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ERRATA SHEET, DECEMBER 1990

The Total Qutflows figure for Cedar Brook in Table 8 is incorrect
and should read 3.18 MD

The TDS (Total dissol ved solids) and TSS (Total suspended sol i ds)
data entries on Tables 9b and 9d SHamIton Study Water Quality
Data) for the dates 07/11/89 and 07/12/89 shoul d be transposed to

read accurately. That is, the TDS value is actually the TSS
val ue, and vice versa.

The word, withdrawals, is misspelled in the legend at the bottom
of Table 11 on page 33.
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ABSTRACT

This report delineates the findings and recommendations of a New
Jersey Pinel ands Comm ssion study of the potential hydrol ogic ef-
fects of ground water supply devel opnent 1 n several stream basins
in Hm | ton Township, Atlantic GCounty, and in snall adjacent por-
tions of Galloway and Egg Harbor Townshi ps. The study was
carried out during the period 1988 t o 1989.

The study findings suggest that projected buildout of the
Regional Gowh Areas in Hamlton Township and portions of @l -
loway Township, where wastewater will be exported via sewers,
cannot be supplied with water derived fromthe Kirkwood- Cohansey
water table aquifer in the regions of the study basins w thout
significantly depleting streanfl ows. The study al so su%gest S
that plans of the Hamlton Township Minicipal Wilities Authority
(HTMJA) to export 5.825 mllion gallons per day (M) of was-
tewater via the Atlantic GCounty Wilities Authority Coastal In-
terceptor, wll deplete streanilows in all of the study basins
I f Ki rkwood- Cohansey ground wat er sources are used.

The report recommends an investigation into the feasibility and
envi ronnental inpact of using several water supply alternatives.

1) Deeper confined aquifers, such as the Atlantic Qty
800 Foot Sand.

2) Wllfields in hydraulic connection with the mainstem
of the Geat Egg Harbor R ver or Lake Lenape.

3) Surface flows fromthe G- eat Egg Harbor R ver.



I NTRCDUCTI ON

This study of Ham | ton Townshi p water supply alternatives for the
Pi nel ands Regi onal G owh Areas was begun in 1988 to provide a
quantitative basis upon which to assess future water supply and
wastewater treatnent options in a rapidly devel oping area of the
Pi nel ands. Recent actions affecting the Hamlton Township
Mini cipal Wilities Authority (HTMJ), 1ncluding approval for an
increase in their NJDEP water allocation permt to 2.5 mllion
gall ons per day (M®©), approval to inplenent a new 1500 gall on
per mnute public supply well in the Kirkwood-Cohansey water
table aquifer, and actions to nerge with the Atlantic County
Uilities Authority (ACUA) Coastal Interceptor sewer project,
were recogni zed as the first steps in a nuch | arger future expan-
sion of water and sewer services to neet the needs of potential
devel opnent .

Al of the aforenentioned water and sewer system actions and
plans involve the use of the Kirkwood-Cohansey water table
aquifer for public supply and the interbasin transfer of the
wast ewat er for treatnent. Such a systemtends to renove sig-
ni ficant volunes of water fromthe | ocal hydrol ogic systemthat,
in turn, nmaintains streanfl ows, ground water |evels, recharge to
deeper aquifers and wetl and habitats.

The ﬁurpose of this study is to provide a quantitative anal ysis
of the existing hydrol ogic system the existing water supply and
wast ewat er treatnment systens, and the existing distribution of
| and use and devel oprment in order to provide a basis for assess-
ing present conditions and a basel i ne agai nst which to assess the
hydrol ogi ¢ effect of future devel opnent. In addition, future
water utilization was projected on the basis of a buildout
analysis of the area. This information was then used to assess
the hydrologic effects of future developnent. Finally, alterna-
tives for future water supply were identified.



DESCRI PTI ON OF THE STUDY AREA

Ham | ton Township is located in central Atlantic GCounty. It is
traversed by several major auto routes that |link the netropolitan
areas around Philadelphia to Atlantic Gty and the  shore
regions. The township is undergoing residential, comrercial, and
i ndustrial developnent in its Pinelands designated Regional
Qowh Areas, fromjust west of May’s Landing east to the border
of HamIton with Egg Harbor Townshi p (see Map 1).

The township is located in the Coastal Plain province, a geol ogic
unit consisting of unconsolidated sedi nents (dom nated by sandgy
B evations range fromless than 10 feet above sea |evel to just
over 100 feet at the far northwest corner of the township.
Relief, as is the case in nost of the Coastal Plain, is |ow and
the area is nost aptly described as flat. The total area of the
township is 109 square mles, of which 1.5 square mles are |o-
cated outside of the Pinelands Area.

Definition of the study Basins

For purposes of analysis, the township was broken down into
several discrete, hydrologically defined study areas. These
prinmary study areas were several stream basins, defined by their
surface drai nage divides, that contained |arge areas of Regi onal

Gowh Area (R®) zoning, which allows the nost concentrated
devel opnent. These study basins are listed in Table 1 bel ow and
are shown on Map 2, which al so shows the locations of the Ham| -
ton Township Minicipal Wilities Authority (HTMJA) three (3)

public supply wells.

Table 1 LIST OF STUDY BASINS

SUBBASIN AREA PERCENT
STREAM STUDY BASI N TRI BUTARY ( ACRES) RGA ZONE
BABCOCK CREEK Lower Babcock 2285 91.3
Babcock Swanp 1489 34.3
Adans Branch 471
Nort h Babcock 732
Upper Babcock 3748 12. 4

Jack Pudding Br 2302
Man Killer Br 1593

GRAVELLY RUN Lower Gravelly Run 2523 23.0
Upper Gravelly Run 3213 100.0
CEDAR BROOK Cedar Brook 996 63. 1

PERCENT RGA ZONE = sum of RGA area in the study basin and its
tributaries divided by the sumof the total area of the study basin
and its tributaries.
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MAP 2: STUDY BASINS (*) AND OTHER STREAM BASINS
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In addition to the study basins, several other stream basins were
found either to be affected by actual or projected water use in
the township or were selected as potential sources of water
supply. These stream basins and ot her proxi nal stream basins are
shown on Map 2, and include the mainstem of the Great Egg Harbor
Ri ver, Absecon Creek, South R ver, Dry Run, Watering Race and
Mry Ruin. Wth the exception of hﬁrr Run, the hydrol ogi c systens
of these basins were interpreted only on the basis of published
data. CGeographic analysis, such as |and use assessnent, zoning
anal ysis and buildout estination, was not carried out for these
st ream basi ns.

Land Use Analvsis of the Study Basins

The study basins were subjected to | and use anal ysis on the basis
of land cover maps prepared using New Jersey Departnent of En-
vironnmental Protection March 1986 photoquad map information. In
addition, soil types (wetland vs upland) were determned on the
basis of United States Departnent of Agriculture soil survey
data. Vegetation types were determned from Pi nel ands Comm ssi on
vegetation maps. Al of the naps used are at a scal e of 1:24000.
Existing unit counts (residential and other) were nade from Real
Estate Data, Inc., (REDI) tax books and tax maps (1988 and 1989).
It should be noted that the difference in the dates of publica-
tion between the photoquads (1986) and the tax book and tax nmap
information (1988 & 1989) nay have produced a discrepancz bet ween
the land use information, fromthe forner source, and the exist-
ing unit counts, fromthe latter source. In an attenpt to ad-
dress this potential discrepancy, |land use data were verified in
the field by Pinelands staff. As such, the di screpancy shoul d be
smal |, if not negligible.

TABLE 2. LAND USE (ACRES) [N THE STUDY BASINS

TOTAL

ACRES UNDEVELOPED UETLAND DEVELOPED

BASIN/SUB-BASIN IN BASIN UPLAND LAND
LOVER BABCOCK 2285 844 903 538
BABCOCK SWAMP 1489 674 739 76
ADAMS BRANCH 7 121 27 323
NORTH BABCOCK 732 583 74 74
UPPER BABCOCK 3748 2201 1314 233
JACK PUDDING BRANCH 2302 1480 607 214
MAN XILLER BRANCH 1593 807 654 132

L M R GRAVELLY RUN 2523 1383 1051 89
UPPER GRAVELLY RUN 3213 1625 871 717
CEDAR BROOK 996 486 249 261

TOTALS 19350 10204 6490 2657



Tabl e 2 shows the acreage of each study basin (and sel ected sub-
basins within the study basins), as well as 1) devel oped acreage,
2) undevel oped upl and acreage (which is subject to devel opnent
under the Pi nel ands Conprehensi ve Managenent Pl an and Ham |t on
Townshi p zoning regul ations), and 3) wetland acreage (in which
devel opnent is prohibited or severely restricted). Only 12% of
the total 19,350 acres of the study basins was devel oped as of
1988, and just over 10,000 acres of developable land is to be
found in the study basins. |In conparison with other areas in the
Pi nel ands, agricultural activity is mninmal in the study basins.

Thirty-three percent of the total study basin area is covered by
wet | ands. Table 3 denotes the wetland community or type as a
percentage of the total study basin area.

TABLE 3: WETLAND TYPE IN STUDY BASINS

TOTAL PITCH
ACRES CEDAR HARDWOOD  PINE
BASIN/SUB-BASIN IN BASIN  SWAMP SWAMP  LOWLAND BOG WATER  UNTYPED

(UNITS = PERCENT OF TOTAL ACRES)

LOWER BABCOCK 2285 0 13 24 2 0 0
BABCOCK SWAMP 1489 0 24 25 0 0 0
ADAMS BRANCH 471 0 3 3 0 0 0
NORTH BABCOCK 732 0 3 7 0 0 0
UPPER BABCOCK 3748 1 5 20 9 0 0
JACK PUDDING BRANCH 2302 0 9 15 1 0 1
MAN KILLER BRANCH 1593 0 8 29 2 0 1
LOWER GRAVELLY RUN 2523 2 21 9 6 0 2
UPPER GRAVELLY RUN 3213 0 13 14 0 0 0
CEDAR BROOK 996 2 5 16 0 1 0

Exi sting Unit Counts

Tabl e 4 denotes the nunber of residential and non-residentia
units in each of the study basins. [In general, Adans Branch, -
per Gravelly Run, Cedar Brook, Lower Babcock Swanp and a small
portion of Babcock Swanp have zoning designations that allowin-
tense, mxed devel opnent. At present, Lower Gavelly Run, North
Babcock, Upper Babcock, Man Killer Branch and Jack Puddi ng Branch
are zoned for low density residential devel opnent, except for
portions of Upper Babcock in Galloway Township which are desig-
nated as Regional Gowh Areas and Pi nel ands Vil | ages.



