Appendix A: Factors influencing erosion and quantifying streambank erosion

Factors influencing bank stability

Bank stability is dependent upon the ratio between resistive (Fr) and driving forces (Fp);
ratios less than one indicate bank failure (Amiri-Tokaldany et al., 2003; Osman & Thorne, 1988).
Traditionally, Fp and Fr are modeled using Figure 19 (Osman & Thorne, 1988). It is assumed
(1) the failure plane passes through the toe of the bank, (2) the bank is constructed of
homogenous materials, and (3) the effects of soil water pressure in the saturated and
unsaturated portions of the bank as well as the hydrostatic confining pressure of the water in the
channel are negligible. According to Osman & Thorne (1988), bank stability is proportional to
the soil’'s cohesion (c’) and angle of friction (¢’). Bank stability decreases with increasing bank
angle and height and soil specific weight (ys). Equation 19 and Equation 20 describe Fp and Fr,

respectively.
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Figure 1. Traditional bank stability analysis where H = initial bank height; H' = bank height after

failure; BW = location of tension crack or magnitude of bank retreat; Y = depth of tension crack;

B = bank angle after failure; W = weight of failure block; Fp = driving forces; Fr = resisting forces
(Osman & Thorne, 1988)
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Where:

Fo = forces driving bank failure (Ibf)
y = soil specific unit weight (Ib/ft?)
H = initial bank height (ft)

y = depth of tension crack (ft)

B = bank failure plane angle (°)

H’ = bank height after failure (ft)

i = initial bank angle (°)

Fr = %+W cosfBtan¢ Equation 2

Where:

Fr = forces resisting bank failure (Ibf)
H = initial bank height (ft)

y = depth of tension crack (ft)

¢’ = soil effective cohesion (Ib/ft?)

B = bank failure plane angle (°)

W = weight of failure block (Ib)

¢’ = soil angle of friction (°)

Research by Amiri-Tokaldany et al. (2003), Fox et al. (2007), and Simon et al. (2000)
indicates the effects of the bank’s soil water pressure and the channel’s hydrostatic confining
pressure are not negligible. Simon et al. (2000) found an increase in negative pore pressure can
increase apparent ¢’ and a decrease in positive pore pressure can increase the soil's ¢’. Fox et
al. (2007) determined seepage can cause significant bank erosion and suggests different types
of seepage exist: intermittent low flow, persistent high flow, and buried. Intermittent low flow
seepage occurs after storm events, and buried seepage forms from sloughed bank material.

Amiri-Tokaldany et al. (2003) developed a new bank stability analysis (Figure 1.2) to
account for the effects of soil water pressure and channel hydrostatic confining pressure.
However, the revised bank stability analysis does not account for vegetation and only considers
planar types of failure. Additionally, the method assumes the water pressure in the channel
adjacent to the bank is in equilibrium. Equation 21 and Equation 22 describe the revised Fp and

Fr, respectively.
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Figure 2. Revised bank stability analysis where H = initial bank height; W.L. = level of water in
channel; R.I. = elevation of channel bed; BW = location of tension crack or magnitude of bank
retreat; N.G. = natural ground level; G.W.L. = groundwater level; Wrorce = weight of unit width
of failure block; Fnewe = force due to negative pore pressure acting on unit width of failure block;
Fcp = hydrostatic confining pressure acting on unit width of failure block; FupLirr = uplift force due
to positive pore water pressuring acting on unit width of failure block; Hrorce = hydrostatic force
exerted by water present in tension crack on unit width of failure block; a and = angles of bank
before and after bank failure, respectively; Yk = depth of tension crack; TS, BS, S, K, H, and H;
define geometry of bank (Amiri-Tokaldany et al., 2003)

Fp = Wreree Sin B - Fep Sini +Heorce COS B Equation 3

Where:

Fo = forces driving bank failure (Ibf)

Wiorce = Weight of unit width of failure block (Ib/ft)

B = bank failure plane angle (°)

F¢ = hydrostatic confining pressure acting on unit width of failure block (Ib/ft)

i = angle between hydrostatic confining pressure and normal to failure plane (°)

Hrorce = hydrostatic force exerted in tension crack on failure block (Ib/ft)



Fr = CL+Fpwpt(Wiorce COS B + Fep COS i -F yit-Hrorce Sin B)* tan ¢ Equation 4
Where:

Fr = forces resisting bank failure (Ibf)

C = average cohesion plane (Ib/ft?)

L = length of failure plane (ft)

Fnowp = force due to negative pore pressure acting on unit width of failure block (Ib/ft)
Wrorce = Weight of unit width of failure block (Ib/ft)

B = bank failure plane angle (°)

Fc = hydrostatic confining pressure acting on unit width of failure block (Ib/ft)

i = angle between hydrostatic confining pressure and normal to failure plane (°)
Fupiit = uplift force due to positive pore water pressuring acting on failure block (Ib/ft)
Hrorce = hydrostatic force exerted in tension crack on failure block (Ib/ft)

¢ = friction angle averaged across individual bank soil layers (°)

Quantifying streambank erosion using form-based models

Streambank erosion can be quantified using repeated surveys of permanent cross-
sections and erosion bank pins (Beck et al., 2018; Hancock & Lowry, 2015; Harden et al., 2009;
Luffman et al., 2015; Myers et al., 2019; Palmer et al., 2014; Zaimes et al., 2021; Zaimes &
Schultz, 2015). Form- or processed-based models can also quantify streambank erosion. One
of the most common form-based models is the Bank Erosion Hazard Index (BEHI) developed by
Rosgen (2001).This method consists of seven metrics and requires bank height and angle, root
depth and density, and surface protection measurements to assess the bank’s erodibility. This
method also requires a known bankfull height. Bankfull refers to stable channel conditions that
effectively move sediment loads and interact with the floodplain (Doll et al., 2002; Leopold &
Maddock, 1953; Metcalf et al., 2009; Sweet & Geratz, 2003; Wolman & Miller, 1960). Bankfull
indicators include the uppermost scour line, back of a point bar, and the upper break in bank
slope (Harman, 2000). Bankfull dimensions can also be identified using regional curves that
relate hydraulic geometry to the watershed area (Doll et al., 2002; Harman et al., 1999, 2014,
Metcalf et al., 2009; Sweet & Geratz, 2003).

BEHI uses the field measurements, ratio between the bank height and bankfull height,
and three adjustments to calculate a score or rating for the streambank. The adjustments
account for streambank material, stratification, and location within the channel (e.g., pool, riffle,
meander). The rating is converted into an erosion risk index that was developed from field
observations of streambank instability (Table 12). Rosgen (2001) defines the erosion indices as:
very low (< 9.5), low (10-19.5), moderate (20-29.5), high (30-39.5), very high (40-45), or
extreme (> 45). Refer to Rosgen (2001) for details regarding each metric and the field

observations used to develop the erosion indices.



Table 1. BEHI ratings (Rosgen, 2001)

Bank Root Root Bank Surface
Category | height/bankfull | depth/bank | density angle | protection Total
height height (%) (°) (%)

Very low

Value 1.0-1.1 1.0-0.9 100-80 0-20 100-80 -

Score 1.0-1.9 1.0-1.9 1.0-1.9 1.0-1.9 1.0-1.9 5-9.5

Low

Value 1.11-1.19 0.89-0.50 79-55 21-60 79-55 -

Score 2.0-3.9 2.0-3.9 2.0-3.9 2.0-3.9 2.0-3.9 10-19.5
Moderate

Value 1.2-1.59 0.49-0.30 54-30 61-80 54-30 -

Score 4.0-5.9 4.0-5.9 4.0-5.9 4.0-5.9 4.0-5.9 20-29.5

High

Value 1.60-2.9 0.29-0.15 29-15 81-90 29-15 -

Score 6.0-7.9 6.0-7.9 6.0-7.9 6.0-7.9 6.0-7.9 30-39.5
Very high

Value 2.1-2.8 0.14-0.05 14-5.0 91-119 14-10 -

Score 8.0-9.0 8.0-9.0 8.0-9.0 8.0-9.0 8.0-9.0 40-45
Extreme

Value > 2.8 <0.05 <5 <119 <10 -

Score 10 10 10 10 10 46-50

The Bank Assessment for Nonpoint Consequences of Sediment (BANCS) combines

BEHI scores with near bank stress (NBS) ratings to estimate an annual € using pre-determined

erodibility curves that are based on field collected data (Bigham et al., 2018; Rosgen, 2009).

NBS accounts for the shear stress (1) applied along the streambank and is described by six

categories ranging from very low to extreme (Table 13). NBS ratings are estimated using seven

methods listed in order of increasing difficulty:

1.

N o g bk~ Db

Observing the presence of transverse/central bars or channel pattern changes,

Calculating the radius of curvature-to-bankfull width ratio,

Identifying the pool slope-to-average water surface slope ratio,

Quantifying the pool slope-to-riffle slope ratio,

Calculating near-bank maximum depth-to-bankfull mean depth ratio,

Determining the near-bank 1-to bankfull T ratio, and

Quantifying the vertical velocity profiles across the channel perpendicular to the

assessed bank.




Table 2. Summary of NBS ratings for each method (Rosgen, 2009)

rr:t?nsg Method 2 Method 3 Method 4 Method 5 Method 6 Method 7
Very low > 3.00 <0.20 <0.40 <1.00 <0.80 <0.50

Low 2.21-3.00 0.20-0.40 0.40-0.60 1.00-1.50 0.80-1.05 0.50-1.00
Moderate | 2.01-2.20 0.41-0.60 0.61-0.80 1.51-1.80 1.06-1.14 1.01-1.60

High 1.81-2.00 0.61-0.80 0.81-1.00 1.81-2.50 1.15-1.19 1.61-2.00
Very high 1.50-1.80 0.81-1.00 1.01-1.20 2.51-3.00 1.20-1.60 2.01-2.40
Extreme <1.50 >1.00 >1.20 > 3.00 >1.60 >2.40

Several studies have evaluated how well BEHI, NBS, and BANCS assessments predict
streambank instability. Allmanova et al. (2021) compared measured erosion rates (¢) to BEHI
and NBS assessments for 18 sites along the Kubrica Stream in Slovakia. The € and BEHI
assessments had a correlation coefficient (R) of 0.47; the R between € and NBS indices was
0.65. Two erosion prediction curves were developed for moderate and high BEHI scores using
one years’ worth of flow data. The models’ coefficient of determination (R?) was 0.47 and 0.55,
respectively. Allmanova et al. (2021) indicated the models’ performance could improve if the
parameters for the NBS rating methods were less ambiguous.

Allmanova et al. (2019) evaluated how well BEHI and NBS assessments explain
measured ¢ for 18 sites along the Lomnicka stream in Slovakia. BEHI scores had a strong
relationship with the € (R? = 0.72), and NBS had a moderately strong relationship (R? = 0.53).
However, the erosion curves developed from the BEHI data had a poor relationship with the €
(R? =0.004 to 0.15). Allmanova et al. (2019) concluded BEHI assessments are a good predictor
of channel erodibility but the BANCS model is a poor predictor of annual €. Harmel et al. (1999)
had similar conclusions for monitored banks along the Upper lllinois River in the Ozark
Highlands ecoregion of Oklahoma and Arkansas.

To improve BANCS predictability, Sass & Keane (2012) adapted the BEHI data for three
streams in northeast Kansas. The BEHI scores were adjusted to account for the presence of
woody riparian vegetation along the streams. The root depth to bank height ratio and root
density were combined into one predictor: presence of woody vegetation. This adjustment
increased the R? values for the high-very high BEHI curve from 0.77 to 0.84 and from 0.75 to
0.88 for the moderate BEHI curve. Sass & Keane (2012) reported future studies will focus on
adjusting the bank material predictor to improve model performance.

Bigham et al. (2018) conducted a review of studies that developed erosion prediction
curves using the BANCS method and noted subjectivity was a concern among the studies. To

address this concern, Bigham et al. (2018) collaborated with 10 fluvial geomorphologists to



evaluate six study banks twice within a two-month period and completed a sensitivity and
uncertainty analysis to determine which BANCS variables influence the ratings. The experts
assigned the same BEHI scores between 17 and 50% of time and NBS ratings between 33 and
100% of the time. The most sensitive BEHI parameter was the study bank height, and the bank
material adjustment contributed the most uncertainty to the BEHI scores. With regards to NBS,
the method used to rate the applied T was the most sensitive and subjective parameter. Bigham
et al. (2018) recommended accurately identifying bank material (e.g., particle size analysis),
using the central tendency of multiple assessments to finalize BEHI/NBS scores, and evaluating
NBS using more than one method to reduce subjectivity and improve model performance.

A channel evolution model (CEM) is a form-based model that describes a stream’s stage
of degradation and can be used to evaluate watershed management strategies and stream
restoration projects (Figure 21) (Biedenharn et al., 2004; Booth & Fischenich, 2015; Cluer &
Thorne, 2014; Hawley et al., 2020; Lammers et al., 2020; Watson et al., 2002; Williams et al.,
2022). The main stages of the archetypal CEM developed by Schumm et al. (1984) include:

1. Stage I: stable;
2. Stage ll: incising (degradation);
3. Stage lll: incision exceeds the critical bank height for bank failure and widening occurs

(mass wasting);

4. Stage |V: aggradation to the point bank failures cease but a new floodplain has not
been built;
5. Stage V: quasi-equilibrium has been reached, and the channel is connected to new the

floodplain.
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Figure 3. Proposed channel evolution model by (Schumm et al., 1984); h refers to bank height
and h refers to critical bank height
Watson et al. (2002) quantified the CEM developed by Schumm et al. (1984) using a

measure of bank stability (Ng) and sediment continuity (N»). Ng is the ratio between the existing
bank height (h) and critical bank height at the same angle (h¢); a bank is stable when this ratio
less than one. N is the ratio of the channel's sediment transport capacity to the target sediment
supply. Continuity, aggradation, and degradation occur when N equals one, is less than one,
and is greater than one, respectively (Table 14).

Table 3. Quantifying the channel evolution model using bank and hydraulic stability ratios
(Watson et al., 2002)

Channel evolution model stage Bank stability (Ng) Hydraulic stability (Nn)
| <1 1
Il <1 > 1
[ > 1 >1
v >1 <1
V <1 1

Hawley et al. (2012) and Simon & Hupp (1987) modified the archetypal CEM for streams
located in semiarid climates and western Tennessee, respectively. The CEM for Tennessee
streams quantifies the failure types, bank surfaces present, and approximate bank angles for
each stage of the regional CEM (Table 15,Figure 22) (Simon & Hupp, 1987). Rosgen (1994)
expanded the work of Schumm et al. (1984) and classified streams based on the dominant

slope range, cross-sectional shape, channel bed material, entrenchment, sinuosity, and width to



depth ratio. Rosgen (1994) also described how streams evolve among the proposed eight

classifications.
Table 4. Western Tennessee streams channel evolution model (Simon & Hupp, 1987)

Channel Bank surfaces
. Bed level Active Failure present;
evolution model . . . .
adjustment widening types approximate bank
stage/name A
angles (°)
I; Pre-modified Pre-modified No N/A N/A; 20-30
Il; Constructed N/A _Human N/A N/A; 18-34
disturbance
[Il; Degradation Mlgrathg No N/A N/A; 20-30
degradation
. . Slab . _
IV; Threshold Migrating Yes rotational Vertical facg, 70-90
degradation Upper bank; 25-50
pop-out
Slab
Seconda rotational Vertical face; 70-90
V; Aggradation agara datigyn Yes pop-out; Upper bank; 25-40
99 low-angle Slough line; 20-25
slides
VI Downstream- Low-angle Vertical face; 70-90
Re-stabiiization imposed No slides; pop- Upper bank; 25-35
aggradation out Slough line; 15-20
Stagel  ——_ Stage V.~ —— Previous profile
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Figure 4. Modified channel evolution model (Simon & Hupp, 1987)

Quantifying streambank erosion using process-based models
Process-based models identify streambank erosion by simulating sediment transport or

the entrainment and movement of soil particles through suspension (suspended load) or rolling,



sliding, and saltation (bedload) (Prosser & Rustomiji, 2000; Vericat & Batalla, 2010). Saltation
refers to particles that skip or periodically lose contact with the channel bed. Sediment transport
capacity refers to the maximum amount of sediment a flow can carry, and erosion occurs when
the total sediment load is less than the flow’s transport capacity (Aksoy & Kavvas, 2005; Huang
et al., 1999; Prosser & Rustomiji, 2000). One of the more popular and commonly used one (1D)
and two-dimensional (2D) models is the Hydrologic Engineering Center-River Analysis System
(HEC-RAS) software (Damte et al., 2021; Haghiabi & Zaredehdasht, 2012; Sathya et al., 2021).
In addition to sediment transport, HEC-RAS is used quite frequently to design and evaluate
stream restoration projects (Doll et al., 2020a, 2020b; Marois & Mitsch, 2017; Moore et al.,
2014; Violin et al., 2011). The United States Army Corps of Engineers (USACE) maintains this
publicly-available software and provides guidance for building, running, and troubleshooting
models.

To account for lateral retreat, HEC-RAS is often coupled with the Bank Stability and Toe
Erosion (BSTEM) model developed by the United States Department of Agriculture- Agricultural
Research Service (USDA-ARS) National Sedimentation Laboratory (Langendoen & Simon,
2008; Pollen-Bankhead & Simon, 2009; Simon et al., 2000, 2011; Simon & Collison, 2002).
BSTEM uses flow parameters and bank geometry and geotechnical characteristics to model
bank instability. Vegetative characteristics (e.g., root tensile strength, type) can also be
simulated but these data are not required. Appendix K includes an overview of the HEC-RAS
and BSTEM analyses.

Klavon et al. (2017) provided a comprehensive review of studies using BSTEM to
evaluate streambank stability techniques, the causes of bank instability, and the sensitivity to
geotechnical parameters (e.g., soil water pore pressure) and roots. Based on these studies’
findings, Klavon et al. (2017) reported the model (1) works well for streams in the central United
States, (2) can identify the most effective stability techniques and common failure modes, and
(3) assists with sediment load calculations. However, the model lacks the ability to account for
the influences of vegetation and subaerial processes, and results from simulations using default

BSTEM parameters should be used with caution.

Quantifying soil erodibility parameters

In-situ or laboratory-scale jet erosion tests (JETs) quantify the critical shear stress (1)
and the erodibility coefficient (kq) used in BSTEM (Al-Madhhachi et al., 2013b; Daly et al., 2013;
Khanal et al., 2016; Khanal & Fox, 2017; Lindow et al., 2009; Pollen-Bankhead & Simon, 2010;
Smith et al., 2021). Hanson (1990) initially developed the JET apparatus, and modifications

have improved performance and usability (Hanson & Cook, 2004). The JET apparatus consists



of a deflection plate, jet submergence tank, point gauge, nozzle, jet tube, adjustable head tank,
lid and hoses (Figure 23) (Hanson & Cook, 2004).
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Figure 5. Schematic of full-sized JET (Hanson & Cook, 2004)

The mini-JET is a smaller version of the full-sized JET and uses a rotatable plate with a
depth gauge and nozzle, submergence tank, foundation ring, valve, hoses, pressure gauge,
adjustable head tank, and inlet and outlet water hoses (Figure 24 and Figure 25). Al-Madhhachi
et al. (2013b) compared the full-sized and mini-JET using two soil types and found the mini-JET

provides comparable results to the full-sized JET.
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Figure 7. Mini-JET adjustable head tank and water supply
Both devices shoot a small jet of water into the soil at a constant pressure head, which
causes the material to erode and create a scour hole (Al-Madhhachi et al., 2013b). Depth

measurements are taken at different intervals and used to solve for 1. and kq in the JET



Spreadsheet Tool version 2.1 (Figure 26) (Daly et al., 2013). The time intervals for the scour
hole readings are subjective. Khanal et al. (2016) recommends the initial and final time intervals
are at least 30 and 300 seconds, respectively. The initial pressure head is also subjective and
requires iteration until a reasonable € and total scour depth under the expected range of applied
shear stresses (1a) is achieved. Fox et al. (2022) used raw data from 187 mini-JET experiments
to develop guidance for selecting an initial pressure head. Fox et al. (2022) found the minimum
pressure head needed to achieve 1 in of scour for a 60-minute testis 1, 8, 18, and 98 in for
highly erodible, more erodible, erodible, and moderately resistant soils, respectively. For a 90-
minute test, the minimum pressure head is 0.59, 6, 12, and 69 in for highly erodible, more

erodible, erodible, and moderately resistant soils, respectively.
JET Data Input

MP458 Final LOB 4 * If you do not have a guess, please enter 1.

10/5/2022 0.9869
MLOB 0.125 Hanson and Simon (2001)
1 0.1050 kg = 0.27,2° kg= 0.2
S. Waickowski 0614 Simon et al. (2011)
Weaver ks =160 ks= 1.6
‘ 1 ‘ BSTEM, v5.4

1 kg =017, ke =01
Scour Depth Readings Head Setting

0 0 36 0.118 0.882 0.000
025 025 39 0128 0872 0.010
0.5 0.25 40 0131 0.869 0.013
0.75 0.25 41 0.135 0.865 0.016

1 025 43 0141 0859 0.023
125 0.25 45 0.148 0.852 0.030
15 025 47 0.154 0.846 0.036
175 025 49 0.161 0839 0.043

2 0.25 51 0.167 0.833 0.049

Figure 8. Example of JET data input sheet (Daly et al., 2013)
The JET Spreadsheet Tool version 2.1 created by Daly et al. (2013) processes the JET

specifications, gauge readings, head settings, and scour reading times to identify the soil’s
erodibility parameters. The tool includes three solution techniques: Blaisdell, Scour Depth, and
Iterative Solutions. The Blaisdell method is a linear excess T model and is based on the
analytical work of Blaisdell et al. (1981), Hanson et al. (2002), Hanson & Cook (1997, 2004),
and Stein & Nett (1997) (Equation 23 through Equation 34). It is assumed the scour depth
changes (8J/6t) are the € represented as a function of the maximum 1 (Equation 23). The
Blaisdell method also assumes the soil’s 17c (Equation 24) occurs when the scour rate is equal to
zero at the equilibrium scour depth (Je) or when erosion is no longer occurring (Equation 27). To
optimize the calculations, Blaisdell et al. (1981) developed a hyperbolic function to predict Je,
which is calculated using the scour depth readings, time intervals, and the Solver tool in
Microsoft Excel (Equation 28). The scour depth readings, time intervals, dimensional time

function developed by Stein & Nett (1997), Excel Solver, and an initial estimate of 1. are used to



fit Equation 29 to solve for kq. The additional parameters included in Equation 29 are calculated

using Equation 30 through Equation 34.

tN Tod3
a= Kqg J_Z-TC forJ = Jp
Where:

0J/dt = scour rate (i/min)

ks = erodibility coefficient (in®/Ib*s)

To = maximum shear stress (Ib)

Jp = potential core length from jet origin (in)
J = scour depth (in)

1. = critical shear stress (Ib/in?)

2
J

w=e(3)

Where:

1. = critical shear stress (Ib/in?)

To = maximum shear stress (Ib/in?)

Jo = potential core length from jet origin (in)
Je = equilibrium scour depth (in)

1= G, U3

Where:

To = maximum shear stress (Ib/in?)

Ct = coefficient of friction (0.00416)

pw = density of water (62.4 Ib/ft®) at temperature during test
U, = jet velocity at the orifice (in/s)

Jp = Cd*do

Where:

Jo = potential core length from jet origin (in)
Cq = diffusion constant (6.3)

do = jet nozzle diameter (in)

Jy = dg10°0(&)

Where:
Je = equilibrium scour depth (in)
do = jet nozzle diameter (in)

Equation 5

Equation 6

Equation 7

Equation 8

Equation 9
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Where:

A1 = hyperbola’s semi-transfer and semi-conjugate value
J = scour depth (in)

do = jet nozzle diameter (in)

U, = jet velocity at the orifice (in/s)

t =time (s)

Je = equilibrium scour depth (in)

A% =

* * * 1+\J* * 1+J:) .
T -T,=-J+05In|—= |+ Jy-0.5In[ — Equation 11
1-J 1-Jp

Where:
T* = dimensional time of scour depth to Je (s/s)

T; = dimensional time from jet nozzle to initial soil surface (s/s)
J* = dimensional scour depth to Je (in/in)
Jp, = dimensional potential core length to Je (in/in)

* t

T =— Equation 12

r

Where:

T = dimensional time of scour depth to Je (s/s)

t = time of scour depth reading (s)

T: = reference time to reach equilibrium scour depth (s)

T, = Je Equation 13
re deC quatl

Where:

T: = reference time to reach equilibrium scour depth (s)
Je = equilibrium scour depth (cm)

ks = erodibility coefficient (in®/Ibf*s)

1. = critical shear stress (Ib/in?)
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*

_ _b :
Tp = f Equation 14
Where:
T;, = dimensional time from jet nozzle to initial soil surface (s/s)
Tp = time from jet nozzle to initial soil surface (s)
T: = reference time to reach equilibrium scour depth (s)
* \J 0
J == Equation 15
Je
Where:
J* = dimensional scour depth to Je (in/in)
J = scour depth (in)
Je = equilibrium scour depth (in)
* Jp i
Jp=— Equation 16
Je
Where:

J;, = dimensional scour depth to Je (in)

Jo = dimensional potential core length (in)
Je = equilibrium scour depth (in)

The Scour Depth method is based on the work of Al-Madhhachi et al. (2013a, 2014),
Daly et al. (2013), and Wilson (1993a, 1993b). This non-linear method uses the excess 1
equation (Equation 35) and the Excel solver to fit c and kq to the scour depths observed at each
time interval. The generalized reduced gradient method is used to minimize the sum of the
squared errors (SSE) between the observed scour depth and solutions for Equation 35. The
Iterative Solutions method developed by Simon et al. (2010) uses the basis of dimensionless
time (T*) (Equation 30) and scour depth (J*) (Equation 33) to solve for 1. and kq simultaneously.
The model fits the data by minimizing the root mean square errors (RMSEs) between the
observed and predicted time measurements that are estimated using Equation 29. The initial

guesses for 1c and kq are derived from the Blaisdell method.



€ = 100*kq*(T5-15)? Equation 17
Where:

€ = erosion rate (in/s)

ks = erodibility coefficient (in*/Ibf*s)

To = maximum shear stress (Ib/in?)

1. = critical shear stress (Ib/in?)

a = exponent typically assumed to be 1

Existing literature provides conflicting recommendations for which technique to use to
solve for 7c and kq. Daly et al. (2013, 2015) and Simon et al. (2010) reported the Blaisdell
method underestimates 1. and suggested the Scour Depth method should be used instead.
Karamigolbaghi et al. (2017) compared the results from 155 JET tests conducted throughout the
United States and found the Scour Depth and lterative Solutions methods may calculate
physically unrealistic erodibility parameters. However, Karamigolbaghi et al. (2017) also
concluded that the Iterative Solutions and Scour Depth techniques provide stronger regression
equations between 1. and kq (R? values between 0.63 and 0.71) compared to the Blaisdell
method (R? value of 0.43). Mahalder et al. (2018) compared the erodibility parameters derived
by the three techniques using data collected from 21 sites across Tennessee. The results
indicated the Blaisdell method was more consistent, and they recommended 1. and kq should be
derived using this technique. However, all of these studies acknowledged JET results are

influenced by soil texture, w, and bulk density (py) as well as JET operational procedures.



Appendix B: Hydrologic equations

The duration of flow associated with the 1-yr and 10-yr, 24-hr storms were calculated
using Equation 36 through Equation 40 (Malcom, 1989; USDA-NRCS, 2004). The velocities
associated with the peak discharges were calculated using Equation 41 through Equation 48
(Saatci, 1990), and the Manning’s roughness coefficient (n) used in these equations was
calculated using Equation 49 through Equation 54 (Camp, 1946).

S= (1000 10) Equation 1
=N quation
« [(P- 0.28)2
Q= Pr08S Equation 2
V =3630*Q A Equation 3
V
Tp= 1.39Q, Equation 4
E tion 5

in i
4.34Q, e T_ , t>1.25T,

Where:

Q = discharge (ft®/s)

Q,, = peak discharge (ft*/s)

t =time (s)

T, = time to peak (s)

V = runoff volume (ft%)

Q" = runoff depth (in)

A = watershed area (ac)

P = precipitation (in)

S = maximum potential retention (in)
CN = curve number (unitless)



4 (rh
0 = 2cos (T)
Partially full pipe flow- less than half full

_ r2(6-sin6)
- 2
P=r0
Ry = A/p
2
AR 35"z
_ n

~ r2(6-sin0)
- 2

Partially full pipe flow- more than half full

r2(6-sin 0)
e S it
A=Tr 5
P=2mr-r0
2
AR /352
— n
2 .
o I“(0-sinB)
e - ———=
Where:

V = velocity (ft/s)

A = cross-sectional area of flow normal to the flow direction (ft?)

R}, = hydraulic radius (ft)
S = pipe slope (ft/ft)

n = Manning’s roughness coefficient (s/ft"?)

r = pipe radius (ft)

8 = angle projected from center of pipe to flow depth (radians)

h = flow depth (ft)

Equation 6

Equation 7

Equation 8
Equation 9

Equation 10

Equation 11

Equation 12

Equation 13



0= h/5<0.03

0.03 < N/y<0.10
0.10 < N/5=<0.20
0.20 < "/5<0.30
0.30 < N/, <0.50
050 < /5 <1.0

Where:

/o
0.30
n/neg = 1.1+ (h/D-0.03)(12/7)

n/Ngy =1.22 + 0.60(h/D-0.10)
1.29

n/Ng=1.29 - 0.20(h/D -0.30)
n/Ne=1.29 - 0.50(h/D -0.50)

n/Ngy =1

n = Manning’s roughness coefficient for pipe flow (s/ft"?)

ns = Manning’s roughness coefficient for full pipe flow (s/ft'?)

h = Water level (ft)
D = Pipe diameter (ft)

Equation 14

Equation 15
Equation 16
Equation 17
Equation 18
Equation 19



Appendix C: Predictor variables and responses for decision tree and PCR analyses for
occurrence of erosion

Table 1. Predictor variables and responses for occurrence of erosion analyses
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Note RE refers to the response where T = True (1, erosion stopped before reaching outfall
location) and F = False (0, erosion extended to the outfall);  Pipe diameter (ft), ® Watershed
area (ac), ¢ Impervious area (ac), ¢ Offsite-area (ac), ® Composite curve number, f Peak
discharge for 1-yr, 24-hr storm event (ft¥/s), ¢ Peak discharge for 10-yr, 24-hr storm event (ft¥/s),
h Duration of 1-yr, 24-hr storm event (hr), ' Duration of 10-yr, 24-hr storm event (hr), | Maximum



velocity 1-yr, 24-hr storm: Permissible velocity, ¥ Maximum velocity 10-yr, 24-hr storm event:
Permissible velocity, ' Radial distance of pipe outlet from stream (ft), ™ Departure (ft), "
Downslope hydrologic soil group (HSG) A soils (%), ° Downslope HSG B soils (%), P Downslope
HSG C soils (%), @ Downslope HSG D soils (%), " Median approximate unconfined compressive
strength of channel banks immediately downslope of pipe outlet (Ib/ft?), $ Median Manning’s n
coefficient for channel banks immediately downslope of pipe outlet (s/ft"3), t Median bulk density
of channel banks immediately downslope of pipe outlet (Ib/ft?), * Median percentage of sand
content in channel banks immediately downslope of pipe outlet (%), ¥ Median percentage of clay
content in channel banks immediately downslope of pipe outlet (%)



Appendix D: Predictor variables and responses for magnitude of erosion analyses
Table 1. Predictor variables and responses for magnitude of erosion (cross-sectional

dimensions) analyses
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Note W refers to Width at top of bank (TOB): Bankfull (BKFUL) width for cross-section (ft/ft), AR
refers to Arearogs: AreagkruL for cross-section (ft?/ft?), and DP Maximum Depthros: DepthgkruL for
cross-section (ft/ft); @ Point number, ® Median approximate unconfined compressive strength of
channel banks (Ib/ft?), © Median Manning’s roughness coefficient of channel banks (s/ft'®), ¢ Pipe
diameter (ft), © Pipe outlet watershed area (ac), f Pipe outlet offsite area within watershed (ac), 9
Pipe outlet impervious area within watershed (ac), " Radial distance of pipe outlet to stream (ft),

' Downslope hydrologic soil group (HSG) A soils (%), | Downslope HSG B soils (%), ¥ Downslope
HSG C soils (%), ' Downslope HSG D soils (%), ™ Composite curve number (CN) for pipe outlet
watershed, " Maximum velocity for 1-yr, 24-hr storm event: Permissible velocity, © Maximum
velocity for 10-yr, 24-hr storm event: Permissible velocity, P Distance from pipe outlet to cross-
section (ft), 9 Estimated elevation difference between cross-section and outfall (ft), " Peak
discharge for 1-yr, 24-hr storm event for pipe outlet watershed (ft*/s), s Peak discharge for 10-yr,
24-hr storm event for pipe outlet watershed (ft3/s), ! Duration of 1-yr, 24-hr storm event for pipe
outlet watershed (hr), “ Duration of 10-yr, 24-hr storm event for pipe outlet watershed (hr)




Table 2. Summary of predictor variables and responses for magnitude of erosion (volume of

eroded soil) analyses
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Note V refers to the estimated volume of eroded soil per channel length (yd®/ft); @ Pipe diameter
(ft), ® Watershed area (ac), ¢ Impervious area (ac), ¢ Offsite-area (ac), ¢ Composite curve
number, f Peak discharge for 1-yr, 24-hr storm event (ft%/s), 9 Peak discharge for 10-yr, 24-hr
storm event (ft%/s), " Duration of 1-yr, 24-hr storm event (hr), ' Duration of 10-yr, 24-hr storm
event, | Maximum velocity 1-yr, 24-hr storm: Permissible velocity, K Maximum velocity 10-yr, 24-
hr storm event: Permissible velocity, ' Radial distance of pipe outlet from stream (ft), ™ Departure
(ft), " Downslope hydrologic soil group (HSG) A soils (%), ° Downslope HSG B soils (%), P
Downslope HSG C soils (%), * Downslope HSG D soils (%), " Median approximate unconfined
compressive strength of channel banks immediately downslope of pipe outlet (ton/ft?), s Median
Manning’s n coefficient for channel banks immediately downslope of pipe outlet (s/ft"?), t Median
bulk density of channel banks immediately downslope of pipe outlet (Ib/ft®), “ Median percentage
of sand content in channel banks immediately downslope of pipe outlet (%), ¥ Median
percentage of clay content in channel banks immediately downslope of pipe outlet (%)




Appendix D: Predictor variables and responses for magnitude of erosion analyses
Table 1. Predictor variables and responses for magnitude of erosion (cross-sectional

dimensions) analyses
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Note W refers to Width at top of bank (TOB): Bankfull (BKFUL) width for cross-section (ft/ft), AR
refers to Arearogs: AreagkruL for cross-section (ft?/ft?), and DP Maximum Depthros: DepthgkruL for
cross-section (ft/ft); @ Point number, ® Median approximate unconfined compressive strength of
channel banks (Ib/ft?), © Median Manning’s roughness coefficient of channel banks (s/ft'®), ¢ Pipe
diameter (ft), © Pipe outlet watershed area (ac), f Pipe outlet offsite area within watershed (ac), 9
Pipe outlet impervious area within watershed (ac), " Radial distance of pipe outlet to stream (ft),

' Downslope hydrologic soil group (HSG) A soils (%), | Downslope HSG B soils (%), ¥ Downslope
HSG C soils (%), ' Downslope HSG D soils (%), ™ Composite curve number (CN) for pipe outlet
watershed, " Maximum velocity for 1-yr, 24-hr storm event: Permissible velocity, © Maximum
velocity for 10-yr, 24-hr storm event: Permissible velocity, P Distance from pipe outlet to cross-
section (ft), 9 Estimated elevation difference between cross-section and outfall (ft), " Peak
discharge for 1-yr, 24-hr storm event for pipe outlet watershed (ft*/s), s Peak discharge for 10-yr,
24-hr storm event for pipe outlet watershed (ft3/s), ! Duration of 1-yr, 24-hr storm event for pipe
outlet watershed (hr), “ Duration of 10-yr, 24-hr storm event for pipe outlet watershed (hr)




Table 2. Summary of predictor variables and responses for magnitude of erosion (volume of

eroded soil) analyses

Site [P | W o[clalap D|V|V, [ R|DJA[B]C @ m|p[S|C|V
D* | AP AY | Ne | pif | 4o w | A ] o E n ° P r ey
DEz16 > 2 o|77| 3| 7 3023|220 (18 olo Elalalt|e|
M'ZOZ % 37 35 | 58| 6 | 66 5035 211 28| 7010 ﬂ' i (1) 4 %‘
"2 | o ool 1] 2 222|200 é 0 Sl El713]5
MPT2 | 4 | 21 21|80 | 33 | 84 alale |23 0 1312} 0
METS | L] 12 8 |76 | 11| 33 s34 |2 o|3)%]0 el iz
R P I 0 |s5| 0| 1 2|11 %® o0 é oo sl E18]3le]o
MZM 3 110 97 | 73 | 80 285 6|5|6| 8 |14 g 43 2' Z g (1) 3]0
MP2T 1 3 | 35 30 | 69 | 25 | o1 6|35 |%|o|% o] S A B
MP22 |31 4 0|57 | 1| 14 82|32 lo|9 o] AR
2o 0 |s5| 0| 1 2| 12|00 é 0 A PRSP
"o 2 | o o|s5| 0| 0 20| 1[2 o0 é 0 Sl i3l ilel
M2 210 o 77| 1] 1 2 (11| lo]olo é Gl 2]al7]o
MP2S 1 L | 16 16 43| 0 | 2 Tlof 1[5 ]ss|a]ofo 1S lalelales
MF2’29 4 | 45 42 61| 2 | 44 50215 238 1 g olo 2' Z ? ; g 0
Mﬁm 2 | o 0o |58| 0| 1 21220 (18 olo Slal3lilal
M 15 4 4 56| 1|10 30213 935 0 (18 olo (} g g ; é g%
Mt LY Dls3| 1|82 7024|2185 o]0 Sl e18T9]o
M';35 2 | 7 5 | 93|14 | 27 50414 416 0 8 o4 gé 12l ; gé
R P 7 |92 |22 42 alals|®lo]olo é S S R
Sl I 2 89| 7 | 14 3{3a|%|ofofo é &l 76| %
MR, | 1o | 4| 7 323 |Plo]ofo é o é 1o |1l
R P 3|50 1|8 323|230 é oo Sl Elol2l5]%
MP42 | 2. | 11 9 | 81| 19 | 47 433 ]|21]0]1]0]8 olo|7]1]3]o0
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Note V refers to the estimated volume of eroded soil per channel length (yd®/ft); @ Pipe diameter
(ft), ® Watershed area (ac), ¢ Impervious area (ac), ¢ Offsite-area (ac), ¢ Composite curve
number, f Peak discharge for 1-yr, 24-hr storm event (ft%/s), 9 Peak discharge for 10-yr, 24-hr
storm event (ft%/s), " Duration of 1-yr, 24-hr storm event (hr), ' Duration of 10-yr, 24-hr storm
event, | Maximum velocity 1-yr, 24-hr storm: Permissible velocity, K Maximum velocity 10-yr, 24-
hr storm event: Permissible velocity, ' Radial distance of pipe outlet from stream (ft), ™ Departure
(ft), " Downslope hydrologic soil group (HSG) A soils (%), ° Downslope HSG B soils (%), P
Downslope HSG C soils (%), * Downslope HSG D soils (%), " Median approximate unconfined
compressive strength of channel banks immediately downslope of pipe outlet (ton/ft?), s Median
Manning’s n coefficient for channel banks immediately downslope of pipe outlet (s/ft"?), t Median
bulk density of channel banks immediately downslope of pipe outlet (Ib/ft®), “ Median percentage
of sand content in channel banks immediately downslope of pipe outlet (%), ¥ Median
percentage of clay content in channel banks immediately downslope of pipe outlet (%)




Appendix E: Raw data from site assessments and desktop analyses

Table 1. Approximate unconfined compressive strength measurements for site assessments

Left bank Right bank
Site Point number Assessment Median Average Laver Median Average Laver
(ton/ft?) (ton/ft?) y (ton/ft?) (ton/ft?) y
DE162 995 Outlet 3.00 2.35 1 1.75 1.75 1
0.75 0.65
DE162 (DE162/MP311/ .

POW162 Outfall) 1001 Intermediate 1 0.50 0.65 1
MP024 2086 Outlet 0.75 0.65 1 0.50 0.55 1
MP024 2087 Outfall 0.50 0.70 1 0.75 0.95 1
MP078 1031 Outlet 0.75 0.80 1 1.25 1.10 1
MP078 1032 Culvert/Final 0.75 0.85 1 1.00 0.90 1
MP120 2126 Outlet 0.75 0.85 1 1.25 1.05
MP138 2069 Outlet 1.75 2.30 1 2.75 2.55 1
MP138 2070 Outfall 1.25 1.40 1 1.00 1.25 1
MP142 2121 Outlet 2.25 2.25 1 2.50 2.85 1
MP143 2126 Outlet 0.50 0.95 1 0.50 0.60 1

WP 152/0UT2104 2105 Outle 200 208 : 1.25 1.25 :

MP1§6’$2U1€%1 04/ 2108 Intermediate 1.50 1.75 1 1.00 1.05 1

Mpgfj’%ﬂ)? 04/ 2110 NA 1.25 1.25 1 1.25 1.35 1

MP1§6’$2U1{)261 04/ 2111 NA 1.75 1.55 1 1.50 1.25 1

MP1§6’$2U1€%1 04/ 2113 Final 1.50 2.00 1 1.00 1.00 1
MP219 482 Outlet 0.75 0.95 1 0.50 0.55 1
MP225 1044 Outlet 2.50 2.25 1 3.25 2.75 1
MP225 1045 NA 1.75 1.60 1 2.00 1.75 1
MP225 1046 NA 1.25 1.10 1 1.75 1.45 1
MP225 1047 NA 1.50 1.35 1 1.00 1.05 1




Left bank Right bank
Site Point number Assessment Median Average Layer Median Average Layer

(ton/ft?) (ton/ft?) (ton/ft?) (ton/ft?)
MP225 1051 Outfall 1.25 1.75 1 2.00 2.40 1
MP225 1050 (1048) Intermediate 1.50 1.40 1 1.25 1.40 1
MP227 503 Outlet 1.00 1.00 1 0.75 1.10 1
MP227 1052 Outfall 2.00 1.90 1 1.75 210 1
MP227 2043 NA 2.25 1.90 1 1.50 1.95 1
MP227 2045 Intermediate 4.00 4.10 1 2.75 2.65 1
MP228 628 Outlet 1.88 1.88 1 0.88 0.88 1
MP229 (OUT111) 506 Outlet 0.75 0.75 1 0.50 0.60 1
MP257 2059 Outlet 1.00 1.05 1 2.25 215 1
MP257 2061 Intermediate 1.50 1.40 1 1.25 1.60 1
MP257 2062 NA 1.50 1.70 1 1.75 1.65 1
MP257 2063 Final 2.25 2.55 1 2.75 2.80 1
MP292 2083 Outlet 2.25 - - - - -
MP311 999 Outlet 0.75 0.85 1 1.00 0.90 1
MP311 1000 Intermediate 0.75 0.75 1 0.75 0.75 1
MP318 2084 Outlet 1.00 1.25 1 1.00 1.20 1
MP319 2082 Outlet 1.00 0.85 1 1.25 1.10 1
MP356 2046 Outlet 0.25 0.45 1 1.00 0.85 1
MP356 2057 Final 0.50 0.65 1 1.00 1.05 1
MP359 1006 Outlet 0.50 0.65 1 0.75 0.75 1
MP359/W13 1007 Outfall 0.50 0.55 1 0.50 0.80 1
MP360 1008 Outlet 0.50 0.65 1 1.00 1.15 1
MP360 1009 Final 0.75 1.15 1 0.50 0.50 1
MP361 1002 Ouftfall 0.75 0.80 1 0.50 0.70 1
MP361 1003 Outlet 0.25 0.30 1 0.50 0.55 1
MP415 1018 Outlet 0.75 0.65 1 0.25 0.30 1
MP415/MP416 1019 NA 1.75 1.80 1 1.25 1.20 1

. . Left bank Right bank

Site Point number Assessment
Median Average Layer Median Average Layer




(ton/ft?) (ton/ft?) (ton/ft?) (ton/ft?)
MP415/MP416 1020 NA 1.25 1.30 1 1.25 1.40 1
MP415/MP416 1021 NA 1.25 1.90 1 1.25 1.20 1
MP415/MP416 1022 NA 1.25 1.30 1 1.00 1.00 1
MP415/MP416 1023 NA 0.75 0.85 1 1.00 1.00 1
MP415/MP416 1024 NA 1.00 1.55 1 1.25 1.35 1
MP415/MP416 1025 Outfall 0.75 0.80 1 1.00 1.00 1
MP415/MP416 1026 Intermediate 1.25 1.10 1 0.50 0.55 1
MP416 1017 Outlet 1.00 1.15 1 2.00 1.60 1
MP425 1033 Outlet 1.25 1.85 1 1.25 1.55 1
MP425 1033 Outlet 0.75 0.65 2 - - -
MP425/MP426 1034 NA 0.50 0.65 1 1.25 1.15 1
MP425/MP426 1035 NA 1.00 0.95 1 1.50 1.25 1
MP425/MP426 1036 NA 0.50 0.70 1 1.00 1.05 1
MP425/MP426 1037 NA 1.75 2.00 1 1.75 1.75 1
MP425/MP426 1039 NA 1.50 1.50 1 1.25 1.15 1
MP425/MP426 1040 Intermediate/Outfall 0.25 0.35 1 0.25 0.35 1
MP426 1042 NA 1.00 0.95 1 1.50 1.40 1
MP426 (OUT215) 1041 Outlet 1.75 1.95 1 0.75 1.15 1
MP427 (OUT1521) 185 Outlet 0.75 0.70 1 0.25 0.50 1
MP433 1010 Outlet 0.25 0.45 1 0.50 0.60 1
MP433 1011 Intermediate 0.50 0.45 1 0.50 0.50 1
MP433 1012 NA 0.50 0.70 1 1.00 1.05 1
MP433 1013 NA 0.50 0.45 1 1.00 0.90 1
MP433 1014 NA 1.50 1.40 1 1.00 0.90 1
MP433 1015 NA 1.00 1.45 1 1.00 0.95 1
MP433 1016 Culvert/Final 0.75 0.75 1 0.50 0.45 1
MP458 990 NA 1.50 1.60 1 1.00 1.15 1

Left bank Right bank

Site Point number Assessment Median Average Layer Median Average Layer

(ton/ft?) (ton/ft?) (ton/ft?) (ton/ft?)

MP458 989 Outlet 1.50 1.55 1 1.50 1.20 1




MP458 991 Intermediate 0.75 0.95 1 1.25 1.15 1
MP458 991 Intermediate 0.50 0.55 2 0.50 0.60 2
MP458 992 Final 1.00 1.10 1 0.27 0.26 1
MP459 2065 Outlet 1.00 0.85 1 1.00 1.00 1
MP459 2066 Outfall 0.75 0.80 1 0.25 0.45 1
MP459 2067 Intermediate - - - - - -
MP465 2096 Outlet NA NA - NA NA -
MP467 1054 Outlet 2.00 210 1 1.75 1.75 1
MP467 1056 Outfall 2.00 1.40 1 1.25 1.50 1
MP467 1057 NA 0.50 0.45 1 1.50 1.75 1
MP469 (W19%) 1062 Outlet 0.50 0.45 1 2.25 2.40 1
MP469 (W19%) 1063 NA 0.50 0.60 1 0.50 0.60 1
MP472 2093 Outlet 0.75 0.80 1 1.00 1.00 1
MP495 (FID10) 984 Outlet 1.00 1.00 1 0.75 1.00 1
MP495 (FID10) 985 Culvert/Intermediate 0.75 0.96 1 0.75 0.70 1
MP508 962 Outlet 1.50 1.65 1 0.16 0.17 1
MP508 963 NA 2.75 2.70 1 2.00 1.85 1
MP508 964 NA 1.25 1.20 1 1.00 1.00 1
MP508 965 NA 0.50 0.70 1 1.00 1.20 1
MP508 966 NA 1.25 1.35 1 2.25 1.95 1
MP508 967 NA 1.50 1.50 1 1.25 1.15 1
MP508 968 NA 0.50 0.65 1 1.25 1.25 1
MP511 (MP508B) 969 NA 1.25 1.20 1 0.75 0.95 1
MP508 971 Outfall 0.23 0.22 1 0.25 0.24 1
MP508 972 NA 0.75 0.55 1 0.75 0.75 1
MP508A 970 Outlet 0.20 0.21 1 0.25 0.24 1
Left bank Right bank
Site Point number Assessment Median Average Layer Median Average Layer
(ton/ft?) (ton/ft?) (ton/ft?) (ton/ft?)

MP508C 974 Outlet 0.23 0.21 1 0.19 0.19 1
MP508D 976 Outlet 0.17 0.15 1 0.16 0.15 1
MP507 (MP508E) 973 Outlet 0.75 0.70 1 - - -




MP511 (MP508B) 973 Outlet 0.25 0.25 1 0.22 0.23 1
MP525 2088 Outlet 1.25 1.50 1 0.50 0.65 1
MP525 2090 Outfall 0.50 0.55 1 0.50 0.90 1
MP558 2080 Outlet - - - - - -
MP559 2079 Outlet 1.00 1.15 1 0.50 0.65 1
MP573 2074 Outlet 2.25 2.30 1 2.00 2.70 1
MP573 2075 Final 2.50 2.40 1 3.25 2.90 1
MP578 2076 Outlet 0.50 0.60 1 1.50 1.30 1
MP591 2071 Outlet 2.00 2.30 1 2.50 2.15 1
MP591 2072 Intermediate 1.50 1.55 1 1.50 1.75 1
MP591 2073 Final 2.75 2.45 1 1.00 1.65 1
MP615 993 Outlet 1.00 0.90 1 0.75 0.75 1
MP615 994 Outfall 1.25 1.60 1 0.50 0.85 1
MP785 2102 Outlet - - - - - -

MP814 (Site3&4) 982 Outlet 0.75 0.75 1 0.75 0.70 1

MP814 (Site3&4) 983 Outfall 0.25 0.30 1 0.50 0.50 1
MP840 609 Outlet 0.75 0.85 1 0.50 0.50 1
MP840 979 NA 1.75 1.70 1 1.50 1.80 1
MP840 980 NA 0.50 0.70 1 0.75 0.75 1
MP840 981 Outfall 0.50 0.50 1 0.25 0.35 1

ouT2111 474 Outlet 0.75 0.90 1 0.25 0.35 1

POW162 996 Outlet 2.25 2.00 1 2.50 2.55 1

POW162 998 NA - - - - - -

W10 959 Outlet 0.75 0.70 1 0.75 0.75 1
Left bank Right bank

Site Point number Assessment Median Average Layer Median Average Layer

(ton/ft?) (ton/ft?) (ton/ft?) (ton/ft?)

