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INTRODUCTION

In February 1987, the Pinelands Commission received
notice of the Camden County Municipal Utilities Authority's
intention to propose a 208 water quality management plan for
Chesilhurst Borough, Waterford Township, and Winslow Town-
ship, which was submitted to the Department of Environmental
Protection for review and conceptual approval. The proposal
recommended the transfer of existing and future sewage flows
from Regional Growth Areas located in the three Atlantic
Basin municipalities to the Delaware Basin. Information
which was subsequently provided to the Commission by the
Camden County Municipal Utilities Authority (CCMUA) indi-
cated that the ultimate design flow for this interbasin
transfer was 3.6 million gallons per day and 2.75 million
gallons per day from the Mullica River Basin and Great Egg
Harbor River Basin, respectively.

At the request of the Pinelands Commission staff, the
CCMUA prepared an evaluation of the potential effects of the
proposed interbasin transfers on local streamflows within
the Atlantic Basin. This evaluation addressed water with-
drawals under both existing conditions and projected, future
conditions. After completing a preliminary review of the
data provided by the CCMUA, Commission staff concluded that
the interbasin transfer of flows to the Delaware River from
the Mullica Basin would result in significant reductions in
subbasin recharge. The Commission staff indicated that a
more detailed hydrologic assessment of the proposed transfer
would be required before the proposal could be given any
further consideration.

In early May 1987, Commission staff initiated an
assessment of sewer service alternatives for the lower
Camden area. The CCMUA subsequently presented its formal
plan which was prepared by Speitel Associates and entitled
"Atlantic Basin Wastewater Management Plan Amendment (July
1987)." 1In November 1987, Pinelands Commission staff
released a draft report (New Jersey Pinelands Commission,
1987) which summarized the preliminary results of its
assessment. Comments on the draft report were received from
several agencies. These comments are included in an appen-
dix to the final report which is presented here.

This final report addresses several objectives.
Current and future water supply and recharge patterns were
estimated, wastewater discharge and water supply scenarios
were developed, a basin-wide water quality inventory was
completed, streamflows within each subbasin were estimated,
the relative habitat quality and environmental sensitivity
of each subbasin were compared, and the potential
environmental impacts associated with altered streamflows
and nutrient loading were assessed. Finally, recommenda-




tions on preferred alternatives, including growth management
options, were developed.



STUDY AREA

The study area was limited to subbasins of the Mullica
River Basin; portions of Camden County located within the
Great Egg Harbor River Basin were not addressed (Figure 1).
The following subbasins were studied:

A. Mullica River
Mullica River headwaters
Algquatka Branch*
Wesickaman Creek*
Mullica River and unnamed tributary (Lower Atsion)*

B. Sleeper Branch system
Hays Mill Branch
Wildcat Branch
Cooper Branch
Clark Branch
Price Branch
Gun Branch
© Sleeper Branch, upstream from Rt. 206
Lower Sleeper Branch, downstream from Rt. 206*

C. Albertson Brook System
Pump Branch
Blue Anchor Brook
Albertson Brook

D. Upper Great Swamp Branch, upstream from Rt. 206

E. Nescochague Creek*

* Secondary study basins; detailed land cover assessments
were not completed for these areas. Water quality invento-
ries were not conducted for Gun Branch, Alquatka Branch, or
Wesickaman Creek.

The study area includes all of Chesilhurst Borough and
Waterford Township, and portions of Winslow Township,
Hammonton, Berlin Township, Berlin Borough, Shamong
Township, and Evesham Township (Figure 2). Land cover,
existing development, water supply, point and nonpoint
pollution sources, streamflows and water quality in each of
the primary study basins were inventoried. Buildout
densities were estimated for all management areas in
Chesilhurst Borough, Waterford Township, Winslow Township,
Berlin Township, and Berlin Borough. Buildout densities
represent the maximum development permitted under current-
zoning and within the constraints imposed by environmental
features of the land.
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FIGURE 1. STUDY AREA BASINS SHOWING THE RELATIONSHIP
OF WHARTON STATE FOREST (shaded area) TO
INDIVIDUAL SUBBASINS 1” = 2 miles
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EXISTING LAND USE AND LAND COVER

Several land use and land cover features were measured
within each subbasin. These included soil drainage classes,
the number of residential, commercial, industrial, and other
units, developed land, agricultural land, and wetlands. The
results of this inventory are presented in this section.

Developed and Agricultural Land .

Both development unit density and developed land cover
were measured. Development unit density was determined for
each subbasin by counting units shown on the most current
United States Geological Survey (USGS) 7.5 minute quadran-
gles (scale of 1:24,000). These data were updated using New
Jersey Department of Environmental Protection (NJDEP) March
1986 photoquads (scale of 1:24,000). Non-residential units
were identified from these sources when possible. Further
classification was accomplished by using geographic tax
record information to identify commercial, industrial, and
other uses (churches, schools, municipal facilities).
Comparisons with tax map data suggest that the unit count
should be considered conservative.

Seventy percent of all residential units are found
within the Hays Mill Branch, Pump Branch, and Mullica River
B & C basins. The respective basin unit counts are 1440
(.30 units/acre, 195 units/sq mi), 1185 (.17 units/acre, 106
units/sq mi), and 1174 (.24 units/acre, 153 units/sq mi).
The total units and densities in the mainstream sections of
the Albertson Brook and Sleeper Branch systems and Gun
Branch are very low. Total unit counts vary in the remain-
ing basins from 160 units in Cooper Branch to 447 units in
the Great Swamp Branch basin. Densities in these basins
range from .08 units/acre (51 units/sqg mi) in Clark Branch
to .14 units/acre (91 units/sq mi) in Wildcat Branch.
Existing unit counts are given in Table 1.

Developed land and agricultural land cover were mapped
at a scale of 1:24,000 using NJDEP March 1986 photoquads.
Mapped cover classes included developed land, non-forest
land, field and row crop agriculture, and orchards. Select-
ed areas were field checked. The acreage in each class was
determined for each subbasin. These data are given in Table
2.

