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Appendix E: Soil Testing Criteria

Stormwater management design is dependent upon the changes that occur between pre and post-
development conditions. The impacts are assessed based on changes in hydrologic response,
which are determined by a combination of land use and soils. Although land use is simple to
determine, the impact of the soils, particularly in historically amended areas are more difficult to
determine. Soils are a critical factor, both to establish the resulting hydrologic impacts from
development and also to provide a design that adequately accomplishes the protection required
from the increases in runoff resulting for additional development. This guidance provides
methods to determine a hydrologic soil group for unmapped soils, to adjust the hydrologic soil
group where detailed site investigation provides information contradictory to the county soil
surveys, to develop an associated soil type for the groundwater recharge analysis and to establish
the requirements for soil testing where infiltration BMPs are proposed.

Note: This guidance does not provide all of the required soil testing to assess hydraulic
impacts on groundwater from an infiltration BMPs. Additional soil information may be
necessary depending on the type of mounding analysis and the specific site being assessed.

1.  Establishing Hydrologic Soil Groups

The county soil surveys are used to establish the existing soils condition and the associated
hydrologic soil group (HSG) for the soil series. The soil type and HSG impact the computations
to establish the existing groundwater recharge and existing runoff conditions necessary to
evaluate compliance with the recharge and quantity control criteria of the Stormwater
Management rules. However, many areas in the State have been amended or modified and the
county soil surveys do not provide sufficient information with which to determine the hydrologic
soil group and the associated hydrologic response. As a result, there is the need for a
methodology to associate these areas with the applicable soil series and associated hydrologic
soil group for areas mapped as Urban Land, Cut and Fill Land, Made Land or other
indeterminately and previously altered areas in the State as well as for instances where map
classifications do not represent field conditions.

The design engineer has the option to utilize default hydrologic soil groups in areas where the
HSG is not known. Under existing conditions for the Coastal Plain, HSG A may be utilized. For
the remainder of the State, HSG B may be utilized. For proposed conditions, HSG D should be
used. These values will result in a conservative design for stormwater runoff and groundwater
recharge computations. However, if the designer engineer does not wish to utilize these assumed
hydrologic soil groups, a process is outlined below to establish the HSG based on site-specific
investigation.



1.1 Soil Testing Locations

To establish the characteristics for a site, a minimum of one (1) test pit and four (4) soil borings
shall be performed within each unknown soil mapping unit to determine the distribution of soil
types present at the site within that unit. For unknown mapping unit areas larger than two (2)
acres, a minimum of one (1) additional soil test pit shall be conducted within each additional area
of two (2) acres. The additional test pit(s) shall be placed approximately equidistant to other test
pits, so as to provide adequate characterization of the subsurface material. In all cases, where
soil and or groundwater properties vary significantly, additional test pits shall be excavated in
order to accurately characterize the subsurface conditions.

In a soil mapping unit where more than one test pit is required, soil borings may be used to
replace a test pits in areas where performing test pits would substantially disturb natural
conditions. When using a soil boring to replace a test pit during a preliminary soil investigation,
the borings shall be performed and reported in accordance with ASTM D 1452 Practice for Soil
Investigation and Sampling Auger Borings & ASTM D 1586 - Test Method for Penetration Test
and Split-Barrel Sampling of Soils. Sampling shall be continuous for the entire depth of the
boring to fully characterize the soil profile.

1.2 Establishing Hydrologic Soil Groups

Soil test pits shall extend to the depth of the seasonally high water table, or the deeper of six (6)
feet below existing grade or four (4) feet below proposed grade. The depth of the restrictions,
depth of the seasonally high water table (SHWT) and the permeability rate are critical to
establishing the hydrologic soil groups. The following guidance documents from the USDA
Natural Resources Conservation Service should be utilized to establish the hydrologic soil
groups:

USDA Natural Resources Conservation Service. “Part 630 Hydrology National Engineering
Handbook Chapter 7 Hydrologic Soil Group”, May 2007.

USDA Natural Resources Conservation Service. National Soil Survey Handbook,
“Part 618.49 Restriction Kind, Depth, Thickness, and Hardness,” pp 618-33 to 618-34, 1996.

The Department summary of the NRCS guidance documents to establish hydrologic soil group
based on permeability rates is provided in the Addendum at the end of this guidance.

2.0 Soil Series for Groundwater Recharge Computations

The New Jersey Groundwater Recharge spreadsheet provides average annual groundwater
recharge for a site given an area, a land use and a soil type. The methodology to establish
hydrologic soil group is not sufficient to provide the necessary soil type. The groundwater
recharge based on the soil type was evaluated, and the groundwater recharge does not value
significantly within the hydrologic soil group. Therefore, the design engineer can assume a soil
type based on the median groundwater recharge for each HSG as shown below.

