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TECHNICAL MEVORANDIJM YA I 

SUMMARY OF PINELANDS SURFACE WATE,? SY D R O L O G Y  

INTRODUCTION 

Two of the principal objectives of the entire Pinelands program we r o  
identify and assess the potential irpacts of development on the Pine- 
? ands natural systems and t o  develop recarmendat ions t o  protect these 
systems. Towdrds these ends, an investigation i n t o  t9e hydrologfc 
charccteristics of  Pinelands surface waters was conducted. 

Mzter i s  essential t o  the support of a l l  elements of the physica: t n d  
biological components of the Pinelands. The landscape was shaped by 
moving uater, the forests require i t  f o r  growth ,  fish 2nd wildlife need 
i t  for  habitat and growth and i t  is essential for  a11 o f  the act ivi t ies  
of man, including agrfculture and urbm development. Because cf the 
importance of water to the maintenance of the Pinelands ecosystems, and 
because of the f ragi l i ty  of the water balance observed in developing and 
developed areas' outside the Pine 1 ands, a considerable effort  has been 
made to identify and assess the existing hydrologic relationshfps i n  the 
region. ,Wch of t h i s  information was developed w i t h  the knowledge that 

,- understanding the existing water relationshfps was essential i n  order 
fo determine the potential impacts of development on the Pinelands a n d '  
t o  establ ish sound recommendations f o r  protecting the environment. 

DESCRIPTION OF PROJECT TASKS 

General 

Efgh t major surf ace water hydro logy tasks were addressed; they resulted' 
i n  an fnventory and assesment of Pinelands surface water quantity and 
the development of recommendations for  the management of  the region : 

1. Determine the hydrologic budgets of the Pinelands drainage 
basins (Technfcal Memorandum SW IiI-1) 

2. Establish the flow character i s t ics  (regime) of Pinelands 
streams and rfvers (Technical %marandurn SW 111-1) 



3. Oescr ibe the relationship betdeen groundwater  and surcacs 
wa:w (Techn ical Xemcrandum 5 X  I1 1-1) 

4. Characterize the dynamic relationship b e t ~ e c n  i'resfiwattr 
strea;rrf10~ and estuarine sal i n i t y  ( Technical Hemorandtlrn 
sw 111-1) 

5. Determine the potential impacts of  development on Pine- 
1 ands hydro logy ( Techn f cal Hemorandurn SW ! 11-2) 

6. Identify major fssues e l a t ed  to surface water hydrology 
and recommend measures designed to  mitfgate the impacts 
of development (Technical Wrnorandum SW .III-1) 

7. Oevelop recornmendations for future studfes of P f  nelands 
surf ace water hydro 1 ogy ( Techn ical Memorandum Sd I I 1-1 ) 

.: 8. Obtain available flood plain maps, identify mafor fssues 
related to flood plains, and recamend measures desfgned 
to mitfgate the Impacts of development on flood plains 

*'- (Technical Memorandum SW 11) 

Oetafled dfscussions o f  these tasks are contafned f n  the technical memo- '?? 
randums referenced in brackets after the task description. 

Brief descrfptfons of task objectives, methods of analysis and F i ~ d  ings 
are contained I n  the following sub-sectf ons. 

Oetgrmine the ~ydrologfc Euduets of the Pinelands Str~uns and Rfvers 

General: The purpose of  thfs task was t o  quan t i fy  t9e magnftude of  
the f o u r  inajar components of the hydro logic budget--average precipi ta- 
t i o n ,  evapotranspiration, strewnflow, and inter-basin groundwatgr 
transfer--of each Pinelands drainage basin (Figure 1). Data sources 
used f o r  these mass balance analyses were an isohyet map of annual 
precipitation of the Pinelands and an fscevapotranspiration map of the 
Pfnelands developed by Robertson and modified by BCM based on grcl i m i -  
nary budget analyses and streamflcw records obtained f rom the U.S. 
Geological Survey. Interpolation and extrapolation were required f o r  
basins not containfng USGS ccntinuous recording streamflcw gagins  
stations, or w i t h  records spanning only several years or less. 
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Findinas: Signr' icant task f indfngs are sumar ized  i n  the f o l l o w i n g  - - 
parasrapns. 

I. Average annual p r g c i p i t a t i o n  ranges from about 44 'riches near the 
western boundary of the  Pfnelands t o  about 46 inches i n  the c c n t r a l  
p o r t i c n  of the area. P r e c i p f t a t i o n  along the coast i s  approximately 
33 inches per year. 

2. Average annual ac tua l  evapot rensp i ra t ion  ranges between 20 and 23 
inches. 

3. Average annual d ischarge a t  c u r r e n t l y  operat fng streamflow gaging 
s t a t i o n s  i n  t h e  Pfnelands range from 13.6 inches per  year t o  51.4 
inches per year (Table I)  w i t h  a mean f l o w  o f  23.5 inches per year. 

4. Because v a r i a t i o n s  i n  p r e c i p i t a t i o n  and evapot ransp i ra t ion  cannot 
account f o r  the wide v a r i a b i l i t y  i n  bas in  runoff ,  i t  appears t h a t  
another f ac to r ,  i n t r a -  and i n te r - bas in  t rans fe r  of groundwater ( o r  
groundwater f l u x ) ,  i s  an important p a r t  o f  the, r eg iona l  hyd ro log i c  
system. This  f a c t o r  must be inc luded i n  the  ana lys is  o f  water 
budgets. . -. 

5. A hydro log ic  budget o f  each Pinelands drainage bas in  was est fmated 
us ing  the  equatfon R = P - ET 2 GWf 

m 
where: 

2 = average annual r u n o f f  
P = average annual p r e c i p i t a t i o n  

El' = average annual evapotranspf ra t ion 
GWF = average annual groundwater f l u x  ( i n t e t - b a s i n  t r a n s f z r )  

The r e s u l t s  o f  tbe analyses are presented i n  Table 2. 

Estab l  f sh t he  Streamflow Charac te r fs t  i c s  (Reaime) of Pinelands S t r e a m  
and R ivers  

General: The purpose o f  t h i s  task was ta quan t i f y  va r i cus  aspects 
o f  s-on c h a r a c t e r i s t i c s  i n c l u d i n g  d a i l y ,  monthly, and annual f l u c -  
t u a t i o n s  w f t h i n  each gaged stream and to f d e n t i f y  the' s i m i l a r i t i e s  2nd 
d i f f  erencas between streams. The analyses included a d e t e n f n a t  i o n  o f  
f l o w  dura t ion  curves, f l o o d  magnitudes, low f l ow  ma~n i tudes  and r a i n -  
fa l : - runo f f  r e l a t i onsh ips .  Oata were obtained from, and some s t a t i s -  
t f c a l  analyses were conducted by, the USGS. 
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TWLE I a . 
AVERNX MUM AW RATES AT U.S. GEOLOClCM SIRVEY SIREAIFLOU M61NG S l A l I O Y S  0 

0 
-- .- 3 < 
Grglog S l r l l oa  Drr lnrge Averrga Olrchrrgr 6 
Idenl ll l c r l  Ion Per lod o f  Record &Ir Per h u r r  H l l e  hverrpe Olrchrrge I 

a 
WIIFLIW St r c r r  M a r  m d  Locr~ lon  Or4 b r y e  k r  I n  (Nrler ter ra)  (a1 ) ( c f r / r l  ) ( Incherherr) a) 

- -- 

01 400500 T o n  Rlwer mu Toma IIvmr Toms Rlver 1129-71 

01409000 Cedar Crerk w u  L l o a r  C r d u  Creek -1933-M, 1971 bb.0 1.91 25.9 
d 
n 

1%6-11 01409095 Oyster Creek mar  k o u k v l l l e  F o r k d  Rlver 7.43 3.80 51.4 4 
01 409280 Ycrleclnk Cruk  r l  S1r:fud Form F o r k d  l l v m  1974-71 

01 409400 t b l l l c r  Rlver mrr B r l r l r  Als l m - I I H k a r c l u a l n  1950-78 

OI49SW Orts la Rlver 4 1  Br ls lo  Br is lo  70.6 1.39 24.3 1921-78 

814096 10 Uerl  k m c h  Nd lng  Rlver m u  &aklra MJ lng  Rlver 1175-78 84.1 1.18 24.1 

O l l lO (M  Orrag, Rlwer r l  Harr l rw l l l o  Nuilng Rlwrr 1931-1171 64.0 1.38 18.1 

Ol4lCjOO f irecon Creek r l  brecon A a a a n  Creek 1924-21.33-30,4?-7@ 16.6 1.62 22.0 
UI 

Ol4lOl8l Great Egg l lubor  l l lver Upper Great L g 1973-70 
Ir lbu l r ry  r l  S lck lu r rv l l l r  Harbor lver i&l@) . 

01408100 Four H l l e  Branch a1 k u  Brooklyn NJ Upper QIR 1973-78 7.74 1.48 20.1 

01411000 Grer l  Eyp l l r r ~ a r  Rlwer r l  Feltom Uypcr Qlll 1925-18 S . 3  I. 54 20.93 

01411300 k k I o e  R l vw  at  Herd o f  Rlvr r  k c k &  lllwer 1971-71 30.8 1.33 18. 1 

01465850. buth Brmch Rmcocra Creek r l  Saulh Brand  1962-71 
Vlnc I n l o w  llmcocrr Creek 

Ol466OUO Ill. Ntrery Drwk I n  Lebrnon Str le Wwlh Brrnch 1952-65 
fo re r l  Rrncocrr Crwk 

01466500 k h a  Ids kmch I n  Lebanon S l r l r  W l h  l r rnch 1%5:78 
f o r e r l  Rmcocrr Crrek . 

I 
014610(kl Norlb Branch Rracocas Creek a t  I lor lh  Branch 1921-78 111.0 

I P r r l e r l m  Yancocrr Creek 
I 

I 01411500 thr Ice R l v r  r l  Norm )Irurlcc River 1932-78 113.0 1.49 20.2 
I OI4IZUU Hanmlico Creek neu H l l l v l l l e  h n m l  lco RIwer 1912-67, 19711 22.3 1.69 22.9 

I Ave~-r$e Olsd~arge Other Per ldr culuun d r t r  e r e  developed In w d t r  l o  revleu llu re1 l a b l l l l y  o l  u r n  f lcl* d r l r  l o r  grglng r l r l l o n r  u l l h  r h o r l  per luds o f  
I - e ;u rd -  User of i l k r e  Jrlr r re  l l r l e d  I n  tho tootnotes o f  t L t r  l r k le .  



TABLE 2 

WDGEr AYALVSlS OATA 

Bas Ins 
? r u I p l ~ a ~ l m  Cvrpotransptrr t loa Ca lcu l r t edRuno t l  Rumti I L.rted . ol f ferencea* ~ I f f e r u c e  

(laches) (Inches) ( Inches) jbrwrrd Adjusted ( l n c l ~ r )  VOI. l a - r l 2  

Tors y l v r r  45.6 22.3 23.6 23.5 --- --- 0.0 --- 
Rmcocrs RIver k s l n  

r o r l h  Brmcb Rucocrs  
but11 Brrncb Rrncocas 

C d a r  Creek 44.4 21.4 23.0 2S.9 --- --- 2.9 rl62.4 

F u t e d  l l v e r  lrrln 
Frrkcd G lver 
Uystcr Crerk 
H a l l  Creek 

, U~r lecunk Cr t r k  

k r l l l c r  L i ve r  l r s l n  
01 811s Aluer 

Ua.1 lng G l ver  
Urst  branch YUln( Ilru 
OIK~O Creek 

Oatrto Alver 
Alr I ~ - b k C h t $ l c t U I ~ h  Creak 
Nerco~l~tclue Creek 
Ilrrvulrlon Creek 
b I ~ I l i c r  A i v r r  

Grer i  Egg l l u b o r  B r r l a  
Upper Greal Lgg I I u b o r  
Lower Greal Lqy I I ubo r  

n r~ r  Ice Y Lmer L s I n  
Ha~ruurk  tn Creek 
Mrur Ice U l vor  

Abrecon Il lver 43.0 20.7 22.3 22.0.a. 22.3 --- 0.0 - --- 
Tuckalroa ll l v r r  

Dennlr Creek 

Prlcuny Creek 

------- 
a Use the rrmli value f u r t t t e r l  l o  the rl+t fo r  LNIdgel c ~ ~ ~ ~ ~ O I I .  

f -  3 
1 

a *  ~ l lq f=-hb le  lu b r s l n  l r m r l e l -  e rcey l  4 1  T u c k r l , ~  Y lver. 

*.a G A ' J ~  . .gelClcmt  l y  upsrretm o f  ba: 111 wile1 - I lw  adjusted t o  ,aprdrdnl  eo t i lw  b r r l n .  



Findinas: SigniPfcant findings on streamflcw characteristics are - 
describeu i n  the following paragraphs. 

