
T E C H N I C A L  M E M O S  

P I N E L A N D S  C O M M I S S I O N  

I 

I 
i 
I 
I 

i I 
I 

B E T Z  * C O N V E R S E  * M U R D O C H  + I N C ,  
CONSULTING ENGINEERS, PLANNERS, AND COMPUTER SCIENTISTS 



TECHNICAL MEMORANDUM SW 1'1-1 

SUMMARY OF PINELANDS WATER QUALITY 

PINELANDS COMMISSION 

FEBRUARY 1980 

BETZ*CONVERSEaMURODHC*INC. 
ONE PLYMOUTH MEETING MALL 

PLYMOUTH MEETING, PENNSYLVANIA 19462 



TECHNICAL MEMORANDUMS 
SURFACE WATER QUALITY 

CONTENTS 

Techn ical Memorandum SW IV-1 Summary of Pinel ands Water Qua1 i ty 

Technical Memorandum SW IV-2 Surface Water Uses 

Techn ical Memorandum SW IV-3 Cri ter ia  and Needs fo r  Water Uses 

Techn i ca1 Memorandum SW I V-4 Water Quality Index 

Technical Memorandum SW IV-5 Drainage 2asin Assessment 

Techn ica; Memorandum SW IV-6 Land Use/Water Quality Effects 

Techn ical Memorandum SW TV-7 Controls for Nonpoint Pollution Sources 



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

CONTENTS 

DESCRIPTION OF PROJECT TASKS 

Technical Memorandum SW IV-2 Surface Water Uses 
Technical Memorandum SW IV-3 Criteria and Needs for 

Water Uses 
Technical Memorandum SW IV-4 Water Quali ty Index 
Techn ical Memorandum SW IV-5 Drainage Basin Assessment 
Techn ical Memorandum SW IV-6 Land Use/Water Qual i ty Effects 
Technical Memorandum SW IV-7 Cont ro  1s for Nonpoint Pollution 

Sources 

MAJOR CONCLUSIONS 

Description of a Prist ine Pinelands Stream 
Inert Soils will Affect Surface Water Quali ty 
Streams w i t h  Low Average Flows are Sensitive to Pollution 
Water Qua1 i ty  Index Shows Strong Re1 ationsh ip t o  pH Leve.1 s 
Land Use has a Significant Impact on Surface Water Quality 
Point versus Nonpoint Sources of Pollution 
Sensitivity of the Pinelands System to Water Quali ty Changes 
Estuaries may be Impacted by Mats Qual i t y  Changes in 

Pinelands Streams 
Pinelands Agriculture is  Sensitive to Water Qualityl'rlater 

Quantity Conditions 

MAJOR ISSUES AND RECOMMENDATIONS 

Effects of Row Crop Agriculture on Pinelands Water Qual i.ty 
Appropriate and Adequate Disposal of Wastes 
Protection of Sensitive Geographic Areas 
Su i tab i 1 i ty of Deve 1 opmen t 
Potential Water Quality Management Alternatives 

RECOMMENDATIONS FOR FUTURE STUDY 



Betz . Converse. Murdoch Inc. TECH MEMO SW I V - 1  

TABLES 

Table 1 Dra inage Basi n Assessment Summary 8 

Table 2 Water Qua1 i t y  Issues and Recommendations - Summary 
Matrix 19 

FIGURES 

Figure 1 Water Quality Index 

Figwe 2 Pinelands Drainage Basins 

Figure 3 pH 



Betz . Ccnverse . Murdoch Inc. 

TECHNICAL MEMORANDUM SW IV-1 

SUMMARY OF PINELANDS WATER QUALITY 

INTROCUCTION 

The water quality of the Pinelands was assessed by reviewing exist ing 
monitoring data, the needs o f  water consumers and the relzt ionship 
between pollution sources and water qua1 i ty.  General pollution control 
measures were reviewed and management techn iques were recommended. Six 
technical memorandum were produced which deta i l  the methods, findings 
and recomendations of th i s  study. 

Technical Memorandum SW IV-1 Sumary of Pine7 ands Water Qual i t y  
Technical Memorandum SW IV-2 Surface Water Uses 
Technical Memorandum SW IV-3 Criteria and Needs for  Surface Water Uses 
Techn ical Memorandum SW IV-4 Water Qua1 i ty  Index 
Technical Memorandum SN IV-5 Drainage Basin Assessments 
Technical Memorandum SW IV-6 Land Use/Water Qual i t y  Effects 
Technical Memorandum SW IV-7 Controls fo r  Nonpoint Pollution Sources 

In addition to providing a general description of the six technical 
memorandums, t h i s  sumnary interprets  the study findings and presents the 
consultants' overall view cf the c r i t i ca l  issues in protecting Pinelands 
water quality. Management alternatives and recomendations presented i n  
th i s  sumary are n o t  found i n  individiual technical memorandums. Ideas 
f o r  future study are also provided. 

DESCRIPTION OF PROJECT TASKS 

In this section, each technical memorandum is  summarized in terms of i t s  
purpose, the methodology applied and the findings of the study. The 
reader should refer  t o  the specific technical memorandum for more 
detailed information. 

Technical Memorandum SW IV-2 Surface Water Uses 

General : Technical Memorandum SW I\/-2 describes the existing Pine- 
lands environment in terms of surface water uses and re la tes  these uses 
to those permitted by the New Jersey Department of Environmental Protec- 
t ion ' s  proposed surface water classif icat ions.  
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The uses addressed were potable water supply, cranberry and blueberry 
agriculture, other agricultural uses, f i sh  and wildlife habitat main- 
tenance, primary contact and secondary contact recreation, and other 
significant uses. The proposed classif ications for Pineland surface 
waters are FW-1, FW-2 T r o u t  Maintenance, FW-2 Non-Trout, FW-Central Pine 
Barrens, FW-Lower Mu1 1 ica and Wading Rivers, Central Pine Barrens, and 
TW-1. 

Findinqs: There i s  one municipal water department and several 
private industries that  use Pinelands surface waters for water su~p1.y. 
E i g h t y  percent of the cranberries produced in New Jersey are harvested 
i n  the Wading River drainage sub-basin, as are 40% of New Jersey's blue- 
berries. The estuaries from Barnegat Bay to Great Bay are the major 
supplier of hard clams in New Jersey and upstream degradation could 
adversely affect  th i s  industry. In terms of recreation, the Pine 1 ands 
contain four s ta te  fores t  and park campgrounds, f ive s ta te  parks, 
forests  and natural areas for day use, and seventeen wildlife management 
areas. 

A 1 1  uses identified were consistent w i t h  those permitted under the Fro- 
posed classif ication system. 

Technical Memorandum SW IV-3 Cri ter ia  and Needs for  Water Uses 

General: In Technical Memorandum SW IV-3, the emphasis i s  placed 
on water quantity and quality requi re~ents  for major ac t iv i t i e s  and user 
groups associated with the surface waters of the Pinelands. The major 
concern is  w i t h  the needs of cranberry and blueberry cultivation. 

Major ac t iv i t i es  discussed, i n  addition t o  cranberry and blueberry ctrl- 
tivation, are other f r u i t  and vegetable cultivation, wetland and aquatic 
habitat maintenance, and recreation. Cranberries require sandy, peaty 
so i l s  and large quantities of water f o r  i rr igation and f ros t  control. 
Blueberries require dry ,  sandy, h i g h  organic acid sofls  and more f e r t i -  
1 ization than do cranberry plants. Other tree f r u i t ,  primarily peaches 
and apples, require l ight ,  loamy soi ls .  

No species of f ish  i s  restr icted to the Pinelands, b u t  there are 16 
species indigenous to the acidic waters. The downstream areas of the 
Pine 1 ands National Reserve encompass a major p o r t  ion of New Jersey1 s 
estuarine systems. 

Recreation i n  the Pine lands .includes b o t h  primary contact and secondary 
contact ac t iv i t i es .  Primary contact recreation requires higher qua1 i ty  
water than does secondary contact recreation. 
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Findings: The bog cultivation of cranberries has apparently not 
degraded Pinelands surface water quali ty because the Wading River drain- 
e sub-basin, where 80% of New Jersey's  cranberries are harvested, i s  
re la t ively  prist ine.  Changes i n  the a rea ' s  hydrology would have a major 
affect  on the vegetation i n  the cedar bogs and swamps. 

I t  i s  important to maintain the present stream velocit ies to preserve 
f ish habitat. Upstream water quantity and quali ty must be maintained 
to preserve the estuaries.  Extension of saline waters upriver would 
force the white perch and other f ish  out of the i r  present habitat;  
existing estuarine nursery and spawning areas would be disrupted. There 
i s  some relationship bettieen bathing water quality and bathers1 i l lness .  

Technical Memorandum SW IV-4 Water Qua1 i ty  Index 

General: A water quality index was developed as an assessment tool.  
By combining a number of water quality parameters into one index, a 
generalized water qua1 i t y  map was produced and a general assessment of 
Pinelands water ,qua1 i t y  was made. 

A water quality index was produced based on New Jersey Water Quality 
Standzrds. The f ive parameters used in the index were biochemical 
oxygen demand ( B O D ) ,  t o ta l  nitrogen, fecal coliform, suspended solids 
and total  dissolved solids (TDS). Standards o r  cutoff l imits  were 
established and compared to  frequency distr ibutions developed for  80 
water quality monitoring stat ions w i t h i n  the Pinelands National Reserve. 

.The following water quality classif icat ions were established: 

Prist ine 
Good 
Slightly Disturbed 
More Disturbed 
Most Disturbed 

Findings: Of the 80 stat ions subjected to the water quality index, 
2 were judged prist ine,  15 good, 46 s l ight ly  disturbed, 10 more disturb- 
ed, and . 7  most disturbed (see Figure 1). Each of the f ive parameters 
exhibited a h i g h  s t a t i s t i c a l  correlation w i t h  the water quality index. 

Technical Memorandum SW IV-5 Drainaae Basin Assessment 

General: The purpose of  t h i s  technical memorandum was to summarize 
existing water quality, land use and potential pollution sources by 
drainage basin. 



Figure 1. WATER QUALITY INDEX 
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The following major drainage basins and sub-basins were assessed (see 
Figure 2 ) .  

Drainage Bas in Sub-bas ins 

I. Toms River 1.1 Toms River 

2. Rancocas Creek 2.1 Rancocas North Branch 
2.2 Rancocas South Branch 

3. Cedar Creek 3 . 1  Cedar Creek 

4. Forked River 

5.  Mullica River 

6 .  Great Egg Harbor River 

7 .  Maurice River 

8. Absecon Creek 

9. Tuckahoe River 

10. Dennis Creek 

11. Patcong Creek 

4.1 Forked River 
4 . 2  Oyster Creek 
4 . 3  Mill Creek 
4.4 Westecunk Creek 

5.1 Bass River 
5.2 Wading River 
5.3 Batsto River 
5.4  Atsion-Mechesactzuxin Creeks 
5 .5  Nescochaque Creek 
5.6 Hamonton Creek 
5.7  Mullica River 

6.1 Great Egg Harbor River (Upper) 
6.2 Great Egg Harbor River (tower) 

7 . 1  Manumuskin Creek 
7 .2  Lower Maurice 

8.1 Absecon Creek 

9.1 Tuckahoe River 

10.1 Dennis Creek 

11.1 Patcong Creek 



. Betz Converse Murdoch Inc. 

, Drainage Basin Divide ,., Pinelands National Reserve 
, Watershed Boundary 

Source: Plnelands Commcsston 1979,BCM. 
NJDEP 1972 

. 

F i o t ~ r e  7 -  PINFI A N n S  l 3 R A l N A C F  R A S I N S  



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

For each basin: 

me major t r ibutar ies ,  lakes and towns were 1 isted 

Percentages o f  land use types were calculated 

Locations of point and si te- specific nonpoint pollution 
sources (pipe discharge, l andf i l l s ,  spray irr igation s i t e s ,  
e tc . )  were mapped 

The quantity of domestic eff luent  expected a t  each water 
qual i t y  monitoring s i t e  was calculated 

The water quali ty index and median pH levels for a11 water 
qual i t y  monitoring stat ions w i t h i n  the basin were discussed 

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

Reconanendations for future studies w i t h i n  the basin were 
given 

Some of the basins, such as Toms River and the Great Egg Harbor River, 
had substantial data sources, b u t  other small basins, such as Absecon 
Creek and Patcong Creek, had minimal dzta. 

Findings: Table 1 summarizes the major findings by basin. 

Technical ~emarandum SW IV-6 Land Use/Water Qua1 i t y  Effects 

General: This technical memorandum contains the assessment of the 
effects  of agricu 1 tural  , practices and urban development on Pine lands 
water quality. 

Fifteen sub-basins were selected for  a detailed study o f  land use 
effects  on Pinelands water quality. The basins varied i n  geographic 
area, water qual i ty  level and percentage of agricul tural  and developed 
land. Water quality parameters for each sub-basin were compared graphi- 
cally and s t a t i s t i c a l l y  to land use. 

Findinss: The resu l t s  indicated that  agricultural land was associ - 
ated w i t h  elevated levels of total  dissolved solids,  nitrogen and pH; 
developed areas were associated w i t h  elevated levels of total  dissolved 
solids, suspended solids, biochemical oxygen demand, nitrogen and pH. 
Agricultural ef fects  are due to f e r t i l  ization and 1 iming practices. 
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TABLE 1 (Cont inued) 

Number c f  
Dralnage Water 

Area Q u a l l t y  
Drainage Basin (sq.mi.) Stations Water Qua1 l t y  Land Use Po l l u t i on  Sources Major Issues 

6.0 Great Egg Harbor River 

Domestic po in t  *E f fec ts  o f  developme~~t 9 
dlscharga i n  upper redches 
Indus t r fa l  po ln t  d is -  *E f fec ts  o f  ag r i cu l t u re  
charge on p l l  E i  
L a n d f i l l s  P o i ~ ~ t  source con t ro l  

Pol l u t i o n  o f  Lake 
0 

Urban runo f f  
Agr i c u l  t u r a l  runo f f  Lenape 

*Ef fec ts  o f  coastal  de- 
ve loprnent on Babcock 
Creek and Gravely Run 

13 Good - Deep Run Agr l c u l  tu re  
11 Sl  lght disturbed: Developed: heaviest 

Main stem below Sicklers- i n  upper reaches 
v i  l le, Fourmi l e  Branch Undeveloped, fores t  
Hosp i ta l i t y  Branch 
Babcock Creek 

More d i s  turbed: 
Mdinstem above S 1 ~ k l e r s ~ 1 1 l e  

Host disturbed: mr in  stem 
near B e r l i n  
Sauankum Branch 

Upper 
Lower 

7.0 Maurice R i ver  

Hanurusk i n  Creek 1 Pr is t ine Undeveloped, f o res t  I ndus t r l a l  po ln t  d l s -  
Minor development and charge 
agr i cu l t u re  

50% urban ized 

-Protec t ion o f  p r i s t i n e  
water q u a l i t y  

*Need f o r  more water 
qua1 l t y  sampl lng 
s ta t ions 

8.0 Abzecon Creek Urban runo f f  *Effects o f  A t l a n t i c  
C i t y  developcent 
measure 

*Protection o f  A t l an t i c  
C i t y  Reservoir 

*Protec t  ion o f  Absecon 
Bay 

*Need f o r  water q u a l i t y  
sampllng s ta t ions 

9.0 Tuckahoe River 70 2 GoodlSl l g h t l y  disturbed Undisturbed. f o res t  I n d u s t r i a l  discharge 
S t a t e f i s h a n d P a m  L a n d f l l l  

Protect ion o f  tr lbu- 
t a r i e s  upstream o f  
s ta te  lands 

- 
1 and 
Development 
A j r  i c u l  ture 

10. Dennls Creek --- 72 0 --- Undisturbed, f o r e s t  Domestic po in t  
includes s ta te  land dischar e 

Landf i l l s  

*Need for  water qual l t y  
salnpl lng s ta t lons on 
Dennls Creek and West 
Creek 

11.0 Patcong Cre& Oeveloped along coast Domestic po in t  
discharge 
Urban runo f f  

Pro tec t  Ion o f  Patcong 
Lake 

-Need l o r  water qual i t y  
salnpl ing  s ta t l ons  
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Elevated parameters i n  developed areas are due to storrrtwater runoff, 
malfunctioning septic systems, leachate from s i te- specif ic  nonpoint 
sources and point source discharge. 

Although there were too few data points t o  incorporate domestic dis-  
charge into the s t a t i s t i c a l  analysis, the preliminary analysis indicated 
tha t  point source domestic discharge may be responsible for elevated 
phosphorus levels. Separate calcu1 ations were made t o  estimate the 
water qual i  t y  ef fects  of typical secondary treated domestic effluent.  

If the relaticnship between land use and water quality is  verif ied by 
additional data, the analysis may be useful in estimating water quali ty 
i n  unmonitored basins. 

Technical Memorandum SW IV-7 Controls for  Nonpoint Pollution Sources 

General : Technical Memorandum Stl I\(-7 summar i res  the "best manage- 
ment practicest' (BMPs) available for control of nonpoint sources of 
pollution and directs  the reader to additional sources of data. 

Management practices recornended on a national scale by the U.S. 
Environmental Protection Agency ( E P A ) ,  and on a local level i n  New 
Jersey 208 areas were reviewed. A general data base was provided from 
which to choose the methods best suited to the Pinelands. 

Findings: Three 208 studies which include portions of the Pinelands 
i n  thei r  study area concluded tha t  p o i n t  sources are the primary c r i t i -  
cal problem. The strategy for  point sources i s  to rect i fy  existing 
water qual i ty  problems, whereas nonpoint source control stratecjy must 
emphasize the prevention of  potential future problems. A wide variety 
of management practices can be used t o  reduce the effects  of nonpoint 
pollution and ensure that  established performance standards are met. 

