Module 2 of 4, August 27, 2020

Module 2 of 4

Management
Design Review

Module 2 (3:00)
No., Subject, Presenter (duration)
1. Stormwater Calculations, Lisa (75 minutes)

Goal One: Understand the Calculation Methods Allowed per N.J.A.C. 7:8
Goal Two: Use the NRCS Runoff Equation to Calculate the Volume of Runoff
Produced
Goal Three: Calculate the Time of Concentration (Tc)
Goal Four: Use the NJDEP Two-Step Method for an Unconnected Impervious Surface
to Calculate the Runoff Volume for a Site
Goal Five: Size an MTD using the rational method with the correct rainfall intensity
(5 minute break)

2. Soils Testing, Brian (30 - 45 minutes)
Goal One: Understand the effects of development on the hydrologic cycle
Goal Two: Understand the design and standards
(1 minute break)
Quiz2 - ions 1, 2 & Mapping, Jim (20 minutes)
(4 minute break)
Review Quiz 2, Jim (20 - 25 minutes)
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Infroduction to
STORMWATER
CALCULATIONS

Basic Terms

within a watershed

* Hydrograph -

generated

» Time of concentration —
As defined in N.J.A.C. 7:8-2.4(g)4, time of concentration is the
time it takes for runoff to travel from the hydraulically most
distant point of the drainage area to the point of interest

In the context of a stormwater runoff analysis, the graph
depicting the flow rate of runoff versus the time passed at a
specific point of analysis is a hydrograph. A hydrograph can
provide much information about stormwater runoff, including
the time of concentration, the time at which peak flow
occurs, the peak flow rate and the volume of runoff

Design Storms

NJDEP Stormwater Water Quality Design Storm
= 1.25-Inch/2-Hour Design Storm
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Design Storms

Predicting Storm Events

» Even though precipitation events are, by nature,
random in their duration and rainfall depths, historical
data shows that large storm events occur less
frequently than small storm events.

* No one can predict exactly when a certain size storm
event will occur.

» The probability of the occurrence of a certain size of
storm event can be alternatively expressed as a
recurrence interval, which is the inverse of the
probability.

Design Storms

Predicting Storm Events

« For astorm event with a
Recurrence Intervals and Probabilities of Occurrences 1% chance of

occurrence, it has a
Recurrence Probability of  Percent Chance of 100-year (= 100+ 1)
Ii:tetrevoc:! in c?r? C(l;(/eer;c‘?eor in c?r:: cglrveer:\c?ear recurrence inferval and
X v v is referred to as the 100-

1in 100 1 year storm.
1in 50 2 .
1in25 4 « The recurrence interval
of arainfall event that
1in10 10 has a 50% chance of
1in5 20 occurrence in a given
lin2 50 year is expressed as the

2-year (=100 + 50)
recurrence interval,
which is also known as
the 2-year storm.

8

Design Storms — Rainfall Data

https://www.nrcs.usda.gov/Internet/FSE DOCUMENTS/nrcs141p2 018235.pdf

New Jersey 24-
hOUr RCIithll County 1year 2year Syear 10year 25year SOyear 100 year
Atlantic 272 331 430 516 646 761 890
Frequency Data, Bergen 275 3% 4w s em 1m o4
b C T . Burlington 277 336 434 518 645 756 881
y county: Camden 275 331 425 506 628 734 652
Copettay 260 3 4m s  es 1o 67
285 344 440 522 644 7.49 866
Clowester 271 32 4 s 6w 7.  sss
ercer 274 s am  s; el 1m 6%
Monmodn 27 3% 4% om  es e s
204 35 4@ su ey 1m s
Goean 201 s e sm  oes 13 o
Passaic 287 347 442 523 6.43 7.47 862
Salem 269 326 420 5.00 622 728 845
Sussex 268 322 402 470 572 6.60 758
2% 3% 4% 57 6@ e s
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Presentation Goals

« Understand the Calculation Methods Allowed per
NJ.A.C.7:8

« Use the NRCS Runoff Equation to Calculate the
Volume of Runoff Produced

+ Calculate the Time of Concenfration (T.)

+ Use the NJDEP Two-Step Method for an
Unconnected Impervious Surface to Calculate the
Runoff Volume for a Site

» Size an MTD using the rational method with the
correct rainfall intensity

ALLOWED METHODS

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course Page 4
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Allowed Methods of Calculating
Stormwater Runoff

N.J.A.C. 7:8-5.6(a)1: Stormwater runoff shall be
calculated in accordance with the following:

i. The Rational Method for peak flow rates and the
Modified Rational Method for hydrograph
computations

The Rational Method and Modified Rational Method can be
used in a single drainage area measuring 20 acres or less

http://www.nj.gov/agriculture/divisions/anr/pdf/2014NJSoilEr
osionControlStandardsComplete.pdf

