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Evaluation of the Design of a Regional Ground-Water
Quality Monitoring Network, Broward County, Florida

By Roy S. Sonenshein

ABSTRACT

The Broward County ground-water quality
monitoring network consists of 56 wells at 29 sites
and was established in 1983 to determine areal,
vertical, and seasonal variations in water quality in
the Biscayne aquifer (the most permeable part of
the surficial aquifer system) and to identify areas
where contamination is or might be evident.
Hydrogeologic and statistical approaches were
used in a recent study to evaluate the design of the
ground-water quality monitoring network and to
assess the relation between water quality and land
use.

An evaluation of the wells at each site indi-
cates that only 14 sites contain wells capable of
monitoring vertical variations in water quality in
the Biscayne aquifer. The wells at these sites are
completed in the upper zone of the surficial aquifer
system and in the production zone of the surficial
aquifer system (Biscayne aquifer). Because of the
uncertainty in the aquifer production zone bound-
aries, wells at all of the sites, except one, can
be considered completed in the production zone.
However, seven sites are considered to be without
a well completed in the upper zone.

Simulated areas of contribution character-
ized by a short relative length are ideal to meet net-
work goals because these areas are probably
representative of the actual areas of contribution.
The area of contribution for 18 wells at 16 sites
was in the short-length category, and areas for
3 wells at 3 other sites were at the low end of the
medium-length category. Stresses on the ground-
water flow system, including drainage canals and

well fields, significantly affect the length of the
area of contribution at 10 other sites. Adding a
well completed in the upper zone or replacing a
well completed in the lower zone of the surficial
aquifer system with one completed in the upper
zone could better meet network goals at eight of
these sites. Additional analyses are required at two
sites to more accurately determine the area of con-
tribution. Overall, adding, replacing, or moving
wells at 10 of 29 sites could better meet the goals
of the network.

The Urban Commercial/Industrial/Trans-
portation land-use category and the Barren/Urban
Open category were overrepresented in the well
classifications in relation to the distribution of land
uses in the study area. The Rangeland/Forested
Upland/Wetland category and the Agriculture cat-
egory were underrepresented. The distributions of
the sewered and nonsewered categories by site
closely matched the distributions for the study
area.

Lower median dissolved-solids concentra-
tions seem to relate to land use at wells classified
as Urban Commercial/Industrial/Transportation.
Elevated total organic carbon concentrations could
be explained by the prevalence of organic soils in
some parts of the study area. Concentrations of
nitrite and nitrite plus nitrate above the detection
limit were measured in water samples from only
three wells. Higher median concentrations of
orthophosphate were related to land use where
wells are classified as Agriculture, Barren/Urban
Open, and Urban Commercial/Industrial/Trans-
portation. Elevated chromium concentrations
are possibly related to the type of well casing;
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however, no relation between chromium concen-
tration and land use is apparent. Elevated lead and
zinc concentrations were associated with wells
classified as Urban Commercial/Industrial/Trans-
portation. Water samples from wells classified as
Barren Urban/Open also contained relatively high
concentrations of lead and zinc. Canals were con-
sidered possible sources of lead and zinc related to
the Barren Urban/Open land-use category.

INTRODUCTION

Land use can significantly affect ground-water
quality. Consequently, specific information that relates
land-use effects to ground-water quality is necessary to
properly manage land-use and ground-water resources
(Kudrna, 1978; Yangen and Born, 1990). Regional
monitoring networks can be established to delineate
background concentrations of water-quality constitu-
ents in an aquifer and to monitor the effects of land use
on the quality of ground water. However, costs of drill-
ing, sampling, and water-quality analyses can limit the
design of these networks.

Evaluating the design of the monitoring network
for determining the effects of land use on ground-water
quality is difficult in Broward County. Land use varies
spatially and temporally, and the surface areas contrib-
uting flow to the network wells are not easily defined
and could vary with changing hydrologic conditions.
The nature of any potential contaminant sources must
also be considered. There are two broad categories of
contaminant source, point and nonpoint. Point sources
of contamination, such as leaking underground storage
tanks, are limited in space and time. Monitoring sys-
tems used to detect known point-source contamination
can be developed in space and time based on the loca-
tion of the point source. Nonpoint sources of contami-
nation, which might be characteristic of a specific land
use, can significantly affect the regional (ambient)
ground-water quality of an aquifer. Networks designed
to monitor nonpoint contamination can be complex and
require a relatively large number of well sites, if land
uses are varied and mixed.

Two types of general approaches for planning
and designing ground-water quality monitoring net-
works are described by Loaiciga and others (1992,

p- 19-30). These same approaches, described below,
might also be used to evaluate the design of existing
monitoring networks:

* Hydrogeologic approach—This approach is best
suited for site-specific studies, such as detection or
compliance network design where there are suffi-
cient hydrogeologic data to develop a ground-
water flow model.

* Geostatistical approach—This approach is best
suited for regional studies, such as the develop-
ment of an ambient ground-water quality monitor-
ing network.

A ground-water quality monitoring network was
developed by the U.S. Geological Survey (USGS) for
the Broward County Department of Natural Resource
Protection (DNRP) in 1983 to determine the areal, ver-
tical, and seasonal variations in water quality in the
unconfined Biscayne aquifer and to identify areas
where contamination is evident or where there is poten-
tial for contamination (Waller and Cannon, 1986,

p. 1-2). The DNRP network is part of a statewide ambi-
ent ground-water quality monitoring network. This
statewide network was enacted by the State of Florida
in 1983, authorized by the Water Quality Assurance
Act, to detect ground-water contamination (Herr and
Shaw, 1989, p. 1-3). Sites for the DNRP network were
selected to provide areal coverage of eastern Broward
County; however, no consideration was given to the
land uses that might affect the quality of water sampled
from each network well. Because different land uses
can correspond to different water-quality effects, an
ideal network would include wells designed to monitor
specific land-use categories. An evaluation of the exist-
ing DNRP ground-water quality monitoring network is
needed to determine if network goals are being met and
to determine if land use significantly affects network
results.

The USGS, in cooperation with the South Flor-
ida Water Management District (SFWMD) and the
Broward County DNRP, began a study in 1991 to: (1)
develop criteria for monitoring saltwater intrusion,
water-table elevations, well-field protection zones, and
regional water quality; (2) develop methods for design-
ing monitoring networks based on mathematical mod-
els and statistical techniques; (3) examine existing
regional monitoring networks with the ultimate objec-
tive of eliminating wells that are redundant; (4) deter-
mine locations where additional wells are needed; and
(5) optimize temporal measurements. The results of the
study are presented in two phases. Phase 1 describes a
spatial and temporal statistical analysis of the existing
Broward County ground-water level monitoring net-
work, and the results are presented in a report by Swain
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several years. In many cases, the use of an average
annual steady-state simulation will produce capture
areas that are very close to those predicted by a com-
plete transient flow analysis of the system (D.W. Pol-
lock, U.S. Geological Survey, oral commun., 1994).

Classification of Network Wells

The various classifications assigned to the wells
in the DNRP ground-water quality monitoring network
were based on the altitude of the well open interval and
the characteristics of the areas of contribution to each
network well. The altitude of the well open interval is
an important factor that determines the extent of the
contributing area. Wells were first classified according
to the aquifer zone of the open interval of each well
(table 2). Aquifer zones were determined by comparing
the altitude of the open interval of each well to the cor-
responding altitude represented by model layer bound-
aries for the grid cell in which the well was located
(table 3). Because the model layer boundary values
represent the average value for each grid cell, the
assignment of a model layer and aquifer zone may be
approximate at several wells. The hydraulic character-
istics of the aquifer zone containing a particle can have
a significant effect on the simulated particle pathline
and the related area of contribution. Errors in the simu-
lated pathlines might occur because of the approximate
boundaries assigned to the model layers. For example,
an open interval near an aquifer zone boundary
(between layers 2 and 3 or layers 4 and 5) increases the
uncertainty in the simulated pathlines and area of con-
tribution.