MAJOR CONCLUSIONS 

Oescr i~ t ion  of a Pr is t ine  Pinelands Stream 

A typical,  h i g h  quality Pinelands stream such as McDonalds Branch in the 
North Branch Rancocas Creek watershed i s  slow moving, brown b u t  c lear ,  
has a sandy substrate and is overhung by dense vegetation. The water 
is sof t  and pH is  low. I t  generally has a h i g h  level of  dissolved humic 
matter, especially in the surmer months, and may have fluctuating oxygen 
levels due t o  bog and swamp drainage and organic demands. There are low 
levels of nutrients, suspended and tota l  dissolved solids. I t  can be 
classif ied as dystrophic. 
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The f o l l  owing tabu1 ation sumar izes  the average water qua1 i t y  leve ls  of 
McDonalds Branch and of Pineland streams i n  general and compares them 
to the proposed New Jersey Water Qua1 i t y  Standards f o r  the Central Pine 
Barrens. The f igures  in the tabulation represent  mean water qua l i ty  
levels i n  mg/l unless otherwise s tated.  

mg/l 
McDonalds All Pineland New Jersey 

Branch Streams Standards 

pH (median) 
Suspended So 1 ids  
Total Dissolved Sol ids 
Dissolved Oxygen 
Biochemical Oxygen Demand 
Fecal Coliform 
(median) (MPN/100 ml ) 
Nitrate  - N 
Total Nitrogen 
Total Phosphorus-PO4 
Turbidity ( JN) 
Total Organic Carbon 
Arsenic, t o t a l  (ug / l )  
Cadmium, t o t a l  (ug / l )  
Chromium, t o t a l  ( u g / l )  
Copper, t o t a l  ( u g / i )  
Iron, t o t a l  (mg/l) 
~ e a d ,  t o t a l  ( u g / l )  
Nickel, t o t a l  (ug/l  ) 
Zinc, t o t a l  (ug / l )  
Aluminum, t o t a l  (ug / l )  
Mercury, t o t a l  (ug / l )  
Dieldrin (ug / l )  
Toxphene (ug/l  ) 
Malathion (ug / l )  
Silvex (ug / l )  

4.1 4.5 3.5 - 5.5 
1.4 12.5 40 

25.8 20 100 
4.7 8.3 85% sa tura t ion  
0.8 2 5 

--- 
50 
10 
50 (hexavalent) 

Iner t  Soi l s  wi l l  Affect Surface Water Q u a l i t y  

The majority of upland s o i l s  i n  the Pinelands has a high percentage of 
sand and is r e l a t i v e l y  iner t .  Water enter ing the so i l  column through 
prec ip i ta t ion ,  s t o r m a t e r  runoff or leachate passes through r e l a t i v e l y  
unchanged; 1 i tt 1e po 1 lu tant  renovation i s  accompl ished through the soi  1 
layer. This concept has a substant ial  impact on surface water qua l i ty  
predictions and management recommendations. 
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Streams w i t h  Low Averaqe Flows are Sensitive to  Pollution 

Streams w i t h  catchment areas, usually less than 20 square miles, have - low average flows and do not have the capability of assimilating large 
waste loads. From the water quality index resu l t s  i t  can be seen tha t  
small t r ibutary streams have a very good water quali ty or very disturb-  
ed water quali ty,  depending on the upstream land uses. Streams w i t h  
higher average flow values (e.g., main stems, 4th and 5 t h  order streams) 
can better assimi 1 ate organ ic  wastes. 

Water Quali ty Index Shows Strong Relationship t o  pH Levels 

There is  a re la t ively  consistent inverse relationship between pH and 
general water quality conditions (see Figures 1 and 3).  Areas exhibit-  
i n g  higher pHs generally have lower water quality. This conclusion i s  
supported by s t a t  i s t i ca l  analysis in Technical Memorandum SW IV-6. 

Land Use has a Sianif icant Impact on Surface Water Qua1 i t y  

Stream stretches w i t h  pr is t ine  or good water quality generally drzin 
areas of natural vegetation which have few point sources o r  s i t e -  
specific nonpoint sources of pollution. Stream stretches draining areas 
i n  row crop agriculture generally have higher pH levels, higher nitrogen 
levels, and higher to ta l  dissolved sol ids levels due to f e r t i l i z a t i on  
and 1 iming practices. 

Streams drain ing  areas of suburban and urban development genera1 1y 
contain elevated pH, suspended sol ids, to ta l  dissolved oxygen demand 
( B O O )  and nitrogen. The h i g h  levels  are due to malfunctioning septic 
systems, stormwater runoff, p o i n t  source discharge and leachate from 
site-specif i c  nonpoint pollution. 

Point versus Nonpoint Sources of Pollution 

A comon question i n  any assessment o f  water qua1 i t y  i s  which has the 
greater effect ,  point o r  nonpoint sources. This i s  a very d i f f i c u l t  
question to answer i n  the Pinelands. Our data have shown that  both are 
capable of degrading water quality. Hamonton Creek i s  an example o f  a 
watershed degraded by point sources. Squankum Branch in the Upper Great 
Egg Harbor basin i s  one small agricultural area w i t h  very poor water 
quali ty,  yet has no known point discharge. Nonpoint sources are more 
pervasive; every stream draining a developed or agricultural area will  
be affected. Point sources affect  only stream segments downstream of 
discharge, b u t  very often can discharge greater amounts of pollutants 



90 Percentile* 5.5 
Written on map 

Figure 3. PH 

14 



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

than nonpo int  sources. Nonpoint sources w i  11 always be more important 
in terms of the linear miles of stream affected. What i s  most impor t an t  
a t  a downstream point on the main stem depends on many factors. 

Various areawide water qua1 i t y  management plzns (208) have emphasized 
the degrading effects  of point sources: 

"Nonpoint sources are very often not the dominant contrib- 
u t o r  t o  poor stream qua1 ity." (DVRPC1s Tri-County 208 Study) 

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

nPo71ution result ing from point source discharges caused 
most of the observed water quality problems i n  streams of 
Atlantic County." (Atlantic County 208) 

The analysis in Technical Memorandum SW IV-6 of 15 watersheds showed 
water quality to be degraded by development of the basin regardless of 
whether p o i n t  sources were present. The Pinelands, n o t  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. I t  is d i f f i c u l t  to determine which pollu- 
tant  source--point o r  nonpoint--will have the greater impact on the 
Pinelands in the future. As the ares. develops and point source dis-  
charges t o  streams are used for  waste disposal, point sources wil l  
become increasingly important as pol I U  tan t sources. However, because 
many point source loads are being reduced because of treatment plant 
upgrading and industrial pre-treatment requirements, the re la t ive  
e f fec t  of each point source may diminish. 

A common method of assessing the re la t ive  importance of point and non- 
point sources f o r  a watershed is  to estimate the to ta l  annual poundage 
produced by each source using previous studies and measured effluent  
chzracter i s t i cs .  Total poundage may be a misleading unit  of comparison 
between point and nonpoint sources because i t  does not consider the 
timing and "slug" concentrations of pollutant loadings. Point source 
pollutants usually enter streams continuously; nonpoint sources re lease 
pollutants as a resu l t  of storm events. The ecological effects  from 
point and nonpoint sources may dif fer  sign if icant ly. 

Sensit ivi ty of the Pinelands System t o  Water Quality Changes 

The major water quality parameters associated with development which 
may a1 t e r  stream ecosystems and Pinelands vegetation are pH, suspended 
solids,  to ta l  dissolved solids,  and nutrients. 
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pH: The Pinelands ecosystem i s  adjusted t o  a low pH. Some species 
prefer low pH, others tolerate i t  and non-Pineland species which cannot 
function a t  low pHs cannot compete. If the pH i s  elevated, the species 
pool will change. 

Land uses affecting pH include l iming of row crops for  soil  improvement, 
domestic discharge (point and nonpoint) and f inal  discharge of water 
treated i n  a municipal water treatment plant (pH o f  water supply must 
be 6.0 - 8.5). 

Suspended Solids: Suspended solids loads are normally very low i n  
the Pinelands. resul tinq i n  clear streams. Increased sediment loads can 
smother bog vegetation "md f ish  eggs, clog the g i l l s  of f i l t e r  feeders, 
change the stream bottom substrate, interfere w i t h  f ish behavior and 
transport toxins and nutrients. A1 though periodically high suspended 
solids loads are cormon in any system, continually elevated levels will 
have a deleterious e f fec t  on a system. 

Land uses that  could increase suspended solids loads in Pineland streams 
include vegetation clearing and so i1 disruption d u r i n g  construction, 
s t reet  runoff and poor agricultural practices. Increased flooding 
resulting from developnient can cause bank erosion. 

Total Dissolved Solids (TDS): TDS values are low in the Pinelands. 
Many indigenous Pine land species, including cranberries, are calciphobic 
(prefers acid mediam poor in -calcareous matter) and -have adjusted to  
low ionic strength waters. An increase i n  TDS wil cause a s h i f t  in the 
species pool. 

Factors which affect  total  dissolved solids include row crop agriculture 
( f e r t i l i z e r  and 1 ime additions), domestic waste discharge, leachate from 
site-specif i c  nonpoint sources, and s t r ee t  runoff. 

Nutrients: Nitrogen and phosphorous levels are low i n  typical Pine- 
land waters. Technical Memorandum SW IV-3 i l l u s t r a t e s  the significance 
of low nutrient levels on stream macrophytes and algal populations, 
cranberry and blueberry product ion, endemic Pine 1 ands vegetation 
(including cedar bogs), and downstream estuaries. 

Nitrogen levels are increased i n  Pineland streams by f e r t i l i z e r  used on 
row crop agriculture, amd from domestic waste discharge (point and 
nonpoint) and runoff from lawns and s t reets .  

The detailed basin analysis i n  Technical Memorandum SW IV-6 suggested 
that  phosphorous may be a pollutant closely associated w i t h  domestic 
p o i n t  source discharge. A phosphorus level below 0.05 parts per million 
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(ppm)  is recommended by the the U.S. Environmental Protection Agenci 
( E P A )  as necessary t o  protect impoundments; 0.23 ppm-P is  the s ta te  
standard for Central Pine Barren streams. An expected concentration i n  
eff luent  from secondary treatment of dorrestic waste i s  5 ppm. 

Estuaries May be Impacted by Water Quality Chanqes i n  Pinelands Streams 

Many of the Pinelands r ivers drain to small, semi-enclosed estuaries 
whose water exchange w i t h  the ocean i s  minimal. Affected bays include 
Barnegat Bay, Manahawkin Bay, Great Bay, Great Egg Bay, Absecon Bay and 
L i t t l e  Egg Harbor. Because of thei r  minimal flushing capabil i t i e s ,  they 
will be impacted by increased nutrient loadings. 

If stream flows are reduced i n  the Pinelands due to groundwater w i t h -  
drawals, or become flashy due to the reduction i n  recharge areas, the 
estuaries will  be deleteriously affected, The isohalines ( s a l t  concen- 
trat ion delineation) will s h i f t  upstream, a1 tering the brackish water 
ecosystem. Freshwater marshes will  s h i f t  t o  brackish marshes, aquatic 
nursery and spawning areas will be altered, the sediment deposition 
zones a t  the freshwater-sal twater interfzce, will s h i f t  upstream, and 
estuarine circulation patterns may be a1 tered. 

Pinelands Agriculture i s  Sensitive to Water Quality/Water Ouantity 
Conditions 

Cranberry a d  blueberry agriculture is  indigenous to the Pine lands and 
i s  encouraged in the Pinelands Act. The l i t e ra ture  indicates that  both 
crops are sensitive to changes i n  nutrient loads, pH, depth t o  water 
table and water availabil i ty.  Increases in pH and/or nutrient loads o r  
changes i n  the N:P r a t i o  will cause increased vegetative growth,  a sub- 
sequent loss of berry production and encourage competitive species. The 
water table must be adjusted by drainage and irr igation to  maximize 
production. (Blueberries prefer a greater depth t o  water table than 
cranberries. ) Adequate water supplies are required in cranberry produc- 
tion f o r  i r r igat ion,  protection from f ros t  and winter k i l l ,  harvesting 
and pest control. A ru le  of thumb i s  a 10:l r a t i o  for area of water 
supply to area of cranberry bog. 

MAJOR ISSUES AND RECOMMENDATIONS 

An analysis was performed to determine what major issues and management 
recomnendat ion s should be considered in the development of a Pine lands 
Plan. Two major groups of factors were considered: land use (agricul-  
tural  use and development land) and geographic factors (bogs, pr is t ine  
streams, estuaries,  etc,  ). 
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The following matrix (Table 2 )  presents the major factors that  are 
relevant t o  the management of the Pinelands, the related major issues, 
and recommendations . 
Three issues are significant: 

1. Effects of row crop agriculture on Pinelands water quality 

2. Appropriate and adequate disposal of wastes 

3. Protection of sensitive geographic areas: 

Cranberry bogs 
Lakes and impoundments 
State and federal landholdings/Pinelands Preservation 
Area 

l Estuaries 

These issues are discussed below, along w i t h  a  discussion on sui tabi l-  
i t y  for development and appropriate recommendations aimed a t  mi t igating 
water quality problems. A brief summary of potential water quality 
management strategies i s  a1 so included. 

Effects o f  Row Crop Aqr icul ture on Pine lands Water Qua1 i t y  

Concern: A review o f  the l i t e ra ture  and the resul ts  of BetzeCon- 
verse+Murdoch -1nc. Is ( B C M )  land use/water qual i t y  studies show that  row 
crop agriculture can and i s  having a significant impact on Pinelands 
water quality (e.g., Hamonton Creek and the Upper Great Egg Harbor 
River t r ibutar ies) .  Agriculture, however, i s  encouraged i n  the Pine- 
lands Act. 

Because soi ls  suitable for row crop agriculture are limited i n  the Pine- 
lands, agriculture will probably not expand further into the Pines. 
Nevertheless, the Commission must decide a policy for areas already 
being farmed. To require streams in these agricultural zones to meet 
standards similar to those se t  for  naturally vegetated areas of the 
Pinelands would essential  ly hal t  row crop agriculture in these areas. 

Recommendations : Several recomendat ions are offered to m i  t iga te  
the effects  of row crop agriculture on Pinelands water qual i ty.  

1. Require s t r i c t  best management practices (BMPs) on land in row crop 
agriculture. With the aid of the Soil Conservation Service and the 
soil conservation d i s t r i c t s ,  determine the fe r t i l i za t ion  and liming 
methods that  will least  affect  stream quality. 



TAULE 2 

WATER ()IIAL IN ISSUES AND RECOHMENDATIONS 
SIU4MARY HnTR 1 X 

Plan Development Factors Major Issues Reconmendat ions 

& r l c u l t u r a l  Use 

Row Crops and Orchards Elevated pH due t o  l im ing  prac t ices  (except blue- Develop BHPs f o r  l i n i ng ,  f e r t i l i z a t i o n  and pes t i c i de  
ber ry  c u l t  lvat ion) use i n  cooperation w i t h  SCS and S o i l  Conservation D i s t r i c t s  
Nutr ient  increase due t o  f e r t ~ l i z a t i o n  Minimize spread o f  row crop agr i c u l  l u r e  t o  sens l t l v e  area 
Potent ia l  suspended so l i ds  1oads.due t o  erosion 
TDS increase due t o  l im ing  and f e r t i l i z a t i o n  
Potent ia l  toxic problenr due t o  use o f  pes t ic ides  

Livestock 

Crrnbcrry Product ion  

Developed -- 
Percent Land Cover 

Wastevarer Systems 

Increase i n  nu t r i en t  and organic loading 
lncrease i n  bacter ia  concentrat icn 

L i m i t  access o f  l i ves tock  t o  streams 
Control  r uno f f  from feed lo ts  . Proh ib i t  feed l o t s  on h i g h l y  pervious s o i l s  wi thout 
adequate treatment o f  wastewater 

. High nu t r i en t  loads o r  elevated pl l  i n  rece iv ing  Discourage upstream development nh lch  w i l l  tncrease pii, 
water w i l l  cause vegetat ive growth a t  expense nu t r i en t s  or  suspended so l i ds  
o f  berry p r o d ~ ~ c t i o n  and encourage conywti tor  species Ha in ta ln  water suppl ies above bog r reas  . Potent ia l  impact o f  s i l t a t i o n  on cranberries S t r i c t  p ro tec t lon  requ i red i n  areas o f  major cranberry . Pestlcicle use on cranberr ies i s  mini111a1 product Ion (e.g., Uading River )  
Dependent on adequate water supply 

As pcrcentage o f  cover increases, recharge areas Encourage groundwater recharge 
decrease, runoff  increases Maintain na tu ra l  vegetation, discourage lawns . Increased runoff  from lawns, roads. parking lo ts ,  etc. * Control  q u a l i t y  aad quan t i t y  o f  stormwater runo f f  
car r ies  contaminents Including: Land uses expected t o  produce contaminants should: 

Nutr ients De proh ib i ted  from ine r t ,  pervious s o i l  
Ilydrocarbons . Require a set  back from any waterways 
Heavy metals . U lscouraged from areas upstrea~n o f  c r i t t c a l  zones 
Eacter l a  
Toxins 

. There Is a large chance of sept ic  system f a i l u r e  . 
due t o  i n e r t  s o i l s  
Sys te~~~s  w i l l  impact: . 

Pll . 
b i c t e r  i a  leve ls  . 
nu t r l c n t  loads 
TDS 
Tox l c  concentrat Ion (system cleaners) 

ll legal  cor~nectinns w i l l  degrade water c lc~a l i ty  
Regior~al sewage treirtnrerlt p lan ts  may im~dc t :  

PH 
nu t r i en t s  . 
TDS 
Chlor ine 

Impact o f  recharge loss due t o  sewers r u s t  be determined 
Reglonal system w i l l  encourage fu tu re  growth 

Estab l ish  sept ic system p o l  i c y  (adequate so i ls .  dens i ty )  
E s t a t l i s l ~  sept ic system managenlent d i s t r i c t s  
Enforce s ta te  and Federal ant i-dcgradat io i l  ac ts  
Discourage large reg iona l  STPs 
Discourage stream discharge espec i a l  l y  above c r i t i c a l  areas 
Er tab1 i s t ~  regu la t ions  concerning d i l u t i o n  and degree o f  
treatment f o r  STPs (espec la1  l y  ni t rogen. pl~osphorus and pH) 
Invest iga te  small STPs w i t h  h igh n u t r i e n t  removal capabi- 
l i t les and grond discharge fo r  c lus tered settlements 
Require upgrading andlor removal o f  major e n i s t i n g  
dischargers (e.9.. Hamnonton Creek) 
P r o h i b i t  use o f  phosphate detergents 
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TABLE 2 (Cont lnued) 

Plan Development Factors Major Issues Recornendat ions 

Geographic Factors (continued) 

State and Federal Landhuldlngs . Areas w i l l  be kept  na tu ra l  and/or used f o r  recreat ion  Pro tec t  streams enter ipg  s ta te  and federal  landholdings and 
Pinelands Nat tonal  Reserve Water q u a l i t y  should be mahimized the Preservation area 

Set s t r i c t  performance standards f o r  sect ions o f  the 
watershed above the c r i t i c a l  areas. espec ia l ly  f o r  con t ro l  
o f  b a c t e r i a l  contamination. pH levels, n u t r i e n t  leve ls  m d  
suspended s o l  ids  loads 
Discourage use o f  motor boats t o  minimize bank eros ion 

Cranberry Bogs 

High Qua1 l ty  Streams 

Estuar i t s  

Sensit ive to  water qua l i t y /quan t i t y  changes Encourage cranberry product i on  
Crar~berry agr icu l  tu re  encouraged i n  P ine lmds  Act . 11igh p r i o r i t y  p ro tec t i on  f o r  areas upstream o f  cranberry bog 

acquist ion 
s t r i c t  performance standards 
lowest dens i ty  zoning 
enforcement o f  ant  i- degradat ion p o l  I c i e r  
water qua1 i t y  management d i s t r  l c t s  

E x l ~ i b l t  Pinelands character . Halntain Pinelands aquatic cornun i t ies  
Senslt ive t o  p o l l u t i o n  - e a s i l y  a l t e red  

tl igh p r i o r i t y  p ro tec t i on  f o r  watersheds o f  known p r i s t i n e  
streams 

Receive Pinelands drainage Set s t r i c t e r  water q u a l i t y  standards f o r  r i v e r s  f lowing t o  
Bays w i th  lon f l ush ing  ra tes  and minimal exchange small. enclosed estuaries: 
w i t h  ocean w i l l  be most impacted by water q u a l i t y  Toms River 
changes Cedar Creek 

Forked River Basin 
Mu l l i ca  River 
Great Egg Harbor R iver  
Tuckahoe River  
Absecon Creek 
Patcong Creek 
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2. Discourage row crop agriculture from spreading to other areas of 
the Pinelands, especially areas draining i n t o  the National Reserve 
area or  upstream from cranberry bogs o r  lakes. 