Allowed Methods of Calculating
Stormwater Runoff
N.J.A.C. 7:8-5.6(a)1: Stormwater runoff shall be

calculated in accordance with the following:
i. NRCS Methodology

Section 4, National Engineering Handbook (2002)

Technical Release 55, “TR-55" (1986)

NEH, Part 630 — Hydrology (Chapters 7, 9, 10, 15 & 16)
https://directives.sc.egov.usda.gov/viewerFS.aspx2hid=21422

Intro. to the NRCS
Methodology

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course Page 5
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NRCS Methodology

NRCS Runoff Equation (CN Equation):
(in) _ (P_Ia)z
@ {in)= P-I)+S

Q = depth of runoff
P =rainfall depth (in)
I, =initial abstraction (in), losses before
runoff begins, where I, = 0.25
S = potential maximum retention after
runoff begins, where S = % -10
Simplified,

_ 2
0 (i) = (P —0.25)

(P +08S)

NRCS Methodology

Curve Numbers (CN):

+ Hydrologic Soil Group (HSG)
o ‘A’ =Low runoff and high infiltration

o ‘B’ =Moderately low runoff and infiltration
o 'C'=Moderately high runoff and low infiltration

o ‘D' = High runoff and very low infiltration

» Different Land Covers have different CN values

Curve Number (CN )

N.J.A.C. 7:8-5.6(0)2: Presume
that the pre-construction
condition of a site or portion
thereof is a wooded land use
with good hydrologic condition

Take note that the cover types
for streets and roads, urban
districts and residential districts
by average lot size in Table 9-5,
of Chapter 9, NEH Part 630 are
intended for modeling large
watershed on a watershed-
wide scale.

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course
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Average CN vs. Separate CN

.

N.J.A.C. 7:8-5.6(a)4: In computing stormwater runoff from all design
storms, the design engineer shall consider the relative stormwater
runoff rates and/or volumes of pervious and impervious surfaces
separately to accurately compute the rates and volume of stormwater
runoff from the site.

Due to the non-linear character of the equation and the presence of
initial abstraction, averaging pervious and impervious CN can result in

errors

« For the Water Quality Design Storm,
1 acre impervious with CN = 98 plus
2 acres grass lawn with CN = 65

}genera'res runoff volumes as follows:

=3,811 cf, when % Difference

calculated separately & =(3.811 cf-1,089 cf)
then added (3,811 cf)
« Basin is sized for the = 71.4%

WQDs

« Design merits the TSS
removal rate*

= 1,089 cf, when CNs are
averaged in calculation

Basin is undersized

+ Design does not

merit the presumed
TSS removal rate

Average CN vs. Separate CN

Example 5-4

A portion of a major development T aN-g8
consists of a 200 ft wide, 25 ft long
impervious surface and a 200 ft

produces 3.5 in of rain over 24
hours. The slopes of the impervious
surface and the grass lawn are
each 1%.

251t
Impervious

What volume of runoff
is produced?

wide, 75 ft long grass lawn area oot |j‘>
that are separated by a grass

swale. The soil is identified as HSG |:>
‘A." The 2-year design storm

rea
Sheet Flow
- >

RN
Grass 75ft
Swaie | Pervious Area J

Sheet Flow

[«

Average CN vs. Separate CN

= Gszozxisent
1t

Volume =0.009 in x
12in

x200 ft x75 ft = 10.8 cf Y

3

Example 5-4 (cont'd.) T o
Computing Separately:

Grass:

S=100 10 =100 191564 oot |::>\

ey =007 in >
. e
25 ft. Gras‘s ‘ 75ft
ious: Impervious | Swale Pervious Area
Impervious: Area Sheet Flow
5100 _10=1% _10=0.204 Sheet Flow, [ .

Q=502 x0202 g0 Using a Composite CN:
@srosrozn - O L \:
Volume =3.27 in x 1L x 200 ft x 25 ft = 13625 cf CN = REER RO BA B0 - 53,75
- 12in - - (200 ft x 25 ft) + (200 ft x 75 ft)
St g g g,
Total Volume = 1,373.3 cf =Ty 0= 55 m10=840
=GS02 X067 _ g 305in

(35+08x8,60)

1t

Volume =0.305 inx =7-x 200 ft x 100 ft

=508 cf
This method does not comply with the rules!

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course
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Calculate the
Time of
Concentration (T.)

Drainage Area
Includes all the land that
drains into a point of
analysis.

Point of
Analysis

Time of Concentration (T.)

Time of Concentration (T.)

What Affects the T.?
» Surface Roughness

* Channel shape and
flow patterns

» Slope

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course
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Time of Concentration (T.)

Runoff moves through a watershed as:

1. Sheet Flow,

2. Shallow Concentrated Flow,

3. Channel Flow or

A combination of these

25

Time of Concentration (T.)

Shallow
Concentrated Flow

Channel Flow ‘

!!_s‘ible ©n Maps

Time of Concentration (T.)