The mainstream segments of the Sleeper Branch system
(SB-A and SB-B), Albertson Brook system (ALB), and Clark
Branch (CL-A below the confluence of Clark Branch and Price
Branch) and the lower reaches of the Mullica River (MR-A)
are located within Wharton State Forest. They are among the
least developed subbasin units studied. Agricultural land




TABLE 1.

BASIN

MULLICA RIVER (B+C)
SLEEPER BRANCH(A+B)
HAYS MILLS BRANCH
COOPER BRANCH
WILDCAT BRANCH
PRICE BRANCH

CLARK BRANCH

GUN BRANCH

BLUE ANCHOR BROOK
PUMP BRANCH
ALBERTSON BK (MAIN)
GREAT SWAMP BRANCH

GRAND TOTAL

SUBBASIN RESIDENTIAL

SIZE

ACRES

4915
3974
4730
1248
1440
1850
2707
2822
3360
7188
1523
5165

40902

UNITS

1174
25
1440
160
204
169
216
17
425

1185

447

5465

COMMERC
UNITS

IAL

63

15

34

20

223

INDUSTRIAL

UNITS

EXISTING UNIT COUNT-MULLICA RIVER BASIN

OTHER
UNITS

76

136

RESIDENTIAL
DENSITIES

NO/ACRE NO/SQ M)
0.24 163"
0.01 4
0.30 195
0.13 82
0.14 91
0.09 58
0.08 51
0.01 4
0.13 81
0.17 106
.00 1
0.09 55



" TABLE 2A.

SUBBASIN

NULLICA-A
NULLICA-8
MULLICA-C
NULLICA-8+C
SLEEPER-A+B
HAYS NiLL
WILDCAT-A
'IlOCAl-l:
WILDCAT TOTAL
COOPER BRANCH
GUN BRANCH
CLARK A

CLARK B

CLARK TOTAL
PRICE BRANCH
PUMP-A

PuNP-8

PUNP TOTAL

BLUE ANCHOR-A

BLUE ANCHOR-B

BL ANCH TOTAL

ALBERTSON

UP GRT SWANP-A

UP GRT SwAmP-8

UP GRT SWAMP TOTAL

LAND COVER STATISTICS FOR THE MULLICA RIVER BASIN

LAND COVER-PERCENT OF TOTAL BASIN AREA

TOT BASIN WHARTON PRIVATE DEVELOPED ROW/FIELD ORCHARDS NONFOREST WETLANDS
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2154
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TABLE 2B.
Wetlands

LAND COVER STATISTICS FOR
Transition Area

and

sensitivity.

HDW-hardwood swamp,
white cedar swamp, WATER-lakes and ponds.

SUBBASIN 10T BASIN
ACRES
ULLICA-A 5952
NULLICA-B 254
NULLICA-C 2061
NULLICA-B¢ 15
SLEEPER-A+B 11
HAYS MILL 130
WILOCAT-A 659
WILOCAT-B m
WILDCAT TOTAL "o
COOPER BRANCH 1248
GUN BRANCH u2
CLARK A 563
CLARK 8 14
CLARK TOTAL 20
PRICE BRANCH 1850
PUNP-A 1200
PUNP-B 68
PUNP TOTAL 1168
BLUE ANCHOR-A 1
BLUE ANCHOR-8 1926
BL ANCH TOTAL 360
ALBERTSON 1523
UP GRT SWAMP-A 354
UP GRT SWAMP-B 1
UP GRT SWANP TOTAL 5165

PPL-pitch pine

THE MULLICA RIVER BASIN. Refer to
section for

definition
lowland,
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is extensive only in the Albertson Brook basin, representing
22% of the basin area.

Developed land is most extensive in the upper reaches
of the Mullica River (MR-C), comprising 45% of this
subbasin. The lower subbasin (MR-B), is moderately
developed (18%). Agricultural land coverage is low in MR-C
(3%) and is moderate in MR-B (11%). Agricultural land in
MR-B is totally comprised of blueberry fields.

The Sleeper Branch system includes Hays Mill Branch
(HM), Wildcat Branch (WB-A and WB-B), Cooper Branch (CB),
Clark Branch (CL), Price Branch (PR), and Gun Branch (GB).
Developed land acreage is high in both Hays Mill Branch
(33%) and Wildcat Branch (44%), while agricultural land
cover is low to moderate. Developed land is concentrated in
the upper reaches of both basins. The Waterford Township
sewage treatment plant and spray field is located in the
lower reaches of the Hays Mill Branch. The lower one third
(33%) of the Hays Mill basin is within Wharton State Forest,
while 25% of the Wildcat Branch basin (55% of WB-A) is
within Wharton.

Cooper Branch is moderately developed (21%), and
agricultural acreage is low (6%). As with Hays Mill Branch
and Wildcat Branch, developed land is found mainly in the
upper reaches of the basin. A portion of the Waterford
Township STP spray field is located in this basin. The
lower reaches of the basin, comprising about one quarter of
the total basin area, extend into Wharton State Forest.

Price Branch is a tributary of Clark Branch. Clark
Branch discharges into the Sleeper Branch at Parkdale. The
upper reaches of Price Branch are moderately developed.
Developed land comprises 12% of the total basin.
Agricultural land is relatively extensive (23% of total land
area) in the upper reaches of the watershed. More than half
(54%) of the basin is within Wharton State Forest.

Developed land in the portion of Clark Branch located above
the confluence of Price Branch is low to moderate (10%).
Agricultural development is moderate (19%). The lower half
(46%) of this basin lies within Wharton State Forest. The
mainstream of the Clark Branch (CL-A) lies totally within
Wharton State Forest.

Gun Branch discharges to Sleeper Branch at a point
located east of Route 206. This basin is almost entirely
within the boundaries of Wharton State Forest. Only 1% of
the land area is developed. Agricultural land comprises 15%
of the basin with the majority of this acreage as blueberry
fields.

Pump Branch and Blue Anchor Brook are part of the
Albertson Brook system. Twenty percent of the Pump Branch




basin is developed land, 16% is agricultural land, and 9% is
within Wharton State Forest. Development and agriculture
are evenly distributed within the lower (PU-A) and upper
(PU-B) portions of the basin. Developed land in Blue Anchor
Brook comprises 19% of the basin, while agricultural land
represents 25% of the total area. As in Pump Branch,
developed land and agricultural land is evenly distributed
between the lower (BA-A) and upper (BA-B) portions of the
basin. Only 1% of the basin lies within Wharton State
Forest. The mainstream portion of the Albertson Brook
located upstream from Route 206 is undeveloped, but 22% of
this portion of the basin is cultivated.

