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INTRODUCTION AND PURPOSE

This report was prepared to support the design of the Wedge Parkway extension from Whites Creek Lane
to Arrow Creek Parkway. Construction plans prepared by CFA dated December 12, 1997 were used for
these analyses. Arrow Creek Parkway will be constructed as a part of Special Assessment District #23
from the Arrow Creek Development to the extension of Wedge Parkway. The Wedge Parkway extension
will connect Arrow Creek Parkway to the existing end of Wedge Parkway at Whites Creek Lane providing
a connection to the Mount Rose Highway. This segment of Wedge Parkway is approximately 2000 feet

long.

This segment of Wedge Parkway is impacted by the third branch of Whites Creek as shown on the Flood
Insurance Rate Map (FIRM) prepared by the Federal Emergency Management Agency (FEMA) which is
provided as Figure 1. In the case of Whites Creek, the FIRM is not used by Washoe County for
floodplain management purposes. Washoe County has adopted special standards for the Whites Creek
floodplain. These standards require that a project be evaluated based on two different discharge values.
These values are significantly greater than those used by FEMA in preparation of the FIRM shown as
Figure 1.  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. These flow rates are 1,100 cfs which is
to be used for design of hydraulic structures and 3,000 cfs which is to be used for floodplain management
activities. An approximate floodplain map was prepared by CBA based on the potential flow rate of 3,000

cfs on each branch of Whites Creek. This map is shown as Figure 2.

The purpose of this report is to present the approximate limits of flooding associated with the “design”
and “floodplain management” events on Whites Creek Branch 3 in the vicinity of the proposed roadway
improvements and evaluate the project impact on the floodplain. A previous study (HLA, August 1997)
was prepared for Arrow Creek Parkway. This report supplements this previous report by providing the
pre- and post-project analyses for Whites Creek Branch 3. The Wedge Parkway extension was not

addressed in this previous study.

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.
DESCRIPTION OF PROJECT AREA

The project is located in the so‘uthwest Truckee Meadows in unincorporated Washoe County. The
proposed roadway is located near the ceater of Section 20, T18N, R20E (Figures 1 and 2). Grades in the
area near the roadway are approximately 3% and fall toward the east and northeasterly directions. Figure
3 is a copy of the floodplain map for a portion of Whites Creek Branches 2 and 3 in the vicinity of this
project prepared as a part of the Hydraulic Report for Special Assessment District #23 (HLA, 1997). As
can be seen, the “floodplain management event” of 3,000 cfs produces a wide shallow floodplain with

very shallow average depths (1 to 2 feet).

REPORT REVISIONS

This report was originally submitted on December 19, 1997. The revisions to the original report which

have been included in this revised version, include:

. The culvert design was modified by CFA to lengthen some of the culverts and to decrease skew
angle. The modified culvert dimensions have been incorporated into the hydraulic analyses

contained in Appendices 4 and 5.

. The roadway profile between 65+ 00 and 69+ 00 was modified by CFA. The modified profile has

been incorporated into the hydraulic analyses contained in Appendices 4 and 5.

. The rip-rap sizing calculations were modified to reflect the revised design. The revised

calculations are contained in Appendix 5.
. The revised plan sheets have been included in Appendix 1.

. Additional explanation was added to the report pertaining to recommendations, erosion control of

the roadway embankment and erosion control at culvert outlets was added to the report text.




STUDY LIMITATIONS

This study was prepared for the limited purpose of evaluating the impacts of flooding associated with
Whites Creek on the proposed Wedge Parkway extension based on flow rates defined by Washoe County
(CBA, 1994), and evaluation of the impacts of this segment of the roadway on the 3,000 cfs floodplains as
well as recommendations for additional design considerations for the roadway drainage structures related
to erosion at the outlets of the culverts. The analysis is based on the proposed roadway improvement
plans prepared by CFA. WRC has not reviewed the drainage design for the remainder of the roadway and
is not making any statements or assurances regarding any aspects of the design not specifically described

herein.

Based upon the reqﬁirements imposed by Washoe County, WRC used the discharge values presented in
the Preliminary Whites Creek Basin Management Study. WRC does not make any assurances regarding the
adequacy of these values to represent a specific recurrence interval and is not assuming that these flows are
representative of a 100-year design e¢vent. Should the design flows be modified as a result of more detailed
studies, or construction or grading occur in or near the Whites Creek floodplain resulting in a change to

flow patterns or depth of flow, the conclusions of this report may no longer be applicable.




BACKGROUND

PREVIOUS STUDIES

The floodplain associated with Whites Creek Branch 3 was delineated by FEMA in the late 1970’s. This
floodplain is shown on the current FEMA Flood Insurance Rate Map (FIRM) Panel 3170E dated
September 29, 1994 (Figure 1). The FEMA analysis was based on approximate methods of analysis that
yielded relatively narrow floodplains for each of the four branches of Whites Creek. Later studies were
performed for the Nevada Department of Transportation (NDOT) that suggested that the 100-year
discharge estimate for Whites Creek was much greater than the flow rates used by FEMA for the

approximate analyses shown on the FIRM.

A detention basin site was investigated by NDOT and Washoe County for a location above the confluence
of the four branches of Whites Creek to reduce the 100-year peak flows impacting Interstate 580 and the
lower reach of the Whites Creek floodplain. Because area land owners opposed the detention basin
concept, the planning of this facility was discontinued. Washoe County then contracted with CBA to
prepare a basin management study for Whites Creek to identify the potential hazards associated with the
larger flow estimate and develop a floodplain management strategy for the Whites Creek area. This
report, titled Preliminary Whites Creek Basin Management Study, Final Report 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 1 showing the

approximate flood limits identified by CBA and other design criteria recommendations made by CBA.

As described above, a previous study was prepared by Harding Lawson Associates for Special Assessment
District #23 which identified the floodplains associated with the floodplain management event for Whites
Creek Branches 1, 2 and 3. Figure 3 is a copy of the HLA floodplain map for the area impacting the
Wedge Parkway Extension. The HLA floodplain delineation and hydraulic models were used as a basis

for this study.

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). As




a condition of participation in the NFIP, the community must adopt a floodplain ordinance which enforces
the minimum requirements of the NFIP. Washoe County entered the regular program of the NFIP on

August 1, 1984. 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
Creek. Since that date, the Washoe County FIRMs have been revised several times, but the Whites Creek
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 1, shows an approximate flood zone for each
branch of Whites Creek. The approximate location of Arrow Creek 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. This segment of Wedge Parkway is impacted

by the third branch as shown on this map.

DESIGN CRITERIA

The hydraulic design criteria for this project includes:

¢« The “design™ and “floodplain management” discharge values for Whites Creek branch 3 have been
defined in the Whites Creek Basin Management Study (CBA, 1994) and are 1,100 and 3,000 cfs,
respectively. The “design” values are typically recommended for the design of channels, culverts and other
related drainage improvements. However, in this instance, design of the hydraulic structures for the design
flow value could result in a diversion of the portion of the floodplain management flows of 3,000 cfs.

Therefore, the design must consider the impact of the larger flow value.

« In order to minimize the potential diversion of flow by the roadway, the southern portion of this segment

of Wedge Parkway was designed to be “at grade”.

* Hydraulic analyses of the box and pipe culverts is based upon the methods described by the Federal
Highway Administration (FHWA) in Hydraulic Design Series No. 5 (1986) and the computer program HY-8
developed for the FHWA (1996).