Velocity Method:

Tc = Z[(Tt—sheer flowi) + (Tt—shcﬂlow conc flowi) + (Tt—channe\ flowi)]

i=1

« There is no longer a minimum or default value that may
be used for the time of concentration. T, for pre- and
post-construction conditions must be calculated.

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course Page 9
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Time of Concentration (T.)

Maximum Sheet Flow Length

» For the pre-construction condition, assume sheet
flow occurs for 100 ft unless physical constraint is
present that prevents sheet flow from occurring

o i.e., swale, curb orinlet
o depth of flow > 0.1 ft
o applies to both pervious and impervious surfaces

N
8

Time of Concentration (T.)

Maximum Sheet Flow Length

distance, L, over which sheet flow occurs is 100 ft

* L must be calculated using the McCuen-Spiess
limitation, as follows:

100 VS
n

L=

where S is the slope, in ft/ft, and n is the Manning's
roughness coefficient for sheet flow.

» For the post-construction condition, the maximum

Time of Concentration (T.)

I IS

Sheet Flow:
_0.007 (nL)°®

T, =travel time (hr)

L =length of sheet flow (< 100 ft in length)

n = Manning’s roughness coefficient

P, =2-year, 24-hour rainfall (NJ Depth: 3.2-3.51in)
s = slope of hydraulic grade line (ft/ft)

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course
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Time of Concentration (T.)

+ The values for the Manning's Do 15 Menvings roughness coufiients for sheet
roughness coefficient can also Savince doscription Iz
be found in Table 15-1in S ——
Chapter 15 of NEH, Part 630. Iare i) onn

Fallow {10 FSIAUE) v vnrsvsssrssesinsssns s .05
Cuitivaied soils:

+ Values for Manning's roughness o ——
coefficient must be selected in
accordance with the land Shortgrass praiie ...

Y RN
surface condition. Bermadagracs ..
Range (natural) 013
Woads: ¥

+ The maximum value that can be e
used for woods, in New Jersey, is T S ———
0.40 g

.40. e pecio ich s wesptng ovegruss piveracs, il
, it g e e
i o e taront .1 i
s the only part of the ple that will ohstruct sheet flow,

Time of Concentration (T.)

— H Durati
P, = 2-year, 24-hour rainfall o [—— > 5 m
2 — w5
. . -min (0.311-0.378) || (0.372-0451) || (0.440-0.535) || (0.490-0.597)
¢« 32-3.5in.in NJ 05 ) 0778 0667
10-min (0.497-0603) || (0.595-0.721) || (0.705-0.857) || (0.784-0.954)
0.684 0.822 0985 1.10
15-min (0.622-0.754) || (0.748-0.906) (0.892-1.08) (0.992-121)
, — o 0 @ i
+ NOAA's National o W
1 60-min (1.06-1.29) (1.30-157) (1.63-1.98) (187-228)
Weather Service o e 2
. . 2 (1.28-1.56) (1.56-1.90) (1.98-2.40) (229-279)
o Precipitation Frequency 3 T 20 27
DOfO Ser\/er (PFDS) An‘n;;?) (172132310; (2135‘0215& wzﬁ;-:zm)
s | iz | emas | enss | siesen
: 3% =
124r (215-267) (2.60-323) (3.30-4.10) (388-484)
1 276 333 4.4 5.00
+ NRCS County Rainfall | o2 [Coin)| odtio | wise
P T T 5
-day (294-3.48) (3.56-4.22) (451-5.36) (5.29-631)

Time of Concentration (T.)

Shallow Concentrated Flow:

T ) = 53500

T; =travel time (hr)
L = flow length (ft)
V = estimated velocity (ft/sec)

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course
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Time of Concentration (Tc)

Figure 15-4:

Velocity versus slope
for shallow
concentrated flow

Time of Concentration (T.)

Channel Flow:

L(n)
T(hr) = ——————
3600(1.49R359-5)
n =roughness coefficient for open channel flow

L =length (ft)
R = hydraulic radius of channel (ft)

a .
= o where a = cross sectional flow area (sf)
w

p,, = wetted perimeter (ft)
s =channel slope (ft/ft)

Example Project

Example 5-1: Calculate Time of Concentration

For the post-construction condition, stormwater runoff
flows through a wooded drainage area along a flow
path, measuring 1,000 ft in length, consisting of sheet flow
over an area with a 0.5% slope and shallow concentrated
flow over an area of 1% slope. Calculate the time of
concentration for the post-construction condition.

