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I. INTRODUCTION

The drainage basin under study is part of the Paradise Pond Watershed.
A master plan hydrologic analysis of the Paradise Pond Watershed was
prepared for the City of Reno in August, 1986. The master plan
addressed watershed problems and needs, and recommended improvement

alternatives.

This study was undertaken under the authority of the city of Reno for
the purpose of providing analysis and design services to address a
subbasin within the Paradise Pond drainage area, specifically, the’
Manogue High School Union Pacific Railroad - Evans Avenue - Reno
Rendering Plant drainage basin. The need for this study was prompted
by the proposed replacement of Union Pacific Railroad's culverts above
Manogue High School with larger pipes, which could intensify the
critical flooding problems currently being experienced by Manogue High
School. It is the City's intent that the entities affected by the
various flooding problems within the study area cooperate in the
construction of flood control improvements, with the purpose of this
study being to determine the most cost effective improvements

alternative to relieve the existing flooding problems.

The project scope includes providing a detailed study of the subject
subbasin in order to formulate recommendations for flood control
improvements. This involved the collection and review of existing
information, hydrologic analysis of the basin using the U.S. Army Corps
of Engineers HEC-1 Flood Hydrograph package computer program, selection
of possible detention basin sites, scils investigations at the possible
detention basin sites, and routing analysis along the flood route.
Opinion of probable construction costs were developed for selected
alternatives along with the analysis of the various retention and
routing combinations in 1light of degree of protection, and

constructability of the improvements.




II. EXISTING DRAINAGE PATTERNS

A review of the existing drainage basin hydrology, the existing flood
control improvements, and the current land ownership, was made to form
a basis for the flood control improvement needs for the study area and
the feasibility of constructing such improvements.

@ Study Area

The Evans Avenue Drainage Basin is located in the northeastern
portion of Reno, Washoe County, Nevada. The drainage basin covers
2.81 square miles in Sections 23-24, 26-27, 34-36, of T20N, R19E;
Sections 1 and 2 of T19N, RI19E, M.D.B.&M. (see Plate No. 1.,
wyicinity Map")

The drainage basin generally slopes in a southeasterly direction.
The elevation varies from 5,455 feet at the basin's upper reach to
4,500 feet at the Reno Rendering Plant and to a water surface

elevation of approximately 4,438 feet at Paradise Pond.

Development within the basin varies from sparsely developed in the
upper reaches north of our Mother of Sorrows Cemetery to highly
developed with high density residential properties east of the
Reno Rendering Plant and industrial development along Parr

Boulevard.

The soils in the Evans Avenue Drainage Basin typically have a high
percentage of clay. The Soil Conservation Service places this
type of soil under its Hydrologic Soil Classification "D", which
is soil with very low permeability or capacity to retain water and
thus a high runoff rate. The vegetative cover in the undeveloped
areas is predominately sparse to noderately dense éagebrush.
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] Existing Facilities

All drainage for the undeveloped upper reaches of the basin
bordering Panther Valley is served by Nevada Department of
Transportation (NDOT) designed culverts under Interstate 80 (I-
80). NDOT design standards call for 100-year return period storm
capacity.

Below I-80, the drainage is carried in natural open channels to
the Parr Boulevard area where the existing drainage facilities are
designed for a 5- or 1l0-year return period storm event. There are
no current facilities to convey the 100-year storm event nor are
there any existing detention facilities.

Below Parr Boulevard, the drainage is carried in a natural open
channel east of and adjacent to U.S. 395 to Comstock Drive. A 48"
diameter (¢) reinforced concrete pipe conveys the flows under
Ccomstock Drive which has the capacity to convey approximately the

5-year storm event.

Below Comstock Drive, the drainage is carried in a natural open
channel to McCarran Boulevard which is served by an 84" diameter
corrugated metal pipe. This culvert has the capacity to convey
approximately the 100-year storm event.

Below McCarran Boulevard, the drainage is carried in a natural
open channel of moderate tc steep slope to a 96" corrugated metal
pipe under the University of Nevada, Reno (UNR) access road. This
culvert has the capacity to carry approximately the 100-year storm
event.

Below the UNR access road, the drainage is carried in a natural
open channel to Evans Avenue. Evans Avenue is served by a 72"¢
corrugated metal pipe. To convey the 100-year storm event, Evans
Avenue acts as a detention dam with a storage of 26 acre-feet. It




should be noted that the Evans Avenue embankment was not designed

as a detention dam.

Below Evans Avenue, the drainage travels approximately 70 feet in
a natural open channel to two 48"¢ corrugated metal pipes under
the Union Pacific Railroad. To convey the 100-year storm event,
the Union Pacific Railroad embankment acts as a detention dam with
a storage of 10 acre-feet. The railroad embankment also was not

designed as a detention dam.

Inmediately below the 48"¢ culverts, the drainage is served by a
24"¢ storm drain pipe under the Manogue High School athletic
field. Due to the pipe's limited capacity (less than the drainage
from a 5-year storm event), the storm water flows overland across
the athletic field. The 24"¢ storm drain pipe goes directly into
a 72" reinforced concrete pipe crossing Valley Road. This pipe
has the potential to carry the 100-year storm event if connected
to the railroad embankment culverts.

From the outlet of the 72"¢ storm drain under Valley Road, the
drainage flows into a natural open channel to the Reno Rendering
Plant. At the intersection of this channel with the Orr Ditch
immediately below Valley Road, the drainage flows under the Orr
Ditch via a 6'-9%"x4'0" reinforced concrete box inverted siphon.

In Oddie Boulevard below the Reno Rendering Plant, the drainage is
conveyed in a 22"x36" corrugated metal arch pipe which has a
capacity less than the 5-year runoff. At the northwest corner of
Sutro Street and Oddie Boulevard, the culvert changes to a 36"¢
storm drain which also has less than 5-year runoff capacity. At
the northeast corner of Sutro Street and Oddie Boulevard, the
culvert increases to a 42"¢ reinforced concrete pipe storm drain.
The 42"¢ storm drain has the capacity to carry approximately one-
half of the 5-year storm event. At Montello Street, the storm
drain increases to a 48"¢ reinforced concrete pipe which continues
to Silverada Boulevard where it is upsized to a 54"¢ reinforced




concrete pipe. At its terminus at Paradise Pond, the pipe size is
increased to a 66"¢ reinforced concrete and corrugated metal pipe.
Several storm drain laterals intersect the Oddie Boulevard system
conveying local drainage from the area north of Oddie Boulevard.

A summary of the existing facility capacities is shown in Table 1.
The Existing Facility Map is included in Appendix F. The Existing
Facility Capacities Calculations are included as Appendix 3.

TABLE 1

EXISTING DRAINAGE FACILITY CAPACITY SUMMARY

APPROXIMATE CAPACITY

FACILITY & IOCATION CFS RETURN _PERIOD
48"¢p RCP under Comstock Drive 120 < B-yr.
84"¢ CMP under McCarran Boulevard 650 100-yr.
96"¢p CMP under UNR access road 650 100-yr.
72"¢ CMP under Evans Avenue 586 100~yr.
2-48"¢ CMP's under UPRR 558 100-yr.
72%¢ RCP under Valley Road 670 100-yr.
42"¢ RCP in Oddie Boulevard 110 < 5-yr.

® Identified Flooding Problem Areas
The following areas were identified as flooding problem areas:

1. Parr Boulevard - This area appears to have flooding
potential but was not identified as a problem area at this
time by the City of Reno Engineering Department.

2. our Mother of Sorrows Cemetery - The Cemetery, which is
located at the northeast corner of North Virginia Street and

McCarran Boulevard, has experienced frequent flooding in the
recent past. The Catholic Diocese of Reno desires flood
protection for their cemetery plots and their lower access
road. The Diocese also desires flood protection for their
future expansion which includes additional cemetery plots.




Evans Avenue and Union Pacific Railroad Fmbankments -~ These
embankments were not designed for flood water detention. The
Union Pacific Railroad embankment failed in the recent past,

prompting the railroad to construct twin 48"¢ culverts under
the embankment.

Manogue High School - The discharge from the Union Pacific
Railroad culverts under their embankment exceeds the capacity
of the 24" reinforced concrete pipe under the athletic
field. This causes the excess runoff to flow overland across
the athletic field, leaving flood debris on the field.

Reno Rendering Plant - The Reno Rendering Plant located
northwest of the intersection of Oddie Boulevard and Wells
Avenue has experienced flooding problems due to its proximity
within the flood path of the subject basin.

Residential Area - Bordered by Oddie Boulevard to the
north, U.S. 395 to the east, I-80 to the south, and Sutro
Street to the west. All runoff which exceeds the oOddie
Boulevard system capacity crosses Oddie Boulevard and flows
south, unable to drain naturally to Paradise Pond. This
condition, combined with poor drainage within the residential

area, has caused flooding problems in this area.

Land Ownership

The current assessor's parcel maps were used to identify parcels

and property owners along the flood route below Parr Boulevard and

above Reno Rendering Plant which were potential sites for a

detention basin or routing improvements. The parcel owners were

identified to assist in determining potential acquisition
feasibility. The Land Ownership Map is included as Appendix L.




III. PROPOSED FLOOD CONTROL FACILITIES

Flood hydrographs were developed and then routed through several
detention/conveyance alternatives to form the basis for flood control

improvement recommendations.
® Methodology and Criteria

The methodology developed by the U.S. Army Corps of Engineers at
the Hydrologic Engineering Center (known as the HEC-1 Flood
Hydrograph Package) was selected to compute the peak storm water
flows. '

A complete discussion of the applied HEC-1 method may be found by
reviewing the HEC-1 Flood Hydrograph Package Users Manual as
published by the U.S. Army Corps of Engineers Water Resources
Support Center, dated September 1981 (revised January 1985). The
following is a general outline of the data used in the procedures:

1. Physical Characteristics of the Drainage Region

a. Drainage Area
b. overland slope
c. Soil type and land use

2. Drainage characteristics

a. Lag time - the estimated time from the centroid of

rainfall to peak discharge (hr.).

b. SCS (Soil Conservation Service) Hydrology Curve Number
(CN) = a number that reflects the percentage of storm
rainfall +that is converted to runoff; as the curve

number increases, runoff increases.




Rainfall Quantities
a. Rainfall Depth - the total depth of rainfall estimated
to fall during a storm.

b. Rainfall Temporal Distribution - the distribution of the
total rainfall depth over the duration of the rainfall

event.

The input data for the HEC-1 model was based upon the master plan

report prepared for the City of Reno titled "A Hydrologic

Analysis of the Paradise Pond Watershed" - August 1986. Upon

reviewing the master plan, the following items were noted:

1.

The master plan stated that the runoff from subareas R, N, 0,
and Q, flowed into the Orr Ditch and therefore did not
contribute to the runoff flowing into Paradise Pond. It also
stated that the runoff from Subareas C and H percolated into
the ground, thereby not contributing runoff to the Paradise
Pond Watershed. SEA believes that in the event of a severe
storm, Subareas C, H and O will contribute runoff to the
drainage basin being studied.

The master plan developed "present condition" Soil
Conservation Service curve numbers and "future condition™
curve numbers for the drainage areas, with the "present
condition" curve numbers selected to be used. Based upon
discussions with the City of Reno Engineering Department, it
was decided to use the "future condition" curve numbers in
this study.

In computing the subarea's time of concentration and lag
time, the master plan uses velocities for the pipe reaches
which are extremely high. The velocities were computed using
Manning's formula based on full flow. In this study, it was
assumed that during a severe storm event, the pipes would be
unable to carry the runoff and overland flow would




predominate. Making this adjustment would tend to increase
basin lag times.

4. The master plan routes the runoff from Subarea J into a 30"¢
RCP which flows west down Enterprise Road into the Evans
Avenue system. SEA believes that during a severe storm event
the runoff will cross Enterprise Road and continue in a
straight line manner down Valley Road.

5. In determining the routing travel times, the master plan used
average velocities for overland flow. In areas of defined
channel flow, SEA believes that it is appropriate to use
Manning's equation for high-flow cenditions to determine flow
velocities. This adjustment tends to reduce travel time for
routed hydrographs, causing a reduction in flood wave
attenuation and an increase in peak flow downstream.

6. The master plan used the City of Reno Rainfall Curves
developed by Winzler and Kelly Engineers in 1984. The 24-
hour duration precipitation values were verified and used in
this study.

7. The hydrologic soil group classifications used by the master
plan for the various subareas were checked using the Soil
Conservation Services' "Soil Survey of Washoe County". The
soil groups used in the determination of curve numbers were
verified.

8. The flood hydrograph program used in the master plan is not
familiar to SEA. 1Instead, the U.S. Army Corps of Engineers
HEC-1 Flood Hydrograph Package was selected for use in this
study to provide a state-of-the-art analysis familiar to most
agencies.

A summary of the drainage basin data and supporting calculations are
included as Appendix 4.




The IBM XT 512K Version of the HEC-1 Flood Hydrograph Package that
was used for the computer modeling has certain limitations. The
maximum number of hydrograph ordinates that can be computed is
300. Due to this restriction, it was determined that the modeling
of alternatives utilizing detention basins should be run with a 10
minute time interval to adequately analyze a 24 hour storm. This
allowed for 50 hours of total time tabulation, which is necessary
to provide sufficient time for the flood hydrograph to be routed
through detention reservoirs. Using a 10 minute time interval for
the computation and routing of flood hydrographs for a basin this
small can contribute to small inaccuracies in peak runoff values.
The base run for this study was, therefore, modeled using both a 5
and 10 minute time interval to provide a comparison of the
computed peak flows. The variation in the resulting peak flows
was negligible and it was determined that using a 10 minute time
interval would be acceptable.

