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SUMMARY OF PINELANDS SURFACE WATER HYDROLOGY

INTRCDUCTICN

Two of the principal objectives of the entire Pinelands program are o
identify and assess the potential impacts of development on the Pine-
7ands nNatural systems and to develop recommendations to protect these
stems. Towards these ends, an Investigation into the hydrologic
charccteristics of Pinelands surface waters wes conducted.

Water is essential to the support of all elements of the physical tnd
biological components of the Pinelands. The landscape wes sh_?aed by
moving water, the forests require it for growth, fish and wildlife ned
it for habitat and growth and it is essential for all of the activities
of men including agriculture awd urban development. Because of the
importance of water to the maintenance of the Pinelands ecosystems, ad
because of the fragility of the water balance observed in developing ad
developed areas outside the Pinelands, a considerable effort has been
mece to identify ad assess the emstma hydrologic relationships in the

[FQ%anilig The! Hidi s ALAR VaPafEYRARSS WAk S Iedoc,hat
£o determine the potential impacts of development on the Pinelands and'
to establ ish sound recemmendations for protecting the environment.

DESCRI PTI ON GF PROJECT TASKS

Generd

fignt mpjor surface water hydrology tasks were addressed; they resulted'
in an inventory and assessment of Pinelands surface water quantity ad
the development of recommendations for the management of the region:

[
-

Determine the hydrologic budgets of the Pinelands drainage
basins (Technical Memorandum SW IIl-l)

2. Establish the flow characteristics (regime) of Pinelands
streams and rivers (Technical Memorandum SW III-1)
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3. Oexribe the relationship bstwesn groundwater and surface
water (Technical Memerandum $W [1[-1)

4.  Characterize the dynamic relationship ovetween freshwatar

gr??‘;ﬁ}_?w and estuarine sal inity (Technical Memeorancum

5. Deermine the potential impacts of development on Pine-
lands hydrology (Tednfcal Memorandum SW 11I-2)

6. ldentify major issues related to surface water hydrology
and recommend measures designed to mitigate the impacts
of development (Technical Memorandum SW III-1)

7. Oevdop recommendations for future studies of Pfnelands
surf ace water hydrolegy (Tedmical Memoadm sw [11-1)

8. Obtan available flood plain meps identify major {ssues

related to flood plains, and recommend measures desfgned
. to mitfgate the impacts of devdopment on flood plains
"~ (Technical Memorandum $W II)

Oetafled discussions of these tasks are contained fn the technical mema-
randums referenced in brackets after the task description.

Brief descrfptfons of task objectives, methods of analysis and firdings
are contained in the following sub-sectf ons.

Determine the Yydrologic Budgets of the Pinelands Streams and Rivers

Gengral: The purpose of thfs task wes to quantify the magnftude of
the four majer components of the hydrologic budget--average precipita-
tion, evapotranspiration, streamflow, aud inter-basin groundwater
transfer--of each Pinelands drainage basin (Figure 1). 0ata sources
used for these mess balance analyses were an isohyet map of annud
precipitation of the Pinelands and an iscevapotranspiration ng of the
Pinelands developed by Robertson and medified by BCM based on prelimi-
nary budget analyses and streamflcw records obtained from the US.
Geologi Survey. Interpolation and extrapolatien weae required for
basins not containfng Us&és ccntinuous recording streamflcw  gaging
stations, er with records spanning only several years a less.



BCM Y Th—a NS

/

Betz - Convene - Murdoch . Inc. \'.\ \:‘mpeccug\\\7 \“--..
Sk TR <
’ \ \\'\--.. )
e A _/) \.\ \\ N -

] - e RIVERN_ '\ _
) \\\ NORTH ] \
\ L]

Drainsge Basin Divide
--em Pinelands National Reserve

— Witersned Soundary

Source: Pinelands Commisaion 1979, 8CM,
NJOEP 1972

8mi.

Figure 1. PINELANDS DRAINAGE BASINS
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Findinas: Signficant task findings are summarized in the following
paragrapns.

I. Average annual precipitation ranges frem about 44 inches near the
western boundary of the Pinelands to about 46 inches in the cantral
porticn of the area. Precipftation along the coast is approximately
33 inches per year.

2. Average annual actual evapotrenspiration ranges between 20 and 23
inches.

3. Average annual discharge at currently operating streamflow gaging
stations in the Pinelands range from 136 inches per year to 514
inches per year (Table |) with a mean flow of 235 inches per year.

4. Because variations in precipitation and evapotranspiration cannot
account for the wide variability in basin runoff, it appears that
another factor, f{ntra- and inter-basin transfer of groundwater (or
groundwater flux), is an important part of the, regional hydrologic
system.  This factor must be included in the analysis o f water
budgets. -

5. A hydrologic budget of each Pinelands drainage basin was estimated
using the equation R = P - ET £ GWF

where:

2
P

ET
GWF

average annual runoff

average annual precipitation

average annual evapotranspiration

average annual groundwater flux (intet-basin transfar)

The results of the analyses are presented in Table 2.

Establish the Streamflow Characteristics (Reaime) of Pinelands Straams
and Rivers

General: The purpose of this task was to quantify varicus aspects
of streamflow characteristics including daily, monthly, and annual fluc-
tuations within each gaged stream and to identify the' similarities and
differencas between streams. The analyses included a determination of
flow duration curves, flood magnitudes, low flow magnitudes and rain-
fall-runoff relationships. Oata were obtained from, and some statis-
tical analyses were conducted by, the USGS.



TAHLE 1
AVERAGE ANNUAL FLOW RATES AT US  GEQLOGICAL SURVEY STREAMFLOM GAGING STATIOHS

Gaging Station Drllmgl Average Discharge
ldent If icat lon Pertod of Record 5 Per Squurl Hile Average Discharge
Number Stream Name and Locelion Drainage Basin (Water Years) (mi) {cts/mill) { Inches/year)

01408500 Ton River MU Toms River Tars River 1929-78- 124.0 1.1 21.5

01409000 Cedar ({reak »tir Lakomd Cedar Creek - 1933-88, 1971 $6.0 191 259

01409095 Oyster Creek near Brovkville Forked River 1966-78 743 3.680 514

01409260 Westecunk Creek | Sta’ferd Forge Forked River 1974-28 16.0 1.9% 26.7

01409400 Hullica River nesr Batste Ats fon-Mechesactaunin 1958-2¢ 64.4 1.74 23.6

01495000 Batstd River at Batsto Ilislo 1927-.28 70.% 1.79 243

01409310 West Branch Wading River near Jenkins Wading River 1975-78 84.1 118 24.1

01416000 Oswegd River 1| Harrisville Wading River 1931-1978 64.0 13 18.1

0141C500 Absecon Creek r| Absecon Msecon Creek 1924-28,33-38,47-78 166 162 220

olaloa? Great Eqg Warbor River Upper 6reat 2‘ 1973-28 1.64 1.06 14.4
Trivutary r| Sticklersville Harbor River r cIR)

01408100 Four Mile Branch al New Srooklya kJ Upper &EiR 1973-78 774 1.48 201

01410600 Great [gg Harbor River near Blue Anchor Upper GEIR 1973-78 37.3 1.52 20.6

01411000 6reat Eyg larpor River at Folsom Upper GEIR 1925-78 56,3 1.54 2093

01411300 Tuckahoe River at Herd of River Tuckahoe River 1971-78 308 133 18.1

01465850 - South Branch Rancocas Creek I | South Branch 1962-75 64.5 1.46 19.7
Vinc intown Rancocas Creek

01466000 Ht. Misery Brook In Lebanos State North Brench 1952-65 2.71 0.7k 9.64
Forest Rancocas Creek

01466500 Mchona lds Brasch In Lebanos State Morth Branch 1965-78 2.37 1.00 13.6
forerl Rancocas Creek

01467000 For"gu gnncln Rancocas Creek at North Branch 192}-28 1110 1.54 20.9
enerLon Rancocas Creek

01411500 #Maur ice River r| Norma Maur ice River 1932-78 113.0 149 20.2

0l4)200 Manantico Creek near Millviltle Manantico River ° 1932-87, 19711 223 169 229

® Aver oge Dlsdur?e Other Per fods column drtr were developed IN order |0 review the relfabiltty ol sean flow drir lor gaging statfons with short periods of
these data are Msted In the footnotes Of this takle.

record
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TABLE 2
BUDGET ANALYSIS DATA

Precipitation Evapotranspiration Calculated Runoff Runoff (incheg)® . Difference*® pifference
BasIns {inches) {Inches) {Inches) Beasured  Adjusted Estimate { taches) vol. fa-mi
Toms R liver &6 23 23,5 25 ——- 0.0
Rancocas River Basin 44.7 22.0 22.1 . asa — i o
Nor th Branch RaacoCas 45.0 2z.6 22.4 20.9 .- .- - 1.5 -166.5
Souih Branch Rancoces “.l 22.5 21.6 18.7 e -—- 1.9 -122.6
Cedar Creek M4 21.4 230 25.9 . ae- 2.9 +162.4
forked River Basin 41.8 20.5 71.) .ss i G T s
Ferked Kklver 43.9 20.8 3. -—- - 25.9 +2.8 ¢ 41.)
Dystcr Creek 43.6 20.6 2.0 ' 5l.4eee 41.0 - ¢18.0 1201.0
M1ll Creek 42.7 20.4 22.1 - ——— 27.2 + 4.9 +100.0
W=stecunk Crtrk 4.9 20.5 23.4 26.7 ——- -—- + 1] * 52.8
Mullica kiver Basin ", 2.8 23.1 “=e e ‘e caa su
Bass River 41.5 20.6 22.9 .= - 22.9 0.0 —
Waling klver 45,7 21,6 F{ | 2.8 .- .- -2 -
Hest branch Nading Rfver 45.7 21.6 2.1 24.1 -=- --- 0.0 o
Oswego Creek 4.8 21.4 24.4 1.7 - -— - 5.7 -164.8
Batsto River 4.6 ¢l.é 22.9 24.3 .- - ¢+ 1.4 + 98,7
Als fon-Mechesaclauxin Creek “.2 21.9 22.3 21.6 — - ¢+ 1.3 vll5.4
Nescochague Creek 44.4 22.1 22.3 e --- 22.3 0.0 -
MHempeonton Creek 41.8 21.8 21.0 .ew - 2.0 0.0 =25
Mallica River 44,1 21.0 21.1 -—- -~ 21.1 0.0 -
Greav [9g Harbor Basin 1.4 22.0 22.4 N — ——
Upper Great Lgg Herbor 4.5 22.4 22.2 20.9 .- == - 1.3 -221
Lower Grest £9y larbor M. 21.4 21.3 -— —— 231.3 0.0 -
Maurice River Basin 42.8 22.8 20.0 e - e o .
Manusask in Creek 4.0 22.8 20.2 e .- 20.2 0.0 —--
Meur ice River 42.5% 21.0 19.5 20,2004 19.5 - 0.0 ——-
Misecon River 43,0 20.7 22,3 22,0008 23 - 0.0 I
Tuckahoa K iver 4.3 21.9 22.4 1.1 ——- - - 4.3 .
Dennis Creek 42.4 22.5 19.9 —— -—— 19.9 0.0 ——-
Patcoag Creek 41.3 20.8 20.6 .-= a=- 20.5 0.0 ---
a Use the runoff value furthest |0 the rigat for budgel compulation. )
-

** AL

esa  [Cage Loynificantly upsteesm Of basin outlet -

sble to basin transfer except at Tuckaloe Rlver.

flow adjusted to represcent entire basin,

DU« LDODINIA « SUSAUCD - 2U8F
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Findinas: Significant findings on streamflew characteristics are

descricea in the following paragraphs.

Mean annua discharge Ny vary considerably frem year to year. For
example, for the period 1930-1978, men annua streamflew of the
Batsto River at Batsto has ranged from 193 cubic feet per sscend
(cfs) to 66 cfs.

Streamflow varies on a seasonal basis. Although precipitation is
highest during July ad August, streamflow tends to be hfghest
during Mach ad lowest during September and October.

Flow duration curves developed for each set of streamflow gagin
records indicat d that streamflow 1is relatively uniferm in sever
streams.  For example, ratios of the discharges exceeded 10%and 90%
of the time for the Toms River, Cedar Creek, Oyster Creek, Westecunk
Creek, Batsto River, Fourmile Branch, Great Egg Harbor River (at
Folsom) and McDonalds Branch were all less than 4.0. The stations
with the greatest variability of flaw were Absecon Creek (14_.4%_ and
Great Eop Harbor Tributary at Sicklersville (12.6). The variability
of these two streams are ‘the result of withdrawals for water supply
(Absecon Creek) and urban runoff (GZHR Tributary at Sicklersville).

Low flows on headwaters streams (represented by McDonalds Branch)
are higher on aunit area basis than for the larger basins.

Pk flood flow rates are low on Pinelands streams. Peak flew rates
for the 10-year flood range from 9.7 <fs/sq.mi. for McOonalds B8ranch
to 26.2 cfs/sq.mi. for Oyster Creek.

Flow frequency analyses of each gaging staticn with a sufficiently
long record conducted for the 1-, 3., 7-, 14-, 30-, 60-, 90-,
120- 183- and 365-day low flows for return fntervals ranging from |
to 200 years. Results of the analyses are presented in Table 8 and
Appendix 1 of Technical Memorandum SW III-l.

Direct runoff (channel precipitation, surface runoff ad rapid
interflow) averages a;t)]proxmately 2.5 Inches per year, which is
approximately 1% of the total annua runoff and about 6% of the
men annual precipitation.

The relationship between rainfall and direct runoff s not uniform.

For three small basins analyzed in detail, direct runoff from a
four-inch storm ranged between 2.1 ad 6.5 percent of rainfall.
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3. The percentage of diract runoff d%)ends largely on the amount af
"effactive area in a watarshed. nalyses showed that the reffec-
tive" area of a watershed could be reasanably estimated using the
hydrologic seit group concept developed by the Soil Cansarvatien
Service.” Percantage of "0" and "¢" hydrologic soils groups, those
groups described as having high and very high runoff rates and low
infiltraton rates were measured for three gaged undeveloped water.
sheds. Higher percentages of those seils were correlated with
higher volumes of dfrect runoff.

19. Runoff volumes predfcted usigdq SCS's Soil Cova Complex Mehod were
compared with those developed by rainfall-runoff analysis for two
basins. The results differed befween the two streams.

1. Because their contrfbution of direct runoff is less, those portions
of a basin with relatively low percentages of effective area con-
tribute higher unit flows during periods with littlee o no precipi-

[

——

tation. \\\
Describe the Relationship between Groundwater and Surface Waer

General: Two principal aspects of this relatfonshfp were looked at:
the infiuence Of water table fluctuation on streamflow and mgor intra-
and inter-basin transfers of groundwater ad their effects on stream-
flow. Streamflow and water table information wes obtained from USGS
records. Transfers of water were based both on streamflew records and

a%s??sments of drainage basin /characterfstics performed by the project
stcff. .

Findinas. Feur impertant findings are presenttd in the follewing
paragraphs.

1 Groundwater discharge is responsible for approximately 89% of
streamflow and all or nearly all streamflew during periods of
drought.

2. Water table elevations and streamflow both vary seasonally.  They
normally peak during March and are lewest in September and October.

3. A comparison between dafly streamflow and water table elevations fcr
McDonalds Braxch axdd a nearby well indicate that water table and
streamflow fluctuations are related and that water table elevation

Is a good indicator of streamflow, especially during median and low
flow periods.
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4. Groundwatsr is transferred on both an intra-basin ad inter-basin
basis. This accounts for the considerable range of average nmem
annual streamflows previously noted. Basad on inf ormaticn from the
continuous recording gages in the North Branch Rancocas Creek Basin,
it appears that sore of the water infiltrated near the basin divides
bypasses the local groundwater discharge system ad is discharged
into downdream portions of the drainage basin. Inter-basin trans-
fer of groundwater Is evidenced by streamflow data for three contig-
uous basins in the northeast portion of the Pinelands. QOsvego Creek
édramage area = 64 sg.mi.; average annual discharge = 18.7 "inches)

rains in a southwesterly direction while the adjacent Oyster Cresk
(drainage area = 7.43 sq. mi., average annua discharge = 51.4
Inches) ad westecunk Creek édr_alnage area = 16.0 sq.mi., average
annual runoff = 26.7 inches) drain moe steeply to the coastal bays.
A eraipotheﬂs IS mecke that the groundwater divide between

Creek ad the other basins 1ies wesward of the topographic divide.

Characterize the Dynamic Relationship between Freshwater Streamflow and
Estuarine saiinity

General: The goal of this task wes to attempt to establish minimum
streamfiows necessary to maintain satisfactory salinity levels in area
estuaries. The principal source of information wes the report by Durand
ad Nadeeu on the Mullica River Estuary. A evaluation of available
information 'dur*ln? the current study resulted in the conclusion that
minimum flows could not be determined using the current base of data
I nstead, monthI%/ flon and flows of various exceedances probabilities
were developed for each drainage basin as a guide, but not as a recom-
mendation, for possible minimum lowv flows.

Findings: Six findings are presented in the following paragraphs.

1 Considerable infermation a1 estuarine salinity iS avaitable for the

Mullica River estuary. Mich less data are available for other Pine-
lads estuaries.

2. Salinit%/ at any point in an estuary is a function of the quantity
of freshwater streamflow entering the estuary, tidal stage ad fluc-

tuations, distance from the estuary's upstream terminus ad the
shape of the estuary.

3. Salinity can vary sharply at a particular station. For example,
salinity at one point in the Mullica River estuary dropped from 17
parts per thousand (ppt) to 4 ppt in a three-day period as a result
of a large increase in streamflow into the estuary.
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4. Estuarine salinity levels vay considerably frcm moth to month and

year to year, with streamflow fluctuations being the majer contrib-
uting factor.

5. The monthly Batste Rfver streamflows recommended by Ourand and
Nedkeu for the maintenance of recommended monthly salinity values
were evaluated. N consistent relationship wes found between the
flows ad the Ifkelihood that the particular flow could be obtained
fn any given year. For example it wes determined by statistical
analysis d streamflow records that the recemmended minimum average
streamflow for October has a 47% chance of not being obtained in any
given year, while the streamflew for August only a 22% chance
of not being obtafned. As a result, recommended minimum flows for
the streams entering the Mullica River estuary could not be devel-

xed. Na wee there any relationships developed for the Mullica
iver whfdh could be extrapolated to other freshwater-estuarine
systems.

6. In lieu of recommending streamflows, monthly flows for each of the
Pinelands drainage basins which have a 75, 90 axd 93% probability
of being equaed or exceeded in any given year, together wfth the
likel ihood o exceedance from Ourand and Nadeau's recommendations
for the Mullica River estuary weae developed for guidance only.

Determine the Potential Impacts of Development on Pfnelands Hydrolcay

Gengral:  The purpose of this element wes to evaluate the impacts
of davelopment on the rainfall-runoff retlationship, especially with
regard to increases in the pek rates and volumes of stermwater runoff,
and the consequent impacts on groundwater recharge, Computer modes of
four SMal Plnelands watersheds were used to demanstrate the potential
im d devdopment in the PInelands on stormwater runoff. Also,
information from Long Island, New York, an area that shares may hydre-

logic similarities with the Pinelands, wes usad to predict the impacts
from development.

Findings: Tre findfngs of this task are presented fn the following
paragraphs.

1. Long Island, New York, an area wfth many hydrologic conditions
similar to the Pinelands, Wes used to documat the impacts of urban
devdopment an dfrect runoff. An analysis o one watershed indi-
cated that urbanization resulted in a 170%increase in annud dfrect
runoff. PRek rates of runoff for one sorm increased by 1350 per-
cent. Direct runoff from individual sterms wae 1.1 to 46 times
8_rea1er than the correspondf ng runoff prior to development. Annual

irect runoff from storm-sewered areas wes 9.4 times the average
annual amount prior ts development.

