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TECHNICAL MEMORANDUM 8V 1V-1
EIMVY CF ANELANDS WATER QUALITY

INTROQUCTION

The water quality of the Pinelands was assessed hy reviewing existing
monitoring data, the needs of water consumers ad the relationship
between pollution sources and water quality. General pollution control
measures were reviewed and management techniques were recommended. Six
technical memorandum were produced which detail the methods, findings
and recommendations of this study.

Technical Memoandum %/ IV-1  Summary of Pine7ands Water Quality
Technical Memorandum SW IV-2  Surface Water Uses

Technical Memoandum SW IV-3  Criteria and Needs for Surface Water Uses
Technical Memoadum SW 1V-4  Water Quality Index

Technical Memorandum SW IV-5  Drainage Basin Assessments

Technical Memoandum SW V-6 Lad Use/Water Quality Effects

Technical Memoadum B/ IV-7  Controls for Nonpoint Pollution Sources

In addition to providing a general description of the six technical
memorandums, this summary interprets the study findings ad presents the
consultants' overall view cf the critical issues in protecting Pinelands
water quality. Managemat alternatives and recommendations presented in
this summary are not found in individiual technical memorandums |deas
for future study are also provided.

DESCRIPTION OF FROECT TAKS

In this section, each technical meamorandum is summarized in terms of its
purpose, the methodology applied and the findings of the study. The
reader should refer to the specific technical memoraxdum for more
detailed information.

Technical Manoaxdum 8/ 1V-2 Surface Water Usss

Gengral :  Technical Memoanoum SW IV-2 describes the existing Pine-
lands environment in terms of surface water uses ad relates these uses
to those permitted by the Nev Jersey Department of Environmental Protec-
tion's proposed surface water classifications.
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The uses addressed were potable water supply, cranberry and blueberry
agriculture, other agricultural uses, fish ad wildlife habitat main-
tenance, primary contact and secondary contact recreation, axd other
significant uses. The proposed classifications for Pineland surface
waters are FW-1, PFAR2 Trout Maintenance, FW-2 Non-Trout, FW-Central Pine

Barrens, PANHonve Mullica axdd Wadng Rivers, Central Pine Barrens, and
TW-1.

_ Findingc]s: There is one municipal water department and several
private industries that use Pinelands surface waters for water supply.
Eighty percent of the cranberries produced in Nev Jersey are harvested
in the Wading River drainage sub-basin, as are 40%of Nsv Jersey's blue-
berries. The estuaries from Barnegat Bay to Great Bay are the maor
supplier of hard clams in Nev Jersey and upstream degradation could
adversely affect this industry. In terms of recreation, the Pinelands
contain four state forest axd park campgrounds, five state parks,
forests ad natural areas for day use, axd seventeen wildlife management
areas.

A1l uses identified were consistent with those permitted under the Fro-
posed classification system.

Technical Manoaxdum 8V IV-3 Criteria and Neads for Water Uses

General: In Technical Memorandum SwW |1V-3, the emphasis is placed
on water quantity ad quality requirements for maor activities and user
groups associated with the surface waters of the Pinelands. The major
concern is with the needs of cranberry ad blueberry cultivation.

Mgor activities discussed, in addition to cranberry ad blueberry cul-
tivation, are other fruit and vegetable cultivation, wetland and aquatic
habitat maintenance, axd recreation. Cranberries require sandy, peaty
soils ad large quantities of water for irrigation and frost control.
Blueberries require dry, sandy, high organic acid soils and more ferti-
lization than do cranberry plants. Other tree fruit, primarily peaches
and apples, require light, loamy soils.

N species of fish is restricted to the Pinelands, but there are 16
species indigenous to the acidic waters. The downstream areas of the
Pinelands National Reserve encompass a major portion of Nev Jersey's
estuarine systems.

Recreation in the Pinelands .includes both primary contact and secondary
contact activities. Primary contact recreation requires higher quality
water than does secondary contact recreation.
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Findings: The cultivation of cranberries has apparently not
degraded P(_lnelands surface water quality because the Wedng River drain-
e sub-basin, where 80% of Nev Jersey’s cranberries are harvested, is
relatively pristine. Changes in the area'sar%/drology would have a major
affect on the vegetation in the cedar bogs svamps

|t is important to maintain the present stream velocities to preserve
fish habitat. Upstream water quantity and quality must be maintained
to preserve the estuaries. Extension of saline waters upriver would
force the white perch and other fish out of their present habitat;
existing estuarine nursery ad Sﬁa/vnmg areas would be disrupted. There
IS some relationship between bathing water quality and bathers' illness.

Technical Manoandum W 1V-4 Water Quality Index

General: A water quality index wes developed as an assessment tool.
By combining a number of water quality parameters into one index, a
generalized water quality mgp wes produced and a general assessment of
Pinelands water quality was made

A water quality index was produced based an Nev Jersey Water Qualit
Standards. The five parameters used in the index were biochemic

oxygen demand (BOD), total nitrogen, fecal coliform, suspended solids
ad total dissolved solids {TS). Standards or cutoff Ilimits were
established and compared to frequency distributions developed for 80
water quality monitoring stations within the Pinelands National Reserve.

The following water quality classifications were established:
Pristine

CGod .
. Slightly Disturbed
- Mae Disturbed
Mog Disturbed

Findings: G the 80 stations subjected to the water quality index,
2 were judged pristine, 15 good, 46 slightly disturbed, 10 more disturb-
ed, and 7 mos disturbed (see Figure 1). Eaxh of the five parameters
exhibited a high statistical correlation with the water quality index.

Technical Memoradum SW 1V-5 Drainaae Basin Assessment

~ General: The purpose of this technical mamorandum wes to summarize
exisfing” water quality, land use ad potential pollution sources by
drainage basin.
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TECH MEMO $V IV-1

The following major drainage basins ad sub-basins were assessed (see

Figure 2).
Drainage Basin

I. Toms River

2. Rancocas Cresk
3. Cedar Cregk

4. Forked River
5. Mullica River
6. Great Egg Harbor River
7. Maurice River
8. Abssoon Cresk
9. Tuckahoe River
10. Dennis Cresk

11. Patcong Creek

Sub-basins
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Toms River

Rancocas North Branch
Rancocas South Branch

Cedar Cresk

Forked River
Oyster Creek
Mill Cresk
Westecunk Creek

Bass River

Wadng River

Batsto River
Atsion-Mechesactzuxin Creeks
Nescochague Cresk

Hammonton Creek

Mullica River

Great Egg Harbor River (Upper)
Great Egg Habor River (tower)

Manumuskin  Creek
Lova Maurice

Abssoon  Cresk
Tuckahoe River

10.1 Dennis Creek
11.1 Patcong Creek
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For each basin:
- The mgor tributaries, lakes and towns were listed
. Percentages of land use types were calculated

Locations of J_)oint ad site-specific nonpoint pollution
sources (pipe discharge, landfills, spray irrigation sites,

etc.) were mgpped

The quantity of domestic effluent expected at each water
quality monitoring site was calculated

- The water quality index and median pH levels for all water
quality monitoring stations within the basin were discussed

- A general assessment related the water quality conditions
to probable pollution sources

« Recommendations for future studies within the basin were
given
Sre of the basins, such as Tars River ad the Great Egy Harbor River,
hed substantial data sources, but other small basins, such as Absscon
Creek and Patcong Creek, had minima data.
Findings: Table 1 summarizes the magor findings by basin.

Technical Memorandum SW IV-6 Land Use/Water Quality Effects

General: This technical memoranoum contains the assessment of the
effects of agricultural . practices and urban development on Pinelands
water quality.

Fifteen sub-basins were selected for a detailed study of land use
effects an Pinelands water quality. The basins varied in geographic
area, water quality level percentage of agricul tural and developed
land. Water quality Ioarameters for each sub-basin were compared graphi-
cally ad statistically to land use.

Findings: The results indicated that agricultural land was associ -
ated with elevated levels of total dissolved solids, nitrogen ad pH;
developed areas were associated with elevated levels of total dissolved
solids, suspended solids, biochemical oxygen demand, nitrogen and pH.
Agricultural effects are due to fertilization ad liming practices.
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TABLE | {Continued)

Number of
Dralnage Water
Areca Quality
Drainage Basin (sq.mi.) Stations Water Quallty Land Use Pollution Sources Major Issues
6.0 Great Eqq Harbor River
Upper 205 13 Good = Deep Run Agriculture Domestic point sEffects of development
Lower 99 11 S1ight disturbed: Developed: heaviest discharge in upper reaches
Main stem below Sicklers- in upper reaches Industrfal polnt dis- <Effects of agriculture
ville, Fourmile Branch Undeveloped, forest charge on pH
Hospitality Branch Landfills e Point source control
Babcock Creek Urban runoff e Pollution of Lake
More disturbed: Agricultural runoff Lenape
Mainstem above Sicklersville «Effects of coastal de-
Host disturbed: main stem ve lopment on Babcock
near Berlin Creek and Gravely Run
Squankum Branch
70 Maurice Rliver
Manumuskin Creek 32 1 Pristine Undeveloped, forest Industrial point dis- -Protection of pristine
Minor development and charge water quality
agriculture eNeed for more water
quality sampling
stations
8.0 Absecon Creek 19 0 v 50%urbanfzed Urban runoff oEffects of Atlantic
City developcent
measure
«Protection of Atlantic
City Reservoir
«Protection of Absecon
Bay
sNeed for water quality
sampling stations
9.0 Tuckahoe River 70 2 Good/S1ightly disturbed Undisturbed. forest Industrial discharge eProtection of tribu-
State fish and game Landflll taries upstream of
land state lands
Development
Agriculture
10. Dennis Creek 72 0 i Undisturbed, forest Domestic point »Need for water quallty
includes state land discharge sampling statlons on
I.andfll?s Dennis Creek and West
Creek
110 Patcong Creek 26 1] --- Oeveloped along coast Domestic point e Protection of Patcong

discharge
Urban runoff

Lake
eNeed lor water quality
sampling statlons

U] « YUOORINIA + SUIBAUOD) » 2189

I-AI MS OW3W HI3l
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Elevated parameters in developed areas are due to stormwater runoff,
malfunctioning septic systems, Tleachate from site-specific nonpoint
sources and point source discharge.

Although there were too few data points to incorporate domestic dis-
charge into the statistical analysis, the preliminary analysis indicated
that point source domestic discharge mey be responsible for elevated
phosphorus levels. Separate calculations were mede to estimate the
water quality effects of typical secondary treated domestic effluent.

If the relaticnshiﬁ between land use and water quality is verified by
additional data, the analysis mey be useful in estimating water quality
in unmonitored basins.

Technical Manaaxdm Sw 1V-7 Controls for Nonpoint Pollution Sources

General : Technical Memorandum SW 1\(-7 summarizes the "best manage-
ment practices" (BMPs) available for control of nonpoint sources of
pollution ad directs the reader to additional sources of data.

Management practices recommended oOn a national scale by the US
Environmental Protection Agency (EPA), axd on a local 1level in Nsv
Jersey 208 areas were reviewed. A general data base wes provided from
which to choose the methods best suited to the Pinelands.

Findings: Three 208 studies which include portions of the Pinelands
in thelr study area concluded that point sources are the primary criti-
cal problem. The strategy for point sources is to rectify existing
water quality problems, whereas nonpoint source control stratecjy must
emphasize the prevention of &?tential future problems. A wide variety
of management practices can used to reduce the effects of nonpoint
pollution ad ensure that established performance standards are met.

MATR GONCLUSONS

Description Of a Pristine Pinelands Stream

A typical, high quality Pinelands stream such as McDonalds Branch in the
North Branch Rancocas Creek watershed is slow moving, brown but clear,
has a sandy substrate axd is overhung by dense vegetation. The water
IS soft pH is low. It generally has a high level of dissolved humic
matter, especially in the summer months, and mey have fluctuating oxygen
levels due to bog ad svarp drainage ad organic demands. There are low
levels of nutrients, suspended axd total dissolved solids. It can be
classified as dystrophic.

1l
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The following tabulation summarizes the average water quality levels of
McDonads Branch and of Pineland streams in general and compares them
to the proposed Nsv Jersey Water Quality Standards for the Central Pine
Barrens. The figures in the tabulation represent men water quality
levels in mg/1 unless otherwise stated.

mg/1
McDonalds All Pineland Nav Jersey
Branch Streams Standards

pH (median) 4.1 4.5 35 =55
Suspended Solids 14 12.5 40
Total Dissolved Solids 25.8 20 100
Dissolved Oxygen 4.7 8.3 85%saturation
Biochemical Oxygen Demad 0.8 2 5
Fecal Coliform
(median){MPN/100 m1) 2 33 200
Nitrate = N 0.01 0.63 2.00
Total Nitrogen 0.27 1.4 -
Total Phosphorus-PO4 0.035 0.46 0.7
Turbidity (JTU) 1.9 4.6 20
Total Organic Carbon 8.1 8.5 -—-
Arsenic, total (ug/1) 0.83 6.2 50
Cadmium, total {(ug/1) 0.083 1.3 10
Chromium, total (ug/1) 11.67 19.0 50 (hexavalent)
Copper, total (ug/1) 2.75 18.3
Iron, total (mg/1) 0.363 1.1
Lead, total (ug/1) 4.5 16.7 50
Nickel, total (ug/1) 1.5 13.7
Zinc, total (ug/1) 30.0 40.6
Aluminum, total (ug/1) 166.7 220.4
Mercury, total (ug/1) 0.37 0.65 5
Dieldrin (ug/1) 0.0000 0.0009
Toxphene (ug/1) 0.0000 0.0000
Malathion (ug/1) 0.0000 0.0000
Silvex (ug/1) 0.0000 0.0172

Inert Soils will Affect Surface Water Quality

The majority of upland soils in the Pinelands has a high percentage of
sand and IS relatively inert. Water entering the soil column through
precipitation, stormwater runoff or leachate passes through relatively
unchanged; 1ittle pollutant renovation is accomplished through the soil
layer. This concept has a substantial impact an surface water quality
predictions and management recommendations.
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Streams with Lav Average Flows are Sensitive to Pollution

Streams with catchment areas, usually less than 20 square miles, have
low average flows and do not have the capability of assimilating large
waste loads. FHom the water quality index results it can be seen that
small tributary streams have a very good water quality or very disturb-
ed water quallt?/, depending on the upstream land uses. Streams with
higher average flow values (e.g., man stems, 4th ad 5th order streams)
can better assimilate organic wastes.

Water Quality Index Shows Strong Relationship to pH Levels

There is a relatively consistent inverse relationship between pH and
general water quality conditions (see Figures 1 and 3). Areas exhibit-
Ing higher pHs generally have lower water quality. his conclusion is
supported by statistical analysis in Technical Memoaxdum SW [V-6.

Land U has a Sianificant Impact on Surface Water Quality

Stream stretches with pristine a good water quality generally drain
areas of natural vegetation which have few point sources or site-
specific nonpoint sources of pollution. Stream stretches draining areas
in row crop agriculture Igen_erally have h|dqher pH levels, higher nitrogen
levels, ad higher total dissolved solids levels due to fertilization
and liming practices.

Streams draining areas of suburban and urban development generally
contain elevated pH, suspended solids, total dissolved oxygen demand
(BOO) and nitrogen. The high levels are due to malfunctioning septic
systems, stormwater runoff, point source discharge and 1leachate from
site-specif ic nonpoint pollution.

Point versus Nonpoint Sources of Pollution

A common question in any assessment of water quality is which has the
greater effect, point or nonpoint sources. This is a very difficult
question to answer in the Pinelands. Our data have down that both are
capable of degrading water quality. Hammonton Creek is an example of a
watershed degraded by point sources. Squankum Branch in the Upper Great
Egg Harbor basin is one small agricultural area with very poor water
quality, yet has m kwomn point discharge. Nonpoint sources are more
pervasive; every stream draining a developed o agricultural area will
be affected. Point sources affect only stream segments downstream of
discharge, but very often can discharge greater amounts of pollutants
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than nonpoint sources. Nonpoint sources will always be more important
in terms of the linear miles of stream affected. What is most important
at a downstream point on the man stem depends on may factors.

Various areawide water quality management plzns (208) have emphasized
the degrading effects of point sources:

« "Nonpoint sources are very often not the dominant contrib-
utor to poor stream quality."™ (DVRPC's Tri-County 208 Study)

« "Nonpoint source pollution in the Oceen County area does not
represent a serious problem.” (Ocean County 208)

« "Pollution resulting from point source discharges caused
most of the observed water quality problems in streams of
Atlantic County." (Atlantic County 208)

The analysis in Technical Memoandum SW V-6 of 15 watersheds showed
water quality to be degraded by development of the basin regardless of
whether point sources were present. The Pinelands, not being heavily
developed, have fewer and smaller point sources than more developed
areas of the state. Because there are fewer point sources, nonpoint
sources play a greater role. It is difficult to determine which pollu-
tant source--point or nonpoint--will have the greater impact on the
Pinelands in the future. As the ares. develops axd point source dis-
charges to streams are used for waste disposal, point sources will
become increasingly important as poliutant sources. However, because
mary point source loads are being reduced because of treatment plant
upgrading and industrial pre-treatment requirements, the relative
effect of each point source mgy diminish.

A common mehod of assessing the relative importance of point and non-
point sources for a watershed is to estimate the total annual poundage
produced by each source using previous studies and measured effluent
chzracteristics. Total poundage nmey be a misleading unit of comparison
between point and nonpoint sources because it does not consider the
timing and "slug" concentrations of pollutant loadings. Point source
pollutants usually enter streams continuously; nonpoint sources release
pollutants as a result of storm events. The ecological effects from
point and nonpoint sources megy differ significantly.

Sensitivity of the Pinelands System to Water Quality Changes

The magjor water quality parameters associated with development which
mey alter stream ecosystems and Pinelands vegetation are pH, suspended
solids, total dissolved solids, axd nutrients.

15
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pH: The Pinelands ecosystem is adjusted to a lov pH. Smme species
refer lov pH, others tolerate it and non-Pineland species which cannot
unction at low pHs cannot compete. If the pH is elevated, the species
pool will change.

Land uses affecting pH include liming of row crops for soil improvement,

domestic discharge (point and nonpoint) axd final discharge of water

;[Jreeated in ?munlupal water treatment plant (pH of water supply must
6.0 = 8.5).

Suspended Solids:  Suspended solids loads are normally very low in
the Pinelands. resulting in clear streams. Increased sediment |oads can
smother bog vegetation and fish eggs, clog the gills of filter feeders,
change the stream bottom substrate, interfere with fish behavior and
transport toxins and nutrients. Although periodically high suspended
solids loads are common in ay system, continually elevated levels will
have a deleterious effect on a system.

Lad uses that could increase suspended solids loads in Pineland streams
include vegetation clearing ad 011 disruption during construction,
street runoff ad poor agricultural practices. Increased flooding
resulting from development can cause bank erosion.

Total Dissolved Solids (10S): 7TDS values are low in the Pinelands.
May 1ndigenous Pineland species, including cranberries, are calciphobic
(prefers an acid median poor in -calcareous matter) and have adjusted to
lov ionic strength waters. An increase in TDS wil cause a shift in the
species pool.

Factors which affect total dissolved solids include rowv crop agriculture
(fertilizer and 1ime additions), domestic waste discharge, leachate from
site-specif ic nonpoint sources, axd street runoff.

Nutrients: Nitrogen and phosphorous levels are low in typical Pine-
land waters.  Technical Memoaxdum 8v V-3 illustrates the significance
of lov nutrient levels on stream macrophytes ad algal populations,
cranberry ad blueberry production, endemic Pinelands vegetation
(including cedar bogs), ad downstream estuaries.

Nitrogen levels are increased in Pineland streams by fertilizer used on
row crop agriculture, ad from domestic waste discharge (point and
nonpoint) and runoff from lawns ad streets.

The detailed basin analysis in Technical Memoadm sw V-6 suggested

that phosphorous nmey be a pollutant closely associated with domestic
point source discharge. A phosphorus level below 0.05 parts per million
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(ppm) is recommended hy the the US Environmental Protection Agency
(EPA) as necessary to protect impoundments, 0.23 ppm-P is the state
standard for Central Pine Barren streams. An expected concentration in
effluent from secondary treatment of demestic waste is 5 ppm.

Estuaries My be Impacted by Water Quality Changes in Pinelands Streams

May of the Pinelands rivers drain to small, semi-enclosed estuaries
whose water exchan?e with the ocean is minimal. Affected bays include
Barnegat Baa, M kin Bay, Great Bay, Great Egy Bay, Absecon Bey ad
Little Egg Harbor. Because of their minima flushing capabil ities, they
will be impacted by increased nutrient loadings.

If stream flows are reduced in the Pinelands due to groundwater with-
drawals, or become flashy due to the reduction in recharge areas, the
estuaries will be deleteriously affected, The isohalines (salt concen-
tration delineation) will shift upstream, altering the brackish water
ecosystem.  Freshwater marshes will shift to brackish marshes, aquatic
nursery and spawning areas will be altered, the sediment deposition
zones at the freshwater-sal twater interface. will shift upstream, and
estuarine circulation patterns mgy be altered.

Pinelands Agriculture is Sensitive to Wae Quality/Water Quantity
Conditions

Cranberry and blueberry agriculture is indigenous to the Pinelands and
Is encouraged in the Pinelands Act. The literature indicates that both
crops are sensitive to changes in nutrient loads, pH, depth to water
table ad water availability. Increases in pH and/or nutrient loads or
changes in the NP ratio will cause increased vegetative growth, a sub-
sequent loss of berry production ad encourage competitive species. The
water table must be adjusted by drainage and irrigation to maximize
production. (Blueberries prefer a greater depth to water table than
cranberries.) Adequate water supplies are required in cranberry produc-
tion for irrigation, protection from frost ad winter kill, harvesting
ad pest control. A rule of thumb is a 10:1 ratio for area of water
supply to area of cranberry bog.

MATR ISSUES AND RECOMIVENDATIONS

An analysis wes performed to determine what major issues and management
recomnendations should be considered in the development of a Pinelands
Plan. Two major groups of factors were considered: land use (agricul-
tural use and development land) and geographic factors (bogs, pristine
streams, estuaries, etc.).

17
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The following matrix (Table 2) presents the maor factors that are

relevant to the management of the Pinelands, the related major issues,
ad recommendations.

Three issues are significant:

1. Effects of row crop agriculture on Pinelands water quality
2. Appropriate ard adequate disposal of wastes
3. Protection of sensitive geographic areas:

Cranberry bogs
Lakes and impoundments

itate and federal 1landholdings/Pinelands Preservation
rea

Estuaries

These issues are discussed below, along with a discussion on suitabil-
ity for development and appropriate recommendations amed at mtigating
water quality problems. A brief summay of potential water quality
management strategies is a1l included.

Effects of Row Crop Agricul ture on Pinelands Water Quality

Concern: A review of the literature axd the results of Betz.Con-
versesMurdoch.Inc.'s (BCM) land use/water quality studies sow that row
crop agriculture can ad is having a significant impact on Pinelands
water quality (e.g., Hammonton Creek and the Uppe Great Egg Harbor
Ilingr /&ributaries). Agriculture, however, is encouraged in the Pine-
ands Act.

Because soils suitable for row crop agriculture are limited in the Pine-
lands, agriculture will probably not expand further into the Pines.
Nevertheless, the Commisson must decide a po_licY for areas already
being faamed. To require streams in these agricultural zones to meet
standards similar to those set for naturally vegetated areas of the
Pinelands would essential ly halt ron crop agriculture in these areas.

Recommendations:  Several recommendations are offered to mitigate
the effects of row crop agriculture an Pinelands water quality.

1 Require strict best management practices (8MPs) on land in row crop
agriculture. With the aid of the Soil Conservation Service ad the
soil conservation districts, determine the fertilization axd liming
methods that will least affect stream quality.

18
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TAULE 2

WATER QUALIN ISSUES AND RECOMMENDATIONS

SUMMARY MATRIX

Plan Development Factors

Major Issues

Recommendations

Agricultural Use

Row Crops and Orchards

Livestock

Cranberry Productfion

Developed-

Percent Land Cover

Wastewaler Systems

Elevated pH due to liming practices (except blua-
berry cultivation)

Nutrient increase due to fertilization

Fotential suspended solids loads due to erosion
TOS increase due to liming and fertilization
Potential toxic problem due to use of pesticides

Increase in nutrient and organic loading
Increase in bacteria concentraticn

High nutrient loads or elevated pit in receiving
water will cause vegetative growth at expense

of berry production and encourage competitor species
Potential impact of siltation on cranberrfes
Pesticide use on cranberries is minimal

Dependent on adequate water supply

As percentage of cover increases, recharge areas
decrease, runoff increases
Increased runoff from lawns, roads. parking lots, etcs
carries contaminents Including:

Nutrients

Hydrocarbons

Heavy metals

Bacterla

Toxins

There Is a large chance of septic system failure
due to inert soils
Systems will impact:

pit

bacteria levels

nutrient loads

S

Toxlc concentrat fon (system cleaners)
Illegal connections will degrade water guality
Regional sewage treatment plants moy fmpact:

pit

nutrients

108

Chlorine
Impact of recharge loss due to sewers must be determined
Regional system will encourage future growth

Develop BMPs for liming, fertilization and pesticide
use in cooperation with SCS and Soil Conservation Districts
Minimize spread of row crop agrficulture to sensitive area

Limit access of livestock to streams

Control runoff from feedlots

Prohibit feed lots on highly pervious soils without
adequate treatment of wastewater

Discourage upstream development which will tncrease pil,
nutrients or suspended solids

Maintain water supplies above bog rreas

Strict protectlon required in areas of major cranberry
production (e.g., Wading River)

Encourage groundwater recharge

Maintain natural vegetation, discourage lawns
Control quality and quantity of stormwater runoff
Land uses expected to produce contaminants should:

« Be prohibited from inert, pervious soil

» Require a set back from any waterways

» Dlscouraged from areas upstream of critical zones

Establish septic system policy (adequate soils. density)
Establish septic system management districts

Inforce state and Federal anti-dcgradatioa acts

Discourage large regional STPs

Discourage stream discharge espectally above critical areas
Establish regulations concerning dilution and degree of
treatment for STPs (especially nitrogen. phosphorus and pH)
Investigate small STPs with high nutrient removal capabi-
ltles and grond discharge for clustered settlements
Require upgrading and/or removal of major existing
dischargers (e.g., Hammonton Creek)

Prohibit use of phosphate detergents
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TABLE 2 (Continued)

Plan Development Factors

Major Issues

Reconmendat fons

Geographic_Factors (continued)

State and Federal Landholdings
Pinelands National Reserve

Cranberry Bogs

High Quality Streams

Estuar fes

MAreas will be kept natural and/or used for recreation
Water quality should be maximized

Sensitive to water quality/quantity changes
Cranberry agriculture encouraged in Pinelmds Act

Exhibit Pinelands character
Majintaln Pinelands aquatic communities
Sensltive to pollution = easily altered

Receive Pinelands drainage

Bays with low flushing rates and minimal exchange
with ocean will be most impacted by water quality
changes

Protect streams entering state and federal landholdings and
the Preservation area

Set strict performance standards for sections of the
watershed above the critical areas. especially for control
of bacterial contamination, pH levels, nutrient levels and
suspended solids loads

Discourage use of motor boats to minimize bank erosion

Encourage cranberry product fon
High priority protection for areas upstream of crinberry bog
acquistion
strict performance standards
lowest density zoning
enforcement of anti-degradation pollcies
water quality management districts

High priority protection for watersheds of known pristine
streams

Set stricter water quality standards for rivers flowing to
small. enclosed estuaries:

Toms River

Cedar Creek

Forked River Basin

Mullica River

Great Egg Harbor River

Tuckahoe River

Absecon Creek

Patcong Creek
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2. Discourage rowv crop agriculture from spreading to other areas of
the Pinelands, especially areas draining into the National Reserve
area or upstream from cranberry bogs or lakes.

3. If nonfarmable Tand is available in watersheds with row crop
agriculture, encourage uses that will not further increase pH or
nutrient loads,

4, Establish water quality management areas and provide farmers with
incentives for minimizing the use of fertilizer ad lime.

Appropriate and Adequate Disposal of Wastes

Concern: A number of major sources of water pollution associated
with~ development result from improper handli n? of domestic axd indus-
trial wastes. This mishandling of waste is reflected in pollution from
improperly managed or located septic tanks, landfills, waste lagoons and
point source discharges of industrial and domestic wastes. Part of the
control strategy is to correct existing problems., But, in addition,
because the Pinelands is relatively undeveloped, there is an opportunity
to anticipate the damend for handling waste from future development.
The size ad location of the expected population, as well as the quan-
tity and types of waste generated, nmey be estimated. Careful plannin
should be done to ensure that appropriate institutions axd physic
plants are available to handle the anticipated wastes.

Recommendations: Three recommendations are offered to ensure that
waste disposal will not adversely the water quality of the Pinelands
streams.

1. Landfills

« Existing landfills should be surveyed to determine if they are
causing water quality problems. If so, appropriate corrective
steps should be taken,

Transfer of wastes into the Pinelands from outside should be
discouraged to limit the number and extent of required landfills
in order to protect the integrity of the Pinelands ecosystem.

Regional solid waste recycling ad disposal centers should be
established to handle waste from existing axd future development
in the Pinelands. The establishment of these centers should
coincide with anticipated growth. The current technology should
be used to ensure environmentally safe disposal ad reuse.
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2. Domestic Wastes

Steps should be taken to ensure proper location, design and main-
tenance of septic tanks, as well as the application of
innovative environmentally acceptable methods of septage
disposal. This would require regulations for septic tank
location and density and a system of regional management of
septic tanks.

Upgrade or eliminate point source discharges where they cause
significant stream degradation, e.g., Hammonton Creek.

Discourage mw point source discharges, especially above stream
segments requiring special protection.

Encourage strict enforcement of federal and state anti-degrada-
tion policies in the Pinelands.

Establish regulations to control dilution levels, axd degree of
treament, including nutrient removal and methods of disinfection
of any new, approved point source discharge.

Discourage large regional plants which transfer water out of
basins and that ney attract unplsnned devel cpment.

Encourage the use of innovative wastewater systems to ensure the
protection of groundwater. If found feasible, these generally
smaller systems would encourage development clustering, reduce
stream discharge, axd recharge groundwater.

Coordinate with the Office of Sludge Manegement and Industrial
Pretreatment, Nev Jersey Department of Environmental Protection,
to ensure that sewage sludge in the Pinelands is disposed of in
an environmental |y acceptable manner.

3. Industrial Wastes

Upgrade or eliminate industrial point source discharges where
they have been identified as causing significant water quality
degradation.

Coordinate with the Off ice of Sludge Management ad Industrial
Pretreatment to ensure that industrial wastes entering municipal
sawage treatment plants are controlled.
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Coordinate, with the Division of Water Resources, on their state-
wide survey of industrial lagoons to ascertain lagoon effects on
the water quality in the Pinelands.

Protection of Sensitive Geographic Areas

Concern:  The mgor findings illustrate the sensitivity of cranberry
bogs, pristine Pineland stream communities, lakes and impoundments to
changes in water quality ad %uantity. Bven if these areas are included
in state ad federal landholdings or within the Pinelands Preservation
Area, they will not be protected if land uses deleterious to water
quality are permitted upstream. The coastal bays which are the ultimate
receivers of Pineland drainage must also be protected.

Recommendations: Sensitive geographic areas can be protected by
applying the recommendations described below.

1 Areas upstream of cranberry bogs should be regulated by strict land
use controls. Ay use potentially raising pH, nutrients or sus-
pended solids should be restricted. S

2. Areas above impoundments (especially in the upper reaches of a
drainage basin) should be regulated to minimize levels of nutrients
and suspended solids.

3. Sections of drainage basins outside and upstream of federal or state
landholdings and the Pinelands Preservation Area should be carefully
: trict controls of bacterial contamination, pH, nutrients,

and suspended solids are most critical.

4. River swés_tem nutrient budgets should be developed which can be used
to establish nutrient limits for the protection of estuaries areas.

Suitability for Development

In addition to the previous three mgor issues ad their associated
recommendations, S0me general statements cen be mede on the suitability
of various Pinelands areas for development. The following sections
discuss areas that will be least impacted by development, areas where
development should be prohibited axd areas requiring careful management
in order to protect Pinelands water quality.

1. Areas where development will have the least impact an water quality

Lands draining to man stems of rivers (especially 4th and 5th
order streams)

24



Betz . Converse. Murdoch. Inc. TECH MEMO SV IV-1

Reason: River stretches with high average flows can Dbetter

assimilate wastes due to dilution and biological activity.

Soils with a significant clay content that will absorb pollut-
ants, but are still pervious enough to allow adequate recharge.
(The SS)I|S consultant can better identify the pertinent s0il
groups.

Reason: To reduce groundwater and surface water pollution,
development should be planned for areas with soils having the
greatest renovation capabilities. The small-sized, negatively-
charged clay particles best absorb pollutants such as phosphate,
metals and organic compounds. |f, however, the clay content of
a soil is too high, soil porosity will be reduced and overland
runoff during storm events will become a maor problem.

Lad with depth to seasonally high water table at least six feet
from the surtace

Reason:  The water table should be deep enough to allow adequate
drainage ad reduce overland runoff. A water table at least six
feet from the surface will limit problems for homes with base-
ments and/or septic fields. The Nsv Jers%\éNDEP Standards for the
Construction of Individual Sub-surface age Dispcsal Systems
state that the seasonally high water table should be at Ieast
four feet below the bed of the septic drainage field. The pipes
are usually laid two feet below the surface.

2. Areas which should be prohibited from development

Land with depth to seasonally high water table less than two feet
from the surface and in natural lowland or wetland vegetation

Reason: Areas containing natural lowland or wetland vegetation
should be protected due to their water quality renovation poten-
tial. The plants themselves axd the organically rich soils will
absorb mary pollutants before they enter the man stream systems.
If development is allowed in areas of high water table, pollut-
ants will enter the hydrologic system directly with m renova-
tion. Development types which would have the most deleterious
effects are high density residential axd commercial and indus-
trial with large areas of parking lots ad roads.

25
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[ )

All D hydrologic group soils and C hydrologic groups soils having
a_ direct hydrologic connection with Pinelands streams (see Tech-
nical Memorandum SW | for details)

Reason: These soils will have a high water table and a high run-

off potential. Pollutants will be transported to the stream
systems with little renovation.

3. Aress requiring strict land use management controls

Upland areas with sandy, inert soils

Reason: Ay pollutant entering these soils will reach the
groundwater “which is directly connected to surface water bodies

r%l_fi\tively unchanged. These soils have minima renovation
ability.

Four mitigative measures can be applied to ensure the integrity
of these areas:

a  Domegtic wastes must be sufficiently treated before it
is discharged

b.  Natural vegetation should be maximized; lawn mainte-
nance requiring liming and fertilization should be
discouraged

c.  Groundwater recharge of pollutant-free water should be
encouraged

d  Development types with anticipated high levels of
pollutants (parking 1ot runoff, high density develop-
ment, etc.) should be discouraged

Lands bordering wetland areas

Reason: These lands will probably contribute direct runoff to

the wetlands. Wetland areas provide waste renovation, improving

water quality. They are also sensitive to water quality changes
ad should be protected.

Four mitigative measures can be applied to control runoff and
protect wetland areas:

a.  Domestic wastes must be sufficiently treated
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b.  Stormwater runoff which has been routed through a
settling basin to adgguately reduce suspended solids
loads can be discharged to wetlands (if nutrient and
pH levels are approved)

c. Nutrients should be minimized and pH levels stabilized

d. Strict sediment control measures should be enforced

Potential Water Quality Management Alternatives

Four potential water quality management alternatives are discussed in

this section. All four alternatives should be used to preserve Pine-
lands water quality.