The 100-year return frequency, 24-hour duration storm was selected
for the design storm for flood routing alternatives where
possible. The 25-year and 5-year return frequency, 24-hour
duration storms were also modeled and analyzed. The Probable
Maximum Flood (PMF) and the 1/2 PMF events were considered in the
modeling of detention basin spillways when the detention basin
qualified as a dam under State of Nevada regulations. Two
memoranda concerning requirements for review of a detention dam
structure by the State of Nevada are included as Appendix 1.

The Evans Avenue embankment and the Union Pacific Railroad
embankment do not have spillways. The embankments were not
designed as detention basins and it is assumed that the 1/2 PMF
event would breach both embankments.

10




Upon

were

Detention Basin Sites

analysis of the flood route, four potential detention sites
selected for modeling. These include:

Reno Rendering - The Reno Rendering detention site is a
natural meadow located west of the Reno Rendering Plant.
The Reno Rendering site has a natural slope to provide
containment on the north side of the meadow. Detention
structure embankments would need to be constructed on the
east and south sides of the meadow. The height of the
detention structure embankments used in the HEC-1 model vary
depending upon the desired limit of impoundment, and thus,

the amount of detention storage area that must be procured.

Evans Avenue/Union Pacific Railroad - These are two separate
detention basin sites. Prior to the construction of Evans
Avenue the railroad embankment of the Union Pacific Railroad
northwest of the Manogue High School acted as a detention
facility with only a 24"¢ corrugated metal pipe as an outlet.
In response to the failure of the railroad embankment during
a flood, the Union Pacific Railroad installed twin 48" pipes
through their embankment. The Union Pacific Railroad
embankment was not constructed to detention structure
standards. The construction of Evans Avenue immediately
upstream of the railroad embankment drastically reduced the
potential detention volume behind the railroad embankment.
Evans Avenue was nhot designed as a detention structure
because spillway capacity to provide PMF protection could not
be readily provided. Instead, a 72" CMP culvert was
installed under Evans Avenue. This culvert was designed to
convey the 100-year storm runoff under the Evans Avenue
embankment. As a result of the Evans Avenue construction,
the UPRR is currently considering replacing the existing 48"¢
culverts under their embankment with larger pipes that could
pass the 100-year flood with zero headwater conditions.

11




3. Cemetery - The cemetery site is located in the draw north of
our Mother of Sorrows Cemetery, which is located on the
northeast corner of McCarran Boulevard and North Virginia
Street intersection. Within the cemetery site two potential
dam sites were selected where it appeared that suitable
abutments existed. The two potential dam sites, located
approximately 400 feet apart, are referred to herein as the
upper and lower cemetery sites. The Catholic Diocese of Reno
has expressed an interest in utilizing the potential dam for
irrigation storage.

4. George's Den - The Georgeis Den site is located east of North
Virginia Street and north of George's Den (a bar). The
potential dam site is located upstream of the cemetery site
in the same natural draw.

The potential dam sites are shown on the existing facility maps in
Appendix F. Tt was determined upon analysis of the potential
cemetery and George's Den dam sites, that only one detention dam
could be used efficiently. Placing a second dam in the same area
does not further reduce an already attenuated peak flow. The
potential detention sites were field surveyed to obtain the stage-
volume data used in the HEC-1 modeling.

All of the potential sites were modeled using the HEC-1 Flood
Hydrograph package. The spillway crest for each dam was set at
the maximum elevation possible for that site without allowing the
flood pool to encroach upon restricted areas. The outlet was then
sized to keep the 100-year flood pool elevation at or below the
set spillway crest elevation. The outlet was sized assuming a
free outlet at the toe of the dam. The Evans Avenue and Unien
Pacific Railroad embankments were modeled to represent the
existing condition. As stated previously, these embankments were
not designed to perform as detention structures. It was,
therefore, <considered desirable to select flood routing

12




alternatives was to reduce the peak storage behind the Evans
Avenue and Union Pacific Railroad embankments.

A preliminary soils investigation was conducted to determine the
feasibility of the sites for construction of a dam. The existing
Evane Avenue embankment was also investigated to determine the
feasibility of retrofitting the embankment to dam standards. The
soils investigation report is included as Appendix 2.

® Detention Altermatives

Several flood control alternatives were selected to analyze the
effects of the various detention sites. These include detention
and routing combinations above Reno Rendering Plant only (below
Reno Rendering Plant the analysis becomes strictly a routing
matter and is covered in the next section of this study.)

Alternative #1 The base run of existing conditions with no
improvements.

Alternative #2 Utilizes the George's Den detention dam with a
48"¢p RCP outlet.

Alternative #3 Utilizes the upper cemetery detention dam with a
42"¢ RCP outlet.

Alternative #4 Utilizes the lower cemetery detention dam with a
30"¢ RCP outlet.

Alternative #5 Utilizes the lower cemetery detention dam with a
30"¢ RCP outlet. Subarea J is routed above Evans Avenue and the
Manogue High School athletic field pipe is upsized to convey the
outflow from the Union Pacific Railroad embankment.

Alternative #6 Utilizes the lower cemetery detention dam with a
30"¢ RCP outlet. Subarea J is routed above Evans Avenue. The

13




inlet to the 72"¢ CMP under Evans Avenue is downsized to 48"¢ with
a 72"¢ emergency spillway riser pipe set at the 100-year flood
pool elevation. The Manogue High School athletic field pipe is
upsized to convey the outflow from the Union Pacific Railroad
embankment.

Alternative #7 Utilizes the lower cemetery detention dam with a
30"¢ RCP outlet. Subarea J is routed above Evans Avenue. The
Manogue High School athletic field pipe is upsized to convey the
outflow from the Union Pacific Railroad embankment. The Reno
Rendering detention dam is utilized with a 36"¢ RCP outlet and a

high spillway crest elevation.

Alternative #8 ﬁtilizes the lower cemetery detention dam with a
30"¢ RCP outlet. Subarea J is routed above Evans Avenue. The
Manogue HIgh School athletic field pipe is upsized to convey the
outflow from the Union Pacific Railroad embankment. The Reno
Rendering detention dam is utilized with two 42"¢ RCP outlets and

a low spillway crest elevation.

Alternative {9 Subarea J is routed above Evans Avenue. The
Manogue High School athletic field pipe is upsized to convey the
outflow from the Union Pacific Railroad embankment.

Alternative #10 Utilizes the lower cemetery detention dam with a
36"¢ RCP outlet. The outlet pipe was placed higher in the dam to
provide 5.8 ac.ft. of storage for irrigation water. The outlet
pipe size necessarily increased due to the reduced storage
capacity of the detention dam. This alternative was analyzed only
to illustrate the effect of reducing the detention capacity and
does not represent an actual design of the irrigation storage
requirements for the cemetery.

Alternative #11 Utilizes the lower cemetery detention dam with a
30" RCP outlet. Subarea J is routed above Evans Avenue. The
inlet to the 72"¢ CMP under Evans Avenue is downsized to 48"%¢,

14




The Manogue High School athletic field pipe is upsized to convey
the outflow from the Union Pacific Railroad embankment. The Reno
Rendering detention dam is utilized with a 36"¢ RCP outlet and a
high spillway crest elevation.

The above alternatives were modeled using the 100-year return
frequency, 24-hour duration storm. The HEC-1 output for the 100-
year storm is included as Appendix 8 for Alternatives 1 through
11.

Alternatives 13-16 are the same as Alternatives 5-8 using the 25-
year return frequency, 24 hour duration storm. The HEC-1 output
for the 25-year and 5-year storms are included as Appendix 9 for
Alternatives 13 through 20. Alternatives 17-20 are the same as
Alternatives 5-8 using the G5-year return frequency, 24-hour
duration storm. The facility maps showing the flood routing
alternatives are included in Appendix A. The stage-storage-curves
for the detention dam alternatives are shown on Plates 2 through
4, and the calculations for the stage-storage curves are included
as Appendix 5. Conceptual dam profiles for each site are shown on
Plates 5 through 7. Tables 2 through 4 provide summaries of the
peak discharges at each routing point for the alternatives listed

above.
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[ Flood Routing Alternatives

Of the detention alternatives analyzed above, Alternatives No. 5,
6, 7 and 8 were selected for further analysis. This analysis
includes sizing the pipe in the Manogue High School athletic
field, sizing drainage facilities for routing flows from Area J to
either the Evans Avenue detention area or down Valley Road, and
the routing of flows downstream of Reno Rendering Plant.

The Manogue High School athletic field is served by a 24"¢ pipe
connected to a 72"¢ pipe stubbed out from Valley Road to the east.
Twin 48"¢ CMP pipes enter the field from the west under the Union
Pacific Railrocad embankment. For the alternatives selected, a
pipe to convey the flow from the Union Pacific Railroad culverts
to the existing 72"¢ pipe would need to be a 54" or 66" diameter
RCP, depending upon the alternative. The size used for each

alternative is shown on the alternative maps in Appendix A.

The flow from Area J will exceed the capacity of the existing
culverts under McCarran Boulevard and spread out over a wide area
where it crosses the low point in McCarran Boulevard just east of
Evans Avenue. This flow would then sheet flow in a southerly
direction to Enterprise Road. The existing channel is not
sufficient to convey the entire 227 cfs that was calculated for
the 100-year flow. One possible solution would be to provide an
interception channel on the uphill side of Enterprise Road to
collect and route the flow to the intersection of Evans Avenue and
Enterprise Road. The flow would then pass under the intersection
in a 60"¢ pipe to convey the flow to the natural drainage above
the Evans Avenue embankment. The intercepting channel could be a
60 foot wide asphalt-lined channel with 4% side slopes. A channel
of this type could be compatible with future industrial—type'
development, typical of this area.
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Excess flows below Reno Rendering have two directions of travel
available due to the high point in the street profile where Oddie
Boulevard and Wells Avenue meet directly below Reno Rendering
Plant. Therefore, two directions of flood routing were
investigated.

Flood routing in the Wells Avenue direction could be accompl ished
in two ways. One way would be to utilize the existing I-80 storm
drain system by conveying flow to the intersection of I-80 and
Wells, and penetrating the existing 54"¢ storm drain. This storm
drain parallels the south side of I-80 to I-580, then parallels
the east side of I-580 to the poinﬁ where I-580 intersects the
Truckee River, where it ultimately discharges. The capacity of
this pipe, according to NDOT calculations, is 77 cfs. A system
designed to convey 70 cfs to this pipe would incorporate the
following:

1. A 36"¢ pipe from Reno Rendering Plant to Sadlier Lane.

2. A 2 foot flat bottom open channel ditch along the west side
of Wells Avenue from Sadlier Lane to the north side of I-80.
This ditch would be within the UNR farm property.

3. A 36"¢ pipe passing under the I-80 overpass from the ditch to
the 54"¢ pipe on the south side of the interchange.

Street conveyance of the flow was considered for this alternative
but was not included in this routing scenario because there are
several existing residences on the west side of Wells Avenue north
of Sadlier Lane that have basement garages below the gutter
flowline elevation. The I-80 storm drain system was designed to
provide 50-year return period flood protection for the depressed
section of I-80 to the west of Wells Avenue. It is possible that
the State would not allow additional drainage to be introduced
into their system if there is any chance of a decrease in capacity
of the system during the design storm. It should also be noted
that the State operates and maintains the storm drain system,
therefore, the City may not have control over factors affecting
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system capacity, such as the silting in of pipes. Further
analysis of this routing option may be desirable after further
consideration of these issues.

Another routing scenario down Wells Avenue would be to extend a
pipe all the way to the Truckee River. A suitable alignment for
such a pipe would be along Morrill Avenue from the south side of
I-80 all the way to the river. It was discovered that there is
only 7 feet of fall from the north side of I-80 to the 100-year
flood elevation in the Truckee River at the point of outfall. The
resulting slope of .0023 ft/ft requirés very large pipes to convey
any substantial flow. It was determined that comparable capacity
could be obtained at a lower cost using the Oddie Boulevard
alignment, therefore, this alternative was not investigated any
further.

Routing in the direction of Oddie Boulevard presented two options,
the first utilizing the existing Oddie system, and the second
providing additional capacity by carrying a portion of the flow
overland in the street section, and a portion of the flow
underground in a new pipe system. The existing system capacity is
approximately 110 cfs east of Sutro Avenue. The existing system
consists of 42" diameter RCP beginning at Sutro, increasing to 48"
diameter at Montello and increasing to 54" diameter at Silverada
Boulevard. The outfall into Paradise Pond is a 66" diameter CMP.
In order to utilize the 110 cfs capacity of the existing systenm
east of Sutro Avenue, new pipe would need to be constructed from
Reno Rendering Plant to the existing 42"¢ pipe. By utilizing a
48"¢ pipe, an additional 50 cfs could be carried to the east side
of Sutro Avenue and then allowed to bubble up into the gutter
using a suitable structure (such as a drop inlet). This would
allow the additional 50 cfs to flow within the north half of the
street section east of Sutro Avenue. A short flood wall would
need to be constructed along the north right-of-way boundary of
Oddie Boulevard to contain flood flows within the street section.

Also, Montello Street would require modification to create a high
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point in the profile north of Oddie Boulevard to maintain

containment.