TABLE 4: EXISTING DEVELOPMENT UNIT COUNTS AND DENSITIES ¢1988)

SINGLE/  COMM/
BASIN  BASIN MULTI-  IND/  RESIDENTIAL RESIDENTIAL
BASIN/SUBBASIN AREA AREA  FAMILY  INST DENSITIES  DENSITIES
(ACRES)  (SQ MI) (UNITS) (UNITS) (NO/ACRE)  (NO/SQ@ MI)

LOVER BABCOCK 2285 3.57 251 8 0.11 70.3
BABCOCK SWAMP 1489 2.33 281 5 0.19 120.8
ADAMS BRANCH 471 0.74 430 143 0.91 584.4
NORTH BABCOCK 732 1.14 92 1 0.13 80.5
UPPER BABCOCK 3748 5.86 225 24 0.06 38.4

(GALLOWAY TOWNSHIP COUNT) 41s)) 24)

JACK PUDDING BRANCH 2302 3.60 72 1 0.03 20.0

(GALLOWAY TOWNSHIP COUNT) 0 0)

MAN KILLER BRANCH 1593 2.49 100 3 0.06 40.2
LOWER GRAVELLY RUN 2523 3.94 31 2 0.01 7.9
UPPER GRAVELLY RUN 3213 5.02 527 73 0.16 105.0

(EGG HARBOR TOWNSHIP COUNT) 4)

CEDAR BROOK 996 1.56 617 1 0.62 396.6
Croms o0 w028 2w 014 86

Numbers in parenthesis indicate portions of total outside of Hamilton Township.
Discrepancies between the Last two columns result from rounding and significant figures.

Local Hydrogeologqy

Rhodehamel (1979) estinated that 22.5 inches of the 45 inches of
average annual precipitationthat falls inthe Pinelands is split
between direct stream runoff (11% of the 22.5 inches) and
recharge to the ground water system(the renai ning 89% of the
22.5 inches). The fact that runoff is such a small percentage of
total captured precipitation is largely a consequence of the
sedinentary texture of the soils and deeper strati (I:;raphi C units
of the Coastal Pain. Hgh porosities and perneabilities enabl e
rainfall to nove quickly through the upper unsaturated zones to
the water table aquifer. |In nmany bedrock terrai ns of New Jersey,
runoff is greatly accentuated by the | ow porosity of the rock and
the overlying soil units, and stream i npoundnments are virtually
the only nethod of capturing |arge volunes of water for public
use.



In the Coastal Plain, in general, and Ham|ton Townshi p, in par-
ticular, the hydraulic efficiency of the aquifers nmakes them an
excel | ent source of water supply. In Hamlton Townshi p two ngj or
aqui fers may be reached in the subsurface. These are the upper-
nost water table and sem -confined Kirkwood-Cohansey and the
deeper confined Atlantic Gty 800 Foot Sand.

| nst ant aneous streanfl ow data were collected by Pinelands staff
at discrete points in these study basins (see Map 3) beginning in

the summer of 1988 and up through August of 1989. These dat a,

PI us published hydrol ogic data, enabled us to interpret the sur-
ace water hydrol ogic regi nes of these study basins.

The sum total of avera?e streanflows in the study basins is es-
timated to be relatively small (27 M) in conparison with the
flow of the G eat Egg Harbor Rver at the Lake Lenape Dam in
May’s Landing (estimated at 201 to 277 MDD the fornmer estinate
based on an areal extrapol ation of the USGS gage data at Fol som
and the latter based on the regional regression equation of Ap-
endix A. Al of the streans that flowinto the Geat Egg Har-
or R ver bel ow Lake Lenape have tidal effects over portions of
their | ower reaches.

Tabl e 5 denotes the average flows and the 2-year and 10-year | ow
flow estinmates of the study basins. These estinmates were deter-
mned fromthe streanflow and other data collected in the study
rogram Table 6 denotes average streanflows in the non-study
asins, as determned by the regional regression equation mnethod.
Met hodol ogi es are di scussed in Appendi x A

The low flow statistics denote an estimate of the average
streanfl| ow over seven days that will occur in a tw year or ten
year period (with a statistically defined recurrence interval of
two or ten years). In general, they are an estinate of
streanflow conditions during a sunmmer drought =-- the 10-year
figure reflecting worse drought conditions than the 2-year.
These estimates may be conpared with the annual average
streanflowto visualize the effects of drought on streanfl ow

Tables 5 and 6 point to the rather obvious fact that |arger
basins tend to have | arger streanfl ows -- | ocal streanbed conduc-
tivities and ground water levels may alter this general rule.
Vell wthdrawals fromthe water table aquifer in a basin wl
usual ly reduce streanflows and |ower water table |levels. These
effects nay be exacerbated if the used water is sewered out of
the basin fromwhich it is derived. In turnthis may produce ad-
verse effects on the local biota that relies on the naintenance
of the natural hydrologic cycle. A prine consideration in the
anal ysis of the water supply alternatives for Hamlton township
Is the effect of water table aquifer well wthdrawals on
streanfl ows and ground water |evels.



MAP 3: STREAM GAGING AND WATER QUALITY SAMPLING POINTS
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TABLE 5 ESTI MATED STREAMELOW CHARACTERI STI CS

STREAM BASI N LOW
AVERAGE FLOW 7 7Q10 FLOW
(CFS) (MED) METHOD (CFS) (MGD) (CFS) (MGD) METHOD
BABCOCK CREEK REACHES

LOVNER BABCOCK 28.80 18.62 1 8.26 5.34 4.91 3.17 1
BABCOCK SWAMP 19.00 12.28 1 5.02 3.24 3.03 1.96 1
ADAMS BRANCH 0.68 0.44 2 <.1 <.1 <.1 <.1 3
NORTH BABCOCK 1.09 0.70 2 0.14 0.09 0.12 0.08 2
UPPER BABCOCK 14.36 9.28 1 3.08 1.99 1.70 1.10 1
MAN KI LLER BRANCH 2.74 1.77 2 0.42 0.27 0.33 0.21 3
JACK PUDDI NG BRANCH 4.09 2.64 2 0.68 0.44 0.50 0.32 3
BABCOCK #6 5.65 3.65 2 1.00 0.64 0.72 0.46 3
GRAVELLY RUN REACHES
LOVER GRAVELLY RUN 11.52 7. 45 2 2.32 1.50 1.55 1.00 2
UPPER GRAVELLY RUN 5.92 3.83 2 1.08 0.70 0.77 0.50 2
CEDAR BROCK 1.78 1.15 2 0.25 0.16 0.20 0.13 3
M RY RUN 7.13 4,61 2 1.32 0.85 0.92 0.60 2

DEFI NI TI ON OF METHCDS:

1 REGRESSI ON OF PARTI AL RECORD W TH CONTI NUOUSLY GAGED STREANMS

2 BASIN AREA REGRESSI ON EQUATI ON BASED ON 112 COASTAL PLAI N STREAMS

3 BASIN AREA REGRESSI ON EQUATI ON BASED ON 112 COASTAL PLAI N STREAMNS,
NO FLOW CONDI TI ONS OBSERVED | N 1988 AT GAGA NG PO NT. THUS, LOW
FLOW CHARACTERI STI CS MAY BE CONSI DERED ZERO

Note that method 1 results were not used if correlation was poor.

TABLE 6. ESTI MATED AVERAGE STREAMFLOW | N NON- STUDY BASI NS

AREA FLOW FLOW
STREAM LOCATI ON (SQ MI) (CFS) (MGD)
ABSECON CREEK Absecon Bay 26.4 40.6 26.2
GREAT EGG at Lake Lenape
HARBOR Rl VER dam 205.0 311-428  201- 277

Regi onal Regression Equation nethod used.
Areal method used for |ow estimte on GEHR
Note that Absecon Creek is regulated by ACUA diversions.

In addition to the effects on the freshwater systens, streanflows
may al so be inportant to the brackish water comunities of the
river estuaries and the back bays behind the coastal barrier is-
| ands of New Jersey. While these issues are not sPeci fically ad-
dressed in this study, the New Jersey Departnent of Environnental



Protection has instituted a three (3) year estuary study program
in recognition of the inportance of these natural systens and
their relationship to water supply planni ng.

Estimated | owflows for the snall study basins suggest that these
basins will still have neasurable flows in the 2-year and 10-year
drought, but observations in the sumrer of 1988 showed sone of
themto be not flowng. Wile such intermttence of streanfl|ow
may be natural for these study basins, it nay be assuned that
substantial well withdrawals in these basins wll increase the
period of intermttence and alter the natural hydrol ogi c regi nes.

|ater Supply and Sewage Treatnent Counts

Tabl e 7 denotes the nunber of existing devel opnent units by type,
wat er supply and sewage treat nent systemin the study basins.

TABLE 7: WATER AND SEWAGE TREATMENT SYSTEM BY DEVELOPMENT UNIT

SINGLE FAMILY/MULTIFAMILY UNITS COMMERCIAL/INDUSTRIAL/INSTITUTIONAL

TOTAL PRIVATE PRIVATE PUBLIC PUBLIC TOTAL PRIVATE PRIVATE PUBLIC PUBLIC

BASIN/SUBBASIN UNITS WELL SEPTIC WATER SEWER UNITS WELL  SEPTIC WATER SEWER

LOWER BABCOCK 251 1 1 250 250 8 0 0 8 8
BABCOCK SWAMP 281 8 8 273 273 5 0 0 5 5
ADAMS BRANCH 430 0 0 430 430 143 0 0 143 143
NORTH BABCOCK 92 92 92 0 0 1 1 1 0 0
UPPER BABCOCK 46 46 46 0 0 0 0 0 0 0
(GALLOWAY TOWNSHIP COUNT) 179 179 94 0 85 24 24 14 0 10
JACK PUDDING BRANCH 72 72 72 0 0 1 1 1 0 0
(GALLOWAY TOWNSHIP COUNT) 0 0 0 0 0 0 0 0 0 0
MAN KILLER BRANCH 100 100 100 0 0 3 3 3 0 0
LOWER GRAVELLY RUN 31 30 30 1 1 2 1 1 1 1
UPPER GRAVELLY RUN 523 30 30 493 493 63 0 0 63 63
(EGG HARBOR TOWNSHIP COUNT) 4 4 4 0 0 10 10 10 0 0
CEDAR BROOK 617 3 3 614 614 11 0 0 11 11
oms S
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In general, private well water supplies in the study basins are
drawn fromthe Kir kwood- Cohansey wat er tabl e aqui fer and ret urned
to the sane aquifer through a private in-ground septic system
(mnus a small percentage of evaporated water, roughly estinated
at 44 @D for each residential unit). As such, there is little
net water loss to the hydrol ogic system when wells are conbi ned
with septic systens. However, the environnental drawback to the
use of septic systens is a degradation of water quality in the
form of increased nitrogen conpounds (and other pollutants).

Natural nitrate levels in the Pinelands are very |low, a najor
cause of the unique biota of the Pinelands. Human introduced
nitrates (and other nutrients from agricultural and |awn fer-
tilizers) can disturb the existing natural bal ance.

