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ABSTRACT

The purpose of this method is to prov1de mun1c1pal planners w1th a means to make
ground-water-recharge maps that can be used in their planning decisions. Awareness
of ground-water-recharge areas is important because land use and land cover have a
large effect on the recharge that is necessary for most water supplies, wetlands and
surface-water bodies. The recharge maps can be used to help decide where, how, and to
what extent to develop land.

The method estimates ground-water recharge rather than aquifer recharge. Ground-
water recharge includes, but does not distinguish between, recharge to aquifers and
non-aquifers. Apphcatlon of this method does not require spec1ahzed equlpment or
spemahzed tralnlng in hydrology or mapplng : :

Because in New Jersey recharge occurs throughout much of the land area, soﬂ-water
budgets were used to simulate recharge for all combinations of soil, land use/land cover,
and climate based on the equatlon

recharge prec1p1tatlon - surface runoff evapotransplratlon - s01l-m01sture def1c1t

These simulations showed that estlmates of long-term recharge could be made using
factors developed for climate, soil, and land-use/land-cover. The method utilizes tables of
climate factors, recharge factors basin factors, and recharge constants in a simple
recharge formula that. can be apphed to any combmatlon of soil, climate, and land-

use/ land-cover . : _ : S

recharge (recharge-factor X chmate-factor X basm-factor) - recharge—constant

To prepare a recharge map, the study areais’ d1v1ded into parcels using county soil
surveys and land-use/land-cover mapped according to categories developed for use in
estimating recharge. Then the appropriate recharge-factor and recharge-constant are
read from the tables and assigned to each parcel. Finally, recharge (inches/year) is
calculated by using the recharge factor, recharge constant, basin factor, and a
municipal climate-factor in the recharge formula. Recharge (or. di'scharge) from
surface-water bodies, wetlands and hydric soils are not evaluated usmg the method
These areas are ehmmated from the assessment. : :

The basin factor is used to calibrate calculated volumetrlc recharge agalnst basin-wide
stream baseflow estimates. The basin factor that results in the most satisfactory -
calibration for the basins tested is 1 3. Further research may defme separate basm
factors for different watersheds .

Instructions are given for ranking the ground-water-recharge areas. The recommended
procedure is based on the actual quantity of ground-water recharge within the study
area. The ranking scheme (for example, high, moderate, low) is designed to adapt to any
study area and any set of ground—water protectlon practlces .



A METHOD FOR EVALUATING
'GROUND-WATER-RECHARGE AREAS
~ IN NEW JERSEY

I. BACKGROUND

| Introduction

State leglslatlon (NJSA 58 11A,12-16, et. seq.) requires the Department of Env1ronmenta1

Protection and Energy (DEPE) to publlsh a methodology to map and rank aquifer-

recharge areas. In addition, the legislation (appendix 1) requires the DEPE to publish

. ground-water protection rpracuces designed to encourage ecologically sound
development in aqulfer—recharge areas. DEPE must also pubhsh and periodically update

aqulfer-recharge maps of the state.

The New Jersey Geologlcal Survey (NJGS) has undertaken two tasks in response to the

legislation. The first, presented in this report, is to develop and publish a methodology

that will enable mun1c1pa11t1es to map and rank land areas according to their ability to

transmit water to the subsurface. The second is to produce aqulfer-recharge maps of the

entire state : ‘ a :

The procedures in tljs report are for estlmatmg ground-water recharge (the volume of

water transmitted to the [subsurface through soils) rather than aquifer recharge
(recharge to geologic formations which can yijeld econom1cally significant quantities of
water to wells or springs). Ground-water recharge is critical to aquifers, wetlands,
streams, and lakes. The method is thus useful for evaluating the effect of present and
future land uses on these resources. In addition, ground-water recharge values are
being used in conjunctlon with maps of the water-transmitting characterlstlcs of
geologic formatlons (o) prepare aqulfer-recharge maps. :

The procedure developed by the NJGS is demgned for application by mun1c1pa11t1es as
part of their land-use planning. A primary consideration was that the method should not
require advanced knowledge of hydrology or mapping, but still provide a reliable
assessment of recharge The method is designed for use by environmental planners,
environmental scientists,, and engineers. The ground-water-recharge maps that result
are to be used at the dlscretlon of municipalities and as one of many considerations in
land-use planning. Because the quantity and quality of ground-water recharge can be
managed largely by v+1se use of the land through which it occurs, the recharge maps
should be used in comunctlon with ecologically sound land-use regulatlons or
-ground-water protectron practlces

This background section ;presents an overview of ground-water-recharge concepts,
reviews the requrrementslfor the method, and then describes the method chosen.
Instructions for esti atlng recharge and producing ground-water-recharge-area maps
follow in Section IL. Guidance for classifying and ranking the recharge areas on the
map is given in Sectldn IIl. Section IV discusses the limitations of the methodology that
should be considered|when using the recharge maps. Understanding and applying
sections I through IV do not require an advanced knowledge of hydrology and mapping.
A glossary is 1ncludecl to explaln the necessary terminology. The appendixes contain data
required in the mapping procedure and additional technical documentation.
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Ground-water-recharge concepts

The principal processes that affect ground-water recharge can be summarlzed by
tracing the path that water from precipitation would take (fig. 1). The potential for
natural ground-water recharge begins with precipitation (rain, snow, hail, sleet). Some
of the precipitation never seeps into the soil, but instead leaves the system as surface
runoff. The water that seeps into the soil is infiltration. Part of the water that does
infiltrate is returned to the atmosphere through evapotranspiration. Evapotranspiration
refers to water that is returned to the atmosphere from vegetated areas by evaporation
from the soil and plant surfaces (dew and rain) and soil water that is takén up by plant
roots and transpired through leaves or needles. Infiltrated water that is not returned to
the atmosphere by evapotranspiration moves vertically downward and, upon reaching
the saturated zone, becomes ground water. This ground water could be in geologic
material that is e1ther an aquifer or non- aqulfer dependlng on whether it can yleld
satisfactory quantities of water to wells.

Many c¢limate, soil, and vegetation factors influence the processes that control ground-
water recharge. The most important climatic factors are the amount, intensity, and form
of precipitation. Climate also influences recharge through the effect of wind, humidity,
and air temperature on evapotranspiration. Soil properties are decisive factors in the
recharge process. These properties exert strong control on permeability, water-holding
capacity, water content prior to a precipitation event, and depth of plant roots (Balek,
1988). In addition, land use and land cover affect the surface condition of the soil, which
can enhance or reduce infiltration. Under conditions prevalent in New Jersey, slope of
the land surface does not have a significant affect on the total volume of surface runoff
and infiltration, but does affect the rate of surface runoff and peak discharge (Paul
Welle, U.S. Department of Agriculture, Soil Conservation Service, oral communication,
July 26, 1990). The type of vegetation influences recharge through its effects on -
evapotransp1rat1on interception of precipitation, and surface runoff.
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Figure 1. Ground—-water recharge in the hydrologic cycle.
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| : 'D'evelopment of the method

A primary con31derat1’ n 1n developmg the method was that it provide a reliable estimate
of ground—water recharge, w1thout requiring an advanced knowledge of hydrology or
mapping. In: addltlon,Tthe approach was to use readily available equipment and data.
Maps produced by the method should be at a large enough scale to clearly delineate a few
acres, and also shoulg 1nd1cate areas of similar recharge characteristics and their
relative contribution to long-term recharge. This is because the method may be used to
help decide between afl)ternatlve development plans, and because land development is
long-lasting and mai tenance of recharge is a long-term concern.
‘ |

These requirements were met using a soil-water budget as the basis for recharge
calculations. A soﬂ-wdter budget estimates recharge by subtracting water that is
unavailable for recharge (surface runoff and evapotransplratlon) from precipitation
(the initial budget ambunt) Any deficit in water storage in the unsaturated zone
(soil-moisture deficit) must be made up before ground-water recharge can occur. The
resulting equation is: L :
recharge = preﬂpltatlon - surface runoff - evapotransplratlon

- soﬂ-mmsture deficit (1)

Although recharge to ground water is a highly variable and complex process, a
soil-water budget can account for the principal mechanisms and provide reasonable
recharge estimates. Appendlx 7 provides a comprehensive technical explanation of the
data and calculations used to develop the method, and how the results were adapted for
the mapping procedure. Bneﬂy, the method was developed as follows:

An expanded form of equagtlon 1 was used to simulate monthly recharge for all
reasonable combinations of climate, soil and land-use/land-cover found in New

| 4




Jersey. Recharge was based on statewide ranges of precipitation and the
principal factors that control surface runoff and evapotranspiration. Data on
five environmental factors were necessary for the simulations: precipitation,
soil, land-use/land-cover, surface runoff, and evapotranspiration.

- Daily precipitation data were selected from 32 of the 126 National Oceanic and
Atmospheric Administration (NOAA) climate stations in New Jersey on the basis
of their even geographic distribution and complete record. Thirty years of data
were used in the simulations because it is the standard length of climate record
for comparlson purposes (Linsley, Kohler, and Paulhus 1982).

The soil data were hydrologic-soil group, soil type, depth and type of root :
barriers, and available water capacities. These were developed from a database: of
New Jersey soils maintained by the state SCS office. These data were used in the .
surface runoff and evapotranspiration calculations.

Land-use/land-cover is an important consideration that was used in both surface -
-runoff and evapotranspiration calculations. A land-use/land-cover classification
of 14 categories (appendix 2) was designed specifically for this method. The
classification system was derived largely from a system used in the Soil
Conservation Service (SCS) curve-number method for calculating runoff (U. S.
Department of Agriculture, 1986). The number of categories was reduced to

reflect useful long-term land-use distinctions and limitations inherent in
mapping from aerial photos.

Surface runoff was calculated using a modification of the SCS curve-number
method. Because the curve-number method is designed for calculating runoff
from the largest annual storms, adjustments were made so the results more
accurately reflect runoff observed in New Jersey from smaller storms (appendix
7). These adjustments are applicable only to recharge calculations and are
important because frequent smaller storms contribute most of the long-term
recharge.

Evapotranspiration was computed for each of the 32 climate stations using a
method developed by Thornthwaite and Mather (1957). Evapotranspiration
calculations incorporated the effects of land-use/land-cover. Adjustments were
made to the evapotranspiration results so they would more closely approxxmate
evapotranspiration from naturally-watered, open, vegetated areas in New Jersey
(see appendix 7).

The simulations showed that average annual recharge could be estimated on the
basis of climate, soil characteristics and land-use/land-cover. The results were
incorporated in a simple formula which allows one to calculate average annual
recharge in inches per year from a climate factor (C-factor), a recharge factor
(R-factor), a basin factor (B-factor) and a recharge constant (R-constant):

annual ground-water recharge = (R-factor x C-factor x B-factor) - R-constant(2)

The basin factor (B-factor), a constant of 1.3, was assigned by calibrating
predicted volumetric ground-water recharge to reported basin-wide stream
baseflow values.

Climate factors were developed for every municipality (appendix 6). Recharge
factors and recharge constants (appendixes 4, 5 and 6) were developed for every
possible combination of soil characterlstlcs and land use/land cover found in
New Jersey.



\
A user can convemently carry‘ out the procedure either manually or w1th a _
Geographic Information System (GIS). The procedures are designed to be applied at
the 1:24,000 scale. First, maps are prepared showing land-use/land-cover according
to the categories in ap endix' 2.and soil units based on SCS data. These two maps are
combined to show the distinct areas for which recharge is to be calculated. R-factors
and R-constants are then looked up in appendix 4 (by recharge soil group) or
appendix 5 (by soil unit). \Flnally the climate factor for the mun1c1pa11ty is found in
appendlx 6 and grou d-water recharge calculated.

There are four pr1m quahfiers of the method. First, the method estimates ground-

' - water recharge (recharge 'to both aquifers and non—aqulfers) rather than aquifer

-recharge. Second, a fuhdamental assumption when using a soil-water budget to estimate
ground-water recharg is that'all water which migrates below the root zone recharges
ground water (Rushton, 1988). Third, the method addresses only natural ground-water
recharge. Intentional and' unmtentlonal artificial recharge, withdrawals of ground

: ~ water, and natural dls(‘haﬂge are not addressed. Fourth, wetlands and water bodies are

eliminated from the analysis before recharge mapping is begun. This is because the
“direction of flow between ground-water and surface water or wetlands depends on site
specific factors and can also change seasonally (appendix 8). Incorporating these
complexities was beyond the resources of this study.




II. MAPPING GROUND-WATER-RECHARGE AREAS

The step-by-step directions below enable one to produce ground-water-recharge maps.
This section specifies what data to acquire, how to prepare overlays and combine them
in order to calculate recharge, and how to produce a ground-water-recharge map. The
mapping may be done manually or with a computerized Geographic Information System
(GIS). The directions that follow assume application to a municipality usmg the manual
method, but the steps are easily adapted to GIS application.

The procedure involves mapping land-use/land-cover, combining the land-use/land-
cover maps with soil maps to delineate areas with distinct recharge characteristics, and
then calculating ground-water recharge using the map information and tables
developed for New Jersey soils and climate. It is recommended that you read and
thoroughly understand the procedure before performing any of the steps. This will
enable you to consider options that yield greater accuracy and detail.

The entire procedure is outlined below and on a flow chart on page 17 (fig. 12).
Following the flow chart is a series of full-page figures that are referred to throughout
the mapping procedure explanation. Copy figures 15,17, 20, and 21 onto 8 1/2 x 11 inch
transparencies and simulate the method by following the procedure in the document.

The actual workings of the method will seem straightforward after working through the
example.

Included in the outline below is the estimated time required to complete each step using
the manual method. The estimates assume that a microcomputer spreadsheet is used for
the calculations and approximately 4 hours of field checking is made for land-use/land-
cover verification. The low numbers of the ranges correspond to small municipalities
(study areas less than 2 square miles) and the high ones correspond to large

' mun1c1pa11t1es (greater than 20 square miles).

' - Approximate
Step Description Staff Hours
1 Acquire source data ' 2-6
2. Prepare composite maps and mylar templates o 6-8
3a. Prepare land-use/land-cover (LULC) overlay - 8-96
3b. Prepare soil group overlay 4-40
4. Prepare coded LULC/soil group combination map 4-12
5. Prepare spreadsheet and calculate recharge v 16-56
6. Prepare recharge base map. 6 -20

total staff hours: 46 -238

Overall time requirements might be significantly reduced if a GIS were used. Staff hour
estimates would be somewhat higher for steps 3a and 3b (preparing the overlays), but
much lower for later steps. Steps 3a and 3b would require more time with a GIS because
the overlays would need to be compiled and drafted manually and then drafted again
digitally (or scanned) on the computer. Once computerized, however, steps 4, 5, and 6
would be a matter of a few keystrokes with a GIS. If using a GIS, a separate spreadsheet -
would not be required for step 5. Also, depending on which classification scheme were
chosen, time requirements for portions of the classification (section III) would be
~greatly reduced by using a GIS. In summary, the initial time spent on computerizing the
overlay maps would be more than offset by the time saved in subsequent tasks. '

The advantage of the manual procedure is that it requires no special equipment or GIS

expertise; the disadvantage is that it does not offer the time savings and flexibility of a
GIS. However, when using the manual method in anything other than a small study area,

7
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using a microcomputer spreadsheet for calculations can save time. Also, a light table is
strongly recommendeTj but not essential, for use in both manual and GIS applications.
. B : | .
The mapping procedure uses materials readily available statewide. Source documents and
map scales are consﬁent throughout the state. This uniformity simplified development
of the methodology and allows the results of one study to be easily compared to those of
another. A user who develops an understanding of the methodology may decide to use
locally available maps| or information which is not discussed here. Substitutions are
certainly recommended where they save time and money, as long as the overall
accuracy of the maps and/the final calculations are not compromised.
|

1. Acquire source datal

. | :
Before beginning the mapping, acquire the following documents:

USGS quads - U.S. Geological Survey 1:24,000-scale topographic

quadrangle maps (USGS quads) will be used to produce a base map. ?»,é
These maps can be purchased from the DEPE Maps and Publications ’
Sales Office (609-777-1038), directly from the USGS (USGS Map Sales DFC;

Box 25286 MS 306; Denver, CO 80225; (303-236-7477), or at many retail gff:s

map stores. Purchase all of the USGS quads needed to cover the area of
interest. [

Photoquads - The DEPE ﬁas produced orthophotographic quadrangles
(photoquads) from March 1986 aerial photography. These register to
the 1:24,000-scale US%S topographic quadrangles. The photoquads are

used as a base on which land-use/land-cover will be delineated.
Photoquads are preferable to conventional aerial photography because
they provide a high qﬁxality, high resolution, uniform, easy to use Photoguads
interpretive tool and because ‘the distortion inherent in aerial _
photography has bee rerhoved. The photoquads are available from MARKHURD (the
manufacturer, 800-62[7-4873).: Alternatively, variable quality and lower resolution paper
diazo prints are available from the DEPE Maps and Publications Sales Office (609-777-
1038). At the time of ﬁ)ubl?ication, more recent photoquads (photographed in 1991) were
being prepared. These more recent photoquads are preferable and should be used if
available. Order the photo}quacils corresponding to the USGS quads for the area of interest.

NWI quads - The U.S. Fish arfld Wildlife Service has produced 1:24,000-

scale National Wetlangs Iﬁlventory quadrangles (NWI quads) for all of —
- New Jersey. These maps show the extent and types of freshwater v

wetlands and surface water (together referred to as "wet areas") as of MY

the aerial photographgr date (1976). NWI quads are available at the

DEPE Map and Publication Sales Office and many map stores. NWI Quads

Soil surveys - The U.S. Department of Agriculture, Soil Conservation
Service (SCS) has published a soil survey for each county in the state
except Essex and Hudson. The county soil maps are compiled as soft-
cover books containing soil descriptions and properties in text and
tables. Also included are soil map sheets, which are aerial photographs
overprinted with soil boundaries and symbols. They are used to ; :
delineate soils with distinct properties. Soll Survey
| ' .

To acquire a soil survey for any county, contact the local SCS Field Office (addresses and
phone numbers are given in appendix 9). For GIS applications, inquire into whether
digitized soil coverage is a:wailéble. If you are in one of the two counties, Essex and
Hudson, that lack soil suryeys; contact the SCS office about available information.

! | - 8
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2. Prepare composites and mylar templates

USGS quad composite Use a blade and straightedge to remove the <
USGS quad borders. to facilitate edgematchmg the sheets. Carefully ’Cj
edgematch and firmly join the sheets covering your study area to

produce a USGS quad composite. The quads will not edgematch (/ J
perfectly. Try to distribute the error evenly along the quad edges. N *

Delineate the study-area boundary on the USGS quad composite. If the USGS Quad
study area is a municipality, the boundary is probably already marked Composite

as a dashed line on the quadrangle. Use caution with municipal

boundaries on older quads because some are reputed to be inaccurate.

In any case, highlight the study area boundary and mun1c1pal boundarles (1f present)
within it.

Choose at least four tick mark locations near the corners of the ’composite. Marks should
be made on features, such as road intersections, which are clearly identifiable on the
USGS quads, photoquads, NWI quads, and soil survey maps. Make a well defined “+” to
serve as a tick mark at each location (fig. 13). Highlight the tick marks with a marker.

The product of this step is a composite map of those USGS quads which cover the study ‘
area. The composite includes a highlighted study area boundary and tick marks.

NWI qiad composite - The method omits wetland areas and. surface- B e
water bodies in calculating ground-water recharge. The NWI quad VAV vt
composite is prepared so that these wet areas can be ehminated from ety
the recharge evaluation. VR v

B ‘ - MY v
Use a blade and straightedge to remove the NWI quad borders. Do not ~ NWI Quad
edgematch the NWI quads. Instead, carefully overlay and register each composite

NWI quad to the underlying USGS quad composite independently. Since

the NWI quad base comes directly from the USGS quad, there will be

many features to use for registration (for example road intersections, topographic
contours, -etc.). ,

The NWI quads will probably not match the USGS quad composite perfectly due to -
printing distortions. Distribute the error evenly throughout each map sheet. The NWI
quads may overlap slightly or have gaps

between them in some places, but the final ' "1 Map

NWI quad composite should register well ‘ +| o~ Overlay — ,
with the USGS quad composite. After the . Sheet
NWI quads are registered and temporarily ' +\ : T ' :
attached to the USGS quad composite, firmly ™ ik —
join them into one large composite. - - + Mark

. ‘ , + v ) |

Transfer the tick marks and study-area Base Map —
boundary from the underlying USGS '

gomposue onto the NWI quad composite (fig. Figurev 2. Registration. |

" The product of this step is a composite map of those NWI quads that cover the study area |
(fig. 14). The composite includes the highlighted study—area boundary and tick marks.

Mylar templates - Overlay a continuous blank sheet of mylar on the NWI quad
composite. Transfer the tick marks and study-area boundary onto the template. Outline
the boundaries of all wet areas (wetlands and surface water bodies) with a dark pencil or
marker and shade everything inside the wet area boundaries (fig. 3 and 15).

9



A d
v
vV

Ve
I v
l* Vv

3

L

w—

v v

pr——r

> v

v v o
v | M wv v + ', -°
Blank mylar UsGs Quad  NWIQuad EZememmmm T
sheet composite composite Tem o] | a‘t e
| * Tics, study area, wet areas
| + .

| Figure 3.

'Profduciing a mylar template.

Verify surface-water bodtes from the NWI quad composite using the USGS quad
composite. Overlay the mylar template on the USGS quad compos1te Any surface water
bodies which were not mapped from the NWI composite will show in light blue (or
purple, if added to the USGS quads during a recent photorevision). Be careful because not
all purple photorevwfon w111 be wet areas. For example, it could be easy to mistake the

shape of - a disturbed
boundaries (excludin
areas.

Produce two addition
done manually by tr
by a professional rep
- preferred because m:

The products of this
containing the ticks,
3a. Prepare land-u

When preparing the
~ separate overlay so t

procedure.

The land-use/land-co
land classification scl'

area for a surface water body. Trace any remaining surface-water
g small streams) onto the mylar, and complete the shading of wet

al copies: of the completed template. This can be "
acing the original template, or photographically { .
roduction company. Professional reproduction is j
anual tracmg introduces more error. A I

i i= ",’ .
>tep|are three duphcate mylar templates *
studiy-area boundary, and shaded wet areas. Tt';":sla':‘gs'a’

se/land-cover (LULC) overlay

overlays discussed below, use a different colored pencil for each
hey | \are dlstmct and recogmzable This will simplify the mapping

ver map to be prepared in this step is very specific in terms of the
eme and accuracy standards. It is not the same as a land-use map

that might be found n a mun1c1pa1 master plan, and mun1c1pal land-use maps can not be

substituted for the 1
land-use maps can,

Municipal land-use
only on a lot-by-lot

d-use/land-cover maps spec1ﬁed in this procedure. Municipal
wever, be used as a reference in preparing the map.

0
:‘Lps commonly show only land use (not land cover) and generally
l#asxs‘ For example, a school might have large tracts of lawn or forest

~ within the property boundary On a municipal land-use map, the entire property might

be classified as "publi

ic," |"quasi-public," or "institutional." On the land-use/land-cover

map required for recharge mapping, the forest, lawn, and impervious areas need to be

classified separately i

1:24,000-scale photog

(LULC). Use a blade a
photo image extends
of the photoquads to

the photoquads. Inste

independently.

f such tracts are larger than S5 acres.

Juads are to be used as a base for delineating land-use/land-cover

nd stralghtedge to remove the photoquad borders. Notice that the

beyond the line representing the USGS quad edge. Trim the borders

the Jlne which represents the USGS quad edge. Do not edgematch

ad, carefully register each photoquad to the USGS quad composite
o |

I

I
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The photoquads will not match the USGS quads perfectly Distribute the error evenly
throughout each map sheet. The photoquads may overlap slightly or have gaps between
them in some places, but the final photoquad composite should register well with| the
USGS quad composite. After each photoquad is registered and temporarily attached to the
USGS quad composite, firmly join the photoquads into one large composite. Transfer the
tick marks and study-area boundary to the photoquad composite (fig. 16).

Use the LULC categories in appendix 2 to delineate LULC polygons dlrectly on the
photoquad composite (a red pencil shows up best on a grey-tone photoquad). Use the
codes given in the appendix to label each distinct LULC area. If you will be estimating
recharge for a specific percent impervious cover instead of the ranges shown in :
appendix 2, note such areas on the map with your own symbol. Tests performed by NJGS
show that the easiest LULC delineation sequence from start to finish is:

land use/land cover LULC code
agricultural 8 -
wooded areas 9
landscaped open space 0
‘landscaped commercial - 5
unlandscaped commercial -6

- unvegetated 7
residential 1/8 acre lots 1
residential 1/8 to 1/2 acre lots 2
residential 1/2 to 1 acre lots 3
residential 1 to 2 acre lots 4

At the 1:24,000 scale of the maps, areas of less than 5 acres should not be mapped (a 5-
acre parcel is 470 by 470 feet, about the diameter of a pencil eraser at 1:24,000 scale). For
~example, if a 2-acre residential lot is in the middle of a wooded area, the entire area.
should be mapped as "wooded area." Most highways will be so narrow (slivers) on a
1:24,000 map that it is approprlate to absorb them into surroundmg polygons. Omitting -
small parcels simplifies the mapping effort and leads to a more readable final map.

LULC dehneatlon is de31gned to be a tabletop procedure done prlmarlly from emstlng
knowledge and photoquad interpretation. Calculation of average lot size for residential
districts is not necessary, but make sure the average lot sizes are consistent with
knowledge of the area. Map estimates of lot size can be easily obtained by counting the
number of lots (houses) that appear through a one-quarter—lnch diameter hole punched
in a flle card _ : v .

Houses/ bolg A gragg lg!; size LQLQ_Q

10-40 . . 1/8 to 1/2 acre
5-100 - 1/2to1 acre -3
2-5 . . 1to2acres ‘ 4

Notice that two of the general LULC categones (agricultural and wooded areas) can be
subdivided. Use of the subdivided categories (cropland, permanent pasture; brush ,woods
and orchards) will yield a more accurate final recharge map. If a more general :
recharge map is adequate, the general LULC distinctions will probably be sufficient.
- However if a more detailed map is desired, the subdivisions are recommended. This
choice is provided because some users may not be able to ]ustlfy the possible extra work
required to dlStlngUlSh the subdivisions of LULC. If the user is already quite familiar
with the LULC in the study area, use of the subdivisions will require little additional
effort. Otherwise airphotos, maps, and reports can aid in the mapping process.
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Regardless of the leve of deta11 used’ for LULC dehneatlon, it is essential that a few of
your 1nterpretat10ns e f1e1d checked to validate your photo 1nterpretatlons Questions
concerning airphoto interpretation and land-use/land-cover mapping may be resolved
: 'by consultmg Avery" nd Berhn (1985).

After the dehneatlon rocess is complete, overlay, register, and temporarily attach a
mylar template to the photoquad composite. Transfer all LULC boundaries and labels to
- the template, dlsregar 1ng the shaded wet areas.

The product of this stLp is a mylar overlay containing ticks, study-area boundary, shaded
wet areas, LULC boun aries and LULC codes (figs. 4 and 17).

LULC Overlay

~ Template Photoquad} »v Appendix 2
com |te‘

Figure 4. Pro ucmg a' LULC overlay.

3b. Prepare soil-gr up,overlay

In the SCS county soﬂ survey, fmd the map sheets covering your study area. These maps
are originally at either 1:15,840 or 1:20,000. They must be re-scaled to 1:24,000. County
map sheets at 1:15,840 must be reduced to 66 percent of the or1g1nal size. Sheets at _
1:20,000 must be- redu ed to 83.33 percent of the original size. It is important that the soil-
map sheets be accurat ly reduced. A photocopier introduces some distortion. A

e professmnal photogra h1c reduction introduces much less distortion and maintains

1mage ‘quality. Theref re 1t is preferable to have the sheets profess1ona11y reduced.

Use a blade and stralg tedge to trim the borders from the reduced soil-map sheets. Do not
~ edgematch the soil map sheets. Carefully register each sheet to the USGS quad composite
independently. The so l-m‘ap sheets were produced using air photo bases containing
some distortion, and will therefore not match the USGS quad composite in some places.
Distribute the registra jon| error throughout each soil map sheet as evenly as possible
~ before temporarily attaching it to the USGS quad composite. There may be gaps or

" overlaps between soil-map sheets in the final soil-map composite. After each sheet is

- registered and temporarlly attached to the USGS quad composite, firmly join them into

one large composite. ransfer the tick marks to the soil-map composite (fig. 18).

Register and temporarily attach a mylar template to the s011-map composite. Do not trace
any soil boundaries yet. Using the soil-group table in appendix 3 (fig. 19 for example),
find the recharge soil- roup code (A, B, C, etc.). Write this code on the mylar template
over the soil symbol. \ppendix 3 lists the full name of each soil unit rather than the
symbol found on the s 11-map sheets because the symbols vary from county to county;
symbol -to-unit name t anslatlon is given in the county soil survey book

Some symbols refer to soﬂ‘ complexes (areas with soils of two or more soil ser1es) which
are not listed as such in the appendix. The predominant unit in a soil complex is the first
name given and should be taken as the soil type. For example, in Mercer County the
symbol "SyB" refers to|the soil complex “Sassafras-Woodstown," o) "Sassafras" would be

_ the unit to look up in Appendlx 7.