10
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2. A comparison of the voume of direct runoff for the Great Egg Harbor
River Tributary at Sicklersville, a partially urbanized basin, with
data for other Pinelands streamfiow stations, indicates that resi-
dential development has increased the voume of direct runoff
resulting from rainfall events.

3 The SCS's TRAD computer program, with two modifications and preper
estimates of basin characteristics, wes used satisfactorily to
simulate direct runoff from a smal gaged Pinelands drainage basin
(McDonalds Branch).

4. A analysis of hypothetical development scenarios (See Table 3) on
four small ungaged Pinelands drainage basins indicated that without
proper stormwater management, pesk flood flow rates will increase
significantly (Table 4). For exame\l/e, analysis of one watershed,
Biddle Branch, a tributary of the Wet Branch Wadfng River, indi-
cated that single-family residential development on one-acre lots
served by storm sewers will increase pesk discharge and volume of
direct runoff of the 10.year flood by 46 times ad 49 times,
respectfvely.

5 Increased rates of dfrect runoff wfll result in less aquifer
recharge and lower base ad lov streamflows.

6. In-stream stormwater detention ponds, such as the one located on the
Great Eg Harbor Tributary at Sicklersville, are not 1ikely to man-
tain existing direct runoff relationships. Therefore, this type of
stormwater management device should not be recommended where re-
charge to the groundwater reservoir and maintenance of existing base
ax Tow streamflow are required.

7. Stream channel "improvements,"” Such as straightening, wfdening and
vegetation removal, which accompany development, can have a
significant impact on flood flow rates. A computer analysis indi-
cated that, by reducfng natural channel ad flood plain retardence,
pesk flood flow rates Increased by 67 percent.

8. Annud and low streamflow will be reduced if domestic water supply
IS dawn from shallow local wells (within the immediate drainage
basin) ad exported dewnstream by sanitary sewers for treatment,
Asuming a development density of one home pet acre, the annua
streamflow in a small tributary similar to McDonalds Branch could
e reduced by as mich as 35 percent.

Each of the mgor €indings presented previously, ad the means by which

they were developed, are explained in detail in Technical Memorandums
SW III-1 and SW III-2.

—
i
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LAND DEVELOPMENT SCINARICS

TECH MEMO S
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C

Scenario
Number

Land Use Description~*

ODr2inage Sasin

8iddle

Pole Bridge Clarks

Existing land use
Pre-agricultural |and use

Residential davelopment
home/acre): camplete
St orm sewer ing

Cluster residentfal (3
homes/acre, l.acre Qross
density): ne storm sewers

Multiple land uses:

Residential single-

family (4 homes/acre) 17%
Resfdential multi-ramily 17%
Commercial 17%

Light Industrial 17%

(pen Space 32%

Branch 3ranch
X X
X
X X
X X
X

® Develgpment fn scenarfos 3, 4 and S was excluded frem areas of cermanantly high

water table (0 soils).

development are found in Table 3.

Percentages of the hydrologic sail groups in each basin

12



TABLE 4

RESULTS CF THE DRAINAGE BASIN SCENARIO ANALYSIS FOR THE 10-YEAR HA.OOD

Peak Ratlo of Discharge . Total Runoff Ratlo of Basin Runoff
Scenarl o Discharge to Discharge for from Dralnage Area to Basin Runoff for
Drainage Basin Nouber {cfs) Existing Locations (Inches) Existing Conditions
. [
Biddle Branch - 379 0.33 /
3 172 16
4 47.7 0.49
5 228 21
]
Clarks Branch 1 123 1.0
2 47.6 0.90
3 170 257
4 132 2.1
Cooks Branch 1 63.2 0.39
3 299 1.9
4 118 0.82
5 390 2.3
Pole Bridge Branch 1 97.8 0.78
3 313 2.6
4 217 1.9
5 7l 3.1

Source: BCH
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Identify Major Issues Related to Hydrolegv and Recommend Measuras
Oe3gned to Mitigate the Impacts Of Qevelopment

Based on the inventcry and analysis of the hydrologic characttristics
of the Pinelands established in Technical Memerandum SW III-1 and the
potential impacts of development established in Technica Memgrandum S
[11-2, several mgor findings wee noted. Relationships between these
issues became apparent; they are discussed in the Mga Conclusons
section of this technical memeorandum. For example the protection of
prime groundwater recharge areas is critical, This conclusion is basd
on the high percentage o precipitatfon whidh infiltrates through the
il to the groundwater. reservoir, the base flows sustained by ground-
water runoff, the apparent source areas of recharge and runoff, and the
observation o significant intraand inter-basin transfers o ground-
water, Several measurss designed to maintain the hydrologic relation-
ships fn the Pinelands were discussed in Technfcal M 8V I11-2,
Others are described fn a latter section of this technical memorandum.

Develop Recommendations for Future Studfes of Pinelands Hydrology

At the outset of the current study, it wes clear that muh of the infor-
mation nesded to develop a complete understanding of Pipe]mds_ergldrology
wes unavailable. Several information ggps have been identffied during”™
,the aurrent study, Additionally, several analyses which were beyond the
present sctpe services woud be valuable for establishing a better
understanding of the hydrology of the Pinelands. Suggestions for future
study are listed in this report.

Obtain Available Flood Plain Maps, Identify Major Issues Related to

Flood Plains, and Reccmmend Measures to Mitigate the Impacts of Devalop-
ment on Flood Plains

Gengral: Fleed hazard area mgs have been prepared or are being
prepared for 49 of the 52 Pinelands municipalities by the Federai EHMa-
gﬁw Management Agaxy (FEMA). For a municipality to participate in
the federal fleed insurance program and thereby aual ify local property
owners for federall%/ subsidized flood insurance, each municipality IS
required to adopt fTeod plain manegamat regulations.

Findings: Significant task findings are summarized in the following
paragraphs.

l. FMA community nmgs were prepared by using "approximate® methods
These mges do not contain ftood elevations, do not aways sow the
extent of flood plains on all streams, and are difficult to us2
because they generally have few geographic references.
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2. Regulations included in mog local fleed plain management ordinances
are sufficient to regulate develcpment.

3. Chand straightening ad eliminating natural flood plain vegetation
(excePt for the purpose of cultivating cranberries) will Increase
pesk flood flow rates. Dikes constructed for cranberry propagation
act similarly te natural vegetation in dowing flood runoff.

CONCLUS| ONS

Basxdd on the individual findings listed in the previous section, the
following four mgor conclusions regardfng the hydrology of the ?ire-
lands surface water sysem have bemn developed:

I. Mot mgor flow characteristics of Pinelands streams are
functions of the runoff and infiltration characteristics
of adrainage basin's soils.

2. Intra-basfn and fnter-basin transfers of groundwater are
related to mgor regional source areas of infiltration,
thickness Of the unsaturated zone and basin ground slope.

3  Poorly maneged urban development will upset the existing
streamflow Character istics of PFnelands drainage basins
and streams.

4.  Lage areas of the Pinelands are subject to periedic
flooding.

]pi”scussions of these conclusions are presented in the paragraphs which
ollow.

Most Maor Streamflow Characteristics of Pinelands Streams are Functions
of the Infiltration and Runoff Characteristics of Dranhage basin S0ilS

With the exception of variations resulting from fluctuations in precipi-
tation, most Mgor flow characteristfcs of Pinelands streams (|nclud|nc5:
percentages of direct and base runoff, lowv flows, and peek flood flows
are functions of the infiltration and runoff characteristics of drain-
age basin sofls. Approximaely 114 of the annuad runoff in the Pine-
lands is direct runoif from precipitation. The percentage of direct
runoff from individual Storms wes shown to vary bassd on the percentage
of a drainage basin underlain by "effective" source areas for airect
runoff; the higher the percentage of effective' area, the higher the
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percentage of direct runoff. Annual direct runeff appears to vary con a
similar sasis. A corollarg; to this relationship is that tne greatsr the
percentage of a basin which is not a source area for direct runoff, the
higher the percentage of storm rainfall which enters the soil and gy
percolate to the water table. /s a result, those basins with high per-
centages or' noneffective area should contribute a higher unit discharge
to local streamflew o_lurm(]g Tew flow periods than those basins, eor por-
“ORS of basins, with [Tesser infiltration capacity and grcundwatar
recharge,

Tre Seil Conservation Service's hydrologic soil greup classificatiens
C and 0 were dom in Technical Memorandum SW III-1 to be a reasonable
fndicator of effective areas for direct runoff. A and 8 hydrologic
grOU||os soils, especially the A soils, are therefore areas of highest
infiltration and groundwater recharge. McDonalds Branch, which has a
very high percentage of A soils (77,5%) and low percentage of C ad D
soils (10.8%), is representative of the type of watershed with rela-
tively lov percentages of direct runoff axd high unit rates o low flow.

8ased O0n the relationship between hydrologic so11 groups and direct run-
off, areas of A sofls ad 8 sofls surrounded by A sofls are probably the
mos signiffcant areas of recharge to the groundwater reservoir. These
areas can easily be delineated on the soils mgs prepared 'for the
Commission by another contractor.

Intra-basin _axd Inter-basin _Transfers of Groundwater are Related to
Maor Reaional Aress of High Infiltration and THICKNESS of the UNSaur-

ated Zone and Badn Ground JOpe

Mgor differences in average mean annua discharge have been observed
in the Pinelands streamflow data. Oyster Creek, a smaller watershed
drainfn? relatively steeply toward Barnegat Bay, has an average mem
anua flow 2.8 times the flow of neighbering Creek, a larger,
moe gently sloping basin draining towad the Mullica River estuary.
Tre men flow for Oyster Crek actually exceeds average basin precipita-
tion, A second example is the North Branch Rancocas Cresk drainage
basin, where the gage at Pembaton has recorded an average men dis-
charge of 209 inches per year, while upstream at McODonalds S8ranch,
annuad flow averages only 136 inches. Because rainfall is fairly
uniform over the area, and because stream gege error has been ruled out,
It is apparent that water is infiltrating to the groundwater reservoir,
bypassing the nearby stream ad d|schaég|ng either further downgream
a into a stream in a different waltrshed. In the case of intra-basin
transfer, it is likely that the principal sources of recharge, the a,
and se areas of 8 soils, are infiltrating water which not only sus-
tains local base flow, but also has a positive effect of Increasing
downdream 1ew ‘flaws. In the case of inter-basin transfer, these same
B/p_e areas are centributing toward the groundweter discharge in adjacent
rainage basins.

16
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At the present time, the dynamics of the transfer sysem and the source
areas ae not well understood. The best estimate of the extent of
source areas for intra- ad inter-basin transfers are portions o the
Pinelands whae the thickness of the unsaturated zone IS greater than
10 feet. Thee areas are at a near topographic drainage divides where

thehopportunity for degp infiltration and groundwater 'movemat is
higher.

Poorly Mawead Urban Devdopment will. Upsst the Existina Streamflow
Characteristics

An analysis o information from other areas, together with analyses of
the potential hydrologic impacts of development in.the Pinelands, docu-
ments the type and magnitudes o hydrologic changes which might occur
in the Pinelands from urban development. These impacts include up to a
six-fold increase in peek flood flow rates, increased percentage of
direct runoff ad resultant decreases in groundwater recharge, and
stream channd erosion and enlargement.

The impervious surfaces of newly urbanized areas (or areas of C and D
soils), if connected directly or by a natural swde a sorm sawer to
stream channels, act to increase the percentage of "effective" area in
a watershed, resulting in greater runoff velumes. Weae nmoves raF)ldIy
over the manmede surfaces, which increases the pek rate o flow.
Stormwatar detention facilities reduce the pesk flow rates but not the
vdume of runoff from neMy constructed impervious buildings, parl;r&g
lots, etc. Also, if water supply is withdravn by local wells in a head-
waters area similar to the McDonalds Branch basin ad exported to lower
areas of the watershed via sanitary sewers after use, local streamflow
ny be reduced by as muh as 35 percent.

Lage Aress of the Pfnelands are Subject to Perfodic £looding

Those lowland areas subject to perfodic flooding can best be identified
by mapping the alluvial soils and muck. This has bemn done another
contractor. Devdopmet in these areas is subject to flood “and
mey endanger human safety. Hood plains alse serve many functions
critical to Pinelands ecology; deveopment on flood plains will disrupt
these functions.

17
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MASOR ISSUES Ano RECOMMENDATI ONS

Major [Ssues

Three mgor issues emage from the analyses of the surface watar quan-
tfty characteristics of the Pfnelands National Reserve:

. How should prime groundwater recharge areas* be protected
in order to ensure the maintenance of the present flew
regimes Of Pfnelands streams within, and dewnstream from,
the Pinelands National Resetve?

2. Hw should urban development be accommedated without
altering the hydrologic relationships within the drainage
basins of the Pinelands National Reserve?

3. How shculd flood plafn areas be managed?

A prime recharge area is. an area underlain by sofls having moderate-

ly high to excessively nigh inf1iltration capacity. Prime recharge” >

areas are' identff ied as follows:
A1l areas of A hydralogfc group soils

« All areas of 8 hydrolegic group sofls that are surrounded
by A soils

o All areas whae the thickness oOf the unsaturated zone fs
greater than L0 feet

Thee areas can be readily identified on the 1:24,000-scale soils
maps in the possession o the Cemmission and on the thickness delin-
eation o the unsaturated zone ng prepared by the groundwater sub-
contractor. A list of the Pinelands area soil series within A and
8 hydrolegic soil group categories is contained in Table 5.

Approximately 32% of the Pinelands region is composed of A soils.

No estfmate is available of the amount of 8 soils located wholly
within areas of A soils.

18
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TABLE %
HYDROLGAC SOILS GROFS OF MATR PINBLANCS SOL SERIES

Soil Series Hydrologic Sl Group*  Percent of Pinelands+*
Lakewood A 12
Eveshoro A 9
fort Mott A <1
L akeburst A 11
Total Percent of *A" Soils 32
Woodmansie B 4
Donng B 17
Sassafras B 3
Aura B 5
Klej B 3
Total Percent of "3* Soils 32
Hammonton 54 o
Wooostown C < 0.5
Atsion (4 12
Hariton c < 0.5
Total Percent of *¢* Soils 17
Fall sington D < 0.5
gerryland D &
Pacomoke D .
Muck D 10
Alluvial land D -
Total Percent of "0" Soils 16
Source:

* USDA, S National Engineering Handbook, Vel. 4, Hydrology, 1972

#= Maoo L. Markley, Soil Serijes of the Pine Barrens, Pine Barrens
Ecosystem and—tandscape, 1979
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Each issue has within it several sub-issues. The sub-issues can be
generally categorfzed in terms of what, where, and how. These iSsues,
or questions, are addrassed beow.

Recommendations

1 Hew Can prime groundwater recharge areas be protected?
The two princfpal options available are:
a  Prohibit development on these areas

b. Allew certain types of development on these soils ad
require strfngent performance standards

Prohibiting development would be the fdeal approach to protectin
recharge areas. This might be accomplished by purchasing the land,
zoning the lad as open space, or encouraging cluster development
in adjacent areas. However, Ifmited development, uagP strict per-
formance standards, would be suitable.. The princfpal performanca
standard would be the mandatory requirement far stormwater devices
designed to alow on-site infiltration of precipitation (see Table
6 for descriptions Of infiltration management alternative controls).

‘These areas, in addition to being mogt important for groundwater
recharge, are highly sensitfve to contamination from point and nen-
paint sources of pollutien. Therefore, ft iS recemmended that
Potentlal sources of significant contaminatien ke prohibited frem
hese areas (set Technical Memorandum sw [v-l for additional infor-
mation on the impacts of development on water quality).

2 How can urban development be accommodated without altering the
arsa's hydrologic characteristics?

a  Where c¢an urban development take place?

High density development should be limited to areas which will
have the least impact @ Pinelands hydrology (non-prime
recharge areas). Low intensity residential development can be
accommodated solely from a water quantfty point of view, in
prime recharge areas, provided sujtable sStormwater on-site
infiltration management techniques are applied ad untreated
wastewater is not exported from the area.

20
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b. Wha stormwater management techniques are recommended?

Alternative stormwater manegamat techniques are described in
Table 6. Maﬁ?emt techniques for all devdopment should
include methods for on-site infiltration of stormwater in order
to maintain the existing pesk rates o runoff and the existing
vdume of direct runoff. Retention, without infiltration,
should only ke alowed wheae a special exception can ke justi-
fied by an applicant.

c. WH vdume o water should ke required to be retained for
purposes of infiltration?

Tre 10-year, 24-hour storm (5.3 inches) should be the minimum
design sorm for stormwater and infiltration management. Ran-
fall in excess cf this amount should ke dlowed to drain into
naturally vegetated swales.

d.  what runoff calculation methodology is acceptable?

The Soil Conservation Service's Soil Cover Corpex Method s
recommended as the sole acceptable mehod. Tre analyses con-
tained in Technical Mamoadm sW III-2 demonstrates that, with
.a few adjustments, use of this mehod cen .produce reasonably
accurate results. The computer version o the mehod allows
for a mae thorough analysis than other methods, such as the
Rational Formula.

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

The regulations contained in the flood mensgemat ordinances of the
municipalities participating in the National Hood Insurance Program
are satisfactory for managng flood plain development. The Commis-
sion should with the municipalities to ensure that they enforce
the requirements. Devdopment applicants should be required to
assert that the areas in which they plan to build are not subject
to flooding. A careful review of of soils, vegetation and flood
hazard mgs should, in mod cases, identify the extent of flood
plain areas. W there are any questions regarding the flood plain
limit, detailed hydrologic and hydraulic analyses should ke required
to resolve them.