Public water supplies in the Hamlton Townshi p portions of the
study basins are also drawn from the Kirkmood-Cbhansey wat er
aqui fer and fromthe Kirkwood 800 Foot Sand aquifer (Véll #5).
Map 2 shows the |ocation of the public supply wells. However,
the wastewater is presently collected by sewers and treated at
the Ham|lton Township MA plant in May’s Landing and di scharged
directly into Babcock Oreek. Wile such a process negates the
probl em of increased nitrogen |evels in the ground water and in
streanfl ows (above the treatnent plant discharge point), the ex-
port of the used water significantly reduces streanflows (at an
estinmated rate of 265 D for each sewered residential unit) in
t he stream basi ns fromwhich the ground water is w thdrawn.

Tabl e 7 shows that roughly 75% of all users in the study basins
are served by public water and sewers. These users are found
only in the high devel opnent zones of Babcock OCreek, Upper
QGavelly Run, and Cedar Brook in Hamlton Township. Sewers are
al so present in Uoper Babcock in Galloway Township. Qutside of
the study basins, May’s Landing and several surroundln% com
munities are al so provided public water and sewer service by the
HTMUA.

As of 1988, the Ham I ton Townshi p MJA wat er squIy al  ocation was
roughly 1.5 M (based on the average nonthly |n1t?. During the
period of the study, HTMJA used roughly 1.0 M®D of this alloca-
tion -- well #5 and #e6 were the two existing production wells
over this period. In 1989 the HTMJA requested and recei ved ap-
proval for an increase in its allocation permt to 25 MDD in an-
ticipation of new devel opment needs for increased water supply.

The existing design capacity of the Hamlton sewage treatnent
plant is 1.5 MD Rat her than seek to increase the plant
capacity, the HTMJA has nade arrangenents to connect with the A -
lantic County utilities Authority sema?e treatnment systemand to
shut down their own plant. Wile still several years fromim
Plenentation, this plan will lead ultinmately to the export of all

ocal |y generated public water supply. The initial wastewater



export limt on HTMJA to the ACUA systemis 5.825 MDD  An addi-
tional 1.175 M3D is allocated to the Parkway Authority, FAATEC,
Egg Har bor Townshi p, and Galloway Townshi p.

HYDROLOG C SYSTEM

Hydrologic Buduet, Existing Conditions (1988)

Table 8 is a hydrol ogi c budget for the Ham |ton study basins (and
Mry Run) based on data gathered from various published sources
and based on streanfl ow data collected by Pinelands staff during
1988 and 1989.

TABLE 8: HYDROLOGIC BUDGET FOR EXISTING CONDITIONS (1988-1989)

UPPER  LOWER
UPPER  BABCOCK LOWER GRAVELLY GRAVELLY  CEDAR MIRY

BABCOCK  SWAMP  BABCOCK RUN RUN BROOK RUN
(UNITS = MGD)

AREA (SQ MI): 11.98 4.32 3.70 4.95 3.88 1.74 5.82
PRECIPITATION 23.92 8.62 7.39 9.88 7.74 347 11.62
SEPTIC RECHARGE 0.07 0.02 0.00 0.01 0.01 0.00 *
TREATMENT PLANT DISCHARGE 0.00 0.00 0.00 015 0.00 0.00 0.00
UPSTREAM INFLOW 0.00 9.28 12.28 0.00 3.83 0.00 0.00
TOTAL INFLOWS 23.99 17.92 19.67 10.04 1158 3.47 11.62
AVERAGE STREAMFLOV 9.28 12.28 18.62 3.83 7.45 1.15 4.61
EVAPOTRANSPIRATION 13.99 5.04 4.32 5.78 4.53 2.03 6.80
PUBLIC UITHDRAUALS 0.00 0.00 0.27 0.00 0.07 0.00 0.00
PRIVATE UITHDRAUALS 0.11 0.03 0.00 0.01 0.01 0.00 *
TOTAL OUTFLOWS 23.38 17.35 23.21 9.62 12.05 345 1141
NET FLOV MAX ERROR (%) 2.61 331 17.98 4.39 413 9.09 1.85

* No value available for the Miry Run basin
Note that public withdrawals do not sun to 1.0 MGD. Remainder is allocated to other basins.

Hydr ol ogi ¢ budgets delineate the inflows and outflows of water in
some geographic region over some tine period. Such budgets are
useful in making a determ nation of the effect of changes in the
natural system (e.g., the effect of a prolonged drought on
streanflow and ground water |levels) or of changes in human



utilization and disposition of water resources (e.g., adding
sewers to a regi onz). More detailed information about hydrol ogic
budget nodel s may be found in Appendi x B

Table 8 is organi zed on the basis of the three major streans out
of which the study basins were forned: 1)Babcock O eek, having a
total area of 20.0 square mles, 2) GQGavelly Run, having a total
area of 8.83 square mles, and 3) Cedar Brook, with an area of
1.74 square mles. The Cedar Brook study basin, for purposes of
determni ng the existing and projected devel opnent, was only 1.56
square mles. The additional 0.18 square mles used in the
budget refl ects a downstreamportion of the basin.

I't should be noted that the hydrol ogi c budget al so includes data
on Mry Run. This stream basin was not subject to geographic
anall ysi's, but was subjected to hydrologic data collection and
eval uati on.

I n the Babcock Oreek portions of the budget, sonme of the study
basins are conbined. This was done in areas where small
tributary streanflow data had a higher degree of uncertainty
and/ or developnent is and will be limted, given present zoning.
Upper Babcock was conbined with its two tributaries, Man Killer
and Jack Pudding Branches. Babcock Swanp was conbined with its
two tributaries, Adans Branch and North Babcock. |n the cases of
the others streans, the study basins were kept separate in the
budget anal ysi s.

Inflows are defined as a hydrologic source with respect to a
basin, that is, any systemthat provides water to a basin. In
t he case of the Ham|ton study basins, major inflows are:

1§ preci pitation (41.93 1 nches per year),

2) septic recharge fromdevel opnent units that are not
sewer ed, _
3) sewage treatnent plant discharge to Gavelly Run from
TEC, and

4) streanflowfromthe upstreamportion of the basin.
Q her sources of inflow, such as irrigation return and ground
wat er underfl ow were assuned to be negligible.

Qutfl ows are defined as hydrol ogi c sinks with respect to a basin,
that is, any systemthat renoves water froma basin. Qutflows in
t he budget 1 ncl ude:
1) average streanflow(found in Table s5),
2) evapotranspiration, which is the evaporative | oss of
wat er by plant transpiration and from undrai ned depres-
Si ons.
3) public well withdrawal s fromthe ground water system by
t he HTMUA, and
4) private well withdrawals fromthe ground water system



O her potential outflows, such as irrigation evaporative |o0ss,
surface wi thdrawal s and ground water underflow were considered to
be negligi bl e.

Aside from the magnitude of the various fluxes in the budget,
what does the budget indicate about the study basins? A com
pari son of the total inflows and outflows shows that, with the
exception of Lower Babcock, the totals are within five or ten
percent of one another. Such a | ow degree of error or difference
I's excellent, given that the inflows and outflows are thensel ves
subject to errors in neasurenent and in the analytical processes
by which they are derived. As an exanple, instantaneous
streanf| ow neasurenents are considered to have an error of +/-10%
(R Schopp, USGS, personal comunication). The significant con-
clusion that may be drawn fromthe |ow degree of difference be-
tween inflows and outflows is that all of the assunptions, data
and analysis that were used to define the hydrol ogic conponents
of the study basins converge to produce flux val ues that are con-
sistent with one another; therefore, values that my be con-
sidered to have a high degree of validity when used to describe
how t he real system works. In general, we may conclude that we
have a valid quantitative nodel for evaluating existing and fu-
ture hydrologic conditions in the study basins.

The roughly eighteen percent (18% error in the Lower Babcock
figures is not unusually high in a hydrol ogi c budget analysis,
nor does it detract significantly from the useful ness of the
values with respect to this study basin. The suspect value in
this basin is average streanflow on the outflow side of the
budget -- the increase in streanflow per square mle is nuch
| arger than that of any of the other study basins. There are
several possible causes for a high value in this basin, but the
di versions from C overl eaf Lakes and Watering Race and tidal in-
fluence are the nost |ikely. The surface diversions to this
basin increase the total on the outflow side of the budget.
However, the drainage area associated with this additional flow
i s unknown, and the areally conputed factors on the inflow side
of the budget (precipitation, upstream inflow) are, therefore,
under est i mat ed. Wth regard to tidal influence, the average
streanfl ow value is based on the correlation of neasured instan-
t aneous streanflows with continuously gaged streanms and shows
good agreenent. However, the nmeasurenents, made during |low tide,
could have picked up increased flow resulting fromtidal back-up
and rel ease. Such an occurrence could tend to produce val ues
greater than normal streanflow, just as streanflow neasurenents
bel ow a surface inmpoundnent nade during periods when stored water
I's being rel eased are higher than normal streanflow.

Returning t o t he average streanfl ow values for the various study
basins in the budget, the sum of these values (27.22 M) repre-
sents the total anobunt that could be physically w thdrawn for
public use; ex t for the fact that h an tion would ar



the streans and wetlands in the study basins! If we include Mry
Run, the total streanflow becones 31.83 M. As the Pinel ands
Commi ssion is concerned with maintaining natural streanfl ows and
wet | ands and wi th providing water supply for planned devel opnent,
a nore reasonable estinate of available water supply is five to
ten percent of the total average streanflow (1.3 to 3.2 M.
Wile this range is arbitrary, it reflects a bal ance between t he
wat er supply needs associated wi th RGA devel opnent and the nai n-
tenance of natural hydrologic systenms; but it should only be
viewed as a basis for the prelimnary eval uati on of potential en-
vi ronment al i npact and not as a regul atory standard.

VWAt er Quality Assessnent

Suppl enentary to the water supply el ements of this study, a water
quality sanmpling program was carried out by the Bureau of
Moni t ori ng Managenent of the New Jersey Department of Environnen-
tal Protection in cooperation with the Pinelands Conmssion. The
pur pose of this programwas to eval uate surface water quality and
ascertain disturbed conditions in any of the study basins. Wter
quality nonitoring |l ocati ons are shown on Map 3.

The period of sanpling was between August 1988 to July 1989. Be-
cause several streans were dry during the latter portion of 1988,
a conpl ete data set (seven sanEIing dates) is available only for
three (3) stations on Babcock Greek and two (2) stations on
G avel ly Run. Conpari sons anong all streans was, therefore
limted to data collected during the latter part the study. Mry
Run, while not a study basin for purposes of the denographi c and
buiédout anal ysis, was included in the hydrol ogi c aspects of the
st udy.