1

Acquisition of Critical Areas

This is the mog effective method of ensuring that water quality is
protected.

Zoning, Subdivision and Site Plan Ordinances

This alternative requires coordination amnong municipalities and
relies on standard land use management methods.

Performance Standards

Performance standards offer a effective management tool for spec-
ific pollution problems. Different performance standards can be
established for different basins of the Pinelands. Performance
standards can be based on kmown best management practices for non-
plnlt sgurces ad the particular soil and water conditions in the
inelands.

Follutant Allotment System

A pollutant allotment system is based an a drainage basin approach
to water quality management. |t assumes that one of the ultimate
ams of the Pinelands Plan is to protect water quality and ensure
water quality levels which will preserve sensitive areas. Instead
of protecting water quality on a site-by-site basis (as with per-
formance standards), the allotment system is based on a desired
water quality level at the bottom of a drainage basin ad requires
that only land uses and activities which will maintain water quality
at the desired level will be alowed in the drainage basin. The
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precedent for a pollutant allotment system is found in the offset
policy (trade-offs) used for air quality control, waste load alloca-
tions for point source discharges, and water rights legislation in
the western states.

Wae quality management districts should be established based m
watershed boundaries. The lower boundaries of a district can be
established by considering the sensitivity of downstream uses to
changes in water quality. For instance, one district could be
established upstream of cranberry bogs. Another district, with
slightly less stringent standards, would exist between the cranberry
bogs ad the receiving estuary.

Water quality standards would be set for each management district
based on the requirements ad critical 1imits of the downstream use
needing protection. Bassd o the literature, the pollution poten-
tial of land uses would be rated axd control techniques would be
rated for their ability to reduce pollutants. Additional pollutant
levels alowed in the district could be calculated by subtracting
existing pollutant levels from madmun levels specified in the
district standards. ©M rewv land uses would be alowed in a basin
(after application of the best control method) which would cause
the standard of the management district to be exceeded.

A simplified example of how a water quality management district
would function is described in the following paragraphs;
guestions would require answers before a feasible pollution allot-
ment plan could be established.

Asume that a watershed drains to an area devoted to cranberry pro-
duction. To protect the cranberry industry, nitrogen levels in the
water entering the gggs should be less than 1 mg/1, suspended solids
less that 10 mg/1, pH between 35 and 55. (Additional research
my be required to establish the actual standards.) The first step
would be to determine existing conditions in the watershed. Asume
that under average conditions, total nitrogen is 0.4 mg/1, suspended
solids are 5 mg/1 and median pH is 4.2. difference between the
established standards axdd the existing conditions can be allocated
to allow rmw land uses in the basin, i.e., land uses contributing
0.6 mg/1 of nitrogen would be allowed in the basin.

Asume that a landowner submits a development application to the
Pinelands Commission to build four houses in the management district
above the cranberry bog. H mus dow proof that the proposed
domestic waste disposal methods, use of fertilizer, ad stormwater
runoff will not contribute more than 0.6 mg/1 of total nitrogen to
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the system. The applicsnt can meet this 1imit by incorporating
appropriate control measures into his development plan or opt to
plan his subdivision in another management district which has less
strict standards (downstream of the cranberry bogs).

In drain;?e basins with minimal existing development, only a portion
of the allotment would be given to any particular development by
the Pinelands Commission. These percentages can be based on a Pine-
lands land use plan.

RECOMMENDATIONS FOR FUTURE SUDY

Based on the findings and conclusions of this study, BCM has identified
nine critical aspects of the Pinelands that should be considered for
future study.

1

Develop additional water quality indices ad refine existing index
(see Technical Memorandum SV 1V-4 for details)

« Toxins index

- Indices based on aquatic comminity requirements, water use, or
recreation requirements

Develop critical area ngp for water quality

« Mp cranberry production areas, state and federal landholdings
and Pinelands National Reserve areas

M watersheds of streams draining into these critical areas to
define those requiring strict land use controls

Conduct research on the water quality/cuantity needs of cranberries
and blueberries

Test and refine the regression analysis to allow water auality pre-
dictions o unmonitored streams (see Technical Meamoandum sWw IV-6).

Determine waste assimilative capabilities of small Tow flow streams
ad use as a basis for upstream development levels.
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10.

Develop pollutant allotment system

« Define management districts
« Develop standards

« Devdop water quality predictive models for the management
districts

« Determine pollution potential of Pinelands land uses

« Develop management plan

Conduct detailed study of key watersheds or suspected problem areas
- Localized impact of point axd nonpoint pollution sources

Renovation capability of wetland areas
. Analysis of pTlutant source management

Survey landfills, especially those in upper reaches of watersheds
- Site survey _

 Groundwater testing

« Surface water testing

Establish additional water quality monitoring stations (see Techni-
cal Memorandum SW |V-5 for recommendations)

Refer to the technical memorandums for additionai recommendations.
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TECHNCAL  MEMORANDUM SV 1V-2
SURFACE WATER USES

GENERAL

This technical nero discusses, by watershed, Nev Jersey Department of
Environmental Protection surface water classifications (NJDEP, 1979),
designated uses, and actual uses. The classifications and designated
uses referred to in this report are the proposed revisions to the exist-
ing standards and have not yet been adopted.

Data on existing uses are intended to address potable water supply,
cranberry and blueberry agriculture, fish and wildlife habitat mainte-
nance, primary contact secondary contact recreation and other sig-
nificant uses of Pinelands surface waters. Some of this information,
particularly concerning agriculture and habitat maintenance, has
reported in depth by other consultants to the Pinelands Commisson and
Is discussed briefly in this technical memarandum.

Only one municipal water department obtains water from Pinelands surface
water, the Atlantic City Weater Department. |ts source, Dougherty Pond,
Is partially located in the Absecon Creek Drainage B8asin. |t 1S pos-
sible that individual industries in the Pinelands have surface water
intakes, but such information has not been delineated for the Pinelands
(Webster, 1980). However, two users of surface water were identified
in the Oceen County Areawide Water Quality Management Plan (208):
Oyster Creek Power Plant (Forked River dralna%e sub-basin) and Tars
River Chemica Compay (Toms River drainage sub-basin).

Eighty percent of the cranberries produced in- Nav Jersey are harvested
in the Wading River drainage sub-basin. Production of the remaining
20% is divided evenly among the Batsto, Mullica, South Branch Rancocas,
and North Brank Rancocas sub-basins (Lee, 1979; Thompson, 1980). In
1977, 93% of the state's blueberries were produced in Burlington ad
Atlantic counties, which contained 92% of the state's harvested acres
(NJ Department of Agriculture, 1978). Forty percent of Nsv Jersey's
queSJerrles are produced in the Wading River drainage sub-basin (Lee,
1979).

Commercially important shellfish are found in the estuaries with the
furthest inland habitat being in the Mullica River east of the Garden
State Parkway. The estuaries from Barnegat Bay to Great B3ay are the
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major supplier of hard clams in Nsv Jersey, and upstream degradation
could adversely affect this industry. Commercidly important shellfish
in the study area include hard clams (all estuaries within the study
area), oysters (Mullica and Great Bay estuaries; some in Barnegat Bay
ad in Dedaware Bay beyond the mouth of the Maurice River), and blue
crab (all estuaries within the study area). Other commercially impor-
tant shellfish are soft clams (presence varies along the coast), blue
mussel (presence varies along the coast), and bay scallops (presence
varies in Little Egg Harbor and Barnegat Bay) (McCloy, 1980).

Anadromous fish, which migrate from the sea into brackish and fresh
water to spawn, travel up most of the tidal rivers within the study
area, although they rarely go wet of the Gaden State Parkway.
Species include alewife, blueback herring, white perch and, in the
Great Egg Harbor River and the Mullica River, striped bass (Figley,
1980). Freshwater fish in the Pinelands are discussed in the report of
another consultant.

There are four state forest and park campgrounds in the Pinelands.
Bass River Forest, located in the Bass River and Wadng River drainage
sub-basins, contains 178 trailer axd tent sites, 6 closed lean-tos,
flush toilets, hot showers, laundry, sewage dump station, fireplaces,
picnic tables, bathing, boating, fishing, hiking, children's playground,
nature area and snack bar. Belleplain Forest, located in the Dennis
Creek drainage basin, contains 93 trailer ad tent sites, 12 closed
lean-tos, flush toilets, hot showers, laundry, sewage dumping station,
fireplaces, picnic tables, bathing, boating, fishing, hiking, children's
playground, nature area and snack bar. Lebanon Forest, located in the
North Branch Rancocas River and Wading River drainage sub-basins, con-
tains 93 trailer and tent sites, flush toilets, hot showers, laundry,
sewage dumping station, fireplaces, picnic tables, bathing, and hiking.
Whaton Forest, located in the Wading River, Batsto River, Atsion-
Mechesactauxin Creeks, Nescochaque Creek and Mullica River drainage
sub-basins, contains 74 trailer ad tent sites, picnic tables, fire-
places, bathing, boating (motor boat launching ramp), canoeing (three
canoe rivers), fishing, hiking, children's playground, nature area and
historic Batsto Vill age (NDDEP, 1977).

In addition to these parks which accommodate overnight use, the Pine-
lands contain five state parks, forests and natural areas for day use.
These are Barnegat Lighthouse Park and Island Beech Park, across the
bay from the mouth of the Forked River; Hammonton Lake Natural Area, in
the Hammonton Creek drainage sub-basin; North Brigantine Natural Ares,
bdow the mouth of the Mullica River; and Pan Forest, in the Wading
River drainage sub-basin (NJDEP, 1977).
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Seventeen Wildlife Management Areas are located in the Pinelands.
Activities in these areas primarily involve hunting and fishing. The
Wildlife Management Areas are Beaver Swarp, Dennis Creek and Heisler-
villo, in the Dennis Creek drainage sub-basin; Colliers Mills,
Manchester axd Whiting, in the Toms River drainage sub-basin;, Port
Republic and Sven Bay, in the Mullica River drainage sub-basin; Great
Bay Boulevard, bdow the mouth of the Mullica River; Greenwood Forest,
in the Cedar Creek, Wading River and North Branch Rancocas River drain-
age sub-basins;, Manahawkin, north of the mouth of Mill Creek; Mamora
below the mouth of the Great Egg Harbor River; Pasadena, in the North
Branch Rancocas River drainage sub-basin: Peaslee, in the Manumuskin
Creek, Lova Maurice River Tuckahoe River drainage sub-basins; Staf-
ford Forge, in the Wesecunk Creek drainage sub-basin; Lester G.
MacNamara, in the Great Egg Harbor River (lower) and Tuckahoe River
drainage sub-basins; and Winslow, in the Great Egg Harbor River (upper)
drainage sub-basin (NIDEP, 1977).)

The designated uses for the proposed classifications (NJDEP, 1979) of
Pinelands waters are:

Fi-1

Fresh waters, including rivers, streams, lakes or other bodies
of water which, because of their clarity, color, scenic set-
ting, or other characteristic of aesthetic value or unique
special interest, have been designated by authorized state
agencies in conformance with lawvs pertaining to the use of
private lands, to be set aside for posterity to represent the
natural aquatic environment and its associated biota.

FW-2 Trout Y aintenance, FW-2 Non-Trout

Fresh surface waters, including fresh tidal waters, approved
as sources of public water supply. These waters shall be suit-
able for public potable water supply after such treatment as
shall be regquired by law or regulation.

These waters shall also be suitable for the maintenance, migra-
tion and propagation of the natural and established biota; and
for primary contact recreation; industrial ax agricultural
water supply ad awy other reasonable uses.

FW-Central Pine Barrens

These waters shall be suitable for cranberry bog water supply
ad other agricultural uses; the maintenance, migration and
propagation of the natural established biota indigenous to
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this unique ecological system; public potable water supply
after such treatment as shall be reauired by law or regulation;
swimming; and other reasonable uses.

RNLove Mullica and Wading Rivers = Central Pine Barrens

These waters shall be suitable for cranberry bog water supply
and other agricultural uses; the maintenance, migration and
propagation of the natural established biota indigenous to
this unique ecological system; public potable water supply
after such treatment as shall be required by lav or regulation;
swimming; axd other reasonable uses.

TW-1

These waters shall be suitable for shellfish harvesting where
permitted.

These waters shall also be suitable for the maintenance, migra-
tion and propagation of the natural and established biota; and
for primary contact recreation; industrial and agricultural
water supply and any other reasonable uses.

Table 1 and Figure 1 dow the proposed classification of Pinelands sur-

face waters. Subseguent pages summarize the water classifications ad
actual uses in each drainage sub-basin.

SUMMARY OF WATER CLASIHCATIONS AND ACTUAL USES
N EACH DRANACE SUBBASN

SBBAIN 1.1 TOMS RVER
NDEP Classification: FW-Centrd Pine Barrens

« Davenport Branch and tributaries upstream from Route 530
- Umamad tributary to Michaels Branch through Keswick Grove ad

tributaries upstream from the east crossing of the Pen Central
Railroad to source

NJDEP Classification: PW-2 Trout Maintenance

- Toms River and tributaries from Route 528 bridge downstream to
Route 547 bridge in Whitesville
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TABLE 1

PROPOSED SURFACE WATER CLASSIFICATIONS

TECH MEMO SW IV-2

Classificaticn*

Watershed Drainage Sub-basins (1) {2) (5) (4) (3) (9)
Tars River Tars River - < - X -
Rancocas River Rancncas North Branch - - 4 -
Rancocas South Branch - - - X -
Cedar Creek Cedar Creek X - - )4 -
Forked River Forked River - - - ) - X
Oyster Cresk - - - X - X
Mill Cresk - - - X - X
Westecunk Creek - - - X - X
Mullica River Bass River X - - X - X
Wadng River X - - b4 X X
Batsto River X - - X -
Atsion-Mechesactauxin Creeks - B - b4
Nescochaaue Creek X - - X
Hammonton Creek - - - X - -
Mullica River X - - X b g X
Great Egg Harbor River  Grest Egg Harbor River (Upper) - - X .
Great Egg Harbor River (Lower) X - - - X
Maurice River Manumuskin Creek X - X
Lova Maurice X - -
Absecon Creek Abseccn Creek - - X - - X
Tuckahoe River Tuckahoe River - - b - - X
Dennis Creek Dennis Creek X X - - ”
Patcong Creek Patcong Creek - X %
*_ egend
1 FuW-1
2) FW-2 Trout Maintenance
3) FW-2 Non-Trout
4) PW-Cettrd Pine Sarrens ) ]
5) PWComer Mullica and Wading Rivers-Central Pine Sarrens
(6) TwW-1
burce: New Jersey Department of Environmental Pratection, 1979
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1 FW-Cantral Pine Barrens
2 FW-Lower Mullica & Wadding
Rivers -Cantral Pine Barrens
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Q 4 FW-2
N 5 TW-1
= Pinelands National Reserve
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Source: NJDEP, 1979

Figure 1. PROPOSED CLASSIFICATIONS
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Actual Uses

L. ﬁglhliir?és(g/lélgrsti\é\r/]iIfléigelalgﬂsm_%rea - hunting, freshwater
2. Manchester Wildlife Management Area - hunting

3. Whiting Wildlife Manegement Area - hunting

NDEP Classification: TW1

Eastern portion of sub-basin not within other classifications
(as viewed o the official surface water proposed classification
n'\w/?[f located in the offices of the Division of Waer Resources,

Actua Us

1

Tars River Chemica Compay - withdrawal and discharge

JUBBAIN 2.1 RANCOCAS CREEK NORTH BRANCH

NDEP Classification: FW1

Deer Park Branch and tributaries near Buckingham downstream to
its confluence with Pole Bridge Branch

Tributaries to the South Branch of Mout Misery Brook situated
who1ly within Lebanon State Forest boundaries*

Cooper Branch and tributaries downstream to Pakim Pond, and
tributaries to Cooper Branch downstream of P&kim Pond situated
wholly within the boundaries of Lebaon State Forest*

Shinns Branch and tributaries situated wholly within the Lebanon
State Forest boundaries*

Jade Run situated within the Lebanon State Forest boundaries*

McDonalds Branch and tributaries situated within the Lebanon
State Forest boundaries*

The two easterly branches of the South Branch of Mt Misery
8rook situated wholly within the Pasadena Tract boundaries*

*  Potable water supply



getz. Converse. Murdoch - Inc. TECH MEMO SW 1V-2

Actual Uses

1  Lebanon Forest (also in the Wading River drainage sub-basin) -
93 trailer ad tent sites, flush toilets, hot showers, laundry,
sawage dumping station, fireplaces, picnic tables, bathing and
hiking (a portion is classified FW-Centrd Pine Barrens)

2. Greewood Forest Wildlife Management Area (also in the Cedar
Creek and Wading River drainage sub-basins) = hunting, fresh-
water fishing (a portion is classified FW-Central Pine Barrens)

3. Pasadena Wildlife Managemet Area - hunting

NDEP Classification: FW-Centrd Pine Barrens

« Greenwood Branch and tributaries within the boundaries of Green-
wood Rancocas Reserve and Lebanon State Forest

« Tributaries to Country Lake, Mirror Lake and Hanover Lake within
the boundaries of the Whitesbog Fish and Wildlife Management Area
and Lebanon State Forest

« Mt. Misery Brook and tributaries upstream of the western inter-
section of the Lebanon State Forest boundary at Mt. Misery,
except those designated FW-1

« Tributaries to Pole Bridge Branch upstream of the Pamn Central
Railroad

SBBAIN 2.2 RANCOCAS CREEK SOUTH BRANCH

NJDEP Classification: PFW-Centrd Pine Barrens

« South Branch Rancocas Creek and tributaries upstream from Route
206 to source, except those designated FiW-1

« Jade Run and tributaries upstream from Route 206, except those
designated fi-1
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SBBAIN 3.1 CEDAR CREEK
NDEP Classification: FW-1

« Wdis Mill 8ranch and tributaries situated wholly within the
Greerwood Forest Track boundaries; Chamberlain's Branch and five
tributaries originating in and situated wholly within the Green-
wood Forest Tract boundaries upstream from the blueberry farm
exception; also other tributaries to Chamberlain's Branch situ-
ated wholly within the Greenwood Forest Tract boundaries

Actua Yse

1.  Greewood Forest Wildlife Management Area (also in Wading River
and North Branch Rancocas River drainage sub-basins) - hunting,

freshwater fishing (a portion is classified as FW-Centrd Pine
Barrens)

NDEP Classification: FW-Central Pine Barrens

. Cedar Cresk (Lacey Township) and tributaries upstream of Route 9
(head of tide) surrounded by the northern ridgeline; and the
southern ridgeline west of the Garden State Pztkway and the
southern ridgeline (between the Gaden State Pakway and Route
9) as defined by Lacey Road, Manchester Avenue, and Haines Road)

NDEP Classification: TW-1

« All other tidal waters of the Plain downstream from the head of
tide to surf waters except those designated PN-onve Mullica and
Wading Rivers - Central Pine Barrens

SBBAIN 4.1 FORKED RVER
NDEP Classification: FW-Centrd Pine Barrens

« All fresh waters west of the Gaden State Parkway bounded by the
Mullica River and Cedar Creek (Lacey Township) watersheds,
except those designated FW-1

NDEP Classification: Tw-1

« A1l other tidal waters of the Plain downstream from the head of
tide to surf waters except those designated PWHLomva Mullica and
Wading Rivers - Central Pine Sarrens
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Actua Uses

1  Barnegat Lighthouse Park (day use) across bay from river's
mouth - picnicking, bathing, fishing

2. Island Besch Park (day use) across bay from river's mouth -
picnicking, bathing, fishing, nature trails

JUBBAIN 4.2 OYSTER CREEK

NDEP Classification: PFW-Centrd Pine Barrens

« All fresh waters west of the Gaden State Pakway
NDEP Classification: Tw-1

- All other tidal waters of the Plain downstream from the head of
tide to surf waters except those designated RWLove Mullica ad
Wading Rivers - Central Pine Barrens

Actual Use
1. Oyster Creek Pover Plant (withdrawal)

3UBBAIN 4.3 MILL CREEK

NDEP Classification: FW-Centrd Pine Barrens
« Al fresh waters west of the Gaden State Parkway
NJDEP Classification: TwW-1

- All other tidal waters of the Plain downstream from the head cf
tide to surf waters except those designated FVHLovg Mullica and
Wading Rivers - Central Pine Barrens

Actua Us

1 Manahawkin Wildlife Management Area (north of the mouth of Mill
Creek) - hunting, saltwater fishing

10
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JUBBASN 4.4 WESTECUNK CREEK

NJDEP Classification: FW-Centrd Pine Barrens
o Al fresh waters west of the Garden State Parkway
Actual Use

1 Stafford Forge Wildlife Management Area - hunting, freshwater
fishing (a portion is classified TW-1)

NDEP Classification: TW-1
A1l other tidal waters of the Plain downstream from the head of

tide to surf waters except those designated PN-Hova Mullica and
Wading Rivers = Central Pine Barrens

9BBAIN 5.1 BASS RIVER
NDEP Classification: FW-1

Tommy's Branch from its headwaters downstream to Bass River
State Forest Recreation Area service road

« Falkenburg Branch of Lake Absegami from its headwaters doan-
stream to the lake

NJDEP Classification: FW-Centrd Pine Barrens

All surfece waters within that portion of Bass River State
Forest, located an the Nsv Gretna and Osvey Lake USGS Quad-
rangle Mass wnich is uninterrupted by private lands and conti-
uous to the lves Branch and Bartletts Branch watersheds lying
oth north and south of Stage Road

- Wet Branch Bass River and tributaries upstream from the 3ass
River State Forest boundary (where it crosses the Wet Branch

Ewae? River, downstream of Stage Road), except those designated

East Branch Bass River and tributaries upstream from the Bass

River State Forest boundary (where it crosses the East Branch
Bass River, downstream of Stage Road), except those designated
FiW-1
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That portion located on the Nsv Gretna and Osvegp Lake USSS Quad-
rangle Mags which is uninterrupted by private lands ad contig-
uous to ad lying to the southeast of the Garden State Parkway

Actuad Us

1

Bass River Forest (also in Wadng River drainage sub-basin) -
178 trailer ad tent sites, 6 closed lean-tos, flush toilets,
hot showers, laundry, sewage dump station, fireplaces, picnic
tables, bathing, boating, fishing, hiking, children's play-
grOlfr)ld, nature area and snack bar (a portion is classified
TW-

NDEP Classif ication: TwW-1

All other tidal waters of the Plain downstream from the head of
tide to surf waters except those designated PANLove Mullica ad
Wading Rivers = Central Pine Barrens

SUBBAIN 5.2 WADNG RVERR

NDEP Classification: PFW-1

Westerly tributary to the Howardsville Cranberry Bay Reservoir
ad tributaries situated wholly within the Greenwood Forest
Tract boundaries

Tulpehocken Creek and tributaries from its origin downstream to
its confluence with Featherbed 8ranch

The westerly tributaries to Tulpehocken Creek and those natural
gonds within the lands bounded by Hawkins Road, Hampion Gate

oad, and Sandy Ridge Roed

Actual Uses

1

Lebanon Forest (also in the North Branch Rancocas River drain-
age sub-basin) - 93 trailer ad tent sites, flush toilets, hot
showers, laundry, sewage dump station, fireplaces, picnic
tables, bathing, axd hiking (a portion is classified FW-Centra
Pine Barrens)

Greawood Forest Wildlife Management Area (also in the Cedar
Creek and North Branch Rancocas River drainage sub-basins) -
hunting, freshwater fishing (a portion is classified FW-Central
Pine Barrens)
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NJDEP Classification': FW-Centrd Pine Barrens

Wading River and tributaries upstream from Charcoal Landing,
Burlington County (head of tide), except those designated FW-1

a. Freshwater ments of tributaries to the Wading River
between head of tide and Route 542 bridge

b. Freshwater segment of Ives Branch and its tributaries from
the 10-foot contour

All surface waters within the Whaton Tract State Forest

All surface waters within the following portions of the Bass
River State Forest:

a. That portion located on the Nsv Gretna and Osmvego Lake USGS
Quadrangle Mas which is uninterrupted by private lands and
contiguous to the lves Branch and Bartletts Branch watersheds
lying both north and south of Stage Roed

b. That portion located on the Nsv Gretna USGS Quadrangle Mgp
which is uninterrupted by private lands and contiguous to and
lying to the south of Stage Roed

All fresh waters west of the Garden State Parkway bounded by the
Mullica and Cedar Creek watersheds, except those designated FW-1

Actua Usss

1

The Wading River Basin produces 80%of the cranberries harvest-
ed in Nev Jersey. |t produces 40%of Nsv Jersey's blueberries
(Stephen Lee grower) (a portion is classified PNLonve Mullica
and Wading Rivers - Central Pine Barrens)

Bass River Forest (also in the Bass River drainage sub-basin)
= 178 trailer and tent sites, 6 closed lean-tos, flush toilets,
hot showers, laundry, sewage dump station, fireplaces, picnic
tables, bathing, boating, fishing, hiking, children's play-
grOllJr)1d, nature area and snack bar (a portion is classified
TW~

Whaton Forest (also in the Batsto River, Atsion-Mechesactauxin
Creeks, WNescochaque Creek and Mullica River drainage sub-
basins) = 74 trailer and tent sites, fireplaces, picnic tables,
bathing, boating (motor boat launching ramp), canoeing (thres
canoe rivers), fishing, hiking, children's playground, nature
area and historic Batsto Village.

13
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4. Pan Forest (day use) - picnicking, small boat launch, fishing,
hiking, bridle paths, hunting

NJDEP Classification: FW-Lower Mullica and Wading Rivers = Central Pine
Barrens

- Waling River and tidal portions of its tributaries, from head of
tide to Route 542 Bridge

NJDEP Classification: Tw-1

« All tidal waters of the Plain downstream from the head of tide

to surf waters except those designated PNLova Mullica and
Wading Rivers

JUBBAIN 5.3 BATSTO RVER

NJDEP Classification: FW-1

Depp Run and tributaries from its headwaters downstream to
Springer's Brook

« Skit Branch and tributaries from its headwaters downstream to
confluence with Robert's Branch

. Brooks and tributaries to Batsto River between and immediately
to the west of Tylertown and Crowleytown from its headwaters
downstream to the head of tide at men high water

« The easterly branches of the Batsto River from Batsto Village
upstream to the confluence of Skits Branch

NJDEP Classification: FW-Centrd Pine Barrens
« All surface waters within the Whaton Tract State Forest
Actua Us

1. Whaton Forest (also in the Wading River, Atsion-Mechesactauxin
Creeks, Nescochague Creek and Mullica River drainage sub-
basins) = 74 trailer and tent sites, fireplaces, picnic tables,
bathing, boating (motor boat Iaunch_inO(]; ramp), canoeing (three
canoe rivers), fishing, hiking, children's playground, nature
area ad historic Batsto Village
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JUBBASN 54 ATIONMMEHESACTAUXIN CREEKS

NDEP Classif ication: FW-Central Pine Barrens

« All surface waters within the Whaton Tract State Forest
Actua Us

I. Whaton Forest (also in the Wading River, Batsto River, Nesco-
chague Creek ad Mullica River drainage sub-basins) - 74
trailer and tent sites, fireplaces, picnic tables, bathing,
boating (motor boat Taunching ramp), canoeing (three canoe

rivers), fishing, hiking, children's playground, nature area
and historic Batsto Village

SBBAIN 55 NESCOCHAQUE CREEK
NDEP Classification: FW-1

Gun Branch from its headwaters downstream to U.S. Route 206
NDEP Classification: FW-Centrd Pine Barrens

o« All surface waters within the Whaton Tract State Forest
Actua Use

i.  Whaton Forest (also in the Wading River, Batsto River, Atsion-
Mechesactauxin Creeks ad Mullica River drainage sub-basins) -
74 trailer and tent sites,. fireplaces, picnic tables, bathing,
boating (motor boat launching ramp), canoeing (three canoe

rivers), fishing, hiking, children's playground, nature area
and historic Batsto Village

JUBBASN 5.6  HAMMONTON CREEK

NDEP Classification: FW-Centrd Pine Barrens

- Mullica River and tributaries upstream from Seventh Avenue,

Sweetwater, Atlantic County (head of tide), except those desig-
nated FW-1

Actua Use

1 Hammonton Lake Natural Area (day use) - hiking
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9BBAIN 57 MULCA RVER
NDEP Classification: FW-

« Stream in the southeasterly corner of the Whaton Tract lying

between Ridge Roed and Seaf Weeks Roed cdown to the Wharton Tract
State Forest boundaries

NDEP Classification: PW-Centrd Pine Barrens

Mullica River and tributaries upstream from Seventh Avenue,

Sweetwater, Atlantic County (head of tide), except those desig-
nated FW-1

Freshwater segments of tributaries to the Mullica River between
head of tide axd Lower Bak Roed Bridge at Lower Bank, except
those designated FW-1

Ig(ilian Cabin Creek and tributaries upstream from Egg Harbor City
Lake

« A1l surface waters within the Whaton Tract State Forest
boundaries

Actua Us

L Wharton Forest (also in the Wading River, Batsto River, Atsion-
Mechesactauxin  Creeks and Nescochaque Creek drainage sub-
basins) = 74 trailer and tent sites, fireplaces, picnic tables,
bathing, boating (motor boat taunching ramp), canoeing (three

canoe rivers), fishing, hiking, children's playground, nature
area ad historic Batsto Village

NDEP Classification: PNLome Mullica and Weding Rivers = Central Pine
Barrens

Mullica River and tidal portions of its tributaries, from head
of tide to Lowa Bak Bridge at Lowa Bak

NDEP d assif ication: TW-1

All tidal waters situated wholly within Port Republic Fish and
Wildlife Management Area

+ All tidal waters situated wholly within Brigantine. Wildlife
Refuge
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« All other tidal waters of the Plain downstream from the head of
tide to surf waters exc%qt those designated RNVHLoma Mullica ad
Wading Rivers - Central Pine Barrens

Actual Use

1 North 8rigantine Natural Area (day use) (below the mouth of the
Mullica River) = fishing, hiking

2. Port Republic Wildlife Management Area - saltwater fishing

3. Svan By Wildlife Management Area - saltwater fishing, car-top
boats

4. Great Bay Boulevard Wildlife Management Area (below the mouth
of the Mullica River) = hunting, saltwater fishing

SJBBAIN 6.1 GREAT EGG HARBOR RIYER (UPPER)
NDEP Classification: PFN-2 Non-Trout

+ Upstream from head of tide of all freshwater basin tributaries to
mainstem, Delaware River, south of Big Timber Creek to Cape May
County

Actual Use
1  Winslow Wildlife Management Area - hunting, freshwater fishing

SBBAIN 6.2 GREAT EGG HARBOR RIVER (LOWER)
NDEP Classification: FW1

o Hawkin's Creek and the next adjacent tributary to the Great Egg
Harbor River lying to the north from their origin downstream to
where the influence of impounding occurs

NDEP Classification: TW-1
All other tidal waters of the Plain downstream from the head of

tide to surf waters excerg)_t those designated FWHove Mullica and
Wading Rivers = Central Pine Barrens

17
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Actual Usss

1.  Mamoa Wildlife Management Area (below the mouth of the Great
Egg Harbor River) = hunting, saltwater fishing

2. Lester G. MacNamara (also in the Tuckahoe River drainage sub-
basin) = hunting, freshwater fishing, saltwater fishing, boat
launc

SBBAIN 7.1 MANLMUBKN CREEK
NDEP Classification: FW-1

« Cedar Branch of the Mawmukin River from its origin to the
Peaslee Track boundaries

Actua Us

|. Peaslee Wildlife Management Area (also in the Lower "Maurice
River and Tuckahoe River drainage sub-basins) = hunting, fresh-
water fishing (a portion is classified PAR Non-Trout)

NDEP Classification: PBRA2 Non-Trout
« Upstream from head of tide of all freshwater basin tributaries to

man stem, Delaware River, south of Big Timber Creek to Cape My
County

SBBAIN 7.2 LOWER MALURCE RIVER
NDEP Classification: FW-1

« That tributary to the Branch of Little East Run having its con-
fluence just south of Stan%or Avenue first and second easterly
tributaries to Little East Run north of Acadamy Aveue

« Middle Branch of Muskee Creek from its origin to the Peaslee
Tract boundaries

« Those portions of tributaries to Slab Branch situated wholly
within the Peaslee Fish axd Same Tract boundaries
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Actual Use
|. Peaslee Wildlife Management Area (also in the Manumuskin Creek
and Tuckahoe River drainage sub-basins) = hunting and fresh-
water fishing (a portion is classified FA2 Non-Trout)
NDEP Classification: BAM2 Non-Trout
« Upstream from head of tide of all freshwater basin tributaries to
man stem, Delaware River, south of Big Timber Creek to Cape My
County
SUBBASN 8.1 ABFIN CREEK

NDEP Classification: FW-2 Non-Trout

« Absecon Creek and tributaries upstream from Atlantic City Reser-
voir Dam in the City of Absecon*

*  Potable water supply
Actua Use

1  Dougherty Pond provides water for the Atlantic City Water
Department.

NDEP Classification: TW-1
« A1l other tidal waters of the Plain downstream from the head of
tide to surf waters except those designated FW-Lower Mullica and
Wading Rivers = Central Pine Barrens
9BBAIN 9.1 TUCKAHOE RVER
NDEP Classification: PBA2 Non-Trout

« All streams in Cgpe My County upstream from head of tide or
tidal barriers thereon*

o Upstream from head of tide of all freshwater basin tributaries
to man stem, Delaware River, south of B8ig Timber Creek to Cape

My County
*  Potable water supply
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Actua Us

1 Peaslee Wildlife Managemeat Area (also in the Manumuskin Creek
and Lowver Maurice River drainage sub-basins) = hunting, fresh-
water fishing (a portion is classified FW-1)

NDEP Classification: TW\A
« All other tidal waters of the Plain downstream from the head of
tide to surf waters except those designated RN-Honve Mullica and
Wading Rivers - Central Pine Barrens

Actua Us

1. Lester G MacNamara (also in the Lowa Great Egg Harbor River
drainage sub-basinz] - hunting, freshwater fishing, saltwater
fishing, boat launc

SUBBASN 10.1 DENNIS CREEK

NDEP Classification: FW-1

« The portion of that tributary to Wet Creek originating about
0.9 miles southeast from Hoffman's Mill and situated wholly with-
in the Belleplain State Forest boundaries

« Eastern Branch of the easterly tributary to Pickle Factory Pond
from its origin to its confluence with the western branch

« Those tributaries to West Creek which originate approximately
0.5 miles upstream of Hoffman's Mill and which are located
wholly within the Belleplain State Forest boundaries

All tributaries to Lake Nummi from their origin downstream to
Lake Nummi

« Those wo tributaries to Savages Run and portions thereof down-
stream of Lake Nummi that are situated wholly within the Belle-
plain State Forest boundaries

« A stream and tributaries thereto originating just south of East
Creek Mill Road, NNE of Eldora 1.2+ miles and situated wholly
within the Belleplain State Forest boundaries
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Actua Uses

1  Belleplain Forest = 93 trailer and tent sites, 12 closed lean-
tos, flush toilets, hot showers, laundry, sewage dumping
station, fireplaces, picnic tables, bathing, boating, fishing,
hiking, children's playground, nature area and snack bar.

