3 7 842 835 7
-72 -52 46 48 7 743 737 6
-21 30 7 22 7 828 824 4
-81 -22 37 3 7 927 923 4
-59 -55 34 & 7 923 920 3
-80 82 47 2 7 884 881 3
48 -12 42 3 7 906 906 0
58 -5 2 40 7 895 899 -4
-89 -24 5 9 7 865 870 -5
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Appendix C.--True differences between model-calculated and observed
heads (residuals) for model calibration--Continued

Percent Percent
displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Column layer head 1971-80 measured heads
-29 60 8 21 7 828 835 -7
-79 75 52 7 7 812 831 -19
-80 27 11 9 7 892 914 -22
66 -26 41 6 7 861 886 -25
42 88 54 10 7 875 905 -30
~-80 11 11 50 7 824 897 =73
-75 7 9 65 8 814 694 120
4 -24 9 55 8 934 842 92
-38 67 48 21 8 790 707 83
~-72 -486 42 5 8 927 850 77
-23 58 47 6 8 812 7386 76
-89 18 49 54 8 807 732 75
52 -73 51 9 8 876 806 70
-99 80 38 47 8 748 676 70
-84 -4 38 49 8 736 667 69
-41 18 52 B4 8 758 698 61
25 85 48 19 8 794 734 860
-49 -74 36 48 8 733 674 59
~48 -5 51 58 8 794 736 58
-74 13 41 62 8 808 750 58
-34 39 49 9 8 820 763 57
-84 -27 38 36 8 752 695 57
3 72 42 10 8 803 747 56
-36 -2 47 51 8 773 720 53
-66 -30 26 35 8 729 677 52
33 -11 49 56 8 783 732 51
=32 47 44 25 8 758 706 50
-79 75 52 7 8 850 801 49
-85 -55 46 22 8 791 743 48
-32 53 16 60 8 849 802 47
28 79 50 56 8 803 757 48
16 -18 45 23 8 763 718 45
8 -11 42 34 8 761 718 45
15 -75 55 12 8 987 942 45
46 37 38 48 8 738 693 45
-7 90 37 50 8 746 702 44
-1 -73 54 15 8 973 929 44
~-96 -57 51 60 8 766 724 42
46 83 38 51 8 750 708 41
65 -81 50 57 8 7886 747 39
-83 -72 47 49 8 784 748 38
-85 70 35 36 8 728 691 37
-53 -6 48 8 8 752 715 37
-95 -25 50 17 8 912 876 36
71 -38 36 42 8 755 720 35
6 -81 45 24 8 774 740 34
-86 ~14 26 7 8 930 897 33
-27 82 31 7 8 830 897 33
=55 -90 51 56 8 815 782 33
-51 -98 35 6 8 926 893 33
33 28 42 47 8 743 711 32
-11 57 35 38 8 736 705 31
~-14 -42 12 60 8 833 803 30
-84 88 52 18 8 946 917 29
-59 -31 53 37 8 925 897 28
-49 65 52 43 8 901 873 28
-48 ~-18 47 61 8 703 875 28
-70 -97 45 11 8 736 709 27
~74 -95 52 52 8 861 834 27
37 95 55 16 8 989 963 26
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Appendix C.--True differences between model-calculated and observed
heads (residuals) for model calibration--Continued

Percent Percent
displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Column layer head 1971-80 measured heads
16 89 52 8 8 873 849 24
-13 -87 47 59 8 708 684 24
-45 -53 44 62 8 738 715 23
-6 -1 45 56 8 687 664 23
-16 -21 4 62 8 894 872 22
-7 -10 14 60 8 844 822 22
-42 -82 8 44 8 888 866 22
-93 -40 54 24 8 964 943 21
41 30 20 12 8 877 856 21
a7 18 52 37 8 914 893 21
-73 -35 34 8 8 897 877 20
-33 55 22 8 8 929 910 19
-7 32 14 9 8 936 917 19
-51 -82 10 42 8 879 860 19
63 56 50 55 8 815 796 19
38 -84 8 18 8 854 835 19
65 84 18 40 8 817 798 19
~-57 -61 50 60 8 741 723 18
-18 =24 53 13 8 944 926 18
35 -31 50 12 8 909 891 18
-66 62 54 31 8 952 934 18
-10 17 29 A7 8 750 732 18
-14 86 38 41 8 773 756 17
-40 74 29 42 8 702 685 17
-18 97 53 12 8 930 914 16
87 20 52 31 8 933 917 16
81 13 50 18 8 916 900 16
-4 0 46 25 8 810 795 15
-52 -69 39 12 8 811 797 14
-81 10 29 43 8 713 699 14
-48 80 56 30 8 963 849 14
-98 -8 51 39 8 904 890 14
94 -18 11 21 8 832 818 14
34 -99 34 11 8 860 846 14
~A7 42 25 12 8 869 856 13
-5 13 15 58 8 892 879 13
62 2 10 31 8 853 840 13
38 -26 28 43 8 715 702 13
1 32 41 48 8 724 712 12
97 -46 32 10 8 882 870 12
14 10 44 30 8 787 775 12
-23 -60 11 31 8 842 830 12
52 -51 56 (%3 8 890 878 12
36 41 17 10 8 914 903 11
0 -20 4 57 8 917 906 11
-83 =70 36 13 8 818 808 10
-33 =51 34 12 8 842 832 10
79 -18 37 31 8 726 716 10
38 84 28 15 8 811 801 10
-33 =73 41 35 8 763 753 10
77 -85 54 23 8 966 956 10
89 44 15 57 8 898 888 10
57 -84 51 34 8 916 807 9
-36 76 15 37 8 830 821 9
30 -15 45 14 8 725 716 9
~24 -17 35 8 8 883 884 9
76 -95 53 18 8 958 950 8
1 -8 49 49 8 840 832 8
17 -10 56 36 8 936 928 8
-76 55 48 49 8 817 809 8
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Appendix C.--True differences between model-calculated and observed
heads (residuals) for model calibration--Continued