In the discussion that follows, any characterization of chem cal
species (e.g., pH nitrogen or phosphorous species) as having
el evated concentrations or levels is indicative of disturbed con-
ditions; L.e., chen.cal concentrations are higher than generally
found in undisturbed Pinel ands streans. |t should be noted that
phosPhorous and nitrogen chem cal species are nutrients that
usually are found at very |ow concentrations in undisturbed
Pineland streans. Sources of elevated nitrogen and phosphorous
pol lution include agricultural fertilizers and sewage. H gh pH
val ues are al so indicative of disturbed conditions.

The results of the water quality sanpling programare given in
Tabl es 9a through 9d. Paraneters nonitored were tenperature,
di ssol ved oxygen (DO, pH, nitrite-nitrogen (NO2-N)
nitrite+nitrate-nitrogen (NO2+NO3-N), ammoniat+ammonium-nitrogen
(NH3+NH4-N), total Kjehldahl-nitrogen (TKN), total dissolved
solids (TDS), total suspended solids (TSS), alkalinity or
acidity, and conductivity. Sanples were anal yzed by the New Jer -
sey Departnent of Health’s Environmental Chem stry Laboratory.



Cedar Brook was subjected to only one sanpling (August 2, 1988),
yet it showed elevated values for pH total Kjehldahl-nitrogen,
t otal phosphorous, and conductivity. Qher nitrogen species con-
centrations were low in Cedar Brook for this one sanpl e date.

Wth the exception of one elevated pH reading reported for Lower
Babcock, pH levels throughout Babcock Creek were usually |ess
t han 5.5. The | owest pH values in Babcock Creek were found at
Babcock Station #6 in the Upper Babcock study basin (3.8 to 4.5).
Al pH values greater than 50 in Babcock Creek were limted to
the summer and fall during low flow conditions. The pH val ues
for Gavelly Run, Mry Run and Man Killer Branch never exceeded
5.0, while those from Jack Puddi ng Branch ranged from51 to 5.8

Slightly to noderately elevated nitrite+nitrate-nitrogen con-

centrations were reported for all study basin streans. The
| onest ranges were found in Man Killer Branch (0.15 to 0.19) and
in Mry Run (0.16 to 0.18). I n conparison, the highest range was

found at Jack Pudding Branch (0.77 to 1.37). There was a notable
decrease in concentration downstream in both Babcock Creek and
G avel ly Run.

Al other nitrogen species sanpled exhibited |ow val ues of con-
centration. The only exception was the Kjehldahl-N reading for
Cedar Brook in August of 1988 and Man Killer Branch in July of
1989.

El evat ed phosphorous species (total phosphorous and orthophos-
phorous) concentrations were reported for Babcock Creek in August
of 1988 and for Cedar Brook in the same nonth. All other sta-
ti ons showed | ow concentrations of phosphorous species.
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TABLE 9a: HAMILTON STUDY WATER QUALITY DATA

Stream Station Date Temp DO pH NO2-N NO2 + NH3 +  TKN
(Location) NO3-N NH4-N
deg.C mg/l field mg/l  mg/l  mgs/l  mg/l
Cedar Brook 08/02/88 32 8.3 7.92 <0.003 0.06 0.08 1.09
(Harding Lake)
Lower Babcock 08/02/88 19.5 6.7 5.32 <0.003 0.25 0.05 0.17
(old Egg 08/23/88 15.0 10.2 6.17 <0.003 0.32 <0.05 0.23
Harbor Rd) 09/21/88 17.3 7.9 5.32 0.003 0.26 <0.05 0.17
11/16/88 10.5 8.9 5.48 <0.003 0.23 <0.05 0.1
02/07/89 5.0 11.0 4.53 0.005 0.39 0.07 0.23
05/31/89 17.5 9.7 4,58 0.008 0.32 0.12 0.04
07/11/89 19.5 7.6 4.90 0.006 0.40 <0.05 0.53
Babcock Saemp 08/03/88 19.1 6.9 483 <0.003 0.42 0.07 0.22
(Rt. 322) 08/24/88 190 7.7 6.4 0.021 0.51 0.08 0.7
09/22/88 16.0 7.7 5.55 0.003 0.43 <0.05 0.17
11/15/88 85 8.8 531 <0.003 0.36 0.06 0.16
02/08/89 35 104 456 0.006 0.51 0.05 0.25
06/01/89 200 79 443 0.01 0.36 <0.05 0.37
07/11/89 200 74 419 0.012 0.40 0.11 0.64
Upper Babcock 08/03/88 185 7.2 522 <0.003 0.61 0.05 0.18
(Pine Street) 08/24/88 170 9.6 5.3* <0.003 0.60 <0.05 0.14
09/22/88 160 7.8 5.27 0.003 0.67 <0.05 0.16
11/15/88 95 8.8 471 <0.003 0.62 <0.05 0.17
02/08/89 40 106 450 0.006 0.67 <0.05 0.29
06/01/89 185 7.0 4.32 0.01 0.36 <0.05 0.42
07/12/89 180 7.1 4.63 0.01 0.48 0.14 0.63
Babcock #6 08/03/88 19.0 5.6 437 <0.003 1.23 <0.05 0.33
(Holly Street) 11/15/88 100 8.6 409 <0.003 1.10 0.05 0.20
02/08/89 50 10.2 443 0.006 0.69 <.05 0.44
06/01/89 200 7.0 450 0.014 0.39 0.06 0.53
07/12/89 195 6.8 382 0.011 0.51 0.08 0.83

FOOTNOTES
* Jow quality control results

E estimated value; may not be accurate



TABLE 9b: HAMILTON STLDY WATER QUALITY DATA

Stream Station Date ORTHO TOTAL T8 TS pH Alka- Acid- cCond
(Location) P-P P-P linity ity
mg/l mg/l  mg/l  ma/l  lab mg/l  mg/l  umhos
Cedar Brook 08/02/88 <0.01 0.11 30* 13 6.15€ 2 289.0
(Harding Lake)
Lower Babcock 08/02/88 0.01 0.04 36* 1 5.78E 2 38.1
(old Egg 08/23/88 0.01 0.03 37 1 5.9 4 39.0
Harbor Rd) 09/21/88 0.02 <0.02 39 6 5.7 3 33.2
11/16/88 0.01 <0.02 36 2 5.8 3 40.4
02/07/89 0.01 0.02 45 2 4.5 <1 62.1
05/31/89 0.01 0.03 62 2 4.4 42 66.2
07/11/89 <0.01 0.02 10 74 4.6 1 64.3
Babcock Snamp 08/03/88 0.01 0.03 32 <1 5.8 3 40.6
(Rt. 322) 08/24/88 0.07 028 54 16 1 64.7
09/22/88 0.01 <0.02 3 16 5.7 3 33.4
11/15/88 0.01 <0.02 36 <@ 5.3 3 44.8
02/08/89 <0.01 0.03 59 6 4.3 114 67.0
06/01/89 0.01E 0.03 88 3 4.3 44 98.4
07/11/89 <0.01 0.02 4 70 4.6 1 61.5
Upper Babcock 08/03/88 0.01 0.03 39 1 5.5 2 42.5
(Pine Street) 08/24/88 <0.01 0.04 41 3 2 47.0
09/22/88 0.01 <0.02 25 3 5.5 2 39.9
11/15/88 <0.01 <0.02 37 <2 4.9 1 52.2
02/08/89 0.02 0.03 58 3 4.3 52 75.9
06/01/89 0.0 0.04 80 6 4.3 40 78.7
07/12/89 <0.01 0.02 7 74 4.4 44  68.9
Babcock #6 08/03/88 <0.01 0.02 40 <1 4.6 1 53.2
(Holly Street) 11/15/88 <0.01 <0.02 54 3 4.2 80 85.1
02/08/89 0.02 0.02 38 2 3.8 122 109.6
06/01/89 0.01E <0.02 73 5 3.9 38 67.1
07/12/89 0.01 <0.02 3 93 3.9 40 82.7
FOOTNOTES

* Jow quality control results

E estimated value; may not be accurate
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TABLE 9c: HAMILTON STUDY WATER QUALITY DATA

Stream station Date Temp D H NO2-N NO2 + NHB +  TkN
(Location) NO3-N NH4N
deg.C mg/l field mg/l mg/l mg/l mgsl
Gravelly Run #7 08/02/88 18.0 8.6 462 <0.003 0.17 0.05 0.16
(Rt. 559) 08/23/88 145 8.7 489 <0.003 0.16 <0.05 0.1
09/21/88 17.0 8.8 4.70 0.003 0.13 <0.05 0.1
11/16/88 11.0 9.6 412 0.003 0.12 <0.05 0.14
02/07/89 6.0 11.0 4.23 0.003 0.26 <0.05 0.24%
05/31/89 17.0 9.1 4.40 0.004 0.34 0.13 0.48
07/11/89 17.2 9.6 4.20 0.012 0.24 0.08 0.39
Gravelly Run #8 08/02/88 16.0 8.0 435 <0.003 0.46 0.05 0.17
(Neu York Ave.) 08/23/88 14.0 82 497 <0.003 0.43 <0.05 0.09
09/21/88 15.0 7.3 485 <0.003 <0.05 <0.05 0.01
11/16/88 14.0 7.6 450 <0.003 0.41 <0.05 0.10
02/07/89 8.0 9.6 438 <0.003 0.54 <0.05 0.16
06/01/89 175 6.2 4.65 0.01 0.45 0.1 0.43
07/11/89 16.0 6.8 3.52 0.012 0.59 0.09 0.39
Jack Pudding Br 02/08/89 40 9.6 5.81 0.006 1.37 0.05 0.36
(Cologne Ave) 06/01/89 230 5.7 5.05 0.01 0.91 0.10 0.39
07/12/89 23.0 6.4 5.48 0.011 0.77 0.10 0.61
Man Killer Br 02/08/89 30 8.0 4.73 0.003 0.19 0.08 0.21
(Holly Street) 06/01/89 200 42 425  0.01 0.16 0.06 0.2
07/12/89 20.0 3.2 4.73 0.016 0.15 0.07 1.05
Miry Run #12 02/07/89 30 9.04 4.09 <.003 0.18 <.05 0.27
(Alt. Rt. 559) 05/31/89 185 50 4.20 0.007 0.16 <.05 0.36
07/11/89 20.0 4.4 4.30 0.015 0.20 <.05 0.45
Miry Run #13 05/31/89 17.0 55 4.70 0.004 0.27 <.05 0.16
(Pine Ave.) 07/11/89 185 4.6 3.77 0.011 0.22 0.05 0.18
FOOTNOTES