In conversation with the City of Reno Engineering Department, it
was learned that the proposed Clearacre storm drain project will
be using a separate storm drain structure all the way to Paradise
Pond and would not be utilizing any portion of the existing Oddie
Boulevard storm drain system. Storm flows from the drainage area
which will not be served by the Clearacre storm drain project is
collected in local storm drain pipes north of Oddie Boulevard and
connected to the existing Oddie Boulevard system. An analysis of
the flood hydrographs from the local drainage at Sutro Avenue (a
24"¢ pipe), and at Helena Way (a 36"¢ pipe) revealed that the
available Oddie Boulevard system capacity would be reduced by
7 cfs at the time the peak flow from the study area reaches the
0ddie Boulevard system. At the time of peak discharge from the
local drainage, the capacity of the existing system is exceeded.
This period of excess flow would last for approximately 1.5 hours,
with the excess flows continuing overland according to the
existing drainage patterns. Ihié occurrence does not affect the

Reno Rendering Detention outfall capacity, however.

The option of constructing a second pipe system within Oddie
Boulevard was also investigated. This system would consist of:

A. Pipe sizes equivalent to the existing system to carry
approximately 110 cfs in Alternative 6.

B. Pipe sizes that would be upsized one pipe size from the
existing system to carry 160 cfs in Alternative 8.

C. Pipe sizes that would be upsized two pipe sizes from the
existing system to carry 220 cfs in Alternative 5.

A summary of the recommended flood routing below Reno Rendering
for Alternatives 5 through 8 is included on Table 5. This table
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indicates a suggested construction phasing scenaric for each

alternative and the resulting reduced peak flows below Reno

Rendering for the b5-year 25-year and 100~year return period

storms. The pipe sizes used for each alternative are shown on the

alternative maps in Appendix A.

The hydraulic calculations

supporting the flood routing alternative recommendations are

included as Appendix 6.

TABLE 5

DETENTION AND CONVEYANCE ALTERNATIVE

FACILITIES CONSTRUCTION PHASING AND POST-CONSTRUCTION FIOW SUMMARY

Alternative-

Excess Flow at Reno Rendering

Phase Facility

Base Flow No Improvements

5-1 °

o

5-3 ¢
6~1 °

_ 6-2 °
6=3 °
7-1

L < L k-]

lower Cemetery Detention
Route Area "J" above Evans
66"¢ RCP across Manogue HS

42"¢p/48"p RCP from Reno
Rendering to Sutro

Oddie flood wall and Montello
Modification

54"¢p/60"p/66"¢p RCP from
Reno Rendering to
Paradise Pond

Lower Cemetery Detention

Route Area "J" above Evans

48"¢ outlet for Evans detention
54"¢ RCP across Manogue HS

42"¢/48"¢ RCP from Reno
Rendering to Sutro

Oddie flood wall and Montello
Modification

42"p/48"¢p/54"¢p RCP from
Reno Rendering to Paradise Pond

Lower Cemetery Detention
Route Area "J" above Evans
66"¢p RCP across Manogue HS
ILarge Reno Rendering Detention
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Q5 025 0100
232 427 585
185 319 423
25 159 263
-0- -0~ 43
143 217 280
=0- 57 120
-0~ -0- 10
109 135 155




o o o o

42"¢/48"¢ RCP from Reno

Rendering to Sutro

oddie flood wall and Montello

Modification -0=- -0-

Lower Cemetery Detention

Route Area "J" above Evans

66"¢p RCP across Manogue HS

Small Reno Rendering Detention 184 278

42"¢/48"¢ RCP from Reno

Rendering to Sutro

Oddie flood wall and Montello

Modification

42"¢/48"¢/54"¢p/60"p RCP from

Reno Rendering to Paradise Pond  -0- -0-
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IV. CONCLUSIONS AND RECOMMENDATIONS

The purpose of this study was to develop a single recommendation for
construction of flood control improvements to relieve drainage problems
in the study area. The subsequent recommended alternative must,
therefore, satisfy the desired protection requirements, while
similtaneously being economically feasible and consistent with the
needs and desires of the property owners and future land use.

Due to the expected shortage of funds for construction of the
improvements, any improvements that could be situated on the sane
property that is receiving flood protection from the proposed
improvements would be desirable. For this reason, it is important to
promote property owner participation in the drainage relief project.

® Construction Costs and Feasibility Analysis

The opinion of probable construction costs developed for each phase of
each alternative are summarized in Tables 6 thru 9. These costs do not
include engineering cost, land use or acquisition cost, utility
adjustment or relocation costs, geotechnical investigation cost, and
any nonessential construction costs such as recontouring of adjacent
ground or relocation of existing access roads, etc. The costs assume
that materials for the dams will be available on-site. It is noted in
the preliminary soils investigation that some material may need to be
imported for the dam embankment, however, the extent is not known at
this time, nor is the potential source for borrow known at this time.

In addition to the probable construction cost, the relative benefit and
construction feasibility for each alternative was analyzed by flood
control improvement component. Many of the components are the same for
each alternative or are similar, for instance, differing only in the
pipe size. An analysis of each component and its relative effect upon
the alternative follows:
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Lower Cemetery Detention - It was found that any one of the
three detention sites above the cemetery was needed by the
cemetery for flood control. The Reno catholic Diocese has
been cooperative and willing to consider using their property
for a detention site. The lower cemetery site was found to
have the best detention features, which results in the
smallest outlet pipe size of the three sites, and was also
found to be the best suited for location of a dam embankment
in the preliminary soils investigation. The lower site also
results in a shorter outfall pipe length to Comstock Drive as
a result of its proximity. Another advantage of the lower
site is that it does not inundate the existing access road
alignment adjacent to North Virginia Street for cemetery
access into the upper Diocese property above George's Den.
This feature was important to the Reno Catholic Diocese.

The reduced peak flow resulting from the lower cemetery
detention allows the retention of all existing downstream
culverts without modification with the exception of the
Manogue High School 24"¢ pipe crossing the athletic field.
In addition, the lower cemetery detention will allow flocd
flows from Area "J" to be routed above Evans Avenue,
eliminating the need to construct a considerable length of
large pipe within Valley Road from Enterprise to the meadow
above the Reno Rendering Plant. The lower cemetery detention
provides substantial reduction in peak flows at all points
downstream for a very modest construction cost, and was

incorporated into all alternatives.

Route Area "J" Above Evans Avenue - This feature provides the
detention of flood flow from this large developed area. The
construction cost of routing the flows over to Evans Avenue
is considerably less expensive than piping the same flow down
Valley Road. In addition to being more cost effective, this
routing also provides a substantial reduction in the peak
flow at points below Valley Road. The improvements required
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for this component will not be located in areas receiving
flood protection, however, the right-of-way requirements
appear to be reasonable and the improvements appear to be
consistent with future land use for this area. The
additional flow onto the UNR property as a result of this

‘routing is more than offset by the reduction in flow

resulting from the lower cemetery detention. This component
was also used for all alternatives.

Pipe Across Manogue High School Athletic Field - A pipe
between the UPRR embankment culverts and the Valley Road
culvert is required to relieve flooding and debris deposits
on the athletic field. There is no other method available to
relieve these problems without adversely affecting the use of
the property. The lower cemetery detention will allow a
smaller pipe size to be used than what would be required for
the existing conditions. This component was also used for

all alternatives.

Evans Avenue Culvert Modification for 48" Diameter Outlet-
This modification does not require a permit from the State
Water Resources Department. See Appendix 1 for memorandums
concerning discussions with the State on the detention dam
status of the Evans Avenue embankment.

The peak stage and storage behind the Evans Avenue embankment
increases with this modification over the values resulting
from the lower cemetery detention scenario without any
modification to the Evans Avenue culvert. However, this
nodification will still provide an improvement over the
existing conditions when combined with the lower cemetery
detention.

Tt should be noted that modification of the outlet to reduce
the size could pose a liability problem simply because the
pipe is being restricted, even though the combined effect
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with the lower cemetery detention is to reduce peak stage and
storage behind Evans Avenue,

The result of this modification is a substantial reduction in
peak flow below the Evans Avenue embankment at very little
cost. A few of the benefits include a reduction in the
required pipe size for the pipe across Manogue High School
athletic field and the attainment of zero head on the Union
Pacific Railroad embankment culverts. This component would
require very little right-of-way, if at all, which would be
obtained from the University of Nevada, Renc. The increase
in peak stage and storage behind Evans Avenue as a result of
this modification is still more than offset by the lower
cemetery detention, resulting in a net decrease in peak stage
and storage behind Evans Avenue, an improvement for the

University.

This component was only used in Alternative 6, however,
analysis of the combination of this component with detention
at Reno Rendering was performed with the result that the peak
outflow from the Reno Rendering detention was not affected.
Therefore, this component could be added to Alternative 7 or
8 without affecting the design peak flows below the Reno
Rendering detention structure.

Renc Rendering Detention - The detention site for the small
dam alternative lies entirely on an undeveloped parcel owned
by the same property owner as the Reno Rendering Plant. As
stated above, the Reno Rendering Plant is in need of flood
control improvements, therefore, the construction of a
detention dam on this property would directly benefit the
property owner.

The detention site for the large dam alternative includes an
additional undeveloped parcel immediately west of and
adjacent to the site for the small dam. This property will
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not receive flood protection as a result of the dam, and, in
fact, would be subject to a greater extent of flooding if
this alternative is constructed. This would suggest that use
or acquisition of this property could be expensive as the
property owner would have no motivation to offer the property

at a reasonable cost.

The large dam alternative eliminates the need for a second
pipe in Oddie Boulevard from Renc Rendering to Paradise Pond,
and is the only alternative to provide this feature. It is
highly possible that the savings from the elimination of this
pipe could offset the land use or acquisition cost.

Pipe from Reno Rendering to Sutro Street - Conveying flows
from the meadow west of the Reno Rendering Plant to the
existing 42"¢ storm drain in Oddie Boulevard on the east side
of Sutro Street allows the use of the full capacity of the
existing storm drain system in Oddie Boulevard for a modest
cost. The pipe can be upsized to convey an additional 50 CFS
over the capacity of the Oddie system at a very minimal
additional cost to utilize street section conveyance within
oddie Boulevard east of Sutro Street. See Item 7 below for
details on this feature. This pipe would require an easement
across parcels that will be receiving flood protection. Most
of these parcels are undeveloped and a few have single family
residences on them. This component was used for all

alternatives.

Oddie Boulevard Flood Wall and Montello Modification - This
component will convey a nominal flow through a highly flood
prone area at a reasonable cost. This component would be
less expensive than piping the same amount of flow and no
right-of-way acquisition would need to be required, as all
improvements could be constructed within the Oddie Boulevard
and Montello right—of-way. It should be noted that if a
sound wall along Oddie Boulevard should every be considered
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for construction in the future, the sound wall could perform
as a flood wall at a minimal cost. A field review of the
Montello area revealed that the modification required to
contain flood flows within Oddie Boulevard should not
adversely affect the adjacent properties. This component was
also used in all alternatives.

Pipe From Reno Rendering Plant to Paradise Pond - It is
proposed that this pipe would parallel the existing pipe at
approximately the same profile in order to avoid conflicts
with other utilities. It is assumed that any necessary
utility adjustments or relocations would have been performed
during construction of the existing pipe system. This
component would require easements across the same property
noted above in Item 6, which properties are 'receiving flood
protection and are mostly undeveloped. This pipe would be
required for Alternatives 5, 6 and 8 to convey flood flows
from Reno Rendering without causing flooding in the study
area, but is expected to be very expensive.
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TABLE 6

OPINION OF PROBABLE CONSTRUCTION COST

BY: GAS/PBE

DATE:

November 6, 1989

ALTERNATIVE 5

Phase 1
1)
2)
3)

Phase 2
1)

2)

Phase 3
1)

ILower Cemetery Detention Dam
Route Area "J" Above Evans Avenue
66"¢ RCP Across Manogue High School

Total Phase 1:

42"¢/48"¢ RCP from Reno Rendering
to Sutro Street

0ddie Flood Wall and Montello Street
Modification

Total Phase 2:

' 54"$/60"¢p/66"p RCP from Reno Rendering

to Paradise Pond

Total Phase 3:

TOTAL ALTERNATIVE 5:

37

$ 412,625.00
130,100.00
139,200.00

$ 681,925.00

$ 183,000.00

169,000.00

$ 352,000.00

1,187,100.00

$1,187,100.00

$2,221,025.00




TABLE 7

OPINION OF PROBABLE CONSTRUCTION COST

BY: GAS/PBE

DATE: November 6, 1989

ALTERNATIVE 6

Phase 1
1)
2)
3)
4)

Phase 2
1)

2)

Phase 3
1)

Lower Cemetery Detention Dam

Route Area "J" Above Evans Avenue
48"¢ outlet for Evans Detention
54"¢ RCP Across Manogue High School

Total Phase 1:

42"¢/48"¢ RCP from Reno Rendering
to Sutro Street

Oddie Flood Wall and Montello Street
Modification

Total Phase 2:

42"¢/48"¢p/54%¢ RCP from Reno Rendering
to Paradise Pond
Total Phase 3:

TOTAL ALTERNATIVE 6:
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$ 412,625.00

130,100.00
10,000.00
111,600, 00

$ 664,325.00

$ 183,000.00

169,000.00

$ 352,000.00

§  828,300.00

$ 828,300.00

$1,844,625.00




TABLE 8

OPINION OF PROBABLE CONSTRUCTION COST
BY: GAS/PBE

DATE: November 6, 1989

ALTERNATIVE 7

Phase 1
1) Lower Cemetery Detention Dam $ 412,625.00
2) Route Area "J" Above Evans Avenue 130,100.00
3) 66"¢ RCP Across Manogue High School 139,200.00
4) Large Reno Rendering Detention Dam 700,925.00
Total Phase 1: $1,382,850.00
Phase 2
1) 42"¢/48"¢ RCP from Reno Rendering
to Sutro Street $ 183,000.00
2) Oddie Flood Wall and Montello Street
Mcdification 169,000.00
Total Phase 2: $ 1352,000.00
TOTAL ALTERNATIVE 7: $1,734,850.00
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OPINION

TABLE 9

OF PROBABLE CONSTRUCTION COST

BY: GAS/PBE

DATE: ©November 6, 1989

ALTERNATIVE 8

Phase 1
1)
2)
3)
4)

Phase 2
1)

3)

Iower Cemetery Detention Dam

Route Area "J" Above Evans Avenue
66"¢ RCP Across Manogue High School
Small Reno Rendering Detention Dam

Total Phase 1:

42"p/48"¢p RCP from Reno Rendering

to Sutro Street

oddie Flood Wall and Montello Street
Modification

42"¢/48%p/54"p/60"p RCP from Reno Rendering
to Paradise Pond

Total Phase 2:

TCTAL ALTERNATIVE 8:

40

$ 412,625.00
130,100. 00
139,200.00
525,750.00

$1,207,675.00

$ 183,000.00
169,000.00

$ 996,500.00

$1,348,500.00

$2,556,175.00




RECOMMENDATIONS

The analysis presented above suggests that there may be several "best!
combinations of improvements depending upon the outcome of such
variables as land acquisition cost, property owner cooperation,
accepted level of liability risk, and availability of funds. Upon
weighing the possible effects of each of these variables, the following

assumptions were made.

