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1.0 INTRODUCTION

1.1 INTRODUCTION

Special Assessment District #23 includes the
construction of Arrow Creek Parkway from Zolezzi
Lane to the Arrow Creek Development. The focus of
this study is the portion of the roadway that is impacted
by Whites Creek Branches 1, 2 and 3 within the area
shown on Figure 1. The study area includes only the
central portion of the roadway improvements included
in SAD #23.

The purpose of this report is to present the
approximate limits of flooding associated with the
“design” and “floodplain management” events on
Whites Creek Branches 1, 2 and 3 in the vicinity of
the proposed roadway improvements ang evaluate the
project impacts to those floodplains. The flow rates
for these two events were defined in the Preliminary
Whites Creek Basin Management Study (CBA, 1994)
prepared for Washoe County and are currently being
used by Washoe County as a basis for drainage design
in the Whites Creek area. Based on the CBA study, the
project will be subject to flooding from these three
branches of Whites Creek.

This report describes the methods of analysis and
assumptions employed and presents the results of the
analysis for both pre- and post-project conditions.
The report addresses only Whites Creek flows and
does not address roadway drainage or drainage from
other smaller watersheds impacting this segment of
the roadway. Preparation of the plans and
specifications and all other roadway drainage
elements are being performed by CFA,

This report was originally submitted to Washoe
County Department of Public Works on Junell,
1997. As aresult of comments provided by Washoe
County, this revised report includes the following
revisions:

»  Atthe request of Washoe County, the concrete
pipe culverts located in the eastern overbank area
of Whites Creek Branch | were increased in size
from 48” to 60”. The results of the revised HEC-
RAS analysis is contained in Appendix C,
Subsection 2. This revision resulted in 2 0.6
decrease in water surface elevations at the
upstream face of the roadway.

»  The post-project flood limits were added to the
construction drawings that are centained in
Appendix B.
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+  Rip-rap lined pre-formed splash pools were added
at the culvert outlets. The rip-rap sizing
calculations were added in Appendix F.

= A water suiface profile through the Branch 2 box
culvert was plotted using HEC-RAS and is
included i Appendix D.

1.2 SCOPE OF SERVICES
This report includes the fellowing analyses:

*  Hydraulic analysis of Whites Creek Branch | for
a distance of approximately 500" upstream and
downstream of the proposed roadway using the
floodplain management event (CBA, 1994) of
3,000 cfs. This analysis was performed for the
pre- and post-project conditions. The post-project
condition analysis also includes an evaluation of
potential abutment scour at the abutments of the
proposed concrete arch bridge structure that will

" be constructed over Whites Creek Branch 1.

s  Hydraulic analysis of Whites Creek Branch 2
from the southern boundary of the Wedge
Meadows subdivision to a point approximately
1000° upstream of the proposed Arrow Creek
Parkway which is a reach length of one mile.

This analysis was performed for the “design™ and
“floodplain management” events defined by CBA
of 1,250 and 3,000 cfs. This analysis was '
performed for pre- and post-project conditions.
Arrow Creek Parkway will continue through the
Wedge Meadows Subdivision to Zolezzi Lane. In
this segment, Arrow Creek Parkway crosses
Whites Creek Branch 2 again within the Wedge
Meadows Subdivision north of this study area. [t
was determined by CFA that this segment of
roadway would be designed based upon the
recommendations of previous studies for Wedge
Meadows and is not included in the scope of this
study.

+  Hydraulic analysis of Whites Creek Branch 3
from a point that is approximately 100 feet east of
the proposed extension of Wedge Parkway ica
point upstream approximately 1000 upstream of
the proposed Arrow Creek Parkway. This
analysis was performed for the “design” and
“floodplain management” cvents defined by CBA
of 1,100 and 3.000 cfs '
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Introduction

1.3 DESCRIPTION OF PROJECT AREA

The project is located in Washoe County. The
proposed roadway is located on the section line
between Sections 19 and 30 and 20 and 29, T18N,
RZ0E. At apoint that is approximately 700’ east of
the corner of Sections 19, 20, 29 and 30, the roadway
alignment changes to proceed northeasterly. Just
beyond the intersection with the extension of Wedge
Parkway, the roadway turns north to intersect with
Zolezzi Lane.

Wedge Parkway will also be extended from where it
ends at Whites Creek Lane north to intersect with
Arrow Creek Parkway.

The plan and profile of the roadway and design of the
culvert improvements evaluated as a part of this study
are based on the Arrow Creek SAD #23 Roadway
[mprovement Plans prepared by CFA on May 30,
1997

Grades in the study area fall toward the east and
northeasterly directions at an average grade of
approximately 4 to 5%. Most of the study area is
irrigated pasture. The area has been subject to
residentizl development in recent years.

1.4 COOQRDINATION

Two meetings were held with Washoe County statf,
HLA, and CFA to review the preliminary findings of
this analysis and proposed design concepis. After
submittal of the first draft of this report on June 11,

1997, two additional meetings were held with Washoe

County to review comments and clarify the results.
L5 LIMITATIONS OF THIS STUDY

This study was prepared for the limited purpose of
evaluating the impacts of fiooding associated with
Whites Creek on the proposed Arrow Creek Parkway
roadway improvements based on flow rates defined
for Washoe County (CBA, 1994), and evaluation of

the impacts of roadway on the 3,000 cfs floodplains as

well as recommendations for additional design
considerations for the roadway drainage structures

refated (o scour and erosion at the inlets and outlets of

the culverts and bridge. The analysis is based on the
proposed roadway improvement plans prepared CFA.
HLA has not reviewed the drainage design for the
remainder of the roadway and is not making any
statements or assurances regarding the adequacy of
the drainage design prepared by CFA.
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HLA also used the discharge values presented by
CBA in the Preliminayry Whites Creek Basin
Management Study as required by Washoe County.
HLA does not make any assurances regarding the
adequacy of these values to represent a specific
recurrence interval. HLA is not assuming that these
flows are representative of a 100-year design event.
Should the design flows be modified as 2 result of
more detailed studies, or construction or grading occur
in or near the Whites Creek floodplain resulting in a
change to flow patierns ot depth of flow, the
conclusions of this report may no longer be
applicable.

The results and conclusions of this study should not
be relied upon for any other purposes other than those
expressly stated herein without written verification
from Harding Lawson Associates (HLA).



2.0 BACKGROUND

The floodplains associated with Whites Creek Branches
1,2 and 3 were originaily defined by FEMA in the late
1970°s. This flaodplain is shown on the current FEMA
Flood Insurance Rate Map (FIRM) Panel 3170E dated
September 29, 1994 (Figure 2). The FEMA analysis
was based on approximate methods and defined
relatively narrow floodplains for each of the four
branches of Whites Creek. Later studies were performed
for the Nevada Department of Transportation (NDQOT)
that suggested that the 160-year discharge estimate for
Whites Creek was much greater than the flow rates used
by FEMA for the approximate analyses shown on the
FIRM.

NDOT and Washoe County attempted to plan and
design a detention basin to reduce the Whites Creek
100-year peak flaws. The detention basin concept was
opposed by area land owners and the concept was
abandoned. Washoe County then hired CBA to prepare
a basin management study for Whites Creek to identify
the potential hazards associated with the larger flow
estimate and develop a floodpiain management strategy
for the Whites Creek area. This report, titled
Prefininary Whites Creek Basin Management Study,
Final Repori was completed in April 1994, This
document is currently being used by Washoe County as
the basis of floodplain management in the Whites Creek
area. Related portions of this study are included in
Appendix A showing the approximate flood limits
identified by CBA and other design criteria
recommendations made by CBA.

This section describes the existing drainage facilities,
design criteria for this project, existing sources of data
and other design factors.

2.1 FEMA FLOODPLAIN MAPS

The Federal Emergency Management Agency (FEMA)
prepares floodplain maps for the most significant
flooding hazards in the communities that participate in
the National Flood Insurance Program (NFIP). Asa
condition of participation in the NFIP, the community
must adopt a floodpiain ordinrance which enforces the
minimum reguirements of the NFIP. Washoe County
entered the regular program of the NFIP on August 1,
[984. At that time a set of Flood Insurance Rate Maps
(FIRM) were published.