. ?fern annual d ischar~e  may vary considerably f rcm year to  year. For 
example, for  the period 1930-1978, mean annual streajrilcw o f  the 
8atsto 2iver a t  3atstn has ranged f rom 193 cubic feet per second 
(c f s )  to  66 cfs. 

2. Streamflow varies on a seasonal basis. Although precipitation is  
highest dur ing  July and August, streamflow tends t o  be hfghest 
during March and lowest during September and October. 

F l o w  duration arrves developed for each set  of streamflow gaging 
records indicat

e

d mat  streamflow is relatively un iforrn i n  several 
streams. For example, ratios o f  the discharges exceeded 10% and 90% 
of the time f o r  the Toms River, Cedar Creek, Oyster Creek, Westecunk 
C r e e k ,  Batsto River, Fourmile Branch, Great Egg Harbor River ( a t  
Folsom) and McOonalds Branch were a l l  less than 4.0. The stations 
wit!! the greatest variability of flaw were ~bsecon Creek (14.4) and 
Great Egg Harbor Tributary a t  Sicklersville (12.6). The variabili ty 
of these two streams are the result o f  withdrawals for water supply 
(Absecon Creek) and urban runoff (GEHR Tr ibu t a ry  a t  Sicklersville). 

4. Low flows on headwaters streams (represented by McOonalds Branch) 
are higher on a u n i t  area basis than for the larljer basins. 

5. Peak flood f low  rates a= low on Pinelands streams. Peak flow rates 
f o r  the 10-year flood range from 9.7 cfs/sq.mi. f o r  McOonalds 8ranch 
to 26.2 cfs/sq.mi. f o r  Oyster Creek. 

6. Flow frequency analyses of  each gaging staticn w i t h  a sufficiently 
long record was conducted for the 1-, 30, 7-, 140, 30-, 60-, 900, 
120- 183- and 365-day low flows fo r  return fntervals ranging from I 
t o  200 years. Results of the analyses are presented in Table 8 and 
Appendix 1 o f  Technical  memorandum SW 111-1. 

7. Direct Anoff (channel precfpi tation, surf ace runoff and r ap id  
interflow) averages approximately 2.5 Inches per year, which is 
approximately 11% of the total annual r u n o f f  and a b o u t  6% of the 
mean annual precipitation. 

8. Tne relationship between rainfall and direct runoff is not uniform. 
For three small basins analyzed in detail ,  direct runofe from a 
four-inch storm ranged between 2.1 and 6.5 percent of  rainfall.  



3. The percenta~e of dirgct runof f  depends i b g e ~ ~  on the cmoilnt a f  
n e f f c c t i v ~ N  area i n  a watershed. Analyses showed tnat the ''eP7ec- 
tive'' arga o f  a watershed could be reasanably est'matcd using the 
hydrologic soil group concept developed by the S o i l  Conssrvzti~r 
Service. Perccntage of "0" and "C"  hydrologic soils groups, those 
groups described as having h i g h  and very h i g h  runoff  rates and low 
i n r ' i l  traton rates were measured for three ga~ed undeveloped water - 
sheds. Higher percentages of those scf ls  were correlated w i t h  
higher volumes of dfrect runoff. 

10. Runoff volumes predfcted using SCS's 5011 Cover Ccmplex Method were 
compared w i t h  those developed by rainfall-runoff analysts f o r  two 
basins. The results differed between the two streams. 

-1- - 
Ll. Because their contrfbution of direct runoff i s  less,  those portions 

of a basin w i t h  relatfvely low percentages of effective area con- 
tribute higher u n i t  flows during periods w i t h  l i t t l e -  or no precipi- 
t a t  ion. 1 -- 

Describe the Re1 atf onshfp between Groundwater and Surface Water 
-- 

General: Two prlndpal aspects of  thfs relatfonshfp weyc looked at: 
tk ini'iuence of water table fluctuatfon on streamflow and major fntra- 
and inter-basin transfers of groundwater and their effects on stream- 
flow. Streamflow and water table information was .obtafned from USGS 
records. Trmsfers o f  water were based b o t h  on streamflow records and 
assessments of drainage basf n character f s t ics performed by the project 
stcff.  ./' 

Findinas: Four impcrtant ffndings are presenttd i n  the f o l l ~ w i n g  
paragraphs. 

1. Groundwater discharge is responsible f o r  approximately 89% o f  
streamflow and a l l  o r  nearly a l l  streamflow d u r i n g  periods of  
drought .  

2. Water table elevatfons and streamflow both vary seasonally. They 
normally peak dur ing  March and are lowest .in September and October. 

3. A comparfson between dafly strezmflow and water table elevations fcr  
McOonalds Branch and a nearby well indfcate that water table and 
streamflow fluctuations are related and that water table elevation 
is a good indicator of  streamflow, especially d u r i n g  medfan and low 
flow periods. 
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4. Groundwatsr is transferred on b o t h  an intra-basin and inter-basin 
basis. This accounts f o r  the considerable range of average mean 
annual streamf lows previously noted. Based on i n f  omation from the 
continuous recording gages in the North Branch Rancocas Creek Basin, 
i t  appears t h a t  some of the water infil trated new the basin divides 
bypasses the local groundwater discharge system and is discharged 
i n t o  downstream portions o f  the drainage basin. Inter-basin trans- 
fer of groundwater Is evidenced by streamflow data for three ccntig- 
uous basins in the northeast portion of the Pfnelands. Oswego Creek 
(drainage area = 64 suemi.; average annual discharge = 18.7 inches) 
d ra ins  i n  a southwesterly direction while the adjacent Oyster Creek 
(drainage area = 7.43 sq. m i . ,  average annual discharge = 51.4 
inches) and Westecunk Creek (drainage area = 16.0 sq.mi., zverage 
annual runoff  = 26.7 inches) drain more steeply to the coastal bays. 
A hypothesis i s  made t h a t  the groundwater divide between Oswego 
Creek and t!e other basins l ies  westward of the topographic d f v i d o .  

Characterize the Dynamf c Relatfonship between Frsshwater Streamflow 2nd 
Estuarine Sal i n  i t y  

General: The goal of this task was to attempt t o  establish mfn i rnum 
streamf;ows necessary to maintain satisfactory salinity levels i n  area 
estuaries. The principal source of information was the report by Durand 
and Nadeau on the Fhtllica River Estuary. An evaluation of available 
information ' d u r l n g  the current study resulted i n  the conclusion that 
min:mum f l w s  could not be determined using the current base of data. 
Instead, monthly f1 on and flows o f  varfous exceedances probabilities 
were developed for each dralnage basin as a guide, b u t  not as a recom- 
mendation, for possible m i n i m u m  low flows. 

Findinqs: Six f f ndings are presented i n  the following paragraphs. 

1. Considerable fnformatian on estuarine sal ini ty is avaflable for the 
Mullfca River estuary. Much less data are available f o r  other Pfne- 
1 and s estuaries. 

2. Salinity a t  any point i n  an estuary i s  a function of the quantity 
of freshwater streamflow entering the estuary, tidal stage and fluc- 
tuations, distance from the estuaryt s upstream terminus and the 
shape of the estuary. 

3. Salinity can vary sharply a t  a particular station. For e x w l e ,  
salinity a t  one p o i n t  in the Mullica River estuary dropped from 17 
parts per thousand ( p p t )  t o  4 p p t  i n  a three-day perf od as a result 
of a large increase i n  streamflow into the estuary. 



4. Estuarine salinity levels vary considerably frcm month t o  month and 
year to year, w i t h  streamflow fluctuations being the majcr contrib- 
u t i n g  factor. 

5. The monthly 8atsto Rfver streamflows recormended by Curand and 
Nadeau for the maintenance of recommended monthly salinity values 
were evaluated. No consistent relationship was found beheen the 
flows and the lfkelihood t h a t  the particular flow could be obtained 
f n  any given year. For example, i t  was determined by statistfcal 
analysls of streamflow records that the reccmended min:mm average 
streamflow for October has a 47% chance of not being obtained i n  any 
given year, while the streanflow for August only has a 22% chance 
of not being obtafned. As a result, recornended minfmurn flows for 
the streams entering the Mullica River estuary could not  be devel- 
oped. Nor were there any 'relatfonships developed fo r  the Mullfca 
River whfch could be extrapolated t o  other freshwater-esk~arine 
systems. 

6. In lieu of recornending streamftows, monthly flows for each of the 
Pinelands drainage basins whfch have a 75, 90 and 98% probabflfty 
of being equaled o r  exceeded in any given year, together w f t h  the 
1 ikel ihood of exceedance from Ourand and Hadeau' s tecomendatfons 
for the Mullfca River estuary were developed f o r  guidance only. m 

Cetermine the Potential Impacts of Development on Pfnelands Hydrolcoy 

General: The purpose of thfs elemnt was to evaluate the impacts 
o f  d c m e n t  on the rainfall-runoff relatfanship, especially with 
regard to increases in the peak rates and volumes of stormrater runoff, 
2nd the consequent fmpacts on groundwater recharge, Computer models of 
f o u r  small Plnelands watersheds e r e  used to demanstrate the potential 
impact of development i n  the Plnelands on stormatcr runoff .  Also, 
information from Long Island, New York, an area that shares many hydrc- 
logic sfmilarities w i t h  the Pinelands, was used to  predict the impacts 
from development. 

Findinqs: The findfngs o f  this task are presented f n  the following 
paragraphs. 

Long Island, New York, an area w f t h  many hydrologic conditions 
sfmilar to the Pinelands, was used t o  document the Impacts of ilrban 
development an dfrect runoff. dn analysis of one watershed indi-  
cated t h a t  urbanizatfon resulted in a 170% fncrease in annual dfrect 
runoff. Peak rates o f  runoff for one storm increased by :50 per- 
cent. Direct runoff from individual storms were 1.1 t o  4.6 times 
greater than the correspondf ng runoff p r i o r  to development. Annucl 
direct runoff from storm-sewered areas was 9.4 times the average m 
annual amount prior to development. 
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2. A comparison of the volume of direct r u n o f f  f o r  the Great Egg Hzrbor 
River Tributary a t  Sicklersville, a partially urbanized basin, w i t h  
data f o r  other Pinelands streamfl ow stations, indicates t h a t  resi  - 
dential development has increased the volume of  direct runoff 
resulting from rainfall  events. 

3. The SCS's TR-20 computer program, w i t h  two modifications and prcper 
estimates of bast n character i s t ics ,  was used satisfactorily t o  
simulate direct runoff from a small gaged Pinelands drainage basin 
(McDonalds Branch). 

4. An analysis of hypothetical development scenarfos (see Table 3 )  on 
f o u r  ma1 1 ungaged Pinelands drainage basins indicated that without 
proper storwater mznagement, peak flood f l o w  rates will increase 
sign i f  icantly (Table 4 ) .  For  example, analysis of one watershed, 
Biddle Branch, a trfbutary o f  the West Branch Wadfng River, i n d i -  
cated that single-family residential development on one-acre lots 
served by storm sewers will increase peak discharge and volume of  
direct runoff of the lO-year flood by 4.6 times and 4.9 times, 
re spec tfve ly . 

C 

5. Increased rates o f  dfrect runoff wfll result  i n  less aquffcr 
recharge and lower base and low streamflows. 

6. In-stream stormwater detention ponds, such as the one located an the 
Great Egg Harbor Tributary a t  Sicklersvflle, are not lfkely t o  main- 
tain existing direct runoff relationships. Therefore, th is  type of 
stotmwater management device should no t  be recomended where re- 
charge t o  the groundwater reservoir and maintenance - of exfst ing  base 
and Ion streamflow are required. 

7. Stream channel mfmprovements,n such as straightenfng, wfdening and 
vegetatfon removal, which may accompany development, can have a 
significant impact on flood flow rates. A computer analysfs i nd f -  
cated that, by reducfng natural channel and flood plain retardence, 
peak flood flow rates increased by 67 percent. 

8. Annual and law streamflow wfll be reduced if domestic water supply 
i s  drawn f r o m  shallow local wells (within the irmediate drainage 
basin) and exported downstream by san f tary sewers for  trealxent . 
Assuming a development density o f  one home pet acre, the annual 
streamflow in a mall  tributary similar ta McDonalds Branch could 
be reduced by as much as 35 percent. 

Each of the major ifndings presented previously, and the means by which 
they were developed, are explained i n  detail jn Technical Memorandums 
SW 111-1 and SII 111-2. 