Agriculture is the dominant land use in that portion of
the Upper Great Swamp basin located west of Route 206,
comprising 32% of the total land area. Most of the
agricultural land is located in the lower basin (UGS-A).
Forty-four percent of this subbasin is cultivated while only
11% of the upper basin (UGS-A) falls in this land use class.
Thirteen percent and 9% of the upper basin and lower basin,
respectively, is developed land. A small portion of the
lower reaches (4%) is within Wharton State Forest.
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EXISTING SEWER SERVICE

Existing sewer service areas in Winslow Township,
Waterford Township, and Chesilhurst Borough are described in
the Atlantic Basin Wastewater Management Plan Amendment
(July 1987) prepared for the CCMUA by Speitel Associates.
The existing sewage collection system services approximately
1,200 homes. The service area includes the Ivystone area of
Winslow Township and the southwestern portion of Waterford
Township, encompassing a square mile area. Sewage collected
from these areas is conveyed to the Waterford Township MUA
treatment plant.

The Waterford Township MUA sewage treatment plant
design capacity is 0.75 mgd, but the present NJDEP permit
limits the flow to 0.55 mgd until it can be demonstrated
that the plant can meet required groundwater quality limits.
The current flow rate is 0.26 mgd. The treated effluent
from the plant is disposed of by spray irrigation at an
adjacent 82.5 acre spray field located primarily in the Hays
Mill Creek basin with a portion of the spray field in the
Cooper Branch basin.

There is only one other sewage treatment plant in the
study area. Wastewater from the Ancora Psychiatric Hospital
facility in Winslow Township is treated on-site and disposed
of by spray irrigation. The current flow rate is
approximately 0.21 mgd. The spray field is located in the
Blue Anchor Brook basin.

All other residential and commercial/industrial uses
are serviced by on-site wastewater disposal systems. The
majority of wastewater generated in the study area is
disposed of on-site, resulting in both within-basin recharge
and nutrient loading.

11




ESTIMATED BUILDOUT

Buildout within sewerable and unsewerable management
zones was estimated for the entire study area. Sewerable
areas were limited to Regional Growth Areas and Pinelands
Villages. Projected residential and commercial/industrial
development was estimated for each subbasin using a series
of overlay maps showing watershed boundaries, developed
land, upland soils, wetland soils, and municipal zoning.

Estimation of Maximum Residential Densities

Maximum future residential densities were estimated for
Regional Growth Areas using the following method. First,
undeveloped upland (non-wetland) acreage within each zone of
a particular subbasin was determined. Land lost to streets
was determined in relation to the allowable net density with
Pinelands Development Credits (PDC). The sliding scale used
is shown in the following chart: ‘

Ranges of PDC Net Density Undeveloped Upland
(units/acre) Deduction for Streats (%)
0 to .1 2
.1 to .3 5
.3 to 1.0 8
1.0 to 2.0 12
2.0 to 4.0 20
4.0 to + 25

The maximum number of units for each management zone
was calculated in two ways: 1) PDC gross density x
undeveloped acres and 2) PDC net density x undeveloped
upland adjusted for streets. The lesser of the two values
obtained was used to calculate maximum densities (maximum
units/adjusted upland). These densities were further
adjusted to account for potential realization.

This adjustment reflects the fact that a portion of the
estimated buildout opportunities will not be utilized due to
a variety of reasons including fragmented ownership
patterns, isoclated or poorly situated lots, development at
less than maximum densities, etc. It was assumed here that
where maximum densities are lower, a higher percentage of
the potential may be realized.

Both high and low densities were determined using the
following approach. If the maximum density is less than 4
units/acre, the low estimate =.75 x maximum number of units
and the high estimate = .90 X maximum number of units. If
the maximum density is greater than 4 units/acre, the high
estimate = .85 X maximum number of units and the low

12




estimate = .65 x the maximum number of units. With the
exception of the use of PDCs, a similar approach was used to
estimate buildout units in all other management zones.

Estimation of Commercial and Industrial Development

The following approach was used to estimate commercial
and industrial development. Based on municipal zoning
limits, the maximum square footage of commercial and
industrial development was determined for the entire study
area. Next, the ratio of existing jobs to population in
Camden County was applied to future population values to
estimate future employment. Future employment was
translated to square feet of future commercial and
industrial development. The square footage projection was
then allocated among subbasins according to limits
established by municipal zoning within each subbasin.

Buildout Results and Projected Water Supply Demands and
Sewage Flows '

The results detailing the analysis of buildout,
projected water demands, and sewage flows are shown in Table
3. High and low estimates for residential units and
commercial and industrial square footage are given for
sewerable and nonsewerable areas. Further analysis of water
demand and sewage flow are based primarily on the high
values.

13
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TABLE 3.
for

industrial

FUTURE

area population
square footage

i

BUILDOUT ESTIMATES.
residential
FTSQ).

Sub-basin Sewer Total
Service Area
Cat (Acres)

xx Sewer Service Non-sewer
ALBERTSON Non-sewer 402
BL ANCH-A Non-sewer 1530
BL ANCH-B Non-sewer 938
CLARK BRN Non-sewer 821
COOPER BR Non-sewer 60
GUN BRANC Non-sewer 87
HAYS ML-A Non-sewer 24
HAYS ML-B Non-sewer 1172
MULLICA-A Non-sewer 210
MULLICA-B Non-sewer - 1498
MULLICA-C Non-sewer 628
PRICE BRN Non-sewer 651
PUMP BR-A Non-sewer 1290
PUMP BR-B Non-sewer 520
SLEEPER-B Non-sewer 404
UP-G-SW-A Non-sewer 2893
UP-G-SW-B Non-sewer 1560
WILDCAT-A Non-sewer 178
WILDCAT-B Non-sewer 40
XX Subtotal xx 14903

(Continues)