36

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course
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Example Project

Example 5-1: Calculate Time of Concentration

Step 1: In this example, there are only 2 different segments of flow.
Travel time under sheet flow is calculated as follows:

_ 0.007(nL)°8
= (P,)05504
where:
T, =traveltime, hr
s =slope of land surface, ft/ft = 0.005 ft/ft
n  =Manning’s roughness coefficient for sheet flow = 0.40

L =sheet flow length, ft = 1005 _ 1000005 _ 1 g 4

P, =2-year, 24-hour rainfall, ir:l= 3.33in’

_ 0.007[(0.40)(17.68)]*8

T.= T (333)75(0.005)0% =0.153 hr = 9.18 min

Example Project

Example 5-1: Calculate Time of Concentration

Figure 154 Velocity versus ope orshllow concentrted o

Step 2: Travel time under shallow
concentrated flow is
calculated as follows:

T = Shallow Concentrated Flow Length
- V x 3600

where:
T, =fraveltime, hr H
vV =flow velocity, ft/s = 0.25 ft/s i

ope rum)

Te= Dzsx3600 | oSS min

982.32 Vi

Example Project

Example 5-1: Calculate Time of Concentration

Step 3: Since no channel flow is specified in the example, the fime
of concentration for the post-construction condition is the sum of
the fravel times under sheet flow and shallow concentrated flow

T.=9.18 + 65.5 = 74.7 min

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course
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Time of Concentration

Questions?

You may also submit questions on this topic by email fo
DWQ-BNPC-StormwaterManagement@dep.nj.gov

NRCS Methodology
Hydrographs & Rainfall
Distributions

Dimensionless Unit Hydrograph

Synthetic Hydrographs:

+ Developed for determining runoff hydrograph for
ungauged watersheds

» Based on an average of natural watersheds with
different sizes and geographic locations

* 2 commonly used
o SCS
o DelMarVa

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course Page 14
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SCS Dimensionless Unit Hydrograph

Dimensionless curvilinear unit hydrograph and

equivalent triangular hydrograph
Excess rainfall
|¢——Lag —»

.

—» / j4—2D /
E
/ \\ {Mass curve
of runoff
8
7
6

9

\
e T, 7 LA Point of inflection|
\

DelMarVa Dimensionless
Unit Hydrograph

+ Particularly suited for the flat, coastal areas in
Delaware, Maryland, Virginia and New Jersey

+ Not used in all areas of the coastal plain (i.e.
redevelopment in coastal plains)

44

Dimensionless Unit Hydrograph

. SCS . Unit Hydrograph Intensity vs. Time.
o 484 peaking factor om0
o 48.4% of runoff 065 scs
discharged before \
peak

[

+ DelMarVa £

o 284 peaking factor
o 28.45% runoff 3"

oy
e

discharged before | ¢

peak

— DelMar

45

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course
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DelMarVa Dimensionless Unit Hydrograph

https://www.nj.gov/dep/stormwater/rainfalldata

« Conditions for use Ppg’gi?r?égsp’;‘fc

o Watershed slope < 5% New Jersey
o Coastal Plain physiography

* Use the same UH for pre- and post-
development

Imagery modified from New Jersey Geological Survey Information
CircUlar, Physiographic Provinces of New Jersey, 2006 P

DelMarVa Dimensionless Unit Hydrograph

https://www.nj.gov/dep/qis/digidownload/metadata/html/Geol_province.html

Physiographic
Provinces of
New Jersey

https://gisdata-njdep.opendata.arcgis.com/datasets/physiographic-
provinces-of-new-jersey

ormation

NRCS Rainfall Distributions for Stormwater

Runoff Quantity Conftrol Design Storms

+ Typically bell-shaped

» The NRCS rainfall distributions were grouped into four types
according to the applicable regions or geographic situations.

« TYPE lll was previously used for nearly two decades.

+ The State was divided info Regions C & D in 2012 and a new
rainfall distribution replaced the TYPE Il distribution in each region
o Use NOAA_C in Region C: Sussex, Warren, Hunterdon, Somerset, Mercer,

Burlington, Camden, Gloucester, Aflantic, Salem, Cumberland and Cape May
Counties.

o Use NOAA_D in Region D: Bergen, Hudson, Essex, Passaic, Morris, Union,
Middlesex, Monmouth and Ocean Counties.

o Note that the C & D distributions will yield higher peak flow rates that Il

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course Page 16
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NRCS Rainfall Distributions for Stormwater

Runoff Quantity Control Design Storms

NOAA_C and NOAA_D rainfall LA I

distributions, are available online, in

text format, at: 7

https://www.nrcs.usda.gov/wps/portal/nrcs

main/nj/technical/engineering §( \S/ &7
w %

NOAA_C and NOAA_D rainfall
precipitation distributions and
rainfall intensity will also be
available, in Excel format, from the
Department’s website

Unconnected
Impervious Cover

Unconnected Impervious Cover

How and Why

*  We can consider an impervious surface to be unconnected if flow
can travel as sheet flow onto an adjacent pervious area and meet
other requirements

By providing the right conditions to encourage infiltration, some of
the runoff will provide groundwater recharge, address water
quality and reduce the volume of runoff requiring treatment by a

down-gradient BMP

Impervious  Sheet Flow Directed to Sheet Flow Directed to
Surface  Down-gradient Grass Swale Down-gradient Stream

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course Page 17
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Unconnected Impervious Cover