3. If nonfarmable land i s  available i n  watersheds w i t h  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 f e r t i l i z e r  and lime. 

Appropriate and Adequate Disposal of Wastes 

Concern: A number of major sources of water pollution associated 
with development resu l t  from improper hand1 i n g  of domestic and indus- 
t r i a l  wastes. This mishandling of waste is  reflected in pollution from 
improperly managed or located septic tanks, l andf i l l s ,  waste lagoons and 
point source discharges of industrial and domestic wastes. Part of  the 
control strategy i s  to correct existing problems., But ,  in addition, 
because the Pinelands is  relat ively undeveloped, there i s  an opportunity 
to anticipate the demand for handling waste from future development. 
The size and location of the expected population, as we11 as the quan- 
t i t y  and types o f  waste generated, may be estimated. Careful planning 
should be done to ensure that  appropriate ins t i tu t ions  and physical 
plants are available to handle the anticipated wastes. 

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

1. Landfills 

Existing landf i l l s  should be surveyed t o  determine if they are 
causing water qua1 i ty  problems. If so, appropriate corrective 
steps should be taken, 

Transfer of wastes into the Pinelands from outside should be 
discouraged t o  limit the number and extent of required landf i l l s  
in order t o  protect the integri ty of the Pinelands ecosystem. 

Regional solid waste recycling and disposal centers should be 
establ ished to handle waste from existing and future development 
i n  the Pinelands, The establishment of these centers should 
coincide w i t h  anticipated growth.  The current technology should 
be used to ensure environmentally safe disposal and reuse. 
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2. Domestic Wastes 

Steps should be taken to ensure proper location, design and main- 
tenance of sept ic  tanks, as we11 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 new point source discharges, especially above stream 
segments requiring special protection. 

Encourage s t r i c t  enforcement of federal and s ta te  anti-degrada- 
tion policies in the Pinelands. 

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

Discourage large regional plants which transfer  water o u t  of 
basins and that  may a t t r ac t  u n p l  snned 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, and recharge groundwater. 

Coordinate w i t h  the Office of Sludge Management and Industrial 
Pretreatment, New Jersey Department of Environmental Protection, 
to ensure that  sewage sludge i n  the Pinelands i s  disposed o f  in 
an environmental ly acceptable manner. 

3. Industrial Wastes 

Upgrade o r  eliminate industrial point source discharges where 
they have been identified as causing signi7icant water quali ty 
degradation. 

Coordinate with the Off ice of Sludge Management and Industrial 
Pretreatment to ensure that  industrial wastes entering municipal 
sewage treatment plants are contro 1 led. 
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Coordinate, with the Division of Water Resources, on their  s ta te-  
wide survey of industrial lagoons to ascertain lagoon effects on 
the water quality i n  the Pinelands. 

Protection of Sensitive Geoqraphic Areas 

Concern: The major findings i l l u s t r a t e  the sensi t iv i ty  of cranberry 
bogs, prist ine Pine land stream communities, lakes and impoundments to 
changes i n  water quality and quantity. Even if these areas are included 
i n  s ta te  and federal landholdings or w i t h i n  the Pine1 ands Preservation 
Area, they will not be protected if land uses deleterious t o  water 
quality are permitted upstream. The coastal bays which are the ultimate 
receivers of Pineland drainage must a1 so 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 s t r i c t  land 
use controls. Any use potenti.ally raising pH, nutrients or sus- 

. . pended solids should be restr icted.  

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

3 .  Sections of drainage basins outside and upstream of federal or s ta te  
landholdings and the Pinelands Preservation Area should be carefully 
managed. S t r i c t  controls of bacterial contamination, pH, nutrients,  
and suspended solids are most c r i t i c a l .  

4. River system nutrient budgets should be developed which can be used 
t o  establish nutrient limits for the protection of estuaries areas. 

Suitabil i ty for  Development 

In addition t o  the previous three major issues and their  associated 
recommendations, some general statements can be made on the su i tab i 1 i t y  
of various Pinelands areas for development. The following sections 
discuss areas that  will be least  impacted by development, areas where 
development should be prohibited and areas requiring careful management 
in order t o  protect Pinelands water quality. 

I. Areas where development will have the least  impact on water quali ty 

Lands draining t o  main stems o f  r ivers  (especially 4 t h  and 5th 
order streams ) 
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Reason: River stretches w i t h  h i g h  average flows can bet ter  
assimilate wastes due to dilution and biological act iv i ty .  

Soils with a significant  clay content tha t  will absorb pollut-  
ants, b u t  are s t i l l  pervious enough to allow adequate recharge. 
(The so i l s  consultant can bet ter  identify the pertinent so i 1 
groups.) 

Reason: To reduce groundwater and surface water pollution, 
development should be planned for  areas w i t h  so i l s  having the 
greatest renovation capabil i t ies.  The small-sized, negatively- 
charged clay par t ic les  best absorb pollutants such as phosphate, 
metals and organic compounds. I f ,  however, the clay content of 
a soi l  i s  too high, soi l  porosity will be reduced and overland 
runoff d u r i n g  storm events will become a major problem. 

Land w i t h  depth to seasonally h i g h  water table a t  leas t  six f ee t  
from the surface 

Reason: The water table should be deep enough to allow adequate 
drainage and reduce overland runoff. A water table a t  leas t  s ix 
f ee t  from the surface will l imit  problems for homes w i t h  base- 
ments and/or sept ic  f ie lds .  The New Jersey DEP Standards for the 
Construction of Individual Sub-surface Sewage Dispcsal Systems 
s ta te  tha t  the seasonally h i g h  water table should be a t  l eas t  
four fee t  below the bed o f  the septic drai.nage f ie ld .  The pipes 
are usually laid two f ee t  below the surface. 

2. Areas which should be prohibited from development 

Land w i t h  depth t o  seasonally h i g h  water table less than two f ee t  
from the surface and in natural lowland or wetland vegetation 

Reason: Areas containing natural lowland o r  wetland vegetation 
should be protected due to thei r  water quali ty renovation poten- 
t i a l .  The plants themselves and the organically rich so i l s  will  
absorb many pollutants before they enter the main stream systems. 
If development i s  allowed i n  areas of h i g h  water table, pollut-  
ants will enter the hydrologic system direct ly  w i t h  no renova- 
tion. Development types which would have the most deleterious 
effects  are high density residential  and commercial and indus- 
t r i a l  w i t h  large areas o f  parking lo t s  and roads. 
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All D hydrologic g r o u p  so i l s  and C hydrologic groups so i l s  having 
a  di rect  hydrologic connection w i t h  Pinelands streams (see Tech- 
nical Memorondurn SW I for  de ta i l s )  

Reason: These so i l s  will have a  h i g h  water table and a  h i g h  r u n-  
off potential. Pollutants will be transported to the stream 
systems w i t h  l i t t l e  renovation. 

3.  Areas requiring s t r i c t  land use management controls 

Upland areas w i t h  sandy, iner t  so i l s  

Reason: Any pollutant entering these so i l s  will reach the 
groundwater which Is di rect ly  connected t o  surface water bodies 
relat ively unchanged. These so i l s  have minimal renovation 
abi l i ty .  

Four  mitigative measures can be applied t o  ensure the integri ty 
of these areas: 

a. Domestic wastes must be sufficiently treated before i t  
i s  discharged 

b .  Natural vegetation should be maximized; 1zwn mainte- 
nance requiring 1 iming and f e r t i  1 ization should be 
discouraged 

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

d. Development types w i t h  anticipated h i g h  levels of 
pollutants (parking lo t  runoff, h i g h  density develop- 
ment, e tc . )  should be discouraged 

Lands bordering wetland areas 

Reason: These lands will probably contribute di rect  runoff t o  
the wetlands. Wetland areas provide waste renovation, improving  
water qual i ty.  They are also sensitive to water qual i t y  changes 
and 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 t h r o u g h  a 
se t t l ing  basin to adequately reduce suspended solids 
loads can be discharged to wetlands ( i f  nutrient  and 
pH levels are approved) 

c. Nutrients should be minimized and pH levels stabil ized 

d. S t r i c t  sediment control measures should be enforced 

Potential Water Quality Management Alternatives 

Four potential water qua1 i t y  management a1 ternatives are discussed i n  
t h i s  section. All four al ternatives should be used t o  preserve Pine- 
lands water quality. 

1. Acquisition of Cri t ical  Areas 

This is  the most effective method of ensuring that  water quality i s  
protected. 

Zon i n g  , Subdivision and Si te  Plan Ordinances 

This alternative requires coordination among municipalities and 
r e l i e s  on standard land use management methods. 

3. Performance Standards 

Performance standards offer an effective management tool for spec- 
if  i c  pollution problems. Different performance standards can be 
established for different  basins of the Pinelands. Performance 
standards can be based on known best management practices for  non- 
point sources and the particular soil  and water conditions i n  the 
Pinelands. 

4. Po 11 u tan t A1 l  otmen t System 

A pollutant allotment system is  based on a drainage basin approach 
to water quality management. I t  assumes that  one of the ultimate 
aims of the Pinelands Plan i s  t o  protect water quality and ensure 
water qua1 i t y  levels which will  preserve sensitive areas. Instead 
of protecting water quality on a site-by-site basis ( a s  w i t h  per- 
formance standards), the allotment system i s  based on a desired 
water quality level a t  the bottom of a drainage basin and requires 
that  only land uses and ac t iv i t i es  which will maintain water quality 
a t  the desired level will be allowed in the drainage basin. The 
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precedent for a pollutant allotment system i s  found i n  the of fse t  
policy (trade-offs) used for a i r  quality control, waste load alloca- 
tions for point source discharges, and water r ights  legislat ion i n  
the western states.  

Water quality management d i s t r i c t s  should be established based on 
watershed boundaries. The lower boundaries of a d i s t r i c t  can be 
established by considering the sensi t iv i ty  of downstream uses to 
changes in water quality. Fo r  instance, one d i s t r i c t  could be 
estab1 ished upstream of cranberry bogs. Another d i s t r i c t ,  w i t h  
s l ight ly  less stringent standards, would ex is t  between the cranberry 
bogs and the receiving estuary. 

Water quality standards would be set  f o r  each management d i s t r i c t  
based on the requirements and c r i t i ca l  1 imits of the downstream use 
needing protection. Based on the 1 i tera ture ,  the pol 1u t i o n  poten- 
t i a l  of land uses would be rated and control techniques would be 
rated for their  ab i l i ty  to reduce pollutants. Additional pollutant 
levels allowed i n  the d i s t r i c t  could be calculated by subtracting 
existing pollutant levels from maximum levels specified i n  the 
d i s t r i c t  standards. No new land uses would be allowed i n  a basin 
( a f t e r  application of the best control method) which would cause 
the standard o f  the management d i s t r i c t  t o  be exceeded. 

A simplified example of how a water quality management d i s t r i c t  
would function i s  described in the following paragraphs; many 
questions would require answers before a feasible pollution a l lo t -  
ment plan could be established. 

Assume that  a watershed drains to an area devoted t o  cranberry pro- 
duction. To protect the cranberry industry, nitrogen levels i n  the 
water entering the bogs should be less than 1 mg/l, suspended solids 
less that  10 mg/l, and pH between 3.5 and 5.5. (Additional research 
may be required to establish the actual standards.) The f i r s t  step 
would be to determine existing conditions in the watershed. Assume 
tha t  under average conditions, to ta l  nitrogen i s  0.4 mg/l, suspended 
solids are 5 mg/l and median pH i s  4.2. The difference between the 
established standards and the existing conditions can be a1 located 
to allow new land uses i n  the basin, i.e., land uses contributing 
0.6 mg/l of nitrogen would be allowed i n  the basin. 

Assume that  a landowner submits a development application t o  the 
Pinelands Cormission to build four houses in the management d i s t r i c t  
above the cranberry bog. He must show proof that  the proposed 
domestic waste disposal methods, use of f e r t i l i z e r ,  and stormwater 
runoff will n o t  contribute more than 0.6 mg/l of total  nitrogen t o  
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the system. The applicsnt can meet t h i s  l imit  by incorporating 
appropriate control measures into his development plan or opt t o  
plan his subdivision in another management d i s t r i c t  which has less 
s t r i c t  standards (downstream of the cranberry bogs). 

In drainage basins w i t h  minimal existing development, only a portion 
of the allotment would be given to any part icular  development by 
the Pinelands Comission. These percentages can be based on a Pine- 
lands land use plan. 

RECOMMENDATIONS FOR FUTURE STUDY 

Based on the findings and conclusions of t h i s  study, BCM has identif ied 
nine c r i t i ca l  aspects of the Pinelands tha t  should be considered for  
future study. 

1. Develop additional water quality indices and refine existing index 
(see Technical Memorandum SW IV-4 for de t a i l s )  

Toxins index 

Indices based on aquatic cominity requirements, water use, or 
recreation reau iremen t s  

2. Develop c r i t i ca l  area map for water quali ty 

Map cranberry production areas, s t a t e  and federal landholdings 
and Pinelands National Reserve areas 

Map watersheds of  streams draining into these c r i t i c a l  areas to 
define those requiring s t r i c t  land use contro 1s 

3. Conduct research on the water qua1 ity/cuant i ty  needs of cranberries 
and blueberries 

4. Test and refine the regression analysis to allow water auali ty pre- 
dictions on unrnon i tored streams ( see Technical Memorandum SW IV-6). 

5. Determine waste assimi 1 a t  ive capabi 1 i t i e s  of small low f 1 ow streams 
and use as a basis for  upstream development levels. 
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6. Develop pollutant allotment system 

Define management d i s t r i c t s  
Develop standards 
Develop water qua1 i ty  pred ict ive models for the management 
d i s t r i c t s  
Determine pollution potential of Pinelands land uses 
Develop management plan 

7 .  Conduct detailed study of key watersheds or suspected problem areas 

Localized impact of point and nonpoint pollution sources 
Renovation capability of wetland areas 
Analysis of po 1 lutant source management 

8. Survey landfi l ls ,  especially those i n  upper reaches o f  watersheds 

Site survey 
Groundwater testing 
Surface water testing 

9. Establish additional water quality monitoring stat ions (see Techni- 
cal Memorandum SW IV-5 for recommendations) 

10. Refer t o  the technical memorandums for additionai recommendations. 
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TECHNICAL MEMORANDUM SW IV-2 

SURFACE WATER USES 

GENERAL 

This technical memo discusses, by watershed, New Jersey Department of 
Environmental Protection surface water c lass i f icat ions  (NJDEP, 1979), 
designated uses, and actual uses. The c lass i f icat ions  and designated 
uses referred to i n  t h i s  report are the proposed revisions to the exis t-  
i n g  standards and have not yet been adopted. 

Data on existing uses are intended to address potable water supply, 
cranberry and blueberry agriculture, f i sh  and wild1 i f e  habitat mainte- 
nance, primary contact and secondary contact recreation and other s ig-  
nificant  uses of Pinelands surface waters. Some of t h i s  information, 
part icularly concerning agriculture and habitat maintenance, has been 
reported i n  depth by other consultants t o  the Pinelands Commission and 
is discussed briefly in t h i s  technical memorandum. 

Only one municipal water department obtains water from Finelands surface 
water, the A t  1 antic City Water Department. I t s  source, Dougherty Pond,  
i s  par t ia l ly  located in the Absecon Creek Drainage 8asin. I t  i s  pos- 
s ible  that  individual industries in the Pinelands have surface water 
intakes, b u t  such information has not been delineated fo r  the Pinelands 
(rrlebster, 1980). However, two users of surface water were identified 
i n  the Ocean County Areawide Water Quali ty Management Plan (208): 
Oyster Creek Power Plant (Forked River drainage sub-basin) and Toms 
River Chemical Company (Toms River drainage sub-basin). 

Eighty  percent of the cranberries produced in. New Jersey are harvested 
i n  the Mading River drainage sub-basin. Production of  the remaining 
20% i s  divided evenly among the Batsto, Mullica, South Branch Rancocas, 
and North Brank Rancocas sub-basins (Lee, 1979; Thompson, 1980). In 
1977, 932 of the s t a t e ' s  blueberries were produced in Burlington and 
Atlantic counties, which contained 92% o f  the s t a t e ' s  harvested acres 
(NJ Department of Agriculture, 1978). Forty percent of New Jersey's  
blueberries are produced i n  the Wading River drainase sub-basin (Lee, 
1979). 

Commercially important shel l f ish  are found in the estuaries w i t h  the 
furthest inland habitat being i n  the Mullica River east of the Garden 
State Parkway. The estuaries from Barnegat Bay t o  Great Say are the 
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major supplier of hard clams in New Jersey, and upstream degradation 
could adversely affect th i s  industry. Commercial ly important she1 l f  ish 
i n  the study area include hard clams ( a l l  estuaries within the study 
area),  oysters (Mullica and Great Bay estuaries;  some in Barnegat Bay 
and in Delaware Bay beyond the m o u t h  of the Maurice River), and blue 
crab ( a l l  estuaries within the study area). Other commercially impor- 
tant shellf ish are soft clams (presence varies along the coast) ,  blue 
mussel (presence varies along the coast) ,  and bay scallops (presence 
varies i n  L i t t l e  Egg Harbor and Barnegat Bay) (McCloy, 1980). 

Anadromous f ish ,  which migrate from the sea i n t o  brackish and fresh 
water to spawn, travel up most of the t ida l  r ivers  within the study 
area, although they rarely go west of the Garden 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 s ta te  forest and park campgrounds in the Pinelands. 
Bass River Forest, located i n  the Bass River and Wading River drainage 
sub-basins, contains 178 t r a i l e r  and tent  s i t e s ,  6 closed lean-tos, 
flush t o i l e t s ,  hot showers, laundry, sewage dump stat ion,  f ireplaces,  
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 t r a i l e r  and tent s i t e s ,  12 closed 
lean-tos, flush to i l e t s ,  h o t  showers, laundry, sewage dumping stat ion,  
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 t r a i l e r  and tent s i t e s ,  flush to i l e t s ,  hot showers, laundry, 
sewage dumping stat ion,  f ireplaces,  picnic tables,  bathing, and hiking. 
Wharton Forest, located in the Wading River, Batsto River, Atsion- 
Mechesactauxin Creeks, Nescochaque Creek and Mu1 1 ica River drainage 
sub-basins, contains 74 t r a i l e r  and tent  s i t e s ,  picnic tables,  f i r e -  
places, bathing, boating (motor boat launching ramp), canoeing (three 
canoe r ive r s ) ,  fishing, hiking, children's playground, nature area and 
h is tor ic  Batsto Vill age (NJDEP, 1977). 