(POP),
(C&li

High and

units (RES),

Undeveloped Undeveloped

Total

302
932
926
452

60
102

576
112
449
249
423
953
393
196
1562
882
126
18

8716

Upland

302
756
853
406
28
73

348
112
296
224
396
820
382
156
1469
778
117
18

7537

| ow

estimates are given

and commercial

Pop
High
Est

80
1976
318
167
23
27

224
93
222

12
253
3os
83
414
1058
92
15

5509

o~

Pop
Low
Est

67
1608
265
139
19
23

187
7
185
34
93
210
257

345
869
17

12

4539

and

Res
Units
High
Est

27
671
108

57

76
32
75
14
38
86
105
28
140
359
31

1871

Res C & | FtSq C & | FtSq
Units Allocated Allocated
Low High Low
Est Estimate Estimate
23 0 0
546 0 0
90 0 0
47 0 0
7 0 0
8 0 0
1 0 0
63 0 0
26 0 0]
63 15691 12899
12 382404 314359
32 0 0
7 0 0
87 0 0.
24 0 0
17 0 0
295 0 -0
26 0 0
4 0 0
1541 398095 327258
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TABLE 3 CONTINUED.
are given for area

(POP),

FUTURE BUILDOUT ESTIMATES.
population

commercial and industrial square footage (C&lI

Sub-basin Sewer
Service Area
Cat CAcres)

xx Sewer Service Sewer

BL ANCH-A Sewer 145
BL ANCH-B Sewer 544
CLARK BRN Sewer 275
COOPER BR Sewer 809
HAYS ML-B Sewer 2838
MULLICA-B Sewer 239
MULLICA-C Sewer 1054
PRICE BRN Sewer 198
PUMP BR-A Sewer 1146
PUMP BR-B Sewer 3629
UP-G-SW-A Sewer 95
UP-G-SW-B Sewer 115
WILDCAT-A Sewer 114
WILDCAT-B Sewer 596
XX Subtotal xx 11797

xxx Total Xxx 26700

o

Total

177
152
536
1329

335
38
464
2590
37
84
76
175

6044

14760

.Totul Undeveloped Undeveloped

High
residential
FTSQ).

Pop
Upland High
Est
0 0
175 424
152 606
359 617
1046 8228
33 241
305 1250
30 127
427 3014
2400 13245
33 140
84 356
76 348
153 656
5273 29253
12810 34762

units

low estimates

(RES),

Pop
Low
Est

353
505
514
6700
196
1017
106
24381
10914
17
297
290
547

24037

28577

and

Res
Units
High
Est

144
206
210
2794

424
43
1023
4497
48
121
118
223

9933

11804

Res C & | FtSq C & | FtSq

Units
Low
Est

120
172
175
2275

345
36
843
3706
40
101
98
186

8162

9703

Allocated
High
Estimate

0
138316
20922
653806
1410478
0
444007
0

]
189458
0

0

0
221132

3078119

3476214

Allocated
Low
Estimate

0
113704
17199
537468
1159498
0
365000
0

0
155746
0
0
0
181783

2530398

2857656



WATER QUALITY ASSESSMENT

The New Jersey Department of Environmental Protection,
Division of Water Resources completed a basin-wide water
quality sampling program for the Pinelands Commission. This
program was conducted to enable the Pinelands Commission to:
(1) assess the water quality of all subbasins within the
Mullica River study area and (2) determine the relative
sensitivity of each stream to changes in nutrient loading
and groundwater recharge. Nineteen stations located along
eleven streams were sampled for selected water quality
parameters during the months of June, July and August, 1987.
The location of sampling stations is shown in Figure 3.
Parameters included water temperature, pH, specific
conductivity, nitrogen (NO2-N, NO2+NO3-N, NH3-N, and total
Kjeldahl-N), phosphorus (total phosphorus as P and Ortho-PO4
as P), total suspended solids, total dissolved solids, and
alkalinity. The results of the monitoring program are
presented in Table 4. '

Undisturbed Pinelands Streams

Undisturbed Pinelands streams are unusual because of
the characteristically low pH and low nutrient values. When
compared to streams in other parts of New Jersey and the
United States, even degraded Pinelands streams display what
is generally considered good water quality. Water quality
for Pinelands streams must, therefore, be compared to
Pinelands standards, that is, streams which display water
quality that is characteristic of undisturbed Pinelands
waters. McDonalds Branch in Lebanon State Forest and Oswego
River (East Branch of the Wading River) in Penn State Forest
provide such benchmarks.

Data collected by the United States Geological Survey
and the New Jersey Department of Environmental Protection at
stations located along these two streams during the summers
of 1984 and 1985 are presented in Table 5. As can be seen
from these data, pH values and nutrient concentrations are
low. These representative data provide a reference point
for assessing the relative water quality of the Mullica
River tributaries.

Water Quality Inventory Results

Average dissolved oxygen concentrations recorded within
the Mullica Basin are variable, but all are within the range
observed for Pinelands streams. The lowest value (2.4 mg/l)
was found at the Mullica River at Jackson Road. This may be
attributed to the extensive wetland system which drains to
the Mullica Basin at a point located just upstream from the
sampling station. This suggestion is supported by the high
total dissolved solids (TDS) and low pH observed at this
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TABLE 4.

STREAM

MULLICA RIVER
JACKSON-MEDFORD RD
MULLICA RIVER
JACKSON RD

MULLICA RIVER
PLEASANT MILLS
SLEEPER BRANCH
DIVERSION CHANNEL
SLEEPER BRANCH
PARKDALE

SLEEPER BRANCH/
MULL ICA CONFLUENCE
HAYS MILL CK
BELOW STP

HAYS MILL CREEK
ABOVE STP

COOPER BRANCH

WILDCAT BRANCH

PRICE BRANCH (N=2)
NO AUGUST SAMPLE
CLARK BRANCH
CONFLUENCE/PRICE
CLARK BRANCH

ALBERTSON
ABOVE PARADISE LK
PUMP BRANCH

BLUE ANCHOR

GREAT SWAMP BR
WALKER RD
GREAT SWAMP BR
MIDDLE RD
NESCHOCHAQUE

NH3-N
mg/ i

SD TK-N

mg/|
0.04 0.69
0.08 1:40
0.09 0.94
0.05 0.63
0.03 0.60
0.09 1.09
0.05 0.74
0.06 0.70
0.09 0.73
0.06 0.71
0.06 1.04
0.06 0.78
0.06 0.83
0.06 0.71
0.05 0.53
0.03 1.58
0.23 1.1
0.09 0.65
0.03 0.68

AVERAGE VALUES (N=3,

JUNE.

