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Appendix B - Map Modeling

USE TO YIELD COMPARISON MAPS

Maps showing ranges of potential yield
for shallow bedrock and sand and gravel
aquifer systems were digitized and inter-
sected with the township base map. An
areally weighted mean potential yield
wag computed for each township. A con-
stant potential yield was estimated for
the deep sandstone aquifer system. Table
BI lists the ranges of potential yield and
the values used for each range. These
choices were made to obtain a conserva-
tive estimate of yield.

After the mean potential yields for each
aquifer system in each township were
computed, they were compared to the
groundwater withdrawals in that town-
ship from each respective aguifer system.
This was accomplished by calculating the
use to yield ratio, which represents the
" fraction of the total resource being
utilized. The results were categorized and
plotted for each aquifer system.

The categorization procedures were
developed to identify areas where prob-
lems may exist. It was assumed that if
the use to yield ratio was greater than 0.9
(90% utilization), a probable problem
area was identified. If the use to yield

ratio was between 0.6 and 0.9 (60-90%

TABLE B-1

utilization}, the problem of overpumpage
could exist. A use to yield ratio less than
0.6 represents an area where overpum-
page does not probably occur.

Further spatial analysis was performed
to identify all locations with a problem in
any aquifer system. This analysis con-
sisted of identifying the maximum use to
yield ratio in each township. The results
of this comparison represent a worst case
analysis. A

The final water use analysis consisted of
summing the yield and pumpages from
all aquifer systems, and computing a
total use to total yield ratio. The purpose
of this exercise is to illustrate areas
where overpumpage in one aquifer
system might be alleviated by shifting
the distribution of pumpage between that
aquifer system and another. The
categorization system used in previous
analyses was also applied in this case.

GROUNDWATER QUALITY MODEL
MAPS

The identification of areas of concern for
groundwater quality utilized three sets of
data: an aguifer susceptibility map, maps
showing mean concentrations of total dis-
solved solids and locations of known

Ranges of Potential Yield and Model Yield

Aquifer System

Sand and Gravel

Range of Potential Yield

Other sources preferred
Less than 50,000 gpd/mi2

Model Value

4,000 gpd/mi2
20,000 gpd/mi2

Shallow Bedrock

Deep Sandstone

100,000 - 150,000
150,000 - 200,000
200,000 - 300,000
300,000 - 400,000
1,000,000 - 3,000,000
3,000,000 - 5,000,000

Other sources preferred
Less than 50,000
50,000 - 100,000
100,000 - 200,000
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100,000
150,000
200,000
300,000
1,000,000
3,000,000

4,000
20,000
50,000
100,000

20,000



1

. trends of water quality degradation: The
:thrust of the modeling effort.was to.iden-
tify areas with a_high susceptibility to

contamination, good -ambient water
quality, and without-any trends toward a
decrease in that quality. .

The map depicting aquifer suseeptibility
to contamination used in this study is
*Potential for Contamination of Shallow
Agquifers from Land Burial of Municipal
Wastes” (Berg et al., 1983). This map is
divided into coded polygons which, for the
purposes of digitization were divided into

3 groups. Table B-2 lists the classification 5

of codes used by this model. The s'uscép-

tibility criteria was not applied to the

deep sandstone aquifer systems, which
were assumed not susceptible to con-
tamination from the surface.

TABLE B-2

Classification of Map Codes

€lassification Codes
1. A2, AX, B1, B2, C2
2. Al, Ad, A5, BYX, C1,C3
8, . C4,C5 D, E, F, G
4. Ag*

* No A3 polygons were found at map scale

The maps depicting ambient water
quality consisted of contours. of.mean
total dissolved solids (TDS) concentra-
tion, with a 500 mg/] contour interval.
Closed polygons were formed by contours
and, where appropriate, the state bound-
ary. The deep sandstone aquifer system

TDS map depicted an area where TDS

concentrations exceed 10,000 mg/l. Thus,
between all the maps four possible codes
could be assigned; these represent areas
with mean TDS concentration less than
500 mg/l, between 500 and 1000 mg/l,
between 1000 and 10,0060 mg/l and
greater than 10,000 mg/l. These catego-
ries were assigned ratings of 1,2,3and?9,
respectively,

The aquifer susceptibility and ambient
water quality maps were digitized and
intersected with the township base map
to enable the computation of an areally
weighted mean rating of susceptibility
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and quality for each township. The Toca-

- tions of known trends were also digitised

and intersected with the base map to per-
mit automated adjustment for this fac.