Percent Percent
displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Column layer head 1971-80 measured heads
=27 8 31 59 8 839 831 8
58 76 39 9 8 855 848 7
-95 -66 50 42 8 885 878 7
-38 58 55 40 8 921 914 7
99 -70 52 29 8 936 929 7
42 60 10 28 8 848 842 6
50 26 29 60 8 821 815 6
=24 3 49 40 8 878 872 6
69 68 49 59 8 732 7286 6
-16 93 21 15 8 829 823 6
-93 13 56 38 8 924 918 8
-66 -29 54 49 8 888 883 5
34 -35 52 60 8 783 778 5
-3 99 41 22 8 754 748 5
22 0 52 58 8 802 797 5
7 80 28 21 8 770 766 4
38 23 54 33 8 947 943 4
66 46 27 35 8 725 721 4
-90 -64 8 55 8 936 932 4
54 13 16 14 8 861 857 4
62 -12 9 39 8 877 873 4
-63 -56 32 11 8 869 865 4
30 -24 53 52 8 868 864 4
8 -86 49 14 8 883 879 4
20 -56 9 57 8 932 928 4
32 ~-24 14 38 8 840 838 4
33 98 6 53 8 922 918 4
36 -56 27 41 8 725 722 3
52 29 33 33 8 728 725 3
98 29 4 59 8 919 917 2
57 7 48 46 8 842 840 2
-82 -81 28 37 8 733 731 2
7 -23 22 11 8 891 889 2
34 =72 26 9 8 907 906 1
93 -95 14 35 8 828 827 1
1 =75 48 58 8 717 716 1
63 32 50 52 8 838 837 1
25 =47 44 15 8 745 744 1
19 56 19 46 8 819 818 1
-59 ~42 44 48 8 746 745 1
-90 34 11 26 8 837 836 1
-57 -2 21 46 8 797 796 1
-68 86 46 8 8 719 718 1
=49 -37 8 46 8 892 891 1
-58 65 30 52 8 826 825 1
-39 34 49 45 8 863 863
-48 -22 12 21 8 813 813
-58 -84 54 40 8 921 921
84 48 11 44 8 879 879
-34 10 33 58 8 843 843
11 -11 7 58 8 932 932 0
21 73 41 12 8 780 790 -
-82 83 8 51 8 914 914 -
-20 4 45 9 8 697 697 -
22 -71 10 37 8 864 865 -1
-16 -12 36 30 8 734 735 -1
71 -94 13 51 8 889 890 -1
51 63 53 59 8 785 797 -2
-5 -84 20 46 8 808 810 -2
~44 -56 12 25 8 819 821 -2
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Appendix C.--True differences between model-calculated and observed
heads (residuals) for model calibration--Continued