The first set of FIRMs published in 1984 showed an
approximate 100-year floodplain analysis for Whites
Creck. Since that date, the Washoe County FIRMs have
been revised several times, but the Whites Creek
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floodplain is still shown as an approximate study. The
current FEMA FIRMs for the project area became effective
on September 30, 1994,

The current FIRM for the project area, shown as Figure 2,
shows an approximate flood zone for cach branch of Whites
Creek. The approximate location of Arrow Creck Parkway
is shown on this map. Because the flood zone information is
approximate, FEMA has not published estimated peak
discharges or water surface elevations associated with these
flood zones. Arrow Creek Parkway is impacted by the three
northerm branches and is not impacted by the southern most
branch as shown on this map.

2.2 DESIGN CRITERIA
The design criteria for this project includes:

»  The “design™ and “floodplain management” discharge
values for each of Whites Creek branches have been
defined in the Whites Creek Basin Management Study
{CBA, 1994). The "“design” values are recommended for
the design of channels, culverts'and other related drainage
improvements. The “design’ values are based on an
approximate split flow analysis performed by Nimbus
Engineers for the location where the four branches of
Whites Creek separate from the main channel. Because of
the potential for sediment and debris loading that could
make the flow paths uncertain, CBA recommended a
“floodplain management” discharge for each branch that
is assumed to represent the potential flow rate that could
result from one or more of the branches being cbstructed
at the split location by debris. The “fleodplain
manageiment” discharge is recommended by CBA for
setting finished floor elevations. The CBA recommended
“design” discharges for Whites Creek Branches 1, 2 and
3 are 700, 1,950 and 1,100 cfs, respectively.

#  The “floodplain management” event discharge is 3,000
cfs for each branch. This criteria was reviewed with
Washoe County. The recommended course of action was
to design the roadway to accommodate the 3,000 cfs
event because of the location of the recadway within the
floodplains of these three branches in order to minimize
project impacts for this flow magnitude. The discharge
values recommended in the Whites Creek Basin
Management Study are based upon approximate methods
of analysis and are considered to be approximate values
that may be very conservative. Since these are the values
recommended by Washoe County for use until a more
detailed study is pecformed, they were used in this study.
These values may not be representative of a 100-year
event. HLA does not make any assurances regarding the
adequacy of these values to represent a specific recurrence

Harding Lawsen Associates 3



Background

interval. HLA is not assumning that these flows are
representative of a 100-year design event.

s  Earlier stdies identified jurisdictional wetlands for
Whites Creek Branch 1. In order to minimize the
impacts to these existing wetlands, CFA has designed
the crossing at this location with a precast Con Span
Bridge System. This type of bridge requires the
construction of a footing en each side of the channel.

The concrete arch bridge structure spans the channel
between the footings and does not require any
disturbance of the channel area. The key concern in
this instance is the petential for scour at the abutments
resulting from the flow contraction at the bridge
opening. Scour estimates and recommendations for
scour countermeasures are based upon the Federal
Highway Administration’s Hydraulic Engineering
Circular No. 18 (HEC-18).

»  The profile of the box culvert that is required at
Whites Creek Branch 2 is constrained by the need for
a box culvert for Steamboat Ditch that must pass over
the Branch 2 culvert, '

s  Hydraulic analyses of ttie box and pipe culverts is
based upon the methods described by the Federal
Highway Administration in Hydraulic Design Series
No. 5(1986).

*  Hydraulic analyses of the natural channels and the
concrete arch bridge have been performed using the
Corps of Engineers water surface profile programs
HEC-RAS (VER. 1.2) and HEC-2 (VER. 4.6.2). The
goal of the project is to minimize the impacts to
adjoining properties for the 3,000 cfs event.

2.3 EXISTING DRAINAGE FACILITIES

Within the project area, the floodplains associated with
the 3,000 cfs event are primarily agricultural {pasture)
areas. Whites Creek Branches 2 and 3 are crossed by
Whites Creek Lane and Steamboat Ditch in the preject
area, Both of these features have some impact on the
distribution of the flow. The impact of Whites Creek
Lane was quantified in three zarlier studies that are
described in the next section (Kennedy/Jenks
Consultants, 1993 and 1994, HLA 1993).

The impact of Steamboat Ditch on Branch 2 is described
in this report.

At the lower end of the study area, improvements are
being planned and constructed for the Wedge Meadows
Subdivision. This subdivision is located in the Whites
Creek Branch 2 floodplain. The analysis for Wedge

37957wepon2 doc

Meadows showed that the floodplain for Branch 2 was
relatively narrow and could be easily intercepted with
channel improvements at the southern boundary of Wedge
Meadows. The analysis in this study, and the analysis
contained in the CBA report, suggest a wider floodplain for
the 3,000 cfs event. The impacts associated with the
construction of Wedge Meadows was not part of the scope
of this study. However, these impacts should be considered
with the development of Wedge Meadows.

24 TOPOGRAPHIC DATA

Topographic mapping for the project site and surrounding
area was prepared by Nevada Aerial Mapping based on
aerial photographs 1aken on November 13, 1996, This
mapping was prepared with a contour interval of one foot.
Additional spot elevations were obtained by CFA to define
the topography in and around Steamboat Ditch.

25 EXISTING STUDIES

Several previous studies have been performed that are
relevant to this project. These studies are as follows:

« (CBA, 1994 - Whites Creck Basin Management Study.
The relevance of this study was described in Sections 1
and 2.

¢ Kennedy/Jenks, October 1993 - This study estimated
the location of the pre-development condition floodplain
associated with the design flow rates of 1,100 and 1,350
cfs for Whites Creek Branches 3 and 4 based upon five
foot contour interval topographic mapping. This study
was performed for Merit Homes as a preliminary study
for Pine Tree Ranch Units | and 2.

* Kennedy/lenks, June 1994, - This study was performed
for Mountain View Development {Stesling Ranch
Subdivision). Tt expanded the analysis for Whiies Creek
Branch 4 performed as a part of the October 1993 study
for Merit Homes to include the floodplain associated
with a 3,000 cfs event on Whites Creek Branch 4. A
portion of the overflow from this event is directed
toward the intersection of Whites Creek Lane and
Wedge Parkway. This study estimated the flow rate
from Branch 4 that was directed to this location was
approximately 890 cfs.

e Kennedyflenks, July 1994 - This study evaluated the
post-project conditions for Pine Tree Ranch Units 1 and
2. The analysis for Units 1 and 2 was based on an
assumed overflow rate from Whites Creek Branch 4 of
890 cfs. The grading for Pine Tree Ranch Units 1 and 2
would direct this flow to the southwest corner of Whites
Creek Lane and Wedge Parkway.

Harding Lawson Associates 4
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s  Harding Lawson Associates, December 1995 - This
report evaluated the post-project conditions for
Sterling Ranch and refined the overflow analysis for
Whites Creek Branch 4 and extended the analysis
for Whites Creek Branch 3.

s  Nimbus Engineers - Wedge Meadows Subdivision,
Hydraulic Report. This report describes the results
of the analysis of Whites Creek Branch 2 in the
vicinity of the Wedge Meadows Subdivision. As
described in Section 2.3, the analysis for Wedge
Meadows showed that the floodplain for Branch 2
was relatively narrow and could be easily
intercepted with channel improvements at the
southern boundary of Wedge Meadows. The
analysis in this study, and the analysis contained in
the CBA report, suggest a wider floodplain for the
3,000 cfs event. The impacts associated with the
construction of Wedge Meadows was not part of
the scope of this study. However, these impacts
should be considered with the development of
Wedge Meadows.

» Harding [awson Associates, April 1996 - This
report evaluated the post-project conditions for Pine
Tree Ranch and Sterling Ranch subdivisions and
refined the overflow analysis for Whites Creek
Branch 3. Based upon better topographic data and
more detailed analyses, the gstimated overflow from
Whites Creek Branch 4 that reaches the intersection
of Whites Creek Lane and Wedge Parkway was
reduced to approximately 435 ¢fs. The remainder
of the flow that was previously assumed to be
directed toward this location was found to directed
into Whites Creek Branch 3. The 435 cfs at this
location will need to be considered in the design of
Wedge Parkway.

