Appendix J: Geomorphic Assessment

Distributed Runoff Control Methodology
Pond Outlet Structure Design Example

The following design example illustrates a step-by-step methodology for the design of a weir for the control of
instream erosion potential using a Stormwater Management (SWM) wet pond design based on the Distributed
Runoff Control (DRC) approach. The DRC approach incorporates boundary material composition and its sensitivity
to erosion (entrainment and transport) into the design protocol. The boundary materials are characterized at the point
of maximum boundary shear stress on the bed and the point of secondary maximum boundary shear stress on the
bank. By examining the channel at selected sites downstream of the SWM facility the DRC protocol provides a
pseudo 3-dimensional assessment of the impact of development and the SWM facility on the receiving channel.

This design example involves 5 Steps as listed in Table J.1.

Table J.1 Overview of Key Steps in the DRC Design Approach
1) Determine the “stability” and “mode-of-adjustment” of the receiving channel
2) Complete a Diagnostic Geomorphic Survey of the receiving channel
3) Determine channel sensitivity to an alteration in the sediment-flow regime
4) Approximate the elevation-discharge curve for the pond.
5) Size the DRC weir

Step 1. Determine Channel “Stability” and “Mode-of-Adjustment”

Channel stability is determined using a Rapid Geomorphic Assessment (RGA) of the channel downstream of the
outlet of the proposed Stormwater Management (SWM) pond. The RGA protocol involves the identification of the
presence of in-stream features resulting from a variety of geomorphic processes to provide a semi-quantitative
assessment of a stream's stability and mode-of-adjustment. The processes are represented by four Factors:
aggradation (AF), widening (WF), downcutting (DF), and planimetric form adjustment (PF)). Each Factor is
composed of 7 to 10 indices for which a “present” or “absent” response is required. The total number of “present”
or “yes” responses is summed and divided by the total number of responses (both “yes” and “no”) to derive a value
for each Factor. An index that is not relevant is not assigned a response. An example of an RGA Form is provided in
Table J.2.

A Stability Index (SI) value is determined from the Factor values using the following equation:

AF + DF +WF + PF}
m b

SJ:{

where ‘m’ is the number of Factors (typically 4 for alluvial streams).
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Table J.2 Rapid Geomorphic Assessment Form

FORM/ GEOMORPHIC INDICATOR PRESENT | FACTOR
PROCESS |No. |Description No Yes VALUE
Evidence of 1| Lobate bar 1
Aggradation| 2|Coarse material in riffles embedded 1
(AD 3|Siltation in pools 1

4|Medial bars 1 1/7=0.143
5| Accretion on point bars 1
6| Poor longitudinal sorting of bed materials 1
7| Deposition in the overbank zone 1
Evidence of | 1|Exposed bridge footing(s) - -
Degradation| 2|Exposed sanitary/storm sewer/pipeline/etc. - -
(DI) 3| Elevated stormsewer outfall(s) - -
4| Undermined gabion baskets/concrete aprons/etc. - -
5|Scour pools d/s of culverts/stormsewer outlets 1 2/6=0.333
6| Cut face on bar forms 1
7| Head cutting due to knick point migration 1
8| Terrace cut through older bar material 1
9|Suspended armor layer visible in bank 1
10 | Channel worn into undisturbed overburden/bedrock 1
Evidence of | 1|Fallen/leaning trees/fence posts/etc. 1
Widening 2| Occurrence of Large Organic Debris 1
(WD) 3| Exposed tree roots 1
4|Basal scour on inside meander bends 1 3/10=0.30
5|Basal scour on both sides of channel through riffle 1
6|Gabion baskets/concrete walls/armor stone/etc. out| 1
flanked
7| Length of basal scour >50% through subject reach 1
8| Exposed length of previously buried pipe/cable/etc. 1
9| Fracture lines along top of bank 1
10| Exposed building foundation 1
Evidence of 1 |Formation of cute(s) 1
Planimetric 2| Evolution of single thread channel to multiple channel 1
Form 3| Evolution of pool-riffle form to low bed relief form 1
Adjustment 4| Cutoff channel(s) 1 0/7=0
(PD) 5| Formation of island(s) 1
6| Thalweg alignment out of phase with meander geometry 1
7| Bar forms poorly formed/reworked/removed 1
STABILITY INDEX (SI) = (AI+DI+WI+PI)/m SI= 0.19