SD NO2+NO3

mg/ |
.08 0.13
.35 0.05
.09 0.15
.10 0.62
.08 0.59
.15 0.03
.07 0.94
.07 0.36
.15 0.22
.07 0.18
.03 0.05
.20 0.02
.09 0.00
.16 0.38
.20 0.21
.55 0.02
.06 0.15
.15 2.58
.16 0.31

JULY AND AUGUST

SD TOT P

mg/ |
.13 0.01
.05 0.06
.04 0.48
.07 .00
.05 0.00
.05 0.06
.01 0.02
.16 0.02
.09 .00
.13 0.02
.06 0.03
.03 0.01
.00 0.01
.05 0.04
.08 0.01
.03 0.10
.13 o0.08
.63 0.02
.04 0.05

1987)
SD ORTHO-P
mg/ |
.01 0.00
.03 0.04
.78 0.02
.00 .00
.00 .00
.02 0.03
.01 .00
.01 0.00
.01 0.00
.00 0.00
.01 0.00
.02 .00
.01 .00
.01 0.01
.02 0.01
.02 0.02
.04 0.01
.02 0.01
.03 0.01

RESULTS OF MULLICA RIVER BASIN WATER QUALITY INVENTORY.

SD

.00

.05

.02

.01

.01

.01

.01

.00

.00

.00

.00

.01

.01

.01

.01

.02

.02

.01

.01
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TABLE 4 CONTINUED. RESULTS OF MULLICA
INVENTORY

AVERAGE VALUES (N=3, JUNE, JULY

o

STREAM TEMP- C SD SP COND SO D.O.
m-mhoms mg/ |

MULLICA RIVER 30.3 1.15 81.5 9.41 8.2 0.

JACKSON-MEDFORD RD

MULLICA RIVER 23.0 2.29 59.5 15.02 2.4 0.

JACKSON RD

MULLICA RIVER 23.5 1.73 39.9 0.59 1.2 0.

PLEASANT MILLS

SLEEPER BRANCH 19.7 0.46 45.7 5.34 7.5 .0.

DIVERSION CHANNEL

SLEEPER BRANCH 20.2 1.04 41.4 11.75 7.7 0.

PARKDALE

SLEEPER BRANCH/ 23.0 1.60 61.6 2.75 5.6 0.

MULL ICA CONFLUENCE

HAYS MILL CK 19.5 0.50 66.5 4.62 T.7 0.

BELOW STP

HAYS MILL CREEK 28.2 0.29 75.2 4.23 7.4 0.

ABOVE STP

COOPER BRANCH 22.8 0.29 317.2 2.76 4.6 1

WILDCAT BRANCH 27.2 0.76 49.2 0.70 6.1 0.

PRICE BRANCH (N=2) 13.3 11.66 58.8 2.76 3.6 1

NO AUGUST SAMPLE

CLARK BRANCH 20.4 1.04 46.3 7.49 4.4 2.

CONFLUENCE/PRICE

CLARK BRANCH 21.2 2.587 50.3 1.96 4.7 1

ALBERTSON 23.3 2.08 54.1 3.09 7.2 0.

ABOVE PARADISE LK

PUMP BRANCH 26.7 2.75 61.8 1.13 3.8 0.

BLUE ANCHOR 30.3 1.61 59.8 8.95 10.2 1.

GREAT SWAMP BR 29.56 2.18 101.3 9.76 8.0 1

WALKER RD

GREAT SWAMP BR 20.8 1.15 105.9 10.73 6.4 0.

MIDDLE RD

NESCHOCHAQUE 22.2 1.89 §3.1 2.29 7.4 0.

RIVER
AND AUGUST
SD MEDIAN
pH
38 7.25
78 4.84
35 6.40
36 6.35
44 6.02
60 4.30
42 6.30
52 7.00
.01 4.75
10 7.03
.24 56~
5.83
84 4.69
.31 43-
5§.20
32 6.70
60 6.31
15 9.11
.80 6.87
79 6;24
26 6.46

1987)

1SS
mg/ |

16.0
59.7

12.7

19.0

156.0

BASIN WATER

DS
mo/ |

62.0
185.3
80.3
42.3
46.7
105.3
61.0
54.0
34.0
31.0
76.5
51.7
60.0
64.7
57.0
63.7
82.3
13.7

73.0

QUALITY
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TABLE 5. WATER QUALITY OF
Branch in Lebanon State Fore

STREAM

MCDONALDS BRANCH
1984 (a)

MCDONALDS BRANCH
1985 (b)

OSWEGO RIVER
1984 (¢)

OSWEGO RIVER
1985 (d)

(a)
(b)
(c)
(d)
(o)
(t)

LU LI [ TR T T
.

MO WWWw

.

SP COND
umhos

39-62

23-30

39-50

36-37 (e)

D.O.
mg/ |

3.1-3.

MAY, JUNE AND JULY SAMPLES
JUNE, JULY AND AUGUST SAMPLES
: MAY, JULY AND AUGUST SAMPLES
: MAY, JULY AND AUGUST SAMPLES
NO JULY SAMPLE
NO JULY SAMPLE

L7-7.

.7-9.

0-8.

st and Oswego River

pH
mg/ |

RANGE OF VALUES

NH3-N

mg/ |
<.010-.050
<.010-.010
<.050-.130
.070-.160

TKN

mg/ |
¢€.10-1.2
<.10-.2
.45-49
.28-.37

TWO UNDISTURBED PINELANDS STREAMS: McDonalds
in Penn State Forest.