\ | 12




If the map unit name includes rock outcrop in any form, the full map unit name and
associated recharge soil group will be 11sted in the appendix. .

Still other symbols refer to urban land complexes. If the soil survey lists a soil series ,
associated with urban land or urban land complex, use that soil as the map unit to look -
up in the appendix. For example, in Mercer County, the symbol “Ug” refers to “Urban
land, Galestown Material”, so “Galestown” would be the unit to look up in the appendix.
The Soil Conservation Service should be contacted for advice on urban land or urban
land complexes that do not have an associated soil series.

After all the recharge soil group codes have been added, trace the boundaries separating
soils of different groups on the mylar template. Eliminate any map unit smaller than 5
acres (pencil eraser size). Smooth out any boundary discontinuities between map sheets.
Finally, shade all polygons that contain hydric soils (recharge soil group L).

The product of this step is a mylar overlay containing registration ticks, the study-area
boundary, soil-group boundaries, and soﬂ—group codes (flg S-and 20) :

- * Ly *
—— .
- * ‘ . ‘
L] ik . . : :
Template Soil map Appendix 3 ; Sail Group
composite : + * Overla y

Figure 5. Producing a soil group overlay.

4. Prepare coded LULC/soil-group combination map

On a light table, register the LULC overlay with the soil-group overlay. Secure the two
maps on the table with drafting tape, then register and tape your third clean mylar
template over these. First add the shaded hydric soil areas from the soil-group overlay to
the combination map. Then trace the lines over all non-shaded map areas from both
underlying maps onto the mylar template to produce a combination LULC/soil-group
map. In areas where the combination of soil and LULC boundaries produces slivers or
polygons smaller than 5 acres, absorb and smooth the lines into the neighboring
polygons but give preference to the LULC boundaries. Finally, on the combination map,
assign each polygon a unique numeric code to give each an identifier (figs. 6 and 21).

Soil Group - LULC Overlay L -Coded
Overlay Combination Map

Figure 6. Producing a combination map.
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S. Prepare spreadsheetf and calculate recharge v

Create a computer spreadsheet template (fig. 7) for data needed to calculate ground-
water recharge. i i

Code] . LULC} . Soil Group | R-Factor| R-Constant] C-Factorj. Recharge

1 ] o
2 !
\

3
- etc. |

Figure 7. Spreadsheet format for calculating recharge.
i [ o

Refer to the two original xhaps? to‘ determine LULC and soil-group codes for each polygon
on the combination map, and add these to the spreadsheet (fig. 8):

Soil Group

LULC Ovetlay

/

Overlay
rd ,
Sc::oil Group R-Factgy“‘ﬁ R-Constant | C-Factor | Recharge
—rr— = :
f?&F 4}jwosebﬁ-:‘:-, -"”‘M

| Figure 8. Addmg LZULC and soil group codes to the spreadsheet.

! 1
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Using appendix 4, add recharge factors (R-factors) and recharge constants (R-
constants) to the spreadsheet The example below depicts the look-up procedure for

polygon number 1 of ﬁgure 9.

L U L C

Appendix 4 (excerpted)

R-factors (above) are shown in plain type,
R-constants (below) are italicized

C o d

veEoHQ

Code | LULC | Soil Group | R-Factor

R-ConstaAactor | Rect

1 8 F <P
2 Ia c 1683
] a F 11 78

9.40
724

8.39 S

1.43

1.43
14%°

Figure 9. Adding R-factor and R-constant to the spreadsheet.

Using appendix 6, find the chmate factor (C-factor) for your mun1c1pa11ty and enter it in
the spreadsheet. Calculate recharge using the followmg equatlon

Recharge = ( R-factor x C—facror x B-factor) - R—constant

Round all results to the nearest tenth of an inchv (figs. 10 and 23)..

(3)

Code LULC | Soil Group R-Factor | R-Constant | C-Factor | Recharge
1 8 F 12.51 8.39 1.43 149
2 8 C 16.89 9.40 '1.43 220
3 4 F 11.78 7.24 1.43 14.7 .
4 1- F. 4.97 3.05 1.43 6.2
5 4 (o 14.75 8.15 1.43 19.3
6 1 C . 6.22 3.44 1.43 8.1

Figure 10. Completed spreadsheet with calculated recharge.
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might have different
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l’actor is a constant, 1. 3 In this- -example a column is not set up for
ample aﬂso has polygons which fall entirely within one
municipality. Thus the cli

mate factor is the same for all polygons. A different example
ate factors for different pologons _

6. Prepare recharge bfase jmap

Each polygon should

polygons on the comt
recharge base map in
their codes, and their|
between the codes anc
make the codes whole
recharge values to the
and 22, the recharge
-d1st1ngu1sh them from

The recharge base ma;
described in section I

7. Mapping by soil

More accurate recharg
soil group (a group of
generalized values de
recharge soil groups n
accurate values calcul
especially applicable f

accuracy) to larger ma

area, this may be a co
used, soil units should

A soil-unit map is mad
steps. In step 3b, inste
the first two letters of
combination of the sy:
~ survey book for symb
polygons that contain
step 5, refer to appenc

8. Recharge estimat

For specific developmge

recharge for a given p

‘appendlx 2. The follow

now have a recharge value
expressed in inches per year. Write these values in the
vination map. The resulting
cludes the combination polygons,

i the recharge values on the map,

recharge values. To distinguish

numbers and write the

> tenths place In figures 11 -
values are italicized to further

vFigure 11. Recharge base map.
the codes

p is to be used to produce the shaded (ranked) recharge maps

11

un1t fof' more accurate results

e values may be obtained by using soil unit rather than recharge
soil units). R-factors and R-constants for recharge soil groups are
rived from recharge calculated for specific soil units. Results using
nay differ by as much as 1 1/2 inches per year from the more

ated using soil units. Using soil units for recharge calculations is
or studies of small areas. However, it adds complex1ty (and

pS by yielding more polygons. Depending on the size of the study
mpelling reason to use a GIS. Regardless of the reasons, if a GIS is
be mcorporated to take advantage of GIS capabilities. =

le 1n bas1cally the same way as a soil-group map except for two

ad of writing the soil-group code on the mylar template, transfer
the soil symbol onto the mylar (the last letter or letter/number
rnbol are not needed for this analysis; refer to the county soil-

0l- to-umt translation). Before proceeding with step 4, shade all soil
both a recharge factor and recharge constant of 0.00. Then, in

lix 5 not appendlx 4, for R-factors and R-constants.

es for :‘specific.-percentages of impervious area

ent scenarios, it might be desirable to estimate ground-water
ercentage of impervious cover instead of for the ranges noted in
rllngwcalculatlon can give such estimates for any soil map unit by

using a weighted average of the ‘proportion of landscaped open space:

Recharge = (rec

harge for LULC 0) x ((100 - % 1mperv10us cover)/ 100) (4)
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Ground-Water-Recharge ‘Mapping Procedure

m Acquire Source Data [2] Prepare Composites
and Mylar Templates

* v vy v L]
o —] tﬁ\' v WV #, '. 3
A
M dt | )| (ARK | —
v g J v v Y ’
4 * R R A 2 A
USGS Quads Photoquads NWI Quads Survey ¥ A
USGS Quad  NWIQuad L= i
composite composite Three mylar
templates
3a| Prepare Land-Use/Land-Cover Overlay
I F —
g—g » L/ —
— E= .
Tenplate Photoquad Appendix 2 \ A LULC Overlay
composite
3b| Prepare Soil Overlay
) * - + —
> = -—» -
4 - ==
L] ~ N
Template Soil-Map Appendix 3
composite
Prepare LULC/Soil » Prepare Spreadsheet
Combination Map and Calculate Recharge
ot U0 (Sibup |Ractr | Blostat | Clacer yredoge
8 | fes | em s [

¢ 1689 LL N IR )]
f s 1w | w
f L 36 )6 | &
s
¢

LULC and Soil
Overlays

—>

W5 | &5 e | @
622 KEUR IR ]

D e wr —
— > — -

@ Prepare Recharge Base Map

Code | Recharge

14.9

1
. 2 220
i-> , 3 147 _>
4 62
5 193
6 8.1

Recharge Base Map

Figure 12. Steps in producing a ground-water-recharge map.
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uadrangle composite.
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Figure 13. Step 2: USGS g
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Figure 15. Step 2:'M[ylar témplaté. Shading indicates surface water and
wetlands ( > 5 acres). ' '
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Figure 16. Step 2: mylar orthophotoquad composite |
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Figure 18. Step 3b: Soil map composite (soils from Eby, 1976).
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Map Recharge !

symbol soil group  Soil unit |

lluvial land

Ae L

Bd L Bi ddeford silt loam

BoB F Ponton gravely loam, 3 to 8 percent slopes

BoC F Boonton gravely loam, 8 to 15 percent slopes

EIB B Ellmgton fine sandy loam, loamy subsoil variant, 3 to 8 percent slopes
EIC B Ellington fine sandy loam, loamy subsoil variant, 8 to 15 percent slopes
HaB F l}jaledon silt loam, 3 to 8 percent slopes

HaC F [aledon silt loam, 8 to 15 percent slopes

HbC F Hibernia stony loam, 3 to 15 percent slopes

MIA F. Minoa silt loam, 0O to 3 percent slopes

MIB F inod silt loam, 3 to 8 percent slopes

Ms L Muck‘ shallow over clay

NeB F Meshammy gravely silt loam, 3 to 8 percent slopes

NeC F eshaminy gravely silt loam, 8 to 15 percent slopes

NfD F eshaminy gravely silt loam, 15 to 25 percent slopes

NtB B etcong gravely sandy loam, 3 to 8 percent slopes

N«C B N‘ tcong gravely sandy loam, 8 to 15 percent slopes

(014D C Otisville gravely loamy sand, 15 to 25 percent slopes

PaC B Parker gravely sandy loam, 3 to 15 percent slopes

Ph L P r31p‘pany silt loam

Pk L Parsippany silt loam, sandy loam substratum

PIC B P%ttenburggravely loam, 8 to 15 percent slopes

PnB F P‘ nn shaly silt loam, 3 to 8 percent slopes

PnC F Penn shaly silt loam, 8 to 15 percent slopes

PoD F Penn-Klmeswlle shaly silt loams, 15 to 25 percent slopes
PtA B Pompton sandy loam, 0 to 3 percent slopes

PtB B Pompton sandy loam, 3 to 8 percent slopes

PvA L PLeakness sandy loam, 0 to 4 percent slopes

ReB F Reaville shaly silt loam, deep variant, 0 to 5 percent slopes
RmB D Rlverhead gravely sandy loam, 3 to 8 percent slopes

RmC D erverhead gravely sandy loam, 8 to 15 percent slopes

RrD E Rockaway extremely stony sandy loam, 15 to 25 percent slopes
RsE H Rockaway-Rock outcrop complex, 25 to 45 percent slopes

Ub L U?ban} land; wet

Ue: B U‘rbani land-Edneyville complex

Uk D . Urban!land-Neshaminy complex

Up D Urban land-Riverhead complex

UrC E ‘Urban/ land ~Rockaway complex, gently sloping and sloping

Uw F Urban! land-Whlppany complex

WhB F lppany silt loam, 3 to 8 percent slopes

WIA F ipgany silt loam, sandy loam substratum, O to 3 percent slopes
WIB F V\)hipp“any §ilt loam, sandy loam substratum, 3 to 8 percent slopes

Figure 19. Soil legend for%exar;nple study area (map symbol from Eby, 1976).
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Figure 21. Step 4: LULC-sdil cofmbination map. Numbers indicate polygon code, lighter'

fill represents wetlands and dark fill represents hydric soils (L).



Polygon: LULC Soil R- R- C- Est. Polygon LULC Soil R- R- C- Est.-

Code Code Group factor  constant factor  Recharge Code Code Group factor constant factor  Recharge

1 6 . . . . 81 0 F 14,19 8.72 1.73 .
2 6 D 0.00 0.00 - 1.73 0.0 82 3 D 13.21 8.20 1.73 21.5
3 5 D 2.57 1.60 1.73 4.2 83 5 F 2.13 1.31 1.73 3.5
4 2 D 1149 7.14 1.73 18.7 84 3 F 10.92 6.71 1.73 17.8
5 1 D 6.00 3.73 1.73 9.8 85 3 E 7.78 1.28 1.73 16.2
6 0 F . 14.19 8.72 1.73 23.2 86 3 F 10.92 6.71 1.73 17.8
7 0 E 10.10 1.66 1.73 21.1 87 0 D 17.15 10.65 1.73 27.9
8 0 F 14.19 8.72 1.73 23.2 88 0 F 14.19 8.72 1.73 23.2
9 3 E 7.78 1.28 1.73 16.2 89 3 F 10.92 6.71 1.73 17.8
10 3 F 10.92 6.71 1.73 17.8 90 0 F 14.19 8.72 1.73 . 23.2
11 2 D 11.49 7.14 1.73 18.7 91 5 F 2.13 1.31 1.73 3.5
12 2 D 11.49 7.14 1.73 18.7 92 v3 F 10.92 6.71 1.73 17.8
13 1 D 6.00 3.73 1.73 9.8 93 3 B 14.67 10.81 1.73 22.2
14 0 D 17.15 10.65 1.73 27.9 94 3 D 13.21 8.20 1.73 21.5
15 1 F 4.97 3.05 1.73 8.1 95 4 B 15.82 11.65 1.73 23.9
16 4 D 14.23 8.84 1.73 23.2 96 . 9 B 20.73 16.12 1.73 30.5
17 0 D 17.15 10.65 1.73 27.9 97 9 F 16.67 11.80 1.73 25.7
19 0 F 14.19 8.72 1.73 23.2 98 3 F 10.92 6.71 1.73 17.8
20 2 F 9.51 5.85 1.73 15.5 99 0 D 17.15 10.65 1.73 27.9
21 9 D 19.84 14.47 1.73 30.2 100 0 D 17.15 10.65 1.73 27.9
22 2 D 11.49 7.14 1.73 18.7 101 0 F 14.19 8.72 1.73 23.2
23 5 D 2.57 1.60 1.73 4.2 102 1 F 4.97 3.05 1.73 8.1
24 2 D 1149 7.14 1.73 18.7 103 4 . F 11.78 7.24 1.73 19.3
25 5 F 2.13 1.31 1.73 3.5 104 8 B 16.54 11.93 1.73 25.3
26 9 F 16.67 11.80 1.73 25.7 105 9 F 16.67 11.80 1.73 25.7
27 5 F 2.13 1.31 1.73 3.5 106 8 F 12.51 8.39 1.73 19.7
28 9 F 16.67 11.80 1.73 25.7 107 8 . B 16.54 11.93 1.73 25.3
29 ) F 14.19 8.72 1.73 23.2 108 9 B 20.73 16.12 1.73 30.5
30 9 F 16.67 11.80 1.73 25.7 109 8 F 12.51 8.39 1.73 19.7
31 3 D 13.21 8.20 1.73 21.5 110 9 B 20.73 16.12 1.73 30.5
32 0 D 17.15 10.65 1.73 27.9 111 4 B 15.82 11.65 1.73 23.0
33 0 D 17.15 10.65 1.73 27.9 112 9 F 16.67 11.80 1.73 25.7
34 1 D 6.00 3.73 1.73 9.8 113 8 B 16.54 11.93 1.73 25.3
35 1 F 4.97 3.05 1.73 8.1 114 4 F 11.78 7.24 1.73 19.3
36 4 D 14.23 8.84 1.73 23.2 115 9 F 16.67 11.80 1.73 25.7
37 4 H 7.51 1.81 1.73 15.1 116 8 - F 12.51 8.39 1.73 19.7
38 4 D 14.23 8.84 1.73 23.2 117 3 B 14.67 10.81 1.73 22.2
39 1 D 6.00 373 173 9.8 118 0 F 14.19 - 8.72 1.73 23.2
40 9 D 19.84 14.47 1.73 30.2 119 0 B 19.06 - - 14.04 1.73 28.8
- 41 0 D 17.15 10.65 1.73 27.9 120 0 D 17.15 10.65 1.73 27.9
42 0 F 14.19 8.72 1.73 23.2 121 9 B 20.73 16.12 1.73 30.5
43 2 B 12.77 9.41 1.73 19.3 122 8 B 16.54 '11.93 1.73 25.3
44 2 D 11.49 7.14 1.73 18.7 123 9. F 16.67 11.80. 1.73 25.7
45 0 B 19.06 14.04 1.73 28.8 ¢ 124 9 ~E. " -16.67 11.80 1.73 25.7
46 0 D 17.15 10.65 1.73 27.9 - 125 9 F. 16.67 11.80 1.73 25.7
47 1 F 4.97 3.05 1.73 8.1 126 9 . B 20.73 16.12 1.73 30.5
48 1 D 6.00 3.73 1.73 9.8’ 127 - 9 B 20.73 16.12 1.73 30.5
49 0 D 17.15 . 10.65 1.73 27.9 . 128 4 F 11.78 7.24 1.73 19.3
50 3 F 10.92 6.71 1.73 17.8 129 8 F 12.51 8.39 1.73 19.7
51 5 F 2.13 1.31 1.73 3.5 130 9 F 16.67 11.80 1.73 25.7
52 2 F 9.51 5.85 1.73 15.5 131 8 F 12.51 8.39 1.73 19.7
53 2 D 11.49 7.14 1.73 18.7 132 4 B 15.82 11.65 1.73 23.9
54 2 F 9.51 5.85 1.73 15.5 133 4 ‘F 11.78 7.24 1.73 19.3
55 0 F 14.19 8.72 1.73 23.2 134 8 B 16.54 11.93 1.73 25.3
56 0 D 17.15 10.65 1.73 27.9 135 9 D 19.84 14.47 1.73 30.2
57 4 D 14.23 8.84 1.73 23.2 136 8 B 16.54 11.93 1.73 25.3
58 6 D 0.00 0.00 1.73 0.0 137 8 F 12.51 8.39 1.73 19.7
59 6 B 0.00 0.00 1.73 0.0 138 9 F 16.67 11.80 1.73 25.7
60 0 D 17.15 10.65 1.73 27.9 139 8 F 12.51 8.39 1.73 19.7
61 9 F 16.67 11.80 1.73 25.7 140 9 F 16.67 11.80 1.73 25.7
62 9 D 19.84 14.47 1.73 30.2 141 8 B 16.54 11.93 1.73 25.3
63 9 F 16.67 11.80 1.73 25.7 142 9 B 20.73 16.12 1.73 30.5
64 3 F 10.92 6.71 1.73 17.8 143 8 B 16.54 11,93 1.73 25.3
65 3 D 13.21 8.20 1.73 21.5 144 9 F 16.67 11.80 1.73 25.7
66 6 F 0.00 0.00 1.73 - 0.0 145 8 F 12,51 8.39 1.73 19.7
67 6 D 0.00 0.00 1.73 0.0 146 4 B 15.82 11.65 1.73 23.9
68 9 F 16.67 11.80 1.73 25.7 147 9 F 16.67 . 11.80 1.73 25.7
69 6 F 0.00 - 0.00 1.73 0.0 148 4 F 11.78 7.24 1.73 19.3
70 9 F 16.67 11.80 1.73 25.7 149 9 B 20.73 16.12 1.73 30.5
71 9 F 16.67 11.80 1.73 25.7 150 4 B 15.82 11.65 1.73 23.9
72 9 B 20.73 16.12 1.73 30.5 151 8 B 16.54 11.93 1.73 25.3
73 3 D 13.21 8.20 1.73 21.5 152 8 D 14.93 8.97 1.73 24.6
74 3 B 14.67 10.81 1.73 22.2 153 8 F 12.51 8.39 1.73 19.7
15 3 D 1321 8.20 1.73 21.5 154 8 D 14.93 8.97 1.73 24.6
76 1 D 6.00- 3.73 1.73 9.8 155 8 B 16.54 11.93 1.73 25.3
77 0 D 17.15 10.65 1.73 27.9 156 8 F 12.51 8.39 1.73 19.7
78 6 D - 0.00 0.00 1.73 0.0
79 0 D 17.15 10.65 1.73 27.9
80 0 D 17.15 10.65 1.73 27.9

Figure 22. Step 5: Prepare spreadsheet and calculate recharge.
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Figure 23. Step 6: Rechdrge base map. Number at left of slash is polygon code. Number
at right of slash is recharge (in.yr). Shaded areas are the same as in figure 21.
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III. CLASSIFYING AND RANKING GROUND-WATER-RECHARGE AREAS

Ground-water-recharge areas are classified and ranked in order to group areas of
similar recharge properties for later analysis. Most of the work in ranking recharge
areas is in setting up the classification system. The ranks (for example, high, medium
and low) correspond to recharge rates and are relative. Classification should primarily
reflect the future importance of the quantity and quality of ground-water. It should also
be consistent with the different levels of land-use regulation and ground-water
protection practices that are attainable.

The actual ranks are assigned to the recharge areas only after the user develops the
classification. The polygons on the recharge base map are shaded after the ranks are
assigned. The shaded recharge-area map (fig. 24) is the final product.

od o h Rank Ground-water Recharge
Code Recharge an Rank Bdsed On NJGS Pilot Classification Study
1 14.9 moderate :
2 22.0 . high
3 14.7 moderate low
4 6.2 low moderate
5 19.3 high B8
6 8.1 low EE] high

Figure 24. Example ranking with shaded-recharge map.

This section describes two ways to generate a study-area-specific ranking system for
ground-water-recharge values: (1) the frequency-weighted method (frequency method)
and (2) the volumetric-recharge method (volumetric method). The volumetric method is
more meaningful and should be easier to defend in a regulatory context because it is
based on direct calculations of the volume of ground-water recharge. Do not choose the
frequency method without first understanding the resulting loss of accuracy. Even if
you choose the frequency method, recharge volume of any parcel can be compared to
other parcels by using the procedure outlined at the end of this section. The examples
used to illustrate both classification methods are from a NJGS test study of a quadrangle
that yielded over 3,000 recharge polygons. The example study from Section II was not
used to illustrate the classification methods because it contained a low number (156) of
polygons.

Frequency-weighted classification

The frequency-weighted method (frequency method) is a time-saving approach for
classification of recharge values. It is presented here as an option for situations that
meet the following criteria: (1) The recharge base map was produced manually. (2) The
recharge base map consists of more than approximately 500 polygons. (3) The user is
willing to accept a classification that is less accurate than can be generated with the
volumetric method.

The advantage of the frequency method is that it does not require calculation of polygon
areas. Its disadvantages are: (1) It does not account for the actual volume of ground-
water recharge. (2) Its results deviate significantly from those of the volumetric method
when applied to study areas of less than about 500 polygons.

29



, | Frequenc
The procedure for the frequency method is: Recharge | Polygon we?ghtedy
i : group frequency value
i |
1. Create a spreadsheet with columns labeled 3
recharge group, polygon frequency, and 8'(2) 7?
frequency-weighted value (fig. 25). 0.6 >
L | 0.9 7
2. List recharge values in progressively 1.1 2
larger order for all the recharge groups that 13 1
occur in the study area. A recharge group . .
consists of all polygons having the same { rows not shown }
recharge value. % | . .
T | 15.2 77
3. Enter number of polygons 15.7 219
(frequency) in each recharge group. 12-? eg
4. Fill in the frequency-weiéhted values by }g'g 1:’;
multiplying recharge group! by polygon -

frequency (fig 26). Round off the frequency-  Fjgure 25. Partial spreadsheet after
weighted values to whole m{‘mbe:rs as shown steps 1, 2, and 3 of frequency method.
in figure 26. Print the completed frequency 7 .

weighted table.

5. Determine the number of classes that seem Recharge | Polygon F\:vici‘:r?tr;%y
reasonable for a first-cut classification. If you group | frequency| "% o
do not have a good sens for what seems

reasonable, try four classes po begln with. For g'g 37? g
the final cla381f1cat10n he number should be 0.6 1 1
the maximum that represents useful 0.9 7 6
distinctions in the study area. The number of 1.1 2 2
recharge classes chosen|is user- and area- 1.3 1 1

specific. It is highly dependent on the future
importance of the quantity and quality of
ground-water in the study area. It should also

—~—

rows not shown }

be consistent with the levels of ground-water 15.2 77 1170
protection practices and land-use regulations 15.7 219 3438
you wish to implement. For example, if you 16.0 2 32
expect that the maximum number of levels of :g'; 123 ;22
ground-water protection practices that you 170 1 204

would require is three, a logical number of

recharge classes would be three.j Figure 26. Partial spreadsheet
after step 4 of frequency method.
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6. Create class-interval boundaries by first ' . | Frequency
marking the zero-inches-per-year Recharge [ Polygon | '\ oinnted
recharge group as a separate class. group | frequency| e
Next mark (circle) additional class-interval 0.0 0.0 375 0
boundaries to make the total number of : .g‘é : , ?
boundaries the same as the desired number 0.9 7 6
of recharge classes. Mark these additional 1.1 2 2
class boundaries by working downward 1.3 1 1
from the highest frequency-weighted ' 15 15 22
value. _ 1.8 105 185
: : 22 | 19 43
Define the class-interval boundaries by A 3.7 2 7
drawing a horizontal line above the circled | 46 | 10 46
value. Figure 27 shows six class intervals. 01" 5.0 29 145
g . ‘ ) : o g; 2?81, 132?
11.6 s8 | 18 | 108
' 59 | 47 277
6.3 258 ~ 1615
6.7 23 155
7.7 3 23
8.1 13 105
8.5 - 88 749
20 18 162
9.4 43 - 406
9.5 N 9
99 | 223 2208
103 78 804
10.8 .26 281
11.2 72 807
M7 410 |C_4785) |
171 119 1 12
to 121 37 448
13.4 12:6 -6 75
130 40 520
o 13.5 208 [C—28080 |
13{: 13.9 32 445 |
14.4 24 345
15.61 148 22 326
’ 15.2 77 1170
15.7 15.7 219 34
to| 160 : 2 32
16.5 16.1 63 | 1014
16.6 166 147 | C 2443
to 17.0 12 204
17.0 — '

Figure 27. Full Spreadsheet after step
7 of frequency method.
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7. Make a table of the
between the horizonta

Two Classes s‘

1 lin
examples (data from fig. 2
recharge groups that mark

class inti_ervals (fig. 28). The class intervals consist of values
les drawn on the frequency-weighted table. Classification
7) for 2 to 6 classes are shown below. Note that the 0.1-inch

< the breaks are included in the higher class intervals.

Ilu'_e& le Four le F.m Qlaus Six Ql&gs_es
00 00 : 00 0.0 0.0
0.1-17.0 0.1-‘11.6; 0.1-11.6 0.1-11.6 0.1-11.6
11.7417.01 1.7-15.6 11.7-13.4 11.7-13.4
15.7-17.0 13.5-15.6 13.5-15.6
} 15.7-17.0 15.7-16.5
| 16.6-17.0

Figure 28. Examples @

8. Apply ranking label
that you have defined.
for each recharge class
and planning objective

f frequency-method clasmﬁcatmns using sample data.

S (for example hlgh medium, low) to each of the recharge classes

The ranking labels should indicate the value judgment you chose
in your study area and how they relate to ground-water needs
s. The polygons on the recharge base map can then be shaded

according to their rank to ;prodluce the final product, a shaded recharge map.

The most rigorous and
by volumetric recharge
which this technique y
them. The only disadva
. required to measure th

This classification proc
Keep in mind as you re
polygons, the entire pr
are familiar with a mic
manageable. If you are
only involves the most
method are:

1. Measure the

2. Sum the tota
3. Calculate rec
4. Graph and €

5. Classify the

6. Apply rankihg Ic

These steps are detailed

1. Measure the map

Measure, in square inch
group combination mag
- base map on a grid, cot
multiplying that numbe
spreadsheet with colum
on map (fig 29). Enter t
now has a recharge val

|
H
|

Voilumietric-recharge classification

melamngful basis for classifying recharge within a study area is
(the volumetric method). The defensible, quantitative results
ields are worth much more than the effort required to obtain
lnta'ge of this method is in manual applications where the time
e area of each polygon may be 1mpract1ca1

\

edure w111 probably be intimidating the first time you look at it.
ad this procedure that except for measuring the areas of
ocedure ‘can be easily accomplished on one spreadsheet. If you
rocomputer spreadsheet, you will find the steps quite

not familiar with spreadsheets, be assured that this procedure

basic of spreadsheet operations. The steps in the volumetric
| |

b area of each polygon.

lygon areas by 0.1-inch and by 1.0-inch groups.
ge volume for each group.

ine the 1.0-inch-grouped data.

inch-grouped data by natural breaks and pr10r1t1es
1bels and shade polygons.

maj
1l po
char
xam
0.1-

below. Ihe example shown uses a map scale of 1:24,000.

area of each polygon.

1es on the map, the area of each polygon on the coded LULC/soil-
. This can be done 1) with a planimeter; 2) by overlaying the
unting the number of squares within each polygon, and

r by the area of one square; or 3) with a GIS. Create a

ns llabeled for polygon codes, recharge group and square inches
the polygon areas (square 1nches on map). Each polygon code

ue and an associated square-inch value.