Percent Percent
displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Colum layer head 1971-80 measured heads
-94 -25 27 53 8 846 848 -2
25 75 8 53 8 926 928 -2
-7 -28 25 26 8 738 741 -2
-63 79 14 28 8 806 809 -3
0 =34 6 60 8 913 916 -3
74 40 47 36 8 862 865 -3
-80 -19 4 31 8 903 906 -3
47 =21 56 50 8 863 867 -4
35 -32 13 22 8 807 811 -4
0 9 15 29 8 800 804 -4
92 52 44 17 8 764 748 -4
42 15 14 31 8 813 817 -4
46 32 19 34 8 785 789 -4
-13 71 45 13 8 700 705 -5
2 -61 5 57 8 931 936 -5
63 23 21 52 8 852 858 -6
84 -51 36 12 8 835 841 -6
41 95 16 29 8 793 799 -6
61 43 20 48 8 828 835 -7
-42 -86 18 55 8 886 893 -7
-64 73 17 35 8 805 813 -8
21 -68 16 59 8 872 880 -8
-7 -80 18 56 8 884 892 -8
8 -81 42 40 8 780 788 -8
83 46 9 46 8 892 200 -8
-72 =15 20 32 8 768 777 -8
-61 74 6 40 8 888 896 -8
-26 -81 15 51 8 867 875 -8
94 88 52 54 8 845 853 -8
71 64 13 29 8 810 818 -8
-43 55 11 17 8 841 850 -9
20 -8 11 51 8 800 909 -9
-21 -41 33 55 8 833 843 -10
65 26 18 18 8 8l2 822 -10
66 11 5 59 8 924 934 -10
-85 -91 12 56 8 917 927 -10
-85 =77 12 34 8 837 847 -10
76 59 12 54 8 908 919 -11
-61 87 33 16 8 786 797 ~11
81 -11 34 18 8 781 792 -11
=50 -63 54 52 8 868 881 -12
-32 75 42 52 8 716 728 -12
-64 -15 27 58 8 850 862 -12
[} 31 26 58 8 851 863 -12
-39 35 13 54 8 902 914 -12
54 -55 11 16 8 847 860 -13
-46 91 34 15 8 798 811 -13
22 -88 12 15 8 852 866 -14
-42 88 53 54 8 851 865 -14
=31 -78 12 38 8 849 864 -15
a7 -8 22 34 8 755 770 -15
-69 -37 30 15 8 807 822 -15
-84 72 48 33 8 871 886 -15
-4 22 53 60 8 786 802 -16
9 5 17 17 8 823 840 -17
39 -70 15 15 8 850 867 -17
-61 34 23 23 8 716 733 -17
56 14 52 56 8 823 840 -17
-6 -73 53 61 8 781 798 -17
38 65 42 53 8 729 747 -18
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Appendix C.--True differences between model-calculated and observed
heads (residuals) for model calibration--Continued

Percent Percent
displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Column layer head 1971-80 measured heads
-87 -6 19 12 8 878 896 -18
-19 ~-14 24 58 8 853 871 -18
-64 62 27 15 8 814 832 -18
91 -81 24 61 8 802 821 -19
76 -72 53 5 8 707 726 -19
-14 76 33 14 8 810 829 ~-19
-1 28 55 47 8 893 912 -19
-27 -66 a1 14 8 816 835 -19
86 -9 49 30 8 889 809 ~-20
=5 a8 43 53 8 724 744 -20
81 -90 16 30 8 790 810 -20
-6 -90 53 62 8 776 796 ~20
-74 -22 45 55 8 716 737 ~-21
58 -87 28 56 8 856 877 -21
84 82 36 59 8 836 858 -22
86 20 12 20 8 819 842 -23
-49 21 38 18 8 765 789 -24
58 -2 42 55 8 748 772 24
6 48 41 16 8 765 789 ~-24
-12 -9 38 15 8 786 810 ~-25
-47 88 6 52 8 915 940 -25
99 -62 42 54 8 740 765 -25
-24 43 53 56 8 827 852 ~25
-12 58 34 17 8 778 804 -26
96 16 35 17 8 778 804 -26
-91 59 29 17 8 797 824 -27
68 -11 28 55 8 850 878 -28
0 5 19 59 8 847 875 -28
66 5 kY] 16 8 782 810 -28
-6 49 54 55 8 843 872 -29
-71 -97 29 19 8 786 816 -30
-39 -45 56 53 8 845 876 -31
-72 ~14 28 11 8 879 911 -32
67 1 22 37 8 766 798 -32
-91 73 as 16 8 786 820 -34
92 55 30 16 8 798 833 =35
53 41 37 24 8 740 780 -40
58 -80 39 17 8 766 806 -40
-28 -7 55 58 8 794 835 -41
-88 7 37 22 8 743 784 ~-41
-94 18 37 23 8 730 775 -45
96 -84 35 26 8 750 795 -45
-13 -96 41 58 8 794 841 =47
64 -89 55 56 8 822 869 -47
21 53 20 49 8 836 883 -47
-66 -99 55 59 8 783 833 -50
-72 ~44 42 17 8 745 797 -52
-88 61 55 57 8 808 861 -53
-9 -47 32 12 8 852 908 -56
-46 3 26 a3 8 706 768 -62
-49 88 41 59 8 796 858 -62
88 17 44 7 8 817 890 -73
-98 3 39 38 9 875 778 97
-5 95 51 15 9 966 906 60
-17 55 50 21 9 931 880 51
47 24 51 22 9 978 930 48
55 12 40 48 9 761 723 as
28 33 46 35 9 889 854 as
53 -61 49 17 9 915 881 34
-5 21 44 18 9 788 758 30
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Appendix C.--True differences between model-calculated and observed
heads (residuals) for model calibration--Continued