HSG A: Fort Mott
HSG B: Nixon



HSG C: Venango
HSG D: Any D soil

NOTE: The establishment of soil type discussed at 2.0 is only for the use in the New Jersey
annual groundwater recharge computations. The use of this soil type for groundwater
recharge computations is not an indication that the selected soil is the exact soil on site, and
additional soil testing and characterization may be needed if the soil type is necessary for
other types of analysis.

3.0 Soil Testing for Infiltration BMPs

Stormwater infiltration BMPs are those BMPs which rely on infiltration for groundwater
recharge, stormwater runoff quality, and/or stormwater runoff quantity control. Examples
include, but are not limited to, bioretention basins without underdrains, dry wells, infiltration
basins, and sand filters without underdrains. Structural BMPs may be constructed with a portion
of the basin as the infiltration component, while the remainder of the basin simply provides the
necessary storage for stormwater or water quality runoff control. In these cases, the infiltration
BMP soil testing criteria would apply to only the portion of the basin providing the infiltration
for the BMP.

Infiltration BMPs are required to be sited in soils verified by field-testing to have permeability
rates of one (1) inch per hour or greater. If such site soils do not exist or if the design engineer
demonstrates that it is not practical for engineering, environmental or safety reasons to site a
stormwater infiltration BMP(s) in such soils, then the stormwater infiltration BMP(s) may be
sited in soils verified by field testing to have permeability rates of at 0.4 inches per hour or
greater in limited circumstances. Detailed discussion is provided in Chapter 5 of the NJ
Stormwater BMP manual.

Field tested permeability rates in excess of 20 inches per hour must be limited to no more than 10
inches per hour as the design permeability rate to determine if it complies with the maximum
allowable 72 hour drawdown time for infiltration facilities.

Note: In cases where the use of the field tested infiltration rate as opposed to the 10 in/hr
maximum rate is conservative, the larger rate must be utilized in those specific
computations to ensure design adequacy.

All soil test pits and soil permeability results shall be performed under the direct supervision of a
Professional Engineer with experience in soil testing or in consultation with a specialist in the
soil sciences, such as Certified Professional Soil Scientists.

3.1 Soil Testing Locations

Soil test pit and soil borings are only required in the areas of the BMP being utilized for
infiltration. Where the entire basin is being utilized for infiltration, the basin area will be
equivalent to the infiltration area. Where only a portion of the BMP is being utilized for



infiltration, the infiltration BMP area discussed below is applicable only to the infiltration
portion of the BMP.
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pits shall be within twenty (20) feet of the basin perimeter, located along the longest axis
bisecting the BMP. For BMPs larger than ten thousand (10,000) square feet in area, a minimum
of one (1) additional soil test pit shall be conducted within each additional area of ten thousand
(10,000) square feet. The additional test pit(s) shall be placed approximately equidistant to other
test pits, so as to provide adequate characterization of the subsurface material.

Soil Test Pit Logs

For infiltration BMPs less that 100 square feet, the requirement for two (2) soil test pits may be
reduced and replaced with a minimum of one test pit for the site and one (1) soil boring or test pit
at the location of each individual BMP. The test pit must be located to adequately depict the
conditions of the site. Where the soil logs demonstrate significant changes in the soil or
groundwater properties, additional test pits will be required. For drywells in residential
structures, only one soil boring or test pit is required per lot.

For linear infiltration BMPs, a minimum of two soil test pits is required with an additional test
pit for every 2000 linear feet or any change in soil mapping unit, whichever is more frequent. If
the mapping unit exceeds 1000 feet at the location of the infiltration BMP, an additional test pit
shall be provided. Linear infiltration BMPs are typically located along roadways to infiltrate
runoff over a long distance and has a minimum length to width ratio of 4:1 along the length of
the road.



Soil Borings for Linear Infiltration BMPs

¢ @ <& <

— SO0 Ft % 2000Ft ‘ S00Ft

Soil Mapping Unit 1
Soil Mapping Unit 1

An additional test pit or soil boring shall be provided every 500 linear feet or to demonstrate any
significant changes in soil properties, whichever is more frequent. In all cases, where soil and or
groundwater properties vary significantly, additional test pits or soil borings shall be excavated

in order to accurately characterize the subsurface conditions below the proposed infiltration
BMP.

Soil permeability tests shall be conducted on the most hydraulically restrictive horizon or
substratum to be left in place below the basin as follows: Where no soil replacement is
proposed, the permeability tests shall be conducted on the most hydraulically restrictive horizon
or substratum within four (4) feet of the lowest elevation of the basin bottom or to a depth equal
to two (2) times the maximum potential water depth within the basin, whichever is greater.
Where soil replacement is proposed, the permeability tests shall be conducted within the soil
immediately below the depth of proposed soil replacement or within the most hydraulically
restrictive horizon or substratum to a depth equal to two (2) times the maximum potential water
depth within the basin, whichever is greater. Permeability tests may be performed on the most
hydraulically restrictive soil horizons or substrata at depths greater than those identified above.