2. Dennis Creek Wildlife Managemett Area - hunting, saltwater
fishing, boat launch

MDEP Classification: FW-2 Non-Trout

. All streams in Cgoe My County upstream from the head or' tide or
tidal barriers thereon*

*  Potable water supply

Actual Us
1 fBe?]\(er Snvarp Wildlife Management Area - hunting, freshwater
ishing

NDEP dassification: TW1

Eastern portion of sub-basin not within other classifications (as
viewed on the official surface water proposed classification nmg
located in the offices of the Division of Wae Resources, NDEP

Actual Use
L. ?giﬁ]ervﬂ]e Wildlife Manegemet Area = hunting, saltwater
ishing

SUB-BASIN 11.1 PATCONG CREEK

NDEP Classification: FW-2 Non-Trout

« All other freshwater basins o portions thereof in the Coastal

Plain upstream from head of saline influence except those desig-
nated FW-1, FW-Centra Pine Barrens, and FW-2 Trout Maintenance

NDEP Classification: TW-1

All other tidal waters of the Plain downstream from the head of
tide to surf waters except those designated FPW-tower Mullica and
Wading Rivers - Central Pine Barrens
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CRITERIA AND NEEDS FOR WATER USES

INTRCDUCTION

This technical memorandum discusses the water quality and quantity
requirements for major activities and user groups associated with the
surface waters of the Pinelands. The majority of the study time wes
expended in evaluating the water needs of cranberry and blaeberry culti-
vation because of their economic importance and their unigque relation-
ship with the core area of the Pinelands. The water quality require-
ments of the aquatic communities of the Pinelands streams and the estu-
aries downstream were also included in the examination, as were the
needs of the cedar snvarp community.

There is a lack of available research data concerning many of these
topics. The unique environment of the Pinelands makes it difficult to
apply data from other areas to the region under study. Information was
obtained by personal interviews axd by accessing previously accumulated
data. The following text, therefore, incorporates a mixture of opinion,
gyﬁothesis, and research. The need for farther field study is evident,

though some of the topics are covered in greater detail in the reports
of other consultants.

AGRI CULTURE

Cranberry Cultivation

Genera : Cranberries have been cultivated in the Pinelands for
generations. The earliest efforts to cultivate Vaccinium macrocarpon
were mete in 1825 (McCormick, 1972). This perennial, evergreen heath
thrives in sandy, e‘aeaty soils with pH values from 3.5 to 4.7. It also
requires a wet, well -drained soil axd a water table located close to the
surface (Marucci, 1972). This makes it suitable for cultivation in an
environment like the Pinelands, of which it is a native.

Cranberries are cultivated commercially in low-lying bogs which are
supplied with water via a ditch ad floodgates or by a spray system.
Large quantities of water are required, large areas are maintained
as reservoirs or kept in their natural state to ensure an adequate water
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supply. A 10-acre:l-acre ratio is often cited as the requirement of
land held for water supply purposes ad land in production. One-tenth
of the land held for water supply purposes is usually reservoirs and the
rest is maintained as undeveloped lowland and forested upland (McCor-
mick, 1972). These ratios, however, are only guidelines and vary with
the hydrology of a particular area (Haines and Haines, 1979).

V. macrocarpon cultivation methods are more compatible with the sur-
rounding environment than are other forms of agriculture. Fertilization
levels are low, roughly a total of 200 Ibs. per acre of 10-10-10 ferti-
lizer applied in two broadcast applications, one in early spring ad
one after harvest. Over-fertilizatian favors vegetative growth ad
decreases berry yields. Insecticides (primarily Guthion and Parathion),
herbicides (especially Casoron, Eevital, ad Dalopon), and fungicides
(commonly Febam and Difolitan) are used; however, the applications must
be carefully controlled so as not to adversely affect production
(Marucci, 1979, Haines and Haines, 1979; Thompson, 1980). Such treat-
ments are required because Nev Jersey is near the southern limit of V.
macrocar%on. The wamer climate ad longer growing season enhance weed,
insect, fungal disease problems. The application of these chemicals
is, to_a extent, self-regulating because improper use will decrease
plroduc_tlon”w affecting bee pollination or by being deleterious to the
plant itself.

All of Nev Jersey's cranberry production is located in the Pinelands.
Muh of it (roughly 80%or more) is found in the Weding River watershed
(Lee, 1979; Thompson, 1980), which is one of the more pristine areas in
the study region. Because this area is typified by high water qualltg,
the bog type cultivation of cranberries has apﬁarentl not degraded the
surface waters. This is also indicated by the of Gr%/ (1972),
Deubert (undated), Konred ad Bryans (1974), ad EK (1_973. These
studies were done in different areas ad varied in their degree of
rigorousness; however, their findings corroborate, at least with respect
to nutrients, the contention that cranberry culture does not adversely
affect water quality downstream.

Waer Quantity Requirementss Waer is used for a number of
PUrpOoSEeS:

1. lrrigation
2. Frost protection in the spring ad fall

3.  Winterkill protection, i.e., winter flood (late December
to May)
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4. Insect and wesd control
5  Harvest (mid-September to m d-October)

The specific water quantity required to produce cranberries will vary
with location and year. Soil type, bog shape, bog size, frost severity,
frost frequency, evaporation rate, transpiration rate, and other factors
will cause this variation. Methods of irrigation (spray vs. ditch) ad
the extent in which they are employed also contribute to the
differences.

N reliable data were obtained on the specific water aquantities re-
quired.  McCormick (1972) cites a figure of 300,000 gal. eacre-l.year-1
for irrigation ad frost protection, but its validity is unknown. The
lack of data stems from the employment of a variety of water supply
types (i.e., wells, surface reservoirs, streams, etc.) and an attitude
by growers which focuses an availability rather than consumption rates.
The growers are only concerned that they have sufficient water stocks.
They are not particularly interested in quantifyin%; its use. In rela-
tive terms, Thompson (1980) indicated that winter flood represented the
single largest water requirement, but that harvest was the mog inten-
sive use. Cognizant of the annual variation which can occur, he roughly
estimated for one of his bog systems a need for water in frost protec-
tion during three 1- to 3-day periods in the spring axd four 3- to 5-day
periods between August and harvest. Additional data sources include the
New Jersey Wae Policy and Supply Council and Pinelands Commissioner

Ton Dslington wo wuses spray irrigation systems for cranberry
cultivation.

Water Quality Reauirements. There is again a lack of numerical data
on the specific water quality reauirements needed for V. macrocarpon
production. Nae of the people interviewed were aware of “any work being
done in this field. It Is, however, possible to indicate some factors
which are considered important.

Cranberries require a high quality water. The pH of the water is crit-
ical. Applications of 1ime axd other activities which lead to pH shifts
have been associated with decreased production (Thompson, 1980) or death
of the plants (Lipman, 1980). Cranberries, unlike other crop plants,
ctn tolerate and prefer acidic conditions. ppH less than 6.5 is re-
quired; H less than 55 is preferrad (Esser, 1980). Apparently, this
stems from an increased tolerance to iron, aluminum and manganese which
solubilize under acid conditions (Medgppa and Dana, 1970). Nutrients
such as nitrogen in the form of ammonium (Greidanus et al, 1972) axd
phosphorus (Greidanus and Dana, 1972) are also required. Nitrate
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(NO3-N) needs to be less than 10 mg/1 (Esser, 1980). Whether these
nutrients are received ly fertilization or via stream input is not
critical; however, the level will determine if vegetative growth is
favored. Such growth at the expense of berry production is undesirable
from the grower's viewpoint, and it is muh easier to compensate nutri-
ent levels if the natural background levels are low initially. Nitrate
control, however, is not as critical in areas above bogs where spray
irrigation, rather than flooding, is used for management. High sediment
load can also be a problem for cranberry plants because rotting can
result (Thompson, 1980).

Blueberry Cultivation

General: The growing of high-bush blueberries began in 1916 in Nev
Jersey, and the industry has grown to the ,ooint where the annual gross
value of the Nev Jersey crop is 8 to 14 million .dollars. Developed from
the indigenous Vaccinium australe and V. corymbosum, the current varie-
ties used commercially are (1) Bluecrop, 32; Weymouth, and (3) Jersey
(A%)Iegate et al.> 1979; Marucci, 1979). Blueberries do best on dry,
sandy, high organic, acid soils and have a cold requirement of 650 to
850 hours beow 45°F, They are subject to both frost and drought

Optimum growth is at a pH between 4.3 and 4.8 and a water table
18 to 24 inches beow the surface. The soil must be well aerated and
capable of rapidly removing any standing water or precipitation (Kenaer
and Brightwell, 1966).

Blueberries require more fertilization than cranberry plants. In Nsv
Jersey, gplication rates are 300 1bs. sacres-l.year-! of 10-10-10
fertilizer. The blueberry plants are strip-fertilized in early and
late spring, and depending on rainfall levels, a fall dressing ney be
applied. The pesticides currently used include (Marucci, 1973; Haines
and Haines, 1979; Lee, 1979):

1. Insecticides: Guthion, Malathion, and Parathion
2. Fungicides: Difol itan and Captan

3. Herbicides: Casoron, Kamex, Sinbar, ax Paraguat
4. Dormant sprays. superior oil and lime sulfur

As in the case of the cranberry plants, the application of these chem-
icals is to an extent self-regulating because improper use will decrease
production by affecting bee pollination or by being deleterious to the
plant itself.

Water Quantity Reauirements: Ballinger (1966) indicates irrigation
should be frequent enough to prevent soil dessication and that the water

should be in sufficient-quantity to penetrate to the bottom of the root
zone but no further. The rate of application should not be faster than
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the rate of absorption ly the soil. Soil composition will affect the
requirement for water as will soil structure, evapotranspiration, and
other factors.

No data were found on the requirement for water in volumetric terms.
Alderfer (unpublished) described a procedure for estimating irrigation
needs which accounted for soil type, crop, and evapotranspiration. This
might provide a measure of the water needed.

In relative terms, blueberry culture is probably less reliant on surface
water supplies than cranberry culture because there is neither a winter
flood requirment nor a need for water during harvest. If the Pinelands
Commisson requires numerical data, the Water Policy and Supply Council
data might be of use. Robert Hawna of the Extension Service at Cok
College might also have pertinent data.

Water Quality Reauirernents. Ball inger (1966) found nitrogen to be
very 1mportant to growth and fruit auality in the blueberry plant. How-
ever, excessive amounts of nutrients in the water supplies are detri-
mental to production because, like the cranberry plant, the blueterry
plant is sensitive to too much fertilizer. The Pinelands Commission is
referred to Dr. Paul Eck, wo is knowledgeable about the blueberry (and
cranberry), for additional data.

Tree Fruit and Yeaetable Cultivation

General: Maod of the tree fruit culture occurs on light, loamy
soils that are relatively level. Peaches are the primary one-tree fruit
crop ($18.7 million in 1977), followed by apples ($12.8 million in
1977), according to the data of the Nsv Jersey Crop Reporting Service
(1978). Muh of the state's production is centered in the Camden,
Gloucester, and Atlantic counties area external to the Pinelands Preser-
vation Area but within the Protection Area boundaries. Fertilization
varies with age but Is fairly intensive. Apples receive the modt
fertilizer--1,000 pounds of 5-10-15 prior to April 1 and 200 pounds of
16-8-8 around June 1. Irrigaticn requirrnents average 5 acre-inches of
water per year (Esser, 1980).

The primary vegetable crops on a statewide basis are tomatoes ($20.2
million in 1977), peppers ($9.1 million in 1977), and sweet corn ($5.9
million in 1977) according to the Nev Jersey Crop Reporting Service
(1978). Brown (1980) indicated that peppers, tomatoes, and cucumbers
are particularly important in South Jersey. Maod of the production
areas .extend from the fringe of the protection area ocutwards.,
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Water Quantity and Quality Reauirements. Miller (1979) had no data
on water quality and quantity requirements for the tree fruit species.
He referred to the Water Policy and Supply Council for the well reports
or the Alderfer report to derive an estimate. His own rough estimate
for Cloeaches ad apples wes 1.5-acre-inches per week, but this again
would vary because of a number of factors. He felt that the well data
might be useful because Mo orchard operators use subsurface water
dravn by wells to irrigate.

Brown (1980) similarly had rmo data for the vegetable crops. He also
cited the well reports as a potential source of volumetric water use
data. B8rown felt the requirements could be calculated, and he indicated
that they might already have been worked out by Robert Hawna of the
Extension Service. The Crops Department of Cook Cdl lege might also be
able to provide data.

Runoff problems are potentially greater for these types of agriculture
than for blueberry and cranberry cultures. This is particularly true
for nutrients because of the higher amounts utilized. The county agents
did not expect this to be a serious problem, but its actual magnitude
IS unknown.

AQUATIC WETLAND GOMMUNITIES

Cedar Bogs o Svanys

General : Robichaud and Buell (1973) detailed the vegetation typical
of southern Nev Jersey bogs. Their listing is somn below.

Trees

Southern white cedar = the dominant tree and the seedlings of red
maple (variety three-lobed), black gum, and sweet bay

Shrubs

Typically heath shrubs: Leatherleaf, Laurel, Swamp azalea, Cran-
berry, Blueberry, Huckleberry, other heaths
W& myrtles

Herbs

Shegum moss, Sedges; Svap loosestrife; Pitcher plant; Sundews,

Marsh, chain, and other ferns; Curly grass fern; Bag asphodel; many
other herbs

(=)
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Note that shrub and forest vegetation mey or mey not be associated with
a sedge ad sphagnum mat.

According to Robichaud and Buell (1973), a bog area is typically poorly
drained, resulting in the presence of standing water at times during the
spring and early summer, Beg waters are quite acidic ad of low fer-
tility. Large quantities of peat (partially decomposed organic matter)
are present. Bogs form where the water table intersects the surface.
Nea the water's edge, sphagnum and sedges are generally present. Also
present are acid-tolerant shrubs such as leatherleaf, sheep Taurel,
svarp azalea, ad sweet pepperbush. Blueberry, cranberry, axd huckle-
berry plants are common, These same shrubs are also distributed in the
areas further inland. Sphagnum hummocks occur in this inland region ad
are associated with a variety of ferns, carnivorous plants, ad wild
orchids. May of the unusua or rarer plants, such as the curly grass
fern, the bog asphodel, axd the Carolina club moss, are present here
also. Trees are found on the hummocks and C thyoides is the dominant
species.

Water Quantity Requirements. The cedar bogs or svamps are charac-
terized by therr saturated condition. The plants which are present
often require a saturated root zone for growth. The occurrence of a bog
is initially determined by the intersection of the water table with the
surface. Clearly, changes in the area's hydrology would affect the
plants. If the water table were lowered, may species of plants would
pe eliminated. The fire frequency would probably increase ad could
lead to the devastation of the cedar bog site. Little (1979) reports
that the cedar and sverp hardwoods are subject to severe damage by even
light fires because of their relatively thin bark. Also, C. thyoides
does not sprout after its stem has been killed fire, unlike the pitc
and shcrtleaf pines. Root systems mgy also suffer damege from fire if
the organic peat burns.

Water Quality Requirements: May Pinelands plants can tolerate low
pH values and Tow ronic strength waters. The environment is oligotro-
phic (has low nutrient levels], &a important factor in determining the
composition of the vegetation present. Altering these conditions w11
produce changes in the species observed. For example, sphagnum is knoan

to bed calciphobic axd would be eliminated if the calcium levels were
raised.

Lowland Svans

General: According to Robichaud axd Buell (1973), the lowland svanp
is Tess acidic ad more fertile than the cedar bogs. It is also drier
ad probably represents the successional stage beyond the cedar bog.
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C. thyoides seedlings d not tolerate shade.  Consequently, more shade-
tolerant species such as the sweet bay, the black gum, and the red maple
take over, resulting in a lowland svam.

Water Quantity and Quality Reauirements: Although Towland ¢
are not as wet as cedar bogs ad contain increased levels of nutrients,
tk?e(rerllr water quality and quantity requirements are fairly consistent with
them.

Pinelands Fish

General: Hastings (1979) describes the Pinelands fish fauna as
depauperaie. N one species is restricted to the Pinelands but there
are 16 species indiaenous to the acidic waters. Sore of the more common
species are the bl ackbanded sunfish (Enneacanthus chaetodon), the banded
sunfish (E. obesus), the bluespotted sunfish (E. aloriosus), the mud
sunfish (Acantharchus pomotis), the yellow bullhead {Ictalurus natalis),
the piratCc perch (Aphredoderus sayanus;), the ironcolor shiner (Notropis
chalybaeus), ad the avap darter (Etheostoma fusiforme). The 16 spe-
cies are tolerant of low pH but their presence may also be due to the
dow current speeds, the avail &ility of food, and-the reduced ccmpeti-
tion which exist in the Pinelands streams.

Granam (1978) studied the effect of pH, food mechanisms, and competition
on the distribution of sunfish (Centrarchidae) in the Pinelands. H
found pumpkinseed (Lepomis gibbosus) and bluegill (L. macrochirus)
absent from most acid, dystrophic waters and E. chaetodon and E. gbesus
commonly present. E gloriosils exhibited a distribution throughout the
state, but seemed more prevalent in the more neutral pH waters outside
the Pinelands. Gréham concluded that pH wes largely responsible for the
distribution he observed; however, he also added that it did s0 through
direct ad indirect means. The direct means woaillld be by pH toxicity.
Indirectly, pH, aong with lov nutrient levels, combined to preclude
high planktonic prodilctivity. This placed the Lepomis spp. at a disad-
vantage because their young are planktivoroils. nneacanthus, on the
other hand, is well-suited to the consumption of the iron floc which is
the man production form observed. Consequently, Lepomis does not
occupy Pinelands sites because it is not capable of outcompeting the
Enneacanthus for the limited habitat available. Gréham also cited the
Importance of other factors associated with lov H (i.e., low Ga concen-
trations, high dissolved €0, levels, ad high heavy metal values).

Water Quantity Reauirements: The current regime determines to a
large extent the nature of the habitat, and the habitat favors the
existing species. It would sem important to maintain the present
current velocities if the status quo is the desired goal. The present
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hydrologic regime would also ensure the continued effects of tidal
forces, ad maintain the existing location of the fresh/saltwater
interface at the head of the estuaries.

Water Quality Requirements: Maintenance of the existing pH levels
would seem the mod crifical factor. |If buffering/neutralization were
to occur, due to agricultural practices and/or development, downstream
fish populations like the pumpkinseed (L. gibbosus) would invade the
stream. Stocked species such as the pumpkinseed, Dluegill, and large-
mouth bass would also be favored (Hastings, 1980).

Estuaries

General : Estauries are defined as semi-enclosed bodies of water
with an open access to the sea in which seawater is measurably diluted
by freshwater drainage. As this implies, the estuarine environment is
a dynamic one because the mixing process is complicated by the effects
of tides, currents, etc. The lower or downstream areas of the Pinelands
National Reserve encompass a maor portion of Nsv Jersey's estuarine
systems.

In the estuary, the water draining the Pinelands mixes with seawater.
The nature and chemical composition of the water changes progressively
ad gradients are established. Two of the maor changes involve in-
creases in pH and salinity as the ocean is approached. The followin
text will deal primarily with salinity ad its implications for some
the magjor species or groups of organisms.

Water Quantity and Quality Requirements. |f the maintenance of the
ecosystem in 1ts present state s desired in the undeveloped areas, the
current levels of water quantity and quality must be maintained. In the
developed areas, some estuarine systems have already been degraded and
are contami nated by heavy metals, microorganisms, chemicals, organic
material, etc. The water quality in these areas will have t0 be
improved to reverse the damage

Mollusks

Mollusks such as Modiolus demissus (the ribbed mussel), Mercenaria
mercenaria (the hard clam), Mya arenara (the soft clam),

(Crassosirea virginica (the oyster], exhibit fairly wide tolerances to
salinity (Lent, 1969; Wells, 1957, Matthiessen, 1960; Gdtsoff, 1964).
However, theY_ do have optimal levels. Gunter (n.d.) indicates that
sessile or slightly motile organisms are stunted when conditions vary
either upwad o dowrnwad from the optima. Waells (1957) points out that
in relatively saline waters a change in isohaline position will cause a
shifting in the density and/or location of the hard clam population.
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Other factors in combination with organism salinity tolerance often
determine whether the organism will survive. Crassotrea is a typical
example. Given the proper substrates, the oyster requires a salinity
level within its tolerance, but beyond that of its predators. such as
Urosal binx, Eupleura, ad Cliona. Generally, this salinity is between
10 ad 15 parts per thousand (ppt). Otherwise, these oraanisms will
degrade the' oyster's habitat and/or’ debilitate the oyster {in the case
of Cliona) or devastate the young oyster population (in the case of the
oyster drills) (Galtsoff, 1964; Durand and Nadeau, 1972).

Fish

The estuaries function as nurseries for may species. Out of a total
of 195 species collected from mid-New Jersey to the Chesapeake Bay, Wag
ad Kernehan (1979) report that 40 species gawn in, ad 136 species use
as nursery areas, the estuaries between Cge My ad Manasguan. The
Sﬁemes_ utilizing the estuary include all important.forage species axd
the main sport fish sought by inshore fishermen. A characteristic of
these nursery areas is a salinity gradient which serves to separate the
young ad larvae from the predator and adult stages. |t also separates
them from some organisms like the ctenophores (comb jellyfish) which,
in addition to preying o fish larvae, can devastate planktonic Crus-
tacea populations which post-larval stages feed upon.

If there is a sudden upstream displacement of the isohaline, the nurser
areas mgy be moved out of the salt marsh ad the sheltered areas whi
they provide into less favorable habitats. Alternatively, the habitat
area could be reduced (Durand and Nadeau, 1972). Other fish such as the
white perch, a important sport fish, are year-round residents of the
estuaries. White perch are found in salinities of 15 ppt or less. The
extension of saline water upriver would force the white perch out of its
present habitat (Durand and Nadeau, 1972).

Crustaceans

Callinectes sapidus ﬁthe blue crab) is a commercially axd recreationally
important species. It. like fish, has a life cycle/nursery requirement
of' lov salinity conditions (Hoese, 1967). Consequently, changes in
salinity would alter the habitat area of the crab.

RECREATION

Water-related recreation is classified as being either primary contact
or secondary contact, based on the probability of significant water
ingestion risks. Primary contact activities include wading, swimming,

10
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diving, surfing, water-skiing and similar activities. Secondary contact
recreation includes boating, fishing ad other 71imited-contact activi-
ties. The quantity of water is not critical to recreation, except that
anticipated conditions, such as flood or drought, should be kmoan in
advance, so that recreationists can plan accordingly.

Water quality requirements for secondary contact recreation relate to
aesthetic considerations. Waters should be virtually free from sub-
stances producing objectionable color. Dissolved oxygen should be
sufficient to maintain aerobic conditions in the water column and,
except as affected natural phenomena, at the sediment-water interface
(EPA, 1976). Insufficient dissolved oxygen results in the onset of
septic ccnditions with its attendant malodorous emissions.

Evidence suggests that some relationship exists between bathing water

uality ad bathers' illnesses (National Acadamy of Sciences, 1974).
he humen body is capable of tolerating greater concentrations of most
chemicals upcn occasional contact with, or ingestion of, small quanti-
ties of water than are most forms of aquatic life. Therefore, recommen-
daticns for the support of various forms of desirable aquatic |ife would
probably be sufficient for the protection of humen life (National Acad-
ary o Sciences, 1974).

A geometric men of 200 fecal coliform organisms per 100 m1 has been
recommended previously as a limiting value that, under norma circum-
stances, should not be exceeded in water intended for bathing ad smm-
ming (U.S. Department of the Interior, 1968), nor should more than 10%
of the tctal samples taken during any 30-day period exceed 400 per 100
ml (EPA, 1976). The principal value of this index is as a indicator
of possible fecal contamination from ma or other warm-blooded animals.
The measure should be used only in conjunction with other evaluative
parameters of water quality, such as sanitary surveys, other biological
Indices of pollution, axd chemical analyses of water.

The mogt comfortable temperature range for instructional and general
recreational swimming where the metabolic rate of heat production is not
high, i.e., about 250 kilo calories/hour (1,000 BTU/hour), appears to
be about 29 to 30°C (84 to 86°F) (Bullard ad Rapp, 1970). Ore hour of
continuous_immersion in waters colder than 15°C (59°F) mey cause death
to some svimmes and extreme stress to all smvimmers not wearing protec-
tive clothing. Prolonged immersion in water wamer that 34 to 35°C (93
to 94°F) is hazardous (National Acedamy of Sciences, 1974). Median
Tethal immersion time in water at a near freezing is less than 30
minutes for children and mogt adults (Molnar, 1946).

11
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|deally, the pH of swimming water should be approximately the same as
that of the lacrimal fluid of the eyes, that is, 7.4. However, because
the lacrimal fluid has a high buffering capacity, a range of pH values
from 6.5 to 83 can be tolerated ,under average conditions. If the water
is relatively free of dissolved solids has a very low buffering
capacity, pH values from 50 to 9.0 nmey be acceptable to most swvimmers
(National Academy of Sciences, 1974).

Water at bathing and svimming areas should be clear enough for users to
estimate depth, to see subsurface hazards easily ad clearly, and to
detect the submerged bodies of swimmers or divers wo mey be in diffi-
culty. If the water is naturally turbid, subsurface hazards should be
removed and depth should be indicated by signs (National Aceoermy of
Sciences, 1974).
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GENERAL DISOUSHON

There are eleven mgor drainage basins in the Pinelands National Reserve
.ad hundreds of streams. There are many chemicals in water which re-
flect water "quality." The United States Geological Survey (USGS has
hundreds of different compounds listed in the SICRET water quality data
base. It is difficult to simultaneously consider all these compounds
in order to develop an overall picture of general water quality condi-
tions throughout the Pinelands. Therefore, 1t is necessary to gggr_egate
measurements of a variety of compounds, each measured a number of times,
into a single number. This number is an index.

In dggjgnin an index, it is necessary to select which compounds are to
be u the relative importance of each to the index. This selec-
tion depends on what the index is supposed to measure. The term "water
quality” is, in itself, inadequate to define the index. A water qualit

index based o recreational use of water would emphasize bacterial

levels, turbidity and nutrient-stimulated algal growth. A water quality
index based an protecting a particular ecologicai community mey empha-

size toxics, pH, ad dissolved oxygen. A water quality index based m

public perception mey emphasize water clarity. To design an index

Incorporating arl aspects is difficult; it requires value judgments such

ast weighting the importance of public recreation against ecological

integrity.

The water quality index developed for this study is based on a standard
accepted base, the Nsv Jersey State Water Quality Standards. Every com-
pound listed in the Water Quality Standards wes considered for inclusion
In the index. A number were ruled out for various reasons. Toxics were
sampled too infrequently and were too poorly defined. Phosphorus also
hed a1 inadequate data base. Oxygen wes eliminated because of its
diurnal variability. The parameters were thus narrowed domn to five:
Biochemical ox%/gen demand (BOD), suspended solids (SS), total dissolved
solids (TDS), total nitrogen (TN), ad fecal coliforms (FC).

pH, which is one of the most important parameters regulating the char-
acter o the Pinelands (Patrick et al, 1979) was purposely excluded so
that its relationship to the water quality index could” be studied.
Incorporating it in the index would preclude the use of the index in
studying the correlation between pH ad water quality.
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To create a reliable index, water qual}[g sampling stations were con-
sidered only if at least five samples been an'dyzed since 1970 for
the majority of the five parameters. STORET data, mede available
through the Nev Jersey Department of Environmental Protection, wes used
as a data base. Only 80 of the more than 150 water quality stations
within the Pinelands National Reserve boundary listed an STORET met the

above criteria. These qualifying stations are monitored by the US55 and
Oceen County off icials.

Frequency distributions were used to compare the levels of each param-
eter to the appropriate state Water Quality Standard.* Frequency dis-
tribution analysis wes preferred to the use of a men because a men or
average of a small data base can be biased more easily one or two
extraordinary values. Such values mey be likely if samples are taken
durln? extreme flow conditions. All index parameters are assumed to be
equally important in describing water quality and thus the index gives
equa wegh ach parameter.

This index wes developed solely to present a rough estimation of water
quality levels in the Pinelands. he index is primarily an indicator
of nutrient and organic enrichment and can be used to illustrate gross
differences amog drainage basins and, in combination with land use
data, to dwow relative effects of mam-mede disturbances. The index
alone should not be used to designate area boundaries of pristine, good
and disturbed water quality because there are not enough data points.
If additional reliable data sources are found or more monitoring sta-
tions are established, the water quality 'index file can be expanded.
With greater refinement, the Waterf'mguallty index mey be used in conjunc-
tion with current land use data statistical regression analyses to

[IJ_redic_:t the general water quality level of unmonitored streams (see
echnical Memoaxdum 8V 1V-6).

The following sections describe the selected parameters, the selected
concentration levels and the construction of the index.

* A frequency distribution tabulates the frequency that a certain

value Is likely to be observed.
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HECTHD PARAMETERS

J
The parameters selected for the water quality index were:

Biochemical Oxygen Damed (B0Ds)
Fecal Cd iform éFC%
Total Nitrogen (TN
Suspended Solids (SS)

Total Dissolved Solids (TDS)

The selection wes based m a review of the existing data base, a survey
of the Pinelands water quality literature and the Nav Jersey Water
Quality Standards.

The five parameters were selected from a large pool of possible chemical
constituents. BODs wes chosen instead of dissolved oxygen saturation
and total organic carbon because of the standard testlnﬂ method, avail-
ability of data ad acceptance as a standard test by the informed pub-
lic. Total nitrogen wes chosen as the representative plant nutrient.
Total phosphorus, which is probably the limiting nutrient in the area,
was not used because the data availability is poor ad the levels are
often negligible. in undisturbed streams. The variability of phosphorus

solubility with pH also limits the use of the parameter as an index for
the Pinelands.

Fecal coliform is an indicator of waste from wam blooded animals ad
Is often associated with septic system failures. High suspended solids
loads are associated with erosion and land disturbance. Total dissolved
solids (TDS) concentration which are normally very low in the Pinelands,
were used to assess the ionic strength of the streams. High TDS read-
ings are related to point source pollution, malfunctioning septic sys-
tems, changes in soils axdd geology or the influence of salt water.

BODg (Biochemical Oxygen Damand)

Definition: BOD is a measure of the oxygen demend or organic pollu=-
tion.  The 8005 is measured in a laboratory test; a duration of 5 days
IS used to assess the relative oxygen requirements in water bodies ad
wastewater.

Vaues. The Nev Jersey DEP (1979) proposes a madmum of 5 mg/1 BIb
as the standard for the central Pine Barrens. A review of USS water
qguality data for 1969 to 1979 for Pineland streams shows an average BOD5
o 20 mg/1 and a range of the means from 0.2 mg/1 to 13.29 mg/1. Vez
(1970) states that a stream draining virgin territory normally carries
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a residual organic load of 0.5 to 1.0 ppm of 5-day standard BOD during
dry periods. During storm events, the load mey increase to 1.0 to 2.0
ppm or higher.  An average BODg of 200 mg/1 can be expected for domes-
tic rav sewage ad 10 to 2 mg/1 for secondary treated sewage (Fair,
Geyer ad Okun, 1968)..

Significance: BODs s an indicator of organic . The BODs
values of pristine Pineland streams are low. .There are slight increases
during the' sutmer months due to leached organic acids and detritus from

bog and svenp areas. 4 constantly high B0Ds is most likely the result
of huren activity,

Three parameters couiu be used as indicators of organic enrichment:
BOD5, total organic carbon (TOC) and percent oxygen saturation.
BODs wes selected for the water quality index because of the relative
reltability of test methods, extensive available literature, acceptance

by the informed public, and use in NDEP v juality standards.
Fecal Coliform
Def inition:  The c n group comprises all of the aerobic and

facuTtafive anaerobic, gram-negative, nonspore-f orming, rod-shaped bac-
teria that ferment lactose with gas formation within 48 hours at 35°C.
Elevated temperature tests separate organisms of the col iform group into
those of fecal origin ad those derived from nonfecal sources.

Valuess The Nev Jersey DEP (1979) proposes a criterion that fecal
coliform levels should not” exc a geometric average of 200/100 ml in
the central Pine Barrens. The US.  Environmental  Protection Agency
recommends that in shellfish harvesting waters a median fecal colifam
i:g;\g)entratlon not exceed 14 MAN (most probable number)/100 ml (EPA,

Significance: Fecal coliform bacteria indicate fecal waste contam-
ination by warm-blooded animals and/or mm axd nmey indicate the possible
presence of pathogens. Elevated fecal coliform counts often result from
malfunctioning septic fields, urban runoff ad lapses in disinfection
of wastewater before discharge.

Total Nitroaen

Definition: The am of ammonia nitrogen (NH3-N), nitrate nitrogen
(No3-N), nitrite nitrogen (NOz-N), organic nitrogen and particulate
nitrogen in the water coiumn at one specific time.
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Vaues. The Nev Jersey DEP (1979) hes established a nitrate nitro-
gen Tevel not to exceed 2 mg/1 in the Central Pinelands ad 3 mg/1 in
the Lo Mullica ad Wedng rivers. An un-ionized ammonia level of
002 mg/1 has ben set for all streams. Concentrations of un-ionized
ammonia are directly dependent on pH and temperature.  Un-ionized
ammonia is not a significant problem in the Pinelands because water
samples with a H of 6 and a temperature of 20°C woud require a total
ammonia (NH3 + NH4) concentration of 25 mg/1 to contain a un-ion-
ized ammonia concentration of 0.02 mg/1.

McCarty et al (1970) indicate that the total nitrogen concentration in
streams ranges een 0.1 and 30 mg/1 N. Total nitrogen levels in the
Pinelands average 14 mg/1 as N, nitrate nitrogen averages 45% of total
nitrogen in the Pinelands. Higher discharge streams tend to have a
higher nitrogen concentration than those with lower flow rates (Feth,
1966). Higher nitrogen values are generally found in the winter months
(December to April) due to biological inactivity (Martin and Goff,
1972). Nitrogen reserves in the soil build up during the winter due to
reduced terrestrial uptake after crop harvesting metabolic shutdown
d the forested areas. Leaching of the nitrates formed in the soil by
nitrifying bacteria leads to its increased concentrations in streams
(Durand, 1980).

SignifrcEnca: Nitrogen compounds are important in the assessment
of weter quality for the following reascns:

« Nitrogen is a mgor ‘plant nutrient (ammonia ad nitrate are
the mog usable forms)

« Un-ionized ammonia is toxic to aquatic organisms ad na

. Excessive levels of nitrate can cause methemoglobinema (Blue
Bay disease) when it is converted to nitrites in the gas—
trointestinal tract. The New Jersey potable water standard
for nitrate is 10.0 mg/1 MO3-N.

« Nitrification of anémona to nitrates requires oxygen, reduc-
ing natural dissolved oxygen levels. Mod nitrification

activity occurs in the soil, however, 0 the effect on
stream ‘oxygen levels will be minimal.

If inorganic nitrogen and phosphorus compounds are readily available,
excessive macrophyte ad algal growth will occur (assuming other envi-
ronmental requirements are met). Sawyer (1974) reports that inorganic
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nitrogen levels above 0.3 mg/1 mey cause noxious algae blooms. High
nitrogen levels in the Pinelands will mos likely  cause excess macro-
Phyte growth in the streams ad lakes ad alter the nutrient balance of
hé receiving estuaries.

Nitrogen levels are naturally low in the Pinelands; elevated readings
are most likely due to man's activities. H®igh nitrate levels are often
associated with agricultural runoff and high ammonia levels usua 1y
signify sewage input.

Total nitrogen is used in the Pinelands water quality index because of
the continual conversion among nitrogen compounds. Under aerobic condi -
tions, ammonia is readily converted to nitrate by nitrification, while
under anaerobic conditions, nitrogen gas is created by denitrification.
The specific nitrogen compound dominant at a water quality sampling
station will depend partially an the distance from the pollutant source,
the nitrogen compoud dominant at the pollutant source, ad the oxygen
context of the stream.

Total nitrogen is an especially important component of the water quality
index because it is the only measure of nutrient loads. The data base
m ttﬁta_l hosphate ad orthophosphate is not sufficient to be included
in the index.

Suspended Sol ids

Definition:  Suspended solids (total nonfiltrable residue) is the
retained maierial m a standard glass fiber filter disc after filtration
of a well-mixed water sample. The residue is dried at 103 to 105°C
(APHA, AWWA, WPCF, 1975).