5 Conditions:

An impervious area can be considered to be an unconnected
impervious surface only when meeting all of the following 5
conditions:

a. Upon entering the down-gradient pervious area, all runoff
must remain as sheet flow

b. Flow from the impervious surface must enter the down-
gradient pervious area as sheet flow or, in the case of roofs,
from one or more downspouts, each equipped with a splash
pad, level spreader or dispersion trench that reduces flow
velocity and induces sheet flow in the down-gradient
pervious area

Unconnected Impervious Cover

5 Conditions (cont'd.):

An impervious area can be considered to be an unconnected
impervious surface only when meeting all of the following 5
conditions:

c. All discharges onto the down-gradient pervious surfaces must be
stable and non-erosive

d. The shape, slope and vegetated cover in the down-gradient
pervious area must be sufficient to maintain sheet flow
throughout its length

e. The maximum slope of the down-gradient pervious area is 8%

Unconnected Impervious Cover

Additional Requirements:

Two methods are available for computation of the resultant runoff,

provided the following requirements are met:

a. Only the portions of the impervious surface and the down-
gradient pervious surface on which sheet flow occurs can be
considered as an unconnected surface in the calculation. The
area beyond the maximum sheet flow path length cannot be
considered in the calculation

b. The maximum sheet flow path length across the unconnected
impervious surface is 100 ft

c. The minimum sheet flow length across the down-gradient
pervious surface is 25 ft in order to maintain the required sheet
flow state of the runoff

54

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course
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Unconnected Impervious Cover

2 Methods Allowed for computation of the resultant runoff :

« The NRCS composite CN with unconnected impervious
method from Chapter 9, NEH, Part 630

o This method can be used only when the total impervious
surface is less than 30 percent of the receiving down-gradient
pervious surface because absorptive capacity of the pervious
surface will not be sufficient to affect the overall runoff
significantly

+ The NJDEP Two-Step Method

Example 5-3: The NJDEP Two-Step Method

Calculate the runoff volume.
Assume the soils are HSG ‘A’ and
the depth of rainfall, P = 3.5 in

eN=98 oN=39

3

2 5
Impervious Pervious Area
Area

Step 1: Calculate the Runoff from

A
200 ft.
the Impervious Area
v

_ 1000 _ 1000 -
S =4y ~10=—=-10=0.204

Grass
Swale

Sheet Flow

=3.27in ! ! ! !

_ (35-0.2 x0.204)?
(3.5 +0.8x0.204)

Q

Volume = 3.27 in x =L% x 200 ftx25ft=1362.5cf

12in

Example 5-3: The NJDEP Two-Step Method

%

5
Pervious Area
Sheet Flow

Calculate the runoff volume. T =9
Assume the soils are HSG ‘A’ and
the depth of rainfall, P,= 3.5 in
200 ft.

Step 2: Convert the Runoff from the

Impervious Surface to a

Hypothetical Rainfall on the |

Pervious Area o t

_ (1.3625¢f x (12in)/(1 f1) _ .
Py (200 ftx 75 ft) 1.09in

Grass.
Swale

25
Impervious
Area

Sheet Flow
- -

e

Py,.,=3.5in+1.09in=4.59in
_ 1000 _ 1000 _

S —W—lo—?—10—15.64
_ (459-0.2 x15.64)% _ .

e = (459 +08x1564) 0.125in

Total Effective Volume
=125inx 1ftnx200ftx75ft= 156 cf

121

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course
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NJDEP Two-Step Method

Questions?

You may also submit questions on this topic by email fo
DWQ-BNPC-StormwaterManagement@dep.nj.gov

Using the
Rational Method

Rational Method

Assumptions:

+ Rainfall intensity is uniform over the drainage basin
during the duration of the rainfall

* Maximum runoff rate occurs when the rainfall lasts as
long or longer than the fime of concenfration

» The frequency for rainfall and runoff are equal

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course Page 20
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Rational Method

General Use:

+ Used for relatively small drainage areas with uniform
surface cover (<20 acres)

» Used for urban areas
» Not applicable if areas of ponding occur

» Used only to estimate the peak runoff rate

Rational Method

Equation: Q =ciA

Q = peak flow(cfs)

¢ =rational runoff coefficient (dimensionless)
= average rainfall intensity (in/hr)

= drainage area basin (acres)

N

» Rational method runoff coefficient (¢) is a function of the soil type
and drainage basin slope

+ See Table 5-3 for runoff coefficients

Rational Method

- p—
Table 5-3: - Ale < o
Runoff Coefficient el I A
¢, Runoff Coefficients SRV souiorio ot fom o om
e o
T e T
o
|Average Lot Size (acres)
TEro T o DR
"
e o s esuinarssasom [ 09 [0 03 oo
o

New Jersey Department of Environmental Protection, Land Use Management Program. 1988.
Technical Manual for Land Use Regulation Program, Bureau of Inland and Coastal Regulations,
NJDEP Flood Hazard Area Permits