A permeability test shall be conducted in all soils that immediately underlie a perched zone of
saturation. Any zone of saturation which is present below a soil horizon which exhibits an in-
place permeability of less than 0.2 inches per hour shall be considered an artesian zone of
saturation unless a minimum one foot thick zone of unsaturated soil, free of mottling or other
redoxomorphic features possessing a chroma of four of higher exists immediately below the
unsuitable soil. Stormwater infiltration BMPs shall not be installed in soils that exhibit artesian
groundwater conditions.

3.2 Soil Test Procedures
During all subsurface investigations and soil test procedures, adequate safety measures shall be
taken to prohibit unauthorized access to the excavations at all times. It is the responsibility of



persons performing or witnessing subsurface investigations and soil permeability tests to comply
with all applicable Federal, State and local laws and regulations governing occupational safety.
All soil test pits and soil permeability results shall be performed under the direct supervision of a
Professional Engineer with experience in soil testing or in consultation with a specialist in the
soil sciences. All soil logs and permeability test data shall be accompanied by a certification by
a Professional Engineer. The results and locations (horizontal and vertical) of all soil test pits,
borings and soil permeability tests, both passing and failing, shall be included in the Stormwater
Management Report submitted to the appropriate review agency.

A minimum of one (1) permeability test shall be performed at each soil test pit location.
Permeability rates can be determined as prescribed in N.J.A.C. 7:9A-6.2 (Tube Permeameter
Test), N.J.A.C. 6.5 (Pit Bailing Test) or N.J.A.C. 6.6 (Piezometer Test). When the tube
permeameter test is used, a minimum of two replicate samples shall be taken and tested.
Alternative permeability test procedures may be accepted by the approving authority provided
the test procedure utilizes undisturbed material to establish the permeability rate, attains
saturation of surrounding soils, accounts for hydraulic head effects on infiltration rates, provides
a permeability rate with units expressed in inches per hour and is accompanied by a published
source reference. These tests may include constant head or falling head tests in both soil or
fractured rock materials. Examples of suitable sources include hydrogeology, geotechnical, or
engineering text and design manuals, proceedings of American Society for Testing and Materials
(ASTM) symposia, or peer-review journals. Neither a Soil Permeability Class Rating Test, as
described in N.J.A.C. 7:9A-6.3, nor a Percolation Test, as described in N.J.A.C. 7:9A-6.4, are
acceptable tests for establishing permeability values for the purpose of complying with this
requirement.

4.0 Post-Construction Soil Permeability Testing

Permeability rates are necessary to establish the hydrologic soil group and to design an
infiltration BMP. Permeability rates should be measured before any construction has occurred at
a given location. The results of a subsurface investigation shall serve as the basis for the site
selection and design of stormwater infiltration BMPs. The subsurface investigation shall
include, but not be limited to, a series of soil test pits and soil permeability tests.

During construction, regular oversight should be provided by the professional engineer
responsible for ensuring the effectiveness of infiltration BMPs to ensure that the basin functions
as designed. Oversight includes, but is not limited to, the following:

e A pre-construction meeting with the contractor to ensure their familiarity with the special
care necessary in constructing an infiltration BMP.

e Testing each soil layer where the permeability rate is critical prior to the placement of a
new layer to ensure that the permeability rate has been retained. For example, in
bioretention-infiltration basins, the subsoil should be tested prior to the placement of the
soil filter media.



e Ensure proper precautions are taken to prevent sediment entering the structure during
construction or if the basin is used as a sedimentation basin, ensuring that the
construction sediment does not result in clogging..

Additional information for each infiltration BMP is provided in the New Jersey Stormwater Best
Management Practices manual.

After all construction activities have been completed on the site and the finished grade has been
established in the infiltration BMP, post-development field permeability tests should be
conducted within the most hydraulically restrictive soil horizon or substratum below the as-built
BMP to ensure that the installed BMP functions as designed. Hand tools and manual
permeability test procedures shall be used for the purpose of confirming BMP performance. If
the post-development field tested permeability rates vary by no more than 10% from the pre-
construction permeability rates utilized in the design, the infiltration BMP is acceptable.
Variations of greater than 10% in the tested permeability rate must be addressed through either
additional computations submitted to the reviewing agency to demonstrate that the post-
construction rate would function as required or the infiltration BMP must be renovated and re-
tested to ensure the necessary permeability rates are achieved. In addition, the infiltration BMP
should be flooded with water sufficient to demonstrate the performance of the BMP. Pre and
post construction soil test results shall be certified to by a licensed engineer.