=N

MEMO

- 4.4
-

- Cenverse - Murceen - ne.

ez

3

pa 2 nbaas

Ww AR OrE (uo) YpPY
s e iy

vy 121 odalbuyray

SP Y gos @seudu]

asundxa

fiujuoj3gpuod ayv pasnpay
$8Y23|p 22)Jnq pajeiehiaa
pue sanbjuyr?) abvdaas
JAY10 20 SUjRIp YIINp
yi|» pav|quod ag Ary
LN ]

[ruoj 1 ppe ou S3s)nbay

SIYIP J3Jsnq p>|11369A
pue Sanbjuyrdy d4|edaas
43410 S0 SujRIS YIINp
Y. pavjquor cq Aey
[LLE

97 ©] paau jou s30g
abesors Jo yidap

WO 1IWj| (ean}INAIE ON
voJse

{® o} 3jppe ou 33, jnbay

pro| juaw)pas
papuadsns $3Inpay
el

moj ) yead Bujonpas
10) 3A113340 ALybin
voue Aaeynqg)n abaey
¥ y1j® pIsn 8q uv)

peo| jvow)pas
papuadsns sainpay
93.nos

J91emagyy |Piusen|ddmg
$31joucy |PUojITRIIIS
40 119y 1%30 vany ey
LEI LT

mo|j nead Bujonpaas
40 aa|yoegy9 AQybyn
ease Aieing)ay abae)
® Yil)m pasn 8q Ue)

°t

"
|

ng| 1IN0 NP|
-nBas oy 319U 3| durop
punegans $J9) .. q | anesb
40 $SUpE_NS PSP )34

1em

puvod £|).1eaodmay 0y
A3paT Uy PITINAYSNOID
P4 SAPIINAYS MOY )
=3n0 pasn Ayyvanbos)
5% S1 Nlum 30
Jo wopjaod v Ajerndiy
‘svo.v Guyyaed alisey u)

‘wisen oY) wosy mof)ino
soyenfas pamonags 33] N0
tvojyeypd)dead jo spojiad
woemaq Aip s§ Y.
vpseq vayyaed we S| Qensn

‘wjseq oy) woay co|Cyno
39y egnBas sanyInas 13ne
39wy (|0 3P JOyem

40 (ood mwju)m ¢ yi|n
viseq wayjaes v Ay ™n

sdorjoos yegy |

abeiols doijoon

B¥5015 101 buinard

jood jemsou ¥ YnOYYIN 2

tood jvwsou ® §I)A |
Ypuog uojjusisg

am spue|
Puy JO) 6 | Qrva)r
—-pJmug MY vUUSIAY  “p
sanbjyn 2y Hedaas
S 418qQNS Y| M pAg M O)
U am 3uns  vopin|| od
J dempunol  (epurog g
Uy vy Ay g
2 uno vy 0)
©L Aueavory  Lsuodear g
pa.anas Ajsadoad & ajun
prezmy Aydjes [Ty magng  “p
Aoy sun amdig Aey g
purosb Guvp aasq
O Ipbson ¢ A v) 2
o ofes)v) WD)
-61 S 40) mo||® OUSICD *f
paundas AQsadoad s3jun
pavrey K33jes [Pj1WR 104 “p
paspnbas sy puey
#0 Nmowe 3Igqeiapisvo) g
puncab Guyps asq
01|nbsom ¥ dwodaq ue)y) 2
uopIv Ayl ued) jjv
-6)s J0) mogiv Y0u 8309 *f
safiejueapesyqg

sabryuvapy

vojydyarsag

Jjouny jo  jjounyg jo
eum|OA @Jnpey 1Ty ATAd

9Inpa
«a-u-ﬂ.uﬁa

nbjuyra] juseabruey

SINDIMIIIL AINIMITVNVH NIIVAHNOLS SO ANVHWNS

9 370Vl

22



€2

1ABLE 6 (Cont Inued)

Ob ject ive
Reduce
Perk Rate Reduce Yolume
Management Techn ique of kunoft of Runoff Dascription Advantages Disadvantages
Reoftop Storage (Continued)
2 Sloping rooftops | Gravel check drains retard 1. Requires no additional l. Only sinor reduction of -
flow velocity and tempo- area perk flows
varily pond ssall amouats 2  Hay be cosbined with 2  Incressed leakage
of water dutch drains or other potential
seepage technlques md 3 Increased maintenance
vegelated buffer ditches requlred
Dulch Draing | | Gravel-filled ditches with 1 HMaintains groundwater 1. Subject to cloyging
& optional draisege pilpe recharge 2 MHay be unable |0 contain
pipe at the base. May be Provides water for runoff from enceptional
covered by lattice blocks vegetated Luffer strips stores
or sleel grate 3. Small surface rrer Potential for ground-
water pollutfon
borgus—Paylag
1. Asphalt X X Base course of crushed 1 Mo additional Irnd |. Should not be used where
gravel with ) surface required excessive surface debris
course of porous asphalt Halntain groundwaler &dy cloy pores
paving recherye Polenlirl for ground-
3  Water |s mot stored oa waler pollution
surface 3 Camnol be used ovar
sessons)ly hlyh water
tables
2. Precast lattice blocks snd bricks X X Precast paving slabs 1 Flexivle 1. Oifficult and expen-
which provide a hard 2 Can be used between sive [0 Instal)
surface and yet rro strips of impervious 2 Not as permeable as
porous |0 varying degrees rsphrit porous asphalt
Scepage Basin or kechsrge Bagin | | Simtlar [0 detention 1. Increased recharge of 1. Besin may loosa recharge
basins Kk t constructed ia groundwater elf lctency due to
In areas of low water clogging
Lables and high inffiltra- 2. Potentia) for ground-
tion rates; generally wo waler pollution
not have outflow structures
Seepaye Pltg or Dry Wells X X Similar ia concept, but for I. Increased recharge of I_ Posstbidity of clogging;
smaller aress than recharge groundwater miy need maintenance
basins
Seepage Beds | X Similar [0 secpage pils, 1. Increased recharye of 1. Clogging potenttal
but with eddlittan of groundwaler
latera) distribution 2 Clogging potentfal is
plpes less than with seepage
ults due to larger rrer
3. HWr ybe used under park-

ing lols
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Any changes which decrease resistance to ¢lew and thus increase ¢!ow
valecity will increase downdream flood flow rates. Thersfore,
alteration should not be permitted except Sy special exception.
Converson of natural vegetation to cranberry bogs should have
little impact on peek flow rates becauss the diking System used to
form the 'bogs acts in a mamna similar to natural vegetation in
retarding the rate ef floed flow.

A1l hazardous materials.should ke prohibited frem flcod plain areas
Cue to the threat of the materials mixing with flood waters.

RECOMMENDATIONS FOR FUTURE STUDIES .

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

Continuously recording streamflow gaging statf ons are maintained
near the downgream |imit of most or Pinelands drainage basfns.
However, with the exception of the Great Egg Habor River Basin,
only one continuous recording station--McDonalds Branch--is actfve
on smaller tributaries. Additfonal information on the charactaris-
tics of streamflow in gmdl sub-drainage basins is necessary 10
establish a better understanding of intra-basin ad inter-basin
groundwater transfer, rainfall-runoff relationships, and lew flow
Stream characterfstics. Therefore, it iS recommended that addi-
tional continuous recording statiens be established and the ncn-
recording nework expanded. The proper design of stormwater manage-
ment facilities depends on a reasonablty accurate understanding of
the rate and volume of stormwater runoff. In addition, precipita-
tion menitoring stations should lke established within or near the
gaged basins.

Tre Soil Consarvation Service's hydrologic 011 groups and R-20
computer modd were used during the current study. On a prelimfnary
basis, this mehodology appears to ke a reasonable approach for
estimating runoff -preducing areas and caiculating pesk flow rates
for both natural and urban land uses. Howeve, considerable addi-
tional field investigations and computer modeliing of the runoff
characteristics of small and moderate sSized Pinelands drainage
basins should be conducted as soon as possible.  The principal
objective of this investigation will be to develop any necessary
medifications to the assumptions in the SCS's computational method-
ology in order to develop a good mehod for calculating stormwater
runoff potential in the Pinelands.
Te——
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period of record

Qs = Tre same as Q except using a period of record
which matches the one used in Qay

Q = The adjusted flow which occurs at a specified
frequency

The adjustment factors used at the various stations and the basins from
which they were derived are shown in Table 5.

TABLE &
H.ON DURATI ON ADJUSTMENT FACTORS

1410787
. 1410810
E 1410820
1409280 1411300 1409810
99% Factor .99 .93 : 1.05
90% Factor .98 .93 1.04
70% Factor .96 .91 1.03
SOX Factor .94 .91 1.03
30% Factor .95 .87 1.06
10% Factor .96 .84 1.09
194d-actor .96 .83 1.11
Stations 0Oerived from 01409095 01411000 01409500

Source: WS, 1979
Analysis:  BQM
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As a result of the different size of the watersheds and a nesd to aom-
pare than on an equitable basis, it is desirable to use a parameter
which neglects the size of the drainage area, To satisfy these require-
ments, the units of the streamflow quantity messuremet is changed to
cubic feet per second per square mile of drainage area (cfs/sa.mi.).

Duration curves are ﬁrepared by analyzing past data, which ny a ny
not ke repeated in the future. If the record spans a representative
range of meteorological events over a long period, the data mgy be used
to estimate the probability of occurrence of a specffied discharge, The
slopes of duration curves are partfcularly useful as an Indicator of
unusua natural hydrologfc conditfons and/or manmede modifications to
a basin's hydrologfc system, including: uncommon SOf 1 characteristics,
intra- or inter-basin” transfer, channe modification, reservoirs,
measurement error or fnsufficient length of record. Undisturbed Pine-
lands streams have a fairly uniform flow, even during periods of
draught. The relatively flat curve for the Batste Rfver at B8atsto
(Figure 10A) is representative of the majority of duratfon curves of

Pinelands Streams. A very atypical curve, that of Absecon Creek, is
plotted in Figure 100.

Tre curves of each geged Pinelands stream are presented in Figures 10A
through IOE. Ta facilftate intra-basin comparisons, the curves -have
been .arranged 0 that streams within the same basin or similar adjacent
basins are plotted together using the same vertfcal "scale (efs/mi2).
The characteristics of each duration curve and probable explanations of
anomdous curves are contained in the following paragraphs.

Intra-Basin Observations

- Mullica Basin: The curves for the Mullica River Badn are shown in
Figure T0A. Tt is readily apparent that the basin has two groups of
streams wfth dmflar flow patterns. Eah group contains. two streams:
the Mullica Rfver and the Wed Branch Wading River, and the Batsto River
and Oswego Qeek. Of particular interest iS the area between the 60 and
90 percent lines. The Mullica Rfver and Wes Branch wading River both
dow the sare perterbation at these points. This discontinufty trans-
lates fnto a proportionate reduction in runoff production at lov flows
whn com%argd to the other streams in the basin, The other two stations
in thfs basin have gmooth and uniform curves, displaying no particularly
unusual or distinguishing characteristics beween intra-basin compari-
sons. Nae that except for the perterbations at the 60-80 percentile,
all égur stations produce curves which have essentially the sare slope

ape.
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The Cavego Creek ad the Batsto River flow duration curves have the sme
shape but different magnitudes. 1t is probable that this difference is
attributable to basin transfer. As discussed in the section on hydro-
logic budgets, there is a net transfer of water out of Oswvego Crek and
a net transfer into the Batsto River Basn. Because the curves have the
same shape, the transfer is likely to occur at the sare rate, indepen-
dent of the flcw rate in the streams.

The discontinuity of the plot for the Mullica River near the 70 percent
point ny be attributable to humen modification. A past effort to chan-
nelize and realign Sleeper Branch (a trlbu_tarY to the Mullica) my be
the primary contributing factor. The gage is located between the point
where Sleeper Branch formerly entered the Mullica axd where it enters
MOw.

Because the original path of Sleeper Branch is still dowmn on topo-
graphic mgs of the area, it is conceivable that the re-aligned portion
Creates a more significant diversion during moderate and higher flow
periods than during periods of lov flow. This type of phenomena would
account reasonably well for the rather abrupt drop in the curve.

The Wes Branch Wading River has similar characteristtcs to the Mullica
near the 70 percent peint; however, they are likely to be caused by dif-
ferent reasons. The probable causes of the perterbation for the Wes
Branch Wading River curve are the short period of record and flow fluc-
tuations caused by intermittent flooding axd draining of the large
number of cranberry bogs in the watershed.

Great £qg Harbor River Basin:  The graph .for the Great Egg Harbor
Basn 1s down in Figure 108, The curves for Great Egg Harbor at
Folsom, Great Egg Habor at Blue Anchor, axd Fourmile Branch are the
sare slope, shape and magnitude. This implies that all three watersheds
roduce similar quantities of runoff over the full range of precipita-
t|or_1 tImput and, hence, display similar hydrologic response charac-
eristlcs.

The station for a Great Egg Harbor Tributary at Sicklersville also has
a gnooth and constant curve, but it has a dramatically different shape.

Bassd a1 unit area, this stream has higher high flows axd lower Tow
flows that the other streams in this basin. lov flows, however,
vary much more from the other streams than do the high flows.

Tre difference indicated in a Great Egg Harbor tributary at Sicklers-
ville IS probably a result of two factors: soils ad humen modifica-
tion. The soils upstream from the Sicklersville gage have loamy sub-
soil s and high water table conditions. In addition, approximately 25%
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of the watarshed is residential development, a condition which produces
a high percentage of impervious sufaces. Both of these factors tend to
increase direct runoff and decrease groundwater recharge, resulting in
higher high flows and lower low flows.

Rancocas Creek Basins. The plots for the Rancocas Crek Basins are
dom in Figure [0C. MoOondds Branch at Lebenon State forest and the
North and Seuth Branch Rancocas creeks all display similar curve charac-
teristics, athough McDonalds Branch does have a different shape. The
curve for Mt. Misery Brook is substantially different at lov flows. The
\_/eay lov flows for this stream are gpproached amost perpendicularly,
indicating that the stream could nearly be classed as an intermittent
stream. It is interesting to note that the high flows for McOondds
Branch are about identical to those for Mt. Misery Branch, but the low
flows are widely different.

Tre other twoe curves (South and North Branch Rancocas) dow relatively
smooth, continuous curves, athough there is a slight perterbation in
the South Branch similar to, though not as severe as, the one noted for
the Muilica River. and the Wes Braxh Wadng River.

Three of the four streams in this basin have cfs/mi2 curves which
exhibit distinguishing and reasonably explainable characterlst|c4.
McDonalds Branch is generally displaced to the left (lower cfs/miT)
except in the higher percent portion of the graph. This is probably
caused % a combination of two factors:. soils and basin transfer. The
MaoOondds 8ranch watershed is characterized by soils with extremely high
infiltration rates. Consequently, the percentage of rainfall that
becomes direct sorm runoff is extremely low, infiltration to the
groundwater reservoir is exceptionally high .and the resulting base flow
IS relatively high. This higher baseflow satisfactorily explains wy
the portion "of the curve at Tow flow is concave upward (the lov flows
are not as lov as expected). The overall reduction in the curve nmani-
tude results from a net intra- and inter-basin transfer of water out of
the watershed.

The curve for #t. Misary Braxch at Lesnon State Forest has a marked

concawéy, indicating very lov to ro flows at the high exceed-
ence end of the distribution.  The Mt. Mi Branch has characteristics
similar to those of the McOondds Branch. USGS has documented that
there is substantial groundwater underflow at the gage. The gage haes
been discontinued.

Tre South Branch Rancocas curve does not have ay serious discontinui-

ties. A slight change in curvature is apparent near the 70 percent
point (similar to the Wed B@Vairg River). As with the Wed

32
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Branch Wading, this change nmgy also be due to a short period of record,
but not as severe since the record period at the South Branch Rancocas
Is 13 years, versus 6 years for the Wet Branch Wading. The problem
ceuld also be caused by a sefls o land use variation, but ro particular
substantiation wes found for this.

Oyster Creek, Wedecunk Creek, Cedar Creek and Toms River: The
rapnS Tor (NESE Sireams are presen In Figure L00, AIl four streams
rain eastward toward the coast.

Tre curves for Oyster Creek, Wesecunk Cresk ad Tars River are smocth
ad have the same shape, althou?h there is an obvious difference in
magnitude due to the large transfer of groundwater to Oyster Creek from
the Cavep Crek Basin. Note that Cedar Creek and Westecunk Creek

display similar_properties at high flows, but begin to differ signifi-
cantly” at lov f Tans

Tre domwad turn at the low ed of the Cedar Creek curve may be a
result of an irregularity caused by flooding of cranberry bogs within
this basin. Because the effect of this flooding is somewha arbitrary
in relation to this plot, it is not possible to predict absolutely how
the flooding would be manifested.

Tuckahoe Rfver and Absecon Creek:  The duration curves of the Tuck-
ahce RIver axd Absecon Creek are presented in Figure 108, There is o
apparent rational explanation for the change in curvature near the mid-
Bomt of the Tuckahoe River curve. Several of the factors cited at the
9

eginning of this section may be the reason. Note that the curve has
enerally the sane shape as the ones for the Wes Branch _wadfr_t?_ River
ad the South Braxch Rancocas, both of which have been identitied as
having relatively short_periods of record. This may also be the cause
for this change in the Tuckahoe Basin (eight years of record).

The plot for the Absecon Crek shows it has a definite dovwad turn at
low flows. This is probably caused by the Atlantic City public water
system which relies on the Absecon as a source of supply.

The ratio between the discharges likely to be exceeded 10% and 90% of
the time at each streamflow gaging station is presented_in Table 6. The
lower the ratio, the greater the “uniformity of flow. The highest regu-
larity wes observed at Oyster, Westecunk, ax Cedar creeks McDanalds
Branch. Factors accounting for the unifermity were the high percentage
of soils with high infiltration rates, lack of urban or agricultural
development, and inter-basin transfer of groundwatar to three of the
basins. The greatest variability of the gages with 10 or more years of
record wes observed at the Mulica- River, Abscon Creek ad the North
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TABLE 6
COMPARISON (- STREAMFLOM DURATEON VARIABIL|TY

Stream Name and Location

Ratfo of 10X to 90%Discharge

Toms River near Toms River

Cedar Creek near Lakoda

Oyster Creak near Brookville
Westecunk Creek ot Stafford Forge
Hullica River near Batsto

Batsto River at Batsto

Hest Branch WadIing River near Jenkins
Oswego Rlver at Narrisville

Absecon Creek at Absecon

Great Egg Narbor Rlver
Tributary at Sicklersville

four Mile Branch at New Brooklyn NJ
Great Egg llwbor River near Dlue Aachor
Great €99 Harbor River at Folson
Tuchahoe River at Mead of River

South 8r anch Rancocas Creek at
Vinc intown

M:Donalds Branch In Lebanon State
Forest

North Branch Rancocas Creek at
Pemoerton

Placer Yeurs) DoVl ey lei duelrgs fe Cccoded
1929-78 12400 2.95 .81
1933-58, 1971 56.0 3.05 1.02
1966-78 7.43 5.5 2.6
1974-78 16.0 3.05 1.28
1958-78 oA 2.3 .52
1927-78 70.5 2.95 .0
1975-78 8.1 .0 .57
1931-1978 64.0 2.4 .6
1924-20,33,-38,47-78 16.6 2. 16
1973-78 1.64 2.16 a7
197378 7.4 2.6 .69
1973-78 I 2.7 .64
1925-78 56.3 2.6 .66
1971-78 0.8 2.45 A9
1962-75 64.5 3.1 .3
1965-78 2. 1.73 .53
1521-78 .0 2.9 .59

3.6
3.0
2.1
2.4
6.3
3.6
1.0
4.0
1.4

12.6
1.7
4.2
3.9
5.0

9.4
33

4.9
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ad South Branch Rancocas creeks. Higher runoff -producing 0ils, pump-
ing of water for water supply, channel modifications, regtation for
cranberry propagation, ad loss of water due to inter-basin transfer,
Igtre_ factors accounting for the greater variability of flow in these
asins.

Pk Flow Magnitude ad Freauency

Pek flood flow rates for the 2-, 5-, 10-, 25-, 50-, 100-, and 500-year
floods were computed* for a1l geged streams with over 10 years of record
(Table 7). Pinelands streams have relatively lov pesk flow rates and,
under natural conditions, are not susceptible to flash flooding. Durin
and after extreme rainfall events, flow rates gradually increase unti
they reach a pek after a day or mare, and then they gradually recede.
0f the 11 Pinelands streams analyzed, Oyster Cresk has the highest pesk
flows on a unit area basis. Accounting for the relatively high Osyter
Crek flow rates are-the relative steepness of the drainage basin and
Its small area |

=
tow Flow Magnitude and Freauency

The ability of streamflow to assimilate liquid wastes and provide water
for municipal or industrial supply, conventional irrigation or cranberry
t;g flood ing, suitable conditions for fish and other aquatic organisms

water-based recreation, is commonly evaluated in terms of low flow
characteristics. In this section, the low flow characteristics at each -
gaging station are described using freqﬁncy curves.