The Stability Index (SI) provides an indication of the stability of the creek channel at a given time based on the
guidelines provided in Table J.3. The SI Value, however, does not differentiate between current and past
disturbances.
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Table J.3 Interpretation of the RGA Stability Index Value ‘

Stability Index | Stability Class Description
Value
0.0<SI<0.25 Stable Metrics describing channel form are within the expected range of

variance (typically accepted as one standard deviation from the
mean) for stable channels of similar type

0.25<SI<0.4 Transitional Metrics are within the expected range of variance as defined
above but with evidence of stress
0.4<SI<1.0 In Adjustment Metrics are outside of the expected range of variance for channels

of similar type.

The guidelines presented in Table J.3 for the interpretation of the SI Value will vary with the field experience and
the bias of the observer. The SI Values however, have been shown to be consistent between observers indicating
that the protocol, once calibrated to the observer provides a reliable means of screening the channel for stability and
mode-of-adjustment.

The RGA protocol is applied to channel segments of two meanders in length or the equivalent of 20 bankfull channel
widths (the width of the channel at the geomorphically dominant discharge, recurrence interval of between 1 and 2
years or 1.5 years on average).

The segment chosen for application of the RGA assessment is selected to be representative of the morphology of the
channel for some distance up and downstream of the surveyed segment. That is, the parameters defining channel
cross-section and plan form (e.g. width, depth, meander wavelength, etc.) are within a consensual level of variance
for this reach of channel. An acceptable level of variance is typically defined as within one standard deviation of the
mean. These reaches are referred to as being of “like” morphology. Since the morphology of the channel will vary
in the longitudinal direction with changes in flow, slope, physiography, etc., it will be necessary to re-apply the RGA
protocol where the parameters characterizing the morphology of the channel have changed beyond the consensual
level of variance from the previous survey reach. In this manner the channel is divided into a series of reaches of
“like” morphology.

Having determined the length of the survey reach, the longitudinal profile can be plotted from topographic mapping
as illustrated in Figure J.1 (Topo). Examination of Figure J.1 (topographic map data) suggests that the channel can
be differentiated into three distinct reaches. In the first reach (length L=146 ft, the channel has an average slope of
S=0.00385 ft/ft and a meander-pool-riffle morphology. In the middle reach (L=356 ft; S=0.0142 ft/ft) the channel
has cascade morphology. The third reach (L=258 ft; S=0.00794 ft/ft) returns to the meander-pool-riffle form.

Land use through the study reach is homogeneous (forest) and there are no other features (e.g. bridges, dams, weirs,
instream works, etc.) that would affect the hydraulic characteristics of the active channel. Consequently, a
preliminary definition of “like” reaches includes the three morphologies described above.

A synoptic geomorphic survey was conducted through the subject reach with an RGA assessment completed for
each of the three reaches of “like” morphology. The results of the RGA assessment for the first reach (Reach 1) are
reported in Tables J.2 and J.4. Referring to Table J.2, the Stability Index (SI) value was found to be SI=0.19, which
is less than 0.25, therefore the channel is considered to be “stable” (Table J.3).
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Figure J.1 Longitudinal Profile from Topographic Mapping and
Field Survey of Channel Thalweg

Table J.4 Summary of Average Longitudinal Slope and Pool-Riffle Dimensions

Parameter Reach 1 Reach 2 Reach 3
Longitudinal Gradient, 0.00385 0.0142 0.00794
S (ft/ft)
Riffle Length, 16 34 27
LRIF (ft)
Pool Length, 37 10 18
LPOL (ft)
Total Pool-Riffle 53 44 45
Length, LTOT (ft)
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Step 2. Diagnostic Geomorphic Survey

Following completion of the identification of reaches of “like” morphology and the synoptic survey to finalize the
delineation of the “like” reaches, a diagnostic geomorphic survey is undertaken to characterize the morphological
attributes of the channel. This information has two primary functions.
1. The optimization of the erosion control benefit of the pond; and,
2. The provision for establishing a baseline condition from which it is possible to assess the performance of
the SWM measures.