W10 1027 NA 0.75 0.70 1 1.25 1.25 1

W10 1028 NA 2 2.25 1 0.75 0.95 1

W10 1029 Intermediate 1 1.15 1 0.75 0.95 1

W10 1030 Outfall 1.25 1.40 1 0.20 0.21 1

W11 957 Outlet 0.75 0.80 1 0.75 1.35 1




W13 1004 Outlet 0.75 0.75 0.75 0.80
w13 1005 NA 0.75 0.65 1.25 1.40

w18 1059 Outlet 0.75 0.70 3.25 3.10

w1/ Mmesc(wm*)/ 1066 Outfall 2.00 2.45 0.75 0.80
w19C 1065 Outlet 0.75 110 2.00 175




Table 2. Summary of Manning’s roughness coefficients for site assessments (Brunner, 2022)

Site Assessment n:;‘g:r ;‘::L Channel l;'agnhkt
DE162 Outlet 995 0.06 0.03 0.06
DE162

(DE162/MP311/ Intermediate 1001 0.06 0.03 0.06
POW162 Outfall
MP024 Outlet 2086 0.10 0.04 0.10
MP024 Outfall 2087 0.10 0.03 0.10
MPO78 Outlet 1031 0.10 0.04 0.06
MPQO78 Culvert/Final 1032 0.10 0.03 0.06
MP120 Outlet 2124 0.10 0.10 0.10
MP138 Outlet 2069 0.10 0.03 0.10
MP138 Outfall 2070 0.03 0.03 0.03
MP142 Outlet 2121 0.06 0.03 0.06
MP143 (MP117) Outlet 2126 0.10 0.10 0.10
M s Outlet 2105 0.06 0.03 0.06
M2 O e o | Intermediate 2108 0.06 0.03 0.06
MP152/0UT2104/
OUT2106 NA 2110 0.06 0.03 0.10
MP152/0UT2104/
OUT2106 NA 2111 0.10 0.03 0.10
M s Final 2113 0.10 0.03 0.10
MP219 Outlet 482 0.06 0.04 0.06
MP225 Outlet 1044 0.10 0.05 0.10
MP225 NA 1045 0.10 0.05 0.10
MP225 NA 1046 0.10 0.05 0.10
MP225 NA 1047 0.10 0.05 0.10
MP225 Outfall 1051 0.10 0.04 0.10
MP225 Intermediate 1050 (1048) 0.10 0.04 0.10
MP227 Outlet 502 0.04 0.03 0.04
MP227 Outfall 1052 0.10 0.03 0.10
MP227 NA 2043 0.10 0.04 0.10
MP227 Intermediate 2045 0.06 0.04 0.06
MP228 Outlet 628 0.06 0.04 0.06
MP229 (OUT111) Outlet 506 0.06 0.03 0.06
MP257 Outlet 2059 0.10 0.03 0.10
MP257 Intermediate 2061 0.10 0.03 0.10
MP257 NA 2062 0.10 0.03 0.10
MP257 Final 2063 0.10 0.03 0.10
. Point Left Right
Site Assessment number bank Channel bagnk




MP292 Outlet 2083 0.10 0.10 0.10
MP311 Outlet 999 0.06 0.03 0.06
MP311 Intermediate 1000 0.06 0.03 0.06
MP318 Outlet 2084 0.10 0.04 0.10
MP318 Intermediate/Final 2085 0.10 0.04 0.10
MP319 Outlet 2082 0.06 0.03 0.06
MP356 Outlet 2046 0.06 0.04 0.06
MP356 Final 2057 0.06 0.03 0.10
MP359 Outlet 1006 0.06 0.04 0.06
MP359/W13 Outfall 1007 0.06 0.03 0.06
MP360 Outlet 1008 0.06 0.03 0.06
MP360 Final 1009 0.06 0.03 0.06
MP361 Ouffall 1002 0.06 0.04 0.06
MP361 Outlet 1003 0.06 0.04 0.06
MP415 Outlet 1018 0.03 0.04 0.03
MP415/416 NA 1019 0.06 0.04 0.06
MP415/416 NA 1020 0.06 0.04 0.06
MP415/416 NA 1021 0.06 0.03 0.06
MP415/416 NA 1022 0.06 0.03 0.06
MP415/416 NA 1023 0.06 0.03 0.06
MP415/416 NA 1024 0.06 0.03 0.06
MP415/416 Ouffall 1025 0.06 0.03 0.06
MP415/416 Intermediate 1026 0.06 0.03 0.06
MP416 Outlet 1017 0.03 0.04 0.03
MP425 Outlet 1033 0.06 0.04 0.10
MP425 NA 1034 0.10 0.03 0.10
MP425 NA 1035 0.10 0.03 0.10
MP425 NA 1036 0.06 0.03 0.10
MP425 NA 1037 0.06 0.03 0.10
MP425 NA 1039 0.06 0.03 0.06
MPa25/426/427 | IMermediatelOuttal 1040 0.06 0.03 0.06
MP426 (OUT215) Outlet 1041 0.06 0.04 0.06
MP426 (OUT215) NA 1042 0.06 0.03 0.06
MP427 (OUT1521) Outlet 185 0.07 0.03 0.05
MP433 Outlet 1010 0.10 0.04 0.10
MP433 Intermediate 1011 0.10 0.03 0.10
MP433 NA 1012 0.06 0.03 0.06
MP433 NA 1013 0.10 0.03 0.06
MP433 NA 1014 0.10 0.03 0.06

. Point Left Right

Site Assessment number bank Channel bagnk
MP433 NA 1015 0.10 0.03 0.06
MP433 Culvert/Final 1016 0.06 0.03 0.06




MP458 Outlet 989 0.10 0.03 0.10
MP458 NA 990 0.10 0.03 0.10
MP458 Intermediate 991 0.06 0.03 0.06
MP458 Final 992 0.06 0.03 0.06
MP458 Outfall NA 0.06 0.03 0.06
MP459 Outlet 2065 0.10 0.04 0.10
MP459 Outfall 2066 0.10 0.04 0.10
MP459 Intermediate 2067 0.10 0.04 0.06
MP465 Outlet 2096 0.03 0.04 0.03
MP467 Outlet 1054 0.10 0.04 0.06
MP467 Outfall 1056 0.06 0.03 0.10
MP467 NA 1057 0.06 0.03 0.06
MP469 (W19%) Outlet 1062 0.06 0.03 0.06
MP469 (W19%) NA 1063 0.06 0.03 0.06
MP472 Outfall 2091 0.10 0.03 0.10
MP472 Outlet 2093 0.10 0.03 0.10
MP495 (FID10) Outlet 984 0.06 0.04 0.06
MP495 (FID10) | Culvert/ intermediat 985 0.06 0.03 0.06
MP507 (MP508E) Outlet 997 0.04 0.03 0.04
MP508 Outlet 962 0.06 0.03 0.06
MP508 NA 963 0.06 0.03 0.06
MP508 NA 964 0.06 0.03 0.06
MP508 NA 965 0.06 0.03 0.06
MP508 NA 966 0.10 0.03 0.06
MP508 NA 967 0.10 0.03 0.06
MP508 NA 968 0.10 0.03 0.10
MP511 (MP508B) NA 969 0.10 0.03 0.06
MP508 Outfall 971 0.06 0.03 0.06
MP511 (MP508B) NA 972 0.06 0.03 0.06
MP508A Outlet 970 0.04 0.03 0.04
MP508C Outlet 974 0.04 0.03 0.04
MP508D Outlet 976 0.04 0.03 0.06
MP511 (MP508B) Outlet 973 0.04 0.04 0.04
MP525 Outlet 2088 0.10 0.03 0.10
MP525 Outfall 2090 0.10 0.03 0.10
MP558 Outlet 2080 0.06 0.06 0.06
MP559 Outlet 2079 0.10 0.04 0.10
Site Assessment n:;‘g:r ;‘::L Channel l;'agnhkt
MP573 Outlet 2074 0.10 0.03 0.06
MP573 Final 2075 0.10 0.03 0.06
MP578 Outlet 2076 0.10 0.04 0.10
MP591 Outlet 2071 0.10 0.04 0.10




MP591 Intermediate 2072 0.10 0.03 0.10
MP591 Final 2073 0.10 0.04 0.10
MP615 Outlet 993 0.06 0.04 0.06
MP615 Outfall 994 0.06 0.04 0.06
MP785 Outlet 2102 0.10 0.10 0.10
MP814 (Site384) Outlet 982 0.06 0.04 0.06
MP814 (Site384) Outfall 983 0.06 0.04 0.06
MP840 Outlet 609 0.06 0.04 0.06
MP840 NA 979 0.06 0.04 0.06
MP840 NA 980 0.06 0.04 0.06
MP840 Outfall 981 0.06 0.03 0.06
oUT2111 Outlet 474 0.06 0.03 0.06
POW162 Outlet 996 0.06 0.04 0.06
POW162 NA 998 0.06 0.04 0.06
W10 Outlet 959 0.06 0.04 0.06
W10 NA 1027 0.06 0.04 0.06
W10 NA 1028 0.06 0.03 0.06
W10 Intermediate 1029 0.06 0.03 0.06
W10 Outfall 1030 0.06 0.03 0.06
L Outlet 957 0.04 0.04 0.04
W13 Outlet 1004 0.06 0.03 0.06
W13 NA 1005 0.06 0.03 0.06
W18 Outlet 1059 0.06 0.03 0.06
(mgﬁ';’/'m%% Outfall 1066 0.06 0.03 0.06
W19C Outlet 1065 0.06 0.03 0.06




Table 3. Summary of bulk density measurements for site assessments

Left bank Right bank
Site n:::;:r Assessment Pre-oven Dry 3 Bulk density Pre-oven Dry 3y | Bulk density
weight (g) | weight (g) | Yolume (em’) (o) | YY" | weight () | weight (g) | VOlu™e (6m?) (bif) | Laver
DE162 995 Outlet 165.5 123.0 148.03 52 1 145.0 117.0 113.87 64 1
DE162
(DE162/MP311/ 1001 | Intermediate | 175.5 124.5 187.88 41 1 299.0 226.0 176.50 80 1
POW162) Outfall
MP024 2086 Outlet 2705 239.0 187.88 79 1 2325 2045 187.88 68 1
MP024 2087 Outfall 260.5 166.5 187.88 55 1 2195 182.0 187.88 60 1
MPO78 1031 Outlet 282.0 187.5 187.88 62 1 298.0 213.0 185.04 72 1
MPO78 1032 | CulvertFinal | 295.0 226.0 187.88 75 1 312.0 244.0 187.88 81 1
MP120 2126 Outlet 2725 209.0 187.88 69 1 206.5 143.5 187.88 48 1
MP138 2069 Outlet 3035 217.0 187.88 72 1 298.0 253.0 187.88 84 1
MP138 2070 Outfall 2424 177.1 187.88 59 1 247.8 177.6 182.19 61 1
MP142 212 Outlet 251.0 2245 170.80 82 1 22750 | 199.00 187.88 66 1
MP143 2126 Outlet 3075 229.0 187.88 76 1 201.0 158.0 136.64 72 1
M ¥ | 2105 Outlet 265.4 234.5 187.88 78 1 280.8 211.8 187.88 70 1
M e ¥ | 2108 | Intermediate | 287.7 226.3 187.88 75 1 305.6 2226 187.88 74 1
M e ¥ | 2113 Final NA NA NA NA NA NA NA NA NA NA
MP219 482 Outlet 296.5 218.0 187.88 72 1 301.0 218.0 187.88 72 1
MP225 1044 Outlet 2405 202.0 187.88 67 1 263.5 224.5 187.88 75 1
MP225 1048 | Intermediate | 326.0 2405 190.73 79 1 2935 2015 187.88 67 1
MP225 1052 Outfall 3315 261.0 187.88 87 1 3625 208.5 187.88 99 1
MP227 503 Outlet 336.5 290.0 187.88 9 1 3545 295.5 187.88 08 1
MP227 1052 Outfall 330.0 264.5 182.19 91 1 319.0 2615 187.88 87 1
MP227 2045 | Intermediate | 276.0 245.0 187.88 81 1 2775 250.0 187.88 83 1
MP228 628 Outlet 248.0 229.0 187.88 76 1 2355 2125 187.88 71 1
Site Point Acsessment Left bank . Right bank .
number \I?v;eiéclf]\t/e(g) weigl'?{ @ Volume (cm?) Bullag/?tr;)sny Layer vljé?g-ﬁ;/?g) weigpt/ @ Volume (cm?3) BUIZSI?tg? ity Layer




MP229 (OUT111) 506 Outlet 189.5 118.5 125.26 59 1 230.0 126.5 182.19 43 1
MP257 2059 Outlet 259.0 186.5 187.88 62 1 257.5 1935 187.88 64 1
MP257 2061 | Intermediate | 326.5 280.0 187.88 93 1 2725 218.5 187.88 73 1
MP257 2063 Final 246.5 202.5 187.88 67 1 236.5 197.0 170.80 72 1
MP292 2083 Outlet 277.3 223.8 187.88 74 1 NA NA NA NA NA
MP311 1000 | Intermediate | 279.5 193.0 187.88 64 1 259.5 184.5 187.88 61 1
MP311 999 Outlet 2245 153.5 187.88 51 1 185.0 84.5 159.42 33 1
MP318 2084 Outlet 245.1 175.2 170.80 64 1 240.5 182.7 170.80 67 1
MP318 2085 '”tergi‘rf;iate’ 288.0 2195 187.88 73 1 3205 246.5 187.88 82 1
MP319 2082 Outlet 235.5 165.5 170.80 60 1 294.5 202.5 187.88 67 1
MP356 2046 Outlet 276.5 172.0 187.88 57 1 207.5 120.0 170.80 44 1
MP356 2057 Final 292.5 205.5 187.88 68 1 323.5 263.5 187.88 88 1
MP359 1006 Outlet 309.0 245.0 170.80 90 1 336.5 270.5 187.88 90 1

MP359/W13 1007 Outall 2915 214.0 182.19 73 1 310.0 239.5 187.88 80 1
MP360 1008 Outlet 325.0 275.5 187.88 92 1 3425 287.5 187.88 96 1
MP360 1009 Final 358.5 300.0 187.88 100 1 3415 294.0 187.88 98 1
MP361 1002 Outfall 285.0 220.0 187.88 73 1 306.0 2375 190.73 78 1
MP361 1003 Outlet 367.5 333.5 187.88 111 1 312.0 273.0 190.73 89 1
MP415 1017 Outlet 290.0 215.5 187.88 72 1 2235 167.0 153.72 68 1

MP415/MP416 1025 Outall 2415 185.0 187.88 61 1 288.0 218.0 187.88 72 1
MP415/MP416 1026 | Intermediate | 381.0 304.0 187.88 101 1 285.0 211.0 176.50 75 1
MP416 1018 Outlet 314.0 225.0 187.88 75 1 279.5 219.0 182.19 75 1
MP425 1033 Outlet 3335 292.5 187.88 97 1 3275 296.5 187.88 99 1
MP425 1033 Outlet 346.0 284.0 187.88 94 2 175.0 154.5 165.11 58 2
MP425/426/427 1040 '”te(r)rﬂtefg:f‘te/ 295.5 210.0 187.88 70 1 228.5 167.5 142.34 73 1
MP426 (OUT215) 1041 Outlet 301.5 2215 187.88 74 1 315.5 246.5 187.88 82 1
MP427 (OUT1521) 185 Outlet 326.0 251.0 187.88 59 1 3215 246.0 187.88 43 1

Site Point Acsessment Left bank . Right bank .
number \I?v;eiéclf]\t/e(g) weigl'?{ @ Volume (cm?) Bullag/?tr;)sny Layer vljé?g-ﬁ;/?g) weigpt/ @ Volume (cm?3) BUIZSI?tg? ity Layer
MP433 1010 Outlet 302.0 252.5 170.80 92 1 3275 265.0 187.88 88 1




MP433 1011 Intermediate 339.5 277.0 187.88 92 1 343.0 258.0 176.50 91 1
MP433 1016 Culvert/Final 269.5 186.5 170.80 68 1 291.0 212.5 187.88 71 1
MP458 989 Outlet NA 224.0 187.88 74 1 NA 294.5 187.88 98 1
MP458 991 Intermediate NA 192.5 187.88 64 1 NA 214.0 187.88 71 1
MP458 991 Intermediate NA 226.5 187.88 75 2 NA 233.5 187.88 78 2
MP458 992 Final 286.0 210.0 187.88 70 1 328.0 240.5 187.88 80 1
MP459 2065 Outlet 299.5 238.5 187.88 79 1 277.0 208.0 187.88 69 1
MP459 2066 Outfall 298.0 219.0 187.88 73 1 313.0 240.5 187.88 80 1

MP459 2067 Intermediate NA NA NA NA NA NA NA NA NA NA
MP465 2096 Outlet 256.4 207.3 187.88 69 1 285.7 227.6 187.88 76 1
MP467 1054 Outlet 281.5 257.0 187.88 85 1 273.0 243.5 187.88 81 1
MP467 1056 Outfall 229.0 211.0 187.88 70 1 233.5 210.0 187.88 70 1
MP469 (W19%) 1062 Outlet 281.0 205.0 182.19 70 1 217.0 179.0 136.64 82 1
MP472 2091 Outfall 242.5 184.0 187.88 61 1 218.0 187.5 187.88 62 1
MP472 2093 Outlet 270.0 176.2 187.88 59 1 2671 189.0 187.88 63 1
MP495 (FID10) 984 Outlet NA 212.0 187.88 70 1 NA 260.5 187.88 87 1
MP495 (FID10) 985 intS:Jr’:1veedrit/ate NA 180.5 187.88 60 1 NA 183.0 187.88 61 1
MP507 (MP508E) 997 Outlet 301.0 258.5 187.88 86 1 234.5 186.5 187.88 62 1
MP508 962 Outlet NA 310.5 187.88 103 1 NA 268.0 187.88 89 1
MP508 971 Outfall NA 210.5 187.88 70 1 NA 244.5 187.88 81 1
MP508A 970 Outlet NA 298.0 187.88 99 1 NA 231.0 212.10 68 1
MP508C 974 Outlet NA 234.0 187.88 78 1 NA 251.5 187.88 84 1
MP508D 976 Outlet NA 220.0 187.88 73 1 NA 249.0 187.88 83 1
MP511 (MP508B) 973 Outlet NA 231.0 187.88 77 1 NA 232.0 187.88 77 1
MP525 2088 Outlet 242.0 188.5 187.88 63 1 290.0 207.0 187.88 69 1
MP525 2090 Ouftfall 269.5 186.0 187.88 62 1 291.0 194.0 187.88 64 1

Site Point Acsessment Left bank . Right bank .
number \I?v;eiéclf]\t/e(g) weigl'?{ @ Volume (cm?3) Bullag/?tr;)sny Layer vljé?g-ﬁ;/?g) weigpt/ @ Volume (cm?3) BUIZSI?tg? ity Layer

MP558 2080 Outlet NA NA NA NA NA NA NA NA NA NA
MP559 2079 Outlet 296.5 226.5 187.88 75 1 276.0 193.0 187.88 64 1
MP573 2074 Outlet 330.0 291.5 187.88 97 1 350.5 309.0 199.27 97 1




MP573 2075 Final 277.1 2186 187.88 73 1 286.0 239.0 187.88 79 1
MP578 2076 Outlet 168.0 119.5 142.34 52 1 324.5 268.0 187.88 89 1
MP591 2071 Outlet 194.6 152.4 125.26 76 1 232.0 199.0 187.88 66 1
MP591 2072 | Intermediate | 196.7 154.3 165.11 58 1 281.8 201.4 187.88 67 1
MP591 2073 Final 2405 149.0 153.72 61 1 2700 224.0 187.88 74 1
MP615 993 Outlet 156.0 110.0 159.42 43 1 280.5 182.0 187.88 60 1
MP615 994 Outfall 268.0 185.5 187.88 62 1 287.5 211.0 187.88 70 1
MP785 2102 Outlet NA NA NA NA NA NA NA NA NA NA

MP814 (Site384) 982 Outlet 316.5 244.0 187.88 81 1 3100 257.0 187.88 85 1
MP814 (Site384) 983 Outfall 208 5 2205 187.88 73 1 3305 251.0 187.88 83 1
MP840 609 Outlet 242.5 142.0 187.88 47 1 280.5 179.0 187.88 59 1
MP840 981 Outfall 3235 258.5 187.88 86 1 295.0 2200 187.88 76 1
ouUT2111 474 Outlet 253.0 158.5 187.88 53 1 337.0 256.0 187.88 85 1
POW162 996 Outlet 2715 213.0 187.88 71 1 199.5 169.5 142.34 74 1
W10 959 Outlet 250.0 234.5 187.88 78 1 242.5 219.0 187.88 73 1

W10 1029 | Intermediate | 306.0 230.0 187.88 76 1 252.0 187.0 170.80 68 1

W10 1030 Outfall 278.0 192.0 176.50 68 1 300.5 215.0 176.50 76 1

w11 957 Outlet 292.0 2815 150.42 110 1 244.5 224.0 170.80 82 1

e 1004 Outlet 266.0 182.0 187.88 60 1 3415 269.5 187.88 9 1

w18 1059 Outlet 261.0 220.0 170.80 80 1 296.0 266.0 187.88 88 1

WIBIMEAeS (W19 | 1066 Outfall 322.0 237.0 187.88 79 1 338.0 261.5 187.88 87 1
W19C 1065 Outlet 257.0 2325 187.88 77 1 260.5 2305 187.88 77 1




Table 4. Summary of soil texture data for site assessments

. Left bank Channel Right bank
Site Point Assessment T T T
number % % % Soil Laver % % % Soil % % % Soil Laver
Clay Sand Silt | Texture Y Clay Sand | Silt | Texture | Clay | Sand | Silt | Texture Y
DE162 995 Outlet 131 | 361 | 508 | St 1 184 | 661 | 155 | S | 424 | 392 | 484 | Loam 1
loam loam
DE162 (DE162/ . .
MP311/ 1001 | Intermediate | 216 | 187 | 597 | | OS;'rtn 1 176 | 674 | 150 S;:;‘gqy 195 | 286 [519 | osa:'rtn 1
POW162) Outfall
MP024 2086 Outlet 12.7 72.3 150 | Sandy 1 42 909 | 49 | Sand 82 | 785 | 133 | Loamy 1
loam sand
MP024 2087 Outfall 8.5 77.0 145 | Sandy 1 0.7 970 | 23 | Sand 87 | 738 | 175 | Sandy 1
loam loam
MPO78 1031 Outlet 52 | 806 | 142 | Leamy | ; ; ; ; 92 | 692 | 216 | SANdy |
sand loam
MPO78 1032 Culvert/ | 443 | 521 | 336 | SadY | 4 114 | 791 | 95 | SAY | 454 | 502 | 244 | SENIY | 4
Final loam loam loam
MP120 2126 Outlet 138 | 641 | 221 | Sandy 1 40 932 | 28 | sand | 110 | 666 | 224 | Sandy 1
loam loam
MP138 2069 Outlet 12.8 75.0 122 | Sandy 1 3.7 963 | 00 | Sand | 17.6 | 740 | 84 | Sandy 1
loam loam
MP138 2070 Outfall 142 | 469 | 389 | Loam 1 95 | 575 | 330 S | 100 | 522 | 358 | SNy | 4
loam loam
Sandy Sandy Sandy
MP142 2121 Outlet 247 | 521 | 232 | clay 1 159 | 698 | 143 | 1.4 | 698 | 19.1 | 1
loam oam oam
MP143 2126 Outlet 116 | 680 | 204 | Sandy | 4 217 | 243 |s40| Sit 81 | 776 | 143 | Sandy |
loam loam loam
MP152/0UT2104/ Loamy Sandy
e 2105 Outlet 80 | 790 | 130 | bo2m 1 37 942 | 21 | Sand | 94 | 708 |19.8 | S 1
MP152/0UT2104/ | 5408 | Intermediate | 144 | 47.9 | 37.7 | Loam 1 7.8 9022 | 00 | sand | 171 | 571 | 258 | Sandy 1
0UT2106 loam
MP152/0UT2104/ )
e 2113 Final ; ; ; ; ; ; ; ; ; ; ; ; ; ;
MP219 482 Outlet 171 | 511 | 318 | Loam 1 130 | 734 | 136 | S&Y | 467 | 233 |e00| S 1
loam loam
MP225 1044 Outlet 133 | 214 | es3 | St 1 249 | 429 | 322 | Loam | 87 | 331 |s82]| Sit 1
loam loam
MP225 1048 | Intermediate | 167 | 187 | 646 | ont 1 9.2 424 | 484 | Loam | 74 | 418 |s08 | Sit 1
loam loam
MP225 1051 Outfall 143 | 230 | e27 | Sit 1 116 | 355 | 520 | St 90 | 203 |e17 | Sit 1
loam loam loam
Site Point Assessment Left bank Channel Right bank




number % % % Soil Laver % % % Soil % % % Soil Laver

Clay Sand Silt | Texture Y Clay Sand | Silt | Texture | Clay | Sand | Silt | Texture Y

MP227 503 Outlet 153 | 446 | 4041 | Loam 1 120 | 517 | 363 | Loam | 121 | 306 | 57.3 |§a:|rtn 1

MP227 1052 Outfall 114 | 468 | 418 | Loam 1 132 | 408 | 460 | Loam | 159 | 389 | 452 | Loam 1

MP227 2045 | Intermediate | 8.7 | 333 | 580 | O 1 109 | 249 |ea2| St | 497 | 360 |523| Sit 1
loam loam loam

MP228 628 Outlet 156 | 287 | 557 IOS;'; 1 173 | 368 | 459 | Loam | 20.7 | 422 | 371 | Loam 1

MP229 506 Outlet 180 | 176 | 644 | St 1 163 | 354 | 483 | Loam | 141 | 256 | 603 | St 1
(OUT111) loam loam

MP257 2059 Outlet 206 | 384 | 410 | Loam 1 106 | 542 | 352 ?:;‘g]y 181 | 424 | 395 | Loam 1

MP257 2061 | Intermediate | 114 | 599 | 287 ?::gy 1 9.4 55.6 | 35.0 ?::gy 132 | 494 | 374 | Loam 1

MP292 2083 Outlet 80 | 610 | 310 | Sandy 1 42 840 | 118 | LMY | 454 | 609 | 230 | Sandy 1
loam sand loam

MP311 1000 | Intermediate | 134 | 133 | 733 | Sit 1 6.8 716 | 216 | SAY | 598 | 200 | 592 | St 1
loam loam loam

MP311 999 Outlet 159 | 375 | 466 | Loam 1 5.1 710 | 239 | S3Y | 450 | 200 | 560 | Sit 1
loam loam

MP318 2084 Outlet 147 | 622 | 231 | Sandy | 4 115 | 749 | 136 | S | g9 | 752 | 159 | SANdY | 4
loam loam loam

MP318 2085 | Intermediate/ | ;o | 769 | 453 | Sandy 1 46 861 | 93 | LMY | 455 | 580 | 312 | Sandy 1
Final loam sand loam

MP319 2082 Outlet 111 | 694 | 195 | Sandy 1 108 | 621 |27.1| S | 440 | 52 | 238 | Sandy 1
loam loam loam

MP356 2046 Outlet 6.1 582 | 357 | Sandy | 6.7 782 | 154 | L99MY | g5 | 512 | 403 | Loam 1

loam sand

MP356 2057 Final 68 | 640 | 202 | Sandy | 76 | 654 |270| S | 54 | 610 | 3209 | S | 4
loam loam loam

MP359 1006 Outlet 86 | 594 | 320 | Sandy 1 ; ; ; ; 127 | 528 | 345 | Sandy 1
loam loam

MP359/W13 1007 Outfall 76 | 746 | 178 | Sandy 1 3.8 817 | 145 | LAY | 419 | 677 | 204 | Sandy 1
loam sand loam

MP360 1008 Outlet 78 | 696 | 226 | SAndy | 42 87.0 | 88 | LMY | 57 | 706 | 237 | Sandy | 4
loam sand loam

MP360 1009 Final 223 | 471 | 306 | Loam 1 106 | 776 | 118 Sl'a”dy 90 | 648 | 262 | Sandy |
oam loam

MP361 1002 Outfall 5.1 580 | 369 | Sandy 1 120 | 841 | 39 | @MY | go | 580 | 340 | Sandy 1
loam sand loam

MP361 1003 Outlet 6.4 60.8 32.8 ?a”dy 1 5.4 910 | 36 | Sand | 11.9 | 650 | 23.1 | Sandy 1
oam loam

MP415 1018 Outlet 135 | 190 | 675 | St 1 144 | 254 |e602| S | 494 | 187 | 609 | Si 1
loam loam loam

. Left bank Channel Right bank
Site Point Assessment f f v
! number % % % Soil Laver % % % Soil % % % Soil Laver
Clay | Sand Silt | Texture | —2Y Clay | Sand | Silt | Texture | Clay | Sand | Silt | Texture | ~2Y




MP415/ 1025 Outfall 134 | 165 | 704 | Sit 1 33 | 691 |276 | S | 102 | 305 | 593 | St 1
MP416 loam loam loam
MP415/ 1026 | Intermediate | 113 | 157 | 730 | Sit 1 129 | 513 | 358 | Loam | 142 | 265 | 593 | St 1
MP416 loam loam
MP416 1017 Outlet 234 | 57 709 | Sit 1 109 | 315 | 576 | S | 2114 | 118 |e71 | Sit 1
loam loam loam
MP425 1033 Outlet 19.5 497 30.8 | Loam 1 5.9 864 | 7.7 | LMY | g4 | g39 | 97 | Leamy 1
sand sand
MP425 1033 Outlet 90 | 696 | 214 Sl'a”dy 2 ; ; ; ; ; ; ; ; ;
oam
MP425/426/427 | 1040 | 'Mermediate/ | 5o | gg5 | 440 | LOAMY | 4 5.2 942 | 06 | Sand | 52 | 880 | 6.8 | Sand 1
Qutfall sand
MP426
OUtass) 1041 Outlet 86 | 444 | 470 | Loam 1 121 | 385 | 494 | Loam | 95 | 500 | 405 | Loam 1
MP427 Silt Sandy
(OUran1) 185 Outlet 141 | 509 | 350 | Loam 1 164 | 289 | 550 | St | g9 | 631 [270| SN 1
MP433 1010 Outlet 98 | 541 | 361 | Sandy | 143 | 463 | 394 | Loam | 92 | 688 | 220 SaNd | 4
loam loam
MP433 1011 | Intermediate | 40 | 869 | 9.1 | teamy | 4 73 | 843 | 84 | @MY | 45 | 750 | 205 | LA™Y | 4
sand sand sand
MP433 1016 Final 9.1 853 | 56 Ls::cljy 1 26 | 955 | 19 | sand | 30 | 962 | 0.8 | Sand 1
Sandy Sandy
MP458 989 Outlet 18 | 725 | 157 | S 1 70 | 895 | 35 | Sand | 206 | 657 | 13.7 | clay 1
loam
MP458 991 | Intermediate | 486 | 193 | 321 | Clay 1 473 | 157 | 370 | clay | 162 | 552 | 286 S|§2g1y 1
Sandy Cla
MP458 991 | Intermediate | 281 | 547 | 17.2 | clay 2 ; ; ; ; 326 | 349 |325 | S 2
loam
MP458 992 Final 69 | 735 | 196 | SAndy | 05 | 910 | 85 | sand | 61 | 774 | 165 | LA™Y | 4
loam sand
MP458 NA Outfall 50 | 623 | 327 | Sandy | 39 | 817 | 144 | @MY | 59 | 773 | 218 | LAY | 4
loam sand sand
MP459 2065 Outlet 9.6 73.8 166 | Sandy 1 3.9 842 | 119 | LMY | 35 | 924 | 38 | Sand 1
loam sand
MP459 2066 Outfall 47 89.8 55 Sand 1 9.4 744 | 162 ?a”dy 94 | 832 | 7.4 | Loamy 1
oam sand
Sandy Sandy
MP465 2096 Outlet 160 | 559 | 281 | SaNO 1 209 | 602 | 189 | clay | 152 | 518 | 330 | Loam 1
loam
MP467 1054 Outlet 59 | 724 | 217 | Sandy | 3.3 76.7 | 200 | LO8MY | o6 | 753 | 24.1 | oAy | 4
loam sand sand
. Left bank Channel Right bank
Site Point Assessment : : :
! number % % % Soil Laver % % % Soil % % % Soil Laver
Clay | Sand Silt | Texture | —2Y Clay | Sand | Silt | Texture | Clay | Sand | Silt | Texture | ~2Y
MP467 1056 Outfall 4.1 66.6 29.3 ?:gg]y 1 15 985 | 0.0 | Sand 94 | 42.9 | 477 | Loam 1




MP469 1062 Outlet 94 | 758 | 149 | Sandy | 30 | 953 | 17 | sand | 69 | 797 | 134 | LAy | 4
(W19%) loam sand
MP472 2091 Outfall 132 | 685 | 183 | Sandy | 4 75 | 844 | 81 | @MY | 403 | 672 | 225 | Sandy | 4
loam sand loam
MP472 2093 Outlet 114 | 690 | 196 | Sandy 1 105 | 724 |17.1| S8 | gg | 748 | 154 | Sandy 1
loam loam loam
MP495 Sandy Sandy
Fi10) 084 Outlet 202 | 563 | 235 | clay 1 242 | 489 | 269 | clay | 136 | 513 | 35.1 | Loam 1
loam loam
MP495 985 Cuvert/ | 575 | 245 | 480 | Clv 1 121 | 778 | 101 | S@Y | 406 | 352 | 542 | Sit 1
(FID10) Intermediate loam loam loam
MP507 Sandy Silty Sandy
977 Outlet 49 | 686 | 265 1 353 | 192 |455| Clay | 49 | 59.0 | 36.1 1
(MP508E) loam loam loam
MP508 962 Outlet 9.9 64.2 259 | Sandy 1 14.0 61.1 | 249 | S8 | 454 | 589 | 310 | Sandy 1
loam loam loam
MP508 971 Outfall 70 | 720 | 210 Sl'a”dy 1 05 | 857 | 138 | sand | 105 | 644 | 251 | Sandy | 4
oam loam
MP508A 970 Outlet 166 | 458 376 | Loam 1 8.1 80.9 | 11.0 L;’:r’]‘;y 146 | 50.4 | 35.0 | Loam 1
MP508C 974 Outlet 76 | 622 | 302 Sla”dy 1 147 | 337 | 516 | S | 106 | 445 | 449 | Loam 1
oam loam
MP508D 976 Outlet 9.7 72.3 180 | Sandy 1 15.8 224 | 61.8 Silt 170 | 300 | 530 | Sit 1
loam loam loam
MP511 Sandy Sandy
(MP503B) 973 Outlet 87 | 467 | 446 | Loam 1 49 69.9 | 252 | S2W | 427 | 637 |24 | SN 1
MP525 2088 Outlet 8.6 82.0 g4 | Loamy 1 4.7 90.0 | 53 | Sand 81 | 831 | sg | Loamy 1
sand sand
MP525 2090 Outfall 167 | 441 | 392 | Loam 1 36 934 | 30 | sand | 169 | 602 | 229 Slc‘;‘;‘fny 1
MP558 2080 Outlet ; ; ; ; ; ; ; ; ] ; ] ; ; ;
MP559 2079 Outlet 170 | 535 | 295 | Sandy 1 155 | 561 | 28.4 | S | 409 | 568 | 323 | Sandy 1
loam loam loam
MP573 2074 Outlet 90 | 401 | s09 | St 1 197 | 446 | 357 | Loam | 89 | 392 | 519 | Sit 1
loam loam
MP573 2075 Final 107 | 356 | 537 | Sit 1 74 | 847 | 79 | @MY | 94 | 224 |82 | Sit 1
loam sand loam
MP578 2076 Outlet 54 | 747 | 109 | SAndy | 8.9 754 | 157 | SaY | g7 | 707 | 186 | SaNdY | 4
loam loam loam
. Left bank Channel Right bank
Site Point Assessment f f ¢
! number % % % Soil Laver % % % Soil % % % Soil Laver
Clay | Sand | silt | Texture | -2Y Clay | Sand | Silt | Texture | Clay | Sand | Silt | Texture | ~2Y
MP591 2071 Outlet 126 | 314 | se0 | Sit 1 80 | 632 |288 | SAY | 501 | 318 | 481 | Loam
loam loam
MP591 2072 | Intermediate | 124 | 458 | 41.8 | Loam 1 140 | 478 | 382 | Loam | 17.3 | 184 | 643 If;'rtn 1




MP591 2073 Final 174 | 283 | 543 Is“t ; ; ; ; 147 | 209 | 644 | Sit
oam loam
MP615 993 Outlet 48 | 722 | 230 | Sandy 41 839 | 12.0 | LMY | o7 | 700 | 203 | Loamy
loam sand sand
MP615 094 Outfall 75 | 677 | 248 | Sandy 3.8 822 | 140 | @Y | 57 | ggg | 275 | Sandy
loam sand loam
MP785 2102 Outlet - - ; - - - - - - - - -
Sandy
MP814 982 Outfall 220 | 311 | 469 | Loam 244 | 700 | 56 | clay | 7.8 | 759 |163 | Sandy
(Site3&4) loam loam
MP814 983 Outlet 182 | 464 | 354 | Loam - - ; - 285 | 535 | 18.0 SSQ‘JV
(Site384) : : : : : o
oam
MP840 609 Outlet 88 | 506 | 406 | Loam 06 | 97 | 87 | sand | 34 | 660 | 306 Slg;‘:]y
MP840 981 Outfall 15 724 261 | Loamy 3.2 90.1 | 6.7 | Sand 38 | 848 | 114 | Loamy
sand sand
Silt Silt Silt
ouT2111 474 Outlet 209 | 109 | 682 245 | 163 | 592 193 | 248 | 55.9
loam loam loam
POW162 996 Outlet 197 | 200 | 513 | Sit 101 | 636 | 263 | S8 | 437 | 468 | 395 | Loam
loam loam
W10 959 Outlet 206 | 493 | 301 | Loam 0.6 778 | 216 | Y2MY | 461 | 641 | 19.8 | Sandy
sand loam
W10 1029 | Intermediate | 5.0 | 765 | 185 | Loamy 35 931 | 34 | sand | 98 | 592 | 310 | Sandy
sand loam
W10 1030 Outfall 00 | 930 70 | Sand 3.1 919 | 50 | Sand | 41 | 930 | 29 | Sand
Sand Sandy
W11 157 Outlet 126 | 661 | 213 | SV 06 | 914 | 80 | Sand | 291 | 525 | 184 | clay
loam
W13 1004 Outlet 89 | 688 | 223 | Sandy 53 | 802 | 145 | @MY | 416 | 542 | 342 | SaNdy
loam sand loam
Sandy Loamy Sandy
W18 1059 Outlet 214 | 599 | 187 | clay 110 | 835 | 55 Vol 102 | 779 119 | S
loam san oam
W18/IMP469 Sandy
W1 1o6 1065 Outfall 6.1 906 | 33 | sand 20 | 958 | 22 | sand | 81 | 720 | 199 | SN
W19C 1066 Outlet 97 | 808 95 | Loamy 27 973 | 00 | Sand | 144 | 640 | 216 | Sandy
sand loam




Table 5. Summary of confining layer data for site assessments

Depth to confining

Site Assessment Point number
layer (ft)

DE162 Outlet 995 0.00
DE162

(DE162/MP311/POW162 Intermediate 1001 0.65
Qutfall)

MP024 Outlet 2086 0.00

MP024 Ouffall 2087 3.77

MP078 Outlet 1031 0.00

MP078 Culvert/Final 1032 1.30

MP120 Outlet 2124 NA

MP138 Outlet 2069 2.70

MP138 Ouffall 2070 0.50

MP142 Outlet 2121 3.30

MP143 Outlet 2126 NA

MP152/0UT2106/0UT2014 Outlet 2105 3.80

MP152/0UT2106/0UT2014 Intermediate 2108 3.80

MP152/0UT2106/0UT2014 Final 2113 NA

MP219 Outlet 482 0.00

MP225 Outlet 1044 1.88

MP225 Intermediate 1050 1.75

MP225 Ouffall 1051 1.50

MP227 Outlet 502 0.00

MP227 Ouffall 1052 0.83

MP227 Intermediate 2045 0.30

MP228 Outlet 628 0.00

MP229 (OUT111) Outlet 506 3.00

MP257 Outlet 2059 2.90

MP257 Intermediate 2061 3.35

MP257 Final 2063 0.00

MP292 Outlet 2083 NA

MP311 Outlet 999 0.52

MP311 Intermediate 1000 1.25

MP318 Outlet 2084 1.85

MP318 Intermediate/Final 2085 0.60

MP319 Outlet 2082 2.10

MP356 Outlet 2046 0.00

MP356 Final 2057 2.75

Site Assessment Point number Depth to confining
layer (ft)




MP359 Outlet 1006 3.51
MP359/W13 Outfall 1007 4.20
MP360 Outlet 1008 3.85
MP360 Final 1009 2.65
MP361 Ouffall 1002 3.30
MP361 Outlet 1003 2.87
MP415 Outlet 1018 2.85
MP415/MP416 Ouffall 1025 0.00
MP415/MP416 Intermediate 1026 0.00
MP416 Outlet 1017 2.80
MP425 Outlet 1033 0.00
MP425/MP426/MP427 Intermediate/Outfall 1040 1.25
MP426 Outlet 1041 4.40
MP427 Outlet 185 3.70
MP433 Outlet 1010 2.85
MP433 Intermediate 1011 2.80
MP433 Culvert/Final 1016 2.87
MP458 Outlet 989 2.00
MP458 Intermediate 991 1.00
MP458 Final 992 1.65
MP459 Outlet 2065 0.70
MP459 Ouffall 2066 0.00
MP459 Intermediate 2067 0.00
MP465 Outlet 2096 0.00
MP467 Outlet 1054 1.80
MP467 Ouffall 1056 3.81
MP469 (W19%) Outlet 1062 3.40
MP472 Ouffall 2091 0.45
MP472 Outlet 2093 NA
MP495 (FID10) Outlet 984 2.20
MP495 (FID10) Culvert/Intermediate 985 1.20
MP508 Outlet 962 0.40
MP508 Ouffall 971 0.90
MP508A Outlet 970 0.00
MP508C Outlet 974 0.70
MP508D Outlet 976 0.80
MP508E Outlet 973 0.00
MP511 (MP508B) Outlet 973 0.00
MP525 Outlet 2088 0.60
Site Assessment Point number Depth to confining
layer (ft)
MP525 Outfall 2090 3.80
MP558 Outlet 2080 NA




MP559 Outlet 2079 1.60
MP573 Outlet 2074 0.00
MP573 Final 2075 0.00
MP578 Outlet 2076 0.00
MP591 Outlet 2071 0.00
MP591 Intermediate 2072 1.00
MP591 Final 2073 0.00
MP615 Outlet 993 0.40
MP615 Ouffall 994 0.00
MP785 Outlet 2102 NA
MP814 Outlet 982 0.00
MP814 Outfall 983 0.00
MP840 Outlet 609 0.00
MP840 Outfall 981 4.60
OuUT2104 Outlet 2104 NA
OuUT2106 Outlet 2106 NA
ouT2111 Outlet 474 2.65
ouT2111 Outlet 474 2.65
POW162 Outlet 996 0.00
W10 Outlet 959 4.30
W10 Intermediate 1029 1.50
W10 Ouffall 1030 4.30
W11 Outlet 957 0.00
W13 Outlet 1004 4.20
W18 Outlet 1059 0.00
W18/MP469 (W19*)/W19C Outfall 1066 0.00
w19C Outlet 1065 0.00




Table 6. Summary of Bank Erosion Hazard Index (BEHI) data for site assessments

Site Point Cross- Bank BEHI BEHI Study bank Bankfull Root Root Bank Surface
number section score | category height (ft) height (ft) depth (ft) density (%) | angle (°) | protection (%)
DE162 995 Outlet LOB 35.6 High 2.6 0.2 2.6 10 32 10
DE162 995 Outlet ROB | 20.6 | Moderate 1.4 0.2 1.4 95 16 95
DE162
(DE162/MP311/ 1001 Intermediate | LOB 34.1 High 24 0.2 24 10 42 10
POW162) Outfall
DE162
(DE162/MP311/ 1001 Intermediate | ROB | 34.2 High 3.6 0.2 3.6 5 62 40
POW162) Ouffall
MP024 2086 Outlet LOB 26.9 | Moderate 24 0.6 24 35 25 100
MP024 2086 Outlet ROB 40.6 | Very High 3.8 0.6 3.8 5 32
MP024 2087 Outfall LOB 50.4 Extreme 1.7 0.6 0.0 0 44 5
MP024 2087 Outfall ROB 48.7 Extreme 2.6 0.6 0.0 34
MPOQ78 1031 Outlet LOB | 40.8 | Very High 1.4 0.1 14 5 35 5
MPOQ78 1031 Outlet ROB 34.2 High 2.7 0.1 2.7 35 22 10
MPO78 1032 Cuvert/ | LoB | 29.1 | Moderate 35 0.1 35 35 19 35
MP078 1032 Cuvert/ | RoB | 384 | High 2.5 0.1 2.5 5 41 15
MP120 2124 Outlet NA NA NA NA 0.5 NA NA NA NA
MP138 2069 Outlet LOB 36.2 High 24 0.4 24 10 23 35
MP138 2069 Outlet ROB | 38.5 High 2.2 0.4 22 5 29 5
MP138 2070 Outfall LOB 45.6 Extreme 0.9 0.4 0.0 0 28
MP138 2070 Outfall ROB | 483 Extreme 0.8 0.4 0.0 0 53 0
MP142 2121 Outlet LOB 37.8 High 0.8 0.1 0.8 5 16
MP142 2121 Outlet ROB | 38.0 High 1.1 0.1 1.1 5 29 10
MP143 2126 Outlet NA NA NA NA 0.8 NA NA NA NA
MP152/0UT2104/ .
oUT2106 2105 Outlet LOB 44.2 | Very High 2.4 0.2 1.0 5 25 5
MP152/0UT2104/ )
OUT2106 2105 Outlet ROB 37.8 High 2.4 0.2 2.4 5 15 5
Site Point Cross- Bank BEHI BEHI Study bank Bankfull Root Root Bank Surface
number section score | category height (ft) height (ft) depth (ft) density (%) | angle (°) | protection (%)




MP152/0UT2104/

e 2108 Intermediate | LOB | 352 | High 2.6 0.2 26 5 14 10
M e Y 2108 Intermediate | ROB | 318 | High 14 0.2 14 10 15 60
M e 2110 NA LOB | 284 | Moderate 2.4 0.2 24 10 38 70
M e o 2110 NA ROB | 27.0 | Moderate 3.6 0.2 3.6 35 42 80
M e o 2111 NA LOB | 325 | High 2.4 0.6 24 5 10 90
M e Y 2111 NA ROB | 40.1 | Very High 3.8 0.6 3.8 0 15 100
M e 2113 Final LOB | 432 | Very High 17 0.6 0.0 0 23 90
M e o 2113 Final ROB | 50.2 | Extreme 26 0.6 0.0 0 23 5

MP219 482 Outlet LOB | 294 | Moderate 14 0.1 14 50 39 50
MP219 482 Outlet ROB | 29.8 | Moderate 2.7 0.1 2.7 35 67 35
MP225 1044 Outlet LOB | 314 | High 35 0.1 35 20 35 20
MP225 1044 Outlet ROB | 29.4 | Moderate 25 0.1 25 35 45 45
MP225 1045 NA LOB | 27.3 | Moderate NA 0.5 NA 35 14 50
MP225 1045 NA ROB | 37.0 | High 2.4 0.4 24 5 35 5
MP225 1046 NA LOB | 25.9 | Moderate 2.2 0.4 2.2 35 26 90
MP225 1046 NA ROB | 284 | Moderate 0.9 0.4 0.0 35 35 90
MP225 1047 NA LOB | 352 | High 0.8 0.4 0.0 10 33 15
MP225 1047 NA ROB | 358 | High 0.8 0.1 0.8 5 15 5
MP225 1051 Outfall LOB | 236 | Moderate 14 0.1 11 35 29 95
MP225 1051 Outfall ROB | 257 | Moderate NA 0.8 NA 35 31 95
MP225 1050 (1048) | Intermediate | LOB | 232 | Moderate 2.4 0.2 1.0 35 22 95
MP225 1050 (1048) | Intermediate | ROB | 29.9 | Moderate 2.4 0.2 2.4 5 28 80
MP227 502 Outlet LOB | 25.0 | Moderate 26 0.2 26 90 75 90
MP227 502 Outlet ROB | 247 | Moderate 14 0.2 14 80 62 80
MP227 2043 NA LOB | 25.9 | Moderate 2.4 0.2 24 35 35 95
MP227 2043 NA ROB | 47.4 | Extreme 3.6 0.2 3.6 5 133 5
Site Point Cro§s- Bank BEHI BEHI Stu_dy bank Bgnkfull Root Rc_)ot Bank Surf_ace
number section score | category height (ft) height (ft) depth (ft) density (%) | angle (°) | protection (%)
MP227 2045 Intermediate | LOB | 347 | High 26 0.2 26 10 24 15
MP227 2045 Intermediate | ROB | 358 | High 14 0.2 14 5 16 5




MP227 1052 (1044) Outfall LOB 26.8 | Moderate 24 0.2 24 35 23 80
MP227 1052 (1044) Outfall ROB | 26.7 | Moderate 3.6 0.2 3.6 35 32 80
MP228 628 Outlet LOB 38.3 High 24 0.6 24 0 26 100
MP228 628 Outlet ROB | 38.8 High 3.8 0.6 3.8 0 35 100
MP229 (OUT111) 506 Outlet LOB 44.7 | Very High 1.7 0.6 0.0 13 0
MP229 (OUT111) 506 Outlet ROB | 31.5 High 2.6 0.6 0.0 15 9 15
MP257 2059 Outlet LOB 29.2 | Moderate 1.4 0.1 1.4 35 22 35
MP257 2059 Outlet ROB | 29.3 | Moderate 2.7 0.1 2.7 35 24 35
MP257 2061 Intermediate | LOB 37.2 High 35 0.1 35 10 24 10
MP257 2061 Intermediate | ROB | 36.5 High 25 0.1 25 5 29 5
MP257 2062 NA LOB 345 High NA 0.5 NA 5 39 10
MP257 2062 NA ROB | 36.5 High 24 0.4 24 5 30 5
MP257 2063 Final LOB 40.3 | Very High 22 0.4 22 5 45 5
MP257 2063 Final ROB | 36.9 High 0.9 0.4 0.0 5 37 5
MP292 2083 Outlet NA NA NA 0.8 0.4 0.0 NA NA NA
MP311 999 Outlet LOB 30.4 High 0.8 0.1 0.8 35 90 75
MP311 999 Outlet ROB | 28.7 | Moderate 1.1 0.1 1.1 35 71 50
MP311 1000 Intermediate | LOB 24.3 | Moderate NA 0.8 NA 35 23 80
MP311 1000 Intermediate | ROB | 24.3 | Moderate 24 0.2 1.0 35 24 80
MP318 2084 Outlet LOB 29.2 | Moderate 24 0.2 24 35 22 35
MP318 2084 Outlet ROB | 25.9 | Moderate 1.7 0.2 1.7 35 35 95
MP319 2082 Outlet LOB 46.4 Extreme 1.2 0.2 1.2 0 12 5
MP319 2082 Outlet ROB | 329 High 44 0.2 44 35 16 35
MP356 2046 Outlet LOB 27.6 | Moderate 4.0 0.2 2.0 35 20 90
MP356 2046 Outlet ROB | 40.0 High 24 0.2 24 10 70 10
MP356 2057 Final LOB 49.5 Extreme 1.7 0.2 1.7 0 29 0
Site Point Cro§s- Bank BEHI BEHI Stu_dy bank Bgnkfull Root Rc_)ot Bank Surf_ace
number section score | category height (ft) height (ft) depth (ft) density (%) | angle (°) | protection (%)
MP356 2057 Final ROB | 37.3 High 2.3 0.3 2.3 10 26 10
MP359 1006 Outlet LOB 45.0 | Very High 3.8 0.3 3.8 10 158 10
MP359 1006 Outlet ROB | 39.4 High 3.6 0.3 3.6 5 47 5
MP359/W13 1007 Outfall LOB 22.9 | Moderate 4.1 0.3 4.1 95 23 95




MP359/W13 1007 Outfall ROB | 26.6 | Moderate 1.8 0.3 1.8 35 10 95
MP360 1008 Outlet LOB 26.3 | Moderate 1.7 0.2 1.7 35 3 95
MP360 1008 Outlet ROB | 37.3 High 1.8 0.2 1.8 5 16 10
MP360 1009 Final LOB 27.3 | Moderate 2.1 0.2 2.1 35 53 90
MP360 1009 Final ROB | 46.0 Extreme 1.4 0.2 1.4 5 166 5
MP361 1002 Outfall LOB 30.3 High 7.8 0.2 7.8 35 34 50
MP361 1002 Outfall ROB | 36.5 High 7.2 0.2 7.2 5 24 20
MP361 1003 Outlet LOB 31.2 High 14.4 0.2 14.4 35 22 35
MP361 1003 Outlet ROB | 36.3 High 8.0 0.2 8.0 15 40 20
MP415 1018 Outlet LOB 31.7 High 2.7 0.2 2.7 15 14 15
MP415 1018 Outlet ROB | 30.4 High 31 0.2 3.1 15 27 30
MP415/MP416 1019 NA LOB 29.7 | Moderate 24 0.2 24 35 32 35
MP415/MP416 1019 NA ROB | 29.3 | Moderate 34 0.2 34 35 23 35
MP415/MP416 1020 NA LOB 26.4 | Moderate 2.7 0.2 2.7 35 45 95
MP415/MP416 1020 NA ROB | 38.5 High 3.8 0.2 1.8 25 142 85
MP415/MP416 1021 NA LOB 27.9 | Moderate 2.1 0.2 2.1 35 25 50
MP415/MP416 1021 NA ROB | 26.2 | Moderate 1.6 0.2 1.6 35 41 95
MP415/MP416 1022 NA LOB 30.0 | Moderate 0.9 0.2 0.9 35 82 90
MP415/MP416 1022 NA ROB | 25.2 | Moderate 2.1 0.2 2.1 35 22 60
MP415/MP416 1023 NA LOB 28.8 | Moderate 22 0.2 22 16 50
MP415/MP416 1023 NA ROB | 47.4 Extreme 1.2 0.2 0.0 0 47 5
MP415/MP416 1024 NA LOB 23.9 | Moderate 3.7 0.2 3.7 35 36 95
MP415/MP416 1024 NA ROB | 39.7 High 34 0.2 24 5 82 10
MP415/MP416 1025 Outfall LOB 26.8 | Moderate 4.9 0.2 3.0 35 53 100
Site Point Cro§s- Bank BEHI BEHI Stu_dy bank Bgnkfull Root Rc_)ot Bank Surf_ace
number section score | category height (ft) height (ft) depth (ft) density (%) | angle (°) | protection (%)

MP415/MP416 1025 Outfall ROB | 47.7 Extreme 3.3 0.2 1.3 5 140 10
MP415/MP416 1026 Intermediate | LOB 23.9 | Moderate 3.3 0.2 3.3 35 45 100
MP415/MP416 1026 Intermediate | ROB | 40.7 | Very High 2.9 0.2 29 20 137 20

MP416 1017 Outlet LOB 53.0 Extreme 2.3 0.2 0.0 167

MP416 1017 Outlet ROB | 51.0 Extreme 22 0.2 0.0 0 90 0

MP425 1033 Outlet LOB 36.1 High 4.7 0.4 4.7 5 64 25




MP425 1033 Outlet ROB 37.6 High 4.5 0.4 4.5 35 40 5

MP425 1034 NA LOB | 28.3 | Moderate 2.6 0.4 2.6 35 14 100
MP425 1034 NA ROB 24.5 Moderate 21 0.4 2.1 35 18 100
MP425 1035 NA LOB 33.7 High 2.7 0.4 2.7 35 32 35
MP425 1035 NA ROB 40.7 | Very High 1.6 0.4 1.6 5 33 5

MP425 1036 NA LOB 35.7 High 1.3 0.4 0.6 35 28 50
MP425 1036 NA ROB | 28.7 | Moderate 4.2 0.4 4.2 35 22 70
MP425 1037 NA LOB 37.4 High 0.9 0.4 0.2 5 22 50
MP425 1037 NA ROB | 43.0 | Very High 1.0 0.4 0.2 5 22 5

MP425 1039 NA LOB 31.9 High 1.9 0.4 1.9 35 25 50
MP425 1039 NA ROB | 29.3 | Moderate 1.6 0.4 1.6 35 23 95
MP425 1040 | IMemediatel| o | 294 | Moderate 3.2 0.4 3.2 35 26 95
MP425 1040 | 'Memmeda® | pop | 288 | Moderate 2.3 0.4 2.3 35 23 100
MP426 1041 Outlet LOB 36.0 High 1.9 0.4 1.9 5 30 10
MP426 1041 Outlet ROB 324 High 1.1 0.4 1.1 5 29 50
MP426 1042 NA LOB 39.7 High 1.9 0.4 0.6 35 24 5

MP426 1042 NA ROB 43.0 | Very High 1.0 0.4 0.2 5 32 10
MP433 1010 Outlet LOB 27.6 | Moderate 6.0 0.5 6.0 35 39 100
MP433 1010 Outlet ROB 27.5 Moderate 5.5 0.5 5.5 35 38 100
MP433 1011 Intermediate | LOB 39.6 High 4.4 0.5 3.4 35 152 75
MP433 1011 Intermediate | ROB 29.7 | Moderate 4.6 0.5 4.6 35 Y| 100
MP433 1012 NA LOB 36.8 High 7.9 0.5 7.9 95 149 35

Site Point Cro§s- Bank BEHI BEHI Stu.dy bank Bz.ankfull Root R90t Bank Surf.ace
number section score | category height (ft) height (ft) depth (ft) density (%) | angle (°) | protection (%)

MP433 1012 NA ROB | 42.5 | Very High 6.5 0.5 4.9 35 132 35
MP433 1013 NA LOB 41.0 | Very High 3.5 0.5 1.4 35 33 10
MP433 1013 NA ROB | 34.4 High 9.8 0.5 7.7 35 24 35
MP433 1014 NA LOB 31.1 High 4.3 0.5 4.3 35 20 35
MP433 1014 NA ROB | 33.2 High 10.7 0.5 10.7 35 22 35
MP433 1015 NA LOB 36.2 High 3.5 0.5 3.5 35 22 10
MP433 1015 NA ROB | 36.0 High 3.8 0.5 3.8 35 17 10




MP433 1016 Final LOB | 369 | High 41 0.5 4.1 35 25 5
MP433 1016 Final ROB | 334 | High 3.3 0.5 3.3 35 26 35
MP458 989 Outlet LOB | 329 | High 42 0.4 42 10 27 50
MP458 989 Outlet ROB | 312 | High 3.8 0.4 3.8 35 21 35
MP458 990 NA LOB | 303 | High 46 0.4 46 15 45 15
MP458 990 NA ROB | 27.7 | Moderate 3.8 0.4 3.8 20 74 50
MP458 991 Intermediate | LOB | 36.8 | High 7.3 0.4 5.3 5 55 10
MP458 991 Intermediate | ROB | 39.3 | High 6.4 0.4 6.4 5 45 5
MP458 992 Final LOB | 326 | High 55 0.4 5.5 35 50 35
MP458 992 Final ROB | 338 | High 5.4 0.4 5.4 35 34 35
MP459 2065 Outlet LOB | 302 | High 6.5 0.5 6.5 35 22 45
MP459 2065 Outlet ROB | 515 | Extreme 42 0.5 0.0 0 29 0
MP459 2066 Outfall LOB | 28.9 | Moderate 2.0 0.5 2.0 35 25 100
MP459 2066 Outfall ROB | 59.0 | Extreme 19 0.5 0.0 0 170 0
MP459 2067 Intermediate | LOB | 0.0 | Very Low 6.2 0.5 6.2 35 19 100
MP459 2067 Intermediate | ROB | 0.0 | Very Low 3.7 0.5 0.0 0 10 100
MP465 2096 Outlet NA | NA NA NA 0.2 NA NA NA NA
MP467 1054 Outlet LOB | 41.0 | Very High 4.4 0.2 3.0 35 144 35
MP467 1054 Outlet ROB | 416 | Very High 33 0.2 2.9 35 144 35
MP467 1056 Outfall LOB | 398 | High 5.1 0.2 5.1 5 55 5
MP467 1056 Outfall ROB | 26.9 | Moderate 44 0.2 4.4 35 56 95
Site Point Cro§s- Bank BEHI BEHI Stu.dy bank Bz.ankfull Root R90t Bank Surf.ace
number section score | category height (ft) height (ft) depth (ft) density (%) | angle (°) | protection (%)

MP467 1057 NA LOB | 51.3 | Extreme 2.0 0.2 0.0 0 25 0
MP467 1057 NA ROB | 40.5 | Very High 18 0.2 12 35 153 75
?\’}\F/’fgg 1062 Outlet LOB | 412 | Very High 12 0.3 12 5 44 5
?C\F;fg; 1062 Outlet ROB | 30.0 | Moderate 0.9 0.3 0.9 50 11 50
'(\’}51‘3? 1063 NA LOB | 50.9 | Extreme 0.9 0.3 0.0 0 17 0
'(\c\'/jfgg 1063 NA ROB | 512 | Extreme 12 0.3 0.0 0 23 0
MP472 2001 Outfall LOB | 38.1 High 5.3 0.5 1.0 35 30 35
MP472 2001 Outfall ROB | 320 | High 5.8 0.5 5.8 35 37 35




MP495 (FID10) 984 Outlet LOB 27.2 Moderate 1.2 0.2 1.2 35 22 95
MP495 (FID10) 984 Outlet ROB 0.0 Very Low 3.5 0.2 35 35 20 95
MP495 (FID10) 985 oulvert | Lo | 344 | High 15 0.2 15 5 27 5
MP495 (FID10) 985 /Irr?rzggigte ROB | 36.5 High 1.6 0.2 1.6 5 30 5
MP507 (MP508E) 997 Outlet LOB 28.6 | Moderate 22 0.1 22 35 10 35
MP507 (MP508E) 997 Outlet ROB 291 Moderate 21 0.1 21 35 20 35
MP508 962 Outlet LOB 28.1 | Moderate 4.6 0.1 4.6 35 40 95
MP508 962 Outlet ROB | 28.6 | Moderate 5.2 0.1 52 35 25 75
MP508 963 NA LOB 35.5 High 2.7 0.1 2.0 15 50 15
MP508 963 NA ROB | 24.3 | Moderate 3.1 0.1 21 90 37 90
MP508 964 NA LOB 32.1 High 2.0 0.1 2.0 35 85 35
MP508 964 NA ROB | 21.2 | Moderate 2.0 0.1 2.0 75 21 75
MP508 965 NA LOB 45.4 Extreme 2.4 0.1 1.2 5 165 5
MP508 965 NA ROB | 37.1 High 22 0.1 22 35 151 35
MP508 966 NA LOB 28.2 Moderate 5.1 0.1 4.1 35 23 35
MP508 966 NA ROB | 27.3 | Moderate 4.3 0.1 4.3 35 14 50
MP508 967 NA LOB 34.3 High 5.8 0.1 3.8 35 41 35
MP508 967 NA ROB | 30.8 High 5.2 0.1 52 50 28 50
MP508 968 NA LOB 33.1 High 6.4 0.1 6.4 35 65 5
Site Point Cro§s- Bank BEHI BEHI Stu_dy bank Bz_ankfull Root Rc_)ot Bank Surf_ace
number section score | category height (ft) height (ft) depth (ft) density (%) | angle (°) | protection (%)
MP508 968 NA ROB | 36.9 High 5.6 0.1 5.6 15 37 15
MP508 971 Outfall LOB 32.9 High 2.4 0.1 2.4 35 55 35
MP508 971 Outfall ROB 35.0 High 1.9 0.1 1.9 35 79 35
MP508_Outfall 972 NA LOB 29.8 | Moderate 5.1 0.1 5.1 35 33 60
MP508_Qutfall 972 NA ROB 34.3 High 2.4 0.1 1.4 50 72 50
MP508A 970 Outlet LOB 20.8 | Moderate 47 0.1 4.7 95 21 95
MP508A 970 Outlet ROB 211 Moderate 5.3 0.1 5.3 95 26 95
MP508C 974 Outlet LOB 22.0 | Moderate 1.2 0.1 1.2 95 5 95
MP508C 974 Outlet ROB 26.7 Moderate 4.5 0.1 4.5 35 16 65
MP508D 976 Outlet LOB 27.8 | Moderate 4.3 0.1 4.3 35 24 50