+ Erosion protection at the culvert outlets is based on the Draft Washoe County Hydrologic Criteria and
Drainage Design Manual. Verification of rip-rap sizes was performed using the Federal Highway

Administration (FHWA) Hydraulic Engineering Circular HEC-14 (1983).
TOPOGRAPHIC DATA
Topographic mapping for the project site and surrounding area was prepared by Nevada Aerial Mapping
based on aerial photographs taken on November 13, 1996. This mapping was prepared with a contour
interval of one foot.
IMPROVEMENT PLANS
Selected sheets from the Wedge Parkway Roadway Improvement Plans, as prepared by CFA (February

25, 1998) are included in Appendix 1 ior reference. These plans were used as the basis for the analyses

contained in this report.
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HYDRAULIC ANALYSES

SELECTION OF HYDRAULIC MODEL

HEC-RAS (VER. 2.1) was selected as the best tool currently available for performing the analysis of pre-

and post-project conditions. The analysis is based on the following assumptions and boundary conditions:

» The flow regime is assumed to be subcritical. Even though the average slope is approximately 3%,
flows in natural channels are rarely supercritical, especially when the flow is wide and shallow. The
impacts on the flow profile that results from dune and anti-dune formations, debris and sediment
movement and other factors often keep the flow depths near or above critical depth in natural channels.
The analysis results in flow depths that are typically computed at critical depth. Therefore, the analysis is

not highly sensitive to estimates of channel and overbank roughness.
« Flow depths at the first section are based on the slope-area method.

« HEC-RAS (VER. 2.1) is a one dimensional steady flow model. Since the flow interactions between
channel braids may be dynamic, a one dimensidnal model only yields approximate results. The flow
profile in each braid may differ from one another slightly. Modeling a lower flow rate would require a
more complex analysis of the interaction of the channel braids and would require that the analysis be
carried further upstream. Because of the one-dimensional limitation, the flow in the small primary
channel varies significantly and in several sections the primary channel is indicated to be slightly above
the water surface elevation. This is-not a critical problem since the flow depths are shallow and the

majority of the flow is in the right overbank.
+« Manning’s roughness values are based on field review.
WHITES CREEK BRANCH 3 - PRE-PROJECT CONDITION
A set of 9 cross sections were defined at an average spacing of approximately 150 feet as shown on Figure
3. The cross sections geometry and lengths between sections were obtained from the topographic maps by

HLA using a digital terrain model. The orientation of the cross sections was selected to best describe the

flow patterns associated with a 3,000 cfs event which was determined to be the event to be used for design

%‘ﬁ A WRCNEVADA e .



purposes. Accurate modeling of lower flows would require a different cross section orientation. The

results of this analysis are contained in Appendix 3 with plotted cross sections.

WHITES CREEK BRANCH 3 - POST-PROJECT CONDITION ANALYSES

The design of Wedge Parkway considered the Whites Creek Branch 3 floodplain. The southern portion
was designed to be at grade on the upstream side of the roadway section to allow flow in this portion of
the floodplain to overtop the road as unrestricted as. is possible for roadway construction across a shallow

flood zone.

The northern portion of the roadway must be elevated to connect to Arrow Creek Parkway. Since this is
the low point in the floodplain, three box culverts were placed at the primary channel locations to allow
the flow to be spread between the channel braids and minimize downstream and upstream impacts. A
vertical curve was placed just south of the intersection with Arrow Creek Parkway to provide for
overtopping. The goal is to provide sufficient hydraulic capacity to be assured that 3,000 cfs can be
conveyed through the Wedge Parkway extension without resulting in any diversion of flow across Arrow

Creek Parkway into the Whites Creek Branch 2 floodplain.

Because the roadway is not perpendicular to the flow, use of HEC-RAS to model the post-project

condition was more difficult. - The portion of the roadway between stations 53+00 and 62+00 was

designed to allow sheet flow over the roadway. This segment of the roadway is located slightly upstream

of the northern segment of the roadway segment since the roadway is not perpendicular to flow. Based

upon the pre-project condition analysis, approximately 30% of the flow _is contained in the extreme right
- ~ 900 fs

overbank where it would be directed toward the southern portion of the roadway segment. Therefore, the

post-project condition analysis is more complex. The post-project condition analysis was performed as

follows:

. The HEC-RAS model developed for the pre-project condition was modified to add the portion of

Wedge Parkway from Station 58+ 00 to 69+ 00 which includes the three proposed box culverts.

. The extreme right overbank is not included in Sections 1, 1.2 and 1.5. Therefore, the flow rate is
reduced in this segment of the channel reach to reflect the maximum flow rate that could likely be

confined to this segment. The remainder of the flow is assumed to cross over the roadway to the

. WRC NEVADA, pe
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south of the end point of the cross section. To be conservative, the box culverts were designed

based on the assumption that only 10% of the flow is directed over the roadway south of Station

62+00 resulting in a design flow rate for the segment from 62+ 00 t0 69+00 of 2,700 cfs. If

30% of the flow overtops t south of Station 62+ 00, this design flow would be reduced

to 2,100 cfs,

. The culverts are modeled using the multiple opening box culvert analysis option in HEC-RAS.

The FHWA methods are used for hydraulic performance calculations for the box culverts.

Using this approach, the maximum capacity of the three box culverts and overtopping section of the
roadway were determined for a maximum upstream water surface elevation of 4622.0 which is
approximately 0.2 feet below the crown elevation of Arrow Creek Parkway. This water surface elevation
represents the maximum water surface elevation at the upstream side of the roadway that would pass 2,700
cfs between stations 62+00 and 69+00. This assumes that a minimum of 300 cfs would cross the
roadway as shallow flow south of Station 62+00. If the entire 3,000 cfs in the Branch 3 floodplain was
directed at the section of roadway between 62+00 and 69+00, the upstream water surface elevation

would be approximately 4622.2 which would still be contained in Branch 3.

A second analysis was performed using the FHWA HY-8 program to verify the results and outlet velocity
of the culverts for design of erosion control at the culvert outlets. Each culvert was analyzed separately
and a composite rating curve was developed. These analyses and resulting rating curve are include in

Appendix 4.

CULVERT OUTLET EROSION CONTROL AND ENERGY DISSIPATION

Erosion control and energy dissipation at the culvert outlets is recommended. To accomplish this energy
dissipation, WRC is recommending the use of a pre-formed rip-rap scour hole. Rip-rap sizing calculations
were performed based on the outlet splash pool equations contained in the Draft Washoe County
Hydrologic Criteria and Drainage Design Manual (Figure 822 and Equations 829 and 830) (WRC, 1996).

The results for each of the four culverts is contained in Appendix 4.

General design parameters for length, width, depth, rip-rap size, rip-rap thickness and general placement

are contained in Appendix 4.




CONCLUSIONS AND RECOMMENDATIONS

The HEC-RAS results show that the three sets of box culverts have a combined capacity of approximately
2,000 cfs at the elevation of the low point at Station 68+35. At an elevation of 4622.0, the three sets of
box culverts have a combined capacity of 2,600 cfs and approximately 100 cfs overtops that roadway with
a maximum depth at Station 68+35 of 0.8 feet. This roadway overtopping would be approximately 120
feet wide (Station 67 +90 to 69+ 00).

0°

~

The independent analyses using HY-8 confirmed the HEC-RAS resuits. Since approximately 20 to 30%
of the flow could potentially overtop the southern segment of the roadway, this segment of the roadway
has more than adequate hydraulic capacity. The flow should return to‘sheet flow conditions a short

distance downstream of the roadway.

The proposed condition hydraulic analysis causes a slight increase in the predicted water surface elevation
upstream of Wedge Parkway. The change in the 3,000 cfs floodplain is shown on a set of the plan and

profile sheets for Wedge Parkway contained in Appendix 4.

Erosion protection should be provided at the culvert outlets. Rip-rap sizing calculations have been

prepared for two different outlet splash pool depths and are contain in Appendix 5.