Percent Percent
displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Column layer head 1971-80 measured heads
-39 79 38 10 9 879 853 26
87 =47 19 48 9 853 828 25
-56 -94 11 44 9 888 864 24
-63 -70 36 38 9 765 741 24
66 -48 13 35 9 852 830 22
-31 46 49 40 9 892 870 22
-14 -67 10 19 9 836 814 22
29 ~77 54 30 9 976 954 22
35 -9 56 51 9 876 858 18
~43 2 21 44 ] 810 784 16
~-43 -83 21 51 9 867 852 15
7 ~43 11 24 9 833 818 15
-14 ~94 49 45 9 879 866 13
84 99 11 40 9 881 869 12
-63 -52 55 40 ] 830 820 10
-89 -67 48 20 9 888 879 9
94 99 45 a1 ] 827 819 8
40 39 13 20 ] 826 818 8
68 ~-56 20 43 -] 818 813 5
-2 -52 14 37 ] 852 847 5
-23 ~-19 22 12 9 885 880 5
-39 26 13 55 9 920 919 1
~76 64 11 46 9 893 892 1
-5 -89 20 58 ] 890 890 ~0
70 -37 17 17 9 836 838 -2
60 91 11 42 9 885 888 -3
34 -37 11 45 9 890 893 -3
-14 29 10 14 9 860 864 -4
=74 ~36 7 39 9 880 885 -5
83 28 g 14 ] 858 865 -6
~49 ~37 8 46 9 890 896 -6
-34 80 12 16 9 848 854 -6
-3 20 21 40 9 799 805 -6
~-88 60 33 9 9 905 911 -6
-6 -17 11 15 ] 857 865 -8
31 54 18 42 9 836 847 -11
-34 -56 13 52 9 903 914 -11
70 53 17 31 9 805 817 -12
56 40 17 34 9 813 825 -12
24 -89 15 37 ] 845 857 -12
57 41 22 15 [*] 843 856 -13
~37 54 17 38 9 835 848 -13
~-15 -39 51 31 [*] 935 950 -15
33 37 8 16 9 843 858 -15
-30 -84 21 38 g 784 813 -19
-52 68 16 34 9 822 842 ~20
19 -34 19 35 9 797 818 -21
-4 -37 54 55 9 851 873 ~-22
35 -37 20 17 9 827 850 ~23
-17 -11 17 36 g 824 848 -24
-64 -23 38 15 9 809 834 -25
-49 =72 30 11 9 883 911 -28
6 0 19 37 9 807 836 -29
-4 -68 35 19 9 796 828 -32
2 80 17 52 g 887 923 ~36
42 60 10 28 9 853 889 -36
-81 ~-95 29 20 ] 802 839 -37
~-37 =40 35 18 9 800 844 =44
-76 -96 52 45 10 953 866 87
82 -78 52 38 10 965 888 77
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Appendix C.--True differences between model-calculated and observed
heads (residuals) for model calibration--Continued

Percent Percent
displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Column layer head 1971-80 measured heads
-14 92 12 38 10 888 860 28
-79 -28 30 37 10 847 834 13
-54 -71 12 25 10 830 820 10
56 -54 27 19 10 854 846 8
93 -95 14 35 10 874 869 5
-10 -51 15 40 10 885 883 2
61 -63 20 41 10 843 843
93 -86 14 42 10 883 883 0
-5 -84 20 46 10 858 858 0
33 -90 19 12 10 918 919 -1
=57 -2 21 46 10 858 864 -6
28 -84 28 16 10 838 874 -36
21 53 20 49 10 900 942 42
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Appendix D.--Absolute differences between model-calculated and
observed heads (residuals) for model calibration