NO2+NO3-N
mg/|

€.10-.12

TOT P

mg/|

<.010
<.010-.030
.030-.060

<.020-.080

ORTHO-PO4
mg/ |

<.010

<.010



station. The high mean TDS value reported for the Sleeper
Branch at its confluence with the Mullica River may also be
related to the extensive wetland systems located upstream
from that station.

with the exception of the Mullica River at Pleasant
Mills, total phosphorus and orthophosphate concentrations
are relatively low in all streams. Low phosphorus
concentrations are typical of both disturbed and undisturbed
streams in the Pinelands, although the mechanisms
responsible for maintaining these low levels are not clearly
understood. One high total phosphorus value (1.38 mg/l)
recorded in July is responsible for the high mean value
reported for the Mullica River at Pleasantville; the June
and August values (0.05 mg/l and 0.02 mg/l, respectively)
are within the typically low range observed for this
parameter.

The most obvious differences among the streams studied
are the nitrite+nitrate-nitrogen concentrations (nitrite
comprises a minor component of this parameter) and pH
values. Nitrate-nitrogen and pH are the two water quality
parameters which are generally most useful in distinguishing
between disturbed and undisturbed streams.

Most of the streams sampled were characterized by
relatively high median pH values. Only five stations
displayed what can be considered typical Pinelands pH. The
following ranking lists each stream station in order of
increasing disturbance based on median pH.

UNDISTURBED STREAMS - pH

1. Sleeper Branch/Mullica River, 4.30
2. Clark Branch, 4.45-4.52

3. Clark Branch, mainstream, 4.69

4. Cooper Branch, 4.75

5. Mullica River, Jackson R4, 4.84

DISTURBED STREAMS - pH

6. Price Branch, 5.56-5.83

7. Sleeper Branch, Parkdale, 6.02

8. Great Swamp, Middle R4, 6.24

9. Hays Mill Creek, Tremont Ave, 6.30
10. Pump Branch, Rt 30, 6.31 (LAKE OUTLET)
11. Sleeper Branch, Diversion, 6.35

12. Mullica River, Pleasant Mills, 6.4

13. Nescochague, Pleasant Mills, 6.46

14. Albertson Brook, below Rt 206, 6.70
15. Great Swamp Branch, Walker Rd, 6.87 (LAKE OUTLET)
16. Hays Mills, Rt 30, 7.00 (LAKE OUTLET)
17. Wildcat Branch, 7.03 (LAKE OUTLET)
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18. Mullica River, Medford-Jackson R4, 7.25 (LAKE
‘OUTLET)
19. Blue Anchor Brook, Rt 30, 9.11 (LAKE OUTLET)

A similar ranking can be developed using
nitrite+nitrate-nitrogen as an indicator of disturbance.
Only four streams displayed NO2+NO3-N concentrations which
are typical of undisturbed streams. The remaining streams
ranged from moderately disturbed to disturbed.

UNDISTURBED STREAMS - NO2+NO3-N Concentration (mg/l)

1. Clark Branch, 0.00

2. Clark Branch, mainstream 0.02

3. Blue Anchor, 0.02* (see narrative)
4. Sleeper Branch/Mullica River, 0.05
5. Price Branch, 0.05

6. Mullica River, Jackson Rd, 0.05

MODERATELY DISTURBED STREAMS - NO2+NO3-N Concentration
(mg/1)

7. Mullica River, Jackson-Medford R4, 0.13
8. Mullica River, Pleasant Mills, 0.15

9. Great Swamp, Walker R4, 0.15

10. Wildcat Branch, 0.18

11. Pump Branch, 0.21

12. Cooper Branch, 0.22

DISTURBED STREAMS - NO2+NO3-N Concentration (mg/l)

13. Nescochague Creek, Pleasant Mills, 0.31
14. Hays Mill Creek, 0.36

15. Albertson Brook, 0.38

16. Sleeper Branch, Parkdale, 0.59

17. Sleeper Branch, Diversion, 0.62

18. Hays Mill Creek, Tremont Ave, 0.94

19. Great Swamp Branch, Middle R4, 2.58

Sleeper Branch at its confluence with the Mullica River
exhibits low pH and low nitrite+nitrate-nitrogen values.
Clark Branch and Mullica River at Jackson Road show similar
water quality characteristics. Although water quality in
upstream reaches of both the Sleeper Branch and Mullica
River reflect some degree of disturbance, the stations
sampled receive flow from large, undisturbed drainage areas.
The Sleeper Branch/Mullica confluence is located well within
Wharton State Forest, and Alquatka Branch, a drainage
comprised mainly of wetland and cranberry bog, represents
more than half of the 10,752 acre basin which discharges to
the Mullica River at Jackson Road station. The Mullica
River at Medford-Jackson Road station is located upstream
from the Jackson Road Station. Samples were taken at the
outflow of a lake. There, the mean nitrite+nitrate-nitrogen
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concentration is somewhat elevated (0.13 mg/l) and the
median pH (7.25) is quite high for a Pinelands stream. The
elevated pH is probably related in some degree to biological
activity in the lake. Such a high value would not be
realized in an undisturbed Pinelands stream.

Although headwater areas of Clark Branch are moderately
developed, a large area of Wharton State Forest lies
upstream from the sampling stations at Burnt Mill Road and
at Parkdale. Price Branch, which is a tributary of the
mainstream of Clark Branch, displays nitrite+nitrate-
nitrogen values that are characteristic of undisturbed
streams, but pH values are elevated.

The mean nitrite+nitrate-nitrogen value given for Blue
Anchor Brook at Rt 30 suggests that this stream is
undisturbed. However, the median pH of this stream is the
highest reported for all streams studied. The Blue Anchor
Brook sampling station is located at the outflow of a lake.
The low nitrite+nitrate-nitrogen levels may be due to high
algal productivity during the summer months. This
suggestion is supported by the high pH and total suspended
solids levels and the highest mean dissolved oxygen and
total kjeldahl nitrogen concentrations reported for all
streams. Additionally, the water samples were green in
color, a feature that is atypical of Pinelands streams.
These factors are generally associated with high algal
productivity, a characteristic that is more typical of
disturbed Pinelands streams.

The Pump Branch and Blue Anchor Brook converge to form
Albertson Brook. This stream was sampled downstream from
Route 206 within Wharton State Forest. The mean
nitrite+nitrate-nitrogen was 0.38 mg/l, while the median pH
was 6.70. Both values are relatively high for Pinelands
streams. Although no definite conclusions can be drawn, the
observed degradation may be associated with agricultural
activity within the basin.