MP508D 976 Outlet ROB | 29.2 | Moderate 3.8 0.1 3.8 35 22 35
MP511 (MP508B) 969 NA LOB | 43.4 | Very High 5.2 0.1 1.0 5 40 5
MP511 (MP508B) 969 NA ROB | 50.9 Extreme 6.2 0.1 1.0 5 92 5
MP511 (MP508B) 973 Outlet LOB 29.9 | Moderate 5.9 0.1 5.9 35 35 35
MP511 (MP508B) 973 Outlet ROB | 34.8 High 6.5 0.1 6.5 35 43 15

MP525 2088 Outlet LOB 30.6 High 2.9 0.5 29 95 73 50

MP525 2088 Outlet ROB | 33.6 High 3.7 0.5 3.7 35 20 30

MP525 2090 Outfall LOB | 485 Extreme 5.6 0.5 0.0 50

MP525 2090 Outfall ROB | 49.2 Extreme 4.5 0.5 0.0 0 24 0

MP558 2080 Outlet NA NA NA NA 0.2 NA NA NA NA

MP559 2079 Outlet LOB 28.5 | Moderate 3.7 0.2 3.7 35 23 75

MP559 2079 Outlet ROB | 27.3 | Moderate 3.7 0.2 3.7 35 24 95

MP573 2074 Outlet LOB 36.2 High 44 0.6 4.4 5 23 5

MP573 2074 Outlet ROB | 36.2 High 3.9 0.6 3.9 24 5

MP573 2075 Final LOB | 43.0 | Very High 2.8 0.6 2.8 10 135 10

MP573 2075 Final ROB | 36.7 High 3.2 0.6 1.2 55 35

MP578 2076 Outlet LOB 0.0 Very Low 25 0.3 0.0 0 39 100

MP578 2076 Outlet ROB 0.0 Very Low 4.6 0.3 4.6 35 47 35

Site Point Cro§s- Bank BEHI BEHI Stu_dy bank Bz_ankfull Root Rc_)ot Bank Surf_ace
number section score | category height (ft) height (ft) depth (ft) density (%) | angle (°) | protection (%)

MP591 2071 Outlet LOB 19.5 Low 4.9 0.2 4.9 100 9 100

MP591 2071 Outlet ROB | 20.4 | Moderate 4.3 0.2 4.3 100 28 100

MP591 2072 Intermediate | LOB | 25.1 Moderate 2.1 0.2 2.1 35 9 90

MP591 2072 Intermediate | ROB 24.7 | Moderate 1.6 0.2 1.6 35 61 100

MP591 2073 Final LOB | 26.4 | Moderate 1.6 0.2 1.6 35 56 100

MP591 2073 Final ROB | 22.7 | Moderate 2.0 0.2 2.0 35 22 100

MP615 993 Outlet LOB 30.1 High 14.5 0.4 14.5 55 31 35

MP615 993 Outlet ROB | 31.0 High 7.9 0.4 7.9 35 32 75

MP615 994 Outfall LOB 31.2 High 42 0.4 42 35 22 35

MP615 994 Outfall ROB 0.0 Very Low 7.2 0.4 7.2 35 32 95

MP785 2102 Outlet NA NA NA NA 0.3 NA NA NA NA

MP814 982 Outlet LOB | 328 High 55 0.6 5.5 70 150 50

(Site384)




MP814 (Site3&4) 982 Outlet ROB 39.1 High 6.7 0.6 6.7 35 147 35
(Sl\,/iltzgj%j‘r) 983 Outfall LOB | 320 High 7.0 0.6 7.0 35 69 35
(g/iltzgéi) 983 Outfall ROB 44.0 | Very High 3.9 0.6 3.9 10 140 35

MP840 609 Outlet LOB 371 High 7.0 0.3 7.0 35 125 35
MP840 609 Outlet ROB | 314 High 3.8 0.3 3.8 35 73 80
MP840 979 NA LOB 43.0 | Very High 3.6 0.3 3.6 50 123 5
MP840 979 NA ROB | 26.2 | Moderate 34 0.3 34 35 51 100
MP840 980 NA LOB 371 High 22 0.3 22 35 162 95
MP840 980 NA ROB 28.9 Moderate 1.9 0.3 1.9 35 26 100
MP840 981 Outfall LOB 29.6 | Moderate 2.3 0.3 23 60 60 50
MP840 981 Outfall ROB 34.5 High 1.9 0.3 1.9 35 47 35
ouT2111 474 Outlet LOB 26.9 | Moderate 1.3 0.1 1.3 35 15 35
OouT2111 474 Outlet ROB 43.7 | Very High 1.2 0.1 0.0 0 23 10
POW162 996 Outlet LOB 0.0 Very Low 1.8 0.1 1.8 35 6 100
POW162 996 Outlet ROB 0.0 Very Low 3.4 0.1 3.4 35 7 95
POW162 998 NA LOB 0.0 Very Low 1.6 0.1 1.6 35 35 100
Site Point Cro§s- Bank BEHI BEHI Stu_dy bank Bgnkfull Root Rc_)ot Bank Surf_ace
number section score | category height (ft) height (ft) depth (ft) density (%) | angle (°) | protection (%)
POW162 998 NA ROB 0.0 Very Low 2.8 0.1 2.8 35 36 100
W10 959 Outlet LOB | 475 Extreme 2.6 0.2 0.0 0 29 0
W10 959 Outlet ROB 45.0 | Very High 2.6 0.2 0.0 0 30 35
W10 1027 NA LOB 37.0 High 4.8 0.2 4.8 15 39 30
W10 1027 NA ROB 39.9 High 1.8 0.2 1.8 5 18 5
W10 1028 NA LOB 31.8 High 4.2 0.2 4.2 35 24 50
W10 1028 NA ROB | 33.7 High 3.9 0.2 3.9 35 32 35
W10 1029 Intermediate | LOB 31.3 High 2.3 0.2 2.3 90 85 75
W10 1029 Intermediate | ROB | 32.8 High 25 0.2 25 95 167 95
W10 1030 Outfall LOB 291 Moderate 0.9 0.2 0.9 35 30 100
W10 1030 Outfall ROB | 28.4 | Moderate 0.9 0.2 0.9 35 15 100
W11 957 Outlet LOB 0.0 Very Low 2.2 0.3 0.0 0 34 100
W11 957 Outlet ROB 0.0 Very Low 2.3 0.3 0.0 21 100




w13 1004 Outlet LOB | 46.0 | Extreme 46 0.3 46 5 135 5
WE 1004 Outlet ROB | 39.1 High 42 0.3 42 35 167 35
w13 1005 NA LOB | 338 | High 40 0.3 4.0 35 33 35
WE 1005 NA ROB | 328 | High 3.2 0.3 3.2 35 34 45
w18 1059 Outlet LOB | 314 | High 42 0.4 42 35 26 35
w18 1059 Outlet ROB | 33.1 High 5.1 0.4 5.1 35 20 35
WIBIMESSS WIS 1 1066 Outfall LOB | 340 | High 12 0.3 12 35 37 35
WIBIMEAES (W17 1066 Outfall ROB | 30.9 High 12 0.3 12 35 46 50
W19C 1065 Outlet LOB | 41.1 | Very High 2.1 0.3 2.1 35 154 35
WA19C 1065 Outlet ROB | 333 | High 19 0.3 19 35 62 35




Table 7. Summary of percentage of downslope hydrologic soil group (HSG) data for site assessments

Average

Average

Average

Average

Site water storage | water storage | water storage | water storage HiG HgG H(S:G HgG FSS FSS F(I:?S Ur w
0-10in 0-20 in 0-39.in 0-59 in
DE162 4.00 8.00 16.00 22.56 0.00 | 1.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 | 0.00
MP024 4.61 9.22 18.06 25.06 0.00 | 0.21 | 0.79 | 0.00 0.00 0.00 0.00 0.00 | 0.00
MP078 1.44 2.37 4.75 7.52 0.00 | 0.01 | 0.26 | 0.00 0.00 0.03 0.00 0.70 | 0.00
MP120 4.71 9.33 17.98 25.81 0.00 | 0.00 | 0.03 | 0.00 0.00 0.97 0.00 0.00 | 0.00
MP138 3.15 6.54 12.63 17.85 0.00 | 0.23 | 0.77 | 0.00 0.00 0.00 0.00 0.00 | 0.00
MP142 3.98 8.03 15.95 23.00 0.49 | 0.11 | 0.31 | 0.00 0.00 0.09 0.00 0.00 | 0.00
MP143 4.76 9.42 18.16 26.06 0.00 | 0.00 | 0.00 | 0.00 0.00 1.00 0.00 0.00 | 0.00
MP152 3.34 6.75 12.52 18.08 0.00 | 0.30 | 0.41 | 0.18 0.00 0.11 0.00 0.00 | 0.00
MP219 4.24 8.12 15.35 19.07 0.00 | 0.23 | 0.00 | 0.00 0.00 0.08 0.68 0.00 | 0.00
MP225 4.21 8.23 14.99 17.54 0.00 | 0.81 | 0.00 | 0.15 0.00 0.00 0.03 0.00 | 0.00
MP227 4.09 7.93 14.02 16.42 0.00 | 0.61 | 0.00 | 0.37 0.00 0.02 0.00 0.00 | 0.00
MP228 3.84 7.63 12.57 13.94 0.00 | 0.16 | 0.00 | 0.78 0.00 0.02 0.03 0.00 | 0.01
MP229 3.83 7.61 12.47 13.73 0.00 | 0.15 | 0.00 | 0.80 0.00 0.01 0.03 0.00 | 0.01
MP257 3.72 7.64 14.94 21.47 0.30 | 0.54 | 0.02 | 0.00 0.00 0.14 0.00 0.00 | 0.00
MP292 3.76 7.38 13.99 20.02 0.56 | 0.27 | 0.17 | 0.00 0.00 0.00 0.00 0.00 | 0.00
MP311 4.23 8.73 17.28 25.47 0.00 | 0.33 | 0.00 | 0.00 0.00 0.67 0.00 0.00 | 0.00
MP318 3.76 7.74 15.37 21.35 0.17 | 0.83 | 0.00 | 0.00 0.00 0.00 0.00 0.00 | 0.00
MP319 3.47 6.95 13.56 20.23 0.60 | 0.04 | 0.00 | 0.00 0.36 0.00 0.00 0.00 | 0.00
MP356 3.87 7.23 10.49 12.41 0.00 | 0.00 | 0.00 | 0.76 0.00 0.24 0.00 0.00 | 0.00
MP359 1.90 3.90 719 8.93 0.00 | 0.36 | 0.00 | 0.00 0.00 0.18 0.00 0.46 | 0.00
MP360 1.75 3.54 6.69 8.73 0.00 | 0.23 | 0.00 | 0.00 0.00 0.20 0.04 0.53 | 0.00
MP361 1.45 3.05 5.28 5.86 0.00 | 0.45 | 0.00 | 0.00 0.00 0.01 0.03 0.51 | 0.00
MP415 4.02 7.94 15.13 19.63 0.00 | 0.88 | 0.06 | 0.05 0.00 0.00 0.00 0.00 | 0.00
MP416 4.05 8.01 15.30 19.92 0.00 | 0.90 | 0.04 | 0.04 0.00 0.02 0.00 0.00 | 0.00
MP425 3.06 6.62 13.33 19.22 0.00 | 0.35 | 0.32 | 0.33 0.00 0.00 0.00 0.00 | 0.01
MP426 3.05 6.61 13.33 19.23 0.00 | 0.33 | 0.30 | 0.35 0.00 0.00 0.00 0.00 | 0.01
Site Avegﬁgz;ater Ave;:gz;ater Ave;:gz;ater Avegﬁgz;ater HiG HgG H(S:G HgG I:?S ';?S I_gg Ur W
0-10in 0-20 in 0-39in 0-59 in




MP427 3.15 6.77 13.55 19.48 0.00 | 0.39 | 0.33 | 0.26 0.00 0.01 0.00 0.00 | 0.01
MP433 3.35 7.22 13.99 19.79 0.00 | 0.94 | 0.04 | 0.02 0.00 0.02 0.00 0.00 | 0.00
MP458 3.15 6.07 12.10 18.92 0.44 | 0.36 | 0.00 | 0.00 0.00 0.20 0.00 0.00 | 0.00
MP459 3.04 5.78 11.99 17.00 0.01 | 0.91 | 0.00 | 0.00 0.00 0.08 0.00 0.00 | 0.00
MP465 3.93 7.16 14.08 2117 0.00 | 0.69 | 0.11 | 0.00 0.00 0.20 0.00 0.00 | 0.00
MP467 3.61 6.73 12.41 15.60 0.00 | 0.00 | 0.48 | 0.44 0.00 0.09 0.00 0.00 | 0.00
MP469 1.36 2.30 3.77 4.45 0.00 | 0.00 | 0.10 | 0.24 0.00 0.00 0.00 0.62 | 0.04
MP472 4.16 8.05 15.99 21.51 0.00 | 0.00 | 0.00 | 0.00 0.00 0.48 0.00 0.52 | 0.00
MP495 2.58 4.99 10.09 13.67 0.00 | 0.00 | 0.22 | 0.51 0.00 0.02 0.00 0.25 | 0.01
MP507 3.38 6.93 13.87 19.81 0.00 | 0.00 | 0.00 | 0.98 0.00 0.00 0.00 0.00 | 0.02
MP508 3.40 7.07 14.11 19.60 0.00 | 0.00 | 0.00 | 0.76 0.00 0.00 0.23 0.00 | 0.01
MP508A 4.15 8.51 16.77 25.16 0.00 | 0.00 | 0.00 | 0.31 0.00 0.69 0.00 0.00 | 0.00
MP508C 3.78 7.65 14.68 17.95 0.00 | 0.00 | 0.00 | 0.99 0.00 0.01 0.00 0.00 | 0.00
MP508D 3.74 7.60 14.64 18.07 0.00 | 0.00 | 0.00 | 1.00 0.00 0.00 0.00 0.00 | 0.00
MP511 3.84 7.62 15.03 22.47 0.00 | 0.00 | 0.00 | 0.78 0.00 0.22 0.00 0.00 | 0.00
MP525 4.76 9.42 18.16 26.06 0.00 | 0.00 | 0.00 | 0.00 0.00 1.00 0.00 0.00 | 0.00
MP558 3.60 7.24 14.01 20.04 0.00 | 0.43 | 0.00 | 0.00 0.57 0.00 0.00 0.00 | 0.00
MP559 3.78 7.61 14.66 20.50 0.00 | 0.63 | 0.02 | 0.00 0.34 0.00 0.00 0.00 | 0.00
MP573 4.16 7.73 14.12 17.46 0.00 | 0.37 | 0.51 | 0.00 0.00 0.02 0.1 0.00 | 0.00
MP578 2.88 5.68 11.04 16.07 1.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 | 0.00
MP591 3.96 6.66 10.10 11.34 0.00 | 0.05 | 0.44 | 0.08 0.00 0.00 0.43 0.00 | 0.00
MP615 4.20 8.21 16.73 23.98 0.00 | 0.32 | 0.00 | 0.00 0.00 0.68 0.00 0.00 | 0.00
MP785 3.15 5.73 9.04 10.83 0.00 | 1.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 | 0.00
MP814 0.46 0.90 1.82 2.62 0.00 | 0.00 | 0.00 | 0.00 0.00 0.10 0.00 0.91 | 0.00
MP840 2.26 4.28 8.86 13.04 0.13 | 0.65 | 0.00 | 0.00 0.00 0.00 0.00 0.12 | 0.10
OouUT2104 3.34 6.74 12.39 17.83 0.00 | 0.30 | 0.39 | 0.20 0.00 0.12 0.00 0.00 | 0.00
OouT2106 3.32 6.63 12.20 17.62 0.00 | 0.28 | 0.46 | 0.19 0.00 0.07 0.00 0.00 | 0.00
ouT2111 4.26 8.24 15.59 19.71 0.00 | 0.15 | 0.00 | 0.00 0.00 0.19 0.66 0.00 | 0.00
Site Ave;fgzsraater Ave;fgggzaater Ave;fgggzaater Ave;fgzsraater "';:G HgG HgG HgG FSS I_SS I:SS Ur W
0-10 in 0-20 in 0-39 in 0-59 in
POW162 4.28 8.46 16.54 23.02 0.00 | 0.87 | 0.00 | 0.00 0.00 0.13 0.00 0.00 | 0.00




W10 3.46 6.44 11.93 14.78 0.00 | 0.00 | 0.65 | 0.34 0.00 0.02 0.00 | 0.00 | 0.00
W11 3.45 6.42 11.89 14.72 0.00 | 0.00 | 0.63 | 0.34 0.00 0.02 0.00 | 0.00 | 0.01
W13 2.12 4.34 8.05 10.13 0.00 | 0.37 | 0.00 | 0.00 0.00 0.22 0.00 | 0.41 | 0.00
W18 1.75 3.12 5.62 7.10 0.00 | 0.00 | 0.12 | 0.35 0.00 0.00 0.00 | 0.52 | 0.02
W19C 1.75 3.00 5.06 6.13 0.00 | 0.00 | 0.15 | 0.30 0.00 0.00 0.00 | 0.48 | 0.07

Note Ur and W refer to urban soils and water, respectively




Table 8. Summary of watershed characteristics and downslope data for site assessments

Offsite Waters Imperv Chan Distance
Count Pipe Pipe | waters hed i;)us Outlet Outfall Overall nel from Buffer
Site diamete | mate hed area area elevatio | elevatio | departu lengt outlet to radius
y r (ft) rial area (ac) (ac) n (ft) n (ft) re(ft) h outfall (ft)
(ac) (ft) (ft)
DE162 C:fﬂ‘h 3.5 RCP 0.3 15 0.4 471 465 6 699 699 22
MP024 C?)t:‘” 35 CMP | 355 37.0 38 899 895 4 209 209 211
MP078 Wake 2 RCP 0.2 0.2 0.1 385 357 28 701 701 1073
MP120 FO{]SV‘ 4 RCP | 206 20.6 0.0 815 815 0 0 224 229
MP138 F°{fyt 15 RCP 7.7 11.8 25 900 873 28 677 677 329
MP142 F°{fyt 2 RCP 0.3 0.3 0.0 827 820 6 0 230 185
MP143 F°{fyt 3 RCP | 974 101.2 6.3 814 811 3 0 94 8
MP152 FO{]SV‘ 3 RCP 1.8 2.5 0.4 729 712 17 774 1185 1154
MP219 02;‘“ 3 RCP | 30.1 35.4 13 668 651 16 817 817 678
MP225 02;‘“ 3.5 RCP 0.0 11.0 0.5 639 612 27 1750 1750 1844
MP227 C:fﬂ‘h 2 RCP 0.0 0.9 0.0 643 607 36 1452 1452 1154
Chath
MP228 i 2 RCP 0.2 0.3 0.0 574 565 9 187 472 2261
(OMUPTZ12191) C:fﬂ”‘ 25 RCP 0.3 0.3 0.0 572 565 7 0 306 2445
MP257 G“(ij'fm 15 RCP | 157 15.8 0.6 881 853 28 883 1065 1070
MP292 B;E? 4 CMP | 41.6 447 6.0 2130 2090 40 0 322 283
MP311 02;‘“ 2 RCP 0.3 0.3 0.0 469 465 4 784 784 214
MP318 vagf 15 CMP 42 42 0.1 1281 1256 25 440 1044 953
MP319 Br‘r‘]rt‘)? 15 CMP | 106.0 | 1123 5.0 2255 2246 9 0 271 294
MP356 G“gf"r 2 RCP 5.3 6.5 4.3 717 699 18 225 561 461
MP359 Wake 2 RCP 6.7 6.7 3.7 354 350 4 265 265 246
MP360 Wake 2 RCP 1.9 2.3 0.7 357 351 6 221 421 387
MP361 Wake 2 RCP 1.1 1.1 0.5 344 333 11 137 137 199
MP415 02;‘“ 25 RCP 0.7 0.8 0.1 435 378 57 2742 2742 1532
MP416 C:fﬂ‘h 2 RCP 3.3 43 0.4 441 378 63 2827 2827 1772
MP425 C:fﬂ‘h 25 RCP 8.9 10.6 1.4 449 418 31 1278 1278 2180
MP426 C:fﬂ”‘ 25 RCP | 17.0 17.6 0.3 450 418 32 1250 1250 2481
MP427 02;‘“ 25 RCP 0.0 0.4 0.1 443 418 25 0 860 3251
Offsite Waters Imperv Chan Distance
Count Pipe Pipe | waters hed i;)us Outlet Outfall Overall nel from Buffer
Site diamete | mate hed area area elevatio | elevatio | departu lengt outlet to radius
y r (ft) rial area (ac) (ac) n (ft) n (ft) re(ft) h outfall (ft)
(ac) (ft) (ft)
MP433 Cgranth 3 RCP | 15.1 15.1 0.0 527 471 56 7431 7431 4544
MP458 Wake 3.5 RCP 6.1 8.5 0.9 362 349 14 2450 2551 1090
MP459 Wake 3.5 RCP | 154 17.2 4.4 344 329 15 237 237 289
MP465 C‘f‘e'l‘lj"" 15 RCP 24 2.8 0.4 1061 1041 20 0 421 388
MP467 Wake 3 RCP 0.2 0.8 0.3 216 199 16 592 592 317
MP469 Wake 25 RCP 0.0 3.2 1.1 276 253 23 649 649 1269




Caldw

MP472 o 125 | CMP | 33.2 37.3 15.3 1095 1093 2 60 60 165
MP495 Wake 2 RCP 0.0 1.8 08 291 289 1 99 NA 3316
MP507 02;‘“ 1.5 RCP 0.3 0.3 0.0 237 230 7 56 2912 661
MP508 C:fﬂ‘h 25 RCP 0.7 25 05 240 210 30 3326 3326 1162
MP508A C:::h 1.25 RCP 0.2 0.2 0.0 210 210 0 189 189 66
MP508C C:::h 1 RCP 0.2 0.2 0.0 229 210 19 0 2063 393
MP508D 02;‘“ 1.5 RCP 0.8 0.8 0.0 229 210 19 2179 2179 433
MP511 02;‘“ 3 RCP 0.8 0.8 0.0 212 210 2 956 956 163
MP525 Cae'l‘lj"" 4 CMP | 37.7 37.8 1.2 1152 1148 4 73 73 104
MP558 vagf 1 CcMP 0.0 1.3 08 1234 1234 0 0 89 440
MP559 vagf 1 CMP 0.0 1.7 0.2 1259 1234 26 0 619 704
MP573 Caur;ab 35 RCP | 302 30.7 05 581 560 21 2189 2189 1824
MP578 chgf 25 RCP | 105 12.0 6.3 1232 1232 0 11 11 58
MP591 Cau’;ab 4 RCP 11 11 03 505 498 6 3758 3758 3605
MP615 Wake 25 RCP 9.2 10.8 1.3 354 341 13 281 281 122
MP785 Wg;a“ 2 CMP 8.2 8.2 2.2 3353 3351 2 0 63 73
MP814 Wake 4 RCP | 246 29.4 15.4 407 396 11 230 230 311
MP840 Wake 25 RCP 4.1 4.7 1.8 373 345 28 1222 1222 2001
ouUT2104 F°{fyt 1.5 CMP 0.0 2.1 03 729 712 17 839 1249 1072
0oUT2106 FO{]SV‘ 1 CMP 0.0 15 0.9 729 712 17 858 1268 1125
ouUT2111 02;‘“ 2 RCP 0.1 0.5 0.1 669 651 18 785 785 458
POW162 02;‘“ 2 RCP 0.0 0.2 0.0 485 465 20 1414 1414 868
) ) Offsite Waters | Imperv Chan | Distance

sie | Ot | qomcis | mate | "hed” | hed | ious | BROEC | eevatio | departu | longt | outietto | radius

y r (ft) rial area ?;2*)‘ ‘(’;z;’ n (ft) n (ft) re(ft) h outfall (ft)

(ac) (ft) (ft)

W10 Wake 2 RCP 0.0 0.9 05 331 257 74 3066 3177 2965
W11 Wake 2 RCP 5.0 5.1 0.4 340 334 5 379 3827 3045
W13 Wake 1.5 RCP 75 8.0 4.6 358 350 8 291 291 242
w18 Wake 1 RCP 0.0 8.7 1.1 287 253 34 954 954 1483
W19C Wake 3 RCP 0.0 2.8 2.0 256 253 4 212 212 945

Note RCP and CMP refer to reinforced concrete pipe and corrugated metal pipe, respectively




Table 9. Summary of hydrologic characteristics for site assessments

Flow v V1 Durat | Durati
Site ath Slope T c Qp_1-yr V_1-yr Qp_10-yr | V_10-yr m o/ ion on
P (ff) | (min) | N | (fEls) (ftls) (fEols) (ftls) 1yr | 10yr
(ft) P | P
(he) | (hr)
7 19| 26
DE162 | 1060 | 002 | 7.0 | 7| 252 5.96 7.00 788 | 2| 28| 270 | 293
MPO24 | 2770 | 004 | 122 | 5| 6.24 6.68 65.76 12.90 2%6 561 733 | 457
MPO78 300 | 008 | 17 g 0.79 3.92 1.60 477 1%5 11'9 100 | 220
MP120 | 2543 | 004 | 113 8 32.76 10.45 83.72 13.78 4é1 51'5 400 | 430
MP138 | 2728 | 002 | 167 g 11.10 8.08 32.77 10.07 3é2 430 467 | 493
MP142 | 226 | 009 | 13 | 2| 002 145 0.52 3.50 °é5 1(')4 320 | 183
MP143 | 3864 | 002 | 192 g 80.47 1364 | 25822 15.99 564 6(')4 587 | 597
MP152 687 | 005 | 37 g 3.10 557 9.42 752 2:.)’2 3i0 260 | 293
MP219 | 2525 | 002 | 16.1 g 25.27 10.37 90.76 14.94 364 489 573 | 573
MP225 | 3240 | 002 | 194 57’ 126 5.20 13.80 9.90 157 3(')3 1263 | 7.73
MP227 | 431 | 002 | 35 g 0.09 2.98 147 6.47 Oég 261 417 | 247
MP228 387 | 002 | 34 2 0.03 127 0.44 256 Oé"' 058 300 | 207
MP229 7 05 07
Uity | 438 | 003 | 34 | 7| os1 162 132 211 S 07| o7 | 233
MP257 | 2441 | 002 | 136 g 0.01 1.20 179 5.00 Of’ 154 3.07 | 11.40
MP292 | 4039 | 007 | 128 ? 243 513 43.64 11.39 250 455 1130 | 473
MP311 314 | 002 | 30 g 0.1 263 0.83 455 °é8 1;’ 210 | 1.90
MP318 960 | 010 | 37 g 1.02 428 9.84 7.86 1i7 341 410 | 3.03
MP319 | 6272 | 015 | 135 g 123 4.49 81.91 10.07 197 450 30.70 | 657
MP356 | 3791 | 002 | 207 2 14.01 8.79 27.04 8.79 3i5 31'5 497 | 547
MP359 | 1253 | 004 | 65 g 21.69 9.58 42.01 12.20 3é8 458 333 | 373
MP360 | 591 | 003 | 44 g 6.58 7.08 13.57 8.75 2é8 3(')5 290 | 323
MP361 563 | 007 | 2.9 g 3.75 6.01 7.41 7.34 2(')4 259 240 | 273
MP415 396 | 005 | 25 g 0.35 313 2.12 508 | f 196 227 | 247
MP416 907 | 002 | 68 | 2| 101 5.3 8.47 961 | 7|32 | 440 | 330
9 71 0
MP425 | 1407 | 002 | 100 ? 19.23 9.46 47.42 11,69 2(')7 343 377 | 410
MP426 | 1823 | 001 | 13.1 i 14.52 8.71 33.51 10.74 294 370 920 | 10.10
MP427 368 | 003 | 28 2 124 437 2.65 5.39 157 261 203 | 237
Durat | Durati
Site Fgm Slope Te c Qp_1-yr V_1-yr Qp_10-yr | V_10-yr \,17 VO_I1 ion on
'°(ﬂ) (fUft)y | (min) | N | (fEls) (ftis) (ft¥ls) (ft/s) V| ayr | 10y
() | (b0
6 25| 43
MP433 | 1960 | 004 | 92 | §| 543 6.48 33.89 1093 |20 %3 | 447 | 370
MP458 | 1427 | 004 | 7.6 g 0.02 125 3.61 5.74 005 2(')3 1267 | 5.03




MP459 | 2669 | 003 | 126 | 5 | 0.36 3.06 16.96 877 | 2|35 | 2637 | 6.90
MPags | 732 | 004 | 44 |l | 404 6.35 12.14 831 | 22| 3% | 270 | 307
MP467 | 420 | 002 | 37 [ 5| 184 4.81 4.40 613 | L2 24| 213 | 247
MP46o | 1360 | 003 | 75 | 5| 897 7.55 18.75 939 | %0 | 37| 347 | 353
MPa72 | 2721 | 003 | 135 | 2| 7406 8.92 171.64 892 | > | 3% | 47 | 533
MP495 | 909 | 003 | 59 || 572 6.79 11.66 838 | 2| %% | 287 | 323
MP507 170 | 007 | 14 [ 1| os6 3.64 1.47 ar2 |18 | 207
mpsos | 1677 | 001 | 123 | | 530 6.49 12.14 826 | 20| 33| 327 | 363
MPSOSA | 352 | 005 | 23 | /| 046 3.49 121 as5 |01 1S 167 | 200
MPS08C | 274 | 004 | 20 |7 | 048 3.57 1.26 a7z | T8 g0 | 203
MPS0SD | 421 | 003 | 34 || 165 5.12 435 661 | 20| 2% | 207 | 240
MP5t1 | 660 | 002 | 49 | I | 147 454 3.92 504 | 18| 231 233 | 267
MP525 | 2044 | 006 | 111 | [ | 3761 1089 | 12856 1497 | 43152 | 433 | 450
MP558 | 901 | 001 | 8.1 g 443 6.68 8.79 7.69 2%6 350 207 | 337
MPS59 | 1228 | 001 | 105 [ 5| 0.0 428 218 554 | 7| 22| 1063 | 1213
MP573 | 2520 | 002 | 152 | O | 1624 8.66 66.65 1204 |28 %3 | 547 | 530
mps78 | 1603 | 004 | 77 |31 3307 | 1070 72.23 1416 |42 %0 | 383 | 423
MP591 507 | 002 | 46 2 2.46 5.15 5.84 6.50 1é7 2%1 250 | 2.83
MP615 | 1414 | 004 | 70 |5 | 005 176 7.05 705 | %7 | 2% | 2057 | 40
MP785 | 1603 | 046 | 47 | S| 1418 8.82 4517 1220 | - | - | 313 | 347
MP814 | 3416 | 002 | 181 | o | 6268 | 1267 | 128.28 107 |30 42| 527 | 577
MP840 | 1020 | 007 | 47 g 7.45 7.16 20.48 9.63 2é8 358 287 | 323
ouT2104 | 923 | 002 | 68 |5 | 1.24 450 2.91 s76 | 2| 23| 887 | 10.10
ouT2106 | 679 | 002 | 56 |5 | 468 6.90 9.38 769 | 20| 30| 280 | 347
ouT2111 | 496 | 002 | 40 | [ | o053 3.63 1,69 500 | L2181 207 | 240
POW162 | 242 | 002 | 24 Z 0.37 3.67 1.05 4.85 1é2 1;3 167 | 2.00
Site I';'a"t‘;;’ Slope | T Qu_tyr | V_1yr | Q_10yr | V_10r v | Ve Ditl)r:t D‘;rr?tl
(ft) (ft/ft) (min) (ft°/s) (ft/s) (ft’/s) (ft/s) P P 2}-]yr)r 1((:‘-%r
W10 689 | 001 | 87 | 5| 264 5.60 5.47 694 | 22| 27| 273 | 310
W11 1375 | 002 | 88 | 5| 917 7.81 23.46 ors | 311 %91 313 | 347
W13 1525 | 002 | 94 | 3| 2497 5.60 48.15 694 | 22| 27| 360 | 400
WE 1796 | 002 | 104 | | 1939 7.69 43.81 769 |30 30| 373 | 413
WioC | 1784 | 001 | 138 | | 7.60 7.06 14.49 851 | %0 | 34| 403 | 450

Note T, CN, Q,, V, P, and Duration refers to the time concentration, composite curve number, peak velocity, permissible
velocity, and duration of runoff respectively







Table 10. Summary of cross-sectional dimensions, slope ratios, channel evolution stage,
distance, and elevation from cross-section to outfall characteristics for site assessments

Point Width | Arear | Depth | Volum | Slope,a | Slopen Distan | Departu
. Cross- Sta
Site numbe section TOB oB TOB e ND T ge ce reour
r (ft) (ft?) (ft) (yd®) (ft/ft) (ft/ft) (ft) (ft)*
DE162 995 Outlet 11.0 11.1 17 105 0.021 0.025 2 0 6
DE162
(DE162/MP Intermed
311/ 1001 o 8.6 14.4 2.6 0 - - - 222 -
POW162)
Qutfall
MP024 2086 Outlet 6.8 8.2 2.3 62 0.023 0.019 4 0 4
MP024 2087 Outfall 8.2 7.9 18 0 0.023 y - 209 -
MPO78 1031 Outlet 34 1.7 0.9 96 0.038 0.040 3 0 28
MPO78 1032 C“E'ﬁ”’ 6.0 5.7 26 0 ; ; ; 701 ;
MP138 2069 Outlet 12.0 14.7 2.1 188 0.046 0.044 4 0 28
MP138 2070 Outfall 4.0 1.4 0.8 0 - y - 630 -
MP142 2121 Outlet 6.0 3.4 1.0 14 0.032 0.027 4 0 6
MP152/0U Intermed
T2104/ 2108 o 6.0 45 1.3 218 0.023 0.030 3 283 12
OUT2016
MP152/0U
T2104/ 2105 Outlet 13.7 14.6 1.8 100 0.023 0.017 4 0 17
OUT2106
MP152/0U
T2104/ 2110 NA 15.0 | 41.0 45 26 0.023 0.000 5 542 4
OUT2106
MP152/0U
T2104/ 2111 NA 7.0 3.4 0.8 24 0.023 0.027 3 573 5
OUT2106
MP152/0U
T2104/ 2113 Final 55 3.2 1.0 0 - y 774 y
OUT2106
MP219 482 Outlet 7.0 48 16 145 0.023 0.021 5 0 16
MP225 1044 Outlet 6.6 10.5 3.5 103 0.016 0.016 3 0 27
MP225 1045 NA 5.2 5.7 20 76 0.016 0.017 3 342 21
MP225 1046 NA 8.8 14.7 3.3 94 0.016 0.019 2 543 18
MP225 1047 NA 3.8 24 1.2 102 0.016 0.015 4 839 12
Point Width | Arear | Depth | Volum | Slope,a | Slopen Distan | Departu
. Cross- Sta
Site numbe section TOB oB TOB e ND T ge ce reour
r (ft) (ft?) (ft) (yd?) (ft/ft) (ft/ft) (ft) (ft)*
Mp225 | 1048/1 | Intermed | 4 6.6 1.9 122 0016 | 0011 | 5 | 1453 3
050 iate
MP225 1%%12’ Y outfal | 100 | 166 | 27 0 ; ; - | 1736 ;
MP227 502 Outlet 9.0 5.0 17 92 0.026 0.042 2 0 36
MP227 1052 Outfall 6.6 74 26 0 0.026 - - 1447 -
MP227 2043 NA 9.3 21.4 4.0 230 0.026 0.004 4 1016 2
MP227 2045 '”tieartrged 10.0 9.3 20 381 0.026 0.029 3 347 21
MP228 628 Outlet 11.0 9.2 17 64 0.027 0.021 4 0 9
MP229
(OUT11) 506 Outlet 11.0 4.0 0.8 0 0.025 0.022 4 0 7
MP257 2059 Outlet 18.9 17.0 1.2 145 0.028 0.032 2 0 28




Intermed

MP257 2061 o 340 | 544 2.1 271 0.028 0.017 4 109 24
MP257 2062 NA 8.8 7.3 15 174 0.028 0.031 3 346 20
MP257 2063 Final 8.4 10.2 2.1 0 0.028 0.019 - 883
MP311 999 Outlet 44 3.3 15 50 0.009 0.009 5 686
MP311 1000 '”t?art";ed 9.0 9.1 2.3 4 0.009 0.162 2 902 2
MP318 2084 Outlet 9.2 14.1 24 162 0.069 0.057 5 0 25

Intermed
MP318 2085 iate/ 6.8 5.8 16 0 0.069 - - 440 y
Final

MP319 2082 Outlet 7.0 42 1.1 21 0.040 0.031 4 0 9

MP356 2046 Outlet 9.6 7.8 16 51 0.043 0.055 0 18
MP356 2057 Final 6.6 45 1.2 0 0.043 y - 225 11
MP359 1006 Outlet 13.0 | 257 3.9 30 0.019 0.011 4 0 4

MP359/ 1007 Outfall 8.0 8.2 18 65 0.019 y - 244 y

W13

MP360 1008 Outlet 6.4 6.3 15 19 0.057 0.057 4 0 6

MP360 1009 Final 42 3.3 1.4 0 0.057 - - 106 -

MP361 1002 Outfall 18.6 | 455 6.6 0 0.113 - - 131 y

MP361 1003 Outlet 116 | 333 7.0 191 0.113 0.085 4 0 11
MP415 1018 Outlet 6.7 8.7 2.3 38 0.021 0.033 3 0 57
MP415/

MP416 1019 NA 8.0 8.9 23 21 0.022 0.061 2 182 55

MP41156/ MP4 1 1020 NA 77 | 135 | 26 107 | 0021 | 0022 | 3 168 52

Point Width | Arear | Depth | Volum | Slope,a | Slopen Distan | Departu
. Cross- Sta
Site numbe section TOB oB TOB e ND T ge ce réour
r (ft) (ft?) (ft) (yd®) (ft/ft) (ft/ft) (ft) (ft)*
MP415/
MP416 1021 NA 5.0 3.7 1.1 82 0.021 0.021 2 502 45

MP415/416 | 1022 NA 7.2 44 0.8 149 0.021 0.026 2 1044 33
MP415/

MP4166 1023 NA 6.2 7.3 1.9 304 0.021 0.016 4 1568 21
MP415/
MP416 1024 NA 104 | 20.1 3.2 426 0.021 0.020 4 2168 11
MP415/
MPa16 1025 Outfall 8.8 20.0 3.4 0 0.021 y 2742 y
MP415/ Intermed
MP416 1026 o 120 | 236 27 136 0.021 0.020 4 1331 26
MP416 1017 Outlet 4.1 53 2.1 48 0.022 0.046 3 0 63
MP425 1033 Outlet 9.3 22.8 43 183 0.028 0.035 3 0 31
MP425/
MP426 1034 NA 6.5 7.3 1.8 17 0.028 0.020 5 352 18
MP425/
MPa26 1035 NA 5.0 3.0 1.4 31 0.028 0.017 4 441 16
MP425/
MP426 1036 NA 5.9 4.1 1.1 14 0.028 0.014 4 676 12
MP425/
MP426 1037 NA 5.9 2.7 0.9 0 0.028 0.026 4 790 11
MP425/
MP426 1039 NA 45 26 15 55 0.028 0.029 3 971 6

Intermed
MP425/ 1040 iate/ 90 | 113 | 23 0 0.028 ; - | 1185 ;
MP426

Qutfall

MP426 1041 Outlet 3.9 1.7 0.8 26 0.026 0.041 3 0 32
MP426 1042 NA 6.0 36 1.0 17 0.026 0.030 269 21




MP433 1010 Outlet 6.5 46 13 82 0.046 0.085 2 0 56
MP433 1011 '”tf’artrged 8.0 13.9 3.8 31 0.046 0.072 3 241 35
MP433 1012 NA 7.3 16.0 6.1 188 0.046 0.029 4 298 31
MP433 1013 NA 14.0 | 234 2.5 106 0.046 0.027 4 556 24
MP433 1014 NA 45 26 1.0 59 0.046 0.039 4 775 18
MP433 1015 NA 6.0 5.1 1.1 9 0.046 0.022 4 1186 1
MP433 1016 C‘I‘E'ﬁ‘;”’ 44 35 12 0 0.046 ; - | 1244 ;
MP458 989 Outlet 29.0 | 57.6 3.8 242 0.023 0.008 4 0 14
MP458 990 NA 13.0 | 297 4.1 199 0.023 0.045 2 150 12

Point Width | Arear | Depth | Volum | Slope,an | Slopen Distan | Departu
. Cross- Sta
Site numbe section TOB oB TOB e ND T ge ce réour
r (ft) (ft?) (ft) (yd®) (ft/ft) (ft/ft) (ft) (ft)*
MP458 991 '”tg{ged 134 | 430 6.6 333 0.023 0.026 3 297 6
MP458 992 Final 154 | 357 5.0 0 0.023 - - 526 -
MP459 2065 Outlet 310 | 14.6 5.6 64 0.079 0.001 4 0 15
MP459 2066 | Outfall 5.8 6.1 1.9 0 0.079 - - 228 -
MP459 2067 '”tfg{‘;ed 10.0 15.6 2.5 46 0.079 0.127 2 114 14
MP465 2096 Outlet 4.0 2.3 1.0 0 - - 5 0 -
MP467 1054 Outlet 8.5 10.5 3.3 58 0.028 0.029 3 0 16
MP467 1056 | Outfall 13.0 | 424 4.7 0 0.028 - - 552 -
MP467 1057 NA 56 46 1.4 302 0.028 0.030 3 206 10
'(\C\F;fgg 1062 | Outlet | 43 18 0.8 25 0044 | 0049 | 3 273 23
MP469
(W19*)/ 1063 NA 56 24 0.9 22 0.044 0.033 4 595 7
W18
MP472 2091 Outfall 6.6 8.6 24 0 - y - 60 -
MP472 2093 Outlet 0.0 0.0 0.0 10 0.032 0.032 5 0 2
MP495
(FID10) 984 Outlet 11.3 8.9 1.4 22 0.023 0.015 5 0 1
MP495
(FID10) 985 End 7.0 3.0 0.9 0 0.023 - 99 -
MP507
(MP508E) 997 Outlet 240 | 19.5 1.2 8 0.025 0.019 5 0 27
MP508 962 Outlet 270 | 44.2 45 151 0.009 0.022 2 0 30
MP508 963 NA 13.0 | 157 29 70 0.009 0.010 2 136 27
MP508 964 NA 8.0 5.2 1.9 157 0.009 0.014 2 316 25
MP508 965 NA 5.4 6.3 22 180 0.009 0.011 3 1048 15
MP508 966 NA 220 | 434 4.4 417 0.009 0.014 2 1244 13
MP508 967 NA 200 | 456 5.3 1776 | 0.009 0.004 4 1497 9
MP508 968 NA 18.0 | 502 6.5 748 0.009 0.011 3 1362 5
MP508 971 Outfall 1.0 | 11.9 2.0 0 0.009 - - 509 0
MP5?£|—O“t 972 NA 125 | 165 | 22 279 | 0009 | 0000 | 4 | 745 0
MP508A 970 Outlet | 270 | 472 3.6 61 0.005 0.000 5 0 0
MP508C 974 Outlet | 220 | 185 1.4 0 0.035 0.028 5 0 19
Point Width | Arear | Depth | Volum | Slope,an | Slopen Distan | Departu
. Cross- Sta
Site numbe section TOB oB TOB e ND T ge ce réour
r (ft) (ft?) (ft) (yd®) (ft/ft) (ft/ft) (ft) (ft)*




MP508D 976 | Outlet | 320 | 494 | 30 | 801 | 0009 | 0011 | 2 0 19
(|\'/|MPP5%181B) 969 NA 210 | 550 | 54 0 0005 | 0004 | 4 | 150 1
(I\zAPP5501818) 973 | Outlet | 320 | 502 | 50 | 202 | 0005 | 0013 | 3 0 2
MP525 2088 | Outlet | 170 | 238 | 24 51 0037 | 0061 | 3 0 4
MP525 2000 | outfall | 77 | 143 | 3.1 0 0.037 - ; 73 -
MP559 2079 | Outlet | 56 | 45 17 52 0047 | 0041 | 5 0 26
MP573 2074 | Outlet | 130 | 256 | 40 | 1289 | 0017 | 0016 | 4 0 21
MP573 2075 | Final | 120 | 268 | 39 0 0.017 - - | 1320 -
MP578 2076 | Outlet | 148 | 283 | 30 12 0.000 | 0000 | 5 0 -
MP591 2071 | outlet | 200 | 102 | 26 132 | 0013 | 0011 | 5 0 6
MP591 2072 | 'MeMed | 450 | 102 | 22 155 | 0013 | 0007 | 5 | 347 3
MP591 2073 | Final | 160 | 126 | 2.1 0 0.013 - 713 -
MP615 993 | Outlet | 440 | 1616 | 69 | 756 | 0086 | 0060 | 4 0 13
MP615 994 | Outfall | 200 | 340 | 36 0 0.086 - - | 200 -
(g’i'tzgéi) 982 | oOutlet | 110 | 408 | 49 | 267 | 0054 | 0051 | 4 0 11
(S“”i'tzgéi) 983 | oOutfall | 120 | 359 | 45 0 0.054 - - | 188 -
MP840 609 | Outlet | 130 | 272 | 46 | 223 | 0031 | 0017 | 4 0 28
MP840 979 NA 140 | 285 | 33 107 | 0031 | 0065 | 3 | 319 22
MP840 980 NA 130 | 95 17 | 203 | 0031 | 0023 | 4 | 471 12
MP840 981 | outfall | 90 | 106 | 21 0 0.031 - - | 1018 -
OUT2111 | 474 | oOutlet | 160 | 86 12 251 | 0023 | 0022 | 4 0 18
POW162 | 996 | Outlet | 8.0 25 0.5 84 0021 | 0023 | 2 0 20
POW162 | 998 NA 6.7 5.1 14 14 0021 | 0031 | 2 | 599 6
W10 959 | oOutlet | 100 | 9.1 18 169 | 0028 | 0039 | 3 0 74
W10 1027 NA 47 25 0.9 179 | 0028 | 0019 | 4 | 788 43
W10 1028 NA 103 | 191 | 37 | 492 | o028 | 0027 | 4 | 1236 34
W10 1029 '”tf’artrged 140 | 18.0 2.6 315 0.028 0019 | 4 1951 15
Point Width | Arear | Depth | Volum | Slope,a | Slopen Distan | Departu
Site numbe scel’:::;‘ TOB oB TOB e ND T Sgtea ce reour
r (ft) (ft?) (ft) (yd®) (ft/ft) (ft/ft) (ft) (ft)°
W10 1030 | Outfall | 9.0 35 0.9 20 0.028 - - | 2740 -
W11 957 | outlet | 150 | 83 14 116 | 0020 | 0014 | 5 0 5
W13 1004 | Outlet | 62 | 129 | 43 29 0035 | 0163 | 3 0 8
W13 1005 NA 110 | 184 | 32 - 0035 | 0000 | 4 51 0
w18 1059 | Outlet | 3.0 17 1.0 18 0.044 | 0041 | 4 0 34
W18/MP469
(W19 1066 | Outfall | 89 7.4 13 0 0.044 - 848 -
W19C
w19C 1065 | Outlet | 6.1 8.0 2.0 40 0.044 | 0025 | 4 | 708 4

@ Departureoyr refers to the estimated elevation difference between the cross-section and outfall

Note TOB, volume, LAND, INT, OUT refer to the top of bank, estimated volume of eroded soil, estimated slope of the land along
the flow path prior to pipe installation, and
estimated slope of the channel bed between two cross-sections at the time of assessment, respectively




Appendix F: Hydrologic, hydraulic, and water quality data for monitored sites

Table 1. Summary of MP458 hydrologic and runoff data

Antecedent . Max. 5-min | Average Peak | Runoff | Runoff
Storm d iod Depth Storm Storm Duration | . . . : s £l | d -
event ry perio (in) start end (hr) |nt.en5|ty |nt.enS|ty eason ow | volume uration
(days) (in/hr) (in/hr) (ft’ls) (ft) (hr)
1 i 108 | 722021 | A0 2.70 2.10 040 | Summer | 979 | 50039 | 6.53
7/3/2021 7/3/2021
2 1.13 0.17 12:00 14:08 2.48 - - Summer | 0.00 0 -
7/8/2021 7/8/2021
3 4.73 2.31 7.57 17-12 9.26 - - Summer | 79.34 | 350047 -
7/9/2021 7/9/2021
4 1.01 0.10 17:23 17:38 0.25 - - Summer - - -
5 9.15 079 | 182021 | 7192021 1 1800 1,68 0.04 | Summer | 671 | 20639 | 547
7/28/2021 7/28/2021
6 9.00 0.44 15:12 15:54 0.70 2.82 0.63 Summer | 0.00 0 -
8/3/2021 8/3/2021
7 6.03 0.13 16:33 19-32 2.99 - - Summer | 0.00 0 -
8/15/2021 8/16/2021
8 11.69 0.17 12:02 0-44 12.71 - - Summer | 53.63 | 209541 11.27
8/16/2021 8/16/2021
9 0.71 0.27 17:50 23:13 5.38 - - Summer | 14.33 | 61969 5.23
8/19/2021 8/20/2021
10 2.95 0.21 21:55 0:08 2.23 - - Summer | 0.00 0 -
8/20/2021 8/20/2021
11 0.61 0.43 14:49 15:57 1.13 - - Summer | 0.00 0 -
12 - 0.28 - 9/%/_20%21 - - - Summer | 0.00 0 -
9/9/2021 9/9/2021
13 7.45 1.56 10-44 1328 2.73 3.72 0.57 Summer | 15.60 | 86617 7.03
9/10/2021
14 - 1.74 - 0:00 - - - Summer | 0.00 0 -
15 : 0.57 i 8/22/2021 : ; : Fall | 0.00 0 ;
Storm | Antecedent dry | Depth Storm Storm Duration | Max. 5-min | Average S Peak | Runoff | Runoff
. . . . . : eason -
event period (in) start end (hr) intensity | intensity flow | volume | duration




(days) (in/hr) (in/hr) fels) | () (hn)

16 ] 0.46 ] 9/23_/3821 ] ] ] Fall | 7.91 | 32723 | 537

9/30/2021
17 ] 0.60 ] 2 ] ] ] Fall | 0.00 0 ;
18 9.07 1.65 10’?_/5221 104%’_21321 13.50 1.26 0.12 Fall | 19.01 | 215039 | 1023
10116/2021 | 10/16/2021
19 7.03 0.39 e ey 0.50 1.74 0.78 Fall | 679 | 23331 | 3.93
101252021 | 10/25/2021
20 8.78 0.44 o . 0.87 1.74 0.51 Fall | 255 | 8682 1.87
101252021 | 10/25/2021
21 0.40 0.91 2o B 0.80 456 114 Fall | 5544 | 156501 | 4.60
22 2.85 077 | 1o 1288_/5221 10/ %94%021 11.83 1.14 0.07 Fall |2224 | 156442 | 1253
11/22/2021 | 11/22/2021
23 24.03 0.35 2 e 6.10 0.30 0.06 Fall ; ] ;
11/26/2021 | 11/26/2021
24 358 0.11 e A 247 0.18 0.04 Fall ] ] ]
12/8/2021 | 12/8/2021
25 12.01 0.37 o o 3.30 0.42 0.11 Fall | 0.00 0 ]
1211172021 | 12/12/2021
26 3.48 050 |20 e 5.30 2.28 0.09 Fall | 448 | 17442 | 277
27 6.97 099 | ¢ 119%021 12/112_/225’21 15.07 0.30 0.07 Fall | 10.04 | 137290 | 10.40
1221/2021 | 12/22/2021
28 1.97 0.57 o o 10.83 0.42 0.05 Fall | 624 | 65580 | 6.90
12/29/2021 | 12/30/2021 .
29 7.78 020 | 1229280 " 6.60 0.42 003 | Winter | 0.00 0 ;
1112022 1/1/2022 .
30 265 0.19 o o 0.33 1.20 057 | Winter | 250 | 15864 | 4.7
31 0.52 0.41 1’%/_21%22 1’%’_22%22 1.13 1.38 036 | Winter | 923 | 55849 | 4.63
11212022 17312022 .

32 0.48 282 | 12202 N 18.13 1.20 046 | Winter | 49.39 | 1006925 | 26.20
Storm Antecec!erc:t dry Depth Storm Storm Duration IV!ax. 5-r.n|n A verage s I;’Ieak RL;nOﬁ dRunt?ff
event perio (in) start end (hr) |nt_en5|ty |nt_enS|ty eason ow | volume uration

(days) (in/hr) (in/hr) (ft3/s) (ft3) (hr)

33 6.24 045 | 1/9/2022 | 1/10/2022 373 0.60 012 | Winter | 1355 | 103395 | 6.90




20:38 022
34 6.48 154 | 102022 | 1ITT2922 1 4360 0.72 011 | Winter | 25.45 | 442347 | 11.40
35 3.44 051 | 1292022 | 1292922 1 1060 0.18 0.05 | Winter | 596 | 87829 | 7.00
36 162 022 | o220z | 112212022 3.73 0.24 0.06 | Winter | - - -
37 12.66 023 | 2y2e | 2022 197 0.60 0.12 | Winter | 0.00 0 -
38 2.72 I vl B 18.60 0.30 0.05 | Winter | 9.23 | 108931 | 8.60
39 10.18 041 | 192822 2182022 5.43 0.72 0.08 | Winter | - - -
40 9.06 0.9 | HANA022 | 222022 6.27 0.12 003 | Winter | - i -
41 8.24 0.0 | S72022 | 9/8iZ022 3.23 0.42 0.03 | Winter | - - ;
42 0.82 037 | 82022 | 3DJe0Z2 15.83 0.30 0.02 | Winter | - i -
43 2.31 048 | ¥TyA022 | 317112022 2.87 0.24 0.06 | Winter | - i -
44 0.26 149 | 122022 | 311212022 453 0.96 024 | Winter | - i -
45 4.31 208 | 3192022 | 312022 1 4800 1.80 012 | Winter | 32.01 | 462114 | 24.17
46 6.74 0.84 | 3 254:/3222 3 211/:%322 8.97 1.50 0.09 | Spring | 910 | 91479 | 13.40
47 6.94 117 3/:112/: 23%22 3/ %’%%22 433 156 027 | Spring | 26.99 | 127930 | 8.10
48 5.04 044 | Y 15%’52 4 %/: 21%22 6.37 114 0.07 | Spring | 374 | 23814 | 10.20
49 232 0.12 4/%%22 4’%?‘?52 2.83 0.72 0.04 | Spring | 18.14 | 177044 | 2523
storm | ATCeriod | Pepth | Storm | storm | puration | Ve, CUT | IC | Season | flow | volume | duration

(days) (infhr) | (in/hr) (fehs) | (Ft) (hr)
50 9.89 126 | 4192022 | 4182022 6.87 114 0.18 | Spring | 1535 | 153436 | 8.03
51 8.05 014 | 4/26/2022 | 4/26/2022 187 0.54 0.08 | Spring | 0.00 0 -




16:10 18:02

5/1/2022 5/2/2022 .

52 5.03 0.21 18:48 2:54 8.10 0.96 0.03 Spring 0.00 0 -
5/6/2022 5/6/2022 .

53 4.63 0.17 17:54 23:34 5.67 0.48 0.03 Spring 0.00 0 -
5/12/2022 5/12/2022 .

54 5.72 0.10 16:58 2144 4.77 0.30 0.02 Spring 0.00 0 -
5/13/2022 5/13/2022 .

55 0.92 0.16 19:48 20:52 1.07 0.60 0.15 Spring 0.00 0 -
5/16/2022 5/16/2022 .

56 2.88 0.29 17:52 18:34 0.70 2.22 0.41 Spring 0.43 4059 3.73
5/23/2022 5/24/2022 .

57 6.91 1.78 16:28 0:36 8.13 4.44 0.22 Spring - - -
5/27/2022 5/27/2022 .

58 3.39 1.01 10:00 18:42 8.70 4.20 0.12 Spring 0.98 16491 9.77

59 0.33 0.1 | /282022 | 52872022 0.27 0.54 0.41 | Spring | 1662 | 58792 | 4.17
6/8/2022 6/9/2022 .

60 11.69 0.46 19:22 2:02 6.67 2.16 0.07 Spring 0.00 0 -
6/16/2022 6/16/2022 .

61 7.66 0.28 17:54 18:40 0.77 1.92 0.37 Spring 0.59 3073 247
6/17/2022 6/17/2022 .