In addition t o  these parks which accomnodate overnight use, the Pine- 
lands contain f ive  s ta te  parks, fores ts  and natural areas f o r  day use. 
These are Barnegat Lighthouse Park and Island Beach Park, across the 
bay from the m o u t h  of the Forked River; Hmonton Lake Natural Area, in 
the Hamonton Creek drainage sub-basin; North  Brigantine Natural Area, 
below the mouth of the Vullica River; and Penn Forest, i n  the Wading 
River drainage sub-basin (NJDEP, 1977). 
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Seventeen Wild1 i fe  Management Areas are located i n  the Pinelands. 
Activities i n  these areas primarily involve hunting and fishing. The 
Wildlife Mana~ernent Areas are Beaver Swamp, Dennis Creek and Heisler- 
v i l lo ,  i n  the Dennis Creek drainage sub-basin; Colliers Mills, 
Manchester and Whiting, in the Toms River drainage sub-basin; Port 
Republic and Swan Bay, in the Mullica River drainage sub-basin; Great 
Bay Boulevard, below 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; Marmora, 
below the mouth  of the Great Egg Harbor River; Pasadena, in the North 
Branch Rancocas River drainage sub-basin: Peaslee, in the Manumuskin 
Creek, Lower Maurice River and Tuckahoe River drainage sub-basins; Staf- 
ford Forge, in the Westecunk 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 (NJDEP, 1977).) 

The designated uses for the proposed c lass i f icat ions  (NJDEP, 1979) of 
Pinelands waters are: 

Fresh waters, including r ivers ,  streams, lakes o r  other bodies 
of water which, because of the i r  c l a r i t y ,  color, scenic s e t -  
t i n g ,  or other character is t ic  of aesthetic value or unique 
special in teres t ,  have been designated by authorized s t a t e  
agencies i n  conformance w i t h  laws pertaining t o  the use of 
private lands, to be se t  aside for posteri ty to represent the 
natural aquatic environment and i t s  associated biota. 

FW-2 Trout Yaintenance, FW-2 Non-Trout 

Fresh surface waters, including fresh t ida l  waters, approved 
as sources of public water supply. These waters shall be su i t -  
able f o r  public potable water supply af ter  such treatinent as 
shall be required by law o r  regulation. 

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

FW-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 t o  
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th i s  unique ecological systenr; publ ic potable water supply 
af ter  such treatment as shall be required by law or regulation; 
swimming; and other reasonable uses. 

FW-Lower 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 estab1 ished biota indigenous t o  
th i s  unique ecological system; publ i c  potable water supply 
af ter  such treatment as shall  be required by law or regulation; 
swimming; and other reasonable uses. 

These waters shall be suitable for shellf ish 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 show the proposed classif ication o f  Pinelands sur- 
face waters. Subsequent pages summarize the water c lass i f icat ions  and 
actual uses i n  each drainage sub-basin. 

SUMMARY OF WATER CLASSIFICATIONS AND ACTUAL USES 
IN EACH DRAINAGE SUB-BASIN 

SUB-BASIN 1.1 TOMS RIVER 

NJDEP Classification : FW-Central Pine Barrens 

Davenport Branch and t r ibutar ies  upstream from Route 530 

Unnamed tr ibutary t o  Michaels Branch through Keswick Grove and 
t r ibutar ies  upstream from the east crossing of  the Penn Central 
Railroad to source 

NJOEP Classification: FW-2 Trout Haintenance 

Toms River and t r ibutar ies  from Rout2 528 bridge downstream to 
Route 547 bridge in Whitesville 
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TABLE 1 

PROPOSED SURFACE MATE4 CLASf 1F;CATIONS 

Classif icaticn* 
(1) ( 2 )  

.. ( 4 )  Drainage Sub-basins ( 5 )  (2) 
- 

( 5 ) Watershed 

Toms River 

Rancocas River 

Toms River - 
Rancocas North flrench 
Rancocas South Granch 

Cedar Creek 

Forked River 

Cedar Creek X 

Forked River 
Oyster Creek 
Mill Creek 
Westecun k Creek 

Mullica River Bass River X 
Wading River X 
Batsto Rsver X 
Atsion-:~12chesactauxin Creeks - 
Nescochaaue Creek X 
Hamnon t o n  Creek - 
Mullica River X 

Great Egg HarSar River Grest Egg Harbor River (Upper) - 
Great Egg Harbor River (Lower) X 

Naur i ee River Manmuskfn Creek 
Lower I4aur i ce 

Absecon C r e e ~  

Tuckahoe RSver 

Dennis Creek 

Patcong Creek 

Abseccn Creek o 

Tuckahoe River o 

Dennis Creek X 

Patcong Creek - 

1 M-1 
(2 )  FW-2 T r o u t  Maintenznce 
(3)  FA-2 Non-Trout 
( 4 )  FW-Central Pine Sarrens 
(5)  FW-Cower lYuI 1 ica wd Wadino Rivers-Central Pine Sarrens 
(6 )  TW-i 

burce: New Jersey Department of Environmental Protect ion, 1979 
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Actual Uses 

I. Colliers Mills Wildlife Management Area - hunting, freshwater 
fishing ( a  p o r t i o n  i s  c lass i f ied FW-1) 

2. Manchester Wildlife Mwagement Area - h u n t i n g  

3. Whiting Wildlife Management Area - h u n t i n g  

NJDEP Classification : TW-1 

Eastern portion of sub-basin not within other class if ications 
(as viewed on the of f ic ia l  surface water proposed c lass i f icat ion 
map located i n  the offices of the Division of Water Resources, 
MJDEP) 

Actual Use 

1. Toms River Chemical Company - withdrawal and discharge 

SUB-BASIN 2.1 RAMCOCAS CREEK NORTH BRANCH 

NJDEP Classification : FW-1 

Deer Park Branch and t r ibu ta r ies  near Buckinghan downstream t o  
i t s  confluence w i t h  Pole Bridge Branch 

Tributaries to the South Branch of Mount Misery Brook si tuated 
who 1 ly within Lebanon State Forest boundaries* 

Cooper Branch and t r ibu ta r ies  downstream t o  Pakin Pond, and 
t r ibutar ies  to Cooper Branch downstream of Pak im Pond s i tuated 
wholly within the boundaries of Lebanon State Forest* 

Shinns Branch and t r ibu ta r ies  situated wholly w i t h i n  the Lebanon 
State Forest boundaries* 

Jade Run situated within the Lebanon State Forest boundaries* 

McDonalds Branch and t r ibutar ies  situated w i t h i n  the Lebanon 
State Forest boundaries* 

The two easterly branches o f  the South Branch of Mt. Misery 
Srook situated wholly within the Pasadena Tract boundaries* 

* Potable water supply 
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Actual Uses 

1. Lebanon Forest (also in the Wading River drainage sub-basin) - 
93 t r a i l e r  and tent s i t e s ,  flush t o i l e t s ,  h o t  showers, laundry, 
sewage dumping s ta t ion,  f ireplaces,  picnic tables,  bathing and 
hiking ( a  p o r t i o n  i s  c lass i f ied FW-Central Pine Barrens) 

2. Greenwood Forest Wildlife Management Area (also in the Cedar 
Creek and Wading River drainage sub-basins) - hunting, fresh- 
water fishing ( a  port  ion is  c lass i f ied FW-Central Pine Barrens) 

3. Pasadena Wildlife Management Area - hunting 

NJDEP Classification: FW-Central Pine Barrens 

Greenwood Branch and t r ibutar ies  within the boundaries of Green- 
wood Rancocas Reserve and Lebanon State Forest 

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

M t .  Misery Brook and t r ibutar ies  upstream of the western inter-  
section of the Lebanon State Forest boundary a t  M t .  Misery, 
excgpt those designated FW-1 

Tributaries t o  Pole Bridge Branch upstream of the Penn Central 
Railroad 

SUB-BASIN 2.2 RANCOCAS CREEK SOUTH BRANCH 

NJDEP Classification: FW-Central Pine Barrens 

S o u t h  Branch Rancocas Creek and t r ibutar ies  upstream from Route 
206 to source, except those designated FW-1 

Jade Run and t r ibutar ies  upstream from Route 206, except those 
designated FW-1 
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SUB-BASIN 3.1 CEDAR CREEK 

NJDEP Classification: FW-1 

Webbs Mill 3ranch and t r ibu ta r ies  si tuated wholly within the 
Greenwood Forest Track boundaries; Chamber lain Is Branch and five 
t r ibu ta r ies  originating in and s i tuated wholly within the Green- 
wood Forest Tract boundaries upstream from the blueberry farm 
exception; also other t r ibu ta r ies  t o  Chamber l a in ' s  Branch s i tu-  
ated who1 1y within the Greenwood Forest Tract boundaries 

Actual 'Jse 

I. Greenwood Forest Wildlife Management Area (also in Wading River 
and North Branch Rancocas River drainage sub-basins) - hunting, 
freshwater fishing ( a  port ion i s  c lass i f ied as FW-Central Pine 
Barrens) 

NJDEP Classification: PA-Central Pine Barrens 

Cedar Creek (Lacey Township) and t r ibu ta r ies  upstream of Route 9 
(head o f  t ide)  surrounded by the northern ridgeline; and the 
southern ridgeline west of the Garden State Pzrkway and the  
southern ridge1 ine (between the Garden State Parkway and Route 
9)  as defined by Lacey Road, Yanchester Avenue, and Haines Road) 

NJDEP Classification: TW-1 

All other t idal  waters of the Plain downstream from the head of 
t ide  t o  surf waters except those designated FW-Lower Mull ica and 
Wading Rivers - Central Pine Barrens 

SUB-BASIN 4.1 FORKED RIVER 

NJDEP Classification: FW-Central Pine 8arrens 

A 1 1  fresh waters west of the Garden State Parkway bounded by the 
Mullica River and Cedar Creek ( ~ a c e y  Township) watersheds, 
except those designated FW-1 

NJDEP Class if ica t  ion : TW-1 

A 1 1  other t idal  waters of the Plain downstream from the head of 
t ide  to surf waters except those designated FW-Lower ?4uIlica and 
Wading Rivers - Central Pine Sarrens 
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Actual Uses 

1. Barnegat Lighthouse Park (day use) across bay from r i v e r ' s  
mouth - picnicking, bathing, fishing 

2. Island Beach P a r k  (day use) across bay from r i v e r ' s  mouth - 
picnicking, bathing, fishing, nature t r a i l s  

SUB-BASIN 4.2 OYSTER CREEK 

NJDEP Classification : FW-Central Pine Barrens 

A11 fresh waters west of the Garden State Parkway 

NJDEP Classification: TW-1 

All other t idal  waters of the Plain downstream from the head of 
t ide  to surf waters except those designated FW-Lower Mull ica and 
Wading Rivers - Central Pine Barrens 

Actual Use 

1. Oyster Creek Power Plant (withdrawal) 

SUB-BASIN 4.3  MILL CREEK 

NJDEP Class i f  icat  ion : FW-Central Pine Barrens 

A11 fresh waters west o f  the Garden State Parkway 

NJDEP Class i f  icat  ion : FA-1 

All other t idal  waters of the Plain downstream from the head cf 
t ide  t o  surf waters except those designated FW-Lower Mull ica and 
Wading Rivers - Central Pine Barrens 

Actual Use 

1. Manahankin Wildlife Managenent Area (north of the mouth of  Mill 
Creek) - hunting, saltwater fishing 
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SUB-BASIN 4.4 WESTECUNK CREEK 

NJDEP Classification: FW-Central Pine Barrens 

A11 fresh waters west of the Garden State Parkway 

Actual Use 

1. Stafford Forge Wildlife Management Area - hunting, freshwater 
fishing ( a  portion i s  c lass i f ied TW-1) 

NJDEP C1 ass i f  i cat  ion : 7'4-1 

A11 other t ida l  waters of the Plain downstream from the head of 
t ide  to surf waters except those designated FW-Lower Mull ica and 
Wading Rivers - Central Pine Barrens 

SUB-BASIN 5.1 BASS RIVER 

NJDEP Classification: FW-1 

Tommy's Branch from i t s  headwaters downstream t o  Bass River 
State Forest Recreation Area service road 

Falkenburg Branch of Lake Absegami from i t s  headwaters down- 
stream t o  the lake 

NJDEP Classification: FW-Central Pine Barrens 

All surfece waters within that  portion of Bass River State 
Forest, located on the New Gretna and Oswego Lake USGS Quad- 
rangle Maps, wnich i s  uninterrupted by private lands and conti-  
guous t o  the Ives Branch and Bar t le t ts  Branch watersheds lying 
both n o r t h  and south of  Stage Road 

West Branch Bass River and t r ibu ta r ies  upstream from the 3ass 
River State Forest boundary (where i t  crosses the West Branch 
Bass River, downstream of s t a g e  Road), except those designated 
FW-1 

East Branch Bass River and t r ibu ta r ies  upstream from the Bass 
River State Forest boundary (where i t  crosses the East Branch 
Bass River, downstream of Stage Road), except those designated 
FN- 1 
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That p o r t i o n  located on the New Gretna and Oswego Lake USGS Quad- 
rangle Maps which is uninterrupted by private lands and contig- 
uous t o  and lying to the southeast of the Garden State Parkway 

Actual Use 

1. Bass River Forest (also in Wading River drainage sub-basin) - 
178 t r a i l e r  and tent  s i t e s ,  6 closed lean-tos, flush t o i l e t s ,  
ho t  showers, laundry, sewage dump s ta t ion,  f ireplaces,  picnic 
tables, bathing, boating, fishing, h i k i n g ,  children's  play- 
ground, nature area and snack bar ( a  portion i s  classif ied 
rd-1)  

NJDEP Class if icat  ion : TW-1 

All other t idal  waters of the Plain downstream from the head of 
t ide  to surf waters except those designated FW-Lower Mullica and 
Wading Rivers - Central Pine Barrens 

SUB-BASIN 5.2 WADING RIVER 

NJDEP Class if i ca t  ion  : FW-1 

Westerly tr ibutary to the Howardsvi 1 l e  Cranberry Bog Reservoir 
and t r ibutar ies  situated wholly within the Greenwood Forest 
Tract boundar ies 

Tulpehocken Creek and t r ibutar ies  from i t s  origin downstream to 
i t s  confluence with Featherbed Sranch 

The westerly t r ibutar ies  t o  Tulpehocken Creek and those natural 
ponds within the lands bounded by Hawkins Road, Hampton Gate 
Road, and Sandy Ridge Road 

Actual Uses 

1. Lebanon Forest (also in the North Branch Rancocas River drain- 
age sub-basin) - 93 t r a i l e r  and tent  s i t e s ,  flush t o i l e t s ,  h o t  
showers, f aundry, sewage dump s ta t ion,  f ireplaces,  picnic 
tables, bathing, and hiking ( a  portion i s  c lass i f ied FW-Central 
Pine Barrens) 

2. Greenwood Forest Wildlife Management Area (also in the Cedar 
Creek and North  Branch Rancocas giver drainage sub-basins) - 
hunting, freshwater fishing (a  port ion is  classif ied FW-Central 
Pine Barrens) 
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NJDEP Classification': FW-Central Pine Barrens 

Wading River and t r ibu ta r ies  upstream from Charcoal Landing, 
Burlington County (head of t i d e ) ,  except those designated FW-1 

a. Freshwater segments of t r ibu ta r ies  to  the Wading River 
between head of t ide  and Route 542 bridge 

b. Freshwater segment of Ives Branch and i t s  t r ibu ta r ies  from 
the 10-foot contour 

All surface waters within the Wharton Tract State Forest 

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

a. That portion located on the New Gretna and Oswego Lake USGS 
Quadrangle Maps which is  uninterrupted by private lands and 
contiguous t o  the Ives Branch and Bart let ts  Branch watersheds 
lying b o t h  north and south of Stage Road 

b. That portion located on the New Gretna USGS Quadrangle Map 
which i s  uninterrupted by private lands and contiguous t o  and 
lying t o  the south of Stage Road 

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

Actual Uses 

1. The Wading River Basin produces 80% of the cranberries harvest- 
ed in New Jersey. I t  produces 40% of New Jersey's  blueberries 
(Stephen Lee grower) (a  p o r t  ion i s  c lass i f ied FW-Lower Mu1 1 ica 
and Wading Rivers - Central Pine Barrens) 

2. Bass River Forest (also in the Bass River drainage sub-basin) - 178 t r a i l e r  and tent  s i t e s ,  6 closed lean-tos, flush t o i l e t s ,  
h o t  showers, laundry, sewage dump s ta t ion,  f ireplaces,  picnic 
tables,  bathing, boating, fishing, hiking, children's play- 
ground, nature area and snack bar ( a  p o r t i o n  i s  c lass i f ied 
TW-1) 

3. Wharton Forest (also in the Batsto River, Atsion-Mechesactauxin 
Creeks, Nescochaaue Creek and Mullica River drainage sub- 
basins) - 74 t r a i l e r  and tent s i t e s ,  f ireplaces,  picnic tables,  
bathing, boating (motor boat 1 aunching r amp) ,  canoeing ( th res  
canoe r ive r s ) ,  f ishing,  hiking, children 's playground, nature 
area and his tor ic  Batsto Village. 
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4. Penn Forest (day use) - picnicking, small boat launch, f ishing,  
hiking, bridle paths, hunting 

NJDEP Classification: FA-Lower Mullica and Wading Rivers - Central Pine 
Barren s 

Wading River and t idal  portions of i t s  t r ibu ta r ies ,  from head of 
t ide  to Route 542 Bridge 

NJDEP Classification: TW-1 

All t ida l  waters of the Plain downstream from the head of t ide  
to surf waters except those designated FW-Lower Mullica and 
Wading Rivers 

SUB-BASIN 5.3 BATSTO RIVER 

NJDEP Classification: FW-1 

Deep Run and t r ibutar ies  from i t s  headwaters downstream t o  
Springer ' s  Brook 

Skit Branch and t r ibutar ies  from i t s  headwaters downstream to 
confluence with Robert Is Branch 

Brooks and t r ibutar ies  t o  Batsto River between and immediately 
t o  the west of Tylertown and Crowleytown from i t s  headwaters 
downstream to the head of t ide at mean high water 