\ Ly

,
i
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2. Group the data by 0.1 inch and by 1.0

inch.

First make a new copy of the spreadsheet to be

used for the rest of the calculations. This is to
make certain that an original unsorted and
ungrouped data set is preserved. The new

spreadsheet will be used to sort the entire data set,
group the sorted data two different ways, and then

make calculations.

Sort the entire data set by recharge in
progressively larger order.

Next, create a separate section for 0.1-inch

recharge groups within the spreadsheet and label
the far left column "recharge group.” Label the

rows in progressively larger order, with only the
0.1-inch recharge groups that occur in the study

area. Label the second column from the left

"square inches on map." Sum the square inches
for the polygons corresponding to each recharge

30).

group and enter the values in this column (Fig.

Create another section within the spreadsheet for
the 1.0-inch recharge groups. Label the columns
as for the 0.1-inch groups. Label the rows with

consecutive whole numbers, for example O

(meaning 0.0 to 0.9), 1 (meaning 1.0 to 1.9), etc.) in
progressively larger order. For the "square inches

on map" sum the square inches from the
corresponding 0O.1-inch groups (fig. 31).

In the test evaluations performed by NJGS, it was

found that 1.0-inch groups produced

approximately 15 to 20 recharge groups and led to

easily interpretable graphs. If the range of
recharge rates in the study area is small
(perhaps 12 inches or less), 0.5-inch groups
will make more meaningful graphs. In any
case, the grouping should be chosen to
facilitate readability of graphs by creating
a uniform x-axis (recharge group) and by
lessening the number of data points to give
a smoother trend.
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‘ Square :
Polygon .
code Recharge | inches on
map
- 847 15.2 0.4

333 11.9 2.9
. 4 6.3 0.3
721 9.5 05 -

- { rows not shown }

22 10.3 0.1
1044 11.9 0.2
45 0.0 0.6
146 5.4 0.7

Figure 29. Partial spreadsheet
after step 1 of volumetric method

Recharge | | P10
grgup map
0.0 38.4
0.2 0.0
0.6 0.1
0.9 1.6

{ fows not shown }

16.0
16.1
16.6

- 17.0

0.0
5.2
9.6
0.4

16.0
16.1
16.6
17.0

0.1-in. Square . |

recharge ' | inchs on

group ’ map
0.0 38.4
0.2 0.0
0.6 0.1
0.9 1.6

- { rows not shown }

0.0
5.2
9.6

i N

Figure 30. Partial spreadsheet
after step 2 of volumetric method.

1.0-in. Square
Recharge | inchson |

group map

- 0 40.1

1 6.5

2 0.6

3 0.7

{ rows not shown }

14
15

16

17

0.4_}

4.0
36.7
14.8

0.4

Figure 31. Converting 0.1-inch to 1.0-
inch grouped data.




3. Calculate recharge fo

Calculate recharge for e
.to both the 0.1-inch gr¢
convert square inches o

1

o

r ea:gh group.
ach'i gro{xp in both grouping schemes. First add an "area" column
puping and the 1.0-inch grouping. Use the following formula to
map mto acres for each row of grouped data:

acres = square inches on lmap; x 91.83

The 91.83 acres/square

| _
1nches on map conversion value is obtained as follows:

1 inch x 1 inch on map -(2000 feet x 2000 feet on land

2000 feet x 2000 feet
4,000,000 square fee

\on land = 4,000,000 square feet on land
t/43 ,560 square feet per acre = 91.83 acres/square inch
i

For many study areas you may find it more space efficient to simply divide each entry by

1000 and label the area

Add another column an
row by summing the ac
with the cumulative sun
list of cumulative sums,

Next, add a column for
Calculate percentage tot

column with "acres x 1000" as shown in figure 32.

0.1-in.; Square Area Cum. area
recharge | inches on (acres X (acres X

group map 1000) . 1000)

| i '

0.0 38.4 35 36.6

i 0. 2: 0.0 0.0 33.1

0.6, 0.1 0.0 33.1

‘ 0.9. 1.6 0.1 33.1

! . . .

| { rows not shown } .

16.0' 0.0 0.0 1.4

16.1" 5.2 0.5 1.4

'16.6 ! 9.6 0.9 0.9

! 1‘7.0 ? 0.4 0.0 0.0

I

Figure 32. Partial spreadsheet showing
cumulatwe area (step 3 of volumetric
method) for 0.1-inch recharge group.
|
! :
d label it "cumulative area (acres)." Calculate the value for each
res represented by the current row (value in cell to the left)
1 of 'the rows below it (value of one cell below). This results in a
frotn highest to lowest recharge rate..

pereentage (%) of total area for each recharge group (fig. 33).

al a'rea by dividing the acre value for each recharge group. by

the total acres of the study area then multiplying by 100.

Add a column that shows the cumulative percentage of total area (fig. 33). Start the

cumulative sums at the

bottom of the table, working from highest to lowest recharge

rates in a manner similar to that for cumulatlve area. The decision to sum from the
highest to lowest recharge is based on the assumption that, for management of
recharge, areas of highest recharge should always be consuiered first, regardless of the
percentage area they represent.

\
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0.1-in. | Square Area Cum.area | o ¢ totai Curn. % of
recharge ‘| inches on (acres X (acres X ared totai area
group . map - 1000) 1000) _
0.0 38.4 35 36.6 9.6 100.0
0.2 - 0.0 0.0 - 33.1 0.0 90.4
0.6 0.1 - 0.0 33.1 0.0 90.4
0.9 1.6 0.1 - 3341 0.4 '90.3
{ rows not shown }
16.0 0.0 00 | 14 " 0.0 3.8
16.1 5.2 0.5 1.4 1.3 . 3.8
16.6 9.6 0.9 0.9 2.4 2.5
17.0 0.4 0.0 0.0 0.1 0.1

Figure 33. Partial spreadsheet showing percentage and
cumulative percentage (step 3 of volumetric method) for
O 1-inch recharge groups. :

Add a column for volume of recharge to both the 0.1 and 1.0-inch groupings (fig 34).
Calculate gallons of recharge for each recharge group with the following formula:

‘'volume (gallons) = area (acres) x recharge (inches). x 27,156
The 27,156 cenversion value is obtained as follows:
1 acre = 43,560 square feet
1 1nch/year of recharge = 0.08333 foot/year of recharge . ,
1 foot of recharge x 1 square foot of area = 1 cubic foot of recharge
1 cubic foot of recharge = 7.481 gallons -

therefore:

43,560 square feet x 0.0833 foot/year = 3,630 cubic feet/year/acre
3,630 cubic feet/year/acre x 7.481 gallons/cubic foot = 27,156 gallons/inch/acre

0.1-in. Square Area Cum.area | : o . Volume
recharge | inches on (acres X (acres X % Zfr::al (:ggl a/: eo ; (gallon X 1
group map 1000) 1000) million
0.0 38.4 35 36.6 9.6 100.0 10,0
0.2 0.0 0.0 33.1 0.0 90.4 0.0
0.6 0.1 0.0 33.1 0.0 90.4 0.2
0.9 1.6 0.1 33.1 0.4 90.3 3.5
{ rows not shown }

16.0 0.0 0.0 1.4 0.0 3.8 1.9
16.1 5.2 0.5 1.4 1.3 3.8 209.8
16.6 9.6 0.9 0.9 2.4 25 396.1
17.0 0.4 0.0 0.0 0.1 0.1 17.9

Figure 34. Partial spreadsheet showing cumulative volume (step 3 of

volumetric method) for 0.1-inch recharge groups.
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Create three more columrrs and enter cumulatlve volume (gallons), percentage of total

volume and cumulative ercentage of total volume. Calculate these values as you did for
the area columns. The re >ult1ng spreadsheet should look like this (flg 35)
|
1.0-in. -Square Area Cum area % of total Cum. % Yolume Cum. vol. % of total Cum. % of
recharge | inches on| (acres X | (acres X area of total | (gallons x | (gallons x volume total
group map 1000) ‘1 000) area 1 million) | 1 million) volume
0 40.1 3.7 \ 36.6 10.1 100.0 3.7 9023.9 0.0 100.0
1 6.5 0.6 132.91 1.6 89.9 28.5 9020.2 0.3 100.0
2 0.6 0.1 |32.3: 0.1 88.3 8.2 8991.7 0.0 99.6
3 0.7 0.1 | 32.3, 0.2 88.2 6.9 8988.5 0.1 99.6
4 0.0 | 0.0 132.2, 0.0 88.0 0.2 8981.6 0.0 99.5
5. 799 | - 73 \32.2; 20.1 88.0 | 1088.1 89814 | 121 - 995
6 21.6 2.0 124.8. 5.4 67.9 341.2 7893.3 3.8 87.5
7 0.0 - 0.0 ‘22 9. 0.0 62.5 0.1 7552.0 0.0 83.7
8 8.2 0.7 22 9 2.0 62.5 172.3 7551.9 1.9 83.7
-9 55.9 5.1 ‘22.1‘ 14.0 60.4 1368.3 7379.6 16.2 81.8
10 6.8 0.6 i 17.01 1.7 46.4 178.3 60113 | 2.0 66.6
1 94.0 8.6 116.4, 23.6 447 2702.7 5833.0 30.0 '64.6
12 4.8 - 0.4 ‘ 7.7: 1.2 211 146.3 3130.3 1.6 34.7
13 | 23.4 2.2 P 7.3 5.9 19.9 786.2 2984.0 - 8.7 33.1
14 40 | 04 5.1 1.0 140 | 1433 | 21978 1.6 24.4
15 | 36.7 3.4 | 4.8? 9.2 -18.0. 1428.8 2054.5 15.8 22.8
16 14.8 1.4 C 1.4 3.7 3.8 607.8 625.7 6.7 6.9
17 0.4 0.0 » “ 0.0 0.1 . 041 17.9 17.9 0.2 0.2

Figure 35. Full spreads eet completed (step 3 of volumetric method) for 1.0-inch
recharge groups. ‘ :

4, Graph and examane the whole 1nch -grouped data.

With the calculations complete, the next step is to 1llustrate how recharge rates, area,
and the total quantity of echarge are related in the study area. This is best 111ustrated by
creating two bar graphs and three line graphs from the 1.0-inch grouped data. By -
visualizing these study-area specific attributes through graphs the user can make a
more mformed f1na1 classification. :

\ !
The two bar graphs are "area versus recharge group” and "volume versus recharge
group." Plot these graphs|as shown on figures 36 and 37. On both of these graphs it is
useful to show the percentage total area or volume.
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"Area versus recharge group" (fig. 36) shows the distribution of area among the
recharge groups. The example shows that most of the land recharges at rates of 5 to 15
inches per year. A relatively small part of the total land has recharge values of less than
5 inches. The areally largest recharge group is the 11-inch group, con31st1ng of roughly
24 percent of the study area or approximately 8,600 acres. '
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Figure 36. Area vs. recharge group, NJGS test case.

"Volume versus recharge group" (fig. 37) shows the distribution of the volume of
recharge among the recharge groups. The example shows that for the study area, most
of the recharge occurs in areas which have values of 9 inches or greater. Areas with
recharge values of less than 9 inches contribute a relatively small fraction of the
overall volume of recharge. For example, the 11-inch group contributes 30 percent of
the overall volume of ground-water recharge in the study area or approximately 2,700
million gallons per year.
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Figure 37. Volume vs. recharge group, NJGS test case.
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The final graph, "cumulative percentage volume and area versus recharge group" (fig.
40), illustrates how the relationship between cumulative volume and the proportion of
the total area that contributes to that volume. For example, this graph shows that
approximately 60 percent of the study area contributes 82 percent of the recharge
volume. The line graphs and the bar graphs are recommended only to graphically -
illustrate the characteristics of recharge in the study area. Classification of recharge
rates by cumulative volume and area is determined by tabular analysis of the 0.1-inch-
grouped data as described in the following section.

Cumulative percent of total
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Figure 40. Cumulative volume and area vs. recharge group, NJGS test case.

39



| ‘
i :
‘ |
I !
|

5. Claésify’ the 'one tenth—of-an-mch grouped data

Custom de81gn a classxfmatlon scheme that is suitable to your planning needs by
exammmg the tabulated O. 1-1nch—grouped ‘data. Many classification approaches were
tested in order to insure| that a single scheme would be valid and universally applicable.
The following recommended system was shown to effectively classify recharge groups
according to the most mgmﬁcant natural breaks in volumetnc recharge (f1g 41)

Square Are’é Cum. area | %of |Cum. % | Volume |Cum.vol. | %of |Cum.%

:Regc:;ilge in‘ches (acres | (acres x | total | of total | (million | (million total | of total

' map | x 1000)| 1000) area| area | gallyear)| gal./year | volume | volume

- 0.0 3@ 4 3.5 . 36.6 - 9.6 100.0 0.0 | 9023.9 0.0 100.0

0.2 -1 0.0 33.1 0.0| 904 0.0 9023.9 0.0 | 100.0

0.6 . 0.0 33.1 0.0} . 90.4 0.2 9023.9 0.0 | 100.0

0.9 l16 0.1 33.1 0.4} 903 3.5 9023.7 0.0 | 100.0

1.1 - P .0 00 32.9 0.0 89.9 0.1 9020.2 0.0 100.0

00to53| 1.3 p 1 0.0 | .329 0.0] 89.9 0.4 9020.1 0.0 | 100.0
15 PQ 0.1 32.9 0.2| 89.9° 3.3 9019.7 0.0 | 100.0

1.8 . - 0.5 - 32.8 1.4| 89.7 24.7 9016.4 0.3 99.9

2.2 : @6 0.1 323 0.1] 88.3 3.2 8991.7 0.0 99.6

3.7 . 7 0.1 32.3 ‘02| 882 6.9 8988.5 0.1 | 99.6

4.6 00| 0.0 32.2 0.0] 88.0 0.2 8981.6 | 0.0 99.5

5.0 49 | 04 . 32.2 1.2] 88.0 60.9 8981.4 ,0.5 995

4 - |- . 5.4 599 | 55 31.7 15.0| 86.7 | 806.7 8920.5 (98.9
5.4 10 6.2 - 55 | 15 01 26.2 04| 7.7 20.8 | 8113.8 0.2 89.9
58 | 1.8 0.2 - 26.1 04| 713 | 255 8092.9 0.3 89.7

5.9 11.8 | 1.1 25.9 3.0] 70.9 174.2 8067.5 A6 | 894

6.3 19.0 1.7 248 | 48] 679 | 2982 | 78933 | (B83/]| 875

67 | 2.6 0.2 231 | 06| 63.1 43.0 7595.1 0.5 84.2

7.7 0.0 0.0 22.9 0.0] 625 0.1 7552.0 0.0 83.7

6.310 9.8 8.1 0.6 0.1 22.9 02| 625 12.8 7551.9 0.1 83.7
8.5 75 0.7 22.8 1.9] 623 159.5 7539.1 1.8 83.5

9.0 1.0 0.1 22.1 0.3| 60.4 22.7 7379.6 0.3 81.8

9.4 6.9 0.6 220 | 1.7} 60.2 161.2 7356.9 1.8 81.5

9.5 0.0 0.0 21.4 00| 585 0.0 7195.6 a0 | 79.7

. 9.9 48.0 44 | 214 12.0| 585 | 1184.3 7195.6 . 79.7
99to11.1] 103 | |3.6 0.3 17.0 09| 46.4 91.2 6011.3 1.0 66.6
10.8 3.2 0.3 16.7 0.8] 455 87.1 5920.1 J0 | 656

11.21011.6] 112 | 31.8 | 2.9 164 | 80| 447 | 8879 | 5833.0 | C9.8)| 646
1T 117 | 622 | 57 134 | 15.6| 36.7 | 18147 | 49451 | Q0.1)| 54.8

11.9 00 | o0 7.7 00| 211 0.0 | 3130.4 0.0 | 347

11710134 121 | 48 | 04 | 77 | 12| 211 1449 | 31303 16 | 347
| 128 00 | 00 7.3 00| 19.9 1.5 | 29855 0.0 | 33.1

13.0 41 ] 04 7.3 1.0] 199 | 1328 | 29840 | 45 | 331

135 171 1.6 6.9 43| 189 | 5761 | 28512 | (B6.4)]| 31.6

13.9 22 | o2 5.3 06| 14.6 77.2 | 2275.1 09 | 252

13.510 156 14.4 30 | o3 5.1 08| 140 | 1076 | 2197.8 12 | 244
' 14.8 1.0 | o1 49 | 02| 133 35.7 | 2090.2 04 | 232
15.2 60 | 05 4.8 1.50 130 | 2265 | 20545 28 | 228

o 15.7 307 || 28 4.2 77| 115 ] 12023 | 1828.0 | (3.3)] 20.3
15.71016.5] 16.0 00 | oo 1.4 00| 3.8 1.9 625.7 0.0 6.9
» 1 _16.1 52 ] 05 1.4 1.3] 38| 2098 623.8 23 ] 69
16.610 17.0 :g.g g.i gqg | g.g 2.4 25 | 396.1 4140 | (44)]| 4.6
- 0 4] o 0. R 0.1 17.9 17.9 0.2 0.2

Figure 41. Full spreaclsheet showing step 5 of volumetric method for 0.1-inch
grouped data. ! '

‘ .
| 40
\




Circle the recharge group below which no significant volumetric recharge occurs. The
best way to find the zero recharge break is to examine the "cumulative percent of total -
volume" column. Circle the recharge group at which it is clear that all lesser recharge
values contribute no significant additional volume. In the example below, recharge
volume is insignificant (see the trend in the cumulative % of total volume column) for
‘recharge values less than 5.4 inches. Thus a circle is drawn around the 5.4-inch
recharge group as shown in figure 41.

Mark 7 to 10' additional natural breaks in volumetric recharge. Identify these breaks by
examining the "percentage of total volume" column and circling 7 to 10 of the hxghest
values in it. v

For each marked value define a class-interval boundary by drawmg a line between the
circled value and the next lowest recharge value. In the example (fig. 41), 7 additional
boundaries were chosen, starting with 20. l-percent of total volume and ending with 3.3-
percent of total volume. Note that the 8.9 value is the same boundary as determined for

the no-significant-recharge volume
Class mterval % Volume

Make a table which summarizes, in ascending 00 - 53 1.1

order, the significant class intervals and their 54 - 62 - - 11.3
associated percentage of volumetric recharge. 63 - 98 7.8

To make the class intervals include all possible 29 - 111 15.1
recharge values, extend the upper limit of each - 11.2 - 11.6 9.8

class interval boundary to the lower limit of 11.7 - 134 = 23.2

the class interval above it. In the example (fig. = = 135 - 15.6 114

42), the interval 0.0-5.0 becomes 0.0-5.3, and 15.7 - 16.5 15.6

the interval 5.4-5.9 becomes 5.4-6.2. The ~ le6 - 70 __46
percent-volume summary column is filled in 999

by simply summing the percentage-of-total- Figure 42. Significant class intervals
volume values associated with each class and percent volume for volumetric
interval. method sample data.

Group the class intervals of the summary list

into the number of classes that will be useful for ground-water priorities in the study
~area. Keep in mind the volume percentage that each class interval represents. In
general, the classes desired should be the maximum number that represent useful
distinctions in the study area. This step of the classification is very user- and area-
specific and involves considerable trial and error and examination of ground-water
priorities. Examples of 2- through 6-class interval groupings are shown (fig. 43) for
illustration purposes.

CLASSES
Interval % vol. Interval % vol. Interval % vol. Interval % vol. Interval % vol.

0.0 - 5.3 1.1 0.0 -5.3 1.1 0.0-5.3 1.1 0.0-53 1.1 0.0-53 1.1
54-70 988 54-11.6 440 54-11.1 342 54-9.8 19.1 54-98 19.1
11.7 -17.0 548 11.2-134 33.0.  99-11.6 249 99-11.6 249

' 13.5-17.0 31.6 11.7-15.6 34.6 11.7-134 23.2

15.7 -17.0 20.2 13.5-16.5 27.0

. | 16.6 - 17.0 4.6
Figure 43. Example classifications of volumetric method sample data.
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i
For the test case shown, NJGS grouped the intervals such that volume contributions are
as even as possible. Because of ‘differences in study areas and ground-water priorities, it

is likely that the final :1as<1ﬁcat10n of most users will differ considerably from what is
shown here. -

Depending on your pnorm‘es, y'ou may choose to consider other factors for making the
final classification. The prqportlon of contribution by area, based on the cumulative
volumetric percentage of recharge, is important. The "cumulatlve percent of total area"
column could be a factor usled Still other methods could be used to classify the data if
defining natural breaks in |volume and area tabulations is not consistent with the .
priorities in a study area. Fpr example, breaks could be made at equal increments (O to 20
percent, 20 to 40 percent, etc ) rather than at natural breaks.

Before a final classifica 1on\1s selected and areas are ranked, the sorted ungrouped data
should be reviewed to 'see if any of the cumulative-volumetric-classification breaks are
the result of a single extremely large polygon. This may modify the decision as to where
a class1ﬁcat10n break 1tmalk:le :

6. Apply ranking la els and shade polygons

- Apply ranking labels (for example high, medlum, low) to each of the final recharge

- classes. The ranking labels| should reflect the planning priorities and ground-water
management practices that the user intends for each recharge class. The polygons on
the recharge map can then be shaded according to their rank. The final ranked map can
be used to indicate the relative effect of land areas and land uses on the quantity of -
recharge to ground-water supphes wetlands, streams, and lakes.
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Comparing, recharge -volume on aparcel-specific bas_ivs_

In the land planning process it might be necessary to compare the ground-water-
recharge volume of two or more parcels of land. A simple calculation allows a '
comparison of the recharge volume of specific parcels. The calculations below refer to -
figure 44. To fully understand these calculatlons, a review of the volumetric- -
classification method discussed earlier in this section, may be necessary o

67 |
17.5 . -1
1.081 1l
sq. In. q. in.
(99.3 ac)|(jhs.4 ac)
68
10.0

Flgure 44 Recharge map with parcels
used in volume comparlson o

Ground-water recharge through parcel X:
(1.081 sq. in.) x (17.5 recharge in.) x (2,493,667) = 47,173, 945 gallons of recharge/year

(Note 2,493,667 is a conversion factor that is the product of 91.83 square map inches
per acre of land and 27,156 gallons of recharge per 1nch of recharge per acre)

Ground—water recharge th‘rough‘ parcel Y:
Portion of parcel Y in polygon no. 67:
(0.467 sq. in.) x (17 5 recharge in.) x (2,493,667) = 20,379,493 gallons of recharge/year
Portion of parcel Y in polygon no. 68:
(1.040 sq. in.) x (10.0 recharge in.) x (2,493,667) = 25,934,136 gallons of retharge/year

" Total recharge for parcel X = 47,173,945 gallons/year
Total recharge for parcel Y = 46,313,629 gallons/year

Even though parcel X is substantlally smaller than parcel Y, the total recharge m
gallons that parcel X contrlbutes is slightly more than that of parcel Y.
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|
| .
IV. LIMITATIONS OF THE GROUND-WATER-RECHARGE MAP
. . . . | . . .
The ground-water-recerge map shows, for distinct land parcels, the recharge estimated
based on the comblned effects of precipitation, surface runoff, evapotranspiration,
land-use/land-cover, and solls The maps show ground-water recharge rather than
aquifer recharge. Aquifer recharge is the recharge that replenishes those geologic
formations that can yleld economlcally significant quantities of water to wells. Ground-
water recharge does not differentiate recharge to aquifers and non-aqulfers but
includes both. An advantage to including recharge to non-aquifers is that in many cases
this recharge is necessary for maintenance of streams, lakes and wetlands.
|

The mapping procedure was designed and tested for application to municipalities at a
scale of 1:24,000. Like all maps, however, it has limitations. Some of the limitations are
inherent in the soil-water budget and in generalizing the results; others result from the
source materials and nrethods used. Analyses which utilize recharge maps must consider
accuracy limitations of the ‘method

|

\

i |
\ Recharge- value accuracy

Recharge values generated ‘by the method have limitations which stem from techniques
for measuring precrprtatlon, estimating runoff and evapotranspiration, class1fy1ng
land-use/land-cover, and g‘enerahzmg soil characteristics. In addition, limitations in
accuracy stem from geherahzmg the recharge results of the soﬂ-water budget and from
defining recharge soil groups on the basis of these generalized recharge results.

Specifically the recharge values are limited by the following assumptions:
¢ All water which ir‘rfiltrates; below the root zone recharges ground water.

e There is no arti_ficfal or induced recharge such as caused by pumping wells and
irrigation. i

|
¢ There is no additJon (recharge) or subtraction (discharge) of ground water from
surface-water bodies a\‘nd wet areas.
e The 30-year penod of record from the 32 selected climate stations accurately
. represents statewide temperatures and precipitation.

e Adjustment of the SCS curve-number method based on rainfall and runoff observed
from small to moderate s1zed storms in central New Jersey is applicable to the entire
state.

I ,i
¢ The 14 land-use/ and-covers used in the method represent 81gn1f1cant dxfferences
in their effect on long-term recharge

¢ The soil data gene alized from the SCS database are reasonably accurate for all of
New Jersey with respect to their effect on ground-water recharge.

¢ Rooting depths perrded by Thornthwaite and Mather (1957) for different
-combinations of vegetation and soil texture are appropriate for New Jersey.

o The inability of tl'le Thornthwalte method to account for differences in potential

evapotranspiratio other than as a result of root depth introduces no significant
errors.
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¢ Adjustment of the Thornthwaite-derived potential-evapotranspiration values from
an open site with no sprinkle irrigation (Seabrook, New Jersey) to observed values
is an appropriate adjustment for calculating potentlal evapotransp1rat10n for the
range of statewide natural conditions.. L

e The dlfference between runoff from snowmelt or rain on frozen ground to that -
from rain on unfrozen ground is not 81gn1f1cant with respect to the total quanuty
of long-term ground -water recharge in New Jersey .

e The equat1ons used to generahze the results of the soil-water-budget simulation
maintain sufficient accuracy for planning purposes with respect to ground-water
recharge.

e The aggregation of soil units into twelve recharge soil groups based on similar
recharge characteristics maintains sufficient accuracy with' respect to ground- -
water recharge for planning purposes ' :

e The generahzatlon of outcrop portions of soﬂ-rock complexes into four categorles :
of relative infiltration potential is sufficiently accurate with respect to ground-
water recharge for planning purposes. : L

.Map accuracy _

The graphic or spatial ’accuracy of the resulting map is limited in the following ways:

¢ The USGS quads, NWI quads, and photoquads have an accuracy of approximately 100
feet.

¢ Boundaries between soil types in the real world are not distinct because the types
grade into one another.

¢ Some error along the seam of two edgematched maps (quads, photoquads, soil-
survey maps) is inevitable. The amount and location of error depend on the error-
distribution techniques of the mapper.

¢ Reduced soil-survey maps, especially those made on a photocopier, are likely to
have some error toward the outer edges.

¢ The LULC, soil, and LULC/soil-group combination maps each have a minimum-sized
mapping unit of 5 acres (at 1:24,000-scale).

- o Transference of boundaries and other line work to mylar templates is inexact,
subject to the interpretive and motor abilities of the mapper. Even a small shift in
the position of a boundary may significantly change the area, and thereby the
recharge for a polygon.

e The percentage of impervious coverage for a parucular polygon may vary
significantly depending on the site configuration, and the delineation technique of
the mapper.

Classification accuracy

Map accuracy is limited by how the data are classified as well. Classifying and ranking is
a way of generalizing data, therefore the resulting map is only a representation of the
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raw recharge values Tl-Je degree of generalization is determined by the number of class
intervals and the ranges chosen

Keep in mind that for c}assrflcatlon, what is right for one map user may not be for
another. For example, suppose ground-water-recharge data were classified using two
different schemes. Ten mches of recharge may be classified as "low" in one scheme, but
"high" in the other; this 111ustrates two very different, but equally correct,
interpretations. The choi ice 1s based on the needs of the map user. This is an important

~consideration when det rmmmg the kinds of analyses for which the map will be used.

o]
fi

Basin-wide baseflow adjustment

Ca.hbratlon of calculated volumetrlc recharge to estimated stream baseflows for test .
basins indicated the need to modify recharge The basin factor was added to the recharge
equation to meet this goal. Baseflow is a measure of ground-water discharge to streams,
and, over the long te 1, 4 Viable estimate for ground-water recharge. :

The calibration process 1nd1cated that a constant of 1.3 resulted in basin-wide recharge
volumes in line with observed stream baseflows. More detailed analyses may show that
different basins may require different basin factors. The accuracy of this adjustment
depends on the exact relatlonshlp between stream baseflows and the distribution of
ground-water recharge.
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Aquifer - a geologtc

|  GLOSSARY

orm.atlon, part of a formation or group of formations that can

supply economic qu itities of water to wells.

Aquifer recharge - the ;srocess of addition of water to an aquifer ‘through

infiltration.

Aquifer-recharge area - the! land surfaée area that allows recharge to an aQuifer. |

C-factor - a climateése*ns1t1ve constant developed by NJGS that cons1sts of the ratio of
average annual prec1p itation to the average annual (simulated) potential

evapotranspiration. C-

factor is used in a formula, in conjunction with R-factor and R-

constant, to yield an estimate iof average annual ground-water recharge.