The concept used for the analysis is to define a recurrence interval,
or return period, for particular flow events. The return interval, RI,
is the average number Of years during which an item of a given magnitude
ngy le expected to occur once and IS mathematically equal to the remﬁ—
rocal of the frequency. A computer program wes used to select the
annua minimum flow fOr each recurrence interval; compute the meen,
standard deviation, and coefficient of skew; plot the fitted Lag Pearson
Type [11 probability distribution, ad calculate the individua annual

minimum flows versus recurrence interval using the plotting pesition
formula:

The Log Pearson Type III statistical analysis of gaged records using
a combination of [ocal ad regional skew coefficients as recommended
by the US. Wae Resources Council (WRC Bulletin 17-A, 1978) was
used far the computations. —
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TABLE 7

PEM FLOOD FLOW RATES

Per fod

Drainage

Average Datly

of Arsa _ Discharge 2 H] qlo __q28
Statlon Number Record -j cfs cls/m cfs cfs/m cfs cfs/m cfs clfs/alt cfs cls/mi?
Toms Rlver aear Tors Rlver 01408500 50 124.0 215.0 1.7 744.0 6.0 1070.0 8.6 1320.0 10.6 1660.0 13.5
Cedar Creek near Lakoda 01409000 26 56.0 107.0 1.91 413.0 7.4 667.0 lo.l 686.0 )2.3 857.0 15.3
Oyster Creek MU Broakville 01409095 13 7.4 28.1 3.8 100.0 14.5 156.0 21.0 195.0 26.2 252.0 131.9
#Hulllcr River near Batsto 01409400 2l 64.4 112.0 1.7 515.0 8.0 839.0 13.0 1120.0 17.4 1580.0 24.5
HBatsto River at Batsto 01409500 50 70.5 126.0 1.8 §12.0 1.3 806.0 11.4 1040.0 14.8 1400.0 19.9
Oswgo Rlver rt Harrisville 01410000 48 64.0 88.0 1.4 345.0 5.4 §35.0 B.4 695.0 l0.9 944.0 4.8
Great Egg Harbor River at
Folsom 0141)000 53 §6.3 85.5 1.5 283.0 6.0 44%.0 8.0 §91.0 10.5 813.0 14.4
Manant|co Creek new
Nillvillz 01412000 21 2.3 7.0 1.7 198.0 8.9 357.0 1l6.0 s510.0 22.9 771.0 34.6
buth Branch Rancocas Creek
at Viac intown 01465850 17 65.5 93.7 1.5 181.0 11.9 979.0 MW4.9 1120.0 17.1 1310.0 20.0
Mt. Misery Brook in Lebanon
State Forest 01466000 25 2.7 1.9 0.7 12.6 4.6 22.0 8.1 30.9 11.3 45.8 16.8
McDonalds Branch ia Lebanon
State Forest 01466500 25 2.3 2.32 1.0 10.0 4.3 16.5 7.1 224 9.7 3.9 118
North Branch Rancocas Creek
at Pemberton 01467000 k) 111.0 171.0 1.54 743.0 6.7 1080.0 9.7 1350.0 12.2 1740.0 15.7
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Rl =(n +1)
m
where:
R = Reurn Interval

n = The rank of the event (n = 1 for madmum event and n = m for
minimum event)

m = The numba of years of record

It 1s very important that for this type of frequency analysis there is
o implication that a particular event will occur at even reasonably
constant intervals. That is, a five-year event mey be expected to occur
once every five years on the average, but mey ke distributed such that
it occurs wwo years in a rew or only once in 10 years.

I s concept can be readily applied to lov flow events by selecting
representative lov flow periods and applying -this process. A lov flow
event is usually described as an X-day lov flow. This essentially
defines the lowest flow rate which has occurred over X numbe of days
during the period of record, Results of the analyses of the 1-, 3- 7-,
18-, 30-, 60-, 90-, 120-, 183-, ad 365-day low flows with calculated
return periods varying from 1 year to 200 years are presented in Appat
dix | ad summaized in Table 8. The lov flow' frequency plot o the
Mullica River near Batsto is presented in Figure 11,

Caution should be exercised in comparing the curves of one station with
another station to ensure that the variations in the scale (discharge)
are taken into account. Tre type of information which can be derived
from these plots relates to the length of time in which a given low flow
e be expected to occur. This information may, in turn, be utilized
as a partial basis for determining the type of [and use and associated
water-consuming activity nmgy be appropriate for the basin involved. For
instance, a land use activity which cannot tolerate frequent lows, bdow
a certain minimum, such as a point source discharge o wastewater,
should not be placed in basins which have frequent streamflows bdow the
minimume.

Two of the plots are of particular interest, Abssoon Cresk and Batsto
River. Absxoon Creek has lov flows which have values that are similar
In _magnitude to McDonalds Branch, a basin of substantially smaller
drainage area. The Batsto River has frequency curves which are not

a1
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TABLE 3
SUMMAR[SS CF LOW FLCW FREQUENCY ANALYSIS

E0)

Day Law Flaw (efs)
W

(Years)

Recurrence [aterval

Location

?.950[.1..

ﬂu_‘ uama

931581

N.!

Ul YOy D

«a " " " =0
™MD WD e
W AW WO~ @

Toms Rlva

03‘193

529‘33

1.4

‘21342

PR

Cedar Creek near Lakoda

geaa-~

Westecunk Creek at Stafford Forge

s8snge

?ﬂ-.&‘uas

gNZeen

~OMmMn W o
- L Ld .
L lntu el Aol
et NN ™

Osweqo River at Harrisville

------

Absecon Creek at Absecon

------

Great Egg Harbor River Tributary at Sicklersville

Four Mile 3ranch at Mew 3rocklyn

------

Great £3g Harbor River at 31ue .tnchor

-3531.}.?:

Great Egg Hartor RIva st Felsom
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TABLE 8 (Continued)

Day Low Flow (¢*s)

Recurrenca |nterval

ElY]

(Years)

Location

~NO~SWM™m
« 8 "o os

MOt -
— e

82951-0
?88902

Tuck2hoe River at Head of River

------

Maurice River

Mananticn Sreek near Millville

South Branch Rancocas Creek at Yincentown

U-R=l i
. . L -

b b5

<SRRI

sl

Mt. Misery B8rook fn Lebanon Sate Fast

McDonald's 3ranch in Lebanon State Forest

1.07
1.17
1.42

H89323

alzggz

SN 1

cRLINN

Xorth Branch Rancocas Creek at Pemberton

535?0?

551:8 7.
et -

lhluﬁ-ﬂuuz

“sslu
— et ettt

?34353

Nrisue

<RREN

Qyster Creek nesr Srookville

Myllica River nesr BSatsto

43



Retz « Converse - Murcdcch ¢« Inc. TECH MEMQ Sw [II-1

TABLE 8 {Ccntinued)

Recurrence [atarval 3ay Low Flow (cf<)
Lacatien (Years) ! i) 30
Satsto River at Batsto 100 5.2 37.1 39.4
50 6.5 8.3 42.1
20 3.3 a1.7 45.5
10 41.1 44,5 51.0
5 4.3 48.5 56.3
z 52.0 58.1 70.6
West 3ranch Wading River Ner Jenkins 100 19.0 18.9 25.0
sa 15.3 20.1 25.8
20 21.5 22.1 29.3
10 23.4 24.3 33.7
§ 26.3 28.6 40.3
2 4.3 9.3 62.3
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=

articularly distinguishing except for the 1-day lov flow. The l-day
ov flow is muh lower than the 7-day low flew, When compared with the
other streams. The Abssoon Cresk and Batstoe River lowv flow frequency
features are probably attributable to soils and humen modifications.

Hydrologic Budgets

With the input data adjusted as described earlfer, the hydrologic
budgets can now be completed using Rhodehamel's budget eauatfon.
Budgets are performed for the basins and sub-basfns 1isted fn Table 9.
The procedure is to use the fso-hyet (Figure 5) and iso-ET (Figure 6)
maps to obtain precfpitation and evapotranspiration within each basin,
ad to calculate runoff using the equation: Runoff (R) = Precipitation
(P) - Evapotranspiratfon (ET). The runoff quantity obtained fn this
manner can then compared to the measured surface runoff at stream
gages ad the differences noted.

The results. of this amalysis of Pinelands drainage basfns are presented
in Table 9. There ae two additional columns in the table, "Adjusted R"
ad "Estimated R,” The adjusted R is used to modify the messured R on
basins where the gage 1s sufficiently upstream of the basin outlet so
as to not be completely -representative of the entire basin. This
adjustment is mede by weighting the R of the gaged portion of the water- .
shed with the calculated R of the basin downstream of the gage ad fs
noted by an asterisk in the measured R column. The adjusted R 1S Tisted
appropriately. The estfmated R is used in basins where there are no
ages. The estimated R is set equal to the calculated R except In
asins where some transfer of water into or out of the basin is ex-
pected. This transfer is expected, on the basis of earlier discussions,
to the ungaged Forked River ad Mill Creek basins. The amount of esti-
mated R the Forked Rfver is derived by using the sare unit flow as
Cedar Creek because of their geographic proximity. The estimated R for
Mi1ll Crek i1s obtained by averaging the flows from Wescunk Cresk ad
Cedar Creek for the same reason.

The difference volume, measured in inch-square miles, is listed in the
last column. |t is useful to identify where and how muh basin transfer
is defined by the dfff erence volume

Transfer from North Branch Rancocas into Cedar Creek fs probable. A
mess balance indicates that the unaccounted for quantity in the North

Branch Rancocas (-166.5) is very nearly equal to the excess in Cedar
Crek (+162.4).
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TMLE 9

BUDGET ANALYSIS DATA

Precipitation Evapotranspiratfon Calculated Runoff Runoff {inchesjs Difference*® Difference
Basins ( inches) (inches) (Inches) Heasured  AdJusted Estimaled { Inches) Vol. in-miZ
Toms Rlver 45.6 22.3 21.5 23.5 - --- 0.0 ===
Rancocas Rlver Basin a“.7 22.6 22.1 -—- -=- --- --- ---
Worth Branch Rancocas 45.0 22.6 22.4 20.9 .- --- - 1.5 -166.5
Seuth Branch Rancocas 4.1 22.5 21,6 19.7 -—-- -—- 1.9 -122.6
Cedar Creek 414 21.4 23.0 25.9 -— - 2.9 +162.4
Forked Rlver Baslin 43.8 0.5 23.3 - - - - ---
forked River 1.9 20.8 21.1 —— - 25.9 + 2.8 + 43.1
Oyster Creek 41.6 20.6 23.0 5] . 4nee 41.0 - +18.0 +207.0
Mill Creek 2.7 20.4 22.3 —— - 21.2 + 4.9 +100.0
Westecunk Creek 41.9 20.5 23.4 26.7 --- --- ¢ 3.3 + 52.8
Mullica River Basla 4.7 21.6 23.1 A S s oy SN
Basy River 431.5 20.6 22.9 -— —— 22.9 0.0 m—
Wading River 45.7 21.6 24.1 21.8 -—- - -2 —=e
Hest Biranch Wading River 45.7 21.6 24.1 24.1 --- .- 0.0 -ee
Oswego Creek 41.8 2l.4 24.4 18.7 -—r == - 5.7 -3J64.8
Batsto River 44.6 21.6 22.9 24.3 - .- ¢ 1.4 + 98.7
Ats tun-Heche sactauxin Creak 4.2 21.9 22.3 23.6 -—- .- +1.3 +115.4
Nescuchsoue Creek [T ] 22.1 22.3 -=- - 22.3 0.0 ——-
Hannontcn Creek 44.8 21.8 23.0 - —e- 23.0 0.0 —--
Hudlica River 4.1 21.0 23.1 au- ana 21.1 0.0 s
Great Egg Marbor Basin 4.4 22.0 22.4 ase =% = Siid s
Upper Great Egg MHarbor 44.6 22.4 22.2 20.9 .- -—-- - 1.3 -221
Lower Great Egg Harbor M7 2l.4 23.3 .- - 21.3 0.0 -——-
Maur [ce Rlver Basin 42.8 22.8 20.0 e —am s S s
Hunumush in Creek 41.0 22.8 20.2 - -— 20.2 0.0 -
Maur ice River 42.5 231.0 19.5 20,204« 19.6 an= 0.0 -
Absecon Rlver 43.0 20.7 22.3 22,000 22,3 e 0.0
ruck ahue Rlver 4.3 21.9 22.4 16.1 .- ——— - 4.3 -
Denn §s Creek 2.4 22.5 19.9 -—— ——— 19.9 0.0 ---
Patcong Creek 41.3 20.8 20.5 - --- 20.5 0.0 -

Use the runoff value furthest to the right for budget computatfon.

Attributable to basin transfer except at Tuckahoe Rlver.

aas  Gaga significantly upstream of basin outlet = flow adjusted to represent entire basin.

"OU| + UOOPIN( » BSIBAUOD) « 218G

T=II1 MS OW3W HO3l



Serz.Ccnverse - Murdceh . Inc.
| TECH MEMO SW II[-1

It is probable that all of the excess in the Forked River Basn (43.1 +
207 + 100 + 52.8 = + 403) comes from Osnvap Creek (-365). Although the
mess balance does not work out precisely, it is considered to be close
enough to satisfy this premise.

Tre excess in the Atsion-Mechesactauxin Creeks probably comes from the
Upper Great Egg drainage basin.  The magnitude of the differences (+115
versus -221) indicates that basin transfer cannot account for all of the
shortage in the Uppar Great Egg Basin. It is likely that the remaining

volume be transferred to the Nescochague Creek, although a basis to
quantify this is unavailable.

Transfer anticipated from. the South Branch Rancoces. (-123) into the
Batsto River (+99) is also considered probable. There is one very large
discrepancy for the Tuckahoe River Basn which cannot reasonably
accounted for by basin transfer via the groundwater table slope theory
discussed earlier. |t 1s expected that this difference is due to either
insufficient streamflow record, intra-basin transfer, streamflow gaging
error a a precipitation messurement error, with the first being the
mog likely, Although an adjustment factor wes used to extend the eight
years of record to represent a longer period, it is not possible to be
certain that the proper adjustment wes mede

Direct Runoff

Total runoff from precipitation nmgy be divided into four component
arts: channel precipitation, overland flow, interflow and groundwater
low. Oirect precipitation onto water surfaces of streams, lakes and
reservoirs mekes an immediate contribution to streamflov and storm run-
off. Overland flow is water which, failing to infiltrate the surface,
flows over the ground surface towards a stream channe either as quasi-
laminar sheet flow or as flow anastomesing in small trickles or minor
rivulets. Interflow is water which infiltrates the soil surface ad
then moves laterally through the upper soil surface towards a stream
channel. Groundwater flow 1s compossd of precipitation which percolates
through the soil and then moves laterally through the zone of saturation
to stream channels.

Oirect runoff, or quickflow, is the sum of channel precipitation, sur-
face runoff and rapid interflow, ad represents the major runoff contri-
bution during and shortly after storm periods. Baseflow is the sus-
tained or fair-weather runoff and is the sum of the groundwater runoff
and dedayed interflow. In urbanized areas, flows Into streams from
storm sewers are al considered to be direct runoff.

48
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In the Pinelands, heavy rainfall events usually result in fair- to well-
defined increases in streamflow. As a result, storm periods appear as
rises on the hydrographs of streams and meke it possible to roughly
separate runoff into its twmo magor components, direct runcff and base-
flow, using hydrograph separation. For example, the hydrograph for
Wesecunk Creek at the streamflow gaging station for the period 20,
1973 to June 2, 1978 is plotted in Figure 12. Direct runoff (shaded
area) from the estimated 4.3 inches of rainfall is 0.26 inches of run-
off, only 6,2% of the rainfall.

The ratio of direct runoff to precipitation on the drainage area rises
moderately with inereasirg Prempltatlon. Figure 13 indicates that for
Westecunk Creek direct runoff is about five percent for a two-inch storm
ad nine percent for a four-inch storm. The scatter of points in Fig-
ure 13 indicates that runoff response will not necessarily be uniform
for storms with the same amount of rainfall.

Seil characteristics, water table depth, ground slope and volume of -
precipitation are the principa factors affecting direct runoff. These
factors vary geographically, annually and seasonally. Na all portions
of a drainage basin are effective in producing direct runoff. In
general, "effective" areas are areas of standing or moving water and
permanently or seasonally saturated soils axd impervious surf aces con-
nected* to stream channels ad .adjacent flood plain areas. Watersheds
with the higher precentages of land of this-type will prcduce a greater
unit volume of direct runoff than areas wfth a low percentage.

Direct runoff rates vary considerably between Pinel ands drainage basins.
Hydrogreph separatfon analyses of three Pinelands watersheds--McDonalds
Branch in Lebanon State Forest, Westecunk Creek at Stafford Forge ad
the Tuckahoe Creek at Hed of River--revealed that the expected percent-
age of direct runoff from a four-inch storm during average watershed
conditions ranges between 21 axd 65 percent. This range of runoff
rate is probably a result of a variability in the percentage of "effec-
tive" or "partial® areas between watersheds. Although ro effective area
megps are available for Pinelands watersheds, the hydrologic characteris-
tics of Pinelands soils would appear to be a potential substitute.

The Seil Conservation Service (USDA-SCS) has developed a four-group
hydrologic classificatfon of the more than 4,000 soils in the Unhited
States. The basts for the four groups are:

1  The infiltration rate - the rate at which water enters the
soil—at the surface ad which is controlled by surface
conditions
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Source: USGS. 1979 NQAA, 1979
BCM Anaiysis
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Figure 12 HYDROGRAPH FOR WESTECUNK CREEK AT STRAFFORD
FORGE AND DAILY PRECIPITATION AT TUCKERTON
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Source: Data-USGS. 1979: NOAA. 1979, 1978
B8 Analysis
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Figure 13. INCHES OF PRECIPITATION VS. INCHES CF DIRECT
RUNOFF, WESTECUNK CREEK
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2. The transmission _rate - the rate at which the water moves
through the Soil ana which is controlled by the character-
istics of the soi1 horizons

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

"A. (Low runoff potential). Soils havfng high infiltration
rates even when thoroughly wetted consisting chiefly
of deep, well to excessively drajned sands or gravels.
These soils have a hfgh rate of water transmission.

"8, Soils have moderate infiltration rates when thoroughly
wetted and consisting chiefly of moderately deep to deep,
moderately well to well drained soils with moderately fine
to moderately coarse textures. These soils have a moder-
ate rate of water transmission.

"C. Soils having dow 1ianfiltration rates whn thoroughly
wetted and consfstfng chfefly of soils with a layer that
impedes dovwad movemet of water, or soils with moder-
ately fine to fine texture, These soils have a slow rate
of water transmission.

"0D. (High runoff potential). Soils having very dow infiltra-
tion rates when thoroughly wetted and consisting chiefly
of clay soils with a high swelling potential, soils with
a permanent high water table, soils with a claypan or clay
layer at or near the surface, ad shallow soils over
nearly impervious material. These soils have a very sow
rate of water transmission."

?ydro]og‘lc soils groups of the major Pinelands are presented in Table
Q.

Distribution of the hydrologic groups in the McDenalds Branch, Tuckahoe
River and Westecunk Creek drainage basfns are fown fn Table Ll.
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TABLE 10
HYDROLOGC SOILS GROURS OF MATR PINELANOS SOIL SERTES:wx

Soil Series Hydrologic Soil Group* Percent of Pinelands**
L ak ewood A 12
Evesboro A 9
Fort Mott A <1

L akehurst A 11
Total Percent of "A* Seils 32
Woodmansie B 4
Downer B 17
Sassafras B 3
Aura B S
Kl e B _3
Total Percent of *8" Soils 32
Hammonton c 4
Woodstown C < 0.5
Atsion c 12
Marl ton C < 0.5
Total Percent of "C" Soils 17
Fallsington D < 0.5
8erryland D 4
Pocomoke D 2
Muk D 10
Alluvial land D --
Total Percent of *0* Soils 16

Source:

*  UDA SCS National Enaineering Handbook, Vol. 4, Hydrology, 1972

** Marco L, Markley, Soil Series of the Pine Barrens: Pine Barrens
Ecosystem and Landscape, 1979

33



14

TABLE U

DISTRIBUTION OF HYDROLOGIC SOIL. GROUPS
IN THREE PINELANDS DRAINAGE BASINS

Dralnage Basin

Drrinage Area
(square mile)

McDonalds Branch

Tuck ahoe Rlver
Westecunk Creek

2.67
30.76
15.72

Soil Groups
A B [ 0
square mile percent square.mfle percent square mile percent square mile percent
2.07 71.6 0.31 11.7 0.22 8.3 0.7 2.5
0.72 2.3 18.09 58,8 7.51 244 4.44 14.5
10.23 65.0 1.98 13.0 111 7.0 24 15.72

"OU| « UOORINA « BUBAUCD « 18
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A comﬂariso_n of the soils groups distribution in Table 11 would suggest
that the direct runoff response in MdDorelds Branch, because of its low
percentage of D soils (those soils with the highest runoff potential ),
IS _consider_ab'lﬁ smaller than the percentage of D soils in the other
basins. This TypotheSIs is tentatively borne out in Figure 14, a olot
of direct runoff from 2- and 4-inch storms versus percentage of D soils.
The percentage o rainfall as direct runoff for McDonalds Branch (2.5%
D soils) is approximately o percent, while the percentage of rainfall
as direct runoff for the other two baslns (15%0 soils) is approximately
five to six percent. Although analyses of more storms* and more water-
sheds are necessary before a more reliable relationsh_irp can be obtained,
it is apparent that the higher the precent of 0 soils in. a watershed,
the greater the direct runoff and, as a result, the 'lesser the amount
of recharge to the groundwater system. Observation of the distribution
of the solils groups on the soils n? of the Cooks Branch drainage basin,
a tributary to Cedar Crek basin (Figure 15), identifies another impor-
tant characteristic of 0 soils and, to a lesser extent, C soils.