The median pH value for Cooper Branch indicates that
this stream is undisturbed, however, nitrite+nitrate-
nitrogen values are moderately elevated. Both Pump Branch
and Wildcat Branch have moderately elevated nitrite+nitrate-
nitrogen levels, but pH values are typical of disturbed
streams. The sampling stations for these two streams were
located downstream from lakes, and the high pH values may be
due in part to lake productivity.

Hays Mills Branch, Cooper Branch, and Wildcat Branch
are three tributaries of the Sleeper Branch. The Sleeper
Branch can be considered pristine at its confluence with the
Mullica River, deep within the interior of Wharton State
Forest. However, the upper reaches of this stream are
disturbed. Two Sleeper Branch stations, located below the
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confluence of the three tributaries, were monitored. Both
are within the borders of Wharton State Forest and are
situated west of Route 206. Mean nitrite+nitrate-nitrogen
values recorded at the diversion on Burnt House Road and at
Parkdale were 0.62 and 0.59 mg/l, respectively, while
respective median pH values were 6.35 and 6.02. These
relatively degraded conditions are probably best associated
with water discharging from Hays Mill Creek, the larger of
the three Sleeper Branch tributaries.

Two stations were established along Hays Mill Creek.
The first was located downstream from Atco Lake, on the
eastern side of Route 30. The median pH was 7.0, while the
mean nitrite+nitrate-nitrogen concentration was 0.36 mg/l.
The second station is downstream from the Waterford Township
STP and spray field. There, the median pH decreases to 6.30
(probably due to the distance from the lake), but the mean
nitrite+nitrate-nitrogen concentration increases to 0.94
mg/l. Although no definite conclusion can be drawn, this
three-fold increase in nitrite+nitrate-nitrogen could be
associated with the STP discharge.

The mean nitrite+nitrate-nitrogen value reported for
Great Swamp Branch at Walker Road is moderately high (0.15
mg/l), and the median pH (6.87) suggests degraded water
quality conditions. Like other lake outflow monitoring
stations, the high pH value may reflect the effect of
biological conditions in the lake. The highest mean NH3-N
concentration in this study was reported for this station.
This may be related to wastewater disposal lagoons located
upgradient from the sampling station. These lagoons were
used until recently for the disposal of wastewaters
containing ammonium sulfate.

The highest nitrogen values measured during this study
were found at a downstream Great Swamp Branch station,
located at Middle Road directly downstream from Route 206.
The mean nitrite+nitrate-nitrogen value was 2.58 mg/l which
represents extremely degraded conditions. The median pH was
6.24. The high nitrogen values may be related to the
extensive agricultural activity occurring between the Walker
Road and Middle Road stations.

The Mullica River and Nescochague Creek (above its
confluence with the Mullica River) were monitored at
Pleasant Mills near Batsto. These two rivers represents the
two major streams sampled in this study. Mean nitrite+
nitrate-nitrogen (0.31 mg/l) and the median pH value (6.46)
reported for the Nescochague Creek were high. Although the
mainstream of this river is within Wharton State Forest, its
major tributaries include Albertson Brook, Great Swamp
Branch, and several smaller tributaries draining the Hammon-
ton area. The degraded conditions found in these tribu-
taries is, therefore, reflected in Nescochague Creek.
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Moderately elevated nitrite+nitrate-nitrogen values were
also recorded at the Mullica River at Pleasant Mills .
(mean=0.15 mg/l), along with high pH (median=6.4). The
discharge from Nescochague Creek may be partially responsi-
ble for these elevated levels.
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WETLANDS AND TRANSITIONAL AREAS

Wetland habitats are especially sensitive to changes in
water levels and water quality. These habitats are
generally associated with soils exhibiting a seasonally high
depth to the water table of between 0-1.5 ft from the land
surface. Transitional habitats occur in the area between
wetlands and uplands, occupying a continuum ranging from
hydric to xeric conditions. The water table along this
gradient ranges in depth from 1.5-5 ft from the land
surface. The roots of plants found in the transition may be
in direct contact with the water table; consequently these
communities may also be affected by changes in water level.

An estimate of the area of wetland and transitional
habitats in the study area can provide a measure of the
relative sensitivity of each basin to hydrologic impacts,
especially changes in water table level associated with
water supply development. Using 1:24,000 scale soil maps,
the acreage of wetland (0-1.5 ft), transitional (1.5-5 ft),
and upland (greater than 5 ft) soils was determined for each
basin. The acreage of pitch pine lowland, hardwood swamp,
cedar swamp, bog, and open water was determined from
Pinelands Commission vegetation maps. The results obtained
are presented as percent of total basin area in Table 2.

Three direct measures of hydrologic sensitivity are
given in Table 2: 1) wetland soils; 2) transitional soils;
and 3) wetland vegetation type. The fourth column provides
an average measure of hydrologic sensitivity which combines
the effect of the three measured variables. This percentage
represents the mean of wetland soils, wetland plus
transitional soils, and wetlands vegetation percent cover
values. These values have been placed in four percent cover
classes, 0-15%, 16-25%, 26-50%, and 51-100%, representing
increasing relative hydrologic sensitivity.

Class I (most sensitive, 51-100%): Clark Branch A, Gun
Branch, Sleeper Branch A+B, Mullica B

Class II: Cooper Branch, Albertson, Clark A+B, Mullica
B+C, Clark B, Upper Great Swamp A

Class III: Upper Great Swamp A+B, Price Branch, Upper
Great Swamp B, Hays Mill Branch

Class IV (least sensitive, 0-15%): Pump A, Wildcat
Branch A, Mullica River C, Blue Anchor Brook A,
Pump Branch A+B, Blue Anchor Brook A+B, Wildcat
Branch A+B, Blue Anchor Brook B, Wildcat Branch B,
Pump Branch B
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THREATENED AND ENDANGERED SPECIES

Information on the occurrence of threatened and
endangered plant and animal species in the study area was
obtained from the New Jersey Natural Heritage Program. The
complete data set and a description of the precision
assigned to each species occurrence can be obtained from the
Pinelands Commission upon request.