Curve-number method - method of determining surface runoff from a storm by
considering land-use/land-cover and soil propertles

Curve number - an index used in the curve-number method presented in U.S.
Department of Agriculture, 1985. The number is derived from land—use/land—cover and
soil properties. It is used to quantlfy surface runoff '

Drainage basin - the

tract of land that gathers water orlgmatlng as precrpltatlon and

c0ntributes it to a particular stream channel or system of channels.

Edgematch - to align tthe ledges of two or more geographically ad]acent map sheets,
usmg recogmzable features such as roads, to create one continuous map.

i

Evaporatlon - the proces< by iwhi‘ch liquid water is converted to water vapor-

Evapotranspiration -
plants and evaporatiorl

loss of water from a land area through transplratlon from
from the soil.

|
Frequency method - a recharge classification method, developed by N]GS that

categorizes recharge rates
represented by each rate.

Geographic Information

according to how many polygons in the study area are

System (GIS) - a computer-based, integrated spatial and

tabular database used for spatial analysis, data storage and query, and computer-assisted

mapping.

Ground water - that part
Ground-water recharge

Ground-water-recharge

saturated zone.

the Soil Conservation

Hydrologic soil grou%
under similar storm an

] -
of the subsurface water that is in the saturated zone.

- theiprocess of addition of water to the saturated zone.

area - the land surface area that allows recharge to the

- a four—category (A,B,C,D). classification scheme developed ‘by
ervice that groups soils according to similar runoff potential
d cover COI‘ldlthl‘lS

Infiltration - the downward movement of water into and through soil.
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Initial abstraction - water retained on land areas before surface ruanf begins.
Initial abstraction results from surface depressions, vegetation interception,
evaporation and infiltration

Interception - the process by which above-ground elements espec1ally vegetation,
block precipitation from reaching the land surface. _ v

Lysimeter - a soil-water collection device or container over which vegetation is
maintained for the purpose of studying various soil-water-plant relationships.
Evapotranspiration is- commonly determined from container-type lysimeters by the
measured difference between the inflow and outflow of liquid water.

Mylar template - translucent draftlng film which contains registration ticks, study:
area boundaries and wetland delineations for precise overlay and data transfer

Permeability - commonly used in place of saturated hydraulic conductivity; a-measure
of the ease with which a water-bearing material (soil or geologic formation) can
transmit water.

Polygon - an enclosed area on a map which has information associated with it.

Precipitation .- any form of water (rain, hail, sleet snow) falling from the
atmosphere. ‘ . :

R-constant - a land-use/land-cover and soil-group dependent constant developed by
NJGS. R-constant is used in a formula, in conjunction with C-Factor and R-factor, to yield
an estimate of average annual ground-water recharge.

R-factor - a land-use/land-cover and soil-group dependent factor developed by NJGS.
R-factor is used in a formula, in conjunction with C-Factor and R-constant, to y1e1d an
estimate of average annual ground—water recharge.

Rank - a label that establishes a relative position for example "very high," "high,"
"moderate," etc.

Recharge soil group - an eight-category (A through H) classification scheme
developed by the New Jersey Geological Survey that describes the ground-water-
recharge potential of soil units mapped in New Jersey.

Registration - alignment of two or more maps of the same area and scale by the
matching and exact overlay of common features.

Root zone - the zone from the land surface to the maximum depth penetrated by plant
roots.

Saturated zone - a subsurface zone in which all voids are filled with water.

Sliver - a very narrow polygon, about 1/16 inch in width or less at a map scale of
1:24,000.

' Soil complex - a soil-map unit of two or more kinds of soil in such a small or intricate
pattern that it is not practical to map them separately at the selected scale of mapping.

Soil group - same as recharge soil group |

Soil series - soils identified b‘y a common name that have profiles similar in major
horizons, composition, thickness, and arrangement.
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" Surface runoff -

'_ Soil symbol - the map

Soil unit/soil-map un
either a soil series, a co
but not necessarily ass

Soil-water budget -
calculation- of precipita

- moisture. In a soil-wate

ground-water recharge

entering the soil.

Thiessen polygon - a
pomt in a distribution ¢

an ac

water

I
htlon or code for a soil-map unit.

it - ,a named map area with distinct 8011 properties. A soil unit is

mplex of soil series, or a mapped soﬂ/non—soﬂ area that is named
bciat ed w1th a soil series.

counhng of the water flow in and out of a soil unit by
ition, surface runoff, evapotranspiration and changes in soil-
r budget the excess of water can be considered available for

D

1 : ‘
that flows over the land surface to bodies of water rather than

polygon which descnbes an area of nearest prox1m1ty to a glven ‘
of pomts :
|

1

Transpiration - the proceiss by Wthh water 1s dlscharged as water vapor through

plant leaves and needl

Volumetric method -
categorizes recharge ar
. each recharge-rate cat

S. 1
‘ .
a recharge classification method developed by NJGS, that v
eas accordmg to the propornon of total recharge represented by
egory

i
I
1
.
|
1
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APPENDIX 1
Legislation |
Environmental Protection - Aquifer Recharge Areas

CHAPTER 41
ASSEMBLY NO. 1340

AN ACT concerning the mapping of aquifer recharge areas, supplementing Title 58 of the Revised Statutes, and
making an appropriation.

Bev it enacted by the Senate and the General Assembly of the State of New Jersey:

1.1 As used in this act, "aquifer recharge area" means an area which may be composed of sand or gravel, may
be located at points of substantial fracturing in geological formations, may extend to the ground surface in
certain locations, and which transmits water to an aquifer under the influence of vertical head differentials
and refills or "recharges" primarily by infiltration of precipitation through the ground surface.

2.2 The Department of Environmental Protection, within two years of the effective date of this act, shall prepare
and publish a methodology which shall allow the user to define, rank, and map aquifer recharge areas. In
conjunction with this methodology, the Department shall prepare and publish model land use regulations or
best management practices designed to encourage ecologically sound development in aquifer recharge areas
and to restrict therein those activities known to cause ground-water contamination.

3.3 The Department of Environmental Protection, within four years of the effective date of this act, shall
prepare and publish a map of the aquifer recharge areas in the state, using, to the greatest extent possible, the
revised state geologic map (scale 1:100,000), and any local and regional mapping efforts already completed or
underway which the department shall verify. Periodically thereafter, as appropriate, the Department shall
update these maps. '

4.4 The map of aquifer recharge areas prepared pursuant to section 3 of this act and the suggested land use
regulations prepared pursuant to section 2 of this act are to be used solely at the discretion of a municipality,
and are to be considered guidance as to how orderly development may proceed in conjunction with the sound
protection and management of ground-water quality.

5.5 The Department shall édopt, pursuant to the "Administrative Procedure Act", P.L. 1968, c. 410 (C. 52:14B-1 et
seq.), any rules and regulation necessary to implement the provisions of this act.

6. There is appropriated from the General Fund to the Department of Environmental Protection $1,000,000.00
to implement the provisions of this act.

7. This act shall take effect immediately.
Approved June 22, 1988
Effective June 22, 1988

IN.JS.A. 58:11A-12 3N.J.S.A. 58:11A-14 5N.JS.A. 58:11A-16
" 2N.J.S.A. 58:11A-13 4N.J.S.A. 58:11A-15
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LULC
Code

10
11

12
13

(1 through 5 assume that p

(for specifics on usir

‘Land-u

Landscaped open
cemeteries, and th

Residential (65% i

~ APPENDIX 2

se/land-cover Defimtmns by LULC Code

ng this table, see Section II-3a of mam text, "Preparing LULC overlay")

II!IC 1 0 lo ;’»

- Urban/ Suburban Features

space (0% impervious) - mcludes lawns, parks, athletic ﬁelds, golf courses,
eir assocxated structures. v

mpervioqs), 1/8 acre lots - usually multi-family dwelling units.
| ‘ : .

| : :
Residential (33% impervious), greater than 1/8 acre up to and including 1/2 acre lots

Residential (23% i perlyiousi), greater than 1/2 acre up to and including 1 acre lots

Residential (17% 'imper]vious‘,), greater than 1 acre up to and including 2 acre lots

Landscaped _Commerc1al/lndustrlal/Instltutlonal/Mlxed-Use Areas - that contain some -
vegetated areas (approxlmately 15% of the total area is vegetated or 85% impervious). Use this-

category for highw

- medial strips. Also

ays that are wide enough to be mapped and contain exceptionally wide

use ‘[for large parking lots with substantial vegetated medians or "islands".

Remember to separate landscaped open space and other undeveloped areas of ﬁve acres or

more. -

Unlandscaped Conlmmeraal/ Industrial/Institutional/Mixed-Use Areas - that lack vegetated

" areas and are entir

lack exceptionally
substantial vegetat

Permanently unveg
unpaved parking 19

Agricultural land -
structures

Agricultural land -
hay.

Wooded areas -- in
structures

Brush — uncultivate

Woods, orchards, sl

ely i 1mperv10us Use for highways that are wide enough to be mapped but
w1de‘ medlal strips. Also use for parking lots and developed areas that lack
ed medlans or "islands".

etated or sparsely vegetated areas (0% 1mperv1ous-mcludes areas such as
ts (for example at a fairground) and unvegetated pits.

Rural/Agrlcultural Features

,includes% all cropland, permanent pasture, meadows, and their associated

-Agricultural land -+ cropland‘, legumes

perr!nane‘nt pasture, meadow; regardless of whether grazed or mowed for

cludes woods, brush, orchards, shrub, tree nurseries, and their associated -

d areas of low to medium height shrubs, weeds, and grass.

[
hrubs, and tree nurseries

ervnous portions of lots are fully vegetated with either grass, woods, or

mixed. For large developments, remember to separate landscaped open space and other undeveloped

areas of five acres or more.

)| -
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Derived from NJGS recharge simulations, see Appendix 7 for details.
Asterisk (*) denotes variable soil properties, consult county SCS office for

Appendix 3
Recharge Soil Group by Soil Unit

site-specific details (except for quarry).

Recharge Recharge
Soil Unit Group Soil Unit Group
ABBOTTSTOWN F ELLINGTON (MIDDLESEX) G
ADELPHIA G ELLINGTON (MORRIS) B
ADELPHIA VARIANT G EVESBORO C
ADRIAN L FALLSINGTON L
ALBIA F FALLSINGTON VARIANT L
ALLUVIAL LAND L FILL LAND *
ALLUVIAL LAND-WET L FLUVAQUENTS L
AMWELL F FORT MOTT C
ANNANDALE F FREDON L
AQUENTS L FREEHOLD G
ARENDTSVILLE B FRESH WATER MARSH L
ATHERTON L FRIPP C
ATHOL B GALESTOWN (o
ATSION L GLADSTONE B
AURA D GRAVEL PITS C
BARCLAY I HALEDON F
BARTLEY F HALEDON, WET VARIANT L
BATH F HALSEY L
BAYBORO L HAMMONTON D
BEDINGTON B HASBROUCK L
BERKS - F HAZEN ¢ B
BERRYLAND 'L HAZLETON B
BERRYLAND VARIANT L HERO B
BERTIE D HIBERNIA F
BIBB L HOLMDEL I
BIDDEFORD L HOLYOKE E
BIRDSBORO B HOLYOKE-ROCK OUTCROP (MORRIS) = J
BOONTON F HOLYOKE-ROCK OUTCROP (PASSAIC) E
BOONTON-ROCK OUTCROP E HOOKSAN D
BOWMANSVILLE L HOOKSAN VARIANT L
BRACEVILLE F HOOSIC A
BUCKS B HOWELL F
CALIFON F HUMAQUEPTS L
CARLISLE L KEANSBURG L
CHALFONT F KEYPORT F
CHENANGO A KEYPORT SOILS F
CHILLUM F KLEJ C
CHIPPEWA L KLINESVILLE E
CLAY PITS F KRESSON F
CLAYEY LAND F LACKAWANNA F
COASTAL BEACH C LAKEHURST C
COKESBURY L LAKELAND C
COLEMANTOWN L LAKEWOOD . C
COLLINGTON G LAMINGTON L
COLONIE A LANSDALE B
COLTS NECK G LANSDOWNE F
CROTON L LANSDOWNE VARIANT F
CUT AND FILL LAND * LAWRENCEVILLE F
DONLONTON I LEGORE B
DOWNER D LEHIGH F
DOYLESTOWN L LENOIR L
DRAGSTON F LECN L
DUFFIELD B LIVINGSTON L
DUNE LAND C LOAMY ALLUVIAL LAND L
DUNELLEN B LYONS L
DUNELLEN VARIANT B MADE LAND *
EDNEYVILLE B MANAHAWKIN L
EDNEYVILLE MATERIAL B MARLTON F
EDNEYVILLE-PARKER-ROCK OUTCROP F MARSH L
ELKTON L G
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Soil Unit

Recharge
gtoup

MATAWAN

MATLOCK

MATTAPEX

MECKESVILLE

MIDDLEBURY

MINOA

MODERATELY WET LAND ‘

MOUNT LUCAS o
MUCK |
MUCK, SHALLOW OVER CLAY
MUCK, SHALLOW OVER LOAM
MULLICA |

~ NASSAU | ‘

NASSAU-ROCK OUTCROP (SUSSEX)‘
NASSAU-ROCK OUTCRO (WARREN)

NESHAMINY
NESHAMINY VARIANT
NETCONG |
NIXON \,
NIXON VARIANT 1
NIXONTON 1
NORTON |
NORWICH - |
OCHREPTS
OQUAGA
OQUAGA-ROCK OUTCRO |
OQUAGA-SWARTSWOOD i !
ROCK OUTCROP \ !
OTHELLO ; :
OTISVILLE }
PALMYRA
PARKER ‘
PARKER-ROCK OUTCROP|
PARSIPPANY z ‘
PARSIPPANY VARIANT [ !
PASCACK , |
PASQUOTANK \ |
PASSAIC
PATTENBURG
PEAT
PEMBERTON
PENN |
PHALANX 1 |
PITS, MUCK L |
PLUMMER | !
POCOMOKE | ‘
POMPTON |
POPE , |
PORTSMOUTH
PREAKNESS \
PSAMMENTS l ‘
QUAKERTOWN r i
QUARRY 1 |
RARITAN | 1
RAYNHAMN i ‘
READINGTON
REAVILLE
REAVILLE VARIANT !
RIDGEBURY | :
RIVERHEAD | i
RIVERHEAD VARIANT y \
ROCK LAND, EDNEYVILLE MATERIAL
ROCK QUTCROP . (GREEN POND‘
CONGLOMERATE. MORhI
ROCK QOUTCROP- HOLYOKT !

ROCK OUTCROP-NASSAU . ‘ ‘
ROCK OUTCROP-OQUAGA (SUSSEX) !
ROCK OUTCROP-OQUAGA (WARREN)

el Avlalal L -Tak - R A-Riolal I - lolalalvih:-Ivial--Talal -Fal alcl--1-- Kol ol R Re-N--Ral - ol o Nwl A -NoNohe Re- Fal ol el ol Renlic - N - e - Rand ealie -

R e ]
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Soil Unit

ROCK OUTCROP-PARKER-EDNEYVILLE
ROCK OUTCROP-ROCKAWAY (MORRIS)
ROCK OUTCROP-ROCKAWAY (PASSAIC)
- ROCK OUTCROP-ROCKAWAY (SUSSEX)

ROCK OUTCROP-ROCKAWAY-PARKER
ROCK OUTCROP-SWARTSWOOD
ROCK OUTCROP-WASSAIC
ROCKAWAY

ROCKAWAY-ROCK OUTCROP (BERGEN)
ROCKAWAY-ROCK OUTCROP (MORRIS)
ROCKAWAY-ROCK OUTCROP (PASSAIC)

ROCKAWAY-ROCK OUTCROP (SUSSEX)
ROUGH BROKEN LAND, SHALE
ROWLAND

ROYCE

SAND PITS

SANDY ALLUVIAL LAND

SANDY AND CLAYEY LAND
SANDY AND SILTY LAND
SANDY LAND (BURLINGTON)
SANDY LAND (SALEM)

SANDY PITS

SASSAFRAS

SHREWSBURY

SHREWSBURY VARIANT

SLOAN

ST. JOHNS

STEEP STONY LAND, PARKER
STEINSBURG

SULFAHEMISTS

SULFAQUENTS

SWAMP

SWARTSWOOD
SWARTSWOOD-ROCK OUTCROP
TIDALMARSH

TINTON

TIOGA

TUNKHANNOCK

TURBOTVILLE

UDIFLUVENTS

UDORTHENTS

UNADILLA

URBAN LAND

URBAN LAND, WET

VALOIS

VENANGO

VERY STONY LAND, MOUNT LUCAS
VERY STONY LAND, NESHAMINY
VERY STONY LAND, WATCHUNG
WALLKILL

WASHINGTON

WASSAIC

WASSAIC-ROCK OUTCROP (SUSSEX)
WASSAIC-ROCK OUTCROP (WARREN)
WATCHUNG

WAYLAND

WEEKSVILLE

WESTPHALIA

WETHERSFIELD
WETHERSFIELD-ROCK OUTCROP
WHIPPANY

WHITMAN

WOODMANSIE

WOODSTOWN

WOOSTER

WURTSBORO
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Appendix 4

Recharge Constants and Factors by Recharge Soil Group
Recharge factors are shown in plain text
Recharge constants are shown in italicized text.

" RECHARGE _ LULC Code
SOIL .
GROUP " 0 1 2 3 4 5 6 7 8 9 10 11 12 13

A 2388 836 1600 1839 19.82 3.58 0.00 1175 2054 2527 18.00 2436 25.67 25.06
2160 756 1447 1663 1792 324 000 6.19 1733 23.64 1401 2232 24.15 2339

B 1906 6.67 1277 1467 15.82 2.86 000 9.23 16.54 20.73 14.51 19.59 21.06 20.57
1404 491 941 1081 1165 211 000 447 1193 1612 1006 1473 1619 16.09

C 1777 622 1190 13.68 1475 = 2.66 0.00 12.57 '16.89 19.90 15.76 18.60 18.69 20.50‘
982 344 658 756 815 147 000 483 940 1347 816 1125 1131 1455

D 17.15 6.00 1149 1321 1423 257 000 8.7 1493 19.84 13.01 17.83 1930 20.11
1065 373 714 820 884 160 000 280 897 1447 720 11.62 1311 1515

E 1010 353 677 7.78 838 151 000 459 840 1141 7.02 1047 1250 10.86
166 058 111 128 138 025 000 -093 075 292 -009 201 4.02 237

F 1419 497 951 1092 11.78 213 000 6.01 1251 16.67 10.77 15.13 17.09 16.46
872 305 585 671 724 131 000 264 839 1180 733 999 1156 1193

G 1820 637 1224 1402 1511 273 000 11.16 1686 19.98 1577 1849 1941 2027
1304 456 880 1004 1082 196 0.00 769 1272 1526 1232 1331 1391 1593

H 9.04 317 606 696 751 136 000 453 777 1031 6.63 948 1097 9.99
218 076 145 168 181 033 000 011. 173 352 110 268 395 330

I 1671 585 11.19 1286 13.87 251 000 7.74 1429 19.24 1217 1747 1955 19.08
1320 462 885 1017 109 198 000 6.07 1210 1626 10.75 14.12 1564 1657

J 663 232 439 511 551 1.00 0.00 -0.07 475 799 317 711 895 1752
-124 -044 -097 -096 -1.03 -019 000 -832 -315 043 484 -063 154  -0.12

K 347 122 233 267 288 052 000 195 299 381 260 357 410 3.67
219 -077 -151 -169 -182 -033 000 . -353 -264 -180 -301 -208 -147 -197

L 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00

000 000 000 000 000 000 000 000 000 000 000 000 000 000
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Appendix 5

Rec arge Factors and Constants by Soil Senes

R

R-factors are shown in plaln text.

56

onstants are shown in italicized text.
- Asterisk(*) denotes vari ble}soﬂ propertles consult county SCS office for s1te-spec1ﬁc details.
| | L : LULC Code K
Soil Unit 0 1 2 3 4 5 6 7 8 9 10 11 12 13
ABBOTTSTOWN. 1470 | 514 985 1132 1220 220 0 668 1215 1637 1013 1519 1775 1568
938 | 328 628 722 779 141 0 453 765 1100 618 985 1237 1032
| | e | -
ADELPHIA 2073 | 726 1389 1596 1721 311 - 0 10.53 1826 23.14 1640 21.06 22.56 23.43
: 1652 | 578 1107 1272 1371 248 0 G680 1465 1964 1319 1683 1824 2035
ADELPHIA VARIANT 2097 | 734 1405 1615 1740 315 0 997 1817 2357 1606 2135 2303 2384
: . 1696 | 594 1136 1306 1408 254 0 623 1464 2031 1286 17.32 1897 2097
ADRIAN 0 o‘ o o o o o0 ©0 o0 0 0 0 0 0
o 0o 0o 0o 0o 0o 0 0 0 0 0 0 0 0
| : :
ALBIA 1596 | 559 1069 1229 1325 239 0 515 1225 18.40 930 1666 2048 17.36
1165 | 408 781 897 967 175 0 094 754 1472 423 1252 1740 13.38
ALLUVIAL LAND o/ o o o ©o 0.0 0 0 0 0 0 0 0
o/ 0 o o o 0o o0 o0 o0 o0 0 0 0 0
: | v : .
- ALLUVIAL LAND-WET o/ 0 o o 0 o©0 ©0 ©O0 0 0 0 0 0 0
: ol o o o o o o0 o0 0 0 0 0 0 0
Lo | . .
|
AMWELL 1330 | 465 891 1024 1104 199 0 605 1100 1483 917 1375 1611 1420
693 | 243 464 534 575 104 0 310 553 834 433 734 955 74
ANNANDALE 1416 | 496 949 1091 1176 212 . 0 510 1153 1589 943 1467 17.33 15.17
: 886 | 310 593 68 735 133 0 082 705 1052 552 933 1195 98I
AQUENTS 0 o} o. 0 o0 ©0 ©O0 ©O0 0 0 0 0 0 0
o/ o0 o o o o o o0 o 0 0 0 0 0
. . | | - )
ARENDTSVILLE 19.45 | 681 13.03 1497 1614 292 0 976 17.06 2131 1496 2020 21.52 21.21
1446 | 506 969 1114 1201 217 0 527 1261 1691 1063 1558 1674 1699
ATHERTON o, 0o o o o0 0.0 0 0O 0 0. 0 0 0
0o 0 o o 0o o 0o 0o 0o o0 o0 0o 0o o0
‘ | v o .
ATHOL 2074 | 726/ 1389 1597 1721 311 0 1083 1862 2233 1675 2141 22.66 2217
1685 | 590 1129 1297 1399 253 0 783 1551 1882 1398 1781 1891 1877
ATSION o/l o 06 o0 o0 o0 O O 0 0 ©0 ©0 0 0
o/ 0 0 0o 0o 0o 0 0 0 0 0 0 0 0
AURA 19.61 | 686/ 13.14 1510 1627 294 - 0 1074 17.40 2194 1572 1991 2126 22.29
1460 |511) 978 1124 1202 219 .0 641 1296 1770 1169 14.87 1613 1849
BARCLAY 1666 | 583 1116 1282 1382 250 0 742 1378 1929 1154 1713 1955 19.16
1306 |457| 875 1006 1084 196 0 567 1121 1615 973 1344 1544 1650
BARTLEY 1454 509/ 974 1119 1207 218 0 565 1200 1626 996 1505 1770 1555
948 |3.32| 635 730 786 142 0 198 782 1114 641 =995 12.56 1043
BATH 1508 528 1010 1161 1252 226 0 548 1195 1720 945 1570 1898 1631
1033 (3620 692 795 857 155 0 213 750 1277 514 1102 1487 1172 -
BAYBORO o/ o0 o0 o o o0 ©0 ©0 o ©0 0 0o 0 o
o/l o o o0 o0 o0 o0 o0 0 0 0 0 0 0
I J
BEDINGTON 2030° |7.11 1360 1563 1685 305 0 1031 1810 21.92 1614 21.03 2234 2170
1606 |5.62 1236 1333 241 0 664 1453 18.06 1280 1712 1834 1793



ULC Code
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‘L
Soil Unit 0 1. 2 3 4 LR 6 7 8 9 10 11 12 13
BERKS 1459 5.11 9.77 1123 1211 219 0 628 1199 1623 993 1508 17.56 15.56
. 900 315 6.03 693 747 135 0 285 713 1062 556 948 1195 9.95
BERRYLAND 0 0 0 0 0 0 0o 0 0 0 0 0 0o 0
0 0 0 0 0 0 0 -0 0 . 0 0 0 0 0
BERRYLAND VARIANT 0 0 0 0 0 0 0 0 0 0 0 0. 0 0
: 0. 0 0. 0 0 0 0 0 0 0 0 0 0 0
BERTIE 2100 7.35 1407 1617 1743 3.15 0 12.87 19.32° 22.88 18.00 21.29 2274 2295
1654 579 11.08 1274 1373 248. 0 872 1554 19.05 1469 1681 1828 1943
BIBB 0 0 0 0 0 0 0 0 0 0 0 0 0. 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
BIDDEFORD 0 0 0 0 0 0 0 0. 0 . 0 0 0 0o 0
0 0 0 0 0 0 0 0 0 0 -0 0 0 0
BIRDSBORO 1941 6.80 13.01 1495 1611 291 0 969 17.18 21.33 1521 2014 2153 21.22
1463 512 980 1126 1214 219 0 586 1310 17.07 1141 1564 1692 17.14
BOONTON 1343 470 9.00 1034  1L.15 2.01° 0 609 11.17 1493 937 13.87 '16.18 1431
748 262 501 576 621 112 0 332 616 881 503 78 995 824
BOONTON- ROCK 1066 373 7.14 820 884 1.60 0 474 880 11.82 7.33 1099 12.80 11.33-
OUTCROP! 375 131 250 289 311 056 0 052 267 470 177 401 555 428
BOWMANSVILLE - 0 0 0 0 0 0. 0 0 0 0 0 0 0 ‘ 0
. 0 0 0 0 0 0 0 0 0 0. 0 -0 0 0
BRACEVILLE 1422 498 9.53 1095 11.80 213 0 622 1144 1601 - 925 1473 1755 1525
854 299 572 657 709 128 0 272 610 1044 - 413 905 1214 9.59
" BUCKS 2029 7.10 1359 15.62 1684 3.04 0 1071 1792 21.67 1594 20.87 2228 21.37
' 1605 5.62 1075 1236 1332 241 0 776 1431 1758 1262 1684 18.14 1730
CALIFON 1420 497 952 1094 1179 213 0 555 11,65 1591 9.61 1470 1732 1520
887 311 594 683 736 133 0 199 717 1050 572 934 1190 9.80
CARLISLE 0 0 0 0 0 0 0 0 0 0. 0 0 o 0
0 o 0 0 0 0 0 0 0 0 0 0 0 0
CHALFONT 13.83 484 927 1065 1148 2.07 0 630 1142 1536 9.50 1428 16.63 14.73
: 790 277 529 6.08 656 1.19 .0 371 634 931 503 830 1050 - 871
CHENANGO 2262 792 1516 1742 1878 3.39 0 1423 2067 23.16 - 19.19 22.89 23.02 2322
18.61 651 1247 1433 1545 279 0 887 1638 1943 14.61 19.02  19.18 19.55
CHILLUM 2264 793 1517 1744 1879 3.40 0 1161 19.96 24.92 v 17.61 23.49 25.05 24.86
- 1927 674 1291 1483 1599 289 0 943 1729 2203 1524 2037 2180 22.l4
CHIPPEWA 0 0 0 0 0 0 -0 0 0 0 0 0 0 0
v 0 0 0 0 0 0 0 0 0 0 0 0 0o 0
CLAY PITS 1322 463 886 10.18 v10.97 1.98 0 661 1149 1588 9.67 1422 1621 1571
' 669 234 448 515 555 1.00 0 236 633 1038 505 826 9.90 10.62
CLAYEY LAND 1481 518 992 1140 1229 222 0 855 1297 1741 1113 1572 1778 17.23
. 884 309 592 681 734 133 0 503 836 1245 7.07 1030 12.00 12.68
COASTAL BEACH 19.61 - 6.87 13.14 1510 1628 294 0 1508 18.66 20.11 1797 19.70 19.75 20.29
. 1125 394 754 867 934 169 0 725 1053 1253 986 1155 11.60 13.00
COKESBURY 0 0 0 0 0 0 0 0 0 0 0 0o o0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
COLEMANTOWN - 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0