*

Lou quality control results

E estimated value; may not be accurate



TABLE 9d: HAMILTON STLDY WATER QUALITY DATA

Stream Station Date ORTHO TOTAL  TDS TSS pH Alka- Acid- Cond
(Location) P-P P-P lLinity ity

mg/l mg/l  mg/l mg/i lab mg/l mg/lL umhos

Gravelly Run #7 08/02/88 <0.01 0.02 28* 1 5.2 2 38.7

(Rte. 559) 08/23/88 0.01 0.02 36 1 4.8 1 38.6

09/21/88 <0.01 <0,02 5 4 5.0 2 89.1

11/16/88 <0.01 0.02 40 1 4.4 44 52.6

02/07/89 0.01 <0.02 49 4 4.4 50 62.3

05/31/89 <0.01 0.03 48 4 4.1E 34 63.6

07/11/89 <0.01 <0,02 6 67 4.2 56 61.8

Gravelly Run #8 08/02/88 001 0.02 33* 2 4.9 2 50.5

(New York Ave.) 08/23/88 0.01 <0.02 37 1 5.0 1 51.2

09/21/88 0.01 <0.02 36 6 5.0 2 45.5

11/16/88 <0.01 <0.02 41 2 4.9 1 47.0

02/07/89 0.01 0.02 45 4 4.8 1 64.8

06/01/89 0,03t 0.03 50 8 4.4 24 63.3

07/11/89 0.02 0.04 5 63 4.5 <1 61.1

Jack Pudding Br 02/08/89 0.01 002 96 <1 5.5 3 126.0

(Cologne Ave.) 06/01/89  0.01 0.04 90 1 5.2 2 384.0

07/12/89 0.01 0.03 3 73 5.8 4 79.5

Man Killer Br 02/08/89  0.05 - 79 <1 4.0 46 126.5

(Holly Street) 06/01/89  0.01 0.03 112 6 4.3 32 158.7

07/12/89 0.01 0.02 36 120 5.0 4 134.0

Miry Run #12 02/07/89 <0.01 0.02 56 6 4.0 66 83.8

(Alt. Rt. 559) 05/31/89 <0.01 <.02 63 2 4.3E 46  60.3

07/11/89 <0.01 <.02 <2 58 4.2 44  59.1

Miry Run #13 05/31/89 <.01 <.02 29 2 4.6 1 50.9

(Pine Ave.) 07/11/89 <.01 <.02 3 34 4.7 1 43.1
FOOTNOTES

* Jow quality control results

E estimated value; may not be accurate
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PRQIECTED DEVELOPMENT AND HYDROLOG C | MPACT ANALYSES

Buildout FEsti nates

Buildout wi thin sewerabl e and unsewer abl e zones was estinated for

each of the study basins. Sewerable areas are limted to
Regional Gowh Areas, Pinelands Villages and Pinel ands Towns.
Projected residential and non-residential (commercial, in-

dustrial) devel opment was estinmated using a series of overlay
maps show ng 1) watershed boundaries, 2) nunicipal zoning 3) |and
use, and 4? soil types (upland, wetland). Fromthese nap over-
| ays, a planineter was used to neasure the devel oped and un-
devel oped acreage in each study basin by nunicipal zone and soi l
tyPe. The undevel oped acreages were then used as a basis for
cal cul ating future devel opnent in each study basin.

Buildout was estimated by a two step process. First, mnaxinmm
zone capacities were found by applgli ng appropriate nuni ci}oal
zoning densities to the undevel oped acreages (wetland and/ or
upl and, as appropriate) in each zone. |In addition, a 50% fl oor-
area ratio was applied to undevel oped commercial/industrial
zones, a nmaxi num val ue representative of urban areas.

The maxi num zone capacities were then adjusted downward to
refl ect constraints on developnent in the local area and to
produce a maxi num buildout esti nate. H storical and pl anned
devel opnent densities were anal yzed and used as a guide to deter-
mne realistic zone densities. Hstorical devel opnent data were
obtained from Pinelands Conmm ssion devel opnent application
records. Pl anned devel opnent data was obtained from nateri al

supplied by HTMJA, which delineated new devel opment projects
slated for inclusion in the Atlantic County Wilities Authority
Coastal Interceptor project. | n the maxi mum buildout estinate,

residential buildout in Regional Gowh Areas, Pinelands Vll ages
and Pi nel ands Towns was reduced by a realization factor, the nag-
nitude of which was related to the zone density. The
commercial/industrial floor-area ratio was reduced from50% to
30% of the available acreage, based on a review of locally
derived information, consultation with | ocal experts and a review
of the literature.

I n the case of the PIRD zone of calloway Townshi p, which overl aps
t he Jack Pudding Branch and Upper Babcock subbasins, an actual
devel opnent application plan was used to project buildout. This
zone is projected for 685 residential units and a golf course.
Vater |oss resulting fromground water derived irrigation of the
golf course was estimated at 50% of the projected annual irriga-
tion volunme (49.1 M3 to account for evapotranspiration, a factor
comrensurate with rainfall evapotranspiration.



Table 10 shows the totals of new residential units and non-
residential (commercial/industrial) square footage in each study
basin for each step in the analysis. The table also dif feren-
tiates devel opnment between private water and septic, and public
wat er and sewer.

The maximum buildout totals showthat the study basins in Hm]l -
ton Township could experience an increase of 14,967 residenti al
units at buildout. It also shows that 12.1 mllion square feet
of new commercial/industrial devel opnment is possible in the
Ham | t on study basins. Galloway Township’s projections for naxi-
nmum buildout of the study basins are |ess: commrercial devel oprent
at 3.6 mllion square feet, and residential at 1125 new units.
Egg Harbor buildout figures are negligible owing to the small
area of the township in the study basins. It should be noted
that portions of the Hamlton Regional Gowh Area |ie outside of
the study basins, e.g,, May’s Landing, sone of the Industrial
zone south of Hardi ng Highway, and the corridor between Route 559
and the Geat Egg Harbor Rver. dven these omssions fromthe
buildout analysis, the final estinates nmay be considered | ow or
conservative with respect to the ultimte buildout of the RGA
zones i n the township.

The follow ng table shows the realization factors that were ap-
plied to the maxi num zone capacities to produce a maxi num buil-
dout figure for residential RGA zones.

Zone Density Real i zati on Fact or
(units/acre)

<0.1 .88

0.1-0.3 .86

0.3-1.0 .83

1.0-2.0 .79

2.0-4.0 .72

>4.0 .64

These factors represent a reduction for streets and ot her condi -
tions that |ead t o reduced buil dout, e.g., fragnented | and owner -
ship, isolated or poorly situated lots, and the variation found
i n actual devel opnent densiti es.
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TABLE 10: MAXI MUM ZONE CAPACI TI ES _AND _MAXI MUM BUILDOUT
(NEW RESI DENTI AL AND NON- RESI DENTI AL UNI'TS)

MAXI MUM ZONE CAPACI TY

RESI DENTI AL NON- RES

STUDY BASIN ( TOANSHI P)

LOWER BABCOCK ( HAM LTON
PUBLI C WATER & SE
PRI VATE VELL AND SEPTIC

BABCOCK SWAMP ( HAM LTON
PUBLI C WATER & SE
PRI VATE WELL AND SEPTI C

ADAMS BRANCHWRIAM LTON%AE
PUBLI C WATER & SEWER
PRI VATE WELL AND SEPTI C

NORTH BABCOCK ( HAM LTON
PUBLI C WATER & SE
PRI VATE WELL AND SEPTIC

UPPER BABCOCK HAM LTON
LI C WATER & SE
PRIVATE VELL AND SEPTI C

UPPER BABCOCK ( GALLOWAY)
PUBLI C SEVER
PRI VATE WELL AND SEPTI C

JACK PUDDING BR EFALLCMAY)
PUBLI C
PRI VATE WELL AND SEPTI C

JACK PUDDI NG BR ( HAM LTON)
PUBLI C WATER & SEWER
PRI VATE VELL AND SEPTI C

MAN Kl LLER BRANCH ( HAM LTON)
PUBLI C WATER & SEVER
PRI VATE WELL AND SEPTI C

LOVER GRAVELLY RUN (HAM LTON)
PUBLI C WATER & SEWER
PRI VATE VELL AND SEPTI C
RD/RGD (WATER & SEVER)

UPPER GRAVELLY RUN ( EGG HARBOR)
PUBLI C WATER & SEVER
PRI VATE WELL AND SEPTI C

UPPER GRAVELLY RUN ( HAM LTON)
PUBLI C WATER & SEWER
PRI VATE WELL AND SEPTI C

CEDAR BROOK ( HAM LTON)
PUBLI C WATER & SEVER
PRI VATE WELL AND SEPTIC

Note: Study basins do not
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Hydrologic Impact Anal yses

Si x hydrologic inpact analyses were carried out in this study.
Each anal ysis provides an estimte of average streanflow reduc-
tions resulting fromexisting or projected devel opnent | evels and
wat er supply and di sposal schenes. |In turn, streanflow reduction
serves to qualitatively indicate other environnmental inpacts,
i.e.,, the lowering of ground water |evels and wetl| ands degrada-
tion. Streanfl ow reduction percentage is defined in this study
as the sum of ground water wthdrawals in a study basin divided
by the estimted average streanflow (the average streanflow of
the hydrol ogi c budget, plus any sewered well withdrawals in the
stream basin). It nust be stressed that the anal yses consider
only the water | osses associated with ground water withdrawals in
the basins and not the nyriad of other inpacts that acconpany
devel oprent .

The anal yses cover a w de range of conditions, fromthose exist-
ing at the time of the study (1988-1989) to those projected at
buildout of the study basins. A di scussion of the methods and
assunptions used in the anal yses nay be found in Appendi x C

The hydrol ogi c i npact anal yses were structured to provide a view
of the effects of increasing water | osses associated with exist-
ing and projected developnment in the study basin regions of
Ham | ton and Galloway Townships. The do not represent a list of
alternative water supply and di sposal schenes from which a best
or acceptable choice may be found. Rat her, they denote the en-
girpnnental consequences of incremental growth in the study
asi ns.

The reader will note that Cedar Brook does not show any
streanflow | osses in any of the anal yses. No wells were allo-
cated to this basin for the sinple reason that its |ow average
flow (1.15 MGD) cannot sustain a major production well w thout
severely stressing the system

Whi |l e streanfl ow reduction is a key nunber by which to assess the
envi ronnental inpact of any water supply and di sposal schene,
sonme discussion is needed as to what |evels constitute a safe or
acceptable inmpact. This question does not have a sinple nuneri-
cal answer, chiefly because the quantitative aspects of this
rel ati onship have not been studied by the scientific conmunity.
The follow ng paragraphs are an attenpt to help the reader
eval uat e t he nmeani ng of the streanfl owreduction nunber.

To state the obvious, we my assune that smaller

streanfl ow reductions produce less of an inpact than
| arger reductions.
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For the Ham I ton Townshi p study basins, a 10%streanf| ow
reduction is roughly equal to a 50% reduction in the
7-day 2-year low flow statistic. This means that a 10%
reduction in average streanflows w || exacerbate drought
condi tions, but should not dry up the streanms during
such periods. As the streanflow reduction factor ex-
ceeds 10%, we can expect to approach conditions of no
fl ow during severe droughts.