TABLE 3 

LiWO OE'IELOPME!lT SCE!4.42 IGS 

Scenario 
Orafnaoe Sasin 

Blddle Cooks ?ole Bridge C l u k s  - 
,We Land Use bescription* Branch Sranch Branch ar a2 ch 

1 Existing 1 m d  use 

2 Pre-agrfcultural land use X 

3 Residential dcvelopacnt 
(I homt/acre) : campletc 
storm sewring 

4 Clustu resfdentfat (3 
hotaes/acre, l-acre gross 
density); nu storm seers 

5 kltiple land uses: 

Resl&ntial sfngle- 
f mi 1 y (4 honcs/acrej 17:: X 
Residential mu1 tf-family 17% 
Conmetcia1 175 
Llght I n d u s t r f  a1 lZ 
Open Space 32% 

O c v e t a ~ e n t  fn scenarfos 3. 4 and 5 was excluded Pram areas of permanantly hfgh  
water table (0 soils). Perecntages o f  the hydrologic s a i l  groups :n each b a s i n  
devrlopurt  an found i n  Table 3. 



RESULTS OF THE DRAINAGE OMlN SCENARIO ANALYSIS FOH VIE 10-YEAR FLOOD 

- 
Peak Rat lo o f  Discharge . Total  Runoff Rat l o  of  Basin Runoff a 

0 
Scenar l o  DlscJ~arge t o  Discharge fo r  from Or# lnage Area t o  Basin Runoff f o r  0 

Drainage Basin Nuuber (cf  s) Ex is t ing  Locations ( Inches) Ex is t  lng  Condl t lons 3 . 
i '  

Biddle Branch . 1  37.9 0.33 / --- 
3 .  172 1.6 4.9 
4 47.7 0.49 1.5 
5 228 2.1 6.4 ..- ' 

! / 
Clarks ' Branch 1 

b-' 
2 

W 3 
4 

Cooks Branch 1 
3 
4 
5 

Pole Brldge Branch . 1 
3 
4 

I 5 

I Source: BCH . . I 
m 

I - 0 
X 

I x 
I m 

;i 
I 0 



Identffy Major Issues Related t o  H y d r o l o p  and Recommend Yoasures 
Oesiqned t o  Hitigate the Impacrs of OeveIopment 

Based on the inventcry and analysis of the hydrologic characttristics 
of  the Pinelands established i n  Technical Yemarandurn 9 111-1 and the 
potential impacts of development established i n  Technical Memorandum Si( 
111-2, several major findings were noted. Relationships between these 
issues became apparent; they are discussed f n  the Major Conclusions 
sectfon of this technical memorandum. For example, the protection of 
prim groundwater recharge areas is crftical. This conclusion is  based 
on the h i g h  percentage of precipi t a t f o n  which i n f  f 1 trates through the 
so i l  t o  the groundwater. reservoir , the base flows sustained by ground - 
water runoff, the apparent source areas of recharge and r u n o f f ,  and t h e  
observation of sfgnlffcant fntraand inter-basin transfers of ground- 
water, Several measures designed to maintain the hydrologic re1a:ion- 
ships f n  the Pfnelands were discussed in Technfcal Memorandum SW 111-2. 
Others are described f n  a latter section of this technfcal memorandum. 

Develop Recommendatfons fo r  Future Studfes of P inelands Hydrolaqy 

A t  the outset of the current study, i t  was clear that much of the fn fo r -  
mgtfon needed to develop a complete understanding of Pfnel ands hydrology 
was unavafl able. Several informatfon gaps have been identff ied d u r  i n g n  
,the a r r e n t  study, Additionally, several analyses which were beyond the 
present scbpe of servfces would be valuable for establishfng a better 
understanding o f  the hydrology of the Pinelands. Suggestions f o r  P~ture  
study are lfsted in this report. 

Ob ta in  Available Flood Plain Mans, Identffy Najor Issues Related t o  
Flood Plains, and Reccrrmend Measures t o  Mftiqate the Im~acts o f  0evelo~- 
menc on Flood P l a in s  

General: Flood hazard area maps have been prepared o r  are being 
prepared f o r  49 of  the 52 Pfnelands municipalities by the Fgderai Emer- 
gency Managemt Agency (FEMA). For a municipality t o  participate i n  
the federal f tood insurance grogram and thereby aual ify local property 
owners for federally subsidized flood insurance, each munfcfpal i t y  is  
required to adopt flood plain management reylations. 

Findfngs: Sfgnlficant task ffndlngs are sumnarized in the following 
paragraphs. 

I. FEMA cormunity maps were prepared by usfng "approxfmaten methods. 
These maps do not contain ftood elevations, do not  always show the 
extent of flood plains on a l l  streams, and are difficult t o  us2 
because they generally have few geographic references. 

rs 
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2. Regulations included i n  most local f l o o d  p l a i n  manasement ordinances 
are sufficient to regulate develc~ment. 

3. Channel straightening and el iminating na tu ra l  flood plain vegetation 
(except for the purpose of c u l t i v a t i n g  cranberries) will increase 
peak flood f luw rates. Dikes constructed f o r  cranberry propaga t ion  
act similarly to natural vegetation i n  slowing flood runoff. 

CONCL.US IONS 

Based on the indfv idua l  findings listed in the previous section, the 
following f o u r  major conclusions regardfng the hydrology of the Pine- 
1 ands surf ace water system have been developed : 

I. Most major f l o w  characteristfcs of Pfnelands strems are 
functions of  the runoff and inffltration characteristics 
of a drainage basin's soils. 

2. Intra-basf n and f nter-bast n transfers of groundwater are 
related to major regional source areas of i n f  i l  tration, 
thfckness of the unsaturated zone ' and basin ground slope. . 

3. Poorly managed urban development will upset the existing 
streamflaw character is t ics of Pine lands drat nage basfns 
and streams. 

4. Large areas o f  the Pinelands are subject t o  periodic 
floodfng. 

Discussions o f  these conclusions are presented i n  the paragraphs which 
follow. 

Most Major Streamflow Characterfstics o f  Pinelands Streams are Functions 
o f  the I n f  i 1 t r a t i o n  and Runoff  Characteristics of Drainaqe Bas i n  So i 1 s 

W i t h  the exception of variations resulting from fluctuations f n  precfpi- 
t a t i o n ,  most major flow characteristfcs of Pinelands streams (includin 
percentages o f  direct and base runoff, low flows, and peak f lood  flows 7 
are functions of the inf i 1  tration and runoff characteristics of d r a i n -  
age basin sofls. Approximately 11% of the annual runoff i n  the Pine- 
lands is direct runoff from precipitation. The percentage of direct 
runoff f r o m  indfvidual storms was show t o  vary based on the percentage 
of a drainage basin underlain by "effectiven source areas for airect 
runoff; the higher the percentage of  effective' area, the higher the 
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percentage of  dfrect runoff. Annual  direct runoff appears t o  va ry  'cn a 
similar aasis. A corollary to  this relationship is that tne sreater the 
Petcentage of a basin which is no t  a source Erea f o r  direct ~ ~ n o f f ,  the 
higher the percentase of storm r a i n f a l l  which entars the soil and may 
percolate to the water table. As a result, those basins w i t h  h i g h  per- 
centages or' noneffective area should contribute a higher a n i t  discharge 
to  local streamflow during low flow periods than those basins, o r  por-  
tions of basins, with lesser inf i 1 tration capacity and grcundwatar 
recharge, 

The Soil Conservation Service's hydrologic soil group classificaticns 
C and D were shown i n  Technical  memorandum SW 111-1 to be a reasonable 
fndicator of effective areas for direct r u n o f f .  A and 8 hydrologic 
groups soils, especially the A soils, are therefore areas of highest 
in f i  l tratfon and groundwater recharge. McOonalds Branch, which has a 
very h igh  percentase of A soils (77.5%) and low percentage of C and D 
soils (10.8%), is representative of the type of watershed w i t h  rela- 
tively low percentages of  direct runoff  and h i g h  u n i t  rates of low flow. 

Based on the relationship between hydrologic sofl groups and direct wn- 
o f f ,  areas of A sofls and 8 sofls surrounded by A sofls are probably the 
most signiffcant ireas of recharge to  the groundwater reservoir. These 
areas can easily be delineated on the soils maps prepared 'for the 
Comnission by another contractor. IA, 

Intra-bas i n  and Inter-basin Transfers of  Groundwater are Zel ate0 t o  
Major Reaional Areas of High I n f i l t r a t i o n  and Thickness OF the Unsatur- 
a ted  Zone'and Basin Ground Slope 

Major differencas in average mean annual discharge have been observed 
in the Pinelands streamflow data. Oyster Creek, a smaller watershed 
draining relatively steeply toward Barnegat Bay, has an average mean 
annual flow 2.8 times the flow of neighbcrfng Oswego Creek, a larger, 
more gently sloping basin draining toward the Wllica River estuary. 
The mean flow f o r  Oyster Creek actually exceeds average basin p r~c ip i t a -  
t i o n .  A second example is the North Branch Rancocas Creek drainage 
basin, where the gage a t  Pemberton has recorded an average mean dis- 
charge of  20.9 inches per year, while upstream a t  McOonalds Branch, 
annual flow averages only 13.6 inches. 8ecause r a i n f a l l  i s  fa i r ly  
u n i f o r m  over the area, and because stream gage error has been ruled o u t ,  
i t  fs apparent that water is i n f i l t r a t i n g  to the groundwater reservoir, 
bypassing the nearby stream and discharging either further downstream 
or in to  a stream f n  a dffferent wattrshed. In the case of intra-basin 
transfer, i t  is likely that the principal sources of recharge, the A, 
and some areas o f  B soils, are infiltrating water which no t  only sus- 
tains local base f l o w ,  b u t  also has a positive effect of Increasing 
downstream Icw 'flaws. In the case of  inter-basin transfer, these same 
type areas are con tr i b u t i n g  toward the groundwater discbarge i n  adjacent ,P 

drainage basins. 
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A t  the present time, the dynamics of  the transfer system and the source 
areas are not we11 understood. The best estimate of the extent o f  
source areas for intra- and inter-basin transfers are portions of the 
Pinelands where the thickness of the unsaturated zone is greater t h a n  
10 feet. These areas are a t  or near topographic drainage divides where- 
the oppor tun  i t y  fo r  deep i n f  i 1 tration and groundwater 'movement is 
h i gher . 
Poorly Manaaed Urban Development will. Upset the Existina Streamflow 
Characteristics 

An analysis of information from other areas, together with analyses of 
the potential hydrologic impacts of development i n .  the Pinelands, docu- 
ments the type and magnitudes of hydrologic changes which might occur 
in the Pinelands from u rban  development. These impacts include up t o  a 
six-fold increase i n  peak flood flow rates, increased percentage of 
direct runoff and resu 1 t a n t  decreasqs i n  groundwater recharge, and 
stream channel erosion and enlargement. 

Tbe impervfous surfaces of newly urban i z d  areas (or areas' of C and D 
soils),  if connected directly o r  by a natural swale or storm sewer to 
stream channels, act to increase the percentage of "effectiven area i n  
a watershed, resul t i n g  in greater runoff volumes. Water moves rapidly 
over the man-made surfaces, which increases the peak rate of flow. 
Stormuatsr detention faci l i t ies  reduce the peak flow rates but not the 
volume of runoff from newly constructed impervious buildings, parking 
lots, etc. Also, if water supply is withdrawn by local wells i n  a head- 
waters area similar t o  the McOonalds Branch basin and exported to lower 
areas of the watershed via sanitary sewers after use, local streamflow 
may be reduced by as much as 35 percent. 

Larqe Areas of the Pfnelands are Subject to Perfodic flood in^ 
Those lowland areas subject to perfodic flooding can best be identified 
by mapping the alluvial soils and muck. This has been done by another 
contractor. Development i n  these areas is subject t o  flood damage and 
may endanger human safety. Flood plains also serve many functions 
critical t o  Pfnelands ecology; development on flood plains will disrupt 
these functions. 



MAGOR ISSUES AN0 RECOMMENDATIONS 

Major f ssues 

Three major issues emerge f rom the analyses of t h e  surface nwatsr w a n -  
t f t y  characteristics of the Pfnelands National Reserve: 

I. Haw should prime groundwater recharge areas* be protected 
in  order to ensure the maintenance of  the present f l e w  
regimes of Pfnelands streams within, and downstream from, 
the Pinelands National Resetve? 

2. How. should urban development be accomnodated w i t h o u t  
altettng the hydrologic relationships w i t h i n  the drainage 
basins of the Pinelands National Reserve? 

3. How shculd flood plafn areas be managed? 
\ 

A p i h e  recharge area is. an area underlafn by sofls havfng moderate- 
ly  h i g h  to  excessively hfgh inf i l  tratfon capacity. Prfme rechargen, 
weas are' identff ied as follows: 

All areas of A hydralogfc group soils 

All areas of 8 hydrologfe group sofls that are surrounded 
by A sofls 

A11 areas where the thfckness of the unsaturated zone fs 
greater than 10 feet 

These areas can be readily fdentfffed on the 1:24,000-scale soils 
maps i n  the possession of the Camissfon and on the thickness delin- 
eation on the unsaturated zone map prepared by the groundwater sub- 
contractor. A l i s t  oi the Pinelands area soil series w i t h i n  A and 
8 hydralogfc soil group categories is contained i n  Table 5. 