Soil Unit

LULC Code

11

58

3 4 5 6 7 8 9 10 12 13
' COLLINGTON 2038 7. 1569 1691 306 . 0 1019 1791 ‘2276 1604 2071 2221 23.04.
v 1599 5. 1231 1327 240 0 615 14.09 1907 1262 1630 1771 1975
COLONIE 2687 9. 2069 2231 4.03 0 1497 2395 27.81 2168 27.35 27.62 2791
' 2621 9. 2018 2175 3.93 0 983 2221 2777 1901 27.00 2740 27.96
COLTS NECK 2143 7. 1650 1779 321 0 1118 1876 2417 1677 2175 2322 2464
1745 6. . 1343 1448 2.62 0 755 1533 21.04 1372 1773 1900 22.01
CROTON (J 0 0 0 00 0 o 0 0 0 0 o
» 0 0 0 0 0 0 0 0 0 0 0 0
CUT AND FILL LAND*
'DONLONTON 16.69 1285 13.85 2.50 0 677 1438 2007 1173 1835 20.84 19.69
: : 13.17 1014 1093 198 0 407 1243 1757 1027 1567 17.69 17.50
- DOWNER 16.97 13.07° 1408 255 0 1016 1546 2015 1384 1790 1929 20.58
| 10.08 776 837 151 0 496 941 1478 801 1151 12.89 1573
DOYLESTOWN 0 0o o 0 o0 o0 0o 0 0 0 o 0
S 0 0 0 0 0 0 0 0. 0 0 0 0
DRAGSTON 15.80 1217 1312 237 0 883 1362 1812 1195 1613 17.83 1827
v 11.14 858 924 - 1.67 0 629 1001 1406 912 1135 12.52 14.83
DUFFIELD 20.10 1548 1668 3.01 0 946 1795 2196 1593 2099 2231 2178
v 15.68 1208 13.02 235 0 465 1425 1814 1239 17.05" 1828 18.07
' DUNELAND 18.22 1403 1512 273 0 1396 1726 18.87 1653 1834 18.42 19.09 -
. 9.62| 741 798 144 0 590 88 1108 814 996 1004 1160
DUNELLEN 18.67 1438 1550 2.80 0 888 1616 2046 1429 1898 20.40 2049
. 13.30 1024 1104 199 - 0 383 1125 1555 971 13.58 1491 1587
DUNELLEN VARIANT 1878 1446 1558 2.82 0 899 1628 2061 1441 1907 2042 2071
- 1342 1033 1114 201 0 391 1134 1576 978 13.68 1493 1618
 EDNEYVILLE 18.90 1455 1569 2.83 0 841 1610 2034 1401 1924 20.86 20.08
, 13.80| 1063 1146 2.07 0 294 1124 1542 931 1414 1581 1523
EDNEYVILLE 19.80 1525 1644 297 0 9.0 1720 2117 1525 2012 21.56 2098
MATERIAL 15.14 1166 1257 227 0 371 1284 1671 1109 1545 1692 16.60
EDNEYVILLE-PARKER- 1827 1407 1516 274 0 830 1551 19.59 1345 1860 20.15 1931
ROCK OUTCROP 1458 123 1201 209 0 325 1162 1623 938 1497 1684 1593
- ELKTON ) 0. 0 0 0 0 0 0 0 0 .0 0
0 0 0 0 0 0 0 o 0 0 0 0
ELLINGTON 17.63 1358 1463 264 0 723 1532 1884 1355 1797 19.52 1850 -
(MIDDLESEX) 12.01 925 997 180 0 177 1028 1316 892 12.33 13.82 12.83
ELLINGTON (MORRIS)  19.68 1515 1633 295 - 0 928 1710 2124 1519 1997 2128 2123
v 1521 1171 1262 228 0 476 1310 17.08 1153 1546 1658 17.33
EVESBORO 18.05 |- 1390 1498 271 0 13.09 1731 2132 1607 19.17 1928 2233
- ’ 10.39.| 800 862 156 0 547 1013 1577 870 1228 1240 1745
FALLSINGTON o o o o o 0o ©0 0 0 0 0 0 -0
: . : 0 0 0 0 0 0 0 0 0 0 0 0 0
FALLSINGTON 0 0 0 0 0 0 o o o0 0 0o 0. o0
* VARIANT 0 0 0 0 0 0 0 0 0 0 0 0 0
* FILLLAND *



Soil Unit_ 0 1 2 3 4 5 6 7- 8 9 10 11 12 13
FLUVAQUENTS 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

FORT MOTT 1889 661 1266 1455 1568 283 0 1347 1856 2243 17.11 2074 2085 23.22
1180 413 791 9.09 979 177 0 608 1226 1759 1052 1488 1499 18.89

FREDON 0 0 0 0 0 0 0 0 0 o 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

FREEHOLD 2043 7.15 1369 1573 1695 3.06 0 1011 17.96 22.88 1609 2076 22.26 23.19
1607 562 1077 1237 1334 241 0 590 1418 1927 1271 1638 1779 20.00

FRESH WATER MARSH 0 0 0 0 0 0 0 0 0 0 0 0 0 0
.0 0 0 0 0 0 0 0 0 0 0 0 0 0

FRIPP 1837 - 643 1231 1414 1525 276 0 1391 17.30 19.19 1647 1855 18.63 19.48
- 1002 418 738 826 875 186 0 715 937 1025 89 993 997 1036
GALESTOWN 1894 663 1269 1458 1572 2.84 0 1348 1805 2164 1677 1996 2007 22.42
1181 413 791 910 980 177 0 618 1131 1622 984 1352 1364 17.52

GLADSTONE 19.08 668 1278 14.69 1583 2.86 0 896 1657 2089 1442 19.80 21.35 20.66
1413 495 947 1088 1173 2.2 0 439 1214 1643 1012 1517 1670 1629

GRAVEL PITS 1596 559 1069 1229 1325 239 0 1119 1469 1683 1368 1622 1634 17.15.
‘ 633 221 424 48 525 095 0 189 513 807 401 68 69 862
HALEDON 1428 500 9.57 1100 1185 214 0 642 1192 1575 1006 1472 1696 15.14
911 319 610 701 756 137 0 440 775 1034 660 946 1140 9.81

HALEDON-WET 0 0 0 0 0 0 0 0 0 0 0 0 0 0
VARIANT 0 0 0 0 0 0 0 0 0o 0 0 0 0 0
HALSEY 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

HAMMONTON 1759 616 1179 1355 1460 2.64 0 973 1601 2143 1412 1884 2031 21.98
1127 394 755 868 935 169 0 449 1061 1691 889 13.19 14.62 18.05

HASBROUCK 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0o o0 0 0 0 0 0 0 0

HAZEN 2072 725 1388 1596 1720 3.1 0 876 17.10 2268 1438 2119 2337 22.34
1709 598 1145 13.16 1418 2.56 0 351 1294 1972 980 17.66 2046 19.35

HAZLETON 1868 6.54 1251 1438 1550 2.80 0 892 1623 2047 1404 1951 21.04 20.19
13.08 458 876 1007 1085 196 0 325 1097 1544 872 1434 1597 1517

HERO 2093 7.33 1403 1612 1738 3.14 0 904 1737 2277 1469 2139 2355 2237
1748 612 1171 1346 1451 2.62 0 431 1347 1987 1042 18.04 2078 1942

HIBERNIA 1333 467 893 1027 1107 2.00 0 622 1113 1492 936 1380 1626 14.25
_ 712 249 477 548 591 107 0 292 580 863 463 755 995 797
HOLMDEL 1634 572 1095 1258 1356 245 0 716 1375 1885 1176 1675 18.86 18.84
1254 439 840 9.66 1041 188 0 467 1104 1560 9.84 1283 1445 1618

HOLYOKE 1223 428 819 941 1015 183 0 540 1001 1373 824 1266 15.00 13.10
' 523 183 350 403 434 078 0 185 387 661 271 562 781 601
HOLYOKE-ROCK 775 271 520 596 643 116 0 382 647 861 545 800 934 825
OUTCROP (MORRIS) ~ -0.07 -0.02 -0.08 -0.05. -0.06 -0.0I 0 -202 085 072 -152 015 141 038
HOLYOKE-ROCK 985 345 660 758 817 148 0 4938 813 1092 679 10.14 11.87 10.44
OUTCROP (PASSAIC) 224 078 148 172 186 0.34 0 052 122 311 041 244 398 267
HOOKSAN 2259 791 1514 1739 1875 339 0 1627 2107 2350 19.88 22.85 2296 23.76
1649 577 1105 1270 1369 247 0 962 1492 1827 1352 17.02 17.15 1884
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|
Soil Unit - 0 1 2 3 4 5 -6 7 9 10 12 13
HOOKSAN VARIANT 0 0o 0 0o o0 0o o0 0 0o o0 0 0 0 0
' 0 0o 0 0 0 0 0 0 0 0 0 0 0 0
HOOSIC 2683 | 939 17.98 2066 2227 402 0 14.88 2376 27.53 2153 27.10 27.37 21.61
_ 2612 9.4 1750 2011 2168 3.92 0 963 2184 2724 1872 2653 2693 27.39
s . ! '
HOWELL 1469 | 514 984 1131 1219 220 0 724 1263 1796 1042 1595 1827 17.81
936 | 328 627 721 777 140 0 392 870 1382 697 1128 1324 14.11
HUMAQUEPTS - o, 6 o o o ©0 0 0 O 0 0 ©0 0 0
' 0 «I) 0 0 0 0. 0 0 0 0 0 0 0 0
! : ‘ . o
KEANSBURG 0 0 0 0 0 0 o 0 0 0 0 0 0 0
o o0 0 0 o 0 0 0 0 0 0 0o 0 0
KEYPORT 13.81 | 483 925 1063 1146 207 0 648 1205 1665 1009 1498 17.09 1643
' ‘ 772 | 270 518 595 641 116 0 239 737 1162 593 952 1128 1178
. | . : . ‘
KEYPORT SOILS 1534 | 537 1028 1181 1273 230 0 856 13.40 18.12 1142 1637 18.54 1791
. ' 1004 | 351 673 773 833 151 0 560 948 1378 805 11.62 1341 1396
KLEJ 1665 | 5.83 1115 1282 13.82 250 0 1012 1533 2068 13.69 17.79 19.17 21.44
948 | 332 635 730 787 142 0 459 911 1565 764 1131 1269 17.14
- | | L : :
KLINESVILLE 1054 | 369 1706 812 875 158 0 517 894 1197 7.60 1094 1321 1135
141|049 095 109 117 021 0 023 081 280 016 178 407 216
. KRESSON 15.16 5.31f 1016 1167 1258 227 0 687 1295 1810 1071 1633 1848 17.90
10.09 3.5.‘z 676 777 837 151 0 344 921 1405 744 1187 1361 1426
" LACKAWANNA 16.30 5.71l 1092 1255 1353 245 0 515 1249 1873 948 17.00 2078 17.70
1240 | 434 831 955 1029 186 0 091 826 1540 494 1324 18.00 14.09
LAKEHURST 1741 | 609 1166 1340 1445 261 0 1199 1651 2072 1510 18.63 18.77 21.69
952 | 333 638 733 790 143 0 397 9.05 1492 738 1155 1171 1653
| N
R v | | . :
LAKELAND 1631 | 571 1093 1256 1354 245 0 1116 1580 2033 1452 17.73 17.85 21.57
' 8.34 2.‘9é| 559 642 692 125 0 313 837 1458 689 1059 1072 1651
LAKEWOOD 1823 | 638 1222 1404 1513 274 0 1276 17.35 21.36 1600 19.38 19.51 2228
1073 | 376 719 826 891 1.6l 0 510 1028 1584 870 12.65 1279 17.37
' LAMINGTON 0 0 0 0 0 0 0 0 0 o 0 0 0 0
' 0 0 0 0 0 0 0 o o 0 o0 0 0 0
LANSDALE 2009 | 7.03 1346 1547 1667 3.01 0 1033 17.85 21.66 1592 20.76 22.04 21.48-
: 1565 5.47 1049 1205 12.99 2.35 0 647 1404 1760 1232 1661 17.79 17.51
LANSDOWNE 1424 | 499 954 1097 1182 214 0 584 1220 17.12 1004 1545 17.72 16.82
870 | 304 583 670 722 130 .0 179 795 125 625 1051 1250 I2.59
LANSDOWNE 1500 | 525 1005 1155 1245 225 0 509 1205 1629 983 1538 17.35 1576
VARIANT 1036 | 3.63 694 798 860 155 0 172 829 1130 672 10.63 12.10 1090
| : . ,
- LAWRENCEVILLE 1511 | 529 1012 1163 1254 227 0 691 1252 1675 1047 1560 18.10 16.08
. 1017 | 356 682 783 845 1S3 0 526 844 1173 699 1063 1303 1107
LEGORE 2011 | 7.04 1348 1549 1669 302 0 1061 17.88 2149 1595 2077 2205 2120
1570 | 549 1052 1209 1303 235 0 713 14.08 1728 1238 16.63 17.81 17.01
LEHIGH 1630 | 571 1092 1255 1353 245 0 6.87 1398 1827 1180 17.24 19.48 17.67
1248 | 437 836 961 1035 187 0 514 1148 1459 997 1375 1558 1410
LENOIR 0 o o o0 o0 0. o0 0o o 0 0o 0o o
0 o 0 0 0 0 0 0 0 0 0 0 0
~ LEON 0 ©6 0o o o0 o 0o 0 o0 ©0 0 o0 o0
0 0 0 0 0 0 0 0 0 0 0 0 0



LULC Code
6

Soil Unit 0 1 2 4 5 7 8 9 10 11 12 13
LIVINGSTON 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0. 0 0 0 0 0
LOAMY ALLUVIAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LAND 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LYONS 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

MADE LAND*
MANAHAWKIN . 0 0 0 0 - 0 0 0 0 0 0 0 0 0 0
' ' 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MARLTON ‘ 1437 503 9.63 11.06 1193 2.16 0 699 1230 1696 1029 1532 17.31 16.78
845 296 566 651 702 127 0 319 765 1198 6.2 993 1154 1220
MARSH : 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
MATAPEAKE 20.19 7.07 13.53 15.54 16.76 . 3.03 0 1150 18.69 2248 17.06 21.14 2241 2252
' 1595 558 1069 1228 1324 239 0 916 1560 1888 1447 1728 1831 19.16
MATAWAN 1592 557 1067 1226 1322 239 0 753 .1393 19.43 1143 17.67 20.15 19.07
1140 399 764 878 946 171 0 425 1105 1620 896 14.19 1626 16.17
MATLOCK 0 0 0 0 0 0 0 0 0 0 0 0 0 0
’ 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MATTAPEX : 1761 6.16 11.80 1356 1462 2.64 0 - 836 1567 20.12 13.64 18.72 20.34 20.02
1474 516 9.88 1135 1224 221 0 813 1450 1772 1334 1625 17.04 18.06
MECKESVILLE 1551 543 1039 1194 1287 233 0 671 1289 17.12 10.83 1599  18.44 16.46
1095 383 734 843 9.09 - 1.64 0 465 924 1243 782 1138 '13.66 1181
MIDDLEBURY 21.08 7.38 14.13 1623 1750 3.16 0 899 1756 2294 1491 21.54 23.67 22.57
17.76 622 1190 13.68 1474 2.66 0 415 1385 20.19 1087 1831 21.01 19.78
MINOA 1597 559 1070 1229 1325 - 239 0 633 1342 1831 1143 1642 18.74 18.09
1219 426 816 938 1011 183 0 375 1072 1500 950 1255 14.51 ‘1525
MODERATELY 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WET LAND 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MOUNT LUCAS 15.71 . 5.50 10.52 12.09 13.04 236 0 635 1342 1798 1126 16.67 18.81 17.57
1147 401 768 883 952 172 0 409 1051 1415 899 1278 1447 1399
MUCK 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
MUCK, SHALLOW 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OVER CLAY 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MUCK, SHALLOW 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OVER LOAM 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MULLICA 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
NASSAU 1332 466 892 1026 11.05 2.00 0 517 1063 1551 842 1394 17.38 14.57
673 236 451 518 559 . 1.01 0. 024 426 942 211 748 1177 824
NASSAU-ROCK 1324 463 887 1019 1099 1.99 0 476 1034 1524 8.03 13.81 1696 14.38
OUTCROP (SUSSEX) 732 256 - 489 563 607 110 0 -116 4.07 989 143 803 1215 876
NASSAU-ROCK 1210 423 8.11 - 931 1004 181 0 565 998 1384 823 1261 1528 13.12
OUTCROP (WARREN) 504 176 337 388 418 " 0.76 0 323 714 161 565 891 625

61
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| ‘ LULC Code :
' 7 8 9 - 10 11 12 13

)

-Soil Unit ’ 0 1 2 3 4 5

© 779 1553, 2003 1331 1886 20.37 19.86

NESHAMINY 1774 | 621 11.88 1366 1472 2.66
‘ . 160 1023 1495 803 13.54 1503 14.91

1178 | 412 789 907 977 177 -

'NESHAMINY VARIANT 1573 | 551 10.54 1212 1306 2.36
“ 1133 | 397 759 872 940 170

659 1348 17.71 1139 16.62 18.96 '17.08
3.62 1031 1347 884 1253 1458 12.92

8.80 16,62 2096 14.60 19.64 21.05 20.92

NETCONG ’ 11933 | 677 12.§5 1489 1605 290
351 1217 1661 1035 1489 1622 1680

1460 | 511 978 1124 1212 2.9

6.63 1422 1872 1217 17.29 18.86 18.66

NIXON 1550 | 542 1038 1193 1286 232 ,
001 830 1296 636 1121 1275 1307 -

848 | 297 568 653 704 127

6.63 * 1422 1872 1217 1729 18.86 18.66

NIXON VARIANT 15.50 | 5.42 10.38 1193 1286 2.32
‘ ' 001 830 1296 636 1121 1275 1307

848 | 297 568 653 704 127

9.85 1791 2278 - 15.67 21.26 2293 2270
6.67 1429 19.08 1231 1726 1887 19.19

NIXONTON 2034 | 7.12 13.63 1566 16.89° 3.05 -
16.01 | 5.60, 1072 1233 -1329 240

6.04 1223 17.17 10.06 15.50 18.02 16.75‘
187 777 1252 599 1044 1288 12.33

NORTON 14.37 503 v9.63 11.06 - 11.93 2.16 -
o 874 |'3.06 58 673 726 131

NORWICH 0 o o -0 0 0
. 0 o o 0o 0 0

940 1650 2073 1447 19.54 2093 2063

OCHREPTS - 1924 | 6.73 12.8‘9 14.81 1597 2.89-
: 4.31° 1154 1584 9.68 - 1435 1567 1592

14.08 | 4.93 9.4!3 1084 11.68 2.11

OQUAGA 1404 | 491 941 1081 1165 2.11 521 1112 1623 875 1467 18.09 1530
823 | 288 551 634 683 123 L 062 551 1087 320 . 897 1315 972
OQUAGA-ROCK 1400 | 4.90 9.3?8 1078 1162 2.10 483 1086 1608 836 1460 17.85 15.19
OUTCROP 874 | 306 585 673 726 131 066 526 1136 244 948 1365 1022
OQUAGA-SWARTS- 1285 | 450 861 989 1066 1.93 570 1050 1460 858 13.37 1603 1388
WOOD-ROCK 654 | 229 437 504 543 098 0.68 445 860 266 715 1032 774
OUTCROP ' ; :
OTHELLO ) 0 0 0 0 0 0 0 0 0 0 0 0 0
0 o 0 0 0 0 0 0 0 0 0 0 0 0
OTISVILLE 1589 | 556/ 10.64 1223 13.18 238 0 1001 1446 17.05 1325 1628 1642 1737
657 | 230 440 506 545 099 0 062 517 857 380 723 739 916
PALMYRA 2044 | 7.16 1370 1574 1697  3.07 0 871 1677 2228 1400 2091 23.14 21.85
1657 | 580 1110 1276 1375 248 0 336 1228 1897 9.03 1715 2002 1844
PARKER 1827 639 1224 1406 1516 274 0 813 1537 1974 13.19 1862 2031 19.46
, . 1262 | 4.42) 845 971 1047 189 0 214 980 1432 768 1299 1480 14.08
PARKER-ROCK 1460 | 511 978 1124 1212 219 0 689 1243 1562 1081 14.85 1598 1544
~ OUTCROP 912 |319 610 702 757 137 0 122 707 1023 554 936 1046 1011
PARSIPPANY 0| o 0 0 0 0 0 0 0 0 0 0 0 0
- _ : 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PARSIPPANY VARIANT 0o/, o0 0o o0 0o o0 0 O 0 0 0 0o 0 0
: 0 0 0 0 0 0 0 0 0 0 0 0 0 0
! | , §
 PASCACK - 1370 | 479 9.18 1055 1137 205 0 520 1127 1605 937 1412 1635 1590
' : 809 (283 542 623 671 121 0 152 668 1094 553 840 1021 1131
PASQUOTANK 0 0 0 0 0 0 0 0 0 0 0 0 0 0
: : 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PASSAIC 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
PATTENBURG 1921 |6.72 12.8'*} 1479 1595 2.88 0 924 1671 2091 1459 19.89 2142 20.66
o . 1438|503 964 1107 1194 216 0 507 1241 1648 1045 1534 1684 1629
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LULC Code

13

EDNEYVILLE MAT.

63

Soil Unit 0 1 2 3 4 5 6 7 8 9. 10 11 12
PEAT 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
PEMBERTON 18.64 6.52 1249 1435 1547 2.80 0 972 1636 21.62 1462 1897 20.48 22.18
13.04 - 456 874 1004 1082 1.96 0 392 1124 17.21 983 1336 14.86 18.38
PENN 13.62 477 9.13 1049 1131 2.04 0 5.78 ' 11.16 1522 9.21 14.09 16.56 14.56
785 275 526 6.04 6.52 1.18 0 3.12 6.27 9.33 4.94 827 1060 8.69
PHALANX 1724 6.03 11.55 13.27 1431 2.59 0 929 1508 19.61 1343 17.56 19.02 19.91
10.57 370 7.08 8.14 8.78 1.59 ‘ 0 3.18 885 13.84 748 1089 12.38 14.57
PITS,MUCK 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
PLUMMER 0 0 0 0. 0 0 0. 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 _0 0 0 0
POCOMOKE 0 0 0 0 0. 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
POMPTON 1939 6.79 1299 ..1493 1610 2091 0 9.09 16.69 2093 14.69 19.70 21.09 20.85
14.71 515 986 1133 1221 221 0 426 1231 1656 1052 15.00 16.31 16.68
POPE 19.06 = 6.67 1277 14.68 1582 2.86 0 877 16.50 20.92 14,59 19.37 20.78 20.99
14.08 493 943 1084 1169 2.11 0 308 1175 16.57 1000 1439 1586 16.92
PORTSMOUTH 0 0 0 0 0 0 0 "0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
PREAKNESS 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
PSAMMENTS*
QUAKERTOWN 1665 5.83 11.15 12.82 13.82 2.50 . 0 713 1439 18.80 1222 17.66 19.82 1829
1314 4.60 880 10.11 1090 197 0 593 1234 1558 1087 14.55 1621 1526
QUARRY*
RARITAN 1438 5.03 9.63 11.07 1193 2.16 0 6.44 11.86 1591 9.87 14.83 17.18 15.28 .
' 9.03 3.16 6.05 6.95 7.49 1.35 0 455 7.40 10.39 6.06 942 1156 9.81
RAYNHAMN 0 0 0 0 0 0 0 0 0 0 0 0 0 0
! 0 0 0 0 0 0 0 0 0 0 0 -0 0 0
READINGTON 15.63 5.47 10.47 12.03‘ 1297 - 2.34 0 6.99 13.01 17.23 1095 16.11 18.54 16.58
11.18 3.91 7.49 8.61 9.28 1.68 0 5.51 949 12.63 8.08 1161 1385 12.03 -
REAVILLE 13.61 476 9.12 1048 1130 2.04 0 591 11.‘16 1521 9.20 14.08 16.55 14.55
7.83 274 525 6.03 6.50 1.17 0 3.54 6.25 9.31 4.92 825 1058 8.67
REAVILLE VARIANT 0 0 0 0 0 0 0 0 0 0 - 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
' RIDGEBURY 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
- RIVERHEAD 17.67 619 11.84 13.61 14.67 2.65 0 843 1521 19.30 1337 17.97 19.36 19.27
11.71 4.10 7.84 9.02 9.72 1.76 0 280 9.59 13.73 799 1199 1337 1392
'RIVERHEAD VARIANT 18.45 6.46 1236 1421 1532 271 0 863 1560 19.98 1348 18.78 20.27 19.84
R 1292 452 865 995 1072 194 0 303 1018 1474 8.14 1324 1472 1475
" ROCK LAND, 8.06 282 542 6.20 6.69 1.21v -0 4.84 7.28 847 6.69 8.15 8.58 8.41
078 027 -058 -060 -0.65 -0.I2 0 421 -147 -031 -200 069 -025 -034



LULC Code

Y S - 3

64

Soil Unit 0 1 2 4 5 6 7 8 9 10 11 12 - 13
i | _

ROCK OUTCROP 1.08) 038 073 083 08 016 0 108 108 108 108 108 1.08 1.08
(GREENPONDCON- = 4.77| -1.67 -324 -3.67 -396 -0.72 0 477 477 477 477 477 477 477
GLOMERATE, I
MORRIS) 1 f

| ! ‘ .

ROCK OUTCROP- 762 267 511 58 632 114 0 397 633 842 532 783 0914 806
HOLYOKE 049 017 -036 -038 -041 -0.07 0 -177 -125 016 -186 -034 0.8 -0.17

ROCK OUTCROP- 9.93| 347 667 764 824 149 0 424 1799 1127 644 1031 1242 10.69
NASSAU 257 090 169 198 214 039 0 -312 040 430 -138 306 58 3.54

‘ H
- ROCK OUTCROP- 813| 285 545 626 675 122 0 274 628 935 481 848 1039 8.83
OQUAGA (SUSSEX) .  2.67 09’3 176 206 222 040 0 -28 062 421 -103 310 55 3.54

ROCK OUTCROP- 1342 470 899 1033 1114 201 0 585 1093 1527 890 1397 1679 14.51

OQUAGA (WARREN)  7.36| 258 492 567 611 110 0 115 515 954 324 800 1136 863
| : ' o

ROCK OUTCROP- 1492 5.22 1ooo 1149 1239 224 0 687 1257 1605 1082 1521 16.54 15.80
PARKER-EDNEYVILLE 10.56| 3.70 7,06 813 877 158 0 133 793 1199 595 1090 12.54 1171

ROCK OUTCROP- 466 1.63 3L13 359 387 070 0 254 399 519 343 481 564 497
ROCKAWAY(MORRIS) -1.42| -0.50 -0:98 -1.09 -1.18 --021 0 266 -186 -08 -225 -126 -038 -l

ROCK OUTCROP- 715 250 479 551 594 107 0 366 593 795 497 1737 868 7.59
ROCKAWAY 004, 002 001 003 004 001 0 -123 -066 071 -122 019 139 037
(PASSAIC) J‘ !

ROCK OUTCROP- 346 121 232 266 287 052 0 131 272 395 213 360 437 374

- ROCKAWAY (SUSSEX) -2.65 -0.93 -1.82 -2.04 220 -040 0 483 -347 203 -413 -248 -149 -2.30

ROCK OUTCROP- 11.90 4.1h 7i9s 916 9.88 - 179 0 519 969 1355 789 1239 1490 1287
ROCKAWAY-PARKER  6.27 2.1‘9 419 483 520 094 0 09 430 820 261 684 982 739

| .