A1l areas of D and most areas of C soils are contiguous to stream chan-
nels. As described earlier, for direct runoff to occur from a piece of
round, a direct saturated connection t0 a stream channd is required.
n general; 0 ad C, but not A ad B, soils have this connection.

In addition to using two SCS hydrologic groups as an alternative to an
"effective” area mgy, a preliminary analysis wes mack to see whether the
runoff volumes determined ly hydrograﬁh analysis were roughly equivalent
to the runoff volumes predicted by the sCS's Soil Cove Corpex Mehod
(USDA-SCS, 1972).

The estimated volumes of runoff for twoe watersheds for a 4-inch storm
were compared to the vodume predicted using SCS's methodology. ™o
alternative "effective" direct runoff source areas were investigated.
In the first set o watershed analyses, it wes asumed that D soils were

Eight storm discharge hydrographs frem each gage were separated into
direct and base runoff components. The vdume of direct runoff wes
obtained by measuring the ‘area within the direct runoff )
and converting the area value into inches o runoff over the entire
drainage basin upstream from the gage  Precipitation 1s not
messured in the basins. Precipitation amounts were synthesized from
nearby precipitation stations, thus adding an unknown degree of
uncertainty to the rainfall data used in the analysis.
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the sole source of direct runoff ad in the second, it wes asumed that >
both 3 and C soils contributed to the direct runoff. The data usea axd
results of the analysis are presented in Table 12.

The analyses proved inconclusive. If 0 soils are the sole source of
direct runoff, the Soil Cover Complex Mahod does an adequate job for
Wesecunk Cresk (1.8 inches predicted, 1.66 inches estimated empiri-
cally), but is far off For McDonalds Branch (1.8 inches predicted, 3.36
inches estimated). Use of 0 and C soils does not improve the estimates.
The variance in results my be due to an insufficient data base to esti-
meate the rainfall runoff  relationships in the watersheds and/or an
inaccuracy in the SCS methods in predicting runoff in the Pinelands.
Because the data used to develop the rainfall-runoff relationship are
few and because the rainfall data were obtained indirectly, it is highly
likely that this is a contributing factor. It isS recommended that addi-
tional investigation of the rainfall-runoff relationship in the Pine-
lands be conducted.

Rhodehamel (1970) estimated that direct runoff in the Mullica River
Basin constituted 11% of total runoff. His estimate wes based o, the
assumption that riparian lands (areas of saturated soil ad water
bodies) which compose approximately 15% of the basin were the source of
direct runoff and the majority of ‘direct runoff occurs between D

and April when seil moisture levels ad water tables are high. During
these five months, the Pinelands normally receives about 1/.25 inches
of precipitation. Because evapotranspifation 1osses are very small
during these months, most of the precipitation becomes direct runoff.
The average runoff, therefore, would be 25 inches, or 1i% of the total
225 inches calculated by Rhodename. Basins with less riparian land
woud have a smaller percent of direct runoff. N analysis or' total
direct runoff or total recharge of the groundwater reservoir wes con-
ducted as a part of the current study.

Relationship Between Groundwater Levels and Surf ace Water Flow

The ultimate source of a11 groundwater in the Pinelands area is precipi-
tation that 'infiltrates dowrwad through the soil zone and the zone of
aeration to the water table. Fluctuations o the water table indicate
relative rates of recharge to or discharge from the groundwater reser-
voir. When recharge exceeds discharge, water levels rise; conversely,
when recharge is less than discharge, water levels decline. The three
factors influencing recharge ad discharge are precipitation, evapo-
transpiration, and streamflow. Typically, monthly recharge exceeds dis-
charge during the winter and early spring. DisCharge exceeds recharge
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TABLE 12

COMPARISON OF ESTIMATED AND PREDICTED DIRECT RUNGFF AMOUNTS

Estimated Or Predicted Direct Runoff Amounts (Inches)
D Sofls "Effective” Source Area D&C Soils "Effective” Source Area

D Sofls D + C Soils Estimated Basin Runoff
Total Area in Basin In Basin from 4-Inch Storm* Hydrograph SolT Cover Hydrograph SolT Cover
Stream Name (Square Miles) (Percent) (Percent) {Inches) Separation Complex Method Separation Complex Method
WcDonalds Branch 2.67 25 10.5 0084 3.36 1.8 0.77 14
Westecunk Creek 15.72 15 22 0.26 1.66 1.8 1.15 1.1
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dukr‘.‘._jing the summer ad fall. Atypical levels may result, especially

during periods of prolonged drought or heavy rains. |_\/|onth|¥ groundwater
levels in the Mout well near Batsto are plotted in Figure 16.

As described in the section on direct runoff, approximately 90% of total
streamflow in the Pinelands is base flow. The majority of this flow is
roundwater discharge. As aresult, streamflow in ?inelands streams is
argely afunction of water table levels.

Figure 17 presents a plot of the lowest datly water level of Well 18-V
in the Lebanon State Forest ad average daily streamflow at the McDon-
alds Branch streamflow gage. Because the well and stream gage are less
than four miles apart, the drainage basin characteristfcs, including
topography, soils, vegetation, ad land use are similar, and the eleva-
tion of the average water table and stream stage are within 10 feet of
each other, the water table fluctuations at Wdl 18-V are representative
of water table fluctuations in the McDonalds Branch basin. The close
relationship between water table and streamflon fluctuations is clearly
indicated by the plots. This relationship IS alse indicated by the plot
of discharge versus elevation of the water table.

Close relationships between water table elevations ad groundwater dis-
charge to surface streams should resemble the relationships down in
Figure 18. On the larger streams, there +#s likely to be a two- to
three-day 1ay between fluctuations in water table and streamflaw. Tech-
nical mamoandum 6W-11 snould be consulted for additional infermation on
the groundwater hydrology of the Pinelands.

DYNAMICS G THE FRESHWATER-SALTWATER INTERFACE

The aguatic ecology of the estuaries downdream from Pinelands streams
is partially a function of the quantity and distribution of fresh water
delivered to the estuaries ad the resulting estuarine salinity levels.
As described in Technical Memoaxdum $W 1V-3; the life cycles and health
of estuarine organisms (some of whid1 are economically important, such
as oysters, or are part of the food chain on which economicaly impor-
tant species are dependent) depend upon certain_ salinity levels. Low
salinity porttions of the estuary serve as a spawning and breeding ground
for may marine organisms. The low salinity ensures that the young and
the Tarvae are separated from more mature stages ad predators.

The objective of this section is to present available infermation that

describes the relationship between streamflow ad estuarine salinity
levels. The only Pinelands estuarine system which has been studied in

€0
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detail is the Mullica River estuary (Durand and Nadeau, 1972). A sum
may of the results of that study is presented in the following para-
graphs. Recommended maximum mean manthly low water salinities ad cor-
responding streamflows weae established by Durand and Nadeau. Their
recommendations and the &flfty to extrapolate this information to other
estuaries are also disassed.

Salfnit?/ at any location in the Mullica River estuary fs a function of
tidal fluctuations, freshwater streamflow and distance from the upstream
terminus of the estuary. Figure 19 shows the relationship between river
flow Of the Batsto River at Batsto* ad salinity at French Point, Turtle
Island, ad Cge Horn. The figure displays the three elements listed
above, salinity varies over a tidal cycle (e.g., salfnfty ranges between
4 and § parts per thousand (ppt) during streamflows less than o equa
to /5 cfs), high salinities at a statfon are associated with low stream
flows, and salfnity increases towards the mouth of the estuary (Fig-
ure 21 indicates the location of the three stations). It fs important
to note that salinity changes at lov river flow are most pronounced at
French Point, the station that is furthest upstream. Therefore, any
fluctuation in surface flow exerts Its maximum effect in the upper
reaches of an estuarine system. The lesser effect of fluctuatfons in
river flow on salinfty In the lower estuary results from the buffer
effect of the larger fraction of seawater there.

Durend and Nadeau reported only limited salinity stratification (no top-
bottom differences in excess of 2 ppt were observed) in the estuary.
Salinity data collected and reported by Durand and Nadeau for eleven
stations for four sampling runs selected on a seasonal basis are plotted
in Figure 20, These data demonstrate that salinity increases at a rela-
tively constant rate with distance dewnstream, Generally, measureable
salinity between R14 and RL7 occurs only in association wfth exception-
ally hHh tides. This is doown in the data for November 18, 1968. High
river Plows, as represented by the flow of February 27, 1969, cause the
upper limits of salt penetration to mowe downdream and result in in-
creases in the salinity gradient between the upper estuary and the bay.

The Batsto Rfver 1s one of four major tributaries to the Mullica
River estuary. The Batsto River's flow rates, although considerably
less than the total freshwater input to the estuary, are representa-
tive of the flow regime of the mgor freshwater streams.
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Extreme lonv salinities can occur as far down the estuary as Turtle
IsSland following heavy precipitation events superimposed on periods of
generally high precipitation and streamfiow. Men armme lowv tide
salinity ranges beween about 9 to 11 ppt, and 18 to 20 ppt at French
Point ad Turtle Island, respectively. On occasion, salinities as lowv
a5 3 ppt wee messured at both stations during high flows in July and
Augus. During one recorded period following heavy rains, salinity at
Turtle Island dropped from 17 ppt to 4 ppt (measured near mid-tide) in
three days. Within a wesk, mid-tide salinities had increased to approx-
imately 13 ppt. A few moe wesks passed before salinity reached the
mae nomd level of 20 ppt at Turtle Island.

In general, mod heavy rainfalls are capable of increasing streamflow
sufficiently t0 cause sudden short-term salinity decreases downriver.
The importance of the salinity variations wee stated ty Durand ad
Nedeeu (1972, p. l1):

"It IS often the extremes in salinity rather than the men
salinity that are significant in regulating population distri-
bution in estuaries. Brief periods of lov salinity, then, nmgy
be important in preventing the establishment of significant
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 My 1968 through June 1969. The
two salinity plats represent two significantly different sets of stream-
flow and salinity conditions, With the exception of August 1962, the
streamflow and resultant salinity during the former period were near
monthly means (Table 13). Therefore, the 1961-62 sal inity patterns
presumably represent the average conditions of the estuari/. Salinity
at French Point dropped from about 15 ppt in September 1961 to about 4
ppt in April 1962, and increased to 12 ppt by Auguds. 3elow average
streamflows from August 1968 through June 1969 (Table 13) resulted iIn
higher salinity than the 1961-62 period.

In-centh information regarding the freshwator-sal twatcr relationships
in other Pinelands estuaries is not available. It is likely that rela-
tionshiﬁs similar t0 those described in the Mullica River estuary exist,
athough their magnitude and variability ngy differ.

Ba= Hows Required t0 Mantan Estuarine Freshwater-Saltwater |Inter-
Tfaces

As described in the preceding section, the salinity of an estuary and
the estuarine freshwater-saltwater relationships are dynamic, not
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TABLE 13

BATSTO RIVER FLOW

(Data for the Months Plotted In Figures 21 and 22)

Mean Monthly Mean Monthly Mean Monthly

Discharge (cfs) Discharge 1961-62 Percent of Discharge 1968-69 Percent of
Month 39-year Median (cfs) 39-year Median (cfs) 39-year Median
May 131.0 --- -— 123.0 94.0
June 96.3 -—- -—- 175.0 182.0
July 84.7 =a= — 98.1 116.0
August 86.8 - -—- 67.9 78.0
September 73.5 99.6 136.0 52.6 72.0
October 75.6 116.0 153.0 53.5 71.0
November 112.0 86.9 78.0 109.0 97.0
December 121.0 110.0 91.0 100.0 83.0
January 141.0 146.0 104.0 95.5 68.0
February 142.0 129.0 91.0 127.0 89.0
March 163.0 222.0 136.0 138.0 85.0
April 141.0 173.0 123.0 109.0 77.0
May 131.0 94.3 72.0 84.3 64.0
June 96.3 104.0 108.0 78.8 82.0
July 84.7 74.7 88.0 -—- ———
August 86.8 194.0 224.0 - -—-

Source;: \S Geological Survey
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static. Salinity at awy given location at aw point in time is a func-
tion of the following factors:

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

2. Stage of the tidal cycle
3. Distance from the upstream terminous of the estuary

4.  Estuarine hydraulics

As a result, because there are so may factors and because each estu-
arine system has its own characteristics of freshwater inflow, tidal
fluctuation, Ienﬁth and shape, and. circulation, it is extremely diffi-
cult to establish a complete understanding of a system where data are
available, muh less extrapolate information from one watershed to an-
other. Also, as a result of these physica ad other variations,
including differences in substrates and marsh characteristics, the
ecologic system and its requirements cannot be directly equated from one
estuary to another. The only Pinelands river-estuarine system which has
Igeen studied in detail ad for which data were available is the Mullica
iver.

Recommended madmum monthly Mullica River salinity levels and the fresh-
water streamflow necessary to maintain these levels were developed by
Durand and Nedeu (1972, p. 68) as part of a project to evaluate the
water resources development potential of the Mullica River Basin. The
recommended salinities and associated streamflows are presentea in
Table 14. The flows they present were selected to ensure that salinity
levels would not become so high as to alter the existing ecology of the
area (Durand and Nadeau, 1972, p. 44).

An analysis of men monthly flow freguency of the Batsto Rfver For each
month wes mede in order fo establish whether there was a consistent
pattern between the recommended Hows ad the frecuency at which they
are obtained. Figure 23 displays the results of the flow frequency
analysis for August. The average monthly flow recommended, 57 cfs, was
equaled or exceeded in 78%of the Augusts during the 39-year period of
record. Looking at it another way, the recommended flow was not ob-
tained in 22% of the Augusts.

This type of freauency analysis can be used to estimate the likelihooa
that specific flows, such as 57 cfs, will be eaualed or exceeded in any
given year. As a result, assuming watershed hydrologic conditions
remain relatively unchanged, there is a 22% chance that the flow during
the month of Aupust of any given future year will be less than 57 cfs.
Probabilities of the flows associated with the recommenced maximum
monthly salinities not being obtained are presented in Table i4. The
likelihood of nonattainment ranges from 7% in March to 47% in Gctober.
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TABLE 14

MAXIMUM MEAN MONTHLY LON WATER SALINITIES=
TO 88 MAINTAINED AT FRENCH PQINT IN THE MULLICA RIVER
AND THE CORRESPONDING BATSTO RIVER STREAMFLOW

3 4

(2) B(at;to Likelihood th(at)FIovy will not

l\/t()%t)h %E]e}%ietnyt) Stvf:?rgglow be Obtalned”gner%’éyntgslven Year*
October 11.6 72 47
November 11.3 74 15
Decembe 10.4 81 17
January 9.0 97 20
February 8.4 112 17
Mar ch 8.4 112 7
April 9.4 94 15
May 9.8 90 17
June 11.0 76 30
July 12.0 68 30
August 13.8 57 22
September 13.3 60 30

* Recommended by Durand and Nadeau, 1972

** Based on 39-year flow records (1940-1978). Columns 1, 2 and 3 from
Ourand and Nadeau (1972).
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At the outset of the present investigation, it had been hoped that the
information ceveloped by Curand ana Nadeau coula be usea to gevelop
recommended minimum streamflOANS to maintain estuarine fresnwater-sait-
water equalibrium for other Pinelands streams. However, based m the
high frequency of flow unattainment of the Batsto River for several
mnths, axd a conversation with Q. Ourand (oral communication, January
1980), it has been concluded that the Batsto River-Muliica River infor-
mation is not satisfactory for developing recommendations oOn minimum
streamflows necessary for protecting the estuarine ecology of either the
Mullica River or the other estuaries within or downstream from the Pine-
Tands National Reserve. Muh more data are necessary before a full
understanding of estuarine salinity relationships can be obtained.

In lieu of recommending specific streamflows which should be maintained
to protect estuarine freshwater-saltwater relationships, monthly flows
for each of the Pinelands drainage basins which have a 75, 90, and 9¢8%
probability of being equaled or exceeded in any given year, together
with the likelihood of exceedance developed from Qurand and Nadeau's
Mull ica River data, are presented in Appendix 2. The following proce-
dures were used to develop the flows presented in Appendix 2

I. Geged watersheds with gage near basin mouth - monthly flow
duration_ analyses were mede from available flow data with-
out adjustments

2. Gaged watersheds with streamflow Sages located upstream
from the mouth - monthly #1ow duration analyses were made;
flow rates at the basin mouth were obtained by arithmeti-
cally adjusting flows to account for total drainage area.

3. Gaged watersheds with streamflow gaging stations located
downstream from the pPinetlands National Reserve Boundary -
monthly flow duration analyses were mase; Hows were
arithmetically adjusted on the basis of drainage area to
include only the portion of drainage basin within Pine-
lands National Reserve boundary.

4, U watersheds - memn flows obtained from Table 2;
monthly flows and flew durations were obtained by extra-
polation frem mean flow to 75, S0, 98%flow relationships
at nearby gaged watersheds.

The flows presented in Appendix 2 have been provided for cuidance only.
Because there are insufficient data on estuarine freshwater-sal init
relationships, there is mo basis at .this time to recommend flows whic
should be establ ished as mnmum allowable estuary inflow.
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TARLE 2-1 {Coanttnued)

Oriinage Area Caiculated ing/ar Essimatad Wein Momthly Strasmf Jows icfs}

Mnth Basin (Saudre Miles) asz(l) rssil) sozil) 9ag(l)
Novesber
Toms River(2) 13548 141 158 134 94
Nerth Branch Rancseast ) 70.47 0 6 @ 20
South Srmen Ramcocast 76.59 B s » 13
Cadar Creexl’) $5.00 8 7 57 &4
Forkad River'S! 19.70 = 2 24 7
Oyster creakt’! 11.26 2 n 2 2
M1 cree!® 16.64 = 2 s 2
Westrcunk Creak'?) 19.00 n z n 17
Bass River(10) .18 a = 2 13
Vading River(H) 146.39 167 172 13 gs
Vast Branch W ingl ) 84.10 ) 108 8 £5
Oswega Creext!3! 64.00 52 . 82 @ 31
Bazsts River(!4) : 70.50 14 a7 6 43
Atsion-Mechesactauxis Creeks'28) g4 40 58 ) a0 14
- Nescochaque Creek(16) 41.09 2 9 k] 2
Hammonton Creaktl?! 17.c8 15 a 17 11
Mallica River(t3) 97,51 10 122 3 51
Upper Great Eqg Harber River it 151,12 145 159 121 g1
Lower Great Egg Hartor River(®) 99,32 117 136 97 &
Sawscin CreskiZl) .66 s a1 P2 ] x
Maurtes RivertZ) 111.00 %2 uy 8 a7
Absecon fiver (D) 16.50 7 ? 5 —
Tuckanoe River (24! 8.6 a a " a1
Dennts Crenx(S) .50 52 £ 52 52
Patcong Creektd) 5.92 19 20 19 19

2-2
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TABLE 2-)
LIKELIHCOD OF EXCEEZIANCE OF CALCLMATED ANG/CR £STIMATED MEAN MOAMTHLY STREAMFLOWS

Drafnage Arma  Lalculated and/or Extimated Mean Monthly Stresmflows (cfs)

Month Basin {Square Miles) 43 108 752i1) goxil) 3831}
October
Toms River (2] 135 .46 154 131 105 91
North Branch Rancocas!>) 70.47 5 52 ki 25
South Sranch Rancocas!d) 76.59 s0 7 2 18
Cedar Cresk(?) 56.00 rn 65 57 4
Forked River'S’ 19.70 28 7 2 18
oyster creex!’! 11.26 £ B £ 29
M1 creect® 16.64 s % 2 16
Westacunk Creek'?) 19.00 % 2 19 15
Bass River(l0) .38 n 20 v 14
Mad Ing River(13) 146.39 157 136 s 9
Nest Branch Wading!lZ) B4.10 100 V% 7" 51
Otwago Creak!ld) 64.00 5 & % 29
Batsto River (1) 70.%0 7 8 54 “
Atslon-Mechesactzuxin Creeks i) g4 4o 65 kel 2 2
Rercnchaove Creekt i8) .09 a5 k) n rtd
Hauwonton Creex'l’) 17.08 19 17 14 12
muiltca Rives!1®) 7.9 n 9 2 &3
" Upper Great E¢g Harbor River3? 15112 1 18 ™ 75
Lover Great £gg Hardor River'®) 99,32 114 58 78 62
Manowysxin creekld) 1.6 3% n u 19
Maurice River($! 113,00 ) 82 85 a9
Absseon RiveriS3) 16.60° u § . 1
Tuckahse River:d) €968 0 Q U 7
Dem i1 CreextZ) 1.8 6 56 “ 1
Pateong creei! 25) 5.92 rLd 21 7 13

Musbers in prrenthesis refer to foutnotes that can he found at the end of this table.