62 1.01 0.27 18:54 19:56 1.03 1.38 0.26 Spring 0.00 0 -
6/22/2022 6/23/2022

63 5.10 0.34 22:18 2:40 4.37 0.60 0.08 Summer | 0.00 0 -

64 4.56 059 | OATZ022 | 62712022 2.07 2.88 0.29 | Summer | 1852 | 35406 | 3.40
6/29/2022 6/29/2022

65 1.37 0.72 3:04 11:38 8.57 3.72 0.08 Summer | 0.00 0 -
7/6/2022 7/6/2022

66 7.33 0.98 19:34 2100 1.43 2.52 0.68 Summer | 0.00 0 -

Storm Antecec!erc:t dry Depth Storm Storm Duration IV!ax. 5-r.n|n A verage s I;’Ieak RL;nOﬁ dRunt?ff
event perio (in) start end (hr) mt.ensny |nt.enS|ty eason ow | volume uration
(days) (in/hr) (in/hr) (ft3ls) (ft) (hr)

7/7/2022 7/7/2022

67 0.84 0.15 17:08 1910 2.03 0.60 0.07 Summer | 0.00 0 -
7/8/2022 7/8/2022

68 0.92 0.40 17:12 2250 5.63 1.08 0.07 Summer | 30.42 | 127256 4.53

69 0.79 2.99 71912022 7/9/2022 2.63 3.96 1.14 Summer - - -




17:52 20:30




Table 2. Summary of MP458 TSS data

Storm event

Sampled
volume (ft%)

Percentage of
hydrograph (%)

TSS (mg/L)
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Table 3. Summary of MP458 maximum velocities and potential maximum erosion rates from 1D steady analyses

Storm Maxim.um Permis'?‘ible . . e
event velocity velocity Velocity ratio Ta (Ib/ft?) ta_Qp/ta TaiTc (infs)
(ft/s) exceeded
1 10.09 Yes 4.04 0.51 Less Qp 181 6.04E-03
2 - - - - - - -
3 - - - - - - -
4 - - - - - - -
5 9.09 Yes 3.64 0.51 Qp greater 181 6.04E-03
6 - - - - - - -
7 - - - - - - -
8 20.35 Yes 8.14 0.51 Less Qp 181 6.04E-03
9 11.17 Yes 4.47 0.26 Qp greater 92 3.03E-03
10 - - - - - - -
11 - - - - - - -
12 - - - - - - -
13 11.42 Yes 4.57 0.51 Less Qp 181 6.04E-03
14 - - - - - - -
15 - - - - - - -
16 9.52 Yes 3.81 0.51 Less Qp 181 6.04E-03
17 - - - - - - -
18 12.03 Yes 4.81 0.31 Less Qp 110 3.63E-03
19 9.13 Yes 3.65 0.51 Less Qp 181 6.04E-03
20 7.00 Yes 2.80 0.12 Qp greater 43 1.34E-03
21 16.44 Yes 6.58 0.52 Less Qp 184 6.16E-03
22 12.59 Yes 5.03 0.34 Qp greater 121 3.99E-03
23 - - - - - - -
24 - - - - - - -
25 - - - - - - -
26 8.12 Yes 3.25 0.15 Qp greater 53 1.70E-03
cvomt | elosiy | "vaoaty | Veloityratio | ra() | wQpr, | |




(ft/s) exceeded

27 10.16 Yes 4.06 0.22 Less Qp 78 2.55E-03

28 8.91 Yes 3.57 0.17 Qp greater 60 1.95E-03

29 - - - - - - -

30 6.96 Yes 2.79 0.51 Less Qp 181 6.04E-03

31 9.93 Yes 3.97 0.51 Less Qp 181 6.04E-03

32 15.89 Yes 6.36 0.51 Less Qp 181 6.04E-03

33 11.00 Yes 4.40 0.26 Qp greater 92 3.03E-03

34 13.09 Yes 5.24 0.36 Less Qp 128 4.23E-03

35 8.80 Yes 3.52 0.43 Less Qp 153 5.08E-03

36 - - - - - - -

37 - - - - - - -

38 9.93 Yes 3.97 0.43 Less Qp 153 5.08E-03

39 - - - - - - -

40 - - - - - - -

41 - - - - - - -

42 - - - - - - -

43 - - - - - - -

44 - - - - - - -

45 13.98 Yes 5.59 0.40 Less Qp 142 4.72E-03

46 9.89 Yes 3.96 0.21 Qp greater 74 2.43E-03

47 13.31 Yes 5.32 0.37 Less Qp 131 4.36E-03

48 7.73 Yes 3.09 0.61 Less Qp 216 7.25E-03

49 11.86 Yes 4.74 0.61 Less Qp 216 7.25E-03

50 11.37 Yes 4.55 0.27 Qp greater 96 3.15E-03

51 - - - - - - -

52 - - - - - - -

53 - - - - - - -
Storm Maxim_um Permis'?‘ible _ ) e
event velocity velocity Velocity ratio 1a (Ib/ft?) ta_Qp/ta TaiTc (infs)

(ft/s) exceeded

54




55

56 4.27 Yes 1.71 0.51 Less Qp 181 6.04E-03
57 - - - - - - -
58 5.40 Yes 2.16 0.64 Less Qp 227 7.61E-03
59 11.58 Yes 4.63 0.64 Less Qp 227 7.61E-03
60 - - - - - - -
61 4.69 Yes 1.87 0.51 Less Qp 181 6.04E-03
62 - - - - - - -
63 - - - - - - -
64 11.94 Yes 4.77 0.51 Less Qp 181 6.04E-03
65 - - - - - - -
66 - - - - - - -
67 - - - - - - -
68 13.77 Yes 5.51 0.39 Less Qp 138 4.60E-03
69 - - - - - - -
70 14.81 Yes 5.92 0.51 Less Qp 181 6.04E-03

Note Ta, Qp, Tc, and € refer to applied shear stress, peak discharge, critical shear stress, and erosion rate, respectively




Table 4. Summary of MP459 hydrologic and runoff data

Antecedent

Max.

Storm dry Depth Storm Storm Duration | 5-min A verage Peak Runoff Runt?ff
. . . . intensity | Season flow volume | duration
event period (in) start end (hr) intensity (in/hr) (f¥ls) () (hr)
(days) (in/hr)
71212021 71212021
1 - 1.08 6:14 856 2.70 2.10 0.40 Summer 0.51 908 1.40
7/3/2021 71312021
2 1.13 0.17 12-00 14-28 2.48 - - Summer 0.00 0 0.00
7/8/2021 71812021
3 4.73 2.31 7.57 17-12 9.26 - - Summer | 39.66 141966 717
7/9/2021 7/9/2021
4 1.01 0.10 17-23 17-38 0.25 - - Summer 0.00 0 0.00
7/18/2021 7/19/2021
5 9.15 0.79 2116 1516 18.00 1.68 0.04 Summer 0.00 0 0.00
7/28/2021 7/28/2021
6 9.00 0.44 15:12 15:54 0.70 2.82 0.63 Summer 0.00 0 0.00
8/3/2021 8/3/2021
7 6.03 0.13 16:33 19:32 2.99 - - Summer 0.00 0 0.00
8/15/2021 8/16/2021
8 11.69 0.17 12:02 0:44 12.71 - - Summer - - -
8/16/2021 8/16/2021
9 0.71 0.27 17:50 23:13 5.38 - - Summer - - -
8/19/2021 8/20/2021
10 2.95 0.21 2155 0:08 2.23 - - Summer - - -
8/20/2021 8/20/2021
11 0.61 0.43 14:49 15:57 1.13 - - Summer 0.00 0 0.00
12 ; 0.28 ; 9’%%%21 ; ; ; Summer | 0.00 0 0.00
9/9/2021 9/9/2021
13 7.45 1.56 10-44 13-28 2.73 3.72 0.57 Summer 0.25 198 0.43
14 ; 174 ; 9 18_’3821 ; ; ; Summer | 0.00 0 0.00
9/22/2021
15 - 0.57 - 0-00 - - - Fall 0.00 0 0.00
16 ; 0.46 ; 9/23/2021 ; ; ; Fall 0.00 0 0.00

0:00




Antecedent

Max.

Storm dry Depth Storm Storm Duration | 5-min A verage Peak Runoff Runt?ff
. . . . intensity | Season flow volume | duration
event period (in) start end (hr) intensity (in/hr) (f¥ls) () (hr)
(days) (in/hr)
17 ] 0.60 ] of 38_/3821 ] ] ; Fall 0.00 0 0.00
18 9.07 165 10/?_’5221 104%’_21321 13.50 1.26 0.12 Fall 1039 | 105175 | 11.77
10/16/2021 | 10/16/2021
19 7.03 0.39 o o 0.50 1.74 0.78 Fall 0.00 0 0.00
10/25/2021 | 10/25/2021
20 8.78 0.44 oz 2 0.87 1.74 0.51 Fall 199 | 10047 | 483
10/25/2021 | 10/25/2021
21 0.40 0.91 2o N 0.80 456 1.14 Fall | 4368 | 109227 | 573
10/28/2021 | 10/29/2021
22 2.85 0.77 282t e 11.83 1.14 0.07 Fall ] ] ]
11722/2021 | 11/22/2021
23 24.03 0.35 = 222 6.10 0.30 0.06 Fall 019 | 3601 7.23
1172612021 | 11/26/2021
24 3.58 0.11 A o 2.47 0.18 0.04 Fall 0.00 0 0.00
25 0.66 0.37 12/58,/5321 12/98_/12321 3.30 0.42 0.11 Fall 017 | 1158 2.40
12/11/2021 | 12/12/2021
26 3.48 0.50 e e 5.30 2.28 0.09 Fall 184 | 11968 | 520
27 6.97 099 | ¥ 119%021 12/113’22321 15.07 0.30 0.07 Fall 383 | 45955 | 12.60
121212021 | 12/22/2021
28 1.97 0.57 e o 10.83 0.42 0.05 Fall 121 | 16727 | 1170
12/29/2021 | 12/30/2021 .
29 778 0.20 N o 6.60 0.42 0.03 Winter | 0.00 0 0.00
1112022 11/2022 .
30 2,65 0.19 o o 0.33 1.20 0.57 Winter | 047 | 4790 470
31 0.52 0.41 1%’_21%22 1%/_22%22 113 1.38 0.36 Winter | 2.65 | 16357 | 6.57
11212022 1/3/2022 .
32 0.48 2.82 2o e 18.13 1.20 0.16 Winter | 80.63 | 720399 | 23.00
1/9/2022 111012022 .
33 6.24 0.45 o oz 373 0.60 0.12 Winter | 554 | 32566 | 5.83




Antecedent

Max.

event period (in) start end (hr) |nt_en5|ty (in/hr) (f¥ls) () (hr)
(days) (in/hr)

35 3.44 051 | 1A02022 11202922 10.60 0.18 0.05 | Winter | 199 | 19225 | 6.93
36 1,62 022 | 1A42022 112212022 3.73 0.24 0.06 | Winter | 019 | 3049 5.40
37 12.66 023 | 242022 202z 1.97 0.60 012 | Winter | 019 | 960 167
38 2.72 091 | 2T2022 2z 18.60 0.30 0.05 | Winter | 398 | 34227 | 1157
39 10.18 041 | 2182022 2/8/enz 5.43 0.72 008 | Winter | 031 | 1240 1.40
40 9.06 0.9 | ATA022 2lanienzz 6.27 0.12 0.03 | Winter | 017 | 4848 | 9.17
41 8.24 00 | STE022 Jfeiznze 3.23 0.42 0.03 | Winter | 0.00 0 0.00
42 0.82 037 | 82022 e 15.83 0.30 0.02 | Winter | 148 | 20855 | 2027
43 2.31 018 | YTa022 20z 2.87 0.24 0.06 | Winter | 0.00 0 0.00
44 0.26 141 | 3122022 SNz 453 0.96 024 | Winter | 2817 | 152088 | 8.40
45 4.31 208 | 192022 Sfra0ez 18.00 1.80 012 | Winter | 30.03 | 257930 | 22.13
46 6.74 o84 | ¥ 2;‘:/3222 3 21‘4“/:%322 8.97 1.50 009 | Spring | 623 | 33390 | 11.60
47 6.94 117 3/3;12/:%%22 3/3;16/:25%22 433 1.56 027 | Spring | 2133 | 66768 | 7.73
48 5.04 044 | ¥ 15%)52 4 %/: 21%22 6.37 1.14 007 | Spring | 126 | 6425 5.90
49 2.32 0.12 4/5;/:25%22 4’%?252 2.83 0.72 004 | Spring | 672 | 29004 | 437
50 9.89 126 4/188:/3222 4/113/:25%22 6.87 1.14 018 | Spring | 11.07 | 91904 | 950
51 8.05 0.14 4’21%’:21%22 4’2168’:%222 187 0.54 0.08 | Spring | 0.00 0 0.00




Antecedent

Max.

Storm dry Depth Storm Storm Duration | 5-min A verage Peak Runoff Runt?ff
. . . . intensity | Season flow volume | duration
event period (in) start end (hr) intensity (in/hr) (f¥ls) () (hr)
(days) (in/hr)
5/1/2022 5/2/2022 .
52 5.03 0.21 o o 8.10 0.96 003 | Spring | 023 | 1309 233
5/6/2022 5/6/2022 .
53 463 0.17 e e 5.67 0.48 003 | Spring | 034 | 2271 3.23
51212022 5/12/2022 .
54 5.72 0.10 e e 477 0.30 0.02 | Spring | 0.00 0 0.00
5/13/2022 5/13/2022 .
55 0.92 0.16 o S 1.07 0.60 015 | Spring | 0.00 0 0.00
5/16/2022 5/16/2022 .
56 2.88 0.29 o o 0.70 2.22 0.41 Spring | 039 | 2977 3.87
57 6.91 178 5/21%’_22%22 5/26‘,’3?(‘5)22 8.13 4.44 022 | Spring | 61.96 | 173427 | 1217
5/27/2022 5/27/2022 .
58 3.39 1.01 . . 8.70 4.20 0.12 | spring | 017 | 2377 8.60
59 0.33 0.11 5/23/52022 5/23/5;’22 0.27 0.54 0.41 Spring | 1171 | 20381 | 4.13
6/8/2022 6/9/2022 .
60 11.69 0.46 e o 6.67 2.16 007 | Spring | 0.00 0 0.00
6/16/2022 6/16/2022 .
61 7.66 0.28 o o 0.77 1.92 037 | Spring | 229 | 4879 437
6/17/2022 6/17/2022 .
62 1.01 0.27 e e 1.03 138 026 | Spring | 0.00 0 0.00
62212022 6/23/2022

63 5.10 0.34 22, e 4.37 0.60 0.08 | Summer | 047 | 2016 6.13

64 4.56 059 | O 212/%%22 6/ 212/_21%22 2.07 2.88 029 | Summer | 476 | 15506 | 5.73

65 137 072 | © 23?_/3222 6/ 213/%%22 8.57 3.72 0.08 | Summer | 014 | 1491 5.10
7/6/2022 71612022

66 7.33 0.98 e S 143 252 0.68 | Summer | 0.00 0 0.00
77712022 7712022

67 0.84 0.15 1o 1o 2.03 0.60 0.07 | Summer | 0.12 668 2.67
71812022 77812022

68 0.92 0.40 e o 5.63 1.08 0.07 | Summer | 39.77 | 111730 | 3.90




Antecedent

Max.

Storm dry Depth Storm Storm Duration 5-min A verage Peak Runoff Runt?ff
. . . . intensity | Season flow volume | duration
event period (in) start end (hr) intensity . 3 3
P o) iy | (inihe) (fs) | (fO) (hr)
69 0.79 200 | 19;?2222 7’%?;’32 263 3.96 114 | Summer | 0.00 0 0.00
70 0.29 043 | 139_/32222 7 11%%22 13.57 0.42 003 | Summer | 0.00 0 0.00




Table 5. Summary of MP459 TSS data

Storm event

Sampled
volume (ft%)

Percentage of
hydrograph (%)

TSS (mg/L)
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Table 6. MP459 maximum velocities and potential maximum erosion rates from 1D steady analyses

Storm Maxim.um Permis'?‘ible . . e
event velocity velocity Velocity ratio 1. (Ib/ft?) ta_Qp/ta TaiTc (infs)
(ft/s) exceeded

1 0.99 No 0.39 0.14 Less Qp 7.75 3.38E-04

2 - - - - - - -

3 3.74 Yes 1.50 0.50 Qp greater 27.68 1.34E-03

4 - - - - - - -

5 - - - - - - -

6 - - - - - - -

7 - - - - - - -

8 - - - - - - -

9 - - - - - - -

10 - - - - - - -

11 - - - - - - -

12 - - - - - - -

13 0.75 No 0.30 0.04 Qp greater 2.21 6.08E-05

14 - - - - - - -

15 - - - - - - -

16 - - - - - - -

17 - - - - - - -

18 2.46 No 0.98 0.25 Qp greater 13.84 6.43E-04

19 - - - - - - -

20 1.40 No 0.56 0.12 Qp greater 6.64 2.82E-04

21 3.88 Yes 1.55 0.52 Qp greater 28.78 1.39E-03

22 - - - - - - -

23 0.65 No 0.26 0.04 Qp greater 2.21 6.08E-05

24 - - - - - - -

25 0.62 No 0.25 - - - -

26 1.37 No 0.55 0.12 Qp greater 6.64 2.82E-04
cvomt | elosiy | "vaoaty | Veloityratio | ra() | wQpr, | |




(ft/s) exceeded

27 1.74 No 0.70 0.16 Qp greater 8.86 3.93E-04

28 1.26 No 0.50 0.10 Qp greater 5.54 2.27E-04

29 - - - - - - -

30 0.95 No 0.38 0.06 Qp greater 3.32 1.16E-04

31 1.52 No 0.61 0.14 Qp greater 7.75 3.38E-04

32 4.92 Yes 1.97 0.79 Qp greater 43.73 2.14E-03

33 2.01 No 0.80 0.19 Qp greater 10.52 4.76E-04

34 3.00 Yes 1.20 0.35 Qp greater 19.37 9.20E-04

35 1.40 No 0.56 0.12 Qp greater 6.64 2.82E-04

36 0.65 No 0.26 - - - -

37 0.66 No 0.26 - - - -

38 1.77 No 0.71 0.16 Qp greater 8.86 3.93E-04

39 0.80 No 0.32 - - - -

40 0.64 No 0.25 - - - -

41 - - - - - - -

42 1.31 No 0.52 0.11 Qp greater 6.09 2.55E-04

43 - - - - - - -

44 3.32 Yes 1.33 0.40 Qp greater 22.14 1.06E-03

45 3.39 Yes 1.36 0.42 Qp greater 23.25 1.11E-03

46 2.08 No 0.83 0.20 Qp greater 11.07 5.04E-04

47 3.04 Yes 1.21 0.35 Qp greater 19.37 9.20E-04

48 1.27 No 0.51 0.10 Qp greater 5.54 2.27E-04

49 212 No 0.85 0.21 Qp greater 11.62 5.32E-04

50 2.50 No 1.00 0.26 Qp greater 14.39 6.70E-04

51 - - - - - - -

52 0.73 No 0.29 - - - -

53 0.83 No 0.33 0.05 Qp greater 2.77 8.85E-05
Storm Maxim_um Permis'?‘ible _ ) e
event velocity velocity Velocity ratio 1a (Ib/ft?) ta_Qp/ta TaiTc (infs)

(ft/s) exceeded

54




55

56 0.88 No 0.35 0.06 Qp greater 3.32 1.16E-04
57 4.43 Yes 1.77 0.66 Qp greater 36.53 1.78E-03
58 0.62 No 0.25 - - - -
59 2.54 Yes 1.02 0.27 Qp greater 14.95 6.98E-04
60 - - - - - - -
61 1.46 No 0.58 0.13 Qp greater 7.20 3.10E-04
62 - - - - - - -
63 0.62 No 0.25 0.04 Less Qp 2.21 6.08E-05
64 1.92 No 0.77 0.18 Qp greater 9.96 4.49E-04
65 0.59 No 0.23 - - - -
66 - - - - - - -
67 0.56 No 0.22 - - - -
68 3.74 Yes 1.50 0.50 Qp greater 27.68 1.34E-03
69 - - - - - - -
70 - - - - - - -

Note Ta, Qp, Tc, and € refer to applied shear stress, peak discharge, critical shear stress, and erosion rate, respectively




Table 7. MP459 discharge rating curve

Discharge (ft%/s) Water surface elevation (ft)
0 93.40
0.25 93.57
0.5 93.62
1 93.70
5 94.04
10 94.28
15 94.46
20 94.61
25 94.73
30 94.84
35 94.93
40 95.02
45 95.10
50 95.17
55 95.23
60 95.29
65 95.35
70 95.41
75 95.46
80 95.51
85 95.55
90 95.60
95 95.65
100 95.70
110 95.77
120 95.86




Table 8. MP459 velocity rating curve

Velocity (ft/s) Discharge (ft%/s)
0.45 0.05
0.75 0.25
0.98 0.5
1.22 1
1.96 5
243 10
2.75 15
2.98 20
3.19 25
3.39 30
3.58 35
3.75 40
3.92 45
4.08 50
4.23 55
4.38 60
4.52 65
4.65 70
4.77 75
4.9 80
5.02 85
5.13 90
5.21 95
5.3 100
5.51 110
5.66 120
0.45 0.05




Table 9. Summary of MP467 hydrologic and runoff data

Antecedent Max. Average Peak | Runoff Runoff
Storm dry Depth Storm Storm Duration 5-min . 9 -
. . . . intensity | Season | flow | volume | duration
event period (in) start end (hr) intensity (in/hr) (ft¥ls) () (hr)
(days) (in/hr)
1 ] 1.08 7/%/_21321 7%’_25%21 2.70 2.10 040 | Summer | 13.88 | 41207 173
2 5.91 424 | 7 %/_25%21 7l 186/3?:(3)221 9.67 378 044 | Summer | 38.00 | 340346 | 7.20
7/18/2021 | 7/19/2021
3 10.20 0.79 o e 18.00 1.68 004 | Summer | 0.00 0 0.00
7/28/2021 | 7/28/2021
4 9.00 0.44 o o 0.70 2.82 063 | Summer | 0.00 0 0.00
8/3/2021 | 8/3/2021
5 5.96 0.15 o o 467 0.12 003 | Summer | 0.00 0 0.00
8/7/2021 | 8/7/2021
6 3.33 0.90 o e 7.60 2.22 042 | Summer | 0.00 0 0.00
7 2.96 022 | ¥ 11%/_21%21 8f 11%/_21%21 313 1.20 007 | Summer | 7.75 | 13651 0.83
8/14/2021 | 8/14/2021
8 3.98 242 e i 577 450 042 | Summer | 43.00 | 140200 | 243
9 0.85 257 | 8 1154/,%321 8f 1?,’5521 10.23 8.34 025 | Summer | 4357 | 84228 2.00
8/19/2021 | 8/20/2021
10 3.91 0.14 I o 1.7 0.30 0.11 Summer | 0.00 0 0.00
8/20/2021 | 8/20/2021
11 0.61 0.25 P e 6.40 1.98 004 | Summer | 618 | 11042 0.80
8/23/2021 | 8/23/2021
12 2.71 0.82 o o2 0.60 3.96 137 | Summer | 0.00 0 0.00
9/9/2021 | 9/9/2021
13 16.83 0.43 o o 5.00 ] ] Summer | 584 | 19723 1.33
9/23/2021 | 9/23/2021
14 13.42 0.19 o o 3.00 ] ] Fall | 11.13 | 23840 1.30
9/30/2021 | 9/30/2021
15 7.00 0.30 o o 3.00 ] ] Fall 553 | 11679 0.87
16 8.91 2.79 10/?_’5221 10?’_22321 19.63 2.82 0.14 Fall | 26.15 | 345513 | 2207
Storm | Antecedent | Depth Storm Storm Duration Max. Average Season Peak | Runoff Runoff
event dry (in) start end (hr) 5-min intensity flow | volume | duration




period intensity (in/hr) (ft3/s) (ft3) (hr)
(days) (in/hr)
10/16/2021 | 10/16/2021
17 6.78 0.26 o o 0.37 1.50 0.71 Fall 0.00 0 0.00
10/25/2021 | 10/26/2021
18 9.21 1.66 o A 3.07 4.20 0.54 Fall | 44.43 | 131639 | 2.70
10/28/2021 | 10/29/2021
19 275 0.77 O e 11.83 1.14 0.07 Fall 629 | 96036 | 10.40
11726/2021 | 11/26/2021
20 27.87 0.13 A N 2.50 0.24 0.05 Fall 0.00 0 0.00
12/8/2021 | 12/8/2021
21 12.00 0.37 s s 3.30 0.42 0.11 Fall 0.00 0 0.00
1211112021 | 12/12/2021
22 3.48 0.50 Do e 530 228 0.09 Fall 629 | 26952 1.93
23 6.97 099 | 1% 119%021 12/112_/225’21 15.07 0.30 0.07 Fall 826 | 125555 | 7.27
1212112021 | 122212021
24 1.97 057 o e 10.83 0.42 0.05 Fall 584 | 56190 | 427
12/29/2021 | 12/30/2021 .
25 7.78 0.20 s " 6.60 0.42 0.03 Winter | 0.00 0 0.00
112022 | 1/1/2022 .

26 265 0.19 o o 0.33 1.20 0.57 Winter | 0.00 0 0.00
27 0.52 0.41 1’%/_21%22 1%’_22%22 1.13 1.38 0.36 Winter | 890 | 63146 3.90
122022 | 1/3/2022 .

28 0.48 2.82 e N 18.13 1.20 0.16 Winter | 28.06 | 492676 | 15.30
17912022 | 1/10/2022 .

29 6.24 0.45 o o 373 0.60 0.12 Winter | 423 | 66212 6.17
30 6.48 154 |V 11?_25%22 " 17 _/32222 13.60 0.72 0.11 Winter | 13.82 | 210354 | 857
1720/2022 | 1/20/2022 .

31 3.44 0.51 P S 10.60 0.18 0.05 Winter | 4.33 | 81824 9.47
1222022 | 112212022 .

32 1.62 0.22 o o 373 0.24 0.06 Winter | 0.00 0 0.00
2042022 | 2/4/2022 .

33 12.66 0.23 - A 1.97 0.60 0.12 Winter | 0.00 0 0.00
Storm Ante';:edent Depth Storm Storm Duration ;VI a)_(. A verage S I:Ieak Rl:nOff dRum_)ff
event ry (in) start end (hr) _9-min |nt_en5|ty eason ow | volume uration

period intensity (in/hr) (ft3/s) (ft3) (hr)




(days) (in/hr)
34 2.72 091 | 202022 | 272022 1 1860 0.30 0.05 Winter | 6.05 | 129541 | 10.23
35 10.18 041 | 182022 | 2182022 1543 0.72 0.08 Winter | 3.28 | 36384 | 533
36 9.06 0.9 | HATA022 | 227112022 | ga7 0.12 0.03 Winter | 0.00 0 0.00
37 8.24 0.0 | 72022 | 382022 3.23 0.42 0.03 Winter | 0.00 0 0.00
38 0.82 037 | 82022 | 3DR0ZZ | 1583 0.30 0.02 Winter | 0.00 0 0.00
39 2.31 04 | ¥TUA022 | 3112922 1 pg7 0.24 0.06 Winter | 0.00 0 0.00
40 0.26 149 | 122022 | 31212922 1 4 53 0.96 0.24 Winter | 1652 | 129318 | 5.03
41 4.31 208 | 3192022 | 9222 | 4800 1.80 0.12 Winter | 24.89 | 310115 | 19.17
42 6.74 0.84 | /2412022 | 3242022 | g o7 1.50 0.09 Spring | 6.29 | 72450 | 953
5:06 14:04
43 6.94 147 | 12022 | BR022 1 433 156 0.27 Spring | 21.47 | 88114 | 4.20
44 5.04 044 | o222 | 402022 6.37 114 0.07 Spring | 0.00 0 0.00
45 232 012 | 82022 | 4OebE2 2.83 0.72 0.04 Spring | 0.00 0 0.00
46 9.89 126 | ¥ 188:/3222 4l 113/:25%22 6.87 1.14 0.18 Spring | 801 | 78858 | 4.83
47 8.05 0.14 | ¥ 21%/:21%22 4 21%/:%%22 1.87 0.54 0.08 Spring | 0.00 0 0.00
48 5.03 021 | 11{/32:2 5 22/:25322 8.10 0.96 0.03 Spring | 0.00 0 0.00
49 463 017 | 16%)52 5/%?:?52 5.67 0.48 0.03 Spring | 0.00 0 0.00
Storm | Antecedent De:pth Storm Storm Duration Ma)_(. _Average Season Peak | Runoff Rum_)ff
event dry (in) start end (hr) 5-min intensity flow | volume | duration




period intensity (in/hr) (ft3/s) (ft3) (hr)

(days) (in/hr)
50 5.72 0.10 | 11%’%%22 5 1221’3322 477 0.30 0.02 Spring | 0.00 0 0.00
51 0.92 0.16 | 11%’31%22 5 12%’:%%22 1.07 0.60 0.15 Spring | 0.00 0 0.00
52 2.88 020 | 11%)%22 5 11%/:%322 0.70 2.22 0.41 Spring | 0.00 0 0.00
53 6.91 178 | o 21%/:22%22 5 23:/5(?22 8.13 4.44 0.22 Spring | 26.55 | 117488 | 9.87
54 3.39 101 | 212%%22 5 21;/3222 8.70 4.20 0.12 Spring | 16.20 | 52403 | 2.60
55 0.33 011 | 2;3:’5222 528 fém 0.27 0.54 0.41 Spring | 0.00 0 0.00
56 11.69 046 | 00022 | 62022 6.67 2.16 0.07 Spring | 0.00 0 0.00
57 7.66 028 | © 116;/:25322 6/ 11%/31%22 0.77 1.92 0.37 Spring | 0.00 0 0.00
58 1.01 027 | 9 112/:25322 6/ 112/:25%22 1.03 1.38 0.26 Spring | 0.00 0 0.00
59 5.10 034 | O2Z2022 | 0231222 1 437 0.60 0.08 | Summer | 0.00 0 0.00
60 4.56 059 | OATZ022 | 02712022 1 507 2.88 0.29 | Summer | 0.00 0 0.00
61 1.37 072 | B2YR022 | 0292022 1 g 57 3.72 0.08 | Summer | 845 | 20735 | 1.50
62 7.33 098 | 02022 | Tloi2022 143 252 0.68 | Summer | 3551 | 148624 | 3.67
63 0.84 045 | 12022 | 172082 2.03 0.60 0.07 | Summer | 0.00 0 0.00
64 0.92 040 | 2022 | 72022 5.63 1.08 0.07 | Summer | 0.00 0 0.00
65 0.79 299 | TPR2022 | 12022 263 3.96 114 | Summer | 83.18 | 326199 | 4.73

stom | "y | Doptn | Stom | siom | Duraton | Smin | Averase | | Pesk | funoft | Runef

event period (in) start end (hr) |nt_en5|ty (in/hr) (ftls) () (hr)

(days) (in/hr)




66 0.29 043 | 7 1?_’5222 7 11%%22 13.57 0.42 003 | Summer | 458 | 24910 | 220
7/15/2022 | 7/15/2022

67 5.04 0.20 o120 o 0.63 0.78 032 | Summer | 0.00 0 0.00
712312022 | 7/23/2022

68 7.83 0.11 /2 o/, 0.33 0.54 033 | Summer | 0.00 0 0.00
72412022 | 712412022

69 1.04 0.56 P 420 163 1.26 034 | Summer | 0.00 0 0.00
7/25/2022 | 7/26/2022

70 119 1.26 ol 0120 18.97 3.00 007 | Summer | 10.98 | 22429 | 1.03
712712022 | 712712022

71 0.89 0.12 e T 6.93 0.90 002 | Summer | 0.00 0 0.00
7/28/2022 | 7/28/2022

72 0.79 0.15 8120 o 4.60 1.08 003 | Summer | 0.00 0 0.00
7/31/2022 | 8/1/2022

73 2.72 0.62 120 V20 18.33 156 003 | Summer | 0.00 0 0.00




Table 10. Summary of MP467 TSS data

Storm event

Sampled
volume (ft%)

Percentage of
hydrograph (%)

TSS (mg/L)
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Storm event

Sampled
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Percentage of
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Table 11. Summary of MP467 maximum velocities and potential maximum erosion rates from 1D steady analyses

Storm lezi)l(gz:tlm Pevr:;cizscsitible Velocity ratio ©a (Ib/ft2) t._Qplt Tal €
event (ft/s) g exceedgd g ’ P T (in/s)
1 2.88 Yes 1.15 0.31 Qp greater 42.41 7.77*103
2 3.71 Yes 1.48 0.46 Qp greater 62.93 1.16*102
3 - - - - - - -
4 - - - - - - -
5 - - - - - - -
6 - - - - - - -
7 2.47 No 0.99 0.25 Qp greater 34.20 6.23*103
8 3.81 Yes 1.53 0.48 Qp greater 65.67 1.21*102
9 3.82 Yes 1.53 0.71 Less Qp 97.13 1.80*10-2
10 2.31 No 0.92 - - - -
11 - - - 0.22 Qp greater 30.10 5.46*103
12 - - - - - - -
13 2.27 No 0.91 0.22 Qp greater 30.10 5.46*103
14 2.72 Yes 1.09 0.29 Qp greater 39.67 7.26*103
15 2.23 No 0.89 0.21 Qp greater 28.73 5.21*103
16 3.40 Yes 1.36 0.40 Qp greater 54.72 1.01*102
17 - - - - - - -
18 3.84 Yes 1.54 0.48 Qp greater 65.67 1.21*102
19 2.32 No 0.93 0.23 Qp greater 31.46 5.72*103
20 - - - - - - -
21 - - - - - - -
22 2.32 No 0.93 0.23 Qp greater 31.46 5.72*103
23 2.51 Yes 1.00 0.26 Qp greater 35.57 6.49*103
24 2.27 No 0.91 0.22 Qp greater 30.10 5.46*103
25 - - - - - - -
26 - - - - - - -
oot | voomty | oty | Volooityratio | (bf) | vowh | wn | hy




(ft/s) exceeded

27 2.56 Yes 1.02 0.26 Qp greater 35.57 6.49*103

28 3.46 Yes 1.38 0.41 Qp greater 56.09 1.03*10-2

29 2.06 No 0.82 0.19 Qp greater 25.99 4.69*103

30 2.88 Yes 1.15 0.31 Qp greater 42.41 7.77%103

31 2.07 No 0.83 0.19 Qp greater 25.99 4.69*103

32 - - - - - - -

33 - - - - - - -

34 2.30 No 0.92 0.22 Qp greater 30.10 5.46*103

35 1.91 No 0.76 0.17 Qp greater 23.26 4.18*103

36 - - - - - - -

37 - - - - - - -

38 - - - - - - -

39 - - - - - - -

40 3.02 Yes 1.21 0.34 Qp greater 46.51 8.54*103

41 3.36 Yes 1.34 0.40 Qp greater 54.72 1.01*102

42 2.32 No 0.93 0.23 Qp greater 31.46 5.72*103

43 3.24 Yes 1.30 0.37 Qp greater 50.62 9.32*103

44 - - - - - - -

45 - - - - - - -

46 2.49 No 1.00 0.25 Qp greater 34.20 6.23*103

47 - - - - - - -

48 - - - - - - -

49 - - - - - - -

50 - - - - - - -

51 - - - - - - -

52 - - - - - - -

53 3.42 Yes 1.37 0.41 Qp greater 56.09 1.03*102
Storm %:T::T.Lt'm Pe\;gli?tible Velocity ratio © (Ib/fE2) t._Qplt TalT €
event (ft/s) Y exceedgd Y ) P " (in/s)

54 3.01 Yes 1.20 0.33 Qp greater 45.15 8.29*103




55

56

57

58

59

60

61

Qp greater

6.49*103

62

Qp greater

1.14*102

63

64

65

Less Qp

1.37*102

66

Qp greater

4.95*103

67

68

69

70

Qp greater

7.26*103

71

72

73

Note Ta, Qp, Tc, and € refer to applied shear stress, peak discharge, critical shear stress, and erosion rate, respectively




Table 12. MP467 discharge rating curve

Discharge (ft%/s) Water surface elevation (ft)
0 97.21
0.5 97.40
1 97.50
1.5 97.58
2 97.65
25 97.71
3 97.77
3.5 97.82
4 97.87
4.5 97.92
5 97.96
5.5 98.01
6 98.05
6.5 98.09
7 98.13
7.5 98.17
8 98.20
8.5 98.24
9 98.27
9.5 98.31
10 98.34
12 98.46
14 98.58
16 98.68
18 98.78
20 98.88
22 98.97
24 99.05
26 99.14
28 99.22
30 99.29
40 99.64
50 99.94
60 100.22
70 100.48
80 100.71
90 100.93
100 101.13
120 101.48
140 101.65




Table 13. MP467 velocity rating curve

Velocity (ft/s) Discharge (ft%/s)
0 0
0.31 0.01
1.01 0.5
1.28 1
1.5 1.5
1.63 2
1.76 25
1.86 3
1.95 3.5
2.02 4
21 4.5
217 5
2.23 5.5
2.29 6
2.34 6.5
2.39 7
2.44 7.5
2.49 8
2.53 8.5
2.57 9
2.61 9.5
2.65 10
2.78 12
2.89 14
3 16
3.09 18
3.18 20
3.26 22
3.33 24
34 26
3.46 28
3.52 30
3.76 40
3.94 50
4.08 60
4.16 70
4.2 80
4.25 90
4.3 100
4.41 120
4.78 140




Table 14. Summary of MP495 hydrologic and runoff data

Antecedent

Max.

Storm dry Depth Storm Storm Duration 5-min A verage Peak Runoff Run9ff
. . . . intensity | Season flow volume | duration
event period (in) start end (hr) intensity (in/hr) (fls) () (hr)
(days) (in/hr)
1 ] 1.08 7/%/_21321 7%’_25%21 2.70 2.10 040 | Summer | 293 | 16953 | 270
7/8/2021 | 7/8/2021
2 5.91 424 o e 9.67 378 044 | Summer | 564 | 65866 | 967
3 10.20 079 | 7 12?/_21%21 7 1195/_21%21 18.00 168 004 | Summer | 178 | 12134 | 18.00
7/28/2021 | 7/28/2021
4 9.00 0.44 o o 0.70 2.82 063 | Summer | 025 121 0.70
8/3/2021 | 8/3/2021
5 5.96 0.15 P e 467 0.12 003 | Summer | 0.00 0 467
6 3.33 090 | & 73/,%%21 8/17 fgf 7.60 2.22 012 | Summer | 264 | 11531 7.60
8/10/2021 | 8/10/2021
7 2.96 0.22 o o 313 1.20 007 | Summer | 0.00 0 313
8/14/2021 | 8/14/2021
8 3.98 2.42 I i 577 450 042 | Summer | 462 | 25731 | 577
9 0.85 257 | & 11‘2/_ 25321 8f 1?_’5521 10.23 8.34 025 | Summer | 1325 | 52040 | 1023
8/19/2021 | 8/20/2021
10 3.91 0.14 e e 1.7 0.30 041 | Summer | 0.00 0 1.7
8/20/2021 | 8/20/2021
11 0.61 0.25 o Y 6.40 1.08 004 | Summer | 136 | 4902 6.40
8/23/2021 | 8/23/2021
12 2.71 0.82 o o2 0.60 3.96 137 | Summer | 273 | 18071 | 0.60
10/9/2021 | 10/9/2021
13 ] 2.86 o e 19.40 1.02 0.15 Fall 209 | 83606 | 19.40
10/16/2021 | 10/16/2021
14 6.79 0.13 e o 1.03 0.36 0.13 Fall 0.00 0.00 1.03
10/25/2021 | 10/25/2021
15 9.18 1.49 2o N 157 378 0.95 Fall 250 | 22264 | 157
16 2.80 0.54 10/12§_/22821 10/%9é%021 12.17 0.54 0.04 Fall 147 | 28280 | 12.17
Storm | Antecedent | Depth Storm Storm Duration Max. Average Season Peak Runoff | Runoff
event dry (in) start end (hr) 5-min intensity flow volume | duration




period intensity (in/hr) (ft3/s) (ft3) (hr)
(days) (in/hr)
117412021 | 11/412021
17 6.21 0.11 e e 4.87 0.12 0.02 Fall 0.00 0.00 487
11/22/2021 | 11/22/2021
18 17.64 0.54 e a2t 6.97 0.72 0.08 Fall 170 | 16887 | 5.0
11/26/2021 | 11/26/2021
19 3.54 0.13 e s 433 0.24 0.03 Fall 0.00 0.00 0.00
12/8/2021 | 12/8/2021
20 11.90 0.51 o o 7.83 0.84 0.07 Fall 289 | 26991 | 573
1211172021 | 12/12/2021
21 3.32 0.22 o o 357 1.20 0.06 Fall 204 | 7432 233
22 6.99 093 | 1% 1(;_9%021 12/ 113_/3?221 18.30 0.42 0.05 Fall 409 | 87073 | 14.30
23 1.87 0.60 12/1251_/22221 12/22?422021 10.80 0.60 0.06 Fall 368 | 53054 | 843
24 7.97 021 | 1% 3;95021 12/ %%%021 1.87 0.30 0.11 Winter | 162 | 7682 3.57
25 3.20 0.36 1/%/,21%22 1%’_21322 0.97 1.20 0.37 Winter | 3.30 | 24162 | 493
122022 | 1/3/2022 .
26 0.45 258 e e 18.77 1.20 0.14 Winter | 342 | 123207 | 20.90
1/9/2022 | 1/10/2022 .
27 6.25 0.40 as oz 3.47 0.48 0.12 Winter | 150 | 16869 | 5.0
28 6.49 146 |V 112/ %%22 1 15 _/22522 12.47 0.72 0.12 Winter | 279 | 68242 | 11.10
17202022 | 1/20/2022 .
29 3.48 0.57 02 o 10.87 0.18 0.05 Winter | 1.87 | 42370 | 1127
122/2022 | 12212022 .
30 1.65 0.24 o o 317 0.18 0.08 Winter | 068 | 9862 7.20
31 12.65 0.18 2/‘&/_21%22 Z/ffffz 4.97 0.54 0.04 Winter | 027 413 0.50
32 272 oss | ¢ 77/_%%22 2/27é?$§2 15.77 0.30 0.06 Winter | 245 | 65259 | 13.00
33 10.17 0.34 | 2/18/2022 | 2/18/2022 2.03 0.84 0.12 Winter | 126 | 11031 6.03
3:20 6:16
Storm Antec;:edent Depth Storm Storm Duration 5M a)_(. A verage S I:Ieak Rl:nOff dRunc_,ff
event ry (in) start end (hr) _9-min |nt_enS|ty eason ow volume uration
period intensity (in/hr) (ft3/s) (ft3) (hr)




(days) (in/hr)
212712022 | 2/27/2022 .
34 9.14 0.19 o e 6.40 0.12 0.03 Winter | 052 | 2271 2.03
3/8/2022 | 3/9/2022 .
35 9.18 0.38 P o 17.70 0.30 0.02 Winter | 084 | 12728 | 947
3/11/2022 | 3/11/2022 .
36 2.26 0.16 oo o 3.07 0.24 0.05 Winter | 093 | 9108 557
37 0.27 101 | ¥ 152_/52222 3 11%/ 21%22 430 1.08 0.23 Winter | 3.09 | 53109 | 15.90
3/16/2022 | 3/17/2022 .
38 431 1.51 o e 17.37 1.32 0.09 Winter | 293 | 93204 | 1817
32412022 | 3/24/2022 .
39 6.70 0.46 N - 11.07 114 0.04 Spring | 136 | 21970 | 9.00
3/31/2022 | 3/31/2022 .
40 6.89 116 e ey 5.37 1.74 0.22 Spring | 293 | 34180 | 7.43
41 5.01 047 | ¥ 154;;)52 4 %’_21%22 6.37 0.60 0.07 Spring | 167 | 17705 | 873
42 227 021 | ¥ %/igzz 4 ﬂgggz 4.20 0.60 0.05 Spring | 129 | 8066 6.07
471812022 | 4/18/2022 .
43 9.88 1.31 5 o2 6.90 1.44 0.19 Spring | 315 | 42203 | 13.87
5/1/2022 | 5/1/2022 .
44 13.16 0.17 o A 2.30 0.54 0.07 Spring | 0.00 0 0
5/6/2022 | 5/6/2022 .
45 4.86 0.30 e o 6.07 1.86 0.05 Spring | 0.00 0 0
5/7/2022 | 5/7/2022 .
46 0.68 0.20 [ o 3.23 1.20 0.06 Spring | 0.08 100 0.97
47 15.90 055 | 21%/ %%22 5/ 2;_/22822 13.50 1.86 0.04 Spring | 342 | 30836 | 12.80
5/27/2022 | 5/27/2022 .
48 317 0.21 e - 1.17 0.96 0.18 Spring | 264 | 621638 | 7.43
49 0.26 020 | ¥ 2177/ %%22 5/ 2,3’3222 9.23 0.84 0.02 Spring | 3.04 | 30909 | 1243
Storm | Antecedent | Depth Storm Storm Duration Max. Average Season Peak Runoff | Runoff
event dry (in) start end (hr) 5-min intensity flow volume | duration




period intensity (in/hr) (ft3/s) (ft3) (hr)

(days) (in/hr)
50 11.68 026 | © %?Zofz 6/ a%%” 6.20 156 0.04 Spring | 0.00 0 0.00
51 7.68 0.48 6”1(3’:25%22 6”1%/:25322 0.93 2.28 0.51 Spring | 096 | 1463 3.13
52 6.14 026 | 0222022 | 6202022 4.40 0.42 0.06 | Summer | 0.00 0 0.00
53 4.56 050 | O/212022 ) 6272022 1.97 2.04 0.25 | Summer | 0.00 0 0.00
54 1.36 I e 6.13 0.84 0.06 | Summer | 132 | 5542 | 5417
55 6.44 047 | TIOZ%E2 | 12022 0.43 4.26 108 | Summer | 1.05 | 1568 1.03
56 0.97 125 | 12022 | T2 2.00 3.24 063 | Summer | 293 | 24192 | 8.10
57 0.83 142 | (72022 72022 1.97 5.64 057 | Summer | 304 | 27825 | 7.33
58 0.93 203 | 702022 | 792022 9.63 4.20 0.21 | Summer | 874 | 44227 | 7.63
59 0.64 140 | 12022 | 752022 477 3.30 0.29 | Summer | 309 | 45429 | 10.80
60 0.26 og | 712022 | 70022 1 4497 0.78 0.05 | Summer | 2.89 | 73549 | 18.40
61 4.90 020 | 7192922 762022 0.63 0.78 0.32 | Summer | 0.04 282 3.57
62 7.83 041 | 232022 TIA%2022 0.33 0.54 0.33 | Summer | 0.00 0 0.00
63 1.04 056 | 12Y2022 | T/AdE0z2 163 1.26 034 | Summer | 174 | 6757 | 3.83
64 1.19 126 | [1252022 | TI2O2922 | 1g97 3.00 0.07 | Summer | 284 | 24352 | 7.83
65 0.89 042 | T2NEN2 | TIET2022 6.93 0.90 0.02 | Summer | 0.00 0 0.00
event period (in) start end (hr) |nt_en5|ty (infhr) (f¥ls) () (hr)

(days) (in/hr)




7/28/2022 7/28/2022

66 0.79 0.15 15:58 20:34 4.60 1.08 0.03 Summer 0.30 447 0.80
7/31/2022 8/1/202

67 2.72 0.62 13:46 8:06 18.33 1.56 0.03 Summer 1.43 22893 13.47




Table 15. Summary of MP495 TSS data

Sampled

Percentage of

Storm event volume (f®) | hydrograph (%) TSS (mg/L)
1 16613 98 18.59
2 - - -

3 8566 71 18.13
4 - - -
5 - - -
6 - - 8.50
7 - - -
8 19736 77 33.01
9 - - -
10 - - -
11 - - 13.59
12 17816 99 37.99
13 - - -
14 - - -
15 - - 15.06
16 - - 7.79
17 - - -
18 16498 98 8.76
19 - - -
20 - - 5.34
21 - - 7.30
22 - - -
23 - - -
24 - - -
25 - - -
26 - - -
27 - - -
28 - - -
29 - - -
30 - - -
31 - - -
32 19955 31 8.40
33 - - 11.16
34 - - -
35 - - -
36 - - -
37 - - -
38 - - -
39 20462 93 11.76
Storm event Sampled Percentage of TSS (mg/L)

volume (ft3)

hydrograph (%)




40

19870

17.68

41

16318

12.33

42

43

19621

9.32

44

45

46

47

20297

27.32

48

21846

24.80

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67




Table 16. Summary of MP495 maximum velocities and potential maximum erosion rates from 1D steady analyses

Storm %ZT::T:;“ Pevr::::scsutls ° Velocity ratio ta (Ib/ft2) ta_Qplt, Taile €
event (ft/s) exceeded B (in/s)
1 7.42 Yes 212 0.40 Less Qp 26.79 6.24E-03
2 8.88 Yes 2.54 0.52 Qp greater 34.82 8.18E-03
3 6.48 Yes 1.85 0.41 Less Qp 27.46 6.40E-03
4 - - - - - - -
5 - - - - - - -
6 7.22 Yes 2.06 0.38 Qp greater 25.45 5.91E-03
7 - - - - - - -
8 8.38 Yes 2.39 0.47 Qp greater 31.47 7.37E-03
9 11.41 Yes 3.26 0.67 Qp greater 44.87 1.06E-02
10 - - - - - - -
11 6.01 Yes 1.72 0.31 Qp greater 20.76 4.78E-03
12 7.28 Yes 2.08 0.37 Qp greater 24.78 5.75E-03
13 7.46 Yes 2.13 0.40 Less Qp 26.79 6.24E-03
14 - - - - - - -
15 7.1 Yes 2.03 0.37 Qp greater 2478 5.75E-03
16 6.15 Yes 1.76 0.31 Qp greater 20.76 4.78E-03
17 - - - - - - -
18 6.41 Yes 1.83 0.34 Qp greater 22.77 5.26E-03
19 - - - - - - -
20 7.39 Yes 2.11 0.34 Qp greater 22.77 5.26E-03
21 6.73 Yes 1.92 0.35 Qp greater 23.44 5.43E-03
22 8.09 Yes 2.31 0.44 Qp greater 29.47 6.88E-03
23 7.86 Yes 2.24 0.42 Qp greater 28.13 6.56E-03
24 6.32 Yes 1.81 - - - -
25 - - - 0.42 Less Qp 28.13 6.56E-03
26 - - - 0.41 Qp greater 27.46 6.40E-03
e | "vaocty | astys | Veestyrato | b | wowt | we | g




(ft/s) exceeded

27 - - - 0.32 Qp greater 21.43 4.94E-03

28 - - - 0.39 Qp greater 26.12 6.07E-03

29 - - - 0.35 Qp greater 23.44 5.43E-03

30 - - - 0.28 Less Qp 18.75 4.29E-03

31 - - - - - - -

32 7.07 Yes 2.02 0.37 Qp greater 24.78 5.75E-03

33 5.89 Yes 1.68 0.31 Less Qp 20.76 4.78E-03

34 4.64 Yes 1.33 0.28 Qp greater 18.75 4.29E-03

35 5.26 Yes 1.50 0.31 Less Qp 20.76 4.78E-03

36 5.41 Yes 1.55 0.31 Less Qp 20.76 4.78E-03

37 7.52 Yes 2.15 0.40 Qp greater 26.79 6.24E-03

38 7.42 Yes 212 0.40 Less Qp 26.79 6.24E-03

39 6.01 Yes 1.72 0.31 Qp greater 20.76 4.78E-03

40 7.42 Yes 212 0.39 Qp greater 26.12 6.07E-03

41 6.37 Yes 1.82 0.34 Qp greater 22.77 5.26E-03

42 5.93 Yes 1.69 0.31 Qp greater 20.76 4.78E-03

43 7.56 Yes 2.16 0.40 Qp greater 26.79 6.24E-03

44 - - - - - - -

45 - - - - - - -

46 2.75 No 0.79 0.17 Less Qp 11.38 2.51E-03

47 7.72 Yes 2.21 0.25 Qp greater 16.74 3.81E-03

48 - - - 0.38 Qp greater 2545 5.91E-03

49 7.49 Yes 2.14 - - - -

50 - - - - - - -

51 5.46 Yes 1.56 0.30 Less Qp 20.09 4.62E-03

52 - - - - - - -

53 - - - - - - -
Storm Maxim_um Permiss_ible _ ) e
event velocity velocity Velocity ratio 1a (Ib/ft?) ta_Qp/ta TaiTc (infs)

(ft/s) exceeded
54 5.97 Yes 1.71 0.31 Qp greater 20.76 4.78E-03




55 5.60 Yes 1.60 0.29 Less Qp 19.42 4.45E-03
56 7.42 Yes 212 0.39 Qp greater 26.12 6.07E-03
57 7.49 Yes 2.14 0.39 Qp greater 26.12 6.07E-03
58 10.08 Yes 2.88 0.59 Qp greater 39.51 9.31E-03
59 7.52 Yes 2.15 0.40 Qp greater 26.79 6.24E-03
60 7.39 Yes 2.1 0.40 Qp greater 26.79 6.24E-03
61 2.22 No 0.63 0.15 Less Qp 10.05 2.19E-03
62 - - - - - - -

63 6.45 Yes 1.84 0.34 Qp greater 22.77 5.26E-03
64 7.35 Yes 210 0.40 Qp greater 26.79 6.24E-03
65 - - - - - - -

66 4.01 Yes 1.15 0.23 Less Qp 15.40 3.48E-03
67 6.11 Yes 1.75 - - - -

Note Ta, Qp, Tc, and € refer to applied shear stress, peak discharge, critical shear stress, and erosion rate, respectively




Table 17. Summary of MP495 maximum velocities and potential maximum erosion rates from

1D unsteady analyses

if,‘;’:t‘ %2 (Ib/ft2) TaiTo (in"/s)
1 6.40 428.59 0.10
2 757 506.94 0.12
3 473 316.75 0.08
4 - - R
5 - - -
6 6.14 411.18 0.10
7 - - -
8 7.02 470.11 0.11
9 - - -
10 : - -
11 4.66 312.07 0.08
12 6.23 417.20 0.10
13 6.45 431.94 0.10
14 - - -
15 5.97 399.79 0.10
16 447 299.34 0.07
17 - : .
18 4.66 312.07 0.08
19 : - -
20 6.36 425.91 0.10
21 5.5 351.58 0.08
22 6.95 465.42 0.11
23 6.82 456.71 0.11
24 : - _
25 6.63 443.99 0.1
26 6.69 448.01 0.11
27 441 295.32 0.07
28 6.28 420.55 0.10
29 491 328.81 0.08
30 4.66 312.07 0.08
31 - - -
32 5.91 395.77 0.10
33 4.66 312.07 0.08
34 4.66 312.07 0.08
35 4.66 312.07 0.08
36 4.66 312.07 0.08
37 6.52 436.62 0.11
38 6.40 428.59 0.10

if,‘;’r:;‘ %2 (Ib/ft2) Taile (in"/s)




39 4.66 312.07 0.08
40 6.04 404.48 0.10
41 4.66 312.07 0.08
42 4.66 312.07 0.08
43 6.55 438.63 0.11
44 - ; -
45 - - -
46 - ] -
47 6.70 448.68 0.11
48 6.14 411.18 0.10
49 - - i
50 - - -
51 4.65 311.40 0.08
52 - - -
53 - - -
54 4.66 312.07 0.08
55 4.65 311.40 0.08
56 6.41 429.26 0.10
57 6.49 434.61 0.10
58 10.49 702.48 0.17
59 6.52 436.62 0.11
60 6.36 425.91 0.10
61 - - -
62 - - -
63 4.66 312.07 0.08
64 6.33 423.90 0.10
65 - - -
66 - - -
67 - - -

Note T4, Tc, and € refer to applied shear stress, critical shear stress, and erosion rate, respectively




Table 18. Summary of MP814 hydrologic and runoff data

Antecedent

Max.