Table 2. Distribution of aquifer zone by well

The second well classification is a comparison
of the simulated wet- and dry-season areas of contribu-
tion. The similarity between the flow directions and
distances, when considered in combination with the
total traveltime along the pathlines, is an indication of
how well the simulated areas correspond to the actual
areas of contribution. If the simulated traveltime is
much greater than the length of a wet or dry season (6
months) and the direction of flow toward the well from
the two areas is markedly different, then the particle
flow paths might not accurately represent the actual
area of contribution.

The third well classification is the relative length
of the area of contribution to each well. This measure-
ment is an indication of the total area of contribution to
the well based on the length of the longest particle path-
line. The accuracy in predicting the area of contribution
increases with a decrease in the length of the area. Gen-
erally, the farther the particles are backtracked from a
well, the larger the traveltime, resulting in a greater
error in accurately predicting the particle path due to
the model limitations previously described. The total
area, a function of the subjective selection of the num-
ber of particles used to represent each well, could be a
biased classification, and therefore, was not used to
classify the wells. The three categories used for length
and the number of wells in each category are listed in
table 4. The lengths of contributing areas limiting each
category were selected to provide an approximately
equal number of wells in each category.

Land use and sewered or nonsewered areas rep-
resent the final well classifications. Land-use data for
the study area in 1986 were obtained from a digital,
spatial data base developed for Broward County (Son-
enshein, 1992, p. 24). Land use was classified using a

MODFLOW Number of
Aquifer zone for completion interval model wells
layers
Upper zone of the surficial aquifer system 1,2 21
Production zone of the surficial aquifer system 3.4 24
Lower zone of the surficial aquifer system 5 11
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Table 3. Elevations for model layers in rows and columns containing wells

[Elevations, in feet above sea level for layer 1; elevations, in feet below sea level for all other layers]

Well Top of Top of Top of Top of Top of Bottom
number layer 1 layer 2 layer 3 layer 4 layer 5 of layer 5
G-820 8.90 15.00 39.30 69.30 99.30 294.91
G-820A 8.60 15.00 39.70 72.90 106.10 292.72
G-1272A 14.40 10.60 90.00 124.90 159.80 27831
G-2038 10.00 15.00 27.20 76.10 125.10 246.54
G-2039 10.00 15.00 27.20 76.10 125.10 246.54
G-2156 14.00 11.00 90.00 114.70 139.40 240.38
G-2156A 14.00 11.00 90.00 114.70 139.40 240.38
G-2160 8.00 15.00 38.90 78.00 117.10 213.17
G-2160A 8.00 15.00 38.90 78.00 117.10 213.17
G-2161 5.00 15.00 38.40 77.20 116.00 196.20
G-2161A 5.00 15.00 38.40 77.20 116.00 196.20
G-2269 7.00 15.00 31.70 74.70 117.70 259.96
G-2270 7.00 15.00 31.70 74.70 117.70 259.96
G-2274 9.20 15.00 43.60 75.20 106.70 303.54
G-2275 8.60 15.00 39.70 72.90 106.10 292.72
G-2344A 10.60 14.40 40.00 72.20 104.50 317.14
G-2344B 10.60 14.40 40.00 72.20 104.50 317.14
G-2345X 5.70 15.00 52.70 96.20 139.80 278.16
G-2355 13.10 11.90 84.10 122.00 159.90 177.58
G-2355A 13.10 11.90 84.10 122.00 159.90 177.58
G-2356 12.40 12.60 57.80 103.20 148.50 201.09
G-2356A 12.40 12.60 57.80 103.20 148.50 201.09
G-2357 11.60 13.40 74.50 108.80 143.10 250.67
G-2357A 11.60 13.40 74.50 108.80 143.10 250.67
G-2358 10.40 14.60 38.60 63.10 87.50 162.96
G-2358A 10.40 14.60 38.60 63.10 87.50 162.96
G-2359 10.00 15.00 52.40 87.20 122.00 195.48
G-2359A 10.00 15.00 52.40 87.20 122.00 195.48
G-2360 17.70 7.30 60.20 93.70 127.20 265.21
G-2360A 17.70 730 60.20 93.70 127.20 265.21
G-2361 7.50 15.00 53.10 83.70 114.20 199.14
G-2361A 7.50 15.00 53.10 83.70 114.20 199.14
G-2363 7.90 15.00 46.80 77.20 107.70 162.08
G-2363A 7.90 15.00 46.80 77.20 107.70 162.08
G-2364 5.00 15.00 55.20 93.30 131.50 185.84
G-2364A 5.00 15.00 55.20 93.30 131.50 185.84
G-2365 9.60 15.00 40.00 68.40 96.70 109.54
G-2365A 9.60 15.00 40.00 68.40 96.70 109.54
G-2366 5.90 15.00 42.50 80.10 117.60 191.42
G-2366A 5.90 15.00 42.50 80.10 117.60 191.42
G-2367 5.00 15.00 39.40 75.70 112.00 151.06
G-2367A 5.00 15.00 39.40 75.70 112.00 151.06
G-2368 5.00 15.00 27.00 53.90 80.80 144.39
G-2368A 5.00 15.00 27.00 53.90 80.80 144.39
G-2369 4.00 15.00 34.90 70.10 105.30 126.91
G-2369A 4.00 15.00 34.90 70.10 105.30 126.91
G-2370 9.30 15.00 48.40 78.20 108.10 226.83
G-2370A 9.30 15.00 48.40 78.20 108.10 226.83
G-2372 10.60 14.40 38.30 63.60 88.90 110.03
G-2372A 10.60 14.40 38.30 63.60 88.90 110.03
G-2373 7.00 15.00 27.10 37.20 47.40 177.49
G-2373A 7.00 15.00 27.10 37.20 47.40 177.49
G-2374 7.00 15.00 29.90 67.50 105.10 127.39
G-2374A 7.00 15.00 29.90 67.50 105.10 127.39
G-2336 9.40 15.00 45.50 74.90 104.20 266.35
G-2437 9.40 15.00 45.50 74.90 104.20 266.35
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Table 4. Distribution of relative length of area of contribution

[<, less than the value; >, greater than the value]

Relative length of Range of length of longest Number of
area of contribution particle pathline wells in
(feet) range
Short <600 18
Medium 600 - 5,000 17
Long >5,000 21

system created for the Florida Department of Transpor-
tation (Kuyper, Becker, and Shopmeyer, 1981). The
classification system consists of seven primary (level
1) land-use categories (table 5), all of which are pres-
ent in Broward County. These categories have been
divided into secondary (level 2) and tertiary (level 3)
land-use categories. The Broward County land-use,
digital, spatial data layer contains 22 level 2 categories
(table 5). For statistical analyses, land uses present in
eastern Broward County were combined into six cate-
gories (table 6). Land-use categories were combined
based on the assumption of similar potential effects on
ground-water quality.

The following procedure was used in classifying
land use for the present study. First, the land use was
identified at the well location. Next, a land use was
selected for each well based on the predominant land
use in the simulated area of contribution. In designating
a predominant land use, emphasis was placed on the
most immediate upgradient land use from the well
when areas of contribution contained varied land uses.
For wells with significantly different wet- and dry-
season areas of contribution, land use in the regions
surrounding and adjacent to these areas was also con-
sidered when assigning a land-use category.

The same procedure used in classifying land use
was also used to classify each well as either in a sew-
ered or nonsewered area, both at the well and in the
area of contribution. Septic tank systems are used in
nonsewered areas for the disposal of sewage and may
affect the quality of water in the Biscayne aquifer
(Waller and others, 1987, p. 2). Isolated undeveloped
land uses, such as Forested Upland (F), Water (H), and
Wetland (W), are considered sewered if the land use
falls within the sewered boundaries, even though there
are probably no sewer lines in the undeveloped area. A
digital, spatial data layer was created showing the sew-
ered or nonsewered areas in the study area. The data

layer was prepared from a map showing sewered areas
in eastern Broward County in 1993 (Broward County
Department of Natural Resource Protection, 1993).