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course
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Rational Method Equation

i = rainfall intensity

NOAA's National Weather Service
Precipitation Frequency Data Server (PFDS)
[

v /Average recurrence interval (years)
Duration

1 2 5 10 25 50 100

5 4.12 4.9 5.83 6.50 734 7.96 8.96
| (373-454) (446-5.41) (5.286.42) (5.88-7.16) (6.60-8.08) (7.12:875) (7.62-9.44)

10 3.29 3.92 467 5.20 5.85 6.34 6.80
ump 10-min (2.98-3.62) (357-4.33) (4.23-5.14) 470-572) (5.26-6.43) (5.67-697) (6.06-7.51)

1 274 3.29 3.94 4.39 4.94 5.35 5.73
N (240-3.02) (2.99-3.62) (3.57-434) (3.97-4.83) (4.44-5.44) (4785.88) (5.10-6.32)

a0 1.88 2.27 2.80 3.18 3.66 4.03 439
Sl e L) (2.07-2.50) (2.54-3.08) (288-3.50) (3.29-4.03) (3.60-4.43) (3.91-4.84)

Rational Method Equation

IDF Curve

PDS-based intensity-duration-frequency (IDF) curves
Latitude: 40.2208°, Longitude: -74.7455°
100.000 L — E—— T T T T T T T T TT
:.z‘ Averaglzlmnenw
2 T 10000 ears)
2 E - -_1
>
C 3 2
=k 1000 s
= -
O < — 25
= 2 0100 — 50
c 3
= i — 100
E g — 200
& 0010 — 500
I — 1000
)
oooll— 11w i g
£ g€ £ £ EE E E E max 22 o>
EEEEE QR 6 5 3 980 99 3388
W dn 8 g H N AMhY RS 00 uno
af R 8 . s 8R98
Duration 65

NJDEP 1.25-Inch/2-Hour WQDS

Intensity-Duration Curve

280

Rainfall Intensity (Inches/Hour)

000

Time of Concentration (Minutes)

Minimum Time of Concentration

= 10 minutes when using the Rational Method

NJ DEP Division of Water Quality,
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More Information:

, New Jersey

> PROTECTION

Bureau of Nonpoint Pollution Control
Division of Water Quality

401 East State Street

PO Box 420, Mail Code 401-2B

Trenton, NJ 08625-420

Tel: 609-633-7021

www.njstormwater.org

lisa.schaefer@dep.nj.gov

g) DEPARTMENT of
) ENVIRONMENTAL

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course
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SOIL

TESTING

Brian Salvo

NJDEP Division of Water Quality
SWMDR Training Module 2
August 27, 2020

Saoil Testing

Soil Testing — Why?

* Required input parameter for stormwater
calculations

» For the design of stormwater BMPs

Soil Testing

Soil Testing - What?
* Hydrologic Soil Group (HSG)

» Seasonal High Water Table (SHWT)
+ Soil permeability for determining suitable BMPs

» Soil series for groundwater recharge (annual
recharge spreadsheet)

» Not only infiltration BMPs need soil test

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course

Page 1



Module 2 of 4, August 27, 2020

Saoil Testing

Soil Testing

— How?
* NRCS Web Soil Survey

* NJ BMP Manual Chapter 12

Soil Testing for HSG

Methods to Identify HSGs:
1. NRCS Web Soil Survey

2. Default Method

3. HSG Testing Method

Search
Enter Keywords
AIINRCS Sites v

Browse by Subject

» Soils Home

» National Cooperative
Soll Survey {NGSS)

» Archived Soil Surveys.

 Status Maps

» Official Soil Series
Descripiions (OSD)

> Soil Series Extent
Mapping Tool

» Geospalial Data Gateway

b oFOTG

b National Soil

The simple yet powerful way
to access and use soil data.

Welcome to Web Soil Survey (WSS)
2 AR /< Soil Survey (WSS) provides soil data
and information produced by the National

anticipates having 100 percent in the near future. The site

A

Felp { Contact Us

1 Want To...
© Start web Soil Survey
(wss)
© Know the requirements.
for. b Soil
jab Soil

structure

is
updated and maintained online 25 the single source
of soil survey infarmation.

Soil surveys can be used for general farm, local, and wider area
planning. Onsite investigation is needed in some cases, such as

 Soil Hoalth
b Soil Geography

soil quality and certain conservation and engineering
applications. For mare detailed information, contact your local
USDA Service Center or your NRCS State Soil Scientist.

Four Basic Steps

© Web Soil Survey 3.2 has
be

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course

Page 2
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Default Method for Identifying HSG

* NJDEP BMP Manual Chapter 12:
1b: Default Hydrologic Soil Groups:

Pre-developed: HSG A
Post-developed: HSG D
Pre-developed: HSG B
Post-developed: HSG D

rom N

logical

Physiographic Provinces of
New Jersey

https://gisdata-njdep.opendata.arcgis.com/datasets/physiographic-
provinces-of-new-jersey

10

Saoil Testing for Determining HSG

Ch. 12 Subsection 1c: HSG Testing Procedures

» Soil testing can be used to determine HSG
* HSG depends on:

o Saturated hydraulic conductivity (K)
o Depth to impermeable layer
o Depth to seasonal high water table

Safety First!
DIG SAFELY, 1
NEW JERSEY!