Appraxfrnately 32% of the Pinelands region f s  composed of A soils. 
No estfmate fs available of the amount of 8 soils located wholly 
w i t h i n  areas of A soils. 
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TABLE 5 

HYDROLOGIC SOILS GROUPS OF MAJOR P INELANOS SOIL SERIES 

Soil Series Hydrologic So i l Group* Percent of Pine 1 ands* 

Lakewood 
Evesboro 
fort  Mott 
Lakeburst 

Total Percent of *An Soils 32 

Woodmansie . 
Downer 
Sassafras 
Aura 
K l e j  

F-- 
Total Percent of '8' S o i l s  

Hmon ton 
Woods town 
Ats ion 
IYar: ton  

Total Percent of *Cn S o i l s  17 

Fall sfngtan 
Berry1 and 
Pocomoke 
Muck 
A1 luvfal land 

Total Percent of "Dm Sofls  16 

Source : 

* USDA, SCS National Engineerinq Handbook, Val. 4, Hydrology, 1972 

Marco L. Markley, Soil Serfes of the Pine Barrens; Pine Sarrens 
Ecosystem -&d-tandscape, 1979 

ca 



Each issue has within i t  several sub-issues. The sub-issues can be 
generally categorfzed i n  terms of what, where, and how. Thesc issues, 
o r  questions, are  addr~ssed below. 

Recomndatfons 

1. Hcu can prfrne groundwater recharge v e a s  be protected? 

The tuo princfpal options avaflable are: 

a. Prohibit development on these v e a s  

b. Allon certain types of development on these soi ls  and 
require s t r  fngen t performace standards 

P r o h i b i t i n g  development would be the fdeal approach to protecting 
recharge areas. T h i s  m i g h t  be accomplished by purchasing the land, 
zoning the 1 and as open space, o r  encouraging cluster development 
i n  adjacent areas. However, lfmited development, using s t r i c t  per- 
formance standards, would be suitable.. ne princfpal performance 
standard would be the mandatory requirement f a r  stormater devices 

. designed ta allow on-site fnfil tration of precipitatton (see Tahle 
6 fo r  descriptions of i n f f  l tration management alternative controls) .m 

'These areas, fn addition to being most important f o r  groundwater 
recharge, are highly sensitfve to contamination from p o i n t  and non- 
paint sources of pollutfon. Therefore, f t  is  reccmmended t h a t  
potential sources of sign if icant contamination be prohibited frcm 
these areas ( se t  Technical iMmorandum SW IV-1 for additional in fo r-  
mation on the impacts of development on water quality). 

2. How can urban development be accommodated w i t h o u t  altering the 
area's hydrologic character i s t ics?  

a. Where cw urban development take place? 

High density development should be limited t o  areas which wi l l  
have the least fmgact on Pfnelands hydrology (non-prime 
recharge areas). Low intensity residential development can be 
accomodated solely f r o m  a water quantfty point of view, f n  
prime recharge areas, provided sultable stormwater on-site 
i n f  i 1 t r a t i  on management techniques are appl fed and un  trzatsd 
wastewater is not exported from the area. 
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b.  What stormwater nanageaent techn iuues are recomended? 

A1 ternative stormater management techn iuues are described i n  
Table 6. Management techn iques for a1 1 development should 
include methods f o r  on-site infiltration of stormater in order 
to  maintain the existing peak rates of runoff and the existing 
volume of  direct runoff. Retention, without infiltration, 
should only be allowed where a special exception can be justi- 
fied by an applicant. 

c. What volume of water should be required t o  be retained for 
purposes of inf i l  t r a t i o n ?  

The 10-year, 24-hour storm (5.3 inches) should be the m i n i m u m  
design storm for stormwater and infiltration manasernent. Rain- 
fall  in excess cf this amount should be allowed to drain i n t o  
naturally vegetated swales. 

d. that runoff calculation methodology is acceptable? 

The Soil Conservation Service's Soil Cover Complex Method is. 
recornended as.the sole acceptable method. The analyses con- 
tained i n  Technical Memorandum SW 111-2 demonstrates tha$, with 

. a few adjustments, use of this method can .produce reasonably 
accurate results. The computer version of the method allows 
for a more thorough analysis than other methods, such as the 
Rational Formula. 

3. How should the 100-year flood plain areas be managed? 

The regulations contained in the flood management ordinances of the 
municipalities part icipating in the National Flood Insurance Program 
are satisfactory for managing flood plain development. The Cornis- 
sion should work w i t h  the municipalities to ensure that they enforce 
the requfrements. Development applicants shou Id b e  required t o  
assert that the areas i n  which they plan to build are not  subject 
t o  flooding. A careful review of of soils, vegetation and flood 
hazard maps should, in most cases, identify the extent of flood 
plain areas. When there are any questions regarding the flood p l a i n  
l imi t ,  detailed hydrologic and hydraulic analyses should be reau:red 
to resolve them. 
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Perk Rate Reduce Voluvr 
o t  fiunoff o f  Runoff Dmscriptlon H r n r g e m t  k c h n  lque 

Roof t o p ~ t ~  (Cont lrued) 

2. Sloping rooftops I. Requlres no r d d l t l o n r l  
are1 

2. Wry be cwblned r l l h  
dulch drr lns or other 
seeprye tec l~n lques m d  
v e ~ e t r l e d  buffer dltches 

l i r r ve l  check drr Ins re ta rd  
f l a v  ve loc i ty  md t u p o -  
r r r l l y  pond soal l  m a t s  
or n r t r  

1. Only mlsor reductIan o f .  
perk flows 

2. lncrersed lerkrgc 
polenl lr l  

3. l~tcrersed nrlotenrnce 
requ Ired 

b r v e l - f i l l e d  d l t c k s  u l t b  
w opt lonr l  d r r l r rge  plpe 
plpe rt the brse. l l r y  be 
covered by lrtt lu blocks 
or steel g r r te  

1. Hr ln t r lns  yroundurter 
rec l~rrga 

2. Provl les water f o r  
vegetrled buffer s t r l p s  

3. Sa. i r l l  surface r r e r  

1. SubJect t o  cloyglny 
2. I r y  be unable l o  t o n l r t n  

runof f  from ercepl lonr l  
slorms 

3. P o t e n l l r l  f o r  ground- 
water po l  l u l  Ion 

I\) Yorwr Prvlnp 
W 

I .  Asphalt lase course o f  crushed 
gravel u l t h  r surfrce 
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Any changes which decrease resistance to  f l c w  and thus increase P l c w  
velcc i:y will increase downstream flood f l o w  rates. Therefors, 
alteration should no t  be perflitted except 5y sgecial exception. 
Conversion of natural vegetation t o  cranberry bogs should have 
l i t t l e  impact on peak f l o w  rates beczuse the d i k i n g  system used t o  
form the bogs zcts i n  a manner similar t o  natural ve~etation i n  
retarding the rate of flocd flow. 

,411 hazardous materials. should be prohibited frorr! flcod p la in  areas 
Cue t o  the threat of the materials mixing with flood waters. 

R ECOMMENOATIONS FOR FUTURE STUD I ES . 

Four major recommendations for future studies are presented based on the 
findings of this surface water hydrology analysis. 

I. Continuously recording streamflow gaging sta tf ons are maintained 
near the downstream limit of m o s t  major Pinelands drainage basfns. 
However, w i t h  the exception of the Great Egg Harbor River Basfn, 
only one continuous recording station--McOonaIds Branch--is actfve 
on smaller tributaries. Addftfonal information on the characterfs- 
t ics  of streamflow in small sub-drafnage basins is  necesszry t o  
establ ish a better understandfng of  fntra-basin and inter-basin 
groundwater transfer, rafnfall-runoff relationships, and low f l o w  
stream character f stfcs. Therefore, i t  is recommended t h a t  addi  - 
t i ona1  continuous recording stations be established and the ncn- 
recordf ng network expanded. The proper design of stormwater manage; 
m e n t  facil i t ies depends on a reasonably accurate understanding of 
the rate and volume o f  stomwater runoff. In addition, precipita- 
t i o n  monitoring stations should be established within o r  near the 
gaged basins. 

2. The Soil Conservation Servfcets hydrologic so11 groups and R-20 
computer model were used during the current study. On a prel imfnary 
basis, this methodology appears to be a reasonable approach for 
estimating runoff -producing areas and caiculating peak flow rates 
fo r  b o t h  natural and urban land uses. However, considerable a d d i -  
tfonal field investigatfons and computer modeling o f  the runoCf 
characterfstfcs of small and moderate sized Pinelands drainage 
basins should be conducted as soon as possible. The principal 
objective of this investigation will be t o  develop my necessary 
modif icatfons to  the assumptions in the SCS's computational method-  
ology i n  order to develop a good method for calculating stormwater 
runoff potential in the Pinelands. 

-\ 
n 
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QL = The same as QAV except for a nearby hydrolog- 
ically similar basin w i t h  a relatively long 
period of record 

Qs * The same as Qt except using a period of  record 
which matches the one used i n  QAV 

Q = The adjusted flow which occurs at a specified 
frequency 

The adjustment factors used a t  the various stations and t h e  basins from 
which they were der lved are shown i n  Table 5. 

TABLE 5 

FLOW DURATION AD JUSTMEM FACTORS 

99% Factor 
90% Factor 
70% Factor 
SOX Factor 
30% Factor 
10% Factor 
1% Factor 

Stations Der fved from 

Source: USGS, 1979 
Analysis : BCM 



m 
As a result of the different size o f  the watersheds and a need t o  com- 
pare them on an equitable basis, i t  is desirable to use a parameter 
which neglects the size of the drainage area, To satisfy these require- 
ments, the units of the streamflow q u a n t i t y  measurement is  changed t o  
cubic feet per second per square mile of drainage area (cfs/sa.rni.). 

Dura t ion  curves are prepared by analyzing past data, which may or may 
not  be repeated in the future. If the record spans a representative 
range of meteorological events over a long period, the data may be used 
to  estimate the probabilfty of occurrence of a specffied discharge, The 
slopes of duration curves are partfcularly useful as an Indicator of 
unusual natural hydrologfc condi t f  ons and/or man-made modifications t o  
a basfn's hydrologfc system, including: uncomnon sof 1 characteristics, 
intra- o r  inter-basin transfer, channel modification, reservoirs, 
measurement error or  fnsuff icient length of record. Und f sturbed Pine- 
lands streams have a fair ly unfform flow, even dur ing  periods of 
draught.  The relatively f l a t  curve for the Batsto Rfver at Batsto 
(Figure I O A )  i s  representative of the majority of duratfon curves of 
Pfnelands streams. A very atypical curve, that of Absecon Creek, is  
plotted i n  Figure 100. 

The curves of each gaged Pinelands stream are presented in Figures 10A 
through IOE. Ta faci 1 f ta te intra-basin comparisons, the curves .have 
been .arranged so that streams w i t h i n  the same basin o r  sfmllar adjacent n 
basins are plotted together using the same vertfcal ' scale (cfs/miZ). 
The characteristfcs of each duration curve and probable explanations o f  
anomalous curves are contained i n  the following paragraphs. 

Intra-Bas f n  Observatfons 

Mul'lica Basfn: The curves for the Mullica River Basin are shown in 
Figure I O A .  I t  is  readily apparent that the basin has two groups o f  
streams w f t h  sfmf tar flow patterns. Each group contains. two streams: 
the Mullica Rfver and the West Branch wading-~iver, and the Batsto River 
and Oswego Creek. O f  particular interest is the area between the 60 and 
90 percent lines. The Mullica Rfver and West Branch 'rlading River both 
show the same perterbation a t  these points. Thfs discontinufty trans- 
lates f n t o  a proportionate reduction in runoff production a t  low flows 
when compared t o  the other streams i n  the basin. The other two stations 
in thfs basin have smooth and uniform curves, displaying no particularly 
unusual or distinguishing characteristics between intra-basin cornpari- 
sons. Note that except f o r  the perterbations at the 60-80 percentile, 
all four stations produce curves which have essentially the same slope 
and shape. 





The Oswego Creek and the Ratsto River f l o w  d u r a t i o n  curves have the same .?? 
shape b u t  different magnitudes. I t  is probable that this difference i s  
attributable t o  basin transfer. As discussed i n  the section on hydro-  
logic budgets, there fs a net transfer of water o u t  of Oswego Creek and 
a net transfer into the Batsto River Basin. Because the curves have the 
sane shape, the transfer is likely t o  occur a t  the same rate,  indepen- 
dent of the flcw rate i n  the streams. 