Percent Percent
displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Column layer head 1971-80 measured heads
-21 -47 7 65 1 797 701 86
-42 -1 36 16 1 697 608 89
-14 76 33 14 1 700 621 78
17 -84 28 16 1 678 611 67
69 18 3 8 1 885 855 60
20 61 29 6 1 818 878 60
-18 b4 6 14 1 801 857 56
14 -10 51 7 1 781 742 3g
-30 38 3 5 1 893 825 32
68 -20 28 24 1 682 651 31
17 77 38 17 1 694 664 30
~89 -86 46 3 1 821 850 28
=77 11 47 22 1 722 694 28
-11 30 54 ] 1 783 755 28
-81 -7 4 6 1 813 888 25
-36 -22 4 52 1 848 823 25
-59 42 24 22 1 677 657 20
54 -55 11 16 1 713 698 15
~-24 =71 12 25 1 668 683 14
76 81 3 3 1 820 833 14
61 -85 4 5 1 924 837 13
=51 71 12 24 1 676 688 12
88 -23 46 48 1 673 665 8
-16 32 11 19 1 697 688 8
-36 65 11 17 1 706 701 5
8 -69 29 41 1 680 685 5
21 -33 16 64 1 706 702 4
87 -37 22 23 1 674 670 4
-15 35 26 41 1 685 688 3
-7 -13 25 27 1 681 678 3
-76 -19 26 38 1 685 684 1
62 -68 10 31 1 708 708 0
-88 88 10 3 7 1005 g19 86
-97 =77 54 4 7 796 714 82
-9 =56 50 ] 7 826 747 79
-80 11 11 50 7 824 897 73
39 23 48 8 7 798 730 69
13 57 49 5 7 808 744 64
1 -39 54 5 7 804 741 63
-62 ~-24 50 11 7 846 793 53
-2 46 50 4 7 827 780 47
=25 52 40 26 7 763 724 39
97 -80 51 5 7 777 741 36
=51 -64 35 4 7 822 887 35
85 59 51 6 7 786 752 34
42 88 54 10 7 875 805 30
66 -26 41 6 7 861 886 25
58 4 49 8 7 803 780 23
-90 27 11 ] 7 892 814 22
-48 -10 56 5 7 845 826 19
-79 75 52 7 7 812 831 19
-69 19 52 2 7 865 847 18
14 -43 6 25 7 864 852 12
61 -56 53 7 7 827 818 ]
81 -17 6 ] 7 887 879 8
-29 60 8 21 7 828 835 7
10 13 47 13 7 805 798 7
-79 0 4 46 7 892 885 7
-55 74 51 3 7 842 835 7
=72 -52 46 48 7 743 737 6
-9g9 24 5 ] 7 865 870 5
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Appendix D.--Absolute differences between model-calculated

and observed heads (residuals) for

model calibration--Continued

Percent Percent
displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Column layer head 1971-80 measured heads
-21 30 7 22 7 828 824 4
58 -5 2 40 7 895 899 4
-81 -22 37 3 7 927 923 4
-59 -55 34 4 7 923 920 3
-80 82 47 2 7 884 881 3
48 =12 42 3 7 906 906 0
-75 7 9 65 8 814 694 120
4 =24 9 55 8 934 842 92
-38 67 46 21 8 790 707 83
-72 -46 42 5 8 927 850 77
-23 58 47 6 8 812 736 76
-89 18 49 54 8 807 732 75
88 17 &4 7 8 817 890 73
52 -73 51 9 8 876 806 70
-99 80 38 &7 8 746 676 70
-94 -4 38 49 8 736 667 69
-49 88 41 59 8 796 858 62
-46 3 26 33 8 706 768 62
-41 18 52 64 8 759 698 61
25 95 46 19 8 794 734 60
-49 ~-74 36 48 8 733 674 59
-48 -5 51 58 8 794 736 58
=74 13 41 62 8 808 750 58
~-34 39 49 9 8 820 763 57
-94 -27 38 36 8 752 695 57
3 72 42 10 8 803 747 56
-9 =47 32 12 8 852 808 56
-88 61 55 57 8 808 861 53
-36 -2 &7 51 8 773 720 53
-66 -30 26 35 8 729 677 52
-72 ~44 42 17 8 745 797 52
33 -11 49 56 8 783 732 51
=32 &7 b4 25 8 756 706 50
-66 -99 55 59 8 783 833 50
-78 75 52 7 8 850 801 49
-85 ~-55 46 22 8 791 743 48
-32 53 16 60 8 848 802 47
21 53 20 498 8 836 883 47
64 -89 55 56 8 822 868 47
-13 -96 41 58 8 784 841 &7
28 78 50 56 8 803 757 46
96 -84 35 26 8 750 785 45
16 -18 45 23 8 763 718 45
-94 18 37 23 8 730 775 45
8 -11 42 34 8 761 716 45
15 -75 55 12 8 987 842 45
46 37 38 48 8 738 693 45
-7 90 37 50 8 746 702 44
-1 -73 54 15 8 973 828 &4
-96 -57 51 60 8 766 724 42
-88 7 37 22 8 743 784 41
46 83 38 51 8 750 708 41
-28 -7 55 58 8 784 835 41
58 -80 38 17 8 766 806 40
53 41 37 24 8 740 780 40
65 -81 50 57 8 786 747 38
-83 -72 47 49 8 784 746 38
-85 70 35 36 8 728 691 37
-53 -6 48 8 8 752 715 37
-95 -25 50 17 8 912 876 36
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Appendix D.--Absolute differences between model-calculated