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

NJDEP Classification: FW-Central Pine Barrens 

All surface waters within the Wharton Tract State Forest 

Actual Use 

1. Wharton Forest (also in the Wading River, Atsion-Mechesactauxin 
Creeks, Nescochaque Creek and Mullica River drainage sub- 
basins) - 74 t r a i l e r  and tent s i t e s ,  fireplaces, picnic tables,  
bathing, boating (motor boat launching ramp), canoeing ( three  
canoe r ivers ) ,  fishing, hiking, children's playground, nature 
area and his tor ic  Batsto Village 
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SUB-BASIN 5.4 ATSION-MECHESACTAUXIN CREEKS 

NJDEP Class if ica t  ion : FA-Central Pine Barrens 

All surface waters within the Wharton Tract State Forest 

Actual Use 

I. Wharton Forest (also i n  the Wading River, Batsto River, Nesco- 
chaque Creek and Mullica River drainage sub-basins) - 74 
t r a i l e r  and tent  s i t e s ,  f ireplaces,  picnic tables,  bathing, 
boating (motor boat 1 aunching ramp), canoeing ( three  canoe 
r ive r s ) ,  f ishing,  hiking, children's  plzyground, nature area 
and h i s to r ic  Batsto Village 

SUB-BASIN 5.5 NESCOCHAQUE CREEK 

NJDEP Classification: FM-1 

Gun Branch from i t s  headwaters downstream to U.S. Route 206 

NJDEP Classification: FW-Central Pine Barrens 

A11 surface waters within the Wharton Tract State Forest 

Actual Use 

1. Wharton Forest (also in the Wading River, Batsto River, Atsion- 
Mechesactauxin Creeks and Mu1 1 ica River drainage sub-basins) - 
74 t r a i l e r  and tent s i tes , .  f i replaces,  picnic tables,  bathing, 
boating (motor boat 1 aunching ramp), canoeing ( three  canoe 
r ivers ) ,  f ishing,  hiking, children's  playground, nature area 
and his tor ic  Batsto Village 

SUB-BASIN 5.6 HAMMONTON CREEK 

NJDEP Classification: FW-Central Pine Barrens 

Mullica River and t r ibu ta r ies  upstream from Seventh Avenue, 
Sweetwater, At1 antic County (head of t ide)  , except those desig- 
nated FN-l 

Actual Use 

1. H m o n t o n  Lake Natural Area (day use) - hiking 
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SUB-BASIN 5.7 MULLICA RIVER 

NJDEP Classification : FW-I 

Stream in the southeasterly corner of the Wharton Tract lying 
between Ridge Road and Seaf Weeks Road down to the Wharton Tract 
State Forest boundaries 

NJDEP Classification: ' FW-Central Pine Barrens 

!4ull ica River and t r ibu ta r ies  upstream from Seventh Avenue, 
Sweetwater, Atlantic County (head of t i d e ) ,  except those desig- 
nated FW-1 

Freshwater segments of t r ibutar ies  t o  the Mullica River between 
head of t ide  and Lower Bank Road Bridge a t  Lower Bank, except 
those designated FW-1 

Indian Cabin Creek and t r ibu ta r ies  upstream f r o m  Egg Harbor City 
Lake 

All surface waters within the Wharton Tract State Forest 
boundaries 

Actual Use 

1. Wharton Forest (also i n  the Wading River, Batsto River, Atsion- 
Mechesactauxin Creeks and Nescochasue Creek drainage sub- 
basins) - 74 t r a i l e r  and tent  s i t e s ,  fireplaces, picnic tables, 
bathing, boating (motor boat 1 aunching ramp), canoeing (three 
canoe r ivers ) ,  fishing, hiking, children's playground, nature 
area and his tor ic  Batsto Village 

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

Mullica River and t idal  portions o f  i t s  t r ibutar ies ,  from head 
of t ide  t o  Lower Bank Road Bridge at Lower Bank 

NJDEP Cl ass if icat  ion : TW-1 

All t idal  waters situated wholly within Por t  Republic Fish and 
Wildlife Management Area 

All t idal  waters situated wholly within Brigantine. Wildlife 
Refuge 
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All other t ida l  waters of the Plain downstream from the head of 
t ide  t o  surf waters except those designated FW-Lower Mullica and 
Wading Rivers - Central Pine Barrens 

Actual Use 

1. North P igan t ine  Natural Area (day use) (below the mouth  of the 
Mullica River) - fishing, hiking 

2. Por t  Republic Wildlife Management Area - saltwater fishing 

3. Swan Bay Wildlife Management Area - saltwater f ishing,  car-top 
boats 

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

SUB-BASIN 6.1. GREAT EGG HARBOR RIVER (UPPER)  

NJDEP Classification: FW-2 Non-Trout 

Upstream from head of t ide  of a l l  freshwater basin t r ibu ta r ies  to 
mainstem, Delaware River, south of Big Timber Creek t o  Cape Mzy 
County 

Actual Use 

1. Winslow Wild1 i f e  Management Area - hunting, freshwater fishing 

SUB-BASIN 6.2 GREAT EGG HARBOR RIVER (LOWER) 

NJDEP Classification: FW-1 

Hawkin's Creek md the next adjacent tr ibutary to the Great Egg 
Harbor River lying t o  the north from the i r  origin downstream t o  
where the influence of impounding occurs 

NJDEP Classification: TA-l 

All other t idal  waters of the Plain downstream from the head of 
t ide  to surf waters except those designated FW-Lower Mullica and 
Wading Rivers - Central Pine Barrens 
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Actual Uses 

1. Marmora Wildlife Mnagement Area (below the mouth of the Great 
Egg Harbor River) - h u n t i n g ,  saltwater fishing 

2. Lester G. MacNamara (also i n  the Tuckahoe River drainage sub- 
basin) - h u n t i n g ,  freshwater fishing, saltwater fishing, boat 
1 aunch 

SUB-BASIN 7.1 MANUMUSKIN CREEK 

NJDEP Classification: FW-1 

Cedar Branch of the Manumuskin River from i t s  origin t o  the 
Peas lee Track boundaries 

Actual Use 

I. Peaslee Wildlife Management Area (also in the Lower';tlaurice 
River and Tuckahoe River drainage sub-basins) - hunting, fresh- 
water fishing ( a  portion i s  c lass i f ied FW-2 Non-Trout) 

NJDEP Classification: FW-2 Non-Trout 

Upstream from head of t ide of a l l  freshwater basin t r ibu ta r ies  t o  
main sten, Delaware River, south of Big Timber Creek t o  Cape May 
County 

SUB-BASIN 7.2 LOWER MAURICE RIVER 

NJDEP Classification: FW-1 

That tr ibutary t o  the Branch of L i t t l e  East Run having i t s  con- 
fluence just south of Stangor Avenue; f i r s t  and second easterly 
t r ibutar ies  to L i t t l e  East Run north of Academy Avenue 

Middle Branch of Muskee Creek from i t s  origin to the Peaslee 
Tract boundaries 

Those portions of t r ibutar ies  t o  Slab Branch situated wholly 
within the Peaslee Fish and Same Tract boundaries 
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Actual Use 

I. Peaslee Wildlife Management Area (also in the Manumuskin Creek 
and Tuckahoe River drainage sub-basins) - hunting and fresh- 
water fishing ( a  portion i s  c lass i f ied FW-2 Non- Trout)  

NJDEP Classification: FW-2 Non-Trout 

Upstream from head o f  t ide  of a l l  freshwater basin t r ibu ta r ies  t o  
main stem, Delaware River, south  of Big Timber Creek t o  Cape May 
County 

SUB-BASIN 8.1 ABSECON CREEK 

NJDEP Classification: FW-2 Non-Trout 

Absecon Creek and t r ibu ta r ies  upstream from A t l a t i c  City Reser- 
voir D a m  i n  the City of Absecon* 

* Potable water supply 

Actual Use 

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

NJDEP Classification: TW-1 

All other t idal  waters of the Plain downstream from the head of 
t ide  t o  surf waters except those designated FW-Lower Mull ica and 
Wading Rivers - Central Pine Barrens 

SUB-BASIN 9.1 TUCKAHOE RIVER 

NJDEP Classification : FW-2 Non-Trout 

All streams i n  Cape May County upstream from head of t ide  o r  
t idal  barriers  thereon* 

Upstream from head of t ide of a l l  freshwater basin t r ibu ta r ies  
t o  main stem, Delaware River, south of 3ig Timber Creek t o  Cape 
May County 

* Potable water supply 
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Actual Use 

1. Peaslee Wildlife Management Area (also in the Manumuskin Creek 
and Lower Maurice River drainage sub-basins) - h u n t i n g ,  fresh- 
water fishing ( a  portion is  classif ied F'rl-1) 

NJDEP Classification: TW-1 

All other t idal  waters of the Plain downstream from the head of 
t ide  t o  surf waters except those designated FW-Lower Mullica and 
Wading Rivers - Central Pine Barrens 

Actual Use 

1. Lester G. MacNamara (also i n  the Lower Great Egg Harbor River 
drainage sub-basin) - h u n t i n g ,  freshwater fishing, saltwater 
f ishing,  boat launch - 

SUB-BASIN 10.1 DENNIS CREEK 

NJDEP Classification: FW-1 

The portion of that  tr ibutary t o  West 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 tr ibutary t o  Pickle Factory Pond 
from i t s  origin t o  i t s  confluence w i t h  the western branch 

Those t r ibutar ies  t o  West Creek which originate approximately 
0.5 miles upstream of Hoffman's Mill and which are located 
who1 ly within the Be1 leplain State Forest boundaries 

All t r ibutar ies  t o  Lake Numrni from the i r  origin downstream t o  
Lake Numi 

Those two t r ibutar ies  t o  Savages Run and portions thereof down- 
stream of Lake Nummi that  are situated wholly within the Belle- 
plain State Forest boundaries 

A stream and t r ibutar ies  thereto originating just south of East 
Creek Mill Road, NNE of Eldora 1.2+ miles and situated wholly 
within the Be1 leplain State Forest boundaries 
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Actual Uses 

1. Belleplain Forest - 93 t r a i l e r  and tent  s i t e s ,  12 closed lean- 
tos, flush t o i l e t s ,  hot showers, 1 aundry, sewage dumping 
s ta t ion,  f ireplaces,  picnic tables,  bathing, boating, f ishing,  
hiking, children's playground, nature area and snack bar. 

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

MJDEP Classification : FW-2 Non-Trout 

A1 1 streams in Cape May County upstream from the head or' t ide  o r  
t ida l  barriers  thereon* 

* Potable water supply 

Actual Use 

1. Beaver Swamp Wildlife Management Area - h u n t i n g ,  freshwater 
fishing 

NJDEP Cl ass i f  ica t  ion : TW-1 

Eastern portion of sub-basin n o t  within other c lass i f icat ions  (as  
viewed on the of f ic ia l  surface water proposed classir'ication map 
located i n  the off ices of the Division of Water Resources, NJDEP) 

Actual Use 

1. Heislervil le  Wildlife Management Area - hunting, saltwater 
fishing 

SUB-BASIN 11.1 PATCONG CREEK 

NJDEP Classification: FW-2 Non-Trout 

All other freshwater basins or portions thereof in the Coastal 
Plain u p s t r e a ~  from head of saline influence except those desig- 
nated FW-1, FW-Central Pine Barrens, and FW-2 Trout Naintenance 

NJDEP Classification: TW-1 

All other t idal  waters o f  the Plain downstream from the head of 
t ide  t o  surf waters except those designated FW-tower Xullica and 
Wading Rivers - Central Pine Barrens 
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CRITERIA AND NEEDS FOR WATER USES 

INTRODUCTION 

Tinis technical memorandum discusses the water quality and quantity 
requirements for major ac t iv i t i es  and user groups  associated with the 
surface waters of the Pinelands. The majority of the study time was 
expended in evaluating the water needs of cranberry and blaeberry cu l t i -  
vation because of the i r  economic importance and the i r  un ique re1 ation- 
ship w i t h  the core area of the Pinelands. The water quality reqitire- 
ments of the aquatic communities of the Pinelands s t ream and the estg- 
ar ies downstream were also included in the examination, as were the 
needs of the cedar swamp commun i ty.  

There is a. lack of available research data concerning many of these 
topics. The mique environment of the Pinelands makes i t  d i f f i cu l t  t o  
apply data from other areas t o  the region ilnder sttldy. Information was 
obtained by personal interviews and by accessing previously accumulated 
data. The following text ,  therefore, incorporates a mixture of opinion, 
hypothesis, and research. The need for farther f i e ld  s t ~ d y  i s  evident, 
although some of the topics are covered in greater detai l  in the reports 
of other consultants. 

AGR I CULTURE 

Cranberry Cultivation 

General : Cranberries have been cultivated i n  the Pinelands f o r  
generations. The ear l i es t  e f for t s  to cul t ivate  Vaccinium macrocarpon 
were made i n  1825 (~ccorrnick, 1972). This perenn i a1 , evergreen heath 
thrives in sandy, peaty so i l s  with pH values from 3.5 t o  4.7. I t  also 
reqaires a wet, well -drained soil  and a water table located close t o  the 
surface (Marucci, 1972).  This makes i t  suitable for cultivation in an 
environment l ike  the Pinelands, o f  which i t  is  a native. 

Cranberries are cul tivated comnercial ly in low-lying bogs which are 
sapplied with water via a ditch and floodgates o r  by a spray systen. 
Large quantities of water are required, and large areas are maintained 
as reservoirs or kept in thei r  natural s ta te  t o  ensare an adequate water 
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supply. A 10-acre:l-acre ra t io  i s  often ci ted as the requirement of 
land held for water supply purposes and land i n  production. One-tenth 
of the land held for water supply purposes i s  usually reservoirs and the 
res t  i s  maintained as undeveloped lowland and forested up1 and (McCor- 
mick, 1972). These ra t ios ,  however, are only guidelines and vary with 
the hydrology of a particular area (Haines and Haines, 1979). 

V. macrocarpon cultivation methods are more compatible w i t h  the sur- - 
rounding environment than are other forms of agriculture. Fer t i l izat ion 
levels are low, roughly a to ta l  of 200 lbs. per acre of 10-10-10 f e r t i -  
l izer  applied i n  two broadcast applications, one in early spring and 
one a f te r  harvest. Over-f e r t i  1 iza t i  on favors vegetative growth and 
decreases berry yields. Insecticides (primarily Guthion and Parathion), 
herbicides (especial ly Casoron, Eevital , and Dalopon) , and fungicides 
(comnonly Ferbam 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 t rea t-  
ments are required because New Jersey i s  near the southern limit of V. 

ocarpon. The warmer climate and longer growing season enhance wee& 
c t ,  and fungal disease problems. The application of these chemicals 
to an extent, self -regulating because improper use w i  11 decrease 

production by affecting bee pollination or by being deleterious to the 
plant i t s e l f .  

All of New Jersey's cranberry production i s  located in the Pinelands. 
Much of i t  (roughly 80% or more) i s  found in the Wading River watershed 
(Lee, 1979; Thompson, 1980), which i s  one of the more pr is t ine  areas in 
the study region. Because th i s  area i s  typified by h i g h  water quali ty,  
the bog type cultivation of cranberries has apparently not degraded the 
surface waters. This i s  also indicated by the work of Gray (1972), 
Deubert (undated), Konrad and Bryans (1974), and Eck (1977). These 
studies were done in different  areas and varied in the i r  degree of 
rigorousness; however, the i r  findings corroborate, a t  leas t  with respect 
to nutrients, the contention that  cranberry culture does not adversely 
affect  water qua1 i t y  downstream. 

Water Quantity Requirements: Water i s  used for a number of 
purposes : 

1. Irrigation 

2. Frost protection in the spring and f a l l  

3. Winterkill p r o t s t i o n ,  i .e., winter flood ( l a t e  December 
to  May) 
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4. Insect and weed control 

5. Harvest (mi d-September t o  mi d-October ) 

The specific water quantity required t o  produce cranberries will vary 
with location and year. Soil type, bog shape, bog s ize ,  f ros t  severi ty,  
f ros t  frequency, evaporation ra te ,  transpiration ra te ,  and other factors 
will cause th i s  variation. Methods of irr igation (spray vs. di tch) and 
the extent in which they are employed also contribute t o  the 
di i f  erences. 

No re l iable  data were obtained on the specific water quanti t ies re-  
quired. McCormick (1972) c i t e s  a figure of 300,000 gal .  ma~re - l .~ea r - l  
for irr igation and f ro s t  protection, b u t  i t s  validi ty i s  unknown. The 
lack of data stems from the employment of a variety of water supply 
types ( i  .e., wells, surface reservoirs,  streams, e tc . )  .and an a t t i tude  
by growers which focuses on avai labi l i ty  rather than cons~mption ra tes .  
The growers are only concerned that  they have suff ic ient  water stocks. 
They are not part icularly interested i n  quantifying i t s  use. In re la-  
t ive terms, Thompson (1980) indicated that  winter flood represented the 
single largest water requirement, b u t  that harvest was the most 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 f ros t  protec- 
tion during three I- t o  3-day periods in the spring and four 3- t o  5-day 
per iods between August and harvest. Additional data sources incl ude the 
Plew Jersey Water Policy and Supply Council and Pinelands Commissioner 
Tom Dsr 1 ington who uses spray i r r  igat ion systems for cranberry 
cultivation. 

Water Oual i t y  Reauirements: There is  again a lack or' numerical data 
cn the specific water quality reauirements needed for V .  
production. None of the people interviewed were aware of 
done in t h i s  f ie ld .  I t  i s ,  however, possible to indicate some factors 
which are considered important. 

Cranberries require a high quality water. The pH of the water i s  c r i t -  
ical .  Applications of lime and other ac t iv i t i es  which lead t o  pH s h i f t s  
have been associated with decreased product ion (Thompson, 1980) o r  death 
of the plants (Lipman, 1980). Cranberries, unlike other crop plants, 
ctn to lera te  and prefer acidic conditions. pH less than 6.5 i s  re- 
quired; pH less than 5.5 is  preferrgd (Esser, 1980). Apparently, t h i s  
stems from an increased tolerance t o  iron, a1 uminum and manganese which 
solubilize under acid conditions (Medappa and Dana, 1970). Nutrients 
such as nitrogen in the form of ammoni;n (Greidanus -- e t  a l ,  1972) and 
phosphorus (Greidanus and Dana, 1972) are a1 so required. Nitrate 
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( N O ~ - N )  needs t o  be less t h a n  10 mg/l (Esser, 1980). Whether these 
nutrients are received by f e r t i l i za t ion  or via stream input i s  not 
c r i t i c a l ;  however, the level will determine if vegetative growth i s  
favored. Such growth a t  the expense of berry production i s  undesirable 
from the grower's viewpoint, and i t  is  much easier t o  compensate nutr i-  
ent levels if the natural background levels are low in i t i a l l y .  Nitrate 
control, however, i s  n o t  as c r i t i c a l  in areas above bogs where spray 
i r r igat ion,  rather t h a n  flooding, i s  used for management. High sediment 
load can also be a problem for cranberry plants because rot t ing can 
res a1 t (Thompson, 1980). 