The discontinuity of the p l o t  fo r  the Mullica River near the 70 percent 
point may be attributable ta human modification. A past effort  to chan- 
nelize and realign Sleeper Branch ( a  tributary t o  the Mullica) may be 
the primary contrfbuting factor. The gage is located between the point 
where Sleeper Branch formerly entered the Mullica and where i t  enters 
now. 

Because the orfginal path of Sleeper Branch is  s t i l l  shown on topo- 
graphfc maps o f  the area, it i s  conceivable that the re-aligned p o r t f o n  
creates a more significant diversion d u r i n g  moderate and higher flow 
periods thm during periods of low flow. m i s  type of phenomena would 
account reasonably well for the rather abrupt d rop  i n  the curve. 

The West Branc! Wading River has sirnilw characteristtcs to the Mullica 
near the 70 percent point; however, they are l ikely t o  be caused by d f f -  
ferent reasons. The probable causes of the perterbation f o r  the .West 
Branch Wading Rlver curve are the short period of record and flow flue- ."' 
tuations caused by intermittent flooding and draining of the large 
number of cranberry bogs i n  the watershed. 

Great Eoq Harbor River Basin: The graph .for the Great Egg Harbor 
Basin is shown i n  Figure 108. The curves for  Great Egg Harbor a t  
Folsom, Great Egg Harbor a t  Blue Anchor, and Fourmile Branch are the 
same slope, shape and magnitude. This implies that a l l  three watersheds 
produce similar quantities of runoff over the fu l l  range of precipita- 
tion input and, hence, dfsplay simi 1ar  hydrologic response charac- 
te r i s t lcs .  

The station for a Great Egg Harbor Tributary a t  Sicklersville also has 
a smooth and constant curve, b u t  i t  has a dramatfcally different shape. 
Based on u n i t  area, thfs stream has higher high flows and lower low 
flows that the other streams i n  t h i s  basin. The low flows, however, 
vary much more from the other streams than do the h i g h  flows.. 

The difference indicated i n  a Great Egg Harbor tributary a t  Sicklers- 
v i l l e  is probably a resul t  of two factors: soi ls  and human modifica- 
tion. The soils upstream from the Sicklersvf l le  gage have loamy sub- 
soil s and h igh  water table conditions. In' addition, approximately 25% 
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of the uatarshed is residential development, a condition which produces 
a h i g h  percentage o f  impervious sufzces. B o t h  of these factors tend to 
increase direct runoff and decrease groundwater recharge, resulting i n  
higher high flows and lower low flcrws. 

Rancocas Creek Basins: The plots fo r  the Rancocas Creek Basins are 
shown i n  Fiqure 10C. McOonalds Brwch a t  Lebanon State forest and the 
North and ~ & t h  Branch Rancocas creeks all display similar curve charac- 
ter istics,  although McOonaIds Branch does have a different shape. The 
curve f o r  M t .  Misery Brook is substantially different a t  low flows. The 
very low flows for this stream are approached almost perpendicularly, 
indicating that the stream could nearly be classed as an intermittent 
stream. I t  i s  interesting t o  note that the h i g h  flows for McOonalds 
Branch are about identical t o  those for  M t .  Hisery Branch, b u t  the low 
flows are widely different. 

The other two curves (South and North Branch Rancocas) show relatively 
smooth, continuous curves, although there is a slight perterbation i n  
the South Branch similar to, though n o t  as severe as, the one noted for 
the Mullica River-.and the West Branch Wading River. 

Three of the f o u r  streams i n  this basin have cfs/rni2 curves which 
exhibit distfnguishing and reasonably explainable characteristic . 4 n 
McDonalds Branch is generally displaced t o  the le f t  (lower cfs/mi ) 
except i n  the higher percent portion of the graph. This is  probably 
caused by o combination of two factors: soils and basin transfer. The 
McOonalds Sranch watershed is characterized by soils w i t h  extremely h i g h  
i n r ' i  Itration rates. Consequently, the percentage of rainfai 1 t h a t  
becomes direct storm runoff is extremely low, and i n f i l t r a t i o n  t o  the 
groundwater reservoir is exceptionally h i g h  .and the resulting base f l o w  
is relatively high. T h i s  higher baseflow satisfoctorily explains why 
the portion of the curve at low flow is  concave upward (the low flows 
are no t  as low as expected). The overall reduction i n  the curve magn i -  
tude results from a net intra-  and inter-basin transfer of water o u t  of 
the watershed. 

The curve for Mt. Misery Branch a t  Lebanon State Forest has a marked 
downward concavity, indicating very low to no flows at the h i g h  exceed- 
ence end of the distribution. The M t .  Misery Branch has characteristics 
similar to those of the McOonalds Branch. The USGS has documented that 
there is substantial groundwater underflow a t  the gage. The gage has 
been discontinued. 

The South Branch Rancocas curve does n o t  have any serious discontinui- 
ties. A slight change in curvature is  apparent near the 70 percent 
p o i n t  (similar to  the West Branch Wading River). As with the West 
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Branch Wading, this  change may also be due t o  a short period of recard, 
b u t  not as severe since the record period a t  the South Branch Rancocas 
i s  13 years, versus 6 years f o r  the West Branch Wading. The problem 
cculd also be caused by a s a f l s  or land use variation, b u t  no particular 
substantiation was found f o r  this. 

Oyster Creek, Westecunk Creek, Cedar Creek and Toms Rfver: The 
graphs fo r  these streams are presented i n  Figure 100. A l l  f o u r  streams 
drain eastward toward the coast. 

- 

The curves f o r  Oyster Creek, Westecunk Creek and Toms River are smooth 
and have the same shape, although there i s  an obvious difference i n  
magnitude due to the large transfer of groundwater t o  Oyster Creek from 
the Oswego Creek Basin. Note that Cedar Creek and Westecunk Creek 
display similar properties a t  high flows, b u t  begin to  differ signifi-  
cantly a t  low f Taws. 

The downward turn a t  the low end of the Cedar Creek curve may be a 
result  of an irregularity caused by flooding of cranberry bogs w i t h i n  
this  basin. Because the effect  of this flooding is somewhat arbitrary . 

i n  relation to t h i s  plot, it i s  not possible to predict absolutely how 
the flooding would be manffested. 

Tuckahoe Rfver and Absecon Creek: The duration curves of the Tuck- 
ahoe River and Absecon Creok' are presented i n  Figure 10E. There i s  no 
apparent rational explanatfon for -the change i n  curvature near the mid- 
point of the Tuckahoe River curve. Several of the factors cited a t  the 
beginning of thfs section may be the reason. Note that the curve has 
generally the same shape as the ones for the West Branch Wading River 
and the South Branch Rancocas, both of  which have been identified as 
having relatively short periods of record. Thfs may also be the cause 
f o r  t h i s  change i n  the Tuckahoe Basin (efght years o f  record). 

The plot f o r  the Absecon Creek shows it has a definite downward t u r n  a t  
low f lows.  This is probably caused by the Atlantic City public water 
system which re l ies  on the Absecon as a source of supply. 

The rat io between the discharges likely t o  be exceeded 10% and 90: of 
the t i m e  a t  each streamflow gaging station i s  presented i n  Table 6. The 
lower the ratio,  the greater the uniformity of flow. The highest regu- 
lar i ty  was observed a t  Oyster, Westecunk, and Cedar creeks and McDonalds 
Branch. Factors accounting for the un if ormi t y  were the high percentage 
of soils w i t h  h i g h  inf i l t rat ion rates,  lack of urban or agricultural 
development, and inter-basin transfer o f  gruundwatzr to  three of the 
basins. The greatest variabili ty of the gages w i t h  10 o r  more years of  
record was observed a t  the Mull i ca .  River, Absecon Creek and the North 
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TABLE 6 

COWPARISW OF STREAIlFLOU DURCITION VARIMIL I T Y  

Per lod o f  Record Oralnag k a r  Olschar r c f s  l l k a l  t o  be Exceeded 
Stream Name md Loca t lm (Water ~ e u c )  M1) ~6*% o f  tho Yew Ratlo o f  la t o  90% Discharge 

loms A'lver near lw R t v a  

Cedar Creek near Lakodr 

Oyster Creak near Brookv l l le  

Uertecunk Creek a t  Staf ford Forge 

Hu l l  lca Rlvcr near flilslo 

Batsto River at  Batsto 

west Branch Uad lng R l v w  n e u  JcnkInr 

W Oswego Rlver at  l larr lsv  l l  l a  
w 

Abse-on Creek at Mrecon 

Great Egg llarbor Rlver 
Tributary at  S i c k l e r r v l l l e  

four H l l a  Brrnch at  Hew Wooklyn YJ 

Grrrt Egg l l r b w  R l v w  near DIM Anchor 

Grert Egg l l u b o r  RIvcr a t  Folrorr 

luchat~oe Rlver a t  llead o f  Rlver 1971-78 

South L ~ c h  Rancocas Creek a t  
V lnc lnlown 

HiOonalds #ranch I n  Labrnm State 1965-78 
Forest 

North kanch  Rmcocas Crack a t  
Pe.werlon 
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and South Branch Rancocas creeks. Higher r u n o f f  -produc !ng so i 1 s,  pump- ,- 
ing of water f o r  water supply, channe 1 mod if icat ions, %.. r e g ~  1 ation for  
cranberry propagation, and loss of water due t o  inter-basin transfer, 
are factors accounting f o r  the greater variability of flow i n  these 
basins. 

Peak Flow Maqnitude and Freauency 

Peak flood flow rates for the 2-, 5-, lo-, 2 5 ,  SO-, loo-, and 500-year 
floods were computed* for a1 1 gaged streams w i t h  over 10 years of record 
(Table 7). Pinelands streams have relatively low peak flow rates and, 
unde r  natural conditions, are n o t  susceptible t o  flash flooding. During 
and after extreme rainfall events, flow rates gradually increase until 
they reach a peak after a day o r  mare, and then they gradually recede. 
O f  the 11 Pinelands streams analyzed, Oyster Creek has the highest peak 
flows on a u n i t  area basis. Accounting for the relatively h i g h  Osyter 
Creek flow rates are.  the relative steepness of the drainage basln and 
its small area. 

tow Flow Maqnftude and Freauency 

me abil i ty o f  streamflow to  hsiimflate liquid wastes and provide water 
for municipal o r  f ndustrial supply, conventional i r r  igation o r  cranberry 
bog flood fng, suitable conditions for fish and other aquatic organ isms 
and water-based recreation, fs commonly evaluated i n  terms of low flow n 

- characteristics. In this section, the low flow characteristics a t  each ' 

gaging station are described u sin'g frequency curves. 
~ / 

Tie concept used for the analysis i s '  t o  define a recurrence interval, 
o r  return period, for particular flow events. The return interval, RI, 
is the average number of years during which an ftem of a given magnitude 
may be expected to  occur once and i s  mathemat!cally equal to the recip- 
rocal of the frequency. A computer pragram was used t o  select the 
annual m i n i m u m  flow for each recurrence interval; compute the mean, 
standard deviation, and coefficient of skew; plot the f i t ted Log Pearson 
Type I11 probability distribution, and calculate the individual annual 
minimum flows versus recurrence interval using the plotting positfon 
formula: 

* The Log Pearson Type I11 s ta t is t ica l  analysis of gaged records u s i n g  
a combination of local and regional skew coefficients as recornended 
by the U.S. Water Resources Council (WRC Bulletin 17-A, 1978) was 
used far  the computations. .. 
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PEM F L W  FLOW RATES 

St r r  lon 

Per lod Orrlnrge Average 011 l y  $ 
o f  

N ~ w  Record • "5' 4 FW~S -&i A ~ i P % 7 i i i i 2  5 
Tons Rlver norr Tors Rlver 

Cedar Creek near L ~ k o d r  

Oyrtar Creek mu b o o k v t l l r  

t41tll l c r  Rlver near Brts to 

I I ~ t s r o  Rlver at  B r t r t o  

Oswgo Rlver rt H r r r t s v l l l e  

Great Egg Ilub RIver at  
Fo l rom 

Hana~lt lco Creek ncu 
H l l l v l l l s  

b u t h  Brrnch Rrncocrs Creek 
a t  Vlnclntowr 

Hr. n l r e r y  Braok I n  Letmon 
S t r te  Forest 

MOonalds Branch i Lebanon 
Stare Forort  

North Brmch Rmcocrs Creek 
a t  Prmberton 
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where : 

RI = Return Interval 

n = The rank of the event ( n  = 1 for maximum event and n = m for 
rnin imm event) 

m = The number of years of record 

I t  is very important that for this type of frequency analysis there is  
no implication that a particular event will occur at even reasonably 
constant intervals. That is ,  a f ive-year event may be expected t o  occur 
once every five years on the average, but may be distributed such that 
i t  occurs two years i n  a rcn or  only once i n  10 years. 

i s  concept can be readily applied to  low flow events by selecting 
representative low flow periods and applyfng .this process. A low flow 
event i s  usually described as an X-day low flow. This essentially 
defines the lowest flow rate which has occurred over X number of days 
during the period of record, Results of the analyses of the I-, 3-, 7-, 
14.; 30-, 60-, 90-, 120-, 183-, and 365-day low flows w > t h  calculated 
return periods varying from 1 year to 200 years are presented i n  Appen- 
d i x  1 and. summarized i n  Table 8. The low flow' frequency p l o t  of the 
Mullica River near Batsto is presented i n  Figure 11. 