ROCK OUTCROP- 762 267 511 587 633 114 0 373 630 845 527 785 920 8.08

SWARTSWOOD 073 026 047 057 061 0.l 0 -131 -004 141 -066 089 210 107
’ Lo

ROCK OUTCROP- 1506 527 1010 1160 12.50 2.26 0 745 1274 1607 1101 1535 16.65 1578

WASSAIC 1082 379 724 833 898 162 0 288 826 1204 633 1115 1275 1168

‘ i
ROCKAWAY 1194 418 800 920 991 179 0 542 987 1346 820 1238 1474 12.82
~ 462 162 309 355 383 0.9 0 128 342 604 236 501 729 541

ROCKAWAY-ROCK 9.00 | 3.15 6b3 693 747 135 0 411 744 1007 621 930 1098 961
OUTCROP (BERGEN) 1.80 | 0.63 1. 19 138 149 ° 027 0 -048 096 269 025 204 351 229

' \

ROCKAWAY-ROCK 8.50 | 298 s.po 655 7.06 128 0 390 7.02 956 583 881 1045 9.11
OUTCROP (MORRIS) 147 | 051 097 113 122 022 0 -087 060 244 -016 174 330 201

ROCKAWAY-ROCK 9.04 31‘6 606 696 150 136 0 456 746 1007 623 931 1100 9.60
OUTCROP (PASSAIC) 172 | 060 114 133 143 026 0 009 083 258 010 192 345 215

t

ROCKAWAY-ROCK 10.77 3.7;7 722 830 894 162 0 355 830 1241 633 1124 1381 1171
OUTCROP (SUSSEX) 568 | 199 379 438 472 085 0 -163 294 775 072 626 955 685

ROUGH BROKEN 982 | 344 658 756 8.15 147 0 539 847 1101 733 1017 1201 10.51
LAND - SHALE 0.70 0.27 046 054 058 0.1 0 -092 008 194 -057 106 302 141

ROWLAND 1599 | 560 1071 1231 1327 240 0 651 1375 1836 1159 17.01 19.11 17.99

1199 | 419 803 923 995 180 0 439 1115 1483 9.64 1340 1501 14.74

ROYCE 15.65 5’.4{; 1049 1205 1299 235 0 649 1351 1803 1137 1672 19.05 17.52

11.17 3.91‘ 748 860 927 167 0 323 1037 14.09 880 12.73 1474 1376
SAND PITS 1829 | 640 1226 1408 1518 274 0 1396 17.39 19.80 1660 18.59 18.68 20.36
o 997 | 349 668 768 828 150 0 603 939 1285 853 1067 1077 13.89

SANDY ALLUVIAL 0 o 0 0 0 0 0 0 0 0 0 0 ()}

LAND 0 0 0o 0 0 0 0 0 0o 0 0 0

0



LULC Code

Soil Unit | ' 0 1. 2 3 4 5 6 7 8 9 10 11 12 13
SANDY AND . 1829 6.40 1225 14.08 1518 274 0 1077 1603 2044 1434 18.56 19.81 20.75
CLAYEY LAND 1201 420 805 925 997 180 0 528 1018 1497 879 1227 1348 1572
SANDY AND 1999  7.00 1340 1539 1659  3.00 0 1278 1849 21.79 1730 2028 2171 21.83
SILTY LAND 1458 510 977 1123 1210 2.19 0 789 1369 17.05 1291 1486 1638 17.38
SANDY LAND 1705 597 1142 13.13 1415 256 0 944 1485 1823 13.16 17.38 1888 17.90
(BURLINGTON) 1011 354 677 778 839 152 0 406 827 1133 681 1045 12.03 10.98
SANDY LAND (SALEM) 1801 630 12.07  13.87 1495 = 270 0 1081 1612 21.07 1430 1885 20.13 21.54
1148 402 769 884 953 172 0 587 1031 1602 866 1279 14.03 17.01

SANDY PITS 1662 582 11.14 1280 13.80 249 0 1122 1543 1857 1421 1727 1739 19.15
. 777 272 521 599 645 117 0 228 678 1123 534 893 9.09 1230

SASSAFRAS : 2001 7.00 13.41 1541 1661 3.00 0 1047 1778 2221 1609 2032 2172 2245
1540 539 1031 11.85 1278 2.31 0 622 1381 1820 1257 1567 1696 18.83

SHREWSBURY 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

SHREWSBURY 0 0 0 0 0 0 0 0 0 0 0 0. o0 0
VARIANT 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SLOAN 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0o 0 0 0 0 0 0 0 0

ST. JOHNS 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

STEEP STONY 1831 641 1227 1410 1520 275 0 864 1552 19.83 1343 18.66 2029 19.60
LAND, PARKER 1240 434 831 955 1029 186 0 242 962 1426 751 1278 1460 14.09
STEINSBURG 1539 539 1031 11.85 1277 231 0 621 1244 1740 1008 1599 19.04 16.58
1061 371 711 817 881 159 0 248 801 1290 58 1129 1481 1195

SULFAHEMISTS 0. 0 0. 0 0 0 0 0 0. o 0. o0 0 0
- 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SULFAQUENTS 0 0 0 0 0 0 0 0 0 0 0 0o 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

SWAMP 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

SWARTSWOOD 1387 4.86 930 1068 1152 2.08 0 564 1117 . 1580 9.00 14.43 17.43 14.99
: 799 280 535 615 663 120 0 128 574 1012 385 858 1198 9.9
SWARTSWOOD- 1935 327 626 1720 776 1.40 0 451 771 1038 643 963 1130 9.92
ROCK OUTCROP" 234 082 155 180 194 035 0 -020 137 318 060 253 4.03 276
TIDAL MARSH , 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0. 0

TINTON 1912 669 1281 1472 1587 2.87 0 1344 1872 2299 17.17 21.04 21.16 23.90
1213 425 813 934 1007 1.82 0 609 1250 1846 1061 1534 1546 19.96

TIOGA 2152 153 1442 16.57 17.86.\ 3.23 0 1314 1977 2332 1841 21.81 2324 2336
1750 613 1173 1348 1453  2.63 0 997 1650 19.85 1565 17.77 19.18 20.18

TUNKHANNOCK 1798 629 1204 13.84 1492 270 0 1044 1626 1934 1500 18.14 1831 19.85
1025 359 687 789 851 154 0 185 855 1241 729 1043 1062 1331

TURBOTVILLE 1436 503 962 11.06 1192 215 0 589 '1_1.71 1607 9.60 14.86 17.49 '15.36
923 323 619 711 766 138 0 379 744 1086 593 970 1225 1016

UDIFLUVENTS 1572 550 1054 1211 1305 236 0 637 1355 1810 1143 1674 1885 17.72
1158 405 776 892 961 174 0 419 1085 1442 942 13.00 14.58 14.34
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Soil Unit B ‘1.2 3 4 5 6 7 8 9 10 11 12 13"
UDORTHENTS* J [ |
UNADILLA 2333 817 1563 1797 1937 350 0 961 1928 2541 1617 2393 2652 2486
2178 7.62 1459 1677 1808 327 0 582 1698 24.58 1325 22.58 26.06 23.84
‘ 3 | : : '
" URBAN LAND* o
o |
URBAN LAND, WET oo o0 o0 ©0 0 ©0 ©0 ©0 ©0 0 o0 0
0o, 0 o0 o0 o0 "0 0 0 0 0 0 0 o0
VALOIS zz.%z 802 1535 1765 1902 344 0 917 1880 2520 1558 23.64 2629 24.66
2096 734 1404 1614 1740 314 0 419 1596 2417 1193 2201 2562 2345
VENANGO 15.49 539 1031 1185 1278 231 0 648 1245 1740 1008 1600 19.04 1658
-zo.ai 372 702 818 88l 159 0 371 802 1291 583 1130 1431 1196
| * : )
VERY STONY LAND, 737 258 495 567 612 11l 0 467 661 7.8 598 755 803 773
MOUNT LUCAS 039 014 022 030 032 006 O -1.67 -001 08 -044 063 09 0386
| \
VERY STONY LAND, 788 276 530 607 654 118 0 548 749 849 704 817 859 844
NESHAMINY 035 012 019 027 029 005 0 -188 027 118 -008 080 122 116
VERY STONY LAND, 'o o o o o0 0 O 0 0O O 0 o0 0
WATCHUNG F ‘ o0 0o o o0 o0 0 0o o0 0 0 0 0
WALLKILL o |00 ©0 O O o0 0 0 0 0 0 0 0
o 0 .0 o0 o0 o0 0 o0 o o o0 0o 0 0
' o
WASHINGTON 1893 662 1268 1457 1571 284 0 815 1654 2095 1432 19.86 2140 20.72
1393 487 933 1072 1156 209 0 257 1212 1662 996 1535 1690 1648
WASSAIC 2071 725 1388 1595 17.19 3.1 0 916 1709 2239 1437 2118 2337 2191
1707 598 1144 1315 1417 256 0 4.64 1293 1918 978 17.65 2044 1855
WASSAIC-ROCK 1781 623 1195 1371 1478 267 0 805 1478 1929 1248 1822 20.15 1886
OUTCROP (SUSSEX) 1340 469 896 1032 1112 201 0 189 966 1540 G680 1395 1658 1481
WASSAIC-ROCK 1621 567 1087 1248 1345 243 0 838 1382 1725 1204 1650 17.84 1695
OUTCROP (WARREN) 1045 3.66 698 805 868 157 0 229 782 1170 584 1079 1244 1133
WATCHUNG o '0 /0 o 0 ©0o ©0 ©0 0 0 0 0 0 0
, ﬁ) ‘0o ' 0 0 0 0 0 0 0 0 0 0 0 0
WAYLAND © o0 06 o0 ©0 ©0 ‘0 O ©0 ©0 0 0 0 0
i 0 0 0 0 0 0 0o 0 0 0 0 0 0
WEEKSVILLE o'o o o o o0 o0 ©0o ©0o 0 o0 ©0 0
dr o o 0 0 0o 0 0 0 0o o0 0 0 0
WESTPHALIA 2044 7.16 1370 1574 1697 307 0 935 1768 2317 1559 20.82 2250 23.50
16.11 566 1084 1245 1342 243 0 537 1392 1971 1218 1654 1818 2048
WETHERSFIELD 1405 492 941 1082 1166 211 0 563 1194 1662 986 1505 1721 1632
877 307 588 675 728 132 0 308 805 1200 663 1018 1182 1209
| . ’
WETHERSFIELD 1106 3187 742 852 918 166 0 475 948 1299 792 1181 1344 1276 .
ROCK OUTCROP 495 173 330 381 411 074 0 069 441 738 335 601 724 744
WHIPPANY 1307 457 876 1006 1085 196 0 529 1118 1598 9.3 1426 1659 1567
6.8}_ 2139 457 525 566 102 0 076 624 1077 465 862 1072 1080
| i ‘
WHITMAN o 10 o0 0 o0 ©0 O 0 0 0 0 0 0
o 0 0o 0o 0 0 o o0 o0 0 o0 0 0
WOODMANSIE 1835 642 1229 1413 1523 275 0 1034 1670 2237 1469 1973 2121 2294
1223 4128 941 1015 183 0 514 1150 1831 9.52 1446 1594

19.50



LULC Code

Soil Unit 0 1 2 3 4 5 6 7 8 9 10 11 12 13
WOODSTOWN 1594 558 10.68 1227 1323 239 0 7.83 1346  18.81 11.56 1630 18.20 19.12
11 .50 4.02 7.70 885 9.54 1.72 0 506 1004 1 5_.30 .8.90 1175 1315 16.37
WOOSTER 15.77 5.52 10.57 12.14 13.09 237 0 574 1259 17.82 1006 1637 19.52 1696
1169 4.09 784 9.00 971 1.75 0 319 894 1395 6.68 1234 1589 1298
WURTSBORO 13.55 474 9.08 1044 1125 2.03 0 572 1093 15.49 8.81 14.11 17.14 14.67.
734 257 492 5.65 6.09 1.10 0 185 517 9.51 3.32 794 1141 8.56
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Appendlx 6
Climate Factors (C-factors) by New Jersey Mumcipality
derived from data of 32 climate stations, see appendlx 7 for details
ATLANTIC COUNTY ! . BERGEN COUNTY (cont.)
ABSECON CITY ¢ 118 MIDLAND PARK BORO. 1.59
ATLANTIC CITY : 118 ' MONTVALE BORO. 159 -
BRIGANTINE CITY o, 118 ~ MOONACHIE BORO. 1.39
BUENABORO. | . 135 NEW MILFORD BORO. 159
BUENA VISTA TWP. L3S NORTH ARLINGTON BORO. 1.39
CORBIN CITY | 133 , NORTHVALE BORO. 1.59
EGG HARBORCITY |~ | 139 NORWOOD BORO. . © 159
EGG HARBOR TWP. i 1.20 OAKLAND BORO. : 1.72
ESTELL MANOR CITY - L 133 - OLDTAPPANBORO. . 1.59
FOLSOM BORO. 136 ~ ORADELL BORO. 159
GALLOWAY TWP. SR W1 . PALISADES PARK BORO. 1.39
HAMILTON TWP. 132 PARAMUS BORO. 1.59
. HAMMONTON TOWN I 136 ~ PARK RIDGE BORO. : 1.59
LINWOOD CITY | 118 ’ RAMSEY BORO. ' 1.59
LONGPORT BORO. - 118 ' RIDGEFIELD BORO. , 139
MARGATE CITY S 118 RIDGEFIELD PARK VILLAGE 139
MULLICA TWP. L 136 RIDGEWOOD VILLAGE 1.59
NORTHFIELD CITY o118 RIVER EDGE BORO. 1.59
PLEASANTVILLE CITY 118 RIVER VALE TWP. 1.59
PORT REPUBLIC CITY f 1.40 ROCHELLE PARK TWP. 1.59
SOMERS POINT CITY ' 1.18 , ROCKLEIGH BORO. : 1.59
VENTNOR CITY o118 RUTHERFORD BORO. 1.45
WEYMOUTH TWP. 133 ‘ SADDLE BROOK TWP. 159
‘ SADDLE RIVER BORO. 1.59
BERGEN COUNTY o v SOUTH HACKENSACK TWP. 1.43
~ ALLENDALEBORO. | - 159 TEANECK TWP. 145
ALPINE BORO. L 149 TENAFLY BORO. 141
BERGENFIELD BORQ. . 158 TETERBORO BORO. g 1.40
BOGOTA BORO. f 139 : UPPER SADDLE RIVER BORO. 1.59
CARLSTADT BORO. C 1.40 WALDWICK BORO. 1.59
CLIFFSIDE PARK BORO. I 139 - WALLINGTON BORO. 159
CLOSTER BORO. I | 1.59 WASHINGTON TWP. 1.59
CRESSKILL BORO. L 181 WESTWOOD BORO. 1.59
DEMAREST BORO. : 1.57 ' WOOD-RIDGE BORO. 1.52
DUMONT BORO. , | 1.59 WOODCLIFF LAKEBORO. 1.59 -
EAST RUTHERFORD BORO. | 141 - WYCKOFF TWP. , 1.59
EDGEWATER BORO. L 139
ELMWOOD PARK BORO. L 159 BURLINGTON COUNTY
EMERSON BORO. v | 159 -~ BASSRIVER TWP. 145
ENGLEWOOD CITY 1139 ‘ BEVERLY CITY , 141
ENGLEWOOD CLIFFS BORO. 1.39 ‘ BORDENTOWN CITY 143
FAIR LAWN BORO. , .- 159 ‘ BORDENTOWN TWP. 143
FAIRVIEW BORO. 139 BURLINGTON CITY. 141
FORT LEEBORO. 1.39 BURLINGTON TWP. 141
FRANKLIN LAKES BORO. P 159 CHESTERFIELD TWP. 143
GARFIELD CITY S 189 CINNAMINSON TWP. 141
GLENROCKBORO. | | L0159 DELANCO TWP. 141
HACKENSACK CITY | | 156 : DELRANTWP. 141
HARRINGTON PARKBORO. . 159 : EASTAMPTONTWP. 1.44
HASBROUCK HEIGHTS BORO. = 1.56 - EDGEWATER PARK TWP. 141
HAWORTH BORO. 159 EVESHAMTWP. 142
HILLSDALE BORO. © 159 FIELDSBORO BORO. 1.43
HOHOKUS BORO. 159 FLORENCE TWP. 143
LEONIA BORO. ‘ L0139 ’ HAINESPORT TWP. : 142
LITTLE FERRY BORQ. . i 1.39 LUMBERTON TWP. 144
LODI BORO. | 1.59 ' MANSFIELD TWP. . 144
LYNDHURST TWP. i 1.40 MAPLE SHADE TWP, 141
MAHWAH TWP. ; 1‘ 1.74 MEDFORD LAKES BORO. 143
MAYWOOD BORO. ‘ 1.59 MEDFORD TWP. 143
68
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BURLINGTON COUNTY (cont.)
MOORESTOWN TWP.

- MOUNT HOLLY TWP.
MOUNT LAUREL TWP.
NEW HANOVER TWP.
NORTH HANOVER TWP.
PALMYRA BORO.
PEMBERTON BORO.
PEMBERTON TWP.
RIVERSIDE TWP.
RIVERTON BORO.
SHAMONG TWP.
SOUTHAMPTON TWP.
SPRINGFIELD TWP.
TABERNACLE TWP.
WASHINGTON TWP.
WESTAMPTON TWP.
WILLINGBOROTWP. =
WOODLAND TWP.
WRIGHTSTOWN BORO.

CAMDEN COUNTY
AUDUBONBORO.
AUDUBON PARK BORO.
BARRINGTON BORO.
BELLMAWR BORO.
BERLIN BORO.

BERLIN TWP.
BROOKLAWN BORO.
CAMDEN CITY
CHERRY HILL TWP.
CHESILHURST BORO.
CLEMENTON BORO.
COLLINGSWOOD BORO.
GIBBSBORO BORO.
GLOUCESTER CITY
GLOUCESTER TWP.
HADDON HEIGHTS BORO.
" HADDON TWP.
HADDONFIELD BORO.
HI-NELLA BORO.
LAUREL SPRINGS BORO.
LAWNSIDE BORO.
LINDENWOLD BORO.
MAGNOLIA BORO.
MERCHANTVILLE BORO.
 MOUNT EPHRAIM BORO.
OAKLYN BORO.
PENNSAUKEN TWP.
PINE HILL BORO.
PINE VALLEY BORO.
RUNNEMEDE BORO.
SOMERDALE BORO.
STRATFORD BORO.
TAVISTOCK BORO.
VOORHEES TWP.
WATERFORD TWP. -
WINSLOW TWP.
WOODLYNNE BORO.

CAPE MAY COUNTY
AVALON BORO.
CAPE MAY CITY
CAPE MAY POINT BORO.
DENNIS TWP. :
LOWER TWP.
MIDDLE TWP.
NORTH WILDWOOD CITY
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CAPE MAY COUNTY (cont.)
" OCEAN CITY
SEA ISLE CITY
STONE HARBOR BORO.
UPPER TWP.
WEST CAPE MAY BORO.
WEST WILDWOOD BORO.
WILDWOOD CITY
WILDWOOD CREST BORO.
WOODBINE BORO.

CUMBERLAND COUNTY
BRIDGETON CITY
COMMERCIAL TWP.
DEERFIELD TWP.
DOWNE TWP.
FAIRFIELD TWP.
GREENWICH TWP.
HOPEWELL TWP.
LAWRENCE TWP.
MAURICE RIVER TWP.
MILLVILLE CITY
SHILOH BORO.

STOW CREEK TWP.
UPPER DEERFIELD TWP.
VINELAND CITY"

ESSEX COUNTY
BELLEVILLE TOWN
BLOOMFIELD TOWN
CALDWELL BORO.
CEDAR GROVE TWP.
EAST ORANGE CITY

- ESSEX FELLS BORO.
FAIRFIELD BORO.

GLEN RIDGE BORO.
IRVINGTON TOWN
LIVINGSTON TWP.
MAPLEWOOD TWP.
MILLBURN TWP.

. MONTCLAIR TOWN
NEWARK CITY
NORTH CALDWELL BORO.
NUTLEY TOWN
ORANGE CITY
ROSELAND BORO.
SOUTH ORANGE VILLAGE
VERONA BORO.

WEST CALDWELL BORO.
WEST ORANGE TOWN

GLOUCESTER COUNTY
CLAYTON BORO.
DEPTFORD TWP.

EAST GREENWICH TWP.
ELK TWP.

FRANKLIN TWP.
GLASSBORO BORO.
GREENWICH TWP.
HARRISON TWP.
LOGAN TWP.

MANTUA TWP.
MONROE TWP.
NATIONAL PARK BORO.
NEWFIELD BORO.
PAULSBORO BORO.
PITMAN BORO.

SOUTH HARRISON TWP.

133
1.22

1.22
1.22
122

133

132
132
132
132
132
133
133
132
133
132
1.35
1.35
133
132

1.35

135
1.35
1.35
1.35
136
1.35
1.35

136

1.36
1.33
1.36
1.36
1.35



GLOUCESTER COUNTY (cont.)

SWEDESBORO BORO.
WASHINGTON TWP.
WENONAH BORO.
WEST DEPTFORD

WOOLWICH TWP.

HUDSON COUNT
BAYONNE CITY
EAST NEWARK BORO.
GUTTENBERG TOWN
HARRISON TOWN
HOBOKEN CITY
JERSEY CITY
KEARNY TOWN
NORTH BERGEN TWP.
SECAUCUS TOWN
UNION CITY
WEEHAWKEN TWP.

- WEST NEW YORK TOWN

HUNTERDON COUNTY
ALEXANDRIA TWP.
BETHLEHEM TWP.
BLOOMSBURY BORO.
CALIFON BORO.
CLINTON TOWN -
CLINTON TWP.
DELAWARE TWP.
EAST AMWELL TWP.
FLEMINGTON BORO.
FRANKLIN TWP.
FRENCHTOWN BORO.
GLEN GARDNER BORO.
HAMPTON BORO. 1
HIGH BRIDGE BORO. - |
HOLLAND TWP.
KINGWOOD TWP.
LAMBERTVILLE CITY |
LEBANON BORO. | -
LEBANON TWP.
MILFORD BORO.
RARITAN TWP.
READINGTON TWP.
STOCKTON BORO.
TEWKSBURY TWP.
UNION TWP. |
WEST AMWELL TWP.

MERCER COUNTY
EAST WINDSOR TWP.
EWING TWP.
HAMILTON TWP.
HIGHTSTOWN BORO.
HOPEWELL BORO.
HOPEWELL TWP.
LAWRENCE TWP.
PENNINGTON BORO.
PRINCETON BORO.
PRINCETON TWP.
TRENTON CITY
WASHINGTON TWE.
WEST WINDSOR TWP.

1.35
1.36
1.36
1.36
1.36

1.36

1.36
1.35

1.32
1.31
1.39
1.31
1.39
1.39
1.36
1.39
1.39

1.39

1.39
1.39

1.54

“1.56
1.50

1.83
1.54

1.63

1.46
1.52
1.54
1.54
1.54

~1.83

1.66
1.83
1.53
1.49

1.39

1.68
1.83
154

1.54

1.52

139

1.78
L 39

1.43
1.40

143

1.43

1.53

1.42
1.43
1.39

1.43
1.42
1.43
1.43
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MIDDLESEX COUNTY

CARTERET BORO.
CRANBURY TWP.
DUNELLEN BORO.
EAST BRUNSWICK TWP.
EDISON TWP.
HELMETTA BORO.

- HIGHLAND PARK BORO.

JAMESBURG BORO.
METUCHEN BORO.
MIDDLESEX BORO.
MILLTOWN BORO.
MONROE TWP.

NEW BRUNSWICK CITY
NORTH BRUNSWICK TWP.
OLD BRIDGE TWP.

PERTH AMBOY CITY
PISCATAWAY TWP,
PLAINSBORO TWP.
SAYREVILLE BORO.
SOUTH AMBOY CITY
SOUTH BRUNSWICK TWP.
SOUTH PLAINFIELD BORO.
SOUTH RIVER BORO. . -
SPOTSWOOD BORO.
WOODBRIDGE TWP.

MONMOUTH COUNTY

ABERDEEN TWP.
ALLENHURST BORO.
ALLENTOWN BORO. -
ASBURY PARK CITY

ATLANTIC HIGHLANDS BORO.

AVON-BY-THE-SEA BORO.
BELMAR BORO.
BRADLEY BEACH BORO.
BRIELLE BORO.

COLTS NECK TWP.

DEAL BORO.
EATONTOWN BORO.
ENGLISHTOWN BORO.
FAIR HAVEN BORO.
FARMINGDALE BORO.
FREEHOLD BORO.
FREEHOLD TWP.
HAZLET TWP.
HIGHLANDS BORO.
HOLMDEL TWP.
HOWELL TWP.
INTERLAKEN BORO.
KEANSBURG BORO.
KEYPORT BORO.

LITTLE SILVER BORO.
LOCH ARBOUR VILLAGE
LONG BRANCH CITY -
MANALAPAN TWP. -
MANASQUAN BORO.
MARLBORO TWP.
MATAWAN BORO.
MIDDLETOWN TWP.
MILLSTONE TWP.
MONMOUTH BEACH BORO.
NEPTUNE CITY BORO.
NEPTUNE TWP.

OCEAN TWP.
OCEANPORT BORO.

RED BANK BORO.

139
143
155

148 -

1.52
148
1.48
147
1.55
1.54
148
145
148
148
147
1.53
1.52
1.43

148

148
146

,‘1.55

155



MONMOUTH CQOUNTY (cont.)
- ROOSEVELT BORO.

RUMSON BORO.

SEA BRIGHT BORO.

SEA GIRT BORO.
SHREWSBURY BORO.
SHREWSBURY TWP.

SOUTH BELMAR BORO.
SPRING LAKE BORO.

SPRING LAKE HEIGHTS BORO.
TINTON FALLS BORO.
UNION BEACH BORO.

UPPER FREEHOLD TWP.
WALL TWP.

WEST LONG BRANCH BORO.

MORRIS COUNTY
BOONTON TOWN
BOONTON TWP.
BUTLER BORO.
CHATHAM BORO.
CHATHAM TWP.
CHESTER BORO.
CHESTER TWP.
DENVILLE TWP.
DOVER TOWN

EAST HANOVER TWP.
FLORHAM PARK BORO.
HANOVER TWP. '
HARDING TWP.
JEFFERSON TWP.
KINNELON BORO.
LINCOLN PARK BORO.
MADISON BORO.
MENDHAM BORO.
MENDHAM TWP.

MINE HILL TWP.
MONTVILLE TWP.
MORRIS PLAINS BORO.
MORRIS TWP.
MORRISTOWN TOWN
MOUNT ARLINGTON BORO.
MOUNT OLIVE TWP.
MOUNTAIN LAKES BORO.
NETCONG BORO.

PARSIPPANY-TROY HILLS TWP.

PASSAIC TWP.
PEQUANNOCK TWP.
RANDOLPH TWP.
RIVERDALE BORO.
ROCKAWAY BORO.
ROCKAWAY TWP.
ROXBURY TWP.

VICTORY GARDENS BORO.
WASHINGTON TWP.
WHARTON BORO.

OCEAN COUNTY
BARNEGAT LIGHT BORO.
BARNEGAT TWP.

BAY HEAD BORO.
BEACH HAVEN BORO.
BEACHWOOD BORO.
BERKELEY TWP.

BRICK TWP.

DOVER TWP.
EAGLESWOOD TWP.
HARVEY CEDARS BORO.

143
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OCEAN COUNTY (cont.)

ISLAND HEIGHTS BORO.
JACKSON TWP.

LACEY TWP.

LAKEHURST BORO.
LAKEWOOD TWP.
LAVALLETTE BORO.
LITTLE EGG HARBOR TWP.
LONG BEACH TWP.
MANCHESTER TWP.
MANTOLOKING BORO.
OCEAN GATE BORO.
OCEAN TWP.

PNE BEACH BORO.
PLUMSTED TWP.

POINT PLEASANT BEACH BORO.
POINT PLEASANT BORO.
SEASIDE HEIGHTS BORO.
SEASIDE PARK BORO.

SHIP BOTTOM BORO.
SOUTH TOMS RIVER BORO.
STAFFORD TWP.

SURF CITY BORO.
TUCKERTON BORO.

PASSAIC COUNTY

BLOOMINGDALE BORO.
CLIFTON CITY
HALEDON BORO.
HAWTHORNE BORO.
LITTLE FALLS TWP.
NORTH HALEDON BORO.
PASSAIC CITY
PATERSON CITY
POMPTON LAKES BORO.
PROSPECT PARK BORO.
RINGWOOD BORO.
TOTOWA BORO.
WANAQUE BORO.
WAYNE TWP.

WEST MILFORD TWP.
WEST PATERSON BORO.

SALEM COUNTY

ALLOWAY TWP. -
CARNEYS POINT TWP.
ELMER BORO.
ELSINBORO TWP.

LOWER ALLOWAYS CREEK TWP.

MANNINGTON TWP.
OLDMANS TWP.

PENNS GROVE BORO.
PENNSVILLE TWP.
PILESGROVE TWP.
PITTSGROVE TWP.
QUINTON TWP.

SALEM CITY

UPPER PITTSGROVE TWP.
WOODSTOWN BORO.

SOMERSET COUNTY

BEDMINSTER TWP.
BERNARDS TWP.
BERNARDSVILLE BORO.
BOUND BROOK BORO.
BRANCHBURG TWP.
BRIDGEWATER TWP.
FAR HILLS BORO.