Washoe County is also recommending erosion protection of the roadway embankment where overtopping
is anticipated in a 3,000 cfs event. Since this is the western portion of the half street improvements, any
permanent measures on the eastern edge of the roadway would need to be removed at the time of
construction of the eastern half of the roadway. Based upon discussions with Washoe County and CFA,
several alternatives were identified for providing some degree of temporary protection of the proposed
improvements should an overtopping event occur. - One alternative was to widen the east shoulder in the
area where overtopping is possible to provide a buffer between the curb and the edge of fill. Another
alternative would be to place rip-rap on the east slope in these areas to minimize the overtopping erosion
potential. Because the depth is less than one foot, the duration is short, overtopping would only occur in
an extreme event and the other half street improvements will be constructed at a later date, WRC
recommends providing a minimum of a 10 foot shoulder behind the curb from Station 67+ 50 to 69+ 00

and from 53 +00 to 62+ 50.

10
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APPENDIX 2

Excerpts from Preliminary
Whites Creek Basin

Management Study
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B.

Updawdmeteomlogicalanalymmmmenﬂybeingpaformedasapmofme

- Washce County Flood Control Master Plan. Upon completion of the updated

meteomlogimlanalysesandﬂ:eirawepmnoebyWaéhoeCotmty,itmaybe
advantageouswrevisitmcadoptedSNGcfsvaluemdetexmineifamvisionis
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 esseatially four (4)
channels that traverse the lower Whites Creek watershed, uitimately 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. Themagnimdeofthedischargecollectedatsm’dlocaﬁon.

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

3. The existence of debris flow during a charactedstic flccd eveat.

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

During a 100-year flocd event, it is CBA’s opinion that, under existing
conditions, it is not possible to accurately predict the distribution of the total
diséhargethaxwmbeanowedm&chofthechannelsformingdownmmof
the Shadowridge Park area. Perhaps the most significant variable that limits the
predictability of the distribution is the potential occurrence of debris flow within
Whites Creek. Evidence of prior debris flows is readily identifiable in the field
andischamctexizedbynumemusresidmllargebouldersthathavebeen
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
available 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
proportional 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

-12-



are somewhat equitabiy allocated to-each o

'andasﬂmedxstﬁbunonshavebeenapohedtomedwgnofdommmdmmage

structures at I-S80.

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

Thesevalu&s 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
flocdplain 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 30CO 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 IGO-y&r eveat).
This conclusion was derived as foilows:

. 5100cfshasa1m100chanceofoccnrrmgat8hadowndge?ark(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.

e 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 2 1 in 100
chance for 3000 cfs to be delivered to any of the four (4) flow paths, or
a 100-year event.

CRA derived the 3CCO cfs value for the 25-year discharge at Shadowridge Park
by applying 25-year precipitation vaiues represented on available NOAA atlases

-13-



C.

to the HEC-1 model presented in the Whites Creek Detention Feasibility Study
for NDOT. Since the standard for flocdplain 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 availabie information, several problem areas or potential
problem areas were identified within the lower Whites Creek watershed in terms
of flooding potmmal associated with development projects and existing
infrastructure improvements. The following listing represents a preliminary
mennﬁmhonofpomnalpmblemlomuonsthatmaymcntﬁmhetmvmganon
as a part of future studies. It must be noted that CBA’s conclusions are aot
substantiated by detailed calculations, but have been based upon engineering
judgement; hence, the foilowing listing may not be complete and/or some of the
listed lccations may be determined to not have problems from a flood hazard or
mpacztyperspecuveupondoser mcredemﬂedexammauon.

1. Ex:stmgCnlvertsAlongU.S. 395 - All of the existing drainage structures
that drain Whites Creek flows are substantially inadequate to convey
distributed discharges underneath the roadway during a 10C-vear flocd
event. The existing highway will cause upstream ponding of stormwater
rmoff and, when ponded flocod waters reach sufficient levels, sheet
flooding across the highway will occur.

2. Old VYirginia Street Calverts - Inadequate drainage structures exist across
Cld 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 substantiaily 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 spiil northerly across the roadway. At the
intersection of Zolezzi Lane and U.S. 395, there is virtually no provision
for accommodating nmoff originating from Channel #2 (with some
spillover flow from Channel #3), and flocding of this intersection will
occur during 2 100-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 flocd and debds flow
hazard during a 10C-year floed event.

14



6.

3..

~

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

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

Existing Residential Structures South of Whites Creek Lane, West of
the Proposed Pine Tree Ranch Subdivision - Several of these structures
haveapotennalforﬂoodmgfmmChannels#Zand#SdunngalOO-yw
floocding event.

Wedge Parkway - WedgeParkwaymelevamd&om one o several feet
above existing grade and crosses the lower Whites Creek watershed
somewhat transversely to the direction of drainage flow. The newly
constructed segment of Wedge Parkway between the Mt. Rose Highway
and Whites Creek Lane will have 2 tendency to impound runoif 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
proportioned flow within Channel #4 be channelized and delivered to the
drainage structure as a part of the future development of Sterling Ranch.

1t should be reiterated that the above observations and conclusions of system
capacity problems are based upon preliminary investigations, only, and will
require further substantiation as additional mere detailed studies are
performed.



o QUALITA’ITVE EVALUATIONS OF FLOODING CONDITIONS

To date, floodpiain administration within the lower Whites Creek watershed has been
based primarily upon floodpiain 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, 1990). The floodprone areas depicted for the lower
Whites Creek watershed are represented as "Zone A" which indicates that they were
originally studied using approximate metheds only. Based upon CBA’s experience as a
Flood Insurance Study Contractor with FEMA, the degree of detail that would have been
inherent 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 flcodplains 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 wiil be
needed, which is outside the scope of the current study. Such an analysis will need to
include the following:

1. Refinement of the total 100-vear discharge vaiue of 5100 cfs for Whites Creek
at Shadcwridge 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 earfiest possible date in order
to suppiement 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
¢fs {or a revised number, if applicable) being delivered to any of the four (4)
downstream channels (see Section II.B.).

» Future conditions that would prevail if the flow distribution becomes fixed at
Shadowridge Park through the impiementation of structural measures or if the
overall flow in Whites Creek is attenuated through impilementation of other
upstream structural measures. '



As a part of this study, CBA performed a very prefiminary analysis to estimate the extent
and magnitude of flcoding that currently bas a poteatial of occurring within the lower
Whites Creek watershed during a 100-year storm event. This analysis utilized USGS
quad sheets, current aerial photographs, field investigations, the 1966 topographic
hypothetical flat cross sections of varying widths and siopes. Based on evaluations of
the above, it is CBA’s opinicn that, under existing conditions, much of the lower Whites
Creek watershed would be subject to *shallow sheet flocding” during a 100-year eveat.
Approximate flood zones and average 100-year flooding depths have been 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:

Minimal Flocding Potential, Average Depth Less Than 0.5 feet
Sheet flow, Average Depth = 0.5 feet

Sheet flow, Average Depth = 1 foot

Sheet flow, Average Depth Greater Than 1 foot

e & & @

The approximate floodprone areas have attempted to account for the impacts of the
construction of Wedge Parkway and I-580. In determining the shailow flcoding zones,
CBA assumed that a discharge of 30C0 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 flocding for the downstream areas within the lower watershed will be appreciably
reduced.
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APPENDIX 3