Caution should be exercised i n  comparing the curves of one station w i t h  
another station to  ensure that the variations i n  the scale (discharge) 
are taken i n t o  account. The type o f  informatton which can be derfved 
from these plots relates to the length of time i n  which a given low flow 
can be expected to occur. This information may, i n  t u r n ,  be utilized 
as a partial basis f o r  determining the type of land use and associated 
water-consuming activity may be appropriate for the basin involved. For 
instance, a land use activity which cannot tolerate frequent lows, below 
a certain minimum, such as a p o i n t  source discharge of wastewater, 
should not be placed in basins which have frequent streamflows below the 
rnin imum. 

Two of the plots are of particular interest, Absecon Creek and Batsto 
River. Absecon Creek has low flows which  have values t h a t  are similar 
in magnitude to McOonalds Branch, a basin of substantially smaller 
drainage area. The Batsto River has frequency curves w h i c h  are n o t  
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Tcius R l v a  

Cedar Creek nav Llioda 

U e s t l e u k  Creek a t  S ta f fad  Forg. 

Great Egg Harbor Rfver h l b u t a r y  a t  Sfcktsrvl l te  

Four nfle Srach  a t  Xcw 2rooklyn 

Great Em nafbor Rfvar a t  31w kJIe 

&err Egg H e b w  R l v a  s t  Folsaa 
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Recurrence Interval Day Low Flow (cCs)  
(Years) 7 30 

Tuckahoe R lvs  a t  Head of Rlva 

M m l u  Rlva 

nrnrnclco Creek near nl l lv l l l e  

R. Witcry b o o k  fn Lebanon State F a s t  

North  Brmch Racoeas Creek a t  Pmbrrta 

O y s t a ~  Creek mrr Srookvllle 

Hullfea RIva new Srtsto 

la, 
50 
Zd 
10 

5 .  
2 

la, 

la, 
50 

la, 
50 
20 
10 
5 
2 
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Recurrence 1n:erval 
( Y e a r s )  

3ay Low Flow ( e f t )  
7 10 30 

Uest 3rad wading R i v e  near Ankfns 





particularly distinguishing except f o r  the 1-day low flow. The 1-dzy f-7 

low flow is much lower than  the 7-day l o w  flcw, when compared w i t h  the 
other streams. The Absecon Creek and Batsto River low flow frequency 
features me probably attributable t o  soils and human modifications. 

Hydrologfc 8udqets 

With the fnput data adjusted as described earlfer ,  the hydrologic 
budgets can now be completed usfng Rhodehamel Is budget eauatf on. 
Budgets are performed for the basfns and sub-basfns llsted f n  Table 9. 
The procedure is  to use the fso-hyet (Figure 5)  and iso-El' (Ffgure 6 )  
map.s to obtafn precfpitation and evapotranspiration w i t h i n  each basin, 
and t o  calculate runoff using the equation: Runoff ( R )  = Precipltatfon 
( P )  - Evapotranspiratfon. (ET). The runoff quantity obtained f n  this  
manner can then be compared to the measured surface runoff a t  stream 
gages and the differences noted. 

The results. of this analysts o f  Pinelands drainage basfns are presented 
i n  Table 9. mere are two additional columns i n  the table, "Adjusted R n  
and "Estfmated R. * The adjusted R is used t o  modify the measured R on 
basins where the gage 1s sufficfently upstrean of the basin outlet so 
as to not be completely~representative of  the entire basin. This 
adjustment fs made by weigh t ing  the R of the gaged portion of the water- . 
shed w i t h  the calculated R of the basin downstream of the gage and f s  
noted by an asterisk i n  the measured R column. The adjusted R is lfsted. 
appropriately. The estfmated R i s  used i n  basins where there are no 
gages. The estimated R is  set  equal to the calculated R except In ' 

basins where some transfer of water into o r  o u t  of the basin i s  ex- 
pected. This transfer Is expected, on the basis of earlier discussions, 
t o  the ungaged Forked River and Mill Creek basins. The amount  of e s t i-  
mated R of the Forked Rfver is  derived by using the same u n i t  flow as 
Cedar Creek because o f  their geographic proximity.  The estimated R f o r  
Mi11 Creek i s  obtained by averagfng the flows from Westcunk Creek and 
Cedar Creek f o r  the same reason. 

The difference volume, measured i n  inch-square mlles, is listed i n  the 
last  column. I t  is  useful to identify where and how much basin transfer 
is  defined by the dfff erence volume. 

Transfer from North Branch Rancocas into Cedar Creek fs probable. A 
. mass balance indicates that the unaccounted for quantfty i n  the North 

Branch Rancocas (-166.5) i s  very nearly equal to the excess i n  Cedar 
Creek (c162.4). 
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BUDGET ANALYSIS DATA 

Preclpltatlocl Evrpotrmspl r r t lon Calculatcrd Runoff OIfference** Oltference 
( lliches) ( Inc l~er  ) ( Inches) 

lonr Rlver 

Rancocrs Rlver B a s h  
Worth Bra~~clr Rancocas 
Sol~th Branch Amcocas 

Cedar Creek 

Forked Rlver Basln 
ForLzd River 
Oyster Creek 
H ~ l l  Creek 
Vesteccok Creek 

. N l ~ l l  lca River Basln 
Oars R I ~ e r  
Wad lng R iver 

West branch Uadlng Rlvar 
P 
w Owego Creek 

Batsto R lv r r  
Ats Ilm-lhchesac t run ln  Creak 
Hescuchaoue Creek 
l la .s~w~ tcn Creek 
I4uI l l c r  R l v r r  

Grtrt Egg I l a r k r  Basin 
Upper Great Egg I larbw 
Lbver Great Egg Hubor 

Mrur Ice R lver Basln 
H~ntnusk I n  Creek 
Ndur Ice H lvcr 

Absecoci R lver 

ruck rhue R lver 

Uenn 1s Creek 

Patcong Creek 

-A- 

* Use the runoff  value furthest to tlla r l g h t  fo r  budget cacputrtlon. 

a* Att r ibu lab le to bar ln  transfer ercept a t  Tuckrl~oe Rlver. 

*ab Gaga s l g n l f l c m t l y  upstream of b rs ln  ou t le t  - flow rdJurted to  represent en t i re  barln. 
- 
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I t  is probable that all of the excess in the Forked River Basin (43.1 + 
207 + 100 + 52.8 = + 403) comes from Oswego Creek (-365).  A 1  t h o u g h  the 
mass balance does n o t  work  o u t  precisely, i t  fs considered t o  be close 
enough to satisfy this premise. 

The excess i n  the Ats ion-Mechesactauxin Creeks probably comes from the 
Upper Great Egg drainage basin. The magnitude of the differences (+I15 
versus -221) indicates that basin transfer cannot account for all of the 
shortage i n  the Upper Great Egg Basin. I t  is  likely that the remaining 
volume may be transferred to the Nescochaque Creek, although a basis t o  
quantify this is  unavailable. 

Transfer anticipated from. the South Branch Rancocas. (-123) into the 
Batsto River (+99) is also considered probable. There is  one very large 
discrepancy for the Tuckahoe River Basin which cannot reasonably be 
accounted for by basin transfer via the groundwater table slope theory 
discussed earlier. I t  fs expected that this difference is due t o  either 
insufficient streamf low record, intra-basin transfer, streamf low gaging 
error or a precipitation measurement error, with the f i r s t  befng the 
most likely, Although an adjustment factor was used to extend the eight 
years of record to represent a longer period, i t  is  n o t  possible to be 
certain that the proper adjustment was made. 

m 
Direct Runoff 

Total runoff from precipitation may be divided into f o u r  component 
parts: channel precipitation, over1 and flow, interflow and groundwater 
flow. Oirect precipitation onto  water surfaces of streams, lakes and 
reservoirs makes an immediate contribution t o  streamf low and storm r u n-  
of f .  Overland f low is water which, failing to infi l trate the surface, 
flows over t h e  ground surface towards a stream channel either as quasi- 
laminar sheet flow or  as flow anastornosing in shall trickles o r  minor 
rivulets. Interflow is water which infi l trates the soil surface and 
then moves laterally through the upper soil surface towards a stream 
channel. Groundwater flow is composed of precipitation which percolates 
th rough  the soil and then moves laterally through the zone o f  saturation 
to  stream channels. 

Oirect runoff, o r  quickflow, is  the sum of  channel precipitation, sur- 
face runoff and rapid interflow, and represents the mqjor runoff contri- 
bu t ion  during and shortly after storm periods. Baseflow is the sus- 
tained o r  fair-weather runoff and is the sum of the groundwater runoff 
and delayed interflow. In urbanized areas, flows into streams from 
storm sewers are a1 so considered t o  be direct runoff. 
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In the Pinelands, heavy rainfall  events usually result  i n  f a i r -  t o  we1 1- 
defined increases in streamflow. As a result ,  storm periods appear as 
r ises  on the hydrographs of streams and make i t  possible t o  roughly 
separate runoff i n t o  i t s  two major components, direct runcff and base- 
flow, using hydrograph separation. For  example, the hydrograph f o r  
Westecunk Creek a t  the streamflow gaging station f o r  the period May 20, 
1973 t o  June 2, 1978 i s  plotted i n  Figure 12. Direct runoff (shaded 
area) from the estimated 4.3 inches of rainfall  is  0.26 inches of run- 
o f f ,  only 6.22 of the rainfall.  

The r a t i o  o f  direct runoff to  precipitation on the drainage area rises 
moderately w i t h  increasf ng precipitation. Figure 13 indicates that for  
Westecunk Creek direct runoff i s  about five percent f o r  a two- inch storm 
and nine percent f o r  a four-inch s t o n .  The scatter of points i n  F ig-  
ure 13 indicates t h a t  runoff response will no t  necessarily be uni form 
f o r  stonns w i t h  the same amount of rainfall .  

Soil characteristics, water table depth, ground slope and volume of - 
precip i t  a t i o n  are the p r i  nci pal factors aff ectf  ng di rect runoff. These 
factors vary geogrz~hically, annual 1y and seasonal ly. Not a1 1 portions 
of a drainage basin are effective i n  producing direct runoff. In 
general, "effective" areas are areas of standing or moving water 2nd 
pemanently or seasonally saturated soi ls  and impervious surf aces con- 

/-  nected* b stream channels and .adjacent flood plain areas. Watersheds 
w i t h  the higher precentages of land of th is  .type will prcduce a greater 
unit volume of direct runoff than areas w f t h  a low percentage. 

Direct runoff rates vary considerably between Pf nel ands drainage basins. 
Hydrograph separatf on analyses of three Pine1 ands watersheds--Mdona ds 
8ranch i n  Lebanon State Forest, Westecunk Creek a t  Stafford Forge and 
the Tuckahoe Creek a t  Head of Rjver--revealed that the expected percent- 
age of direct runoff from a four-inch storm during average watershed 
conditions ranges between 2.1 and 6.5 percent. Thfs range of runoff 
ra te  i s  probably a resul t  of a variabili ty i n  the percentage of "effec- 
tive" or "parti  aln areas between watersheds. A 1  though no effective area 
maps are available for  Pinel ands watersheds, the hydrologic character is- 
t i c s  of Pinelands soi ls  would appear to be a potential substjtute. 

The Soil Conservation Service (USDA-SCS) has developed a four-group 
hydrologic classificatfon of the more than 4,000 soi l s  i n  the United 
States. The basts f o r  the four groups are: 

1. The fnfil tratfon rate  - the rate a t  which water enters the 
soil a t  the surface and which is controlled by surface 
a n d  i t i ons 
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Figure 13. INCHES OF PRECIPITATION VS. INCHES OF DIRECT 

RUNOFF, WESTECUNK CREEK 
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2. The transmission ra te  - the ra te  a t  which the water moves 
through the soil ana which i s  controlled by the character- 
i s t i c s  of the soil horizons 

The hydrologic soil groups are defined as (SCS flational Engineering 
Handbook, Section 4, Hydrology, 1972) : 

"A, (Low runoff potential) .  Soils havfng high inf i l t ra t ion  
rates even when thoroughly wetted and consisting chiefly 
of deep, well to excessively drained sands or gravels. 
These so i l s  have a h f  @I ra te  of water transmission. 