Statistical Approach to Assess Relation
Between Water Quality and Land Use

Constituent concentration data obtained from
water-quality analyses can be used to determine rela-
tions, or the lack of such relations, between land use
and ground-water quality. Although problems, such as
spatial autocorrelation and uncertainty in land-use cat-
egorical data (Barringer and others, 1990), can occur
when attempting to relate land-use and ground-water
quality data, a relation between regional ground-water
quality and human activities has been shown to exist in
many areas throughout the United States (Cain and oth-
ers, 1989).

An assessment of the relation between water
quality and land use was made by applying statistics
to the water-quality data collected from the wells in
the DNRP ground-water quality monitoring network.
Eight water-quality constituents, which are common
indicators of contamination, were selected for evalua-
tion. These constituents included dissolved solids, total
organic carbon, nitrite, nitrite plus nitrate, orthophos-
phate, chromium, lead, and zinc. A mean value for
each constituent was determined for each well using
the total available data base. Data reported as below a
specified detection limit were assigned a value equal
to the detection limit. Concentrations of several con-
stituents including nitrite, nitrite plus nitrate, and chro-
mium were commonly below the detection limit.
Concentrations reported as less than a detection limit
were considered equal to the detection limit for the sta-
tistical analyses in this report.
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Table 5. Level 1 and 2 land-use codes and categories in the Broward County land-use digital spatial data layer

[From Restrepo and others, 1992, p. 88-91]

Level 1 Level 2
ndase  Landuse | Lot Lanusecatgor
A Agriculture AC Cropland
AF Confined Feeding Operations
AM Groves/Ornamentals/Nurseries/Tropical
Fruits
AP Pasture
B Barren Land BB Beaches
BL Levees
BP Extractive (strip mines, quarries, gravel pits)
BS Spoil Areas
F Forest Upland FE Coniferous Forests
FM Mixed Forests
FO Nonconiferous Forests
R Rangeland RG Grassland
RS Scrub/Brushland
H Water
w Wetland WF Forested Fresh Wetlands
WN Nonforested Fresh Wetlands
WS Forested Salt Wetlands
U Urban Land uC Urban Commercial
Ul Urban Industrial
Uuo Urban Open
UR Urban Residential
US Urban Institutional
uT Urban Transportation
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Table 6. Distribution of combined land-use categories in eastern Broward County

Level 1 or 2 land-

La:::e:se Land-use category use categories
(from table 5)

A Agriculture All A
G Rangeland/Forested Upland/Wetland AIlFER,and W
H Water H
I Urban Commercial/Industrial/Transportation UC, UL, UT
0] Barren/Urban Open All B and UO
R Urban Residential/Institutional UR, US

The median, 10th percentile, and 90th percentile
concentrations were determined for each constituent.
Box plots were prepared for all constituents (except
nitrite and nitrite plus nitrate) to visually compare the
median and ranges of concentrations among land-use
categories. Because most of the data for the two nitro-
gen constituents were reported as below the detection
limit, no box plots were prepared for these constituents.

EVALUATION OF THE DESIGN OF A
REGIONAL GROUND-WATER QUALITY
MONITORING NETWORK

The DNRP ground-water quality monitoring
network in Broward County was developed in 1983
to determine the areal, vertical, and seasonal variations
in water quality in the Biscayne aquifer and to identify
areas where contamination is (or might be) evident.
The determination of the areal, vertical, and seasonal
variations in water quality and the description of water
quality in the aquifers were addressed by Radall and
Katz (1991). In 1991, the DNRP ground-water quality
monitoring network consisted of 56 wells at 29 sites
(fig. 1, table 7). Two wells are located at each site,
except for one site (Fort Lauderdale Prospect Well
Field, Executive Airport) which has three wells and
three sites (Pompano Beach Well Field west, Fort Lau-
derdale Dixie Well Field, and Deerfield Beach) which
have one well. Additional wells at the three sites with
only one well either have been destroyed or were not
considered part of the network for the purposes of this
report. Two sites with two wells at each site, originally

included in the network, have been destroyed and also
were not considered part of the network for the pur-
poses of this report. Generally, at each site, one well
was completed near the top of the upper zone of the
surficial aquifer system, and the other well was com-
pleted in the highly permeable production zone of the
surficial aquifer system (Biscayne aquifer). At four
sites, wells that existed before development of the net-
work and were completed below the production zone
were used as the deep wells (wells G-2039, G-2161,
G-2270, and G-2274).

The design of the DNRP ground-water quality
monitoring network in relation to monitoring vertical
variations and land-use effects on water quality and the
relation between water-quality constituents and land
use are addressed in this report to determine whether
the goals of the network are being met. To accomplish
the goal of monitoring the vertical variations in water
quality in the Biscayne aquifer, one well should be
completed in the upper zone of the surficial aquifer sys-
tem and one well in the production zone of the surficial
aquifer system at each site. Based on the aquifer zone
(table 8), the upper zone (model layers 1 and 2) and
the production zone (layers 3 and 4) are approximately
equally represented among the wells (table 2). Approx-
imately twice as many wells are completed in each of
these zones than are completed in the lower zone of the
surficial aquifer system (layer 5).

An initial evaluation of the wells at each site
indicates that 14 of the 29 sites meet the goal to monitor
the top two zones of the surficial aquifer system (table
9). At two of the remaining sites, wells are completed
only in the lower zone. At seven sites, at least one well
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Table 7. Site names, site identification numbers, open interval or depth, and casing material for wells used

in this study
U.S. Geological Open interval
Well Survey site or well depth .
number identification Site name (feet below Casing material
number land surface)

G-820 261158080095101 Fort Lauderdale Prospect Well 215-224 Iron

G-820A 261144080094601 Field (Executive Airport) 99-100 Iron

G-2275 261150080094602 155-157 Iron

G-1272A 261834080061903  Deerfield Beach 52-55 Polyvinyl chloride
G-2038 260027080110102  Hollywood Well field (Hollywood 134-143 Iron

G-2039 260027080110103  Circle) 184-187 Iron

G-2156 261837080130501 Parkland 98-99 Polyviny! chloride
G-2156A 261837080130502 41-44 Polyvinyl chloride
G-2160 260032080135702  Perry Airport 115 Polyvinyl chloride
G-2160A 260032080135703 49-52 Polyvinyl chloride
G-2161 260219080141102  Davie Road Extension 145 Polyvinyl chloride
G-2161A 260219080141103 52-55 Polyvinyl chloride
G-2269 260311080120401  Broward County Utility 3A Well 48-50 Iron

G-2270 260311080120402  Field (Oak Ridge) 180-183 Iron

G-2274 261450080080001  Pompano Beach Well Field west 123-130 Polyviny! chloride

(I-95 and 15th Street)

G-2344A 261423080071503  Pompano Beach Well Field east 92-95 Polyvinyl chloride
G-2344B 261423080071504 3538 Polyvinyl chloride
G-2345X 260641080123520  Fort Lauderdale Dixie Well Field 100-103 Polyvinyl chloride
G-2355 261828080101301  Butler Road 93-96 Polyvinyl chloride
G-2355A 261828080101302 50-53 Polyvinyl chloride
G-2356 261627080111201 Sample and Lyons Roads 93-96 Polyviny! chloride
G-2356A 261627080111202 53-56 Polyviny! chloride
G-2357 261441080111001  Coconut Creek 80-83 Polyvinyl chloride
G-2357A 261441080111002 53-56 Polyvinyl chloride
G-2358 261348080160401  Coral Springs Improvement Dis- 96-99 Polyvinyl chloride
G-2358A 261348080160402  trict 46-49 Polyvinyl chloride
G-2359 261232080140401  North Lauderdale 97-100 Polyvinyl chloride
G-2359A 261232080141402 52-55 Polyvinyl chloride
G-2360 261707080073301  I1-95 and 44th Street 97-100 Polyvinyl chloride
G-2360A 261707080073302 45-48 Polyvinyl chloride
G-2361 261020080131701  Inverrary 79-82 Polyviny! chloride
G-2361A 261020080131702 26-29 Polyviny! chloride
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Table 7. Site names, site identification numbers, open interval or depth, and casing material for wells used
in this study (Continued)