Whites Creek Branch 3

Hydraulic Analyses -
Pre-Project Condition
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WEDGE1.LST 3/5/98 Page 1
1
CURRENT DATE: 03-05-1998 FILE DATE: 03-05-1998
CURRENT TIME: 11:18:23 FILE NAME: WEDGEL
FHWA CULVERT ANALYSIS
HY-8, VERSION 6.0
c SITE DATA CULVERT SHAPE, MATERIAL, INLET
U
L INLET OUTLET CULVERT | BARRELS
v ELEV. ELEV. LENGTH SHAPE SPAN RISE MANNING INLET
NO. (ft) (ft) (ft) MATERIAL (ft) (ft) n TYPE
1 |4617.00 4616.25 82.00 4 RCB 8.00 3.00 .012 CONVENTIONAL
2
3
4
5
6
SUMMARY OF CULVERT FLOWS (cfs) FILE: WEDGE1l DATE: 03-05-1998
ELEV (ft) TOTAL 1 2 3 4 5 6 ROADWAY ITR
4617.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4618.34 150.0 150.0 0.0 0.0 0.0 0.0 0.0 0.00
4619.15 300.0 300.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4619.83 450.0 450.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4620.54 600.0 600.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4621.32 750.0 742.1 0.0 0.0 0.0 0.0 0.0 7.53 4
4621.48 800.0 769.4 0.0 0.0 0.0 0.0 0.0 27.56 4
4622.05 1050.0 855.7 0.0 0.0 0.0 0.0 0.0 192.51 4
4622.28 1200.0 889.1 0.0 0.0 0.0 0.0 0.0 308.88 4
4622 .47 1350.0 915.5 0.0 0.0 0.0 0.0 0.0 426.76 3
4622.65 1500.0 939.0 0.0 0.0 0.0 0.0 0.0 553.71 3
4621.16 715.5 715.5 0.0 0.0 0.0 0.0 0.0 OVERTOPPING
SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: WEDGE1L DATE: 03-05-1998
HEAD HEAD TOTAL FLOW % FLOW
ELEV (ft) ERROR (ft) FLOW (cfs) ERROR (cfs) ERROR
4617.00 0.000 0.00 0.00 0.00
4618.34 , 0.000 150.00 0.00 0.00
4619.15 0.000 300.00 0.00 0.00
4619.83 0.000 450.00 0.00 0.00
4620.54 0.000 600.00 0.00 0.00
4621.32 -0.001 750.00 0.42 0.06
4621.48 -0.006 800.00 3.04 0.38
4622.05 -0.002 1050.00 1.75 0.17
4622.28 -0.002 1200.00 1.98 0.17
4622 .47 -0.008 1350.00 7.75 0.57
4622.65 -0.006 1500.00 7.30 0.49
«1> TOLERANCE (ft) = 0.010 <2> TOLERANCE (%) = 1.000



WEDGE1 .LST 3/5/98 Page 2
2
CURRENT DATE: 03-05-1998 FILE DATE: 03-05-1998
CURRENT TIME: 11:18:23 FILE NAME: WEDGE1l
PERFORMANCE CURVE FOR CULVERT 1 - 4( 8.00 (ft) BY 3.00 (ft)) RCB
DIS- HEAD~ INLET OQOUTLET
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. QUTLET ™ OUTLET TW
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL.
(cfs) (ft) (fr) (£t) <F4> (£t} (£t) (ftr) (ft) (fps) (fps)
0.00 4617.00 0.00 -0.40 O-NP 0.00 0.00 0.00 0.35 0.00 0.00
150.00 4618.34 1.34 1.26 1f82n 0.61 0.88 0.62 1.24 7.53 5.14
300.00 4619.15 2.15 1.71 1-S2n 0.94 1.40 1.00 1.69 9.37 6.58
450.00 4619.83 2.83 2.25 1-82n 1.23 1.84 1.36 2.05 10.38 7.56
600.00 4620.54 3.54 2.90 1-82n 1.50 2.22 1.66 2.35 11.27 8.33
742 .06 4621.31 4.31 3.61 5-82n 1.73 2.56 1.95 2.62  11.88 8.97
769.40 4621.48 4 .48 3.76 5-82n 1.77 2.62 2.00 2.71 12.00 9.16
855.74 4622.04 5.04 4 .46 4-FFt 1.90 2.82 1.90 3.10 14.05 9.99
889.14 4622.28 5.28 4.84 4-FFt 1.95 2.89 1.85 3.31 14.21 10.42
915.49  4622.47 5.47 5.17 4-FFt 1.99 2.95 1.99 3.51 14.34 10.81
938.98 4622.64 5.64 5.49 4-FFt  2.03 3.00 2.03 3.70 14.45 11.17
El. inlet face invert 4617.00 ft El. outlet invert 4616.25 ft
El. inlet throat invert 0.00 ft El. inlet crest 0.00 ft

* %k kkk

* Kk kk

STITE DATA ***%x% (CULVERT INVERT ***xkkkhhkkhkik

INLET STATION 0.00 ft
INLET ELEVATION 4617.00 ft
OUTLET STATION 82.00 ft
OUTLET ELEVATION 4616.25 ft
NUMBER OF BARRELS 4

SLOPE (V/H) 0.0091
CULVERT LENGTH ALONG SLOPE 82.00 ft
CULVERT DATA SUMMARY **k%k#kkskkhhhhhohhhhrhhs
BARREL SHAPE BOX

BARREL SPAN 8.00 ft

BARREL RISE 3.00 ft

BARREL MATERIAL CONCRETE

BARREL MANNING'S n 0.012

INLET TYPE CONVENTIONAL

INLET EDGE AND WALL
INLET DEPRESSION

SQUARE EDGE (30-75 DEG. FLARE)
NONE
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CURRENT DATE: 03-05-1298 FILE DATE: 03-05-1998
CURRENT TIME: 11:18:23 FILE NAME: WEDGEL
TAILWATER

**%%%%% REGULAR CHANNEL CROSS SECTION **%%%#kkk¥xix 4%k
BOTTOM WIDTH

**kxx**% UNIFORM FLOW RATING CURVE FOR DOWNSTREAM CHANNEL

SIDE SLOPE H/V

(X:1)

CHANNEL SLOPE V/H (ft/ft)
MANNING'S n (.01-0.1)
CHANNEL INVERT ELEVATION
CULVERT NO.1 OUTLET. INVERT ELEVATION

FLOW
(cfs)
0.
150.
300.
450.
600.
750.
800.
1050.
1200.
1350.
1500.

00
00
00
00
00
00
00
00
00
00
00

W.S.E. FROUDE

(ft) NUMBER
4616.60 0.000
4617.49 0.958
4617.94 1.001
4618.30 1.023
4618.60 1.038
4618.87 1.048
4618.96 1.051
4619.35 1.062
4619.56 1.067
4619.76 1.072
4619.95 1.076

DEPTH
(ft)

0.
.89
.34
.70
.00
.27
.36
.75
.96
.16
.35

WWRDONNDNDEFRFO

00

VEL.
(£/s)

0.00
5.14
6.58
7.56
8.33
8.97
9.16
9.99
10.42
10.81
11.17

3.0
0.025
0.040

SHEAR
(psf)
0.00
.39
.09
.65
.12
.54
.68
.29
.62
.93
.23

N WWWN N

30.00 ft

4616.60 ft
4616.25 ft

ROADWAY OVERTOPPING DATA

kkkk*k

ROADWAY SURFACE
EMBANKMENT TOP WIDTH
USER DEFINED ROADWAY PROFILE
CROSS-SECTION
COORD. NO.

e

H OWoO-IA U WP

2882
2883
2900
2929

2951.
2964.
2997.
3029.

3053

3070.
3129.