and observed heads (residuals) for

model calibration--Continued

Percent Percent
displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Column layer head 1971-80 measured heads
71 -38 36 42 8 755 720 35
92 55 30 16 8 798 833 35
-91 73 35 16 8 786 820 34
6 -81 45 24 8 774 740 34
-86 -14 26 7 8 930 897 33
=27 82 31 7 8 930 897 33
-55 -90 51 58 8 815 782 33
~-51 -98 35 6 8 926 893 33
67 1 22 37 8 766 798 32
33 28 42 47 8 743 711 32
-72 ~-14 28 11 8 879 911 32
-11 57 35 38 8 736 705 31
-39 ~45 56 53 8 845 876 31
-71 -97 29 19 8 786 816 30
-14 -42 12 60 8 833 803 30
-84 88 52 18 8 946 917 29
-6 49 54 55 8 843 872 29
-59 -31 53 37 8 925 897 28
-49 65 52 43 8 801 873 28
66 5 37 16 -] 782 810 28
0 5 19 59 8 847 875 28
68 -11 28 55 8 850 878 28
-46 -18 47 61 -] 703 675 28
-91 59 29 17 8 797 824 27
-70 -97 45 11 8 736 709 27
~-74 -95 52 52 8 861 834 27
96 16 35 17 8 778 804 26
=12 59 34 17 8 778 804 26
37 95 55 16 8 989 963 26
=24 43 53 56 8 827 852 25
99 -62 42 54 8 740 765 25
-47 88 6 52 8 915 940 25
-12 -9 39 15 8 786 810 25
16 89 52 8 8 873 849 24
6 48 41 16 8 765 789 24
58 -2 42 55 8 748 772 24
~13 -87 47 59 8 708 684 24
-49 21 38 18 8 765 789 24
-45 -53 44 62 8 738 715 23
86 20 12 20 8 819 842 23
-6 -1 45 56 8 687 664 23
-16 -21 4 62 8 894 872 22
84 82 36 59 8 836 858 22
-7 -10 14 60 8 844 822 22
-42 -82 8 44 8 888 866 22
-93 =40 54 24 8 964 943 21
41 30 20 12 8 877 856 21
58 -87 28 56 8 856 877 21
-74 -22 45 55 8 716 737 21
97 18 52 37 8 914 893 21
-6 -90 53 62 8 776 796 20
-73 -35 34 8 8 897 877 20
81 -90 16 30 8 790 810 20
-5 38 43 53 8 724 744 20
86 -9 49 30 8 889 909 20
-33 55 22 8 8 929 910 19
-27 -66 31 14 8 816 835 19
-1 28 55 47 8 893 912 19
-7 32 14 9 8 936 917 19
-51 -82 10 42 8 879 860 19
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Appendix D.--Absolute differences between model-calculated
and observed heads (residuals) for
model calibration--Continued

Percent Percent
displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Columm layer head 1871-80 measured heads
-14 76 33 14 8 810 828 18
63 56 50 55 8 815 786 18
76 -72 53 5 8 707 726 18
38 -84 8 18 8 854 835 18
65 84 18 40 8 817 798 18
g1 -81 24 61 8 802 821 18
-64 62 27 15 8 814 832 18
-18 -14 24 58 8 853 871 18
-57 -61 50 60 8 741 723 18
-18 -24 53 13 8 844 826 18
35 -31 50 12 8 808 881 18
-87 -6 18 12 8 878 886 18
-66 62 54 31 8 852 834 18
38 65 42 53 8 728 747 18
-10 17 28 47 8 750 732 18
-6 -73 53 61 8 781 798 17
56 14 52 56 8 823 840 17
-14 86 38 41 8 773 756 17
-61 34 23 23 8 716 733 17
-40 74 28 42 8 702 685 17
39 -70 15 15 8 850 867 17
] 5 17 17 8 823 840 17
-18 a7 53 12 8 ' 830 814 16
87 20 52 31 8 833 817 16
81 13 50 18 8 816 800 16
-4 22 53 60 8 786 802 16
-4 0 46 25 8 810 785 15
-84 72 48 33 8 871 886 15
-68 -37 30 15 8 807 822 15
a7 -8 22 34 8 755 770 15
-31 -78 12 38 8 848 864 15
-52 -68 38 12 8 811 797 14
~-42 88 53 54 8 851 865 14
-81 10 28 43 8 713 698 14
-49 80 56 30 8 863 848 14
22 -98 12 15 8 852 866 14
-g8 -8 51 3g 8 804 880 14
84 -18 11 21 8 832 818 14
34 -89 34 11 8 860 846 14
-46 81 34 15 8 798 811 13
54 -55 11 16 8 847 860 13
-47 42 25 12 8 868 856 13
-5 13 15 58 8 892 87g 13
62 2 10 31 8 853 840 13
38 -28 28 43 8 715 702 13
-38 35 13 54 8 802 814 12
4 31 26 58 8 851 863 12
1 32 41 48 8 724 712 12
-64 -15 27 58 8 850 862 12
-32 75 42 52 8 716 728 12
a7 -46 32 10 8 882 870 12
14 10 44 30 8 787 775 12
-50 -63 54 52 8 869 881 12
-23 -60 11 31 8 842 830 12
52 -51 56 45 8 880 878 12
81 -11 34 18 8 781 792 11
36 41 17 10 8 814 903 11
-61 87 33 18 8 786 797 11
76 58 12 54 8 808 818 11
0 -20 4 57 8 817 806 11
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Appendix D.--Absolute differences between model-calculated