2.6 IMPROVEMENT PLANS
Selected sheets from the Arrow Creek SAD #23

Roadway Improvement Plans, as prepared by CFA (May
30, 1997) are included in Appendix B for reference.

3795 Preport2 doc Harding Lawson Assotiates



3.0 HYDRAULIC ANALYSIS

3.1 WHITES CREEK BRANCH 1

The proposed Amrow Creck Parkway crosses Branch |
approximately 10 to 15° above existing grade.
Therefore, it was necessary to design the drainage
structures for this erossing to accommeoedate the 3,000 cfs
event rather than the 700 cfs event. As stated cartier, the
secondary goal of the improvements is to minimize the
itnpacts to existing wetlands areas adjoining the primary
channel. CFA has designed an arch culvert to span the
existing channel at Station 68+62.

Three additional overflow channels exist just east of the
main channel. Overfiow from the main channel will
spill into the next channel to the east. At this location a
two cell 87 X 107 concrete box culvert is proposed at
Station 70+20. Flow in excess of the capacity of the
arch bridge and box cuivert with spill into the secondary
channels ot the eastern edge of the ﬂoo hP[cal'l t these
locations a set of two 48’ “Concreie plpe culverts are
proposed at Stations 71+40 and 72+45. The combined
capacity of the four sets of structures is in excess of
3,000 cfs.

HEC-RAS (VER. 1.2) was selected as the best tocl
currently available for performing the analysis of pre-
and post-project cenditions because of its ability to
mode] multiple bridge or eulvert openings and its ability
to medel the arch bridge structure with a greater level of
accuracy as compared to HEC-2 (VER. 4.6.2). The
analysis is based on the following assumptions and
boundary conditions:

e  The flow regime is assumed to be subcritical. Even
though the average slope is approximately 5%,
flows in natural channels are rarely supereritical,
especially when the flow is wide and shallow. The
impacts on the flow profile that results from dune
and antidune formations, debris and sediment
movemeni and other factors often keep the flow
depths near critical depth. The analysis resulis in
flow depths that are typically computed at critical
depth. Therefore, the analysis is not highly
sensttive to estimates of roughness.

»  Flow depths at the first section are based on the
slope-area method.

= HEC-RAS (VER, 1.2} is a one dimensional model.
Since the flow interactions between channel braids
may be dynamic, a one dimensional model only
vields approximate results. The flow profile in each
braid may differ from one another slightty.
Modeling a lower flow rate would require a more
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complex analysis of the interaction of the channel braids
and would require that the analysis be carried further
upstream.

s It is assumed that 3,000 cfs can be contained in Branch
1 before it reaches this location. [t is possible that
breakout into Branch 2 could result in the upstream
reach that would reduce the potential flow rate at this
location.

¢ Manning’s roughness values are based on field review.

A set of 12 cross sections were defined at an average spacing
of approximately 100 feet as shown on Figure 3. The cross
sections geometry and lengths between sections were
obtained from the topographic maps using a digital ferrain
model. The orientation of the cross sections was selected to
best describe the flow patterns associated with a 3,000 cfs
event. For the proposed condition analysis, the cross
sections were modified te reflect the impacts of the roadway
fill and associated bridge and culvert structures.

The results of the analysis are contained in Appendix C with
a summary table showing the comparison between pre- and

lo
post-project conditions. The results show that there is in v
increase in the upstream water surface elevation of 2.5’ f""(‘"& L. q
immediately upstream of the roadway , but because of the  ~C- "
steep topography, this impact diminishes within 200°
upstream of the roadway and is less than 1° within 100’
upstrear of the roadway.

3.2 WHITES CREEK BRANCH 2

Whites Creck Branch 2 is located east of Branch 1. A reach
length of 5200’ was analyzed for Branch 2 extending from
the scuthem side of the Wedge Meadows subdivision 1o a
point approximately 1000° upstream of the proposed Amow
Creek Parkway. Flow patterns for Whites Creek Branch 2
are complex during the 3,000 cfs event. In order to define
the limits of floeding associated with this Branch, 38 cross
sections were defined with an average spacing of 140°.

The existing condition analysis shows that several potentizl
breakout locations exist within the scuthern and northern
fringes of the floodplain. Many of these breakouts would
result in a different water surface profile since the breakout
flow is isolated from the primary portion of the floodplain,
Both HEC-RAS (VER. 1.2) and HEC-Z (VER. 4.6.2) were
used to analyze this segment of Branch 2. HEC-2 (VER,
4.6.2) was used to quantify the split flows. HEC-RAS
(VER. 1.2) was used for the pre- and post-project floodplain
analyses. )
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Hydraulic Analyses

The post-project condition analysis includes the 3 cell 8°
X 10° RCB for Branch 2 and the encroachment analysis
of the roadway fill.

The analyses for Branch 2 are based on the following
assumptions and boundary conditions:

» The flow regime is assumed to be subceritical. Even
though the average slope ranges from
approximately 4 to 7%, flows in natural chanaels
are rarely supercritical, especially when the flow is
wide and shallow, The impacts on the flow profile
that results from dune and antidune formations,
debris and sediment movement and other factots
that ofien keep the flow depths near critical depth.
The analysis using the subcritical flow regime
results in flow depths that are typically computed at
critical depth. Therefore, the analysis is not highly
sensitive to estimates of roughness. The subcritical
flow regime is also required for use with the culvert
analyses methods emploved for the post-project
condition. In this instance, the maggriiude of
breakout computed based on this assumption may
be conservative. If the actual flow depths are less
than critical depth at the breakout locations, a lower
magnitude of breakout might be realized.

+  Flow depths at the first section are based on the
slope-area method.

= HEC-RAS (VER. 1.2} 1s a one dimenstonal model.
Since the flow interactions between channel braids
may be dynamic, a one dimensional model only
yields approximate results. The flow profile in each
braid may differ from one another slightly.

« [ti5 assumed that 3,000 cfs can be contained in
Branch 2 before it reaches the upsiream limit of the
study. It is possible that breakout into Branch 2
could result in the upstream reach that would reduce
the potential flow rate at this location.

s Manning's roughness values are based on field
review.

*  The minor breakouts identified on Figures 4 and 5
are ignored in the znalysis but are considered in the
delineation of flood limits. The primary poriion of
the floodplain for both pre-and post-project
conditions, ignores many of these breakouts where
they do not directly impact the design of the
roadway. This approach yields conservative results
stnce the flow rate in the central portion of the
fioodplain would actually be reduced by the
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magnitude of the breakouts that occur on the fringes of
the floodplain.

¢ The encroachment analysis is based on the use of a
block obstruction at the tocation of the toe of the fill.
This is consetvative approach since there is slightly
more cross sectional area associated with the slope of
the fill.

Twa breakouts on the southern edge of the floodplain
upstream of Arrow Creek Parkway were estimated since the
breakout was more significant at this location and the flow
that leaves the main channel impacts other segments of the
roadway. These breakouts are shown on Figure 4. The first
breakout is located between Cross Sections 36 and 38 and is
estimated to be approximately 400 cfs. The second bregkout
is located at Steamboat Ditch,

3.3 WHITES CREEK BERANCH 3

Whites Creek Branch 3 is located immediately east of
Branch 2. A reach length of approximately 1000” was
analyzed for Branch 3 extending from the eastern side of the
Wedge Parkway alignment io a point approximately 1000°
upstream of Wedge Parkway. Flow patterns for Whites
Creek Branch 3 are the most complex of the three branches
analyzed for the 3,000 ¢fs event. In order to define the limits
of flooding associated with this Branch, 9 cross sections
were defined with an average spacing of 120°.

Overflows from Branches 2 and 4 interact with Branch 3 at
many locations along Branch 3 within and upstream of the
study area. However, based on the assumptions by CBA,
3,000 cfs would not be expected in more than one branch at
a given point in time. Therefore, each branch analysis must
be considered independently from the ofher,

Only an existing condition analysis has been performed for
Branch 3. A supplemental report will be prepared for the
design of Wedge Parkway. HEC-RAS (VER. 1.2) was used
to anakyze this segment of Branch 3 for the existing
candition.