1. Availability of funding is the most critical variable and
therefore, the least expensive alternative would have the greatest
chance of being constructed.

2. Property owner cooperation is the second most critical variable
and, therefore, any flood control improvement components providing
flood protection for the same property owner whose land is needed
for the proposed facilities would also have the greatest chance of
being constructed.

3. Yand use or acquisition costs for Alternate 7 may eliminate the
feasibility of this alternative, even though a portion of the land
is already subject to flooding, the remaining area of the parcel
could be resold for development, and the area reserved for the

flood pool could be used by the City for recreation purposes.

4., The risk of 1liability exists not only for all flood control
improvements but also for the lack of providing adequate
improvements for flood protection while simultaneously allowing new
development to increase the flooding potential downstream without
mitigation. Due to the City's enthusiasm for Alternative 6, it is
assumed that the increased liability risk for this alternative will

not eliminate it from consideration.
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Upon review of the probable construction cost, the feasibility of
construction of the various components and the assumptions listed
above, Alternatives 6 and 7 appear to be nearly equal in cost
effectiveness and feasibility. If land acquisiton costs are reasonable
for Alternative 7, the flood control improvements listed on Table 10
are recommended for construction. The improvements are listed in the

recommended order of construction for phased construction.-

TABLE 10
RECOMMENDED ALTERNATIVE:

ALTERNATIVE #7 + EVANS AVENUE CULVERT MODIFICATION

Proposed Improvement Probable Construction Cost
1. Lower Cemetery Detention

with outfall piped to Comstock Drive $ 413,000
2. Evans Avenue culvert modification 10,000
3. Manogue High School athletic field pipe 112,000
4. Route Area "J" above Evans Avenue 130,000
5. Large Reno Rendering Detention '

with outfall piped to Sutro Street 884,000
6. O©Oddie Boulevard flood wall and

Montello Modifications 169,000

Total $1,718,000

Assuming funds will be very limited, it is anticipated that only small
portions of the recommended alternative would be constructed at a time
and that these improvements could be phased out over a long period of
time. Therefore, the recommended alternative, Alternative 7, was
modified to include the Evans Avenue culvert modification for a 48"
diameter outlet. This will allow the reduction of peak flows during
the interim between the time when the culvert modification is
constructed and the time when Reno Rendering detention is constructed.
Tt should be noted that the peak discharge from the Renoc Rendering
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detention is not reduced by the construction of the culvert
‘modification at Evans Avenue.

If land acquisition costs for Alternate 7 are prohibitive, then
Alternate 6 is recommended for construction. Table 11 lists the
improvements in the recommended order of construction.

TABLE 11
RECOMMENDED ALTERNATIVE:

ALTERNATIVE #6

Proposed Improvement Probable Construction Cost
1. Iower Cemetery Detention

with outfall piped to Comstock Drive $ 413,000
2. Evans Avenue culvert modification 10,000
3. Manogue High School athletic field pipe 112,000
4. Route Area "J" above Evans Avenue 130,000
5. Pipe from Reno Rendering to Sutro Street 183,000
6. Oddie Boulevard flecod wall and

Montello Modifications 169, 000
7. Second pipe from Reno Rendering to

Paradise Pond 828,000

Total $1,845,000

It should be noted that if the Evans Avenue culvert modification is
omitted, the Manogue High School pipe and the second pipe from Reno
Rendering to Paradise Pond must be upsized two pipe sizes at an
additional cost of $376,000.
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CONSULTING ENGINEE

PROJECT CONFERENCE MEMORANDUM

g 950 Industrial Way
g Sparks, NV 89431-6092 Project Name: Evans Avenue
g (702)358-6931 Drainage Study

w

Fax,. No.: 358-6954
Project No.: 150-08-1

Date: September 7, 1989

Meeting Place: Telephone Call: John Palm
- Nevada Water Planning Div.
(885-4380)
Attending:
Discussion:

Requirements for review of a detention dam structure that qualifies as a
dam were discussed. The following items were noted:

1.

Prior to construction a permit will be required. The items required
for obtaining a permit are as follows

a. Three sets of plans and specifications.

b. One copy of the design report containing geotechnical
and hydrological information.

c. The application form.

d. $500 review fee.

The emergency spillway for a dam considered "high risk" (such as one
above an urban area) is normally required to pass the probable
maximum flood (PMF). The requirement for the spillway to pass the
full PMF may be reduced if justified. Justification would involve
proof that a dam break during the PMF would cause no greater safety
risk downstream than would the PMF without a structure. Under these
circumstances, the spillway capacity could be reduced to one-half of
the PMF.

It was recommended that a meeting be held prior to the final design
stage to discuss the proposed detention dam and spillway with the
State. This meeting would be attended by John Palm and Mike
Turnipseed of the Nevada Water Planning Division.

SEA, INCORPORATED

S /e g///

Guy A. Shatp, /.E.
Project hginker

GAS:jk

cci

Bob Gottsacker - City of Reno
Richard Arden

Frank Alverson

Pete Etchart

File
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CONSULTING ENGINEERS

PROJECT CONFERENCE MEMORANDUM

950 Industrial Way
Sparks, NV 89431-6092 Project Name: Evans Avenue
(702)358-6931 Drainage Study

Fax. No.: 358-6954
Project No.: 150-08-1

Date: November 3, 1989

Meeting Place: Telephone Call: John Palm

Nevada Water
Planning Div. (885-4380)

Attending:

Discussion:

The status of the existing Evans Avenue embankment as a possible
detention structure was discussed. The following items were noted:

1.

The State would consider the embankment to be a roadway and not a
dam. The existing culvert underneath the embankment was designed to
carry the 100-year flood at the time of construction. The fact that
subsequent studies using future development show that a higher flow
will cause some impoundment during the future 100-year flood would
not be considered in qualifying it as a dam.

The State typically lets the owners of such structures take the risk
of failure should they decide to make modifications to the
embankment, therefore, the State would not require a permit for
construction on this embankment and would not require the structure
to be retrofitted to dam standards as a result of any changed
hydraulic criteria.

SEA, INCORPORATED

Guy 3/ ShArp, P.E.

GAS:jk

cc:

Rob Gottsacker
Richard Arden
Frank Alverson
Pete Etchart
File

[y
]
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APPENDIX 2

PRELIMINARY GEOTECHNICAL INVESTIGATION
PROPOSED DETENTION DAM SITES
MANOGUE HIGH SCHOOL/EVANS AVENUE DRAINAGE STUDY
RENO, NEVADA

INTRODUCTION

Presented herein are the results of our preliminary geotechnical investigation of the
alternate sites for the proposed detention dam or dams to be located along the drainage
channel] which parallels North Virginia Street near Our Mother of Sorrows Cemetery and
north of Reno Rendering, Reno, Nevada. The proposed dam sites are will be located
within Sections 1 and 2, Township 19 North, Range 19 East; and Section 35, Township 20
North, Range 19 East. |

The purpose of this study was to:

1. Determine the general soil and groundwater conditions at the alternate proposed
detention dam sites (George’s Den, Upper Cemetery, Lower Cemetery, and Reno
Rendering.

2. Determine the general suitability of the proposed dam sites with regard to
potential construction problems and availability of suitable borrow and slope
protection.

3. Evaluate the suitability of the existing Evans Avenue roadway embankment as a
detention dam.

4. Make general recommendations concerning additional geotechnical exploration
necessary to provide information needed for final detention dam design.




The area covered by this investigation is shown on Plate 1 - Plot Plan. The investigation
included field exploration, laboratory testing and engineering analysis to determine the
physical and mechanical properties of the various foundation materials. Results of our
field and laboratory testing programs are included in this report and form the basis for all

conclusions and recommendations.

PROJECT DESCRIPTION

A drainage channel (intermittent stream) runs parallel to and just east of North Virginia
Street between the roadway and the Union Pacific Railroad embankment. This channel
continues beneath North McCarran Boulevard, Evans Avenue, the Union Pacific Railroad
embankment, Manogue High School Football Field, and Valley Road through various
drainage pipes and open channel sections before emptying into a meadow by Reno
Rendering on Wells Avenue, The drainage from this channel is partially collected at the
east end of this meadow into a 36-inch pipeline and then transported along Oddie
Boulevard to Paradise Pond.

For many years the Union Pacific Railroad embankment although not designed as a dam
has acted as a detention structure for this drainage. However, the construction of Evans
Avenue reduced the detention capacity by about one-half, Also, Evans Avenue was not
designed as a detention facility, but instead was designed to pass the 100 year flood through
a 72-inch diameter pipe. Following construction of Evans Avenue, the Union Pacific
Railroad decided to protect their embankment by constructing discharge pipes through their
embankment which will pass this 100 year design flood downstream without any detention.
Consequently, areas that were already subject to flooding along Valley Road and in the
meadow adjacent to Reno Rendering will receive these flood waters without the benefit of

detention.

The City of Reno is therefore proposing to construct a detention dam to hold the 100 year
design flood along the drainage channel somewhere north of McCarran Boulevard or
alternatively employ Evans Avenue as a detention structure if feasible. They may also wish
to construct another detention dam in the meadow adjacent to Reno Rendering above

Wells Avenue.




Three alternate detention dam sites are being evaluated north of McCarran Boulevard
(see Plot Plan): the George’s Den site, the Upper Cemetery site and the Lower Cemetery
site. An earthfill dam at the George’s Den site would be approximately 26 feet high and
310 feet in length. Similar dams at the Upper and Lower Cemetery sites would be
approximately 33 and 38 feet high and about 390 and 415 feet in length, respectively.
Freeboard (included in the quoted approximate dam heights) would be about 3 feet. The
Lower Cemetery Dam may also be required to store irrigation water in addition to the 100
year design flood. Two different dam configurations are also being considered in the
meadow at Reno Rendering. One configuration would be 14 feet high and 790 feet in
length while the other would be 20 feet high and 945 feet in length. Both of these latter

two alternatives would be L-shaped structures.
SITE CONDITIONS

Four sites were explored by backhoe test pits for the proposed detention dams: George’s
Den, Upper Cemetery, Lower Cemetery, and Reno Rendering.

The Lower Cemetery site is characterized by more than 14 feet of fill at the western
abutment; 5 to 7.5 feet of fill, litter and debris at streambed elevation; and exposed bedrock
at the east abutment. The central portion of the site by the stream is well vegetated with
trees, grass and shrubs. A 3-foot high embankment has been constructed at this location.
The western portion of the dam site is covered by engineered fill placed to increase the size
of Our Mother of Sorrows Cemetery. This fill is bisected by a drainage channel which
services a culvert beneath Virginia Streets.

The Upper Cemetery site is characterized by shallow depths to bedrock and is well
vegetated by small trees and brush near the streambed. Construction debris associated with
the construction of the new mausoleum for Qur Mother of Sorrows Cemetery has been
dumped at this location, Sparse grass and sagebrush are located to each side of the heavily
vegetated streambed area.




Hydrothermally altered, deeply weathered, volcanic bedrock is present at shallow depth
at the George’s Den site. The site is covered by vegetation in a manner similar to the other
sites previously mentioned. Underground telephone cables and gas pipelines traverse the

site.

The Reno Rendering site is a broad expanse of pasture land with thick grass cover. The Orr
Ditch runs along the north edge of the meadow and is elevated relative to the meadow.
Tall trees and wet ground near the streambed testify to considerable seepage from the
drainage channel and probably Orr Ditch also. Relief is moderate at the site with a gentle
slope towards the center of the meadow and eastwards. At the east end of the meadow the

grass cover is absent where fill operations have occurred. Several fences traverse the
property.