- Vauess The Nav Jersey DEP (1979) has FroB_O%d a suspended solids

limiT nol to exceed 40 mg/1 in the central Pine Barrens and not to

exceed 25 mg/1 in trout waters. The menn suspended solids level for

I132|r%elands streams | on USGS data collected between 1967 and 1979 is
D mg/l.

Significance: Increased suspended solids values indicate that river
bankS “and’or nearby lands are eroding. High suspended solid loads are
usually associated,.with construction (land clearing) and/or agriculture
(Wdman, 1967). ..

Hu};h levels of suspended sediment in water bodies can deleteriously
affect the aquatic community by clogging the gills of filter feeders,
reducing light penetration anxd photosynthesis, ad interfering with
behavioral movements of fish. Oxygen levels usually decrease with
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increasing suspended sediment concentrations. Contact and non-contact
recreation is negatively affected. Suspended particles ney also serve
as transport mechanisms for nutrients ad pesticides.

Total Dissolved Solids (TDS)

Definition: Total dissolved solids (filterable residue) is material
that passes through a standard glass fiber filter disk ad remains after
evaporation and drying to constant weight at 180°C (APHA, AWWA, WPCF,
1975). Dissolved solids are the difference between total solids and
suspended solids.

Vaues. The Nev Jersey DEP (1979) has proposed a TS limit not to
exceed 100 mg/1 in the Central Pinelands ax Lowg Mullica and Weadng
River basins and not to exceed 500 mg/1 a 133%of background in FW2
streams. The average TDS value for Pinelad streams is 20 pom and the

\{v%réc)l average TDS level in natural waters is 105 ppm (Means et als
980).

Significamee: The weas dissolved solids level is usad in the Pine-
lands waier quality index for the following reasons:

« Pinelands aquatic biota have adjusted to a lov TDS level.
Significant increases will alter osmotic regulation.

« Human activities can be traced by significant increases in
TDS.

WATER QUALITY NDEX CRITERA

Waer Quality Dda

USGS and Oceen County water quality data collected since 1970 were usd
for the Pinelands assessment. e index wes applied to 80 stations
which were sampled a minimum of five times for a majority of the five
arameters.  With the help of the NDEP Division o Wde Resources,
requency distributions were established for the five parameters for
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each of the 80 stations. The 10-, 50-, 90- ad 100-percentile levels*
weae usd as divisions beween quality groupings (see Appendix 1 for
percentile levels).

Frequency distribution analysis wes ussd to reduce the effects o
extreme a aberrant data. An assumption wes metke that the data at each
station reflect a valid sample of stream flows. If this assumption were
not mece ad cutoff limits were established for flow levels, the already

' sparse data base would be further reduced.

There is a potential bias in the index due to the seasonal distribution
of sampling. It is possible that the water qualltK stations are under-
sampled during the winter months. To the extent that this seasonal bias
occurs moe a less uniformly over all our water quality stations, it
will not affect the relative water quality estimation amoyg stations.

If sampling varies greatly with res?ect to season among the stations, a
significant bias mey occur. For the purposes of this general water
quality index, seasonal bias does not nesd to be considered. If a maoe
rigorous index is created in the future, the potential bias can be
investigated by creating a table showing the seasonal distribution o
sampling for each station. The index can be adjusted for seasona
effect multlplylg?g each measurement used for the index by a seasonal
adjustment factor then recalculating the percentiles ad index.

Waer Quality Groupings

The follawing "base concentration limits" wee established for use in
the water quality index:

Biochemicd Oxygm Darad 5 mg/1
Total Nltr%gen 3 mg/1

ed Solids 12.5 mg/1
Total Dissolved Solids 100 mg/1
Fecd Coliform 200/100 ml

It wes first proposed that the concentration limits be based on the
NJDEP Proposed Revisions to the Waer Quality Standards (NDEP, 1979)
for all five parzmeters. These limits produced a ?ood distribution for
BOD, TDS fecal coliform, but were too high for suspended solids.

* The X percentile level is the concentration exceeded 100-X percent

of the time. If the 90th percentile for BODs is 4,5 mg/1, 90% of
the time BOD values are less than 45 mg/1 and 10% o the time they
exceed 4.5 mg/1.
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All but one or two stations had 90 percentile levels less than the pro-
posed standard af 40 mg/1. The concentration limit of 12.5 mg/1 which
IS the average suspended solids level for Pineland streams wes used in
the index instead of the NICEP proposed standard.

The NIEP propo iter quality standards have a nitrate (NO3-N)
Timit of 2 mg/7 i central Pinelends and 3 mg/1 in the lower Mullica
and Wading River area. There is o proposed standard for total nitro-
?_en._ A total nitrogen level of 44 mg-N/1 wes first used as the index
imit based o the fact that nitrate levels averaged 45%of the total
nitrogen level in the Pinelands (2 mg/1 is 45%of 4.4 mg/1). The 4.4
H'%Tl\ﬁ limit proved to be too high, however, so it was dropped to 3 mg/1
which is the upper limit of total nitrogen levels in natural streams
(McCarty et a1, 1970).

These levels were compared with tne Trequency distributions for the
thtetr)l' uaélllty stations. The following additive ranking system was
established:

Vaue Determination

- If the concentration limit for a particular parameter wes
better or equal to the "base concentration limits" 90 per-
cent of the time (i.e., 90th percentile), it is given a "1."

- If the concentration limit for a particular parameter falls
in the 50 to 90 percentile bracket, it is given a "2."

« If the concentration 1imit for a particular parameter falls
below the 50 percentile level, it is given a "3."

Factor Combination

God Quality- The added values for the five parameters
equals §

Slightly Disturbed - The added values for the five param-
eters equals 6 Or 7

More Disturbed - The added value for the five parameters
equals 8 or 9

Mod Disturbed - The added values for the five parameters
is greater than 9
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The Ocen County water quality stations did not have a recorded value
for total nitrogen. Instead o eliminating all of these stations from
the data bank, the percentile levels of Tota Kjeldahl Nitrogen and
Nitrate and Nitrate Nitrogen (NO3 + NO») wee added together to
aﬁproxlmate the total nitrogen percentiles. In future refinements of
this index, total nitrogen frequency distribution should be developed
from the rav data. Appendix 2 lists the water auality index values ad
numba o observations for each of the five parameters and the median
H level at the 80 sampling locations.

Pristine Quality Group

The stream stretches rated as good quality in wne above analysis were
subjected to_a more stringent test to determine pristine streams o the
Pinelands. The following concentration limits were established:

- Biochemica Oxygen Derad <3.0
Total Nitrogen <1.0

ed Solids <10.0

Total Dissolved Solids <50.0

Fecd Cdifam <100.0

; Ary stream stretch that meets these criteria at least 90% of the time
- . is considered pristine. These concentration limits were based a a
review of the frequency distribution in the twelve "good quality"
streams, water quality data from a known pristine stream (McDonalds
Branch), and the general literature.

&

REJLTS

0f the 80 stations, the index rated 2 as pristine, 15 as good, 46 as
slightly disturbed, 10 as moe disturbed ad 7 as mog disturbed.
Appendix 1 sows the frequency distribution plots and data tables ad
A%oe]dlx 2 tabulates the water quality index ratings. The water quality
index results are illustrated on Figure 1. Figure 2 is a mgp of the
median pH values for comparison.

A plot of the water quality index against median H in Figure 3 dows a
positive relationship. This relationship is discussed in greater detail
In Technical Mamaadm sW V-6.

10
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A correlation matrix wes developed to determine if each of the five
parameters exhibited a positive relationship with the water quality
Index. It is possible that one parameter mey not be contributing to the
index and is being masked by the other four parameters. The following
correlations were devel oped:

WQ FC
Index TDS SS BOD N {10a10)
Water Quality Index 1.00 84 .66 91 .76 .63
Total Dissolved
Solids 1.00 .62 .68 79 .61
Suspended Sol ids 1.00 .43 .35 .85
Biochemical Oxygen
Darad 1.00 .63 .54
Total Nitrogen 1.00 .28
Fecal Colif om
(log1g) 1.00

All five parameters have a positive relationship with the index; BOD and
106 have the highest correlation factors.

FECOMVENDATIONS FOR FUTURE  STUDY

1 Additional indices can be developed based o particular require-
ments. Indices could be developed for:

Industrial water supply _

Endemic Pinelands aquatic biota (black-banded sunfish, etc.)
Contact recreation

Cranberry cultivation

2. A heavy metals and/or pesticide indices can be developed.

3. Data sources not recorded an the SICRET system can be researched
ad added to the index data bank.

4. The data can be adjusted for seasonal ad flow variations.
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APPENDI X 1
WATER QUALITY DATA
FREQUENCY DI STRI BUTI ON PLOTS*

* The proposed NJDEP Water. Quality Standards for the Central Pine
Barrens is dowmn a1 each graph

Source: B8etz.ConversesMurdochs«Inc.
STORET
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1.0 TOVS R VER DRAINAGE BASIN

Station Station N Station Location
1 0CNO032 Jakes Brook Doubl e Troubl e Road
2 0CNO30 Tons River New Egypt-Cassville Road
3 0CN029 Tons River Lakehurst-Witesville Road
4 0CcNO28 Toms River at Route 70
5 OCNO40 Ridgeway Branch Route 70
6 0cNO27 Tons River Route 571
7 OCNO26 Toms R ver above Tons River Chenical
8 0CNO25 Tons R ver Oakridge Parkway Route 5
9 0CNO24 Toms R ver Lakehurst Road Route 527
10 OCNO35 Wangl e Brook § Thonmas Dr
11 OCNO034 Wangl e Brook $ Barbadoes Drive
12 0CNO37 Davenport Branch Whiting-Lacey Road
13 0CNO36 Davenport Branch Road Between Hol iday Gty
Dover Road
14 0CNO33 Wangl e Brook Gem Ave
15 0CNO32 Jakes Brook Doubl e Troubl e Road
16 0CN042 Manapaqua Branch Lakehurst-R dgeway Road
17 OCNO39 Union Branch Route 37
18 0CNO38 Uni on Branch Brookline Road
19 0CcNo4l Ridgeway Branch Lakehurst -Ridgeway Road

1-1



¢-1

TAOE 2-1 (Cont inued)

Total Dissolved

Water Qual ity Statfon nona Totai Nitrogen Suspended Solids Fecal Coliform Solids Total

Index HNo. of fadex No. of  Tndex  No. of Index No. of Index Ho of Index Median

Numbar Location Valug Samples Value Samples Valua Samples  Value Samplaes Value Samples Value* pH
0CH 024 Toms River Lakehurst Rd 1 16 2 3 1 51 2 8 1 42 7 460
QN 035 Wrangle Br. off Fort de France Avs. 1 15 1 4 1 48 2 6 1 46 6 4.20
OCN 034 Wrangle Branch §. Barbados Dr. 1 16 2 4 1 50 2 6 1 44 7 4.40
OCN 037 Davenport Branch Whiting - Lacey Rd 1 17 1 3 1 50 1 7 1 44 ] 4,37

OCN 036 Davenport Branch between Holiday

City and Dover Rd. 14 1 4 ? 49 2 6 ] 44 8 4.49
0CH 033 Wrangle Brook end of Gem Awve. 1 15 2 4 1 46 2 5 | 43 7 4.40
QN 032 Jakes Branch Double Trouble Rd. 1 16 1 5 1 47 2 6 1 44 6 4.19

® Uater quality Index:

5 = good; 6-7 = slightly disturbed; 8-9 = more disturbed; 10 or more = most disturbed

*OU| = YDCPI N|N| = SSIGAUOD) + 488

P=AI MS OW3W HO3l
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2.0 RANCOCAS CREEK DRAINAGE BASN
7.0 MAURICE RVER DRANACE BAIN

Station Station No Station Location
1 01465970 North Branch Rancocas Creek at Browns Mills
2 01466500 McDonalds Branch in Lebanon State Forest
3 01466900 Greenwood Branch at Nsv Lisbon
4 01467000 North Branch Rancocas Creek at Pemberton
5 01467003 North Branch Rancocas Creek at Ewanville
6 01467006 North Branch Rancocas Creek at Pine Street

at Mt. Holly

7 01465835 South Branch Rancocas Creek at Retreat
8 01465850 South 8ranch Rancocas Creek at Yincentown
9 01465915 South Branch Rancocas Creek at Hainesport
10 01412100 Manumuskin River near Manumuskin
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Station
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3.0 CEDAR CREEK DRAINAGE BASN
4.0 FORKED RIVER DRANAGE BASN

Station No.

OCNO045
01408870
OCNO043
OCNO52
OCNO51
0CNO47
OCNO46
OCNO48
OCNOS4
OCNO55

QCNOS3
OCNO59
OCNO58

Station Location

Cedar Creek Whiting-Lacey Road

Cedar Creek at Double Trouble Roed
Cedar Creek Route 9 Lanoka Harbor
Oyster Creek Road east of Brookville
Oyster Creek Wells Mills Road

North Branch Forked River JCP&L Lines
North Branch Forked River Parker Avenue
Mid Branch Forked River at Route 9

Mill Creek Route 72

Fourmile Branch Mill Creek 0Oxycocus-
Littleville Mill Roed

Mill Creek Route 180

Westecunk Creek Martha Road

Westecunk Creek Route 9
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Betz. Ccnverse - Murdoch, Inc.

Station
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50 MULCA RVER DRANAGE BASN

Station Na

01409411
01410150
01409815
01410000
01409450
01409470
01409500
01409412
01409414
01409416
01409375
01409383
01409387
01409400
01409403

393825074393500

01409535

Station Location

Nescochague Creek at Pleasant Mills
East Branch Bass River near Nsv Gretha
Wes Branch Wading River at Maxwel
Osvep River at Harisville

Springers Brook near Indian Mills
Batsto River at Quaker Bidge

Batsto River at Batsto

Hammonton Creek at Route 30 at Hammonton
Hammonton Creek at Hammonion

Hammoion Creek at Westcoatville
Mullica River near Atco

Mullica River at Jackson Rod

Mullica River at Outlet of Atsion Lake
Mul ica River near Batsto

Wildcat Branch at Chesilhurst

Mul ica River at Pleasant Mil 1s
Mullica River at Green Bak
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Betz . Converse - Murdoch - Inc.

Station

1
2
3

O W ~N O ;,

10
11
12
13
14
15

16
17

TEH MEMO SV IV-4

6.0 GREAT EGG HARBOR RVER DRAINAGE BASN
9.0 TUCKAHOE DRAINACE BASIN

Station Na

01410775
01410784
01410787

01410789

01410803
01410810
01410820
01410865
01411000
01411053
01411110
01411140
01411170
01411196

394203074562901

01411290
01411300

Station Location

Great Egg Harbor River at Berlin

Great Egg Harbor River near Sicklersville
Great By Harbor River Tributary at
Sicklersville

Great Egg Harbor River Tributary 2 at
Winslow Crossing

Fourmile Branch at Winslow Crossing
Fourmile Branch at Nav Brooklyn

Great Egg Harbor River near Blue Anchor
Squankum Branch at Malago Road

Great Egg Harbor River at Folsom
Hospitality Branch at Berryland

Great Egg Harbor River at Weymouth
Dep Run at Weymouth

Great Egg Harbor River at Mays Landing
Babcock Creek near Mays Landing

Wes Outlet Nav Brooklyn Lake at Winslow
Crossing

Tuckahoe River near Estell Manor
Tuckahoe River at Head of River
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TECHNICAL MEMO SW IV-5
DRAINAGE BASIN ASSESSMENT

INTROBUCTION

The purpose of this techpical memorandum 1is to document the existing
water quality in the major drainage basins of the Pinelands., Water
guality, land use and pollutant source information 1is summarized to
provide:

An overview of water quality and potential pollution sources
by drainage basin

Documentation of severely impacted areas
Documentation of areas with high water quality

A basis for determining critical areas in need of
management by the Pinelands Commissian

This report is organized by the major drainage basins and sub-basins of
the Pinelands listad in Table 1 and illustrated in Figure 1, For each
basin, the following topics are addressed:

General Description

Land Use

Pollutian Sources

Water Quality

Drainage Basins Assessment

General
Critical Issues
Recommendations for Future Study
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TABLE 1
PINELANDS MAJOR DRAINAGE BASINS AND SUB-BASINS

Drainage Basin Sub-basins

l. Toms River 1.1 Toms River
2. Rancocas Creek 2.1 Rancocas North Branch
2.2 Rancocas South Branch
3. Cedar Creek 3.1 C(Cedar Creek
4, Forked River 4.1 Forked River
4.2 Qyster Creek
4.3 Mill Creek
4.4 HWestecunk Creek
5. Mullica River 5.1 Bass River
5.2 Wading River
5.3 Batsto River
5.4 Atsion-Mechesactauxin Creeks
5.5 Nescochagqus Creek
5.6 Hammonton Creek
5.7 Mullica River
6. Great Egg Harbor River 6.1 Great Egg Harbor River (Upper)
6.2 Great Egg Harbor River (Lower)}
7. Maurice River 7.1 Manumuskin Creek
7.2 Lower Maurice
8. Absecon Creek 8.1 Absecon Creek
9. Tuckahge River 9.1 Tuckahoe River
10, Dennis Creek 10.1 Dennis Creek
11. Patcong Creek _ 11.1 Patcong Creek
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A matrix which summarizes the information 1in each drainage basin
section contains the following data:

River Mile
Drainage Area
Water Quality Index

Point Scurce Data

Quantity of Discharge (cumulative at monitoring statien)
Number of Domestic and Industrial Dischargers

Nonpoint Source Data

Number of Landfills
Number of Land Disposal Sites

Land Use

Percent Developed
Percent Agricultural

The finformation presented in this report 1is supported by a series of
appendices containing detailed data tabulations. The Water Quality
Index referred to in the following discussions is described in Technical
Memorandum SW IV-4 and the results are tabulated in Appendix 2. Figures
2 and 3 map the water quality index results and median pH levels,
respectively., For stream stretches within the FW-Central Pine Barrens
Water Quality Standards Area (see Figure 4), the number of standard
violations which would have occurred during the period of record are
discussed.

Land use data used in the technical memorandum are based on the 1972
land use overlays for the New Jersey Atlas sheet series, The nenpoint
pollution source data summarized JIn the basin discussions are site-
specific, such as landfills and spray irrigation sites, not general
categories such as runoff from agricultural land. The point source
data were compiled from the New Jersey Department of Environmental
Protection (NJDEP) records. To determine the relative impact of point
sources on water quality at a sampling station, the quantity of domestic
discharge released upstream of the station was divided by the drainage
area defined by the station to give a concentration in gallons/day/
square mile, ~ This calculatfon could not be done for industrial
discharges because of incomplete flow records and sporadic discharges.
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Toxic substances and heavy metals are being monitored in a statewide
program conducted by the Office of Cancer and Toxic Substance Research,
New Jersey Department of Environmental Protection. The sampling in-
cludes 25 sites within or near the Pinelands study area (see Table 2).
Each site was sampled in 1978 and 1979, usually three times for surface
water and once for the sediments. Five major groups of compounds were
monitored: 1ight organic toxics, heavy organic toxics (mostly pesti-
cides), heavy metals, total organic carbon and aromatic hydrocarbons.
Table 3 1ists the chemical along with their Timits of reportability.
Because the data are still being reviewed, they cannot be released to
the general public and they are not dincluded in our analysis. The
0ffice of Cancer and Toxics Research will make the data publicly avail-
able in its forthcoming report, scheduled for release in April of this
year.

This memorandum presents general drainage basin assessments, Oue to
the Tecation of the water quality stations, large basin size and mix of
land uses upstream, it is not possible to show a direct relationship
between land use, pollution sources and water quality. Technical Memo-
randum SW [V-6, however, looks at 15 small sub-basins in greater detail
to better define the relationship between land use and water quality.
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TABLE 2
PINELAND SITES SAMPLED FOR TOXICS

1.0

2.0

4.0

5.0

Toms River

Toms River near Lakehurst
Toms River near Toms River
Jakes Brook at Double Troublie Road

Rancocas Creek

2.1

2.2

Rancocas Creek at Mt. Holly

North Branch Rancocas
North Branch Rancocas near Pemberton
North Branch Rancocas at Mt. Holly

South Branch Rancocas
South Branch Rancocas at Hainesport

Forked River

4.1

4.3

4.4

Forked River
Forked River - Lake Barnegat - Tower lake cutfall

Mill Creek
Mill Creek at Manahawkin

Westecunk Creek
Westecunk Creek at West Creek

MuTlica River

5.1

5.3

5.4

5.6

Bass River
East Branch Bass River at New Gretna

Batsto River
Batsto River at Quaker Bridge

Atsion-Mechesactauxin Creeks
Muilica River at Atsion
Mullica River at Mt. Pleasant Mills

Hammonton Creek
Hammonton Creesk at Wescoatville

TECH MEMO SW IV-5
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TABLE 2 (Continued)

6.0 Great Egg Harbor River

6.1 Great Egq Harbor River (Upper)
Hospitality Branch at Pennypot
Deep Run near Weymouth
Great Egg Harbor near Sicklersville

6.2 Great E£gg Harbor River (Lower)
Great Egg Harbor River at Mays Landing

7.0 Maurice River

7.1 Manumuskin River
Manumuskin River near Manumuskin

7.2 Maurice River (Lower)
Maurice River at Norma
Maurice River at Millville
Maurice River at Mauricetown

8.0 Absecon Creek

Absecan Creek at Absecon

9.0 Tuckahoe River

Tuckahoe River near Estell Manor

Source: Office of Cancer and Toxfc Substances Research, New Jersey
Department of Environmental Protection (unpublished)

10
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SUBSTANCES INCLUDED IM SAMPLING FOR TOXICS IN SURFACE WATER

TABLE 3

TECH MEMO SW IV-5

Limit of Limit of
Parameter Reportabil ity Parameter Reportability
group T (ug/1) Group II (ug/1) :
Fluoraform 0.5 Araclar 1016 (PCB'D) Q.06
Methyl chilor ide 6.0 Aroclar 1242 (PCR'A) 0.C6
Methyl bromide 1.0 Araclor 1248 (PC3°D) 0.06
¥inyl chlor ide 0.3 Arocler 1254 (PC3'0) 0.06
Methylere chloride 90.0 BHC 0.01
Chloroform 0.8 BHC (Lindane} 0.01
1,2 dichlorcethane 1.8 guc Q.01
1,1,1 trichloroethane 2.0 Heptachlor 0.01
carbontetrachloride Gg.1 Aldrin 0.01
1,1,2 trichloroethylene 0.3 heptachlor epoxide 0.01
Dichlorcbromomethane 0.1 r chlordans 0.01
1,2 dibromeethane 0.1 p,p' - ODE 0.01
1,1,2,2 tetrachloroethylane 0.1 bieldrin 0.0l
Bromoferm 1.0 " Endrin 0.01
1,1,2,7 tatrachloroethane 0.1 a,p' - COT 0.06
D1lodmethane 0.3 B,p' - ODC 0.02
m-dichlargbenzene 1.2% B,0" - 0DT 0.04
p~dichlgrabenzene 1.25 Mirex 0.02
o-dfchigrobanzene 2.2 Methoxychlor 0.08
1,2,4 orichlerobenzene 2.0 Toxaphene 0.08
Dichlornaethylene 10.0
Dibromomethane 0.1
t-dichlorethy!ené 10.0
Sroup TII (eg/1) Group IV {mg/1)
Arsenic 0.001 TeC -—
Beryllium 0.001
Cadmium 0.501 Group ¥ (mg/1}
Chromium 0.001 Banzo (a} pyrene -—-
Copper 0.001 Perylene -
Lead 0.001 Chrysene ——
Nickel 0.005 Flugranthene -—
Selenfum 0.002
Zine 0.005

Source: Offfce of Cancer and Toxic Substances Research, New Jersey Department of Environ-

mental Pratection
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1.0 TOMS RIVER DRAINAGE BASIN

General Description

The Toms River drainage basin is the northern-most basin in the Pine-
Tands National Reserve. Sixty-nine percent of the watershed (132 square
miles) lies within the Natjonal Reserve; the remaining area {59 square
miles) lies north and east of the Natjonal Reserve boundary. Major
tributaries within the Toms River drainage basin include Davenport
Branch, Wrangle Brook, Michaels Run, 01d Hurricane Broogk, Ruckels
Branch, Manapaqua Brook, Ridgeway Branch, Jakes Brook and Maple Root
Branch. Major lakes include Keswick Lake on Wrangle Brook, Lake Hurri-
cane and Pine Lake on Union Branch and Lake Success on Ridgeway Branch.
A number of unnamed lakes are associated with cranberry production.
Toms River enters Barnegat Bay opposite Seaside Heights, 1l miles north
of Barnegat Bay Inlet. The river is tidal up to the dam at the town of
Toms River.

Major town centers include Toms River, Whiting, Lakehurst, Pleasant
Plains, Whitesville and Keswick Grove. Toms River, Beechwood, Pleasant
Plains and Whitesville are located outside the Pinelands National
Reserve boundary. All but a very small section of the watershed lies
within Ocean County.

Land Use

Tne upper reaches of the Toms River drainage basin are relatively
undeveloped. The downstream areas, nowever, are more densely populated
with commercial and industrial development (see Appendix 1). Major
state landholdings include the Whitings and Manchester Fish and Wildlife
Management areas and the Colliers Mills State Farm and Game Preserve.
The U.S. Naval Air Station 1lies just north of the town of Lakehurst.
Surface waters within the Toms River basin are utilized for agricul-
tural, industrial, recreational shellfishing, fishing and swimming
purposes.

Pollution Sources

Within the Toms River drainage basin there are four domestic dis-
chargers, two industrial dischargers, four landfills and seven land
disposal sites. Land disposal sites are primarily ground percalation
areas. Ffive of the domestic dischargers are outside the Pinelands
National Reserve boundary; two of these five are upstream of the
boundary (see Appendices 3 and 4).

13
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Water Quality

Nineteen Qcean County water quality sampling stations are located in
the Toms River drainage basin (see Appendix 2). Four of these sites
are also sampled by the United States Geological Survey (USGS). The
two uppermost stations on the main branch of Toms River lie outside of
the Pinelands National Reserve boundary.

See USGS Quad Sheets Cassville (3), Lakehurst (4), Whiting (9), Keswick
Grove (10) and Toms River (ll} for sampling station locations. One
station (OCNO37) on Davenport Branch is rated as good on the water
quality index; 13 stations are rated as slightly disturbed, two as more
disturbed and one as most disturbed. The station rated as most dis-
turbed is OCNO42 on the Manapaqua Branch at Lakehurst-Ridgeway Road. ~

The Toms River drainage basin streams are primarily classified as FW-2
and TW-1 based on the proposed revisions to the New Jersey Water Quality
Standards (NJDEP, 1979). Only the headwaters of Davenport Branch and
Jakes Brook are classified as FW-Central Pine Barrens streams. Since
1976, the FW-Central Pine Barrens' biochemical oxygen demand (BOD}
standards (5 mg/1) would have been violated six percent of the time at
the Davenport Branch Station (OCNO37) and Jakes Brook Station (OCN032):
the pH standard (3.5 - 5.5) would have been violated one percent of the
time at these two stations. The Jakes Brook station would have violated
the fecal coliform standard {200/10¢ ml1) 17 percent of the time and the
turbidity standard (20 JTU) 2 percent of the time (see Appendix 5).
Both stations have pH values less than 4.8 ninety percent of the time
(see Appendix 6).

Drainage Basin Assessment

General: Table 4 summarizes the characteristics of the Toms River
drainage basin. Although many of the upstream areas are relatively
undisturbed and have good water quality as evidenced by the Davenport
Branch station (QCNO37), many of the downstream areas have been impacted
by development pressure, and nonpoint and point sources. The station
on Manapaqua Branch (OCNO42), which 1s rated as most disturbed, is
immediately downstream from a domestic point discharge and a landfiil.
The watershed at the station is only 5.9 square miles. The good water
quality station on Davenport Branch (OCNO37) drains 4.7 miles; there
are no point or site-specific nonpoint pollution sources. The change
from good to disturbed water quality from upper to lower Davenport
Branch 1s not explainable by the land use data or pollution source
data. Recent air photos should be inspected.

14
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Critical Issues: The New Jersey Department of Environmental Protec-
tion (1978) states that major problems 1in the Toms River hasin can be
attributed to extremely rapid population growth and development. Inade-
guate septic systems, overloaded, antiquated waste treatment plants and
substantial stormwater runoff contributions in downstream areas have

" combined with the natural slow flow of the river to degrade water
quality with excessive solids, nutrient loadings, fecal coliform and
BOD. Heavy power bhoat utilization of downstream portions have also
degraded water quality.

Major issues within the Toms River Basin include protection of headwater
areas and stream stretches above the cranberry bog lakes and impound-
ments. The domestic point discharge and landfill on Manapaqua B8ranch
should be investigated. The headwaters of Davenport Branch and Wrangle
Brook which lie outside state landholdings are most critical.

15
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2.0 RANCOCAS RIVER DRAINAGE BASIN

General Description

The Rancocas Creek watershed, which drains 34l square miles entirely
within Burlington County, consists of two major branches--the north and
south. These originate from many small tributaries in the rural,
eastern and central portions of the county. The north branch has a
length of 25 miles and a drainage area of 167 square miles; the south
branch is 23 miles long and drains an area of 144 square miles The
confluence of the two branches 1is at Hainesport. Tidal influence
extends up the main stem to. the dam at Mount Holly on the north branch
and to Vincentown on the south branch.

North Branch Rancocas: Major tributaries to North Branch Rancocas
include McDonalds Branch, Mt. Misery Brook (Greenwood Branch}, and Poll
Bridge Branch. Major lakes include Mirror Lake, Hanover Lake, Big and
Little Pine Lakes and Country Lakes. Town centers include Ewansville,
Birmingham, Pemberton, New Lisbon, Browns Mills, Hanover Furnace and
Whitesbog. Smithville and Mount Holly lie on the North Branch outside
of the Pinelands National Reserve boundary.

South Branch Rancocas: Major tributaries to the South Branch
Rancocas include Friendship Creek, Little Creek, Gum Spring, Bear Swamp
River, Southwest Rancocas Creek and Masons Creek. Lakes include Centen-
nial Lake, Taunton, Oliphant's Lake and the Medford Lakes. Major town
centers include Lake Pine, Medford Lakes, Vincentown, Budd Town, Taunton
and Marlton. Vincentown, Eayrestown, Lumberton and Hainesport lie
outside the Pinelands National Reserve boundary.

Land Use

Agricultural lands are extensive in the middle portion of the basin.
The eastern and southern portions of the basin are essentially forested
and occupy 64% of the basin. The remaining 20% 1is characterized by
development in the western and southern portions (see Appendix 1).

North Branch Rancocas: Seventy-eight percent of the North Branch
Rancocas drainage basin is forested and contains extensive cranberry
bogs. Fort Dix is located within the basin, north of Pemberton. Major
state holdings include Lebanon State Forest and the Whitesbog Fish and
Wildlife Management Area. A section of the Greenwood Forest Fish and
Wildlife Management Area is also in the basin. The majority of the
stream headwaters are within state landholdings; the major development
belt lies between Pemberton and Hanover Furnace.
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South Branch Rancocas: Fifty-six percent of the South B8ranch
Rancocas drainage basin 1is upland forest; 22% is in agricultural use.
The s0ils in this basin have a finer texture and are more suited to row
¢rops than other Pineland areas. The only state holding within this
basin 1is State Colony and a small section of Llebanon State Forest at
Ongs Hat, Development has increased rapidly on the western section of
the basin between Marlton, Medford, Medford Lakes and Taunton.

Pollution Sources

North Branch Rancocas: There are 14 domestic dischargers and 3
tandfills within the Pinelands National Reserve boundary. Two of the
landf{11s are din the upper headwater regions above Whiteshog; the
rEmai?der are concentrated downstream of Browns Mjlls (see Appendices 3
and 4).

South Branch Rancocas: Two domestic dischargers and two landfills |
are located upstream of Retreat on South Branch Rancocas Creek. One
domestic discharger is located in the Little Creek drainage basin. Two
landfills and five domestic dischargers are located in the Southwest
Branch Rancocas Creek basin in the vicinity of Marlton, Taunton and
Medf ord.

Water Quality

North Branch Rancocas: Five water quality sampling stations are
located on the Neorth Branch Rancocas Creek within the Pinelands National
Reserve boundary. An additional station is found downstream at . Mount
Holly. McDonalds Branch in the headwaters areas of Lebanon State Forest
is rated as pristine on the water quality index (see Appendix 2}. The
station at Ewansville 1is rated as more disturbed and the remaining
three stations are rated as slightly disturbed.

The North Branch Rancocas Creek Basin includes FW-1, FW-2 and FW-Centra)
Pine Barrens streams according to the proposed revisions to the New
Jersey Water Quality Standards. The only station within the Central
Pine Barrens Water Quality Standards Area is on Greenwood Branch at New
Lisbon. Since 1972, the FW-Central Pine Barrens pH standard (3.5 - 5.5)
would have been violated 4 percent of the time and fecal coliform
(200/100 m1), 17 percent of the time (see Appendix 5). The station has
pH values of less than 4.8 ninety percent of the time (see Appendix §).

South Branch Ranceccas: There is only one water quality station on
the South Branch Rancocas within the Pinelands National Reserve boundary
and three downstream of the boundary. Water quality at Retreat is

slightly disturbed based on the water quality index and most disturbed
at Haifnesport.

20
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The South Branch Rancocas includes FW-Central Pine Barrens streams and
FW-2 streams. The water quality station at Retreat is within the FW-
Central Pine Barrens Standards Area. Since 1975, pH standards (3.5 -
5.5) would have been violated three percent of the time; fecal coliform
standards (200/100 ml1), 15 percent; total phosphorus standards (0.23
mg/1-P), 4 percent; suspended solids (40 mg/1), 8 percent; and total
dissolved solids (100 mg/1), 3 percent (see Appendix 5).

Drainage Basin Assessment

General: Table 5 summarizes the characteristics of the Rancocas
River drainage basin. It can be assumed that the upper areas of the
North Branch Rancocas basin have good water quality based on the pris-
tine water quality at McDonalds Branch and the large amount of state-
owned property within this basin. Below Browns Mills, however, water
quality is degraded by the 1increase in point discharges and percent
development.

The South Branch Rancocas Creek basin has a higher percentage of agri-
cultural land and developed land than the North Branch drainage basin.
High phosphorus and suspended solids loads were observed at the water
quality station at Retreat; however, the information 115 not adequate
enocugh to use to predict the exact cause of these violations. Insuffi-
cient data exist for the Southwest branch of the Rancocas fo assess the
development pressures of the Medford area and their impact on water
quality. The New Jersey DEP (1970) -states that high fecal coliform
loads occur on the Southwest Branch just downstream of the Evesham
Township, Medford Lakes Borough and the Medford Township municipal
sewage treatment plants,

Excessive phosphorus and bacterial levels in the mid-stretches of the
North 8ranch can be attributed to agricultural runcff, malfunctioning
septic systems and sewage treatment plants. The two Mount Holly sewage
treatment plants and the Pemberton Township Municipal Utility Authority
(MUA) treatment plant, which have a combined flow of approximately 3.1
million gallons a day (MGD), are presently being upgraded (NJDEP, 1978).
In the Scuth Branch basin, excessive algal growth caused by high phos-
phorus loads discharged from the Medford Lakes Borough sewage treatment
plant sheuld be alleviated with treatment plant upgrading {NJDEP, 1978).

Critical Issues: The upper North Branch basin is well protected by
state-owned land; however, the Seouth Branch is more vulnerable. Devel-
opment pressure from Philadelphia and Camden and the soil suitability
for agriculture may have significant impacts on the South Branch basin.
Stream stretches above recreational lakes and <¢ranberry bogs should be
give high priority.
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Point sources, especially those discharging upstream of or into lakes,
such as the Medford Lakes Borough plant, should be forced to upgrade
and reduce the nutrient loadings.