U.S. Geological Open interval
Well Survey site . or well depth .
number identification Site name (feet below Casing material
number land surface)

G-2363 260859080160401  Panama Canal 77-80 Polyvinyl chloride
G-2363A 260859080160402 17-20 Polyvinyl chloride
G-2364 260825080144401  Mirror Lake Park 77-80 Polyvinyl chloride
G-2364A 260825080144402 16-19 Polyvinyl chloride
G-2365 260505080204701  West Davie 71-74 Polyvinyl chloride
G-2365A 260505080204702 22-25 Polyviny! chloride
G-2366 260453080155601 Sunrise System 2 Well Field (Pine 54-57 Polyvinyl chloride
G-2366A 260453080155602  Island) 22-25 Polyvinyl chloride
G-2367 260337080171901  Cooper City 58-61 Polyvinyl chloride
G-2367A 260337080171902 22-25 Polyvinyl chloride
G-2368 260202080230701  West Rolling Oaks 56-59 Polyviny! chloride
G-2368A 260202080230702 19-22 Polyvinyl chloride
G-2369 260046080190701  C.B. Smith Park 68-71 Polyvinyl chloride
G-2369A 260046080190702 19-22 Polyvinyl chioride
G-2370 261107080120301  Fort Lauderdale Prospect Well 101 Iron

G-2370A 261107080120302  Field 45-48 Polyvinyl chloride
G-2372 261055080173501  West Sunrise 101-106 Polyvinyl chloride
G-2372A 261055080173502 28-33 Polyvinyl chloride
G-2373 260752080253701  Weston 55-60 Polyvinyl chloride
G-2373A 260752080253702 17-22 Polyvinyl chloride
G-2374 255905080194001  Flamingo 95-100 Polyvinyl chloride
G-2374A 255905080194002 30-35 Polyvinyl chloride
G-2436 261202080111601 Fort Lauderdale Prospect Well 43-63 Polyvinyl chloride
G-2437 261202080111602  Field (Executive Airport west) 112-121 Iron
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Table 8. Water-quality well classifications

[Open interval aquifer zone: L, lower zone of the surficial aquifer system; P, production zone of the surficial aquifer system;
U, upper zone of the surficial aquifer system. Land-use codes: A, Agriculture; G, Rangeland/Forested Upland/Wetland; I, Urban

Commercial/Industrial/Transportation; O, Barren/Urban Open; R, Urban Residential/Institutional}

Comparison

Sewered or nonsewered

) Open between wet- Relative Predomm?nt Land category
Well interval length of land use in
. and dry-season use at
number aquifer area of area of Area of
areas of ibuti tribution well -a o1 Well
zone contribution contribution contri contribution

G-820 L Similar Long 1 I Sewered Sewered
G-820A P Similar Long I I Sewered Sewered
G-1272A u Similar Short R R Sewered Sewered
G-2038 L Similar Long R R Sewered Sewered
G-2039 L Similar Long R R Sewered Sewered
G-2156 U Similar Short G G Nonsewered Nonsewered
G-2156A u Similar Short G G Nonsewered Nonsewered
G-2160 P Similar Long R R Sewered Sewered
G-2160A P Similar Medium R R Sewered Sewered
G-2161 L Different Log R I Nonsewered Nonsewered
G-2161A P Different Short I I Nonsewered Nonsewered
G-2269 P Similar Medium R R Nonsewered Sewered
G-2270 L Similar Long R R Sewered Sewered
G-2274 L Similar Long R R Sewered Sewered
G-2275 L Similar Long I I Sewered Sewered
G-2344A P Similar Long R I Sewered Sewered
G-2344B U Similar Short R I Sewered Sewered
G-2345X P Different Long (o] (o] Nonsewered Nonsewered
G-2355 u Similar Medium 1 I Sewered Sewered
G-2355A u Similar Medium 1 I Sewered Sewered
G-2356 P Similar Medium A A Nonsewered Nonsewered
G-2356A U Similar Short A A Nonsewered Nonsewered
G-2357 U Similar Short 1 I Sewered Sewered
G-2357A U Similar Short I I Sewered Sewered
G-2358 L Different Long R R Sewered Sewered
G-2358A u Similar Medium R R Sewered Sewered
G-2359 P Similar Medium R R Sewered Sewered
G-2359A u Similar Short R R Sewered Sewered
G-2360 P Similar Long R I Sewered Sewered
G-2360A U Similar Medium R I Sewered Sewered
G-2361 P Similar Medium (e} ¢} Sewered Sewered
G-2361A u Similar Short (¢} (¢} Sewered Sewered
G-2363 P Similar Medium R R Sewered Sewered
G-2363A U Similar Short R R Sewered Sewered
G-2364 P Similar Medium R R Sewered Sewered
G-2364A U Similar Short R R Sewered Sewered
G-2365 P Similar Medium G G Nonsewered Nonsewered
G-2365A U Similar Short G G Nonsewered Nonsewered
G-2366 P Similar Long A 0 Sewered Sewered
G-2366A u Similar Long A o Sewered Sewered
G-2367 P Similar Medium 0 (o} Nonsewered Nonsewered
G-2367A u Similar Short 0] 0 Nonsewered Nonsewered
G-2368 P Similar Long R R Nonsewered Nonsewered
G-2368A u Similar Short R R Nonsewered Nonsewered
G-2369 P Different Long (o] (o] Sewered Sewered
G-2369A U Different Long (o] (o] Sewered Sewered
G-2370 P Similar Medium I I Sewered Sewered
G-2370A U Similar Medium I I Sewered Sewered
G-2372 L Similar Long (o} (¢} Sewered Sewered
G-2372A U Similar Short (o} (¢} Sewered Sewered
G-2373 L Similar Long G G Nonsewered Nonsewered
G-2373A U Similar Short G G Nonsewered Nonsewered
G-2374 P Different Medium G G Nonsewered Nonsewered
G-2374A u Similar Short G G N ed N red
G-2436 P Similar Medium I I Sewered Sewered
G-2437 L Similar Long I I Sewered Sewered
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Table 9. Evaluation of well sites

[Aquifer zones: L, lower zone of surficial aquifer system, P, production zone of surficial aquifer system; U, upper
zone of surficial aquifer system]

Well meets
Open
Well interval length of
Site name number aquifer area of Remarks and evaluation of site
q contribution
zone
goal
Sites Meeting Aquifer Zone Goals

Pompano Beach Well ~ G-2344A P No No changes
Field east G-2344B 8] Yes
Sample and Lyons G-2356 P No No changes
Roads G-2356A 8] Yes
North Lauderdale G-2359 P No No changes

G-2359A U Yes
1-95 and 44th Street G-2360 P No No changes; size of area of contribution of well

G-2360A U No G-2360A is at low end of medium group
Inverrary G-2361 P No No changes

G-2361A 8] Yes
Panama Canal G-2363 P No No changes

G-2363A U Yes
Mirror Lake Park G-2364 P No No changes

G-2364A U Yes
West Davie G-2365 P No No changes

G-2365A 8) Yes
Sunrise System 2 G-2366 P No Additional analysis required
Well Field (Pine G-2366A U No
Island)
Cooper City G-2367 P No No changes

G-2367A U Yes
West Rolling Oaks G-2368 P No No changes

G-2368A U Yes
C.B. Smith Park G-2369 P No Additional analysis required

G-2369A U No
Fort Lauderdale G-2370 P No Relative length of area of contribution affected by
Prospect Well Field G-2370A 8] No well-field pumping
Flamingo G-2374 P No No changes

