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10 ATTACHMENT 7 — TECHNICAL JUSTIFICATION OF
PROJECTS

For the “AttachmentName” in the naming convention of BMS, use “TechJust” for this
attachment.

Attachment 7 is mandatory. See Exhibit C for detailed guidance on the preparation of
this attachment. There is no page limitation for Attachment 7; however, applicants are
encouraged to be clear and concise.

Scoring for Attachment 7 will be based solely on the technical justification of project(s)
with respect to the claimed physical benefits (i.e., technical basis of the project and
capability of yielding the benefits). Documentation may include, but is not limited to:
technical reports, feasibility studies, needs assessments, expert opinion or local
knowledge, journals, etc. The magnitude of physical benefits will not be scored under
this criterion. Please note that the magnitude of project benefits relative to costs will be
evaluated based on the information provided in Attachment 8.

10.1 Technical Justification

Applicants should provide technical justification for the proposed project’s claimed
physical benefits. Regardless of the magnitude of benefits claimed, studies or
documents used to support the projects must be clearly referenced. Estimates based on
expert opinion or local knowledge (for example, from a District Engineer) should be
documented with the individual’s contact information. See Section V. for guidance on
submitting studies, documents, or other reference materials.

10.1.1 Kaweah River Basin Description

The Kaweah River flows into Lake Kaweah, impounded by Terminus Dam, which is
operated for flood control, conservation and other purposes. There are three major
tributaries to the Kaweah River below Terminus Dam, Dry, Merthen and Yokohl Creeks.
Dry Creek, having considerable flood potential but no storage facilities, enters the
Kaweah River above McKays Point. Lake Kaweah is operated for an objective flow of
5,500 CFS at McKays Point. Greater flows cannot be controlled and may flood
developed portions of Visalia. Lake Kaweah has not spilled uncontrollably since its
completion in 1962. However, it filled in December of 1966 and nearly filled in 1969. As
originally constructed, it is expected to spill substantially about once every 50 years.?

%1990 Hydrology Report, Kaweah River Basin, CA, Section 1-02: Flood Problems, ACOE — Sacramento
District
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Figure 10-1 — Project Area Waterways
Page 67

V:\Clients\Kaweah Delta WCD - 1225\122512V1-Prop 1E Hannah Ranch\_DOCUMENTS\Reports\2013 Kaweah IRWM Prop 1E Grant Application-BMS instructions . docx



KAWEAH RIVER BASIN IRWM GROUP
2013 PROP 1E GRANT PROPOSAL Kaweah Delta WCD

Modifications to Terminus Dam that were completed in 2004 have improved that
protection to approximately 75 years.

Two types of floods may occur on the Kaweah River: winter rain and summer snowmelt.
The winter rain floods are characterized by sharp peaks and most of the volume
occurring within a few days. The snowmelt flows have a much larger volume, with the
runoff occurring over a number of months. Peak snowmelt season flows rarely exceed
channel capacity, but they may exceed irrigation and spreading capability for extended
periods. Dry Creek basin does not extend into the higher elevations where snow
accumulates, so floods on Dry Creek are a result of rain.*

10.1.1 Brief Project Description

The proposed 2013 Hannah Ranch Flood Control & Habitat Conservation Project is
intended to layoff floodwaters downstream of McKays Point on the Lower Kaweah River
in an effort to diminish the flood flows that make it along the system to the communities
of Visalia and Farmersville (a disadvantaged community). The off-stream storage is
intended to be reregulated so that the stored supply can be put to beneficial use later
after flood events have passed and channel capacity and water demands return to a
more normal state.

Kaweah Delta WCD currently owns approximately 380 acres on the south side of the
Lower Kaweah River, just east of the Friant Kern Canal which is a portion of the
property known as the Hannah Ranch. The District intends to develop the property into
below ground earthen basins, develop a new more permanent Hannah Dam structure,
develop a new turnout from the Friant-Kern Canal and develop a facility that would allow
stored water in the new basins to be reregulated back to the Lower Kaweah River by
gravity. This Project's primary benefits are flood damage reduction benefits, but
secondary benefits also include the conservation of floodwater, the reduction of conflict
over water resources in the area, environmental stewardship through the development
of conserved habitat for endangered species, and expanding the Kaweah River Power
Authority’s ability to generate on-peak hydroelectric power at Terminus Dam.