Know What'’s Below -
Call Before You Dig

Dial 811 or 800-272-1000
It’s FREE and it's the LAW

&

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course

Page 4



Module 2 of 4, August 27, 2020

Saoil Testing for Determining HSG

HSG Testing Procedures (cont'd.)
* Number of required soil tests depends on

size of soil mapping unit

Soil Mapping # of Soil Profile
Unit Size (Acres) Pits # of Soil Bonngs

X<0.5
0.5<X<2 1 4
X2 1+ (1 per each 4 + (2 per each
add’l. 2 Acres) add’l. 2 Acres)

Saoil Testing for Determining HSG

HSG Testing Procedures (cont’d.)

Example: Soil Profile Pits and Soil Boring Locations

T T
& > oy o : . : @ Legend
| | [ Soil Mapping Unit 1
(2 acres) \ (2 acres) | (acres)
) | | [—J Soil Mapping Unit 2
Soil Mapping Unit = | (I, | " Soil Profile Pit
Of Unknown Soil #1 | o | @ sois
(2 acres) | | il Boring
| |
<&
oy | & |
o I |
L Soil Muppm{; Unit Of Unknown Sull:ﬂ (6 acres)

Saoil Testing for Determining HSG

I =

HSG Testing Procedures (cont'd.)

Required profile pit and boring depths:

» To Seasonal High Water Table, or

« Deeper of either six (6) feet below existing grade or four (4)
feet below proposed grade

For more information, refer to BMP Manual Chapter 12,
Subsection 2b (“Soil Log Requirements”)

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course Page 5
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Soil Testing for Determining HSG :

Table

it
i

R oreast tramamisive | Ko depin | 567
yern depthrange | Tange

NRCS National Engineering
Handbook, Part 630 —
Hydrology (NEH), Chapter 7
Hydrologic Soil Groups,
January 2009, available at:

https://www.wcc.nrcs.usda.gov/ftpref/w
ntsc/H&H/NEHhydrology/ch7.pdf. )

Soil Testing for Determining HSG

Table 7-1  Criteria for assignment of hydrologic soil group (HSG)
—
Depth to water Depth to high K_,, of least transmissive K, depth | HSG¥
impermeable layer ¥ water table 2 layer in depth range range
<50 cm
[<201n] — — — D
>40.0 pun/s 0to 60 cm AD
(>5.67 invh) [0to24in] | °
>10.0 to <40.0 pr/s 0to0cm |
<60 cm (>142 to <5.67 in/h) [0 to 24 in] ’
[<24in] >1.0 to <10.0 pr/s 0to 60 cm oD
(>0.14 to <142 in/h) [0 to 24in] ’
<1.0 s 0t0 60 cm D
50 to 100 em (<0.14 in/h) [0 to 24 in]
[20 to 40 in] >40.0 pro/s 0 to 50 cm A
(>5.67 ivh) [0 to 20 in]
>10.0 to <40.0 pu/s 0t0 50 cm B
>60 cm (>142 to <5.67 in/h) [0 to 20 in]
[224in] >1.0 to <10.0 pm/s 0050 cm c
(>0.14 to <142 in/h) [0 to 20 in]
U An impermeable layer has a K., less than 0.01 s [0.0014 invh] or a component restriction of fragipan;
uripan peteocalcics orsten; petrogypsic; cemented horizon; densic materia; placi; bedrock, paralithic
becrock, lithi becock, densic; or pemafrost,
2/ High water table during any month during the year
3 Dud HSG i wet sois (water 60 (241, I these soilscan be
drained, a strictive HSG can be assigned, d di the K_ 17

Saoil Testing for Determining HSG

HSG Testing Procedures (cont'd.)
Soil Testing Depth

Sample Soil Log  oat

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course Page 6
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Saoil Testing for Infiltration BMPs

Number and Location

« For infiltration BMPs

o Minimum of two soil profile pits within the
infiltration area of any proposed BMP and

o One additional profile pit for every additional
10,000 sf

Saoil Testing for Infiltration BMPs

Number and Location (cont’d.)