Recommendations for Future Study: An investigation of the environ-
mental effects on the North Branch basin of the two landfills drained
by Poll Bridge Branch should receive high priority. In addition, poten-
tial development pressure upstream of Colonial Lake and Mirror Lake
should be identified and the possibility of their degrading the lakes'
water quality should be determined.

22
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3.0 CEDAR CREEK DRAINAGE BASIN

General Description

Cedar (Creek is a coastal stream draining directly to Barnegat Bay
through Lanoka Harbor. The drainage basin occupies approximately 56
square miles. Major tributaries include Factory Branch, Newbolds
Branch, Daniels Branch, Chamberlain Branch and Webbs Mill Branch,
Bamber [ake lies just downstream from the confluence of Chamberlain and
Webbs Mill branches.

Major town centers include Lanoka Harbor, Double-Trouble, Dover Forge,
Camp Columbus, Pinewald and Cedar Crest. Pinewald is outside the Pine-
lands National Reserve boundary. The entire basin lies within Ocean
County.

Land Use

The Cedar (Creek drainage basin is relatively undisturbed. Seventy-one
percent of the area is upland forest, and 20% is forested wetlands (see
Appendix 1). The main agricultural crop is cranberries. The headwaters
of Webbs Mill Branch and Chamberlain Branch drain the Greenwood Forest
Fish and Wildlife Management area.

Pollution Sources

Two point source dischargers and three nonpoint poilution sourcaes exist
in the drainage basin (see Appendices 3 and 4). A landfill site is
praposed for a location above Double Trouble Road.

Water Quality

Three Ocean County water quality sampling stations are located in the
Cedar Creek drainage basin (see USGS Quad Sheets Keswick Grove (10),
Toms River (11) and Forked River (19) for locations). The upper two
stations, OCNO44 and OCNO4S, are rated as goad on the water quality
index. The station furthest downstream (OCNO43) 1is rated as slighly
disturbed due to elevated fecal coliform 1levels. The two upstream
sampling stations are not considered pristine due to slightly high BOD
levels, which, however, could be due to natural oxygen demands (see
Appendix 2).

Cedar Creek drainage basin includes FW-1l, FW-Central Pine Barrens and
TW-1 classified stream stretches based on the proposed revision ta the
New Jersey Water Quality Standards {NJDEP, 1979). Since 1976, the FW-
Central Pine Barrens B0D and pH standards would have been violated six

25
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percent of the time at Water Quality Station OCNQ45, and pH viglated one
percent of the time at OCN-44 (see Appendix 5). All three stations have
pH values less than 5.4, ninety percent of the time (see Appendix 6).

Drainage Basin Assessment

General: The Cedar Creek drainage basin contains a large percentage
of undisturbed land, a condition which is responsible for the basin's
gcod water quality. Table 6 summarizes the drainage basin characteris-
tics. The existing point and nonpoeint sources do not have a major
effect on the stream quality, at Teast at the sampling station loca-
tions. Localized impacts may exist.

Critical Issues: Based on the stream quality problems evident in
the Toms River and Great Egg Harbor River basins, it will be most criti-
cal to protect the headwater areas (small streams in the upper water-
shed). The drainage basins of Factory Branch, Newbolds Branch, Daniels
Branch and the unnamed tributary above Camp Columbus are not presently
within federal and state landholdings. The drainage area above Bamber
Lake should be protected to preserve the water quality of the lake.

Because Cedar Creek drains directly to Barnegat Bay which has a minimal
flushing rate, it {is critical to limit nutrient loading so as not to
upset the ecological balance of the bay.

Recommendations for Future Study: A study should be conducted to
compare the impact of Cedar Creek on Barnegat Bay to the other drainage
basins.
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4.0 FORKED RIVER DRAINAGE BASIN

The Forked River drainage basin 1is comprised of four major streams:
Forked River, Oyster (Creek, Mill Creek and Westecunk Creek. Each of
these will be considered as a separate basin.

4,1 Forked River

General Description

The Forked River drainage basin 1is approximately 20 square miles in
size. It contains three major tributaries: North Branch Forked River,
Middle Branch and South B8ranch. Three 1lakes are found on the North
Branch Forked River below the Garden State Parkway: Deerhead Lake,
Lake Barnegat and Lower lLake. The area drains directly to Barnegat Bay
and is totally within Ocean County. The only major town is Forked
River on Route 9.

Land Use

The majority of the watershed (83%) is forested and undeveloped (see
Appendix 1}, The developed area of the watershed 1ies east of the
Garden State Parkway. Water is withdrawn from the South Branch Forked
River for the Qyster Creek power plant.

Pollution Sources

There is one landfill site in the headwaters of the North Branch between
Cave Cabin Branch and Long Branch. There is one domestic discharger on
the North Branch at Route 9. There are no major pollution sources on
the rgiddle or South branches of the Forked River {(see Appendices 3
and 4).

Water Quality

Four Ocean County water quality stations are Tlocated 1in the Forked
River drainage basin. A water quality index value was developed for
the Middle Branch Forked River station and the two North Branch Forked
River stations. The middle and north branches have good and slightly
disturbed water quality, respectively (see Appendix 2). The high total
dissolved solids reading at Station OCNO46 1is probably due to tidal
influence. pH levels are less than 4.9 ninety percent of the time (see
Appendix 6.) See USGS Quad Sheets Brookville (18) and Forked River
(19} for station locations.
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Drainage Basin Assessment

General: The Middle B8ranch Forked River basin is almost 100%
forested and undisturbed. This condition is reflected in the good
water quality monitored at Route 9. Water guality in the South Branch
is also probably good. The North Branch water quality is slightly
disturbed due to elevated fecal coliform levels. Due to the station
locations, it 1s not possible to assess the relative impact of the
upstream landfill, agricultural areas and developed areas (see Table 7
for summary).

Critical Issues: The upper basin west of the Garden State Parkway
should be protected, especially because there are three lakes downstream
on the North Branch. ODevelopment on the relatively steep slopes of the
Forked River mountains should be discouraged. Because the Forked River
drains directly to Barnegat Bay, an estuary with minimal flushing,
nutrient levels should be monitored carefully.

Recommendations for Future Study: The impact of the Forked River
system on Barnegat Bay should be compared to the other drainage systems
and the localized impact of the Tandfill should be assessed.

4,2 Qyster Creek

General Description

Oyster Creek is an ll-square-mile area draining directly to Barnegat
Bay. The basin is totally within Qcean County. The two major towns
within the drainage basin are Brookville and Wells Mills. The mouth of
Qyster Creek is located just opposite Barnegat inlet.

Land Use

The majority of the QOyster Cresk basin {is forested and undisturbed. Six
percent of the area is in residentfal use and seven percent in agricul-
ture (see Appendix 1), There are a few cranberry bogs upstream of
Wells Mills Pond. The QOyster Creek power plant is located downstream
of Route 9.

Pollution Sources

There are two 1industrial point sources within the OQyster Creek basin,
both near Route 9 {see Appendices 3 and 4).
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Water Quality

There are three Ocean County water quality stations and one USGS station
within the Oyster Creek basin. See USGS Quad Sheets Brookville (18) and
Forked River (19) for their locations., Water quality in areas outside
of tidal influence 1is slightly disturbed based on the water quality
index (see Appendix 2). High BOD values were found at Brookville Bog
and high fecal coliform values at the Route 532 station. The elevated
BOD and fecal coliform levels are probably due to runoff from livestock
areas or malfunctioning septic systems. The elevated BOD TJevels could
be due to natural conditions.

The headwaters of QOyster Creek (small streams in the upper area of the
basin) are within the FW-Central Pine Barrens Water Quality Standards
Area; the remaining creek is in a TW-2 area. Since 1976, the FW-Central
Pine Barrens BOD standards (5 mg/1) would have been violated 15 percent
of the time; the pH standard (3.5 - 5.5), 3 percent of the time; the
turbidity standard (20 JTU), 6 percent of the time and the dissolved
solids standard (100 mg/1), 2 percent of the time at Brookville Bog.
The BOD and fecal coliform standards would have been violated at the
Wells Mills Road station (see Appendix 5). The two uppermost stations
in the basin have pH values of less than 4.8 ninety percent of the time
{see Appendix 6).

Drainage Basin Assessment

General: The Qyster Creek drainage basin has slightly disturbed
water quality (see Table 7 for summary). High BOD levels are probably
due to livestock, malfunctioning septic systems or natural conditions.
High fecal coliform levels may be due to livestock or septic system
failures.

Critical Issues: The small streams above Wells Mills Pond should
be protected.

Recommendations for Future Study: Water quality data collected for
the Oyster Creek generating plant should be reviswed and incorporated
into the index. In addition, the impact of Oyster Creek on Barnegat Bay
should be compared to the other drainage basins.
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4.3 Mill Creek

General Descript1dn

Mi1l Creek is a 2l-square-mile sub-basin draining directly to Manahawkin
Bay. Major tributaries include Eightmile Branch and Fourmile Branch,
Manahawk in Lake is at the confluence of Fourmile Branch and Mill Creek.
The only major town is Manahawkin.

Land Use

The upper watershed of Mill Creek is forested and relatively undis-
turbed. Cranberry bogs are found upstream of Manahawkin Lake. Develop-
ment has spread around the center of the watershed near Manahawkin; the
lower watershed is primarily tidal wetlands. There is relatively little
agriculture practicad in the watershed (see Appendix 1).

Pollution Scurces

One landfill is located on the south side of Mil1 Creek above Manahawk-
in, and two domestic dischargers are Jlocated below Manahawkin {see
Appendices 3 and 4).

Water Quality

Four Ocean County and two USGS water quality stations are located within
the Mil1l Creek basin. The water quality index was developed for three
of these stations. Fourmile branch has good quality, and Mill Creek at
Route 72 and at Route 180 has slightly disturbed water quality due to
elevated BOD and fecal coliform (see Appendix 2).

The headwater areas of Mill Creek are in the FW-Central Pine Barrens
Water Quality Standards Area; the remaining sections of Mill Creek and
Fourmile Creek are in the TW-2 area. Since 1976, the FW-Central Pine
Barrens BOD standards (5 mg/1) would have been violated 21 percent of
the time and the pH standard (3.5 - 5.5}, 20 percent of the time at the
Route 72 station (OCNO54) (see Appendix 5). pH at this station is less
than 5.8 ninety percent of the time (see Appendix 6).

Drainage Basin Assessment

General: The major route from Philadelphia to Long Beach [sland
(Route 72) cuts through the Mill Creek basin. There is high development
pressure along this rvad and in the area surrounding Manahawkin. Due
to the lack of data for the area below Manahawkin, it is not possible

to assess the impact of the two existing domestic dischargers (see
Table 7 for summary).
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Critical Issues: To protect the water gquality of Manahawkin Lake
and the existing cranberry bogs upstream, the small streams in the
upper watersheds of Mill Creek, Eightmile Creek and fourmile C(reek
should be protected. The wetlands area in the lower part of the basin
is currently protected by state laws.

Recommendations for Future Study: The impact of the domestic dis-
chargers should be assessed and the impact and potential impact of the
Mill Creek basin on Manahawkin Bay water quality should be compared to
the other drainage basins.

4.4 Westecunk Creek

General Description

Westecunk Creek js a 21-square-mile area draining to L1ittle Egg Harbor.
A1l but a very small portion of the basin is located in Ocean County.
Major tributaries include Log Swamp Branch, Governors Branch, Uriah
Branch and Rail Branch., Major towns include Stafford, Fords, West
Creek and Parkerton.

Land Use

Fifty-four percent of the watershed i{s in upland forest and 14% is
forested wetlands {see Appendix l). Portions of the headwaters of Rail
Branch and Log Swamp Branch are within the Bass River State Forest.
Additional state landholdings dinclude the Stafford Forge Wildlife
Management area.

Pollution Sources

Two landfills are Jocated in the basin below Stafford Forge (see
Appendix 3).

Water Quality

There are two Qcean County water quality stations within the Westecunk

Basin, The water quality index classifies the water guality at both
stations as slightly disturbed because of high fecal coliform levels.

Approximately half of the Westecunk Basin is 1in the FW-Central Pine
Barrens Standards Area. The remaining creek is in the TW-2 area. Since
1976, the water quality station at Martha Road would have had a six
percent vielation of the New Jersey pH standard (3.5 - 5.5) and a 14
percent viglation of fecal coliform standards (200/100 m1). pH levels
at the Martha Road station are less than 5.4 ninety percent of the time.
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Drainage Basin Assessment

General: Table 7 summarizes the Westecunk Creek data. The elevated
fecal coliform levels could be due to livestock areas or to septic
system failures. The water quality index does not indicate degradation
from tha two landfil]l sites; however, localized 1impacts should be
invest igated.

Critical Issues: The small streams in the upper basin of Westecunk
Creek should be protected, although protection is not as critical as
other watersheds which have lakes downstream.

Recommendations for Future Study: Local water quality impacts
downstream from the two landfill sites should be studied and the rela-
tive impact of Westecunk Creek on Little Egg Harbor should be studied.
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5.0 MULLICA RIVER DRAINAGE BASIN

General Description

The Mullica River drajnage basin is made up of 7 major sub-basins:
Bass River, Wading River, Batsto River, Atsion-Mechesactauxin Creek,
Nescochaque Creek, Hammonton Creek, and the Lower Mullica River. Each
of these will be considered as a separate basin, Table 8 summarizes
the data for all seven sub-basins.

5.1 Bass River

General Description

The Bass River basin is a 20-square-mile area draining to the Lower
Mullica River. Major tributaries include the East Branch Bass River,
West Branch Bass River, Tommy's Branch, Bartlett's Branch, and Job's
{reek. The Bass River enters the Mullica at Moss Point. The only
major laka jn the watershed is Lake Absegami. New Gretna is the only
major town. The majority of the basin 1jes in Burlington County; a
smail section lies in Ocean County.

Land Use

The BRass River Basin s relatively undisturbed, with over 90% of the
area in forested land or nonforested wetland (see Appendix 1). Approxi-
mately 1/3 of the basin is included in the Bass River State Forest.
The main agricultural crop is cranberries.

Pollution Sources

The enly known pollution source within the basin is a Tandfill below

the confluence of the East and West branches of the Bass River (see
Appendix 3).

Water Quality

Two USGS water quality sampling stations are located within the Bass
River Basin, one on the East Branch and the other on the West Branch
near New Gretna. A water quality index was developed for the East
Branch station. The East Branch has slightly disturbed water quality
at this pofnt due %o elevated suspended solids lecads. B8ecause of the
lack of upstream development, it is assumed that water qualfty in the
West Branch is also good to slightly disturbed.
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The Bass River drainage basin upstream of the confluence of the East
and West branches is included within the FW-Central Pine Barrens Water
Quality Standards Area. The lower section of the basin is classified
as TW-1l. At the East 8ranch sampling statign, pH values are less than
5.1 ninety percent of the time (see Appendix 6).

Drainage Basin Assessment

General: The Bass River Basin is a relatively undeveloped basin
containing large state land holdings. The water quality index value of
slightly disturbed at the East Branch station is probably conservative.
The suspended solids 90 percentile concentration was only 0.5 mg/1
higher than the 12.5 mg/1 cutoff point. The slightly elevated solids
load could be attributable to activities at the state recreation area
immediately upstream from the sampling station.

Critical Issues: Although there are extensive state land holdings
within the basin, the headwaters (small streams in the upper watershed)
of the East Branch, West Branch, and Bartlett's Branch of Bass River
are not protected. These areas should be given priority protaction.

Recommendations for Future Study: This basin would be an ideal

study area 1in which to assess the impacts of recreation on water
quality.

5.2 Wading River

General Description

The Wading River Basin is a l76-square-mile area draining directly to
the Mullica River. The Wading River enters the Mullica at Collins
Point opposite the Port Republic Fish and Wildlife Management Area.

Major tributaries to the main stem Wading River include the West Branch,
East Branch (Oswego River), Papcose Branch, Yellow Dam Branch, Plains
Branch, Tulpehocken Creek, Shoal B8ranch, and Beaver Run. Major lakes
include Chatsworth, Oswego Lake, Harrisville Pond, Simm Pond, and Decou
Pond. A number of unnamed lakes are found upstream of cranberry bogs.
Major town centers within the watershed include Chatsworth, OQukes
Bridge, Paris Station, Friendship, Jenkins Neck, Martha, Leektown,
Harrisville, and Wading River. Major land forms include Apple Pie Hill
and Bear Swamp Hill.
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Land Use

Seventy-five percent of the watershed is forested upland. Fifteen per-
cent is forested wetland (see Appendix 1l). Eighty percent of the Pine-
lands cranberries are grown within the Wading River Basin; 40% of the
blueberry farms are within the basin.

Major landholdings within the basin include ten state forests, and
portions of the Wharton Tract, Bass River State Forest, Lebanon State
Forest, and the New Jersey Forest Fighters Service.

Pollution Sources

The Wading River Basin has no known point ‘sources or site-specific
nonpoint pollution’ sourtes, o

Water Quality

There are four USGS stations within the Wading River Basin. Two of
these staticns, West Branch Wading River near Maxwell and the Oswego
River at Harrisville, were used for the water quality index. Both of
these stations were rated as having slightly disturbed water guality.
The West Branch Wading River station exceeded the suspended solids
Tevel (40 mg/1)} and the Oswego River station exceeded the established
fecal coliform level (200G/100 ml). Based on the fecal coliform/fecal
streptococcus ratio, the bacteria contamination is probably due to
livestock or poultry waste.

The Wading River Basin includes FW-1 streams, FW-Central Pine Barrens
Water Quality Standards Area, and FW-Lower Mullica and Wading River
Standard Streams. At the Oswego River station at Harrisville, the
Central Pine Barren standards for 80D (5 mg/1) would have been violated
% of the time, the fecal coliform standard 1l% of the time, and the pH
standard (3.5 - 5.5) 12% of the time since 1976,

Orainage Basin Assessment

General: The Wading River Basin has minimal developed 1land,
however; it 1s used extensively for ¢ranberry and blueberry production.
Water quality Tevels on the West Branch Wading River and the Osweqo
River are slightly disturbed. The elevated suspended solids and fecal
coliform levels are probably due to localized problems.

Critical Issues: It 1is most fimportant that the water quality of
the Wading River and its tributaries be maintained as high as possible.
Tributaries in the upper basin whigch 1lie outside of state-owned lands
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are most ¢ritical. These headwater streams include Yellow Dam Branch,
Plains Branch, Beaver Branch, Ives 8ranch, Pole Branch, Probst Branch,
Goose Pond, and the sections of West Branch Wading River around Chats-
worth. Streams above cranberry bogs and, Takes must be protected.

Recommendations for Future Study: There are very few long-term water
quality sampling stations within the Wading River Basin. Additional
stations should be established on the upper basin and in the major
lakes. The actual impact of cranberry production on water quality can
also be studied in this basin.

5.3 Batsto River

General Description

The Batsto River basin, a major upper basin watershed tributary to the
Mullica River, occupies 74 sqguare miles in the Central Pinelands.
Major tributaries to the Batsto River include Penn Swamp Branch, Roberts
Branch, and Springers Creek. Lakes include Batsto Lake and Indfian
Mills Lake. Batsto, Pleasant Mills, Quaker Bridge, Hampton Furnace,
Indian M1i1ls, Tabernackle and Paisley are major towns.

Land Use

Approximately three-quarters of the Batsto Basin fs included in the
Wharton Tract. Cranberry production 1is extensive in the upper tribu-
tarjes (see Appendix 1).

Pollution Sources

There are two landfill sites within the Batsto River Basin. One is
Jocated above the Springers Brock station and the second is Tocated
above the Batsto River at Quaker Bridge station. Both landfill sites
are located near stream headwaters (see Appendix ).

Water Quality

There are three USGS stations located within the Batsto River Basin.
Based on the water quality index, the Batsto River at Batsto has good
river quality. Slightly disturbed water quality is found on Springers
Brook near Indian Mills and on the Batsto River at Quaker Bridge. The
established fecal coliform Tevel (200/100 ml) was exceeded at these two
stations. The total dissolved soTids level (100 mg/1) was also exceeded
at Springers Brook (see Appendix 2).
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According to the MNJDEP Proposed Revisions to the State Water Quality
Standards, the Batsto River Basin includes FW-1 and FW-Central Pine
Barrens Water Quality Standards Area. The three USGS water quality
stations are Included within the FW-Central Pine Barrens Water Quality
Standards Area. Since 1975, the pH standard (3.5 - 5.5) would have been
viglated 77% of the time at Springers Brook, 18% on the Batsto River at
Quaker Bridge, and 22% on the Batsto River in Batsto. The fecal coli-
form standard (200/100 ml) would have been violated 13% of the ftime on
Springers Brook, 14% on the Batsto River at Quaker Bridge, and 6% of the
Batsto River at Batsto. Dissolved solids violations (100 mg/1) would
have occurred on Springers Brook and on the Batsto River at Quaker
Bridge; total alkalinity violations (10 mg/1) would have occurred on
Springers Brook and at the Batsto River at Batsto.

Drainage Basin Assessment

General: The water quality within the Batsto Basin is good to
sTightly disturbed. An analysis of the fecal coliform/fecal strepto-
coccus ratio shows that the bacterial contamination could be caused by
human waste and/or livestock and poultry waste. This Tlatter category
incTudes wild game. The high total dissolved solids levels in Springers
Brook could be due to the surrounding agricultural practices. pH and
total alkalinity violations indicate the use of 1ime on field crops or
septic systems contamination.

The Batsto River 1increases in quality downstream. Good quality is
found at the Batsto River station at Batsto due to cleansing action as
the river passes through bogs and swamp areas.

Critical Issues: The headwater areas (small streams in the upper
watershed) of Springers Brook, Indian Mills Brook, and the Batsto River
are not currently protected. These areas are particularly vulnerable
due to development pressure from the Medford Lakes region. Because the
Batsto River is a major tributary to the Mullica River and is often
thought of as a "typical Pine Barrens stream," its water guality should
be protected.

Recommendations for Future Study: The localized impacts of the ftwo
landfills and land disposal sites should be determined, especially
because the landfills are upstream of cranberry production areas. The
causes of the water quality problems on Springers Brook should alsc be
determined,
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5.4 Atsion-Mechesactauxin Creeks

General Description

This 89-square-mile watershed incorporates the headwaters of the Muliica
River. Major tributaries to the Mullica include the Mechesactauxin
Branch (Sleeper Branch), Clarks Branch, Wildcat Branch, Coopers Branch,
and Wesickaman Creek. Atsion Lake and Beaver Dam Lake are the two
major water bodies in the basin. Approximately two-thirds of the basin
is included within the Wharton Tract.

Major towns include Atsion, Chesilhurst, and Atco. The basin is divided
between Burlington, Camden and Atlantic counties.

Land Use

Fourteen percent of the watershed is in cropland and pasture. Eighty
percent of the watershed is in upland forest and wetland forested areas
(see Appendix 1).

Pollution Sources

There are three landfills, an industrial point source and a land
disposal nonpoint source within the basin (see Appendices 3 and 4).
The industrial point source is located in Chesithurst. Three of the
landfills are located in the upper section of the watershed.

Water Quality

There are six USGS water quality stations within the Atsion-
Mechesactauxin Creek Basin. MWater quality ranges from good on the
Muilica River near Atco and at the outlet of Atsion Lake to most
disturbed on the Wildcat Branch at Chesilhurst. The two other
stations--Muliica River at Indian Mills and Mullica River at Pleasant
Mills-~have slightly disturbed water quality. The most disturbed water
quality at Chesilhurst is due to viclations of levels of suspended
solids, fecal coliform and total dissolved solids (see Appendix 2).

The Atsion-Mechesactauxin watershed is completely contained within the
FW-Central Pine Barrens Water Quality Standards Area. Between 1977 and
1978, water quality at the Mullica River station near Atco would have
violated the pH (3.5 - 5.5), total phosphorus (0.23 mg/1-P}, dissolved
solids (100 mg/1), and nitrate nitrogen (2 mg/1-N) standards; the
Mullica River station near Indian Mills would have violated the pH and
total phosphorus standards (see Appendix 5). The pH, total alkalinity
(10 mg/1). and nitrate nitrogen standards would have been violated on the
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Mullica River at the outlet of Atsion Lake. Violations of pH, fecal
coliform (200/100 ml) and total alkalinity would have occurred on the
Mullica River at Pleasant Mills. Water quality on Wildcat Branch at
Chesilhurst would have violated the following standards: B0D (5 mgl),
pH, fecal coliform, turbidity (20 JTU), suspended solids {40 mg/1),
dissolved solids and total alkalinity.

Drainage Basin Assessment

General: Water guality in the Atsion-Mechesactauxin Basin is quite
variable, The most disturbed water quality on the Wildcat Branch is
probably due to the industrial point source, urban development and
surrounding agricultural Tand. This station is a good 1llustration of
the fragile character of headwater areas, The normal Tow flows of the
small streams are not adequate to assimilate the waste. Water quality
at all other stations is either good or slightly disturbed due to ele-
vated suspended solids loads. These loads could be due to natural
conditions.

Critical Issues: This drainage basin probably has the greatest
potential for being impacted by development. The small streams of the
upper basin which are not within the Wharton Tract are very close to
the developing centers of Berlin and Atco. These areas are expanding
rapidly due to the convenient transportation to Philadelphia via the
PATCO High Speed Line. Because the Mullica River is a primary component
of the Pine Barrens character, it is imperative to protect the upper
reaches.

Recommendations for Future Study: The localized impacts of the
landf11ls and land disposal sites should be studied. The relative
impact of the industrial point source, urban development and agricul-
tural land at Chesilhurst should be determined., Water quality of the
Mechesactauxin Branch at various distances downstream from Chesilhurst
should be determined. This will also show the cleansing ability of
swamp and bog areas. Many of the upper watershed stations were only
sampled between 1977 and 1978. Additional Tong-term sampling stations
should be established.

5.5 Nescochaque Creeak

Geperal Description

The Nescochaque Creek Basin is a 5l-square-mile area draining to the
Mullica River at Pleasant Mills. Major tributaries to the Nescochaque
include Great Swamp Branch, Cedar Branch, Drivers Branch, Blue Anchor
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Brook, Albertsons Brook, Gun B8ranch, Pump Branch, Clark Branch and
Price Branch. The major lake within the basin is Nescochague Lake.
Major towns include Braddock, Winslow Junction, and sections of
Hammonton,

Land Use

Approximately one-quarter-of the basin js Inciuded within the Wharton
Tract; 36 percent of the area s in agricultural use and 9 percent is
residential (see Appendix 1). The basin is located entirely within
Camden County.

Pollution Sources

Three industrial point dischargers, one domestic discharger, a landfill
site and a land disposal site are located within the Nescochaque Basin
{see Appendices 3 and 4].

Water Quality

One USGS water quality sampling station is located within the basin at
Pleasant Mills. Water quality at this station is considered siightly
disturbed due to elevated suspended solids loads (see Appendix 2). A
significant fish kill occurred in Nescochaque Lake in July 1976, attri-
buted to discharge from the Hammonton treatment plant. (Mikulka, 1976).

The total Nescochaque Basin 1is considered within the FW-Central Pine
Barrens Water Quality Standards Area. The median pH value on Nesco-
chaque Creek at Pleasant Mills is 5.9. pH values are less than 6.6
ninety percent of the time (see Appendix 6)}.

Drainage Basin Assessment

General: Because there is only one water quality station at the
very base of the watershed, it 1is impossible to evaluate any 1local
upstream water quality Jimpact. Water quality at Pleasant Mills is
slightly disturbed due to suspended solids concentrations; these
elevated levels are probably due to natural conditions.

pH levels are slightly elevated at the Pleasant Mill station, probably
because of the soil types within the basin and the percentage of land
in agricultural use.

Critical Issues: The headwater areas- of Pump Branch, Blue Anchor
Branch and Great Swamp Branch are in agricultural areas. The impact to

these headwater areas should be determined and appropriate management
of nonpoint sources enforced.
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The Nescochaque Basin is divided by Route 30 running from Philadelphia
through Hammonton. Development pressure is high. Management of the
headwater areas of the Nescochaque Basin is critical to the guality of
the water in the Mullica River.

Recommendations for Future Study: Water quality stations should be
established in the headwater areas to determine the effects of agricul-
tural use on the streams there. The impact of the three ftndustrial
dischargers, the domestic discharger and the landfill site on water
quality should also be investigated.

5.6 Hammonton Creek

General Description

The Hammonton Creek Basin is a 17-square-mile area draining the City of
Hammonton. Hammonton Lake js found in the headwaters directly below
the city. Major towns within the watershed include Hammonton, Wescoat-
ville and Nesco. The Hammonton Creek Basin iJs located in Atlantic
County. Hammonton Creek joins Nescochaque Creek at Lake Nescochaque.

Land Use

There are no state Tlandholdings within the Hammonton Creek B8asin.
Twenty-four percent of the basin i1s in agricultural use and ten percent
is developed land (see Appendix l).

Pollution Sources

There i{s one domestic discharger, one industrial point source and a
Tandfill within the Hammonton Creek Basin. The industrial point source
is located upstream of Hammonton Lake; the domestic discharger is
immediately downstream from the lake (see Appendices 3 and 4).

Water Quality

There are three USGS water gquality sampling stations within the Hammon-
ton Creek Basin. Two of the statigns bracket the domestic point source,
and the third is located downstream from Wescoatville. Water quality
is disturbed at the upstream and downstream stations and most disturbed
immediately below the domestic point source (see Appendix 2). The poor
quality at the Route 30 station (01409412) is due to elevated levels of
B0D, suspended solids and fecal coliform. The most disturbed quality
at Station 01409414 1is due to elevated levels of BOD, suspended solids,
fecal coliform and total dissolved solids. More disturbed water quality
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at Wescoatville (01409416) is due to high levels of total nitrogen,
fecal coliform and total dissolved solids. A major fish Kill which
occurred in Nescochaque Lake in July 1976 was attributed to high BOD
loads originating from the Eastern Brewing Corporation and which passed
through the Hammonton treatment plant (Mikulka, 1976).

Hammonton Creek is Tlocated within the FW-Central Pine Barrens Water
Quality Standards Area. Viclations of these standards have occurred at
all three stations (see Appendix 5). The mean pH value at the upstream
station 1s 7.1, 6.2 below the domestic discharge and 6.1 in the Wescoat-
ville area (see Appendix 6).

Drainage Basin Assessment

General: The Hammonton Creek watershed has poor to very poor water
quality because of point sources, urban runoff and agricultural prac-
tices. Based on the water quality index and pH values, Hammonton Creek
has the worst water quality in the whole Pinelands area. The high
nutrient loads can adversely impact Nescochaque lLake, the Mullica River
and, finally, Great Bay. The high pH values will alter the acid
water-dependent Pinelands aquatic communities.

Critical Issues: Hammonton Creek is a critical issue. A number of
studjes have been done on this creek that provide good background data
(Durand and Zimmer, 1979). Management plans for point source discharg-
ers must be established. The high nutrient levels and high pH levels
are especially critical. A policy decision must be made as to whether
Hammonton Creek should be restored to a "typical Pinelands stream" with
Tow pH and low nutrient levels or whether higher ph and nutrient levels
may be permitted. Management controls on the surrounding agricultural

lands will have to be very strict if the pH and nutrient loads are to
be significantly reduced.

Recommendatigns for Future Study: Rutgers University and the NJDEP
have established extensive sampliing programs on the Hammonton Creek,
These programs shouid be continued. The impact of upstream land uses
on Nescochaque Lake should be investigated. A study should be made to
predict the water quality level of Hammonton Creek i1f the point sources
are upgraded, but agricultural practices remain the same.

High nutrient loads originating in Hammonton Creek may be affecting the
nutrient balance of Great Bay. If other tributaries of the Mullica
{Atsion-Meschesactauxin Creeks and Nescochaque Creek) are modified by
development and agricultural expansion similar +to Hammonton Creek,
Great Bay may be severely impacted.
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5.7 Mullica River

General Description

Tnis basin includes all land from Pleasant Mills to Great Bay that
drain directly to the Mullica River. The land on the north side of the
river 1is in Burlington County and primarily consists of the Wharton
Tract. The land on the south side of the river 1s in Atlantic County

and has minimal state landholdings. Extensive swamp lands exist on the
south side of the Mullica River.

The only tributaries within this basin are Newton Creek, Landing Creek,
Teal Creek and Indifan Cabin Creek. Major towns include Egg Harbor
City, Green Bank, Sweetwater, Crowleytown, Furman and Weekstown.

Land Use

This 97.5-square-mile basin is primariiy an oakland forest and forest
wetland. Five percent of the area s in agricultural use and two
percent has been develaped {see Appendix 1).

Pollutian Sources

There are three peint sources and seven site-specific nonpoint scurces
within the Lower Mullica Basin (see Appendices 3 and 4). Counting all
of the upstream drainage area, there are four domestic dischargers,
eight industrial dischargers, fourteen landfills and one land disposal

site, all of which can potentially impact this section of the Mullica
River.

Water Quality

One USGS water quality station is located within this basin at Green

Bank. Due to tidal influence, a water gquality index was not
established.

This basin includes FW-1, FW-Central Pine Barrens Water Quality Stand-
ards Area, and FW-Lower Mullica and Wading Rivers Water Quality
Standards Area. The Lower Mullica and Wading River Stream Standards
Area 1includes the Mullica River and tidal portions of 1its tributaries
from the head of tide to Lower Bank Road bridge at Lower Bank.

Drainage Basin Assessment

General: This area of the Mullica River Basin is affected by drain-

age from the upper tributaries and the tidal influence from Great Bay.
Due to lack of data, the impact of direct drainage to this section of
the Mullica cannot be determined.
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Critical Issues: The Atlantic County portion of the basin is more
critical than the Burlington County portion because there is more 1land
area, more development and maore agricultural land in the former. Within
the total Mullica River Basin, the Lower Mullica is not as critical as
the upper tributaries because the assimilative capacity of the Lower
Muilica is greater than the upper tributaries and the impact will not
be as significant.

The total Mullica River Basin should be a central issue in the Pinelands
plan. The river drains a significant section of the National Preserve
and is commonly considered as a "typical Pine Barrens river.," If the
upper reaches are altered by development and agricultural practices, the
entire river and estuarine system will feel the impacts.
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6.0 GREAT EGG HARBOR RIVER DRAINAGE BASIN

The Great €£gg Harbor River is divided into upper and lower sections at
Mays Landing. Thesea two areas will be considered as separate basins.
Table 9 summarizes the data for the two sub-basins.

6.1 Great Egg Harbor River (Upper)

General Description

The Upper Great Egqg Harbor River Basin covers 205 square miles. Major
tributaries dinclude Squankum Branch, Hospitality B8ranch, Whitehall
Branch, White Oak Branch, Marsh Lake Branch, Deep Run, Mare Run, Penny
Pot Stream, and Big Bridge Branch. Major lakes within the Upper Great
Egg Harbor River Basin include Lake lLenape, Lake Peace, Collings Lake,
Cedar Lake, Victory Lakes, Sunset Lake, Diamond Lake, Timber Lake, New
Brooklyn Lake, Penbrin Lake, and New Freedom Lake.

Major towns include Weymouth, Buena, Williamstown, and sections of
Hammonton. Berlin Jlies within the basin but outside of the Pinelands
National Preserve boundary. The basin Ties within Atlantic County,
Gloucester County, and Camden County.

Land Use

Twenty-one percent of the Upper Great Egg Harber River Basin is in crop-
land or pasture. There are extensive areas of row crops and orchards
between Hammonton and Williamstown. Development pressure is strongest
in the upper reaches of the basin near Berlin and arcund Hammonton. The
Atlantic City Expressway, the khite Horse Pike, and the Pennsylvania-
Reading Seashore Railroad line run within the basin between Hammonton
and Egg Harbor City. Fifty-two percent of the basin remains 1n forested
land (see Appendix 1).