154
149
1.54
1.54
1.54
154 -
145
147
1.53
1.54
1.54
1.54
1.54
1.46
1.55

1.54
1.54
145
1.54
1.45
145
145

1.83
1.59

159

1.59
1.59

. 159
- 1.59

1.59
1.77
1.59
1.83
159
1.83
1.59
1.83
1.59

1.35
1.35
1.35
1.35
1.35
1.35
1.35
135
1.35
1.35
134
1.35
1.35
1.35
1.35

1.55
152
1.63

1.50
1.49
1.49



SOMERSET COUNTY (cont.) | : ‘WARREN COUNTY (cont.)
FRANKLIN TWP. [ 148 BELVIDERE TOWN : 1.50
GREEN BROOK TWP. | . 155 BLAIRSTOWN TWP. 1.55
HILLSBOROUGH TWP | . 150 FRANKLIN TWP. : 1.50
MANVILLE BORO. i 149 FRELINGHUYSEN TWP. 1.60
MILLSTONE BORO. 149 ‘ GREENWICH TWP. 1.50
MONTGOMERY TWP. | ' 150 HACKETTSTOWN TOWN 1.83
NORTH PLAINFIELD BORO L 155 " HARDWICK TWP. , 1.60
PEAPACK-GLADSTONE BORO. | 1.67 HARMONY TWP. 1.50
RARITAN BORO. L 149 HOPE TWP. ' 1.50
ROCKY HILL BORO. 143 INDEPENDENCE TWP. 1.77
SOMERVILLE BORO. | 149 KNOWLTON TWP. 1.50
SOUTH BOUND BROOK BORO.  1.49 * LIBERTY TWP. 1.50
WARREN TWP. 1 b1.52 LOPATCONG TWP. 1.50
WATCHUNG BORO. \ 155 MANSFIELD TWP. 1.74
| i ~ OXFORD TWP. 1.50
SUSSEX COUNTY ! : PAHAQUARRY TWP. 155 -
ANDOVER BORO. 1160 ' PHILLIPSBURG TOWN 1.50
ANDOVER TWP. . 160 POHATCONG TWP. 1.50
BRANCHVILLE BORO. 160 WASHINGTON BORO. 1.50
BYRAM TWP. 1.60 ‘ WASHINGTON TWP. 1.53
FRANKFORD TWP. - 1.64 : ' WHITE TWP. 1.50
FRANKLIN BORO. L 16 :
FREDON TWP. ' ' 1.60
GREEN TWP. 11,60
HAMBURG BORO. [ 1.66
HAMPTON TWP. : . 160
HARDYSTON TWP. ‘ 1.71
HOPATCONG BORO. 1.61
LAFAYETTE TWP. L1164
MONTAGUE TWP. Sl 166
NEWTON TOWN ! " 1.60
OGDENSBURG BORO. | | 1.70
SANDYSTON TWP. i C 164
SPARTA TWP. | . 1.69
STANHOPE BORO. . 168
STILLWATER TWP. | 160
SUSSEX BORO. ! ' 1.66
VERNON TWP. 168
WALPACK TWP. | 1.60
WANTAGE TWP. ‘ . 1.66
UNION COUNTY |
BERKELEY HEIGHTS TWP. 159
CLARK TWP. _ 155
CRANFORD TWP. 159
ELIZABETH CITY © 131
FANWOOD BORO. - | 155
GARWOOD BORO. 155
HILLSIDE TWP. ‘ L 131
KENILWORTH BORO. | . 1.59
LINDEN CITY | 134
MOUNTAINSIDEBORQ. | . 166
NEW PROVIDENCE BORO. | L 1.69
PLAINFIELD CITY LSS
RAHWAY CITY \ 1155
ROSELLE BORO. \ [ 131
ROSELLE PARK BORO | 131
SCOTCH PLAINS TWP. i . 155
SPRINGFIELD TWP. | . 1.69
SUMMIT CITY | 169
UNION TWP. i 149
WESTFIELD TOWN \ L 157
WINFIELD TWP. } Po1.55
WARREN COUNTY - |- | i
ALLAMUCHY TWP. | i 1.66
ALPHA BORO. | 150
o 72
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APPENDIX 7

Development and Application of the
Soil-Water Budget to the Method

Introduction

This appendix documents the development of the N.]J. Geological Survey (N]JGS) soil-water
budget simulation and its application to the ground-water-recharge method. A soil-water
budget calculates water left after surface runoff, evapotranspiration and any soil-
moisture deficit are subtracted from precipitation as available for ground-water

recharge:

recharge = precipitation - surface runoff - evapotranspiration - soil-moisture deficit (1)

Forms of the soil-water budget equation have been used for daily, weekly, monthly and
annual estimates of recharge.

Commonly, this available recharge water moves downward until it reaches the ground-
water system. In other cases, horizontal layers of low permeability cause a perched

water table in which water. may move a significant horizontal distance before

recharging the principal ground-water system. In certain situations, infiltrating water
that descends beyond the base of the root zone never recharges the regional ground-
water system, but instead discharges directly into a surface-water body or a wetland. The
NJGS method assumes that all infiltrated water that moves below the bottom of the root
zone contributes to the ground-water system.

The factors that control recharge are complex and interrelated. Surface runoff and
evapotranspiration are interdependent. Soil texture and land-use/land-cover
characteristics both affect runoff. Evapotranspiration is highly dependent on the
amount of available soil water, available radiant energy, and wind. The NJGS soil-water
budget simulation is intended to incorporate factors that affect ground-water recharge
into one model. The final goal is to translate the main relationships demonstrated by the
simulation model into an easy-to-use formula for mean annual ground-water recharge.

The next section in this appendix discusses the development for the five types of data
used in the simulation: precipitation, runoff, evapotranspiration, land-use/land-cover
and soil. A third section builds on the second one by explaining how the basic data were
incorporated into the simulation. The final section explains how the results were
summarized into a single ground-water-recharge equation.

Basic Data Considerations
Precipitation

Deﬁly precipitation data are available for 126 National Oceanic and Atmospheric
Administration (NOAA) climate-recording stations in New Jersey. Raw data for
precipitation were selected from 32 of these (table 1).

The 32 stations were selected because each has a nearly continuous daily record since
1957, and each has no more than 10 percent of its data missing. The 32 stations are rather
evenly distributed, with an average of 233 square miles per station. This is well within

the 230- to 350-square-miles-per-station density recommended by the World
Meteorological Organization (1976) for non-mountainous temperate regions. It is
important to note that the NOAA data are not corrected for possible measurement
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empirical curve-number m
the U.S. Soil Conservation’
can be used for large storn
hydrographs, and detentio

\
deficiencies that could result f!rom Table 1. Climate recordmg stations used for NJGS
‘the effects of wind on| the gauge. simulations
Wind is probably the most significant
factor affecting precipitation 32 Climate recording stations used for NJGS simulations
" measurement and has been shpwn to : ‘ .
cause undermeasurement by as much Atlantic City WSO AP Little Falls Water Co.
as 20 percent for some storms Audubon Long Branch Oakhurst
(Larson and Peck, 1974). | Belleplain Long Valley
: § Belvidere Millville FAA Airport
Thirty years is the standard length of Boonton 2 SE Moorestown
climate record for comparison ' Canoe Brook Morris Plains 1 W
- purposes (Linsley, Kohler, and! Cape May 3W Newark WSO Airport
Paulhus, 1982); it was| used as the time Charlotteburg . New Brunswick 3 SE
basis of the soil-water/budget. Daily Essex Fells Sewage Plant Newton St. Pauls Abbey
records from 1957 through 1986 were Flemington 5 NNW Pemberton 3
used because they consti_tuted_ the Freehold v Plainfield
most recent 30-year record available Hightstown 2 W Somerville
at NJGS at the time of the Isimu“;lation. Hammonton 2 NNE ‘Sussex
: R ’ Indian Mills 2 W Toms River
Surface runoff 1 - Jersey City Tuckerton 1 S
_ Lambertville Woodstown 2 NW
Surface runoff was assessed by the ’

ethod of

Service (U.S. Department of Agnculture 1986) This method
ns to calculate surface-runoff volume, peak discharge, stream

n-structure size based on the magnitude of 24-hour rainfall.

For purposes of the soil-water budget, only part of this technique, one that addresses
surface-runoff volumelswas used. The data required to calculate runoff volume are 24-
" hour rainfall records, Soil Conservatton Service (SCS) soil maps, and field-determined
information regardmg type of land cover and land treatment. The curve-number
method is a widely accepted method for estimating runoff from large storms and has

proven useful for man combmatlons of climate, land use, and s01ls

- For calculation of the olume of surface runoff, the curve-number method takes into

consideration: (1) the

mfall retained before surface runoff begins, (2) 1mperv1ous

areas, (3) hydrologic ¢ ndltlon of the soil, (4) land cover according to an SCS
class1f1catlon, and (5) the capacrty of the soﬂ to absorb ratnfall

series is determined using
type, hydrologic condition
curve number, from 30 to
curve number is then used
formula that calculates the

Whether runoff occurs
capacity of the cover ai
capacity is known as re

(CN):

nd s

tent

), to represent the capacity of a soil series to absorb rainfall
ration includes four levels of infiltration capacity; high (HSG '
HSG C) and very low (HSG D). The HSG of the soil

a SCS manual (TR-55). The next step is to determine the cover
and land treatment. On the basis of these factors a unique

08, is assigned using the SCS runoff-curve-number table. The
along with 24-hour-precipitation records, in an empirical
volume or depth of 24-hour surface runoff '

|

and\ the amount if it occurs, are partly dependent on the

il to retain water. In the curve-number method, this
ion factor (S, inches), and is a function of curve number

3_1000_10

CN @
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The precipitation amount below which runoff will not occur is determined by initial
abstraction, a term that is defined as all rainwater retained before surface runoff
actually begins. Surface-depression storage, vegetation interception, evaporation, and
initial infiltration all contribute to initial abstraction (I, inches). SCS established a

general empirical relationship for I, as a function of S:
Ia=0.28 _ 3)

~ For storms that are large enough to generate runoff, surface runoff (Q, inches) is
calculated by SCS's empirical equation which relates Q to S and 24-hour rainfall (P,
inches).

(P-0.25)%
Q= (P+0.08S) )
Test simulations of the soil-water budget show that small storms are most important for
the long-term quantity of recharge. For example, one simulation showed that
approximately 80 percent of the annual infiltration came entirely from storms with 24-
hour precipitation totals of less than 1.25 inches. Because the curve-number method is
designed for predicting runoff from the largest annual storms, application of the curve-
number method to the NJGS simulations is completely different than the originally
intended application. Additionally, SCS has recognized that in different parts of the
country, factors affecting curve number vary (Paul Welle, U.S. Department of
Agriculture, Soil Conservation Service, oral communication, January 7, 1991). These two
‘issues make a strong case for adjusting the predicted (computed) curve-number results
'so they more closely match the amount of runoff observed from small storms in New
Jersey.

- This necessary adjustment was made for the soil-water budget simulations and is
applicable only to this method. It was accomplished by utilizing data from Campbell,
(1987) for storm events observed from 1979 to 1984 for eight drainage basins in Somerset
County.

The first step was to map soil and land use/land cover (LULC) for each of the eight
Somerset County drainage basins. Curve numbers were assigned to each soil-LULC
combination in accordance with the guidance in TR-55. Each of the resulting maps
contained many polygons with a curve number assigned to each polygon. For example,
the largest basin contained 705 separate curve-number polygons which represented 27
possible curve numbers ranging from 48 to 95. :

The next step was to compute a basin curve number. SCS provides two different
calculations for basin curve number (U.S. Department of Agriculture, 1985). The volume
weighted calculation was used because it is more accurate for basins containing large
differences in curve number and small precipitation events. This method was used to
compute a curve number (CN) for each storm event in each basin:

1000

Ne=53T0

)

In equation (5), S is defined as:
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P = observed basin precipitation (inches)

Q¢ = computed
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In equation (7), the va
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In equation (8), Sj is de
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CN; = curve num
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calculated for each rain
observed basin runoff fi
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basih runoff (inches) which is defined as:
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curve numbers to whole numbers resulted in a total of 22
basir '

1s; they ranged in value from 65 to 86.
unoff were tabulated for each b
O mi
fall-
or ce

] asin based on all reported rainfall
d-1984. An observed basin-curve number (CN,) was then
runoff event, using equations 5 and 6, by substituting
omputed basin runoff (Q), o _

numbers (for large storms) were compared with the average
(from small and moderate storms). A least-squares linear
rorrect for the difference between computed and observed curve
xample, a computed curve number of 75 becomes 81 when

rved from small storms in central New Jersey.

The adjusted curve numbers were used in calculating surface runoff for all simulations.
No adjustments were made to the actual SCS runoff equation. The adjusted curve numbers

‘were used with the assu
effects. This adjustment
document. It is not appr
storms) of the curve-nu

ance that they account for small storms and any regional

is abplicable only to the recharge estimation method in this
opriate for typical applications (runoff from large annual
mber method. ‘ .
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Figure 45. Observed (small storm) vs. computed (large storm) curve
numbers (22 whole numbers from 65 to 86).

Evapotranspiration

A wide variety of methods is available to assess evapotranspiration for a soil-water

budget. Data requirements of different methods vary considerably (Jensen, Burman, and
Allen, 1990). The Thornthwaite method (Thornthwaite and Mather, 1957) for estimating
potential evapotranspiration was chosen primarily because it was developed and tested -
in New Jersey. In addition to a bias toward the humid climate of New Jersey, this method -
is widely accepted and the required data are readily available. The results are reported as
centimeters of potential evapotranspiration (ETp) per month. :

Briefly, this method uses mean monthly air temperature as an index of the energy
available for evapotranspiration. According to Thornthwaite and Mather .

ETp,i = 1.6(-0)? | | (10)

where: .
ET} i = potential evapotranspiration (cm/month) for month i

Tj = mean monthly air temperature (°C) for month i _
I = annual heat index, which is defined as a function of the 12 monthly mean
monthly air temperatures:

e | |
1=y 1)1.514 | (11)
i=1 S : .

a = empirically derived coefficient deﬁned as:

a=6.75x10"713 - 7.7x107512 + 1.79x1072I + 0.49 (12)
The result for this empirical equation is for a 30-day month with days of 12 hours of

daylight. In application, adjustments are made for the length of daylight and the
number of days in the month.
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This method produces values of potennal evapotranspiration because it assumes, at all
times, a fully vegetate surface covering moist soil. In reality, land cover affects
evapotranspiration 1nd1rectly through its influence on infiltration and thus the soil
moisture available for vapotransplratlon. In addition, the type of vegetatlon may have
a large effect on the amount of evapotranspiration. Additionally, heat and air movement
at the land or plant surfaces vary with land cover and exert a significant influence on
evapotranspiration. To account for some of the evapotranspiration differences between
types of vegetation, Thornthwaite and Mather (1957) outlined a procedure that provides
‘an adjustment for vegétatlon cover (root depths) and soil m01sture deficits.

Where lysimeters are a11able, they can provide a reliable adjustment for an empirical
estimation method su?h as 'that of Thornthwaite. Yoshioka and Mather (1967) reported
data from lysimeters in southern New Jersey: three from Centerton and three from
Seabrook. The Centerton mte was not as open as the Seabrook site and was representative
of a wmd—protected rmFrochmate Adjustment of evapotranspiration to Seabrook, the
open site, is favored for the NJGS method because if the areas to be evaluated have to be
generally characterize they would be considered open rather than protected.

|

Some of the Seabrook lysxmeters were watered daily by sprinkling from above and are
assumed to be a good estimate of potential evapotranspiration under the microclimate of
sprinkle irrigation conihtlons Other lysimeters were watered by maintaining a constant
water table approxima ely 14 inches below the land surface. The Seabrook lysimeters,
watered by mamtamln% a constant water table, were chosen by NJGS as the adjustment
lysimeter (ET ) for th Th‘ornthwalte estimation method. These lysimeters were
believed to best represent the microclimate and potential evapotransplratlon under.
natural (non-irrigated) but }unhmlted soil-moisture conditions in New Jersey. NJGS
followed Yoshioka and ather § (1967) example in which predicted evapotranspiration
at site j (ET ;) is equal to tl‘le calculated Thornthwaite potential evapotranspiration at
that site (ETp Jj) multlplfed by the ratio of observed monthly Seabrook lysimeter .
evapotranspiration (ET[g) t to calculated Thornthwaite- potential evapotransplratlon at
Seabrook (ETp s) (fig. 4 ) | :
| 4
ETLs | : :

xETpj | (13)
ETps i

(V5

where: | f

ET,j = predicted Thornthwalte potential evapotranspiration at site j
ETp,s = observed ly81meter evapotranspiration measured at Seabrook
ETp s = calculated potential Thornthwaite evapotranspiration at Seabrook
ETpj = calculate potentlal Thornthwaite evapotranspiration at site j
i
- The NJGS simulated potential evapotranspiration for each month by using the lysimeter-

calibrated Thornthwaite method for the 30 years of record at each of the 32 selected
stations in the state. | ‘ o

-The predicted Thornth aite“ potential evapotranspiration values were used in
calculating the amount of water lost to evapotranspiration each month.
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Figure 46. Computed and observed evapotranspiration, Seabrook, NJ.

Land-use/land-cover

Land-use/land-cover (LULC) has a significant effect on runoff (and infiltration) as well
as evapotranspiration. A LULC classification for the purposes of ground-water recharge
should be sensitive to long-term runoff and evapotranspiration characteristics. The
scale on which a LULC classification can be applied should be large enough to make -
distinctions down to a few acres, because planners and engineers would use the method
at such a scale. Addltlonally, it is desirable to minimize the time and material

- requirements for LULC mapping. Based on these method requirements, the prmc1pal
LULC categories are designed to be mapped largely by 1:24,000 orthophotoquad
interpretation with little field validation.

The SCS has designated 64 different categories that represent different combinations of
LULC and hydrologic condition for use of the curve-number method in humid-temperate
areas. These 64 categories were reduced to 43 by elimination of the variants of
hydrologic condition (good, fair, poor). This is justified for this method because for a
long-term analysis of ground-water recharge, the hydrologic condition of most
importance is the average observed condition. The average observed condition for New
Jersey was determined empirically by adjustment of the curve-number method to low to
moderate-size storms as described in the “Surface runoff” section above.

Delineation of land-use/land-cover for the pilot studies indicated that in New Jersey the
SCS designations of "commercial and business" and "industrial" cover types were
sufficiently similar in their percentage of impervious cover to be lumped into one class.
This resulting class has an average impervious cover of 85 percent. In commercial and
~industrial parks that contain significant open space, the 85-percent assumption is valid
as applied in this method because any landscaped open space of 5 acres or more is
handled as a separate LULC map unit. Unlandscaped commercial or industrial districts
are grouped under one category which assumes approximately 100-percent impervious
cover. Most paved streets or roads, whether curbed or uncurbed, were eliminated as a
category because at the scale (1:24,000) NJGS recommends for recharge-area mapping,
they are not mappable. SCS's 6-part residential district classification was reduced to 4
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This was justified on the grounds that cultivated agricultural areas typically have a
variety of crop types ove the long-term The pilot studies showed that if one is not

otherwise expenence wit

land use in an area, making distinctions between cropland-

legumes versus pasture-meadow, and brush versus woods-orchard-nursery is generally

not possible from ph toqt'1ads alone. To accommodate this limitation, two additional

;

lumped categories were created "agricultural land," and "wooded areas," respectively.
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this recharge method.
useful for NJGS rechar

~ Another land-cover cl;
method is that develoj
consists of five categos
- (table 2). This vegetat
vegetation and soil-mg

n of the’ orlglnal 64-part SCS classification is designed only for

It results in a total of 14 LULC categories (appendlx 2) that are

ge calculations.
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assiﬁcation used in simulations during development of this

ped Py Thornthwaite and Mather (1957). They provide a table that
ries of typical vegetatlon-root depths for five different soil types
ion-cover classification is part of their system for making
pisture-sensitive estimates of actual evapotranspiration.

Table 2. Maximum mature root depth (feet)
Vegetation T Fine VSFi"Z Sitt Clay cl
egetation lype Sand andy Loam Loam ay
. ! Loam :
Shallow-rooted | | 167 | 167 | 208 133 | o083
(spinach, peas, beads,carlfots) : '
Moderately Deej -rooted | 2.50 333 | 333 2,67 1.67
(corn, small grain, lawn turf) o :
i Co o ‘ ' _ :
Deep-rooted : I 3.33 3.33 417 3.33 222
(alfalfa, pasture/meadow, shrubs
Orchard L 5.00 5.55 5.00 333 | 222
| ! ‘ - ‘
Mature Forest o 8.33 6.66 1 6.66 5.33 3.90
\

- Wetlands and surface

Determining if wetland

neither, is beyond the s

Soil

The basic soil data nec
from a New Jersey soils

NJGS contained appro

 had more than one full-pro
varies slightly between
same name. For such n

series.

| "
vater are deleted from the analysis of land-use/land-cover.
s and surface water bodies are recharge or discharge areas, or

Cope of - thls method (see appendlx 8).

|

V

i . ‘
for estimating ground-water recharge was largely obtained
abase maintained by SCS. The portion of the database used by
ely 600 records of unlque soil-map units. Many of these units
file description. This is because a typical soil series generally
nties, therefore more than one entry may appear under the
ple entrxes of a given series, NJGS averaged all entnes m that
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80




A soil complex is a mappable unit that consists of more than one soil series. Many soil
complexes were mapped by the SCS and are included in their database. Some of these
complexes consist of soils only and others consist of soil and rock outcrop. To keep the
mapping procedure from becoming too cumbersome for the user, all soil complexes were
eliminated from the database, and ultimately from the soil list contained in the NJGS
method. Instead users are mstructed to calculate recharge for any soil complex as if it .
were the same as the first listed soil series of that complex. For urban land complexes,
the user simply calculates recharge using the principal soil map unit associated with the
urban land or urban land complex. These steps reduced the database size from roughly
400 to 252 records.

Each of the 33 soil/rock—outcrop complexes was excluded from the soils database because
recharge for them was not simulated using the standard soil water-budget approach.
This left 219 soil records in the database.

Hydric soils are those that are nearly saturated or have a very shallow water table
(commonly less than one foot below land surface) most of the year. In many cases such
soils are in wetlands and have undetermined recharge potential according to the NJGS
method. Development of generally applicable criteria to distinguish between those
hydric soils that act as net recharge or discharge areas is beyond the scope of this .
method. These hydric soils were assigned a recharge value of zero for use in the
application (appendixes 3, 4, and 5). Elimination of the 75 hydric soils from the list of
those slated for recharge analysw left 144 soils.

Seven map units are too variable to justify generalizing by simulation. These are: “cut
and fill land,” “fill land,” “made land,” “psamments,” “quarry,” “udorthents,” and -
“urban land.” These were eliminated from the simulations. The user is advised to obtain
a 81te-spec1f1c field determination from SCS for such units except in the case of

“quarry,” which is indeterminate without an 1n-depth site-specific study This left 137
soil units in the database.

The appropriate hydrologic soil group (A, B, C or D) was assigned, as discussed in the
section “Surface runoff,” to each of the 137 soil units in the NJGS database. :

Water capacity of the root zone (RWC) is a necessary input for calculating actual
evapotranspiration as a function of the amount of soil water available to the plant.
Calculation of RWC -is the product of the available water capacity (AWC) and root depth:

RWC = (mature root depth) X (AWC) : ' o (14)

In a humid-temperate climate such as that of New Jersey, root depth is highly dependent
on the type of soil. Thornthwaite and Mather (1957) provide guidelines for typical
mature vegetation root depths for different soil types (table 2, above). Accordingly each
of the 137 soil units was assigned a characteristic soil type (fine sand, fine sandy loam,
silt loam, clay loam, or clay) from those listed by Thornthwaite and Mather. This
categorization was carrxed out with the assistance of SCS and was based on the general
texture of the entire soil profile.

A root barrier (bedrock or fragipan) is a complicating factor for calculating RWC

because it may make it impossible for plants to attain their optimal root depth. To correct
~ for this, the depth of the root barrier was determined for each of the 137 soil units. For
database reference, bedrock root barriers were coded "B" and fragipan root barriers

were coded “F.”

Eleven of the 137 soil units had incomplete SCS-soil-database records. To complete the
NJGS recharge calculations, data for similar types of soils were substituted as shown in
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table 3. As a result, there ‘remdined 126 unique soil records in the NJGS database that
were actually used in the soil-water-budget simulations.

|
Table 3. Map units %acmng complete data and their surrogates.

L Root barrier
Soil map unit “ ‘ ' Soil Max. rooting bedrock or
with no data ; TSimilar to: HSG type - depth (inches) fragipan
Clayey land . Claypits c c none ' 0
Coastal beach \ Hooksan A 'PS - none 0
‘Dune land } Hooksan A PS ~ none 0
Fripp | Hooksan A PS " none 0
Lakeland ‘ Lakewood A PS none 0
Ochrepts Riverhead c PSL none 0
Sandy and clayey-lbnd Phalanx B PSL ‘none 0
Sandy and silty lan Phalanx - B PSL none 0
Sandy land (Salemb ! - Downer B PS none -0
Sandy pits ’ ' Sand pits A PS ~ none 0
Udifluvents . Rowland C SIL none 0

PS =finesand PSL =fine sandyloam  SIL=siltloam C =clay
S |
|
The SCS soils databas incl‘udes‘ available water capacities (AWC) and depths for each of
the soil horizons of each soil-unit record. Each soil record typically contained three to
four separately-described hon’zons. The AWC was given as a range (high and low value)

for each horizon included in the soil series description. For NJGS purposes, the average
of the high and low value of AWC was used in the calculations. :
!

five categories of mature-vegetation root depth. These RWC values are sensitive to the
AWC profile of the specific soil profiles, the type of soil, and the root barrier, if present.
~ The results are summarized in table 4, which shows the soil-unit name followed by five
RWCs, one for each vegetation type. This 126-by-5 matrix was one of the essential
elements used in the soil-water-budget simulation.

. o .

In summary, the compﬁete INJGS soils database contained five types of data for each of the
126 unique soil units; 1) hydrologic soil group (HSG for runoff), 2) general type of soil
(for typical root depths), 3)) maximum-root depth where barrier-restricted, 4) type of
root barrier (B or F) where present, and 5) available water capacity for specific horizons
of a soil series. Table 4 lists all of the basic data used in the NJGS soil-water budget
simulations. | ' ' '

. Based on the soil data ‘fesc'ribed above, soil-unit-specific RWCs were calculated for all




Table 4. Root zone water capacity by soil unit

83

Hydrologic Root Barrier Root zone water capacity (RWC, in.)
Soil Soil Depth ‘ ) . Mature
Soil Unit Group Type ~ (in.)  Type Shallow Moderate Deep Orchard Forest
Abbotstown Cc - SIL. 22 F 394 394 394 394 394
Adelphia B FSL  none ' 335 6.08 6.08 8.83 10.48
Adelphia Var. B FSL none 338 6.03 6.03 8.78 1043 .
Albia C SIL 16 F 2.64 2.64 2.64 2.64 2.64
- Amwell C SIL 24 F 335 335 335 335 335
Annandale C CL 30 F 249 4.65 4.65 4.65 4.65
.Arendtsville B SIL 96 B 3.10 4.60 5.60 6.60 8.60
Athol B SIL 15 B 5.15 830 1035 11.95 14.35
Aura B FSL none 2.54 4.59 4.59 6.75 7.88
Barclay - C FSL  none 3.43 5.89 5.89 7.76 8.89
Bartley CcC . CL 30 F 2.62 4.57 4.57 457 4,57
Bath C SIL 30 F 343 - 4.00 4.00 400 400
Bedington B SIL 60 B 435 6.75 835 9.50 9.50
Berks C SIL 34 B 2.85 3.66 3.66 3.66 3.66
Bertie B FSL  none ' 2.10 439 439 6.64 7.99
Birdsboro B “SIL none 4.39 645 = 749 8.72 10.84
Boonton C SIL .30 F 333 3.69 3.69 3.69 3.69
Braceville C SIL 27 F 248 2.64 2.64. 2.64 2.64
Bucks B SIL 51 B 5.04 6.85 7.88 7.98 7.98
Califon C CL 25 F 2.83 435 435 435 435
Chalfont C SIL 22 F 3.63 3.63 3.63 3.63 3.63
Chenango A SIL none 3.05 3.53 3.83 413 4.73
Chillum B SIL none 5.06 7.25 8.00 8.75 10.25
Clay Pits C C- none 130 2.65 333 333 . 6.03
Collington B FSL none 3.09 5.68 5.68 8.18 9.68
Colonie A FS none 1.75 245 3.15 4.55 6.75
Colts Neck B .FSL none 3.30 16.25 6.25 9.75 11.85
Donlonton C CL none 2.67 5.82 7.76 7.76 12.01
Downer B FS none 191 2.63 3.15 429 6.64
Dragston C  FSL none 2.19 4.06 4.06 5.81 6.86
Duffield B CL 66 B 3.18 6.18 8.18 8.18 12.68
Dunellen B FSL none 297 5.19 5.19 7.06 8.19
Dunellen Var. '} .FSL none 294 498 498 6.86 798
Ednyville . B FSL 47 B 2.70 5.07 5.07 5.84 5.84
Ednyville Mat. B FSL 47 B 2.67 547 547 6.45 6.45
Ellington(Morris) _ B FSL none 3.18 . 6.16 6.16 941 11.36
Ellington(Middlesex) B FSL 36 B 336 6.56 6.56 7.84 . 7.84 .
Evesboro A FS ‘none 1.30 1.96 2.65 4.18 735
Fort Mott A FS none 1.50 2.54 3.94 5.64 8.64
Freehold B FSL none 292 574. 574 8.49 10.14
Galestown A FS none 1.40 210 275 3.86 6.26
Gladstone ‘B SIL 65 B 355 5.48 6.58 7.68 8.22
Gravel Pits A FS none 0.30 045 0.60 0.90 1.50
Haledon C SIL 30 F 4.06 4.62 4.62 4.62 4.62
Hammonton B FS none 2.06 - 337 4.19 594 9.94
Hazen B. FSL none 2.80 436 4.36 5.61 6.36
Hazleton B SIL 54 B 242 3.62 432 '4.60 . 4.60
Hero B FSL  none 3.38 5.00 5.00 5.90 6.42
Hibernia C FSL 24 F 2.60 3.02 3.02 3.02 3.02
Holmdel C - FSL none 2.84 573 5.73 8.35 9.93
Holyoke Cc = SIL 17 B 2.97 297 297 297 297
Hooksan A FS none 0.53 0.73 093 1.33 213
Hoosic A FSL none 1.64 233 233 3.08 3.54
Howell C C none 1.85 3.55 4.45 3.87 8.38
Keyport C C none 1.63 3.12 3.87 6.12 6.87
Keyport Soils C C none 1.86 3.36 411 4.11 7.11
Klej - B FS none 1.60 237 3.05 490 8.80
Klinesville C SIL 18 B 1.14 1.14 1.14 1.14 1.14
Kresson C C none 1.92 372 4.62 4.62 8.22
Lackawanna C FSL 26 F 2.60 338 338 338 338
Lakehurst A FS none 132 2.02 272 421 720