Storm dry Depth Storm Storm Duration 5-min A verage Peak Runoff Run9ff
. . . . intensity | Season flow volume | duration
event period (in) start end (hr) intensity (in/hr) (fls) () (hr)
(days) (in/hr)
1 ] 0.83 7/27/_21321 7%/_22221 213 1.56 039 | Summer | 1354 | 42464 | 337
7/2/2021 7/3/2021
2 0.61 0.20 23:54 516 5.37 0.60 0.04 Summer | 12.51 25175 2.67
7/8/2021 7/8/2021
3 5.13 3.55 8.98 17:58 9.50 1.80 0.37 Summer | 18.06 | 314863 15.87
8/7/2021 8/7/2021
4 29.70 0.45 10-40 1126 0.77 3.42 0.59 Summer | 12.89 10449 1.33
8/8/2021 8/8/2021
5 1.28 0.68 1810 2900 3.83 3.84 0.18 Summer | 18.75 24439 1.97
8/16/2021 | 8/17/2021
6 7.83 0.46 18:00 3:50 9.83 2.34 0.05 Summer | 9.22 12297 2.00
8/19/2021 | 8/20/2021
7 2.82 0.64 23:30 4:20 4.83 2.70 0.13 Summer | 13.38 26052 3.50
8/20/2021 | 8/20/2021
8 0.45 0.66 1512 16:50 1.63 414 0.40 Summer | 18.25 27420 1.80
9/1/2021 9/1/2021
9 11.97 0.26 16:00 23:00 0.29 - - Summer 1.38 3206 4.33
9/8/2021 9/8/2021
10 6.86 0.43 19:32 20:00 0.47 2.94 0.92 Summer | 13.75 9503 1.43
9/9/2021 9/9/2021
11 0.61 1.56 10-44 1398 2.73 3.72 0.57 Summer | 19.97 61748 4.00
9/21/2021 | 9/22/2021
12 12.40 1.30 2310 15:26 16.27 4.14 0.08 Summer | 18.67 72099 23.80
13 16.51 5.42 10/3?_/32(221 104%/_ %%21 13.00 5.28 0.42 Fall 4257 | 470186 | 14.00
10/16/2021 | 10/16/2021
14 6.98 0.15 1606 1642 0.60 0.78 0.25 Fall 7.88 11511 1.20
10/25/2021 | 10/25/2021
15 8.76 0.69 10-52 11-52 1.00 2.04 0.69 Fall 15.54 50690 10.93
16 0.42 0.78 10/2215_/52221 10/22‘?‘422021 430 426 0.18 Fall 2358 | 64313 | 3.60
Storm | Antecedent | Depth Storm Storm Duration Max. Average Season Peak Runoff | Runoff
event dry (in) start end (hr) 5-min intensity flow volume | duration




period intensity (in/hr) (ft3/s) (ft3) (hr)
(days) (in/hr)
10/28/2021 | 10/29/2021
17 2.85 0.83 o e 9.20 312 0.09 Fall 19.06 | 53767 | 840
11/22/2021 | 11/22/2021
18 24.01 0.27 2 222’ 6.00 0.18 0.05 Fall 081 | 10939 | 677
1211172021 | 12/11/2021
19 19.28 0.37 e e 0.70 258 0.53 Fall 1562 | 13394 | 1.80
12/19/2021 | 12/19/2021
20 734 0.73 e o 10.20 0.30 0.07 Fall 279 | 43002 | 1197
21 2.09 020 | 12/21/2021 | 12/22/2021 9.33 0.12 0.02 Fall 085 | 13970 | 9.10
17:56 316
122022 | 1/2/2022 .

22 11.20 0.38 o 2o 1.90 1.32 0.20 Winter | 909 | 18016 | 1.97

23 0.48 355 1/224?3952 1 1’_%%22 30.40 1.02 0.12 Winter | 2639 | 400408 | 21.20

24 571 0.30 1’24?8222 1 110_/3822 4.80 0.30 0.06 Winter | 246 | 17480 | 3.87

11612022 | 117/2022 .
25 6.56 117 o2 o 30.83 0.30 0.04 Winter | 5093 | 78647 | 8.30
17202022 | 1/20/2022 .

26 2.71 0.25 020 o 447 0.30 0.06 Winter ] ] ]

27 17.62 0.28 2/17(/)?2052 2@’%%” 14.70 0.30 0.02 Winter | 218 | 45119 | 19.20

28 10.10 017 | ¢ 13’5322 2/ 158_/5222 157 0.42 0.11 Winter | 251 | 19645 | 657

3/8/2022 | 3/9/2022 .
29 18.68 0.31 o s 15.50 0.24 0.02 Winter | 171 | 41071 | 17.97
30 2.39 108 | ¥ 1212/ 21322 3 15_/5822 11.43 1.08 0.09 Winter | 1034 | 107503 | 16.00
3/16/2022 | 3/17/2022 .
31 431 1.41 o= e 17.37 0.84 0.08 Winter | 977 | 199378 | 20.60
32 6.82 0.59 3/22/f§22 3/21‘;/_22%22 7.07 168 0.08 Spring | 588 | 24183 | 9.97
3/31/2022 | 3/31/2022 .

33 6.96 1.06 o S 427 2.04 0.25 Spring - ; ]
Storm Antec;:edent Depth Storm Storm Duration 5M a)_(. A verage S I:Ieak Rl:nOff dRunc_,ff
event ry (in) start end (hr) _9-min |nt_enS|ty eason ow volume uration

period intensity (in/hr) (ft3/s) (ft3) (hr)




(days) (in/hr)
4/5/2022 | 4/5/2022 .
34 5.07 0.26 e e 3.30 0.54 0.08 Spring | 449 | 39278 | 14.43
47772022 | 41712022 .
35 174 0.54 o e 0.93 2.28 0.58 Spring | 19.46 | 49780 | 553
36 10.66 101 | ¥ 12_/12522 4 1185/ 21%22 6.97 0.60 0.14 Spring | 832 | 75636 | 9.07
5/7/2022 | 5/7/2022 .
37 19.01 0.97 o o 4.20 5.64 0.23 Spring | 18.83 | 51836 | 9.30
5/14/2022 | 5/14/2022 .
38 6.72 0.76 e o 0.93 3.12 0.81 Spring | 1372 | 51338 | 820
5/16/2022 | 5/16/2022 .
39 2.21 0.10 o o 1.00 ; ; Spring | 138 | 1499 1.20
5/23/2022 | 5/24/2022 .
40 6.88 2.12 P v 12.90 4.26 0.16 Spring ; ; ;
5/27/2022 | 5/27/2022 .
41 3.51 0.21 ko ko 0.57 0.90 0.37 Spring ; ; ;
5/28/2022 | 5/28/2022 .
42 0.35 0.45 2:18 11:12 8.90 2.70 0.05 Spring - - -
6/8/2022 | 6/8/2022 .
43 11.32 0.14 o o 3.23 0.24 0.04 Spring ; ; ;
44 14.14 0.12 6/213_/5222 6/25’_/ 2322 213 0.42 0.06 | Summer | 217 | 9216 | 443
6/27/2022 | 6/27/2022
45 453 0.59 o o 3.00 3.18 020 | Summer | 14.80 | 21990 | 2.87
46 1.39 0.57 6/23_/52822 6/23_/5522 4.87 3.30 0.12 | Summer | 14.07 | 17991 | 4.90
7/712022 | 77712022
47 8.38 ] o e ] ] ] Summer | 505 | 7875 183
77812022 | 7/9/2022
48 0.98 0.13 e o 4.90 0.18 0.03 | Summer | 377 | 8935 210
7/10/2022 | 7/10/2022
49 157 0.16 o o 210 0.30 0.08 | Summer | 457 | 14100 | 343
Storm | Antecedent | Depth Storm Storm Duration Max. Average Season Peak Runoff | Runoff
event dry (in) start end (hr) 5-min intensity flow volume | duration




period intensity (in/hr) (ft3/s) (ft3) (hr)
(days) (in/hr)
50 ; ; ; 7/13/2022 ; - ] Summer | 0.24 721 1.37
0:00
7/15/2022
51 - - - 0:00 - - - Summer 0.16 391 1.13
52 ; ; ; 7 23 _/5822 ; - ; Summer | 575 | 2419 0.83
53 ] ] ] 7 25’_’5822 ] ] ] Summer | 0.30 689 157
54 ] ] ] 7 23_’5822 ] ] ] Summer | 0.97 988 1.03
7/26/2022 | 7/26/2022
55 263 0.17 o0 02 1.03 0.78 016 | Summer | 334 | 4136 113
712712022 | 7/27/2022
56 117 0.92 o, A 2.30 2.88 040 | Summer | 16.67 | 36067 | 7.43
57 357 0.39 7/3112/_ %%22 8/ 19/_21%22 21.10 1.56 002 | Summer | 763 | 33159 | 1253




Table 19. Summary of MP814 TSS data

Sampled

Percentage of

Storm event volume (f®) | hydrograph (%) TSS (mg/L)
1 - - -
2 - - -
3 73580 23 13.19
4 - - -
5 - - -
6 - - -
7 - - -
) - - 213.15
9 - - 37.80
10 - - -
11 - - -
12 - - -
13 - - -
14 4114 36 167.43
15 50624 100 36.23
16 - - -
17 47341 88 65.09
18 9372 86 19.43
19 - - 47.94
20 - - -
21 - - -
22 - - -
23 - - -
24 - - -
25 - - -
26 - - -
27 - - -
28 13500 69 18.94
29 - - -
30 - - -
31 - - -
32 - - -
33 - - -
34 39127 100 15.61
35 - - -
36 - - -
37 51836 100 66.49
38 41431 81 90.04
39 600 40 18.75
Storm event Sampled Percentage of TSS (mg/L)

volume (ft3)

hydrograph (%)




40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57




Table 20. Summary of MP814 maximum velocities and potential maximum erosion rates from 1D steady analyses

Storm “@Z’.‘L’Z‘.‘im Pevr:;ci:scsitible Velocity ratio ta (Ib/ft2) t._Qplt Tal €

event (ft/s) Y exceedgd g ’ P T (in/s)
1 7.37 Yes 2.10 0.33 Qp greater 10.50 1.13E-02
2 7.22 Yes 2.06 0.57 Less Qp 18.13 2.04E-02
3 7.99 Yes 2.28 0.57 Less Qp 18.13 2.04E-02
4 7.28 Yes 2.08 0.50 Less Qp 15.91 1.77E-02
5 8.07 Yes 2.31 0.52 Less Qp 16.54 1.85E-02
6 6.66 Yes 1.90 0.51 Less Qp 16.23 1.81E-02
7 7.35 Yes 2.10 0.54 Less Qp 17.18 1.93E-02
8 8.01 Yes 2.29 0.56 Less Qp 17.82 2.00E-02
9 3.99 Yes 1.14 0.37 Qp greater 11.77 1.28E-02
10 7.39 Yes 2.11 0.53 Less Qp 16.86 1.89E-02
11 8.22 Yes 2.35 0.57 Less Qp 18.13 2.04E-02
12 8.06 Yes 2.30 0.53 Less Qp 16.86 1.89E-02
13 10.26 Yes 2.93 0.56 Less Qp 17.82 2.00E-02
14 6.39 Yes 1.83 0.55 Less Qp 17.50 1.96E-02
15 7.64 Yes 2.18 0.40 Less Qp 12.73 1.40E-02
16 8.62 Yes 2.46 0.57 Less Qp 18.13 2.04E-02
17 8.1 Yes 2.32 0.56 Less Qp 17.82 2.00E-02
18 3.44 No 0.98 0.32 Less Qp 10.18 1.09E-02
19 7.65 Yes 2.19 0.55 Less Qp 17.50 1.96E-02
20 4.80 Yes 1.37 0.49 Qp greater 15.59 1.74E-02
21 3.49 No 1.00 0.32 Less Qp 10.18 1.09E-02
22 6.64 Yes 1.90 0.53 Less Qp 16.86 1.89E-02
23 8.91 Yes 2.54 0.57 Less Qp 18.13 2.04E-02
24 4.65 Yes 1.33 0.45 Qp greater 14.32 1.58E-02
25 5.91 Yes 1.69 0.57 Less Qp 18.13 2.04E-02
26 - - - - - - -

e | "vaocty | astys | Veestyrato | b | wowt | we | g




(ft/s) exceeded
27 4.51 Yes 1.29 0.44 Qp greater 14.00 1.55E-02
28 4.68 Yes 1.34 0.48 Qp greater 15.27 1.70E-02
29 4.23 Yes 1.21 0.39 Qp greater 12.41 1.36E-02
30 6.87 Yes 1.96 0.55 Less Qp 17.50 1.96E-02
31 6.77 Yes 1.93 0.56 Less Qp 17.82 2.00E-02
32 5.90 Yes 1.68 0.57 Less Qp 18.13 2.04E-02
33 - - - - - - -
34 5.47 Yes 1.56 0.57 Less Qp 18.13 2.04E-02
35 8.16 Yes 2.33 0.53 Less Qp 16.86 1.89E-02
36 6.48 Yes 1.85 0.57 Less Qp 18.13 2.04E-02
37 8.08 Yes 2.31 0.52 Less Qp 16.54 1.85E-02
38 7.39 Yes 2.1 0.53 Less Qp 16.86 1.89E-02
39 3.99 Yes 1.14 0.37 Qp greater 11.77 1.28E-02
40 - - - - - - -
41 - - - - - - -
42 - - - - - - -
43 - - - - - - -
44 4.50 Yes - - - - 4.50
45 7.54 Yes - - - - 7.54
46 7.43 Yes 0.52 Less Qp 16.54 1.85E-02 7.43
47 5.65 Yes 0.52 Less Qp 16.54 1.85E-02 5.65
48 5.21 Yes 0.55 Qp greater 17.50 1.96E-02 5.21
49 5.49 Yes 0.53 Less Qp 16.86 1.89E-02 5.49
50 2.43 No 0.26 Less Qp 8.27 8.65E-03 2.43
51 217 No 0.22 Less Qp 7.00 7.14E-03 217
52 5.86 Yes 0.52 Less Qp 16.54 1.85E-02 5.86
53 2.59 No 0.26 Qp greater 8.27 8.65E-03 2.59
Storm N\I/ae)l((i)r::littl;n PeJ::Tls(:si:;) ' Velocity ratio 1a (Ib/ft?) ta_Qplt TalT N
event (ft/s) exceeded ) - ) " (in/s)
54 3.63 Yes 0.32 Qp greater 10.18 1.09E-02 3.63




55 5.03 Yes 0.52 Less Qp 16.54 1.85E-02 5.03
56 7.80 Yes 0.57 Less Qp 18.13 2.04E-02 7.80
57 6.33 Yes 0.52 Less Qp 16.54 1.85E-02 6.33

Note Ta, Qp, T, and € refer to applied shear stress, peak discharge, critical shear stress, and erosion rate, respectively




Table 21. Summary of MP814 maximum velocities and potential maximum erosion rates from

1D unsteady analyses

Storm event

ta (Ib/ft2)

Ta:Tc

€ (in/s)

1.14

36.27

0.04

0.54

17.18

0.02

DS lo|o|Njo|als|win| =

N
N

N
w

-_—
S

-
(&)

-
»

—_—
~

-
(o]

-
©

N
o

N
-

N
N

N
w

N
N

N
()]

N
o))

N
~

N
oo

N
[(e]

w
o

w
-

w
N

w
w

w
>

w
[&)]

w
()]

w
by

38

Storm event

ta (Ib/ft?)

Ta:Te




39 - - -

40 ] - -

41 - - -

42 - - -

43 - - -

44 - - -

45 - - -

46 ] ; -

47 - - -

48 ] ; -

49 - - -

50 - - -

51 - - -

52 - - -

53 - - -

54 - - -

55 - - -

56 - - -

57 - - -

Note Ta, Tc, and € refer to applied shear stress, critical shear stress, and erosion rate, respectively




Table 22. Summary of MP840 hydrologic and runoff data

Antecedent

Max.

Storm dry Depth Storm Storm Duration 5-min A verage Peak Runoff Run9ff
. . . . intensity | Season flow volume | duration
event period (in) start end (hr) intensity (in/hr) (fls) () (hr)
(days) (in/hr)
1 : 0g3 | 7122021 | 72202 213 1.56 039 | Summer | 334 | 6188 | 147
71212021 7/3/2021
2 0.61 0.20 0354 516 5.37 0.60 0.04 Summer 1.08 2377 4.23
71312021 7/3/2021
3 0.28 0.10 12:00 12-40 0.68 - - Summer 0.00 0 -
7/8/2021 7/8/2021
4 4.81 3.15 8-09 19:41 11.54 - - Summer - - -
7/9/12021 7/9/12021
5 0.84 0.30 15:52 18:53 3.01 - - Summer - - -
7/18/2021 7/19/2021
6 9.09 0.68 21-00 17:00 0.83 - - Summer 1.43 4189 20.73
8/7/2021 8/7/2021
7 18.74 0.45 10:40 11:26 0.77 3.42 0.59 Summer - - -
8/8/2021 8/8/2021
8 1.28 0.68 1810 22:00 3.83 3.84 0.18 Summer - - -
8/16/2021 8/17/2021
9 7.83 0.46 18:00 3:50 9.83 2.34 0.05 Summer - - -
8/19/2021 8/20/2021
10 2.82 0.64 23:30 420 4.83 2.70 0.13 Summer - - -
8/20/2021 8/20/2021
11 0.45 0.66 15:12 16:50 1.63 414 0.40 Summer - - -
9/8/2021 9/8/2021
12 19.11 0.43 19:32 20-00 0.47 2.94 0.92 Summer 0.54 443 0.33
9/9/2021 9/9/2021
13 0.61 1.56 10-44 13:28 2.73 3.72 0.57 Summer 7.12 10079 2.67
9/21/2021 9/22/2021
14 12.40 1.30 2310 15:26 16.27 4.14 0.08 Summer 1.43 5887 16.70
10/4/2021 10/4/2021
15 12.11 0.12 18:00 23-00 0.21 - - Fall 0.38 1334 4.23
10/9/2021 10/9/2021
16 4.20 3.68 3-46 15:00 11.24 - - Fall - - -
Storm | Antecedent | Depth Storm Storm Duration Max. Average Season Peak Runoff | Runoff
event dry (in) start end (hr) 5-min intensity flow volume | duration




period intensity (in/hr) (ft3/s) (ft3) (hr)

(days) (in/hr)
17 7.05 0.3 | 107107021 | 1012021 1 g4 ; - Fall 072 | 1425 1.00
18 8.77 0.19 | 102521 | 1072672021 1 .78 ; - Fall - - ]
19 0.41 0.9 | 1072572021 | 102002021 1 4 03 - i Fall - - i
20 2.71 070 | 102872021 | 102912021 1 40,80 - i Fall - - i
21 24.08 0.7 | 11222021 | 1112212021 | 6 o 0.18 0.05 Fall 175 | 18887 | 7.33
22 15.62 044 | 1202921 120872021 3.08 - i Fall 112 | 9222 | 3.90
23 3.49 0.0 | T21NZ021 | 12011021 1 g6 - i Fall 151 | 7973 | 4.60
24 7.07 070 | 121152021 | 121972021 1 4638 ; i Fall 049 | 9960 | 14.33
25 1.95 020 | 2212021 | 12222021 | g g4 ; - Fall 074 | 9789 | 967
26 7.96 0.3 | 20021 | 12B0R021 1 346 ; - Winter | 064 | 4171 3.23
27 3.19 038 | 'AZ022 | VEavZ2 1.90 1.32 020 | Winter | 108 | 8636 | 6.13
28 0.50 053 | 22952 | 192022 9.56 - : Winter | 148 | 11776 | 9.63
29 6.56 030 | D022 | VIDZ02Z 1 480 0.30 0.06 | Winter | 631 | 37663 | 7.33
30 6.56 147 | MI02022 | T2922 | 3083 0.30 0.04 | Winter | 81.94 | 195489 | 14.67
31 2.71 025 | 1292922 12072022 4.47 0.30 0.06 | Winter | 252 | 37578 | 15.77
32 14.52 0.9 | 22022 ) 247022 1.83 0.42 010 | Winter - - i
33 2.89 036 | 272022 | 272022 14.80 0.24 0.02 Winter - - i
Storm | ANy | Depth | storm | storm | Duration | gL, | [igiSl) | eason | fiow | volume | duration

period intensity (in/hr) (ft3/s) (ft3) (hr)




(days) (in/hr)
34 10.18 037 | 2/18/2022 | 2/18/2022 3.70 0.54 010 | Winter | 136 | 5463 | 3.93
2:10 5:52
35 9.16 0.7 | 2271222 2l2T/2002 5.42 0.12 0.03 | Winter | 0.52 943 0.80
36 9.19 033 | %02z ) 32022 17.48 0.18 0.02 Winter | 052 | 10958 | 16.57
37 2.67 0g3 | 3122022 9122022 3.38 0.42 0.25 | Winter | 061 | 4964 | 6.03
38 430 032 | 3102922 | SNA2Z | 4748 0.66 0.02 Winter | 098 | 28865 | 20.50
39 6.83 103 | % 2::%)22 3 21‘;/ 21(;22 8.48 0.84 0.12 Spring | 112 | 7319 | 11.00
40 6.93 092 | BV 252 3 :Te/ e 5.22 0.96 0.18 Spring ; ; ;
41 5.04 030 | ¥ 57/51%22 4/25(/)?1052 2.47 0.42 0.12 Spring | 041 | 2516 5.00
42 12.48 097 | ¥ 1%;)22 4 11% i%” 6.78 0.42 0.14 Spring | 034 | 3804 9.27
43 18.10 0.12 5’?@;’32 S/Sfé’fz 4.08 0.42 0.03 Spring | 0.00 0 ;
44 0.51 063 | g/:zzgzz 5 ! gfgz 9.37 0.72 0.07 Spring | 045 | 3356 4.07
45 5.12 011 | ¥ 1221/ %%22 5 1222/ %%22 0.90 0.54 0.12 Spring ; ; ;
46 1.54 013 | ¥ 11‘2/ 2(;22 5 11‘;/ %%22 2.48 0.18 0.05 Spring ; ; ;
47 218 025 | 11%/: 21(;22 5 11%/: 1%22 0.52 0.84 0.48 Spring ; ; ;
48 3.23 031 | ¥ 28:/22222 5 250:/521022 5.45 0.60 0.06 Spring ; ; ;
49 3.43 164 | % 21%/ %%22 5 254:/ 12222 13.08 2.82 0.13 Spring ; ; ;
Storm | Antecedent Defpth Storm Storm Duration Ma)_(. _Average Season Peak Runoff | Ru m_)ff
event dry (in) start end (hr) 5-min intensity flow volume | duration




period intensity (in/hr) (ft3/s) (ft3) (hr)
(days) (in/hr)

5/27/2022 | 5/27/2022 .

50 3.21 0.14 10117 10:38 0.35 0.72 0.40 Spring 0.00 0 -
5/27/2022 | 5/27/2022 .

51 0.26 0.82 0 oy 1.28 1.74 0.64 Spring ] ] ]
6/8/2022 | 6/8/2022 .

52 12.03 0.20 i o 312 0.48 0.06 Spring | 0.16 945 463
6/17/2022 | 6/18/2022 .

53 8.87 0.18 e o= 533 0.48 0.03 Spring ] ] ]
6/22/2022 | 6/23/2022

54 4.95 0.13 o o 447 0.24 003 | Summer | 140 | 6447 5.50
6/27/2022 | 6/27/2022

55 455 0.12 e 7 118 0.24 010 | Summer | 058 | 2381 317

56 1.45 0.54 6/23_/32322 6/23_/52222 423 1.26 013 | Summer | 024 1090 537
7/412022 | 7/4/2022

57 466 0.50 o o 5.22 1.02 040 | Summer - ; ]
71712022 | 7/8/2022

58 353 0.56 o e 6.58 1.08 009 | Summer - ; ]
7/9/2022 | 7/9/2022

59 1.74 0.39 o o 437 0.54 009 | Summer| 0.15 701 2.80

60 0.33 028 | 1?_’3522 7 11(;/ %%22 10.73 0.30 003 | Summer | 0.16 1572 | 1170
72312022 | 712312022

61 12.85 0.25 o o 1.35 0.42 019 | Summer | 029 861 2.87
7/26/2022 | 7/26/2022

62 2.07 0.13 020 -0/20 115 0.42 041 | Summer | 0.16 488 433
7/31/2022 | 7/31/2022

63 517 0.45 oA i 3.30 210 014 | Summer | 0.13 633 4.97




Table 23. Summary of MP840 TSS data

Storm event
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Storm event

Sampled
volume (ft3)

Percentage of
hydrograph (%)

TSS (mg/L)
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Table 24. Summary of MP840 maximum velocities and potential maximum erosion rates from

1D steady analyses

Storm Maxim.um Permis'?‘ible Velocity c
event velocity velocity ratio 1a (Ib/ft?) 1._Qplta TaiTc (infs)
(ft/s) exceeded
1 7.26 Yes 2.90 0.65 Qp greater | 76.85 1.84E-02
2 5.33 Yes 213 0.38 Qp greater | 44.93 1.06E-02
3 - - - - - - -
4 - - - - - - -
5 - - - - - - -
6 5.73 Yes 2.29 0.46 Qp greater | 54.38 1.29E-02
7 - - - - - - -
8 - - - - - - -
9 - - - - - - -
10 - - - - - - -
11 - - - - - - -
12 443 Yes 1.77 - - - -
13 8.87 Yes 3.55 0.79 Qp greater | 93.40 2.24E-02
14 5.73 Yes 2.29 0.46 Qp greater | 54.38 1.29E-02
15 4.04 Yes 1.61 0.24 Qp greater | 28.37 6.63E-03
16 - - - - - - -
17 4.79 Yes 1.92 0.30 Qp greater | 35.47 8.35E-03
18 - - - - - - -
19 - - - - - - -
20 - - - - - - -
21 6.07 Yes 243 0.52 Qp greater | 61.48 1.46E-02
22 5.38 Yes 2.15 0.39 Qp greater | 46.11 1.09E-02
23 5.82 Yes 2.33 0.46 Qp greater | 54.38 1.29E-02
24 4.31 Yes 1.73 0.24 Less Qp 28.37 6.63E-03
25 4.83 Yes 1.93 0.30 Qp greater | 3547 8.35E-03
26 4.64 Yes 1.85 0.27 Qp greater | 31.92 7.49E-03
Storm %ZT::T:;“ Pevr;T::tls © | velocity | (Ib/f?) | o Qpla | TaT €
event (ft/s) exceeded ratio a e ate (in/s)
27 5.33 Yes 2.13 0.42 Less Qp 49.65 1.18E-02
28 5.46 Yes 2.18 0.40 Qp greater | 47.29 1.12E-02
29 8.58 Yes 3.43 0.78 Qp greater | 92.22 2.21E-02
30 18.41 Yes 7.36 1.57 LessQp | 185.61 4.47E-02
31 6.72 Yes 2.69 0.60 Qp greater | 70.94 1.69E-02
32 - - - - - - -
33 - - - - - - -
34 5.66 Yes 2.27 0.44 Qp greater | 52.02 1.24E-02
35 4.38 Yes 1.75 0.24 Qp greater | 28.37 6.63E-03
36 4.38 Yes 1.75 0.24 Qp greater | 28.37 6.63E-03




37 4.59 Yes 1.84 0.26 Qp greater | 30.74 7.20E-03
38 5.20 Yes 2.08 0.35 Qp greater | 41.38 9.78E-03
39 5.38 Yes 2.15 0.39 Qp greater | 46.11 1.09E-02
40 - - - - - - -
41 411 Yes 1.64 0.24 Less Qp 28.37 6.63E-03
42 3.91 Yes 1.56 0.19 Less Qp 22.46 5.20E-03
43 - - - - - - -
44 4.21 Yes 1.68 0.24 Less Qp 28.37 6.63E-03
45 - - - - - - -
46 - - - - - - -
47 - - - - - - -
48 - - - - - - -
49 - - - - - - -
50 - - - - - - -
51 - - - - - - -
52 3.17 Yes 1.27 - - - -
53 - - - - - - -
Maximum | Permissible .
2:,%':: velocity velocity Ve;lac:;:c:ty ta (Ib/ft?) ta_Qp/ta TaiTc (inels)
(ft/s) exceeded
54 5.70 Yes 2.28 0.45 Qp greater | 53.20 1.26E-02
55 453 Yes 1.81 0.26 Qp greater | 30.74 7.20E-03
56 3.54 Yes 1.41 0.18 Qp greater | 21.28 4.91E-03
57 - - - - - - -
58 - - - - - - -
59 3.10 Yes 1.24 0.11 Qp greater | 13.00 2.91E-03
60 3.17 Yes 1.27 - - - -
61 3.74 Yes 1.49 0.19 Less Qp 22.46 5.20E-03
62 3.17 Yes 1.27 0.11 Qp greater | 13.00 2.91E-03
63 2.94 Yes 1.18 0.11 Qp greater | 13.00 2.91E-03

Note Ta, Qp, Tc, and € refer to applied shear stress, peak discharge,

rate, respectively

critical shear stress, and erosion




Appendix G: JET test data for monitored sites

JET Data Input

MP458 Outlet LOB
10/5/2022
KLOB
1
S. Waickowski
Weaver

Pt Gage Reading at Nozzle (mm):
Ref. Pt Gage Reading at Nozzle (ft):
MNozzle Diameter (in):

MNozzle Height (ft):
Dishcarge Coefficient:

Initial guess* for T, (Pa
al guess* for kg (cm®/N-s

Scour Depth Readings
Time Diff Time Pt Gage Reading Depth Pt Gage Reading Maximum Depth of Scour
(min) (min) (mm) (t) (ft) (ft)
05 025 37 0121 0.879 i
0.75 025 38 0.125 0.875 0.013
1 025 42 0.138 0.862 0.026
1.25 025 42 0.138 0.862 0.026
15 025 43 0.141 0.859 0.030
1.75 025 44 0.144 0.856 0.033
2 025 44 0.144 0.856 0.033
225 025 45 0.148 0.852 0.036
25 025 46 0.151 0.849 0.039
275 025 47 0.154 0.846 0.043
3 0.25 48 0.157 0.843 0.046
325 025 48 0.157 0.843 0.046
35 025 48 0.157 0.843 0.046
4 05 50 0.164 0.836 0.052
45 0.5 S0 0.164 0.836 0.052
5 0.5 51 0.167 0.833 0.056
55 05 52 0171 0.829 0.059
6 05 52 0171 0.829 0.059
65 05 53 0174 0.826 0.062
7 0.5 53 0174 0.826 0.062
75 05 53 0174 0.826 0.062
85 1 53 0174 0.826 0.062
95 1 54 0177 0.823 0.066
105 1 54 0177 0.823 0.066
115 1 55 0.180 0.820 0.069
125 1 55 0.180 0.820 0.069
135 1 56 0.184 0.816 0.072
145 1 57 0.187 0.813 0.075
155 1 57 0.187 0.813 0.075
16.5 1 57 0.187 0.813 0.075
18.5 2 58 0.190 0.810 0.079
205 2 59 0.194 0.8606 0.082
225 2 59 0.194 0.806 0.082
275 5 60 0.197 0.803 0.085

Head Setting |
Time

Head

(min) i,

0.75
125
175
225

25
275

Figure 1. Summary of MP458 outlet left bank raw data

* If you do not have a guess, please enter 1
Suggested values of k, as a function of T,:

Hanson and Simon (2001)
ke=027.%% k.
Simon et al. (2011)
ky=167.°% k.
BSTEM, v5.4

kg =0.17.°F K,




7. (Pa)
kg (cm*/N-s)

T
-~ T
T
e
] 20
/’/

0.11

6.39

anr

@i

L

1. (Pa) 2.58
kg (cm’/N-s) 23.31

—

P

A

L

B S & &

oW & w

Blaisdell Solution Scour Depth Solution

7. (Pa)
kg (cm®/N-s)

Figure 2. Summary of MP458 outlet left bank erodibility parameters



JET Data Input

T Wy e =T * If you do not have a guess, plear
1052022 Supgested values of ky as a funct
KROB Hanson and Simon (200

1 k, =021

5. Waickowski Simon et al. (2011)

Weaver ke =1.87,°"

BSTEM, w5d
k=011

Secour Depth Readings
Time Diff Time Pt Gage Reading Depth Pt Gage Reading Maximurn Depdh of Scour

{min) {mim) i) it} {fi}
[1] [1] R ] D.108 0892 0000 .
025 0.25 M D.112 0833 0003 025 | 2472
0.5 0.25 35 0.115 0835 0oy 05 | 2472
075 0.25 36 D.118 0832 010 075 | 2472
1 0.25 r D121 0879 o3 1 2472
125 0.25 38 D.125 0875 01a 125 | 2472
15 0.25 38 0.125 0875 o1a 15 | 2472
1756 0.25 3o D.128 0872 0020 176 | 2472
2 0.25 ] D.128 0872 00z 2 2472
225 0.25 40 0131 08489 03 225 | 2472
25 0.25 41 D.135 0885 0024 25 | 2472
275 0.25 a2 D.138 0862 0030 275 | 2492
3 0.25 43 0141 0853 033 3 24.72
3325 0.25 a4 D.144 0.858 0034 325 &7
35 0.25 a4 D144 0.858 00035 35 | 2472
aTs 025 48 0151 0843 043 375 | 2472
4 0.25 45 D.151 0.840 0043 4 24.72
425 025 L] 0151 0848 0043 425 | 2472
475 05 48 0151 0843 043 475 | 2472
525 05 47 D154 0548 0045 525 | 2472
575 05 43 D57 0843 0048 575 | 2472
625 05 43 D157 0843 049 625 | 2472
675 [ 49 D161 0838 052 675 | 2472
725 05 40 D.161 0833 052 7.26 | 2472
775 05 40 D161 0833 052 775 | 2472
8TE 1 50 D164 0838 0055 B.YD | 2472
475 1 50 D164 0838 005G pyh | 2472
10.75 1 50 D164 0833 0053 1075 | 2472
12.75 2 52 0171 0829 0ns2 1275 | 2472
1475 2 52 071 0829 a2 75 | 2472

Figure 3. Summary of MP458 outlet right bank raw data



Blaisdell Solution Scour Depth Solution

. (Pa) 0.16 1 (Pa) 2.82
Kq (cm®/N-s) 6.39 Kq (cm*/N-s) 14.71
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Figure 4. Summary of MP458 outlet right bank erodibility parameters



JET Data Input

MP458 Intermediate LOB Pt Gage Reading at Nozzle (mm): * If you do not have a guess
10752022 d
LLOB
: Nozzle Height (ft):
S. Waickowski Dishcarge Coefficient:
Weaver

Scour Depth Readings Head Setting |
Diff Time Pt Gage Reading | Depth Pt Gage Reading Maximum Depth of Scour Time  Head |

{rmin) {min) | ({in)

0.125 0.875 0 | 66.48

0.125 0.875 0.000 025 | 66.48

0.5 0.26 30 0.128 0.872 0.003 05 | 6648
0.75 0.25 40 0.131 0.8690 0.007 0.75 | 66.48
1 0.25 41 0.135 0.865 0.010 1 [ 8648
125 0.25 42 0.138 0.882 0.013 1.25 | 8848
1.5 0.25 43 0.141 0.850 0.018 15 | 8848
175 0.25 44 0.144 0.858 0.020 175 | 86.48
2 0.25 44 0.144 0.856 0.020 2 [ 6648
226 0.25 45 0.148 0.852 0.023 225 | 66.48
25 0.26 48 0.151 0.840 0.026 25 | 6848
275 0.25 48 0.151 0.840 0.026 275 | 8648
3 0.25 47 0.154 0.848 0.030 3 | 6648
3.25 0.25 47 0.154 0.848 0.030 325 | 8648
35 0.25 47 0.154 0.848 0.030 35 | 8848
4 05 48 0.157 0.843 D.033 4 | 8848
45 05 48 0.157 0.843 0.033 45 | 8e.48
5 05 40 0.181 0.830 0.038 5 [ 6648
55 05 50 0.184 0.836 0.039 55 | 6648
8 05 50 0.164 0.836 0.039 6 | 66.48
6.5 05 50 0.184 0.836 0.039 65 | 8848
75 1 50 0.184 0.836 0.039 75 | 8848
85 1 52 0.171 0.820 0.048 45 | 8848
05 1 53 0.174 0.828 D.040 o5 | 8848
105 1 63 0.174 0.828 D.040 105 | 86.48
116 1 63 0.174 0.826 0.040 1156 | 66.48
135 2 53 0.174 0.826 0.049 135 [ 66.48
155 2 53 0.174 0.826 0.049 155 | 66.48
205 5 54 0.177 0.823 0.052 205 | 8648
255 5 24 0.177 0.823 0.052 255 | 8848

Figure 5. Summary of MP458 intermediate left bank raw data
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Figure 6. Summary of MP458 intermediate left bank erodibility parameters



JET Data Input

* If you do not have a guess, please e
Suggested values of ky as a function
Hanson and Simon (2001)
K, =027.2% [
Simon et al. 2011)
k=181 |
BSTEM, v54
k=oiret |
Scour Depth Readings Head Setting
Ft Gage Reading Depth Pt Gage Reading Maximurm Depth of Scour Time | Head
{mm) () Lif) {fi) {min) | _{in)
41 D135 0.835 0.000 ] 6a.48
0.25 025 44 0144 0.856 0.010 D25 | Ad48
0.5 0.25 46 D.151 0.843 0.018 05 | 648
0.78 025 46 D151 0843 0.018 D.75 | Ad.48
1 025 47 D154 0.844 0.020 1 6a.48
125 025 48 DAST 0843 0.0z3 1.25 | d8.48
15 0.25 40 D.161 0.833 0.024 15 [ 6348
1.75 025 51 DAET 0833 0033 1.75 | dd.48
2 025 53 0174 0.824 0.029 2 6a.48
225 025 56 0184 0818 0.043 225 | A848
25 025 &0 D.1e7 0.803 0.0a2 25 [ 2448
275 025 a7 D220 0.7a0 0.085 275 [ 2448
3 0.25 aa D223 0777 0.089 3 2443
335 025 a3 D226 0774 0.0a2 325 [2E3ET
35 025 70 D230 0770 005 35 [ 2448
aTs 025 72 D236 0.754 0102 375 [ 2448
4 025 72 D236 0.784 0.102 4 2443
425 025 T4 0243 0.757 0.108 425 [ 2448
45 025 W D253 0.747 0118 45 (2443
475 025 a0 D262 0.738 0123 475 [ 2443
5 025 a0 D262 0.73a 0123 ] 2443
525 025 a0 D262 0.73a 0123 525 [ 2448
575 (1B az D268 0731 0135 575 [ 2448
625 (1] az D268 073 0135 6.25 [ 2448
6.75 (1B 84 D276 0.724 014 6.75 [ 2448
725 (1B 85 pare 0721 0144 7.25 [ 2448
775 [ a5 Dz2ra 0721 0.144 7.75 [ 2448
825 (1B 85 pare 0721 0144 B.25 | 2448
925 1 a8 D262 0.8 0.148 p.25 | 2448
10.25 1 a7 D.2E5 0715 0151 1025 [ 2448
11.25 1 g3 D22 0.7 0.1+ 125 [ 253
12.25 1 a3 D2ed 0T 0154 1225 | 2448
13.25 1 a3 D22 0T 015+ 1325 | 2448
15.25 2 a0 0285 0.705 0181 1525 | 2448
17.25 2 a0 D.2e5 0.5 0161 1725 | 2448

Figure 7. Summary of MP458 intermediate right bank raw data






Blaisdell Solution Scour Depth Solution Iterative Sol

1 (Pa) 0.00 1. (Pa) 0.68 T (Pa)
3 3 3
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Figure 8. Summary of MP458 intermediate right bank erodibility parameters



JET Data Input

MP458 Final LOB * If you do not have a guess,

10502022 Suggested values of k, as a

MLOB Hanson and Simon

1 ky =0.21.°°

3. Waickowski Simon et al. (2011)

Weaver k= 1.67,0%

BSTEM, vi4
ks =0.11.°°
Scowr Depth Readings
Diff Time  Pf Gage Reading Depth Pt Gage Reading Maximum Depih of Scour
{imin) (imm) {Li] {ft) (i)

1] 1] 38 D118 0.882 0.000 4] 24.72
025 0.25 38 0128 0.872 0.010 035 | 2472
05 0.25 40 0131 0.868 0.013 05 | 2472
0.75 0.25 41 0.135 0.885 0.018 075 | 2472
1 0.25 43 0141 0.858 0.023 1 2472
125 0.25 45 0148 0.852 0.020 126 | 2472
15 0.25 47 0.154 0.848 0.028 15 [ 2472
1.75 0.25 48 0161 0.838 0.043 175 | 2472
2 0.25 &1 06T 0.833 0.48 2 24.72
225 0.25 52 0171 0.828 0.062 2325 | 2472
25 0.25 &3 0174 0.826 0.058 25 | 2472
275 0.25 58 D124 0.818 0.068 275 | 2472
3 025 58 0180 0810 0.072 3 2472
325 0.25 5@ 0194 0.806 0.075 325 | 2472
a5 0.25 a0 0197 0.803 0.079 35 [ 2472
375 0.25 az 0203 0.787 0.085 375 | 2472
4 0.25 a3 0207 0.783 0.0e9 4 24.72
425 0.25 684 0210 0.780 0.0e2 435 | 2472
45 0.25 i i] 0217 0.783 0.0e8 45 [ 2472
475 0.25 i ] 0223 0777 0.105 475 | 2472
5 0.25 i 1] 0223 0.777 0.105 5 2472
525 0.25 70 0230 0.770 0.112 525 | 2472
55 0.25 i | 0233 0.787 0.115 55 | 2472
575 0.25 T2 0238 0.7 0.118 575 | 2472
i] 0.25 73 0240 0.7680 0.121 [i] 24.72
8.25 0.25 75 0248 0.754 0.128 6.25 | 2472
6.5 0.25 75 0248 0.754 0.128 85 | 2472
6.75 0.25 75 0248 0.754 0.128 6.75 | 24.72

Figure 9. Summary of MP458 final left bank raw data



Blaisdell Solution Scour Depth Solution Iterative Sol

1 (Pa) 0.00 1 (Pa) 0.00 7 (Pa)
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Figure 10. Summary of MP458 final left bank erodibility parameters



JET Data Input

MP424 Outlet OB * If you do not have a guess, plea
Qa022 Suggested values of ky as a C
GLOB Hanson amd Simon {200

1 k, =021

5. Waickowski Simomn et al. (2011)

Weaver ke =187

BSTEM, vid
k=011

Scour Depth Readings
Time Diff Time Pt Gage Reading Depth Pt Gage Reading Maximum Depth of Scour

{min) {min) {rmim) ift) Li') i) {in)
0 [1] F D121 0879 0.000 ] 7248
025 D25 8B D125 0E75 0.003 D.25 [ 7248
0.5 025 3o D128 0872 0.007 05 [ 7243
075 025 40 D13 0839 0.010 D75 [ 7248
1 D25 40 D13 0838 0.010 1 7248
125 025 41 D135 0855 0013 125 [ 7243
15 025 41 D135 0.835 0013 15 [ 7248
1.75 D25 43 D141 0.858 0.020 1.7 [ 7248
2 025 42 D138 0842 0.018 2 7248
225 025 43 0144 0858 0.020 225 [ 7248
25 D25 43 D141 0.858 0.020 25 [ 7248
275 025 43 D141 0858 0.020 275 [ 7248
325 05 43 0144 0858 0.020 325 [ 7248
375 05 44 D144 0.858 0023 375 (7248
425 05 45 D148 0.852 0.023 425 [ 7243
475 [113] 40 D151 0848 0.020 475 [ 7248
525 [ Ed] 40 0151 0.848 0.030 525 [ 7248
575 05 47 D154 0848 0033 576 [ 7248
625 [113] 43 IRET 0843 0.023 6.25 | 7248
675 [ Ed] 49 D161 0833 0.038 675 [ 7248
725 05 40 D161 0839 0029 7.25 [ 7248
775 [113] 50 D164 0.838 0043 775 [ 7248
825 [1Ei] 50 D164 0.838 0043 B.25 [ 7248
875 05 51 D167 0833 0048 B75 [ 7248
225 [113] 51 D167 0833 0048 p25 [ 7248
] [1Ei] 51 D67 0833 0.048 B7E [ 7248
10.75 1 51 D167 0833 0048 1075 | 7248
11.75 1 51 D167 0833 0.048 1175 | 7248
1275 1 51 D67 0833 0.048 1275 | 7248
1475 2 52 071 0829 0042 1475 | 7248
16.75 2 52 0171 0829 0043 1875 [ 7248
1B.75 2 52 IR 0829 0048 1875 | 7248
375 5 52 IR 0829 0042 75 | 7248
2B.75 5 52 D7 0828 0.049 2375 | 7248

Figure 11. Summary of MP459 outlet left bank raw data
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Figure 12. Summary of MP459 outlet left bank erodibility parameters



JET Data Input

MP458 Outlet ROB Pt Gage Reading at Nozzle (mm): * If you do not have a guess
arer2022 Ref. Pt Gage Reading at Nozzle (ft): ik ] Suggested values of ky as a
GROB Nozzle Diameter (in): Ji P Hanson and Simon

1 Nozzle Height (ft): DTETS ky=02t7.0¢

S. Waickowski Dishcarge Coefficient: Simon et al. (2011)
Weaver ky= 167,28

Initial guess* for T, (Pa): [l BSTEM, v5.4
Initial guess* for K, (cm®N-s): [l ky=017,"

Scour Depth Readings Head Setting
Time Diff Time Pt Gage Reading Depth Pt Gage Reading Maximum Depth of Scour Time | Head
(min) (min)} (mm) (f1) (T1) (1) (min} || (in)
0 i 28 0.092 0.908 0.000 0 7248
025 0.25 30 0.098 0.902 0.007 025 | 7248
05 0.25 30 0.098 0.902 0.007 05 72.48
075 0.25 30 0.098 0.902 0.007 075 | 7248
125 05 Ell 0.102 0.898 0.010 125 | 7248
1.75 05 34 0.112 0.888 0.020 175 | 7248
225 05 35 0.115 0.885 0.023 225 | 7248
275 05 35 0.115 0.885 0.023 275 | 7248
325 05 36 0.118 0.882 0.026 325 | 7248
375 05 N 0121 0.879 0.030 375 | 7248
425 05 38 0.125 0.875 0.033 425 | 7248
475 05 40 0131 0.860 0039 475 | 7248
525 05 4 0.135 0.865 0.043 525 | 7248
575 05 42 0.138 0.862 0.046 575 | 7248
6.25 05 42 0.138 0.862 0.046 625 | 7248
6.75 05 42 0.138 0.862 0.046 675 | 7248
7.75 1 43 0.141 0.859 0.049 775 | 7248
875 1 45 0.148 0.852 0.056 875 | 7248
§.75 1 45 0.148 0.852 0.056 975 | 7248
10.75 1 45 0.148 0.852 0.056 10.75 | 72.48

Figure 13. Summary of MP459 outlet right bank raw data
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Figure 14. Summary of MP459 outlet right bank erodibility parameters



JET Data Input

MP4549 Qutfall LOB Pt Gage Reading at Nozzle (mm): | * If you do not have a guess, ple
a/10/2022 Ref. Pt Gage Reading at Nozzle (ft): [ Suggested values of kyas a
HLOB Trial B MNozzle Diameter (in): | Hanson and Simon (2(
1 | ky=021°°
S. Waickowski Dishcarge Coefficient: [l Simon et al. (2011)
Weaver kg = 1.67,%%
nitial guess* for . (Pa): [JICHI BSTEM, v5.4
itial guess” for k. (cm®/N-s): [ I ky=0.11.2°
Scour Depth Readings Head Setting
Diff Time  Pi Gage Reading Depth PiGage Reading Maximum Depth of Scour Time | Head

{min) (imin) {mm) {f) ) ) {min) | {i
0 0 M 0112 0.888 0.000 0 2448
0.25 025 M 0112 0.688 0.000 025 | 2448
0.5 025 35 0.115 0.885 0.003 05 | 2448
0.75 025 35 0115 0.885 0.003 075 | 2448
1 025 35 0115 0.885 0.003 1 2448
15 0.5 36 0118 0.882 0.007 15 | 2448
2 0.5 3 021 0.879 0.010 2 24.48
25 0.5 37 0121 0.879 0.010 25 | 2448
3 0.5 37 0121 0.879 0.010 3 24.48
4 1 38 0125 0.875 0.013 4 2448
5 1 38 0125 0.875 0.013 5 2448
6 1 39 0128 0.872 0.016 6 2448
7 1 40 0131 0.869 0.020 7 2448
8 1 40 01 0.869 0.020 8 2448
9 1 40 01 0.869 0.020 9 2448
1 2 41 0.135 0.865 0023 11 2448
13 2 41 0135 0.865 0.023 13 2448
15 2 41 0135 0.865 0.023 15 2448
20 5 42 0138 0.862 0.026 20 24.48
25 5 42 0138 0.862 0.026 25 2448
30 5 42 0138 0.862 0.026 30 2448

Figure 15. Summary of MP459 outfall left bank raw data
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Figure 16. Summary of MP459 outfall left bank erodibility parameters



JET Data Input

MP459 Qutfall ROB
anorzozz
HROB Trial B
1
5. Waickowski
Weawver

Pt Gage Reading at Nozzle {mm]: |
Ref. Pt Gage Reading at Nozzle (ft): [T

Nozzle Height (ft): [ELLLI |
Dishcarge Coefficient: /1] |

Scour Depth Readings
Diff Time Pt Gage Reading Depth PrGage Reading Maximum Depth of Scour

(min) (mm) L) L) {fe)
[1] 35 D.115 D.BB5 D.000
025 36 D.118 D.g82 0.003
025 ar D.121 D.878 D.007
025 ar D.121 D.878 0.007
025 38 D.125 D.875 D.010
025 38 D.125 D.875 0.010
025 ki D.128 D.872 D.013
025 40 0.131 D.2&8 0.016
025 40 0.131 D.2&8 D.O16
025 40 0.131 D.2&8 0.018
0.5 41 D.135 D.885 D.020
0.5 42 D.138 D.g&2 D.0z23
0.5 43 0.141 D.858 D.026
0.5 43 0.141 D.858 D.026
0.5 43 0.141 D.858 D.026
1 44 0.144 D.856 D.030
1 45 D.148 D.852 D.033
1 48 0.151 0.248 D.036
1 47 0.154 D.248 D.038
1 43 D157 0.843 0.043
1 50 D.154 D.826 D.048
1 51 D.167 D.833 D.052
1 52 0.171 D.8za D.056
1 54 DA77 D.823 D.062
1 54 DA77 D.823 D.062
1 54 DA77 D.823 D.062
2 56 D.184 D.E16 D.0Ge
2 56 D.184 D.816 D.0g8
2 58 D.120 D.810 D.075
2 58 D.120 D.810 D.075
2 58 D.120 D.810 D.075
5 58 D.120 D.810 D.075

Figure 17. Summary of MP459 outfall right bank raw data

{min}
]
025

0.5
0.75

125
1.5
1.75

2325
275
325
375
425
475
5.75
6.75
T.75
875
ars
10.75
1.75
1275
13.75
14.75
15.75
17.75
19.75
21.75
2375
25.75
30.75

2448

* If you do not have a guess,
Suggested values of kg as a
Hanson and Simon
ke =021,
Simon er al. (2011}
ke= 161"

BSTEM, v5.4
k=011

2448

2448

2448

24.48

2448

2448

2448

2448

2448

2448

2448

2448

2448

2448

2448

2448

24.48

2448

2448

2448

2448

2448

2448

2448

2448

2448

2448

2448

2448

24.48

2448
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1 (Pa) 1.66
Kq (cm®/N-s) 7.57
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7 (Pa) 0.16
Kg (cmP/N-s) 4.46
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Figure 18. Summary of MP459 outfall right bank erodibility parameters



JET Data Input

MP467 Oufiet LOB Pt Gage Reading at Mozzle (mm): [ * i you do not have a guess, plea
a/n/zoz2 Ref. Pt Gage Reading at Nozzle (ft): l]ﬂﬂﬂ-ﬂ
ELOB HNozzle Diameter (in): 18P0} Hanson and Simon {200

1 ke =D21.*

5. Waickowski Simon er al. (2011)
Weaver ks=181.°"%
BSTEM, v5d
k=0T

Scour Depth Readings
Pt Gage Reading Depth PrGage Reading Maximum Depth of Scour
{mim) ifg ifg) {f)

1] o 40 0131 0.850 0.000 1] 2448
0.25 025 44 0.144 0.856 0.013 025 [ 2448
05 025 48 IRET 0.543 0.026 05 [ 2448
075 025 50 0.164 0.536 0.033 075 [ 2448
1 025 52 0171 0.520 D.o3g 1 2448
1.25 025 53 0174 0.826 0.042 125 [ 2448
15 025 54 0ATT 0.523 D.048 15 [ 2448
1.75 025 ] 0.180 0.520 0.04 1.75 | 2448
2 025 5B 0.120 0.810 D.ose 2 2448
225 025 &0 o.1e7 0.803 0.066 225 [ 2448
25 025 &1 0.200 0.800 D.o&g 25 [ 2448
275 025 64 0.210 0.780 0o 275 [ 2448
3 025 i 0.210 0.780 n.ome 3 2448
325 025 a4 0.210 0.780 007 325 [ 2448
75 0.5 ar 0.220 0.780 D.o&g 375 [ 2448
425 05 ar 0.220 0.780 D.o&g 425 [ 2448
475 0.5 ag 0.226 0.774 D.0gs 475 [ 2448
5.25 05 ag 0.226 0774 D.085 525 [ 2448
aT75 05 ag 0.226 0774 D.085 575 [ 2448
675 1 70 0.230 0.770 D.oge 675 [ 2448
T.75 1 T2 0.236 0.764 0.105 775 | 2448
B75 1 73 0.240 0.760 D.108 875 [ 2448
275 1 75 0.246 0.754 0.115 275 [ 2448
1075 1 Fii] 0.240 0.751 D.118 1075 | 2448
1175 1 78 0.256 0.744 0.125 1175 [ 2448
1275 1 a0 0.262 0.738 D131 1276 [ 2448
1375 1 20 0.266 0.734 0.135 1375 | 2448
1475 1 20 0.266 0.734 0.135 1475 [ 2448
1575 1 a1 0.266 0.734 0.135 1575 | 2448
1775 2 20 0.266 0.734 0.135 1775 [ 2448
1975 2 a2 0.260 0731 0.128 1975 [ 2448
2475 5 a3 D272 0728 D14 2475 | 2448

Figure 19. Summary of MP467 outlet left bank raw data
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Figure 20.