EXPLORATION

Exploration was performed in September, 1989 to determine the general soil and
groundwater conditions at the proposed dam sites. The locations of the test pits are shown
on Plate 1 - Plot Plan. Materials encountered during the exploration were logged by an
engineering geologist. Representative samples were returned to our Sparks laboratory for
testing and further classification. Test pit logs are presented on Plate 2, and a graphic soils

classification chart explaining log symbols and terminology is presented as Plate 3.
LABORATORY TESTING

Representative samples of the soils encountered were tested in the laboratory to determine
grain size distribution, moisture content and plasticity. Results of these gradation and
plasticity tests are presented on Plates 4 and 5, and were used to verify field classifications
of the soils in accordance with the Unified Soils Classification System, Plate 3.
Classification in this manner is an indication of the soils’ mechanical properties, and is
used in part to evaluate soil bearing capacity, settlement characteristics and suitability as
embankment material, All tests were conducted in accordance with ASTM standards.




GEOLOGIC AND GENERAL SOIL CONDITIONS

The cemetery and George’s Den sites are underlain by andesitic, volcanic bedrock of the
Tertiary Alta Formation. Much of the rock in this area has been variably hydrothermally
altered and heavily weathered. As a result, the bedrock along the east side of the cemetery
sites and the entirety of the George’s Den site contains numerous clay filled fissures and
grades into sandy clay. This sandy clay where present is generally highly plastic and
expansive. The bedrock and/or the sandy clay veneer are covered by variable thicknesses
of clayey sand, silty sand, sandy clay and sandy gravels derived from weathering of this and

other nearby Tertiary formations.

The lower cemetery site has abundant uncontrolled fill with concrete, asphaltic concrete,
wood and garbage debris which is largely confined to the area near the stream channel.
The west end of this site lies in more than 14 feet of uncontrolled heterogeneous gravel-
clay-sand fill.

The Reno Rendering site is overlain by Quaternary alluvial fan deposits of Peavine
Mountain, These alluvial fan deposits are typically a clayey sandy gravel of great thickness
overlain by 3 to 4 feet of highly plastic, gravelly sandy clay.

Shallow groundwater was encountered at all sites, but was confined to areas along the
streambed and below Orr Ditch.

GEOLOGIC HAZARDS

The site as well as most of Washoe County; Nevada lies within Seismic Zone 3, a region
with a high potential for major earthquake damage. The maximum credible earthquake for
the Truckee Meadows is generally accepted as a magnitude 7.5 - 7.8 event. Available
literature (Reno Folio Earthquake Hazards Map; Nevada Bureau of Mines and Geology;

. Bingler, E.C.; 1974) shows the closest potentially active faults are located on the lower

slopes of the foothills of Peavine Mountain some one half mile to the west and southwest.
The nearest mapped fault considered active is located some 4 miles to the east in Sparks
near Pyramid Way and Greenbrae Drive. |




By conventially accepted criteria, faults having movement within the last 11,000 years
(Holocene) are defined as active, whereas those with activity occurring between 11,000 and
1,800,000 years ago (Pleistocene) are considered active or potentially active. Faults of this
later age are generally classified as active only if field exploration or geomorphology

indicates a long history of recurring activity.

A detailed liquefaction study is beyond the scope of this report. With shallow depth to
bedrock at most of these dam sites and the presence of coarse gravel to an unknown depth
at the Reno Rendering site, the potential for liquefaction at these sites is believed to be low

to moderate.

There is some potential for dust generation during site grading and construction of the
proposed dams.

DISCUSSIONS AND RECOMMENDATIONS

Geotechnical Suitability of Proposed Dam Sites

Cemetery and George’s Den Sites

A dam could be constructed at any of these three sites which would have similar
construction problems and similar problems of material availability, From the standpoint
of potential site suitability for construction, the Lower Cemetery site appears slightly better
than the other two proposed locations. The eastern side of the dam site is exposed bedrock
which would not require excavation unlike the upstream locations. Of more significance,
the western side of the site contains thick uncontrolled fills of clay-gravel-sand which could
provide considerable material for embankment construction unlike the upstream dam sites
with their generally thin soil cover. However, the western abutment fill at the Lower
Cemetery site was only recently placed to expand Our Mother of Sorrows Cemetery, and
the Diocese niay prefer one of the upstream sites in order to preserve their investment in
site improvements. Also, a considerable quantity of unusable debris fill must be removed

from the drainage channel at the Lower Cemetery site. Clay core material for each of the




proposed dams could probably be obtained from the thicker deposits in the stream channel
bottom located at the dam site and upstream. |

Specifically, volcanic bedrock is present at shallow depths of a few feet or is at the surface
at these dam sites. This bedrock is highly weathered and contains numerous zones and
partially filled cracks of highly expansive clay derived from hydrothermal alteration of the
bedrock. Generally, the bedrock will provide a suitable foundation for a dam at each of
the sites, but the weathered profile and possibly considerable cracking of the upper flows
will require thorough subsurface exploration along the dam axis in the form of test pits,
bedrock coring and packer pressure testing to establish the depth of the zone of alteration
and cracking and the permeability of the dam foundation and abutments. A dam at any
of these sites will require construction of a clay core keyed into the bedrock.

Where the bedrock is buried, the heavily weathered soil profile generally includes a zone
of highly plastic sandy clay with occasional gravel and cobbles which is residual in nature
or is derived from the weathering of nearby volcanic bedrock and subsequent transport.
This clayey zone is typically 2 to 4 feet thick where present, and will provide good material
for construction of the clay core. An extensive program of shallow test pit exploration will
be necessary to locate sufficient quantities of this clay, and the thinness of this layer will
probably require stripping over a large area in the bottom of the drainage channel to obtain
sufficient quantities of this material,

The soil cover above the residual clay zone consists of clayey sand, sandy clay, clayey and
silty sandy gravel and gravelly sands all of which can be used to construct the embankment
outside of the clay core. However, except for the west side of the proposed dam at the
Lower Cemetery site which is covered by a thick engineered fill, the soil cover including the
clay zone is only a few feet thick and most of this cover is thought to be in the narrow
bottom of the drainage channel. Consequently, a dam at either of the upper two sites will
again probably require stripping over a large area to obtain sufficient material. After the
extensive shallow test pit exploration to locate sufficient material has been conducted and
available quantities have been computed, it may still be necessary to import some
embankment and clay core material at each of these three proposed dam sites.




Finally, no material was observed in the preliminary test pit exploration which would
provide a good source of embankment riprap. It is possible that excavation during the
preparation of the volcanic bedrock foundation and abutments especially at the Lower
Cemetery site might yield some suitable material for embankment slope protection, but
generally this type of weathered bedrock does not provide suitable material.

Existing Evans_Avenue Embankment

Reno Rendering Dam Sites

The meadow which is proposed as the location for each of two different dam configurations
is broad and gently 'sloping below the Orr Ditch embankment. The soil profile in the
meadow consists of a veneer of topsoil overlying a thin, gravelly sandy clay B horizon
underlain by gravelly clayey sand and clayey sandy gravel alluvial fan deposits of unknown
but believed to be great thickness.

The B horizon gravelly sandy clay and possibly the gravelly clayey sand might be suitable
core material. The underlying sandy gravel and clayey sandy gravel would be suitable for
embankment materials especially if the cleaner sandy gravels are mixed with some clay fines
to provide binder. Excavation in the proposed impoundment area could provide a source
for the embankmenf materials, and such an excavation would enable the construction of a
lesser dam height Rock riprap would have to be imported at this location.

The proposed dams would be founded directly on the alluvial gravels. A grout curtain
beneath the dam axis would probably be necessary to slow down the seepage losses and
prevent embankment foundation instability and possible near quick conditions at the
downstream face of the dam. Also, any excavated impoundment area would expose the
flood waters to the underlying gravels. While seepage losses in temporary detention
facilities are not inherently a concern it should be determined in this case if such seepage
losses into the gravels could result in excessive seepage problems in the urban area down
gradient. If such is the case, then the impoundment area should not be excavated and tests
of the permeability of the B horizon material should be conducted, or the clay cover
excavated to expose the underlying gravel embankment borrow should be replaced and




compacted to seal off the gravels. In the latter case, all of the clay core material would
have to be imported also.

Further Geotechnical Exploration

For any of the dam sites above McCarran Boulevard an extensive subsurface exploration
program would be required along the dam axis consisting of test pits, soil borings, rock
coring to penetrations of 20 feet or better into the rock and in situ hydraulic pressure
packer testing to determine the thickness and condition of the heavily weathered bedrock
zone and the permeability of this bedrock, especially in the abutments. Such a program in
conjunction with the appropriate laboratory testing such as shear, consolidation and
permeability tests would provide sufficient information for the design of a proper dam
foundation and design of the dam embankments and core. An extensive shallow test pit
exploration in the bottom of the drainage channel should also be conducted to determine
the areal extent of both potential clay core and embankment material. The latter
exploration for suitable borrow materials would not require sophisticated soil testing but
generally just index and gradations to identify potential borrow materials. Of course, similar
index and gradation testing would be necessary for any proposed imported borrow materials

to determine their suitability.

For the proposed Reno Rendering meadow site, deep test pits excavated with a large track
hoe along the dam axis, and more packer tests in the gravels would be required.
Laboratory testing similar to that required for the dam sites north of McCarran would also
be necessary to define embankment and foundation conditions and suitable imported

embankment and clay core materials.

The exact scope and estimated cost of the necessary exploration and laboratory testing can
best be determined when the specific sites for the proposed dams are known.

STANDARD LIMITATION CLAUSE

This report has been prepared in accordance with generally accepted engineering practices.

The analyses and recommendations submitted are based upon field exploration performed




at the location shown on Plate 1 - Plot Plan, of this report. This report does not reflect
soils variations that may occur between these locations, The variations may become evident
during the construction period, at which time re-evaluation of the recommendations may
be necessary. We recommend our firm be retained to perform construction observation in
all phases of the project related to geotechnical factors to insure compliance with our

recommendations.

Equilibrium water level readings were made on the date shown on Plate 2 - Log of Borings
or Test Pit Logs, of this report. Fluctuations in the water table may occur due to rainfall,
temperature, seasonal runoff, or adjacent irrigation practices. Construction planning should

be based o assumptions of possible variations.

This report has been prepared to provide information allowing the Architect or Engineer -
to design the project. In the event of changes in the design or location of the project form
the time of this report, recommendations should be reviewed and possibly modified by the
Geotechnical Engineer. If the Geotechnical Engineer is not accorded the privilege of
making this recommended review, he can assume no responsibility for misinterpretation or
misapplication of his recommendations or their validity in the event changes have been
made in the original design concept without his prior review. The Geotechnical Engineer
makes no other warranties, either expressed or implied, as to the professional advice
provided under the terms of this agreement and included in this report.
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TEST PIT LOG

TEST PIT NO. 1 Lower Cemetery GROUND ELEVATION .
LOGGED BY Trygve loken GROUND WATER DEPTH Not Encountered
DATE 9-28-89 DATE MEASURED
=T e
aJ W 5 & T
NOTES $a|be | & S DESCRIPTION
-
az] 3y o
j;// 0 - 2.0
Moist, compact, brown Gravelly Clayey Sand Fill
2 with 30% low to medium plastic fines, 50% very
1A fine to coarse sand, 20% gravel to 3" diameter.
/ 5g?53; 2.0 - 3.0
Moist, compact, brown, Clayey Gravelly Sand Fill
;55;5; with 25% medium plastic fines, 40% very fine
6 to coarse sand, 35% gravel to 3" diameter.
1B 18 /z//z/ Cobbles to 6" diameter comprise 10%.
/ 3.0 - 14.0
8 1 Moist to very moist, compact, brown Gravelly
Clayey Sand Fill with 40% medium plastic fines,
50% very fine to coarse sand, 10% gravel to 3"
10 Céjﬁﬁ; diameter. Very little variation
%
TEST PIT NO. 2 lower Cemetery GROUND ELEVATION
L.OGGED BY Trygve Loken GROUND WATER DEPTH 5.5
DATE 9/28/89 DATE MEASURED
w 'E' ;
Jow S W xz o
NOTES s3] b E ° DESCRIPTION
s3| 8w | o
l 0 - 1.5
| siightly moist, compact, brown Silty Gravelly
> _Sand Fill with 20% slightly plastic fines, 50%
very fine to coarse sand, 30% gravel to 3" dia.
1.5 - 7.5 .
4 Debris - asphaltic concrete chunks, tree roots,
clay, sand, and gravel.
6 7.5 - 9.5
Wet, stiff, dark purplish brown, Sandy Clay
—_ N with 65% high plastic fines, 35% very fine to
;/f' .
8 medium sand. Trace coarse sand and gravel to
2B 38 % 1/4" diameter.
2C 27 10 j;)’ 9.5 - 0.2
. Grades into wet, compact, brown-tan Sandy Clay
with 55% medium plastic fines, 45% very fine
12 to coarse sand. Trace gravel to 1/2" diameter.