X
ft
.90
.00
.00
.00
00
00
00
00
.00
00
00

4623.
4622.
4622.
4621.
4621.
4621.
4621.
4621.
4622.
4622.
.64

4623

Y

ft
02
52
18
58
20
16
20
85
40
80

PAVED
20.00 ft
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l CURRENT DATE: 03-05-1998 FILE DATE: 03-05-1998
CURRENT TIME: 11:23:44 FILE NAME: WEDGE2
l FHWA CULVERT ANALYSIS
HY-8, VERSION 6.0
. c SITE DATA CULVERT SHAPE, MATERIAL, INLET
U
L INLET OUTLET CULVERT | BARRELS
l v ELEV. ELEV. LENGTH SHAPE SPAN RISE MANNING  INLET
NO.| (ft) (ft) (ft) MATERIAL (ft) (ft) n TYPE
1 |4617.50 4616.50 63.01 | 3 RCB 10.00 6.00 .012 CONVENTIONAL
2
1
4
5
l 6
' SUMMARY OF CULVERT FLOWS (cfs) FILE: WEDGE2 DATE: 03-05-1998
ELEV (ft)  TOTAL 1 2 3 4 5 6 ROADWAY ITR
l 4617.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4619.98 150.0  150.0 0.0 0.0 0.0 0.0 0.0 0.00
4620.30 300.0 300.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4620.60 450.0  450.0 0.0 0.0 0.0 0.0 0.0 0.00 1
' 4621.03 600.0  600.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4621.48 750.0  718.3 0.0 0.0 0.0 0.0 0.0 27.87 4
4621.60 800.0  748.2 0.0 0.0 0.0 0.0 0.0 49.12 4
4622.02 1050.0 866.2 0.0 0.0 0.0 0.0 0.0 181.50 4
4622.21  1200.0  920.7 0.0 0.0 0.0 0.0 0.0 270.66 3
4622.39 1350.0 970.8 0.0 0.0 0.0 0.0 0.0 370.40 3
4622.54 1500.0 1016.3 0.0 0.0 0.0 0.0 0.0 476.65 3
l 4621.16 634.3  634.3 0.0 0.0 0.0 0.0 0.0 OVERTOPPING
l SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: WEDGE2 DATE: 03-05-1998
HEAD HEAD TOTAL FLOW % FLOW
' ELEV (ft) ERROR (ft) FLOW (cfs) ERROR (cfs) ERROR
4617.50 0.000 0.00 0.00 0.00
4619.98 0.000 150.00 0.00 0.00
4620.30 0.000 300.00 0.00 0.00
' 4620.60 0.000 450.00 0.00 0.00
4621.03 0.000 600.00 0.00 0.00
4621.48 -0.007 750.00 3.78 0.50
. 4621.60 -0.004 800.00 2.66 0.33
4622.02 -0.003 1050.00 2.33 0.22
4622.21 -0.008 1200.00 8.61 0.72
4622.39 -0.008 1350.00 8.78 0.65
l 4622.54 -0.006 1500.00 7.07 0.47
' <1> TOLERANCE (ft) = 0.010 <2> TOLERANCE (%) = 1.000
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CURRENT DATE: 03-05-1998 FILE DATE: 03-05-1998
CURRENT TIME: 11:23:44 FILE NAME: WEDGE2
PERFORMANCE CURVE FOR CULVERT 1 - 3( 10.00 (ft) BY 6.00 (ft)) RCB
DIS- HEAD- INLET OUTLET
CHARGE WATER CONTROL CONTROL FLOW NORMAI, CRIT. OUTLET TW OUTLET TW
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL.
{(cfs) (ft) (ft) (ft) <F4> (ft) (£t) (£t) (ft) (£ps) (fps)
0.00 4617.50 0.00 -1.00 O-NF 0.00 0.00 0.00 ~0.50 0.00 0.00
150.00 4619.98 1.39 2.48 1-S2n 0.48 0.92 0.56 0.39 8.92 5.14
300.00 4620.30 2.21 2.80 1-8S2n 0.79 1.46 0.93 0.84 10.76 6.58
450.00 4620.60 2.89 3.10 1-S2n 1.03 1.92 1.26 1.20 11.89 7.56
600.00 4621.03 3.53 3.42 1-8S2n 1.26 2.32 1.58 1.50 12.65 8.33
718.35 4621.49 3.99 3.68 1-S2n 1.41 2.62 1.81 1.77 13.25 8.97
748.23 4621.60 4.10 3.75 1-S8S2n 1.45 2.69 1.87 1.86 13.34 9.16
866.17 4622.03 4 .53 4.03 1-82n 1.60 2.96 2.06 2.25 13.98 9.99
920.73 48622.22 4.72 4.16 1-S2n 1.67 3.09 2.19 2.46 14.03 10.42
970.82 4622.39 4.89 4.28 1-S82n 1.74 3.20 2.28 2.66 14.20 10.81
1016.28 4622.55 5.05 4.40 1-S2n 1.80 3.30 2.36 2.85 14.37 11.17
El. inlet face invert 4617.50 ft El. outlet invert 4616.50 ft
El. inlet throat invert 0.00 ft El. inlet crest 0.00 ft

* Kk kkk

* %k k ok

SITE DATA ***%% CULVERT INVERT *%***kkkkkddkk%

INLET STATION 0.00 ft
INLET ELEVATION 4617.50 ft
OUTLET STATION 63.00 ft
OUTLET ELEVATION 4616.50 ft
NUMBER OF BARRELS 3

SLOPE (V/H) 0.0159
CULVERT LENGTH ALONG SLOPE 63.01 ft
CULVERT DATA SUMMARY **kkdkkkdktkhrbhdkhhkrktx
BARREL SHAPE BOX

BARREL SPAN 10.00 ft

BARREL RISE 6.00 ft

BARREL MATERIAL CONCRETE

BARREL MANNING'S n 0.012
INLET TYPE
INLET EDGE AND WALL SQUARE EDGE (30-75 DEG. FLARE)

INLET DEPRESSION

CONVENTIONAL

NONE
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CURRENT DATE: 03-05-1998 FILE DATE: 03-05-1998
CURRENT TIME: 11:23:44 FILE NAME: WEDGE2
TAILWATER

khkkkkk*k

*kkhkkhkhkkk

BOTTOM WIDTH

SIDE SLOPE H/V (X:1)

CHANNEL SLOPE V/H (ft/ft)
MANNING'S n
CHANNEL INVERT ELEVATION

CULVERT NO.1 CUTLET INVERT ELEVATION

FLOW

(cfs)
0.
150.
300.
450.
600.
750.
800.

1050
1200
1350
1500

-

00
00
01¢)
00
00
00
00
00
00
00
00

(.01-0.1)

W.S.E. FROUDE DE

(fr) NUMBER (
4616.00 0.000 0
4616.89 0.958 0
4617.34 1.001 1
4617.70 1.023 1
4618.00 1.038 2
4618.27 1.048 2
4618.36 1.051 2
4618.75 1.062 2
4618.96 1.067 2
4619.16 1.072 3
4619.35 1.076 3

PTH
ft)

.00
.89
.34
.70
.00
.27
.36
.75
.96
.16
.35

VEL.
(f/s)

.00
.14
.58
.56
.33
.97
.16
.99
.42
.81
.17

30

3.
0.
0.

4616.
4616.

REGULAR CHANNEL CROSS SECTION ***#**kkxdkkdkixrx

00 ft

0
0
0

25
40

00 ft

UNIFORM FLOW RATING CURVE FOR DOWNSTREAM CHANNEL

SHEAR
(pstf)
.00
.39
.09
.65
.12
.54
.68
.29
.62
.93
.23

VDB WWWON RO

50 ft

ROADWAY OVERTOPPING DATA

* *k**x

ROADWAY SURFACE
EMBANKMENT TOP WIDTH

USER DEFINED ROADWAY PROFILE
CROSS-SECTION
COORD. NO.

el

HOWo JOoUd WK

X

2883

2964

ft
2882.
.00
29200.
2929.
2951.
.00
2997.
3029.
3053.
3070.
3129.

90

00
00
00

00
00
00
00
00

4623.
4622.
4622,
4621.
4621.
4621.
4621.
4621.
4622.
4622.