Summary of MP467 outlet left bank erodibility parameters



JET Data Input

MP467 Outlet ROB * If you do not have a guess, ple
aM1/2022 Suggested values of ky as a
EROB | Hanson and Simon (20
1 Mozzle Height (ft): [11i7f:74 ky=021.%8
5. Waickowski Dishcarge Coefficient: il | Simon et al. (2011)
Weaver k= 1.670%
BSTEM, v5.4
kg =0.1T7°

Scowr Depth Readings
Diff Time  Pi Gage Reading Depth Pt Gage Reading Maximum Depth of Scour
{rmin) {imarm)

4 0.5 44 0144 D.858 0.052 24.48
4.5 0.5 44 0144 0.858 0.052 2448
<] 0.5 44 0144 0.858 0.052 2448
G 1 45 0148 D.852 0.058 24.48
T 1 45 0148 D.852 0.0568 2448
g 1 48 0151 D.840 0.058 2448
a 1 46 0151 D.840 0.058 24.48
10 1 46 0151 D.848 0.058 2448
12 2 47 0.154 D.B46 0.062 2448
14 2 49 0.154 D.B4G 0.062 24.48
16 2 48 D157 D.843 0.066 2448
18 2 49 0181 D.830 0.068 2448
20 2 49 0181 D.830 0.068 24.48
22 2 49 0181 D.838 0.068 2448
a7 5 49 0181 D.830 0.068 2448

Figure 21. Summary of MP467 outlet right bank raw data



Biaisdell Solution Scour Depth Solution

. (Pa) 0.68 ' 1. (Pa) 4.19 % (Pa)
kg {cm*/N-s) 4.59 | ky (cm®/N-s) 32.72 ky (cm?/N-s)
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Figure 22. Summary of MP467 outlet right bank erodibility parameters



JET Data Input

MP487T Quifall LOB Pt Gage Reading at Nozzle (mm): * If you do not have a guess

91112022 Ref. Pt Gage Reading at Nozzle (ft): 1k L]

FLOB MNozzle Diameter (in): 1§ ¥ Hanson and Simor

1 Mozzle Height (ft): (& k0T ky =021

5. Waickowski Simaon et al. (2071)

Weaver kg =167,
BSTEM, v5.4

Ky =0T,

Scour Depth Readings
Diff Time Pt Gage Reading Depth Pt Gage Reading Maximum Depith of Scour
{min) (imin) {(mm) Li# Li¥

Head Setting |
Time | Head
in,

1
475 1 31 0167 0.833 0.030
5.75 1 31 0.167 0.833 0.030
7.5 2 52 0.171 0.829 0.033
9.75 2 52 0.171 0.829 0.033
11.75 2 52 0.171 0.829 0.033 11.75 | 2448
16.75 3 53 0.174 0.826 0.036 16.75 | 2448
21.75 3 54 0477 0.823 0.039 21.75 | 2448
26.75 3 54 0477 0.823 D.039 26.75 | 2448
31.75 3 54 0477 0.823 0.039 31.75 | 2448

Figure 23. Summary of MP467 outfall left bank raw data
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Figure 24. Summary of MP467 outfall left bank erodibility parameters



JET Data Input

0.75

MP487 Qutfall ROB
8/11/2022
FROB
1
S. Waickowski
Weaver

{min)

ocoooflf oo
i lanpne

[ S X ey

RS

Scour Depth Readings

Diff Time Pt Gage Reading Depth Pt Gage Reading

0.848
0.848

Pt Gage Reading at Nozzle (mm): B

Ref_ Pt Gage Reading at Nozzle (ft): [LE2:00 )
Nozzle Diameter (in): R3]

Nozzle Height (ft): [T

Dishcarge Coefficient: [JIXZL|

Initial guess* for T, (Pa): 1|
Initial guess* for ka (cmTh-s): [IRLEI|

Maximum Depth of Scour
(Ft)
0.000
0.007
0.010
0.010
0.010
0.013
0.016
0.016
0.01M6
0.020
0.020
0.023
0.023
0.026
0.026
0.030
0.033
0.033
0.036
0.032
0.032
0.032
0.043
0.043

0.042

Figure 25. Summary of MP467 outfall right bank raw data

* If you do not have a guess,
Suggested values of kyas a f
Hamson and Simon
kg = 0.21.705
Simon et al. (2011)
kg = 187,05
BSTEM, v5.4

kg = 017705

Head Setting
Time | Head
{min)
4] 2448
025 | 2448
0.5 2448
075 | 2448
1 24.48
1.5 2448
2 2448
25 24.48
3 2448
4 2448
5 2448
3] 24.48
7 24 48
g 2448
@ 24.48
10 2448
11 2448
12 24.48
13 24.48
14 24 48
15 2448
18 24.48
18 24 48
20 2448
22 2448




Blaisdell Solution Scour Depth Solution

1. (Pa) 1.05 ' 1 (Pa) 3.90 % (Pa)
kg {cm*/N-s) 2.7 | ky (cm®/N-s) 7.93 kq (cm/N-s)

/ otien , iy o P

-
oo o2t oo oo a1

Figure 26. Summary of MP467 outfall right bank erodibility parameters



JET Data Input

MP495 Cutlet LOB Pt Gage Reading at Mozzle (mm}:
91172022 Ref. Pt Gage Reading at Nozzle (ft): [ik:}:]::] Suggested values of k, as a
CLOB Nozzle Diameter (in): Ji§F=) Hanson and Simon (2(
1 Nozzle Height (fi): [LliL:xi] kg=0.21%F

* If you do not have a guess, ple

S. Waickowski Simon et al. (2011)
Weaver hy=16T.°F
BSTEM, v5.4
Initial guess* for k, (cm’/N-s ky=0.17.°F

Scour Depth Readings
Diff Time Pi Gage Reading Depth Pt Gage Reading Maximum Depth of Scour
i i) i

Head Setting |
Time | Head

a 0 29 0.085 0.905 0.000
025 0.25 kY| 0.102 0.898 0.007
0.5 025 36 0.118 0.582 0.023
07s 025 36 0.118 0.882 0.023
1 025 36 0.118 0.882 0.023
1.5 0.5 36 0.118 0.582 0.023
2 0.5 36 0.118 0882 0.023
25 0.5 39 0.128 0872 0.033 25 36.24
3 0.3 40 0131 0.669 0.036 3 36.24
35 0.5 40 0.131 0.869 0.036 35 36.24
4 0.5 4 0.135 0.885 0.038 4 36.24
45 0.5 41 0.135 0.865 0.038 45 36.24
5 0.5 41 0.135 0.865 0.039 5 36.24
6 1 42 0.138 0882 0.043 1 36.24
T 1 42 0.138 0.862 0.043 7 36.24
8 1 42 0.138 0.862 0.043 8 36.24
10 2 42 0.138 0882 0.043 10 36.24
12 2 42 0.138 0882 0.043 12 36.24
17 3 42 0.138 0.862 0.043 17 36.24

Figure 27. Summary of MP495 outlet left bank raw data



Blaisdell Solution Scour Depth Solution

<. (Pa) 1.36 ' 1 (Pa) 6.83 % (Pa)
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Figure 28. Summary of MP495 outlet left bank erodibility parameters



JET Data Input

10.75
11.76
1276
13.76
14.75
16.75
18.75
20.76
25.76

MP485 Outlet ROB

aMir2022

EN ORI PRI R = - o 3 —a oa s

MO EYdYdE3888852R23888

0.228

Figure 29. Summary of MP495 outlet right bank raw data

0.770
0.787
0.787
0.787
0.784
0.784
0.784
0.784

0.078
0.082
0.088
0.082
0.082
0.082
0.082
0.085
0.088
0.105
0.108
0.108
0.108
0D.112
0D.112
0D.112
0D.112

10.75
11.75
1275
13.75
14.75
18.75
18.75
20,75
2675

* If you do not have a guess,
Suggested values of by as a

Hanson and Simon |
kﬂ={l.21.'.:'35
Simon et al. [2011)
k, = 1.67,2%
BSTEM, vi.4
kg =0.1T.25




Blaisdell Solution Scour Depth Solution

1 (Pa) 0.07
kg (cm®/N-s) 13.70

Kq (cm?/N-s) 49.27

1 (Pa) 1.69

Iterative Sol

1 (Pa)
kg {cm*/N-s)

Figure 30. Summary of MP495 outlet right bank erodibility parameters



JET Data Input

MP495 Qutfall LOB Pt Gage Reading at Nozzle (mm): * If you do not have a guess, p!
97112022 Ref. Pt Gage Reading at Nozzle (fi): Suggested values of ky as a
DLOB MNozzle Diameter (in): Hanson and Simon (2
1 ky=0.21."F
5. Waickowski Simon et al. (2011)
Weaver ky =167, %
BSTEM, v5.4
Initial guess* for ky (cm®/N:s): kg =0.11.°%°
Scour Depth Readings Head Setting |
Diff Time Pt Gage Reading Depth Pt Gage Reading Maximum Depth of Scour Time
i Li¥ Lif
1] 1] a7 0121 0.879 0.000

025 0.25 a7 0121 0.879 0.000 025 | 2472
0.5 0.25 a7 0121 0.879 0.000 0.5 24.72
075 0.25 38 0.125 0875 0.003 075 | 2472
1 0.25 39 0.128 0872 0.007 1 24.72
125 0.25 41 0.135 0.865 0.013 125 | 2472
1.5 0.25 41 0.135 0.865 0.013 1.5 24.72
175 0.25 42 0.138 D0.862 0.016 175 | 2472
2 0.25 42 0.138 D0.862 0.016 2 24.72
225 0.25 42 0.138 D0.862 0.016 225 | 2472
275 0.5 43 0.141 0.859 0.020 275 | 2472
325 0.5 43 0.141 0.859 0.020 325 | 2472
375 0.5 43 0.141 0.859 0.020 375 | 2472
475 1 43 0.141 0.859 0.020 475 | 2472
575 1 44 0.144 0.856 0.023 575 | 2472
675 1 44 0.144 0.856 0.023 675 | 2472
775 1 44 0.144 0.856 0.023 TTI5 | 2472
975 2 45 0.148 0.852 0.026 975 | 2472
1175 2 45 0.148 0.852 0.026 1175 | 2472
1375 2 45 0.148 0.852 0.026 1375 | 2472
1875 E] 46 0.151 0.849 0.030 1875 | 2472
2375 L] 46 0151 0.849 0.030 2375 | 2472

Figure 31. Summary of MP495 outfall left bank raw data



Blaisdell Solution Scour Depth Solution

. (Pa)
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Figure 32. Summary of MP495 outfall left bank erodibility parameters



JET Data Input

MP495 Outfall ROB Pt Gage Reading at Nozzle (mm): G
91 1/2022 Ref. Pt Gage Reading at Mozzle (ft): Uk )
DROB 0.125 Hanson and Simon (2007)
1 0.0755 kg =021."F
5. Waickowski 0614 Simon et al. {2011)
Weaver ky=167.°%
BSTEM, v5.4
kg =0141.%%
Scour Depth Readings Head Setiing
Diff Time Pt Gage Reading Depth Pt Gage Reading Maximum Depth of Scour i
(min) (rmii) (mm)
38
38
' 38 .
6.75 1 40 0131 0.869 0.043 675 | 2472
775 1 40 0131 0.869 0.043 775 | 2472
8.75 1 40 0131 0.869 0.043 875 | 2472
10.75 2 41 0135 0.865 0.046 10.75 | 24.72
1273 2 41 0135 0.865 0.046 1275 [ 2472
14.75 2 41 0135 0.865 0.046 1475 [ 2472
19.75 3 42 0138 0.862 0.049 1975 | 24.72
2475 5 42 0.138 0.862 0.049 2475 | 2472 Mmoo orm.

Figure 33. Summary of MP495 outfall right bank raw data



Blaisdell Solution Scour Depth Solution
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Figure 34. Summary of MP495 outfall right bank erodibility parameters



JET Data Input

MP214 Ouflet LOB Pt Gage Reading at Nozzle (mm): [N * If you do not have a guess, pl
1002022 Ref. Pt Gage Reading at Nozzle (ft): U li] | Suggested values of kyas a
ILOB Nozzle Diameter (in): JV§ PSR Hanson and Simon (2

1 Nozzle Height (ft): [IRRL] kg = 02125

5. Waickowski Dishcarge Coefficient: [IIZT]| Simon et al. (2011)
Weaver kg = 1.6T,2%
Initial guess* for T, (Pa): [ BSTEM, v5.4
Initial guess* for K, (cm/N-s): [ kg=0.11."*
Scour Depth Readings Head Setting
ime Diff Time  Pr Gage Reading Depth PrGage Reading Maximum Depth of Scour Time Head
(min) (min) (mmy} i) i) {fo) {min) | (in)
0 0 39 0128 0872 0.000 1] 2448
025 025 41 0135 0.865 0.007 025 | 2448
05 025 43 0141 0.859 0013 05 | 2448
0.78 025 43 0141 0.859 0013 075 | 2448
1 025 44 0144 0.856 0.016 1 24.48
125 025 45 0148 0.852 0.020 125 | 2448
15 025 46 0151 0.849 0023 15 | 2448
1.75 025 47 0.154 0.846 0.026 175 | 2448
2 025 47 0.154 0.846 0.026 2 24.48
225 025 47 0.154 0.846 0.026 225 | 2448
275 045 48 0157 0.843 0.030 275 | 2448
325 045 48 0157 0.843 0.030 325 | 2448
a7s 045 48 01861 0.839 0033 375 | 2448
425 05 h0 0164 0.836 0.036 425 | 2448
475 05 51 0167 0.833 0.039 475 | 2448
h25 05 51 0167 0.833 0.039 525 | 2448
575 05 h2 0171 0.829 0.043 575 | 2448
6.25 05 h2 017 0.829 0.043 625 | 2448
6.75 05 h2 017 0.829 0043 675 | 2448

Figure 35. Summary of MP814 outlet left bank raw data



Blaisdell Solution Scour Depth Solution Iterative Soll

1 (Pa) 0.61 1. (Pa) 3.22 T (Pa)
3 3 3
Kg (cm*/N-s) 10.56 Kq (cm™/N-s) 38.54 Kg (cm™/N-s)
20 20 20
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Figure 36. Summary of MP814 outlet left bank erodibility parameters



JET Data Input

MP814 Qutlet ROB Pt Gage Reading at Nozzle (mm): 4 * If you do not have a guess, ple
9/10/2022 Ref. Pt Gage Reading at Nozzle (ft): [Nk
IROB Mozzle Diameter (in): J %P5 Hanson and Simon (20
1 Nozzle Height (ft): [TEIE kg=021.7%°
5. Waickowski Dishcarge Coefficient: Jillsi i Simon et al. (2011)
Weaver kg = 16705

Initial guess* for 7, (Pa): K| BSTEM, v5.4
Initial guess* for kq (cm®/N-s): R kg = 0.147.2°

Scour Depth Readings Head Setting
Diff Time PiGage Reading Depth Pt Gage Reading Maximum Depth of Scour
I (f1)

425 Dj5 47 0.154 0.846 0.049 4325 | 2448

Figure 37. Summary of MP814 outlet right bank raw data
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Figure 38. Summary of MP814 outlet right bank erodibility parameters

Blaisdell Solution Scour Depth Solution
2.40
ka (cm*/N-s)

3.56

98.23




JET Data Input

MP814 Qutfall LOB Pt Gage Reading at Nozzle (mm): * If you do not have a guess,
9/10/2022 Ref. Pt Gage Reading at Nozzle (ft): [[1R::i] Suggested values of k; as a
JLOB Nozzle Diameter (in): JR P Hanson and Simon
1 Nozzle Height (ft): (il i) ky=021,%°

5. Waickowski Dishcarge Coefficient: [0 Simon et al. (2011)

Weaver k=167,
Initial guess* for T, (P BSTEM, v5.4
Initial guess* for k, (cm®/N-s): ky=0.17,"

Scour Depth Readings
Time Diff Time Pt Gage Reading Depth Pt Gage Reading Maximum Depth of Scour

Head Setting

(min) (imin) (imm) (ft) (fr) (f1)
0 i} 43 0141 0.859 0.000 0 72.48
D25 0.25 47 0.154 0.846 0.013 025 | 7248
05 0.25 47 0.154 0.846 0.013 05 | 7248
075 025 48 0157 0.843 0.016 075 | 7248
1 025 48 0157 0.843 0.016 1 72.48
125 025 48 0157 0.843 0.016 125 | 7248
15 0.25 48 0157 0.843 0.016 15 | 7248
2 05 48 0157 0.843 0.016 2 72.48
25 05 50 0.164 0.836 0.023 25 | 7248
3 05 50 0.164 0.836 0.023 3 72.48
35 0.5 ]| 0.167 0.823 0.026 35 | 7248
4 05 1] 0167 0.833 0.026 4 72.48

Figure 39. Summary of MP814 outfall left bank raw data
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Figure 40. Summary of MP814 outfall left bank erodibility parameters



JET Data Input

275

MPE14 Outfall ROB
aro2p22
JROB
1
5. Waickowski
Weaver

025
025
025

[=]
[ I T T T e e
e T T g e

58 0184
LT 0187
LT 0187
a7 0187
-] 0180
-] 0,180
B0 0187
81 0.200
62 0.203
62 0.203
B2 0.203
62 0.203
B4 0210
B4 0210
B4 0210
B85 0213
[il:] 0217
[if:] 0223
i1 0223
68 D223
] 0226
] 0226

0.058
0.062
0.062
D.062
0.066
D.066
0072
0.075
0079
0.07%
0078
0078
0.085
D.085
D.085
D028
0.092
0.028
D.098
D.098
D102
D102

Figure 41. Summary of MP814 outfall right bank raw data

* If you do not have a guess, p

Suggested values of ky as a

Hanson and Simaon (2
k= 0.2]:;“
Simon et al. (2011)
k.= 1.67.°%
BSTEM, v5.4
k.= 011"




Blaisdell Solution Scour Depth Solution

Iterative Solu

1. (Pa) 0.10 , (Pa) 1.89 1. (Pa)
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Figure 42. Summary of MP814 outfall right bank erodibility parameters



JET Data Input

MP840 Qutlet LOB Pt Gage Reading at Nozzle (mm): * If you do not have a guess, pl
BI26/2022 Ref. Pt Gage Reading at Nozzle (ft): [tie:i) Suggested values of kyas a
ALOB Nozzle Diameter (in): [P Hanson and Simon (2
1 Nozzle Height (ft): [IRR] kg=027%%

S. Waickowski Dishcarge Coefficient: My C] Simon er al. (2011)
Weaver ky=1.67.2%
Initial guess* for T (Pa): [ BSTEM, v5.4

Initial guess* for k, (cnr*/N-s): [ ky=011.°°
Scour Depth Readings Head Setting
Diff Time Pt Gage Reading Depth FPrGage Reading Maximum Depth of Scour Time | Head

(min) {ft) (f1) {ft) (min) | (in)

[1] [i] 43 0141 0.859 0.000 0 7248
0.25 0.25 46 0.151 0.849 0.010 025 | 7248
05 0.25 55 0.180 0.820 0.039 05 72.48
075 0.25 55 0.180 0.820 0.039 075 | 7248
1 0.25 56 0.184 0816 0.043 1 7248
1.25 0.25 58 0.190 0.810 0.049 1.25 | 7248
15 0.25 ] 0.194 0.806 0.052 15 72.48
175 0.25 60 0.197 0.803 0.056 175 | 7248
2 0.25 G0 0.197 0.803 0.056 2 7248
225 0.25 G0 0.197 0.803 0.056 225 | 7248

Figure 43. Summary of MP840 outlet left bank raw data



Blaisdell Solution Scour Depth Solution Iterative Sol

. (Pa) 0.44 . (Pa) 6.34 . (Pa)
Kq (cm®/N-s) 18.16 Kq (cm/N-5) 59.12 Kq (cm®/N-5)

az P 3 / . 3
N - . o / #nin o /

Figure 44. Summary of MP840 outlet left bank erodibility parameters



JET Data Input

MP840 Outlet ROB Pt Gage Reading at Nozzle (mm): i} * If you do not have a guess,
952022 Ref. Pt Gage Reading at Nozzle (ft): [1k¢:]ii] Suggested values of kyas a
AROB Nozzle Diameter (in): 1] Hanson and Simon |

1 Nozzle Height (ft): [IRPAE] ky=021.%°

5. Waickowski Dishcarge Coefficient: JDGES Simon et al. (2011)

Weaver by = 1_{5-;,34“"a

Initial guess* for T, (Pa): R BSTEM, v5.4

Initial guess* for ky (cm®/N-s): [l ky=011,"°
Scour Depth Readings Head Setting
Time Diff Time Pt Gage Reading Depth Pt Gage Reading Maximum Depth of Scour Time | Head

(min} {min} (mmy} (ft) (f1) (1) {min} | (in)

0 0 41 0.135 0.865 0.000 0 7248
025 0.25 49 0.161 0.839 0.026 025 [ 7248
05 0.25 50 0.164 0.836 0.030 05 | 7248
0.75 0.25 81 0.167 0.833 0.033 075 [ 72.48
1 025 54 0177 0823 0.043 1 7248
125 0.25 55 0.180 0.820 0.046 125 | 7248
15 0.25 57 0.187 0.813 0.052 15 [ 7248
175 0.25 59 0.194 0.806 0.059 175 | 7248
2 0.25 60 0.197 0.803 0.062 2 72.48
225 0325 61 0.200 0.800 0.066 225 | 7248
25 0.25 61 0.200 0.800 0.066 25 | 7248
275 0.25 63 0.207 0.793 0.072 275 [ 7248
3 0.25 64 0.210 0.790 0.075 3 72.48
3.25 0.25 64 0.210 0.790 0.075 325 [ 7248
35 0.25 64 0.210 0.790 0.075 35 [7248
4 05 65 0.213 0787 0.079 4 72.48
45 0.5 65 0.213 0.787 0.079 45 | 72.48
5 0.5 65 0.213 0.787 0.079 5 72.48

Figure 45. Summary of MP840 outlet right bank raw data



Blaisdell Solution Scour Depth Solution

1, (Pa) 0.37 1, (Pa) 507 ' 1. (Pa)
kg (cm*/N's}) 12.22 ky (cm*/N-s) 37.60 | ky (cm*/N-s})
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Figure 46. Summary of MP840 outlet right bank erodibility parameters



JET Data Input

MPTED Cuifall L0 * f you do not have a guess, ple:
B0z Supgpested values of k; as a func
Trial B BLOB Hanson and Simon (20
- Nozzle Height (ft): k=027
5. Waickowski i rpe Coefficien Simom et al. (2011)
Wieaver ke = 1877
BSTEM. vad
k, =017,

Scour Depth Readings
Time Diff Time. Pt Gage Reading Depth Pt Gage Reading Maxirmum Depth of Scour

{min) {mim) ife) Li') {fi) {in)
0 [1] 3B 0.125 0875 0000 ] 7248
025 0.25 4B R T 0843 0033 D25 [ 7248
0.5 025 54 077 0823 052 05 [ 7248
075 0.25 56 0184 0818 059 D75 [ 7248
1 0.25 ] 0.180 0.E10 0055 1 7248
125 0.25 a1 0:200 0.800 0o7Ts 126 | 7248
15 0.25 a2 0203 0797 0073 15 [ 7248
175 0.25 o4 0.210 0.790 0085 1.7 [ 7248
2 0.25 a5 0213 0737 00E 2 7248
225 0.25 88 0223 0777 003 225 [ 7248
25 0.25 88 D223 07T 003 25 [ 7248
275 0.25 7D 0230 0770 o10s 275 [ 7248
3 0.25 72 0235 0784 o112 3 7248
325 0.25 73 0.240 0.730 115 325 (7248
35 0.25 73 0.240 0730 o115 35 [ 7248
aTs 025 5 0245 0754 i 376 [ 7248
4 0.25 70 0242 075 125 4 7248
425 025 78 0256 0744 IRk 425 [ 7243
45 025 78 0255 0744 i 45 | 7248
475 0.25 73 0256 0744 IR K 475 [ 7248
525 05 78 0256 0744 IRk 525 [ 7248
575 05 79 0252 074 i35 575 [ 7248
625 05 a0 D262 0733 o133 625 [ 7248
675 05 a0 0262 0733 o123 675 [ 7248
725 05 a1 0265 0734 i 725 [ 7248
] 05 a2 D262 073 o144 770 [ 7248
825 05 83 0272 0723 o143 B25 [ 7243
875 05 83 nDar2 0723 0143 B75 | 7248
225 05 83 a7z 0723 o143 B25 [ 7248
10.25 1 85 para 0T (iR E 1025 | 7248
11.25 1 85 o] 0T (iR L 11325 7238
12.25 1 85 pDara 0T (IR E 12325 | 7248
1425 2 85 pnara 0T (iR E 14325 | 7248
16.25 2 a5 pD.z2ra 0721 [IRE 1825 [ 7248
25 5 85 pDara 0T (IR E 2135 | 7243

Figure 47. Summary of MP840 outfall left bank raw data



Blaisdell Solution Scour Depth Solution

1. (Pa) 0.06 7, (Pa) 3 [ 1 (Pa)
k, (cm®*/N-s) 13.13 k, (cm*/N-s) 46.82 kg ([cm®/N-s)
an . T ]
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Figure 48. Summary of MP840 outfall left bank erodibility parameters



JET Data Input

5.25
5.75

MP840 Qutfall ROB
9M/72022
BROB
1
5. Waickowski
Weaver

Secour Depth Readings

Diff Time Pt Gage Reading Depth

0 a5 0115
0.25 48 0.151
0.25 48 o0.181
0.25 51 0.187
0.25 54 077
0.25 57 0.187
0.25 58 0.180
0.25 58 0184
0.25 =11} 0187
0.25 g1 0.200
0.25 63 0.207
0.25 54 0.210
0.25 685 0.213
0.25 a7 0.220
0.25 62 0.223
0.25 62 0.228
0.25 i} 0.2268
0.25 ] 0.228
0.5 Fi 0.230
0.5 70 0.230
0.5 70 0.230

Pt Gage Reading

Pt Gage Reading at Nozzle (nmm): |
Ref. Pt Gage Reading at Nozzle (ft): [REEEY

Mozzle Diameter {in): |

Mozzle Height (7t): [RTL L

Dishcarge Coefficient: [[ES|

Maximum Depth of Scour
(i)
0.000
0.036
0.046
0.052
0.082
0.072
0.075
0.07a
0.082
0.085
0.082
0.085
0.098
0.105
0.108
0.112
0112
0112
0.115
0.115
0.115

Figure 49. Summary of MP840 outfall right bank raw data

* If you do not have a guess,
Suggested values of kg as a
Hanson and Simon
kg =027,
Simon et al. (2011)
ky = 1672
BSTEM, v5.4
ky= 011

Head Setting
Head

o] 7248
0.25 | 7248
0.5 7248
075 | 7248
1 7248
1.25 | 7248
1.5 7248
175 | 7248
2 7248
225 | 7248
25 7248
275 | 7248
3 7248
325 | 7248
35 7248
375 | 7248
4 7248
425 | 7248
475 | 7248
525 | 7248
575 | 7248
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Figure 50. Summary of MP840 outfall right bank erodibility parameters



Appendix H: Soil gradation results for monitored sites
Table 1. MP458 outlet channel bed gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 | 465.81 552.29 86.48 21.61 78.39
1.68 #12 | 579.12 600.7 21.58 5.39 72.99
0.5 #35 | 400.16 493.28 93.12 23.27 49.72
0.25 #60 | 483.75 538.24 54.49 13.62 36.10

0425 | *12 | 34443 | 43745 93.02 23.25 12.85
00625 | *2%| 34016 | 376.26 36.1 9.02 3.83

Pan | 367.92 383.12 15.2 3.80 0.03

d50 =0.51 mm
Table 2. MP458 outlet left bank gradation
Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)

(mm) (9) (a)

2 #10 | 465.83 495.76 29.93 8.06 91.94
1.68 #12 579.1 590.25 11.15 3.00 88.93
0.5 #35 | 400.44 460.57 60.13 16.20 72.74
0.25 #60 | 483.75 527.93 44.18 11.90 60.84

0.125 #82 344.34 458.01 113.67 30.62 30.22
00625 | *23 | 3401 | 419.42 79.32 21.37 8.85
Pan | 367.94 401.21 33.27 8.96 -0.11




Table 3. MP458 outlet right bank gradation

. . Sieve +
di?rﬁ:taer Siev ::iwﬁt soil Soil retained | Soil retained | Soil passing
(mm) e (gg; retained (9) (%) (%)
(9)

2 #10 | 465.82 596.25 130.43 30.90 69.10
1.68 #12 | 579.11 616.16 37.05 8.78 60.32
0.5 #35 | 400.27 543.53 143.26 33.94 26.38
0.25 #60 | 483.74 520.84 371 8.79 17.59

0.125 #(1)2 34435 | 384.48 40.13 9.51 8.08
0.0625 #33 3401 | 363.77 2367 561 247

Pan | 367.94 378.72 10.78 2.55 -0.08

Table 4. MP458 intermediate channel bed gradation
Sieve si Sieve Sievﬁ * Soil ined | Soil ined | Soil .
diameter iev weight sc_)l oil retaine oil retaine oil passing
(mm) e @) retained (9) (%) (%)
(9)

2 #10 | 465.81 572.39 106.58 22.40 77.60
1.68 #12 579.1 602.83 23.73 4.99 72.61
0.5 #35 | 400.06 516.63 116.57 24 .50 48.11
0.25 #60 | 483.77 532.37 48.6 10.22 37.89

0.125 #12 | 344.35 421.64 77.29 16.25 21.65
) 0
#23 | 340.09 395.1 55.01 11.56 10.08
0.0625 0
Pan | 367.94 411.81 43.87 9.22 0.86

dso = 0.59 mm




Table 5. MP458 intermediate left bank gradation

. . Sieve +
di?rﬁ:taer Siev ::iwﬁt soil Soil retained | Soil retained | Soil passing
(mm) e (gg; retained (9) (%) (%)
(9)

2 #10 | 465.83 561.22 95.39 34.69 65.31
1.68 #12 | 579.14 600.38 21.24 7.73 57.58
0.5 #35 | 401.32 488.67 87.35 31.77 25.81
0.25 #60 | 483.79 508.72 24.93 9.07 16.74

0.125 #82 34439 | 36548 21.09 7.67 9.07
0.0625 #33 3401 | 356.26 16.16 5.88 3.19

Pan | 367.96 376.79 8.83 3.21 -0.02

Table 6. MP458 intermediate right bank gradation
Sieve si Sieve Sievﬁ * Soil ined | Soil ined | Soil .
diameter iev weight sc_)l oil retaine oil retaine oil passing
(mm) e @) retained (9) (%) (%)
(9)

2 #10 | 465.83 537.54 71.71 33.63 66.37
1.68 #12 | 579.03 593.42 14.39 6.75 59.62
0.5 #35 | 400.67 44774 47.07 22.07 37.55
0.25 #60 483.8 502.05 18.25 8.56 28.99

0.125 #(1)2 34435 | 368.94 24.59 1153 17.46
0.0625 #33 340.12 364.18 24.06 11.28 6.18
Pan | 367.94 382.19 14.25 6.68 -0.50




Table 7. MP458 final channel bed gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 | 465.78 603.73 137.95 12.85 87.15
1.68 #12 | 579.08 616.75 37.67 3.51 83.64
0.5 #35 | 400.09 723.03 322.94 30.08 53.56
0.25 #60 | 483.72 730.56 246.84 22.99 30.57

0.125 #82 344.35 574.08 229.73 21.40 9.18
00625 | *23| 34000 | 41272 72.63 6.76 2.41

Pan | 367.93 393.32 25.39 2.36 0.05

d50 =(0.36 mm
Table 8. MP458 final left bank gradation
Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)

(mm) (9) (a)

2 #10 465.9 562.11 96.21 24.06 75.94
1.68 #12 | 579.18 602.09 22.91 5.73 70.21
0.5 #35 | 402.08 484.62 82.54 20.64 49.57
0.25 #60 | 483.79 539.9 56.11 14.03 35.54

0.125 #82 344.39 423.66 79.27 19.82 15.72
00625 | *23 | 34014 | 3872 47.06 11.77 3.95
Pan | 367.95 384.29 16.34 4.09 -0.13




Table 9. MP458 final right bank gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 | 465.81 560.61 94.8 31.57 68.43
1.68 #12 | 579.09 602.88 23.79 7.92 60.51
0.5 #35 | 400.94 485.39 84.45 28.12 32.39
0.25 #60 | 483.75 506.62 22.87 7.61 24.78

0125 | *12| 34435 | 37538 31.03 10.33 14.45
00625 | *23| 34011 | 369.99 29.88 9.95 4.50
Pan | 367.94 382.34 14.4 4.79 -0.30
Table 10. MP459 outlet channel bed gradation
Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)
(mm) (9) (@)
4.76 #4 0 0 0 0 100

2 #10 | 465.95 786.94 320.99 39.29 60.71
1.68 #12 | 579.42 637.51 58.09 7.11 53.60
0.5 #35 | 403.34 712.32 308.98 37.82 15.79
0.25 #60 | 483.81 565.83 82.02 10.04 5.75

0.125 #82 344.36 374.37 30.01 3.67 2.08
00625 | *23 | 3401 | 351.95 11.85 1.45 0.63
Pan | 368.01 373.56 5.55 0.68 -0.05

dso = 1.57 mm




Table 11. MP459 outlet left bank gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 | 465.97 611.72 145.75 28.39 71.61
1.68 #12 | 579.42 609.7 30.28 5.90 65.71
0.5 #35 | 402.99 544 141.01 27.46 38.25
0.25 #60 | 483.78 552.93 69.15 13.47 24.78

0.125 #2)2 344 .42 416.63 72.21 14.06 10.72
00625 | *2%| 34024 | 38269 42.45 8.27 2.45

Pan 368 381.52 13.52 2.63 -0.18

Table 12. MP459 outlet right bank gradation
Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)

(mm) (9) (@)

2 #10 | 465.76 570.32 104.56 32.29 67.71
1.68 #12 | 579.09 600.97 21.88 6.76 60.96
0.5 #35 | 400.03 493.6 93.57 28.89 32.06
0.25 #60 | 483.73 516.93 33.2 10.25 21.81

0425 | *1% | 34434 | 37665 32.31 9.98 11.83
00625 | *2%| 34000 | 368.43 28.34 8.75 3.08
Pan | 367.92 377.89 9.97 3.08 0.00




Table 13. MP459 outfall channel bed gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 | 465.99 689.97 223.98 28.43 71.57
1.68 #12 579.5 639.23 59.73 7.58 63.98
0.5 #35 | 403.18 762.64 359.46 45.63 18.35
0.25 #60 483.8 571.87 88.07 11.18 7.17

0425 | *12 | 3444 | 37373 29.33 3.72 3.45
00625 | *2%| 34014 | 359.37 19.23 2.44 1,01

Pan | 368.02 376.41 8.39 1.07 -0.06

d50 =1.32 mm
Table 14. MP459 outfall left bank gradation
Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)

(mm) (9) (a)

2 #10 | 466.02 502.13 36.11 7.75 92.25
1.68 #12 579.4 591.32 11.92 2.56 89.69
0.5 #35 | 402.91 517.35 114.44 24.56 65.14
0.25 #60 | 483.83 566.67 82.84 17.77 47.36

0.125 #82 344.49 458.01 113.52 24.36 23.01
00625 | *23 | 3402 | 42071 80.51 17.27 5.73
Pan 368 394.68 26.68 5.72 0.01




Table 15. MP459 right bank gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 466 504.66 38.66 10.42 89.58
1.68 #12 | 579.29 592.13 12.84 3.46 86.12
0.5 #35 | 402.67 453.61 50.94 13.73 72.39
0.25 #60 | 483.78 505.31 21.53 5.80 66.59

0.125 #82 344.37 422.36 77.99 21.02 45.57
00625 | *2%| 34012 | 467.96 127.84 34.45 11.12

Pan | 367.98 409.24 41.26 11.12 0.00

Table 16. MP467 outlet channel bed gradation
Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)

(mm) (9) (@)

2 #10 466.1 556.05 89.95 13.32 86.68
1.68 #12 | 579.41 622.22 42.81 6.34 80.34
0.5 #35 | 403.46 778.54 375.08 55.54 24.80
0.25 #60 | 483.82 562.95 79.13 11.72 13.08

0425 | *1%| 34436 | 38263 38.27 5.67 7.41
00625 | *2%| 34000 | 363.56 23.47 3.48 3.94
Pan | 368.04 394.94 26.9 3.98 -0.05

d50 =1.04 mm




Table 17. MP467 outlet left bank gradation

. . Sieve +
di?rﬁ:taer Siev ::iwﬁt soil Soil retained | Soil retained | Soil passing
(mm) e (gg; retained (9) (%) (%)
(9)

2 #10 | 465.95 497.27 31.32 8.53 91.47
1.68 #12 | 579.26 590.5 11.24 3.06 88.41
0.5 #35 | 402.68 513.45 110.77 30.18 58.23
0.25 #60 | 483.79 555.02 71.23 19.41 38.82

0.125 #82 344.41 415.57 71.16 19.39 19.44
0.0625 #33 34012 | 389.44 49.32 13.44 6.00

Pan | 367.97 390.37 22.4 6.10 -0.10

Table 18. P467 outlet right bank gradation
Sieve si Sieve Sievﬁ * Soil ined | Soil ined | Soil .
diameter iev weight sc_)l oil retaine oil retaine oil passing
(mm) e @) retained (9) (%) (%)
(9)

2 #10 | 465.96 544.67 78.71 13.12 86.88
1.68 #12 579.3 604.26 24.96 4.16 82.71
0.5 #35 | 402.61 637.1 234.49 39.10 43.61
0.25 #60 | 483.78 586.85 103.07 17.19 26.43

0.125 #(1)2 34455 | 433.42 88.87 14.82 11.61
0.0625 #53 340.14 | 38213 41.99 7.00 461
Pan | 367.98 395.96 27.98 4.67 -0.06




Table 19. MP467 outfall channel bed gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 | 465.95 586.8 120.85 13.32 86.68
1.68 #12 | 579.37 648.55 69.18 7.63 79.05
0.5 #35 | 403.41 1026.57 623.16 68.69 10.36
0.25 #60 | 483.83 557.41 73.58 8.11 2.25

0.125 #82 3444 | 35627 11.87 1.31 0.94
0.0625 #33 34015 | 344.44 4.29 0.47 0.47

Pan | 368.05 372.05 4 0.44 0.03

d50 =1.18 mm
Table 20. MP467 outfall left bank gradation
Sieve Sieve Sieve +
. Siev . soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)

(mm) (9) (a)

2 #10 | 465.96 554 .45 88.49 16.97 83.03
1.68 #12 | 579.31 605.43 26.12 5.01 78.02
0.5 #35 402.6 601.58 198.98 38.16 39.85
0.25 #60 488.8 567.81 79.01 15.15 24.70

0.125 #(1)2 34439 | 40035 55.96 10.73 13.07
0.0625 #33 34013 | 380.99 40.86 7.84 6.13
Pan 367.97 395.04 27.07 5.19 0.94




Table 21. MP467 outfall right bank gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 | 465.95 485.1 19.15 2.61 97.39
1.68 #12 | 579.29 587.38 8.09 1.10 96.29
0.5 #35 | 402.66 561.14 158.48 21.59 74.69
0.25 #60 | 483.79 740.31 256.52 34.95 39.74

0425 | *12| 34439 | 53302 188.63 25.70 14.04
00625 | *2%| 34012 | 407.79 67.67 9.22 4.82

Pan | 367.97 403.31 35.34 4.82 0.00

Table 22. MP495 outlet channel bed gradation
Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)

(mm) (9) (@)

2 #10 | 466.09 542.91 76.82 8.47 91.53
1.68 #12 | 579.43 633.85 54.42 6.00 85.52
0.5 #35 | 403.46 1011.55 608.09 67.07 18.45
0.25 #60 | 483.84 559.89 76.05 8.39 10.06

0425 | *1% | 34437 | 40367 59.3 6.54 3.52
00625 | *2%| 34013 | 355.92 15.79 174 178
Pan | 368.08 383.77 15.69 1.73 0.05

d50 =1.06 mm




Table 23. MP495 outlet left bank gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 | 465.89 505.02 39.13 5.75 94.25
1.68 #12 | 579.19 604.38 25.19 3.70 90.55
0.5 #35 | 402.37 682.89 280.52 41.21 49.34
0.25 #60 | 483.81 585.49 101.68 14.94 34.40

0.125 #82 344 .4 445.81 101.41 14.90 19.50
00625 | *2%| 34012 | 410.48 70.36 10.34 9.17

Pan | 367.94 430.49 62.55 9.19 -0.02

Table 24. MP495 outlet right bank gradation
Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)

(mm) (9) (@)

2 #10 | 466.01 489.61 23.6 4.26 95.74
1.68 #12 | 579.27 599.32 20.05 3.62 92.12
0.5 #35 | 402.62 712.41 309.79 55.93 36.19
0.25 #60 | 483.85 575.88 92.03 16.62 19.57

0425 | *1% | 34447 | 30395 49.48 8.93 10.64
00625 | *2%| 34047 | 37076 30.59 5.52 5.12
Pan | 368.03 396.13 28.1 5.07 0.05




Table 25. MP495 outfall channel bed gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 | 465.98 543.27 77.29 15.26 84.74
1.68 #12 579.43 604.7 25.27 4.99 79.76
0.5 #35 | 403.51 646.98 243.47 48.06 31.70
0.25 #60 | 483.78 575.74 91.96 18.15 13.55

0125 | "12| 34442 | 386 41.58 8.21 5.34
00625 | *2%| 34013 | 357.33 17.2 3.39 1.95

Pan | 368.04 377.97 9.93 1.96 -0.01

d50 =0.95 mm
Table 26. MP495 outfall left bank gradation
Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)

(mm) (9) (a)

2 #10 | 465.91 586.86 120.95 34.99 65.01
1.68 #12 | 579.16 604.96 25.8 7.46 57.54
0.5 #35 402.5 540.92 138.42 40.05 17.50
0.25 #60 | 483.79 514.1 30.31 8.77 8.73

0425 | *12 | 34438 | 355.03 10.65 3.08 5.64
00625 | *23 | 34012 | 3522 12.08 3.49 2.15
Pan | 367.97 375.58 7.61 2.20 -0.05




Table 27. MP495 outfall right bank gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 | 465.88 582.83 116.95 32.02 67.98
1.68 #12 579.21 606.45 27.24 7.46 60.53
0.5 #35 | 402.49 548.24 145.75 39.90 20.63
0.25 #60 | 483.82 522.25 38.43 10.52 10.11

0.125 #82 34441 | 362.61 18.2 4.98 512
0.0625 #33 34013 | 352.73 12.6 3.45 168

Pan 367.97 374.67 6.7 1.83 -0.16

Table 28. MP814 outlet channel bed gradation
Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)

(mm) (9) (@)

2 #10 | 465.99 692.08 226.09 22.98 77.02
1.68 #12 | 579.38 638.29 58.91 5.99 71.03
0.5 #35 | 403.08 816.65 413.57 42.03 29.00
0.25 #60 483.78 641.22 157.44 16.00 13.00

0.125 #(1)2 34443 | 4218 77.37 7.86 513
0.0625 #53 340.15 | 375.87 35.72 3.63 1.50
Pan | 368.03 382.29 14.26 1.45 0.05

d50 =1.09 mm




Table 29. MP814 outlet left bank gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 | 465.89 545.14 79.25 23.20 76.80
1.68 #12 | 579.21 600.48 21.27 6.23 70.57
0.5 #35 | 402.26 509.62 107.36 31.43 39.14
0.25 #60 | 483.78 525.11 41.33 12.10 27.04

0425 | *12 | 3444 | 30102 46.62 13.65 13.39
00625 | *2%| 3401 | 375.83 35.73 10.46 2.93

Pan | 367.95 378.76 10.81 3.16 -0.23

Table 30. MP814 outlet right bank gradation
Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)

(mm) (9) (@)

2 #10 | 465.95 611.33 145.38 17.46 82.54
1.68 #12 | 579.27 655.06 75.79 9.10 73.43
0.5 #35 | 402.34 882.66 480.32 57.69 15.74
0.25 #60 483.8 568.11 84.31 10.13 5.62

0425 | *12 | 34437 | 3717 27.33 3.28 2.33
0.0625 #53 340.12 354.19 14.07 1.69 0.64
Pan | 367.94 374.32 6.38 0.77 -0.12




Table 31. MP814 outfall channel bed gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 | 466.19 555.86 89.67 11.49 88.51
1.68 #12 | 579.48 605.66 26.18 3.36 85.15
0.5 #35 | 403.71 688.75 285.04 36.53 48.62
0.25 #60 | 483.83 699.56 215.73 27.65 20.98

0.125 #82 344.37 446.62 102.25 13.10 7.87
00625 | *2%| 34013 | 383.52 43.39 5.56 2.31

Pan | 368.05 385.66 17.61 2.26 0.05

d50 =0.54 mm
Table 32. MP814 outfall left bank gradation
Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)

(mm) (9) (a)

2 #10 | 465.86 527.48 61.62 21.95 78.05
1.68 #12 | 579.21 596.72 17.51 6.24 71.82
0.5 #35 | 402.42 467.97 65.55 23.35 48.47
0.25 #60 | 483.78 519.77 35.99 12.82 35.65

0.125 #82 344.37 388.91 44 .54 15.86 19.79
00625 | *23 | 34012 | 3753 35.18 12.53 7.26
Pan | 367.95 388.8 20.85 7.43 -0.17




Table 33. MP814 outfall right bank gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 | 465.84 507.11 41.27 8.24 91.76
1.68 #12 | 579.17 595.1 15.93 3.18 88.58
0.5 #35 | 402.15 578.21 176.06 35.14 53.45
0.25 #60 | 483.75 609.53 125.78 25.10 28.34

0.125 #82 344.36 432.42 88.06 17.57 10.77
00625 | *23| 34000 | 378.12 38.03 7.59 3.18

Pan | 367.94 384.4 16.46 3.29 -0.11

Table 34. MP840 outlet channel bed gradation
Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)

(mm) (9) (@)

2 #10 | 466.71 589.24 122.53 19.93 80.07
1.68 #12 | 579.45 614.65 35.2 5.72 74.35
0.5 #35 | 403.48 739.69 336.21 54.68 19.67
0.25 #60 | 483.78 561.84 78.06 12.69 6.98

0425 | *1% | 34438 | 37582 31.44 5.11 1.87
00625 | *2%| 34012 | 348.25 8.13 1.32 0.54
Pan 368.1 371.28 3.18 0.52 0.03

d50 =1.15 mm




Table 35. MP840 outlet left bank gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 465.9 523.48 57.58 20.32 79.68
1.68 #12 | 579.23 597.44 18.21 6.43 73.26
0.5 #35 | 402.18 488.47 86.29 30.45 42.81
0.25 #60 | 483.77 517.99 34.22 12.07 30.74

0.125 #82 344.37 382.24 37.87 13.36 17.37
00625 | *2%| 34011 | 370,68 30.57 10.79 6.59

Pan | 367.94 387.43 19.49 6.88 -0.29

Table 36. MP840 outlet right bank gradation
Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)

(mm) (9) (@)

2 #10 | 465.86 514.22 48.36 12.05 87.95
1.68 #12 | 579.14 596.85 17.71 4.41 83.53
0.5 #35 | 402.11 547 .44 145.33 36.22 47.31
0.25 #60 | 483.77 544 60.23 15.01 32.30

0425 | *1% | 34445 | 415.45 71 17.70 14.61
00625 | *2%| 34015 | 385.18 45.03 11.22 3.38
Pan | 367.94 381.62 13.68 3.41 -0.03




Table 37. MP840 outfall channel bed gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 | 466.15 488.02 21.87 2.46 97.54
1.68 #12 | 579.62 586.38 6.76 0.76 96.77
0.5 #35 | 403.77 668.23 264.46 29.79 66.98
0.25 #60 | 483.76 759.26 275.5 31.04 35.94

0425 | *12 | 34436 | 57835 233.99 26.36 9.58
00625 | *2%| 34014 | 409.93 69.79 7.86 1.72

Pan | 368.07 383.03 14.96 1.69 0.03

d50 =(0.36 mm
Table 38. MP840 outfall left bank gradation
Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight . o o
e retained (9) (%) (%)

(mm) (9) (a)

2 #10 465.9 547.19 81.29 22.77 77.23
1.68 #12 | 579.17 599.86 20.69 5.79 71.44
0.5 #35 | 4021 473.43 71.33 19.98 51.46
0.25 #60 | 483.77 518.77 35 9.80 41.66

0.125 #2)2 344.41 423.26 78.85 22.08 19.57
00625 | *23 | 34015 | 390.04 49.89 13.97 5.60
Pan 367.9 388.34 20.44 5.72 -0.12




Table 39. MP840 outfall right bank gradation

Sieve Sieve Sieve +
. Siev - soil Soil retained | Soil retained | Soil passing
diameter weight - o o
e retained (9) (%) (%)
(mm) (9) @)

2 #10 | 465.92 499.44 33.52 14.05 85.95
1.68 #12 | 579.21 588.73 9.52 3.99 81.95
0.5 #35 | 402.17 437.16 34.99 14.67 67.28
0.25 #60 | 483.82 510.53 26.71 11.20 56.08

0.125 #82 344.38 418.13 73.75 30.92 25.16
00625 | *23| 34011 | 38455 44.44 18.63 6.53
Pan | 367.95 383.58 15.63 6.55 -0.03




Appendix I: HEC-RAS geometric files
MP458

Geom Title=MP458 Rebuild

Program Version=6.20

Viewing Rectangle= 4768.4091985679 , 5143.6973747306 , 5122.63505834318 ,
4975.03510733877

River Reach=MP458 ,MP458

Reach XY= 8
4788.46 4983.2 4844.06 5035.56
4874.71 5046.5 4912.55 5050.15

4953.27 5030.31 4996.67 5017.45
5066.41 5046.16 5130.23 5111.76
Rch Text X Y=4873.9025,5015.34
Reverse River Text=0

Type RM Length L Ch R=1,403.9 ,108.77,107.91,102.99
XS GIS Cut Line=3
4772.088494412634999.395740546614788.637883135634983.36722610861
4795.746685502994976.48216568195
Node Last Edited Time=0ct/05/2022 17:08:58
#Sta/Elev=7
0 106.59 12.34 105.91 14.99 104.45 17.33 103.18 22.93 102.07
29.12 103.67 32.94 104.44
#Mann= 3 ,0,0
0O .06 0 1499 .05 0 3294 .06 0
Bank Sta=14.99,32.94
XS Rating Curve= 0,0
XS HTab Starting El and Incr=102.57,0.2, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,295.99 ,43.69,39.14,32.2
XS GIS Cut Line=3
4867.385 5059.3484873.990375125635046.23875811369
4881.34723602484 5031.6380931677
Node Last Edited Time=0ct/05/2022 17:12:11
#Sta/Elev= 10
0 103.26 8.25 102.89 8.77 10255 9.67 101.98 10.35 101.81
12.03 100.94 18.7 101.61 20.14 102.02 22.08 102.56 31.03 103
#Mann= 3 ,0,0
0 .06 0 8.77 .05 0 22.08 .06 0
Bank Sta=8.77,22.08
XS Rating Curve= 0,0



XS HTab Starting El and Incr=100.94,0.12, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,256.85 ,46.74,44.91,43.14
XS GIS Cut Line=3
4917.96404548632 5061.93106846384912.875679764995049.99335315714
4905.933121777135033.70555363599
Node Last Edited Time=0ct/05/2022 17:15:20
#Sta/Elev= 14
O 100 4.46 98.85 9.56 98.31 10.18 94.57 11.37 94.37
1249 945 13.16 9449 1554 94.81 16.55 96.99 174 98.3
18.18 99.39 22.32 101.66 26.33 102 30.68 102.07
#Mann=3,0,0
0 .06 0 956 .05 0 174 .06 0
Bank Sta=9.56,17 .4
XS Rating Curve= 0,0
XS HTab Starting El and Incr=94.87,0.36, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,211.94 ,39.46,45.49,50.6
XS GIS Cut Line=3
4968.895154900065050.726821694124953.242820036695030.32319341858
4943.24 5017.284
Node Last Edited Time=0c¢t/05/2022 17:19:09
#Sta/Elev= 14
0 99.63 4.41 99.61 18.89 99.26 18.9 99.26 21.94 94.81
24.27 92.92 25.31 92.87 26.01 92.89 26.92 93.2 28.09 94.71
31.94 99.13 33.21100.592 33.33 100.73 42.15 101.11
#Mann= 3 ,0,0
0O .06 0 18.89 .05 0 3194 .06 0
Bank Sta=18.89,31.94
XS Rating Curve= 0,0
XS HTab Starting El and Incr=93.37,0.39, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,166.45 ,70.93,75.69,80.04
XS GIS Cut Line=3
4993.329880815415044.063309281264996.852867380685017.53090709225
4998.932116686025001.87161410365
Node Last Edited Time=0ct/05/2022 17:22:13
#Sta/Elev= 14
0 994 1943 99.17 19.84 99.16 22.07 96.81 23.91 94.9
24.28 9453 24.97 9294 26.15 93 27.25 93.05 28.89 93.37



31.22 9529 323 96.74 35.78 97.16 42.56 99.46

#Mann= 3 ,0,0
0 .06 0 22.07 .05 0 323 .06 0

Bank Sta=22.07,32.3
XS Rating Curve= 0,0
XS HTab Starting El and Incr=93.44,0.3, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,90.76 ,89.68,90.76,91.94
XS GIS Cut Line=3
5052.939 5063.5115066.738589122025046.49679359172
5077.843295679515032.80524322728
Node Last Edited Time=0c¢t/05/2022 17:25:23
#Sta/Elev= 12
0 9766 1292 97.57 1324 97.25 13.7 96.8 14.08 96.37
17.28 9293 2413 91.76 2593 92.78 27.16 93.72 31.72 97.25
31.74 97.25 39.54 97.21
#Mann= 3 ,0,0
0O .06 0 13.24 .05 0 31.74 .06 0
Bank Sta=13.24,31.74
XS Rating Curve= 0,0
XS HTab Starting El and Incr=92.26,0.27, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length LCh R=1,0
XS GIS Cut Line=3
5120.034 5121.1885130.031839218035111.55229405862
5140.018078885875101.92776751833
Node Last Edited Time=0ct/05/2022 17:27:50
#Sta/Elev= 11
0 9514 9.13 93.84 10.64 9253 12.06 91.2 1291 90.2
13.4 89.12 16.56 88.98 17.37 88.95 17.38 88.95 19.09 92.49
27.75 95.17
#Mann=3,0,0
0O .06 0 10.64 .05 0 19.09 .06 0
Bank Sta=10.64,19.09
XS Rating Curve= 0,0
XS HTab Starting El and Incr=89.45,0.29, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

LCMann Time=Dec/30/1899 00:00:00
LCMann Region Time=Dec/30/1899 00:00:00
LCMann Table=0



Chan Stop Cuts=-1

Use User Specified Reach Order=0
GIS Units=Feet

GIS DTM Type=

GIS DTM=

GIS Stream Layer=

GIS Cross Section Layer=
GIS Map Projection=

GIS Projection Zone=

GIS Datum=

GIS Vertical Datum=

GIS Data Extents=,,,

GIS Ratio Cuts To Invert=-1
GIS Limit At Bridges=0
Composite Channel Slope=5



MP459

Geom Title=MP459-Geom

Program Version=6.20

Viewing Rectangle= 5001.73135107755 , 5195.25226385072 , 5042.65046 ,
4854.20954

River Reach=MP459 ,CH CL

Reach XY= 6
5015.23 5017.9 5054.89 4997.36
5088.31 4951.9 5121.17 4899.3

5156.24 4893.62 5189.04 4874.32
Rch Text X Y=5058.6825,4982.005
Reverse River Text=0

Type RM Length L Ch R=1,226.46 ,41.49,41.83,44.95
XS GIS Cut Line=5
5034.015 5040.8035022.320277752245025.03762380381
5017.428357991325016.76727498639 5017.233 5016.437
5003.628614928275003.35638939463
Node Last Edited Time=Sep/30/2022 16:22:31
#Sta/Elev= 17
0 101.3 5.96 100.24 15.06 98.63 15.29 98.58 19.63 96.87
23.72 95.25 27.02 93.52 27.03 93.52 29.24 9342 29.62 934
3211 94.05 3542 95.31 3543 95.31 44.76 98.62 45 98.71
4511 98.71 48.49 99.24
#Mann= 3 ,0,0
o 1 0 15.06 .035 0 4476 .1 0
Bank Sta=15.06,44.76
XS Rating Curve= 0,0
XS HTab Starting El and Incr=93.9,0.37, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,184.63 ,63.94,57.82,50.85
XS GIS Cut Line=3

5064.689 5012.885054.568193973724997.52302315736
5041.542552528714977.75834497734
Node Last Edited Time=Sep/30/2022 16:39:39
#Sta/Elev= 16

0 9851 294 9762 551 96.84 8.37 9571 11.31 94.59
14.32 9449 16.78 93.87 18.28 92.92 18.39 92.89 19.13 92.74
24.07 93.96 26.71 94.52 27.91 95.03 32.58 96.95 35.22 97.22
42.06 97.78
#Mann= 3 ,0,0

o .1 0 14.32 .035 0 26.71 A 0



Bank Sta=14.32,26.71

XS Rating Curve= 0,0

XS HTab Starting El and Incr=93.24,0.26, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,126.81 ,52.4,58.46,60.46
XS GIS Cut Line=3
5103.362 4960.6855088.855682315074951.02197910566
5076.438282949654942.75043893072
Node Last Edited Time=Sep/30/2022 16:39:40
#Sta/Elev= 15
0 956 1.39 9548 465 952 6.7 9419 8.01 93.73
10.56 92.85 10.63 92.82 12.64 9188 17.19 89.56 17.43 89.65
28.67 93.74 28.79 93.74 28.95 93.77 30.94 9415 3235 944
#Mann=3,0,0
o .1 0 8.01 .035 0 28.95 .06 0
Bank Sta=8.01,28.95
XS Rating Curve= 0,0
XS HTab Starting El and Incr=90.06,0.28, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1 ,68.35 ,33.87,38.76,35.79
XS GIS Cut Line=3
5137.987 4921.7875119.834337125654901.44370053936
5110.103 4890.538
Node Last Edited Time=Sep/30/2022 16:39:31
#Sta/Elev= 14
0 9166 .88 9151 6.15 90.61 6.17 90.61 7.13 90.24
13.52 87.56 13.91 87.57 27.26 87.27 29.35 87.22 29.57 87.26
32.18 90.31 33.76 92.18 34.16 92.66 41.88 94.79
#Mann= 3 ,0,0
0o .1 0 6.15 .035 0 3218 1 0
Bank Sta=6.15,32.18
XS Rating Curve= 0,0
XS HTab Starting El and Incr=87.72,0.35, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,29.59 ,26.84,29.59,53.05
XS GIS Cut Line=3
5166.121 4902.6635156.856387001434893.26323969953
5146.809380306544883.06967255497
Node Last Edited Time=Sep/30/2022 16:39:28
#Sta/Elev= 12



0 8955 1.68 89.01 6.17 87.57 8.18 86.58 10.18 85.51
11.09 84.82 13.13 83.1 13.2 83.12 18.59 84.83 22.99 84.99
23.88 85.33 27.51 86.69

#Mann= 3 ,0,0

0o .1 0 11.09 .035 0 1859 .1 0
Bank Sta=11.09,18.59
XS Rating Curve= 0,0
XS HTab Starting El and Incr=83.6,0.3, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM LengthLCh R=1,0
XS GIS Cut Line=2
5187.03540260796 4886.2160180492 5193.355 4856.057
Node Last Edited Time=Sep/30/2022 16:39:26
#Sta/Elev=9
0 8156 7.12 81.71 8.34 80.57 9.23 80.52 11.57 80.39
13.41 80.26 13.9 81.03 17.36 81.79 30.81 824
#Mann= 3 ,0,0
0 A 0 7.12 .035 0 17.36 A 0
Bank Sta=7.12,17.36
XS Rating Curve= 0,0
XS HTab Starting El and Incr=80.26,0.11, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

LCMann Time=Dec/30/1899 00:00:00
LCMann Region Time=Dec/30/1899 00:00:00
LCMann Table=0

Chan Stop Cuts=-1

Use User Specified Reach Order=0
GIS Units=Feet

GIS DTM Type=

GIS DTM=

GIS Stream Layer=

GIS Cross Section Layer=
GIS Map Projection=

GIS Projection Zone=

GIS Datum=

GIS Vertical Datum=

GIS Data Extents=,,,

GIS Ratio Cuts To Invert=-1
GIS Limit At Bridges=0
Composite Channel Slope=5



MP467

Geom Title=MP467Geo_Rebuild_Edit
Program Version=6.20
Viewing Rectangle=0,1,1,0

River Reach=MP467 ,MP467

Reach XY= 2
0.413754227733940.086809470124010.405862457722660.97519729425028
Rch Text X Y=0.4117813,0.3089064