Table 4 (cont.)-Root

|

zone water capacity by soil unit

Hydrologic Root Barrier " Root zone water capacity (RWC, in. ,
Soil ' Soil  Depth : ' , : Mature
Soil Unit Group Type (in)  Type Shallow Moderate Deep Orchard Forest
Lakewood L\ + FS none 135 2.05 2.75 4.15 6.95
Lansdale B + SIL 60 B 3.82 5.81 6.90 8.00 8.00
Lansdowne c C 60 B 2.24 4.06 4.96 4.96 8.55
Landsdowne Var. c CL 30 B 1324 5.64 5.64 5.64 5.64
Lawrenceville c - SIL 25 F 445 445 445 445 445
Legore B ' SIL 50 B 422 5.88 694 6.94 6.94
Lehigh C - SIL 50 B. 436 6.44 7.60 . 7.60 7.60.
Marlton Cc C none 151 2.81 346 346 607
Matapeake B “SIL ~ none - 541 7.82 9.12 10.47 13.07. .
Matawan C . CL none 1.78 4.27 597 597 9.22
Mattapex C .SIL  none 543 830  9.90 11.50 13.75
Mecksville C - SIL 33 F 4.02 -5.02 502 5.02 5.02
Middlebury B FSL  none ..3.26 5.55 5.55 6.93 175
Minoa - C ‘FSL  none 333 633 633 9.71 11.73
Mt. Lucas - C ' SIL 66 B 4.05 6.17  7.16 8.05 8.58
Nassau . C . ISIL 18 B 1.81 1.81 1.81 1.81 1.81
Neshaminy B | CL 60 B 2.28 422 5.51 5.51 8.21
Neshaminy Var. (o CL . 36 F 293 503 571 571 571
Netcong B \FSL  none 2.54 5.14 5.14 739 8.73
Nixon B iCL  none 2.24 4.04 5.24 5.35 723
Nixon Var. B i CL none 2.40 4.24 535 6.85 835
Nixonton B . SIL  none 4.38 6.00 6.75 7.50 9.00
Norton C I C 90 B 2.01 3.57 432 432 7.28
Ogquaga c ISIL 30 B 2.14 2.5 2.54 2.54 254
Otisville A IFS  none 0.95 L1l 126 1.56 2.16
Palmyra B  FSL  none 1270 369  3.69 407 429
Parker .BE FSL 48 B 224 392 392 4.40 440
Pascack C  FSL  none 2.80 4.70 4.70 6.33 7.30
Pattenburg B SIL 60 B 3.98 5.82 6.88 7.94 794
Pemberton B FSL  none 1.40 383 383 6.58 -8.23
Péenn C SIL 30 B 3.77 4.07 4.07 4.07 4.07
Phalanx B| FSL  none 1.36 2.89 2.89 4.14 4.89
Pompton B FSL  none 2.94 -5.28 5.28 7.15 8.28
Pope - B FSL  none 242 4.82 4.82 7.32 8.82"
Quakertown C SIL 56 B 493 7.23 8.90 9.74 9.74
Raritan C SIL 25 F 448 448 448 448 448
Readington - C SIL 30 F&B 4.62 521 521 5.21 521
Reaville . - C SIL. 25 B 4.06 4.06 4.06 4.06 4.06
Riverhead B, FSL none 2.58 4.24 424 534 5.79 .
- Riverhead Var. " B FSL ' none 225 3.65 3.65 440 485
" Rockaway C FSL 24 F 229 2.54 2.54 2.54 2.54
Rowland C SIL . none . 4.10 6.45 7.62 8.43 10.88
Royce Cc CL 57 B 2.65 4.90 5.90 5.90 7.60
Sandy Land (Burlington) B Fs 24 F 1.73 . 213 213 213 213
Sand Pits : Al FS none 0.65 "~ 1.00 1.35 2.05 345
Sassafras B FSL  none 2.83 5.60 5.60 7.72 9.00
Steep Stony Land; Parker B "FSL 48 B 1.96 3.20 3.20 3.68 3.68
Steinsburg - C| FSL 36 B 2.46 342 342 342 342
Swartswood Cl FSL 30 F 2.00 289 - 2.89 2.89 2.89
Tinton A FS none 140 - 229 373 5.87 947
Tioga B FSL  none 3.10 541 541 8.16 9.80
Tunkhannock A ESL . none 2.05 339 . 339 4.64 5.39
‘Turbotville C SIL 28 F. 4.53 494 . 494 494 4.94
Unadilla B SIL  none 471 7.49 8.04 8.59 9.69
Valois B! - SIL 90 B 2.73 423 5.07 5.67. 6.87
Venango (o ‘SIL 20 F 343 343 343 343 343
Washington "Bl CL 78 B 2.85 5.57 733 - 133 11.30
Wassaic B " SIL 30. B 3.64 434 434 434 434
Westphalia B. FSL  none - .50 6.13 6.13 9.13 10.93
Wethersfield C SIL none 3.88 516 .- 6.00 6.86 8.55 -
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Table 4 (cont.)--Root zone water capacity by soil unit

Hydrologic Root Barrier Root zone water capacity (RWC, in.)

Soil Soil  Depth Mature
Soil Unit Group Type (in.) Type Shallow Moderate Deep Orchard Forest
Whippany C C 90 B 197 3.61 441 441 7.5
Woodmansie B FS none 1.63 2.72 3.72 571 9.71
Woodstown C FSL none 232 4.61 4.61 748 9.19
Wooster C SIL 32 F 436 5.48 5.48 548 5.48
Waurtsboro C FSL 21 F 2.46 2.57 2.57 2.57 2.57

Simulation of the soil-water budget

The discussion to this point explains the development of the basic data used in the soil-
water budget simulation. These data enable one to estimate recharge for each of the
possible combinations of land-use/land-cover (14 possibilities), soil (126 units), and
.climate condition (32 stations) in the state. The following discussion explains how the
basic data were used.

The curve-number method gives results in terms of inches of infiltration per day.
However, because of the monthly result given by the evapotranspiration-estimation
technique, the smallest time interval for simulation of the soil-water budget is a month.
Therefore all infiltration results were lumped into sets of mean monthly 1nf11trat1on
values based on a 30-year record.

Mean monthly infiltration was estimated for each soil unit for all possible land-
use/land-covers, but only for those climate areas of the state in which a given soil
occurs. These calculations are dependent on precipitation, the hydrologic soil group of
the soil unit and the land-use/land-cover (LULC). Infiltration for all LULCs that
contained impervious cover were calculated as if they were 100-percent pervious cover
of landscaped-open space in good hydrologic condition. This was done as an interim step
to avoid an area-weighted value of infiltration that would invalidate the results of the
soil-water-storage and actual evapotranspiration calculations. Adjustments for the
percentage of impervious cover were made after recharge was calculated and are
explained following equation 17.

Next, each of the vegetation-root-depth categories was péired with the appropriate LULC
category (table 5). For every combination of LULC and soil, a value for root zone water
capacity (RWC) was assigned from table 2.

Table 5. LULC and associated vegetation root-depth categories

Land-use/land cover Vegetation root

(LULC) depth category
Landscaped open space moderate

applies to vegetated portion
of all developed areas)

Unpaved parking areas shallow
Annual crops ' moderate
Legumes or rotation meadow deep
Pasture or meadow deep

Brush deep

Woods and grass combmatlon orchard
Woods mature forest
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With all this in place
and climate were m
monthly recharge wa
values.

qde.

i
nthly ground-water-recharge estimates sensitive to LULC, soil,

Table 6 and equations 15 through 17 illustrate how mean
Iculated from the infiltration and potential evapotranspiration

mao

sca

Table 6. Example of values used to calculate monthly recharge
Potential - Infilitration Water in
M1 nth | evapotranspiration . \py  footzone  Recharge
| (ETp) ’ (Si)
Jaquary ~0.00 3.17 3.94 3.17
February 0.00 2.80 3.94 2.80
Maqch Y 1.27 3.45 3.94 2.18
, Aprll 2.39 3.85 3.94 1.47
May 426 3.69 3.41 0.00
Jurie 468 3.26 237 0.00
JuIy 5.25 4.15 1.79 0.00
August _ 5.09 3.61 123 - 0.00
September  3.66 3.52 1.19 0.00
October 237 293 174 0.00
November 1.27 3.45 3.92 0.00
Declembe’r 0.06 3.54 3.94 347
“ ‘,’ Allvalues in inches
Somerville climate station " Vegetation type = forest
~ Soil unit = Abbottstown Root zone water capacity
| ULC = woods. (RWC) = 3.94
© CN(SCS) =77 ‘
Equations 15 through 17 are modified from Alley's (1984) summary of analytical
solutions for calculation of Thornthwaite's monthly soil-water budget. The method

assumes that before 3
zone (RWC) must be f
satisfied then become

The amount of water
assuming two differe

potential evapotransg
than or equal to the

If infiltration for the 1
then soil moisture is ¢
at some value less tha

end of month i is assu

\ny ground—water recharge can occur the water capacity of the root
filled. Infiltration during a month which occurs after the RWC is
S ground-water recharge.

stored 1n the soil at the end of month i (S;) must be calculated

t s1tuat10ns The first is when the infiltration is less than the
viration. The second is when infiltration during a month is greater
»otehtlal evapotransplratlon

noth is' less than the potential evapotranspiration (INF; < PET,),

at less than its full capacity and the evapotransplratlon rate will be -
n the potential. In this case the amount of water m the soil at the
imed to be expressed as:

|

{‘(ETpi"mF'_i)} : :
Si=(Si-De" mwe 0 (15)
where:
Si = amount of water in:soil at end of month i

Si-1 = amount ¢
INF; = infiltrati

ETp,i = potentis

- RWC = water cg

ter in soil at end of month i-1
on during month i
evapotransplratlon during month i
Lpacuy of the root zone

f wa
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If infiltration for the month is greater than or equal to potential evapotranspiration for
that month (INF; > ETp ;) then the additional water is available either for replenishing

soil moisture or for ground-water recharge.. The volume of water in the soil at the end of
“month iis the sum of this additional water and the amount of water that was in the soil at
. the end of the previous month. This calculation is qualified, however, by the fact that

the amount of water can not exceed the water capacity of the root zone. This is expressed
as:

Si = min{(INF; - ETp i)+S;-1,RWC} (16)

Ground-water recharge can occur during month i only when two conditions are
satisfied: (1) infiltration exceeds potential evapotranspiration for month i (INF; > ETp ;);
and (2) the soil moisture of the root zone is at full capacity at the end of month i (S; =
RWC). When these conditions are satisfied, the excess of water becomes ground-water
recharge:

monthly ground-water recharge = (INFi-ETp j) - (RWC-Sj-1) (17)

In equation (17) the term (RWC-S;-1) represents the amount of soil-water deficit at the
end of the previous month. This value can range from O (which indicates the root zone’s
soil moisture capacity was full at the end of the previous month) to RWC (which
indicates there was no water at all in the root zone). '

For LULCs in developed areas (those that contained impervious cover), all precipitation
that fell on impervious areas was considered directly connected to the local surface-
water system. This assumption is consistent with SCS guidance for the curve-number
method (U.S. Department of Agriculture, 1986). Recharge calculation for such areas was
based on the assumption that all of the pervious areas consisted of landscaped open space
in good hydrologic condition. Thus for recharge estimates on any LULC that contained
impervious area, an area-weighted average was calculated: : ‘

(100 - percent impervious cover)
100

ground-water recharge = REqg X (18)

where:

RE,g = recharge through landscaped open space

There were 33 map units in the state that were listed as either “rock outcrop,” “rock
outcrop complex,” “rock outcrop association” or had some proportion of associated rock
outcrop. Recharge estimates for these map units were simulated separately from the
soils. Table 7 shows a summary of these map units with the outcrop proportions reported
as the average of the range listed in the county soil surveys.
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Table 7. Summary lof S(:JS,map units with reported proportions of rock outcrops.

. - Percent  Principal Geologic - Infiltration

County So:l Unit =~ | ‘ Symbol | Outcrop . ~ Unit(s) Potential
Bergen Boonton-Rock Outcmp Bs* 020  Jurassic Basalts - Low
Bergen ' Rr* 0.25  Proterozoic Basement  Very Low
Bergen Ws* 020 Diabase Low
Hunterdon Rk 0.70 - Passaic Formation Moderate
Hunterdon RIF 0.20 Passaic Formation Moderate
Mercer VmC 0.70 - Diabase . Low
Mercer . Very Stony Land Neshammy Mat. VnE 0.70 Diabase Low
Morris Holyok -Rock Outcrop : HE ~ 043 Hook Mtn. Basalt Low :
Morris Parker-Rock Outcrop PfE 023 Proterozoic Basement  Very Low
Morris Rocka: ay-Rock Outcrop Rs* 0.30 Proterozoic Basement ~ Very Low
Morris Rock tcrop = - Rt - 1.00 . Green Pond Congl. Very Low
Morris Rock tcroq-Rockaway RvF 0.70 Proterozoic Basement ~ Very Low
Passaic Holyoke-Rock Outcrop HrC 0.20 Jurassic Basalts Low
Passaic Rocka ay-Ro'ck Outcrop RsC 0.23 Proterozoic Basement - Very Low
Passaic - Rock tcroﬂ-Holydke 7 RwE 040 ' Jurassic Basalts Low
Passaic Rock Outcrop-Rockaway RxE 040  Proterozoic Basement -VeryLow
Passaic Rock Outcrop-Swartswood ‘RyE 0.38 Skunnemunk Congl. Very Low
Passaic Swarts ood-Rock Outcrop SiC 0.23 - Skunnemunk Congl. Very Low
Sussex " Nassau- JRock Outcrop ... Nf* 0.18 Martinsburg Formation ~Moderate
Sussex Oquaga-Rock putcrop - 0D 0.15  Bellvale Sandstone .- Moderate
Sussex Rockaway-Rock Outcrop RiD 0.33  Proterozoic Basement ~ Very Low
Sussex Rock OutcropiNassau " RsF 0.45 Martinsburg Formation ~Moderate
Sussex - Rock tcrop'—Oquag‘a . RtE 0.50 Shawangunk Formation Very Low
‘Sussex Rock Outcrop-Rockaway RVE 0.80  Proterozoic Basement ~ Very Low
Sussex ‘WassaictRock Outcrop © WnD 0.28 Paleozoic Carbonates High.
Warren Edneyville-Parker-Rock Outcrop EPD 0.15 * Proterozoic Basement . Very Low
Warren ~ Nassau-Rock Outcrob : - NF* 0.15 : Martinsburg Formation ~Moderate
Warren Oquaga- wartswood-Rock Outcrop ORD 0.10  Bloomsburg Formation Moderate
Warren Rock Outcrop- Oquaga ROF 0.30 Shawangunk Formation Very Low
Warren Rock Outcrop- i’arker-Edneyville‘ a RPF 0.20 Proterozoic Basement =~ Very Low
Warren Rock tcropJRocka‘way-'Parker RRE 0.30 Proterozoic Basement - Very Low
Warren Rock rop-Wassaic . ' RWw* 0.28 Paleozoic Carbonates High -

Warren Wassaic-Rock OUtcrop o WO* 0.23 Paleozoic Carbonates High

* Re'pxjesents average of two or more slope variants.

\ .

Comparison of the areal dlstnbutlon of these soil map units with published and
unpubhshed geologic mappmg showed that some soil map units occur over geologic
units that in outcrop maj vary considerably in their ability to absorb precipitation.
However it was felt that the need for some kind of broad relative scale of outcrop
infiltration potential outweighed the importance of variations of outcrop within some
soil map units. The latest %eologlc mapping data and judgment of NJGS mappers was thus
used to assign a relative 1nﬁ1trat10n potential value to the outcrop associated with each
soil-rock complex or ssoglatlon This infiltration potennal of exposed outcrop was
ranked on a scale of 1 (lowest) to 4 (highest). The main considerations included in this
qualitative ranking in lud\ed (1) surface retention characteristics, and (2) typical ,
fracture density and nentatlon For purposes of simulating 1nf11tratlon curve numbers
were assigned to the four classes. rank 1 = curve number 99, 2 = 98, 3 = 97, 4 = 96.
Simulation of recharg fox.T the 3four categories of outcrop uuhzed the followmg
modification of the curve number technique. This modification is applicable only to the -
NJGS recharge estimation method It was assumed that outcrop portions are relatively
unvegetated and overall transplratlon from plants over such areas would therefore be
insignificant. Evaporation from rock outcrop would consist principally of that
precipitation retained on the outcrop surface and evaporated after a precipitation event.
Therefore ground-water recharge through rock outcrop can be estimated as the amount
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of water left from precipitation (P) after surface runoff (Q) and surface retention
(calculated in the same manner as initial abstraction, I) are subtracted:

Recharge=P-Q-Ia (19)

This recharge simulation was calculated on a dauly basis for the 30-year period of record
for the relevant climate stations of each of the 33 rock outcrop types. The results were
summarized as annual averages.

To apply the outcrop estimates to the soil-rock complexes or associations, an area-
weighted average of the soil and outcrop portions were used to calculate an average
annual estimate of recharge for the entire complex:

Recharge = (soil proportlon of complex) X (soil recharge rate) + (outcrop
proportion of complex) x (outcrop recharge rate) (20)

For developed areas over rock-outcrop complexes, equation 18 was applied directly to the
recharge results for the soil-rock outcrop complex and landscaped-open space
combination. It is assumed that nelther outcrop nor soil portlons of a site are selectively
developed.

Application of the Simulation Results
for Recharge Calculation

A primary objective of the method is to have it readily applicable by engineers and
planners. Accordingly, it was necessary to summarize the results of the soil water-
budget simulation in a simple yet reasonably accurate way. For all 159 soil units
simulated (126 soil series and 33 soil/rock complexes), recharge values were annualized
for each of the 14 land-use/land-covers at all the appropriate climate stations. The result
was a large matrix of 30-year mean-annual-recharge estimates covering every

reasonable combination of soil, land-use/land-cover and climate in New Jersey. \
Additionally, precipitation and potential evapotranspiration were converted to mean
annual values for each of the climate stations relevant to a specific map unit.

Tests by NJGS showed that the ratio of precipitation over potential evapotranspiration, or
climate factor (C-factor), could serve as a reliable climate-sensitive index of simulated
recharge, given a fixed combination of soil and land-use/land-cover. Based on C-factor

as the independent variable and recharge as the dependent variable, least-squares

linear regressions were calculated for all simulated combinations of soil and land-
use/land-cover that occur in New Jersey. As an example, a graphical representation of
the regression for Keyport soils with a woods LULC is shown in figure 47. A slope (R-
factor) and y-intercept (R-constant) were calculated to describe the recharge

relationship of every combination of soil and land-use/land-cover with climate factor.
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Figure 47 Recl}arge vs. climate factor (soil = Keyport, LULC = woods).

This allows a general hnei).r equatlon for ground-water recharge for a given soil and

land-use/land-cover ¢

annual ground-wa

R-factors and R-constants

ter {echarge = (R-factor x C-factor x B-factor) - R-constant

ombmatlon

| (19)

| | - . .
were thus entered in appendix 5 according to the appropriate

LULC for the 159 soil junits simulated. Appendix 5 also includes the 11 sets of surrogate R-
factors and R-constants for the soil units that lacked a complete SCS database. To include
all 252 soil units in appenldlx 5, R-factor and R-constant values that yield zero-recharge

were also included in

appendlx 5 for hydric soils (75). The seven soil map units that

require site specific determination were also listed. The final result was a 14-by-252
matrix (3,528 pairs) of R-factors and R-constants: one pair for each combination of soﬂ

unit and LULC possibl

e 1n! the state. This list is as comprehensive as possible.

The basin factor (B—faktori) was derived by calibrating calculated volumetric ground-

water recharge to stre

am
Passaic River Basins were

baseflows. Test areas in the Maurice, Musconetcong and
used to represent different geologic settings. The calibration

process showed a constant basin factor of 1.3 brought calculated values acceptably close
to baseflows. More detailed investigations of different basins may show.the need for
different basin factors for different basins. For the purposes of this report, however, a
constant value of 1.3 prowdes acceptably accurate ground-water recharge values.

To make the recharge|
convert climate factor

equatlon more relevant for local plannlng, 1t was necessary to
s for the 32 stations to municipal level values. The NJGS utilized a
Geographic Information S '

ystem (GIS) to assign mean-annual-climate factors to New

Jersey's 567 municipalities. A GIS is a computer-based combined spatial and tabular

database. Each map la

, or coverage, has spatial features that may include polygons,

lines, and points. These features are linked to a tabular database (Environmental Systems

Resources Institute, In

c., 1987). For example, one of the coverages used to assign mean °

annual climate factor to mun1c1pa11t1es was the climate recording-station point
coverage. The spatial component is the "x,y" or longitude/latitude coordinates, the points

that are actually seen

To arrive at a represer
method was used (Lin

on the map. The tabular part of the database contains a climate
factor for each station. :

3

rtative climate factor for each municipality, the Thiessen polygon
sley, Kohler and Paulhus, 1982). A Thlessen polygon describes an
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Figure 48. Thiessen polygons chmate statlons ‘and mumc1pa.1 boundarles for
eastern Morris County. _

area closest to a given point within a dlStI’lbuthl’l of points. These polygons were
generated, using the GIS, for the 32 points in the climate-station coverage. Overlaying
the Thiessen polygon coverage on New Jersey's municipal boundaries, another polygon
-coverage, made it possible to identify which municipality fell into what Thiessen
polygon. Those that fell entirely within one Thiessen polygon were assigned its station's
climate factor. Those that fell into two or more polygons were assigned an area-weighted
average of the associated climate factors. Using this method, an average annual climate
~ factor was assigned to each municipality in the state. Figure 48 shows Thlessen polygons,
climate stations, and municipal boundaries in the Morris County area. '

Manual application of the method using R-factors and R-constants associated with the
252 discrete soil units was impractical for large areas, based on pilot tests performed by
NJGS. The main reason was that it required -excessive "detail for manual labeling and
reading. To avoid this, the soil units were lumped mto groups w1th 31m11ar recharge
charactenstlcs (s1m11ar R-factors and R-constants) S : :

The first step in making the method more amenable to manual apphcatlons was to sort
the soil units by similar recharge factor and constant. Further sorting and exchanging
was then performed in an effort to minimize the relative analytical error between
recharge estimates using the soil unit factor and constant versus using the group
average factor and constant. This clustering resulted in twelve recharge soil groups (A
through L) which typically can estimate recharge within ten percent of the value
calculated from the individual recharge factors and constants for that soil unit:
(appendix 5). The simplicity of manual application that results from this grouping is
intended to encourage use of the method by all planning entities. However if the
planning area is small or if a GIS is used, the greater accuracy obtamed by use of
discrete soil umts is recommended.
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| ~ APPENDIX 8
Wetlz_tnds d Streams as Zones of Ground-Water
| . Discharge and Recharge ,

’ ?

Whether a wetland or .urface-water body recharges ground water or receives discharge
from ground water depends on the relative levels of the water table and the surface
water and on the clegree of 1nterconnectlon between them.

The following examples lllustrate the four possible recharge/discharge relationships
involving streams and wetlands. The first shows ground water discharging to a wetland
and a stream. The second shows a water-table aquifer being recharged by surface water.
The third shows a wetland which is both a discharge area and a recharge source. The
fourth shows a wetland isolated from the aquifer beneath the site.

1. A wetland and strv‘eam‘ in a ground-water-discharge area (fig. 49)

Small wetlands commonly border streams. This case, similar to many in New
Jersey Coastal Plain valleys, shows such a stream bordered by wetlands at the foot
of a hill. The wetlands are above the level of the stream and are fed almost

entirely by ground~water dlscharge which has come from-infiltration upland of
the stream. |

Under the conditions shown here, both the wetlands and stream are ground-
water-discharge jareas. D'uringv high-water times, however, raised surface-water
levels may reveie the vertical gradient and temporarily change the wetland area

from a discharge area to a recharge area. Characterization of a wetland or water
body as a discharge or recharge area must thus account for seasonal variations
and the direction of net annual vertical leakage.

2. A stream in a grOund»water-recharge area (fig. 50)

This case, illustratmg a glac1al valley-ftll situation common in northern New
Jersey, shows a stream discharging to ground water. Wells in many of the valley-
fill aquifers are largely supplied by water which moves from nearby streams to
the aquifer by moving through the stream bed. The situation here is the result of
ground-water removal through a production well, but similar streambed leakage
occurs under natural conditions as well. The stream bed is acting as a recharge
area to the underlylﬁg water-table aquifer. Wetlands located along the streams
probably contribute }recharge as well.

3. A wetland Lvhl‘ch 1ncludes both ground-water-recharge and

ground-water-dlscharge zones (fig. 51)

A shallow water 1ab1e may intersect an irregular topography at several places. A
deep surface deps essr’on will extend below the water table and be a pond. A
shallower depres«.lonlwﬂl intersect the water table and be a wetland. The water
surface of these bodies is normally at the water table. Ground water may
discharge to the upgradient side of the pond or wetlands, while the downgradient
side may, in turn, recharge the ground-water system. Dur1ng drier seasons, when
the water table drop these surface water bodies may provide recharge to the
underlying aquifer throughout their extent.
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Figure 51. Example of ground-water recharging to and discharging from a wetland.
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Figure 50. Example of a stream as a source of ground-water recharge.

Figure 52. Example of a wetlands that is neither a significant ground-water recharge
nor discharge area.




4. Ground-wa ter
This example il
valleys contain
deposited in glz

200 feet thick and

-
i

not significantly affected by surface water (fig 52)

lustrates a situation common in northern New Jersey where many
wetlands which have formed on fine-grained lake-bed sediments
c1a1\ lakes during the last Ice Age. These silts and clays can be up to

have extremely low permeability, on the order of 10-8

centimeters pe second. The wetlands are fed by stream flow from nearby

topographic highs
sediments prevent
aquifers. While|the

onto the low lying former-lake beds. The thick glacial lake-bed
any ;significant vertical movement of water to underlying -
static water level in the aquifer under the clay may be above

or below land surface, the thick clay layer prevents these wetlands from acting as

either signific

These four exampl

changes depending

nt recharge or discharge areas.

es show that the role of wetlands and streams in the hydrologic cycle
on\topography, water levels and geology. One cannot make the

statement that wetlands are always recharge or discharge areas. There are some

principles, though,

which can be applied to make a preliminary evaluation.

Wetlands need a contmual source of water to exist or they dry up. Wetlands which do not

have a surface-wat

er source must be fed by ground water and thus are probably ground-

water-discharge areas. Wetlands next to streams but uphill and not sub]ect to frequent

flooding are proba

additions of surfac

ly :dlscharge areas. Wetlands next to streams that receive frequent
water may be either a discharge or recharge area or may not

significantly interact with the aquifer. In most cases, however, a field investigation will

be required to pre

the ground-water

cise ly determine the interaction between any particular wetland and
system _.

From the standpoint of a soﬂ-water balance model used in this report the fact that the
recharge or discharge status of the wetlands does not ‘depend on the factors used in the
- recharge simulations precludes the use of the model to quantify any recharge they may

supply. Other mod

eling methods exist that can srmulate recharge from surface water.




APPENDIX 9

Soil Conservation Service Field Offices

ATLANTIC & CAPE MAY
Mays Landing SCS Field Office
1200 Harding Highway
Mays Landing, NJ 08330
(609) 625-9400

BURLINGTON ,
Mount Holly SCS Field Office
1632 Route 38, Cramer Building
- Mount Holly, NJ 08060
(609) 267-0811 ‘

GLOUCESTER & CAMDEN
Pitman SCS Field Office
Kandle Center
77 E. Holly Avenue, Suite 1-A
Pitman, NJ 08071
(609) 582-9027

HUNTERDON
Flemington SCS Field Office
Hunterdon County Extension Center
8 Gauntt Place
Flemington, NJ 08822
(908) 782-3915 -

'MERCER ‘
Trenton SCS Field Office .
508 Hughes Drive '
Hamilton Square, NJ 08690
(609) 584-8337

MIDDLESEX & MONMOUTH
Freehold SCS Field Office
Opatut Professional Center
Suite B-11 '
77-55 Schanck Road
Freehold, NJ 07728
(908) 462-1079

MORRIS, BERGEN, HUDSON, ESSEX &

PASSAIC

Morristown SCS Field Office
Court House

Morristown, NJ 07960
(201) 538-1552

OCEAN
‘Forked River SCS Field Office
- 714 Lacey Road
Forked River, NJ 08731
(609) 971-3316

SALEM & CUMBERLAND
Deerfield SCS Field Office
“P.O. Box 144 (Route77)
Deerfield, NJ 08313
.(609) 451-2144

SOMERSET & UNION
Bridgewater SCS Field Office
Somerset County 4-H Center
308 Milltown Road
Bridgewater, NJ 08807
(908) 725-3848

. SUSSEX

95

Newton SCS Field Office
330 Route 206 South-
Newton, NJ 07860
(201) 383-0529

WARREN ‘
Hackettstown SCS Field Office
Hackettstown Commerce Park
101 Bilby Road, Bldg. #1-H
Hackettstown, NJ 07840
(908) 852-5450
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