#1990 Hydrology Report, Kaweah River Basin, CA, Section 2-07: Runoff, ACOE — Sacramento District
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Figure 10-2 — Flood Channel Schematic

10.1.2 Flood Damage Benefit Analysis

10.1.2.1  Analysis Methods not Pursued

This application for grant funding was begun in January 2013 and therefore certain
Project benefit analyses were not feasible given Project development at that point.
Also, given the 11 mile distance between the City of Visalia and the Project site, and the
four mile distance between the Project site and Terminus Dam a significant amount of
topographic information would have been necessary to develop in order for a functional
flow model to be used in the project benefit analysis. As this effort was evaluated in the
initial stages of the grant application development it was viewed as potentially being
very expensive and likely not feasible to complete within the available time given the
likelihood of wet weather along these floodwater channels.

TR-20 would have been a suitable program to evaluate the flood runoff flows and
volumes from the Dry Creek watershed and subsequent flooding in downstream areas.
The watershed modeling could have been accomplished with USGS topographic
contour mapping, but given the other studies that had already evaluated peak flows
from this watershed it was not believed that the modeling analysis would further refine
the published hydrograph information for the watershed. Also, the District had very little
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topographic or cross-sectional information on the Kaweah River channel or other
channels further downstream. In order to use these programs the structures at each
diversion point and road crossing would be needed to be modeled and there was not
readily available information to accomplish that. Given the lack of control structure
information as well as topographic information on the channel and the overbank areas,
HEC-RAS or HEC HMS models could have only been developed with major
assumptions about conveyance geometry along the 15 mile alignment and given these
assumptions were not viewed as more detailed efforts than the spreadsheet model that
was ultimately developed.

10.1.2.2 Analysis Framework and Assumptions

Hydrograph information from ACOE’s 1990 Hydrology Report for the Kaweah River
Basin was used as the basis for irregular flood events generated by the Dry Creek
watershed. Further, consistent with the December 1966 flooding event, it was assumed
that Dry Creek was the generator of peak flood flows that cause flood damage in the
City of Visalia. Using this information hydrographs were generated for 10, 25, 50 75
and 100 year Dry Creek events draining into the Kaweah River. The hourly flows
associated with these hydrographs were compared with published channel capacities
from the 1962 Terminus Dam and Lake Kaweah Reservoir Regulation Manual to
develop a framework for flooding evaluations. Historic diversion records were used to
estimate the flows past McKays Point in the Lower Kaweah that would eventually pass
the Project site. Diversions from the Lower Kaweah were accounted for at Outside
Creek (max. 700 CFS) and Deep Creek (max. 500 CFS).

Consistent with the opinion of the KDWCD District Engineer and other 100-year flood
modeling for FEMA performed by Northwest Hydraulic Consultants in 2009 it was
assumed that flood flows along the Lower Kaweah River caused significant overland
flooding and therefore peak flows attenuated at Oakes Basin to roughly 1/3 the peak
flow that passed the Project site (11 miles upstream). However although the peak flow
is reduced due to attenuation it was also assumed that almost no volume was lost along
the flood corridor and therefore the hydrograph near Oakes Basin had a long duration at
or near the peak flow. At Oakes Basin, which is where the Lower Kaweah River
bifurcates, it was assumed that the flows split evenly between Mill and Packwood
Creeks.

Capacities in Packwood and Mill Creek were used from more recent studies in the City
of Visalia for these conveyance systems. Packwood Creek was estimated to have a
capacity of 250 CFS and Mill Creek 300 CFS. However for this analysis it was
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assumed that the runoff from the City of Visalia required 50 CFS of channel capacity in
each Creek and thereby reduced the available capacity.

10.1.3 Sources Used in Analysis Development

10.1.3.1 1990 Hydrology Report, Kaweah River Basin, CA (ACOE -
Sacramento District)

The Sacramento District of the Army Corps of Engineers produced a Hydrology Report
on the Kaweah River Basin in August of 1990 (see Attachment 7, Appendix A). The
report was prepared in support of a Kaweah River feasibility study and summarized
hydrologic information for the Kaweah River and its major tributary, Dry Creek. The
information was to be used to provide estimates of the probability of downstream peak
flows and flow volumes resulting from various project configurations. In a 2009 FEMA
publication on the 100-year Flood Zone along the Kaweah River by Northwest Hydraulic
Consultants, this document was researched and verified as still describing current
hydrology for the Region.