Reverse River Text=0

Type RM Length L Ch R=1,626.35 ,42.11,19.84,22.09
Node Last Edited Time=Sep/30/2022 10:59:48
#Sta/Elev= 15
0O 105 148 104 27 103 3.9 101.81 4.03 101.81
5.31 101.31 5.98 101.02 10.15 97.42 10.75 97.87 11.86 98.64
13.98 100.43 14.19 100.92 14.85 101.66 15.76 102.82 21.69 105
#Mann= 3 ,0,0
0o .1 0 598 .05 0 1419 1 0
Bank Sta=5.98,14.19
XS Rating Curve= 0,0
XS HTab Starting El and Incr=97.92,0.19, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,606.51 ,3.03,17.22,20.86
Node Last Edited Time=Sep/30/2022 11:00:46
#Sta/Elev= 15
0 102 .43 101.5 8.08 101.23 8.16 101.2 9.34 100.76
10.91 100.17 11.57 99.27 1191 97.16 14.01 97.25 14.46 97.26
14.47 97.27 1843 100.13 19.17 100.73 20 100.88 21 102
#Mann= 3 ,0,0
0o .1 0 934 .05 0 1917 1 0
Bank Sta=9.34,19.17
XS Rating Curve= 0,0
XS HTab Starting El and Incr=97.66,0.18, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,589.29 ,559.36,12.7,30.85
Node Last Edited Time=Sep/30/2022 11:01:18
#Sta/Elev= 14
0 101 1.93 100.7 3.75 100.7 9.32 100.62 9.45 100.47
9.75 100.16 12.76 96.94 12.82 96.94 14.63 97.09 15.29 98.9
15.65 100.17 21.27 100.47 23.07 100.57 25 101



#Mann= 3 ,0,0

0 A 0 9.75 .05 0 15.65 A 0
Bank Sta=9.75,15.65
XS Rating Curve= 0,0
XS HTab Starting El and Incr=97.44,0.16, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,576.59 ,540.32,31.24,6.24
Node Last Edited Time=Sep/30/2022 11:01:34
#Sta/Elev= 15
0 100.85 2.39 100.72 4.61 1009 7.04 100.5 7.66 99.08
854 97.01 9.16 9642 11.65 96.79 12.09 96.87 12.22 98.47
12.73 99.08 19.57 100.36 20.07 100.36 20.27 100.36 24.76 101
#Mann= 3 ,0,0
0o .1 0 7.04 .05 0 1957 1 0
Bank Sta=7.04,19.57
XS Rating Curve= 0,0
XS HTab Starting El and Incr=96.92,0.2, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,545.35 ,38.5,42.06,62.04
Node Last Edited Time=Sep/30/2022 11:02:11
#Sta/Elev= 13
0 100.56 3.75 99.57 9.26 98.03 9.74 97.55 11.28 95.22
12.37 9499 1241 9499 16.26 99.59 20.96 99.64 21.64 99.65
21.66 99.65 21.72 99.65 28.12 101
#Mann= 3 ,0,0
0o .1 0 3.75 .05 0 16.26 .1 0
Bank Sta=3.75,16.26
XS Rating Curve= 0,0
XS HTab Starting El and Incr=95.49,0.25, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,503.28 ,142.2,138.06,131.59
Node Last Edited Time=Sep/29/2022 14:15:54
#Sta/Elev= 12
0 99 8.09 9895 8.7 98.76 14.02 955 15.86 95.38
16.15 95.39 16.16 95.39 18.13 98.76 20.87 98.97 2546 99.27
25.75 99.27 31.19 99.13
#Mann= 3 ,0,0
o 1 0 87 .05 0 1813 .1 0
Bank Sta=8.7,18.13
XS Rating Curve= 0,0



XS HTab Starting El and Incr=95.88,0.17, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,365.13 ,42.14,41.28,42.82
Node Last Edited Time=Sep/29/2022 14:15:58
#Sta/Elev= 12
0 9494 22 9497 259 9497 515 93.31 567 93
57 93 946 93.67 12.36 94.92 1246 94.93 24.01 94.68
25.81 94.56 28.11 94.57
#Mann= 3 ,0,0
0o .1 0 259 .05 0 1246 1 0
Bank Sta=2.59,12.46
XS Rating Curve= 0,0
XS HTab Starting El and Incr=93,0.1, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,323.86 ,40.04,48.78,53.64
Node Last Edited Time=Sep/30/2022 11:03:02
#Sta/Elev= 15
0 94 21 935 1216 9342 12.69 92.88 15.17 89.04
15.38 89.03 15.76 89.41 20.88 92.87 20.9 92.87 25.79 93.63
26 93.64 31.16 93.81 32.53 93.75 34.41 93.77 35.63 93.82
#Mann= 3 ,0,0
0o .1 0 1269 .05 0 2088 .1 0
Bank Sta=12.69,20.88
XS Rating Curve= 0,0
XS HTab Starting El and Incr=89.53,0.21, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,275.08 ,48.72,48.52,50.66
Node Last Edited Time=Sep/29/2022 14:16:06
#Sta/Elev= 12
0 9242 10.01 9282 10.1 92.81 10.18 92.73 141 913
17.02 91.22 20.53 90.31 21.24 88.95 21.56 89.69 22.03 91.44
23.19 91.54 31.32 92.68
#Mann= 3 ,0,0
0o .1 0 17.02 .05 0 2203 1 0
Bank Sta=17.02,22.03
XS Rating Curve= 0,0
XS HTab Starting El and Incr=89.45,0.17, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1



Type RM Length L Ch R =1 ,226.56 ,48.82,41.6,33.02
Node Last Edited Time=Sep/29/2022 14:16:10
#Sta/Elev= 12
0 9124 7.69 9135 7.83 91.35 13.49 90.93 14.93 86.92
16.49 86.53 19.68 90.3 20.02 90.45 20.23 90.95 31.13 91.23
31.32 91.24 38.57 91.41
#Mann= 3 ,0,0
0o .1 0 1349 .05 0 2023 1 0
Bank Sta=13.49,20.23
XS Rating Curve= 0,0
XS HTab Starting El and Incr=87.03,0.22, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,184.97 ,57.22,40.72,26.88
Node Last Edited Time=Sep/29/2022 14:16:14
#Sta/Elev= 13
0 90.39 4.34 90.37 5.82 90.35 8.61 87 9.12 86.4
9.39 86.39 1257 86.2 13.65 8891 144 89.95 14.43 89.96
26.48 90.48 26.55 90.48 31.18 90.41
#Mann= 3 ,0,0
0o .1 0 582 .05 0 1443 1 0
Bank Sta=5.82,14.43
XS Rating Curve= 0,0
XS HTab Starting El and Incr=86.7,0.19, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,144.24 ,12.76,29.74,47 .4
Node Last Edited Time=Sep/29/2022 14:16:18
#Sta/Elev= 13
0 89.35 8.87 8947 9.73 89.14 1558 88.08 18.06 85.81
23.38 86.24 24.86 86.49 26.41 88.07 27.18 88.88 33.76 89.46
33.97 89.47 43.52 89.93 45.41 89.94
#Mann= 3 ,0,0
0o .1 0 1558 .05 0 26.41 1 0
Bank Sta=15.58,26.41
XS Rating Curve= 0,0
XS HTab Starting El and Incr=86.31,0.18, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM LengthL Ch R=1,114.50 ,89.08,81.88,89.2
Node Last Edited Time=Sep/29/2022 14:16:22
#Sta/Elev= 13
0 89.17 14.39 89.03 14.51 89.03 19.97 89 23.71 88.85



23.72 88.85 23.73 88.85 28.25 86.04 30.67 85.25 31.46
31.8 8595 3581 88.71 42.12 88.83
#Mann= 3 ,0,0
0 A 0 23.71 .05 0 35.81 A 0
Bank Sta=23.71,35.81
XS Rating Curve= 0,0
XS HTab Starting El and Incr=85.75,0.17, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,32.64 ,45.98,32.64,6.74
Node Last Edited Time=Sep/29/2022 14:16:26
#Sta/Elev= 13

85.3

0 88.19 10.1 88.01 10.15 88.01 15.07 87.98 17.64 85.18
17.72 85.08 23.8 83.84 24.73 83.86 25.95 84.08 26.54 84.29

29.07 85.91 3145 88.2 38.24 88.26

#Mann= 3 ,0,0
0 A 0 15.07 .05 0 31.45 A 0

Bank Sta=15.07,31.45
XS Rating Curve= 0,0
XS HTab Starting El and Incr=84.34,0.2, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length LCh R=1,0 ,0,0,0
Node Last Edited Time=Sep/29/2022 14:16:30
#Sta/Elev=9

0 87.42 3.71 87.65 4.71 87.66 11.78 82.43 14.35 83.19

15.47 83.52 16.42 859 18.96 87.73 29.88 87.61

#Mann= 3 ,0,0
0o .1 0 471 .05 0 1896 .1 0

Bank Sta=4.71,18.96
XS Rating Curve= 0,0
XS HTab Starting El and Incr=82.93,0.24, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

LCMann Time=Dec/30/1899 00:00:00
LCMann Region Time=Dec/30/1899 00:00:00
LCMann Table=0

Chan Stop Cuts=-1

Use User Specified Reach Order=0
GIS Ratio Cuts To Invert=-1

GIS Limit At Bridges=0

Composite Channel Slope=5



MP495

Geom Title=MP495-Geom_Edit

Program Version=6.31

Viewing Rectangle= 4975.95984588161 , 5076.30012599571 , 5028.41679668746 ,
4970.29452398146

River Reach=MP495 ,MP495

Reach XY=7
4983.43 5023.48 4986.04 5020.99
4997.64 5010.36 5011.6 5005.3
5037.69 4992.53 5056.68 4984.39
5072.44 4979.5

Rch Text X Y=5005.6825,5012.485

Reverse River Text=0

Type RM Length L Ch R=1,99.13 ,3.43,3.47,3.57
XS GIS Cut Line=3
4988.073466931635027.846970484464983.620284335435023.30306634167
4976.943574118025016.49033621849
Node Last Edited Time=0ct/21/2022 12:15:47
#Sta/Elev= 19
0 100.59 .15 100.59 1.11 100.37 1.7 100.24 3.94 99.64
5.01 99.46 516 9944 6.36 99.55 6.49 99.56 7.37 99.62
8.79 99.81 8.88 99.93 9.97 100.26 11.62 100.61 11.83 100.65
14.36 101.13 15.02 101.21 15.42 101.26 15.9 101.33
#Mann= 3 ,0,0
0 .05 0 .15 .035 0 11.62 .05 0
Bank Sta=0.15,11.62
XS Rating Curve= 0,0
XS HTab Starting El and Incr=99.44,0.09, 21
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM LengthL Ch R=1,95.66 ,15.15,15.76,16.64
XS GIS Cut Line=3
4990.336288095655025.287210280214986.134870728935020.90464937836
4979.509777777785013.99391645075
Node Last Edited Time=0ct/21/2022 12:16:08
#Sta/Elev= 16
0 100.61 .43 100.63 .55 100.62 2.38 100.47 5.22 98.43
525 98.42 6.07 9855 7.83 98.72 8.32 99.35 8.33 99.35
11.97 100.53 12.9 100.82 13.02 100.88 15.14 101.11 15.56 101.15
15.64 101.15
#Mann= 3 ,0,0
0 .05 0 2.38 .035 0 1197 .05 0



Bank Sta=2.38,11.97

XS Rating Curve= 0,0

XS HTab Starting El and Incr=98.42,0.14, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM LengthL ChR=1,79.9 ,12.96,14.58,16.44
XS GIS Cut Line=3
5004.042180051155018.34196060151 4997.7778012425010.30443622169
4992.312174891875003.29175286098
Node Last Edited Time=Jun/27/2022 09:11:38
#Sta/Elev= 22
0 100.18 1.46 100.42 3.28 100.3 4.63 100.21 5.11 100.2
6.69 9945 6.82 9943 6.98 99.34 94 98.1 10.19 98.11
10.36 98.12 10.56 98.43 10.64 9854 11.1 98.6 1259 99.05
14.15 99.38 14.3 99.43 15.93 100.28 16.48 100.54 16.6 100.55
18.24 100.52 19.08 100.51
#Mann=3,0,0
0 .05 0 511 .035 0 1593 .05 0
Bank Sta=5.11,15.93
XS Rating Curve= 0,0
XS HTab Starting El and Incr=98.1,0.12, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,65.33 ,29.76,29.28,28.68
XS GIS Cut Line=3
5014.368770875525011.637708813775011.480386169865005.34587420143
5007.421957184884996.50530531549
Node Last Edited Time=0ct/21/2022 12:16:28
#Sta/Elev= 17
0 99.72 1.63 99.67 2.09 99.65 4.25 99.07 5.04 98.9
561 98.35 6.13 98.08 6.14 98.08 6.92 98.18 7.16 98.21
8.78 98.17 9.39 9849 13.6 99.72 14.35 99.89 14.39 99.9
15.88 99.99 16.65 100.03
#Mann=3,0,0
0 .05 0 2.09 .035 0 136 .05 0
Bank Sta=2.09,13.6
XS Rating Curve= 0,0
XS HTab Starting El and Incr=98.08,0.1, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L ChR=1,36.06 ,19.6,20.55,21.8
XS GIS Cut Line=3
5042.02395078315000.235634284915037.772641489094992.49526751297



5033.72776491954985.13075318798
Node Last Edited Time=Jun/27/2022 09:13:35
#Sta/Elev= 22
0 99.24 .06 99.23 1.79 9888 2.6 98.71 4.91 98.21
523 98.15 6.45 97.85 6.96 97.53 8.74 97.23 8.83 97.25
9.2 97.35 947 9759 973 98 9.78 98.13 10.83 98.29
10.84 98.29 10.91 98.31 1244 99.39 15.34 99.58 15.47 99.59
16.53 99.69 17.23 99.76
#Mann= 3 ,0,0
0 .05 0 523 .03 0 9.78 .05 0
Bank Sta=5.23,9.78
XS Rating Curve= 0,0
XS HTab Starting El and Incr=97.23,0.13, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM LengthL ChR=1,15.5 ,14.72,15.52,16.24
XS GIS Cut Line=3
5060.964538540914996.165803405845056.669588932954984.39017868042
5053.497993477144975.69449624464
Node Last Edited Time=0ct/21/2022 12:16:58
#Sta/Elev= 20
0 98.82 .1 98.83 1.33 98.81 244 98.77 4.43 98.72
7.13 98.23 8.39 98.01 893 979 9.6 97.79 10.98 97.52
1243 96.81 1248 96.77 12.53 96.77 12.57 96.77 13.45 97.03
15.46 97.74 19.32 98.46 19.53 98.49 21.01 98.67 21.79 98.78
#Mann= 3 ,0,0
0 .05 0O 96 .03 0 1546 .05 0
Bank Sta=9.6,15.46
XS Rating Curve= 0,0
XS HTab Starting El and Incr=96.77,0.1, 21
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length LCh R=1,0
XS GIS Cut Line=3
5075.31639775934993.870035386725071.476800029014979.80035153819
5069.038177321854970.86435018446
Node Last Edited Time=0ct/21/2022 12:17:08
#Sta/Elev= 12
0 98.3 258 98.17 10.98 97.72 12.89 97.41 13.44 97.09
1448 97.02 1458 97.08 152 97.41 16.94 97.74 1839 98
23.49 98.3 23.85 98.34
#Mann=3,0,0
0 .05 0 1098 .03 0 16.94 .05 0
Bank Sta=10.98,16.94



XS Rating Curve= 0,0

XS HTab Starting El and Incr=97.02,0.07, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

LCMann Time=Dec/30/1899 00:00:00
LCMann Region Time=Dec/30/1899 00:00:00
LCMann Table=0

Chan Stop Cuts=-1

Use User Specified Reach Order=0
GIS Units=Feet

GIS DTM Type=

GIS DTM=

GIS Stream Layer=

GIS Cross Section Layer=
GIS Map Projection=

GIS Projection Zone=

GIS Datum=

GIS Vertical Datum=

GIS Data Extents=,,,

GIS Ratio Cuts To Invert=-1
GIS Limit At Bridges=0
Composite Channel Slope=5



MP814

Geom Title=MP814

Program Version=6.20

Viewing Rectangle= 4952.38467062038 , 5001.17855386396 , 5062.66212122334 ,
4880.64552355225

River Reach=MP814 ,HEC-RAS

Reach XY= 11
4984.23 4882.43 4983.36 4915.9
4972.32 4942.02 4979.11 4956.55
4974.92 4969.52 4972.36 4986.5
4968.62 5002.96 4966.32 5016.01
4971.78 5035.44 4977.47 5045.
4984.93 5053.01

Rch Text X Y=4984.405,4925.075

Reverse River Text=0

Type RM Length L Ch R=1,175.23 ,27.19,29.45,31.39
XS GIS Cut Line=3
4970.225772777354885.42858065898 4984.12082751764886.55949294506
4998.994989496964887.77009433109
Node Last Edited Time=0ct/10/2022 09:36:41
#Sta/Elev= 16
0 100.68 2.65 99.49 8.51 98.17 9.55 97.83 10.27 95.21
10.75 94.73 1292 94.61 13.34 944 13.94 94.32 1544 9411
16.39 943 17.04 95.05 20.81 97.7 25.06 100.71 26 101.14
28.86 101.78
#Mann= 3 ,0,0
0O .06 0 955 .035 0 20.81 .06 0
Bank Sta=9.55,20.81
XS Rating Curve= 0,0
XS HTab Starting El and Incr=94.61,0.36, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,145.78 ,30.12,28.9,24.68

XS GIS Cut Line=3

4963.250216874654910.659484956514983.320137003384915.99376783124

5000.700182459614920.61312247961

Node Last Edited Time=0ct/10/2022 09:36:30

#Sta/Elev= 19

0 100.37 8.05 100.02 8.89 99.8 11.2 99.11 1554 97.76

18.9 95.09 19.23 94.76 19.25 94.76 20.09 94.33 20.21 93.7
20.77 93.55 22.27 93.12 22.42 93.23 23.43 95.72 24.44 97.64
25.2 99.09 31.77 100.87 32.19 100.94 38.75 101.64



#Mann= 3 ,0,0

0O .06 0 1554 .035 0 2444 .06 0
Bank Sta=15.54,24 .44
XS Rating Curve= 0,0
XS HTab Starting El and Incr=93.62,0.4, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM LengthL Ch R=1,116.88 ,14.2,15.84,14.18
XS GIS Cut Line=3
4958.43227225824942.034323775554972.592374377444942.60177424129
4996.218266370334943.54855579003
Node Last Edited Time=0ct/10/2022 09:36:52
#Sta/Elev= 15
0 984 6.92 9895 9.03 98.96 9.36 98.99 10.84 96.63
11.82 95.02 12.32 9457 13.35 92.36 14.17 92.31 15.68 92.21
15.82 92.23 17.76 96.59 25.16 98.59 32.71 101.03 37.82 101.03
#Mann=3,0,0
0 .06 0 10.84 .035 0 17.76 .06 0
Bank Sta=10.84,17.76
XS Rating Curve= 0,0
XS HTab Starting El and Incr=92.71,0.42, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,101.04 ,10.65,12.89,14.23
XS GIS Cut Line=3
4957.453759708334956.052229177864978.970152326654956.97276646724
4998.016511062334957.78762812896
Node Last Edited Time=0c¢t/10/2022 09:37:01
#Sta/Elev= 26
0O 98.06 493 9843 5.16 9845 54 98.47 951 98.76
11.45 989 1147 98.86 12.08 98.31 18.18 92.35 18.2 92.36
21.08 917 211 9168 21.13 91.68 21.54 91.83 23.71 92.68
24.24 93.15 25.78 95.07 27.49 98.38 28.26 98.93 31 100.79
31.93 101.09 31.95 101.09 32.64 101.08 39.86 100.6 40.2 100.6
40.6 100.64
#Mann=3,0,0
0 .06 0 1145 .035 0 28.26 .06 0
Bank Sta=11.45,28.26
XS Rating Curve= 0,0
XS HTab Starting El and Incr=92.18,0.45, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L ChR=1,88.15 ,17.48,16.85,16.26



XS GIS Cut Line=3
4955.401043010194965.725232869394975.007630904834969.24415742829
4995.851534135264972.98515118892
Node Last Edited Time=0ct/10/2022 09:37:07
#Sta/Elev= 27
0 97.74 412 98.03 6.56 98.41 6.58 98.41 10.32 98.62
13.17 98.39 13.38 984 14.66 97.58 16.05 96.76 16.18 96.72
17.31 9484 1759 92.86 18.77 92.53 19.85 92.24 19.92 92.24
21.94 92.36 22.58 924 2259 9241 2432 96.65 24.75 97.6
26.28 97.99 29.29 98.75 29.35 98.77 33.22 99.94 35.85 100.48
40.44 100.16 41.1 100.2
#Mann=3,0,0
0 .06 0 16.18 .035 0 2432 .06 0
Bank Sta=16.18,24.32
XS Rating Curve= 0,0
XS HTab Starting El and Incr=92.74,0.4, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length LCh R=1,71.3 ,18.34,18.43,18.51
XS GIS Cut Line=3
4953.45339147632 4983.3670788174972.45079345138 4985.8959470904
4997.75018645022 4989.2637145554
Node Last Edited Time=0ct/10/2022 09:37:19
#Sta/Elev= 21
0 97.27 112 97.35 6.89 98.27 7.53 98.33 11.22 984
14.03 97.68 1442 9756 16.6 94.68 19.16 94.11 21.54 93.58
22.89 94.77 2294 9477 24.08 97.33 24.1 97.39 2416 97.41
27.94 98.25 3152 99.23 33.61 99.86 39.38 99.72 39.92 99.73
44.69 100.04
#Mann= 3 ,0,0
0O .06 0 1442 .035 0 241 .06 0
Bank Sta=14.42,24.1
XS Rating Curve= 0,0
XS HTab Starting El and Incr=94.08,0.31, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,52.87 ,14.52,13,10.38
XS GIS Cut Line=3
4952.863042024735001.689014483054968.454434010575003.88033512479
4992.847337146485007.30868021433
Node Last Edited Time=0ct/10/2022 09:37:37
#Sta/Elev= 18
0 97.07 338 9748 392 975 7.82 97.76 8.52 96.81
9.71 9498 10.11 94.64 11.83 93.69 15.74 93.22 16.51 93.13



16.89 93.12 21.58 92.77 23.07 96.94 26.04 97.85 30.98 99.32
32.65 99.76 33.12 99.79 40.38 99.94
#Mann= 3 ,0,0
0O .06 0 852 .035 0 23.07 .06 0
Bank Sta=8.52,23.07
XS Rating Curve= 0,0
XS HTab Starting El and Incr=93.27,0.33, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,39.87 ,24.26,20.15,11.57
XS GIS Cut Line=4
4953.254692999255016.684920816444966.507512223735016.66712592816
4979.115069674325016.650197448824980.895066849035016.64780740257
Node Last Edited Time=0ct/10/2022 09:37:49
#Sta/Elev= 18
0 96.82 278 97.22 459 9747 4.78 9744 521 97.38
8.62 9551 91 9476 9.57 93.85 10.03 9342 11.73 931
13.25 92.66 14.15 924 17.03 9248 17.1 9248 17.44 9264
24.08 9545 2586 96.16 27.64 97.18
#Mann= 3 ,0,0
0O .06 0 8.62 .035 0 24.08 .06 0
Bank Sta=8.62,24.08
XS Rating Curve= 0,0
XS HTab Starting El and Incr=92.9,0.23, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,19.72 ,12.44,10.88,8.35
XS GIS Cut Line=3
4964.49196579596 5040.45491927484972.115735245345036.00565730878
4991.411730861845024.74443804407
Node Last Edited Time=0ct/10/2022 09:38:04
#Sta/Elev= 17
0 97.71 122 9896 1.71 99.07 1.73 99.07 2.29 96.14
414 928 557 923 8.83 9225 9.32 92.23 12.77 92.25
12.85 92.29 1522 95.69 17.02 96.17 17.4 96.25 24.03 97.48
24.34 97.54 31.17 98.81
#Mann= 3 ,0,0
0O .06 0 229 .035 0 1522 .06 0
Bank Sta=2.29,15.22
XS Rating Curve= 0,0
XS HTab Starting El and Incr=92.73,0.32, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1



Type RM LengthL Ch R=1,8.84 ,3.53,8.84,9.04
XS GIS Cut Line=3
4969.213755821585052.453599094894977.748755974185045.29868682132
4990.528843304465034.58510720072
Node Last Edited Time=Sep/02/2022 13:58:53
#Sta/Elev= 25
0 96.44 .33 96.37 2.37 96.22 5.87 9552 6.23 9543
6.88 95.03 7.23 9474 7.24 9473 7.25 9473 7.43 91.84
8.19 91.24 1013 91.27 11.14 91.08 12.07 90.91 12.99 91.12
13.59 91.25 15.76 92.05 16.38 92.82 17.82 94.63 18.13 94.68
19.01 9491 2594 96.39 26.28 96.37 27.12 96.44 27.81 96.66
#Mann= 3 ,0,0
0 .06 0 7.23 .035 0 17.82 .06 0
Bank Sta=7.23,17.82
XS Rating Curve= 0,0
XS HTab Starting El and Incr=91.41,0.28, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM LengthLCh R=1,0
XS GIS Cut Line=3
4973.042989058645060.877644775584983.775622098135051.76509108563
4996.69369135595040.79699041093
Node Last Edited Time=Sep/02/2022 13:58:55
#Sta/Elev= 18
0 9714 222 96.67 3.75 96 5.08 94.04 7.53 93.73
10.2 90.92 10.53 90.48 11.47 89.83 14.08 91.07 14.71 91.37
16.97 93.64 18.27 94.83 19.47 94.73 22.58 95.23 22.7 95.27
23.66 95.47 26.48 95.27 31.03 95.67
#Mann= 3 ,0,0
0 .06 0 7.53 .035 0 16.97 .06 0
Bank Sta=7.53,16.97
XS Rating Curve= 0,0
XS HTab Starting El and Incr=90.33,0.5, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

LCMann Time=Dec/30/1899 00:00:00
LCMann Region Time=Dec/30/1899 00:00:00
LCMann Table=0

Chan Stop Cuts=-1

Use User Specified Reach Order=0
GIS Units=Feet

GIS DTM Type=

GIS DTM=



GIS Stream Layer=

GIS Cross Section Layer=
GIS Map Projection=

GIS Projection Zone=
GIS Datum=

GIS Vertical Datum=

GIS Data Extents=,,,

GIS Ratio Cuts To Invert=-1
GIS Limit At Bridges=0
Composite Channel Slope=5



MP840

Geom Title=MP840Geom_Rebuild_Edit
Program Version=6.31
Viewing Rectangle=0,1,1,0

River Reach=MP840 ,MP840

Reach XY= 2
0.487034949267190.009019165727170.480270574971820.97181510710259
Rch Text X Y=0.4853439,0.2497182

Reverse River Text=0

Type RM Length L Ch R=1,820.51 ,13.75,20.76,22.59

Node Last Edited Time=0c¢t/02/2022 10:18:55

#Sta/Elev= 11
556 105.31 6.47 10514 7.11 1051 1454 103.3 16.55 101.93
18.5 100.63 22.84 97.78 25.25 96.82 27.63 100.6 32.51 100.82
35.63 101.04

#Mann= 3 ,0,0
556 .06 0 18,5 .035 0 27.63 .06 0

Bank Sta=18.5,27.63

XS Rating Curve= 0,0

XS HTab Starting El and Incr=97.32,0.4, 20

XS HTab Horizontal Distribution=5,5,5

Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,799.75 ,48.99,46.83,47.17
Node Last Edited Time=0c¢t/02/2022 10:18:55
#Sta/Elev= 15
0 103.64 11.89 101.15 12.28 101.13 18.8 100.63 24.38 100.2
30.84 100.36 32.81 99.92 33.6 98.6 34.04 96.36 36.77 96.66
37.31 96.96 38.85 99.68 42.48 100.45 42.52 100.46 54 103.64
#Mann= 3 ,0,0
0O .06 0 32.81 .035 0 38.85 .06 0
Bank Sta=32.81,38.85
XS Rating Curve= 0,0
XS HTab Starting El and Incr=96.86,0.34, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,752.92 ,24.34,18.92,12.38

Node Last Edited Time=0c¢t/02/2022 10:18:55

#Sta/Elev= 15
22.22 98.06 26.05 98.27 26.23 98.08 26.46 98.03 30.89 96.2
33.66 94.82 33.69 94.81 35.54 94.75 35.76 94.84 38.57 96.27
41.52 98.48 47.4 99.35 51.06 99.76 53.63 100.34 64.21 99.48



#Mann= 3 ,0,0
22.22 .06 0 26.05 .035 0 4152 .06 0
Bank Sta=26.05,41.52
XS Rating Curve= 0,0
XS HTab Starting El and Incr=95.25,0.25, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM LengthL Ch R=1,734 ,48.79,48.24,46.56
Node Last Edited Time=0c¢t/02/2022 10:18:55
#Sta/Elev= 11
0 97.02 16.55 97.02 16.57 97.03 19.23 94.52 20.18 94.39
22.32 94.32 23.82 94.34 27.51 96.39 28.23 96.77 44.92 100.35
49.71 100.03
#Mann= 3 ,0,0
0O .06 0 16.55 .035 0 28.23 .06 0
Bank Sta=16.55,28.23
XS Rating Curve= 0,0
XS HTab Starting El and Incr=94.82,0.28, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,685.76 ,95.03,109.94,112.83
Node Last Edited Time=0c¢t/02/2022 10:18:55
#Sta/Elev= 14
0 97.29 6.87 98.32 8.91 98.28 34.61 95.63 36.39 91.58
39.82 91.8 39.83 91.77 39.88 91.77 4459 9554 4532 96.12
49.52 98.03 49.53 98.03 49.54 98.03 63.58 98.88
#Mann= 3 ,0,0
0O .06 0 3461 .035 0 4459 .06 0
Bank Sta=34.61,44.59
XS Rating Curve= 0,0
XS HTab Starting El and Incr=92.08,0.31, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,575.82 ,46.07,40.51,35.7
Node Last Edited Time=0ct/02/2022 10:18:55
#Sta/Elev= 10
0 9421 10.68 95.11 2559 91.12 31.55 88.06 32.39 87.93
43.63 89.48 50.7 91.18 51.07 91.18 51.69 91.13 66.48 89
#Mann= 3 ,0,0
0 .06 0 25.59 .035 0 50.7 .06 0
Bank Sta=25.59,50.7
XS Rating Curve= 0,0
XS HTab Starting El and Incr=88.43,0.43, 20



XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,535.31 ,56.13,55.17,54.93

Node Last Edited Time=0ct/02/2022 10:18:55

#Sta/Elev= 16
13.98 90.89 14.02 90.87 15.24 894 1596 88.5 17.28 87.63
20.24 87.17 22.83 86.85 24.64 86.89 25.68 87.02 26.7 87.09
28.52 89.06 28.68 89.32 28.88 89.4 40.34 89.85 49.7 89.54
55.42 88.64

#Mann= 3 ,0,0
13.98 .06 0 15.24 .035 0 28.88 .06 0

Bank Sta=15.24,28.88

XS Rating Curve= 0,0

XS HTab Starting El and Incr=87.35,0.18, 20

XS HTab Horizontal Distribution=5,5,5

Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,480.14 ,42.41,42.56,42.46

Node Last Edited Time=0c¢t/02/2022 10:18:55

#Sta/Elev= 11
18.67 89.95 249 86.86 24.95 86.79 26.91 85.15 30.55 85.39
31.38 85.5 33.94 8584 44.65 86.76 45.87 86.77 47.7 86.62
51.62 86.67

#Mann= 3 ,0,0
18.67 .06 0 2495 .035 0 4465 .06 0

Bank Sta=24.95,44.65

XS Rating Curve= 0,0

XS HTab Starting El and Incr=85.65,0.21, 20

XS HTab Horizontal Distribution=5,5,5

Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,437.58 ,24.27,20.69,15.38

Node Last Edited Time=0c¢t/02/2022 10:18:55

#Sta/Elev= 15
12.39 89.38 12.58 89.28 15.98 86.44 16.71 86.14 19.43 8543
20.29 85.19 2254 84.89 24.52 84.63 26.43 84.24 26.56 84.21
26.65 84.19 26.66 84.19 28.83 85.45 36.28 854 46.05 85.24

#Mann= 3 ,0,0
12.39 .06 0 19.43 .035 0 28.83 .06 0

Bank Sta=19.43,28.83

XS Rating Curve= 0,0

XS HTab Starting El and Incr=84.69,0.23, 20

XS HTab Horizontal Distribution=5,5,5

Exp/Cntr=0.3,0.1



Type RM Length L Ch R =1 ,416.89 ,28.09,24.82,24.27
Node Last Edited Time=0ct/02/2022 10:18:55
#Sta/Elev=9
10.82 86.23 15.26 84.4 16.73 83.78 22.65 84.45 25.06 84.56
26.53 84.6 27.47 84.71 29.86 84.79 38.47 85.05
#Mann= 3 ,0,0
10.82 .06 0 15.26 .035 0 2265 .06 0
Bank Sta=15.26,22.65
XS Rating Curve= 0,0
XS HTab Starting El and Incr=83.78,0.12, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,392.07 ,3.19,16.55,20.6
Node Last Edited Time=0ct/02/2022 10:18:55
#Sta/Elev= 11
0O 84.46 2.05 84.48 13.14 82.84 13.97 82.69 15.69 83.09
16.35 83.22 224 84.12 23.89 84.45 23.95 8445 24 84.45
29.6 84.59
#Mann=3,0,0
0 .06 0 205 .035 0 23.89 .06 0
Bank Sta=2.05,23.89
XS Rating Curve= 0,0
XS HTab Starting El and Incr=82.69,0.09, 21
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,375.52 ,22.58,19.87,20.2
Node Last Edited Time=0ct/02/2022 10:18:55
#Sta/Elev= 17
0O 8398 1.38 84.06 4.81 84.19 11.28 84.15 13.39 83.82
1418 83.72 17.77 82.86 20 82.32 21.41 82.77 2191 82.96
21.95 82.96 2495 83.86 29.16 84.01 30.45 84.06 30.52 84.06
30.57 84.06 41.04 84.19
#Mann= 3 ,0,0
0O .06 0 13.39 .035 0 2495 .06 0
Bank Sta=13.39,24.95
XS Rating Curve= 0,0
XS HTab Starting El and Incr=82.32,0.09, 21
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,355.65 ,28.01,23.95,19.81
Node Last Edited Time=0c¢t/02/2022 10:18:55
#Sta/Elev= 15
0O 8496 .55 8491 246 8536 15.98 83.73 18.05 83.53



19.74 83.23 20.49 82.78 20.83 82.73 2517 82.44 26.81 82.25
27.22 82.35 29.99 82.67 34.38 83.6 34.48 83.61 44.24 83.26
#Mann= 3 ,0,0
0O .06 0 18.05 .035 0 34.38 .06 0
Bank Sta=18.05,34.38
XS Rating Curve= 0,0
XS HTab Starting El and Incr=82.75,0.13, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,331.70 ,9.3,13.77,16.72
Node Last Edited Time=0c¢t/02/2022 10:18:55
#Sta/Elev= 17
0 83.27 764 85.02 7.93 8496 10.88 83.98 14.88 82.66
1492 82.67 185 8132 18.8 81.24 19.02 81.11 21.25 80.95
21.28 80.95 21.37 81 23.67 82.27 2543 82.77 33.56 83.09
35.31 83.08 37.34 83.17
#Mann=3,0,0
0 .06 0 1492 .035 0 2543 .06 0
Bank Sta=14.92,25.43
XS Rating Curve= 0,0
XS HTab Starting El and Incr=81.45,0.18, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1,317.93 ,29.16,27.93,26.74
Node Last Edited Time=0ct/02/2022 10:18:55
#Sta/Elev= 22
0 8297 51 84.11 9.71 8276 10.09 82.61 13.68 82.37
16.13 8142 16.6 81.23 16.61 81.23 16.62 81.23 17.65 81.07
20.62 80.24 20.68 80.23 20.71 80.23 24.17 80.48 25.28 81.37
2532 814 2719 8151 28.21 81.58 28.28 81.58 28.31 81.58
37.66 82.76 41.67 82.91
#Mann=3,0,0
0 .06 0 16.13 .035 0 2532 .06 0
Bank Sta=16.13,25.32
XS Rating Curve= 0,0
XS HTab Starting El and Incr=80.73,0.17, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM LengthLChR=1,290 ,31.36,29.91,29
Node Last Edited Time=0ct/02/2022 10:18:55
#Sta/Elev= 21
44 8266 11.22 8196 11.24 8196 15.15 81.59 15.21 81.58
17.08 80.88 17.09 80.88 19.09 80.29 22.03 79.89 22.06 79.9



247 79.7 2532 79.66 26.13 80.17 26.58 80.76 28.29 81.22
29.16 81.56 30.11 81.87 30.16 81.89 35.09 82.19 37.03 82.12
45.78 81.7
#Mann= 3 ,0,0
44 .06 0 15.15 .03 0 29.16 .06 0
Bank Sta=15.15,29.16
XS Rating Curve= 0,0
XS HTab Starting El and Incr=79.66,0.15, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,260.09 ,68.98,65.63,63.7

Node Last Edited Time=0ct/02/2022 10:18:55

#Sta/Elev= 16
7.74 8112 941 81.19 943 81.19 9.44 81.19 12.28 80.54
156 80.15 16.28 80.01 18.3 78.87 20.49 78.53 21.07 78.86
23.14 80 2542 81.2 2595 81.5 27.91 82.04 28.67 82.21
39.46 81.82

#Mann= 3 ,0,0
7.74 .06 0 16.28 .03 0 23.14 .06 0

Bank Sta=16.28,23.14

XS Rating Curve= 0,0

XS HTab Starting El and Incr=79.03,0.16, 20

XS HTab Horizontal Distribution=5,5,5

Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,194.46 ,36.3,33.84,30.1
Node Last Edited Time=0c¢t/02/2022 10:18:55
#Sta/Elev= 12
0 79.52 1045 7911 18.77 79.19 23 77.82 23.7 77.98
26.5 78.41 2993 788 31.77 78.93 32.88 79.19 35.14 79.68
40.8 80.59 48.11 80.81
#Mann= 3 ,0,0
0O .06 0 18.77 .03 0 32.88 .06 0
Bank Sta=18.77,32.88
XS Rating Curve= 0,0
XS HTab Starting El and Incr=77.82,0.15, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R =1 ,160.62 ,85.35,92.92999,104.13
Node Last Edited Time=0c¢t/02/2022 10:18:55
#Sta/Elev=9
0O 7875 7.21 7888 7.79 78.89 1213 7857 16.66 77.7
1745 77.48 19.59 77.74 20.34 78.07 23.9 81.04
#Mann=3,0,0



0 .06 0 16.66 .03 0 1959 .06 0
Bank Sta=16.66,19.59
XS Rating Curve= 0,0
XS HTab Starting El and Incr=77.98,0.15, 20
XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

Type RM LengthLCh R=1,67.69 ,23.67,21.6,15.74
Node Last Edited Time=0ct/02/2022 10:18:55
#Sta/Elev= 15
0 77.23 9.78 76.92 992 76.92 993 76.92 1691 76.83
21.93 76.26 22.16 76.06 23.13 75.2 2469 7498 2787 74.9
29.45 75.44 30.01 76.05 33.74 76.56 33.79 76.55 54.14 75.97
#Mann=3,0,0
0 .06 0 2216 .03 0 30.01 .06 0
Bank Sta=22.16,30.01
XS Rating Curve= 0,0
XS HTab Starting El and Incr=74.9,0.12, 20
XS HTab Horizontal Distribution=5,5,5
Exp/Cntr=0.3,0.1

Type RM Length L Ch R=1 ,46.09 ,46.72,46.09,45.01

Node Last Edited Time=0ct/02/2022 10:18:55

#Sta/Elev= 19
579 8062 6.1 80.6 7.19 80.45 9.18 79.07 11.53 78.02
1297 76.93 13.23 76.21 13.63 75.06 15.52 74.01 15.84 73.96
17.02 73.85 20.61 74.65 21.28 74.88 22.04 75.09 23.13 76.28
24.07 76.32 27.55 76.33 28.79 76.31 33.48 76.26

#Mann= 3 ,0,0
579 .06 0 13.23 .03 0 23.13 .06 0

Bank Sta=13.23,23.13

XS Rating Curve= 0,0

XS HTab Starting El and Incr=74.35,0.31, 20

XS HTab Horizontal Distribution=5,5,5

Exp/Cntr=0.3,0.1

Type RM Length LCh R=1,0 ,0,0,0
Node Last Edited Time=0c¢t/02/2022 10:18:55
#Sta/Elev=9
7.36 75.42 1257 7549 14.21 7458 16.23 74.03 16.48 73.93
17.81 7455 20.34 75.69 20.93 75.73 21.58 75.55
#Mann=3,0,0
7.36 .06 0 14.21 .03 0 17.81 .06 0
Bank Sta=14.21,17.81
XS Rating Curve= 0,0
XS HTab Starting El and Incr=73.93,0.09, 20



XS HTab Horizontal Distribution=5,5, 5
Exp/Cntr=0.3,0.1

LCMann Time=Dec/30/1899 00:00:00
LCMann Region Time=Dec/30/1899 00:00:00
LCMann Table=0

Chan Stop Cuts=-1

Use User Specified Reach Order=0
GIS Ratio Cuts To Invert=-1

GIS Limit At Bridges=0

Composite Channel Slope=5



Appendix J: Proposed channel evolution model for channels downslope of pipe outlets

Introduction

Channel evolution models (CEMs) are routinely used for the development,
implementation, and evaluation of watershed management strategies and stream restoration
projects (Booth & Fischenich, 2015; Cluer & Thorne, 2014; Hawley et al., 2020; Williams et al.,
2022). Lammers et al. (2020) combined hydrologic model simulations with a CEM that predicts
evolution over the course of multiple years to evaluate how well watershed scale stormwater
control measures (SCMs) and stream restoration projects reduce pollutant loads in Colorado’s
Big Dry Creek watershed. The results indicated the strategic implementation of SCMs and
stream restoration projects can reduce channel instability and pollutant loads. Biedenharn et al.
(2004) used the CEM to optimize resources allocated for rehabilitating eroded streams within
the Hickahala Creek watershed in Mississippi. Post-retrofit, the CEM was used to evaluate the
effectiveness of the restoration projects; over time, less aggradation has occurred at the
restored sites. In recent years the use of regenerative stormwater conveyances (RSCs) to
stabilize eroding gullies at pipe outlets has increased (Cizek et al., 2017, 2018; Koryto et al.,
2017; Thompson et al., 2020). RSCs employ an extensive design of media, boulders, and

cobbles to stabilize banks and convey runoff. Typically, rip-rap or in extreme cases concrete is

used to stabilize eroding channels downslope of pipe outlets (Figure 86).
i

Figure 1. Example of rip-rap lining eroding channel downslope of pipe outlet



The gullies downslope of pipe outlets function as ephemeral streams and serve as a
source of excess sediment for adjacent streams (Bennett et al., 2000; Valentin et al., 2003).
However, these gullies lack the bankfull and floodplain characteristics needed to use the
stability identification methods proposed by Rosgen (1994) and Schumm et al. (1984); instead
best professional judgment determines if the gully has stabilized or will continue to incise and or
widen (Figure 87). This lack of standardization may lead to costly decisions, such as the
unnecessary implementation of an RSC or rip-rap. This study aims to address lack of a CEM for
gullies downslope of pipe outlets by developing a protocol based on the work of Schumm et al.

(1984) and the assessment data collected for Objective One.

ik ‘&h“

Figure 2. Examples of gullies downslope of pipe outlets

Methods

The ratio between the measured cross-sectional area, maximum depth, and width at the
top of bank and the respective bankfull characteristic were calculated for both North Carolina
Mountain and Piedmont physiographic regions using regional curves developed by Harman et
al. (1999) and Harman et al. (2014) (Equation 3 through Equation 8). Slope influences channel
stability (Bledsoe, 2002), and these impacts were accounted for by identifying the ratios of the
channel bed slope between cross-sections at the time of the assessment and the average slope
of land along the flow path prior to pipe installation. Hereinafter “intermediate” will refer to the
channel bed slope between assessed cross-sections (Figure 88). Due to vegetation conflicts
and time constraints, the channels were not surveyed using a total station. The channel bed

slope was estimated using the most recent and publicly available digital elevation model (DEM)



data and the channel GIS shapefile (NC DPS, 2016). The average slope of the land prior to pipe
installation was estimated by adding the median of the bank heights recorded for the BEHI
assessment to the estimated channel bed elevation at the first and last measured cross-

sections.

Average slope of land along flow path prior pipe installation

— g ——

T ——

Slope between — = .
cross-sections ——=

Figure 3. Average slope of land along flow path prior to pipe installation (dashed line) and
channel bed slope (solid line) between cross-sections (black circles) for channel downslope pipe
outlet
The stages for the proposed CEM were identified using BEHI scores and the ratio
between the intermediate slope (Sint) and average slope of the land (S.anp) (Figure 89). A BEHI
score of 30 was chosen as a threshold to ensure each stage of degradation was represented by

the assessed cross-sections. The proposed stages include:
1. Stage |: no channelization (Sint/Siano = 0 and BEHI = 0);
Stage II: incision (Sint/Stano > 1 and BEHI < 30);
Stage llI: incision and widening (Sint/Stano > 1 and BEHI > 30);
Stage IV: widening (Sint/Stano < 1 and BEHI > 30);
Stage V: quasi-equilibrium (Sint/Scano < 1 and BEHI < 30).

o & b



== Stage I; no channelization (existing ground)

Stage Il; incision; h < h;
i i I =]
-CA\\“%TLL Vr?q”_/ BEHI < 30; S|NT[SLAND >1

Stage Ill; incision and widening; h 2 he;
BEHI > 30, S|NT/SLAND > 1

Stage IV; widening; h > hg;
BEHI > 30; Sint/S anp £ 1

Stage V; quasi-equilibrium; h < he

Figure 4. Proposed channel evolution model for channels downslope of pipe outlets; h, he,
BEHI, and Sint/Sianp refers to bank height, critical bank height, Bank Erosion Hazard Index, and
ratio of the intermediate slope to the average slope of land, respectively

The protocol for identifying the stage of degradation for gullies was developed using a
decision tree and predictors described in Table 9 and Table 11. Decision trees have optimized
the siting and design of green stormwater infrastructure and stream restoration projects
(Bledsoe et al., 2017; Dagenais et al., 2017; Schultze et al., 2019). This analysis works well for
decision making because it accounts for correlation among predictors, identifies patterns within
datasets, and is easy to interpret (Kotsiantis, 2013; Myles et al., 2004). However, decision trees
may over-fit training data and cause high variance and low predictive accuracy (Hastie et al.,
2009). The decision tree was built using RStudio™ (RStudio Team, 2021) and data from 109
cross-sections. Appendix E includes a summary of the data describing each cross-section, and
Table 121 provides the predictor variables and response (stage of degradation) used in the
analyses. Objectives Three and Four include a more in-depth discussion regarding decision

trees.



Table 1. Summary of predictor variables and responses for proposed channel evolution model

Site PT®> | Q,° | MN° | PD? | WA® OAf 1A? R" A B ck D' CN™ | V4" | Vy° DIP DE® | Qu" | Qpio® | D' | Dyo* | ST
DE162 995 2 | 006 | 35 2 0 0 22 0 100 0 0 77 2 3 0 6 3 7 3 3 i
MP024 2086 1 0.10 | 3.5 37 35 4 211 28 72 0 0 58 3 5 0 4 6 66 7 5 iv
MP078 1031 1 0.08 2 0 0 0 1073 0 0 100 0 90 2 2 0 28 1 2 2 2 iii
MP120 2124 1 0.10 4 21 21 0 229 0 69 31 0 80 4 6 0 0 33 84 4 4 i
MP138 2069 | 3 | 010 | 1.5 12 8 3 329 0 36 64 0 76 3 4 0 28 11 33 5 5 iv
MP142 2121 3 | 0.06 2 0 0 0 185 0 100 0 0 55 1 1 0 6 0 1 3 2 iv
MP143 2126 1 0.10 3 101 97 6 8 14 78 4 3 73 5 6 0 3 80 258 6 6 i
MP152/

OouT2104/ | 2105 | 2 | 0.06 3 6 2 1 1118 0 10 64 27 81 2 3 0 17 3 7 5 5 iv
0ouUT2106
MP152/
OouT2104/ | 2108 1 0.06 3 6 2 1 1118 0 10 64 27 81 2 3 283 12 3 7 5 5 iii
0ouUT2106
MP152/
ouT2104/ | 2110 1 0.08 3 6 2 1 1118 0 10 64 27 81 2 3 542 4 3 7 5 5 v
0ouUT2106
MP152/
ouT2104/ | 2111 2 | 0.10 3 6 2 1 1118 0 10 64 27 81 2 3 573 5 3 7 5 5 iii
0ouUT2106
MP219 482 1 0.06 3 35 30 1 678 0 41 0 59 69 3 5 0 16 25 91 6 6 v
MP225 1044 | 3 | 0.10 | 35 11 0 1 1844 0 99 0 1 57 2 3 0 27 1 14 13 8 iii
MP225 1045 | 2 | 010 | 3.5 11 0 1 1844 0 99 0 1 57 2 3 342 21 1 14 13 8 iii
MP225 1046 1 0.10 | 3.5 11 0 1 1844 0 99 0 1 57 2 3 543 18 1 14 13 8 i
MP225 1047 1 0.10 | 3.5 11 0 1 1844 0 99 0 1 57 2 3 839 12 1 14 13 8 iv
MP225 1048 | 2 | 010 | 3.5 11 0 1 1844 0 99 0 1 57 2 3 1453 3 1 14 13 8 v
MP227 502 1 0.04 2 1 0 0 1154 0 100 0 0 55 1 2 0 36 0 1 4 2 ii
MP227 2043 | 2 | 0.10 2 1 0 0 1154 0 100 0 0 55 1 2 1016 2 0 1 4 2 iv
MP227 2045 | 4 | 0.06 2 1 0 0 1154 0 100 0 0 55 1 2 347 21 0 1 4 2 iii
MP228 628 2 | 0.06 2 0 0 0 2261 0 100 0 0 55 0 1 0 9 0 0 3 2 iv
MP229 506 1 0.06 | 2.5 0 0 0 2446 0 0 0 100 7 1 1 0 7 1 1 2 2 iv
MP257 2059 1 0.10 | 1.5 16 16 1 1070 | 55 45 0 0 43 0 1 0 28 0 2 3 11 i
Site PT®> | Q,° | MN° | PD? | WA® OAf 1A? R" A B ck D' CN™ | V4" | Vy° DIP DE® | Qu" | Qpio® | Di* | Dyo* | ST




Mp257 | 2061 | 2 |o010] 15| 16 | 16 | 1 | 1070 | 55| 45 | o | o | a3 | o | 1] 100 [ 24| 0 2 3 | 11 |
MP257 | 2062 | 2 |010| 15| 16 | 16 | 1 | 1070 | 55| 45 | o | o | 43 | o | 1 | 346 | 20 | 0 2 3 | 11 | i
MP2o2 |2083| 2 |o010] 4 | 45 | 42 | 6 | 283 | 1 |99 | o | o |61 | 2] 5 0 40 | 2 | 44 | 11 ] 5 |
MP311 | 999 | 1 | 0.06 | 2 0 0 o | 214 | o |100] o | o | s8] 1] 2| e | 4 | o 1 2 | 2 | v
MP311 | 1000 | 1 | 0.06 | 2 0 0 o | 214 [ o l100] o | o [ s8] 1] 2| 92| 2| o 1 2 | 2 |
MP318 | 2084 | 1 |o010| 15 | 4 4 o | 953 | 0o |100] o | o |6 | 2| 3 0 25 | 1 10| 4|3 v
MP319 | 2082 | 1 |006| 15 | 112 | 106 | 5 | 204 |18 | 82 | o | o | 53 | 2 | 4 0 9 | 1 | 82 |31 ] 7 |w
MP356 | 2046 | 0 | 0.06 | 2 7 5 4 | 461 |03 ] o |70 9] 4] 4 0 18 | 14| 27 | 5 | 5 |ii
MP359 | 1006 | 1 | 0.06 | 2 7 7 4 | 246 [ 0] o] o [100] 92 ] 4] 5 0 4 | 2| a2 3| 4 |w
MP360 | 1008 | 1 | 0.06 | 2 2 2 1 | 387 | o] o] o [100] 8 | 3] 4 0 6 | 7 | 14| 3] 3 |
MP361 | 1003 | 0 | 0.06| 2 1 1 o | 199 [ o] o] o [100] 9 | 2] 3 0 1| 4 7 2 | 3 | w
MP415 | 1018 | 0 | 003 | 25 | 1 1 o | 1532 | o] 9 | o | 106 | 1] 2 0 57 | o 2 2 | 2 |
';\"A,F;ﬂ%/ 1019 | 1 |006]| 2 5 4 o | 1735 | 0o | 99 | o | 1 | 59 | 2| 3 | 182 | 55 | 1 8 4 | 3 |
'?\"A,F;ﬂ%’ 1020 | 1 |006]| 2 5 4 o | 1735 | 0o | 99 | o | 1 | 59 | 2| 3 | 168 | 52 | 1 8 4 | 3 |
MP415/ -
WoatSl 11021 | 1 | 006 | 2 5 4 0o | 1735 | 0o | 99 | o | 1 | 59 | 2| 3 | 502 | 45 | 1 8 4 | 3 |
',\\"AFF’,ﬂ%/ 1022 | 1 |o006]| 2 5 4 0o | 1735 | 0o | 99 | o | 1 | 59 | 2| 3 | 1044 | 33 | 1 8 4 | 3 |
';\"A,F;ﬂ%/ 1023 | 1 |006]| 2 5 4 o | 1735 | 0o | 99 | o | 1 | 59 | 2 | 3 | 1568 | 21 | 1 8 4 | 3 |
'?\"A,F;ﬂ%’ 1024 | 1 |006]| 2 5 4 o | 1735 | 0o | 99 | o | 1 | 59 | 2 | 3 | 2168 | 11 | 1 8 4 | 3 |
MP415/ )
Woatol | 1026 | 1 | 006 | 2 5 4 o | 1735 | 0o | 99 | o | 1 | 59 | 2| 3 | 131 | 26 | 1 8 4 | 3 |
MP416 | 1017 | 1 | 003 ]| 2 4 3 o | 1772 | o [100] o | o | 59 | 2 | 3 0 63 | 1 8 4 | 3 |
MP425 | 1033 | 1 | o008 | 25 | 11 9 1 2180 0] 12] 0o |8 |81 |3] 3 0 31 | 19 | a7 | 4 | 4 |
'l\\"AFF’,”fZ%’ 1034 | 1 |010| 25 | 28 | 26 1 | 2368 | 0| 5 | 7 | 89 | 8 | 3| 3| 32 | 18|16 ] 3 | 7|8 |v
',\\"AFF’,AfZ%/ 1035 | 1 |o10| 25| 28 | 26 | 1 | 2368 | 0o | 5 | 7 | 8 | 8 | 3 | 3 | 441 | 16 | 16| 39 | 7 | 8 |
';\"MF;AAZZ%/ 1036 | 1 |o008| 25| 28 | 26 | 1 | 2368 | 0o | 5 | 7 | 8 | 8 | 3| 3 | 676 | 12| 16| 39 | 7 | 8 |
'\,\’/'”F;ﬁ%’ 1037 | 2 |o008| 25 | 28 | 26 1 | 2368 | 0| 5 | 7 | 89 |8 | 3| 3| 790 | 11|16 3 | 7|8 |i
Site PT* | Q. | MNc | PD* | wAas | oa" [ 1ae | R* | A | B [ c< | D [eN|ve|viee| DP | DE? | Q@ | Quot | Dt | Diov | ST
MP425/ | 1639 | 2 006 | 25 | 28 | 26 | 1 | 2368 | o | 5 | 7 |89 | 8 | 3| 3 | 971 | 6 | 16| 390 | 7 | & |ii