Blueberry Cultivation 

General: The growing of high-bush blueberries began i n  1916 in New 
Jersey, and the industry has grown t o  the point where the annual gross 
value of the New Jersey crop i s  8 t o  14 million .dollars. Developed from 
the indigenous Vaccinium australe and V. bosum, the current varie- 
t i e s  used comercially arml~ecrcp, y??- Ideymouth, and ( 3 )  Jersey 
(Applegate - e t  -9 a1 1979; Marucci, 1979). Blueberries do best on dry, 
sandy, high organic, acid so i l s  and have a cold requirement of 650 t o  
850 hours  below 45OF. They are subject t o  both f rost  and d r o u g h t  
damage. Optimum growth  is  at a pH between 4.3 and 4.8 and a water table 
18 t o  24 inches below the surface. The soil  must be well aerated and 
capable of rapidly removing any standing water o r  precipitation (Kenaer 
and Wightwell, 1966). 

Blueberries require more fe r t i l i za t ion  than cranberry plants. In New 
Jersey, app 1 icat  ion ra tes  are 300 1 bs. macres-lmyear-l of 10-10-10 
f e r t i l i z e r .  The blueberry plants are str ip-fert i l ize 'd in early and 
la te  spring, and depending on ra infal l  levels, a f a l l  dressing may 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, Karmex, Sinbar, and Paraauat 
4. Dormant sprays: superior o i l  and lime sulfur 

As in the case of the cranberry plants, the application of these chem- 
icals i s  t o  an extent self-regulating because improper use will decrease 
production by affecting bee pollination or by being deleterious t o  the 
plant i t s e l f .  

Water Quantity Reauirements: Ball inger (1966) indicates irr igation 
shou-Id  be frequent enough t o  prevent soil  dessication and that  the water 
should be in sufficient-quanti ty t o  penetrate t o  the b o t t o m  of the root 
zone b u t  no further. The ra te  of application should n o t  be fas ter  than 
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the r a t e  of absorptjon by the so i l .  Soil composition will affect  the 
requirement for water as will soil  s tructure,  evapotranspiration, and 
other factors.  

No data were found on the requirement for  water in vo lmet r ic  terms. 
A1 derfer ( unpubl ished) described a procedure for estimating i r r igat ion 
needs which accounted for soi l  type, crop, and evapotranspiration. This 
might provide a measure of the water needed. 

In re la t ive  terms, blueberry culture i s  probably less re l ian t  on surface 
water supplies than cranberry culture because there i s  neither a winter 
flood requirment nor a need for water during harvest. If the Pinelands 
Commission requires numerical data, the Water Policy and Supply Council 
data m i g h t  be of use. Robert Hanna of the Extension Service a t  Cook 
College might also have pertinent data. 

Water Qua1 i ty  Reauirernents: Ball inger (1966) found nitrogen to  be 
very important t o  g r o w t h  and f r u i t  auali ty in the blueberry plant. How- 
ever, excessive amounts of nutrients in the water supplies are de t r i -  
mental t o  production because, l ike the cranberry plant,  the bllreberry 
plant i s  sensit ive t o  too mzch f e r t i l i z e r .  The Pinelands Commission i s  
referred to  Dr. Paul Eck, who is  knowledgeable about the blueberry (and 
cranberry), for additional data. 

Tree Fruit and Veaetabie Cultivation 

General: Most of the t ree  f r u i t  culture occurs on l igh t ,  loamy 
soi ls  that  are re la t ively  level. Peaches are the primary one-tree f r u i t  
crop ($18.7 million in 1377), followed by apples ($12.8 million i n  
1977), according t o  the data of the New Jersey Crop Reporting Service 
(1978). Much of the s t a t e ' s  production i s  centered i n  the Camden, 
Gloucester, and Atlantic counties area external to the Pine1 ands Preser- 
vation Area b u t  within the Protection Area boundaries. Fert i l  ization 
vzries with age b u t  is f a i r l y  intensive. Apples receive the most 
fertilizer--1,000 pounds of 5-10-15 prior to April 1 and 200 poilnds of 
15-8-8 around June 1. I r r  igaticn requirrnents average 5 acre- inches o f  
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 t o  the New Jersey Crop Reporting Service 
(1978). Brown (1980) indicated that  peppers, tomatoes, and cucmbers 
are particularly important in South Jersey. Most of the production 
areas .extend from the fringe of the protection area oatwards. 
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Water Quantity and Quali ty Reauirements: Miller (1979) had no data 
on water quality and quantity requirements for the t ree  f r u i t  species. 
He referred to the Water policy and Supply Council for the well reports 
or the Alderr'er report to derive an estimate. His own r o u g h  estimate 
for peaches and apples was 1.5-acre-inches per week, b u t  t h i s  again 
would vary because of a nmber of factors. He f e l t  that  the we11 data 
might be useful becailse most orchard operators use subsurface water 
drawn by wells t o  i r r igate .  

Brown (1980) similarly had no data for the vegetable crops. He also 
cited the we11 reports as a potential source of volumetric water use 
data. Brown f e l t  the requirements could be calculated, and he indicated 
that  they might already have been worked o u t  by Robert Hanna of the 
Extension Service. The Crops Department of Cook Col lege m i g h t  also be 
able to provide data. 

Runoff problems are potentially greater for these types of agriculture 
t h a n  f o r  blueberry and cranberry cultures. This i s  part icularly true 
for nutrients because of the higher amoants uti l ized.  The county agents 
d i d  not expect t h i s  to be a serious problem, b u t  i t s  actual magnitade 
is  imknown. 

AQUATIC WETLAND COMMUNITIES 

Cedar Bogs or Swamps 

General : Robichaud and Buell (1973) detailed the ve'getation typical 
of southern New Jersey bogs. Their l i s t ing  is  shown below. 

Trees 

Southern white cedar - the dominant t ree  and the seedlings of red 
maple (variety three-lobed), black gm, and sweet bay 

Shrubs 

Typically heath shrilbs: Leatherleaf, Laurel, Swamp azalea, Cran- 
berry, B 1  ueberry, Huckleberry, other heaths 
Wax myrtles 

Herbs - 
Sphagnum moss; Sedges; Swamp loosestr ife;  Pitcher plant; Sundews; 
Marsh, chain, and other ferns; Curly grass fern; Bog asphodel; many 
other herbs 
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Note that  shrub and fores t  vegetation may or may not be associated with 
a sedge and sphagnum mat. 

According to Robichaud and Buell (1973), a bog area i s  typically poorly 
drained, resulting in the presence of  standing water a t  times during the 
spring and early surmer. Bog waters are quite acidic and of low fe r -  
t i  l i t y .  Large quanti t ies of peat (pa r t i a l l y  decomposed organic matter) 
are present. Bogs form where the water table  intersects  the surface. 
Near the water's edge, sphagnum and sedges are generally present. Also 
present are acid- tolerant shrubs such as leather leaf ,  sheep laurel ,  
swamp azal ea, and sweet pepperbus h. B 1 ueberry, cranberry, and huck 1 e- 
berry plants are comnon. These same shrubs are also distributed in the 
areas further inland. Sphagnum humocks occur in t h i s  inland region and 
are associated with a variety of ferns,  carnivorous plants, and wild 
orchids. Many of the unusual or rarer  plants, such as the curly grass 
fern,  the bog asphodel, and the Carolina club moss, are present here 
also. Trees are found on the humocks and - C. thyoides i s  the dominant 
species. 

Water Quantity Requirements: T'ne cedar bogs or swamps are charac- 
terized by the i r  saturated condition. The plants which are Dresent 
often r eq i i r e  a saturated root zone for growth; The occurrence o'f a bog 
i s  i n i t i a l l y  determined by the intersection of the water table w i t h  the 
surface. Clearly, changes in the area 's  hydrology would affect  the 
plants. If the water table were lowered, many species of plants would 
be eliminated. The f i r e  frequency would probably increase and could 
lead to  the devastation of the cedar bog s i t e .  L i t t l e  (1979) reports 
tha t  the cedar and swamp hardwoods are subject to severe damage by even 
l ight  f i r e s  because of the i r  re la t ively  thin bark. Also, C.  thyoides 
does not sprout af ter  i t s  stem has been kil led by f i r e ,  unlik; the p i t c h  
and shcrtleaf pines. Root systems may also suffer damage frorc f i r e  i f  
the organic peat burns. 

Water Qua1 i t y  Reauirments: Many P i  nelands plants can tolera te  low 
pH values and low ionic strength waters. The environment i s  oligotro- 
phic (has low nutrient levels], an important factor in determining the 
composition of the vegetation present. A1 tering these conditions wi 11 
produce changes in the species observed. For example, sphagnum i s  known 
to be calciphobic and would be eliminated if the calcium levels were 
raised. 

Low1 and Swamps 

General: According to Robichaud and Buell (1973), the lowland swamp 
i s  l-dic and more f e r t i l e  than the cedar bogs. I t  i s  also dr ier  
and probably represents the successional stage beyond the cedar bog. 
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C. thyoides seed1 ings do not tolerate. shade. Consequently, more shade- - 
tolerant species sdch as the sweet bay, the black gum, and the red maple 
take over, resulting in a lowland swamp. 

Water Quantity and Qua1 i t y  Reauirements: A1 though  low1 and swamps 
are n o t  as wet as cedar bogs and contain increased levels of nutrients,  
the i r  water qua1 i t y  and quantity reqdirements are f a i r ly  consistent w i t h  
them. 

Pinelands Fish 

General: Hast ings (1979) describes the Pinelands f ish  fauna as 
depauperate. No one species is  res t r ic ted to the Pinelands b u t  there 
are 16 s ~ e c i e s  indiaenous to the acidic waters. Some of the more common 
species are the bl azkbanded sunfish (Enneacanthus chaetodon), the banded 
sunfish (E. obesus), the bluespotted sunfish ( E .  a loriosus),  the mud 
sunfish (Eantharchus pomotis), the yellow bullheTd I-s n a t a l i s ) ,  
the piratc m h r e d o d e r u s  sa anus), the ironcolor shiner --is 
chalybaeas), and the swamp darter -5- Etheostoma fusiforme). The 16 spe- 
cies are tolerant o f  low pH b u t  thei r  presence nay also be due t o  the 
slow current speeds, the avail ab i l  i t y  of food ,  a n d -  the reduced ccmpet i - 
tion which exist  in the Pinelands streams. 

Graham (1978) studied the effect  of pH, food mechanisms, and competition 
on the distribution of sunfish (Centrarchidae) in the Pinelands. He 
found pimpkinseed (Lepomis gibbosus) and bluegill. (L. macrochirus) 
absent from most acid, dystrophic waters and E. chaetodon and E. obestrs 
conanonly present. E. gloriosils exhibited a dTstribution throuFhout the 
s ta te ,  b u t  seemed f i r e  prevalent i n  the more neutral pH waters outside 
the Pinelands. Graham concluded t h a t  pH was largely responsible f o r  the 
distribution he observed; however, he also added t h a t  i t  did so t h r o u g h  
direct and indirect means. The direct means woilld be by pH toxicity.  
Indirectly, pH, along with low nutrient levels, combined to preclude 
high planktonic prodilctivity. This placed the Lepomis spp. a t  a disad- 
vantage because their  young are planktivoroils. Enneacanthus, on the 
other hand, is  well-suited t o  the consumption of the i r o n  floc which i s  
the main product ion form observed. Conseqgent ly , Lepomis does not 
occupy Pinelands s i tes  because i t  i s  not capable of outcompeting the 
Enneacanthus for the limited habitat available. Graham also ci ted the 
importance of other factors associated with low pH ( i .e . ,  low Ca concen- 
trat ions,  high dissolved C02 levels, and high heavy metal valaes). 

Water Qgantity Reaairements: The carrent regime determines to a 
larqe extent the nattrre of  the habitat ,  and the habitat favors the 
exii t ing species. I t  would seem important t o  maintain the present 
cgrrent velocities if the status quo is the desired goal. The present 
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hydrologic regime would also ensure the continued effects  of t i da l  
forces, and maintain the existing location of the fresh/saltwater 
interface a t  the head of the estuaries.  

Water Qual i ty  Requirements: Maintenance of the existing pH levels 
would seem the most c r i t i c a l  factor. If bufferinqheutral  ization were 
to  occur, due to  agricultural practices and/or development, downstream 
f ish  populations l ike  the pumpkinseed (L.  gibbosus) would invade the 
stream. Stocked species such as the puGkinseed, bluegil l ,  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 i n  which seawater i s  measurably diluted 
by freshwater drainage. As th i s  implies, the estuarine environment i s  
a dynamic one because the mixing process i s  complicated by the effects  
of t ides,  currents, etc. The lower or downstream areas of the Pinelands 
National Reserve encompass a major portion of New 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 
and gradients are established. Two of the major changes involve in- 
creases in pH and sa l in i t y  as the ocean i s  approached. The following 
text  will deal primarily with s a l i n i t y  and i t s  implications for  some of 
the major species or groups of organisms. 

Water Quantity and Qual i ty  Requirements: If the maintenance of the 
ecosystem in i t s  present s t a t e  is  desired i n  the undeveloped areas, the 
current levels of-  water quantity and quali ty must be maintained. In the 
developed areas, some estuari  ne systems have a1 ready been degraded and 
are contami nated by heavy metals, microorganisms, chemicals, organic 
material, etc. The water quali ty i n  these areas wil l  have to be 
improved to reverse the damage. 

Mollusks 

Mollusks such as Modiolus demissus ( the  ribbed mussel), Mercenaria 
mercenaria ( the  hard clam) arenara ( the  soft  clam), and 
(Crassostrea virginica ( the  oyste-, e m  f a i r l y  wide tolerances to  
sa l in i ty  (Lent, 1969; Wells, 1957; Matthiessen, 1960; Gal tsoff ,  1964). 
However, they do have optimal levels. Gunter (n .d . )  indicates that  
sess i le  or s l igh t ly  motile organisms are stunted when conditions vary 
ei ther upward or downward from the optima. Wells (1957) points o u t  tha t  
in re la t ively  sa l ine  waters a change in isohaline position will cause a 
shif t ing in the density and/or location of the hard clam population. 
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Other factors in combination w i t h  organism sa l in i ty  tolerance often 
determine whether the organism will survive. Crassotrea i s  a typical 
example. Given the proper substrates, the oyster requires a s a l in i ty  
level w i t h i n  i t s  tolerance, b u t  beyond that  of i t s  predators. such as 
Urosal b i  nx,  Eupl eura, and dl i ona. -~eneral  ly ,  t h i s  sal in i  ty i s  between 
10 and 15  arts oer t h o u s a n d ~ u t ) .  Otherwise. these oruanisms will ., , , 

degrade the' oyster 's  habitat and/or debi l i ta te  <he oyster {in the case 
of Cliona) or devastate the young oyster population ( in  the case of  the 
o y s t e r i l l s )  (Galtsoff, 1964; Durand and Nadeau, 1972). 

Fish - 
The estuaries function as nurseries for many species. O u t  of a to ta l  
of 195 species collected from mid-New Jersey to the Chesapeake Bay, Wang 
and Kernehan (1979) report that  40 species spawn in, and 136 species use 
as nursery areas, the estuaries between Cape May and Manasquan. The 
species ut i l iz ing the estuary include a l l  important. forage species and 
the main sport f ish  sought by inshore fishermen. A characterist ic of 
these nursery areas i s  a sa l in i ty  gradient which serves to  separate the 
young and larvae from the predator and adult stages. I t  a1 so separates 
them from some organisms l ike  the ctenophores (comb je l ly f i sh)  which, 
in addition to preying on f ish  larvae, can devastate planktonic Crus- 
tacea populations which post-larval stages feed upon. 

If there i s  a sudden upstream displacement of the isohaline, the nursery 
areas may be moved out of the s a l t  marsh and the sheltered areas which 
they provide into less favorable habitats. Alternatively, the habitat 
area could be reduced (Durand and Nadeau, 1972). Other f i sh  such as the 
white perch, an important sport f i sh ,  are year-round residents of the 
estuaries. White perch are found i n  s a l in i t i e s  of 15 p p t  or less. The 
extension of sa l ine  water upriver would force the white perch o u t  of  i t s  
present habitat (Durand and Nadeau , 1972). 

Crustaceans 

Callinectes sapidus ( the blue crab) i s  a comercially and recreationally 
important s ~ e c i e s .  I t .  1 ike f ish.  has a 1 i f e  cvcle/nurserv requirement 
of' low sa i in i ty  conditions ( ~ o e s e ,  1967). ~ b n s e ~ u e n t l i  changes in 
sa l in i ty  would a l t e r  the habitat area of the crab. 

RECREATION 

Water-related recreation i s  c lass i f ied as being e i ther  primary contact 
or secondary contact, based on the probability of significant  water 
ingestion risks.  Primary contact ac t iv i t i es  include wading, swimming, 
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diving, surfing, water-skiing and similar ~ c t i v i t i e s .  Secondary contact 
recreation includes boating, f ishing and other limi ted-contact act iv i-  
t i e s .  The quantity of water i s  not c r i t i c z l  t o  recreation, except t ha t  
anticipated conditions, such as flood or drought, should be known i n  
advance, so that  recreationists  can plan accordingly. 

Water quali ty requirements for  secondary contact recreation r e l a t e  to  
aesthetic considerations. Waters should be v i r tua l ly  f r ee  from sub- 
stances producing objectionable color. Dissolved oxygen should be 
suff ic ient  to  maintain aerobic conditions in the water column and, 
except as affected by natural phenomena, a t  the sediment-water interface 
(EPA, 1976). Insufficient  dissolved oxygen resu l t s  in the onset of 
septic ccnditions w i t h  i t s  attendant malodorous emissions. 

Evidence suggests that  some r e l a t i  onship exis ts  between bathing water 
quali ty and bathers ' i l l  nesses (National Academy of Sciences, 1974). 
The human body i s  capable of tolerat ing greater concentrations of most 
chemicals upcn occasional contact w i t h ,  or ingestion of ,  small quanti- 
t i e s  of water than are most forms of aquatic l i f e .  Therefore, recornmen- 

' 

daticns for  the support of various forms of desirable aquatic l i f e  would 
probably be suff ic ient  for  the protection of human l i f e  (National Acad- 
emy of Sciences, 1974). 

A geometric mean of 200 fecal coliform organisms per 100 ml has been 
recormended previously as a 1 imi ting value that ,  under normal circum- 
stances, should not be exceeded i n  water intended for bathing and swim- 
ming (U.S. Department of the Inter ior ,  1968), nor should more than 10% 
of the tc ta l  samples taken d u r i n g  any 30-day period exceed 400 per 100 
ml (EPA, 1976). The principal value of t h i s  index i s  as an indicator 
of possible fecal contami nation from man or other warm-blooded animals. 
The measure should be used only in conjunction w i t h  other evaluative 
parameters of water quali ty,  such as sanitary surveys, other biological 
indices of pollution, and chemical analyses of water. 