and observed heads (residuals) for

model calibration--Continued

Percent Percent
displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Column layer head 1971-80 measured heads
-83 -70 36 13 8 818 808 10
-95 -77 12 34 8 837 847 10
~33 ~51 34 h¥4 8 842 832 10
79 -18 37 31 8 726 716 10
-85 -91 12 56 8 917 927 10
38 84 28 15 8 811 801 10
~-33 -73 41 35 8 763 753 10
66 11 5 59 8 924 934 10
65 26 18 18 8 812 822 10
77 -85 54 23 8 966 956 10
89 bé i5 57 8 898 888 10
~-21 ~41 33 55 8 833 843 10
20 -8 11 51 8 200 909 9
57 -84 51 34 8 916 907 9
~43 55 11 17 8 841 850 9
~36 76 15 37 8 830 821 9
30 -15 45 14 8 725 716 9
~24 -17 35 8 8 893 884 9
76 -95 53 18 8 958 950 8
1 -8 49 49 8 840 832 8
71 64 13 28 8 810 818 8
94 88 52 54 8 845 853 8
-61 74 6 40 8 888 896 8
-26 -81 15 51 8 867 875 8
17 10 56 36 8 936 928 8
-72 -15 20 32 8 769 777 8
83 46 9 46 8 892 900 8
8 -81 42 40 8 780 788 8
-7 -80 19 56 8 884 892 8
-76 55 48 49 8 817 809 8
-27 8 31 58 8 839 831 8
21 -68 16 58 8 872 880 8
~-64 73 17 35 8 805 813 8
58 76 39 9 8 855 848 7
~-95 -66 50 42 8 885 878 7
~38 58 55 40 8 921 914 7
~42 -86 i8 55 8 886 893 7
61 43 20 48 8 828 835 7
99 -70 52 29 8 936 929 7
42 60 10 28 8 848 842 6
50 26 29 60 8 821 815 6
~24 3 49 40 8 878 872 6
69 68 49 59 8 732 726 6
~16 93 21 15 8 829 823 6
-93 13 56 38 8 924 918 6
41 95 16 29 8 793 799 6
84 -51 36 12 8 835 841 6
63 23 21 52 8 852 858 6
-66 -29 54 49 8 888 883 5
34 ~-35 52 60 8 783 778 5
-3 99 41 22 8 754 748 5
2 -61 5 57 8 931 936 5
92 0 52 58 8 802 797 5
~-13 71 45 13 8 700 705 5
7 80 28 21 8 770 766 L}
38 23 54 33 8 947 943 4
66 46 27 35 8 725 721 4
~90 -64 8 55 8 936 932 L}
46 32 19 34 8 785 789 4
54 13 16 14 8 861 857 4
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Appendix D.--Absoluate differences between model-calculated

and observed heads (residuals) for
model calibration--Continued

Percent Percent
displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Column layer head 1971-80 measured heads
42 15 14 31 8 813 817 4
62 -12 9 39 8 877 873 4
-63 -56 32 11 8 869 865 4
30 -24 53 52 8 868 864 4
8 -86 49 14 8 883 879 [}
82 52 44 17 8 744 748 4
20 -56 9 57 8 932 928 L}
0 9 15 29 8 800 804 &
32 -24 14 38 8 840 836 &
33 98 6 53 8 922 918 4
as -32 13 22 8 870 811 4
47 -21 56 50 8 863 867 4
-80 -19 4 31 8 903 906 3
74 40 47 36 8 862 865 3
0 -34 6 60 8 913 916 3
-63 79 14 28 8 806 809 3
36 -56 27 41 8 725 722 3
52 29 33 33 8 728 725 2
-7 -28 25 26 8 739 741 2
25 75 8 53 8 926 928 2
-94 -25 27 53 8 846 848 2
98 29 4 59 8 919 917 2
-44 -56 12 25 8 819 821 2
57 7 48 46 8 842 840 2
-5 -84 20 46 8 808 810 2
-82 -81 28 37 8 733 731 2
7 -23 22 11 8 891 889 2
51 63 53 59 8 795 797 2
34 -72 26 9 8 907 906 1
93 -95 14 35 8 828 827 1
71 -94 13 51 8 889 890 1
1 -75 48 58 8 717 716 1
63 32 50 52 8 838 837 1
25 -47 44 15 8 745 744 1
19 56 19 46 8 819 818 1
-59 -42 44 48 8 746 745 1
-90 34 11 26 8 837 836 1
-16 ~12 36 30 8 734 735 1
-57 -2 21 46 8 797 796 1
-68 86 46 8 8 719 718 1
22 -71 10 37 8 864 865 1
-49 -37 8 46 8 892 891 1
-59 65 30 52 8 826 825 1
-39 34 49 45 8 863 863 [1]
-48 -22 12 21 8 813 813 0
-58 -94 54 40 8 921 921 0
-20 4 45 9 8 697 697 [1]
-92 83 8 51 8 914 914 0
21 73 41 12 8 790 790 0
84 48 11 44 8 879 879 1]
-34 10 33 58 8 843 843 (1]
11 -11 7 58 8 932 932 1]
-98 3 39 a8 9 875 778 97
-5 85 51 15 9 866 806 60
-17 55 50 21 9 931 880 51
47 24 51 22 9 978 930 48
-37 -40 35 18 ] 800 844 44
55 12 40 48 ] 761 723 38
-81 -95 29 20 9 802 839 37
60 10 28 36 9 853 889 36
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Appendix D.--Absolute differences between model-calculated