“tor.

- The computations performed by the

model consisted of determining the mean
ratings for susceptibility and ambient
quality, determining the number of
known trends in that township, summing
all three factors, dividing by a normaliz-

_ing factor, and categorizing the results,

Two model runs were performed using

. this methodology. They differed in the

treatment of aquifer susceptibility and
by the normalizing factor.

The first model run treated the three
susceptibility codes as if they represented
high, moderate and low susceptibilities.

' These qualitative categories were applied

to classifications 1, 2 and 3, respectively,
in Table B-2. As a result, the mean
susceptibility would range between 1.0
and 3.0. The mean ambient water quality
rating would range between 1.0 and 3.0 ..
for sand and gravel and shallow bedrock
aquifer systems. The mean water quality
would range between 1.0 and 9.0, but
would be limited to less than or equal to
3.0 in areas of potable water, A value of
1.0 was added for each occurence of a
known trend. The composite rating was
normalized by 7.0 for sand and gravel and
shallow bedrock models and by 4.0 for the
deep sandstone model, based on “reasona-
ble” maximums for each set of results,
Examination of the normalized results
for all three models revealed that
categorization by setting divide points at
0.5 and 0.5 would provide fairly even
distribution for all models.

The second models run treated the
susceptibility map classifications as
system-specific. For the sand and gravel
aquifer system, areas defined by
classification 1 were susceptible to con-
tamination; all others were not. Similar-
ly for the shallow bedrock model, areas
defined by classification were suscepti-
ble. Since this rating system was binary
{(susceptible or not), the susceptibility
rating was given by the percentage of
non-susceptible area within the town-
ship, in keeping with the theme that a
low rating reflected a higher priority.
Since the mean rating varied from 0.0 to
1.0, it was multiplied by 3.0 to give it



Aquifeyr
System

Sand &

Gravel

Shallow
Bedrock

Deep
Sandstone

equivalent weight when compared to the
water quality rating, The three criteria
were summed, as in the first model run,

but a normalizing factor of 6.0 was

applied. This change was made because
this figure better represents the max-
imum for the vast majority of townships.

TABLE B-3a.

As in the water use analysig, a combina-
tion plot was made. In this case, the plot
depicts the maximum priority deter-
mined from the results of all three
models. A summary of model parameters
for both runs is included in Tables B-3a
and B-3hb.

Water Quality Model Parameters

First Model Run

PR_s+Q+ TN

PR = Priority Rating
8 = Mean Susceptibility Rating
Q = Mean TDS Rating
pT = Number of Trend Occurences

N = Normalization

' Susceptibility Map

i Classification S
A2, AX, B1, B2, C2 1
A1, A4, A5, BX, C1, C3 2
C4,C5, D, E, F, G 3
A2 AX, Bl, B2, C2 1
Al, A4; A5, BX, C1, C3 2
C4,C5,D,E,F, G 3
N/A

TDS Concentration Q T

<500 1.0 - . 10
500-1000 2.0
>1000 3.0
E500 1.0 1.0
500-1000 2.0 :
>1000 3.0
<500 1.0 1.0
500-1000¢ ' ' 2.0 ‘
>1000 : 3.0

>10,000 9.0

Categories Plotted: High Priority <0.5
Moderate Priority 0.5-.75
Low Priority >0.75
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7.0

7.0

4.0



Aquifer
System

Sand &

Gravel

Shallow
Bedrock

Deep
Sandstone

TABLE B-3b.

Water Quality Model Parameters
Second Model Run

Susceptibility Map
Classification

A2, AX, B1, B2, 2
Al, A4, A5, BX, C1, C3
C4,C5 D,E, F, G

A2, AX, B1, B2, C2
Al, A4, A5, BX, C1, C3
C4,C5 D, E,F, G

N/A

PR- s +q+ TN

-t

S

TDS Concentration

<500 mg/l
500-1000
>1600

<500 mg/1
500-1000
>1000

<500 mg/]
500-1000
>1000
>10,000

Categories Plotted: High Priority <0.5
Moderate Priority 0.5-.75
Low Priority >0.75
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1.0
2.0
3.0

10
2.0
3.0

1.0
2.0
3.0
9.0

1.0

1.0

1.0

6.0

6.0

3.0