4.1 Significant changes in soil or groundwater properties

A soil profile is typically described by noting the depth (subsequently converted to an elevation)
of the boundaries between the soil horizons. The horizontal boundaries between soil horizons or
layers should be noted (i.e. a new horizon should be called out) whenever there is a change in
color or color pattern, texture (grain size distribution), consistence (e.qg. stiff, loose, etc.),
structure.(e.g. massive, platy, etc.) and course fragment content (% of gravel, cobbles, etc.). The
depth (elevation) of zones of saturation between soil profiles is also very significant. Each of
these characteristics can either directly affect soil permeability or provide insight to the inherent
permeability of the material.

A deviation of greater than 1 foot between the elevation of boundaries between soil profiles may
represent a "significant change™ between the profiles. The inclusion of a soil material or a
morphological feature in one profile but not another may also represent a significant change.
Any changes in the soil logs that materially affect the sizing or the vertical or horizontal
placement a stormwater management BMP constitutes significant change.

4.2 Soil Logs

A soil test pit log shall be prepared for each soil test pit. The test pit log shall, at a minimum,
provide the elevation of the existing ground surface; the depth and thickness (in inches) of each
soil horizon or substratum; the dominant matrix or background and mottle colors using the
Munsell system of classification for hue, value and chroma; the appropriate textural class as
shown on the USDA textural triangle; the volume percentage of coarse fragments (larger than
two (2) millimeters in diameter); the abundance, size, and contrast of mottles; and the soil



structure, soil consistence, and soil moisture condition, using standard USDA classification
terminology for each of these soil properties. Soil test pit logs shall identify the presence of any
soil horizon, substratum or other feature that exhibits an in-place permeability rate less than one
(1) inch per hour.

Each soil test pit log shall report the depth to seasonally high water level, either perched or
regional, and the static water level based upon the presence of soil mottles or other
redoximorphic features, and observed seepage or saturation. Where redoxomorphic features
including soil mottles resulting from soil saturation are present, they shall be interpreted to
represent the depth to the seasonally high water table unless soil saturation or seepage is
observed at a higher level. When the determination of the seasonally high water table is made in
ground previously disturbed by excavation, direct observation of the static water table during the
months of January through April shall be the only method permitted.

Each soil test pit shall also report the depth and occurrence of soil restrictions, including but not
limited to, abrupt textural boundaries likely to restrict the movement of water, fragipans, dense
materials, bedrock or ortstein. Each soil boring shall, at a minimum, provide the elevation of the
existing ground surface, the depth and thickness of each soil horizon or substratum, the
dominant matrix and mottle color in the Munsell stem for hue, value and chroma, the abundance,
size and contrast of mottles and soil moisture conditions using standard USDA classification
terminology.

Any soil horizon or substratum which exists immediately below a perched zone of saturation
shall be deemed by rule to exhibit unacceptable permeability. The perched zone of saturation
may be observed directly, inferred based upon soil morphology, or confirmed by performance of
a hydraulic head test as defined at N.J.A.C. 7:9A-5.9.



ADDENDUM

This addendum is a Department summary of the NRCS guidance documents to establish
hydrologic soil group based on permeability rates.

Restrictions are based on the conditions that comply with the definition of restriction in the 1996
National Soil Survey Handbook and include, but are not limited to the presence of bedrock,
dense material, fragipans, and ortsteins. The SHWT shall be based either observed saturation or
redoxomorphic features. If a layer of restriction is found in the upper 20 inches or if the
seasonally high water table (SHWT) is within the upper 24 inches, the soil should be classified
as HSG D.

If the restriction or SHWT is at 20 — 40 inches below grade, the first column of Table 1 shall be
utilized to establish the hydrologic soil group (HSG). If no SWHT or restriction is found in the
upper 40 inches, the second column of Table 1 shall be used to establish the HSG. The lowest
permeability rate of the area above the restriction or of the top 40 inches, if no restriction is
found, must be compared with the values in Table 1 to establish the HSG.

Table 1. Permeability Rates for Hydrologic Soil Groups Based on Lowest
Permeability Rate (Most Restrictive Soil Layer)

Restriction at
20-40” Restriction at 40" or greater
in/hr In/hr
HSG A | >5.67 >1.42
HSGB | 1.42-5.67 0.57-1.42
HSGC |.14-1.42 0.06 — 0.57
HSGD |<=0.14 <=0.06
HSG D if depth to most restrictive layer is less than 20" or depth to SHWT < 24

inches.
Restriction includes, but is not limited to, abrupt textural boundary, fragipan,
bedrock, dense material or ortstein
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