The analyses for Branch 3 are based on the following
assumptions and boundary conditions:

¢ The flow regime is assumed to be subcritical. Even

though the average slope is appreximately 3%, flows in
natural channels are rarely supercritical, especialty when
the flow is wide and shallow. The impacts on the flow
profile tha¢ results from dune and antidune formations,
debris and sediment movement and other factors often
keep the flow depths near critical depth. The analysis
using the suberitical flow regime results in flow depths
that are typically computed at critical depth. Therefore,

Harding Lawson Assotiates 7



Hydraulic Analyses

the analysis is not highly sensitive to estimates of
roughness. The subcritical flow regime is also
required for use with the culvert analyses methods
that will need te be employed for the post-project
condition for Wedge Parkway that will be included
with a future report.

»  Flow depths at the first section are based on the
slope-area method.

+ HEC-RAS (VER. 1.2) is a one dimensional modei.
Since the flow interactions between channel braids
may be dynamic, a one dimensional model only
yields approximate resulis. The flow profile in each
braid may differ from one another slightly.

e 1t is assumed that 3,000 cfs can be contained in
Branch 3 before it reaches the upstream limit of the
study.

+  Manning’s roughness values are based on field
review.

34 WHITES CREEK BRANCH 4

As discussed in Section 2, the previous studies identified
and quantified the potential breakout from Branch 4
during a 3,000 ¢fs event. The latest report (HLA, 1995)
estimated this breakout at 450 cfs which is concentrated
at the intersection of Whites Creek Lane and Wedge
Parkway. This flow will need to be considered in the
design of Wedge Parkway.

335 SCOUR ESTIMATE

The potential scour at the proposed Con Span Arch
bridge is primarily the scour associated with the
contraction at the bridge opening and abutment. The
scour of greatest concern in this instance is the potential
scour at the abutment. This scour estimate is based on
the guidelines in the FHWA’s HEC-18. The HEC-18
guidelines provide an estimate of potential scour based
upon depths and velocities in the bridge opening and
average grain size of the bed sediment. The hydranlic

parameters were derived from the HEC-RAS (VER. 1.2)

results, The sediment size for the channel bed material
is unknown. Based on observed conditions, the D30 in
the channel is estimated to be approximately 0.2¢ feet.
It is likely that the channel bed is armored and the
average grain size is much larger in the channel bed.
Since the results are not highly sensitive to this inpint
parameter, a more refined estimate of grain size was not
deemed necessary.

3795Trepon2 dog

Due to the multiple openings, the use of HEC-18 guidelines
are not easily applied to this condition. Estimates were made
based on the portion of the left side of the channe! that leads
to the proposed bridge. Conservative assumptions were

typically applied.

Based on this approach, the estimated contraction and
abutment scour is 4.1 and 4.4 feet, respectively. HEC-18
guidelines tend te yield conservative resulis, especially
where the natural channel is somewhat armored by large
cobbles and boulders, as is typical of this setting.

3.6 RECOMMENDED 5COUR COUNTERMEASURES

HEC- 18 recommends that the footing of the bridge extend
below the depth of maximum scour and that the structure be
designed to withstand this degree of scour for the duration of
the peak flow. In addition to extending, the footings to this
depth, the FHWA recommends that rip-rap be placed around
the abutments to provide additional protection against scour.
The size of the rip-rap is estimated with equations presented
in HEC-18 that are based on the anticipated depths and
velocities at the edge of the abutment. Application of the
HEC-18 equations for rip-rap sizing yielded a D59 for the
scour countermeasure rip-rap of 0.7 feet. AD3Dof 1.07 is
recommended.

Harding Lawson Associates 8



4.0 CONCLUSIONS AND RECOMMENDATIONS

4.1 WHITES CREEK BRANCH 1
BRANCH 4

As described in Section 3, the project results in a minor
increase in the flow depths at the upstream side of the
roadway. Due to the steepness of the channel grade and
shallow nature of the flow, this impact diminishes
rapidly upstream of the roadway.

It is recommended that rip-rap with a D50 of 1.4’ be
placed on the stream side of the wingwalls of the Con
Span Arch bridge extending from 37 beyond the end of
the wingwall to a location approximately 5° to 10” inside
of the face of the culvert on the upstream side.

it is recommended that & rip-rap apron be constructed at
the outlets of the box and pipe culverts. The plans
inchude a rip-rap pre-formed scour hole at the outlet of
each of the three culverts on Branch 1. The rip-rap
sizing calculations are contained in Appendix F. Rip-
rap and scour hole outlet sizing calculations are based on
the guidelines contained in the Draft Washoe County
Hydrologic Criteria and Drainage Design Manual.

4.2 WHITES CREEK BRANCH 2

Fltows associate with Branch 2 are contained in a 3 cell
§' X 10’ concrete box culvert at Arrow Creek Parkway.
The box culvert is designed to prevent the breakout that
currently exists at Steamboat Ditch. The water surface
elevation at the inlet of the box culvert is at the elevation
of 4766.6 as compared to the top of the wingwall at
4768.7. The impacts of this containment are evaluated
downstream and found to have a very minor impact on
depths of flow downstream of the roadway m the
segment between where this flow Jeft the channel and
rejoined it further downstream.

The impact of the encroachment resulis in a minor rise
in water surface elevation between Sections 17 and 20,
The maximum increase in the water surface elevation of
£.55° occurs at Cross Sections 17. This elevation
increase results in @ minor increase in the width of the
3,000 cfs floodplain at Section 17 on the opposite bank
of approximately 10°. At the other three sections (18 -
20), the rise is between 0.2 and 0.4°,

It is recommended that a rip-rap apron be constructed at
the outlet of the proposed box culvert that extends
beyond the ends of the wingwalls.

Rip-rap sizing calculations are contained in Appendix F.
A d50 of 24" was recommended based on two sources.

The proceedures outlined in the Washoe County

3795 Twepoen2 doc

Hydrologic Criteria and Drainage Design Manual include
three different culvert outlet rip-rap sizing equations. The
first equation is for aprons such as the one shown on the
detail by CFA. This equation suggests a d50 of 40™. The
second equation is for a preformed scour hole with a depth
equal to half the culvert height. This equation veilds a dS0
of 24”. An independant check was performed using the rip-
rap sizing techniques described by the Corps of Engineers in
Hydraulic Design of Flood Contral Channels. The COE
document suggests that the 24 d50 is a reasonable size for a
velocity of 14 ft/s which is at the outlet of the culvert and
decreases to 10 to [2 fi/s a short distance downstream of the
outlet.

During the review of the comments, Washoe County
requested a review of the erosion potential of the toe of the
roadway ermmbankment where the roadway encroaches into
the floodplain. The depth of flow at the edge of the readway
fill is typically less than 1°. The average velocity over the
entire cross section in this reach below the culvert ranges
from 4 to 8 ft/s. Velocity at the fringe of the floodplain
would be expected to be 2 to 4 fi/s. Therefore, the erosion
potential is relatively low. The duration of flow associated
with a 3,000 ¢fs event would also be very short. The
roadway should be inspected periodically and measures
taken if local erosion becomes a concern.

4.3 WHITES CREEK BRANCH 3

Wedge Parkway will need to be designed in a manner that
minimizes the impacts to both upstream and downstream
properties. The analysis for this portion of the project will
be addressed in a subsequent report.

Harding Lawson Assaciates 9
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Updated meteorological analyses are currently being performed as a part of the
- Washoe County Flood Control Master Plan. Upon completion of the updated
meteorological analyses and their acceptance by Washoe County, it may be
advantageous to revisit the adopted 5100 cfs value to determine if a revision is
warranted.

Distribution of the 100-Year Discharge for Whites Creek Downstream of
Shadowridge Park - Whites Creek at Shadowridge Park represents the location
where flows are initially distributed across the lower Whites Creek watershed area -
under investigation. Flow is distributed into one or more of essentially four (4)
channels that traverse the lower Whites Creek watershed, ultimately delivering
proportionate runoff to the Steamboat Creek area east of U.S. 395. The flow
distribution in the Shadowridge Park vicinity is impacted by the following:

1. The magnitude of the discharge collected at said location.

2. The extent to which existing vegetation within the channel becomes
denuded by flood flows.

3. The existence of debris flow during a characteristic flood event.

4, The topographic definition of flow paths that exists immediately
downstream prior to and during a given flood event.