+ For sites with multiple BMPs each less than 500 sf

o One profile pit for each soil mapping unit per site,
plus

o One soil boring at each BMP
* Drywells
o One soil boring per lot (single family home)

Saoil Testing for Infiltration BMPs

I N

Soil Profile Pit Locations for Infiltration BMPs

(Sl

100ft E
- "

200ft [ ft |

|
[
| Legend  [gM Soil Profile Pit |

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course Page 7
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Saoil Testing for Infiltration BMPs

Soil Tests for Linear Infilfration BMPs
Minimum infiltration area length to width ratio of 4:1

*  Max. infiltration area of bottom width 25 feet or less
and top width 40 feet or less

Area (linear feet per soil
mapping unit) Soil Boring

5 ) I ]
Each additional 500 1 —
Every2000 e 1

Soil Testing for Infiltration BMPs

I '5

Figure 12-4: Soil Exploration Locations for Linear
Infiltration BMPs

Legend

= " R B
1 Soil Mapping Unit 1
}»smot+smf«+smﬂ+smﬁ«{«sonﬂ# [ Soil Mapping Unit 2
B soil Profile Pt
s ¢ O ¢ =

6 Soil Boring

Saoil Testing for Infiltration BMPs

I ;\‘

Test Pit and Boring Depth Requirements
The greater of:

« Minimum of 8 feet below lowest elevation of
basin bottom or

+ 2 fimes the maximum water depth of design
storm

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course Page 8
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Saoil Testing for Infiltration BMPs

Test Boring and Pit Depth
Requirements

uuuuuuu
nnnnnnnn

M War Deam Grate
ngp
A

Saoil Testing for Infiltration BMPs

Soil Hydraulic Conductivity Tests - No Soil
Replacement

Collected from most hydraulically restrictive soil layer
below BMP and above SHWT or bedrock:

To the greater of:
+ 8 feet below lowest point of basin or
» 2 times the maximum water depth

Saoil Testing for Infiltration BMPs

Soil Hydraulic Conductivity Tests - Soil
Replacement

Collected from most hydraulically restrictive soil
layer below the depth of soil replacement and
above SHWT or bedrock:

To the greater of:
» 8 feet below lowest point of basin or
» 2 times the maximum water depth

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course Page 9
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Soil Testing for
Seasonal High Water Table

NJAC 7:9A-5.8 Criteria for recognition of zones of
safuration

» Observation of soil mofttling

o Anyseason of the year
+ Direct observation of SHWT

o January — April

Soil Hydraulic Conductivity Testing

Soil Tests

» One soil fest at each soil profile pit and soil boring
location

» Soil permeability tests must be performed on most
hydraulically restrictive layer

» Soil explorations extend to 8 ft below basin bottom or
twice max potential water depth, whichever is
greater

Soil Testing for Determining Soil Hydraulic

Conductivity

Acceptable hydraulic conductivity tests:
* Tube Permeameter Test
* Percolation Test
+ Cased borehole infiltration test
» Basin flooding test (for bedrock)

» Other constant head permeability tests that
utilize in-situ conditions

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course Page 10
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Soil Testing Criteria

Soil hydraulic conductivity tests must be
performed on the most hydraulically restrictive
layer

Test Pit 4

o asn

Sandy
loam

Source: NRCS

Hydraulic Conductivity Testing

Percolation Test

The field measured hydraulic conductivity value shall be
calculated as follows:

a .
K =—in/hr
m

Where pn = percolation rate in minutes Table 12-9: a Values for Corresponding Test Hole Diameters

per inch

a = parameter from Table 12-9 Valves
(depending on the bottom
width of the percolation hole) d (in] 6 8 9 10 n 12

20.00 24.00 2571 27.27 28.70 30.00

Soil Testing

What should be submitted?
+ Soil survey information
+ Soil test logs
» Hydraulic conductivity testing procedures and results
» Seasonal High Water Table
+ Date of performing soil testing
+ Relevant calculations and/or conclusions

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course Page 11



Module 2 of 4, August 27, 2020

Saoil Testing

Chapter 12 Consfruction and Post-Construction
Construction
» Pre-construction meeting
*  Minimize compaction

» Testing each layer where hydraulic conductivity is
critical before adding a new layer

Post-Construction
» Tests in most hydraulically restrictive horizon
o Between the bottom of as-built BMP and SHWT
o Confirm drain fime of <72 hours

References

+ NJDEP. “NJ Stormwater BMP Manual Appendix E, Soil
Testing Criteria,” September 2009.

+ USDA, NRCS. “Part 630 Hydrology National
Engineering Handbook, Chapter 7, Hydrologic Soil
Groups,” January 2009.

* N.JA.C. 7:9A. Standards for Individual Subsurface
Sewage Disposal Systems.

More Information:

Bureau of Nonpoint Pollution Control
Division of Water Quality

401 East State Street

PO Box 420, Mail Code 401-2B

Trenton, NJ 08625-420

Tel: 609-633-7021

www.njstormwater.org

Brian Salvo
brian.salvo@dep.nj.gov
& New Jersey
N\ DEPARTMENT of
ENVIRONMENTAL
” PROTECTION

NJ DEP Division of Water Quality,
Online Stormwater Management
Design Review Course
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Stormwater
QUIZ 2

hitps://www.njstormwater.org/smdrc_training.html

NJDEP Division of Water Quality
SWMDR Training Module 2
August 27, 2020

NJ DEP Division of Water Quality,
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