2-1



3atz - Convearse - Murdecnh « Inc. TeCH MEMQ SW [I{-1

TAGLE 2-1 (Cantimued)

Oritnage Arss Calculated ind/or Istimatad “ean Monthly Strsamfaws (cf3

Sooth 8asin {Square Milas) a0zil) rezll) s0x(1) saxil)
January
Yoms River |2} 13548 214 a7 158 134
North dranch Rmcausu) m.47 9 28 Fiv) 45
Sauth Eranch Hancocas“) 75.59 103 1oz 53 cou
tedar CreaxtS) %5.00 8s 89 53 53
Forked River'S) 19.70 ) 1 2 2
Syster Creakt’) 11.26 1 38 0 2
A creat!® 15.54 26 g 2 13
wastecunk Creakt?) 19.00 » 3 23 17
tasz Rivert 10! 20.18 Fol by 2 16
Vading Rivertil) 146.39 188 26 147 107
Vst Branch Wadingtll) 84.10 118 11 93 53
Oswago Creekt ) 64.00 n % Py o
tatsta Rivertid) 70.50 37 107 ” 56
Ats fonHechesactaunin Creeks' D) §4.40 110 m 81 z
Nescochagque Creaktif) 4.09 £ 5 2 1
Harmcntan Creskt1?) 17.08 7 = 13 13
milfca River!!®) 9.81 112 us 104 7%
Upger Great fgg Harvor Aiver!1?) 151,12 133 27 156 11s
Lower Great Egg Harbor RiveriZ®) 29,12 155 166 128 52
Manumsk In Creek( 2L 31.68 45 a8 % %
vaurfea fiver (2} 113.00 131 153 re) &
Absecon River( 3! 15,50 12 1 10 7
Tckahge Rtver(28] .53 7 N 57 a
dennis craex{™) 71.80 " 86 58 u“
Patcong Creext &) .92 29 ") 2 16
Te—

2-4



Betz « Converse » Murdoch - Inc. TECH MEMO SW IIl-1

TABLE 2-1 (Continued)

frainage Aroa Calculated and/or Sstimatad Mean Momthly Streamflows {cfs)

Honth Basin {Square Miles) gxil} 7sz(l) 905l 1) 9exil}
lecesher
Toms River(2) 135.46 151 178 147 108
North 3rinch Rancocas!>) 20,47 &7 7 54 3
South 2ranch Rancacas'?’ 78.59 104 115 54 —
Codar creekS) $5.00 ™ e 2 5
Foried River{s) 12.70 23 i 27 20
Oyster Creek'’) 11.28 1 ;) 30 23
M1 creext® 16.54 2 7 2 12
destecunk Creex!? 19.00 2 n 2 16
Bass Riverti0) .28 2 % 22 15
Wading Rivert1l) 146.38 167 207 150 100
West Branch wWadingllZ) 84.10 106 131 35 54
Oswago Creexti3) 64,00 60 & 8 2
Barsto 2ver (4} 7.5 8 100 73 a8
Atsfon—Mechesactauzin Creekst®S) 64,30 91 o4 a2 —
Nescechaque Creex'i6) 4.09 @ 53 a 29
Hewonton Creex!l’! 17.08 2 ) 18 12
Walltca River (18! 97,51\ 118 148 106 71
Upser Great Zg9 Hobor Riverl!?) 15112 172 191 " 183 34
Lowar Great £gy Harbor Rivert®) 99 32 134 169 119 73
Manususk in Creei! 2] 71.66 . ) u 7n
Maurfca Rivar!2) 13.00 112 121 102 57
Assecon River (D) 16.60 7 1 5 -
Tuckanon River!28) .68 61 & 52 58
Dem 15 Creex! 25} 1.5 78 55 & &g
patcong Creex! ) .92 29 2 2 22
LY
—
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TABLZ 2-1 {Contfnued)

Orainage Ar=a falculated and/ar Istimatad Mein ¥oncnily Straswf lows {(cfsi

Honth Jagin (Square Milat) yaxit} 75xil) gogli) 9gz(Ll}
tarch
Tous River () 135.46 23 263 737 199
Yarth 2ranch Aancoeastd) 79.47 129 127 113 89
South Branch Rancocast® 78.59 89 112 .97 75
Cedar Creart) .00 100 11 108 100
Farked River'S) 19.70 Y 2 10 X
Oyster Creext”) 11.26 2 a2 15 2
ni11 creext® 15.54 3 74 15 u
westacunk Creei(®! 19.00 k) “ 1 30
Bass Rivertl0) 20.38 n w0 18 z
¥ading River'It) 146,39 24 s 238 136
west Branch Wadingti?) 84.10 142 173 151 118
Oswega Creektid) 64.00 ™ 98 8 &0
Batsto Rivertl$) . 70.50 2 118 g 93
Atafon-Mechesactaaxin Creekst®! 61,40 113 125 109 73
Nescochaque CresxflS) 41.09 “ " s 0
Hamontan Creek!l7) 17.c8 z H 2 pa)
Wllica Rfverti?) 97.51 153 tod 158 131
Upper Great Eqq Harbor Riverti? 13112 714 288 219 159
Lower Great £5g Harber tver'®! 99,32 139 218 191 115
Manumuskin Creex!E) 1n.66 5 &4 7 10
waurics Riveri 2! 113.00 148 188 163 108
Absacan River{B) 16.60 3 19 in 7
Tuckahoa R fvertod) 6.63 70 57 7 53
Bann 15 Creex! %) 71.40 n 38 78 8
Pateng Creax! 28! 75,92 8 % 2 2

2-5



Betz - Converse « Murdach - Inc.

TABLE 2-1 {Continued)

TECH MEMO SW III-1

briinage Area

Calculated ang/or Estimatac Megn Monthiy Stresmf lows (cfy)

Morith Basin {Sauare Wiles) gz(l) 75%il) gozill 9a3{l)
Fenruary )
Tom River 2) 135.46 ns 261 189 154
Nor®h Brancn RI‘ItOCISu} .47 10 119 ¥ &0
South Branch Raneocastt) 76.59 109 126 94 90
Cedar Creex!®) 56.30 95 108 86 n
Forted River !5 15.70 * 18 2 28
Oyster Creex!’”’ 1126 B 19 1 25
mi creexf® 16.54 0 3 2 2
wescecunk Creext?! 18.00 1 8 nu 2%
Bass River(10) 20,18 2 n u 2t
Wading River 1) 146.39 21 29 211 164
west Branch Wading'l?) 84.10 140 145 134 104
Otwego Creex 13! &4.00 ™ 8 & 3
Yatsza River (V4 70.50 112 116 107 £
ALS fon-Machesactauxin Creaxs'iS! 62,40 110 us 107 "
Nascochacue Creek'i6) 41.09 & 5 ) o
Hamonton creeitl’) 17.08 7 n . 2
Mallica River(18) 97.51 156 162 149 116
Upper Great £gg Harbor fivert1?) 18712 225 3 ! 13?7
Lower Great Tgg Hartor Atver ) 99,32 11 179 169 104
Manumuehk in Crcll:(u) 11.66 51 Lx ] 4 11
Martes River(82) 113,00 144 146 137 102
Absecon Rivar(Z) 15.50 10 18 7 5
Tuckahoe River 2t .63 &6 81 61 59
Benn 13 Cruex(2S) N.60 & 2 62 60
Patcong Creex! %) 2%.92 o ) i 2
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TzCh MEMO SW [iI-1

2-8
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\
TABLE 2-1 (Continuee)
i1
Orainige Area Cilculated ind/ar Lst:miced “ean Mgntnly Strewmflows tcfg)
Manth 8asin { Square ¥iles) gaxil) rsait) jex(t) saxii)
fay
Toms River'?) 135.45 156 210 175 10
Nerth Irmen Runcacashd! 70,47 a0 8l 7 52
Sauth Brinch Rmcacls“] 74.%9 £3 &4 52 15
Cadar Creaktd) .00 83 9 r 12
Forked River | 19.70 32 u 29 26
Oyster Creek'’) 11.28 2 8 n £
11 creat®! 16,54 29 10 2 2
westecumk Creexld 19.¢0 » r 28 2
Bass Rivert10) .38 o4 ey i 20
Wading River 1) 146.39 187 202 175 138
West Sranch !-(J;dingtu] .10 us 128 1 38
- Oswego Creek 64.00 ) 6 54 a4
= 3atsto River! ) 70.50 %0 g7 84 65
Atsion-Mechesactaxin Creeks'S) 44,40 12 78 64 a8
Aescochaqve Creakt 8! 4.09 5 2 0 19
Hamanton Crmek' 17} .08 z s a 17
wailica Rivertl) 97.51 132 . 143 1 38
Upper Great Sgg Hardor River‘19) 18112 18, 188 142 128
Lower Great €9 Harbor River(®) 99,32 121 144 109 %
" Manumuakin creextZl) 31.65 u sl 1 77
Maur ica River! 2! 113.00 us 118 s 20
sbseeon River'B) 16.50 12 13 3 —
Tuckaroe Afvertsd! §9.68 61 1 Qa ot
Dena fs craskl ) 7.5 % 3 “® u
Patcong Creext?S) 25.92 ) 29 17 12



Betz - Converse - Murdoceh - Inc,

TABLE 2-1 {Continued)

TECH MEMO SW III-1

Dritnage Area Calculatad and/or €5 imated “ean Monthly Stresmfiows (cfs)
Month 2astn {Souars Miles) asxil) rszil) 90%(1) gsxil)
sor 11
Toms Riveri?) 125.46 22 29 204 164
North Branch Rancocas'y 70.47 %4 103 a8 20
South Srancn Rancocastt! 76.59 30 93 7% FE)
Cedar Creexts! 55.90 101 108 38 93
Forked Rivert®) 19.70 ? k] 15 %
Oyster Creex!”) 11,26 3 19 n 2
M1l creek!® 1664 2 u 1 20
Westecunk Creekt?) 19.00 1 % 30 2
Bass River (10 20,38 ze. B 7 2
Wading River (1) 146.39 191 225 167 152
west Branch Wading!l?) 84.10 121 143 118 7
Oswego Creektid) 4.0 73 81 &9 az
Satsto River(1¥) 70.50 94 111 92 3
Arsion-Mechesactauzin creeks!S)  g4.ag Py 93 78 50
Nescochacue Creekt 6] 41.09 55 &5 N u“
Hamaonton Creek'l?} 17.08 2% 28 e 19
Mulltca River(18) .§7.51 135 159 11 107
Upper Sreat £gg Hardor Atver't3)  e1 12 204 ns 196 150
Lower Great Sgg Harbor River(X) g9 32 181 178 155 118
Manususk fn Craek(2) n.6 ag 5 o 36
Marica River(2) 13.00 152 164 142 91
Absecon River!Z3) 16,50 1 17 12 5
Tuckahoe River! 2! 63.58 68 81 61 53
benn it Creex!ZT) 7.8 b ea 68 o4
Patcong Creek(25) 75.92 Fad 1 25 2
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TABLZ 2-i (Continued)

Orainage Area Calculated andfer SqTimytes Masm Monghiy Streamflgws [<f5)

Momth Basin {Square Miles) 1oxt L} 7exll) saxil) sagil)
July
Tows River (2] 135.46 120 uz 102 93
forth Sranch Aancocast?) 70.47 49 g o) 2
South Sranch Rmcms“) 74.53 113 40 0 13
Codar Creektd) .00 Pt & < 0
Foried River!?] 19.70 z 2 p) 16
Oyster Creex!’] 11.26 LY 2 2 Pl
111 creekt® 18.54 ~2%_ @ x 1
westecunk CreaklY) 19.00 a 20 v 14
Bass Riverti®) 2.38 2 19 1 12
Vading Rive-!!1) 146,13 T 141 127 108 88
Wast Sranch dadfngll?) 84.10 ; 30 81 ) “
Oswago Creak!ld) @00 «© T— 1 24
gatata River!l®) 70.50 & 81 £ a
AtsionMechesactauxtn Creekat!S) &40 o “ 2 15
Nascnchacua Creex(l8) a9 0 3% 2 2
Hammonton Creex‘l?) 17.08 7 15 13 10
Mallles River(18) 97.51 100 89 % ©
Upper Great E3g Harbor River(i®) 181,12 11a 110 8 52
Lower Sreat Egg Mardar Riveri®) 99,1 % 9 n 52
Manemsi in Creskt S 1.5 n Lom 2 7
Maurice ver' 2} 123,00 1 7 54 3
Absecon tver' &) 15.50 5 s ! g
Tockance River (24 &.a u 2 7. 7
Bennis Creex's) 7.8 a 19 19 1
Patcng Creax' 25! .92 18 14 14 1
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TABLE 2.1 {Cantinued)

Orainage Arwz Calevlated and/or Fitimited Mean Monthly Streamf lows {cfs)

Montn Sastn {$auare Miles) 70311} rexil) s0x(1) 3enil)
June
Tows River(%) 135.46 161 159 131 108
Morth Branch Rancacas“) 70.47 €3 7 a8 3%
South Branch Rancocas'®) 76.59 3 2 2 17
¢cedar Creek!®) 5.0 8 %0 n 56
For ked Riverw} 19.70 k] 2 Fry 2
Oyster Creex(7) 11.26 1 1 7 2
M1} creex(8! 16.54 2 2 2 19
Westacunk Cresx'?d) 19.00 % 7 0 16
Bass River'i0) .38 2 28 19 15
Vading River!il! 6.3 153 143 127 68
West Beanen Wading! L) 8,10 97 91 20 &5
Omwego Creek!ld) 64.00 52 51 2 3
Batsts River 14} 70.50 7 n 0 51
Ats jon-Mechesactaurdn Creeks(25)  sa.40 51 ") 19 e
Nescochaaue Creek!!6) al.09 108 o2 * 29
Hammonton Creex!l7) 17.08 19 z 15 13
wilfca Rivert!8) 97.51 108 127 89 72
Upper Sreat Egg Hardor River'1?) 151,12 134 132 110 34
Lower sreat £gg Harbor River(2) 99,32 1 110 g2 78
Manumuskin Creek'ol) .6 u u 2 2¢
Masr fen awa-(m 113.00 116 108 n &8
Absecon RivertS) 16.50 3 8 5 —
Tuckahos River (24} £3.68 2 %0 n P
Dam is Creak! D) n.e ©2 © R Fa)
Patesay Creex!ZS) .92 19 19 1z 9
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TABLZ 2-1 (Continued)

Orainige Area  Calculated and/or Selimatad Mean ™anthly Stresmflows |=f3)

Month  Basin (Sauare Miles) 70zii) 755(l) 0zt g8=l!)
Saptemher

Toas Rivert2) 135 .45 14 108 85 78
North Branch Rancacast?y) 70.47 o Q u 7
South Branch Auncocas!?®) 78.49 2 2 v 15
cedar Creex!) %.00 & & 5 8
Forked River'® 19.70 n ) 2 14
Oyster Creaxt’) 11.25 Ex n z 18
a1l creet!®) 18.854 z a 18 12
wastacunk Creak(?! 19.00 ) 2 18 17
Bags River(1?) ' .28 2 2 7 16
¥adtng River(1l) 46.39 184 139 113 108
west Srancy Wading! 12} 84.10 9l 84 n 69
Oswego Creek!ld) $4.00 0.3 8 2 24
Batsto River14) 70.%0 0 52 a7 .5
Atsion-Mechesactauain c:-uu“” 64 .40 38 ] a3 x|
Mescochacue CreextlS! .09 a 0 n n
Hamsentan Creek'l7) 17.08 12 7 1 k|
Malltes Qiver(l8) 97.51 102 97 ) 76
Upper Great Zgg Harber River!lS)  151.12 107 ” 75 7

Lower Great £gg Harser Rivert?d) 99 22 102 7 7 67
anususicin Creekt ) n.66 % B P 2
turics Atver 2 13.00 n s 49 s
Asecon River! D) 15.50 7 § 3 1
Tocxaioe River ) o.8 b u ” »
dem is Creext 51 71.50 ® “ 8 il
Pateong Creex'Z) =.92 17 s 1 15
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TABLE 2-1 (Cantinued)

Drainage Arma Calculated and/or Sgtimated Mean Monthly Streanflows (cofs)

Month  Basin {Square Miles} rexil) rsgli) 0z(1) gexil)
Audust
Toms Rivert?) 138.45 113 116 78 63
Norh Branch Ranepeas(d) 70.47 a s5 1 7
South Branen Rnr.o:as"” 76,59 Fa | 5 17 17
Cedar Creak'S) 55.00 & 0 54 %
Forked River'S) 19.70 2 1 2 18
Orster Creek!’) 11.26 3% * ] %
N creext®) 16.64 pad Prd a 14
Westecumk Creek(?’ 19.00 z 2 18 16
Bass River(+0) 20.38 20 2 1 15
Nading River(11) 186 .39 136 143 112 100
west Brinch Wading(i2] 84.10 o5 91 7n &
Oswego Creekild! 64,00 19 “ 3 2
Batsto Rivertid! 70.50 57 0 a «Q
Atsion-Mechesactauxin Creeksi ! s4.20 2 £ 7 19
Rescochague Creek! 18 1.0 3 4 R o]
Hanoonton Creek'l’) 17.08 17 18 1 12
Mullsca River(18) §7.51 9 101 b n
Upper Great Zgg Harbor River(13) 15312 g7 102 7e 51
Lower Great £gg darsor River'®) 99,32 g ) &6 45
Manumusk in CreekiZl) n.¢8 28 e 2z 15
Maursea River(Z2) 113.00 & 73 52 18
Absecon River (&) 15.60 5 5 2 1
Tuckahos A iver 2% 6.8 an a 3 2
Dennts CreaktZ! n.® 2 2 18 a1
Patcong Creext8) .92 20 2 17 18

2-11
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TABLE Ze1 (Contfnued)

Hotes:

1.

2.

19.