During a 100-year flood event, it is CBA’s opinion that, under existing
conditions, it is not possible to accurately predict the distribution of the total
discharge that will be allocated to each of the channels forming downstream of
the Shadowridge Park area. Perhaps the most significant variable that limits the
predictability of the distribution is the potential occurrence of debrs flow within
Whites Creek, Evidence of prior debris flows is readily identifiable in the field
and is characterized by numerous residual [arge boulders that have been
transported from the defined channel upstream of Shadowridge Park to various
locations along channels and other areas downstream within the lower Whites
Creek watershed. The occurrence of a debris flow will result in a slug of
concentrated boulders, sediment and vegetation moving down the defined channel
to be distributed at varying locations downstream of the defined channel as flow
depth and velocities are diminished through expansion of the flow width.

The potential for debris flow can significantly impact the initial flow distribution
originating at Shadowridge Park by effectively diverting flows in a random
manner from one downstream channel to another and blocking some of the
availabje flow areas during a given flooding event. For this reason, it is most
appropriate to examine the flow distribution in terms of preferential values of
proporticnal discharges to be applied to each downstream channel, from a future
planning perspective for new development and infrastructure improvements. The
flow distribution presented in the Whites Creek Detention Feasibility Study for
NDOT would appear to be reasonable in this regard, as proportional discharges
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are somewhat equitably allocated to each of the four (4) downstream flow ?aths
* and as these distributions have been applied to the design of downstream drainage
structures at I-580.

The distribution recommended for adoption by CBA for each of the four primary
channels is represented below:

These values may be applied to each channel as a future design capacity goal, but
are not representative of actual existing conditions due to the dynamic
unpredictability of the flow distribution and potential for debris flow. For
floodplain management purposes, a probabilistic approach must also be applied
to facilitate the selection of a 100-year discharge rate that may enter each of the
four (4) channels downstream of Shadowridge Park under existing conditions.

Based on an assessment of probability, CBA has concluded that a flow of
approximately 3000 cfs has a one percent (1%) chance of being delivered to any
of the four (4) available flow paths in any given year (i.e., a 100-year event).
This conclusion was derived as follows: : :

e 5100 cfs has a 1 in 100 chance of occurring at Shadowridge Park (100-
year event).

»  Conservatively, there is a 1 in 4 chance of the entire flow at Shadowridge
Park being delivered to any of the four (4) downstream flow paths.

® 3000 cfs has a 1 in 25 chance of occurring at Shadowridge Park (25-year
event).

e  The product of the probabilities of the 1 in 4 chance (flow paths) and the
1 in 25 chance (25-year discharge at Shadowridge Park) is a 1 in 100
chance for 3000 cfs to be delivered to any of the four (4) flow paths, or
a 100-year event.

CBA derived the 3000 cfs value for the 25-year discharge at Shadowridge Park
by applying 25-year precipitation values represented on available NOAA atlases

-13-
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to the HEC-1 model presented in the Whites Creek Detention Feasibility Study
for NDOT. Since the standard for floodplain management in Washoe County and
per FEMA is the 100-year event, floodplain conditions along each of the four (4)
flow paths downstream of Shadowridge Park need to be established under the
assumption that 3000 cfs is initially delivered to them. Until such time as
structural measures are implemented that will serve to establish the flow
distribution desired for 5100 cfs at Shadowridge Park, a flow of 3000 cfs being
delivered to each flow path must be considered in the design of development
projects within the lower Whites Creek watershed.

Existing Problem Areas - As a part of the field investigations performed by CBA
staff and the review of available information, several problem areas or potential
problem areas were identified within the lower Whites Creek watershed in terms
of flooding potential associated with development projects and existing
infrastructure improvements. The following listing represents a preliminary
identification of potential problem locations that may merit further investigation
as a part of future studies. It must be noted that CBA’s conclusions are not
substantiated by detailed calculations, but have been based upon engineering
judgement; hence, the following listing may not be complete and/or some of the
listed locations may be determined to not have problems from a flood hazard or
capacity perspective upen closer, more detailed examination.

1. Existing Culverts Along U.S. 395 - All of the existing drainage structures
that drain Whites Creek flows are substantially inadequate to convey
distributed discharges undemeath the roadway during a 100-year flood
event. The existing highway will cause upstream ponding of stormwater
runoff and, when ponded flood waters reach sufficient levels, sheet
flooding across the highway will occur.

2. Old Virginia Street Culverts - Inadequate drainage structures exist across -

Old Virginia Street, and similar conditions will prevail as described for
U.S. 395,

3. Zolezzi Lane Drainage Structures - The drainage structure crossing of
Zolezzi Lane that serves Channel #1 is of substantially insufficient
capacity to pass the proportioned 100-year discharge. The existing
roadway will divert some of the flow east along the south side of Zolezzi
Lane and some of the flow will spill northerly across the roadway. At the
intersection of Zolezzi Lane and U.S. 395, there is virtually no provision
for accommodating runoff originating from Channel #2 (with some
spillover flow from Channel #3), and flooding of this intersection will
occur during a 100-year event.

4. Existing Residential Structures Immediately Downstream of the
Defined Channel at Shadowridge Park - Several existing residential
structures at this location are subject to a high flood and debms flow
hazard during a 100-year flood event.

~14-
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5. Whites Creek Estates - Some of the existing residential structures
] adjacent to Channel #1 have a potential for flooding during a 100-year
event as induced by spillover from the channel at subdivision street
crossings or by limitations in channel capacity.

6. Lancers Estate - Some of the residential lots backing up adjacent to the
south of Channel #4 have a potential for flooding during a 100-year event.

7. Existing Residential Structures South of Whites Creek Lane, West of

the Proposed Pine Tree Ranch Subdivision ~ Several of these structures _
have a potential for flooding from Channels #2 and #3 during a 100- '
flooding event. ,

above existing grade and crosses the lower Whites Creek watershed- . _
somewhat transversely to the direction of drainage flow. The newly 3
constructed segment of Wedge Parkway between the Mt. Rose Highway
and Whites Creek Lane will have a tendency to impound runoff in excess

of the proportioned discharge of 1350 cfs for Channel #4 on the upstream

side of the roadway and divert flow northeasterly along the west side of |
the roadway toward Whites Creek Lane. The existing drainage structure .

under construction across Channel #4 appears to have adequate capacity

for the proportioned discharge for this flow path, provided the flow is

delivered to the drainage structure itself. Currently, it is proposed that the y
proportioned flow within Channel #4 be channelized and delivered to the
drainage structure as a part of the future development of Sterling Ranch. i

| . il
8. - Wedge Parkway - Wedge Parkway is elevated from one to several feet 11
it

|

LY

1t shouid be reiterated that the above observations and conclusions of system
capacity problems are based upon preliminary investigations, only, and wilt ;
require further substantiation as additional more detailed studies are ¥
performed.
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QUALITATIVE EVALUATIONS OF FLOODING CONDITIONS

To date, floodplain administration within the lower Whites Creek watershed has been
based primarily upon floodplain information presented on the FEMA Flood Insurance
Rate Maps for Washoe County, Panel Numbers 1501 (Effective date: August 1, 1984)
and 1463 (Effective date: April 16, 1950). The floodprone areas depicted for the lower
Whites Creek watershed are represented as "Zone A" which indicates that they were
originally studicd using zpproximate methods only. Based upon CBA's experience s a
Fiood Insurance Study Contractor with FEMA, the degree of detail that would have been
;nherent to these approximate Zone A designations was undoubtedly minimal and, per
FEMA guidelines, would have been limited to a cursory review of USGS quad sheets,
aerial photographs, and primary low flow paths. It is CBA’s professional opinion that
the extent of the floodplains represented on these FEMA Flood Insurance Rate Maps for
the lower Whites Creek watershed is significantly understated.