Based on Rhodehanel (1979) , a typical 1.0 M3 public
SUPply wel | couPIed w th sewer export of the used water
W |l use roughly one square mle of recharge in the
Pinelands. |In snall basins or upstreamsubbasins (10 to
20 square mles), such as are typical of the study area
and the Pinelands in general, such a well wll produce a
streanflow | oss of 5%to 10% As such, it nay be sug-

ested that a 5%to 10%streanfl ow | oss i s an i nherent

ower limt resulting fromthe conbination of high den-
sity zoning and sewered export of wastewater in snal
Pi nel ands basi ns.

In conBaring the relative effects of streanflow | osses
anong basins, the percentage of wetlands area nmay al so
be conpared. As a general rule, one would expect that
areas with higher percentages of wetlands are nore sus-
ceptible to degradation than areas with | ess wetl ands
area, and hydrol ogi c stresses should be |ocated accord-

ingly.

Wth regard to streanflow reductions and wetlands
degradation, there is not necessarily a direct rel ation-
ship between the two. That is, a 10% streanfl ow r educ-
tion does not inply a 10%wetl ands loss. Veéll |ocation
and wel I discharge rates are probably nore significant
factors in wetl ands degradati on, because they have the
direct effect of lowering the ground water |evels that
define wetland conditions. I n addition, because the
rel ati onship between streanfl ow and stream stage (the
altitude of the streamsurface) is a power function, the
percentage ground water |evel decline in the vicinity of
an affected streamcannot be directly equated with the
per cent age streanfl ow reducti on.

Streanfl ow reductions in the upper portions of a basin
will al so reduce streanfl ows downstream On the ot her
hand, streanflow reductions in the |ower portions of a
basin will not affect streanflows in the upstream por-
tions of the basin. Finally, any hydrol ogic stress ap-
plied in the upstream portion of a basin wll have a
greater percentage inpact on the upstream portions than
the sanme stress applied to the downstream portions.
These general facts nmay be conbined to state that if you



must stress a basin, the |least inpact will be felt if
you concentrate the stress downstream One caveat to
this rule of thumb is that wetlands may account for nore
area downstream However, this is not generally the
case in the study basins.

In conparing the effects of upstream vs downstream
stress placenent and associ ated streanfl ow reductions,
zoni ng shoul d al so be considered. Zones that allow high

density devel opnent and sewering wll have secondary
hydrol ogi ¢ inpacts on the |local environnment that zones
wth |ower densities and wi thout sewers will not have,

e.g., | eakage between sewer lines and the ground water
system |arge cones of depression associated with public
supply wells, altered stormwater runoff patterns. As
such, basins dom nated by Regional G owth Area zoning
are inherently more difficult to protect than basins
dom nated by rural devel opnent and other |ow density
zoni ng.

Table 11, at end of this section, denotes the streanflow reduc-
tion percentages, streanflow |osses in M3, and ground water
wi thdrawal s in each subbasin for each hydrol ogi c inpact analysis.
The following is a description of each hydrologic inpact
anal ysi s:

1 Existing Conditions = 1988 (1.04 M3D)

This analysis shows the nodeled effects of the 1.04 MGD water
loss resulting fromthe operation of public supply wells #5 and
#6 and t he disposal of the treated wastewater into Babcock Creek
downstream of t he Babcock Creek study basin boundary. In genera
strganflow | osses in the study basins are negligible under these
condi tions.

As well #5 (0.55 MG3D) is screened in the Kirkwood 800 Foot Sand
aquifer, no local surface |loss is assuned. However, the analysis
does assunme that recharge flows to this well fromthe upstream
portions of the Great Egg Harbor River basin that overlay the
aqui fer subcrop in Ham |Iton Townshi p. As such, this water |oss
is allocated to the Great Egg Harbor River totals.

Vell 6 screened in the Kirkwod- Cohansey near the surface
di vide of three stream basins, is assunmed to have | ocal inpact on
streanflows (0.49 MED). Part of this inmpact (0.15 M3ED) occurs in
(and is, therefore, allocated to) the Geat Egg Harbor River
Basi n. In addition, 0.27 M3 is allocated to the Lower Babcock
study basin, and 0.07 MGD is allocated to the Lower Gavelly Run
study basin.
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2 _Approved Allocation (25 M3D) and Wl |l #s8

HTMUA has recei vedl\/%%proval s for an increase in its water supply
allocation to 2.5 , and for a new well (f8 on Map 2) tapping
t he Kirkwood- Cohansey aquifer. Located near a surface dral nage
di vide, well f8 draws ground water from 1) Jack Puddi ng Branch of
t he Upper Babcock basin (0.03 MID), 2) ans Branch of the Bab-
cock Swanp basin (0.29 MID), 3) the Upper Gavelly Run basin
(0.42 , and 4) the Absecon Oreek basin (0.26 : The in-
creased diversion was allocated to the HTMJA wells on the basis
of information supplied by the MuA and i s shown bel ow

WELL DCai ly Wt hdrawal
5 1.0 MD
6 0.5 MDD
8 1.0 MD

The higher allocation leads to a total streanflow | oss of 1.08
M in the study basins (see Table 11 anal ysis #2 for a breakdown
by basi n& and a 1.42 MD streanflow loss 1n other basins: 116
MDD in the Geat Egg Harbor R ver basin (from well #5 and #6) and
0.26 MD in the Absecon Oeek basin (from well #8).

The increased allocation and the new well show little inpact on
t he Babcock Creek basins. The nost pronounced effect appears in
Upper Gavelly Run, which junps to an 11% streanfl ow reducti on,
due to well #8. This streamflowreduction in Upper Gavelly Run
also inpacts Lower Gavelly Run, which increases from a 0.9%
streanfl ow reduction under existing conditions to a 6.5% reduc-
tion.

3. Maxi rum Buildout, No Galloway stress (6.827 MD)

This is the first of two maxi mum buildout hydrol ogic inpact
anal ?/s_es which provide a conparison of the streanflow |osses
resulting from Ham | ton townshi p-s projected water needs (this
anal ysis) and fromthe conbi ned needs of Hamlton and Galloway
Township (the next analysis). The elimnation of Galloway
Townshi p-s buildout water needs fromthis first analysis is not
entirely h;g:;lot hetical. It is entirely possible that buildout in
t he Upper bcock portions of Galloway Township could be served
by water supply drawn fromoutside of the study basins.

Thi s anal ysis approxi mates conditions associated with the ap-
proval for HTMJUA to export 5.825 MD of wastewater to the Al an-
tic County Wilities Authority sewage treatnent systemvia the
Coastal Interceptor. An additional 1.175 M3D of sewage export
has been approved and apportioned anmong Egg Har bor Townshi p, Gl -
loway Townshi p, the Parkway Authority, and FAATEC Thi s buildout
anal ysis closely approxi mates the water supply need associ at ed
wth the HTMUA sewer export limt (roughly 7.0 M. In general,



t he water supply buildout projections of this study are in close
accord with simlar projections used to determne Hamlton's
sewer export allocation.

Wthin Ham |l ton township this analysis assunes that the RGD zone
in Lower Gravelly Run will eventually have public water and
sewer. The projected water supply demand of this analysis is
6.827 M, an increnment of 4.327 M3 over the prior analysis.

For this analysis, a single well withdrawing 0.72 M3 was | ocat ed
near the drainage divide of Lower Gavelly Run and Mry Run. The
well location and discharge volune were determ ned such that the
total streanflow reduction in each basin would not exceed 10%
It may be envisioned that this well would help to supply the
wat er needs of the RGD zone that overlaps these two basins.

In addition, nultiple wells withdrawi ng 2.607 M3 were |ocated in
the Lower Babcock basin. This additional hydrologic stress (plus
that of another 1.0 M& well in Babcock Swanp =- discussed in the
next paragraph) increases the streanflow reduction in Lower Bab-
cock from 3.1% under analysis #2 to 22.2% This large stress was
restricted to the Lower Babcock subbasin for the follow ng
reasons. The allocation helps to preserve the streanflows of the
t wo upstream subbasins in Babcock Creek (Babcock Swanp and Upper
Babcock) . It also places the greatest stress on the subbasin
with the |argest percentage area of Regional Gowth zoning (91%
in Lower Babcock vs. 34% in Babcock Swanp and 12.4% in Upper

Babcock) . The proportion of wetlands area is roughly equal in
these three subbasins, and therefore, does not provide a
preferential basis for well placenent. Lower density zoning and

existing wells elimnate |arge portions of the two upper sub-
basi ns (Babcock Swanp and Upper Babcock ) from well placenent and

wat er |ine consideration. In addition, a significant portion of
Upper Babcock’s area is in Galloway township, which, as wll be
seen in subsequent analyses, wll need its own water supply
wel | s. Finally, allocating any of the 2.607 MGD to the upstream
Babcock Creek subbasins wll not reduce the total streanflow
reduction (22.2% of Lower Babcock and will further reduce the

upstream fl ows.

Finally, a new 1.0 M3 well was located in the Babcock Swanp sub-
basin. This action raises the streanflow |osses in the subbasin
from 2.6% to 10.7% VWhile this percentage is high, the only
avai l able alternative, that of allocating the 1.0 MGD to the
Gravelly Run and Mry Run basins, would raise their conbined
streanfl ow reductions to above 18% The water supply assunptions
of this analysis essentially sacrifice the Lower Babcock subbasin
in order to maintain all the other subbasins near the 10%Ilimt.

In general, maxi mum buildout of the study basins in Ham|ton
township cannot be supplied with locally derived Kirkwood-
Cohansey ground water w thout stressing the entire hydrol ogic



system Al subbasins, with the exception of Upper Babcock and
Cedar Brook, have reached or exceed the 10% streanfl ow reduction
limt. Babcock Creek, the largest of the drainages, is severely
stressed in its downstream reaches.

4, Maxi mum Bui | dout. Galloway included (7.801 MGD)

This is second maxi mum buildout anal ysis, which denotes the im
pact of Galloway Township's projected additional water supply
demand of 0.974 M. Added to the water supply demand of the
prior buildout analysis (6.827 M3D), the Galloway i ncrenent
yields the total buildout water denmand of 7.801 MD.

The only study basin available to accommpdate the Galloway water
demand is Upper Babcock. Streanfl ow reductions increase to
10.8%, 18.7% and 27.4% in Upper Babcock, Babcock Swanp and Lower
Babcock, respectively. Streanflow reductions in all other basins
remain at the levels of the prior analysis.

Qobviously, the addition of Galloway’s water demand can only ex-
acerbate the detrinental findings of the prior analysis. Even
t he two upstream subbasi ns of Babcock Creek are severely stressed
under these buildout conditions.