A detailed diagnostic survey includes a collection of a comprehensive set of parameters to assess and evaluate
stream geomorphic conditions. A complete survey is typically required when:

a) A post-construction monitoring program is mandated; and,

b) Data are required for the design and construction of instream works.

Only a partial diagnostic survey is needed where the above issues are not relevant to the project. The following lists
those parameters required for the partial diagnostic survey:

1. In the absence of flow measurements, a field estimate of Manning’s ‘n’ value is obtained for
comparison with sediment computed estimates.

2. Detailed survey of the channel cross-section, including the floodplain, to determine hydraulic
geometry metrics at a so called “Master cross-section” and the relative location of bank material
strata.

3. The longitudinal profile of the bed along the channel thalweg and the water surface at the time of
survey over a distance of one meander wavelength or 10 bankfull widths. These data are used to
determine the longitudinal gradient of the channel from riffle crest to riffle crest and to determine
the dimensions of the pool-riffle complex.

4. At least one estimate of bankfull depth (the depth of flow at the dominate discharge) at the Master
cross-section and all ancillary cross-sections (3 alternative methods are described in this example for
illustrative purposes).

5. Bed material characteristics based on pebble counts of the bed material at a riffle crossover. These
data are collected to help assess roughness coefficients, bed material resistance, and provide an
alternate method for the estimation of bankfull depth.

6. Soil pits in the banks to map bank stratigraphy and to determine bank material composition using
soil consistency tests (stickiness, plasticity and firmness) or particle size analysis (percent silt clay)
with Atterberg Limits (Plasticity Index) for each stratigraphic unit. These data are required to help
assess historic degradation or aggradation patterns and determine bank material resistance.

7. Map riparian vegetation and root zone characteristics in the soil pits for assessment of the affect of
root binding on bank material resistance.

The cross-section data and bank material characterization is completed at a Master cross-section within the
representative segment of each “like” reach. The Master cross-section is typically located at a riffle crossover on a
straight reach between meander bends. Ancillary cross-sections are located in the lower one third of the meander
bends and riffle crossover points up and downstream of the Master cross-section. Data collected at the ancillary
cross-sections includes a cross-section profile (typically 7 to 9 ordinates) and estimates of bankfull stage. The
longitudinal profile is collected throughout the survey segment along with characterization of plan form geometry.
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Design Case: Diagnostic Geomorphic Survey

The longitudinal survey of the channel along the thalweg is presented in Figure J.1 (“Survey” data points). This
profile more clearly demonstrates the differences between the three reaches as represented by slope and pool-riffle
dimensions (Table J.4). Other parameter values derived from the geomorphic survey are summarized in Table J.5.
These data are combined with the cross-section, soils and sediment data to generate values for key parameters as
described in the following series of calculations.

The following calculations are required to determine the 3 different estimates of the dominant discharge.

Estimate of Geomorphic Referenced Dominant Discharge
1. The longitudinal data are plotted to generate estimates of the channel gradient in order of
priority as follows:
(1) Water surface profile based on estimates of bankfull stage from the Master and ancillary
cross-sections.
(2) Bed slope (riffle crest to riffle crest), and
(3) Water surface profile (dry weather flow at the time of the survey).
2. The pebble count data (length, width and breadth) are transformed into an equivalent diameter
and used to generate a mass curve wherein cumulative percent finer by mass is plotted as a
function of particle diameter;

3. The [Jso and (g4 particle size values (the particle diameter below which 50 and 84% of the
particles are finer by mass, respectively) are determined from the mass curve;
4. Manning’s roughness coefficient is estimated at bankfull stage using:

(1) Standard field guides, and
(2) Empirical relations such as: the Strickler (1923) and Limerinos (1970) equations.