G-2374A U Yes

Sites Not Meeting Aquifer Zone Goals
Fort Lauderdale G-820 L No Replace wells G-820 and G-2775 with well completed
Prospect Well Field G-820A P No in upper zone of surficial aquifer system
(Executive Airport) G-2275 L No
Deerfield Beach G-1272A 8] Yes Add well completed in production zone of surficial
aquifer system
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Table 9. Evaluation of well sites (Continued)

[Aquifer zones: L, lower zone of surficial aquifer system, P, production zone of surficial aquifer system; U, upper
zone of surficial aquifer system]

Open Well meets
Well  interval  'Sngthof
Site name . area of Remarks and evaluation of site
number aquifer N
contribution
Zonhe
goal
Sites Not Meeting Aquifer Zone Goals--Continued
Hollywood Well G-2038 L No Well G-2038 is completed near base of production
Field (Hollywood G-2039 L No zone of surficial aquifer system; replace well G-2039
Circle) with well completed in upper zone of surficial aquifer
system
Parkland G-2156 8) Yes No changes; well G-2156 is completed near top of pro-
G-2156A 8) Yes duction zone of surficial aquifer system
Perry Airport G-2160 P No No changes; well G-2160A is completed near base of
G-2160A P No upper zone of surficial aquifer system; has an area of
contribution at low end of medium group
Davie Road Exten- G-2161 L No Replace well G-2161 with well completed in upper
sion G-2161A P Yes zone of surficial aquifer system
Broward County G-2269 P No Replace well G-2270 with well completed in upper
Utility 3A Well Field  G-2270 L No zone of surficial aquifer system
(Oak Ridge)
Pompano Beach Well  G-2274 L No Well G-2274 is completed near base of production
Field west (I-95 and zone of surficial aquifer system; add well completed in
15th Street) upper zone of surficial aquifer system
Fort Lauderdale G-2345X P No Add well completed in upper zone of surficial aquifer
Dixie Well Field system
Butler Road G-2355 U No Well G-2355 is completed near top of production zone
G-2355A 0] No of surficial aquifer system and size of area of contribu-
tion of well G-2355A is at low end of medium group
Coconut Creek G-2357 8] Yes No changes; well G-2357 is completed near top of pro-
G-2357TA U Yes duction zone of surficial aquifer system
Coral Springs G-2358 L No No changes; well G-2358 is completed near base of
Improvement District  G-2358A U No production zone of surficial aquifer system
West Sunrise G-2372 L No No changes; well G-2372 completed near base of pro-
G-2372A 8] Yes duction zone of surficial aquifer system
Weston G-2373 L No No changes; well G-2373 completed near base of pro-
G-2373A 8) Yes duction zone of surficial aquifer system
Fort Lauderdale G-2436 P No Replace well G-2437 with well completed in upper
Prospect Well Field G-2437 L No zone of surficial aquifer system
(Executive Airport
west)
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Figure 18. Selected particle pathlines leading to wells G-2366 and G-2366A.
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River Canal (fig. 1) south of the site. The simulated par-
ticle pathlines may only be representative of flow paths
near the canals. A more detailed model is required to
more accurately determine the area of contribution to
the wells at this site.

Land Use and Sewered or Nonsewered
Areas

The land-use and sewered classification method
was evaluated for each well site (rather than for each
well) and for each representative area of contribution.
Although the predominant land use in the area of con-
tribution can vary between wells at the same site, dif-
ferences only occurred at the Davie Road Extension
site (fig. 1 and table 8, wells G-2161 and G-2161A).
The land use assigned to this site was the Urban Com-
mercial/Industrial/Transportation category (I), which
is the same land use assigned to shallow well G-2161A
both at the well and in the area of contribution. At three
other sites (wells G-2344A and G-2344B, G-2360 and
G-2360A, and G-2366 and G-2366A), the two land-use
categories varied between at the well and in the area of
contribution. The distributions of the land-use catego-
ries Urban Commercial/Industrial/Transportation (I)
and Barren/Urban Open (O) are overrepresented when

compared to the distributions of these land uses in the
study area (table 11). The distributions of the land-use
categories Rangeland/Forested Upland/Wetland (G)
and Agriculture (A) are underrepresented when com-
pared to the distributions of these land uses in the study
area. These land uses represented 19 and 12 percent of
the study area, respectively (table 11), at the time the
land-use data layer was prepared. However, these per-
centages have been decreasing as the urban areas have
expanded into undeveloped areas.

Differences in the sewered classification,
between at the well and in the area of contribution, only
occurred at well G-2269 — sewered at the well and non-
sewered in the area of contribution (table 8). This well
was assigned to the sewered category, resulting in no
wells that were different (sewered or nonsewered) both
at the well and in the area of contribution. Thus, using
either method of classification (at the well or predomi-
nant land use in the area of contribution), 69 percent of
the well sites are in sewered categories and 31 percent
are in nonsewered categories (table 12). This distribu-
tion corresponds closely to the percentage of sewered
and nonsewered areas in the study area. Therefore, no
changes are required to the network to monitor sewered
and nonsewered areas.

Table 11. Distribution of combined land-use categories by site

Predominant in area of

Percentage Site location contribution
Land-use Land-use cateqo of land use
code gory of total Number  Percentage Number Percentage
study area of sites of sites of sites of sites
A Agriculture 12 1 3 2 7
G Rangeland/Forested 19 4 14 4 14
Upland/Wetland
H Water 4 0 0 0 0
I Urban Commercial/ 14 8 28 6 21
Industrial/Transportation
Barren/Urban Open 13 6 21 5 17
R Urban Residential/ 38 10 34 12 41

Institutional
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Table 12. Distribution of sewered and nonsewered areas by site

Site location

Predominant in area of

contribution
Percentage
Category stzgtor:lea Number of Percentage Number of Percentage
v sites of sites sites of sites
Nonsewered 40 9 31 9 31
Sewered 60 20 69 20 69

Relation Between Water Quality and Land
Use

An assessment of the relation between water
quality at the wells in the DNRP ground-water quality
monitoring network and the corresponding land use
was accomplished using the mean concentration of
eight constituents (table 13). A USGS program to sam-
ple water from wells in the DNRP ground-water qual-
ity monitoring network was conducted from April 1983
to July 1984. Sampling times were selected to represent
yearly minimum water levels (April), rising water lev-
els (June and July), and yearly maximum water levels
(September and October) (Waller and Cannon, 1986,
p. 2). Not all wells were sampled every time, and not
all water-quality constituents were determined for each
water sample during each round of sampling. One to
five analyses of major-ion concentrations were avail-
able for 53 wells, and one to two analyses of trace-
metal concentrations were available for 42 wells. No
water-quality data were available for three wells
(G-2156A, G-2436, and G-2437). A summary of the
USGS water-quality data used in this report is given in
table 13. Data from the DNRP sampling program were
not available for this report. Box plots were used to
visually compare the median and ranges of concentra-
tions for six of the water-quality constituents to the pre-
dominant land use in the area of contribution and to the
land use at the well.

Constituents that naturally occur in water from
the surficial aquifer system and which are generally
not used as indicators of contamination were not
included in the assessment of the relation to land use.
These constituents include calcium, iron, magnesium,
manganese, potassium, sodium, bicarbonate, and sul-
fate; all except manganese naturally occur in relatively
large concentrations. Chloride, which is used as an

indicator of saltwater intrusion and which also natu-
rally occurs in relatively large concentrations, also was
not included in this assessment.

Constituent Group 1

Constituent group 1 is based on water samples
from 53 wells that were analyzed for dissolved solids,
total organic carbon, nitrite, nitrite plus nitrate, and
orthophosphate. Dissolved solids concentration is a
general indicator of water quality, with a nonmanda-
tory U.S. Public Health Service standard of 500 mg/L
(milligrams per liter) (Hem, 1985, p. 212). Sources of
organic carbon in ground water are both natural and
anthropogenic. Organic soils, a source of natural
organic carbon in ground water in southern Florida,
are prevalent in the southwestern parts of the study area
(Pendelton and others, 1984). Synthetic organic com-
pounds, an anthropogenic source of organic carbon,
are used for agricultural, industrial, and residential pur-
poses. However, some of these synthetic compounds
are volatile and are frequently evaporated from a water
sample during the sampling procedure. This probably
occurred during the procedure used to sample total
organic carbon at wells used for this study. Elevated
nitrite, nitrite plus nitrate, and orthophosphate concen-
trations are often the result of anthropogenic influ-
ences, such as waste disposal (septic tanks and farm
animal waste) and the application of synthetic fertiliz-
ers (Hem, 1985, p. 124-126).