Occurrence data are summarized in Table 6. No attempt
was made to weight the data using geographic precision
criteria or to rank species. The number of occurrences for
both the entire period of record and for recent (since 1970)
records are given for each species. Fifteen plant species
and four animal species designated as endangered by the
Pinelands Commission have been reported as occurring within
the study area. All but one of the plant species-Pickerings
morning glory (Brewaria pickeringii)-are found in wetland or
transitional habitats. Pine Barrens treefrog (Hyla
andersonii) and tiger salamander (Ambystoma tigrinum) are
dependent on wetlands for breeding.

As can be seen in Table 6, the majority of the records
predate 1970. Only historical records exist for four plant
species, Cleistes divaricata, Coreopsis rosea, Helonias
bullata, and Platantherea integra. The one tiger salamander
record dates from 1900. Historical records are important
because they indicate that a species may still occur within
an area. Many old stations have been reconfirmed. Recent
records, however, provide more conclusive evidence on the
present distribution of a species.

Endangered species have been reported from all
subbasins within the study area with the exception of
Wildcat Branch. For the period of record, the greatest
number of species and species occurrences have been reported
from the Lower Mullica River, Nescochague Creek, and Lower
Sleeper Branch. The total number of species and species
occurrences in the remaining basins ranges from two to eight
and from two to ten, respectively.

Recent endangered plant occurrences have been reported
from only eleven subbasin units. These are, in order of
importance (ranked according to the number of species and
species occurrences): Lower Mullica River; Sleeper Branch
(upper), Clark Branch-A; Mullica River-A=Lower Sleeper
Branch=Gun Branch=Clark Branch-B; Nescochague Creek; Pump
Branch-A=Upper Great Swamp-A=Upper Great Swamp-B.

Pine Barrens treefrog have recently been reported from
eight subbasins: Mullica River-A; Lower Mullica River;
Sleeper Branch (upper); Lower Sleeper Branch; Clark
Branch-A; Albertson Brook; Upper Great Swamp- B, and
Nescochague Creek.
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TABLE 6. THREATENED AND ENDANGERED SPECIES OF THE
(SOURCE: NJ NATURAL HERITAGE PROGRAM,

period of record occurrences (T)
subbasin along with the total

number

for all

TRENTON, NJ).
species
of occurences

1970-1987. Subbasin symbols are keyed to Figure 1.

MULLICA RIVER BASIN
The total number of
i's given for each
(R) for the period

...............................................................................................
2322232232323 32332328232223223383:22223z2322s223330z32z2%32z 3253233232222 2232232222222 22 2322222222323

SPECIES SUBBASIN
Le-p WR-A NR-B WR-C L8 158 L) (8 68 L

T R T 1 TR T8 TR TR 1 T v T R
PLANTS
BREWARIA PICKERINGI! VAR. 3 | P |

CAESARIENSE

CALAMOVILFA BREVIPILIS U ! e 12 [
CAREX BARRATTHI I I 20 1 1
CLEISTES DIVARICATA LI
COREOPSIS ROSEA 1
EUPATORIUN RESINOSUN L tr 20 10 1 et
GENTIARA AUTUMNALIS 5 o260 1 1
HELONIAS BULLATA L 1 2 ~ LI}
JUNCUS CAESARIENSIS (I 1 L R B I A
MURLENBERGIA TORREYANA ' 2! 3 1
NARTHECIUM AMER|CANUN 0 ¢ I
PLATANTHERA INTEGRA (I | 1
RHYNCOSPORA KNIESKERNII [ 2 e 2 10
SCHWALBEA AMERICANA (I | T 1 (A
SCIRPUS LONGII 5 1 1 1 L B B LI
ANINALS
HYLA ANDERSONII t 2 2 1?2 1
PITUOPHIS MELANOLEUCUS § 2 I IR I B 2
MELANERPES ERYTHROCEPHALUS 1 1 ()
AMBYSTONA TIGRINUN
SUNMARY
TOTAL NO PLANT SPECIES nn § ] 20 71§ 103 10 308 3 00
TOTAL PLANT OCCURRENCES o ¢ 3 i (J T I D I I I I B R B
TOTAL NO ANIMAL SPECIES 1 2 J 00 22 3 vy 00 0 v
TOTAL ANIMAL OCCURRENCES U | L {J 00 33 55 21 00
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TABLE 6 CONTINUED. THREATENED AND ENDANGERED SPECIES OF THE MULLICA
RIVER BASIN (SOURCE: NJ NATURAL HERITAGE PROGRAM, TRENTON, NJ). The
total number of period of record occurrences (T) for all- species is
given for each subbasin along with the total number of occurences (R)
for the period 1970-1987. Subbasin symbols are keyed to Figure 1.

................................................................
S 2C 222322 3222332223233333235333330333383333333%333333323253333353323233¢z2%25 2223222222332 2322222232222 2%22 0323522z zs2se

SPECIES SUBBASIN

M CL-8  CL-A PV-A PI-B BA-A BA-8 ALB  UBS-A  UGS-B  NESC

..........................................................................................................................
...........................................................................................................................

PLANTS

BREWARIA PICKERINGI{ VAR, 100
CAESARIENSE

CALANOYILFA BREVIPILIS I I I : 10

CAREX BARRATTI| te 2060 10 20 21 10 10 2 1e 21 10

CLEISTES DIVARICATA

COREOPSIS ROSEA ]

EUPATORIUM RESINOSUM e 20 11 3 10 1 10 1 10

GENTIANA AUTUMNALIS : [ I I 11 [

HELONIAS BULLATA : 20 10

JUNCUS CAESARIENSIS 10

MUHLENBERGIA TORREYANA 21 11 1 10 10 20

NARTHECIUN ANERICANUN . 10

PLATANTHERA INTEGRA 10

RHYNCOSPORA KNIESKERNII 1 20

SCHWALBEA ANERICANA e 10 ) 10 20 10

SCIRPYS LONGII e 1 1 1 20 101

ANINALS

HYLA ANDERSONI | (I 2 22 1)

PITUOPHIS MELANOLEUCUS 11 (] .

MELANEAPES ERYTHROCEPHALYS 11

ANBYSTOMA TIGRINUN 10

SUMMARY

TOTAL RO PLANT SPECIES 20 13 s v () 300 10 § 1 31 12

TOTAL PLANT OCCURRENCE<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>