5. The cross-section ordinates collected at the Master cross-section are plotted to produce a cross-
section profile and a stage-area curve;
6. The stage-area curve is combined with the longitudinal gradient (S) and the estimate of

Manning’s roughness coefficient (n) to generate the stage-discharge curve for the cross-section
using Manning’s equation,

2 1
0=18 RS [1.2]
n

in which Q represents the flow rate (cfs) at depth y’ above the thalweg, ‘A’ is the cross-section
area of the channel at depth ‘y’, ‘R’ represents the hydraulic radius at depth ‘y’ and ‘S’ is the
longitudinal gradient of the channel (ft/ft). An example of a stage-discharge curve is provided
in Figure J.2;
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Table J.5 Summary of Hydraulic and Sediment Parameters ‘

Reach | Rosgen Parameter
No. Stream | 2 Year | W/d Ratio Width Depth Flow Base Wetted
Type Flow Perimeter
QZYR WBFL dBFL QBFL B P
(cfs) (ft) (ft) (cfs) (ft) (ft)
1 C3 8.9 3.00 3.00 1.00 4.76 2.00 4.24
2 B3 9.54 3.23 2.75 0.85 5.10 1.90 3.80
3 C3 10.1 2.87 2.83 0.99 5.40 1.85 4.06
Reach Parameter
No. | Bed Material Mean Area Hydraulic Slope Velocity Riparian
Particle Radius Vegetation
Size Type
ABFL R S \'
(Dui; (Duﬁ‘)‘ (f6)) (ft) (fr/ft) (fps)
1 2.8 33 2.50 0.590 .00385 1.90 Woody
2 5.1 7.5 1.99 0.521 .0142 2.57 Woody
3 3.7 5.2 2.32 0.570 .00794 2.35 Woody
Reach Parameter
No. Bank Material Composition Critical Shear Depth of Excess Boundary Shear
Stress Stratigraphic Stress
Soil Class Soil Consistence Test Bank Bed Unit Lert
*) | Dem (Ibs/ft)
Class [ Unit| X1 [ X2 | X3 [ SCOR | Ucrr | (Ibs/ft%) h Bank Bed
No. E | (Ibs/ft) (ft)
1 SiLm | 1 1 2 1 4 0.36<h<1.00
SiSa | 2 | 0| 0| 1 1 0.120 | 0.548 | 0.10<h<0.36 | 0.057 -0.334
CoGr| 3 |[N/a|Na| Na | N/a 0.0<h<0.10
2 CoBo| 1 |N/a|N/a| N/a | Nla 0.573 1.206 | 0.39<h<0.85 | -0.016 -0.526
GrCo| 2 |[N/a|Na| N/a | N/a 0.0<h<0.39
3 SiLlm | 1 2 1 3 6 0.32<h<0.99
sict| 2 | 2] 2] 2 6 0.329 | 0.878 | 0.12<h<0.32 | 0.03 -0.446
SiCl | 3 2 3 2 7 0.0<h<0.12

(*) Least resistant lower bank stratigraphic unit corresponding to the zone of secondary
maximum boundary shear stress.

7. The dominant discharge (Qgeo) is determined from the stage-discharge curve and field estimate
of bankfull stage (dgr ). For Reach 1 in this example, dgr=1.0 ft, consequently Qggo=4.76 cfs
(Figure J.2). This procedure is repeated for each cross-section within the reach and the flow rate
most common to all cross-sections is adopted as the geomorphic referenced estimate of the
dominant discharge.
determination of slope, Manning’s ‘n’ value and the geomorphic indicators of bankfull stage are
revisited to determine if a miss-interpretation of the data or an error in calculations has occurred.
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Figure J.2 Stage-Discharge Curve for Reach 1 Downstream
of the Proposed Development

Estimate of Bed Material Critical Shear Stress

8.

Critical shear stress is estimated for the (g, particle size value of the bed material using
procedures such as:
(1) The modified Shield’s equation (Vanoni, 1977), or
(2) Various empirical relations (from the literature) that express critical shear stress as a
function of particle size, one such is Eqn J.3 proposed by Lane (1955)

(Tenr)gen = 0164 ovovovoeoeoeeeoeeeeeeeeeeeeeee [1.3]

in which [y, is the particle size for which 84% of the materials are finer (inches) and [lcrr
represents the critical shear stress (Ibs/ft*). Applying Eqn, [J.3] :

(terr )sep= 0.164¢s, = 0.164 (3.34 in) = 0.548 Ibs/ft?

at the Master cross-section (Reach 1);

Estimate of Instantaneous Bed Shear Stress

9.