The median dissolved-solids concentration at
wells classified as Urban Commercial/Industrial/
Transportation (I) was 302 mg/L, which is lower
than the median values that correspond to other land-
use categories (fig. 19). However, the range of dis-
solved-solids concentrations for this land-use category
1s large. Mean dissolved-solids concentrations in
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Table 13. Summary statistics for water-quality data

[Values in parentheses indicate laboratory code for given constituent. The < symbol indicates less than the value]

Dissolved solids, in milligrams per liter (70301)

Total organic carbon, milligrams per liter (00680)

m‘,',l::e, Mean Minimum Maximum '::::; esre:f Mean Minimum Maximum r:::::; t;re:f
G-820 2077 207 208 3 4.00 25 5.0 4
G-820A 294.3 287 300 3 6.67 4.0 9.6 3
G-1272A 394.3 323 430 3 10.10 83 11.0 3
G-2038 325.0 325 325 1 8.00 7.0 9.0 2
G-2039 359.8 342 375 4 9.63 8.7 11.0 4
G-2156 383.0 383 383 1 8.88 5.6 12.0 4
G-2160 276.5 274 281 4 11.57 8.8 15.0 4
G-2160A 147.0 126 171 4 8.02 6.5 9.3 4
G-2161 404.5 391 413 4 16.75 13.0 20.0 4
G-2161A 119.0 110 131 4 8.43 6.0 11.0 4
G-2269 3423 339 347 3 11.63 6.0 16.0 4
G-2270 380.5 379 382 2 9.20 6.0 12.0 4
G-2274 3815 n 392 2 17.00 16.0 18.0 2
G-2275 302.5 296 309 4 6.20 4.0 9.1 3
G-2344A 3235 317 339 4 10.73 79 15.0 4
G-2344B 203.5 198 209 2 3.40 3.0 38 2
G-2345X 307.5 275 320 4 12.38 9.5 17.0 4
G-2355 555.5 547 564 2 14.00 11.0 17.0 2
G-2355A 564.5 549 580 2 28.00 21.0 350 2
G-2356 402.0 382 426 4 17.50 15.0 21.0 4
G-2356A 390.5 379 406 4 13.25 11.0 17.0 4
G-2357 408.5 393 414 4 14.75 13.0 17.0 4
G-2357A 394.8 384 400 4 16.50 14.0 20.0 4
G-2358 659.0 640 678 2 26.25 23.0 30.0 4
G-2358A 453.8 432 475 4 24.25 23.0 28.0 4
G-2359 408.5 404 413 2 1475 12.0 17.0 4
G-2359A 4210 398 451 4 15.25 14.0 17.0 4
G-2360 254.3 242 276 4 7.82 6.9 9.0 4
G-2360A 97.0 89 105 2 25.50 24.0 270 2
G-2361 470.8 457 477 4 18.50 15.0 24.0 4
G-2361A 385.7 362 41 3 19.33 17.0 21.0 3
G-2363 3985 361 436 2 14.67 13.0 16.0 3
G-2363A 544.7 490 579 3 16.25 14.0 20.0 4
G-2364 326.5 309 362 4 15.25 11.0 19.0 4
G-2364A 294.5 272 317 2 13.00 9.0 17.0 2
G-2365 421.0 413 429 3 19.33 18.0 20.0 3
G-2365A 3957 380 404 3 15.67 11.0 25.0 3
G-2366 471.0 466 479 4 39.75 31.0 45.0 4
G-2366A 4457 438 454 3 31.00 25.0 350 3
G-2367 465.3 457 479 3 21.67 17.0 25.0 3
G-2367A 448.0 444 452 2 23.67 230 25.0 3
G-2368 399.0 399 399 1 23.00 23.0 23.0 1
G-2368A 476.0 456 496 2 24.00 22.0 26.0 2
G-2369 401.0 390 410 4 29.50 23.0 34.0 4
G-2369A 400.3 364 442 4 27.50 19.0 33.0 4
G-2370 370.8 358 381 4 15.25 11.0 21.0 4
G-2370A 253.8 218 280 4 10.65 7.6 14.0 4
G-2372 506.5 490 523 2 10.50 7.0 14.0 2
G-2372A 338.0 334 342 2 25.00 23.0 27.0 2
G-2373 5345 533 536 2 29.00 26.0 320 2
G-2373A 518.5 482 555 2 30.50 29.0 320 2
G-2374 3855 379 392 2 15.00 13.0 17.0 2
G-2374A 319.5 308 331 2 27.00 25.0 29.0 2
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Table 13. Summary statistics for water-quality data (Continued)

Nitrite, in milligrams per liter (00615)
Detection limit is <0.01 milligram per liter

Nitrite + nitrate, in miliigrams per liter (00630)
Detection limit is <0.02 milligram per liter

Well
number Mean Minimum Maximum ':":::;:L:‘ Mean Minimum Maximum N;::; esre:f
G-820 0.010 <0.01 0.01 4 0.620 <0.02 2.40 4
G-820A .010 <01 .01 3 .020 <.02 .02 3
G-1272A .010 <.01 <.01 3 .020 <.02 <.02 3
G-2038 .010 <.01 <.01 2 .020 <.02 <.02 2
G-2039 .010 <.01 <.01 4 .020 <.02 <02 4
G-2156 .010 <.01 <01 4 .020 <.02 <.02 4
G-2160 .010 <.01 .01 4 .020 <.02 <.02 4
G-2160A 010 <.01 .01 4 .020 <.02 <.02 4
G-2161 010 <01 .01 4 .020 <.02 <.02 4
G-2161A 010 <01 .01 4 .020 <.02 <.02 4
G-2269 .010 <.01 .01 4 .020 <.02 <.02 4
G-2270 .010 <.01 .01 4 .020 <.02 <.02 4
G-2274 010 <.01 <.01 2 .020 <.02 <.02 2
G-2275 .010 <.01 .01 4 .020 <.02 .02 4
G-2344A .010 <.01 <.01 4 .020 <.02 <.02 4
G-2344B .010 <.01 .01 2 .020 <02 .02 2
G-2345X .010 <.01 .01 4 .020 <.02 <.02 4
G-2355 010 <.01 <.01 2 .020 <02 <.02 2
G-2355A .010 <.01 <.01 2 .020 <.02 <.02 2
G-2356 .010 <.01 <.01 4 .020 <.02 <.02 4
G-2356A .010 <.01 <.01 4 .020 <.02 <.02 4
G-2357 .010 <.01 .01 4 .020 <.02 <.02 4
G-2357A .010 <01 .01 4 .020 <.02 <.02 4
G-2358 010 <.01 <01 4 .020 <.02 .02 4
G-2358A 010 <.01 .01 4 .020 <02 <.02 4
G-2359 .010 <.01 .01 4 .020 <.02 .02 4
G-2359A .010 <.01 <.01 4 .020 <.02 .02 4
G-2360 010 <01 <.01 4 020 <02 .02 4
G-2360A .010 0l 0l 2 .020 <.02 .02 2
G-2361 .010 <.01 <..01 4 .020 <.02 <.02 4
G-2361A .013 <.01 .02 3 .023 <.02 .03 3
G-2363 .010 <.01 <.01 2 .020 <.02 <.02 2
G-2363A .010 <.01 <01 3 .020 <.02 <.02 3
G-2364 010 <.01 .01 4 .020 <.02 <02 4
G-2364A 010 <.01 01 2 .020 <.02 <.02 2
G-2365 .010 <.01 01 4 .020 <.02 <02 4
G-2365A 010 <.01 .01 5 .020 <.02 <.02 5
G-2366 .010 .01 .01 4 .020 <.02 <.02 4
G-2366A 010 .01 .01 3 .020 <.02 <.02 3
G-2367 .010 <.01 .01 4 .020 <02 <.02 4
G-2367A 010 <01 <.01 3 .020 <.02 <.02 3
G-2368 010 <.01 <.01 1 .020 <.02 <.02 1
G-2368A .090 .08 .10 2 S15 45 .58 2
G-2369 .010 <01 .01 4 .020 <.02 <.02 4
G-2369A 018 .01 .04 4 260 <.02 .98 4
G-2370 .010 <.01 <.01 4 .020 <.02 <.02 4
G-2370A .010 <.01 .01 4 .020 <.02 .02 4
G-2372 .010 <.01 <.01 2 .020 <.02 <.02 2
G-237A .010 <.01 <01 2 .020 <.02 <.02 2
G-2373 .010 <.01 <.01 2 .020 <.02 <.02 2
G-2373A 010 <.01 <.01 2 .020 <.02 <.02 2
G-2374 .010 <.01 <.01 2 .020 <.02 <.02 2
G-2374A .010 <.01 <.01 2 .020 <.02 <.02 2
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Table 13. Summary statistics for water-quality data (Continued)