The most comfortable temperature range for  instructional and gzneral 
recreational swimming where the metabolic ra te  of heat production i s  not 
high, i .e., about 250 kilo calories/hour (1,000 BTU/hour) , appears t o  
be about 29 t o  30°C (84 t o  86OF) ( B u l  lard and Rapp, 1970).  One hour of 
continuous immersion in waters colder than 15OC (5g°F)  may cause death 
to some swimmers and extreme s t ress  to a l l  swimmers not wearing protec- 
t i ve  clothing. Prolonged immersion in water warmer that  34 to  35OC (93 
t o  94OF) i s  hazardous (National Academy of Sciences, 1974). Median 
lethal imersion time in water a t  or near freezing i s  less than 30 
minutes for  children and most zdul t s  (Nolnar, 1946). 
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Ideally, the pH of swimming water should be approximately the same as 
that  of the lacrimal f lu id  of the eyes, that  i s ,  7.4. However, because 
the lacrimal f lu id  has a h i g h  buffering capacity, a range of pH values 
from 6.5 to 8.3 can be tolerated ,under average conditions. If the water 
i s  re la t ively  f r ee  of dissolved solids and has a very low buffering 
capacity, pH values from 5.0 to 9.0 may be acceptable to  most swimmers 
(Nati onal Academy of Sci ences, 1974). 

Water a t  bathing and swimming areas should be clear enough for users to  
estimate depth, to  see subsurface hazards easily and clearly,  and to  
detect the submerged bodies of swimmers or divers who may be i n  d i f f i -  
culty. If the water i s  naturally t u r b i d ,  subsurface hazards should be 
removed and depth should be indicated by signs (National Academy of 
Sciences, 1974). 
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WATER QUALITY INDEX j 

GENERAL DI SCUSSION 

There are eleven major drainage basins i n  the Pinelands National Reserve 
. and hundreds of streams. There are mzny chemicals i n  water which re- 
f 1 ect water "qua1 i ty." The United States Geological Survey (USGS) has 
hundreds of different  compounds l is ted in the STORET water quali ty data 
base. I t  i s  d i f f i cu l t  to  simultaneously consider a l l  these compounds 
in order to  develop an overall picture of general water quali ty condi- 
t ions throughout the Pinel ands. Therefore, i t  i s  necessary to aggregate 
measurements of a variety of compounds, each measured a number of times, 
into a single number. This number i s  an index. 

In designing an index, i t  i s  necessary to  select  which compounds are to  
be used and the re la t ive  importance of each ,to the index. This selec- 
tion depends on what the index i s  supposed to measure. The tern "water 
quality" i s ,  i n  i t s e l f ,  inadequate to  define the index. A water quali ty 
index based on recreational use of water would emphasize bacterial 
levels, turbidity and nutrient-stimulated algal growth. A water quali ty 
index based on protecting a part icular  ecologicai ccmmunity may empha- 
s ize  toxics, pH, and dissolved oxygen. W water quali ty index based on 
public perception may emphasize water c la r i ty .  To design an index 
incorporating a71 aspects i s  d i f f icu l t ;  i t  requires value judgments such 
as weighting the importance of public recreation against ecological 
integrity. 

The water quali ty index developed for th i s  study i s  based on a standard 
accepted base, the New Jersey State Water Quality Standards. Every cm- 
pound l i s ted in the Water Quality Standards was 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 
had an inadequate data base. Oxygen was eliminated because of i t s  
diurnal variabil i ty.  The parameters were thus narrowed down to  five: 
Biochemical oxygen demand ( B O D ) ,  suspended solids (SS), to ta l  dissolved 
solids (TDS), to ta l  nitrogen (TN) ,  and fecal coliforms (FC) .  

pH, which i s  one of the most important parameters regulating the char- 
acter of the Pinelands (Patrick e t  a1 1979) was purposely excluded so 
that  i t s  relationship to  the w ~ e r b u a l i t ~  index could be studied. 
Incorporating i t  i n  the index would preclude the use of the index in 
studying the correlation between pH and water quality. 
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To create a reliable index, water quality sampling stations were con- 
sidered only if  a t  least  f ive samples had been an'alyzed since 1970 for 
the majority of the f ive  parameters. STORET data, made available 
through the New Jersey Department of Environmental Protection, was used 
as a data base. Only 80 of the more than 150 water quality stations 
within the Pinelands National Reserve boundary l is ted on STORET met the 
above cr i te r ia .  These qualifying stations are monitored by the USGS and 
Ocean County off i ci  a1 s. 

Frequency distributions were used t o  compare the levels of each param- 
eter  to the appropriate s ta te  Water Quality Standard.* Frequency dis- 
tribution analysis was preferred to  the use of a mean because a mean or 
average of a small data base can be biased more easily by one or two 
extraordinary values. Such values may be l ikely if  samples are taken 
during extreme flow conditions. All index parameters are assumed to  be 
equally important in describing water quality and t h u s  the index gives 
equal weigh ach parameter. 

This index was developed solely t o  present a rough estimation of water 
quality levels in the Pinelands. The index i s  primarily an indicator 
of nutrient and organic enrichment and can be used to  i l l u s t r a t e  gross 
differences among drainage basins and, i n  combination w i t h  land use 

/*J\ 
data, to show relat ive effects of man-made disturbances. The index 

I/ alone should not be used to designate area boundaries of prist ine,  good 
and disturbed water quality because there are not enough data points. 
If additional re l iable  data sources are found or more monitoring sta- 
t i o n s  are established, the water quality 'index f i l e  can be expanded. 
With greater refinement, the water quality index may be used in conjunc- 
tion w i t h  current land use data and s t a t i s t i ca l  regression analyses to  
predict the general water quality level of unmonitored streams (see 
Technical Memorandum SW IV-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 i s  likely to be observed. 
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SELECTED P PR RY ETERS - 
r' 

The parameters selected for  the water quali ty index were: 

Biochemical Oxygen ' Demand (BOD5) 
Fecal Col iform (FC)  
Total Nitrogen (TN) 
Suspended Sol ids (SS) 
Total Dissolved Solids (TDS) 

The selection was based on a review of the existing data base, a survey 
of the Pinelands water quali ty l i t e ra ture  and the New Jersey Water 
Quality Standards. 

The f ive  parameters were selected from a large pool of possible chemical 
constituents. BOD5 was chosen instead of dissolved oxygen saturation 
and total  organic carbon because of the standard test ing method, avail- 
ab i l i t y  of data and acceptance as a standard t e s t  by the informed pub- 
l ic .  Total nitrogen was chosen as the representative plant nutrient. 
Total phosphorus, which is probably the limiting nutrient in the area, 
was not used because the data avai labi l i ty  is poor and the levels are 

p> often negligible. in undisturbed streams. The var iabi l i ty  of phosphorus 
<-.., 

solubi l i ty  w i t h  pH also limits the use of the parameter as an index for  
- the Pinel ands. 

Fecal coliform i s  an indicator of waste from warm blooded animals and 
i s  often associated w i t h  septic system fai lures .  High suspended sol ids 
loads are associated w i t h  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 i n  so i l s  and geology or the influence of s a l t  water. 

BOD5 (Biochemical Oxygen Demand) 

Definition: BOD i s  a measure of the oxygen demand or organic pollu- 
. . X I  on. Ihe 8005 i s  measured in a laboratory t e s t ;  a duration of 5 days 

is used to assess the re la t ive  oxygen requirements i n  water bodies and 
wastewater. 

Values: The New Jersey DEP (1979) proposes a maximum of 5 mg/l BOD5 
as the standard for the central Pine Barrens. A review of USGS water 
quality data for 1969 to 1979 for  Pineland streams shows an average BOD5 
of 2.0 mg/l and a range of the means from 0.2 mg/l t o  13.29 mg/l. Velz 
(1970) s ta tes  tha t  a stream draining virgin t e r r i t o ry  normally carr ies  
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a residua1 organic load of 0.5 t o  1.0 ppm of 5-day standard BOD during 
dry periods. D u r i n g  storm events, the load may increase t o  1.0 t o  2.0 
ppm or higher. An average BOD5 of -200 mg/l can be expected for domes- 
t i c  raw sewage and 10 t o  20 mg/l fo r  secondary treated sewage (Fair ,  
Geyer and Okun,  I! 968). . 

nnn - .Significance: ouu5 i s  an indicator of organic  . The BOD5 
values of ~ r i s t i n e  Pineland streams are low. .There are s l igh t  increases 
during t h e '  surmer months due to  leached organic acids and ae t r i t u s  from 
bog and swamp areire- 4 constantly high BOD5 is most l ikely  the resu l t  
of human act ivi ty ,  

Fecal Col i f  om 

and u! 

Three parameters LUUIU ,, ,sed as i n d i w ~ ~ r - 5  of organic enrichment: 
BODS, to ta l  organic carbon (TOC) and percent oxygen saturation. 
BOD5 was selected for the water quali ty index because of the re la t ive  
r e l i ab i l i t y  of t e s t  methods, extensive available l i t e ra ture ,  acceptance 
by the informed public, je i n  NJDEP t luality standards. 

The CI  . . ef inition: n group comprises a l l  of the aerobic and 
t a t i  ve anaeromc, gram-negative, nonspore-f ormi ng, rod-s haped bac- 

p, t e r i a  that  ferment lactose w i t h  gas formation within 48 hours a t  35OC. 
\. . , .. .+ .. 

' Elevated temperature t e s t s  separate organisms of the col ifom group into 
those of fecal origin and those derived from nonfecal sources. 

Values: The New Jersey DEP (1979) proposes a cr i ter ion that  fecal 
coliform levels should not exceed a geometric average of 200/100 ml in 
the central Pine Barrens. The U.S. Environmental Protection Agency 
recommends that  in shellf ish harvesting waters a median fecal colif orm 
concentration n o t  exceed 14 MPN (most probable number)/100 m l  (EPA,  
1976) 

i g n i f  i S cance: Fecal coliform bacteria indicate fecal waste contam- 
inatyon by warm-blooded animals and/or man and may indicate the possible 
presence of pathogens. Elevated fecal co1,iform counts often resu l t  from 
malfunctioning septic f ie lds ,  urban runoff and lapses i n  disinfection 

- of wastewater before discharge. 

Total N i  troaen 

Definition: ' The sum of amnoni a nitrogen (NH3-N) , n i t r a t e  nitrogen 
(N03-N), n i t r i t e  nitrogen (NO?-N) , organic nitrogen and part iculate 
nitrogen in the water c a t  one specific time. 
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Values: The New Jersey DEP (1979) has established a nitrate nitro- 
gen level not to exceed 2 mg/l in the Central Pinelands and 3 mg/l in 
the Lower Mullica and Wading rivers. An un-ionized ammonia level of 
0.02 mg/l has been set for all  streams. Concentrations of un-ionized 
ammonia are directly dependent on pH and temperature. Un-ionized 
amnonia i s  not a significant problem in the Pinelands because water 
samples w i t h  a pH of 6 and a temperature of 20°C would require a total 
amnonia (NH3 + NHq) concentration of 25 mg/l to  contain an un-ion- 
ized ammonia concentration of 0.02 mg/l. 

McCarty e t  a1 (1970) indicate that the total nitrogen concentration i n  
streams ranges between -0.1 and 3.0 mg/l N .  Total nitrogen levels in the 
Pinelands average 1.4 mg/l 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 t o  April) due t o  biological inactivity (Martin and Goff, 
1972). Nitrogen reserves i n  the soil build up during the winter due to  
reduced terrestr ial  uptake after crop harvesting and metabolic shutdown 
of the forested areas. Leaching of the nitrates formed i n  the soil by 
nitrifying bacteria leads t o  i t s  increased concentrations in streams 
(Durand, 1980). 

6-7 
L;,; Si  nificance: ~ i t r0g .m  compounds zre important i n  the assessment 

--I-- of water qua i ty  for the following reascns: 

Nitrogen i s  a major 'pf ant nutrient (amnonia and nitrate are 
the most usable forms) 

Un-ionized amnonia i s  toxic to aquatic organisms and man 

Excessive levels of nitrate can cause methemoglobinema (Blue 
Baby disease) when i t  is converted t o  n i t r i tes  in the gas- 
trointestinal tract.  The New Jersey potable water standard . 
for nitrate is 10.0 mg/l PKl3-N. 

Nitrification of ammonia to nitrates requires oxygen, reduc- 
ing natural dissolved oxygen levels. Most nitrification 
activity occurs in the soi l ,  however, so the effect on 
stream oxygen levels will be minimal. 

If inorganic nitrogen and phosphorus compounds are readi ly avai lab1 e, 
excessive macrophyte and algal growth w i  11 occur (assuming other envi- 
ronmental requirements are met). Sawyer (1974) reports that inorganic 
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nitrogen levels above 0.3 mg/1 may cause noxious algae blooms. High 
nitrogen levels in the Pinelands will most l ikely  .cause excess macro- 
phyte growth i n  the streams and lakes and a1 t e r  the nutrient balance of 
the receiving estuaries 

e Pine 
I t - .  -1- 

Nitrogen levels are natural1 J i n  t h  elevated readings 
are most l ikely due to  man's a c ~ i v i t i e s .  nign n i ~ r a t e  levels are often 
associated w i t h  agricultural runoff and high ,mania levels usual 1y 
signify sewage i n p u t .  

Total nitrogen is used i n  the Pinelands water quali ty index because of 
the continual conversion among nitrogen compounds. Under aerobic condi - 
t ions,  amnonia i s  readily converted to  n i t r a t e  by n i t r i f ica t ion ,  while 
under anaerobic conditions, nitrogen gas i s  created by deni t r i f  ication. 
The specific nitrogen compound dominant a t  a water quali ty sampling 
station will depend par t ia l ly  on the distance from the pollutant source, 
the nitrogen compound dominant a t  the pollutant source, and the oxygen 
context of the stream. 

Total nitrogen i s  an especially important component of the water quali ty 
index because i t  i s  the only measure of nutrient loads. The data base 
on tota l  phosphate and orthophosphate i s  not suff ic ient  to  be included 

r3 in the index. 
u, 

Suspended Sol ids 

Definition: Suspended solids ( to t a l  nonfil trable residue) i s  the 
retained material on a standard glass f iber  f i l t e r  d.isc a f t e r  f i l t r a t i o n  
of a well-mixed water sample. The residue i s  dried a t  103 to  105OC 
(APHA, AWWA, WPCF , 1975 ) . 

Values: The New Jersey DEP (1979) has proposed a suspended solids 
limit not to exceed 40 mg/l i n  the central Pine Barrens and not t o  
exceed 25 ms/l i n  t r o u t  waters. The mean suspended solids level for  
Pinelands : jGS data collected between 1967 and 1979 is 
12.5 mg/l. 

Significance: Increased suspended solids values indicate tha t  r iver 
banks and/or nearby lands are eroding. High suspended solid loads are 
usually associated,. with construction (land clearing) and/or agriculture 
(Wolman, 1967). . . 

High levels of suspended sediment in water bodies can deleteriously 
affect the aquatic community by clogging the g i l l s  of f i l t e r  feeders, 
reducing l igh t  penetration and photosynthesis, and interfering w i t h  
behavioral movements of fish. Oxygen levels usual ly decrease w i t h  
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increasing suspended sediment concentrations. Contact and non-contact 
recreation is negatively affected. Suspended particles may also serve 
as transport mechanisms for nutrients and pesticides. 

Total Dissolved Sol ids (TDS) 

Definition: Total dissolved solids ( f i  1 terable residue) i s  materi a1 
that passes through a standard glass fiber f i l t e r  disk and remains after 
evaporation and drying to constant weight a t  180°C (APHA, AWWA, WPCF, 
1975). Dissolved solids are the difference between total solids and 
suspended solids. 

Values: The New Jersey l 979) has proposed a TDS limit not to 
e x c e m  mg/l in the Centra I r I rlelands and Lower Mu1 1 ica and Wading 
River basins and not to exceed 500 mg/l or 133% of background in FW2 
streams. The average TDS value for Pinel and streams i s  20 ppm and the 
world average TDS level i n  natural waters i s  105 ppm (Means - e t  -5 a1 
1980). 

Si nificance: The L v L a l  dissolved solids level is used i n  the Pine- + lands water qua i ty index for the fol1,owing reasons: 

Pinelands aquatic biota have adjusted to a low TDs' level. 
- .  0 Significant increases w i  11 a1 ter  osmotic regulation. 

Human activities can be traced by significant increases in 
TDS. 

'ATER QUALITY INDEX CRITERIA 

Water Qua1 i ty  Data 

USGS and Ocean County water quality data collected since 1970 were used 
for the Pinelands assessment. The index was applied t o  80 stations 
which were sampled a m i n i m u m  of five times for a majority of the five 
parameters. W i t h  the help of the NJDEP Division of Water Resources, 
frequency distributions were established for the five parameters f o r  
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b U 1 . l  

were 
p ercc 

aarh of the 80 stations. The lo-, 50-, 90- and 100-percentile levels* 
used as d iv  ; between quality groupings (see Appendix I for 

n t i l e  levels 

Frequency distribution analysis was used to reduce the effects of 
extreme or aberrant data. An assumption was made that the data at each 
station reflect a valid sample of stream flows. If this assumption were 
not made and cutoff limits were established for flow levels, the already 
sparse data base would be further reduced. 

There is a potential bias i n  the index due t o  the seasonal distribution 
of sampling. I t  i s  possible that the water quality stations are under- 
sampled during the winter months. To the extent that this seasonal bias 
occurs more or less uniformly over all  our water quality stations, i t  
will not affect the relative water quality estimation among stations. 

If sampling varies greatly w i t h  respect t o  season among the stations, a 
significant bias may occur. For the purposes of this general water 
quality index, seasonal bias does not need t o  be considered. If a more 
rigorous index is  created in the future, the potential bias can be 
investigated by creating a table showing the seasonal distribution of 
sampling for each station. The index can be adjusted for seasonal 
effect by multiplying each measurement used for the index by a seasonal 

(3 adjustment factor and then recalculating the percentiles and index. 

Water Qua1 i ty  Groupings , 

The foll awing "base concentration limits" were established for use in 
the water quality inder 

Biochemical Oxygen Demand 5, mg/l 
Total Nitrogen 3 mg/l 
Suspended Solids 12.5 mg/l 
Total Dissolved Sol ids 100 mg/l 
Fecal Colifor 200/100 ml 

that ras fir  the concentration limits be based on the 
NJDEP Proposed Revisions t o  the Water Quality Standards (NJDEP, 1979) 
for all five parzmeters. These limits produced a good distribution for 
BOD, TDS and fecal coliform, b u t  were too  high for suspended solids. 