A stage-shear stress curve is generated for the Master cross-section using DuBoy’s relation for
average shear stress and a channel shape adjustment factor proposed by Lane (1955) as follows:

To =k, 02(d =dp)S oo [1.4]

and,
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3 2
k, = 0.000547(§j - 0.0121(?) + 0.092(?) +0.75,. [J.5]

in which T, represents the instantaneous boundary shear stress at point ‘P’ on the bed (Ibs/ft s%),
k, is a channel shape adjustment factor (dimensionless; Fig. J.3), p is the density of the
sediment-water mixture being conveyed by the channel (62.4 Ibs/ft’), ‘g’ is acceleration due to
gravity (32.2 ft/s%), ‘d’ is the depth of the flow above the thalweg (ft), dp is the depth of flow
above the thalweg at point ‘P’ (ft), ‘S’ represents the longitudinal gradient of the flow at depth
‘d’ and ‘B’ is the bottom width of the channel (assuming a trapezoidal configuration). In this
design case, a mapping of the isovels through the Master cross-section indicates that the point of
maximum boundary shear stress occurs at the thalweg. Since the thalweg is the deepest part of
the channel, the term dp=0 in Eqn. J.4. A stage-shear stress curve for Reach 1 is illustrated in
Figure J.4. Note that the units for T, are reported in Ibs/ft* to be consistent with the estimate of
critical shear stress reported in Task 8. To obtain units of Ibs/ft* remove ‘g’ from Eqn. J.4.

Lane (1955) Average Boundary Shear Stress Adjustment Factor For the

0.98
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Figure J.3 Determination of k; for the Adjustment of Average

Boundary Shear Stress For Variations in Channel Shape

Assuming A Trapezoidal Channel Cross-Section Configuration
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Figure J.4. Stage-Shear Stress Curve for
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Estimate the Sediment Referenced Dominant Discharge
10. The stage-shear stress curve is used to determine the depth of flow at which the boundary shear
stress on the bed is equal to the critical shear stress of the ¢g4 particle size fraction. This depth
is transformed into an estimate of flow rate from the stage-discharge curve (Task 5 above),
providing a second, independent estimate of the dominant discharge (Qsgp). This calculation
also provides a basis for determination of the sensitivity of the bed material to an alteration in
the sediment-flow regime. This assessment is described in Task 21 below;

Estimate The Flow Recurrence Interval of the Referenced Dominant Discharge
11. A flow time series is generated using:
(1) Flow gauge data if available, or
(2) A continuous hydrologic model to generate a synthetic flow time series of 6 to 13 years in
length.
12. The flow time series is used to derive a flood frequency curve from which a third independent
estimate of the dominant discharge (Qg;) is determined as the flow having a recurrence interval
between 1 and 2 years (average RI=1.5 years);
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Finalize the Estimate of Dominant Discharge

13.

The three estimates of dominant discharge are compared for consistency. If consistent (e.g. the
range is equal to or less than 20% of the mean), then the mean value of the dominant discharge
can be accepted with a higher degree of confidence

Step 3. Determine the Sensitivity of the Boundary Materials

A)

14.

15.

16.

17.

Sensitivity of the Bed Material

Using the stage-shear stress relationship developed in Task 9 and the estimate of flow depth
(dprL, Task 10) from the dominant discharge (Task 13), determine the boundary shear stress
(To)sep being applied to the bed at point ‘P’ at the dominant discharge. Point ‘P’ is located on
the bed within the zone of maximum boundary shear stress. In this example the value of
maximum instantaneous boundary shear stress at a depth of dgg= 1.0 ft was found to be (To)sep
=0.214 lbs/ft* at the Master cross-section in Reach 1 (Figure J.4). Similarly, for Reaches 2 and
3 the maximum value of instantaneous boundary shear stress was found to be (t¢)gep = 0.680
and 0.432 1bs/ft* respectively.

Compute the value of (t.)ggp for the Master cross-section knowing (To)sep and (Tcrr)sep a8,

(7,)sip = (T = Tenr) g seeveeememenemeneeeieseieeien, [7.6]

in which (T.)ggp represents the effective boundary shears stress, T is the instantaneous boundary
shear stress at the dominant discharge and Tcgr is the critical shear stress of the bed material at
point ‘P’.