28,

Percentage af years whtsh flow ts likaly iv exceed the given flow value., The 'lkelinood of excaedance in
column 3 is dased on worx conducied on the Batsio River and the Muilféza River estusry {Duramd and Nadeau, 1372,
p. &3) and USGS flaw gata for she 5415t River. The 755, 50%, ang 98T lixelihoods of sxceegance were selectad
in order to provica 4 range of “low values.

Flows 3t USG5 gage {crainage swa « 128 sq. mi.) arfknmerically adjusied on the basis of drainage ared 5o
include zred cownsiream *rom gige.

Flows at USGS gage [drainage area = 111 sa. mi.) aritrmetically acjusted em the bagis of drainage ares 3o
inclyde only pori-on of criinage Dasin =itnin Pinelands Xationa] kesarve bounoary.

Flows at USGS gage (dreinage arew = §4.5 ca. mi.) arithmetically adjusted on the basis of crainige drea to
include anly portion of drainage bagin within Pinelands Netional Reserve SOuncary.

USES stresmfiow gige at bagin mouth. No adjustment required.

Migaged watershed, Flows extripolatad from Cedar Creek cata basza.

Fiows adjusted for drainege zrea downstream from USGS streamfiow gaging station.
(ngaged watzrshed. Flows extrapolatad from Cedar Cresk data base.

USGS streamf low gage at basin mouth. Mo adjustment reguired.

Ungaged waitarsied. Flows extrapolated from 3atsts River data basa.

Ungaged at mouth. Flowt extrapolatsd from Batsto River data base.

Gaged record of !nn.:fric*ta-.t :Ie.ngth. Flows extripolited from 'aatsto River data tazs.
USRS streamflow gage &t basin mouth, No adjustoent required.

USGS stresmaflow gage at baszin meyth. Mo adiustmant required.

Mullica River USGS stredm gaging statfon. HNo adjustment reaquired.

Ungaged witarshed. Flows extrapolitad from Satsto River data basw.

Ungaged watershad. Flows extrapolated from Batito River data dase.

Ungaged watershad, Flows extrapolated from Batsto River dats base. Flows corpased of inflows from numerous
mall tributaries.

Flows at USSS jage [drainage area = 55.3 19, ai.) = itimetically adjustad on the basiz af driinage zrea =0
fnciudm 4res dowmstresa from gage.

Ungaged watersned. Flows extrapolated from Great Egg Harbor River at Folsom data base.
Ungaged watarshted. Flows extrapolated from Maurice River data base.

Flows computed st USGS sirseoflow gaging station. "o adjustoent his besn mada ta include downstream basin
ares.

USGS streanflow station near mouth. Mo adjustment made.
Flows at USSS streamflow gaging statiom (drainsge srea = 30.8 so, mi,) arithmetically adjusted to incluce full

draginage xez. Flow rates inciufe comtribution fros nunerous mmall oributaries ¢raining girectly to the
ustuary. :

Ungaged watershad. Fliows exvrapolated from the Turkanoe Rfver data base. [stimated flows incluoe flow from
numerous Cributaries driining directly to the esiuary.

ingaged watershed, Flows srtrapplated froz the Tuckzhoe River data dase. Estimated flows include flow from
nuseraus Wributaries dreining directly o the estyary,
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TECHNICAL MEMCRANDUM SW III-2
POTENTIAL IMPACT OF DEVELOPMENT ON FLOW REGIMES

INTRODUCTION

The flow characteristics, or flow regimes, of the streams and drainage
basins of the Pinelands National Reserve (Figure 1) are a function of
the physical characteristics of the area: low relief, sandy soils,
water table aquifer; the metegrological characteristics: fairly uniform
monthly rainfall distribution, varfability of annual precipiation; and
the land cover/land uses of the area: highly forested, little urban
development. Information contained 1in Technical Memorandum SW I[I[-1
indicated the variability of some of those factors; for example, basin
soil characteristics significantly affect streamflow distribution. The
objective of this technical memarandum 1is to describe the potential
fmpacts that a change in one of these factors--land use--could have on
Pinelands streams. Knowledge of the potential impacts of land use
change on streamflow is essential for the sound management of develoep-
ment and the water resources of the region. Focus is placed on the
potential alterations to the existing rainfall-direct runoff relation-
ships of Pinelands watersheds, and the consequent impacts on groundwatar
recharge. Measures which may be used to mitigate the impacts of urban
development on Pinelands flow regimes are described in the latter part
of this technical memorandum.

Documentation of the impacts of urbanizatien on flood flow rates is
extensive (Leopold, 1$68). Other impacts include lower base stream-
flows, decreased elevations of the water table, surface and groundwater
contamination and stream channel enlargement. Because of the general
lack of major urban development in the Pinelands, and lack gof streamflow
recording stations in the few areas whera development is significant,
axperience with the impacts of urban development on streamflow must oe
gbtained from other areas. [nformation obtained over a 3Q-year period
from portions of Long Island, New York, an area that shares many hydro-
lggic similarities with the Pinelands, is presented in the following
sections, In additifon, four small urbanized Pimelands watersheds were
analyzed to determine the potential impacts of development on Pinelands
streams.
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THE LONG ISLAND EXPERIENCE

Nassau County in westarn Long Island, New York was salectad for the
description of impacts of develeopment for twoc reasans:

1. Only two Pinelands area watersheds containing continuous
streamflow measuring devices are significantly affected
by urban development. Water withdrawals for the Atlantic
City water supply are taken from Absecon Creek. The Great
£gg Harbor River Tributary at Sicklersville, Camden
County, 1located jJust outside the Pinelands National
Reserve boundary, contains a large, recently constructed
residential development, Absecon Creek represents the
impacts of large-scale water supply development on a
streamfiow. Although the impact is significant, fts use-
fulness as an example 1is Iimited because it represents
only one type of urban use. An analysis of the Sicklers-
ville gage indicates that it is likely that the urbaniza-
tion has had a major impact on streamflow. However, the
short period of record (6 years) and an especially insuf-
ficient predevelopment record of streamflow preclude its
use for the current discussian.

2. Long Island, Tlocated approximately 60 miles from the
northeast corner of the Pinelands National Reserve, has
hydrologic c¢haracteristics similar to the Pinelands.
Seils are primarily composed of sands and gravels and are
very well, to excessively drained. Rainfall-runoff rela-
tionships, 1{nciuding amounts of annual precipitation,
evapotranspiration and total runoff, as well as percent-
ages of direct and base flow runoff, are similar to that
of the Pinelands. In addition, an unconfined water table
aquifer {is found 1in both areas.

Long Island, which extends eastward from the mainland of New Yoark
State, has a total area of 1,400 sguare miles. Nassau and Suffglk
counties, which occupy approximatsly 85% of the area, had a combined
population of over 3 million people in 1975. Most of the information
used for this discussion {s based on investigations conducted by the
U.S. Geological Survey in cooperation with New York state and county
agencies. Reports by Sawyer (1963), Pluhowski and Kantrowitz (1964) and
Seaburn (1969) are the primary sourcas for the information presentad in
the following discussion.
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A detailed nydrolegic investigation of the impacts of urban develaopment
on direct runoff to East Meadow Brook* during the period 1937-66 was
made by Seaburn (1969). The specific objectives of his study were:

1. To relate indices of urban development to increases in the
volume of annual direct runoff to the stream

2. To compare hydrograph features at different periods during
the transition of the drainage basin from rural to urban
conditions

3. To compare the rainfall-runcff relationship for periods
" before and after development

Periods of housing and street construction in the watershed correspond
to three distinct periods of 1increased direct runoff. Ouring each
period, the average annual direct runoff increased because of an
increase in the percentage of impervious surface and the area served by
storm sewers that discharge into East Meadow Brook, The amount of land
served by sawers in the 3l.square-mile drainage basin increased from
about 570 acres in 1943 to about 3,600 acres in 1962, or about 530 per-
cent. During this peried, the average annual direct runoff increased
from about 920 acre-feet per year to about 3,400 acre-feet per year, or
to about 270% of the pre-1943 direct flow.

Peak rates of direct storm runoff also increased during the periocd of
study. The average peak discharge of l-hour duration unit hydrograph
increased from 313 cubic feet per second fer starms during 1937-43, to
776 cubi¢ fast per second for storms during [960-62, or about 2.5 times.

An analysis of the rainfall-runoff relationships for bath pre-urban and
urban land usa conditiens indicated that the direct runeff for both
per icds increased with the magnitude of the storm. However, the direct
rungff after urbanization was 1.1 to 4.5 times greater than the corres-
ponding runoff during the pre-urban conditign, depending upon the magni-
tude of the individual storm.

* The East Meadow Brogk's drainage basin comprises abecut 31 square
miles. However, the upper 21 square miles, which consists largely
of forested estates, produces virtually no direct runoff (Seaburn,
1969). Therefore, the arsza of possible direct rupoff condftions fis
limited to the 10 square miles in the downstream portiocn of the
basin.
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The volume of direct runoff from the portien of the drainage bdasin with
storm sewers that discharge {into Sast Meadow Brook was estimatad to have
been 3,000 acre-feet per year in 1960-62, or about 20% of the pracipita-
tion over the arsa. Precipitation during the 196Q-62 perigd averaged
46.7 inches per year, only Q.7 inches greater than the average annual
rate of 46 inches per year {Pluhowski and Kantraowitz, 1964). Therafore,
it can be assumed that during an average year, approximately 9.4 inches
of direct runoff would ba produced from the sewerad area. Estimates by
Sawyer (1963) for an un-urbanfzed watershed adjacent to East Meadow
Broaok and by Pluhowski and Kantrowitz (1964) in less urbanized Suffolk
County, findicate that average annual direct runoff for un-urbanized
areas is approximately one fnch per year. Therefore, it can be assumed
that in areas which are urbanized, storm-sewered and do not have storm-
water ratention basins, annual direct runoff can be as much as 9.4 times
greater than under pre-urban conditions.,

Seaburn stated (1969) that the increase 1in direct runoff for the East
Meadow Brook drainage basin probably represented a loss of groundwater
recharge., (ther vari{ables, including possible changes in evaportrans-
piration and the fimpacts from cesspools and septic tanks and recharge
basins, precluded Seaburn from estimating the fimpact of development on
groundwater recharge. However, because approximately 50% of Long Island
precipitation recharges the groundwater reservoir, .4.2 inches (50%) of
the additional direct runoff represents loss of .racharge. Therefore,
assuming that domestic water demand and wastewater treatment are not
also altering the basin hydrology, the increased direct runoff would
decreasa groundwater recharge by 18%, from 24 inches to 19.8 inches.
Lower recharge rates would result in a Jower water table and lower Dasa
streamf |ow.

Seaburn concluded that without stormwater retention, construction of
additicnal storm sewers and/or increassd impervicus surfaces in the
existing sawered area would further increase direct runaff and, as a
result, would reduce the water available to recharge the groundwater
resarvoir.

POTENTIAL IMPACTS OF DEVELOPMENT ON PINELANOS
SURFACE WATER FLOW CHARACTERISTICS

Information on the impacts of urban develgpment on Pinelands streams is
largely unavailable, primarily because mcst of the regicn does not have
significant concentrations of residential, ccmmercial and industrial
development. Nevertheless, an indication of the potential impact of
urbanization on Pinelands streams {s available from the streamflow data
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for the Great Eqg Harbor River Tributary at Sicklersville. Approxi-
mately 20% of the watsrshed is in agricultural Jand use. A recently
constructed residential subdivision cccupies an additiomal 20% of the
basin. A compariscn of the relationships between rainfall and runoff
at the Sicklersville stream gage with the rainfall-runcoff relationship
measured from the stream gage data for the Tuckanoe River at Head of
River indicates a significant difference in the response of the water-
sheds to rainfall events of similar magnitudes. The Tuckahoe River
basin was selected for comparison with the Great E£gg Harbor Tributary
because it is largely undeveloped and has a similar distribution of
hydrologic saeil groups* (Table l}. To develop the comparisen, the
volume of direct runoff for several storm events was estimated using
the hydrograph separation technique described 1in Technical Memorandum
SW I[II-l1. Storm rainfall amounts were developed by synthesizing basin
rainfall from daily rainfall information from the nearby precipitation
gaging stations. The differences in drainage basin area was accounted
for by dividing the volume of runoff by the drainage area of each basin.
The relationship between rainfall and direct runoff for the two drainage
basins 1is presented in Figure 2. For example, the analysis indicates
that approximately 0.33 -inches of direct runoff may be expected to
result from a 2-inch rainstorm (13.6% of 2-inch rainfall) upstream from
the Sicklersville gage. Runoff in the Tuckahoe River watershed would
be expected to be about 0.10. inches (5% of 2-inch rainfall). Direct
runoff in the urbanized basin appears to be significantly greater than
for a relatively similar, but undeveloped watershed.

To supplement the Timitad amount of empirical information on the impact
of urbanization on Pinelands surfaca watsr hydroloqy, a series of hypo-
thetical deveiopment scanarigs were designecd. Four small Pinelands
drainage basins~-Biddle Branch, Cooks 8ranch, Pole Bridge B8ranch and
Clarks Branch--were selectad for the analysis of the Iimpact of the
development scenarios on streamflow. These four tributaries, lacations
of which are shown 1in Figure 3, were sealected because they are not
urbanized, they are in different sactions of the Pinelands, and because
they display differing topagraphic and soil characteristics. No contin-
uous streamflow records are available for any of the streams.

*  Technical Memorandum SW [II-1 contains an anmalysis which indicates
that in undeveloped watersheds direct runoff is related to a basin's
soil characteristics. An explanation of the various soil groups is
presented in later paragraphs of this technical memorandum.

-g,\_____-_‘_
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The hypaothetical development scaenarics which were evaluated to detarmine
drainage basin peak discharge rates and rainfall-runoff relationships
are outlined in Tabls 2. The procedures used for and the results of the
scanario analysis are presented in the following paragraphs.

The Soil Conservaticn Service's (SCS) TR-20 computer model was used in
the analysis of each basin's runoff response to rainfall for each
scenarfo. The TR-20 computer program was selected because it is gener-
ally accepted, easy to use, and s capable of calculating peak runoff
rates and direct rumoff volume for any amount of rainfall for drainage
basins with varying hydrologic characteristics, With the exception of
the two adjustments described below, “the standard runoff routine (SCS,
1965} was used for the runoff analysis.

The first adjustment to the computer program was the use of a medified
dimensionless hydrograph. The distribution of flow in the runoff hydro-
graph 1s a function of the shape of the dimensionless hydrograph.
Rather than using the standard dimensionless hydrograph in the TR-20
computer program, a variation developed by the SCS for use on the Del-
marva peninsula (southern QDelaware and the portions of Maryland and
Virginia east of Chesapeake Bay) was substituted at the suggestion of
the New Jersey State SCS office (SCS, 1980). This hydrograph was -
derived by the SCS during an analysis of storm runoff on gaged streams
draining basins with mild slopes and densely vegetated flood plains
similar to those in the Pinelands. The modified dimensionless hydro-
graph values are presented in Appendix 2.

The second modification, which was used in Scemarios 1 and 2, relates
to "effective® arsas for production of direct stormwater runcff. In
forested portions of the Pinelands underlain by soils in the A and 8
hydrologic seil groups, it is likaly that direct runofi does not occur
axcept during extreme rainfall events or frozen ground conditions. For
undeveloped drainage basins, anly the percantage of the drainage area
underlain by C and D soils was used for the first two scenarios. Addi-
tional informatien regarding soil groups-runaff relationships is pre-
sented in Technical Memorandum SW [II-1l.

In order to check whether the two modifications described above and the
other assumptions and data utilized for the TR-20 model would produce
reascnably accurate results, a test analysis of the McOonalds B8ranch
drainage basin was conducted. McDonalds Branch was selected because its
drainage area is in the same size range as the scenario dasins, Jits soil
characteristics resemble those of two of the selected basins, and the
per fod of continuously recorded streamflow information is sufficiently
long enough to warrant the use of standard statistical procedures for
estimating peak flood flow rates for various recurrence intervals.
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Topograpnic and soils maps of the McOc¢nalds Rum drainage Dasin are pre-
sented in Appendices 3 and 4. Computation of the area of each hydrolo-
gic soils group is presentad in Table 3. The effective drainage area,
runoff curve number and time of concentration used to simulate the flood
hydrolaqy of McDonalds Branch are presented in Table 4. The results of

the analysis are presented in Table 5. Extremely clase matches were
obtained for the 2- and l0-year floods.

TABLE 5
PEAK FLOOD FLOW RATES, MCDONALDS BRANCH

2-Year Flood 10-Year Flood 100-Year Flood
Methad of Calculatien (cfs) (cfs) (cfs)

Log Pearson Type III
Statistical Analysis 10 22.4 51.6
(UsGes, 1979)

TR-20 < 10.4 21.4 38.1
Differenca batween com-

puted and statistical
flows +4% A% -26%

The under-estimation of the l00-year flood indicatas that efther of the
following adjustments should be made for modeling the 10Q-year fleod:
(1} Antecedent soil moisture must be higher than the average value
assumed fn the analysis for the l00-year “lood %0 be produced by a
100-year 24-hour rainfall; or (2) The effective area for direct runoff

increases during extremely high magnitude rainfalls and an increase of
the effective drainage arsa is required.

14
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Despite the discrepancy in the estimats of the 100-year flood, the match
of the 2- and l0-year flgods Indicates that at least for the 2- and
10-year flood range, the assumptions used in the model have resuited in
an excellent raplication of the natural flood characteristics of a head-
water Pinelands watarshed. Because the 10-year flood is used in the
compar fson of the development scenarios, no modifications to the hydro-
logic assumptions used in the computer analysis were necessary. Use of
the same assumptions for the scenario basin analyses after adjusting for
watershed diffaerancas is clearly justified.

Topographic and sofls maps of the four scenario drainage basins are
contafned in Appendices 3 and 4. Basin soils data are presented in
Table 3. Input data used for the four basins for each of the scenarics
are contained in Appendix 5.

Land uses for the scenarios (Table 2) were selected to provide a wide
range of development types for analysis. In none of the development
scenarios (Scenarfos 3 through 5) was all of the land in any of the
drainage basins developed. The following guidelines were established:

1. No development was assumed to take place on the D hydro-
logic group soils because the high water tables would make
that area undesirable for development. As 2 result, the
development in each of the scenarios was Timited to the
remaining area of the basin.

2. For Scenarfo 3, development was assumed to take place
avenly on all A, 8 and C hydrologic group soils.

3. In Scenario 4, development was assumed to take plagce only
cn A and B hydroloegic group soils.

4, In Scenario 5, as much of the area of C hydrologic group
soils was placed in the open space catagory as possible.
As a result, most or all of the development og¢curred on
tha area's A and 8 soils.

Results of the analyses are prasanted in Table 6,

Paak 10-year flood rates for Biddle Branch ara estimated ta {increase
4.6 times and 6.0 times above the axisting peak for Scenarios 3 and 5,
respectively. Increases of a similar magnitude occur for Cooks Branch.
Pole Bridge Branch and Clarks Branch exhibit less significant impacts.
Flows on Pole Bridge Branch are 3.2 and 3.6 times existing conditions
for Scenarios 3 and 5, respectively. The smaller percentage increasae
results because the relatively high percentage of C and 0 soils (31%)

15
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causes existing flow rates to be higher on a unit area basis. As a
result, the impact of davelogment is slightly lass severa. The rela-
tively small increase of peak flows on Clarks 3ranch resulis because
existing peak flows are high due to the large percentage of C and O
sofls (38%) and the existing agricultural land use.* Assuming natural
forest vegetation (Scenario 2), the existing lO-year peak flow rate is
250% of the pre-development rate., Hydrographs of the flows for the
scenar igs are presented fn Appendix 6.

The scenario analyses c¢learly indicate the potential impacts of <onven-
tional urban development accompanied by sterm sewerage. At the present
time, flood flow magnitudes are extremely low in most of the Pinelands.
Improperly managed development could result in significantly higher
magnitudes which would, in return, cause the type of flooding problems
which plague other portions of lowaer central and southern New Jersey.