Orthophosphate, in milligrams per liter (70507)
Detection limit is <0.01 milligram per liter

Chromium, in micrograms per liter (01034)
Detection limit is <1 microgram per liter

Well
number Mean Minimum  Maximum  umberof | yieon Minimum  Maximum  Numberof
analyses analyses
G-820 0.037 0.02 0.08 4 1 <1 <1 1
G-820A .550 35 .85 3 1 <l <1 1
G-1272A 037 <.01 .08 3 1 <1 <l 1
G-2038 015 .01 .02 2 - - -- -
G-2039 022 .02 .03 4 23 23 23 1
G-2156 010 <.01 .01 4 1 1 1 1
G-2160 .020 .02 .02 4 1 <1 <1 1
G-2160A .030 03 03 4 26 26 26 1
G-2161 022 .02 .03 4 25 25 25 1
G-2161A .047 .04 .06 4 24 24 24 1
G-2269 058 05 07 4 24 24 24 1
G-2270 015 .01 .02 4 22 22 22 1
G-2274 .140 13 15 2 1 <l <l 2
G-2275 117 .05 21 4 14 14 14 1
G-2344A 025 .01 .03 4 1 <1 <l 1
G-2344B 015 <.01 .02 2 - - - --
G-2345X .045 02 .07 4 23 23 23 1
G-2355 .015 01 .02 2 1 <1 <1 1
G-2355A .030 .02 .04 2 2 2 2 1
G-2356 030 02 .04 4 1 <1 <1 1
G-2356A 027 02 .03 4 1 <1 <1 1
G-2357 .030 <.01 .04 4 1 <1 <1 1
G-2357A .100 .02 18 4 1 <1 <1 1
G-2358 .015 <.01 .02 4 1 <1 <1 1
G-2358A .020 .01 .03 4 1 <1 <1 1
G-2359 015 .01 .02 4 1 <1 <1 1
G-2359A 035 .03 .05 4 1 <1 <1 1
G-2360 375 22 .48 4 1 <l <l 1
G-2360A 1.400 1.30 1.50 2 -- - -- --
G-2361 020 .01 .03 4 20 20 20 1
G-2361A 030 .02 .04 3 1 I 1 1
G-2363 015 .01 .02 2 21 21 21 1
G-2363A 010 01 .01 3 20 20 20 1
G-2364 020 02 02 4 23 23 23 1
G-2364A 010 .01 .01 2 - -- -- -
G-2365 018 .01 .03 4 20 20 20 1
G-2365A 022 <01 .03 5 3 3 3 1
G-2366 063 .06 07 4 1 <l <1 1
G-2366A .080 .07 .09 3 1 <1 <1 1
G-2367 .045 02 1 4 2 2 2 1
G-2367A .063 .05 .07 3 -- - - -
G-2368 .010 .01 01 I 7 7 7 1
G-2368A 025 .02 03 2 1 <1 <1 1
G-2369 027 .02 .04 4 1 <1 <1 1
G-2369A 018 .01 .02 4 25 25 25 1
G-2370 025 02 .03 4 23 23 23 1
G-2370A 032 02 .05 4 22 22 22 1
G-2372 010 .01 .01 2 -- -- -- -
G-237A 2010 .01 .01 2 - - - -
G-2373 015 .01 .02 2 -- - - -
G-2373A 015 .01 02 2 -~ - - -
G-2374 015 .01 .02 2 - -- -- -
G-2374A .015 .01 .02 2 -- - - -
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Table 13. Summary statistics for water-quality data (Continued)

Lead, in micrograms per liter (01051)
Detection limit is <1 microgram per liter

Zinc, in micrograms per liter (01092)
Detection limit is <10 microgram per liter

Weili
number Mean Minimum  Maximum  umberof Mean Minimum  Maximum \umberof
analyses analyses
G-820 4.0 4 4 2 55 20 90 2
G-820A 7.0 7 7 1 80 80 80 1
G-1272A 20 2 2 1 50 50 50 1
G-2038 - - - - -~ -- - -
G-2039 3.0 3 3 2 230 200 260 2
G-2156 3.0 1 5 2 25 10 40 2
G-2160 1.5 1 2 2 15 10 20 2
G-2160A 1.5 1 2 2 25 10 40 2
G-2161 25 1 4 2 25 20 30 2
G-2161A 9.0 4 14 2 20 <10 30 2
G-2269 25 2 3 2 30 <10 50 2
G-2270 4.0 3 5 2 20 10 30 2
G-2274 3.0 1 5 2 70 50 90 2
G-2275 55 4 7 2 25 20 30 2
G-2344A 35 2 5 2 30 10 50 2
G-2344B - - - - - - = -
G-2345X 20.0 7 33 2 20 10 30 2
G-2355 20 2 2 2 20 10 30 2
G-2355A 2.5 2 3 2 125 10 240 2
G-2356 3.0 1 5 2 25 20 30 2
G-2356A 15 1 2 2 15 10 20 2
G-2357 4.5 2 7 2 40 10 70 2
G-2357A 3.0 2 4 2 55 10 100 2
G-2358 2.5 2 3 2 25 10 40 2
G-2358A 4.0 4 4 2 25 10 40 2
G-2359 25 2 3 2 30 20 40 2
G-2359A 4.5 3 6 2 110 20 200 2
G-2360 35 3 4 2 70 50 90 2
G-2360A - -- - - - - - -
G-2361 85.0 70 100 2 30 10 50 2
G-2361A 3.0 3 3 1 60 60 60 1
G-2363 50 4 6 2 65 10 120 2
G-2363A 4.0 3 5 2 65 10 120 2
G-2364 25 <1 4 2 15 10 20 2
G-2364A - -- - - - - -- -
G-2365 4.0 4 4 1 90 90 90 ]
G-2365A 3.0 3 3 1 150 150 150 1
G-2366 15 3 12 2 25 10 40 2
G-2366A 20 2 2 1 10 10 10 1
G-2367 2,751.5 3 5,500 2 60 30 90 2
G-2367A - - - - - -- - -
G-2368 1.5 3 12 2 45 20 70 2
G-2368A 3.0 3 3 1 10 10 10 1
G-2369 6.5 4 9 2 60 40 80 2
G-2369A 50 5 5 2 120 60 180 2
G-2370 20 1 3 2 130 10 256 2
G-2370A 4.0 3 5 2 15 10 20 2
G-2372 -~ - - - - - -- -
G-237A - -- - - - - - -
G-2373 - - - - - - - -
G-2373A - - - - - - - -
G-2374 - - - - - = - -
G-2374A - - . - == — . -
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water samples from 5 of the 15 wells in this land-use
category were greater than the overall median value of
394 mg/L for all wells. Additionally, S of the 15 wells
classified as Urban Commercial/Industrial/Transporta-
tion (I) at the well are classified as Urban Residential/
Institutional (R) in the area of contribution. Accord-
ingly, the relation between land use and dissolved-sol-
ids concentration is unclear.