Pollution Sources

There are four domestic dischargers, two industrial dischargers, six
landfills, and two land disposal sites within the Upper Great Egg Harbor
River Basin. One domestic discharger and one 1landfill lie outside of
the Pinelands boundary {see Appendices 3 and 4).
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Water Quality

There are 13 USGS water quality sampling stations within the Upper
Great Egg Harbor River Basin (see Appendix 2). Water quality varies
from good to most disturbed. The three stations l1isted as most disturdb-
ed are Jlocated below Berlin Township, at the outlet of New Brooklyn
Lake, and in the headwaters of Squankum Branch. Water Quality Station
01410775 at Berlin exhibited minor violations of 80D and total nifrogen
and high violations of suspended solids, fecal coliform, and total
dissolved solids, resulting in an index value of 12. The tributary at
Sicklersville contained high levels of nitrogen, suspended solids,
fecal coliform, and total dissolved solids, giving it an index value of
10. The Squankum Branch station exhilbited elevated levels of all five
parameters, resulting in a water quality index value of 14.

Median pH values are relatively high in the Upper Great £gg Harbor
River Basin. Only Deep Run at Weymouth and the Great Egg Harbor River
at Weymouth exhibited median pH values less than 5.0 (see Appendix 6).

Drainage Basin Assessment

General: Water quality in the Upper Great Egg Harbor River Basin
is impacted by point sources, malfunctioning septic systems, and
agricultural runoff. pH values are generally higher than other areas
of the Pinelands due to agricultural 1iming practices and polluticon
sources, At this time, it fis not possible to estimate the relative
significance of the soil characteristics on pH Jevels. The Camden
County Soil Survey lists all soils in the county having pH levels Jess
than 5.0 (SCS, 1l966). The water quality level improves and the pH
fevel drops as one proceeds downstream in the Great Egg Harbor Basin.
This is due to dilution effects, reduction of point sources, and less

developed agricultural land in the area between Penny Pot and Mays
Landing.

Critical Issues: Many sections of the Upper Great Egg Harbor River
Basin have been 1impacted by development and agricultural practices.
Water quality in these areas differs significantly from that of a
"typical® Pinelands stream such as those found 1n the Wading River
Basin. Strict control of agricultural liming and fertilization prac-
tices, rehabilitation of malfunctioning septic systems, and control of

point sources may significantly improve the water quality of the Great
Egg Harbor River Basin.

Because there is a major impoundment, Lake Lenape, at Mays Landing,
nutrfient levels in the upper reaches of the Great Egg Harbor Basin
should be strictly controlled.
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Recommendations for Future Study: A study should be conducted in
the Upper Great Egg Harbor River Basin to determine the importance of
soil type on pH Tlevels. Deep Run--which has two point sources within
its watershed, a lake, and significant areas of wetlands--would be an
excellent area in which to study the renovation effects of wetlands on
water quality.

6.2 Great Egg Harbor River (Lower)

General Description

The Lower Great Egg Harbor River Basin encompasses a 99-square-mile
area hetween Mays Landing and Great Egg Bay. The Great Egg Harbor
River 1is tidal for this entire stretch. Major {ributaries include
Babcock Creek, Jack Pudding Brook, Gravely Run, Miry Run, English Creek,
Middle River, Gibson Creek, Stevens Creek, James Branch, and South
River,

Tne entire lower basin of the Great Egg Harbor River is Tlocated within
Atlantic County. Major towns include Mays Landing, Gravely Run, Estell-
ville, and Qakville.

Land Use

The majority of the Lower Great Egg Harbor River Basin is in a natural
state. Only six percent 1is in agriculture and five percent is developed
(see Appendix 1), There ijs a state fish and game preserve along the
lower south shore of the river.

Pollution Sources

There are three domestic dischargers, one industrial discharger, and
three landfills within the Lower Great Egg Harber River Basin. Three
of the point sources are located in the Babcock Creek watershed and one
is located on Gravely Run {see Appendices 3 and 4). The Atlantic City
Racetrack is located within this basin.

Water Quality

There 1is one USGS water quality station on Babcock Creek at Route 322
and one station on Great Egqg Harbor River at Mays Landing. The Mays
Landing station is tidal so no water quality index was developed. Water
quaiity on Babcock Creek is slightly disturbed due to elevated levels of
suspended solids and fecal coliform (see Appendix 2). Median pH levels
at these two stations range between 5.0 and 6.0 (see Appendix 6}.
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Drainage Basin Assessment

General: Because the Great Egg Harbor River 1is tidal in this basin
and the two water quality stations are located in the upper sections of
the basin, it is difficult to determine the actual water quality levels.
Because water quality levels are only sliightly disturbed at Mays Land-

ing, it is assumed that the lower stretches of the river are also
minimally disturbed.

Critical Issues: Future land use changes will probably have the
most effect on Babcock Creek and Gravely Run due to their proximity to
Egg Harbor City, the Pennsylvania-Reading Seashore Railrcad line, and
the Atlantic City Racetrack. Due to higher flow lavels in the Lower
Great Egg Harbor River, this basin will be less impacted by increased
development than small tributaries located further upstream. The sait
marshes should be protected and water quality maintained at a high
enough level so as not to impact Great E£gg Bay.

Recommendations for Future Study: Babcock Creek and Gravely Run
have extensive areas of wetlands within their basin. These would alse
be good areas in which to study water qua1_1ty renovation by wetlands.
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7.0 MAURICE RIVER DRAINAGE BASIN

General Description

Approximately two-thirds of the Manamuskin Creek watershed and approxi-
mately one-half of the Lower Maurice River Basin 1lie within the Pine-
Tands boundary. Twenty-two square miles of the 32-square-mile Manu-
miskin Creek Basin 1je within the Pinelands boundary, 28 square miles
of the Lower Maurice River Basin are also contained within the boundary.
Major tributaries to the Mamamuskin Creek include Bearshead Branch,
Lawrens Branch, and Cossa Boones Branch, Cumberland Lake is the only
major impoundment. Muskee Creek is the only major tributary to the
Lower Maurice River.

Major towns include East Vineland, Cumberland, Hesstown, Port Elizabeth,
Bricks Borough, and Maurice Town. The majority of the basin lies within
Cumber land County; only a small section of the Manamuskin Creek Basin
1ies in Atlantic County.

Land Use

A Targe percent of the Maurice Basin within the Pinelands boundary fis
in natural vegetatijon. State landholdings include the Peaslee Fish and
Game Area and the Cadwald Fish and Game Area.

Pollution Sources

There 1{s one industrial discharger 1in the Manamuskin River Basin and
three landfill sites within the Lower Maurice River Basin (see
Appendices 3 and 4).

Water Quality

USGS Water Quality Station 01412100 is located on the Manamuskin River
near Manamuskin. This is one of the two stations rated as pristine by
the water quality index within the Pinelands area (see Appendix 2).
Median pH levels at this station range between 4.5 and 5.0 (see
Appendix 6),

Drainage Basin Assessment

General: Table 10 summarizes the Maurice River data. Although
there are little data on the water quality of the Maurice River Basin,
the one station on the Manamuskin River is rated as pristine., Efforts

should be made to protect the Manamuskin River Basin.
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Critical Issues: The small streams tributary to Manamuskin Creek,
which dinclude Sharps Branch, Ingersall Branch, Big Neal Branch, Cedar
Branch, Bearshead Branch, Cossa Boones Branch, Sweeten Water, Shincopin
Branch, White Qak Branch, and Lawrens Branch, should be protected.
These tributaries affect the water quality of Cumberland Lake and the
Manamuskin River,

Recommendations for Future Study: The water quality of the Lower
Maurice River should De determined. Additional sampling stations should
be established on Manamuskin Creek and the Maurice River. Studies
should be done to determine how soils in the Maurice River Basin compare
with those of the Central Pinelands area of the Mullica or Rancocas
basins. The relative impact of the Maurice Basin on the aquatic bigta
of Delaware Bay should be researched so that the effects of water
qualfity changes can be predicted.
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8.0 ABSECON CREEK DRAINAGE BASIN

General Description

The Absecon Creek watershed is an 18.5-square-mile area that drains to
Absecon Bay. Absecon Creek has a north and south branch which join to
form the Atlantic City Reservoir. The basin 1s located within Atlantic
County.

Land Use

The NAFEC Atlantic City Airport s located within the Absecon Basin.
Over 50% of the watershed is urbanized (see Appendix 1).

Pollution Sources

There are two landfills within the Absecon River Basin, both lgocated in
the North 8ranch drainage area (see Appendix 3).

Watar Quality

There are no water quality stations with significant periods of record
within the Absecon Creek basin. Water quality levels are unkngwn.

Drainage Basin Assessment

General: The Absecon Creek Basin currently has a high percentage
of developed land and will be under increasing development pressure due
to growth in and around Atlantic City. Table 11 summarizes the Absecon
Creek data.

Critical Issues: The Atlantic City Reservoir 1is used as a public
drinking water source. Water quality upstream of these reservoirs
should be protected. Water quality levels should be maintained ¢to
protect Absecon Bay.

Recommendations for Future Study: Sampling stations should be

astablished upstream of the Atlantic City Reservoir, in the reservoir,
and in the coastal areas of the basin.
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9.0 TUCKAHOE RIVER DRAINAGE BASIN

General Description

The Tuckahoe River Basin is a 70-square-mile area draining to Great Egg
Bay. It is a long, fairly narrow drainage basin running from Mill May
to Beesley Point. Major towns include Mill May, Dorothy, Estell Manor,
Buck Hill, Marshallville, Steelman Taown, and Tuckahoe. The Tuckahoe
River forms the boundary line between Atlantic and Cape May counties.
Major tributaries to the Tuckahoe River include Sharps Branch, Greens
Branch, Pole Bridge Branch, McNeals Branch, Warners Mill, Tar Kiln
Brook, Cedar Swamp Creek, and Hughes Creek. A few lakes are located 1in
the vicinity of Hunters Mill and in the stretch between Steelman Town
and Marshallville.

Land Use
The watershed has only three percent developed land and five percent
agricultural land; the remainder s undisturbed (see Appendix 1l). A
state fish and game preserve borders either side of the river below
Tuckahoe.

Pollution Scurces

There are two dindustrial dischargers and three landfills within the
Tuckahoe River Basin. One landfill is located in the Pole Bridge Branch
Basin, the other 1is Tlocated near Woodbine B8arough in the headwaters of
Cedar Swamp Creek. An findustrial discharger is located on Tar Kiln
Brook {see Appendices 3 and 4).

Water Quality

There are two USGS water gquality monitoring stations within the Tuckahoe
River Basin. Station 1411290 near Estell Manor has good water quality
and Station 1411300 at head of river on State Read 49 has slightly
disturbed water quality due to elevated levels of suspended solids and
fecal coliform {see Appendix 2}.

Drainage Basin Assessment

General: Table 12 summarizes the Tuckahoe River data. The upper
reaches of the Tuckahoe Basin have good water quality because of the
large amount of natural vegetation remaining in the basin, The slightly
degraded water quality at Head of River could be due to the nearby
industrial discharger or to malfunctioning septic systems. Tuckahoe
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River, below Head of River, is tidal and little is known of existing
water quality levels. DQue to the lack of development or agricultural
land, it 1s assumed that water quality will be good to slightly
disturbed.

Critical Issues: The small streams tributary to the Tuckahce River
that are not located within the Peaslee Fish and Game Area should be
protected to maintain water quality at Estell Manor.

Recommendations for Future Study: Studies should be done to deter-
mine the existing water gquality of Great Egg Bay and the relative
influence of the Tuckahoe River and Great Egg Harbor River on the bay.
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10.0 DENNIS CREEK DRAINAGE BASIN

General Description

Dennis Creek is a 72-square-mile area which 1includes the drainage of
Demnis Creek, West Creek, Wiggens Ditch, and Goshen Creek. The basin
is located in Cape May and Cumberland counties.

Land Use

Major state landholdings include the Belleplain State Foresi, the Dennis
Creek Fish and (Game Area, and the Beaver Swamp Fish and Game Area.
Woodbine Municipal Airport 1is included within the basin. Major towns
include Belleplain, Woodbine, Mount Pleasant, Cedar Grove, Dennisville,
South Dennis, North Dennis, Eldora, and Goshen. The majority of the
watershed is in natural vegetation (see Appendix ).

Pollution Sources

There is one domestic discharger and three landfills within the Dennis
Creek River Basin. The domestic discharger is Tlocated upstream of
Dennisville Lake (see Appendices 3 and 4).

Water Quality

No Dennis Creek water quality stations were included in the water
quality index.

Drainage Basin Assessment

General: Table 13 summarizes the Dennis (reek data. Little fis
known of the water quality conditions within the Dennis Creek Basin.
It is assumed that with the state landholdings and Jlow percentage of
development, water quality 1is fairly good. Because the creeks drain
directly to the Delaware Bay instead of to smaller, more enclosed bays,
water quality conditions are less critical to the estuary.

Critical Issues: MNo critical issues can be identified at this time
due to lack of data.

Recommendations for Future Study: Minimally, water quality stations
should be established on Dennis Creek and West Creek. The quality and
renovation capabilities of the cedar swamps and salt marshes should be
determined.
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11.0 PATCONG CREEK DRAIMAGE BASIN

General Description

The Patcong Creek Basin {is a 26-square-mile area located near the coast
between Absecon Creek and Great Egg Harbor River. Patcong Creek drains
to Great Egg Bay; major tributaries include Blackmans Branch and Little
Meadow Run. Patcong Lake is Tlocated upstream of Northfield. Major
towns include Northfield, Cardiff, and Pleasantyille. The basin is
located within Atlantic County.

Land Use

Forty-three percent of the watershed is developed and three percent is
in agricultural use (see Appendix 1). The Northfield branch of the
Pennsylvania-Reading Seashore Railroad line.crosses the river basin as
does the Black Horse Pike {(Route 322), the Garden State Parkway, and
Route 9. The major ity of developed land lies along the coastal areas.

Polluticn Sources

There 1s one domestic discharger Tlocated within the Patcong Creek Basin
(see Appendix 3).

Water Quality

There are no water quality monitoring stations in the Patcong Creek
Basin.

Drainage Basin Assessment

General; Table 14 summarizes the Patcong Creek data. Little is
known of the water quality within the Patcong Creek Basin. Due to the
high percentage of development in the basin, 1t {s expected to be rela-
tively disturbed. Development pressure within this basin will increase
due to its proximity to Atlantic City and the major rcad intersections.

Critical Issues: The tributaries above Patcong Lake should be
protected.

Recommendations for Future Study: Sampling stations should be
established within this pasin to determine the existing water quality
of Patcong Lake and the impact of the domestic discharger on the water
quality.
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CONCLUSION

The following general conclusions can be drawn from the sub-basin water
quality analysis:

1. The majority of monitored streams have good to sTightly
disturbed water quality.

2. The two streams rated as pristine on the water quality
index are McDonalds Branch (North Branch Rancocas Creek)
and Manumuskin Creek (Maurice River).

3., Stream stretches with pristine or good water quality
generally drain natural areas that have few point sources
or site-specific nonpoint sources.

4, Streams with the most disturbed water quality are:

Hammonton Creek at Hammonton

Wildcat Branch (Atsion-Mechesactauxin Creeks)

Manapaqua Branch {Toms River)

South Branch Rancocas-Hainesport (Rancocas Creek)

Great Egg Harbor River at Berlin

Tributary No. 2 at Sicklersville (Great Egg Harbor
River}

» Squankum Branch (Great Egg Harbor River)

5. Small trdibutary streams haye either very good or very
poor water quality, depending on surrounding lamd use,
These streams with low flow 1levels cannot assimilate
wastes as well as larger streams with higher flow levels,

6. The Great Egg Harbor River basin which could be charac-
terized as having disturbed water quality separates two
areas with good to pristine water quality--the Central
Pines (Mullica River, upper North Rancocas) and the Lower
Pines {Manumuskin, upper Tuckahoe).

7. There s a relatively consistent inverse relationship
between pH and general water quality conditions (see Fig-
ures 1 and 2). Areas exhibiting higher pHs generally
have Jower water quality. In many cases, high pH waters
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were found to be downstream from point sources or agri-
cultural areas. This is an important conclusion because
the pH of Pinelands surface waters is unique, being much
lower than natural pHs found elsewhere 1in the country.
Indigenous aquatic biota have adopted to these low pH

levels; any man-made pH changes will have an adverse
effect on these agquatic resources.

Estuaries with minimal flushing capabilities and small
areas of exchange with the ocean will be affected most by
upland drainage. Enclosed estuaries potentially impacted
by Pinelands drainage areas are:

Barnegat Bay
Manahawkin Bay

Great Bay

Great Egg Harbor Bay
Little Egg Harbor
Absecon Bay
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APPENDIX 2
WATER QUALITY INBEX

An index was developed to assess the water quality of the Pinelands
National Reserve. The index is based on BODg, total nitrogen,
suspended solids, fecal coliform, and total dissolved solids; all
parameters are weighted equally. The following values were established:

BODs5 - 5 mg/1
TN-N - 3 mg/1
Suspended Solids - 12.5 mg/1
Total Dissolved Solids - 100 mg/1

Fecal Celiform 200/100 m1 - MPN

Fach parameter was assessed individually. If the established level was
met in 90% of the samples at a particular station, it was given a rating
of 1. If it was met 50% of the time it received a 2 and if less than
50%, a 3, The scores were then totaled and the following categories

astablished:
Rating Category
5 Good
6-7 Slightly disturbed
8-9 More disturbed
> 9 Most disturbed

The 17 water quality stations rated as good using the index were then
subjected to a more stringent index to determine the most pristine
streams of the Pinelands. If the following level was met 90% of the
time at a station, 1t was considered pristine:

BODs - < 3 mg/l

TN-N - < 1.0 mg/}
Suspended Solids - < 10 mg/]

Total Dissolved Solids - < 50 mg/1

Fecal Cotiform - < 100/100 m1 - MPWN
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The only two water quality stations meeting these standards are 01466500
on McDonalds Branch in the North Branch Rancocas watershed and 01412100
on the Manumuskin River in the Maurice watershed.

See Tachnical Memorandum SW IV-4 for more details on the construction
of the water quality index,

2-2
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APPENDIX 5

STREAM STANDARD VIQLATIONS BASED ON
FW-CENTRAL PINE BARREN STANDARDS

{for Water Quality Stations within FW-CP Designation)
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TABLE 6-1
pH VALUES
Frequency Distribution
Sarp le S50%
Station Size 90% {Med1an) Max imum Minimum
TOMS RIVER
0CH 31 —— 5.30 4.9 6,40 ——
ack 030 91 £.30 5.40 7.10 .-
01408260 —— — —— 6.20 8.1
QCN 029 a5 6.03 4,80 6.30 —
ocN 028 90 5.81 4,69 5.70 —
01468310 — - — 5.80 4.5
CCN 041 Ridgeway Branch 8l 3.89 4,21 5.50 ——
OCN 040 Ridgeway Branch 93 5.20 4,25 6.20 -
{01408452)
OCN q27 82 5.5C 4,92 --- ——
0N a2 Manapagqua Aranch g6 §.50 5.75 5.30 -—-
O0cx 039 thion dranch 41 5,41 4.3 §.39 —
ocxN 033 Union 3ranch 8l 4.85 4.36 6.00 -
0CX 026 75 5.75 4.47 §.50 —
CCX 025 o 5.70 1,70 7.20 15
(014085C0)
CCN 023 8 5.7% 4,80 §.60 -—-
CCN G35 wWrangTe 3rook by 4,70 4.29 5.70 ———
oCx 034 Wrangle Brook a5 5.00 4.40 - —-
CCH 037 Davenpert Branch 34 4,30 4.37 6.10 —
Qch 36 Uavenport dranch g2 4.94 4.49 6.64 -
ocx 033 Wrangle 3rook 75 4,50 4,40 5.70 —_—
aCN 032 Jakes Brook 24 4.65 4.19 6.20 "
NCRTH RANCCCAS
01465370 fa) §.00 5.20 6.4 1.0
01466500 McOoralds Branch P 3,80 4.10 6.0 k4
(1466900 Gresnwoad Branch i) 4,80 4.30 6.4 3.7
01467000 n 5.20 4,60 6.4 1.9
01457003 24 .60 £.80 6.7 4.2
01467006 7 4.60 6,20 7.0 5.1
SQUTH RANCOCAS
01462835 29 4.60 4,20 5.8 3.3
01465830 29 6.50 $.50 8.7 4.4
01465918 7 §.70 §.40 - —
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TABLE 6=1 {Cantinued)

freauency Distribution

Samp {e 30%
Station Size 0% {Med {an) Maximum Minimum
CEDAR CREEX
QCH 045 & S.41 4.60 §.70 4.40
(01408830}
0CH 044
{01408870) a7 5.30 4,52 5.20 4,20
0Ch 042 91 4.%0 4,31 5.40 4.20
FOAXED RIVER
QCN Ba7 Xorth Branch Forked River 82 4,55 4,15 7.60 —_—
0ocx 046 ¥orth Branch Farked River 91 3.89 4.28 a.lo 4,20
OCN (48 Middle Branch Forxed River 79 4.42 4.16 4,78 “am
OYSTER CREEX
QCH 052 73 4.80 4,36 5.7Q —
CCH 051 157 4.70 4,40 5.80 3,90
MILL CREEX
OCN 054 lo2 5.80 5.23 &.40 5.00
(0lag150)
OCN 055 Fournrf 12 8ranch 85 5.90 £.0% 7.58 ——
8CH 053 89 6.25 5.14 5,50 4.60
{01409210)
WESTECUNK (REEX
oCX 059 ;4 5.35 4.03 -— —
oCcx 058 g4 5.55 4.74 6.5 4,90
MULLICA RIVER BASIN
HASS RIVER
Q1410150 gast 9ranch Bass River 16 5.10 4.50 5.30 3.30
WADTRG RI[VER
01409815 West Sranch Wading River 29 4.80 4,20 5.70 3.00
Q1410000 Oswegp River 20 5.20 4,40 3.4Q 31.20

6-2
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TABLE 5-1 {Contimied)

Freguency Oistribution

Samnle 0%
Station Size 0% {Med1an) Max {mm Minimum
BATSTD R YER
(1409450 Springers Creek 20 6,80 6.40 5.60 4.70
01409470 11 6.40 5.00 §.40 4,30
41409500 & £.80 4.70 5.20 3.50
ATSTON/MECHEZACTAUX [N CREFKS
01409375 Ms111ca River 9 7.40 6,40 7.40 —
01469383 Mullica River 7 7.20 4.20 7.20 4.10
01409387 MilTica fiver 15 6.30 4.65 §.40 3.40
(1409400 Mullica River ] 5.40 4.90 5.60 -
01409403 Wildcat granch 6 £.50 5.90 §.30 5.20
(39382504393500 12 £.90 5.00 6,30 —
NESCOCRAQUE CREEYX
01449411 5 6.8 £.50 §.60 4,40
HAMMONTON CREFY
01409412 s 7.40 7.10 7.40 4.30
01409414 8 6,20 5.20 6.90 4,40
Ql«G9416 20 §.50 £.10 7.20 4.30
LOWER HULLICA RIVER
01309535 7 §.50 6.10 8.10 .40
BREAT EBG HAREOR RIVER
UPPER GREAT EGZ HARROR RIVER
QL410775 29 7.20 §.30 7,50 s.o
01410784 &0 §.50 5.%0 §.90 4,30
01410787 83 7,70 .70 8.50 3.70
ol410789 110 7.%0 §.90 8.70 5.20
01410303 Fourmile 8ranch 103 5.90 5.40 — -
Qlalcsla fourntle franch 116 §.50 5.70 8.00 3.C0
01410820 Fourmile Eranch 81 5.60 5.70 7.70 4,30
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TABLE 6-1 {Continued)

Freanency Distributign

Sampla 508
Station Size 905 {Med1an) Max imum Minimum
Q1410865 Squankum Branch n 7.00 6.5C 7.30 5.70
Q1411000 a8 5.50 5.10 7.10 4,50
01411953 Hospitality Brook 25 §.CC 5.70 6.30 4,50
01411110 3l 5.%0 4.90 §.40 1.30
01411140 Deap Run ] 6.20 4.40 7.00 3.9
394203074562501 Wast gutlet, New Brooklyn Lake 34 7.30 5.20 -— -
LOWER GREAT EGG MARBOR RIVER
01411170 Fu:) §.40 5.20 6.30 4,10
al4i1i% Babcock Creek 24 5.30 5.00 §.40 3.90
TUCXAHDE RIVER
01411290 6 5.80 5.10 —— -——
01411300 42 £.10 4.80 - ——
MANUMUSK IM RIVER
01312100 pa 4.50 4,40 6.C0 .5

6-4
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TECHNICAL MEMORANDUM SW IV-6
LAND USE/WATER QUALITY EFFECTS

INTRODUCT ION

A map of the water quality index super imposed on a generalized land use
map shows a relationship between water quality at a particular site and
the surrounding land use (see Figure 1). From this scale of presenta-
tion, it is apparent that sampling station sites with poor water quality
tend to be found near developed areas and that stations with good qual-
ity tend to be found 1in undeveloped areas. A similar relationship
occurs in mapping stream pH and land use {(see Figure 2). The worst
water quality is found in the developed western section of the Pinelands
study area and in the Toms River watershed. Development in the westarn
Pinelands affects the headwater of the Great Egg Harbor River, several
tributaries of the Mullica River, and the lower segments of tne North
and South Branches of the Rancocas River., There are coastal development
centers along the eastern boundary of the study area, but in most cases,
these are not far enough inland to affect non-fidal water quality
stations.

Stations with good water quality are on small tributary streams origin-
ating in Central Pinelands areas. This pattern of good gquality streams
occurs on the northern section of the study area--fedar Creek, Westecunk
Creek, McDonalds Branch--and in streams of the Tuckahoe Basin and Manu-
muskin Basin. Although existing data are sparse, one can expect water
quajity to be good in streams originating in the Central Pineland
forests.

The extremes of both good and bad water quality are generally found in
headwater areas (small streams in the upper sections of a watershed).
These areas of low streamflow and small drainage basins do not have the
assimilative capacity to handle concentrated waste Tloads. A peoint
source discharge or high levels of development and agriculture will
have a more deleterious effect cn headwater streams than on downstream
segments, Headwater areas are important in the study of land use/water
quality effects because the small drainage area found in the headwaters
allows a more accurate analysis of the land use 1impacts. Downstream
river segments are usually influenced by a larger number of land uses
and it is difficult to conclusively demonstrate that a particular land
use is responsible for an aobserved water quality problem.
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Human activity associated with urbanized and agricultural land can
significantly affect water quality. The pollutants generated by urban
activities may enter surface waters in several ways: direct wastewater
discharge, stormwater runoff and groundwater ccentaminated from septic
tanks, leaking pipes/tanks, landfills, etc.

SOURCES OF POLLUTANTS

Point Scurces

Effluent from sewage treatment plants usually contain levels of pollu-
tants significantly above ambient stream concentrations. Pollutants
most commonly associated with discharge of demestic wastewater are BOD,
nitrogen, phosphorous, chlorine and its various by-products, and patho-
gens released during lapses in disinfection.

Pollutants found in industrial wastewater vary widely according to the
industry. The food processing indusiry generates wastes containing high
80D and nutrient levels; other industries may generate wastes containing
metals and toxic chemicals. The temperature changes caused by the
release of cooling water is another polluting effect. Industrial water
may be discharged directly from the plant or incorporated into the
discharge from a sewage treatment plant.

The effects of point sources upon the receiving streams depend on the
type of wastes, level of treatment, dilution by the receiving stream and
existing quality of the receiving stream.

Nonpoint Sources

Landfills, septic tanks, waste lagoons, construction sites, mining and
extractions, and sites of land disposal of wastewater are all nonpoint
sources which may be found in the study area.

Landfills can contain a wide variety of wastes. Many landfills, due to
incorrect Tlocation, design, or operation, release leachate which is
transported to streams by overland flow or by contaminated groundwater,
The characteristics of the leachate may vary widely, reflecting the
range of materials placed in the landfili. High concentrations of BOD,
nutrients and bacteria are associated with domestic wastes, sludges from
treatment plants and septic tanks, and food processing wastes. Various
toxic substances and heavy metals can be associated with sludges and
industrial wastes.
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Lagoons are commonly used to hold wastes produced by manufacturing
activities. These wastes can contain a wide range of toxic chemicals,
or, in the case of food processing, heavy organic content and nutrients.
Improper design, location or operation of a lagoon can cause these
materials to enter waterways from leakage, overflow by stormwater, or
stream flooding.

Although septic tanks may provide an economical and environmentally
sound method of waste disposal, their improper location or operation
may result in inadequate fiitration of the wastes by the soil or surface
overflow of the wastes. Because even properly operated septic tanks add
nitrates to groundwater, high densities of septic tanks may cause exces-
sive nitrate levels 1in groundwater, which in turn will affect stream
concentrations.

Constructon activities are another nonpoint source of pollution. The
main water pollution source associated with construction is sediments
either from erosion as a result of removing cover vegetation or by
exposing earth materials.

There are sand and gravel extraction sites in the study area which may
be a source of sediment as earth materials are exposed during various
stages of operation.

lLand disposal, through ground percolation or spray irrigation, is én
alternative means of disposing of domestic or food processing wastes.
This method of waste disposal may be beneficial to water aquality by
substituting for direct stream discharge of wastewater. WNevertheless,
because improper location and design of and inadequate operation or
treatment at these sites may pollute ground and surface waters, they
should be considered potential nonpoint sources.

Although these nonpoint sources--landfills, waste lagoons, septic tanks,
sand and gravel extraction sites, and Tand disposal of effluent--repre-
sent specific identifiable sources of pollutants, all developed land has
the capacity to be a source of water pollutants. The paving of previ-
ously vegetated area reduces the 1land's capacity for filtering and
absorbing runoff; increased concentration of human activity results in
increased deposition of a large number of pollutants on the land. As a
result, urban land produces increased runoff which contains significant
amgunts of pollutants. Streets accumulate auto-related materials such
as oil and grease, road salt and residual particulates from tires and
brakes, as well as animal wastes, household and commercial refuse await-
ing collection, and fertilizers and pesticides used in lawn care. Urban
runoff enters waterways either by overland flow or through storm sewers.
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Agricultural activities also generate pollutants--removal of vegetative
cover during tillage 1leaves soil exposed to erosion. Nitrates, being
readily soluble, can be leached out in runoff; sediment, itself con-
sidered to be a pollutant, is also a carrier for phosphates, organic
matter, heavy metals and pesticides. In addition, materials such as
pesticides, animal wastes, and chemical fertilizers can be transported
to streams after they are applied to crops. Because of the acidic
nature of the Pinelands soil, the addition of 1ime is a common agricul-
tural practice. Runoff from limed fields can raise the pH of adjacent
surface waters.

There have been many studies quantifying the polluting effects of vari-
ous land uses upon surface waters. The U.S. Environmental Protection
Agency {EPA) (Table 1) has summarized a number of these studies to pro-
yide estimates of the annual contribution through runoff per acre of
particular land use. The table shows that the lowest pollution lgad
originates from forested areas. Except for nitrogen, urban land pro-
duces a higher concentration of pollutants than agricultural land.
Landfills and feedlots generate the nighest concentrations of the
measured pollutants.

Table 1 presents data accumulated fraom studies throughout the country.
Data for parts of southern New Jersay, based upon studies by the Dela-
ware Valley Regional Planning Commission (DYRPC) for seven watersheds
in its 208 planning area (Table 2) show similar results as to the rela-
tive contributions of urban, agricultural and suburban Tand to water
poliution.

POINT AND NCNPOINT POLLUTION EFFECTS

It may be possible to calculate total annual poundage of various pollu-
tants by using data in Table 1 for nonpoint sources and measured charac-
teristics of effluent for point sources. These data would 3allow for a
comparison of total annual poundage of pollutants between point and non-
point sources. Comparing the environmental effects of pollutants is
much more difficult because the various poliutants have different pat-
terns of entering streams. Point sources and some nonpeint sources such
as landfill leachate consist of regular flows; most nonpoint sources are
highly irregular; a few storms a year may be responsible far the bulk of
nonpoint pollutants entering streams.
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TABLE 2

ANNUAL UNIT POLLUTANT LOADS RESULTING FROM STCRM RUNGFF
(1bs/square mile/day}

Land Use 80D Total Phosphorus Pb
Urban 36.8 1.10 0.12
Agriculture 4.2 0.50 0
Forest 2.6 0.09 0
Mixed 14.0 0.52 0.04

Source: Adapted from Delaware Valley 208 Joint Venture, 1977

SUB-BASIN ANALYSIS

In order to document the effects of developed and agricuiltural Tand on
water quality, water quality was compared to tand use in 15 sub-basins.
These basins were defined on the basis of water quality station sites
and were chosen to represent a range of water quality levels. The sub-
basins were also selected to ensure an adequate representation of geo-
graphic areas and land use percentages.

Sub-basin Characteristics

Land use point source discharge and water quality information were com-
bhined for the 15 sub-basins (see Technical Memorandum SW IV-5, Appen-
dices 2 and 3 for details). Land use data used in the sub-basin analy-
sis were derijved from 1980 Pinelands vegetation maps and 1978 aerial
photographs. The vegetation maps Jdentified the gross categories of
developed land and agricultural land. The aerial photographs were used
to classify developed land into four density categories and agricultural
land into pasture land, grain crops and row crops. The areas of each
land use were measured by planimeter and aggregated by sub-basin.,
Appendix 1 presents the land use data.
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Municipal Treatment Plant Effects

The effect of a municipal treatment plant discharge on receiving stream
water quality will depend on the quality and quantity of effluent, qual-
ity and flow levels of the receiving stream, the biological community
and the distance between the treatment plant and water quality sampling
station. However, the relative effects of point source discharge can
be represented by the quantity of municipal treatment plant effluent
discharged upstrzam of a water quality station divided by the drainage
basin size at the sampling location. The relative contribution of
domestic discharge effluent to total streamflow was calculated for 75
water quality sampling stations; results for the 15 sub-basins used in
this study are presented in Table 3. Units are given in thousands aof
gallons of effluent per day per square mile of drainage area. A similar
calculation was not possible for industrial discharge due to tack of
data and the generally sporadic flow discharge.

Of all the 75 water quality stations in the study area, Hammonton Creek
at Hammonton had the highest quality of domestic effluent, 270 thousand
gallons per day per square mile of drainage area. Among the 15 sub-
basins used in this analysis, Hammonton Creek at Westceoatvilie had the
highest amount, 76 thousand gallons per day per square mile.

In addition to knowing the treatment plant contribution to streamflow,
it is important to know the levels of pollutants added to the stream by
point sources. Some simple caiculations were made to estimate the
affects of domestic point sources as nutrient concentrations in streams
(Table 4). The calculations were based on an effluent level of 1,000
gallons per day per square mile of drainage area. The resulting pollu-
tant concentrations presented in Table 4 can be multiplied by the quan-
tity of domestic discharge at each sampling station (given in Table 3)
to estimate the contribution of point sources to the nutrient levels
recorded at the water quality station.