There are two general approaches to stormwater (storm runoff) manage-
ment. The first, which is more commonly practiced, is to collect runoff
which drains from storm sewers or conventional roadside ditches in
stormwater detsntion basins. The purpose of the detention basin is to
allow for a more gradual release of direct runoff into downstream areas.
The szcond alternative 1s to attempt to control precipitation at or very
near the site on which it fell. The goal of this alternative {s to
allow "the water to infiltrate inte the sofl rather than letting it
beccme direct runoff. [Information on stormwater management tachniques
for each of these approaches {s contained in the final section of this
technical memorandum. ‘

Cne significantly different impact between the two approaches must be
noted. Stormwatar detention ponds, when located in flood plain areas,
will not decreasse the volume of direct runaff generated by incredsas in
impervious land surfaca and storm sewerage because the soils in these
areas tand to be saturated and are unable to absorb significant amounts
of additional water. The flow recaord of the Great £gg Harbor River
Tributary at Sicklersville substantiates this conclusion.

* Direct runoff {s generally higher from agricultural use than from
woadlands because the loss of the continuous layer of humus and
soil compaction from agricultural use reduces the infiltration rate
of a soil,

17
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A stormwater detention pond is located approximately 500 feet upstream
from the USES streamflow recording station, All of the runoff upstream
from the basin, including runoff from a large storm-sewered development
and the undeveloped portions of the watershed, enter the pond, which is
located on D group soils. Presumably, the pond operates in a fashion
such that the peak rates of flow leaving the watershed during a storm
event are no greater than the peak rates which would have left it prior
to development. However, as the plots in Figure 2 indicate, 1t appears
that the volume aof direct runoff has 1ncreased significantly. As
groundwater recharge decreases as direct runoff increases--and ground-
water recharge is important for mailntaining base and low streamflows--it
can be concluded that in-stream stormwater detention ponds will have a.

negative effect on the maintenance of the natural hydrologic regime of
a Pinelands stream.

Another aspect of conventional land development practices which would
have a substantial impact on peak flood flow rates is channel and/or
flood plain "improvements.® Within the concept of "improvements™ can
dbe included stream straightening and widening and the removal of natural
vegetation. One of the reasons why flood peaks in the Pinelands are as
low as they are, especfally fn the smaller headwater tributarfes 1ike
McDonalds Branch, is because of the dense vegetation adjacent to and
growing in the stream channels. The winding channels and heavy vegeta-

tion retard the velocity of flow, which results in broad, low flood
peaks.

Figure 4 presents two sets of hydrographs of Biddle Branch, The hydro-
graph with the Jlower peak 1in each group represents the flow from
Scenario 3 with no modification of the existing channels and flood
piains. The second hydrograph, also based on Scenario 3 land use, pre-
sents the outflows from the basin, assuming stream "{mprovements™ were
made. The "improvements® result in a 67% increase in peak flow rates
for. Scenario 3.

Stream straightening, widening, or the removal of vegetatfon will,
therefore, result in sfgnificant increases in peak flow rates, with or
without watershed urbanization. An exception, where the clearance of
vegetation will not have a significant Iimpact on peak flood flows, fis
clearing for cranberry production. The dikes constructed to impound
water for cranberry production also retard the rate of rupmoff during
storm events.

A secondafy fmpact of higher rates of stormwater runoff is 1Increasad

streambank erosion and channel enlargement. Stream channel size fis
adjusted to the characteristfcs of drainage basin flow. Based on the

18
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analysis of rivers in diverse physiograpnic settings and differing
greatly in size, Laopold, Wolman and Miller (1964) concluded that stream
channels reach the bankfull stage approximately once every Ll.5 years.
Assuming that this relationship can be extrapolated to the Pinelands,
- any fincrease in peak flood flow rates will cause channel ergsion and
enlargeament. For axample, {if the 2-year flcod 1is substituted for the
l.5-year floed, then, to contain the existing flow of 16.7 cfs of a
8iddle Branch tributary, a channel capacity of approximately 17 square
feat is required. The peak flow rate resulting from Scenario 3--61.4
cfs--would, even aliowing for a S50% {increase 1{n channel velocity,
require a channel capacity of 41 square feet, 2.4 times the original
size., Erosion of the stream channel's bed and banks would occur as the
stream eventually adjusted to the higher peak flows. The résultant
sediment would clog stream channels and culverts, increasa water tur-
bidity, alter flood plain and stream channel ecosystems, and could have
significant adverse economic impacts if downstream cranberry production
or water-based raecreation were impaired by silted bogs or haavily silted
stream channels or reservoirs.
\

\'\v

DIRECT RUNOFF { STORMWATER) MANAGEMENT ALTERNATIVES

The potential impacts of residential, commercial and {ndustrial develop-
ment on the rainfall-runoff relationship and consequent groundwater
recharge have been described in detail in earlier sections. Examples
of increases in direct runoff observed on Long Island and indicated by
davelopment Scernarios 3 and 5 of the current investigation demonstrate
that the conventional approach to stormwater management--storm sewers
designed to drain developed sites as rapidly as passible by conveying
runoff directly to stream channels or nearby estudries--are a major
factor fn creating the hydrolagic changes rasulting from urbanizatfon.
Even the more recant practice--{Tlustrated by the data from the Great
Egg Harbor River Tributary at Sicklersville--af providing stormwater
detention ponds to delay runoff leaving a develaped site and thus miti-
gating peak flew ratas, does not eliminate the impacts of urbanizatien.
The resultant changes to the hydrologic system may include higher flocd
flow rates, Jower watsr table elevations, and low base and low stream-
flows. Impacts resulting from thesa changes may be felt by terrestrial,
freshwater and estuarine communities, may result fin impaired water
quality, and may decrease recreational opportunities and/or quality.

Measures are available which, when they accompany development, will
result in substantially less i{mpact. The technical management ap-
proaches presented in this section are divided into two subsections:

“\~'__‘_‘-_—
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delay of runoff on-site and increased gn-site infiltration. The prinrci-
pal objectives of these measures are the maintenance of direct runoff
volumes and peaks from areas of urban development at or near the lavels
which occurred prior to development. Additicnally, the measures to
fncrease infiltration may alse serve to preserve groundwater recharge
rates and thereby ensure maintenanca of basa and Tow streamflow rates.

Included among the measures to be described are detention ponds, rooftep
storage, parking lot storage, dutch drains, porous pavement, dry wells
and racharge basins. Some methods are appropriate for single-family
homaes, while others are most feasible for larger complexes, such as
shopping canters. Measures which are useful under certain conditions
or in one type of area, will not function in others. Carafu] considera-
tion must be given not only to the ability of these measures to reducs
runoff quantity from development, but alsc to the resultant impacts on
surfaca water and groundwater quality, costs, land requirements, main-
tenance neads, safety, and acceptability by the publie.

The legal basis to require property owners and land developers te pro-
vide and operate stormwater management facilities must be established.
The types of legislation used by local jurisdictions to contrel storm-
water runoff from new land developments include subdivision regula-
tions, zoning ordinances, building codes, plumbing and - sewer codes,
water pollution control ordinances, flood control ordinances, and drain-
age fee assessment ordinances. Design specifications are required in
many instances. Legal considerations for any ordinance or code may
fnclude some or all of the following: responsibility for maintenance
of the stormwater management facilities; safety measures tc minimize
hazards frecm management facilitfes; and f{nspection and enforcament
capabilities of lecal government.

Potential political problems include the modification of existing laws,
codes, ordinances, regulatfons, etc., to include provisions for prac-
tical and effective measures for controlling on-site runoff. Two
especially difficult problems are requiring specifal stormwater manage-
ment restrictions in cartain areas (e.g., areas extremely sensitive to
graundwater pollution) and enfercing laws and regulations oncs they are
astablished. Enforcing stormwater management requirements may include

. raview of site development plans, construction inspection, post-
construction operation IJnspection, and a provision for fines and
penalties.

Accaptance of on-sits stormwater management by Individual residents,
local government officials and local and outside engineers, builders and
develagpers 1s essential. A publi¢ education program may be benaficial
in winning public acceptance. Issues related to public accaptance
include: the availability of space for construction of facilities;

21



Setz . Converss . Murdech « Inc. TECHK MEMO SW [lI-2

casts of avaflable measures (and reduced costs of not requiring exten-
sive storm sewer systems {n many aresas); the need to build facilities
to be aesthetically pleasifng and compatible with the local environment;
the reluctanca of builders, architects and building owners to implement
certain control measures such as rooftop storage; and the availability

of reasonably accurate methods to determine existing and future runoff-
rates.

Delay of Runoff Cn-sitex

Delay of runoff on-site generally 1is designed to maintain peak flow
rates leaving a developing area at or near the levels which existad
prior to development. Thesa measures may be used alone or together w1th
methods to maintain groundwatar recharge. :

Detention Basins: A stormwater detention basin {s the most effec-
tive technique for controlling peak runoff from a large site at one
point. Basins constructed on ground surfaces are usually large, having
the appearance of a small pond or lake. The major design considerations
are the volume of storage needed and the maximum permitted release rate.
Release rates are generally a function of the capacity of the receiving
stream or the maximum discharge rates prior to development. Basins can
be designed to maintain a permanant pool to provide -recreationmal or
aesthetic benafits or to empty entirely following rainfall events.

Detention basins constructed on impervious or saturated soils do nat
provide recharge to the safl. As a result, the natural rainfall-direct
runoff relationsnips of an area are not maintained. In addition to
reducing flgod peaks, the basins provide a positive impact on water
quality by trapping the bed load and a portion of a stream's suspended
sediment Teoad, thereby reducing the potent1al impacts of develgopment on
downstream water quality.

Parking Lot Storage: Temporary storage of stormwater on parking
lots or other paved areas is anaother means of reducing runoff rates in
urbanizing areas. Advantages of this alternative include:

*  Much of the information in this subsection and the subsection on

Increased infiltration on-site ‘Is derived from Tourbier and West-
macott (1974).
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« Unlike rooftops, there is no structural limit to the depth
of watar that can be siored

« The surfacas need not be Taevel

« Maintenance and operation of the facility {s a low-cost
operation

e It can be Tinked with on-site infiltration measures, such
as seepage pits, in order to achieve both a reduction in
peak flow rate and volume of direct runoff

Problems related to the use of this measure for stormwater detenticn

include temporary public inconvenience and tire traction during winter
conditions. '

There are two general approaches to parking lot detention., The first,
storage of runoff 1in depressions constructed at drain locations, pro-
vides a minimum of inconvenience. For example, the parking lot of a
shopping canter can be dasigned sg that the least.used portfons of the
lot serve as the major collection areas. In most cases, ponded water
fs designed to not exceed a depth of 12 inches and to drain within 30
mimites, A storm sewer drainage systam is required, but because of the
surface storage, the required pipe size will be less than it would De
without parking lot storage. The other approach 1s to use the paved
areas to channel water to sespage pits {if conditfons are satisfactory
for infiltration. In areas where groundwater {s vulnerable to contami-
nation, consfderation must be given to the guality of the stormwater
runaff and fts impact cn the groundwater systam.

Rooftop Storage: Horizental rooftops are another area which may de
uysed for stormwater detention. The principal advantages of this alter-
native are that it does not require any additional land area and it does
not inconvenience pedestrians. Potential problems such as Jleakage,
structural overloading, maintanance for removal of debris and ice, must
be accounted for. Serigus damage to the builiding and its contents cauld
result 1f the facility 1s incorrectly designed or maintained.

A flat roof is used as a retarding pond by delaying flow or rumaff to
the downpipe inlet.

On sloping roofs, it 1Is pessible to slightly delay runaff by construct-
ing very low gravel check dams. This technique is only effective for
very short, high intensity storms. The potential maintenance praoblam
is often a major argument against rooftop storage. However, all flag
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rogfs need some maintenance to ensure clear downpipe entrances and pro-
taction against leakage. Proper design, including provision for proper
overflow, can make this a feasible alternative. Rooftop storage can be

linked with seepage pits or other metheds of inducing infiltration of
stormwater.

Infiltration of Runoff On-Site

Dutch Drains: ODutch drains are gravel-filled ditches with an
optional drainage pipe in the base. They are designed to reduce both
the peak rate and volume of storm runoff. The drains are designed to
intercept runoff from a relatively small area, such as a rooftop or
driveway, prior to concentration from a large arsa, or as in median
strips between sections of parking lots. The measure can be used on any
type of site where soil permeability is sufficiently high and where
seasonally high water tables are not a factor.

The gravel-filled ditches are either designed to contain volumes of
water produced by large storms or to overflow beyond a certain capacity.
Potential problems include clogging of the materials surrounding the
gravel.

Porous Paving--Asphalt: Porous payement consists of a base course
of crushed gravel and a surface course of porous asphalt paving. The
pavement absorbs rainfall where 1t falls and transmits it to {1ts gravel
base, A significant advantage over conventional parking lot storage fs
that there 1s not the inconvenience of ponded water. Installed in areas
of wall-drained soil, so that frost-thaw cyclas will not be a problem,
the pavement allcws for both mitigation of flood peaks and reduction in
run-off volume, while maintaining groundwater recharge. To protect the
operation of the {nfiltration features of the pavement, it should not
be used {n areas which may recaive deposits of sediment, '

Precast Lattice Blocks and Bricks: The objective of this measure
is to 1infiltrate precipitatfon "at source® prior to concentration.
These blocks and bricks ars used over soils of high infiltration rates
and can be used as parking areas, median strips, etc.

Seepage Basin or Recharge Basin: Acting somewhat similar to deten-
tion Dasins, recharge basins may concentrata runoff from a fafrly large
area, The purpose of this type of basin, howaver, is to allow the run-
off to recharge the groundwater system. Recharge basins have been used
extensively on Long Island to recharge groundwater. Contamination of
groundwater is a potential hazard of retention basins in areas draining
large amounts of high density urban land. As a result, basins should
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not Be constructed in areds where the recharged water will be withdrawn
for watar supply, unless analyses are conductaed to detarmine the paten-
tial impact of the infiltrated water on groundwatar qualfty,

Seapage Pits or Ory Wells: Seepage pits and dry wells operata under
the same principle as recharge basins--by collecting runoff and storing
it until it percolates into the soil. However, they typically are used
for much smaller drainage areas, Seepage pits can be used in all areas
with high infiltration ratas. They may be designed to accommodate large
runoff from large storms, If designed properly and connected to the on-
site source areas of direct runoff, they can preserve the rate and
volume of runoff at pre.development levels.

Seepage Beds: Seepage beds dispose of runoff by infiltration into
a soil via a system of drains set in ditches of gravel. The beds pro-
vide for the distribution of water over a larger area than may be
achfeved by a sespage pit. They may be placed under areas of paving.
Sediment traps upstream from the distribution system may be necassary
to pre¥en; cTogg1ng A summary of the varfous techniques is presented
in Table 7.

IMPACT OF WATER SUPPLY AND WASTEWATER TREATMEHT
ON STREAMFLOW QUANTITY

Water withdrawn for individual or small community water supply can have
Tittle or significant impact on streamflow. [f wastewatsr is discharged
directly to on-sits treatment systaems which allow the water to infil-
trate fnto the sofl, reductfons of streamflow will be mincr. However,
if wastewatar {s exportad via sanitary sewers to areas downstream or to
another watershed for treatment, Jocal streamflow may decrease signifi-
cantly. An axample of the patential impact is dascribed below.

Assume one-acre density development occurs 1in a headwaters tributary
similar to McDonalds Branch and assume water use of 100 gallons per day
per capita and 3.5 persons per housenold. Annual watar use would be
approximately 127,800 gallons/acre or 16,990 cubic faet per acre. This
ifs the equivalent of 4.7 inches of water spread over the entire acre.
If it is assumed that the entire amount of well watar would have bacome
streamfiow, and if the entire amount of wastewater 1s exportad for
treatment, then {ff streamflow was equivalent to 13.5 faches of runoff
(average annual discharge from McOonalds Branch), the post-development
runoff would be approximataly 8.9 inches, 3 reduction of 35 percent.
This would significantly reduce base and low flows,
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SUMMAR Y

Documentation demonstrates that, in many parts of the United States,
including Long Island, NY, which shares many hydrologfc similarities
with the Pinelands, {ncreased urbanjzation can lead to {ncreased peak
flood flow rates and higher percentages of direct runoff. An analysis
of streamflow records of the Great Eqg Harbor Tributary at Sicklers-
ville, located adjacent to the boundary of the Pinelands National
Reserve, indicates that residential development has inc¢reased the vclume
of direct runeff resulting from rainfall events.

An analysis of hypothetical development scenarfos on four Pinelands
drainage basins indicated that without stormwater management, peak flood
flow rates will {ncrease significantly. As the percentage of direct
runoff from rainfall increases with development, recharge to the ground-
water reservoir decreases. Because most of base streamflow is derived
from discharge from the groundwater reservoir, any decrease in recharge
to the reservoir will lower base streamflows..

In-stream stormwater detention ponds, such as the one located on the
Great Eqg Harbor Tributary at Sicklersville, are not 1ikely to maintain
existing direct runoff relationships. Therefore, this type of storm- -
water management device should not be recommended where recharge to the
groundwater reservofr and maintenance of exfsting base and low stream-
flow are required,

Stream channel "improvements,” which may accompany development, can have
a significant impact on flood flow ratas. A computer analysis indicated
that, by reducing natural channel and flood plain retardance, peak flood
flow ratas significantly increased.

An additional impact of higher peak runoff rates fs channel erosion and
enlargement, Sediment resulting from channel erosion may have signifi-
cant adverse impacts on aquatic and terrestrial communities, cranberry
preduction, and water-based recreation.

Several alternative techniques are available to manage stormwater runoff

from urbanizing areas. The two approaches are those which delay runoff
on-site and those which allow rainfall to infiltrate to reduce direct
runaff.
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APPENDIX 1
DESCRIPTION OF THE HYDROLOGIC SOIL GROUPS

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

"A. (Low runoff potential). Soils having high infiltration
rates even when thoroughly wetted and consisting chiefly
of deep, well to excessively drained sands or gravels.
These soils have a high rate of water transmission. -

“B. Soils have moderate infiltraticn rates when thoroughly
wetted and consisting chiefly of moderataly deep to deep,
moderately well to well drained soils with moderately fine
to moderately coarse textures. These soils have a moder-
ate rate of water transmission.
"C. Soils having slow finfiltration rates when thoroughly
wetted and consisting chiefly of soils with a layer that
impedes downward movement of water, or soils with moder-
ately fine to fine texture. These sofls have a slow rate
of water transmission.
.
"0. (High runoff potentfal). Soils having very slow infiltra- 7
tion rates when thoroughly wetted and consisting chiefly
of ¢lay sofls with a high swelling potential, scils with
a permanent high water table, soils with a ¢laypan or clay
layer at or near the surface, and shallow soils over
nearly impervious material. These soils have a very slow
rata of water transmission.”
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APPENDIX 2

_MODIFTED DIMENSIONLESS HYDROGRAPH
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8 .QG0
8 1,000
8 0.584
8 331
8 .190
8 .109
8 .057
8 024
8 .012
8 .006
9 ENDTBL

Source: Soil Conservatfon Service, 1980

0.02
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.929
.521
.296
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.049
.021
.011
. 006
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.828
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.265
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.009
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APPENDIX 3

TOPOGRAPHIC MAPS OF THE FOUR SCENARIO ODRAINAGE BASINS
' AND MCDONALDS BRANCH
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APPENDIX 4

SOILS MAPS OF THE FOUR SCENARIQ DRAINAGE BASINS
AND MCDONALDS BRANCH
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APPENDIX 5

INPUT DATA FOR TR~20 COMPUTER MODELS
OF SCENARIO DRAINAGE BASINS
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APPENDIX 6
HYDROGRAPHS OF SCENARIOS 1, 3 AND S
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