"8. Soils have moderate inf i t  t ra t ion ra tes  when thoroughly 
wetted and consisting chiefly of moderately deep to  deep, 
moderately well to well drained so i l s  w i t h  moderately fine 
to moderately coarse textures. These so i l s  have a moder- 
ate  ra te  of water transmission. 

"C. Soils having slow fnf il t ra t ion ra tes  when thoroughly 
wetted and consfstfng chfefly of sof ls  w i t h  a layer that  
impedes downward movement of water, or so i l s  w i t h  moder- 
ately  f ine  t o  f ine  texture, These so i l s  have a slow ra t e  
of water transmissfan. . 

-. 

"0. (High runoff potential) .  Soils  having very slow fnf'iltra- 
tion rates when thoroughly wetted and consisting chiefly 
of clay so i l s  w i t h  a high swelling potential ,  so i l s  w i t h  
a permanent h i *  water table,  soi ls  with a claypan o r  clay 
layer a t  or near the surface, and shallow so i l s  over 
nearly impervious material. These so i l s  have & very slow 
ra te  of water transmission." 

Hydrologfc so i l s  groups of the major Pinelands are presented i n  Table 
n 

Distribution of the hydrologic groups f n  the McDonalds Branch, Tuckahoe 
River and Westecunk Creek drainage basfns are shown f n  Table 11. 
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TABLE 10 

HYDROLOGIC SOILS GROUPS OF MAJOR PINELANOS SOIL SERIES:v: 
.? 

Soil  Ser ies  Hydrologfc Soil  Group* Percent of ~ i n e l a n d s w  

L ak ewood 
Eves boro 
Fort  Mott 
L akehurst 

Total Percent of "AH S o i l s  

Woodmans i e  
Downer 
Sassafras  
Aura 
Kl e j  

Total Percent o f  "BU S o i l s  
/- . 

Hmonton  
Woodstown 
Atsi on 
Marl ton 

Total Percent of nCu S o f l s  

Fal l s fngton 
Berry1 and 
Pocomoke 
Muck 
Alluvial land 

Total Percent of 'Dm S o i l s  

Source : 

* USDA, SCS National Enaineerinq Handbook, Vol. 4, Hydrology, 1972 

* Marco L. Markley, Soil  Ser ies  of the  Pine Barrens: Pine Barrens 
F- Ecosystem and Lands cape, 1979 



TABLE 11 

D l  STRIBUTlON OF tIYDROLOGIC SOIL GROUPS 
IN THREE PINELANDS DRAINAGE BASINS 

Dralnage Basln 

So11 Groups 
Drr Inage k e r  A B 7 7  
(square mile) square mile percent square.mlle percent square mile percent square r l l e  percent 

cn 
P Tuck ahoe R lver 30.76 0.72 2.3 18.09 58.8 7.51 24.4 4.44 14.5 

Uestecunk Creek 15.72 10.23 65.0 1 .9e 13.0 1.11 7.0 2.4 15.72 
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A comparison of the soils groups distribution in Table 11 would suggest 
that the direct runoff response in McDonalds Branch, because of i t s  low 
percentage of D soils (those soils w i t h  the highest runoff potential ), 
i s  ansiderably smaller t h a n  the percentage of D soils i n  the other 
basins. This hypothesis is tentatively borne o u t  in Figure 14, a olot 
of direct runoff from 2- and 4-inch stoms versus percentage of D soils. 
The percentage of rafnf all as direct runoff f o r  McDonalds Branch (2.5% 
D soils) ls  approximately two percent, while the percentage of rainfall 
as direct runoff f o r  the other to baslns (15% D soils)  is  approximately 
five t o  six percent. Although analyses of more storms* and more water- 
sheds are necessary before a more re1 iable re1 ationship can be obtained, 
i t  i s  apparent t h a t  the higher the precent of 0 soils i n .  a watershed, 
the greater the direct runoff and, as a result, the 'lesser the amount 
of recbarge to  the groundwater system. Observation of the distribution 
of the soils groups on the soils map of the Cooks Branch drainage basin, 
a tributary t o  Cedar Creek basin (Figure IS), identifies another impor- 
t a n t  characteristic of 0 soils and, t o  a lesser extent, C soils. 

A11 areas of D and mast areas of C soils are contiguous t o  stream chan- 
nels. As described earlier, fo r  direct runoff t o  occur from a piece of 
ground, a direct saturated connectjon t o  a stream channel is  required. 
In general; 0 and C,  but not A and B, sofls have this connection. 

In addition t o  using two SCS hydrologic groups as an alternative t o  an 
"effectiven area map, a preliminary analysis was made to see whether the 
runoff volumes determined by hydrograph analysis were roug,hly equivalent 
t o  the runoff volumes predicted by the SCS' s Soil Cover Complex Method 
(USDA-SCS, 1972). 

The estimated volumes of runoff for two watersheds for  a 4-inch storm 
were compared to the volume predicted using SCS's methodology. Two 
a1 ternative "eff ectf vem direct runoff source areas were investigated. 
In the f i r s t  set of watershed analyses, it was assumed t h a t  D soils were 

* Eigh t  s t a n  discharge hydrographs f r c m  each gage were separated f n t o  
dfrect and base runoff components. The volume of direct runoff was 
obtafned by measuring the area w i t h i n  the direct runoff component 
and convertfng the area value into inches of runoff over the entire 
drainage basin upstream from the gage. Precipitation f s  not 
measured i n  the b asi ns. Precipitation amounts were synthes i zed f ram 
nearby precipitation stations, thus adding an unknown degree of 
uncertainty t o  the rainfall data used in the analysis. 
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3 - Westecunk Creek 
4 - Tuckahoe Rlver -l - NOTE: Greel EQQ Harbor Trlbulery not 
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the sole source of direct runoff  and i n  the second, i t  was assumed that /1 

bo th  3 and C soi ls  contributed t o  the direct runoff. The data Used and 
results of the analysis are presented i n  Table 12. 

The analyses proved inconclusive. If D soi ls  are the sole source of 
direct runoff, the Soil Cover Complex Method does an adequate j o b  f o r  
Westecunk Creek (1.8 inches predicted, 1.66 inches estimated empiri- 
cal ly) ,  b u t  is  far  o f f  For McOonalds Branch (1.8 inches predicted, 3.36 
inches estimated). Use of 0 and C soi ls  does not improve the estimates. 
The variance i n  results may be due to an insufficient data base to es t i -  
mate the rainf a1 1 runoff re1 ationships in the watersheds and/or  an 
inaccuracy in the SCS methods i n  predicting runoff i n  the Pinelands. 
Because the data used to develop the rainfall-runoff relationship are 
few and because the rainfall data were obtained indirectly, i t  i s  highly 
likely that this  i s  a contributing factor. I t  i s  recommended that addi- 
tional invest1 gation of the rainf a1 1-runoff re1 ationship i n  the Pine- 
lands be conducted. 

\ 

\ 

Rhodehamel (1970) estimated that direct runoff i n  the lYullica River 
Basin constituted 11% of total runoff. His estimate was based on the 
assumpti on that riparian lands (areas of saturated soil and water 

, bodies) which compose approximately 15% of the basin were the source of 
direct runoff and the majority of direct runoff occurs between December 
and April when soil moisture levels and water tables are h i g h .  Dur ing  
these five months, the Pine1 ands normally receives about 17.25 inches n 
of precip itation. Because evapotranspiration 1 osses are very small 

' during these months, most of the precipitation becomes direct r u n o f f .  
The average runoff, therefore, would be 2.5 inches, or 11% of the total  
22.5 inches calculated by Rhodehamel. Basins w i t h  less riparian l a n d  
would have a sinaller percent of direct runoff. No analysis or' total  
.direct runoff or total recharge of  the groundwater reservoir was con- 
ducted as a part of the current study. 

K&l a t  ionsh i p  Eetween Groundwater Levels and Surf ace Water Flow 

The ultimate source of a11 groundwater in the Pinelands area is precipi- 
tatlon that ' inf i l t rates  downward through the soil zone and the zone of  
aeration to the water table. Fluctuations of the water table indicate 
relative rates of recharge to or discharge f r o m  the groundwater reser- 
v o i  r. When recharge exceeds discharge, water levels r ise;  conversely, 
when recharge i s  less than discharge, water levels decline. The three 
factors influencing recharge and discharge are precipitation, evapo- 
transpiration, and streamflow. Typically, monthly recharge exceeds dis- 
charge d u r i n g  the winter and early spring. Discharge exceeds rechar~e  
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Estlnated or Prcdlcled Dlrect Runoff b n t r  l l n c l ~ e r l -  
D Solls D t C Solls Estimated Basln Runoff b 5011s ' m t ~ - S o l l r c e ~ ~ b l l r ? I i % ~ t l ~ ~ r r c e  

Total Area I n  Basln In Basln froa 4-Inch Storm* -graph So-n- 6 i r  HVdroprrph I - - S 0 7 T G G 7  
(SquareHllcs) (Percent) (Percent) ( 1 nches ) Seprrit Ion Complex Method Stparit  ion Complex Method 

McOonrlds Branch 2.67 2.5 10.5 0.084 3.36 1.1 0.77 1.4 

Uestecunk Creek 15.72 15 22 0.26 1.66 1.0 1.15 1.1 
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duk-ing the s m e r  and fa l l .  Atypical levels rnzy result, especially 
during periods of prolonged drought or heavy rains. Monthly groundwater 
leveil s i n  the Mount well near Batsto are plotted i n  Figure 16. 

As described i n  the section on direct runoff, approximately 90% of total 
streamflow i n  the Pinelands i s  base flow. The majority of this  flow i s  
groundwater df scharge. As a result, streamflow i n  Pinel ands streams i s  
largely a function of water table levels. 

Figure 17 presents a plot of t h e  lowest daf ly water level of We1 1 18-V 
in the Lebanon State Forest and average dafly streamflow a t  the McOon- 
alds Branch streamflaw gage. Because the well and stream gage are less 
than four miles apar t ,  the drafnage basin characteristfcs, including 
topography, soils, vegetation, and land use are sjmil a r ,  and the eleva- 
t i o n  of the average water table and stream stage are w i t h i n  10 feet  of 
each other, the water table fluctuations at Well 18-V are representative 
of water table fluctuations i n  the Mdlonalds Branch basin. The close - re1 ationship between water table and strezmfl ow fluctuations i s  clearly 
indicated by the plots. This relationship is also indfcated by the plot 
of discharge versus elevation of the water table. 

Close re1 ationships between water table elevations and groundwater dis- 
charge t o  surf ace streams should resemble the re1 ationships shown i n  
Figure 18. On the larger streams, there +s likely to be a two- t o  fit 
three-day 1 ag between fluctuations i n  water tab1 e and streamf law. Tech- 
nical memorandum GW-I1 should be consulted for additional information o n  
the groundwater hydrology of the Pinel ands. 

DYNAMICS OF THE FRESHWATER- SALTAATER INTERFACE 

The aquatfe ecology of the estuarfes downstream from Pinelands streams 
i s  partially a function of the quantity and distribution of fresh water 
deljvered to the estuarfes and the resulting estuarine salinfty levels. 
As described f n  Technical Memorandum SW IV-3, the 1 ife cycles and health 
of estuarine organ isms (some of whf ch are economf cally important, such 
as oysters, or are part of  the food chain on which economically impor- 
tant species are dependent) depend upon certain salfnfty levels. Low 
sal i n i t y  portfons o f  the estuary serve as a spawning and breeding ground 
f o r  many marine organisms. The low salinity ensures that the young and 
the 1 arvae are separated from more mature stages and predators. 

The objective of th!s section i s  t o  present available information that 
describes the re1 atfonshfp between stremf 1 ow and estuarine sal f n i t y  

.- 
levels. The only Pinelands estuarine system whfcfr has been studied i n  

--... 
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Figure 16. MONTHLY GROUNDWATEFI LEVEL IN THE MOUNT WELL, 1956-68 
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detail !s the Mullica River estuary (Durand and Nadezu, 1972). A sum- 
mary of the results of t h a t  study i s  presenteC i n  the following para-  
graphs. Recornended maximum nrean manthly low water sa l in i t ies  and cor- 
respondfng streamfl ows were establ ished by Ourand and Nadeau. Their 
recornendations and the ab f 1 f t y  to extrapol ate t h  i s  information to other 
estuaries are a1 so d i  sassed.  