10.1.3.1.1 Dry Creek Standard Project Flood Hydrograph

This report contained two versions of standard project hydrographs for Dry Creek. One
version was for a “specific’ storm centered over the Dry Creek watershed, while the
other was a “concurrent” storm that was more centered over the Kaweah River
watershed. As noted in the 1990 ACOE Hydrology Report, “for the specific centering,
total basin mean precipitation of 16.62 inches fell on the 81.9 square mile basin over 5
days.” “The resulting SPF peak inflow was 23,165 CFS and the total volume was 33,089
AF.” The specific storm hydrograph was selected for use in this evaluation because
after reduction by flood series ratios it matched more closely with the Tulare County
Flood Masterplan information on Dry Creek flows from the December 1966 storm.

10.1.3.1.2 Ratios for Flood Series

This report published a set of ratios that could be used with standard project events to
estimate the hydrographs for different recurrence interval events. There were ratios for
10, 25, 50, 100, 200, and 500 year events. These ratios and the specific standard
project event for Dry Creek were used to develop hydrographs for flood events
upstream of McKays Point for 10, 25, 50 and 100 year events.
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10.1.3.1.3 Regulated Rain Flow Frequency

This report also contained a chart (Chart 22) of regulated rainflow frequencies for
existing conditions at McKays Point. The chart shows estimated peak flows at McKays
Point for recurrence intervals from 5 to 1000 years.

10.1.3.2 1962 Terminus Dam & Lake Kaweah Reservoir Regulation
Manual (ACOE — Sacramento District)

10.1.3.2.1 Channel Capacities (Chart 2)

This document (see Attachment 7, Appendix B) contains a map Titled Chart 2 that
shows estimated channel capacities for most of the major creeks downstream of
Terminus Dam on the Kaweah and St. Johns Rivers. In discussions with the District
Engineer he felt that the estimated capacities from this figure matched with his
experience in the area. Specifically capacities for the Kaweah River above McKays
Point, the St. Johns River below McKays Point, the Lower Kaweah River below McKays
point, Outside Creek, and Deep Creek were used from this document.

10.1.3.3 2005 Terminus Dam & Lake Kaweah Water Control Manual
(ACOE)

10.1.3.3.1 Reservoir Design Flood Routing (Plate 8-2)

This report (see Attachment 7, Appendix C) contains a Plate that depicts the reservoir
design flood routing given modifications that were completed at Terminus Dam in 2004.
Plate 8-2 depicts the inflows to Terminus Dam, the releases from Terminus Dam,
storage in Terminus Reservoir, and the flows from Dry Creek that were involved in the
design for Terminus Dam modifications. Plate 8-2 shows a five day design flood routed
through the reservoir where when Dry Creek flows begin to cause flooding releases
from Terminus Dam are brought to a minimum to avoid additional flood damage. The
plate shows that besides the period when Dry Creek peaks, Terminus Reservoir has
sufficient storage to regulate flows downstream of the Dam to approximately 5,500 CFS.

10.1.3.3.2 Hypothetical December 1966 Flood Routing (Plate 8-5)

This Plate shows that with the modifications to Terminus Dam in 2004 that in a flood
event like the one from December 1966 the reservoir could hold back the Kaweah River
inflow while allowing Dry Creek to peak and then regulating flows into the Kaweah River
to approximately 5500 CFS. However the peak from Dry Creek would be

Page 72

V:\Clients\Kaweah Delta WCD - 1225\122512V1-Prop 1E Hannah Ranch\_DOCUMENTS\Reports\2013 Kaweah IRWM Prop 1E Grant Application-BMS instructions . docx



KAWEAH RIVER BASIN IRWM GROUP
2013 PROP 1E GRANT PROPOSAL Kaweah Delta WCD

approximately 14,000 CFS and flows in excess of the 5,500 CFS target at McKays Point
might last for approximately 22 hours.

10.1.3.4 Tulare County Flood Control Masterplan

After the December 1966 and 1969 floods, Tulare County studied the flood damage that
occurred as a result of these two events, the rainfall that produced them and the
protection that Terminus Dam (Kaweah River) and Success Dam (Tule River) provided
the communities of Visalia and Porterville (see Attachment 7, Appendix D).