Description: Describe soil type by unified soi! classification system with emphasis on in-place of natura! condition.
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TESTPIT LOG

TESTPITNO. __3_Lower Cemetery GROUND ELEVATION —
LOGGEDBY Irygve l[oken GROUND WATER DEPTH _ 2.0
DATE 9-28-89 DATE MEASURED __9-28-89
— T .
Sal2a £ o
NOTES $3|B2 a o DESCRIPTION
< 2 (<] ) -
» 2 = a
[~
,a/ 0-1.5
Slightly moist, slightly compact, browr Clayey
2 Gravelly Sand Fill with 30% low plastic fines,
40% very fine to coarse sand, 30% gravel to
3" ‘diameter.
b / \| 1.5 - 4.5
__\l Debris, garbage, plastic, headlights, pots, pipe
3B 28 6 ;:;:// wiring, etc.
% 4.5 - 5.0
Wood - deadfall tree limbs
p=0.5 tsf |3C 8 »«dég
5.0 - 6.5
Wet, stiff gray Sandy Clay with 55% medium
10 plastic fines, 45% very fine to coarse sand,
5% gravel to 1/2" diameter.
6.5 - 8.0 ‘
12 Grades into wet, soft to firm, gray-tan Clayey
Sand with 40% medium plastic fines, 60% very
flne to coarse sand, 5% gravel to 1/2" diameter
TEsTPITNO. . 4 Ubper Cemetery GROUND ELEVATION
LOGGED BY Trygve Loken GROUND WATER DEPTH._._ 2+ 2
DATE 9-28-89 DATE MEASURED . 2—=28-89 .
YKl EE z o
NOTES $ 31 & © E ° DESCRIPTION
< O o w o
[7: -4 3 a -
0 - 2.5
Slightly moist, compact, brown Clayey Sand to
5 Sandy Clay with 50% medium to high plastlc fines
50% very fine to coarse sand. Trace gravel to
3/4" diameter.
4 2.5 - 5.0
“d Moist, stiff, greenish gray Sandy Clay to Clayey
Sand with 50% high plastic fines, 50% very fine
6 to coarse sand. Deeply weathered bedrock.
5.0 - 5.5
8 Fractured, weathered, gray volcanic bedrock,
Near refusal.
10
12

Description: Describe soil type by unified soil classification system with emphasis on in-place or natural condition.
p- hand penetrometer value (tsf)
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TEST PIT LOG

TEST PIT NO. 5 Upper Cemetery GROUND ELEVATION
LOGGED BY TPVEVe Loken GROUND WATER DEPTH 4,0 -
DATE 9-28-89 DATE MEASURED ____9-28-89
w & e o
noTES |2 8|58 | & | ¢ \
3| @8 . S DESCRIPTION
a2l Sy °
@0:/ 0 - 1.0
?3]g§7 Moist, slightly compact, brown Clayey Gravelly
A 13 2 e Sand Fill with 30% low plastic fines, 40% very
~1 fine to coarse sand, 30% gravel to 3" diameter.
Cobbles and boulders to 24" diameter comprise
4 5% {Truckee river, round boulders).
1.0 - 4.0
6 - Moist, compact, brown Sandy Gravel with 5% low -
to medium plastic fines, 25% very fine to coarse
sand, 70% gravel to 3" diameter. Cobbles to
8 5" diameter comprise 10% of mass.
4,0 - 5.5 :
Wet, soft to hard, fractured weathered gray
10 volcanic Bedrock. '
12
TEST PIT NO. & Upper Cemetery GROUND ELEVATION
LOGGED BY Trygve Loken GROUND WATER pepTH__NOt Encountered
DATE 9-28-89 DATE MEASURED
- -
NOTES 3 z| He E S DESCRIPTION .
s3] ¢é% | @
.v/"/ 0 - 1.0
04 8 3-4 Mecist, compact, tan Clayey Sandy Gravel with
P ’;,q‘t:r:.’, 10% slightly to low plastic fines, 30% very
L sovi] fine to coarse sand, 60% gravel to 3" diameter.
" 4 (Graded weathered bedrock)
4 1.0 - 2.5
hard, fractured, weakly weathered tan volcanic
Bedrock.
6
8
10
12

Description: Describe soil type by unified soil classification system with emphasis on in-place or natural condition.

10308

'~ « RENO/SPARKS
o LAS VEGAS

panziod,

PROJECT NO. 150-08-1

GEOTECHNICAL DIVISION e 2c




TEST PIT LOG

TEST P1T NO. 7 Georges Den Site GROUND ELEVATION
LOGGED BY Trygve Loken GROUND WATER DEPTH____ 2.5 —;
DATE 9-28-89 DATE MEASURED ___9-28-89
el it |
noTEs |z ElE& | £ | g
23| w8 3, o DESCRIPTION
- B o
TA 24 ZEE;E; 0 - 2.0
4/£r// Moist, compact, brown Clayey Sand with 30% low
2 ’;;KEK plastic fines, 70% very fine to coarse sand.
o’ ]ﬂ Trace gravel to 3/4" diameter.
4 / 2.0 - 3.0
/ Wet, loose, gray Clayey Sandy Gravel with 10%
,,,/// low plastic fines, 30% very fine to coarse sand
6 :::::: 60% gravel to 3/4" diameter.
% 3.0 - 7.0
V,<- Very moist, slightly stiff, yellow-orange Sandy
8 [0~ |cClay with 70% high plastic fines 30% very fine
::ﬁ to coarse sand. Lower 2 feet with numerous
0 ::: soft purple cobbles.
? 7.0 - 12.0 ‘ o
L~ Moist, soft, purple, weathered volcanic Bedrock.
12 AR -
TEST PIT NO. GROUND ELEVATION
LOGGED BY Trygve Loken GROUND WATER DEPTH 2.0
DATE 9=29-89 DATE MEASURED _9=29-89
4El ez z
NOTES O T 3 DESCRIPTION
o 2| 8% o
8A 0 - 1.0
Wet, slightly compact, brown Silty Gravelly
8B > Sand with 20% slightly plastic fines, 50% very
p=1.25 tsf|8C 29 fine to coarse sand, 30% gravel to 3/4" diameter
1.0 - 2.0 )
4 %] Wet, stiff, light brown, Gravelly Sandy Clay
b0 with 40% medium plastic fines, 40% very fine to
8D T . 11 coarse sand, 20% gravel to 3/8" diameter.
v 2.0 - 4.0
.. ¥ Wet, stiff, gray Gravelly Clayey Sand with 45%
8 " high plastic fines, 45% very fine to coarse
1 sand, 10% gravel to 3/4" diameter.
10 4.0 - 9.0
Wet, loose, brown Sandy Gravel with 5% slightly
low plastic fines, 30% very fine to coarse sand,
12 65% gravel to 3" diameter. Trace cobbles to 5"
diameter.

Description: Describe scit type by unified soil classification system with emphasis on in-place or natural condition.
p- hand penetrometer value (tsfl)
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TESTPITLOG

TEST PIT NO. 9 Reno Rendering Site GROUND ELEVATION _
LOGGED BY Trygve Loken GROUND WATER DEPTH ___Not Encountered
DATE 9-29-89 DATE MEASURED
we | 8r .
NoTEs |ae|28 | & | ¢ DESCRIPTIO
2222 | & S N
szl gw e
oa I_M_ 0~ 1.0
52;// Moist, slightly compact, brown Gravelly Silty
) //,/’/ Sand Fill with 20% slightly plastic fines, 60%
9B 51 :::::: very fine to coarse sand, 20% gravel to 3/4"
:;:::: diameter.
4 7"/ 1.0 - 4.0
% Moist, stiff, light brown Gravelly Sandy Clay
:;:::: with 35% high plastic fines, 35% very fine to
ac 6 ::::j: coarse sand, 30% gravel to 1" diameter.
A 4.0 - 1105
8 ::j::: Moist, compact, light brown Clayey Sandy Gravel
:::::: with 20% low plastic fine, 30% very fine to
/ coarse sand, 50% gravel to 3" diameter.
10 Z/// '
12
TEST PIT NO. 10 Reno Rendering Site GROUND ELEVATION
LOGGED BY Trygve Loken GROUND WATER DEPTH Not Encountered
DATE 9=-29=-89 DATE MEASURED
vl BE | .
NOTES Sz| 5He E DESCRIPTION
4 o o w a
w z 3 o
p=0.75 tsf [10A 0~ 3.0 :
Moist, firm, brown Gravelly Sandy Clay with
2 40% medium to high plastic fines, 40% medium
to high plastic fines, 40% very fine to coarse
"] sand, 20% gravel to 1/2" diameter. Top 0.3"
4 darker, organic rich with roots.
10B 1]12.4

3.0 - 12.5

Moist, compact, light brown Clayey Sandy Gravel
with 10% low plastic fines, 25% very fine to
coarse sand, 65% gravel to 3" diameter. Trace
cobbies to 6". Becomes slightly less gravelly
with depth.

10

2

Description: Describe soil type by unified soil ¢lassification system with emphasis on in-place or natural condition.
p- hand penetrometer value (tsf)
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GRAPHIC SOIL CLASSIFICATION CHART

O T
-ﬂf,-g;.;:\-; o w| WELL- GRADED GRAVELS OR GRAVEL-SAND
LITTLE OR  [4ith MIXTURES, LITTLE OR NO FINES
NO FINES  [:¥, %
w S POORLY- GRADED GRAVELS OR GRAVEL-
i Yo {6P | SAND MIXTURES, LITTLE OR NO FINES
o] GRAVELS T :
w 8 2 )
S & APPRECIABLE ,q',f cM| SILTY GRAVEL- SAND-SILT MIXTURES
o 2 AMOUNT OF 2~
z g FINES //"’/ 6c | CLAYEY GRAVELS, GRAVEL- SAND = CLAY
é ?, /o/; MIXTURES
o]
g P o olgw [|WELL-GRADED SANDS OR GRAVELLY
n & CLN%AN 6 o SANDS, LITTLE OR NO FINES
o w0 e ¢
< =z FINES 1/ op | POORLY-GRADED SANDS OR GRAVELLY
Q = . SANDS, LITTLE OR NO FINES
~{ SANDS s 2
1/p]
w
SM A - -
i APPRECIABLE I | SILTY SANDS, SAND-SILT MIXTURES
AMOUNT 5‘/
OF FINES -
)/)/:sc CLAYEY SANDS, SAND—CLAY MIXTURE
ol
INORGANNIC SILTS AND VERY FINE SANDS,
1QUID ML | SILTY OR CLAYEY FINE SANDS OR
o L CLAYEY SILTS
u LIMIT
o LESS THAN [
@ 50 /CL SANDY CLAYS, SILTY CLAYS, LEAN CLAYS.
" P A
N i | "
= 4 SETS : I!! |= ORGANIC SILTS AND ORGANIC SILT-
o = OL | CLAYS OF LOW PLASTICTY.
® o AND Aty
> Z INORGANIC SILTS, MICACEOUS OR
= » M+ | DIATOMACEOUS FINE SAND OR
= 2 CLAYS SILTY SOILS
v o
w B LIQUID /CH INORGANIC CLAYS OF HIGH
% o LIMIT // PLASTICITY, FAT CLAYS
=z
GREATER
< “
T THAN ////20H ORGANIC CLAYS OF MEDIUM TO HIGH
" 50 Z i PLASTICITY, ORGANIC SILTS
~,
8 ]
= PT | PEAT AND OTHER HIGHLY ORGANIC SOILS
MATERIAL CHANGE
I ESTIMATED MATERIAL CHANGE
St i : PROJECT NO. 150-08-1

GEOTECHNICAL DIVISION Sparks, Nevada Las Vegas, Nevada Phoenix, Arizona . PLATE 3
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TEST RESULTS

Sample Number

Sieve Size

3 Inch
2 Inch
1 Inch
3/4 Inch
1/2 Inch
3/8 Inch
No. 4

No. 10
No. 40

No. 100
No. 200

Liquid Limit

Plastic Index

Moisture Content

MECHANICAL ANALYSIS

Sample Number

Sieve Size

3 Inch

2 Inch

1 Inch

3/4 Inch
1/2 Inch
3/8 Inch
No. 4
No. 10
No. 40
No. 100
No. 200

Liquid Limit

Plastic Index

Moisture Content

1B 2B 2C 3B 5A 6A
percent By Weight Passing
89
80 92
63 65
100 100 100 55 64
98 99 98 43 56
97 100 98 97 33 51
91 96 97 . 94 29 41
82 89 95 90 22 31
66 76 85 81 15 19
52 69 69 70 9 13
41.7 63.4 54.8 56.5 7.5 10.2
- 67 45 34 - -
- 40 23 14 - -
18 38 27 28- 13 8
MECHANICAL ANALYSIS
7A 8C 8D 98 10B -
Percent By Weight Passing
100 100
93 100 96
72 89 74
100 62 86 65
96 49 79 54 .
100 96 . 42 76 44
97 90 34 70 35
90 83 - 25 61 25
70 68 13 48 16
68 54 8 -39 12
33.7 45.9 6.6 35.9 9.5
36 54 = - 61 -
15 31 - 34 -
24 29 14 21 12.4

OATAFAINT
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Table 6.3A,~—~Local-storm PMP computation, Colorado Ri.vef, Great Basin and
California drainages, For drainage average depth PMP. Go té
table 6.3B if areal variation is required.

y 2 2
Drainage Sormm Y M &om Area I ¢7i mi” (k™)
Latitude Longitude Minimum Elevation «4-&/2 ft (m)

Steps correspond to those in sec. 6.3A.

l. Average l-hr l-mi2 (2.6-—km2) PMP for 8.5 in, (mm)
drainage [fig. 4.5].