and observed heads (residuals) for

model calibration--Continued

Percent Percent
displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Column layer head 1871-80 measured heads
2 80 17 52 ] 887 823 36
28 33 46 35 ] 889 854 35
53 -61 48 17 9 915 881 34
-4 -68 35 18 ] 796 828 32
-5 21 44 18 9 788 758 30
6 (4] 18 37 9 807 836 28
=48 =72 30 11 9 883 911 28
-39 79 38 10 ] 879 853 26
-64 =23 38 15 9 808 834 25
87 -47 18 48 9 853 828 25
-17 -11 17 36 ] 824 848 24
-56 -94 11 44 ] 888 864 24
-63 -70 36 38 9 765 741 24
35 -37 20 17 9 827 850 23
-4 -37 54 55 ] 851 873 22
66 -48 13 35 ] 852 830 22
=31 46 49 40 9 892 870 22
-14 -67 10 19 ] 836 814 22
98 =77 54 30 9 976 854 22
19 -34 18 35 ] 797 818 21
-52 68 16 34 9 822 842 20
-30 -84 21 38 ] 794 813 18
35 -9 56 51 9 876 858 18
=43 2 21 44 9 810 794 16
33 37 8 16 ] 843 858 15
-43 -83 21 51 9 867 852 15
-15 -39 51 31 9 935 950 15
7 43 11 24 9 833 818 15
-37 54 17 38 ] 835 848 13
-14 -94 49 45 9 879 866 13
57 41 22 15 9 843 856 13
84 99 11 40 ] 881 869 12
24 -99 15 37 9 845 857 12
56 40 17 34 ] 825 813 12
70 53 17 31 9 805 817 12
-34 -56 13 52 9 903 914 11
31 54 18 42 9 836 847 11
-63 =52 55 40 9 930 920 10
-89 -67 48 20 9 888 879 9
-6 -17 11 15 ] 857 865 8
94 99 45 31 ] 827 818 8
40 39 13 20 9 826 818 8
-88 60 33 9 9 905 911 6
-3 20 21 40 ] 799 805 6
-34 80 12 16 9 848 854 6
=48 -37 8 46 9 890 886 6
83 28 ] 14 9 858 865 6
68 -56 20 43 9 818 813 5
-2 -52 14 37 ] 852 847 5
~23 -18 22 12 ] 885 880 5
~74 -36 7 38 -] 880 885 5
~14 99 10 14 9 860 864 4
34 =37 11 45 9 890 893 3
60 91 11 42 9 885 888 3
70 -37 17 17 9 836 838 2
~-38 26 13 55 9 920 918 1
~76 64 11 46 9 893 892 1
-5 -89 20 58 ] 890 880 0
~76 -96 52 45 10 953 866 87
82 -78 52 38 10 965 888 77
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Appendix D.--Absolute differences between model-calculated
and observed heads (residuals) for
model calibration--Continued

Percent Percent

displacement displacement Cell Location
from center from center Median of Difference
to edge of to edge of Model measured between model
cell in y- cell in x- Model calculated heads, calculated and
direction direction Row Column layer head 1971-80 measured heads

21 53 20 49 10 900 942 42

28 -84 28 16 10 838 874 36

~14 92 12 38 10 888 860 28

-79 -28 30 37 10 847 834 13

-54 =71 12 25 10 830 829 10

56 -54 27 19 10 854 846 8

-57 -2 21 46 10 858 864 6

93 -95 14 35 10 874 869 5

-10 -51 15 40 10 885 883 2

33 -90 19 12 10 918 919 1

61 -63 20 41 10 843 843 0

93 -86 14 42 10 883 883 0

-5 -84 20 46 10 858 858 0
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