In order to accurately delineate the extent and characteristics of flood hazard areas within
the lower Whites Creek watershed, a detailed hydrologic and hydraulic analysis will be
needed, which is outside the scope of the current stdy. Such an analysis will need to

include the following:

-~

1. Refinement of the total 100-year discharge value of 5100 cfs for Whites Creek
at Shadowridge Park, if appropriate.

2. Acquisition of current topographic mapping of the lower Whites Creek watershed
with a minimum contour interval of two feet (2°).

3. Hydraulic evaluations of flow characteristics across the lower Whites Creek
watershed utilizing a combination of HEC-2 evaluations, normal depth
calculations, weir flow calculations and culvert capacity calculations.

The detailed floodplain analysis should be performed at the earliest possible date in order
to supplement the information contained in the current study; to more accurately define
floodplain limits and characteristics; and to provide better information to be utilized in
the design of new development and infrastructure projects. The analysis should consider
both of the following assumptions pertinent to the flow distribution originating at

Shadowridge Park:

. The existing conditions which create a potential for the total discharge of 3000
cfs (or a revised number, if applicable) being delivered to any of the four (4)
downstream channels (see Section I1.B.).

. Future conditions that would prevail if the flow distribution becomes fixed at
Shadowridge Park through the implementation of structural measures ot if the
overall flow in Whites Creek is attenuated through implementation of other

upstream structural measures. '



As a part of this study, CBA performed a very preliminary analysis to estimate the extent
and magnitude of flooding that currently has a potential of occurring within the lower
Whites Creek watershed during a 100-year storm event. This analysis utilized USGS
quad sheets, current acrial photographs, field investigations, the 1966 topographic
mapping acquired from NDOT and rough normal-depth calculations performed across
hypothetical flat cross sections of varying widths and slopes. Based on evaluations of
the above, it is CBA’s opinion that, under existing conditions, much of the lower ‘Whites
Cresk watershed would be subject to “shallow sheet flooding® during a 100-year event.
Approximate flood zones and average 100-year flooding depths have becn delineated and
are represented on Exhibit D. The flood zone designations that have been utilized in the
approximate floodprone area mapping represented on Exhibit D are:

Minimai Flooding Potential, Average Depth Less Thaa 0.5 feet
Sheet flow, Average Depth = 0.5 feet

Sheet flow, Average Depth = 1 foot

Sheet flow, Average Depth Greater Than 1 foot

a & & 9

The approximate floodprone areas have attempted to account for the impacts of the
construction of Wedge Parkway and J-580. In determining the shallow flooding zones,
CBA assumed that a discharge of 3000 cfs may be directed to any of the four (4) primary
channels originating downstream of Shadowridge Park. At such time as structural
measures are implemented to attenuate the total flow or define the flow distribution for
the downstream flow paths originating near Shadowridge Park, the extent and severity
of flooding for the downstream areas within the lower watershed will be appreciably
reduced. :
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Appendix C

Sub-Section 1 |
Whites Creek Branch 1
Pre-Project Condition Analysis
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Appendix C

Sub-Section 2
Whites Creek Branch 1
Post-Project Condition Analvsis
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I Arrow Crook Parkway - Special Assessment District #23
Branch1 - Pre- and Post Project Water Surface Profile Comparison
' Pre-Project Post-Project Difference in
Cross | Discharge | Water Surface | Water Surface Pre- & Post
I Section | {eta) | Elmvation | Elevation Project WSE
i 2000 A5G 05 4858 85 0.0a
z 3000 ' 406129 4851.25 0.00
I 3 3000 ' 4864 57 4584 57 0.00
4 3000 ' 4567 64 4587 54 0.00
g 2000 | 486G 34 458G 34 0,00
> 3000 4871.09
l 7 000 487503 4678 06 363
B 3000 4879 96 4B70.56 0.00
9 1000 4BE5 22 4885 22 _ 0.00
I 10 3000 4889 75 _ 4885 75 _ 0.00
11 3000 4802 32 _ 4892.32 _ 0.00
l 12 3000 ABD6 36 4856 34 0.00
‘ Harding Lawson Associates B25ET Page 1
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APPENDIX D




I NS NN NN VENN FENN GO NN EEN NN YHNN BN HIN BN mE me BE = mm

Arrow Creek Parkway - Special Assessment District #23
Branch 2 - Fr-md F-nnt Project Water Surface Profile Comparison
N ] | | —=
i.". e e W e e —
Pro-Project mngml PreProject  Post-Project Difference in
| Cross Discharge | Discharge | Water Surface | Water Surface Pre- & Post
~ Section {cts) fefs) | Elevation Elevation Project WSE
1 1 | 650]  4594.00 450400 X
i ZTar BT| 450435 4554 28 G 0.03 E
7 WS | 7SO AM1S | asgeis 660
I T 28711 450833 456838 | 0.0%
3 1650 TeR0]  aB01Z2 | 460132 T
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Appendix D

sub-Section 1
Whites Creek Branch 2
Pre-Project Condition Analysis
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Appendix D

Sub-Section 2
Whites Creek Branch 2
Post-Project Condition Analysis
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Appendix D

Sub-Section 3
Whites Creek Branch 2
Pre-Project Condition Split Flow Analysis
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Appendix E

Sub-Section 1
Whites Creek Branch 3
Pre-Project Condition Analysis
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Section 22 - Right End at Whites Cr. Ln.
Worksheet for Irregular Channel

Project Description

Project File c\haestadimwisad23.fm2

Worksheet Section 22 - Right End

Flow Element Irregular Channel

Method Manning's Formula

Solve For Discharge

Input Data

Channel Slope 0.055000 ft/ft

Water Surface Elevation 18.60 ft

Elevation range: 17.50 ft to 20,10 ft.

Station (ft) Elevation (it} Start Station End Station
0.00 18.00 0.00 29.00

26.00 17.90 29.00 48.00
29.00 18.00 48.00 88.00
45.00 17.50
48.00 18.00
55.00 . 19.00
60.00 . 20.00
80.00 20.10
85.00 18.00
88.00 20.00

Resuits

Witd, Mannings Ceefiicient 0.036

Discharge 272.98 cfs

Flow Area 36.96 ft

Wetted Perimeter 55.52 ft

Top Width 54.53 ft

Height . 1.10 ft

Critical Depth 18.85 ft

Critical Slope 0.020343 ft/ft

Velocity 7.39 ft/s

Velocity Head 0.85 ft

Specific Energy 19.45 ft

Froude Number 1.58

Flow is supercritical.
Flow is divided.
Water elevation exceeds lowest end station by 0.60 fi.

06/11/87
07:45:59

Roughness
0.040
0.035
0.040

AM Haestad Methods, inc. 37 Brookside Road Waterbury, CT 06708  (203) 735-1666

FiowhMaster v56.12
Page 1 of t



Section 22 - Right End at Whites Cr. Ln.
Worksheet for Irregular Channel

Project Description

Project File c:\haestadifmw\sad23.fm?2

Worksheeat Section 22 - Right End

Fiow Element [rregular Channel

Method Manning's Formula

Salve For Discharge

Input Data

Channel Siope ©.055000 ft/ft

Water Surface Elevation 18.79 ft

Elevation range: 17.50 ft to 20.10 ft.

Station (ft) Elevation (ff) Start Station End Station
0.00 18.00 0.60 29.00

26.00 17.90 29.00 48.00
29.00 18.00 48.00 88.00
45.00 17.50
48.00 18.00
55.00 19.00
60.00 20.00
§0.00 20.10
85.00 18.00
88.00 20.00

Results

Wid. Mannings Coefficient 0.036

Discharge 402.56 cfs

Flow Area 47 .52 ft=

Wetted Perimeter 57.89 ft

Top Width 56.60 ft

Height 1.29 ft

Critical Depth 19.13 ft

Critical Slope 0.015064 ft/ft

Velocity 8.47 ft/s

Velocity Head 1.12 ft

Specific Energy 19.91 ft

Froude Number 1.63

Flow is supercritical.
Flow is divided.
Woater elevation exceeds lowest end station by (.79 ft.