The land-use categories Agriculture (A), Range-
land/Forested Upland/Wetland (G), and Barren/Urban
Open (O) at the well and in the area of contribution cor-
respond to the highest median total organic carbon con-
centrations in water samples from the wells (fig. 19).
This relation between total organic carbon concentra-
tion and land use can be explained, at least in part, by
noting the areal distribution of total organic carbon
(fig. 20). Water samples from 16 wells in the study area
had mean total organic carbon concentrations greater
than 20 mg/L (fig. 20, table 13), with 11 of these wells
being in the southwestern part of the study area where
organic soils are prevalent. Additionally, mean total
organic carbon concentrations at all 14 wells in this
part of the area were at least 15 mg/L or greater (fig.
20). None of the seven well sites in the southwestern
part of the study area correspond to land-use category
(D), either at the well or in the area of contribution. The
(I) land-use category is characterized by the lowest
median total organic carbon concentration, both at the
well and in the area of contribution. Additional infor-
mation is needed to determine the source of elevated
total organic carbon concentrations at those wells
located in areas not affected by organic soils.

Water samples from only three wells contained
nitrite and nitrite plus nitrate at concentrations signifi-
cantly above the detection limit. Box plots were not
produced for these two constituents. Three of four
water samples from well G-820 contained nitrite plus
nitrate at concentrations below the detection limit of
0.02 mg/L, and the fourth water sample contained a
nitrite plus nitrate concentration of 2.40 mg/L. Nitrite
concentrations in water sampled from well G-820 were
below the detection limit. Only water samples from
two other wells (G-2369A and G-2368A) contained
nitrite and nitrite plus nitrate at concentrations signifi-
cantly above the detection limit. Two of four water
samples from well G-2369A and two water samples
from well G-2368A contained elevated concentrations
of nitrite and nitrite plus nitrate. The only classification
in common for wells G-2369A and G-2368A is aquifer
zone (upper zone). This result is consistent with the

conclusion reached by Radell and Katz (1991, p. 11)
that nitrate concentrations decrease significantly with
depth in the study area.

Three land-use categories (A, O, and I) at the
well and in the area of contribution correspond to
higher median concentrations for orthophosphate com-
pared to median concentrations related to the other two
land-use categories (R and G) (fig. 21). Mean concen-
trations of orthophosphate in water samples from 19 of
28 wells, represented by the (A), (O), and (I) categories
for land use at the well, were above the median concen-
tration (0.025 mg/L) determined for all wells (fig. 22).
Mean concentrations of orthophosphate in water sam-
ples from 17 of 23 wells, represented by the (A), (O),
and (I) categories for land use in the area of contribu-
tion, were also above the median concentration deter-
mined for all wells (fig. 22). A relation seems to exist
between orthophosphate concentration and land-use
categories with only (G) and (R) land uses generally
not corresponding to elevated concentrations of ortho-
phosphate in ground water.

Constituent Group 2

Constituent group 2 is based on water samples
from 42 wells that were analyzed for the trace metals
chromium, lead, and zinc. Trace metals occur naturally
in ground water in very low concentrations. Elevated
concentrations of trace metals are an indication of con-
tamination from an anthropogenic source, such as local
contamination from surface sources or from well-cas-
ing material (Radell and Katz, 1991, p. 13).

Chromium concentrations in water samples from
20 of 42 wells were above the detection limit of 1 pg/L
(microgram per liter). Mean chromium concentrations
for water samples from five wells (G-2039, G-2269,
G-2270, G-2275, and G-2370) completed with iron
casing significantly exceeded the detection limit (tables
7 and 13), indicating a possible relation between casing
type and chromium concentration, contrary to results
reported by Radell and Katz (1991, p. 16). The Barren/
Urban Open (O) category is the only land-use category
that corresponds to a median chromium concentration
greater than 5 pg/L (fig. 23). All of the wells in this
land-use category were completed with polyvinyl chlo-
ride (PVC) casing. However, mean chromium concen-
trations significantly exceeded the detection limit for
water samples from wells completed with PVC casing
in all land-use categories, except for Agriculture (A),
which contains only four wells at two sites. Thus, no
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Figure 19. Box plots of dissolved-solids and total organic carbon concentrations in ground water in the
study area by land-use category at the well and in the area of contribution.
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significant for the analyses because of the lack of vari-
ations in the land-use and sewered classifications in the
vicinity of the areas of contribution.

To monitor the effects of land use on ground-
water quality, wells should have an area of contribution
which can be easily defined, allowing the land uses that
might affect the quality of water sampled from wells to
be determined. The accuracy in predicting the area of
contribution increases with a decrease in the length of
the area. A total of 18 wells at 16 sites were in the short
area of contribution category, and 3 wells at 3 other
sites were at the low end of the medium area of contri-
bution category. Only 1 of these 19 sites had no wells
monitoring the upper zone, and replacing a well com-
pleted in the lower zone with a well completed in the
upper zone would better meet the goals of the network.
The 10 sites not in the group of 19 sites were evaluated
to determine what changes, if any, are needed to better
meet the goals of the network. Stresses on the ground-
water flow system, including drainage canals and well
fields, have a significant effect on the length of the area
of contribution at these sites. Six of these sites had no
well monitoring the upper zone. The goals of the net-
work are better met by adding a well completed in the
upper zone, or replacing a well completed in the lower
zone with one completed in the upper zone. The prox-
imity to model drain cells affected the length of the area
of contribution for wells at two of the remaining four
well sites. These two sites require additional analysis
to more accurately determine the area of contribution.
The final two well sites were considered to meet the
goals of the network because the land uses in the area
of contribution were sufficiently uniform.

The land-use and sewered classifications were
evaluated for each well site to determine if the distribu-
tions of the categories within these classifications were
similar to the distribution of the categories in the study
area. For land use, the Urban Commercial/Industrial/
Transportation category and the Barren/Urban Open
category were overrepresented. The Rangeland/For-
ested Upland/Wetland category and the Agriculture
category were underrepresented. For the sewered clas-
sification, the distributions of the two categories by
site, sewered and nonsewered, closely matched the dis-
tributions for the study area.

Dissolved-solids concentrations might have a
relation to land use at the well based on the Urban
Commercial/Industrial/Transportation category having
a lower median value than the other categories. How-
ever, the variation between land use at the well and in

the area of contribution for five of the wells in the
Urban Commercial/Industrial/Transportation category
indicated that the lower median dissolved-solids con-
centration for the wells in this land-use category might
be due to a factor other than land use at the well. A spa-
tial analysis of total organic carbon concentrations
indicated that elevated concentrations might be related
to organic soils.

Elevated nitrite, nitrite plus nitrate, and ortho-
phosphate concentrations are often associated with
anthropogenic influences. Concentrations of nitrite and
nitrite plus nitrate were above the detection limit in
some water samples from only two wells at two differ-
ent sites and in all water samples from one additional
well. Orthophosphate concentrations were determined
to be related to land use; elevated levels being associ-
ated with the Agriculture, Barren/Urban Open, and the
Urban Commercial/Industrial/Transportation land-use
categories.

Concentrations of trace metals above back-
ground levels are also associated with anthropogenic
sources. Chromium concentrations significantly
exceeded the detection limit in water samples from five
wells completed with iron casing, indicating a possible
relation between chromium concentration and casing
type. However, no relation between chromium concen-
tration and land use is apparent. Lead and zinc concen-
trations were both related to land use, with the Urban
Commercial/Industrial/Transportation category and
the Barren/Urban Open category having been associ-
ated with higher concentrations of these metals. Canals
were considered a possible source of the elevated con-
centrations of lead and zinc for wells in the Barren/
Urban Open land-use category.
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