The assumption of effluent quality represents those of typical secondary
treatment. Table 4 presents rough calculations and should only be used
to show a relative comparison. Actual effects will depend upon degree
of treatment, distance between dischargers and water quality measuring
statijons, and in~stream biological, chemical and physical conditions.
Effects will vary among parameters also. Total dissolved saolids (TDS)
concentrations may vary less with distance below the discharger gutfall
than phosphorus. The effects of BOD, particularly, will decreasa from
the point of discharge to the point of measurement due to biodegradation
and settling of the pollutant.
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The impact of point source discharge will alsg vary with streamflow
conditions. Table 4 presents point source nuirient contributions under
several streamflow assumptions. The flow assumptions are based on low,
medium, and high flows for the Muliica River. Low flow is defined as
the flow which is exceeded 90% of the time, high flow as the flow which
is exceeded only 10% of the time. A point source will have the most
effect on water quality during low flow because it will make up a higher
percentage of the total streamflow at any one point. At high flows, the
point sources will have less effect, partly because of greater dilution
and partly because nonpoint scurce pollutant contribution increases
during storm-related high flow conditions. The effect of point sources
cn small streams with small drainage areas will be greater due to their
relatively iow flow volumes, compared to larger streams.

Land Use/Water Quality Relationships in the Pinelands

The investigation of the relationship of land use and water quality in
the sub-basins used graphs and statistical amalysis. Visual presenta-
tion through graphs presenfs the data more vividly than do statistics.
Mevertheless, statistical analysis is able tc separate the effects of
development and agriculture more efficiently than graphic display.

In order to simplify this analysis, only one residential development
category was used.* C(ropland was the only agricultural category con-
sidered; pasture and meadows were expected to have minor effects on
water quality and generally comprised negligible portions of the studied
sub-basins.

Figure 2 provides a graphic summary of the land use data by plotting
each watershed in the sub-basin study with respect to the percent of
watershed that is developed and the percent that is agriculture. The
graph shows that the selected sub-basins cover a wide range of condi-
tions: intact, highly develeped, highly agricultural and various
combinations of agriculture and development.

*  Four categories would be too complex to present graphically and too
few sub-basins were analyzed to use this level of detail in statis-

tical analysis. Using density weighting factors 1in aggregating
developed land was considered but discarded because it added little
to the predictive ability of the statistical analysis.

14
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TABLE 4

ESTIMATE OF EFFECTS OF MUNICIPAL TREATMENT PLANT
EFFLUENT ON MULLICA RIVER WATER QUALITY
(For each 1000 gallons of effluent/day/sg. mi. of drainage area)

Assumed Effluent Low Flow Medium Flow High Flow
Concentration (0.34 MGD) (0.97 MGD) 2.13 MGD)

Parameter ( ppm) (ppm) ( ppm) {ppm)
Phosphorus 5 .015 .005 .002
Nitrogen 30 .080 .031 014

Biachemical COxygen
Demand (80CD) 25 073 025 .012

Total Dissolved
Solids (TDS) 200 .586 .206 .093

See Appendix 2 for calculations

Major Assumptions:
o Treatment Plant Effluent = 0,001 mgd/sq. mi., of drainage area
« Water quality sampled immediately downstream from effluent outfall
+ Secondary treatment of waste

Sgurce: Betze«Converse.Murdoch.inc.
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Graphs were plotted comparing each land use to various water quality
indicators. Figure 4 shows the relationship between the water quality
index and the percent of development in the basin. Figure 5 shows the
relationship between the index and the percent of agricultural Tand of
the basin. Figures 6 through 19 show similar relationships to land use
for each of the five cemponent parameters in-the water quality index:
80D, total dissolved solids, total nitrogen, fecal coiiform and sus-
pended solids, as well as phosphate and pH.

Most of these graphs show that basins with greater proportions of devel-
oped and agricultural land had poorer water quality. The apparent
strengths of this relationship varied among the parameters.

Because these basins represent various combinations of developed and
agricultural Tland, it 1is difficult to determine the water gquality
effects of development and agriculture separately. Regression analysis
was used for this purpose.

Least square regressions were performed for the water quatity index,
each of the five parameters composing the index, phosphate, and pH to
examine the effect of development alone, agriculture alone, and develop-
ment and agriculture together. Table 5 presents the results of the
regression analysis. Because of inadequate data, domestic point source
was excluded from the regression results. Only five of the sub-basins
had any domestic discharges, with one particular basin having much
greater comestic loads than the rest. Tnhe pollutant concentrations
calcuated in Table 4 can be used in a manner similar to regression coef-
ficients for point source contributions. However, these should be con-
firmed by additional sub-basin analysis.

The regression analysis indicates that both developed and agricuitural
land are associated with poor water quality. Developed land per areal
unit has a greater effect on the water guality index than does agricul-
tural land., The effects on individual water quality parameters vary.
Agriculture tends to be associated with higher total dissolved solids,
total nitrogen and pH than does developed land, but has little associa-
tion with BOD or fecal coliform levels. The relationship between agri-
culture and elevated total dissolved solids and pH levels may results
from 1liming of croplands. One must be careful interpreting these
results because part of the relaticnship may be due to the characteris-
tics of the soils which are most suitable for croplands. Development
shows statistically significant effects on all indicators except
phosphates.,

17



TECH MEMO IV-6

Betz-Converse-Murdocn- Inc.

0S

J340T73A20 J3HSYILVH %

<
©

—&6—g

gl

Source: BCM

<

ONVT d3d0T3A3A "SA ALTIVND J3LVH

b 3HNDIS

—cl

- 4 o HZoOolXx

18



TECH MEMO SW V-6

Betz-Converse-Murdoch- Inc.

WANLTNATY IHSUILVA ¥

@ A

P Y
S

<>

<>

Fant

Source: BCM

FAN

N

UNVT TTVANLTNITYSY "SA ALTIVAD JILVYH

S JHNOI

D01

2l

= = HZ Al

19



TECH MEMO SW IV-6

Betz+Converse«Murdoch-Inc,

d3d0T3AIA JIHSIILYA X

a¢

hihd

514

09

08

Saurce: BCM

S

_

— 09!

NV d3d0T13IA3d "SA Sdl

9 IHNDIA

Aci

S & U & S

=WaHX —aw

20



IVANLINITAIY JIHSYILYN X

TECK MEMO SW IV-6

R $-av

LOX Of

-

Source: BCM

I S N S 6ol

R \..Q. ..i.]ltl.!!@ VSN UUV S S @N —

Betz Converse-Murdoch-inc.

ANV TVAINLINJTATY “SA SdL
L 38N9IA

o=

ZTuWaoaH<Z _—aWw



TECH MEMO SW IV-6

Betz.Converse.Murdoch: Inc.

Sourcs: BCM

d3d013AIA G3IHSIALYR ¥

<&
AR
7Y

e —

< |

——— et

i P o s - e e e i = | s . e n = — ]

e el

S VO S R, mN

ONVT (JAd0TIAA0 "SA SS
8 IHNDIA

Lol aaa =

PR R e B

22



TECH MEMO SW IV-6

Betz+«Converse.Murdoch.Inc.

Sowce:BCM

WANLTATAIY JIHSA3LvN %

o ——

et

I D A

ONVT IVINLTNJTHIV "SA SS

6 3HNDI

(A S a T ot

v wn

WA H =

23



TECH MEMO SW V-6

Betz:Converse-Murdoch+Inc.

P

Source. BCM

|
|

(J3d407TIAId AIHSYILVA %

5}

% I

e ®

N s e v a—

———— - =

Camr e e g ———— R

01 3HOId

ANV d3d013A4d "SA dod

Q.=

{

ZhaAaH<=Z oo

24



TECH MEMO SW IV-6

Betz-Converse-Murdoch-Inc.

gs

Sourca: BCM

NS IS SO N

%14

m
A A
|
|

TVANLINITAIY JIHSHILVA %

R U T N O Y O T Y O W O
o Q
Q@
|
S IS B

Qe

g¢

gl

O

e

e ¢ |

ONYT TTVANLTNITIIV "SA 04

i1 3HNDS

o=

l

=2AaH <= noa

25



TECH MEMO SW IV-6

Betz.Converse Murdoch:Inc.

J3d40T3AIA JIHSAILYR 4

514
I N IO S

o s s we o rmmAm em e = o= =

e e e h = iamead

(8

P s e e e ——— — = = |

A= e ——

— e ——— s

GNVT 03d013A30 "SA NIJ0dLIN
b 3UNOI4

H

Q. Q.

|

==WaH«=Z -2

26



TECH MEMQ SW IV-%

Betz-Converse-Murdoch- Inc.

et LR
v

Sourca.BCM

WANLTRITIYOY JGHSAHILYA 2%

av 33 . ac gl

| S N SN

i A ——— iy T B L A e T m e e e i Tme e e e

—— ermemm e Vmmmwe sk amE

SN S [N PO DV (! SN PR BTN SR SIS SN WOS ORD FOY M

<

1
3

e KD
<

e i e et Tt N Wl B T Bk ey e et s arwesf e
1
——

e .
'
— e o e s

e B i R e
[

ANYT TVINLTNDTAIY "SA N

]

! i

; {

. - 3 - - m‘l - .-

w .w

: _ M_

m ; :

_ ; !

R Q. 4§ R

: :

J90JLIN
€1 3UNOI4

— S

ZTwWwaH<CZ -

27



TECH MEMO SW LV-6

Betz:Converse+Murdoch-Inc.

@s gb

Source:BCM

S R DU U Y OO

? R ,.....,..._O.‘J

(13d071IAIA JIHSHILVH X

55

|

U VN O

Be
i S

— e i —

i
1

w

i
)
m

gl
L1 1

—— e mer

(UNVT (3d07T13A30 "SA WNO4TTI0JLMVIA4d

F1L IHNOM

=W aH << Z

400

28



TECH MEMO SW [V-6

Betz.Converse+«Murdoch-Inc.

WINLTNITADY dFHENILYIR X

0s By oL 34 21 Y

Source: BCM

i

1§

: _ | _ _ 5 .-.i-|r¢

JNYT TYINLTINITNGY "SA HMN0ATI03 TVIAd
S1 3HNOid

P o e

A=

29



TECH MEMO SW IV-6

Betz.Caonverse-Murdoch-Inc.

J3d0713A30 J3IHSAILYMYA

Source: BCM

ONV1 d3d013A34 "SA JLVHJSOHd
91 3YNOIS

520

ZSI%

ST

0a" |

ST

A=

a. o< Q.

30



TECH MEMO SW IV-6

Betz.Converse-Murdoch.Inc.

VANLIN3TYIY JIHSAILYM %

Source:BCM

ANYTT TTYAINLTINOTIAIY “SA IFLVHISOH
£+ 3UN9Id

Sc'@

85°0

SL°0

5% !

S¢' |

. | Ao X

=L aOHH<Z [a Tt am B o

1



FIGURE 18
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TABLE 5
REGRESSIONS OF WATER QUALITY INDICATORS ON LAND (SE

. Equation Percent of
Indfcator {Standard Error) Variance £xplained
Water Quality Index = 5,176 + 0.111%d rZ = .70
(1020)
= £.336 + 0.044a r 2 .09
(.038)
= 4,952 + 0.112%d + 0,045%a re = .79

(.017) {.019)

Total Dissolved Solids

(ppm) = 40.791 + 0.936™d rZ = .29
(.407)

= 37.128 + 1.350"a rd = 51
(.366)

= 21,915 + 0.951%4 + 1,362%a rl = ,79
{.218) (.238}

Suspended Solids '
{ ppm) = 2,366 + 0.183%d rl 2 .40

(.063)

= 0.422 + 0.077a rZ =2 ,06
(.08%)

+ 1,270 + 0.184%d + 0.079a rl a .46

(.062) {.0869)

Biochemical Oxygen Jemand

(ppm) = 0,914 + 0.096%d rZ = 58
(.023)

= 2,262 - 0.013a r2 2 01
(.038)

= 0.717 + 0.096*d + 0.0l4a ré a .59

{.028) {.026)
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TABLE 5 {Cont inued)

Equation Percent of
Indicator (Standard Error) Variance Explained
Total Nitrogen
{ppm) = 0.697 + 0.035d r2 = 19
{.020)
=  0.510 + 0.054%a r2 = .38
(.019)
= - 0.062 + 0.036%d + 0.055 r = 58

(.015) (.018)

Fecal Coliform

(log MPN) = 1.175 + 0.023% r = ,33
(.009)
= 1.428 + 0.008a re = ,03
{.012)
= 1.059 + 0.023%¢ + 0.008a re = .38
{.009) (.010)
Phosphorus = - 0.069 + 0.005d r = ,07
(ppm} {.005)
= - 0.006 + 0.01la rZ 2,30
(.00S)
= - 0.052 + 0.004d + 0.010a  r2 = .35
(.005) (.005)
pH = 4,801 + 0.030™d rZ 2 ,35
(.013)
= 4,717 + 0,041%a r = ,55
(,010)

-
g%
']

4,232 + 0.030*d + 0.041%a
(.004) {.005)

.81

d = ¥ watershed developad as residential, commercial or industrial use
a = % watershed in cropland
* = regression coefficient is significant at 95% confidence
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The lack of a significant relationship between phosphate levels and Tland
use is puzzling because the relationship is well documented in south
Jersey and other areas of the country {see Tables 1 and 2). A close
look at the data shows that domestic point source concentrations can
best explain high phosphate levels. Figure 20 shows that two basins
with high Tevels of domestic effluent share elevated phosphate levels.
The data base of 15 sub-basins is inadegquate to make a valid statistical
connection because data are dominated by cne or two points. Neverthe-
less, it does appear that phosphate concentrations may be affected by
domest ic effuent. Observations of phosphate Jevels in Dbasins not
affected by point sources show that land use changes affect phosphate
lavels, but not as much as do domestic point sources.

One of the major characteristics of Pinelands water is acidity. Because
of the low buffering capacities of the water, the pH levels of these
waters are very sensitive to disturbance. Durand and Zimmer (1979)
note in their Pinelands studies that for stations in "disturbed areas"
there is a shift in pH equivalent of one unit. The foregoing graph and
regression analysis shows strong relationship between developed and
agricultural land and pH levels, Figure 21 shows that there is a close
association between the water quality index and pH. This evidence
suggests that pH levels may be affected by poliution. To determine
conclusively the actual effect, it is necessary to determine the varia-
tion of natural levels in soils.

The regression equations 1in Table 5 estimate the effects of agriculture
and development on the water guality indicators. For undisturbed basins
(those having no developed or agricultural land), the "d" and "a" terms
are equal to zero. Thus, the constant term in these equations repre-
sents an estimate for the level of a particular indicator for a "pris-
tine® watershed. A comparison of water quality levels on an actual
undisturbed basin, McDonalds Branch, to the constant terms in the equa-
tions, shows a good correspondence for most indicators, Table & shows
this comparison.

The regression equations may be useful for more than just assessing land
use effects in existing data. If the predictive ability of the regres-
sion equations is verified, they may be used to predict water quality
for basins which have no water quality sampling, The graph comparing
predicted pH to actual pH for the 15 sub-basins (Figure 22) shows that
the regression fits the data closely. Figure 23 similarly compares the
predicted water quality index against the actual water quaiity index.
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TABLE 6

COMPARISON OF PREDICTED AND ACTUAL INDICATOR LEVELS
FOR A PRISTINE WATERSHED

Indicator McDonalds Branch Predicted Value
Watar Quality Index 5.00 4.60 .
Median Total Dissolved Solids 26,00 22.00

(ppm) '
Median Suspended Salids

( ppm) 1.00 1.30
Median Biochemical Oxygen Demand

( ppm) 0.60 0.70
Median Total Nitrates (ppm) 0.15 -0.10
Median fecal coliform (mpn) 2.00 11.00
Median pH 4.20 4.10
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The best verification of the equations would be to test them on new
data. This may be done by measuring land use in Pinelands watersheds
which have water quality data but have not been included in the original
analysis. If the predicted water quality indicator levels approximate
measured levels, the equations may be used to predict levels in unmoni-
tored watersheds. The water quality index for a basin would be best
predicted not directly By the regression, but by running a regression
for the 10, 50 and 90 percentile lavels for each of the five parameters
and then calculating the index from them (see Technical Memorandum
SW IV-4 for a discussion of how the index is computed).

The foregoing analysis has substantiated the effects of overall land use
upon stream quality. The information presented, however, represents
land use in the aggregate. The data did not permit identification of
which aspects of urban or agricultural activities contributed most to
poliutants. The separation of various aspects would require more
detailed data.
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TABLE 2-1
CALCULATION DETAILS FOR TABLE ¢

fp = effluent flow

cp = effluent concentration of pollutant

fu = stream flow above discharge plant

cu = in-stream pollutant concentration above discharge

fd = streamilow below discharge

cd = in-stream pollutant concentration below discharge

cd = (fu x cu) + {fp x ¢cp) = downstream concentration is assumed to
fd be a weighted average of upstream con-

centration and discharge concentration

Assume:

fp = 1000 gallons per day (0.001 MGD) per square mile

fc = 5 ppm - P {Phosphorus concentration of effluent)

fu = 0.34 MGD (low flow conditions) per square mile

fd = fu + fp

cd = (0.34 MGD x cu} + (0.001 MGD x 5 ppm)

0.34 MGD + 0.00C1 MGD

.34 MGD x cu + .005 pom
.341 MGD .341

It

cu + 0.015 ppm 34 = 1
.341

cd - cu = 0.01l5 ppm
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TECHNICAL MEMORANOUM SW 1V-7
CONTROL TECHNIQUES FOR NONPCINT POLLUTION SQURCES

[NTROBUCTION

This technical memcrandum identifies techniques, including management
concepts, that can be used to reduce nonpoint sources of pollution,
Literally thousands of documents have bean prepared in the last several
years concerning control techniques for these polilution sources. This
technical memorandum summarizes the preventive "best management prac-
tices " (BMPs) that may significantly reduce the pollution potential of
nonpoint sources and serves as a guide to the literature for readers who
desire more detailed information,

Pollutant problems are of particular concern in the Pinelands because
of the region's unique characteristics. Factors such as inert sandy
soils (resulting in rapid mobility of pollutants), minimal buffering
capabilities, and low pH levels (altering solubility factors), require
specialized control resources.

Not all the nonpoint control techniques listed are applicable in the
Pinelands. Many of these technigues were reviewed during the 208 plan-
ning activities recently completed for several 208 study areas, of which
the Pinelands National Reserve is a part. The most extensively cocu-
mented screening of techniques was prepared during the Tri-County 208
effort. Appendix 1 contains Tri-County 208's 1ist of selected BMPs and
should serve as a good starting point for further screening to determine
those technigues most applicable to the Pinelands. The body of this
technical memorandum presents nonpoint pollution sources, controls taken
from the national Titerature, and a bibliography; the Appendix presents
those controls which the Tri-County 208 agency felt were most appropri-
ate for Burlington, Camden and Gloucester counties. The next step would
be to further reduce the controls listed in Appendix 1 to those specifi-
cally suited to the Pinelands.

NONPOINT POLLUTION SOURCES

A nonpoint source of pollution is any area that may add pollutants to
the system curing storm events. The pollutant levels atiributed to non-
point sopurces. generally increase during high flow periods. Discharges
from storm sewers which are usually classified as point sources (pipe
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discharge) are, for the purposes of this technical memorandum, consid-
ered nonpoint sources; they are discussed in the urban runoff section
of this technical memorandum. Monpoint pollution sources include
ubiquitous sources such as farmland or parking Tot runoff, and site-
specific sources such as landfills or spray irrigaticn sites.
A succession of U.S. Envirommental Protection Agency (EPA) guidance
documents have defined seven basic categories of nonpoint sources to
which may be added an eighth category, miscellanecus sources, A brief
description of the types of sources included in each of these categories
follows.
1. Agriculture

Livestock and craop production, manure disposal
2. Silviculture

Forestry management, harvesting, recreation
3. Mining

Sand and gravel, coail, other
4, Hydrographic Madification

Channel enlargement, dams, reserveirs, artificial drainage, bank
erosion

5. Urban Sources

Runoff, storm sewers, combined sewer overflows, infiltration/inflow
overflows

6. Constructian
Clearing, grading, building, site restoration
7. Land-Related Waste Disposal

Septic tanks, landfills, sludge disposal sites, dredge spoil dis-
posal sites

8. Miscellanequs

Atmospher ic sources, spills, benthic loads
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The various chemical constituents normally associated with each class
of nonpoint sources are represented in Table 1. The potantial water
quality importance of each scurce/constituent combination 1is given a
relative rating in the table.

Note that storm sewers, combined sewer overflows and infiltration/inflow
overflows are included as nonpoint sources even though they are legally
classified as intermittent point sources. These dischargers are ljsted
here due to their storm-activated nature, which 3Js characteristic of
most nonpoint sources. Saltwater intrusion, sometimes considered a non-
peint source, is beyond the scCope of this technical memorandum. It is
addressed as part of the groundwater portion of this project.

NONPOINT POLLUTION SOURCE CONTROLS

The following paragraphs present a checklist of control techniques for
each of the eight nonpoint categories. Where appropriate, technical
controls and regulatory controls are differentiated. The reader should
refer to the bibliography in the back of this technical memorandum for
references to more detailed discussions.

Agricu]ture

One of the most complete and useful sources of information currentiy
available for the selection c¢f agricultural poliution controls is the
two-volume report Jointly prepared by the EPA and the United States
Department of Agriculture (USDA). This report points out controls for
erosion, runoff, nutrients and pesticides. A methodology for selecting
control practices, complete with flow charts and examples, Js also
presentad. The two volumes are:

"Control of Water Pollution from Cropland, VYoiume I: A Manual
for Guideline Development," EPA-5600/2-75-026A {November 1975)

"Control of Water Pollution from Cropland, Yolume II: An Over-
view," EPA-600/2-76-0268 (1977)

Additienal references are presented in the bibliography.



? ) L3
' /161 *s432ulbul 239g-431S3Y) :I0JN0S
o]
- 2o 10 MIITS-N !PIvIepod-H !mlaaag-§ 'DIN0S JUTOJ~uOq pANIRAATO- !8DJN0S JUTOJ-UON TPJTORAS RIfS5-58 IsDINOG Jujed IVRIITEILIU] -G Ay
=
[Tg] L] H H H 1 H L} g s 5 N 5 19 RODGT 21U T
o H s H H s s N H 1 s & 3 85 s111d5  *q
= H H H N 5 H H H M [ H 5 14 arimpdeosely cw
Ll ELLELRT R ERT
= 11 ™
- H Y | ] L] 5 ] H 3 H 5 H 55 treadeyq sireds alpargy p
ey R N H R H g N s S 3 B H 55 tesadsyg ~3pnjs -9
P H N N H 8 5 N 8 ] s s H 5§ EITTIPOTT 9
N H H N H ] 5 8 H H I H a UGfIBTTURG [CAny  Cw
1erodmy maisey prIE[MN pue]
K N H H H H H ] 9 H H 5 134 ugIINITRUC]
N H N 8 H H H H N H H H [ ri1rs Ruyogaq  ‘a
N N n [ M N s 5 ] 5 N 5 4t RAOT JINAQ
asmag Lamajueg sirardag  p
N N H s H -4 5 1 1) - N g 4t BAOTJIPAD I3ANS PIUIAWAD D
N R H 5 H 5 H 13 -1 & H 5 dr s1anng MICIS A
N N H s H s H § s 5 H § qa Jyoung  cw
£321nag uRqQuaq
H H 5 N .4 R N H H H S s b1 F@Tg P
H R 8 n R N N N s N N s ss nayIRITIIPCH [runty)  *D
N N N N .| N H s N s N s L4 W37IT]12R4 mOurcAquETy  tq
H N N N 5 S N “H ] s H s a Burfpaag -
wuoTIPITIpol 21ifeaRoipip
M s H £ N s N N 5 ] s H L3 RapyIneqng  'q
H 8 H N .} g N R & N " s 5S parjang e
Furugy
N N H N N N H J] g Y H s 1'ss uoTIealay 3
N N - N H N N g S s R 5 b3 RuitEandg|l 18310y '
N N N N | N | s 5] H N 5 q wauwnfiruey L11sas04 T
2INI[NDTALITS
H N H . H B H H L1 H 5 5 s q aAryyraq nprL o
N N ] N H H H N H H N H a «B3uppeoen suanqpuiy  p
H N N H N N 3 s 1 S s 4 a teradeyg sanuey 3
N [} [ N s H N S 5 H £ s a uny13nposy dosy g
N R N H H N H 8 5 s H s a'ss nog1anpoly yaoIsaal]  CE
ranypnotaly
-~
RI5ylQ WelAEM  (FOIRI] ®1[S SIJUESIQ HEIAH  WUSTUREI) WIUAJIINK Idawmjpag  Jp11WH 912#3J3  #103)53 (Fejane[] FafIodary
pPIaY J3xol CELEEA -013TH 21urdIp EESL] 3a1ny ERELTL-SE T MIE Y]
AuoTIng)drue) duppuo] 22ana¢ Jujod-uog [UjIvIIng punitag airjong

ToiIURIng JeTIus10,)

XI8IYW INYINTI0d - INAOS

1 3718yl

Betz - Converse - Murdoch + Inc.



Betz . Converss - Murdoch - Inc. . TECH MEMO SW IV-7

A brief checklist of representative control meésures follows.
1. Methods for controlling pollutants caused by water erosion

Tillage alternatives
Terraces

Diversions

Strip cropping

Contouring

Grassed waterways

Crop rotations

Caver crops

Range and pasture management

- [ I} *» v ¥ & » -

2. Control of Pollutants Caused by Hind‘Erosion

Establish and maintain vegetative cover

Roughen land surface

Produce soil clods or aggregates

Reduce field width aleng prevailing wind direction
+ Level or bench land

L - L] »

3. Methods for Controlling Nutrients

» Fertilization practices (timing, placement, use of slow release
fertilizers)

« Soil testing and plant analysis

+ Tillage

+ Crops and crop rotation

+ Contouring and terracing

4. Control of Pesticides

Biological control

Insect sterilization

Insect toxins and pathogens
Persistent c¢rop varieties
Crop rotation

Control runoff and erocsion
Application methods

Proper container disposal
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5. Control of Animal Wastes

Runoff control

+« Pasture operations

+ Maintain adequate land-to-livestock ratio

» Prevent overgrazing

e« Provide limited access ftoc streams and ponds
Silviculture

Silviculture 1is not a major industry in the Pinelands, although some
harvesting of wood is practiced. In the Pinelands, the focus must be
directed toward preventing harmfui effects caused by sediments and from
thermal pollution caused by solar radiation. Prevention of paliution
from pesticides, chemical fertilizers and fire-retardant chemicals
generally is not a problem in the Pinelands because these items are
generally not used in the Pinelands for silviculture activities.

A checklist of techniques effective in controlling the effects of sedi-
ment and thermal pollution follows.

1. Methods for Controliing Sediments

Erosion and sediment control practices

Careful road construction

Systematic layout of harvesting roads and system
Reforestation

Stabilization with grasses

2. Control Thermal Pollutien Resulting from Solar Energy

» Buffer strips of vegetation along streams
Mining

Mining 1s a relatively small industry within the Pinelands, generally
1imited to sand and gravel mining. Nonpoint source pollution from this
activity 1s generally low, and thus littlie emphasis is opresented on
control techniques for mining in this technical memorandum,

The most effective conmtrol techniques used in the Pipelands appear to
be controlling water entering the mine area by water diversion, regrad-
ing, erosion control and revegetation.
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Hydrographic Modifications

Hydrographic modifications include the following types of projects:

« Channel modification (stream clearing, channel realignment,
construction of concreta channels for flood cantrol, etc.)

+ Dams and impoundments

Control practices to be followed during the construction phase of hydro-
logic modifications are the same as thgse for the general construction
activity discussed later in this technical memorandum, Essentially, the
best management practice for channel modifications is to reduce the
erosive force of stream flow by reducing stream velocity (increase
roughness, modify cross-section, etc,). Temperature increases can be
controlled by the proper planting of vegetative cover. For problems
resulting from impoundment <construction, best management practices
include proper site preparation, control of release waters and temporary
algal and weed control.

Urban Sources

Control practices applied to nenpoint sources from urban areds can be
divided into two categories: those most useful for already developed
areas and those most applicable for new or deveioping areas. The prob-
lems of developed areas occur where structures or pavements are in place
and where drainage 1s accemplished primarily through storm sewering.
In densely populated commercial and industrial areas, management tech-
niques, such as improved sanitation and sewer maintenance practices, are
probably most effective. [n addition, various storage/treatment tech-
niques may be used. Examples of these techniques might be 1in-Tine
storage, swirl concentrators for treatment of urban runoff, physicatl
chemical treatment, etc. The difficulty with these practices is that
they are extremely expensive and probably not applicable to the Pine-
lands situation, The preventive concept best applies to develoeping
areas where man's encroachment is more subject to control and drainage
is still essentially natural. These areas offer the greatest flexibil-
ity of approaches in preventing pallutien.

The following tabulation cutlines the technical approaches for dealing
with urban nonpoint sources. Regulatory approaches are addressad later,
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1. Measures to Reduce Runoff from Surface Contaminants

Street litter

- Public education to reduce litter

- Ordinances for reducing litter
Ordinances directed at typical Titter sources, such as garbage
collection, open trucks, vacant Tlots, drive-in restaurants,
etc.

-~ Street cleaning

- Catch basin cleaning

Highway deicing

Greater use of sand

Greater use of mechanical snow removal
Careful metering of salt

Careful storage of salt

Fertilizers and pesticides

- Public education

- Professional Tlicensing for handlers and users of pesticides
and fertilizers

- Alternatives to fertilizers and pesticides
Land disposal of wastes

Infiltration/Inflow

- QLorrection of defective joints and cracked pipes
- Disconnection of roof leaders, cellar and yard drains
- Correction of manhole cover and cross-connections

2. Measures to Reduce Runoff and Increase Infiltration

LJ - » » L]

Delay of runoff on-site
Retention basins

Temporary ponding on paved areas
Tempcrary ponding on roofs
Increased infiltration on-site

- Dutch drains

- Porous paving

- Seepage or recharge basins
- Dry wells

- Grading
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3. Erosion and Sedimentation Control Measures

Vegetative measures (see Table 2)
Diversion measures

Slope stabilization techniques

Stream bank stabilization measures
Stabilization of surface drainage ways
Other measures

These technical approaches can be implemented by the regulatory, fiscal
and proprietary powers of state and local government. Eight specific
requlatory approaches are summarized below. A detailed discussion of
them can be found 1in "Preventative Approaches to Stormwater Manage-
ment," EPA 440/9-77-001 (January 1977).

1. Purchase of interest in land to be preserved as open spaces or for
non-intensive uses that will not interfere with the land's natural
capacity to absorbd and to purify stormwater or other effluents.
This section covers a broad range of technigues, not all purely
"requlatory."

2. Capital-investment programming for extension of sewers and other
pubTic services to such locations and at such rates over time as
will serve to channel development into suitable areas, ito discourage
it in an area where it is 1ikely to have adverse effects upon water
quality, and to accommodate at all times whatever wasteflows it
generates.

3. Designating sensitive, water-related lands on which develgpment will
be restricted or made subject to conditions for the purpose of pro-
tecting water quality.

4. Conditioning development permission upon environmental impact
assessments that ensure minimization of water aquality problems
incident to development.

5. Requiring that development proceed along Tines and in ways that
preserve natural processes associated with the hydrolegical cycle.

6. Conditioning development permission upon compiiance with technical
standards for controlling runoff, ercsion, and sedimentation.

7. Controls aver Tand disposal of wastes for the purpose of protecting
water quality, including controls over solid waste disposal and use
of septic tanks.

8. Regulatory and administrative controls over in-place or accumulated
sources.
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Source: Beckert Jackion Saeder Inc,, oo, cit, Figure 2

In:

Preventative Approaches to

Stormwater Management, EPA 440/9-77-001, January 1977
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The principal weakness of many regulatory schemes is that they fail to
incTude adequate provisions for securing compliance on the part of those
to whom they are addressed. In the case of many controls for urban non-
point sources, these schemes apply to developers. A problem arises
especially where compliance is not just a one-shot mattar but consists
of continuing activity. Regulations can address the problem by requir-
ing develcpers to maintain retention basins in good working order,
install monitoring devices, report operating data, etc. However, regu-
lations, combined with permits tg be issued on a case-by-case basis, are
generally a superior type of control strategy.

Construction

The implementation of an effective erosion and sadiment control plan
based on current standards can prevent much of the sediment pollution
generated on a construction site. Three elements make it more practical
to control or reduce pollutants from construction activity than from
other nonpoint source activities: (1} the relatively Tocalized nature
of activity, (2) the on-site concentration of men, facilities and equip-
ment during the construction process, and (3) the ability to plan or
modify specific activities in order to minimize the pollution potential,

Tne New Jersey Department of Environmental Protection (NJDEP) has estab-
lished erosion and sediment control regqulations for large constructiom
projects; thus the mechanism for regulatory control of poliution from
construction activities is already in place. Technical control tech-
nigues available for the control of construction-relatad pollution
include measures for contrelling erosion, sediment and stormwater run-
off. A checklist of these techniques follows.

1. Erosion Control Techniques

» Construction planning (minimizing disturbed land, scheduling of
construction, proper planning of runoff control measures, etc.)

o Runoff control (vegetative buffer strips, grading, diversion
structures, grassed waterways, etc.)

« Surface so0ijl protection (straw, hay, woocdchips, plants, etc.)
2., Sediment Control Technigues

- Pre-pond techniques (sediment traps, such as straw bales, natural
vegetative buffers, etc.)

« Sediment ponds

11
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3. Stormwater Management Methods

« Rooftop ponding and parking lot ponding
+ Retention basins

+ Diversion structures

» Porgus pavement

Holding tanks

Infiltration systems

Stream channel storage and control
In-line sewer storage

Land-Related Waste Disposal Practices

Pollution from these sources, such as septic tanks and Tandfills, can
be considered a nonpoint source., Pollutants enter streams through the
inflow of groundwater which has been contaminated by these land-related
disposal methods. Control techniques for these sources are included in
the groundwater portion of this project.

Miscellaneous Sources

Miscellanegus pollution sources include atmospheric sources, spills and
benthi¢ loads. Control of atmospheric pollutant sources must rely
primarily on air pollution control regulations. While air quality is
generally improving, acid rainfall is of particular concern in the Pine-
lands. Prevention of spilis has been addressed by recent federal and
state regqulations. The NJDEP currently requires industries to develop
spill prevention programs. Benthic loads can be controlled primarily
by ensuring implementation of erosion and sediment control measures,
and by improving wastewater treatment plant discharges and dredging
activity. Dredging 1is generaily not cost-effective for controlling
depressed dissolved oxygen problems caused by benthic deposits.

i2
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APPENDIX 1

BEST MANAGEMENT PRACTICES FOR NONPOINT SOURCES OF POLLUTION
(TRI-COUNTY 208)

The pages which follow were extracited from the Tri-County 208 Study.
That project evaluated in detail many of the nonpoint source control
techniques cited in the body of this technical memorandum. The 208
agency screened the technigues down to those which 1t felt were most
appropriate for application in the tri-county study area {(of which
Pinelands is a part),

The nonpoint source control methods are categorized into two levels:
management level A and management level B. Level A controls are
applicable in areas where nonpoint source problems are not severe or
cause-effect relationships cannot be adequately demonstrated. The 208
agency recommended that Level A practices be applied in most areas
while Level B practices (more extensive nonpoint controls) be applied
only when it s found that Level A practices still resuit in
significant water quality deterioration. [t s felt that these
recommended Best Management Practices provide an excellent summary and
starting point for evaluating nonpoint source control measures most
applicable to the Pinelands. Recommendations from other 208 studies
(for example, Ocean County and Atlantic County) have not been included
hersein becausa they did not address nonpoint sources as specifically as
presented in the following tables.