Repeat the bed shear stress analysis for all Master cross-sections in all reaches of “like”
morphology.

Compare the value of (t.)ggp for all Master cross-sections through the study reach and select the
Master cross-section for which the value of (t.)ggp is greatest. The reach represented by the
Master cross-section having the highest value of (t.)gep is referred to as the “Control Reach”.

In this example, effective boundary shear stress on the bed was found to range from between -0.526 and
-0.334 (Table J.5). The negative values infer that the channel bed is armored and the bed material is
mobile under flood flow events in excess of the dominant discharge. However, of the three Master
cross-sections the value of (t.)gep Was greatest for Reach 1, consequently, Reach 1 was identified as the
“Control Reach”.

B) Sensitivity of the Bank Material

18.

The bank material for the “Control Reach” is classified according to soil type for each
stratigraphic unit using:
(1) Soil consistency tests; or
(2) Particle size analysis and Atterberg Limits.
In this example the bank materials were mapped and differentiated into stratigraphic units
as summarized for the three reaches in Table J.5. The soil consistency test results
determined using standard soil classification guidelines (as quantified by MacRae, 1991)),
are summarized below and reported in Table J.5.
1) Assign a value for the stickiness of the material, e.g. not sticky, (X1=0) to
extremely sticky (X1=4),
i1) Assign a value for the plasticity of the material, e.g. not plastic (X2=0) to
extremely plastic (X2=4),
1ii) Assign a value for the firmness of the material, e.g. loose, no structure (X3=0) to
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19.

stiff (X4=4).
(3) Sum the consistency test values,

3
SCORE = X, 1ovviieieiiicieee ] [1.7]
i=1

in which SCORE represents the sum of the values assigned for stickiness, plasticity and
firmness.
Construct stage-shear stress curves for selected bank stations approximated by 0.25dgpg,
0.33dgrr, 0.4dgr. More than one bank station may be required in a stratigraphic unit depending
upon the thickness of the unit. The curves may be approximated as follows:

Ty kg (02(d = dp)S) s, [7.8]

in which kg is a correction factor for points on the channel bank determined as a function of
channel shape (see Eqn. 1.9, Figure J.5), ‘d’ is the depth of flow (ft), p is the density of water
(62.4 Ibs/ft’), ‘g’ is acceleration due to gravity (32.2 ft/s*) and dp is the depth of flow at the
elevation of the boundary station (ft).

B 0.0241
kg :0.7236(;j e, [1.9]

in which B is the channel bottom (ft) width and ‘d’ is the depth of flow (ft). Note, to obtain
units of Ibs/ft* remove the constant ‘g’ from Eqn. J.8.
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20.

21.

22.

Lane (1955) Average Boundary Shear Stress Adjustment
Factor For the Determination of Ins tantaneous Bank Shear
Stress
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Figure J.5 Adjustment Factor ks for Bank Shear Stress For
Channels Approximating a Trapezoidal Shape

Estimate the critical shear stress (tcrr) Within each stratigraphic unit using available empirical
relationships. These relations are typically based on percent silt and clay content, degree of
compaction, particle size (Vanoni, 1977) or the SCORE value (MacRae, 1991);

Compute the excess boundary shear stress for each bank station at a flow depth of between 0.6
and 0.75 feet by reading the boundary shear stress off the stage-shear stress curve for each
boundary station and subtracting the critical shear stress as described in DuBoy’s relation,

(T,) avk = (T T TRy ) Bk seeeveeememmenenen et e et [J.10]

in which (T.)pnk represents the excess boundary shear stress (lbs/ftz) at the selected boundary
station (P), Ty is the instantaneous boundary shear stress (Ibs/ft) at any specified depth of flow
at point P and Tcrr represent the critical shear stress (Ibs/ft*) of the boundary material at point P.