10.1.3.4.1 Dry Creek Hydrograph for December 1966
(Hydrology Appendix — Figure 5)

In this document a gauging station on Dry Creek was used to produce a hydrograph for
the December 1966 flood event. The peak for this storm was approximately 14,000
CFS. The flood event was estimated to be approximately a 67 year recurrence event.
During the flood event, Kaweah River flows into Terminus Reservoir were not released
from the reservoir while Dry Creek flows exceeded safe levels at McKays Point. After
Dry Creek flows receded, then the reservoir began to make controlled releases again
and was able to keep those releases near or below the 5,500 CFS target at McKays
Point. The shape and magnitude of the Dry Creek hydrograph in this report was
consistent with the information presented in the Army Corp’s 1990 Hydrology Report for
the Kaweah River Basin.

10.1.3.5 FEMA Flood Analyses in the Area

In 2009 Northwest Hydraulic Consultants (NWHC) published a Flood Insurance Study
Report for FEMA on 100-year flood zones along the Kaweah and St. Johns Rivers
between Terminus Dam and Highway 99 (see Attachment 7, Appendix E). NWHC
developed a two dimensional flood model for the area (composite MikeFLOOD, Mike 21
and Mike 11 models) and evaluated depths of flooding for the 100-year event. It was
hoped that this modeling effort could support the flood damage reduction analysis for
the proposed project, but after discussion with NWHC it was learned that extracting
hydrographs or other basic model information would be a significant effort and wasn’t
feasible given the time available to prepare the grant application.

10.1.3.6  Discussions with District’s Senior Engineer
10.1.3.6.1 System Management and Regional Flood Damage

10.1.3.6.1.1 Reasons for Flooding in Visalia
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In discussions with the KDWCD’s Senior Engineer, Larry Dotson, there appear to be
two reasons for flooding in the City of Visalia. One would be from peak flows in excess
of channel capacities, but the other is limited capacity in creek channels that have been
incorporated into the City’s storm drain system.

10.1.3.6.1.2 Historic Flow Records

KDWCD Senior Engineer provided daily average flow records for the Lower Kaweah
River, Packwood Creek and Mill Creek for review. This information was not capable of
showing short duration peak events, but did indicate that the events when channel
capacity was exceeded in this area were very rare. Only three events could be
identified and they were in 1966/67, 1969 and 1997.

10.1.3.6.1.3 Events when Damage was Experience

KDWCD’s Senior Engineer described a few events since Terminus Dam was built
where there was flood damage in the City of Visalia. These events were 1967, 1969,
1984, 1997, 2005, 2006 and 2010. However as described in the previous paragraph,
the 1967, 1969 and 1997 events were the only events where flooding was caused by
peak flood flows. As previously stated the 1967 event had a peak of 14,500 CFS on
Dry Creek while in 1969 the second highest peak on record was 6,020 CFS and in 1997
the third highest peak on record was 4,300 CFS (below the 5,500 CFS target at McKays
Point). The other events were longer rainfall events where several storms came
through the area and high flows in the creeks caused localized flooding in Visalia
because rainfall exceeded the storm drain systems ability to convey the precipitation
away.

10.1.3.6.1.4 Management of Creek Systems

The distance from Terminus Dam to the City of Visalia is approximately 15 miles.
Between Terminus Dam and the City of Visalia there are at least four significant
locations were management decisions can be made to manage flows. These locations
are at McKays Point, the Outside Creek diversion, the Deep Creek diversion and the
bifurcation of the Lower Kaweah River to Packwood and Mill Creeks (at Oakes Basin).
These channels and diversions are operated by local water managers to minimize
flooding in the area and maximize regulated surface water supplies for conjunctive use
after flood events have passed.

The District's Senior Engineer describes that when large flood events happen like the

1967 or 1969 flood that significant overland flooding occurs along the creeks due to the

peak, but this also causes significant attenuation along the system and is one of the
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reasons why peak flows near Oakes Basin are roughly 1/3 the magnitude that they are
on the Lower Kaweah downstream of McKays Point. This point is supported by the two
dimensional modeling that was done by NWHC for FEMA’s 2009 revision of the 100-
year Flood Zone in this area. Their modeling showed significant amounts of overland
flow traveling much slower than the peak flows conveyed along the creeks.