Table 1-1 presents a summary of the best management practices as
developed by the 208 agency. Land use and activities covered include
the following:

1. Urban areas

Storm drainage {existing areas)

Storm drainage (new areas)

Construction sites

Existing pipelines and industrial storage areas
New pipelines and industrial storage areas
Suburban fertilizer and pesticide use

Deicing salt applications

[T1egal discharges

Combined sewer overflow

. ®» & " & & & @ -
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2. Agricultural Areas

« Erosion from cultivated land
+ Fertilizer, pesticides and animal wastes

3. Land-Related Waste Disposal Areas

Landfills (existing facilities)
Landfi1ls (new facilities)

Existing industrial 1iquid waste lagoons
New industrial waste lagoons

On-lot sewage disposal (existing areas)
On-lot sewage disposal (new areas)

Following Table 1-1 is a more detailed explanation for each one of the
land uses/activities (Table 1-2). For each of these areas, existing
Level A and Level B controls are described, An indication is given as
to where the control practice should be applied; costs, effectiveness
and tmplementability are also explained.

1-2
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TABLE 1-1

FLMART OF BEST HMANAGEMENT PRACTICES FOR NOW-POINT SQUACES OF

TECH MEMO SW IV-7

FOLLUTION

PROBLETY SOURCE

EXISTING MANACEMENT

HANAGEHENT A

MANAGEMENT 3

TRBAN ARZAS

Stomm Draloage=--—
Ixigting Acveas

Scote cateh basiln clesning
and stresc sueeping, but
nat {n response ta uUaler
quallty probiens.

Strangthened programa (ar
zaintenanocs of xljring
and new detentlon basina,

Extenalon of NFDES permic
Program Lo cover atorm
nvary.

Iotepalve 3trest rweeping
with va¢yua 3yitem lo com-
cavclal/induszeinl aceas,

Selective inscallatloa of
detention %aalna wherse
screama being acoured by
peak stom [lows.

Storm Dralosge--
New Areds

Hunicipal lacd daveiopment
ovdipances loclude drain-
age concrols. Comsarvaclen
District providea asala-
tancy on detenticen bazias
and 1torm wactar cancrol.

MY DEP stresm encroachoent
parait program fncludes
ravigw of prepesed sytoapm
sawar outlata for flcod i=z=
pacts.

Svate, county and local
acqulsicion of upan apaca.

Tducaticn program by
county for officials and
developars oo izproved
JLOIH BsGsgament Lech=
olgues.

Devalop mwodel dralnage
ordisances, dealgn 3tsn-
dards for detantlon
baaios that add sandimen~
tazian and recharze fea=
tures, and guldelioes foc
3ita daslgnas thac reduce
runoff Zeneraciga,

Use Green Actes and local
Iundas %o purzhass lenst-
tiva aTeas with wecgar
quality bdenefita,

Apti-degradacion somcept
appiled to 3torm watar
dlsposed [n Plasland;

oa change in storm tuool(
volune.,

Coasvruarion Sltas

Jaodes Chaprer 181, Sail
Conasrvatlon Discrict {or
sgnicipality, by paticion)
ravlews 1edimant contral
plany for privaca con-
seryekion astivities aver
00 square feet,

Provislony of Chapter 131
extanded to all government
projacta.

No lurther =easutfes.

Ixlsting Plpealines
snd lodustrial
Storage Areas

EFA sud DEP have proviszions
for haadling malor apilla of
oll spd harardous =ateriala.

EFA raquires contingency
plans for handilng apilla
at oll scorage faciiibies
a¢ar navigable waters.

Breventive ragulavory
eoncrala for toxic ena
hazafdous maceriala, ln=-
cluding parmiitliag of
JEOTAZE aTEal.

Contingency plaoa Ffov all
atorege Tscilitlaa of oll
or hazardous matarials for
control of all spills and
lasks, major et mioor.

More atrict aurvelillance
and monltorfing of {ndus-
trial wasts scavenger:.

Structural chanzes to

faclliclas aa determloed
by slts acalysia {such as
Teplaconant, 1TATEge area
linera, Jcavenger wella).

1-3
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TABLE 1-1 (Continued)

TECH MEMO SW IV-7

FROBLEM SOURCE

EXLSTING MANAGEMENT

HANAGEMENT A

KAMAGEHENT A

ew Pipelines
and Industrial
StoTags Armas

Safaty. requirements isaumd
by OSHA and lnsurasce car-
Tiery. Standards for toxfe
praticidea set by EPA.and
TUC has regulatlons for
plpalioes.

Standacds devaloped for
construction of atorage
aread {(corrpsion resis-
cance, iloars and dikes,
and leakage detection
Tyacemy).

Probidition of certalin
materials storage neEar
public vell {laida.

Rs further measures,

Suburban Fartilizar
and Pesticida Uae

Czoparativae Extanaion Sar-
vice providea Infeormaclon
upona Tagquastb.

Cooparative Excansion ax-
pands information prograal
makes information avall-
able at garden :upply and
department aceIct.

o [urther measures.

Dateing Salt
Applleagions

Mo program| salt is applled
without regard f(or vater
quallizy.

Argawida ataudarda for
application rates and
PTOPLT LCOCAZs

No further mwasures.

Lilagal Dlicharges

NS DIP has ronicorlng and
mfoTcamant program o
Lldencifly fllegal dlacharges
and permit vialaclons,

Expanded survezillance prao-
gTas to identify siig-
speciflc Lilagsl discharg-
L1+ B

Conbined Sewar
Ovurflow

Studies vadervay to deter-
mine extenc of problem and
to deviza posaldlia selutions.

Extend NPDES parmlc program

to all comblaed sewer out-
lets.

ACRICCLTIURAL ARZAS

Iroslca Frea
 Cultivatad Land

Appileation of Soil Conser-
vation District voluntary
conyeyvelion agresteats
{plaas).

Expand the syatem of vol-
uniacy conaacvactlon
LEIeETent.

Jsa oinimm cost controt
mEaIUTEa,

Zatadlistment of percanent
cover Lln [lood plalnas.

Mandatoty conservation
plana.

Jaa of control nsasures
cequiring <oat sharing.

Selective wcquialeion of
use Tvights o davalop
stream buffers.

Fareillaara,
Peaticides and
Anizal Waates

Recomsendad coatroli are
providad ¥y tha Cooperative
Exrteaaton Sacvice and tha
So0ll Consarvation Servica
on a4 voluntary basis.

No further measures.

No further oeajures.

LAND-RELATED WASTE
DLSPOSAL AAEZAS

LandfLlila=~
Zxtyeing Facilievins

Stacs has ataandards for
aparatica and mpintenance
and Lasuss permits speciiy-
{Bg accaptable waatssg
moditaring valls nay ba
ingtallad.

Seata nay close a groasly
polluting landfill ar may
call for [ca takeover by
& publilc agsacy.

Lapermeabla covar placad
ovar Iruwih waste calls and
old cells graded to mini-
mize parcolatlea.

Install monitocring walls
at all lapdf{lils.

Slta asw watar supply
wallas at safe diatanca
{zom landfllls,

Sgructursl seluctiens te
contaninated wvells based
on survelllance and ana-
iysta, {Scavengar wells,
vater supply well relaoca=
cien, purification of
wacer aupply).

Modify 3qlid wasce geont-
ation by tesourcw Tecavery
and public sducstlon; ta=-
eyeling of usad zrunkcasa
oil is an exampla,
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TABLE 1-1 (Continued)

TECH MEMO SW IV-7

MROALEHY SOURCE

EXISTING MANALIMENT

MANACEMENT A

HANAGEWENT 3

Lapdiilla==
Yo Facliliclas

EPA and DEP stanuards for
dealgn and construction of
tandfilla including manda~
tory ilmparmesbls lloera,

Requitements for moanltorcing
wvalls at all aew faclllcies.

State standards for riting
landfilla wlth respect to
groundvater use and [low.

Present coocrnls contlo-
usd, but relatcd =ora
closaly w naw ground-
water caacarms.

Ho further maasures.

Existing lodustrisl
Liquid Waste Lagoana

Scate lasues permits for
lageona and zmay iostall
ooaltoring wells if la-
§oona are suspucted of
causlog pollution

Pracreatment oeeded to meat
effluant guidmlinaes for suz-
faca discharges, hur not for
laachats,

Stato peTWMLL program re-
quiring hlgh leavel treat-
aent and abagnce of foxics
la leachace.

Monitorioy wells required
at all sices.

New wvatsr supply wells
sitad at 1afe Alscance
from lagoen.

Structural conkiols
applled to facilleies
shaewm by aurvelllance and
analyala to da concanmlnac-
ing gzoundwaetar (e.3.,
scaveanger valls, sewera,
vell relocation).

Yew Industrial Lliquid
Waate lagoons

XS DEP has oo standacda fer
design and ccastruciion of
lagoons; pernirs roquired
[or new facilicies allow
mome cooirel over lLagocn
locetion.

L}
State standacds {s3ued fov
deaizn and zicting of
lagoona that reflect con-
cern for groundwaZar ule
and flow,

Stats discourigea lndus-
trial location outslde of
Jewer JSarvice &cfens.

Mo furchar asasures.

On~lot Jewage Dla-
pasal-=Exlacing Arana

ainvensnce L3 responsibil-
ity af homeowaaer,

Stats Lssues patmita to
lLandfills for sludge
dlsposai,

Serengchen meintanance with
county loapection and per-
mif program.

Edycallen program ce in-
ItTuclt oo proper use aod
maiotenance and oo water
consarvatica.

Licensing of icavengera
and laspection of land-
fills by DEF fac permit
vialations.

Seructural sonirols in-
atituted where surveilllance
and snalysis revesl ground-
watar coniaminagion.
{Savwars, alZatnacive 1ya=
Lema, raplacemans of
syIceal}.

Ou=lot Sgwape Ofa~
posal-=Yew Areas

Stats standards {Chapter
19%) for desizm and ¢oa-
stroction af an-lot dia-
posal syscema and for per-
calatlon tescs (adminla=
tared by <ounty hasith
daparienta.}

Slex and denalcy

conerols based oo dutalled
analysis of soils apd
groundwater; standatds et
for use of altarumativa dias-
poaal syaiems.

No further measures.

GTAER GROQULTUATIR POLLUTION SOURCES (Mo “auagement Altecnsclves)

Spray Ilrrigacion

An unceemon eflluent disposal aethod thought not %o <ause groundwater tontamlnatlon,

ewcapt poasibly at laduatsial facilities.

tiona can ba cada,

Further atudy L3 nesded befors recormenda-

Induced inflltraticn

Delavare River wateaf oay be contaminacing wato? auppiias along the rlverfront, bue

furthar sampllog L3 ocecassary.

of drioklog watar.

Saveral stegps may Se naw taken o prevenc pollutiea

Salt Wecar [acruiion

Soma cbsarvers faal that the Raritan-Magochy aqulfar L1 threatened by contaminatlon by

mlgratlion of a 1alt fronc {rom the southeast toward public water suppliacs.

praseat undevacanding wf this ls nighly speculative.

Houwsver,

£
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TABLE 1-2
DESCRIPTION OF BEST MANAGEMENT PRACTICES

CONSTRUCTION SITES

TECH MEMO SW IV-7

LEVEL  SOLLTLION DESCAIPTION WHERE APPLIED COST EFFECTIVENESS IMPLEMENTARILITY
Ixist= Under provisions of frivate con- Severnl Effective whers plans lm= Adninlscracive and
ing Chapear 151, the Sall atruction sizes hundred plemenced and wvhers Soll tacholcal means gan-
Consarvatlon Discrice over 3000 squara dollars Consesvatien DiscTicer erally svailable to
{or tha ounicipallicy, faet lo aTsa. par acte prfovidea adaquate in- effectlvely Imple=
by patition) reviusva for cost apection and ¢nforcempnt. medt PURIEnC Prograd.
ssdilment control plana of com= ' Govermnent projocea are
for privats construc- Lrola, not coveved by thia
tion activizias. over progran,
3100 fee
charged
daveloper
for ruview
amd in-
spection
by 3CD.
Extand provislon of ALl davalso Lov -aart Signlfican:t sediment ra- InteTagency afreencot
* Chaptc:PISI to cover ments thrngzh- for ex- ductlen espaclally during would da recded th?ﬂTsh
all govermnent pre- out actudy area. tendirg roadway conatruetlion and State Sall Consecvatlon
Jecta, acope of malntenancs. Committee snd Soll Con-
project garvetlion Distriet
raviav. with Staca: ind lossi
publle works agencies.
Leglslatlve changy re-
gquired to Include
povernment aroject,
| %o furthar Oessuted.
STORH DRAIMAGE=-Exlazicg Armaa
LEWEL  SOLUTTON DESCHIFTION WHERE APPLIZD COST EFFECTIVENESS TMPLEMENTAEILITY
Exiats Some cpateh bazin clesnlng Ragloa-wida, Nor knawa; Prastenc storm disposal Exisziag =zuniclipal land
Log and scraet swasplog, bug wariabla, sgETAvACES JLIewm qual= davalopaant code covery
oot in rerponss Lo wWaCer fey by high acomm flows storm dlsposal; uae of
quality problens. and low baaa {lows, ordlnances Insedequets
la some aceas; technical
asalatance avalilable
from Sall Conssrvation
Diacricts {5C2) and
Cauncy Planoleg Board.
A Strangthen maintansaca ALl detencion odetar- Hzlpa prevent gradueal No lostitntion cleecly
progren for exlaclng and basins. mlosd; deterforation of water ceapanalble; soluclon
new datentioo basains. borne by quailty due to Jeclloe cay be either publlc
bomscwnera in effeceivennss. of private.
or mummlcl-
palitias.
1 Extonsion of NPDES pex- Reglon=wida} Hoderate; Undeterminad; could heip Hew Jevdsey DEP would
=it program o cover 34¥ ba AppED~ adoinis- datarmina vhera treal- issua parmits under
STOIm A4wWara. prlate mace {n tTative ment of scocm water i3 general parmit auchsc-
canmerelal fin- £Q3Ca naaded. ity of HPDES.
duscrisl acuas. borna by
public.
Iotarnslve sETaet sweazp- Commersinl- High; $7- 93L ceduation of Bio- Extansion aof present
lng with vacuum sysegs, laduserial 314 per chemical Oxygen Demand programs of atreet
[ TT curt mile, (30D) and auspended cleaning. May requlre
solids {SS), fedaral floancial
azalatance,
Selective Inatsllation Sazing with $30Q par 3L reductlon {n 20D: fnelear which fnscltu-

af detenticn basias.

atrexns bxing
acourad by peak
atom {lowa,

cantzolled
JLorm Jewer
dilacharge.,

407 reducclas io 53;
Small izpeovensmiz (o
urban scream qualliy;
slgniflecant caduction
in load to Estuarv.

tlca would assvme fa-
sponaibillity; technical
asslstance avallable
Lrom SCD,
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TABLE 1-2 {Continued)

TECH MEMO SW Iv-7

STORM DHAINACE=--Ugw ATeas

SOLUTION DESCRIPTION

SHERE APPLIED

cosT LFFECT IVENESS

IMPLEMENTABILLTY

Exlac-
ing

Huniclpal Lsnd develap-
ment ordinances {ncluda
drainaga cantrola: Sell
Conservaklon Dlacrice
provides asalstance on
deaigo of detencion
basina.

MJ] DEP screas encroach-
ment parmlt program en-
compasiny vaview af pre-
posed 3tor3 sewar outluca
for fleood [mpacts.

Seace, county or local
open space acquisition
programs.

Aegioa~wide ia
nev develapmeats.

Asgfon-vide io
naw javalopmants,

Salactive loca-
tionas with visual,
acalegleal, re-
etreational value.

Lnanown. Draipage controls {nadew
quately applied (o some
areas. Cfcen does not
affectively prevent
stteam degTadacion; de-
tention bLasins modersce-
ly affective.

Unknown, Although only [lood im-
pacty considered, water
quallcy 13 protected to
the degrea that Ilcoding
cantrals reduces sediment-
laden ctunalf.

High zesc
for aggui-
sition, ¢3-
peclally in

Effrceiva in sontrolling
pellutian from purchasaed
lands; osay lands pur=-

chased withput considera=-

Alrgady !mplemenced.

Already implemented.

Alresdy lmplemented.

Education program by
county fov officisla
and Jeveispers ¢n lo=
provad 3Jtor™m tanaga~
mant techolques.

Dovalop {1) oodxl
draipsge ordinancsea,
{21) deslgn standards
for dezentlon besins
that add sedimantation
and TechaCga fesluraes,
and {3) guidellnes fax

. alte dasigons that va-

duce runaff generacion.

Usa Green AcYns and local
funds tg pucrchasze menak-
tive Kfgad with waCer
quality baveliga.

Reglon=-wide;
erphasls an
navwly Zevaiop-
ing areas,

Region~wide;
ezphsata oo
aewly deveiop-
ing areas.

In developlog
areas priority
ilvep to flcad=-
vays and west-
lands and o
appropriace
bulfera.

develaping tion of water quallcey

ATEAld. concerni.

Low cost. Long=tun benefin in za=
dueing degree of degra-
datica casusad by
derelopment.

Low coat; Long=cun benafic ‘a re-

recharze ducing deycas af dag-a-

bailna cosc daclon cavsad by .

about §$1C0  davelopment,

par acTe

of cons

tralled

drainage.

High cosc Suffar sround streama and

for fae weblands couid trap sedi-

1impla pur- mant and relaced

chase: mod=

erately high
for purchese
of sasamenta.

sollucanta.

Infornacion avallable:
cavnty plannery and doll
Conagrvariza Dlagslet
2gsuld jclatly spopser
program,

Saapie ecdlnances al-
teady avallabdle; auch
advisary servicues al-
teady provided by
caunty plannaca and
Conzevvatloa Dlatrigr.

Acquiaslcion progrmms al-
ceady eacablisned; sur-
cent State funda largely
commitied) local fundl
generally alloctad to
active recreatlonal
areas,

Ant!-dagradatlon con-
ceplk applied to atemm
watsr dlzpeazal la
Pinelands; no change

lo storm vunolf volumaz.

Haw Jevelopmenta
la Pinalands.

Hoderate in= intenaiva recharza af-

acresss ln forva nighly eifective
development Ln pravanting fegrada-
coat3 borne Eticn of atraam qualaty.
by new ’
teildents.

Avalilabla puslications
glve designay {or cu-
charga concrala. Lack
of local expervlance with
such cantrols, Reles of
local end county olft-
ciala unchanged,
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TABLE

1-2 (Continued)

EXLSTING PIPELINES AND INTAISTRIAL

TECH MEMO SW IV-7

STQRAGE AREAS

LEVEL SOLUTTON DESCRLPTION WHIAE AFPPLIID COST EFFECTIVENESS IMPLEMENTABILITY
Exiwt~ TPA and DEP have pra- Applles to apilis $25 million Spill handilng does not Alresady ‘mplemeacad.
ing vistona for handling o jurface wvaters. fund crost+ proteet Zrounmdwater) nect
mejor spillas of oil ed by l¢ per sffective where spilla
snd hazardous barral tax are minoc or uadetecced.
natariala. on haxarde
ous mater-
lal traoa-
far.
IPA tequires contin- Oaly spplies Casc Deas not provide plannlng Already Loplemented.
guncy plans far all to oil stocaga borne Lar- far uplaod spllla of aoli
storags facilities aeaz soxface gely by ar hazardous materiata;
aear oavigabla vater. atarage moderately effective for
watars, operatac; oll facilitles,
soma small
administra-
tive cost,

A Praventiva fegulatacy All pipelina Hodacace Sizniflecant loaprovemant Existing Lave provide
controlas for toxic and and atarasga administra~ over exiscing program iegal baaisg wvould (It
hazardous mategials, facilicles tive coak. which ignores hazardoua into existiag DEP
ineluding permicting reglog=wide. materials and ground- prograns,.
of storage sreas. watar contsmioation.

Contiogency plans de=- All plpellne Low o Signifleant [mprovensnt Existing Lawa provida
velopad far all plpae- wnd storage modecate in reducing praobabllicy l12gal Sasla; would be
lines aod storage fac= facilitles coats by of aptils apd i{pn Lln~ rxtegnalon of existing
1lit1es of oil or haz- ceglan-wide. storage crensing eflectivenesa CGEP programs.

ardonas materials acd aperators; of cleanup for surface

tor control of all mmall ad- and groundvatar pro~

pllls or ledka, major ministra=- taction.

ar mioor, tive co3t.

Hore striet survall- Raglon=-vide. Moderate Long=tus feductisa io Ixtension of exiating
lance and monltorinz adoanlatra- apilla. progrems,

of wasts scavengers, tive coat.

] Structural changes o Only (aeil- High cost Hizhly effectiva st adminlatraciva and
facilicies ax dater- Ltias where barna by 1topping pallution legal [ramewark
mined by slee analystla wecant of pipeline from apecilflc sitas. avallable; {oauf(-
{rueh a3 replacc=ent, defact and at storage lcient !mapectica
llosts, scavenger contamina=- oparator; and monitoring
wellal). eian analyzed. moderata program.

adminls-
trative
coat,
NEW FPIPELINE AND [NDUSTRIAL STORACE AREAS

LIVIL SCLUTION DESCRIPTION WHERE ASPLIED COST EFFECTIVENESS IHPLIMENTABILLITY

Lxi3t- Safety caquireneats Region=wida. Net knewa, Mot necessatily cffec- AlTesdy ioplemanced.

iog lasued by QSHA and Lo~ tiva at reducing pro-~
urance carcisrs for babllity of many spllls,
aew facifitlea,
ftandsrds for comie
paaticlide 3torags
t33yed by EPA and
PUC has tegulaticns
for plpellaays,

A Standards develaped for Raglon=vida Madacata Effecclve in ceducing Lagal and adminisera-
conatryctlion of seorage f{ar nav stor- adminis= probability of apills tive alrfuckture L3
armas (corraslon ceats- age facllitlaag crativa and leuks at nevw avallabla. Major
tance, Linars snd dikes, esciocicy glven COILI. facllliciey. txcmical moalysia
and laakage decectlcom to oli and haz- requirad. May raquire
syatms), aTdous wagarials, fedaral finacclal

avalacpnca.
Prohibitioa of carcsln Araaa of high Modaratba Pravents poaslbls con= Legal and adminlatra-
aaterial storvage neax pumpage by ecminla= tamination 1@ sxlaeing tive structure ls
public wall [ixlda, public waila. tracive public walls from new avallable. Hajor
costa. facilltiea, tacholeal analysia
required. May requirce
faderal {losnclal szsla-
LAncH.
3 %o [yrther messuces,
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TABLE 1-2 (Continued)

TECH MEMO Sw 1IV-7

SUBUREAN FERTILIZER ANU PESTICIDE USE

LEVEL  SOLUTION DESCALPTION WHERE APPLIED COST EFFECTIVENESS HPLEMENTABILITY
Eilse= Cooperatlve Zazanalon Ragion=wide ia Hoi knowm. Lov; does not reach Alceady twuplesanced.
log servicea offira tafor- raspoase to wide nunbecs af

gation an rvequaac, foquirias, homeownata.

A Lxpandad i{nformhatlon Ragico-wide; Low addli- Modacately affeceiva Expanda exiating
service by Cooperative material made ticaal at Tasching publlc; programa.
Extansloo Jervice, avatilable cose,boroe 00 asaucance Lhat

thraugh zardea by staca. applicacion praceicss
supply snd da= are improved.
part=ant stores.
? No further mamivcaes.
DEICING SALT APPLICATION

LIy, EOLUTION OESCRIPTION WHERZ APPLIY COST EFFECTIVEMNESS [MPLEHENTABILITY

Exisk- No programs; iall 13 Reglien-wide; Caat of Degrades water by in- AlTesdy implemented by

1ag applled wvicheut cegard naca salt Lx current crassing sodium asd local. cowncy ot ataca
for watar qualiry. uyed Ln urban deizing chloride concendra= toad maintenance crevs,

armas tnd progtam tigad la surface sad
alang high- ngk kmawn., geoundunter.
ways.

A Aresawide standards for Reglon-wide. Low caac; Effectivensys deven~ Inplementable by
ippilcation rates and saviggs In  deat co saznlitude of exizcing afghwey or
7TCTPAT TLOQIrags. Tav mater- Current excaises. public vorks

lal: some departraaty,
cgat in im=
praved
aquipment.
B ¥o fursher meazurss,
.. ILLEZGAL DISCLARCES
LIvEL  SQLUTIOH OESCRIPTION WHERE APPLIZD COST LFFECTIVENLSS IHPLEMENTABIL Y
Exiat= WJ DEP haa monleacing Region-wide, Ferzlc Caly najor illagsl diaa Alraady faplezentsd.
ing and enforcetent Jro- progrea charges ate presently
grams to Ldanlly and com- Ldeneiflad,
rviolations of dia- pliance
charge permita and monlrac-
m=ajor illegnl dlschacges. {og and
survell-
lanca L3
31 @illlon
par year
statevide |
ryell-
Laoce for
fatepar-
mittad
dlacharges
Rt Lnown.
A Expanded 3urvelllanca Reglon-wvide; Lupansica Potentlally very £f- Legal and acmlnisica-
- ta Ldentily rtte- priatity ziven af vater fective io inproviog tiva (yatqwork already
spaciile Lilsgal dia- to vatershads samgling watar quallty In tri- loplemented consider-
sharges, with unusvally {ikaly to bucsries degraded by ably expanded vacer
bigh lavels of be coscly, oae or more Ltllegal rampling progras
YackgTound dischargus. headad.
pollution,
] No [urthar measuras,
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SN

TABLE 1-2 {Continued)

IROSION FROM CROPLAND

LIVIL  SOLUTION DESCRIPTION VHERE APFLIZD cosT LYFICTIYTIESS IMPLEMENTAALILITY
Exist- Soil Conservation Datrler On [fatma where Ranges Only effective tf the Admloiatrative and
ing malatains voluntiry con- assiactapes La from $3/ farmar wiil lnatall chae technlesl osany aca
ssrvation agreesents; Con- requeatad. acra Eo control measures Tacom- presectly svallable.
trel mezsutes arq volum= aver mendad, I{fectivenens
Lary, §100/acre. (3 only for wmall areas,

A Dapand the syatm of All Farmy Hoderata Maderstely affectiva Admlol stracive and
valimrary conservatlon passibley cast far compared Lo praseant tacholcal sgencles
sgTecmEnti. highest addicion= system; could ba highly ate (n exlakencuy

priority to al seaff- effectlve iz small lack aoly (unds and
farma along ing to watsraheda, dirgction. Hay re=-
AtTaams. begin & qulta [lnancial
concen- axslstapce {rom weger
tratad qualiey programs.
program.
Use mioiaum cost controul All {armay Low Moderately effectiva. The agencies exist:
Messuzed. highest should be lnpiemantad.
priovity to
farma along
) straeas.
Establiahmant of perma- Croplands Maderate Righly effceccive In May be dLfflculc to
nant fover ln flooed- ia tha teducing sediment inplemant.
plaice. {loodplaina, pollucion.
[} Manducory conservation All farms. High costc High=—ecould have & Lene--may tagulze
plane. for addl- teemandsul Lapaet an leglalaction or pre-
tional reducing 1edlment {rom fersntial wax Ereat-
stafftlng. croplaeoda. sent. May Twqulre
filoancial ssstsiancs
to admiplacer,
Das of control maasures All farms. Could bae Could be vary high. VModerate==nay Tequire
taquircing crst shaclng. high da= iacreased cosb aharing
pending or Subsidlas,
on sav-
arity of
arcaion
problens
or cTop-
plog
pALLaATTII,
Salective acquisicion Croplanda HKigh High=-cauld reduce Similar program enlata-—
of usa righcs o dev- in the sediment loads. could be altared or a
tlop stream buffers. flzodplala. similar ona davelopad.

FERTILIZEIRS, PESTICIDES AND ANIMAL MASTE

LEVEL  SOLUTION DESCRIFTLON

WHEAY APPLLIED CoST EFFECTIVENZESS WMPLEMENTABILITY
Exiat+ Recoomanded conerois Coly on lams Lov costs Moderaca to high ef- Ageacley wich the
ing aty provided by the wriere assiatange  for fac- fectivaaess in raducing technical sbilivy are
Coopatative Extansion Iy faquesced. mur and gollution f{roc theas in place and tha pre=
Servica and the Sall .fovern- wurcas. sent contsaly e
ConservatLon Sersiia | 2713 affaccive,
of 4 YOlJatary Yasi3. agenclies.
A ¥a further measurail, am- - — ==
] Ho further mesauzea, - po— -
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TABLE 1-2 (Continued)

TECH MEMO SW Iv-7

LXISTING INDUSTRIAL LIGUID WASTY LAGDONS

LESEL

SQLUTION DESCRIFTION

VHERE ARPPLIID

EFFECTIVINESS

IMPLEMENTARILITY

Exlsg-
lag

State i23ues parmicy for
lagoons and cay lnacall
monltorlng wvalla i
lagonos are suspecced of
causing pollutian,

Precreatmant neaded to
neat effluanc gulde-
lip4as fox enly surface
dischargas of vaitea
from lagocas.

Reglon=wide,

Ragion=wida.

Not Jmown.

Providez {ofocnation
but has no ef Jaet on
pollucancs,

State has no prograa to
conerol quality of
leachate from unlined
lagooas.

Already lhplenented.

Already lapleaancod.

Staca parmit program
would requlra that
" thern be & high lavel
of pretrestment and
an shaence of toxics.

Mooitocring wally ra=-
qulrad at sll lagoon
sital.

Slte new vater supply
walls a2 safe dlagaaca
from lagooma,

Reglon-wide,

Ragico-vida,

Rugion-wide,

Modarate
adminiz-
trativa
coata,

Moderate
cosEa
barne by
industry,

Low coat.

Full cempllance would
wffectively conerol
mosl coataminatlen.

Providas loformation;
na direct change La
vater qualicy.

Pravents future bealtn
hazardas.

larze expanslan of
pragrwn; would requlce
cooperTative sgfeenani]
batwesn Solid Wasce
AdainisgTation and
Diviaton of Yater
Rasources and would
require imsproved
standavdy for leachate
coattol, Hay requlre
federal floancial
agslatanca.

Requites expaasion of
exlating survellisnce
ProgIang.

Requires graster co-
ordipation among
sgencles reaponsibte
{or vastes and uater
upply.

StTuctucd.s zantrola
appiled to feaillcies
nwwn by surveillancy
and analvais o be con-
taminatinzg g-oycdwater.
{Sueh coatrola trclude
s€avanger wylls, —all
relocacion, wpma sewer
farvice. )}

Spaeliic
effending
facilivies,

High sasr
te Lagoon
agerators;
mdecale
adming s~
trative
COEEX.

Highiy effacreve a1
seapping Jpecific
poliucion igurcaes.

Ixpanatan ol existing
aurveillance, analysls
and anforcement oro=
grans| would probably
tequice mors avaf{f.

A

LIVEL

SOLLSION DESCALATION

=WHEAL AZPLIED

LOST

EFFECTIVINEISS

IRFLEMENTABILITY

Exiate
lug

HJ DER has no acanaards

for daslzn ol lagoona:
permity tequited for
ogw facllitias allowing
some coocxol over
lsgoon locaticn.

Reglon-widag,

Nar xfowa.

Crouccwater quallicy may
nat ba sduquately pra=
tectad by deslgna:
xtandardy are not well
forouistad.

Alcaady implamencad.

Srata 2tandarcds lysued
for deaign and aicing
of lagpona that reflget
concar for grovadvecer
uan and flow,

Seata dlicoucazes
loduserlial locatlen
outaide of arcas
1aTved bY 1ewvers,

Raglon-wide,

Cucslde of
sarviee
aceas,

Moderate
adalpnla=
STALLvE
coat.

Low ad=-
minlatra=-
Eive coatx;
unkoowm

epportunity
casta forv

landownera.

Primacity uaeiul for
procaceing pualic water
supply, huc =ay 1lse
pravent Jdizcharze of
contamioated ground-
WHCaT O Ilresma,

Effectiveness high
A3NZILAg hign degTra
af compllance.

Extenslon of existlay
artgndards programy
Lagal authoricy avait-
able; lagoon technology
likeiy o> Ye Nlahly
variable amon; ladua-
telex, making 3tandavda
hard o formulace.

Mot a tradiciocaal <con-
trat: full compliance
difficuit due to nged

s balance environmen-
tal goala wiin 2char
communi{cy Joals; con-
ceatcation of centrol

at municlpal level Jre-
venty full scate cemiral.

Ao furthar Tewasyres,

1-13



Betz « Converse - Murdoch » Inc.

TABLE 1-2 (Continued)

TECH MEMO SW IV-7

QH-LOT SEWALZ DISPOSAL - Exiscling: afvraa

LIVEL  SOLOTION DISCRIPTION WHERE APPLIED COsT EFFECTIVENESS TMPLEMENTABILLTY
[xlai-- MalnCanance responstbils Reglion-wida, Low cosr Oous Aokt asaur- effac- Alceady lmplezentud.
ing 1ty belongs to home= oucsida sev- for tive mawntonansc;
awoer3; Itala [3suaesz ar jefvicas bomecwnets grouad and surfaca
pezmits for sludge dls- aceny. wd low water pelluclen kpawn
posal ac landf!lls, adalnda= Lo aCcur.
Erativa
cascs,

A Strengthan osinteatnce Ragron-wide Moderate Could ba vary affective Dobace as to whilch
program, wlih csunty outslde 1rwer caae for it reduclig presenc pol- 4geEcy MOIC apRro-
asyumjog & role thraugh serrice arsas. caunty, iution and preventing sriace for wyubllc
lnspectian and garmit offaek by {uture contamination. maincenanin program.
progrum, charges Mot readily [mple-

ta home- centable,

ownerti

(533-530

pes ynar).
Educacional pragram to Aegign-wida Modartata Lang-run keneflica; ao Yew progeem, fethaps
lnatrvet oo proper uae outalde sewar coat. lomediate vater guality launtly sponioced by
snd malotenance. sazvice areas, improveacnts. W3 DEP and Cownty

health deparwneata,

Llicenalng of scavenzers Reglon-wide Hodernts Might significantly ra=- Ixpanslon of ex{sting
and loapeetion %y DEP aucslde 1ev- sdminia- Cuca lncidents of waste hauler licensing
of landfilla for permic ar sarvica eratlve illezasl 2iapanal. pragrana,
vislutions, ATH& 3. cosc,

a Jructubal concsala Arens af Alzh ecaac ilbghly effectiva fnr re- Significant wnpanniva
losel fueed where sucs high palluticn foar hose- ducing documented pol- 3 exiating sucwcll=
veillarce snd analysis dus rs s1apric ol tutlaa sourcas. lancr and enforsescat
veveal yroundwiter con= tanks. {51000 to practices.
tanination {such as §4000)

Sevyrs, atestnaclve dla- nsoderata
pasal Ivitenms, caplaze- adninls-
mannt of 1ystem), trativa
coIty.
ON-LOT SEWACE DISFOSAL - Xew Areas

LEVEL  SOLUTION CE3CAIPTION WHETE APPLIED COST EFFECTIVELLSS IMPLEHENTARILLITY

Exist= Chapter 199 ix scate law Reclon-widg, Hotr known, Modecately =ifscrive at Already implemenced.

lng astting standacds (or oubsida sower avoiding 1ices conduclve
desiga and construetion secv¥ica areas. ta aysctem Lailures.
of on-.ot diaposal i1ys- Grayndwater contmninacicn
tems ¢ad for peccolacion sellL Llkely.
teat {administerad Bv
county Scalth deparemeat).

A Slte nd deanley zentrols Aspian-wiile, Maderare Should Se eflective ac Appropriste ageacy not
applled, based on analysia outsida newer tual o raducing probablliity of deqiznated; could he
of o1l and zroundwater, SETVICH avmAl, pubile, fucuce zontaminacion. couacy hesloh agency
more detaifed than pre= or plaonning
sently avallable: stan- departmant.
dardy 3a¢ for yitarnative
dispusal 1yitems,

-] ¥ furthar aeasuras.
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The preparatlion of this document was
financed in part through a planning
grant from the Fitional Park Service,
Departrent of Interior, under the
provisions of the Land-and Water

. Conservation Pund Act of 1965 (Public
Law 88-578, as amended}.