0611497
07:46:55

Roughness
0.040
0.035
0.040

AM Haestad Metheds, Inc. 37 Breokside Road  Waterbury, CT 06708 (203) 755-1666

FlowMaster v5.12
Page tof



21
T
=
v‘I
< b
llllllllllllllllllllllllllllllllllllllll =1 ..eu_..m.
] L i 3 o1} o o
! (P 1 | W
t ] 1
1 1 t 1 2
1 1 ' 1 E:_ o
) i 1 '
1 1 G M
A A H H &
1 |
i 1
1 1
1 1 w0
1 1 < 9
O T T LR S @
I ] %
| 1 I~
I ) e
I 1 2]
I 1 o
o o
I 1 2
i O e e o
.n_n.v | ) 1 1 w %
I 1 1 =
= | 1 1 1 v
m I ! t
L _ t I 1 5
20 | _ i | _ o >
1 1 1 1 e
Er IIIIIIIIIIIIIIIIIIII ) Sl T T T Uﬁ 5
......b “ " 1 1 1 W~ .m
L 3 1 1 1 1 1 = £
1 1
R” 1 1 1 1 1 =
1 — 1 1 1 .". .u Mm m
oo = o == e = m - A e e e e et 8
2r 1 I ! -F vt
2:@ &= %] “ " 1 | 1 o
c C o™ 2+ 0 1 1 1 t ! o
o Q E Py I ) t " ” @
e bort | 1 | x
m.ml-u 3|m w | 1 l “ " . _m
@ %2 S o 0 wn p==-==-=--- R e T 5 =
W 0 gz 2 QYoo | ) _ _ : & Z
) = e 1
9 252 E S O w o _ " " D ) .
Q WRnr — O I ) I 1 1 g
nu :m _m:.nw = ; ! ' ' “ = ﬂ,
Fomsl 1 ] ] 1 )
Mﬂc.sw b e == b mmm = bwwmm e e = TEEEE 4 S .m
i
ﬂnmm‘»-ﬂm ol " “ 1 : 1 s
U QS E - F7) c 1 1 1 t ( =
m = = 1 [ 1 : i by
m%@%% o 8 ] ) 1 ) | 8
- — = - . =
shE20 5 ¢ " | “ “ | o 5
m nw 11} F======--- TTm T == Tm==m = T~ hi Mw T
= T - ] |
=% Se_.h_“_._.. “ _ v 1 "
™ 1 1 ] 1
5] I= amvm.c ' | ' ] )
D p oy D Mmml.,nﬁa ' I ! 1 1
vi= "0 E - Dnsue i i 1 } 1 o
D_..__lee o o m L L L I L £ pud
e &= oL c [T = W o w < 7 ] 1
SlgelWaoy gEc 52 o o & o 0 0o M~
REARORL N = ...mdmwc ™ N - - - = -
LESLT=S0 GE-ATE-AS Z
&N
-
=N
B e
F=g




] - .

R .
War- oo F

_.-w.. - E @ ‘

Section 25 - S. Side of Whites Creek Ln
Worksheet for Irregular Channel

Project Description

Project File c\haestad\imwisad23.fm2
Worksheet Section 25 - Capacity on S side of Road
Flow Element Irreqular Channel
Method Manning's Formuia
Sclve For Discharge
Input Data
Channel Slope 0.066000 ft/ft
Water Surface Elevation 40.48 ft
Elevation range: 37.00 ft to 41.00 fi.
Station (ft) Elevation (ft) - Stant Station End Station Roughness
¢.00 41.00 0.00 90.00 0.040
8.00 40.00
12.00 37.00
20.00 40.00
90.00 41.00
Resulis
Wid. Mannings Coefficient 0.040
Discharge 232.53 cfs
Flow Area 32.75 ft?
Wetted Perimeter 51.02 it
Top Width 49.44 ft
Height 3.48 ft
Criticat Depth 40.75 ft
Criticat Slope 0.027117 f/fi
Velocity 7.10 ft/s
Velocity Head 0.78 ft
Specific Energy 41.26 ft
Froude Number 1.54

Flow is supercritical.

06/11/97
07:48.49 AM

Haestad Methods, Inc.

37 Brookside Road Weaterbury, CT 06708  (203) 755-1866

FlowlMaster v5.12
Page 1 of 1
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Section 26 - S. Road Shldr Capacity
Worksheet for [rregular Channel

Project Description

Project File c:\haestad\fmwisad23.fm2
Waorksheet Section 26 - S. Road Shoulder Cap
Flow Element Irregular Channel

Method Manning's Formula

Solve For Discharge

(nput Data

Channel Slope 0.086000 ft/ft
Water Surface Elevation 47.00 ft
Elevation range: 45.70 ft to 47.00 ft.

Station (ft} Elevation {ft} Start Station End Station Roughness
62.00 - 47.00 62.00 83.00 0.035
70.00 46.00 '
72.00 45.70
76.00 46.00
83.00 47.00

Resuits
Wid. Mannings Coefficient 0.035
Discharge 121.49 cfs
Flow Area 14.40 ft
Wetted Perimeter 21.17 ft
Top Width 21.00 ft
Height : 1.30 ft
Critical Depth 47.33 ft
Critical Slope 0.018706 ft/ft
Velocity - 8.44 ft/s
Velocity Head 1.1 ft
Specific Energy 4811 ft
Froude Number 1.80
Flow is supercritical.

06/11/97

07:51:42 AM Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 {203} 755-1666

Flowlaster v5.12
Page 1 of 1



Section 26 - S. Road Shoulder Capacity
Cross Section for lrregular Channel

Project Description

Project File c:\haestad\fmwisad23.fm2
Worksheet Section 26 - S. Road Shoulder Cap
Fiow Element Irregular Channel

Method Manning's Formula

Sclve For Discharge

Section Data

Witd. Mannings Coefficient 0.035
Channel Slope 0.066000 fi/ft
Water Surface Elevation 47.00 ft
Discharge 12149  «cfs

hw.d ,
. ? :
1
:
]
i
I . - e g :
1
1
1
1
1
' !
Y. X -] R N m m o e L :
. ‘ I :
] i 1
] ] 4
1 1 ]
1 1 ]
1 1 ]
Z464| - T N S Ammm e mm e m = '
: I :
£ 1 1 ]
Q [ 1 1
% : : :
. 3 1 1 1
o 482 - LR e T Al Abhbi qmmmmmmeeooo- :
1 [3 1
] 1 1
. 1 ' '
] 1 H
] t )
] b 13
46.0L - ... A mmm e e N A mmmmmmmeme )
. ) ) X )
I ) 3 ¥
3 E 1 t ]
k ] ] 3 1
3 ) 1 S ]
] ] 1 ] I
F. 1% | I e [ I : ............. .: ............. '
1 1 1 1 ]
I ] 1 ¥ 1
1 1 ] b 1
1 ] 1 t 1
] 1 1 ] ]
b ] ] P 1
45.6 ' ) 1 t |
60.0 65.0 70.0 ) 75.0 80.0 85.0
. Station {ft)
Q641197 Flowhaster v3.12
. 07:51:56 AM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708  (203) 755-1666 Page 1 of 1




Section 26 Overflow Capacity
Worksheet for Irregular Channel

e aa i . .