2. a. Reduction for elevation. [No adjustment
for elevations up to 5,000 feet (1,524 m):
5% decrease per 1,000 feet (305 m) above

5,000 feet (1,524 m)]. ‘oD %
b. Multiply step 1 by step 2a. 8.5 in. (mm)

3. Average 6/l~hr ratio for drainage [fig. 4.7]. [ &%

’ Duration (hr)
/4 1/2 3/4 L 2 3 4 5 6

4, Durational variation
for 6/1-hr ratio of .
step 3 [table 4,4]. 43 70 B Joo 125 140 \sD 157 4. o

5. l-mi? (2.6-kn?) PMP for
indicated durations
[step 2b X step 4].

3o, 60 7485 100 19 12.8 123 129  in. (mm)

6, Areal 'reduction

[fig. 4.9]. 5 % 9 %5 9797598 8BS Y7 %
¥ 7. Areal reduced PMP S - o o .
[SCEPS 5% 6]. :)~‘7l “:‘::3 7[[ 5{2 /04.5‘ ”'é’ ’/7:“} /3:{ ,2?8 in, (mm)
8. Incremental PMP
[successive subtraction :
in step 7]. in., (mm)
' } 15-min. increments
9. Time sequence of incre~
mental PMP according to:
Hourly increments
[table 4.7]. 4 in., (mm)
Four largest 15-min. -
increments [table 4.8]. in. (mm)

R s S
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ratios than storms with high 3/1-hr ratios. The geographical distribution
of 15-min to l-hr ratios also were inversely correlated with magnitudes of
the 6/1~hr ratios of figure 4.7. For example, Los Angeles and San Diego
(bigh 6/1-hr ratios) have low 15-min to l-hr ratios (approximately 0.60)
whereas the 15-min to l-hr ratios in Arizona and Utah (low 6/1-hr ratios)
were generally higher (approximately 0.75). ‘

Depth~-duration relations for durations less than 1 hour were then smoothed
to provide a family of curves consistent with the relations determined for 1
to 6 hours, as shown in figure 4.3, Adjustment was necessary to some of the
curves to provide smoother relations through the common point at 1 houT.

We believe we were justified in reducing the number of the curves shown in
-— figure 4.3 for durations less than 1 hour, letting one curve apply to a
range of 6/l-hr ratlos. The corresponding curves have been indicated by
jetter designators, A-D, on figure 4.3. As an example, for any 6-hr amount
between 115% and 135% of 1-hr, 1-mi? (2.6-km2) PMP, the associated values
for durations less than 1 hour are obtained from the curve designated as """,

Table 4.4 lists durational variationms in percent of 1-hT PMP for selected
6/1~hr rain ratios. These values were interpolated from figure 4.3.

To determine 6-hr PMP for a basin, use figure 4.3 (or table 4.4) and the
geographical distribution of 6/1-hr ratios given in figure 4.7,

Table 4.4.-—Durational variation of 1-miZ (2.6-km2) local-storm PMP
in percent of l-hr PMP (see figure 4.3)

6/1-hr - Duration (hx)
. ratio 1/4 1/2 3/4 12 3 /A 5 6
i 1.1 s  93- 97 100 107 109 110 110 - 110
1 1.2 % @ 95 100 10 115 118 119 120
= 1.3 Y s 95 00 114 121 125 128 . 130
! 1.4 ts g3 93 100 118 126 132 137 130
1.5 3 83 ©3 100 121 132 140 145 130
1.6 O 30 87 100 124y, 138, 1474 L34y 16034
: L o ) 1 -
A 43 70 87 100 130 v 120*° 161 111% 180
2.0 43 70 &7 100 137  16r 175 188 200

4.5 Depth-Area Relation

We have thus far developed.local-storm PMP for an area of 1 niZ (2.6 km?) .
To apply PMP to a basin, we need to determine how 1-mi2 (2.6-kmZ) PMP should
decrease with increasing area. We have adopted depth-area relations based
on rainfalls in the Southwest and from consideration of a model thunderstorm.

it
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Figure 4.5--Local-storm PMP for 1 miz (2.6 kmz) 1 hr.

applicable for locations between sea level.and 5000
Elevation adjustment must be applied

Directly
F£ (152¢ m).
for locations above 5000 ft.

events. In contrast to figure 4.4, figure 4,5

‘these two locations. There is no known meteorological basis for a different

solution. The analysis suggests that in the northern portion of the region

s maximum PMP occurs between the Sierra Nevada on the west and the Wasatch
‘range on the east. ’

maintains a maximum between

A discrete maximum (> 10 inches, 254 mm) occurs at the north end of the
: Sacramento Valley in porthern California because the northward-flowing moist
* © air is increasingly channeled a

nd forced upslope. Support for this PMP cen-
—- ' ter comes from the Newtom, Kennett, and Red Bluff storms (fig. 4.1). Although
the analysis in this region appears

to be an extension of the broad maximum
through the center of the Southwestern Region, it does not indicate the

direction of moist inflow. The pattern has evolved primarily as a result of
attempts to tie plotted maxima into a reason

inflow directions, terrain effects, and moisture

able picture while considering
potential.
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establish the basic depth-duration curve, then
depth-duration curves to cover t

Three sets of data were considered for obtainin

structure 2 variable set of
he range of 6/1-hr ratios that are needed.

g a base relation (see

table 4.3 for depth-duration data).

a. An average of depth-duration relations from ea

rains from summer Storms

in unpublished tabulation

smounts ranged from 1 to

b. An average depth-duratiom relation from 14 of th

duration storms iisted in Storm
These storms come from Eastern an

ch of 17 greatest 3-hr
{1940-49) in Utah (U. S. Weather Bureau 1951b) and
s for Nevada and Arizona (1940-63). The 3-hr

3 inches (25 to 76 mm) in these events.

e most extreme short-

Rainfall (U. S. Army, Corps of Engineers
d Central States and have 3-hr

‘amounts of 5 to 22 inches (127 to 559 mm) .
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SE&Sa, IHC.,

HYMO - HYDROLOGIC MODELING PROGRAM BY JIMMY R. WILLIAMS AND ROY W. HANN, JR.

* IMPLEMENTED ON HP-1000 A-SERIES 3/83 BY COMPENG COMPUTER SYSTEMS, LTD.

* INPUT AND OUTPUT ENHANCEMENTS AND SCS METHOD HYDROGRAPH GENERATING
CAPABILITY ADDED 4/84 BY SEA, INC.

INPUT FILE = *081HYMOIN

JOB NUMBER: 0150-08-1 EVANS AVE. D. 5. - STREET CAPACITIES
9:35 AM THU., 19 OCT., 1989

- START TIME= 0.




Didie Elvd - I-sap o Montellp

COMPUTE RATING CURVE ID= 1 VS= 1 NSEG= 2 MIN EL= 2.04 FT INC= -.04 FT

CHSLOPE= .006 FPSLOPE= .006
N= .012 DIST= 8. FT N= .015 DIST= 50.
DIST(FT) ELEV(FT) DIST(FT) ELEV(FT)
0. 10. .99 10,
1. 9.64 6.46 9.54
6.5 9.04 8. 9.16
50. 10.

RATING CURVE VALLEY SECTION 1.0

WATER FLOW FLOW

SURFACE AREA RATE
ELEV 8Q FT CFS
9.04 0.0 0.0
9.08 .0 .0
9.12 .0 .0
9.16 .1 .1
9.20 .2 .3
9.24 LA .6
9.28 .6 1.2
9.32 1.0 2.0
9.36 1.4 3.0
9.40 1.9 4.4
9.44 2.5 6.1
9.48 3.1 8.3
5.52 3.9 10.8
9.56 4.7 13.1
9.60 5.7 16.0
92.64 6.9 20.0
9.68 8.1 25.4
9.72 9.5 31.5
9.76 10.9 38.4
9.80 12.5 46.1

FINISH

5B

FT
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APPENDIX 7




RLTERMATIVE 5, PHASC 1

OPINION OF PROBABLE CONSIRUCTION CAST
BY: GS/PEE
DAtE: 1176789

TTEN DESCRIPTION QURNTITY UKIT €057 ERTENSION
1Y LOJER CEHETERY DETENTION BAH
@) CLEARIHG AHD GRUBBING 1.0L5 $20,000.00 $20,600.00
by RECK SLOPL PROTECTION 1500.0 LY £15.00 $22,500.00
c) WATIUE CLAY FILL 17300.0 Oy $5.00 $69,500.00
d) 3* IHPERVIOUS BLARKLY 3606.0 CY $4.00 $12,000.00
e} EXCRUATION CUTOFF TREHCH 2000.0 ¢y $4.00 $4,000.00
1) 30" RCP we CUTOFT COLLARS 185.0 LF  $120.00 $22,200.00
g) HERDUALLS & RPPURTEXANCES 1.0L5 $16,000.80 $10,008.00
h) CHRIN LIMK FENCT RND GATE 1.OLS  15000.08 15,008.00
1) IHLET HAHHOLE B APPURT. 1.0LS  5006.00 5,005.00
) SOIL ERDSION CONTROL 1.0L5  10000.00 10,008.00
k) SOIL CEMEMT 2750.0 £y 37.50 103,125.80
1) ROCK LINED CHANNEL 00,0 LF 10.00 4,000.00
) DEWATERING 1.0LS  20006.00 20,000.00
n) 36" RP 420.0 L 60.00 25,200.00
o) 42" RCP 20815 80.00 33,600.00
p) HARHOLE SOER  2606.00 12,500.00
SUBTOTAL: $412,625.00
2} ROUIC ARER *J* ABOUE EUANS AUL.
a) 60" REP 450.0 LF 160.06 ?2,000.00
b) HEADURLL 2008 500000 10,600.00
c) MARKGLE LOER  2500.00 2,500.00
1) AL SUALE 5706.0 5Y 8.00 45,600.60
SUBTOTAL: $130,100.00
3> B6™ RCP ACRDSS HAMOGUL KIGH SCHAOL
a) bb" RCP 6900 LF 166.00 124,200.06
b)  HANHDLE 2.00F  Z500.00 £,000.00
) SPECTRL MAHKOLE 1.0 £8  10600.00 10,000.00
SUBTOTAL: $13%,200.00

SUTERHRTIUC 5, PHASE 1 TOTAL:

$601,525.00




BLTERHATIUL &, PHRSE Z

OPINION OF PROBABLE CONSTRUCTISR £OSI
- BY: G5/PBL
BRTC 1176789

TTeN DESCRIPTION QURHTITY UHIT CASI CHTENSTON

- 1) 42" RCP/48" RCP FROM REND RENDERIRG TO SUTRO ST.

a) 42° R(P 7000 LF. B0.00 56,080.00
— by 48" RCP 850.0 LF 120.00 102,000.00
©) HEADUREL 1.0fR  5000.00 5,000.00
d) HANHOLE 6.0 LA  2500.00 15,000.00
e) SPECIAL DROP INLEY 1.0 R 5000.00 5,000.00

SUBTOTAL: $163,000.90
2> {DDIC BLUD. FLOGD UALL AND KONTELLO ST. MODIFICRTION

a) FLOOG LALL 2400.0 LF 6560 156,000.00
by CURB KD GUTTER 200.6 LF 5.00 1,800.00
— ¢) SIBEURLK 200.0 LF 14.00 2,800.00
4> PLANTHIR SURFRCE 600.0 8 14.00 8,400.00

SUBTOTAL: $169,000.0¢

— ALTERHRTIVE 5, PHRSE 2 TOTAL $352,000.00




ALTERKATIVE 5, PHASE 3

OPINION OF PROBABLE CONSTRUCTION LOSI
BY: 65/PBE
DRIE 1106789

ITEH DCSCRIPTION QURHTTTY NIt COST EXTENSTON
1) 54" RCP/60" RCP/66* RCP FROM REND REHOCRING 10 PARABISE FONO
al 54" ReP 590,60 11 156 .90 361,000.00
by 60" RCP 360.0 41 170.00 571,200.00
c) 66" REP 960.0 LT 190.00 162,400 .00
d) HIADVALL O 5000.80 10,000.00
e) MAKHOLE - 17.068  2500.00 42,500.00

SUBIOTAL:  $1,187,100.00

RLTERNATIVE S, PHASE 3 T0TRL  61,187,100.00

-3




RLTERRATIVC 6, PHASL 1

OPINION BF PROBRELE CONSTRCTION COSI
BY: 65/PBE
- DATE: 11/7/89

B 1 DESCRIPTION QWATTY  ONIT COST  CATENSION
1) LOUER CEHETERY DCTCHTION IR
a) CLOARING AHD GRUBBING FOLS $20,000.00  $20,000.00
by ROCK SLOPE PROTECTION 000 CY  SI5.00  $22,500.00

. ¢ HATIUE CLAY FILL 000 $5.00  $89,500.00
6 3 THTRUIOUS BLANKET WO0CY  S400  $12,000.00
e CCRURTION COTOPF TRENCH 00008 400 $8,000.00

B £ 30% RCP w/ CHUTOFF COLLARS W00 12000 $22,200.00
0 WERDIALLS & APPURIEHANCES 10LS $10,00000  $10,000.00
b CHATH LINK FEACE AND GATE 1005 1500000  15,000.00
1) THLET MBRHOLE & APPURT . 10LS  S00.00  5,000.00

- 1) SOEL EROSTON CONTROL LOLS 1000000  10,000.00
K SOIL COMENT MO0 W0 103,175.00
1) ROCK LINED CHANHEL WOy 1000 4,000

. n) DEURTERING 1OLS 20000.60 20,000.00
0 36" P 0L .00 2520000
o) 42" ROP WO w000 3,600.00

- D) HANKOLE SOTR 70000 12,500.00

SETOTAL:  $412,625.00
2> ROUTE ARER “J* ABOVE CURKS UL
a) b0 RCP SO0 16000 72,0000
b HERDUALL 2008 S00.00 1000040
¢ HAHOLE PO 250000 2,500.00
4 AL SURLE 5700.0 5 6.0 45,600.00
3 SUTOTAL:  $130,100.00
3) 48" OUTLEY FOR EURNS AUE. DETENTION
&) THLET STRUCTURE LOLS 1000000 10,000.00
SUBTOTAL: £10,000.00
4) 54" RCP ACROSS MANOGUL B.S.