5. No RGD Rezoning (6.832 MGD)

This is the first of two hydrol ogic inpact analyses that exam ne
the effect of reducing future devel opment potential in Hamlton

Township. In this analysis, the only change to the buildout con-
ditions of the prior analysis is that the RGD zone in Ham |ton
Township will not be rezoned to Regional Gowh == it will remain

a rural devel opnent zone. This action reduces the total water
demand by 0.969 MGD from the prior analysis to yield a total
demand of 6.832 MGD, a value virtually equal to that of the first
buildout anal ysis (#4).

As the RGD zone will remain rural devel opment, the proposed 0.72
MGD wel |l near the drainage divide of Gavelly Run and Mry Run
(analysis #3) may be elimnated from the water supply system
This action elimnates streanflow reductions in Mry Run and
reduces it in Lower Gavelly Run to the level resulting fromthe
approved water allocation (analysis #2). |In general, the stress
in Mry Run and Lower Gravelly Run is reduced substantially.

The remai ning water demand reduction of 0.249 M3D, when applied
to either of the two downstream Babcock Creek subbasins, i1s too
small to provide any substantial benefit to this system Babcock
Creek remains severely stressed.



In general, the action to prohibit high density, RGA growth in

the RGD zone of Ham |Iton Township will noderately inprove condi-
tions in Lower Gravelly Run, return Mry Run to essentially un-
di sturbed flow levels, but will not substantially reduce the im

pacts of buildout in Babcock Creek or the other study basins.

6. No RGD Rezoning, Reduction in RGA Zone Capacities (6.219 MGD)

Thi s second anal ysis, which considers |ess total devel opnent, in-
cludes the condition of no zoning change in the RGD zone plus a
cutback in RGA residential densities of 25%  This results in a
wat er demand reduction of 0.613 MGD with respect to the prior
downzone analysis (a total of 1.582 MGD water demand reduction
from the Maxi num Buildout anal ysis #4). The total water supply
demand in this analysis is 6.219 MD.

G ven that the streanflow reductions of all of the basins, except
for Babcock Creek, have been reduced to noderate levels in the
prior analysis, all of the water demand reduction in this
analysis was allocated to the Babcock Creek study basin.
Streanfl ow reductions beconme 10.6%, 10.4%, and 22.8% in Upper
Babcock, Babcock Swanp and Lower Babcock, respectively. Only the
Babcock Swanp subbasin experiences a substantial change, and the
entire basin remains in a high state of stress. Very little
change occurs in the Upper Babcock subbasin (10.8% in the prior
analysis to 10.6% because of the preponderance of non-
residential water demand in the Galloway Townshi p zones, and the
fact that the PIRD zone figures are based on an actual devel op-
ment pl an.

In general, environnental benefits resulting fromthe downzoning

conditions of this analysis are mnimal for Babcock Creek and at
the same levels for all of the other study basins.
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TABLE 11: STREAMFLONREDUCTI ONS (%)

STREAM ANALYSI S: 1 2 3 4 5 6
SUBBASIN

UPPER BABOOCK % LOSS 0.0 03 0.3 10.8 10.8 10.6
FLONLOSS(MGD) 0.0 0.03 0.03 1.004 1.004 0.984
WELL LOoss(MGD) 0.0 0.03 0.03 1.004 1.004 O.984

BABOOCK SWAWP % LSS 0.0 2.6 10.7 187 187 10.4
FLON LOSS (MGD) 0.0 0.32 1.32 2.294 2.294 1.274
VWELL LOSS(MGD) 0.0 0.29 1.29 129 1.29 0.29

LONER BABOOCK % LGS 1.4 31 222 274 261 22.8
FLONLOSS(MGD) 0.27 0.59 4.197 5.171 4.922 4.309
VELL Loss(MGD) 0.27 0.27 2.877 2.877 2.628 3.035

UPPER GRAVELLY % LCSS 0.0 11.0 11.0 11.0 11.0 11.0
RN FLONLOSS(MGD) 0.0 0.42 0.42 0.42 0.42 0.42
WELL LOSS(MGD) 0.0 0.42 0.42 0.42 0.42 0.42

LONER GRAVELLY % LOSS 0.9 6.5 10.0 10.0 6.5 6.5
RN FLONLoOss(MGD) 0.07 0.49 0.75 0.75 0.49 0.49
WELL Loss(MGD) 0.07r 0.07 0.33 0.33 0.07 0.07

CEDAR BROK %.0SS 00 0.0 00 00 00 00
FLOW LOSS(MGD) 0.0 0.0 00 0.0 0.0 00
WELL LOSS(MGD) 0.0 0.0 0.0 0.0 00 0.0
M RY RN %» LSS 0.0 0.0 10.0 10.0 0.0 0.0
FLOVLOSS(MGD) 0.0 0.0 0.46 0.46 0.0 0.0
WELL Loss(MGD) 0.0 0.0 0.46 0.46 0.0 0.0

CREAT EGG HARBCR R VER
FLONLOSS(MGD) O0.70 1.16 1.16 1.16 1.16 1.16

ABSECON CREEK
FLON LOSS (MGD) 0.0 0.26 0.26 0.26 0.26 O0.26

% LOSS = PERCENTACE STREAMFLOWN REDUCTI ON I N THE DESI GNATED BASI N

FLONLGCES = STREAMFLOWVREDUCTI ON | N M2D | N DESI GNATED BASSN  SUM CF WELL
LGSS I|N THE BASIN AND FLOWLGCES OF NEXT UPSTREAM BASI N

VELL LCSS = WELL W THDRAW.S I N THE BASI N ( M=D)

Concl usi ons of the Anal yses

The anal yses show that the uploer nost aquifers of the study basins
cannot provide the water supply for projected sewered devel opnent
wi t hout placing excessive stresses on the hydrol ogic system
There is no opti num Kirkwood-Cohansey wat er supply schene for the



study basins at |evels of devel opnent above that associated with
the approved HTMJA water supply allocation of 25 M3D (anal ysis
#2). The followingis a list of specific conclusions.

The water table aquifers in the study basins cannot
supply water for devel opnent at the levels required to
neet t he denmands associated with the ACUA Coastal Inter-
ceptor or maxi mum buildout W t hout severely stressing
t he hydrol ogi ¢ system

Restricting the RE& zone to rural devel opnent coul d have
beneficial effects on the Gavelly Run and Miry Run
drai nages -- assumng no other stresses are placed on
t hese syst ens.

Even a 25% cut in residential RGA densities will not
substantial ly reduce the hydrol ogi c stresses on any of
t he study basins at buil dout.

Water supply decisions nmade between the period of
HTMUA’s full utilization of their existing water suPpIy
allocation (2.5 M) and the future allocation inplied
by buildout and by the full inplenmentation of their ACUA
Coastal Interceptor sewer export limt (5.825 MID) are
critical to the future status of the study basins

Qound water withdrawal s in the Upper Babcock subbasi ns
of Galloway Townshi p, coupled with sewered export of the
wast ewat er, at buildout severely exacerbates hydrol ogic
stresses in the entire Babcock O eek drai nage basi n.

Babcock Swanp and Upper Babcock have significant wet-
| ands area and mninmal RGA zone area conpared to the
ot her study basi ns.

The fundanmental problemin the study basin region is that the
Ki r kwood- Cohansey water table aquifer and streanfl ows woul d be
severely stressed at buildout -- given the extent of sewered ex-
port of wastewater. Wth the exception of the mainstem of the
QG eat Egg Harbor River, the drainage basins are relatively snall
i n conmparison with the high proportion of their area allocated to
hi gh density devel opnent zones.

Alternative Sources of \Water 8Supply

G@ven its location, Hamlton Townshi p has several significant
sources of water supply outside of the study basins that may have
the potential to provide all of their projected water needs with
|l ess of an inpact on streanflows than is inplied in the
hydr ol ogi c i npact anal yses. These ot her sources i ncl ude:

1. the GQeat Egg Harbor River,

2. Lake Lenape, and



3. the Atlantic Gty 800 Foot Sand aquifer.

The average flow of the Great Egg Harbor River over the Lake
Lenape dam is conservatively estimated at 201 to 277 MD. \Water
supply could be withdrawn fromwells in hydraulic connection with
the lake or with the mainstem of the river. |In addition, surface
withdrawal s of wnter and spring high flows fromthe |ake and/or
the river could be considered, the fornmer being an alternative
under review in the Atlantic County Water Supply Study. The use
of either alternative to supply all of the future HTMJA water
supply needs and that of Galloway Township in Upper Babcock woul d
have a small effect on average streanflow in the mainstem of the
G eat Egg Harbor River (3.9% to 2.8%, respectively). However,
the effects of this reduction on the estuary should be studied as
part of any alternative supply plan. One additional fact is
critical in the consideration of the use of the Geat Egg Harbor
R ver: because the study basin streans are tributaries of the

t E Harbor River, th ti mat 3.9% to 2.8% streanf|ow
loss in this maior drainaae will occur reaardless of where the

wat er supply system is |ocated.

Athird alternative is to nmake use of the Atlantic Cty 800 Foot
Sand Aquifer in the eastern portions of Ham |ton Township. Use
of this aquifer for public water supply would essentially negate
| ocal streanflow | osses in the study basins, given the present
interpretation of the ground water flow system G oundwater and
streanfl ow | osses would be diffused over a |arger area. However,
the Atlantic Cty 800 Foot Sand Aquifer has forned a |arge cone
of depression due to punping near the coast over the |ast several
decades, and the effect of wusing this resource in Ham |ton
Townshi p woul d have to be studied. |In addition, this aquifer has
been under NJDEP noratoriumin the recent past, and water supply
problems in Cape May County may cause the noratorium to be
renewed in the future. In general, this aquifer is part of a
| arger regional water supply problem and Hamlton's use of this
resource nust be considered in the |arger context.

It nust be recognized that the suggested alternative sources of
wat er supply would require detail ed hydrol ogi c, environnental and
engi neering study before any final decision could be nade. The
NJDEP estuary study results would also be significant in con-
siderations of the river use alternatives. In addition, the
NJDEP- USGS studies of the Atlantic Gty 800 Foot Sand Aquifer in
Atlantic County and Cape May County would al so be significant.
The followng is a list of recormended acti ons:

1 | nvestigate the hydrol ogic, environnental and engineering
feasibility of wusing the Atlantic City 800 Foot Sand
aquifer as a mmjor source of water supply in Hamlton
Townshi p.



I nvestigate the hydrologic, environnental and engineering
feasibility of using public supply wells in hydraulic con-
nection with the Geat Egg Harbor RIver mainstem or Lake
Lenape.