4623

Y

ft
02
52
18
58
20
16
20
85
40
80
.64

PAVED
20.00 ft
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1
CURRENT DATE: 03-05-1998 FILE DATE: 03-05-1998
CURRENT TIME: 11:26:26 FILE NAME: WEDGE3
FHWA CULVERT ANALYSIS
HY-8, VERSION 6.0
c SITE DATA CULVERT SHAPE, MATERIAL, INLET
g
L INLET OUTLET CULVERT BARRELS
v ELEV. ELEV. LENGTH SHAPE SPAN RISE MANNING INLET
NO. (ft) (ft) (ft) MATERIAL (ft) (fr) n TYPE
1 ]4617.50 4616.50 60.01 3 RCB 10.00 6.00 .012 CONVENTIONAL
2
3
4
5
6
SUMMARY OF CULVERT FLOWS (cfs) FILE: WEDGE3 DATE: 03-05-1998
ELEV (ft) TOTAL 1 2 3 4 5 6 ROADWAY ITR
4617.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4619.83 80.0 90.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4620.04 180.0 180.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4620.23 270.0 270.0 0.0 0.0 0.0 0.0 6.0 0.00 1
4620.42 360.0 360.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4620.50 400.0 400.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4620.79 540.0 540.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4621.15 630.0 630.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4621.49 720.0 720.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4621.82 810.0 810.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4622.14 900.0 900.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4623.60 1323.6 1323.6 0.0 0.0 0.0 0.0 0.0 OVERTOPPING
SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: WEDGE3 DATE: 03-05-1998
HEAD HEAD TOTAL FLOW % FLOW
ELEV (ft) ERROR (ft) FLOW (cfs) ERROR (cfs) ERROR
4617.50 0.000 0.00 0.00 0.00
4619.83 0.000 90.00 0.00 0.00
4620.04 0.000 180.00 0.00 0.00
4620.23 0.000 270.00 0.00 0.00
4620.42 0.000 360.00 0.00 0.00
4620.50 0.000 400.00 0.00 0.00
4620.79 0.000 540.00 0.00 0.00
4621.15 0.0600 630.00 0.00 0.00
4621.49 0.000 720.00 0.00 0.00
4621.82 0.000 810.00 0.00 0.00
4622.14 0.000 900¢.00 0.00 0.00
<l> TOLERANCE (ft) = 0.010 <2> TOLERANCE (%) = 1.000
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CURRENT DATE: 03-05-1998 FILE DATE: 03-05-19598
CURRENT TIME: 11:26:26 FILE NAME: WEDGE3
PERFORMANCE CURVE FOR CULVERT 1 -~ 3( 10.00 (ft) BY 6.00 (ft)) RCB
DIS- HEAD- INLET OUTLET
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET ™ QUTLET ™
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL.
(cEs) (£t) (Er) (ft) <F4> (£t) (ft) (ft) (ft) (fps) (fps)
0.00 4617.50 0.00 -1.00 O-NF 0.00 0.00 0.00 -0.50 0.00 0.00
90.00 4619.83 0.99 2.33 1-82n 0.28 0.66 0.39 0.16 7.71 4.26
180.00 4620.04 1.57 2.54 1-82n 0.57 1.04 0.63 0.49 9.53 5.49
270.00 4620.23 2.06 2.73 1-82n 0.73 1.36 0.85 0.76 10.56 6.34
360.00 4620.42 2.49 2.92 1-82n 0.87 1.65 1.06 0.99 11.31 7.01
400.00 4620.50 2.67 3.00 1-S2n 0.94 1.77 1.15 1.08 11.62 7.26
540.00 4620.79 3.28 3.29 1-82n 1.16 2.16 1.44 1.38 12.48 8.04
630.00 4621.15 3.65 3.49 1-S2n 1.28 2.40 1.63 1.56 12.90 8.47
720.00 4621.49 3.99 3.69 1-82n 1.39 2.62 1.80 1.72 13.33 8.85
810.00 4621.82 4 .32 3.89 1-S2n 1.51 2.84 1.98 1.87 13.67 9.19
900.00 4622.14 4 .64 4.11 1-S2n 1.62 3.04 2.14 2.02 14.01 9.51
El. inlet face invert 4617.50 ft El. outlet invert 4616.50 ft
El. inlet throat invert 0.00 ft El. inlet crest 0.00 ft

*kkkk

* k¥ kh*k

SITE DATA *+*%***% CULVERT INVERT **#**kkikkikkik

INLET STATION 0.00 ft
INLET ELEVATION 4617.50 ft
OUTLET STATION 60.00 ft
OUTLET ELEVATION 4616.50 ft
NUMBER OF BARRELS 3

SLOPE (V/H) 0.0167
CULVERT LENGTH ALONG SLOPE 60.01 ft
CULVERT DATA SUMMARY ***kkkkkkkhxxkhrasskdkhrs
BARREL SHAPE BOX

BARREL SPAN 10.00 ft

BARREL RISE 6.00 ft

BARREL MATERIAL CONCRETE

BARREL MANNING'S 1 0.012

INLET TYPE
INLET EDGE AND WALL SQUARE EDGE (30-75 DEG. FLARE)

INLET DEPRESSION

CONVENTIONAL

NONE




1
CURRENT DATE: 12-16-1997 FILE DATE: 12-16-1997
CURRENT TIME: 11:35:08 FILE NAME: WEDGE4
FHWA CULVERT ANALYSIS
HY-§, VERSION 6.0
C SITE DATA CULVERT SHAPE, MATERIAL, INLET
U
L INLET OUTLET CULVERT BARRELS
v ELEV. ELEV. LENGTH SHAPE SPAN RISE MANNING INLET
NO. (ft) (£t) (fr) MATERIAL (Et) (fr) n TYPE
1 |4629.00 4627.80 55.01 1 RCP 1.50 1.50 .012 CONVENTIONAL
2
3
4
5
6
SUMMARY OF CULVERT FLOWS (cfs) FILE: WEDGE4 DATE: 12-16-1997
ELEV (ft) TOTAL 1 2 3 4 5 6. ROADWAY ITR
4629.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 1
4632.23 50.0 12.0 0.0 0.0 0.0 0.0 0.0 37.87 7
4632.76 100.0 13.6 0.0 0.0 0.0 0.0 0.0 85.99 3
4633.20 150.0 14.8 0.0 0.0 0.0 0.0 0.0 134.83 3
4633.59 200.0 15.8 0.0 0.0 0.0 0.0 0.0 183.92 3
4633.95 250.0 16.7 0.0 0.0 0.0 0.0 0.0 233.04 3
4634.29 300.0 17.3 0.0 0.0 0.0 0.0 0.0 282.41 3
4634 .59 350.0 17.6 0.0 0.0 0.0 0.0 0.0 332.19 3
4634 .89 400.0 18.0 0.0 0.0 0.0 0.0 0.0 381.81 3
4635.17 450.0 18.4 0.0 0.0 0.0 0.0 0.0 431.48 3
4635.44 500.0 18.7 0.0 0.0 0.0 0.0 0.0 481.18 2
4631.50 9.4 9.4 0.0 0.0 0.0 0.0 0.0 OVERTOPPING
SUMMARY OF ITERATIVE SQOLUTION ERRORS FILE: WEDGE4 DATE: 12-16-1997
HEAD HEAD TOTAL FLOW % FLOW
ELEV (ft) ERROR (ft) FLOW (cfs) ERROR (cfs) ERROR
4629.00 0.000 0.00 0.00 0.00
4632.23 -0.007 50.00 0.12 0.24
4632.76 -0.003 100.00 0.39 0.39
4633.20 -0.002 150.00 0.33 0.22
4633.59 -0.002 200.00 0.26 0.13
4633.95 ~-0.002 250.00 0.30 0.12
4634.29 -0.002 300.400 0.31 0.10
4634 .59 -0.001 350.00 0.16 0.05
4634.89 -0.001 400.00 0.17 0.04
4635.17 -0.00% 450.00 0.15 0.03
4635.44 0.000 500.00 0.10 0.02
<l> TOLERANCE (ft) = 0.010 <«2> TOLERANCE (%) = 1.000
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CURRENT DATE: 12-16-1997 FILE DATE
CURRENT TIME: 11:35:08 FILE NAME

12-16-1997
WEDGE4

PERFORMANCE CURVE FOR CULVERT 1 - 1( 1.50 (ft) BY 1.50 {(ft)) RCP

DIS- HEAD- INLET OUTLET
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRIT. OUTLET ™ OUTLET ™
FLOW ELEV. DEPTH DEPTH TYPE DEPTH DEPTH DEPTH DEPTH VEL. VEL.