Project Description

Project File c\haestadimw\sad23.fm2
Worksheet Section 26 Qverflow Capacity
g Flow Element Irregular Channel
: Method Manning's Formula
l Solve Far Discharge
Input Data
l Channel Slope 0.066000 ft/ft
Water Surface Elevation 47.22 ft
Elevation range: 45.70 ft to 47.00 ft.
l Station (ft) Elevation (ft) Start Station End. Station Roughness
0.00 47.00 0.00 30.00 0.040
30.00 46.10 30.00 40.00 0.035
40.00 46.00 40.00 50.00 0.040
I 50.00 47.00 50.00 62.00 4.020
62.00 47.00 62.00 70.00 (.040
70.00 46.00 70.00 76.00 (0.035
l 72.00 4570 76.00 79.00 0.040
76.00 46.00
l 79.00 47.00
Results
I Wid. Manmings Coeficiert  0.034
Discharge 530.58 cfs
Flow Area 57.78 ft2
I Wetted Perimeter 79.76  ft
Top Width 79.00 ft
Height 1.52 ft
l Critical Depth 47.61 ft
Critical Slope 0.017265 i/t
Velocity 9.18 ft/s
l Velocity Head 1.31 ft
Specific Energy 48.53 ft
Froude Number 1.89
Fiow is supercritical.
l Water elevation exceeds lowest end station by 0.22 fi.
06/11/97 FlowMaster v5.12
l 07:53:04 AM Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708  (203) 755-1666 Page 1 of 1
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Section 26 Overflow
Plotted Curves for trregular Channel

Project Description

Project File c\haestadfmwisad23.fm2
Worksheet Section 26 Overflow Capacity
Flow Element Irregular Channel

Method Manning's Formula

Solve For Discharge

Constant Data
Channel Stope 0.065000 ft/ft

input Data

Minimum M_aximum Increment
~ Water Surface Elevation 45,70 47.22 010 ft
Discharge vs Water Surface Elevation
590.0------mmmr oo P e S oy Sl jTTm T
| 1 b 1 | 1 1
] ] 1 i ] t 1
1 1 ] 1 | 1 1
§00.0f - - - oo I SEREEEEES: e Dt EEEEEREEE oo
1 1 ] 1 1 ]
: I : : J :
4500} - - oo o L mmmmmmm o L A mmm— - e mmm M E U
1 1 1 3 § ]
] i 1 I I ]
1 i 1 ¥ ] ]
4000} -« ------ drmm—— e pmmmmm o pmmmmmmmn Ammmmm e . SR S S
1 ] i 1 1 [}
1 1 ] 1 t )
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35000 .- ----- dmmeemm- e memmim MU e AU L A
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|5} [} 1 1 ] I ]
— 3000L - - ----- I e e — === Lmm e —— = I N b e e R i S
m 3 ] 1 I 1 1
lE’ ' : ) : : :
O [ 1 ' 1 1 ]
L 2800 --- - n-=-- S, R, Lmmm e mm = = I | A d e .
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Water Surface Elevation (ft)
06/11/97 FlowMaster v5.12

l 07.54:06 AM Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708  (203) 755-1666 Page1of t
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WASHOE COUNTY
HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL
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WASHOE COUNTY
HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

CLASSIFICATION AND GRADATION OF LOOSE RIPRAP

INTERMEDIATE ROCK

RIPRAP %SMALLER THAN DIMENSION

DESIGNATION GIVEN SIZE BY WEIGHT (Inches)

Type VL 70-100 12
50-70 9
35.50 6 G
2-10 2

Type L 70-100 15
50-70 12 : |
35-50 9 | ger
210 3

Type M 70-100 21
50-70 18
35-50 12 12
2-10 4

Type H ' 100 30
50-70 24
15-50 8 18
2-10 6

I Type VH . 100 42
50-70 33
35-50 24
l 210 9

* dyy = mean particle size
*¥* Bury 1ypes VL and L with native top soil and re-vegetate to protect from vandalism.

| VERSION: December 2, 1996 REFERENCE:
: Urban Drainage and Flood Contrel District, 1982 804
VRC ENGINEERING, INC.
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NOTL: SPECIFIC WEIGHT OF ROCK =48 LB/CU FT.
l BFOR ITOME PROTECTION BELOW ENERGY
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ACROSS ERD S0L1..
I VELOCITY VS STONE WEIGHT
SEE TEXT FPAGE 35
I Plate 29




o
o L
e — N . . — 2 T
TT._“ RS SR M r_\HJ TR p ! TR ]2 > _.,_-lh
Sy -+ - _ _ - b
..m.Jll _rtJJ. ﬁ”:f. - 4_..?“..4. |m - -y in . p et BT - H A
AN ; 1 +}he 134 - 3 F3 4 I3 T R _—
gl L_ : i SRRE 1] T T EE T 2 e
_. EREEUHHINEINE r g r1 b b _.4 nymy u_nu; N 0 0 I S oy iy —_up.hh 4
' i1l viia e IS 113 I FHAO3RY LS p
“ T R A R S e B, R
PR s L — + -
LT e T T TR R i e w e
. * i = . % [
w«h.mh i 1 _ ﬁu;n *s_.u_ E | f._,. ARy ﬁ + R
o oy e oy _.4.,_ by - o it -1 -1 41 {1H w L § ” ° C
: R o L e T [ o Ol 1 ¢ . ey A PR UMD B 3 g0 o s gl s I oI
_ ipi s R T T L Hitid H | u 1R uﬁ..l oy
| bR ST ) ; I71.0- i s ) ] s
ot 1 o > T [ s
ﬁ NI AR S e ¢ S W ; P A e
| e __ H 1 . .i..rul.... 2313 ~ A4 aed b 1] A1} 1 ]
1 'RERIIEE S . o .J..W 11 — 1 i - oL
T M. et R . v, "
_ VT BEMAEIRY 1 mitistisazInagn {2 A4 LADL .
1+ +- , S HgHH E . A ~d
t 4 11 4+ 8 83 ;nu.ﬁﬁl . E o
-« - -
% SARRItisHpsARRRRRNE RS Sine _
S T R , S335SN =
o gl
[ ﬂ:.._ L - o e e e s 4 - Um —
i 3 =3
3to - Nz M,...M
| o = o’ -
“ ._‘.I.lm....lo - 4 ...r.l..v..-\\h*ﬂ.f.\ "
S i * -
o -y H LY ..-. p
4 u- kgl _ﬂﬂr‘ ~.... 4 = . 4=
i m ]-..)I..-l_ iy H — H .w.- M
ERERESHissiagy sitak .&I = ey i ] EEET = -
H - Hrte M - 34 4 L. 4 = =
H L b 1] ful- O g Y S AR . - B - ¥ - - M \171.-.!
q H + - _* -+ [ 8 ..1.“|. J..._H. . !.r“u?”&. S 1+ 1 7 - Nwﬂ.
I3 44 T e Fad : M it
| L ] CETERR T . =
t ] o - - 3 -
I * ﬁ  + T =] === | N - -+ I Sy - H 3 - o n.ﬂ
I ¢ 4 [ . RN R - 5 g
' : i # 00 0 0 S Y B O - Sy s s 14 1
__ {11 SR BT TS H = “ F u
I . ++ T r = g e v g g it ] n
_ AR T R e e ” IR EESE 5 .A <
._ * 41 I i- [ b s . 1 g e vl L + - 13 .I S
: r17173 3 p- oy s A I 3 5 = o w
i ; i ] 2500 0 i O T 0 o 8 I o HEEH I St X a_._
- | TR R R e e e R 2

g e Lemias Inois

.
SEE TEXT
Plate 30

EM 4140-2-16°€
Appendix III
1 July 70




Arrow Creek Parkway - Whites Creek Branch 1, C-Span Arch Bridge
scour Analysis
Based on HEC -18, April 1993

Seour Estimafes:
Live Bed Comtractlon Scopr: Abirdreerer Sraur i
vyl = (QUQIOEST * (WIW2) k] (Fyg. 16
Tl ey
Where yl = 184 ft Kl 8200
Cf = 150 cfs [ 1
Q= 682 cfs L 8005
Wy = 55 A 1200
W2 = 42 It Fr 0.4
kl= 059 Ve 18
E= ERL IR = 206
= 5.0 [hAft™2 Ya 25
v = a7 ¥a 4.4
W= a3 fif
- - 2 Ity
E- 1212 fiiy 2
Sl = (009 LY
Wihy]|= 2.0
¥I= 1.097
Seour = 4.1
Rip Rap Sizing:
F il
Fr=Vigy)*5 = 04316658

D50 = yki(Ss-110V"2gy)  (Eg. 93, HEC-18 Pg. 115)

Whire A
L 6 fU's
E= 713 s~
iy - i 0
Hy= ]
k= 1402 {Vertical vwall afwilmee)
Hesulia: D5 = LT T
Hydrsulic dain waa canmared uiing HECRAS Mrapared by: WEEF
[hate bumss B, 1997
SCOUR.ELS
15T [T | Harding Lawaon Associpies
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