I nvestigate the hydrologic, environmental and engineering

feasibility of using surface flows fromthe G eat Egg Harbor
Ri ver at Lake Lenape for water supply.
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Appendix A Methods for Streanflow Estimation

Estimates of streanflow characteristics in study basins are used
t o devel op hydrol ogic budgets, to estimte ground water recharge
to a basin, to evaluate the ambunt of water supply available for
public needs and the ecology, and to evaluate chem cal | oading
and dilution from sewage treatnment plants and other sources of
pol | uti on. Streanfl ow characteristics refer to flow values, as
defined by statistical nmethods (e.g., average, nedian, etc.), or
by extrenme climatic conditions (e.g., maximum flow, 7-day 2-year
low flow, 7-day 10-year |ow flow).

Streanfl ow values may be estimted on the basis of area and
average regional values per unit area, or on the basis of
streanflow data collected in the basin in question and in other
basins in the region. The choice of nethodol ogy depends upon the
availability of streanflow data for a particul ar basin.

At gaged locations streanflow values may be estimated by using a
set of regional regression equations that were devel oped for the
Pi nel ands Comm ssi on Camden County water supply study in 1988.
In this study, a regression equation for average flow, 7-day
2-year and 7-day 10-year low flow was devel oped fromthe data of
112 streans in the New Jersey Coastal Plain. The nethod requires
an estimate of basin area in order to use the equations:

Q average = 0.941(Areal.15,
7Q2 = 0.120(Areal-39)
7Q10 =0. 102( Areal. 25)

Each equation requires a basin area in units of square mles and
produces a flow value in units of cubic feet per second.

At partial record stations, where instantaneous flows were
measured by wading rod techniques, the resulting values can be
subject to regression and correlation analysis, as discussed by
Ri ggs (1968 and 1972). The partial record is regressed with
val ues from continuously gaged streanms in the nearby region. The
regression equation may then be used to estimte the study basin
fl ow val ue using the continuously gaged stream value in the equa-
tion. The regression equation is of the form

study basin = A (Q gaged stream)B

sl ope of the regression line, and
streanfl ow value in cubic feet per second.

Q
A = Y-intercept of the regression I|ine,
B
Q



It should be noted that the actual regressionis carried out with

log transformations of the neasured flow val ues. Thus, the
regression is denoted as |og-1og.

In this study, both nethods were used to estimate flow charac-
teristics of study basins and non-study basin streans. Regr es-
sion was carried out on data fromthe continuous gagi ng stations
on the Miullica River near Batsto (USGS station 01409400),
Batsto River near Batsto (01409500), Great Egg Harbor River at
Fol som (01411000), Oswego River at Harrisville (01410000), and
McDonalds Branch in Lebanon State Forest (01466500). McDonal ds
Branch data was used in the case of the smallest study basins,
but the results proved unacceptabl e.
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Appendi x B Hydrol ogi c Budget Met hods and Assunptions

A hydrol ogic budget is, nore precisely, a quantitative nmass
bal ance nodel of water fluxes with respect to sone defined
region, typically a stream basin. Mass bal ance nodels are used
in many scientific disciplines to evaluate system behavi or under
equilibrium or quasi-equilibrium(long-term average) conditions.
The assunption of equilibriumin stream basin fluxes and bound-
aries allows us to use long term average val ues derived from his-
torical records and neasurenents to predict future system be-
havi or as specified fluxes change.

The advantage of using such nodels is that they are relatively
sinple to manipulate, require a mninum anmount of data, and
provide a reasonably valid first approximation of real system
values. The nitrate |oading nodels used by the Pinel ands commis-
sion and by the New Jersey Departnent of Environnmental Protection
to determne the devel opnment acreages necessary to achieve
prescribed nitrate concentration in the ground water system
beneath septic fields are denonstrative of the utility of mass
bal ance nodels in a regulatory environnent.

A mass bal ance nmodel (or a hydrologic budget) is stated as a
mat hemat i cal equation

Inflows = Qutflows +/- Change in mass stored

In order to validly apply this nodel to a system the three terns
of the equation nmust be defined. The definitions applied in the
casF of a hydrologic nodel are the conmponents of the hydrol ogic
cycl e.

The hydrologic cycle is a qualitative description of the nyriad
processes of water flux and storage on the earth. A sinple
hydrol ogi ¢ cycle appropriate to New Jersey would include the com
ponents of precipitation (in), inported water (in), ground water
underflow from other states (in), evapotranspiration (out),
streanflow to the oceans (out), ground water underflow to the
oceans (out), exported water (out), and changes in storage of
both surface water inpoundments and the ground water system

The use such a nodel relies on a conprehensive interpretation of
t he hydrol ogi c system bei ng eval uat ed. In general, one has to
identify and define, qualitatively, all significant flux and
storage processes with respect to a given system and then deter-
m ne, quantitatively, the magnitudes of the processes. The dif-
ficulties inherent to this analysis are several

1. Many hydrol ogi ¢ system conponents are not subject to direct
observation or neasurenent. G ound water underflow and
storage and evapotranspiration are the best exanples. Un-



derflow and t he change in storage are generally assunmed neg-
ligible, unless other information points to their sig-
ni ficance. Evapotranspiration is often determ ned by an em
pirical nodel that uses climatic and other data for the
regi on.

2. While the magnitude of the processes varies over time and
space, measurenent is wusually restricted to individual
points in space and tinme. Stream flow gaging by wadi ng rod
techni que may be done nonthly at one or two points along a
stream Even continuous streanflow gaging stations are
l[imted to neasuring the flow at a single point in the
stream Precipitation is another case where a point source
of information nust be assumed to apply across an entire
regi on.

3. The boundaries of the natural system are not directly ob-
servabl e and may not be static. Basins are defined by sur-
face water divides which are interpretations based on
t opographic information. Their equivalence to basin ground
wat er divides is an assunption.

4. The best data available is usually that related to human use
of the resources. Large well withdrawals are recorded and
reported, as are sewage treatnment plant discharges. The

magni t ude of human water use is reasonably well documented
by historical records and studies.

Gven all these difficulties it my seem that the hydrol ogic
budget approach is rife with uncertainty. That would be true,
except for the fact that nmass bal ance nodels test the validity of
t he assunptions and val ues from which they are constructed. The
degree to which the inflows and outfl ows of the hydrol ogi c budget
bal ance is an indicator of the accuracy of the system interpreta-
tion and of the values describing the magnitudes of the
processes.

Wien inflows and outflows do not converge, it indicates that the
basin may have been inproperly defined, that significant sources
or sinks were mssed, or that values are inaccurate. Such a
situation typically indicates areas where the systemis nore com
plex than originally thought. The hidden value in a hydrologic
budget that does not balance is that it identifies the regions
where further study needs to be carried out in order to generate
a conprehensi ve understandi ng of how the real system works.

The hydrol ogi ¢ budget for this study was constructed on the basis
of published data and data collected by Pinelands Comm ssion
staff. The nethods used to anal yze the data were in keeping with
those of a simlar Pinelands Comm ssion study carried out in
camden County (An Assessnent of Sewer and Water Supply Alterna-
tives for Pinelands Gowmh Areas in the Mullica Ri ver Basin, Cam



den County, May, 1988). The followng is a brief description of
t he assunptions and nethods that went into generating the val ues
of the hydrol ogi c budget for this study.

Precipitation(inflow refers to the 30-year Normal at the Al an-
tic Aty Arport weather station as reported in the Qi natol ogi-
cal Data Annual Summary, New Jersey, 1988, and published by the
Nati onal Cceanic and Atnospheric Admnistration. The 30-year
Nornmal is the average precipitation at a station over the period
1951 to 1980. This value (41.93 inches) was also used in the
conput ati on of evapotranspiration.

Septic recharge (inflow reflects wastewater re-entering the
ground water system after passing through a septic system
Resi dential septic recharge was conputed by multiplying the num
ber of units on private septic, 3.1 persons per unit, 75 gallons
per day per person, and 95%occupancy rate. Non-residential sep-
tic recharge was conputed by multiplying the square footage of
the units and .15 gallons per day per square foot. If square
footage of the unit(s) was not available, the residential fornula
was appl i ed.

Treatment plant di scharge (inflow reflects the 1988 di scharge to
Woper Gavelly Run from the Federal Aeronautical Admnistration
Techni cal Center. It should be noted that this discharge is
planned for inclusion in the Atlantic Gounty Wilities Authority
sewer interceptor project.

Upstreaminflow(inflow and Average Streanfl ow(outflow) reflect
| ong term average val ues conputed on the basis of data, assunp-
tions and met hods di scussed in other sections of this report.

Evapot ranspi ration (outflow) was cal cul ated usi ng the nethods of
Thor nt hwai t e and Mather (1957) as programmed for personal com
gut er by Hughes and others (1985). Tenperature data used was the
O-year Nornal for the Atlantic Aty Airport weather station.

Public withdranwal s (outflow were those of the Hamlton Township
Minicipal Wilities Authority wells (#5 and #6) for 1988.

Private withdrawal s (outflows) refers to well wthdrawals from
residential and non-residential developnment units in a study
basin. Residential wthdrawals were calculated by multiplying
the total nunber of units, 3.1 persons per unit, 90 gallons per

day per person, and a 95% occupancy rate. Non-resi denti al
w thdrawal s were conputed by mnultiplying the square footage of
the units .18 gallons per day per square foot. | f square

footage of the unit(s) was not available, the residential fornula
was appl i ed.



Appendi x C Assunptions of the Hydrol ogi c | npact Anal yses

For study basins that are subject to water |osses under existing
conditions, the existing water |oss was added to the average
streanflow figure of Table 8 to produce a revised aver a?e
streanflow. Thi s revised average streanfl owwas then used in all
of the analyses in the cal cul ation of average streanfl ow reduc-
tion shown in Table 11.

Public well withdrawal s that affect nmultiple basins were all o-
cated on the basis of a calculated radius of well influence. The
radi us of well influence was cal culated by dividing the well dis-
charge (gallons per day) by a regional recharge factor of 1487.7
gal l ons per day per acre (Rhodehanel, 1979). The ratio of in-

basin well influence area to total well influence area was then
multiplied by the total well discharge to estinate the portion of
wel | discharge withdrawn from the basin. In addition, the

w thdrawal s of well #5, screened in the Atlantic Gty 800 Foot
Sand aquifer, were assunmed to be recharged from the updip or
over | yi ng Ki r kwood- Gohansey and were, therefore, allocated to the
Qeat Egg Harbor R ver basin. These methodol ogies resulted in a
0.70 MD streanflow loss in non-study basins for the first
analysis and a 1.42 MD streanflow loss for all subsequent
anal yses.

A conplicating factor to the buildout scenarios in Hamlton
Township is the eventual zoning of the Lower Gavelly Ruin RD/RGD
zone -- presently a Rural Devel opnent zone that does not allow
public water or sewer. This particular area is slated for rezon-
Ing in 1991 to allow public water and sewer services. The buil-
dout hydrol ogi c i npact anal yses (#4 and #5) assune t he rezoni ng.
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