* The X percentile level is the concentration exceeded 100-X percent 
of the time. If the 90th percentile f o r  BOD5 i s  4.5 mg/l, 90% of 

. . .,". G the time BOD values are less than 4.5 mg/l and 10% of the time they 
exceed 4.5 mg/l. 
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All b u t  one or two stat ions had 90 percenti le  levels less than the pro- 
posed standard af 40 mg/l. The concentration limit of 12.5 mg/l which 
is the average suspended solids level f o r  Pineland streams was used in 
the index instead of the NJOEP proposed standard. 

nter c 
centra 

The NJOEP propo: luali ty standards have a n i t r a t e  (~03-N) 
1 imit of 2 mg/l i Pinelends and 3 mg/l i n  the lower Mu1 l i ca  
and Wading River area. There i s  no proposed standard for  t o t a l  nitro-  
gen. A to ta l  nitrogen level of 4.4 mg-N/1 was f i r s t  used as the index 
l imit  based on the f a c t  tha t  n i t r a t e  levels averaged 45% of the t o t a l  
nitrogen level i n  the  Pinelands (2 mg/l is 45% of 4.4 mg/l). The 4.4 
mg-N/1 limit proved to  be too h i g h ,  however, so i t  was dropped t o  3 mg/l 
which is the upper limit of to ta l  nitrogen levels in natural streams .-. 

i r ty  - e t  -9  a1 1970). 

w i t h  - - requenc 
. . -  

levels were compared 7;ne T I  :y distr ibutions fo r  the 
water quali ty stat ions.  The following additive ranking system was 
established: . 

Value Deteminati on 

If the concentration limit for  a part icular  parameter was 

0 
bet ter  or equal to  the "base concentration limits" 90 per- 
cent of the time (i.e., 90th percenti le) ,  i t  i s  given a "1." 

If the concentration limit fo r  a part icular  parameter f a l l s  
in the 50 t o  90 percentile bracket, i t  i s  given a "2." 

If the concentration l+m++ for  a part icular  parameter f a l l s  
below the 50 percentile !I, i t  i s  given a "3." 

Factor Combination 

Good Qual i ty  - The added \ 
equals 

ralues for  the f i ve  parameters 

lh t ly  Disturbed - i fo r  the f i ve  param- 
e~er-3 equals 6 or 7 

raluer 

More Disturbed - The added value for  the f i ve  parameters 
equals 8 or 9 

Most Disturbed - The added values for  the f i ve  parameters 
is greater than 9 
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The Ocean County water quality stations d i d  not have a recorded value 
for total nitrogen. Instead of eliminating all OT these stations from 
the data bank ,  the percentile levels of Total Kjeldahl Nitrogen and 
Nitrate and Nitrate Nitrogen (NO3 + N02) were added together t o  
approximate the total nitrogen percentiles. In future refinements of 
this index, total nitrogen frequency distribution should be developed 
from the raw data. Appendix 2 l i s t s  the water auality index values and 
number of observations for each of the ers and the median 
pH level at  the 80 sampling locations. 

five p 

ine Qua1 i t y  Group 

;trearn stretcnes rated a, .,J quality i n  zne above analysis were 
cted to a more stringent test  t o  determine pristine streams of the 
ands. The following concentration limits were established: 

. Biochemical Oxygen Demand 
Total Nitrogen 

. Suspended Solids 
Total Dissolved Solids 
Fecal Col if orm 

Any stream stretch that meets these cri ter ia  a t  least 90% of the time 
is considered pristine. These concentration limits were based on a 
review of the frequency distribution i n  the twelve "good quality" 
streams, water quality data from a known pristine stream (McDonalds 
Branch), and the general literature. 

R ESU LTS 

O f  the 80 stations, the index rated 2 as pristine, 15 as good, 46 as 
slightly disturbed, 10 as more disturbed and 7 as most disturbed. 
Appendix 1 shows the frequency distribution plots and data tables and 
Appendix 2 tabulates the water quality index ratings. The water quality 
index results are illustrated on Figure 1. Figure 2 i s  a map of the 
median pH values for comparison. 

A p l o t  of the water quality index against median pH in Figure 3 shows a 
positive relationship. This relationship is  discussed in greater detail 
i n  Technical Memorandum SW IV-6. 
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A correlation matrix was developed to  determine if  each of the , f ive  
parameters exhibited a positive relationship w i t h  the water quali ty 
index. I t  i s  possible that  one parameter may not be contributing t o  the 
index  and i s  being masked by the other four parameters. The following 

? l a t i  ons were devel l oped: 
. 
corn  

WQ FC 
:ndex TDS - - - - (10910) S S - BOD 

Quali ty Index 1.00 .84 .66 -91 .76 -63 

1 Dissolved 
Solids 

Suspended Sol ids 

Biochemical Oxygen 
Demand 

Tota' 1 Nitrogen 1.00 .28 

Fecal Colif orm 
( 1 og10 

All f ive  parameters have a positive relationship w i t h  the index; BOD and 
TDS have the highest correlation factors. 

RECOMMENDATIONS FOR FUTURE STUDY 

1. Additional indices can be developed based on part icular  require- 
ments. Indices could be developed for:  

Industrial water supply 
Endemic Pinelands aquatic biota (black-banded sunfish, etc.) 
Contact recreation 
Cranberry cult ivation 

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

3. Data sources not recorded on the STORET system can be researched 
and added t o  the index data bank. 

4. The data can be adjusted fo r  seasonal and flow variations. 
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APPENDIX 1 

WATER QUALITY DATA 

FREQUENCY DISTRIBUTION PLOTS* 

* The proposed NJDEP Water. Quali ty Standards for the Central Pine 
Barrens is  shown on each graph 

Source: Betz~Converse~Murdoch.Inc. 
STORET 
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Stat ion 

1.0 TOMS RIVER DRAINAGE BASIN 

Station No. 

OCN032 

OCN030 

OCN023 
OCN028 

OCN040 
OCN027 
OCN026 

OCN025 

OCN024 

OCN035 

OCN034 

OCN037 
OCN036 

Stat ion Locat ion 

Jakes Brook Double Trouble Road 

Toms River New Egypt-Cassville Road 

Toms River Lakehurst-Whitesvil le Road 
Toms River at Route 70 

Ridgeway Branch Route 70 
Toms River Rout2 571 

Toms River above Toms River Chemical 

Toms River Oakridge Parkway Route 5 
Toms River Lakehurst Road Route 527 
Wrangle Brook St Thomas Dr 
Wrangle Brook S Barbadoes Drive 

Davenport Branch Whiting-Lacey Road 
Davenport Branch Road Between Hol iday City 
Dover Road 

Wrangle Brook Gem Ave 

Jakes Brook Double Trouble Road 

Manapaqua Branch Lakehurst-Ridgeway Road 

Union Branch Route 37 
Union Branch Brookline Road 
Ridgeway Branch Lakehurst -Ridgeway Road 



TAOLE 2- 1 (Cont inued) 
i 
0 - 
2 
(D . 

Water qua1 i t y  Stat ion 

Nunbar Location 

Total Dissolved 7 
BOO Total N l t ro  en Sus ended Solids Fecal Col i fora Sol ids Total 

W~OX EN* 1nd;x No. o f  Index No. of- fndex Ho. of Index Hedian 
c" 

Value Samples Value Samples Vn111a Snmplas Vnlus S~mples Value Sunplea Valua* pH & n 
~ ~ ~ - -  - -~ ~ - .- - - -  

I I 

OCN 024 Tms Rlver Lakehurst Rd. 1 16 2 3 1 51 2 8 1 42 7 4.60 5 . - 
OCN 035 Wrangle Br. o f f  For t  de F r m e  Avs. 1 15 1 4 1 48 2 6 1 46 6 4.20 3 

OCN 034 Wrangle Branch 5. Oarbador Dr. 1 16 2 4 1 So 2 6 1 44 7 4.40 
I, 

OCN 037 Davenport Branch Uhit ing - Lacey Rd. 1 17 1 3 1 50 1 7 1 44 5 4.37 

OCH 03b Davenport Branch between Ilol iday 
C I t y  a d  Dover Rd. 2 14 1 4 2 49 2 6 1 44 8 4.49 

OCN 033 Wrangle Brook end o f  Gem Ave. 1 15 2 4 1 46 2 5 1 43 7 4.40 
w 
I OCN 032 Jakes Branch Double Trouble Rd. 1 16 1 5 1 47 2 6 1 44 6 4.19 
N 

Uater qua l i t y  Indea: 5 - good; 6-7 - s l igh t l y  dlsturbed; 8-9 * more disturbed; 10 or more - most disturbed 



Setz Converse Murdoch Inc. TECH VEMO SW IV-4 

313 '. 
c c c  
2 ; :  If: 
9 0 2  ,'; 
e e -  . . .  
*ryN n 



Betz Converse Murdoch Inc. TECH MEMO SW IV-4 



Betz Ccnverse Murdoch Inc. TECH MEMO SW IV-4 

9 'U ; 
: J  3 3 
1,Csr . . 
o m -  - 



Betz Converse Murdoch Inc. TECH MEMO SW IV- 4  



Betz Converse Murdoch Inc. TECH MEMO SW IV-4 

- 
o x -  



Betz Converse Murdoch Inc. TECH FIEYO S!J 1'1-4 

. C O C  : - 
I Y :  
1 (Y 

! 
; a o r c d  

1 r 
1 

43, !, 
c 0 0 
r r .  + 
w 'U w '9 
3 ' 3 9  a 575 a 
4 - -  

I ,  : 1 i 
d m -  - -.-* '; - 
300 
- ? Z L  2 
u u u  d ' 
1 . 3 0  Q . ! 



Betz Converse Murdoch Inc. TECH MEMO SW IV-4 

I !  I I 1 1 1 ;  : i 1  , ' ! 

' I  J,- . - - - - - - . - - - - -  - . - - . a d d  : . . .. ..:. - - F ? r ,  e ,.. r :. P - . - ..'I=. I ; 
! - . . . . . . . . . . . . . . . . . . .  - 

I j i uuu  : - 4  . 4 '  . i 
d d d  ; - .  3 , -. 7 -, . 2-7-2 -: .?,- > 7 -  - . . - -- . . .  n - ,  . . -  .;.. " . . C . . .  . . . .  

. C I L- C . . . . . . . . . . . . . . , . . . .  
a : * d u d  . r r - - - A  ; R ) % P - - E ~ ~ C . I ~ : < . ! : ~ < ;  '.' 

- x a = a  , I 7 
' w ! 

c c o  ! . ,4r--4-4~-,-,4,,, , , ,  - a - ~ , - , = : , ~ - - ~ . r , e c ~ - ~ ~ ~ C ~ j O  2 j j 
I Y -..........-.....-.. 

- ' r L . i Y ' * - > i ) u W - w W . C d W - ' C W Y . ' -  ,; W 
. d * r c s  , 3 7 7 7 7  t 3 . 3  ' 7  J ? Y l - ' i 7 7 3  .. 

t ! I ! !  . . . . . . . . . . . . . .  u ~ - ; q < : q = O ; - c r c - - - ; - i u r c  , : 
I 

; 1 1  

o c : % e ~ - . - r . - m ~ < . - n m m c  --  
a 

I i I i 

i 
! I 

-.-...*.... 
- Y W & l i i l u i L . W i - a r Y a L . l u J i L W d L L i  Y . 

I - .  d 3 ' 3 1 - 3 ' : 3 3 . 3 3  z lc30n 3 . 7 ~ 2  I . 0 
I C I a n - - 0  . ~ . a u - % - - e s ~ ~ - ~ ~ - c ~  L- 

: -  I 

a - .  . . . . . . . . . . . . . . . . . . . .  b I 

' I - .  s y - c z m o - m u % n % - e ~ e , m m ~ *  .- : ' I 

: " !  ! I . - . - 
I : 

i 
- Y % r V w r N N . - 4 4 r r V - . " - % V  - 
~ = C S ? C C C ' C c l ' ~ = C 3 ~ 3 C  .- : i I +.-....-.-...*..I.. - 

X ' ~ ~ & ' A ' A L Y G - L ~ L J ' ~ V Y ~ ~ - P  ! i ! i  I 
I I t i ,  :2::22332::.7-?,;2?:3,2: . . . . . . . . . . . . . . . . . . . .  r i : I 

t n - r o - - ~ s - o m g ~ - c - e - +  - , i 
j . I  I 

r ~ d ~ w o r - a ~ ~ ~ a e c u ~ ~ ~ & a ~  - 1 i 
0 0 f C = O C C 3 ~ 0 3 C C 7 5 ~ 0 3  
L X Z  ' = Z Z C ; ' . ? . ? Z L ' . ? L Z . ? Z T  

I 

~ 4 ~ r ~ u u u u d v ~ u u c . c ~ u ~ . b ~ u  .. '335 2 1 5  J Z i 3 1 ; 1 3 5 3 3 L ) J d 3  I 

I 
z 

i I i O , ~ r r + ~ a - . m e o - ~ - . r m i ) L w e  - -  c I ' I - .  - 
i : 

' I '  1 ,  ! !  i . .  ' :  ; , ! i !  ! I ! ; I - ! 
a 0 .  i i i i i i i - i i  , I i2 .S  I i [ . I - -  . I ,  

' m - C  
] ,  q a x  : -  

+ ! 2 > -  
i P -  ! m - r . > G X  

S - C P  I I i ! I ! ! !  ! 1 I : i  
, Z L -  
C I 1 - a 'LI 
C - N -  ! I 

I 
n 

.I - I .  a - 
- - *  : I 
a - 4 -  . I - .t 

0 
5 3 %  - 

, d  - . 
d r -  : I 

- 
a 3 ; c n -  
-:w i 
- '&-  I N 
i 

a*- 
3 -  : 
z - - 

I ; - ; > o x  - 
3, o x  , =  

. 0 '  , 1 . . * o r  0 

*. ; I w  
I : 3 a* - m 
8 3 x 

a J 
- ,  a ¶ X  

, a ;  I( . ' " O X  
j ,a 

.? 
: . . I > *  

.r 

7 4 
T 

" / C 9 %  
:: .% 
.¶ i 3 .* -1 

\ - - I :  
0 

, - . b 

nP-4 
~ * u a ~ - n s r  - + * * . * a -  S Z . .  t , - i n a - u ' *  Y - ~ . > J - D - J  Y - Z ~ ~ - D I ~  

I.1 % 
.? Y 

.w 
' 0  - .Y 

V  - u* 
Z C. 3 :  U1 

-1 -d W a Y .a 
. O - - 3  . a - - c . 4 -  $ 

... 4  .. r - a ri- - - .  ' .  -J 4 z . 
A - 0  V I  * * 4 

. - - -4 



Betz Converse Murdoch Inc. TECH MEMO SW IV-4 

I 

n c c c  Y C ~ C  I' 3 :  I / , 
! ! ........ 

U . W U . . r V  4.a- - ! 
- 7  3: 3 - 4 4  " .Z .- ̂C  -. C r- -- I I I 

.* . * + C X I  

Q 
! ., 0 x;. 

: * - .> , 
I ! 
a 'e 

* . > 5 *  

C) . *  zr. 
N * *  3 %  : - 



Betz Converse* Murdcch Inc. TECH MEMO m 111-4 

2.0 RANCOCAS CREEK DRAINAGE BASIN 

7.0 MAURICE RIVER DRAINAGE BASIN 

St a t  ion S ta t  ion No. St a t  ion Locat ion 

1 01465970 North Branch Rancocas Creek a t  Browns Mills 

2 01466500 McDonalds Branch i n  Lebanon Sta te  Forest 

3 01466900 Greenwood Branch a t  New Lisbon 
4 01467000 North Branch Rancocas Creek a t  Pemberton 

5 01467003 North Branch Rancocas Creek a t  Ewanville 

6 01467006 North Branch Rancocas Creek a t  Pine St ree t  
a t  M t .  Holly 

7 01465835 South Branch Rancocas Creek a t  Retreat 

8 01465850 South aranch Rancocas Creek a t  Vincentown 
9 01465915 South Branch Rancocas Creek a t  Hainesport 

10 01412100 Manumusk i n  River near Manumusk i n  
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3.0 CEDAR CREEK DRAINAGE BASIN 

4.0 FORKED RIVER DRAINAGE BASIN 

Stat  ion Station No. 

OCN045 

01408870 

OCN043 
OCN052 

OCN051 
OCN047 

OCN046 
OCN048 

OCN054 

OCN055 

TECH MEMO SW 1'1-4 

Station Locat ion 

Cedar Creek Whiting-Lacey Road 

Cedar Creek a t  Double Trouble Road 
Cedar Creek Route 3 Lanoka Harbor 

Oyster Creek Road east o f  Brookville 
Oyster Creek Wells Mills Road 

North Branch Forked River JCP&L Lines 
North Branch Forked River Parker Avenue 

Mid Branch Forked River a t  Route 9 

Mill Creek Route 72 
Fourmile Branch Mill Creek Oxycocus- 
L i t t l ev i l l e  Mill Road 

Mill Creek Route 180 

Westecunk Creek Martha Road 

Westecunk Creek Route 9 
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Stat i o n  

1 
2 

3 

4 

5 
6 

7 

8 

9 

10 

11 
12 

13 

14 

15 

16 

17 

5.0 MULLICA RIVER DRAINAGE BASIN 

Stat ion No. Stat ion Locat i o n  

Nescochaque Creek a t  Pleasant Mills 
East Branch Bass River near New Gretna 
West Branch Wading River at  Maxwell 
Oswego River a t  Harr isvi l  l e  
Springers Brook near Indian M i l  I s  
Batsto River at  Quaker Br idge 
Batsto River at  Batsto 
Hamnonton Creek at  Route 30 a t  Hamonton 
Hmonton Creek at  Hammonton 
Hammonton Creek at  Westcoatvi 1 le  
Mu1 1 ica River near Atco 
Mu1 1 ica River at  Jac!<son Road 
Mullica River at  Outlet of Atsion Lake 
Mull ica River near Batsto 
Wildcat Branch at  Chesilhurst 
Mull ica River a t  Pleasant Mil 7 s  
Mullica River at  Green Bank 
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6.0 GREAT EGG HARBOR RIVER DRAINAGE BASIN 

9.0 TUCKAHOE DRAINAGE BASIN 

S t a t  ion Stat ion No. S ta t  ion Locat ion 

1 01410775 Great Egg Harbor River a t  Berlin 

2 01410784 Great Egg Harbor River near S icklersv i  1 l e  

3 01410787 Great Egg Harbor River Tributary a t  
S ick le r sv i l l e  

4 01410789 Great Egg Harbor River Tributary 2 a t  
Winslow Crossing 

Fourmile Branch a t  Winslow Crossing 
Fourmile Branch a t  New Brooklyn 

Great Egg Harbor River near Blue Anchor 

Squankum Branch a t  Malago Road 

Great Egg Harbor River a t  Folsorn 

Hospi ta l i ty  Branch a t  Berry1 and 

Great Egg Harbor River a t  Weymouth 

Deep Run a t  Weymouth 
Great Egg Harbor River a t  Mays Landing 

Babcock Creek near Mays Landing 

West Outlet  New Brooklyn Lake a t  Winslow 
Crossing 
Tuckahoe River near Es te l l  Manor 
Tuckahoe River a t  Head of River 
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