] a) 54" ReP G00LF 000 9,600.00
b MANHOLE I00R %0000 S,600.00
¢) SPECIAL MAMHOLE 10fR 1000000  10,000.00

WRTOIAL:  $111,600.00

RLTERHATIVE €, PHASE 3 TOPAL:

7-4

$664,325.00

o




RLTERNATIUE 6, PHASE 2

GPILION OF PROBRBLE COMSTRUCTION COSI
BY: 5S/PBE
DRTE 11/7/89

I DESCRIPTION QURRTITY UNIT COST EXTERSION
1> 42" RCP/48" RCP TROM REHO RENOCRING T0 SUTRD ST.
a) 42" Rep 00,0 LF 86.00 56,000.00
by 48" RCP 850.0 LF 126.08 102,000 .00
c)  HCROUALL 1.OER  5000.00 £,000.00
4)  HAAHOLE 0.0 ER 250000 15,000.00
e) SPCCTAL OROP IKLET 1L.OER  5000.00 §,000.00
SUBTOTAL: $163,000.00
2} DDBIC BLUD. FLOOD URLL AN MONTELLG ST. HODIFICATION
a) FLOOD HALL 2400.0 LF 65.00 156,000.00
b} CURD AND GUTTLR 200.0 LF 9.00 1,800.00
¢) SIBEVALK 200.0 LF 14.00 2,800 .00
d) PLANIMIX SURFRCE 600.0 5¢ 14.00 8,400.00
SUBTOTAL: $169,000.00

ALTERNRTIVE £, PHASE 2 TOTAL

7-5

$352,060.00




BLTERHATIVUL 6, PHASE 3

OPINION OF PROBRALE COMSIEUCTION COSI
BY: GS/FRL
DRTE 11/7/83

ITH DESCRIPYION GUBHTTTY UNIT COST CRTERSTON

1y 42" RCP/48" RCP/54™ RCP TROH PENG RENDIRIRG 70 PARADISE POND

a) 42" RCP 1400 LF 90.00 228,680.00
b) 48" RCP 3366.0 LT 120.90 103,200.00
c) 54" RCP 9%0.0 L7 150.00 144,000.00
d) HERDUALL 2B ER  5000.00 10,000.00
e) MANHOLE 17808 2500.00 42,500.00

SUBTOIAL: $820,300.00

RLTERNRTIVE 6, PHASE 3 TOTAL $028,300.00

7-6




ALTERHATIVE 7, PHRSL 1

OPINION 67 PROBRBLE CONSTRUCTION COSI

BYs §5/PEE
ORTEs 1177799

SUBTOIAL:

) DESCRIPTION BuaKTIY UKIT CoST EXTENSION
1) LDUER CEHETERY DETERTION DAY

) CLEARIKG AN GRUBBING 1.0LS $20,000.00 $28,000.00
b) ROCK SLOPE PROTECTION 1500.0 ¢y $15.00 $22,500.00
) HATIVE CLRY FILL 17900.0 LY $5.00 $69,500.04
) 3* THPLRUIOUS BLANKET 30000 Cv $4.00 $12,000.00
e) LXCAUATION CUTOFF PREHCH 2000.0 ¢¥ $4.00 $8,000.00
f) 307 REP w/ CUTOFT COLLARS 105.00F  ¢120.00 $22,200.00
g HCROUALLS B APPURIERRNELS 1.0L5 $10,000.00 - $10,000.00
h) CHRIK LENK FERCE RHD GATC LBLS  15000.00 15,000.00
1) INLET HANHOLE & RPPURI. 1015 5800.00 5,000.00
) SOIL LROSTOX COMTROL 1.0L5  10060.00 10,000.00
- ky SOIL CCHMCH 2756.6 Cy 37.50 163,125.60
1) ROCK LINED CHanKEE 400.0 L7 10.00 4,000.60
n) DEURTERING 1015 2000605 20,000.00
a 36" RCP 2.6 tr 60.60 25,200.00
o} 42" RCP 0.0 LF 86.00 33,606.00
p) HAKHOLE SO 2500.00 12,500.00
SUBTOTRL: $412,625.00

- 2) ROUTE AREA *J™ ABOUE LURMS AUL.
a) 60" RCp 450.0 Lf 166.00 72,000.00
b} HEADNALL 2000 5006.00 10,000.00
¢} HAKHOLE f.0th  2500.00 2,500.60
d) AC SUALE 5700.0 5Y 8.00 45,600.00
SUBTOTAL: $130,100.00

- 3) 66" RCP ACROSS NAKOGU K.S.
a) 66" RCP 690.0 17 180.00 124,200.00
by HANHOLE 2008 2500.00 5,000.00
c) SPECIAL MARHOLE 1008 1809000 10,000.00
SUBTOTAL: $139,260.00
4> LARGE RCHO BEWOCRING DETCHTION DAH

@) CLEARING RKD GRUBBIHG 1.0L5  15000.00 15,000.80
b ROCK SLOPE PRETECTION 2000 ty 15.00 31,500.00
c) cLAY TILL 18009.9 CY 10.00 180,000.00
- d) 3’ IHPCRUIOUS BLAKKLI 00e.0 ¢y .00 24,000.00
e) SLURRY TRENCH 1015 200000.60 200,0600.00
1) 36" RCP w/ CUTOFT COLLARS 1200 U5 146.00 16,800.00
> HERGUALLS & RPPURTERANCES L.OL5  10000.00 16,000.00
B h) CHAIN LINK FEMCE 8 GAIE 1.OLS  15000.00 15,000.00
1) TYPE 10 HRHHOLE & APPURT . 1LOLS  5060.00 %,000.00
J) SDIL EROSTON £ONIROL 1.6L5  10000.00 10,000.00
k> SOIL Ctwewr 4550.0 Y 37.50 170,625.60
1) ROCK LIHED CHRNNLL 300.0 LF 10.00 3,000,600
n) DCURTERING L1045  20000.00 20,000.00

$700,925.00

RLYERNATIVE 7, PHASE 1 10IAL:

$1,302,950.00




ALTERHRTIVE 7, PHRSE 2

OPINION OF PROBROLE CONSTRUCTION COST
BY: 6S/PEE
DRI 1£/7/89

ITEN DESCRIPTION QUANTITY Iy cest ERTENSTON
1> 42° RCP/48" RCP FROM REND RENDCRING TO SUTRO ST.
a) 42" RCP 700,047 £0.00 56,000.00
by 46" RCP 850.0 LF 120.00 162,000.00
c) HCAGUALL 1.0ER  5000.00 5,000.00
d> HARHOLE 6.0ER  2500.00 15,000.00
e) SPECIRL DROP INLET 1.0TR 500000 5,000.00
SUBTOTAL: $103,000.00
2y DODIC BLUD. FLOOB UALL AHD HOKTELL® ST. MODIFICATION
@ FLO0D WALL 2400.0 LF 65.00 156,000 .00
by CURR AND GUTTER 200.6 LF 9.00 1,800.00
¢} SIDEURLK 2000 4F 14.00 2,800.00
d) PLAXTHIR SURFRCE 600.0 &Y 14.00 8,400.00
SUBTOTAL: $1£9,000.00

ALTERNATIVE 7, PHASC Z T0TAL:

7-8

$352,000.00




RLTERNRTIVE 8, PHASC 1

CPIRIBN OF PROBABLE CONSIRYLTION LOST
BY: 65/PBL

BRIE: 11/8/8%

ITEh DESCRIPTION GURTITY URIT Cost EHTENSTON
1) LOUER CERLTERY DETIHTION DRH
—_ a) CLEARING RO GRUBBING 1.0 L5 $20,000.00 $20,000.00
b) ROCK SLOPE PROTECTICH 1500.8 CY $15.00 $22,500.00
c) HATIVE CLAY FILL 179600 CY $5.00 $89,500.00
d> 3 IHPERUIOUS BLANKLT 3000.0 CY $4.00 $12,000.00
- ) EXCRUATION EUTOFF TRENCH 2000.0 €Y $4.00 " $8,000.00
fy 30" REP w7 CULOMT COLLARS 185.0LF  $120.00 $22,200.00
g) HCADUALLS & RPPURTENANCLS 1.0L5 $10,000.00 $10,000.00
hy CHRIR LIRK FEHCE RHD GATE L.OLS 1500000 15,000,400
— 1) INLET HAKWOLE § APPURI. 101§ 5000.00 §,000.00
§) SOIL EROSION COMTROL 1045 10000.00 10,000.00
k} SOIL CEMENT 2950.9 ¢y 37.50 103,125.00
1) ROCK LIMER CHARHEL §00.0 LT 10.00 1,000.00
— n)  DEUATERING 1.01S  Z0000.00 26,000.00
n) 3" R(P f20.0Lr 60.00 25,200.00
o) 42" RCP 420.0 LF 80.09 33,560.00
) HASHOLE 5.0 60 2500.00 12,580, 00
SUBTOTAL: $412,625.00
2} ROUTE BREA "J° RBOVE CUANS AUE.
- a) 60" RCP 450.0 LF 16000 72,000.00
b} HERDUALL 200 5000.00 10,000.00
¢ HAHHOLE LOER  2500.00 2,500.09
d) AL SURLE 5100.0 5Y 8.00 45,600.00
SUBTOEAL: $130,100.00
3> 66" RCP ACROSS HAKDGUE H.S.
- a) 66" RCP 690.0-1F 189.00 124,200.00
b} HARHOLL 2O 2500.00 §,000.00
c) SPECTAL HARKOLE 1.6 €A 10000.00 10,006.00
- SUBTOTRL: $139,200,00
4> SHALL RCND RENOCRIKG DETENTION R
a} (LERKTNG AND GRUBBING 1.0LS 1000000 10,000.00
B b) RGCK SLOPE PROTECTION 950.0 CY 15.00 14,250.00
c} CLRY FILL 7700.0 CY 10.00 71,000.00
d? 3" IHPERUTOUS BLANKET 2080.0 C¥ .00 16,000.00
e) SLURRY TRENCH 1.0 L5 20000000 200,600.00
- ) 2-42° RCP w/ CUTOFF CBL.7S 9.0 LF 300.00 27,000.00
@) HCABUALLS 8 APPURTIMANCES 1.0LS 1200000 12,000.00
) CHAIN LIKK FLHCL 8 GAIC L.0LS  15000.60 15,000.00
1) TYPE TV HARNOLT & APPURT, 1.045  10000.00 10,000.00
- 1) SOIL CROSION CONTROL LOLS  10060.00 10,060.00
k> SOIL CEHCHT 3000.0 CY 37.50 112,500.00
1) ROCK. LINED CHAHKLL 260,06 LF 10.00 2,000.60
) BLURTERING 1.015 2000000 26,000 .80
SUBTOTRL: $525,750.00

RLIERHRTIVE 8, PHASE 1 TOTAL:

7-9

$1,207,675.00




RLTERRRTIVE 8, PHASE 2

OPINIGH OF PROBRBLL CONSTRUCTION COSI

BYs §5/PBE
DRIE 11/7/89

ITEH DESCRIPTIOH GUAHTITY UNIT COST CHTERSTON
1) 42° RCP/48" RCP FROM RENO RENDERING TO SUTRO SF.
a) 42" RCP 700.0 LF 80.00 56,000 .00
by 48" RCP 8se.0 Lr 120.00 102,000.00
¢) HERDUALL LOER  5000.00 5,000.00
d> HAKHOLE 6.0 EF  2500.00 15,000.00
&) SPECIAL DROP INLET LOIR  5000.00 5,000.00

SUBTOTAL:

) OODIC BLUD. TLGOD WALL AND HCHTELLG ST. MOBIFICATION

a) fLO0D WRLL

b) CURB AKD GUTTER
c) SIDEURLK

d) PLRXTHIR SURFACL

24000 LF 55.00
200.0 17 9.00
200.6 L7 14.00
&00.0 5Y 14.00

SUBTOTAL:

3 42"748"/54"#60" RCP FROM REMD REKDERING 10 PARADISE PGMD

a) 42" RCP
b) 48" RCP
c) 54" REP
d) 60" RCP
&) HEABUALL
) HANHBLE

7000 LF 80.00
1840.0 LF 120.00
300 LT 150.00

9%0.0 LF 170.00

2.0 LR 5000.00
17.6 68 2500.00

SUDTOTAL:

$183,000.00

156,000.00
1,800.00
Z,900.00
8,400.00

$169,000.00

56,006.00
220,800.00
504,000.00
163,200.00

10,000.00

42,560.00

$996,500.00

ALTERKATIVE &, PHASE Z TOTAL:

$1,348,500.00