(cfs) (f£t) (£t) (£t) <F4> (£r) (fr) (ft) (Et) - (fps) (fps)

0.00 4629.00 0.00 -1.20 O-NF 0.00 0.00 0.00 0.00 0.00 0.00
12.00 4631.81 2.81 1.89 5-82n 0.94 1.31 0.99 1.21 9.77 4.49
13.62 4632.34 3.34 2.58 4-FFt 1.02 1.38 1.02 1.61 10.60 5.34
14.83 4632.78 3.78 3.27 4-FFt 1.10 1.43 1.10 1.90 10.69 5.92
15.83 4633.17 4.17 3.86 4-FFt 1.16 1.48 1.16 2.13 10.81 6.36
16.66 4633.52 4.52 4.37 4-FFt 1.22 1.5¢ 1.22 2.33 10.80 6.73
17.28 4633.79 4.79 4.79 4-FFt 1.28 1.50 1.50 2.50 9.78 7.04
17.65 4634.10 4.96 5.10 4-FFt 1.32 1.50 1.50 2.66 9.99 7.32
18.02 4634.40 5.12 5.40 4-FFt 1.50 1.50 1.50 2.81 10.20 7.57
18.38 4634.68 5.29 5.68 4-FFt 1.50 1.50 1.50 2.94 10.40 7.80
18.72 4634.96 5.45 5.96 4-FFt 1.50 1.50 1.50 3.06 10.59 8.00

El. inlet face invert 4629.00 ft El. outlet invert 4627.80 ft
El. inlet throat invert 0.00 ft El. inlet crest 0.00 ft

*xx%% SITE DATA ***** CULVERT INVERT **kkkihhkdhskdkhs

INLET STATION 0.00 £t

INLET ELEVATION 4629.00 ft

OUTLET STATION 55.00 ft

OUTLET ELEVATION 4627.80 ft

NUMBER OF BARRELS . 1

SLOPE (V/H) 0.0218

CULVERT LENGTH ALONG SLOPE 55.01 ft
kkkk*k CULVERT DATA SLTWARY LR R SR LR E RS R R L LR EEE SRR E R

BARREL SHAPE CIRCULAR

BARREL DIAMETER 1.50 ft

BARREL MATERIAL CONCRETE

BARREL MANNING'S n 0.012

INLET TYPE CONVENTIONAL

INLET EDGE AND WALL SQUARE EDGE WITH HEADWALL

INLET DEPRESSION NONE
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CURRENT DATE: 12-16-1997 FILE DATE: 12-16-1997
CURRENT TIME: 11:35:08 FILE NAME: WEDGE4

TAILWATER

*#*x%xx%% REGULAR CHANNEL CROSS SECTION *********&skxit%

BOTTOM WIDTH 2.00 ft
SIDE SLOPE H/V (X:1) 6.0
CHANNEL SLOPE V/H (ft/ft) 0.025
MANNING'S n (.01-0.1) 0.040
CHANNEL INVERT ELEVATION 4627.80 ft

CULVERT NO.1 OUTLET INVERT ELEVATION 4627.80 ft

*x*xx*%* UNIFORM FLOW RATING CURVE FOR DOWNSTREAM CHANNEL

FLOW W.S.E. FROUDE DEPTH VEL. SHEAR
(cEs) (£t) NUMBER (fr) (£/s) (pst)
0.00 4627.80 0.000 0.00 0.00 0.00
50.00 4629.01 0.720 1.21 4.49 1.88
100.00 4629.41 0.743 1.61 5.34 2.51
150.00 4629.69 0.757 1.90 5.92 2.96
200.00 4629.93 0.768 2.13 6.36 3.32
250.00 4630.13 0.777 2.33 6.73 3.63
300.00 4630.30 0.784 2.50 7.04 3.90
350.00 4630.46 0.791 2.66 7.32 4.15
400.00 4630.60 0.796 2.81 7.57 4.38
450.00 4630.74 0.801 2.94 7.80 4.59
500.00 4630.86 0.806 3.06 8.00 4.78
ROADWAY OVERTOPPING DATA
ROADWAY SURFACE PAVED
EMBANKMENT TOP WIDTH 20.00 £t
CREST LENGTH 20.00 £t
OVERTOPPING CREST ELEVATION 4631.50 ft
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VERTICAL

2. 7 SHALL BE THE CONTRACTOR'S RESPONSIBILITY
THESE LOCATIONS AND/OR ELEVATIONS AT THE: PI
POINTS OF CONNECTION AND.IN AREAS

OF POSSIBLE CONFUCT
LD THE

PRIOR TO

G o Vo -
2, : ‘d\ ; CURVE TABLE O [ L a
= 1 A iNG.:. DELTA RADIUS LENGTH - TANGENT . :

b 3 £ e i opayor . 77150 172,69 56.44° |
o] P Pt 2 | 840629 60.00" 88.08" 5403
- = I g 3 155418 400.00° 111.03° 55.88' |
'd - @ e 478 5 (& osos3g_ | 83150 | 8843 44267
FLOOD PLAIN LIMIT MODIFICATIONS RESULTING V4 = :? oz 515' & A\ g g 4 5 spovor 6000 9428 5001 ]
FROM PROPOSED IMPROVEMENTS BASED ON A N P A T EFFLUENT & WATER CURVE TABLE O
rr— {7 O 5 Ha i s NO.  DELTA RADIUS | LENGTH | TANGENT
FLOOD PLAIN DESIGN DISCHARGE OF 3000 CFS Ofy e F s ] S B L. SUI00T BO00 | THZ5T . 39752 g
h(lbl' b sl 2 Hmd . 2 | 503901 | 85000 | 751.41° | 402.25° 2
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CAUTION — NOTICE TO CONTRACTOR 3198
-0l
3. THE CONTRACTOR 1S SPECIFICALLY CAUTIONED THAT THE mg“.f
LOCATION AND/OR ELEVARION OF EXISTING UTILITIES AND S-igs
FEATURES AS SHOWN ON THESE PLANS IS GASED ON THE § a
BEST INFORMATION AVAILABLE 70D YHE ENGINEER. THE
INFORMATION 1S NOT 10 BE RELIED ON AS BEING EXACT OR & |E8
COMPLETE. gz
;
70 VERIFY 23
<9
on
w o
=g

CR FIND ANY DISCREPANCIES BETWEEN THE
3 EXISTING IN THE FIELD AND THE INFORMATION
SHOWN ON D S, HE SHALL NOTIFY THE ENGINEER
BEFORE PROCEEDING WITH

L0V, PT. ELEV=4821.14.
KLY A b

LOW- BT STA=6B+40.85

3. 1 SHALL BE THE RESPONSIBIITY OF THE CONTRACTOR 10
NEWEORRELO;:"ATLEALLDGSHNG U?UHSMDFEANRS

ED
ON THE PLANS. CONVRACTOR SHALL OBTAIN APPROVALS
T G AGENCIES, ‘THE ENGINEER, AND THE UTIUTY
COMPANIES PRIOR TO SUCH REMOVAL AND/OR RELOCATON.
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APPENDIX 5

Rip-Rap Sizing
Calculations
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S wers  leum g Az
[7+33 8o 7' 5" )3
65+7%5 4o’ j2' 20" .o
L3137 J0 12 30 .2
, A4 N 'ﬂ
A f A

PREFORMED SCOUR HOLE

{1 on 3 \§ﬁ

.