MP426




MPa26 | 1041 | 2 |oos| 25| 18 | 17 | o [ 2481 | o | o | 11 | 80 | 84 | 2| 3 o |32 15| 3 | o | 10 [ii
MP426 | 1042 | 1 |o006| 25| 18 | 17 | o | 2481 | o | o | 11 | 8o | esa | 2 | 3 | 260 | 21 [ 15| 34 | 9 [ 10 [
MPa27 | 185 | 1 |o06| 25 | o o | o 351 |0 o] o108/ 2]:2 o | 25 | 1 3 |2 | 2 |
MP433 | 1010 | 1 |o10| 3 | 15 | 15 | o | 4544 | 0 [100] o | o | 61 | 3| 4 o | s6| 5 | 34 | 4 | 4 |i
MP433 | 1011 | 1 |o10| 3 | 15 | 15 | o | 4544 | 0 | 100 | o | o [ 61 | 3| 4 | 241 | 35| 5 | 3 | 4 [ 4 [
MP433 | 1012 1 |oos| 3 | 15 | 15 | o | 4544 | 0 [100] o | o |61 | 3| 4 | 208 | 31| 5 | 3 | 4| a4 |w
MP433 | 1013 | 1 |o08| 3 | 15 | 15 | o | 4544 | 0 |100| o | o |61 | 3| 4 | 586 | 24 | 5 | 3 | 4 | 4 | w
MP433 | 1014 | 1 |oos| 3 | 15 | 15 | o | 4544 | 0 [100] o | o |61 | 3| 4 | 7755 | 18] 5 | 3 | 4| 4 |w
MP433 | 1015| 1 |o08| 3 | 15 | 15 | o | 4544 | 0 |100| o | o |61 | 3| 4 | 1186 | 1 | 5 | 3 | 4 | 4 | w
MP4s8 | 989 | 2 |o10| 35 | 8 6 1 | 1000 [ 61| 30| o | o |4 | 1] 2 0 14 0| 4 [ 135 |[w
MP4s8 | 990 | 1 |o10| 35 | 8 6 1 | 1000 [ 61|30 | o | o 4] 1| 2] 150 [12] 0] 4 [13] 5 [
MP4s8 | 991 | 1 |00 | 35 | 8 6 1 | 1000 [ 61|30 | o | o |41 | 2] 206 | 0] 4 |13] 5 [ii
MPas9 | 2065| 1 |o10| 35| 17 | 15 | 4 | 280 |71 ] 30| o | o | s3] 1] 4 0 15 0| 17 26| 7 | w
MP459 | 2067 | NA |008 | 35 | 17 | 15 | 4 | 280 | 71| 30 | o | o | s3 | 1 | 4 | 114 [ 1a | o | 17 [ 26| 7 |
MP465 | 2096 | NA | 003 | 15 | 3 2 | o[ 38 |ol1w0] o o]7]3]s o |20 4| 2] 3] 3 ]|v
MP467 | 1054 | 2 |008| 3 1 o | o 37 o]l o 10| o0 |8&]|2]:2 0 6] 2 | 4 | 2| 2 |ii
MP467 | 1057 | 1 |0.06 | 3 1 o | o 37 o] o 10| o8& |2]2]28] 1] 2]47]2]2 /i
MP469 | 1062 | 1 |006| 25 | 3 0 1 | 1269 | o | o | o [100] 8 [ 3| 4| 23 23] 9 | 19| 3 [ 4 [ii
Moo | 1063 | 1 |o006 | 25 | 12 0 1 | 1426 | 0| o | o |100| 87 | 3| 3 | 595 | 7 | 17| 37 | 4 | 4 |w
MPa72 | 2003 | 1 |o10|125| 37 | 33 | 15| 165 | o | 39 | a8 | 14 | 85 | 4 | 4 0 2 |74 12| 5 | 5 |
MP495s | 984 | 1 |oos| 2 | 2 0 1 | 3316 0] o] o [100] 9 [2]2 0 1 16 | 12 ]3| 3 |v
MP507 | 997 | 1 |o004| 15| o o | o et | o]l o] o f1wo|7]1]2 o | 27 | 1 1 2 | 2 | v
MP508 | 962 | 1 |o0o06| 25 | 2 1 o | 1162 | o] o] 1 [ |8 |3]3 o |30 ] 5 | 12 ] 3] 4 |i
MP508 | 963 | 2 |006| 25 | 2 1 o | 1162 | o o] 1 |9 |8 [ 3] 3] 13 |27z 5 | 12 ] 3| 4 |i
MP508 | 964 | 1 |006| 25 | 2 1 o | 1162 | o] o] 1 |9 |8 3] 3] 36 255 12| 3] a4 |i
MP508 | 965 | 1 |006| 25 | 2 1 o | 1162 | o o | 1 |90 |8 | 3] 3 |1048] 155 | 12] 3] 4 [ii
site PT* | Q. | MNc | PD* | wAas | oa" [ 1ae | R® | A | B [ c< | D [eN|ve|viee| DP | DE? | @ | Quot | Dt | Dy | ST
MP508 | 966 | 2 |008 | 25 | 2 1 o | 1162 | o] o | 1 |90 |8 | 3] 3 | 1244|135 | 12| 3| a |i
MP508 | 967 | 1 |o008| 25 | 2 1 o | 1162 | o o | 1 [ o0 |8 [ 3] 3 || o5 | 12] 3] 4w




MP508 968 1 0.10 | 2.5 3 2 0 979 0 0 1 99 83 2 3 1362 5 4 10 3 3 iii
MP508 972 1 0.06 3 4 2 0 811 0 0 1 99 81 2 3 745 0 4 9 3 3 iv
MP508A 970 0 | 004|125 0 0 0 66 0 0 0 100 77 1 1 0 0 0 1 2 2 v
MP508C 974 0 | 0.04 1 0 0 0 393 0 0 0 100 77 1 2 0 19 0 1 2 2 v
MP508D 976 0 | 005]| 15 1 1 0 433 0 0 0 100 77 2 3 0 19 2 4 2 2 ii
MP511 973 0 | 0.04 3 1 1 0 163 0 0 0 100 77 2 2 0 2 1 4 2 3 iii
MP511 969 1 0.08 3 1 1 0 163 0 0 0 100 77 2 2 150 1 1 4 2 3 iv
MP525 2088 1 0.10 4 38 38 1 104 0 46 51 3 71 4 6 0 4 38 129 4 5 iii
MP558 2080 1 0.06 1 1 0 1 440 0 31 0 69 92 3 3 0 0 4 9 3 3 i
MP559 2079 1 0.10 1 2 0 0 704 0 28 0 72 82 2 2 0 26 1 2 11 12 v
MP573 2074 | 2 | 0.08 | 3.5 31 30 1 1824 0 26 66 8 67 3 4 0 21 16 67 5 5 iv
MP578 2076 1 0.10 | 25 12 10 6 58 6 50 0 44 87 4 6 0 0 33 72 4 4 v
MP591 2071 2 | 0.10 4 1 1 0 3605 0 0 8 92 82 2 2 0 6 2 6 3 3 v
MP591 2072 | 2 | 0.10 4 1 1 0 3605 0 0 8 92 82 2 2 347 3 2 6 3 3 v
MP615 993 1 0.06 | 2.5 11 9 1 122 54 46 0 0 48 1 3 0 13 0 7 21 5 iv
MP785 2102 | NA | 0.10 2 8 8 2 73 0 100 0 0 67 | NA | NA 0 2 14 45 3 3 i
MP814 982 1 0.06 4 29 25 15 311 0 0 0 100 90 4 4 0 11 63 128 5 6 iv
MP840 609 1 0.06 | 2.5 5 4 2 2001 1 66 0 34 76 3 4 0 28 7 20 3 3 iv
MP840 979 2 | 006 | 25 5 4 2 2001 1 66 0 34 76 3 4 319 22 7 20 3 3 iii
MP840 980 1 0.06 | 2.5 5 4 2 2001 1 66 0 34 76 3 4 471 12 7 20 3 3 iv
ouT2111 474 1 0.06 2 0 0 0 458 0 57 0 43 70 1 2 0 18 1 2 2 2 iv
POW162 996 2 | 0.06 2 0 0 0 868 0 100 0 0 74 1 2 0 20 0 1 2 2 i
POW162 998 | NA | 0.06 2 0 0 0 868 0 100 0 0 74 1 2 599 6 0 1 2 2 i
W10 959 1 0.06 2 1 0 1 2965 0 0 100 0 89 2 3 0 74 3 5 3 3 iii
W10 1027 | 2 | 0.06 2 1 0 1 2965 0 0 100 0 89 2 3 788 43 3 5 3 3 iv
Site PT® | Q,° | MN° | PDY | WA® OAf 1A R" A Bi Ck D' CN™ | V4" | Vq¢° DIP DE® | Qpi" | Qp1o D | Dqo* | ST
W10 1028 1 0.06 2 1 0 1 2965 0 0 100 0 89 2 3 1236 34 3 5 3 3 iv
W10 1029 1 0.06 2 1 0 1 2965 0 0 100 0 89 2 3 1951 15 3 5 3 3 iv
W11 957 1 0.04 2 5 5 0 3045 0 0 74 26 80 3 4 0 5 9 23 3 3 v
W13 1004 1 0.06 | 1.5 8 8 5 242 0 0 0 100 92 2 3 0 8 25 48 4 4 iii




W13 1005 | 1 0.06 | 1.5 8 8 5 242 0 0 0 100 92 2 3 51 0 25 48 4 4 iv
W18 1059 | 3 | 0.06 1 9 0 1 1483 0 0 0 100 86 3 3 0 34 19 44 4 4 iv
W19C 1065 | 2 | 0.06 3 3 0 2 945 0 0 0 100 94 3 3 708 4 8 14 4 5 iv

Note ST refers to stage of channel degradation; @ Point number, ® Median approximate unconfined compressive strength of channel banks (Ib/ft3),
¢ Median Manning’s roughness coefficient of channel banks (s/ft'3), ¢ Pipe diameter (ft), ¢ Pipe outlet watershed area (ac) f Pipe outlet offsite area
within watershed (ac), 9 Pipe outlet impervious area within watershed (ac), " Radial distance of pipe outlet to stream (ft), ' Downslope hydrologic
soil group (HSG) A soils (%), | Downslope HSG B soils (%), ¥ Downslope HSG C soils (%), ' Downslope HSG D soils (%), ™ Composite curve
number (CN) for pipe outlet watershed, " Maximum velocity for 1-yr, 24-hr storm event: Permissible velocity, © Maximum velocity for 10-yr, 24-hr
storm event: Permissible velocity, P Distance from pipe outlet to cross-section (ft), ¢ Estimated elevation difference between cross-section and
outfall (ft), " Peak discharge for 1-yr, 24-hr storm event for pipe outlet watershed (ft%/s), s Peak discharge for 10-yr, 24-hr storm event for pipe outlet
watershed (ft3/s), t Duration of 1-yr, 24-hr storm event for pipe outlet watershed (hr), " Duration of 10-yr, 24-hr storm event for pipe outlet

watershed (hr)




Results and discussion

The distribution of degradation among the 109 cross-sections was slightly skewed

towards Stages lll and IV (Table 122). This unbalanced dataset has caused the decision tree to

be biased towards these stages (Figure 90). However, these stages represent the gully

conditions that would most benefit from retrofits so this bias should not result in unnecessary

implementations of RSCs or other retrofits (e.g., rip-rap). The root node error and accuracy for

the decision tree were 61 and 39%, respectively. These metrics indicate poor model

performance and more data is needed to train the decision tree to correctly predict the true

stage of degradation.

Table 2. Summary of cross-sections used for channel degradation decision tree

Stage Description Quantity
[ No channelization; Sint/Siano = 0 and BEHI = 0 7
I Incision (S|NT/S|_AND > 1 and BEHI £ 30) 18
i Incision and widening (Sint/Siano > 1 and BEHI > 30) 27
\Y; Widening (Sint/Stano < 1 and BEHI > 30) 41
V Quasi-equilibrium (Sint/Siano £ 1 and BEHI < 30) 16
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The predictors included in the decision tree appear to be appropriate because they
either affect the magnitude of erosion or describe channel stability. Bankfull discharge is the
channel-forming flow that maintains stable channel dimensions and most effectively moves
sediment loads over time (Doll et al., 2002; Leopold & Maddock, 1953; Metcalf et al., 2009;
Sweet & Geratz, 2003; Wolman & Miller, 1960). Designers of stream restoration projects use
bankfull dimensions to re-stabilize natural streams (Rosgen, 1994, 2011). The ratio between the
measured and calculated bankfull area (Equation 2; Equation 5) included in the decision tree
quantifies channel degradation; ratios greater than one indicate the channel is instable.
Departureour, or the estimated elevation difference between the cross-section and outfall,
describes the potential depth of a headcut or incision that may occur. With regards to the radial
distance to the stream, pipe outlets near a stream reduce the distance for a headcut to migrate
upwards. This may lead to a gully forming quicker downslope of the pipe outlet. HSG C soils
tend to be less permeable (NRCS, 2007), which reduces the potential for infiltration. Soils with
higher infiltration rates tend to have a greater resistance to soil degradation (Hillel, 2003).

Future research is needed to validate the decision tree describing the stages of degradation for
gullies located downslope of pipe outlets. This research should include cross-sectional surveys,
bank pin erosion measurements, and BEHI assessments over several years to identify the
channels’ stage of degradation and evolution (Bledsoe et al., 2012; Hawley et al., 2012, 2020;
Palmer et al., 2014; Rosgen, 2001). This research should also consider identifying and
incorporating temporal predictors (e.g., pipe age) into the decision tree; previous studies have
documented the extent of erosion varies with time and landscape and climatic changes
(Shellberg et al., 2013; Sidorchuk, 1999; Vanmaercke et al., 2016).



Appendix K: Overview of HEC-RAS hydraulic, sediment transport, and BSTEM analyses
HEC-RAS models sediment transport using quasi-unsteady or unsteady flow hydraulics
(Brunner, 2022). Quasi-unsteady flow simplifies hydrodynamics by representing a continuous
hydrograph as a series of discrete steady flow profiles (Figure 91). 1D steady flow analyses
calculate the water surface profiles by iteratively solving the energy equation (Equation 55).
HEC-RAS uses the Manning’s equation (Equation 56) to solve for discharge and velocity. 1D
unsteady flow analyses iteratively solve the Saint-Venant equations for the conservation of
mass (continuity) (Equation 57) and momentum (Equation 58) to calculate the water surface
profiles. While unsteady flow analyses account for changes in flow over time, model stability is
highly sensitive to channel geometry, roughness, and slope as well as the computational

interval and modeled flow rates (Brunner, 2022).

Flow (m?s)
1

I A

2021-u102 02:00

Date

Figure 1. Continuous hydrograph modeled as discrete steady flow profiles
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Where:

Z = elevation of main channel invert (ft)

Y = depth of water at cross-section (ft)

V = average velocity at cross-section (ft/s)
a = velocity weighing coefficient (1)

g = gravitational constant (32.2 ft/s?)

he = energy head loss (ft)



LR/ Equation 2
Q= AR, 2
Where:

Q = discharge (ft%/s)

n = Manning’s roughness coefficient (s/ft"’?)
A = flow cross-sectional area (ft?)

Ry = cross-sectional hydraulic radius (ft)

St = frictional slope (ft/ft)

oQ oA .
s .= Equation 3
ax T 970 g

Where:

Q = discharge (ft%/s)

x = channel distance (ft)

A = flow cross-sectional area (ft?)

t =time (s)

q = lateral inflow per unit length (ft3/s/ft)

oQ Qv wne (92 _ .
2t + r + g*A <a_ + Sf>— 0 Equation 4

X

Where:

Q = discharge (ft%/s)

t =time (s)

V = average velocity at cross-section (ft/s)
x = channel distance (ft)

g = gravitational constant (32.2 ft/s?)

A = flow cross-sectional area (ft?)

z = water surface elevation (ft)

St = frictional slope (ft/ft)

2D HEC-RAS models require a computational mesh representing the entire channel
geometry rather than cross-sectional geometry with known distances between cross-sections
(Brunner, 2022). A Manning’s roughness coefficient (n) is assigned to each cell, and the user
must provide a 2D flow area polygon. Unlike 1D models that calculate a single water surface
elevation (WSE) for a cross-section, 2D models compute a WSE for each cell using a Diffusion
Wave form of the 2D continuity and momentum equations (Equation 59 through Equation 62).
Average velocities (vertically and horizontally) are computed for each cell face. The average
friction slope (S¢) is calculated for each cell face rather than multiplying St by the distance
between cross-sections to quantify friction losses. Brunner (2022) recommends using 1D
models if terrain data are only available for specific cross-sections and/or the streams are steep.

2



Rosgen (1994) classifies a stream steep if the channel bed slope is greater than 0.04 ft/ft;
moderately steep streams have a bed slope between 0.02 and 0.04 ft/ft. Refer to Brunner et al.
(2020) and Brunner (2022) for more details regarding the hydraulic computations for 1D and 2D
HEC-RAS models.

Vertically averaged continuity equation
oH N d(hu) N a(hv)

ot ox oy

g=0 Equation 5

Vertically averaged momentum equations
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Equation 6

Where:

u = velocity in x direction (ft/s)

v = velocity in y direction (ft/s)

y = distance in lateral direction (t, y plane)

h = water depth (ft)

H = water surface elevation (ft)

vt = horizontal eddy viscosity coefficient (Ib/ft?-s)
f = Coriolis parameter (rads/s)

¢t = nonlinear friction coefficient (dimensionless)



Laterally averaged continuity equation

Equation 7
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Where:

v = velocity in y direction (ft/s)

y = distance in lateral direction (t, y plane)

H = water surface elevation (ft)

vt = horizontal eddy viscosity coefficient (Ib/ft?-s)
cr = bottom friction coefficient (s/t"?)

f = Coriolis parameter (rads/s)

U = laterally averaged velocity in x direction (ft/s)
W = laterally averaged velocity in z direction (ft/s)
B = width (ft)

P = laterally averaged pressure (Ib/ft?)

T« = turbulent stresses in xx direction (Ib/ft?)

Txz = turbulent stresses in xz direction (Ib/ft?)

q = lateral inflow per unit volume (ft3/s/ft)

p oz Equation 8

HEC-RAS solves for sediment routing using the Exner or sediment continuity equation

(Brunner, 2022) (Equation 63). The Exner equation assumes the difference between sediment

entering and leaving the channel is either stored or removed from storage. This difference in

load is translated into changes to the channel bed through eroding or depositing sediment. If the

channel’s sediment transport capacity exceeds the sediment supply, HEC-RAS will erode the

channel bed to satisfy the deficit. HEC-RAS divides the sediment load into grain classes and

computes the sediment transport for each grain class to determine the total load eroded from or

deposited onto the channel bed (Brunner, 2022). These computations occur for every specified

increment, and the channel bed is updated multiple times per increment. HEC-RAS does not

account for lateral channel movement because of the fixed channel boundaries within the reach.

o on  0Qg
(1-%)"B3r =5

Where:

Ao = active layer porosity (unitless)

B = channel width (ft)

n = channel elevation (ft)

t = time (day)

Qs = transported sediment load (ton/day)
x = distance (ft)

Equation 9



Sediment transport is highly sensitive to the sediment boundary condition, transport

functions, sorting, and fall velocity methods (Brunner, 2022). HEC-RAS provides nine sediment

transport functions developed from field and flume studies (Table 123). Apart from the Toffaleti

functions, the transport functions are either a form of excess 1 (Equation 64) or stream power

(Equation 65; Equation 66). The Toffaleti functions follow the basic principles of the Einstein

approach. Refer to Brunner (2022) for more details regarding each transport function.

Table 1. Summary of sediment transport functions in HEC-RAS (Brunner, 2022)

Sediment transport

2003)

£ . Mode of transport Grain size range Description
unction
Flume study; uses
Ackers and White stream power
(Ackers and White, Total load Sand to fine gravel function based on
1973) velocity and shear
stress
Flume study; uses
Engelund-Hansen stream power
(Engelund-Hansen, Total load Sand function based on
1967) velocity and shear
stress
Laursen-Copeland Field and flume
Total load Coarse silt to gravel study; uses excess
(Laursen, 1958) .
shear stress function
Meyer-Peter Miller Flume study; uses
(Meyer-Peter and Bedload Sand to gravel excess shear stress
Miiller, 1948) function
(Tof-lf-acigﬁ,le;t;)%) Total load Sand Field study
Toffaleti-MPM Combination of
(Williams and Julian, Total load Sand Meyer-Peter Muller
1989) and Toffaleti
Sy Altered Toffaleti
Toffaleti Limiter (Yaw Total load Sand to gravel function to model
et al., 2019)
gravel
Flume and field
Yang study; uses stream
(Yang, 1973, 1984) Total load Sand to gravel power function based
on velocity and slope
Wilcock and Crowe Flume and field
(Wilcock and Crowe, Bedload Sand to gravel study; uses excess

shear stress function




€ = 100*kq*(T5-15)? Equation 10
Where:

€ = erosion rate (in/s)

ks = erodibility coefficient (in*/Ib*s)

To = maximum shear stress (Ib/in?)

1. = critical shear stress (Ib/in?)

a = exponent typically assumed to be 1

w=TV Equation 11

Where:

w = stream power (Ib-ft/s)
T = shear stress (Ib/ft?)

v = channel velocity (ft/s)

Vv
w = p*g* Wed *s Equation 12

Where:

w = stream power (Ib-ft/s)

p = density of water (62.4 Ib/ft3)

g = gravitational constant (32.2 ft/s?)
v = channel velocity (ft/s)

W = channel width (ft)

d = channel depth (ft)

s = channel bed slope (ft/ft)

To account for lateral retreat, HEC-RAS is often coupled with the Bank Stability and Toe
Erosion (BSTEM) model developed by the United States Department of Agriculture- Agricultural
Research Service (USDA-ARS) National Sedimentation Laboratory (Langendoen & Simon,
2008; Pollen-Bankhead & Simon, 2009; Simon et al., 2000, 2011; Simon & Collison, 2002).
BSTEM uses flow parameters and bank geometry and geotechnical characteristics to model
bank instability. Vegetative characteristics (e.g., root tensile strength, type) can also be
simulated but these data are not required. The model provides default values based on soil type
for unknown geotechnical characteristics (e.g., ¢’). BSTEM is comprised of two modules, bank
stability and toe erosion, that account for each soil’s layer driving (Fp) and resistive (Fr) (Figure
28). The modes of bank failure simulated in the model are horizontal layer (Equation 67),
vertical slice (Equation 68), and cantilever shear failure (Equation 69) (Figure 92). A factor of
safety (FoS) is calculated for each mode. A bank is stable if the FoS is greater than 1.3,
conditionally stable if the FoS is between 1.0 and 1.3, and unstable if the FoS is less than 1.0.
Toe erosion is calculated in BSTEM without a FoS using Equation 64 and Equation 70. The full



derivation of the FoS calculations are included Langendoen & Simon (2008), Pollen-Bankhead
& Simon (2009), Simon et al. (2000, 2011), and Simon & Collison (2002).
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Figure 2. Examples of streambank failure (Langendoen & Ursic, 2016)
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AL Y11 W;sin - P;sin(a’ - B)

Where:

FoSHL = factor of safety for horizontal layer failure

¢’ = effective cohesion of it" vertical layer (Ib/ft?)

Li = surface length along failure plane of i'" vertical layer (ft)

Wi = matric suction of i" vertical layer (Ib/ft?)

¢ib = angle describing relationship between shear strength and yi of i" vertical layer (°)
Wi = weight of i vertical layer (Ib)

B = failure-plane angle from horizontal (°)

Ui = hydrostatic-uplift force from positive pore-water pressure on saturated portion of failure place of i" layer (Ib/ft?)
Pi = hydrostatic confining force from external water level acting on it vertical layer (Ib/ft?)
a’ = local bank angle from horizontal (°)

¢'i = soil internal angle of friction of i" layer from horizontal (°)

i = horizontal layer

| = total number of horizontal layers



Fos _cos BILicly+ Y, tan ¢jb + (N;-U)) tan ¢Jf Equation 14
v sinB XL, (N)) - P,

Where:

FoSvs = factor of safety for vertical slices failure

B = failure-plane angle from horizontal (°)

¢j = effective cohesion of j*" vertical slice (Ib/ft?)

L; = surface length along failure plane of j'" vertical slice (ft)

W = matric suction of ji" vertical slice (Ib/ft?)

¢J.b = angle describing relationship between shear strength and y; of j*" vertical slice (°)

Nj = normal force acting on base of vertical slice (Ib/ft?)

U; = hydrostatic-uplift force from positive pore-water pressures on sat. portion of failure place of i" vertical slice (Ib/ft?)
¢J. = soil internal angle of friction of j slice from vertical (°)

P; = hydrostatic confining force due to external water level acting on it vertical slice (Ib/ft?)

j = slice number
J = total number of vertical slices



YL cL + ylitang? - Utang, Equation 15
FOSCF— W
Zi=1 i'Pi

Where:

FoScr = factor of safety for cantilever shear failure

¢’ = effective cohesion of it" vertical layer (Ib/ft?)

Li = surface length along failure plane of i'" vertical layer (ft)

Wi = matric suction of i" vertical layer (Ib/ft?)

¢ib = angle describing relationship between shear strength and yi of i" vertical layer (°)

Ui = hydrostatic-uplift force from positive pore-water pressures on sat. portion of failure place of i" vertical layer (Ib/ft?)
¢'i = soil internal angle of friction of i layer from horizontal (°)

Wi = weight of i vertical layer (Ib)

P; = hydrostatic confining force due to external water level acting on it" vertical layer (Ib/ft?)

i = horizontal layer
| = total number of horizontal layers

Ta=Y"Ry*S Equation 16

Where:

Ta = applied shear stress (Ib/ft?)

y = unit weight of water (62.4 Ib/ft3)

Ry = cross-sectional hydraulic radius (ft)
S = channel slope (ft/ft)

10



The interaction between BSTEM and HEC-RAS is an iterative feedback process
(CEIWR-HEC, 2015). The calculated WSEs from HEC-RAS allow BSTEM to determine the
distribution of T along the channel bank for each computational time step. The minimum and
maximum angles (bounding failure planes) are found at 100 points or nodes spread out evenly
between the user specified toe of slope and top of bank. The FoS representing type of failure is
calculated at each node using the T distribution; the FoS is compared to an initial guess
representing the critical FoS (lowest FoS). If the calculated FoS is smaller than the initial guess,
the calculated FoS becomes the new critical FoS and a more likely critical failure plane within
the bounding failure planes is identified for each node. This process continues until the lowest
possible FoS is achieved at each node. Once the final critical FoS has been identified for each
node, BSTEM identifies the overall lowest failure plane along the channel bank. If the FoS for
the lowest failure plane is less than 1.0, the sediment within the failure plane is added to the
HEC-RAS sediment control volume in the channel and the geometry for the cross-section is

updated.

11



Appendix L: Cost analyses for proposed designs

Table 1. Predicted costs for proposed rip-rap swales

Site | Mobilization ($) | Excavation ($) | Rip-rap ($) c::g:fc":gf Total ($)
MP458 64,688 625 2,740 86,626
MP459 36,269 350 1,536 56729
MP467 18 573 72,462 790 3,437 95,263
MP495 ’ 11,340 124 538 30,575
MP814 138,617 880 3,836 161,906
MP840 131,411 1,269 5,566 156,820

Table 2. Predicted costs for proposed maintained vegetated swales
. Mobilization' Excavation Annual

Site $) ($) Sod ($) maintenance Total ($)
MP458 64,688 31,100 15,348 129,710
MP459 36,269 17,437 8,605 80,886
MP467 18 573 72,462 48,773 24,070 163,879
MP495 ’ 11,340 7,633 3,767 41,314
MP814 138,617 31,100 15,348 203,639
MP840 131,411 63,179 31,179 244,343

1 Costs associated with check dam installation and maintenance are not included

Table 3. Predicted costs for proposed un-maintained vegetated swales

Site MOb"(';)a tion' Excavation ($) | Plants ($) Total ($)
MP458 64,688 3,231 86,492
MP459 36,269 1,812 56,654
MP467 18,573 72,462 5,067 96,103
MP495 ’ 11,340 793 30,707
MP814 138,617 3,231 160,421
MP840 131,411 6,564 156,549

1 Costs associated with check dam installation and maintenance are not included



Appendix M: R code for statistical analyses
# Packages#tt

source("https://www4.stat.ncsu.edu/~boos/courses/st505/functions.R.txt")
library(stats)

library(BSDA)
library(exactRankTests)
library(coin)
library(Rlab)
library(kSamples)
library(ggplot2)
library(dplyr)
library(caret)
library(tidyverse)
library(nortest)

library(nime)

library(car)
#install.packages('gmodels')
library(gmodels)
#install.packages('ROCR')
library(ROCR)
#install.packages('imperials')
library(imperials)
#install.packages(‘hydroGOF')
library(hydroGOF)

library(tree)

library(Ime4)
#install.packages('gimnet’)
library(gimnet)
#install.packages('rpart’)
library(rpart)
#install.packages('rpart.plot')
library(rpart.plot)
library(ImerTest)
#install.packages('pls')
library(pls)
#install.packages('leaps')
library(leaps)

library(caret)
#install.packages('MASS')
library(MASS)

# Occurrence Downslope Erosion ##HH

occ <- read.csv("C:/Users/sewaicko/Documents/Outlet Analysis Protocol
(NCDOT)/occurrence_imperial_new.csv", header=TRUE)

occ_tidy <- na.omit(occ)



occ_nzv <- nearZeroVar(occ_tidy,
saveMetrics = TRUE) # Checking for zero/near zero variance between predictor
variables
occ_nzv
occ_sub <- subset(occ_tidy, select = -c(site, resp_log, resp))
occ_resp <- occ_tidy[,c(22,23)]
occ_sc <- scale(occ_sub, center = TRUE, scale = TRUE)

occ_corr <- cor(occ_sc)

occ.cor <- findCorrelation(occ_corr,
cutoff = 0.80) # Checking for correlation between predictor variables

occ.cor
data.frame(colnames(occ_corr)) # Identifying columns with correlation > 0.80
occ_df <- data.frame(occ_sc, occ_resp)
set.seed(1) # Set seed to get same data partitions every time
occ_part <- createDataPartition(y = occ_df$resp_log,
p = 0.85,
list = FALSE)
occ_train <- occ_df[occ_part,]
occ_test <- occ_df[-occ_part,]
summary(occ_train)
summary(occ_test)
# Principal Components Regression
pcal <- prcomp(occ_train[,c(-23, -24)])
summary(pcal)

pcal$rotation

write.csv(pca1$rotation, "C:/Users/sewaicko/Documents/Outlet Analysis Protocol
(NCDOT)/imperial pca.csv", row.names = TRUE)

pca_results <- abs(pca1$rotation)



write.csv(pca_results, "C:/Users/sewaicko/Documents/Outlet Analysis Protocol
(NCDOT)/imperial pca_absolute.csv", row.names = TRUE)

#str(pcal)
pcal_var <- pcal$sdev/2
pve <- pcal_var/sum(pcal_var)
plot(pve, xlab = "Principal Component",

ylab = "Proportion of Variation Explained",

ylim = ¢(0,1),

type ='b')
plot(cumsum(pve), xlab = "Prinicipal Component",

ylab = "Accumulative Proportion of Variation Explained",

ylim = ¢(0,1),

type ='b’)
occ_comp <- data.frame(resp_log = occ_train[, "resp_log"], pca1$x[, 1:8])
log_occ_pca <- gim(resp_log ~.,

data = occ_comp,
family = binomial)
summary(log_occ_pca)
log_occ_test <- predict(pcal, newdata = occ_test[, 1:22])
log_pred <- predict(log_occ_pca, newdata = data.frame(log_occ_test[,1:8]), type = "response")
pred_log <- factor(ifelse(log_pred >= 0.5, "TRUE", "FALSE"))
table(occ_test$resp, pred_log)
confusionMatrix(pred_log, as.factor(occ_test$resp), positive = "TRUE")
# Occurrence of Downslope Erosion Training
occ1 <- gim(resp_log ~ pipe + offsite + watershed + impervious +
radial + hsga + hsgb + hsgc + hsgd + cn + qp1 +

gp10 + duration1 + duration10 + comp + mannings +
bulk + sand + clay + departure + v1 + v10,



family = binomial(link = "logit"),
data = occ_train)

summary(occ1)
plot(predict(occ1), residuals(occ1), col = c("blue”, "red"))
abline(h = 0, Ity = 2, col = "grey")
predicted_occ1 <- predict(occ1, occ_train, type = "response")
# Decision Tree Occurrence of Downslope Erosion
#occ_tree <- subset(occ_tidy, select = -c(site, resp_log))
occ_tree <- subset(occ, select = -c(site, resp_log))
occ_tree$resp <- as.factor(occ_tree$resp)
set.seed(3) # Set seed to get same data partitions every time
occ_part <- createDataPartition(y = occ_tree$resp,

p = 0.85,

list = FALSE)
occ_train <- occ_tree[occ_part,]
occ_test <- occ_tree[-occ_part,]
tree_occ <- tree(resp ~., occ_train)
summary(tree_occ)
plot(tree_occ)
text(tree_occ, pretty = 0)
predict_occ_tree <- predict(tree_occ, occ_test, type = "class")
table_occ <- table(predict_occ_tree, occ_test$resp)
accuracy_test <- sum(diag(table_occ)) / sum(table_occ)
print(paste('occ test accuracy', accuracy_test))
precision_test <- 1/2 #True positive/Sum(true positive, false positive)
print(paste('occ test precision', precision_test))

# Magnitude of Erosion ####



# Bankfull Characteristics
# Generalized Linear Mixed Effects Models

mag_bkful <- read.csv("C:/Users/sewaicko/Documents/Outlet Analysis Protocol
(NCDOT)/bankfull_magnitude_imperial_new.csv",header=TRUE)

bkful_tidy <- na.omit(mag_bkful)
summary(bkful_tidy)

bkful_nzv <- nearZeroVar(bkful_tidy,
saveMetrics = TRUE)

bkful_nzv

bkful_sub <- subset(bkful_tidy, select = -c(name, site, point, width, area, slope, depth, casea,
caseb, v1, v10))

bkful_resp <- bkful_tidy[,c(2, 4, 5, 7)]
bkful_sc <- scale(bkful_sub, center = TRUE, scale = TRUE)
bkful_corr <- cor(bkful_sc)

bkful.cor <- findCorrelation(bkful_corr,
cutoff = 0.80)

bkful.cor
data.frame(colnames(bkful_corr))
bkful_df <- data.frame(bkful_sc, bkful_resp)
set.seed(4) # Set seed to get same data partitions every time
bkful_part <- createDataPartition(y = bkful_df$width,
p = 0.85,
list = FALSE)
bkful_train <- bkful_df[bkful_part,]
bkful_test <- bkful dff-bkful_part,]
summary(bkful_train)
summary(bkful_test)

require(lImerTest)

areal <- Imer(area ~ pipe + offsite + watershed + impervious +



radial + hsga + hsgb + hsgc + hsgd + cn + gp1 +
gp10 + duration1 + duration10 + comp +
mannings + (1|site),
data = bkful_train)
summary(areal)
#print(area1, correlation = TRUE)
area2 <- Imer(area ~ radial + hsgc + hsgd + cn + duration10 +
(1|site),
data = bkful_train)
summary(area2)
ggnorm(residuals(area2), main = "Area Residuals")
qqline(residuals(area2), col = "black", lwd = 1, Ity = 2)
predict_area <- predict(area2, bkful_test, allow.new.levels = TRUE)
area_RMSE <- rmse(bkful_test$area, predict_area)
area_ RMSE #11.37
area_ NRMSE <- area_ RMSE/(max(bkful_tidy$area) - min(bkful_tidy$area))
area_ NRMSE #0.071
area_NSE <- NSE(predict_area, bkful_test$area)
area_NSE #
width1 <- Imer(width ~ pipe + offsite + watershed + impervious +
radial + hsga + hsgb + hsgc + hsgd + cn + gp1 +
qp10 + duration1 + duration10 + comp +
mannings + distance + departure + (1|site),
data = bkful_train)
summary(width1)

#print(width1, correlation = TRUE)

width2 <- Imer(width ~ radial + hsga + hsgb + hsgc + cn +
duration10 + (1]|site), data = bkful_train)

summary(width2)
ggnorm(residuals(width2), main = "Width Residuals")

qqline(residuals(width2), col = "black”, lwd = 1, Ity = 2)



predict_width <- predict(width2, bkful_test, allow.new.levels = TRUE)
width_ RMSE <- rmse(bkful_test$width, predict_width)
width_RMSE #6.49
width_NRMSE <- width_ RMSE/(max(bkful_tidy$width) - min(bkful_tidy$width))
width_NRMSE #0.094
width_NSE <- NSE(predict_width, bkful_test$width)
width_NSE #
depth1 <-Imer(depth ~ pipe + offsite + watershed + impervious +
radial + hsga + hsgb + hsgc + hsgd + cn + qp1 +
gp10 + duration1 + duration10 + comp +
mannings + distance + departure + (1|site),
data = bkful_train)
summary(depth1)
#print(depth1, correlation = TRUE)

depth2 <-Imer(depth ~ watershed + radial + hsgb + cn + duration10 +
distance + (1]|site), data = bkful_train)

summary(depth2)

ggnorm(residuals(depth2), main = "Depth Residuals")

qqline(residuals(depth2), col = "black”, lwd = 1, Ity = 2)

predict_depth <- predict(depth2, bkful_test, allow.new.levels = TRUE)

depth_ RMSE <- rmse(bkful_test$depth, predict_depth)

depth_ RMSE #7.69

depth_ NRMSE <- depth_ RMSE/(max(bkful_tidy$depth) - min(bkful_tidy$depth))
depth_ NRMSE #0.21

depth_NSE <- NSE(predict_depth, bkful_test$depth)

depth_NSE #

# Decision Trees



#bkful_tree <- subset(bkful_tidy, select = -c(site, point, slope, casea, caseb, distance, departure,
v1, v10))

bkful_tree <- subset(mag_bkful, select = -c(site, point, slope, casea, caseb, distance, departure,
v1, v10))

set.seed(5) # Set seed to get same data partitions every time
bkful_tree_part <- createDataPartition(y = bkful_tree$width,

p = 0.85,

list = FALSE)
bkful_tree_train <- bkful_tree[bkful_tree_part,]
bkful_tree_test <- bkful_tree[-bkful_tree_part,]
tree_area <- tree(area ~. -width - depth, bkful_tree_train)
summary(tree_area)
plot(tree_area)
text(tree_area, pretty = 0)
predictions_area_tree <- tree_area %>% predict(bkful_tree_test)
area_tree_ RMSE<- RMSE(predictions_area_tree, bkful_tree_test$area)
area_tree RMSE #14.47
area_tree_ NRMSE <- area_tree_ RMSE/(max(bkful_tidy$area) - min(bkful_tidy$area))
area_tree NRMSE #0.090
tree_width <- tree(width ~. -area - depth, bkful_tree_train)
summary(tree_width)
plot(tree_width)
text(tree_width, pretty = 0)
predictions_width_tree <- tree_width %>% predict(bkful_tree_test)
width_tree. RMSE<- RMSE(predictions_width_tree, bkful_tree_test$width)
width_tree_ RMSE #11.65
width_tree_ NRMSE <- width_tree_ RMSE/(max(bkful_tidy$width) - min(bkful_tidy$width))

width_tree_ NRMSE #0.17



tree_depth <- tree(depth ~. -area - width, bkful_tree_train)

summary(tree_depth)

plot(tree_depth)

text(tree_depth, pretty = 0)

predictions_depth_tree <- tree_depth %>% predict(bkful_tree_test)

depth_tree RMSE<- RMSE(predictions_depth_tree, bkful_tree_test$depth)

depth_tree. RMSE #6.33

depth_tree NRMSE <- depth_tree_ RMSE/(max(bkful_tidy$depth) - min(bkful_tidy$depth))
depth_tree. NRMSE #0.17

# Volume of Eroded Soil

mag_vol <- read.csv("C:/Users/sewaicko/Documents/Outlet Analysis Protocol
(NCDOT)/volume_magnitude_imperial_new.csv",header=TRUE)

vol_tidy <- na.omit(mag_vol)

vol_nzv <- nearZeroVar(vol_tidy,
saveMetrics = TRUE)

vol_nzv

vol_sub <- subset(vol_tidy, select = -c(site, volume))
vol_resp <- vol_tidy[,c(22)]

vol_sc <- scale(vol_sub, center = TRUE, scale = TRUE)
vol_corr <- cor(vol_sc)

vol.cor <- findCorrelation(vol_corr,
cutoff = 0.80)

vol.cor
data.frame(colnames(vol_corr))
vol_df <- data.frame(vol_sc, vol_resp)
set.seed(10)

vol_data <- createDataPartition(y = vol_df$vol_resp,



p =0.85,
list = FALSE)

vol_train <- vol_dffvol_data,]
vol_test <- vol_df[-vol_data,]
summary(vol_train)
summary(vol_test)
vol_train <- rbind(vol_train,vol_test[5,]) #Ensuring maximum response in training dataset
vol_test <- vol_test[-5,] #Removing maximum response from testing dataset
volume1 <- gim(vol_resp ~ pipe + offsite + watershed + impervious +
radial + hsga + hsgb + hsgc + hsgd + cn + gp1 +
gp10 + duration1 + duration10 + comp + mannings +
bulk + sand + clay + departure + v1 + v10,
data = vol_train)
summary(volume1)

#print(volume1, correlation = TRUE)

volume2 <- gim(vol_resp ~ gp1 + qp10 + v1 + v10,
data = vol_train)

summary(volume2)

ggnorm(residuals(volume2), main = "Volume Residuals")
qqline(residuals(volume2), col = "black”, lwd = 1, Ity = 2)
predict_volume <- predict(volume2, vol_test, allow.new.levels = TRUE)
volume_RMSE <- rmse(vol_test$vol_resp, predict_volume)
volume_RMSE #0.44

volume_NRMSE <- volume_RMSE/(max(vol_tidy$volume) - min(vol_tidy$volume))
volume NRMSE #0.17

volume_NSE <- NSE(predict_volume, vol_test$vol resp)

volume NSE #

# Combined Residual Plots

par(mfrow = ¢(2,2))



ggnorm(residuals(area2), main = "Area Residuals")
qqline(residuals(area2), col = "black", lwd = 1, Ity = 2)
ggnorm(residuals(width2), main = "Width Residuals")
qqline(residuals(width2), col = "black", lwd = 1, Ity = 2)
ggnorm(residuals(depth2), main = "Depth Residuals")
qqline(residuals(depth2), col = "black”, lwd = 1, Ity = 2)
ggnorm(residuals(volume2), main = "Volume Residuals")
qqline(residuals(volume2), col = "black", lwd = 1, Ity = 2)
# Decision Tree
vol_tree <- subset(vol_tidy, select = -c(site))
vol_tree <- subset(mag_vol, select = -c(site))
set.seed(11) # Set seed to get same data partitions every time
vol_tree_part <- createDataPartition(y = vol_tree$volume,

p = 0.85,

list = FALSE)
vol_tree_train <- vol_tree[vol tree part,]
vol_tree_test <- vol_tree[-bkful_tree part,]
tree_vol <- tree(volume ~., vol_tree_train)
summary(tree_vol)
plot(tree_vol)
text(tree_vol, pretty = 0)
predictions_vol_tree <- tree_vol %>% predict(vol_tree_test)
vol_tree_ RMSE<- RMSE(predictions_vol_tree, vol_tree_test$volume)
vol_tree_ RMSE #0.19
vol_tree_ NRMSE <- vol_tree_ RMSE/(max(vol_tidy$volume) - min(vol_tidy$volume))

vol_tree. NRMSE #0.072



# Propose Channel Evolution ##HH#

cem_sub <- subset(bkful_sub <- subset(bkful_tidy, select = -c(name, site, point, slope, comp,
mannings)))

tree_cem1 <- rpart(caseb ~. -casea, data = cem_sub)
printcp(tree_cem1)

rpart.plot(tree_cem1)



Appendix N: UNCC final report
1.0 Introduction and Background

This research was conducted to understand the water quality, hydrology and site
characteristics of flow from two outlet pipes along highway sites in Cabarrus County, North
Carolina. For this work, several water quality parameters were examined, and the hydrologic
response was determined along three points of the monitored outlets and their respective
channels. Water samples were collected after every eligible storm event and sent for laboratory
analysis. The hydrological analysis was conducted to understand the relation of rainfall to
change in the water-level and channel discharge. This analysis, along with site analyses, can
help to understand the selected channels’ response to runoff conveyed from the outlet point.
The results from the water quality and hydrological analysis can be used in future studies to
mitigate pollutant loads and downstream erosion in receiving waters. The results can also
contribute to planning stormwater control measures and tools that analyze outlets and their
downstream flow.

This study quantified the water quality parameters and hydrological characteristics from
six monitoring stations, situated along the existing channels for the two highway outlets. For the
estimation of pollutant concentration, hydrological and water quality monitoring was used. After
the sample collection and water quality analysis, the data analysis helped in understanding the
trend of water quality parameters obtained. The following objectives for this work included the
following:

1. Calculate pollutant concentrations in the channels streaming from outlets for the
monitored storm events.
2. Determine the hydrology characteristics for both the channels on which
monitoring is conducted.
3. Determine the changes in site conditions for the two monitored channels.
2.0 Methodology

The purpose of this project was to assess water quality and hydrology parameters of
highway stormwater runoff from two selected outlet monitoring sites to establish their baseline
characteristics. Runoff quality and quantity were monitored at two highway outlets and further
downstream the outlet channels. Also, site conditions for the two monitoring locations were
assessed. The monitoring data obtained was analyzed to determine the pollutant concentrations
of total suspended solids (TSS), orthophosphate (PO4), and nutrients (e.g., total Kjeldahl
nitrogen (TKN), total nitrogen (TN), and total phosphate (TP)) in the water channel. Various



criteria, including approachability, proximity, availability, and safety, discussed ahead, were
used for finding ideal monitoring sites. The scope of this work includes two monitoring sites.
2.1 Selection of Monitoring Sites

Using historical data of highway outlets from NCDOT, 19 sites were visited and
observed in Cabarrus County in August 2019. Most of these sites were located along or in
proximity to the US 601 highway. An observational study was done to identify optimum sites for
equipment installation and monitoring of storm runoff from outlets. After observing the sites, an
analysis of each site was done based on the following parameters: (i) outlet channel definition;
(i) length and depth of the outlet channel; (iii) condition of runoff outlet, and nearby surrounding
area as it could create hindrance during sample collection.
2.2 Site Description and Location

The two selected research sites for stormwater monitoring are located along the US 601
highway in Cabarrus County, North Carolina (NC). US 601 highway has an annual average
daily traffic (AADT) of approximately 9,200 vehicles. The site names were designated as Site
591 and Site 573. Their locations are 35.25403, -80.50015 and 35.29624, -80.51313
respectively (Fig. 1). Both sites varied in terms of location, channel size, and outlet pipe size.
Site 591 is in a much more open space and has land cover ranges from commercial areas to
open developed lands, with the outlet monitoring station located with proximity to US 601.
Unlike this, Site 573 is situated in a residential, wooded area with land cover including mixed

forest, deciduous forest, and low development spaces.
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Figure 2: Monitoring locations for Sites 591 (A) & 573 (B)
Site 591

Site 591 is identified as Pipe ID MP-013-00591 (35.25403, -80.50015) and is located
near a Tractor Supply store in Cabarrus County. The outlet channel is an open channel,

stemming from a 48-inch diameter outlet pipe (Figure 3). For monitoring of runoff, three ISCO



6712 samplers were installed, with the first at the outlet (591-1), the second at an intermediate
point (591-2) of the channel, and the third at the outfall (591-3)(See Figure 2 A). A 48-inch outlet
pipe shown in Fig. 3 shows that highway runoff is carried through an unpaved channel section.
The shape of the channel is in the form of a trapezoidal channel section with some
change in the channel's dimensions at the different monitoring stations. At Station 1, the
approximate size of the channel is 3.5 feet deep, 4.5 feet base width, and 15 feet top width. The

channel dimension at Station 2 is approximately 2.5 feet in depth with the base width being 5
feet, and 8 feet top width. Station 3 has a depth of 2.5 feet, the base width of 4 feet, and a top
width of 6 feet.

Figure 3: The outlet at monitoring Site 591
Site 573

The second study site is identified from the Outlet Pipe ID MP-013-00573 (35.29624, -
80.51313). For monitoring of runoff, three ISCO 6712 automated samplers were installed, at the
beginning of the channel at the outlet (573-1), at an intermediate point (573-2), and near the
outfall (573-3). The site had a 42-inch outlet pipe shown in Figure 4, which carried the runoff
from the highway, through an eroded, unpaved channel section.

The shape of the channel is in the form of a trapezoidal channel section with a change in
the channel's dimension at different monitoring stations. At Station 1, the approximate size of
the channel is 3.5 feet deep, 5 feet base width, and 13 feet top width. The channel dimensions
at Station 2 are approximately 4 feet in depth, 5 feet base width, and 10 feet top width. Station
3 has a depth of 3 feet, a base width of 7 feet, and a top width of 10 feet.



Figure 4: The outlet at monitoring Site 573
2.3 Data Collection

An automatic sampler ISCO Teledyne (6712 Full-Size Portable Sampler) was set up at
each monitoring station, and it is used for collecting water samples and hydrology data from the
outlet channel. During the sampling for the different parameters (TSS, PO4, and nutrients), they
were collected in different sampling bottles and were shipped to the laboratory for determining
and analyzing the pollutant concentration for parameters. Characterization of these parameters
helped in deducing the event mean concentrations (EMCs) in the channels streaming from
outlets for the monitored storm events. This also determines the changes that may occur at
outlet, intermediate, and outfalls in terms of water quality, and helps establish the relationships
between monitored pollutants.

The equipment that is set up at the monitoring site for collecting the water samples from
the channel includes ISCO 730 bubbler module, ISCO 6712 automated sampler, and a rain
gauge. The rain gauges were connected to the sampler to measure the amount of precipitation
from rainfall events, at both sites (Sites 591 and 573). Once the required precipitation level was
achieved, the sampler was activated. Subsequent stations were fixed with level enablers for the

collection of samples.



Table 1: Limit Standards for Parameters

Pollutant Analytical Method Reporting Limit (PQL)
Total Kjeldahl Nitrogen (TKN) EPA Method 351.2 280 ug/L
Nitrate/Nitrite (NO2-3-N) Std. Method 4500 NO3 F 11.2 ug/L
EPA Method 353.2
Total Nitrogen (TN) - 17.5 pg/L
Orthophosphate (O-PO4*) Std. Method 4500 PF 12 ug/L
EPA Method 365.1
Total Phosphorus (TP) Std. Method 4500 PF 10 pg/L
EPA Method 365.1
Total Suspended Solids (TSS) | Std. Method 2540D 2.5 mg/L

Laboratory Analysis

After the collection of water samples from the monitoring stations, it was shipped to
North Carolina State University (NCSU) Center for Applied Aquatic Ecology (CAAE) Laboratory

for analysis of water quality characteristics.




Table 2: Sample Monitoring

Hydrology

Data was collected using an ISCO 730 bubbler module.
Rainfall data was collected using a manual rain gauge and
ISCO 674 tipping bucket rain gauge, which was installed at
each outlet point with an area free of overhead obstructions.
All monitoring equipment recorded data on a two-minute
interval.

The data was collected after each storm event (rainfall 2 0.10
in with minimum antecedent dry period (ADP) of 6 hours).

Water Quality

Flow-proportional samples were collected using an ISCO 730
bubbler module, ISCO 6712 automated sampler, which were
connected to a rain gauge or level-enabled sampler.
The water sample handling requirements and analysis
laboratories:
o Nutrient Samples: total Kjeldahl nitrogen (TKN), nitrate
+ nitrite nitrogen (NO2.3-N), total nitrogen (TN),
orthophosphate (O-PO4*), total phosphorus (TP), total
suspended solids (TSS)
o NCSU Center for Applied Aquatic Ecology
(CAAE) Laboratory
o Container- TSS: 1 L Nalgene bottle; Nutrients:
125 mL pre-acidified (H.SO,) plastic bottle; O-
PO.*: 60 mL glass bottle (20 mL removed from
TSS bottle and passed through a 0.45 um filter)
o Preservation- Put on ice and chilled to < 4°C
o Maximum holding time- O-PO4*holding time is
48 hour, holding time for TSS is seven days,
and 28 days for all other parameters (TP, TKN,
NO2.3-N, TN)
o TN was calculated using the respective TKN and NO-.
3-N samples.
Nutrient samples were stored in the corresponding bottles
following procedures as provided by NCSU CAAE.

Hydrology

The hydrology analysis was conducted to determine the water discharge, which drains in

the channel during a storm event. To determine the discharge along the channel, changes in

water level for each site were calculated using data from the ISCO 730 bubbler module. Along

with this, laser level surveys were conducted to determine the cross-section of the channel.

After finding the dimensions of the channels, the shape of the channels were determined. In this

research, the shape of the channel was found to be generally trapezoidal. Taking the data from

the laser-level survey and bubbler module, Manning’s equation was used to calculate discharge

from the water level.




Discharge (Q) = (%) « A% R3 %S , Where,

n = Manning’s constant

A = Cross-sectional area of the channel, H * (T + B)/2
H = Height of water level

T = Upper Base of Channel

B = Lower Base of Channel

R = Hydraulic Radius (A/P)

P = Wetted Perimeter, (B + 2) x \/@

S = Slope of Channel
3.0 Results and Discussion
Water Quality

Fourteen eligible storm events were sampled from December 2019 to March 2021
among the two sites. From the results, the mean, median, and standard deviation of the event
mean concentrations (EMCs) for each site and each constituent were calculated. Table 3
summarizes the site-averaged event mean concentrations (EMCs) for each site and each
constituent sampled, showing lower comparative values to other studies in the literature.

The direction of flow for each channel was from the outlet, to the intermediate point, then
the outfall. However, the results do not show a consistent, observable pattern of either increase
or decrease in EMCs of the constituents for either channel in the direction of flow. For Site 591,
EMCs decreased from the outlet to the intermediate point, but increased from the intermediate
point to the outfall. For Site 573, there was an increase following the direction of flow for TKN,
NO23-N, and NH3-N. However, for TP, TSS and orthophosphate EMCs, a similar pattern to Site
591 was observed.

Table 3: Mean EMCs for per site (mg/L)

Site Name TKN NO.;-N NHs-N TP TSS Ortho-P
Outlet (591-1) 0.77 0.27 0.11 0.17 57.76  10.03
Intermediate (591-2) 0.72 0.26 0.09 0.14 40.44 |0.02
Outfall (591-3) 0.97 0.28 0.11 0.25 80.98 10.03
Outlet (573-1) 0.89 0.11 0.06 0.18 87.95 0.05
Intermediate (573-2) 0.93 0.13 0.07 0.17 74.25 10.03
Outfall (573-3) 1.81 0.35 0.08 0.50 281.65 |0.07




Hydrology

The hydrology section consists of determining the relationship between discharge,
calculated from the changes in the water level of the channel, and rainfall occurrence. The
results from this hydrological analysis can contribute to decision making for control measures
required to curtail the peak velocity of runoff which results in reducing downstream erosion.

The monitoring was rain-dependent, and the samples were collected only after a
significant rainfall event (for this study, rainfall 2 0.10 inches with the minimum antecedent dry
period of 48 hours). Table 4 indicates a subset of 12 storm events observed from December
2019 to February 2020. The recorded rainfall data were cross-verified from precipitation data of
the closest United States Geological Survey (USGS) rain-gauge, situated at Rocky River
Wastewater Treatment Plant, Concord, NC, with a proximity of 7 miles from the sites.

Discharge data, as shown in Table 4 was calculated for the outlet channels using water
level data recorded by the ISCO 730 bubbler flow module. This data was used for determining
the correlation between rainfall and discharge. The autosampler collected the data from the
bubbler flow module to determine the changes in channel water levels for 2-minute increments,
and the rain-gauge for finding the rainfall amount during the storm event. Table 4 consists of
rainfall data, a change in water level, the dry period between two rainfall events, and water

discharge during the rainfall event.



Table 4: Water level data for 12 storm events

Average Dry Period | Discharge
Rainfall Date | Rainfalllmm) | level (mm) | (Days) (cmd/s)
12-13-19 36.07 25.82 2 1.15
12-17-19 8.89 12.02 4 0.32
12-22-19 7.87 10.75 9 0.26
01-02-20 7.62 9.48 6 0.21
01-11-20 5.84 7.96 1 0.16
1-13-20 24.89 21.78 7 0.87
1-24-20 36.58 38.52 6 2.20
1-31-20 11.18 15.49 4 0.49
05-02-20 2.79 1.77 4 0.02
11-02-20 5.33 4.50 1 0.07
2-13-20 6.10 9.48 4 0.23
2-18-20 3.30 9.20 4 0.02
Mean 13.04 13.90 4.36 0.50
St. Deviation | 12.29 10.26 2.5 0.64

Using the data from the storm event of January 24, 2020 as an example, a time series
plot was graphed in Figure 5 to show an example of the change in water level in the outlet
channel over the course of the rainfall event. The reason for choosing the rainfall event of
January 24, 2020, was due to the higher rainfall intensity when compared to other rainfall events
observed during the monitoring period, duration of the total rainfall event, and the antecedent
dry period. From Figure 5, it can be easily observed that the water level in the channel
increases with an increase in rainfall. From Manning’s equation, it can be inferred that an
increase in water level directly results in an increase of runoff discharge in the channel.

These increments in discharge cause an increase in peak velocity of runoff during the
storm-event. This sudden increment in peak velocity in the channel disturbs the surface of
channel and channel bank and can result in downstream erosion in the channel, damaging the
shape and quality of water flowing through this channel. Along with that, the relation between
the change in water-level and rainfall will additionally help in analyzing the channel’s response
to water runoff caused by rainfall. This type of analysis is useful in understanding the effect on
channels caused by rainfall and determining the preventive/control action such as the
implementation of stormwater control measures or along the water channel or at suitable points

in the watershed for reducing downstream erosion and scouring in the channel.
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Figure 5 (A & B): Time series plot for storm-event for Site 591 (A) & 573 (B)
4.0 Conclusion

This monitoring study contributes to the understanding of baseline characteristics of
water quality and hydrology of two outlet channels to inform planning and design for future
mitigation strategies. During the monitoring, a related dataset of rainfall received, channel
discharge, and pollutant concentration observed was created, which covered December 2019 to
March 2021. The dataset created can contribute to NCDOT’s database on the outlet’s
characteristics for water quality and hydrology.

The water quality results do not show a consistent, observable pattern of either increase
or decrease in EMCs of the constituents for either channel in the direction of flow. The research
shows that the channel is carrying lower pollutant concentrations than permissible limits for data
collection and analysis covered in this research. The EMCs obtained for the pollutants were



within the ranges of other similar research studies, however they were comparatively on the
lower end of these ranges. This indicates that the channel can control the pollutant
concentration and the values obtained are not concerning when compared with EMC’s of similar

type studies.
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