Compare the estimates of excess boundary shear stress (T.)snk at each bank station and select
that station having the highest value of (t¢)snk as the bank station controlling bank response
(controlling stratigraphic unit) to a change in the flow regime. Using the guidelines presented in
Table J.6 determine channel sensitivity to an alteration in the sediment-flow regime and the
corresponding Over Control (OC) curve and Inflection Point
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Table J.6 General Guidelines for the Application of the DRC Approach Based on Bank

Material Sensitivity Using SCORE Values

BANK SENSITIVITY BED SENSITIVITY DRC PARAMETERS
Excess Sensitivity Excess Bank Resistance Sensitivity Over Inflection
Shear Class Shear Class Control Point
Stress Stress Soil Class SCORE Multiplier
(Te)BED (Te)nnk Roc
<0 L <0 Very Stiff N/a L 1.0-0.9 a
=0 Stiff 10-12 ML 0.9-0.7 a
Firm 7-9 M 0.7-0.5 b
Soft <6 H 0.5-0.2 c
>0 N/a 0.5-0.2 c
=0 ML <0 N/a 0.9-0.7 a
=0 Stiff 10-12 ML 0.9-0.7 a
Firm 7-9 M 0.7-0.5 b
Soft <6 H 0.5-0.2 c
>0 N/a 0.5-0.2 c
M <0 N/a 0.7-0.5 b
=0 Stiff N/a 0.7-0.5 b
Firm 7-9 M 0.7-0.5 b
Soft <6 H 0.5-0.2 c
>() N/a 0.5-0.2 c
H N/a 0.5-0.2 c
>() H N/a 0.5-0.2 c
The multiplier (Roc) in Table J.6 is used in the following manner:
a) The 2 year peak flow attenuation technique is used to derive the stage-discharge curve for the
erosion control component of the SWM pond.
b) A multiplier of unity is equivalent to the traditional 2-year peak flow attenuation approach.
c) The multiplier is used to adjust the 2-year stage-discharge curve to account for differences in the

erodability of the boundary materials. The adjustment is performed by multiplying each ordinate of
the stage-discharge curve by Roc. For stiff materials, the multiplier approaches unity (Roc — 1.0).
For very sensitive materials, the multiplier is between 0.2 and 0.3, which is equivalent to 80%OC to
70%0C respectively.

Bank materials may be grouped according to the SCORE value if the soil consistency tests apply (i.e. fine-grained
material with few stones). For coarse-grained materials, resistance can be determined from observation of bank
erosion following a high flow event. As an alternative the resistance of the coarse-grained stratigraphic unit can be
inferred from bank form and shear stress distribution through comparison with adjoining strata of fine-grained
material.

Finally, relations expressing critical shear stress as a function of particle size are available in the literature. Many of
these relations were derived from flume experiments using disturbed material that has been re-compacted. These
relations tend to underestimate the resistance of the material as it is observed in the field. Consequently, these
relations should be employed with caution or corrected to account for root binding, imbrication, compaction and
structurization.
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Step 4. Approximate the Elevation-Discharge Curve For the DRC Pond.

The DRC outflow control structure can be constructed as set of pipes or nested weirs. This design example is for a
nested, sharp crested weir.

Determine the stage-discharge curve for the flow rate having a recurrence interval of 2 years for the baseline land
use condition. For this example, the baseline condition is the reforested land use scenario. The flow having a
recurrence interval 2 years was determined previously as between 8.9 and 10.1 cfs for Reaches 1 through 3
respectively (Table J.5).

Construct the 2 year stage-discharge curve using an equation for sharp crested weirs with end contractions:

3
0= CeLehe(z] e, [0.11]

in which, ‘Q’ represents the rate of flow (cfs), ‘C.’ is the effective weir coefficient (C=3.19, Brater and King, 1982),
L. is the effective length of the weir (ft) and ‘h.’ is the effective depth of flow above the weir crest (ft). Set the
invert of the weir at 628.0 ft. The terms L., C, and h, are adjusted to account for losses due to end contractions
(Brater and King, 1982). In this illustration it is assumed that the stage-volume curve has already been derived and
that the approximate head at Qg =8.9 cfs is h=2.25 ft.