Salfnity a t  any locatfon i n  the Mullica River estuary f s  a function of 
tidal fluctuations, freshwater strearnf low and distance from the upstream 
t en fnus  of the estuary. Figure 19 shows the relatfonship between river 
flow of the Batsto River a t  Batsto* and sal ini ty a t  French Point, Turtle 
Is1 and, and Cape Horn. The f fgure displays the three elements 1 isted 
above; sa l inf ty  varies over a t idal cycle (e.g., s a l fn f ty  ranges between 
4 and 5 parts per thousand ( p p t )  during streamflows less than or equal 
t o  75 cfs) ,  h f g h  sa l in i t ies  a t  a statfon are associated w i t h  low stream 
flows, and sa l fn i ty  increases towards the mouth of the estuary (Fig-  
ure 21 indicates the location of the three stations).  I t  f s  important 
t o  note that salinfty changes a t  low river flow are most pronounced a t  
French P o i n t ,  the station that  is furthest upstream. Therefore, any 
fluctuation i n  surf ace flow exerts i t s  maxirmnn effect  i n  the upper 
reaches of an estuarine system. The lesser effect  of fluctuatfons i n  
river flow on sal inf ty In the lower estuary resul ts  from the buffer 
effect of the larger fraction of seawater there. 

,F-3 

Durand and nadeau reported only limited sal ini ty s tratff icat ton (no top- 
bottom differences i n  excess of 2 p p t  were observed) i n  the estuary. 
Salinity data collected and reported by Ourand and Nade~u for  eleven 
statfons f o r  f o u r  sampling runs selected on a seasonal basis are plotted 
i n  F i ~ r e  20. These data demonstrate that sal ini ty increases a t  a rela- 
tively constant rate w i t h  distance dawnstream. Generally, measureable 
sal ini ty between R14 and RL7 occurs only i n  association wfth  exception- 
ally high tides. This i s  shown i n  the data f o r  November 18, 1968. H i g h  
river Plows, as represented by the f l o w  of February 27, 1969, cause the 
upper limits of s a l t  penetration t o  move downstream and result  i n  i n -  
creases i n  the sal i n f t y  gradient between the upper estuary and the bay. 

* The Batsto Rfver t s  one of four major tr ibutaries t o  the Mullica 
River estuary. The Batsta Rfver's flow rates,  although considerably 
less than the total  freshwater input t o  the estuary, are representa- 
tive of the flow regime of the major freshwater streams. 
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Figure 19 RELATIONSHIP BETWEEN SURFACE SALlNlTY AT FRENCH POINT, TURTLE 

ISLAND AND CAPE HORN IN THE MULLlCA RIVER AND STREAMFLOW AS GAGED AT 

THE BATSTO RIVER, GAGING STATlON 



Figure 20, SALINKY AT INDICATED STATIONS AS MEASURED ON UP RIVER 

RUNS DURING SUMMER* FALL WINTER, AND SPRING OF 1968 AND 1969 
m 

Figures under the dates indicate hours before or a f t e r  h i g h  
or  low water. 



S A L I N I T Y  

MONTHLY M E A N  

1961-62  

- .  - - - - - -  
Figure 21, SALINITY MEASUREMENTS CONTOURED FOR THE W U C A  _ _ _ --.- 1- .- 

-. RNER AFb a E A T  BAYS 1961- 1962 
Monthly means o f  measurement plotted. Measuremnts made approxi- 
mately weekly during fa1 1 ,  winter and spring; more often in the 
summer. The Batsto r i v e r  during this period approximated the 38- 
year mean flow. Dots represent position of monthly mean data points. 



Extreme low salini t iss  can occur as f a r  down the estuary as Turtle 
Island following heavy precipitation events superimposed on periods of 
generally high precigitation and stremflow. Mean summer low tide 
salinity ranges between about 9 t o  11 p p t ,  and 18 t o  20 p p t  a t  French 
Point and Turtle Island, respectively. On occasion, salinities as low 
as 3 p p t  were measured a t  b o t h  stations during high flows in July and 
August. During one recorded period following heavy rains, sal inity a t  
Turtle Island dropped from 17 p p t  t o  4 p p t  (measured near mid-tide) in 
three days. Within a week, mid-tide salinities had increased t o  approx-  
imately 13 ppt .  A few more weeks passed before salinity reached the 
more normal level of 20 p p t  at  Turtle Island. 

In general, most heavy rainfalls are capable of increasing streamflow 
sufficiently t o  cause sudden short-term salinity decreases downriver. 
The importance o f  the salinfty variations were stated by Durand and 
Nadeau (1972, p,  11): 

" I t  is often the extremes i n  salinity rather than the mean 
salinity that are sfgnfficant i n  regulating population dis t r i-  
bution in estuaries. Brief periods of low salinity, then, may 
be important in preventing the establishment of sign if icant 
populations of certain predators in the lower parts of the 
river." 

Figures 21 and 22 .show the seasonal salinity patterns for two periods, 
September 1961 through August 1962 and May 1968 through June 1969. The 
t(m salinity plats represent two significantly differmt sets of stream- 
flow and salinity conditions, With the exception o f  August 1962, the 
streamflow and resultant salinity during the former period !&re near 
monthly means (Table 13). Therefore, the 1961-62 sal in ity patterns 
presumably represent the average conditions o f  the estuary. Sal i n  i t y  
at French Point dropped from a b o u t  15 p p t  i n  September 1961 t o  about 4 
p p t  in April 1962, and increased to 12 p p t  by August. 3elow average 
streamflows from August 1968 through June 1969  a able 13) resulted in 
higher salinity than  the 1961-62 period. 

In-degth information regarding the freshwator-sal twatcr r$I ationsh ips 
in other Pinelands estuaries is not  available. I t  is likely that rela- 
tionships similar t o  those descrfbed in the Mullica River estuary exist,  
although their magnitude and v a r  iabi 1 i ty  may df ffer. 

Base Flows Required t o  Maintain Estuarine Freshwater-Saltwater Inter - 
faces - 
As described in the preceding section, the salinity of an estuary and 
the estuarine freshwater-saitnater relationships are dynamic, n o t  
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Figure 22, SALINITY MEASUREMENTS CONTOURED FOR THE 
. . 

-\ULUCA RIVER AND GREAT BAY, 1988-1369 

Individual salinity measurements plotted. Dots represent position 
o f  data points. Late summer and early fall Batsto River flows were 
abnormally low during this period. 

C a 



TABLE 13 

BATSTO RIVER FLOW 
(Data for  the Months Plotted I n  Figures 2 1  and 22) 

Mean Monthly Mean Monthly Mean Monthly 
Discharge ( c f  s )  Discharge 1961-62 Percent o f  Discharge 1968-69 Percent o f  

Month 39-year Medl an (c fs )  39-year Median (cfs)  39-year Median 

M ay 131.0 
June 96.3 

July 84.7 

Augu st 

September 

October 

November 

December 

J anu ary 

February 

March 

Apr i 1 

M ay 

June 

July 

Rug11 s t 

T -  
Soarce: \. S. Geological Survey 
P - - I  ..-. .i-. n-b- P --..-- -.. u..-A-A. 1 
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s t a t i c .  Salinity a t  any given location a t  any point in time is  a func- 
t i o n  of the following factors:  

1. Freshwater streamflow into the estuary (varies daily,  
seasonally and annual ly )  

2. Stage of the t ida l  cycle 

3.  Distance from the upstream terminous of the estuary 

4. Estuarine hydraulics 

As a resu l t ,  because there are so many factors  and because each estu- 
arine systenr has i t s  own character is t ics  of freshwater inflow, t ida l  
f luctuation,  length and shape, a d .  circulation,  i t  is  extremely dif f  i- 
cu l t  to establish a complete understanding of a system where data are 
available, much less extrapolate information from one watershed to  an- 
other. Also, as a resul t  of these physical and other variat ions,  
including differences i n  substrates and marsh character is t ics  , the 
ecologic system and i t s  requirements cannot be direct ly  equated from one 
estuary to another. The only Pinel ands river-estuarine system which has 
been studied i n  detai l  and for  which data were available i s  the Mullica 
River. 

Recommended maximum monthly Mullica Rfver s a l in i ty  levels and the fresh- 
water streanflow necessary t o  maintain these levels were developed by 
Durand and Nadeau (1972, p. 68) as part  of a project to evaluate the 
water resources development potential of the Mullica River Easin. The 
recomended s a l i n i t i e s  and associated streamflows are presentea in 
Table 14. The flows they present were selected t o  ensure that  s a l i n i t y  
levels would not become so h i g h  as t o  a l t e r  the exist ing ecology of the 
area (Durand and Nadeau, 1972, p. 44). 

An analysis of mean monthly flow freuuency of the Batsto Rfver For each 
month was made in order t o  establish whether there was a consistent 
pattern between the recommended Flows and the freauency a t  which they 
are obtained. F i g r e  23 displays the results of the flow frequency 
analysis for  Augist. The average monthly flow recommended, 57 cfs ,  was 
equaled or exceeded i n  78% of the Augusts during the 39-year period of 
record. Looking a t  i t  another way, the recomended flow was not ob- 
tained i n  22% of the Aupsts. 

This type of freauency analysis can be used t o  estimate the likelihooa 
that  specific flows, such as 57 cfs ,  will be eaualed or exceeded i n  any 
given year. As a resu l t ,  assuming watershed hydrologic conditions 
remain re la t ively  unchanged, there i s  a 22% chance that  the flcw d u r i n g  
the month of  Aupust o f  any given future year will be less than 57 cfs.  
Probabilities of the flows associated with the recommenced maximum 
monthly s a l i n i t i e s  n o t  being obtained are presented i n  Table i 4 .  The 
likelihood of nonattainment ranges from 7% in Narch t o  47% in Gctober. 



Setz . Ccnvene hl~rdccfi . inc. 

TABLE 14 

HAXIMUM MEAN MONTHLY LOW WATER SALIYITIES* 
TO BE MAINTAINED AT FRENCH POIYT IN THE MULLICA RIVER 

AN0 THE CORRESPONDING BATSTO R I V E R  STREAMFLOW 

( 3 )  ( 4 )  
(2)  Batsto Likelihood that  Flow will no t  

( 1) Sal inity Streamfl'ow be Obtained in any Given Year* 
Month (Percent) (cfs)  f Percent) 

0 c t o  ber 
November 
December 
J anu ary 
February 
March 

. April 

May 
June 
July 
August 

September 

* Recommended by Ourand and Nadeau, 1972 

* Based on 39-year flow records (1940-1978). Columns 1, 2 and 3 f rum 
Ourand and Nadeau (1972). 



. I i .  I , ! ,  I . . 



'i 
A t  the outsgt of the present investigation, i t  had been hoped that  the '% 
infonat ion ceveloped by Curana ana Nadeau could be lised t o  uevelop 
recommended nin imum s t r emf  1 ows t o  maintain estuarine :resirwater-sai t- 
water ecualibrium for  other Pinelands s t r e m s .  However, 3ased on the 
h i g h  frequency of flow unattainment of the Batsto River f o r  several 
man ths, and a conversation w i t h  Cr. Ourand (oral  cornmun ica t  ion, January 
1980), i t  has been concluded that  the Eatsto River-Mullica River infor- 
mation i s not sa t isfactory for  developing recotmendations on m i n  i m u m  
streanflows necessary for  protecting the estuarine ecology of e i ther  the 
Mu1 1 ica River or the other estuaries within or downstream from the Pine- 
lands National Reserve. Much more data are necessary before a f u l l  
understanding of estuarine sa l fn i ty  relat ionships can be obtained. 

In lieu of recornending specific streamflows which should be maintained 
t o  protect estuarine freshwater-sal twater re1 ationships, monthly flows 
fo r  each of the Pinelands drainage basins which have a 75, 90, and 982 
probability of being equaled o r  exceeded i n  any given year, together 
w i t h  the 1 ikel i hood of exceedance developed f rum Ourand and Nadeau I s  

Mull ica River data, are presented i n  Appendix 2. The following proce- 
dures were used .to develop the flows presented i n  Appendix 2: 

I. Gaged watersheds w i t h  gage near basin mouth - monthly flow 
duration.ana1yses were made from available flow data w i t h -  
out adjustments 

2. Gaged watersheds w i t h  streamflow sages located upstream 
frum the mouth - monthly flow duration analyses were made; 
flow rates  a t  the basin mouth were obtained by arithmeti- 
cally adjusting flows t o  account for  to ta l  drainage area. 

3 .  Gaged watersheds w i t h  streamflow gaging stat ions located 
downstream from the Pinel ands National 2eserve Boundary - 
monthly flow duration analyses were maae; Flows were 
arithmetically adjusted on the basis of drainage area to 
include only the portion of drainage basin w i t h i n  Pine- 
1 ands National Reserve boundary. 

4. Ungaged watersheds - mean flows obtained from Table 2; 
monthly flows and flow durations were obtained by extra-  
polation frcmmean flow to 75, SO, 98% flow rel.ationships . 
a t  nearby gaged watersheds. 

The flows presented i n  Appendix 2 have been provided for  guidance only. 
Because there are insufficient  data on estuarine f reshwater-sal ini  t y  
relat ionships,  there i s  no basis a t  .this time to recommend flows which 
should be establ ished as minimum a1 lowable estuary inflow. 
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APPENGIX 1 

LOW FLOW FREQUENCY CURVES 
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