PLAN VIEW

1
Do VARIES
b | 3 ; 3

| 1 y 1 e

T

il VERSION: 00-00-0000 |REFERENCE: aAscE, 1975

| WRC NGNEERNG e

FIGURE
822




WRC FORM #68N 10/97R

(
by WRONEADA pe

1575 DELUCCHI LANE, SUITE 207A
RENO, NEVADA 89502

PHONE NO. (702) 332-3737

FAX NO. (702) 332-3740

sheer _/_or )
Preruips

e > /€ 8

DATE _ / /
DATE___/__/__

JOB NUMBER:_220 8
J08 Name:_WEpLE
caic. B HE~

CHKD. BY:
REV. BY:

SUBJECT: _ WEHE

Z?LAKM//M Qc‘ztx—f purity  PaorEcrion

§ : : i

,,,,,

{‘,F/a:z/ﬂé 822 M/z: /VWML}

AVA‘fAﬂ %ﬂ

H‘/B Aﬂaws/g |

wn""

(W wres_ Mf ,2’43)\\

g
7

o

=

v | N — e —

X U KENED

| e———

: ‘ BOLE
2(2,) e




WRC FORM #68N 10/97R

s

M\Xﬂc NEVADA, e

1575 DELUCCH! LANE, SUITE 207A
RENO, NEVADA 89502

PHONE NO. (702) 332-3737

FAX NO.  (702) 332-3740

JOB NAME:

JOB NUMBER: }009 SHEET_OF__J

Wepce  Becipy

CALC. BY: /’/é/ paTE 3/ 4 /78

CHKD. BY:
REV. BY:

DATE / /
DATE__/__ /___

SUBJECT: ML_ML‘/ML ULy dfesr—

P8 1BcsAp/

\IN

L9733

;Eﬂ” ﬁ ARB 727

-
B
A
3

R,

Ebupze,

A
N

15’5;

)

(e 2
/

=Y.
Y sk:

e \m>

W

vy

st

)
S?/
o
~
™
N |\

X

g\
Lo

N

\

N :

LA I}
I
1}
RS
O

A\

u
A
L\
N

RS
A\
W
B“A
e
~

N
13

-

NG

=~
T

S

I \

TaS
1R
AN

AT




WRC FORM #68N 10/97R

r
T WRC NEVADA. NC.
/\/\_/\______/\ NS/

1575 DELUCCHI LANE, SUITE 207A
RENO, NEVADA 88502

PHONE NO. (702) 332-3737

FAX NO. (702) 332-3740

JOB NUMBER: ;909
0B NAME:_WEDLE Pty

sHeeT _/ oF

~

HE~

CALC. BY:

CHKD. BY:
REV. BY:

DATE
DATE

oare > /€ 78

S/
—

SUBJECT:

WELLE Pockohy wedieT Durter Dortcrion

L_pwf/m./ :

‘ /;m,ui

7 r?’a

*-@/w : P”‘)

67"’5

HO0

L Fumr)

(,F/Mz: gzz wa /m/m

5/:#5

W, = HT

M@.LME_;M, ch)\\

o I g,ﬂ

v ;‘:\9‘ 5 7';/,5,(5,\150




WRC FORM #68N 10/97R

4 JOB NUMBER: SHEET __OF___)

‘WWP\C NE_—\Q\DA,lif. JOB NAME:

1575 DELUCCHI LANE, SUITE 207A CALC. BY: DATE__/__ /___

RENO, NEVADA 89502 .
PHONE NO. (702) 332-3737 CHKD. BY: DATE __./ S / —

FAX NO.  (702) 332-3740 REV. BY: DATE__/__ /
SUBJECT:

EP RAp  220b = Zhne, 57/%
r ‘ -) b ;'I » S N
IR 1= o /2 EQ, 27
; | ‘ N q/o » /
dg» = 10.0125 (R) 7 K-382 45
NLA) T=72

N

Y
M

g/, IR __[2°5 /{; /38

.

!
J SO SOV ANt NS
p

\
N
‘
i
et
AT
S
™

S
N
Ny

~C

N

Npet”
L\

S

N

)
O
-
o

R

~
X
=
N
N
=
N
S
S
IN
Iy,

5, 5495

N

N

D

.

R

Al
A




WRC FORM #68N 10/97R

(

1575 DELUCCHI LANE, SUITE 207A
RENO, NEVADA 89502

PHONE NO. (702) 332-3737

FAX NO.  (702) 332-3740

‘M\/\/\AWENEVADA’ IL

JOB NUMBER: 2—«’30 g SHEET _[_OFQ
s08 N WEDLE  [rerulty

HEA DATE 2 / 6 78
DATE _/ /
DATE__ /]

CALC. BY:

CHKD. BY:
REV. BY:

SUBJECT: ELLE

Toekohy  {acdied purier PaorEcgin

g A ]
.Lc%//i‘f/ﬂ/d L Tl

bﬁf%/ :;§ 

/66/3

hze. EI RN

/0~

.~_~;¢M } 2)/50 C-vzf

!

%/ﬁ?m: | »oa a/, Fawr)

:L',

%JD_@L; Z ?7::«;‘5

Juu Bsm Z

&i:&ﬁf&_é_m; G

(Fizqes 877 WE Jighin)

r[’e@ 5» 27/7




WRC FORM #68N 10/97R

é ‘ JOB NUMBER: SHEET_.__OF____\
Mﬁc NEVADA, NC JOB NAME:
ANAN A= =
1575 DELUCCHI LANE, SUITE 207A CALC. BY: DATE __ /__ /__
RENO, NEVADA 89502 ,
PHONE NO. (702) 332-3737 CHKD. BY: DATE_ /_/__
FAX NO. (702) 332-3740 REV. BY: DATE __/_ /_
SUBJECT:
1P- KaP . 212/M6 T (7R 6 o157
T v, . [ Y A \ , ]
bor oo Velo  (E§ 6277) ,
= - / A
| B} [ NS (=287 o1
b Doz () DA A
P //H n ?J(/I” CESREEN
/&U (/ e 1 A
VY
f ~N ‘y//'
= 0.0125 ((£257) "
,/(— s /. Fo N >
[ )
] el . /' z
Chd




by

RELATIVE DEPTH OF SCOUR HOLE

Ye

97

, DESIGN DISCHARGE - Q
CULVERT BRINK Vave * WETTED AREA AT BRINK OF CULVERT

dsg = THE MEDIAN SIZE OF ROCK
BY WEIGHT. ROUNDED ROCK
OR ANGULAR ROCK.

Ye = EQUIVALENT BRINK DEPTH ‘
= BRINK DEPTH FOR BOX CULVERT

g(.é 2 FOR NON-RECTANGULAR
& section 2 SECTIONS
h:
NOTE: 2 < —— _ 4
i dso
Tw
,F ?;— > 0.78

- RIPRAP MAY BE REQUIRED
ON BANKS AND CHANNEL
BOTTOM DOWNSTREAM
FROM BASIN — SEE DESIGN
EXAMPLE IN TEXT.

vave

NUMBER =
FROUDE Via2.2)(v,)

pYR CE [ HWE  HEC-1y ";,/mg,gl/wc Funt of Bty Dessrmmcs,

UL LALUELTS Ao Copplins b JTES.

FIGURE X1-2. RELATIVE DEPTH OF SCOUR HOLE VERSUS FROUDE NUMBER AT BRINK OF

CULVERT WITH RELATIVE SIZE OF RIPRAP AS A THIRD VARIABLE
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