Re-arranging Eqn. J.11 and solving for ‘L.’ at Q=(Q,yr)pre=8.9 cfs yields,

L, = Q3 -_ 89 2083 [0.12]
Ceh@ 3.19(2.25)(2)

Compute the stage-discharge curve for the 2-year weir using Eqn. J.11 as illustrated in Figure J.6 (Q,yr, curve AB.
This stage-discharge curve represents the rating curve for the 2-year post- to pre-development peak flow attenuation
approach.
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Figure J.6. The 2 Year Peak Flow Attenuation and DRC Rating Curves
for 30%0C, 50%0OC and 70%0C

Construct the DRC stage-discharge curve as follows:

Determine the level of OC control and the inflection point from Table J.6.

(0]

(0]
(0]

Since (t.)gep<0 (Table J.5) then the bed is classified as “Low” sensitivity (shaded boxes in the first
two columns of Table J.6);

The value of (t¢)snic>0 consequently, Row 3 of Column 3 (shaded box in Table J.6) was selected;
The bank material was classified as soft (SCORE=1), consequently, the 4™ Row of Column 4 was
chosen providing a range of Roc between 0.5 and 0.2 with an inflection point at “c”. In this case
Roc=0.3 was selected in accordance with the guidelines in Table J.6. Note: 70%OC means that the
multiplier for the 2 year curve is Roc=0.3

The 70%0OC curve (designated as curve AE in Figure J.6) is created by multiplying the ordinance of
the 2 year stage-discharge curve (Q,yr in Figure J.6) by the multiplier Roc=0.3.

The inflection point (¢) is determined using the guidelines provided in Table J.7.

J-16



New York State Stormwater Management Design Manual Appendix J

Table J.7 Guidelines For Determination of the Flow Rate for the

DRC Curve Inflection Point (Reach 1)

Iﬁfelltelgti%i Bankfull Inflection Dominant Flow Rate at
. Depth Point Depth Discharge Inflection
. Point Depth )
Inflection Point
. to Bankfull
Point Depth
d‘/dBFL dBFL di QBFL Qi
(dim) (ft) (ft (cfs) (cfs)
a 75 75 2.88
b .67 1.0 .67 4.76 2.30
C 55 55 1.74

The point d.=0.55 ft, dgr=1.0 ft, characterize the Control Reach, consequently the ratio,

d._0.55ft

c

dyr 1.0

0 The flow rate at d./dgr;=0.55 was estimated from Figure J.6 to be Q.=1.74 cfs.
0 Point (c) can be located on curve AE at a flow corresponding to Q.=1.74 cfs.

e The DRC stage-discharge curve follows the curve A(c)B in Figure J.6. For the purpose of illustration, the
stage-discharge curves for 30%OC (inflection point (a)) and 50%OC (inflection point (b)) are also provided
in Figure J.6.

Step 5. Sizing the DRC Weir

After establishing the DRC stage-discharge curve the next step is to size the DRC weir. This is done using a nested
weir configuration as illustrated in Figure J.7. The equation for the nested weir can be approximated from Eqn. J.14
for sharp crested weirs as,

2 + C(L -L)h —he)(ZJ e [1.14]

e

O=|C,Lh

INSET
in which Q represents the discharge from the nested weir, ‘C.’ is a coefficient (3.19) adjusted to account for end
contractions, L. is the length of the inset weir, h, represents the height of the inset weir where 0<h.<h, (h, represents

the total height of the nested weir) and h, is the depth of flow through the nested weir above the inset weir
(h.<h, <h,).
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Figure J.7 Comparison of the 70% OC DRC Weir with Inflection Point at [c] and the
Traditional 2-year Peak Flow Attenuation Weir

Solving Eqn. D.14 for results in the dimensions and flow values reported in Table J.8.

Table J.8. Summary of Dimensions and Flow Characteristics

For a Nested DRC Weir: Reach 1

DRC Weir
Parameter Inflection Point Inflection Point Inflection Point 2 Year Weir
(a) (b) (©)

L. (ft) 1.77 1.00 0.62

h, (ft) 0.67 0.78 0.93 N/A

Q; at h, (cfs) 2.89 2.21 1.74

L. (ft) 0.80 432 11.0 0.83

h, (ft) 2.25

Q at h, (cfs) 8.94

Parameters in Table J.8 are defined in the preceding text.
Note: the weir dimensions for DRC stage discharge curves 30%OC (inflection point ‘a’) and 50%OC (inflection
point ‘b’) are provided for comparison with the selected option (inflection point ‘c’).
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