10.1.4 Results of Spreadsheet Model Analysis

10.1.4.1  Pre-Project Flooding

A spreadsheet model was developed to track hourly flood flows from hydrographs for
10, 25, 50, 75 and 100 year storms through the different parts of the flood corridor and
the flows beyond the channel capacity that would result in the City of Visalia (see
Attachment 7, Appendix F). The developed spreadsheet model roughly corresponds
to the amount of flooding that has been experienced in different recurrence interval
storms. For instance in smaller 10 year storms Visalia does not experience flood
damage associated with peak flows overtopping creek banks and the spreadsheet
model reflects that. However, the spreadsheet model indicates that in a 75 year storm
channel capacity would be exceeded for a several hours and that is consistent with
what happened in Visalia in December 1966.

The tables on the next page summarize the Flood Damage Reduction estimated due to
the Project.

10.1.4.2 Post-Project Flooding

The incorporation of the 2013 Hannah Ranch Flood Control & Habitat Conservation
Project into the spreadsheet model diverted 300 CFS from the flood flows on the Lower
Kaweah below McKays Point and in the largest events was able to divert a maximum of
1,500 AF. This diversion was tracked hourly and the diverted volume was not allowed
to proceed downstream toward Visalia. Because these are rainfall storms produced by
a relatively small watershed this new diversion and storage had some significant
impacts to flows beyond channel capacity in Visalia. Although the 300 CFS diversion
capacity was not sufficient to avoid the peak flows exceeding channel capacity, the
diversion capacity and storage was able to significantly reduce the duration of when
flood flows exceeded channel capacity.

10.1.4.3 Area and Depth of Flooding

There was not sufficient time to do a detailed flood model that accounted for
topographic variations in the City and use it to help estimate the details of where flood
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waters would pool. In the time available for the preparation of the grant application
several simplifying assumptions were made to help estimate the area impacted by
flooding.

The topography in the area of the City of Visalia generally falls to the southwest toward
the historic Tulare Lake bottom. Due to this the two creeks that flow through the City of
Visalia flow generally perpendicular to contours. Therefore it was assumed that
floodwaters from peak flows would rise to an average depth of 6-inches and then
spread out to an area necessary to accommodate the flooding volume.

Packwood Creek is mostly an open channel along its alignment through the City and for
that reason it was assumed that flooding would develop a corridor along the channel
through the City. However Mill Creek transitions from a channel to an underground
culvert that runs through most of the downtown business district. Consistent with the
opinion of the City’s previous City Engineer (John Dutton), it was assumed that the
transition from channel to the underground culvert was the restriction and was the
location around which flooding developed. Mill Creek flows then move southwest
through downtown spreading out due to the general fall in the area.

10.1.4.4 Number of Buildings

After flooded areas were estimated, available GIS information was used to count the
number of parcels impacted by flood waters in each storm. Given the somewhat crude
method of determining the flooded areas, it was decided that all buildings identified
would be evaluated as if they were residential (least valuable property) in order to be
conservative on the estimates of Project benefits. Also consistent with this it was
assumed that streets involved in damage estimate were included as the least costly
paved roads.
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Pre-Project

Table 10-1: Hannah Ranch Project Summary Benefit Table

Recurrence Dry Crk Mill Crk Beyond Mill Crk Packwood Beyond Packwood Total Flooded
Interval Peak Peak Capacity Flood Crk Peak Capacity Crk Flood Flood Area
(Year) (CFS) (CFS) (HRS) (AF) (CFS) (HRS) (AF) (AF) (Acres)
100 16,100 605 29 806 605 31 948 1,754 3,508
75 14,200 510 27 607 510 29 744 1,350 2,701
50 12,301 415 25 395 415 26 529 924 1,848
25 8,594 230 0 0 230 26 79 79 158
10 5,444 123 0 0 123 0 0 0 0
Post-Project
Recurrence Dry Crk Mill Crk Beyond Mill Crk Packwood Beyond Packwood Total Percent Flooded
Interval Peak Peak Capacity Flood Crk Peak Capacity Crk Flood Flood Reduction Area
(Year) (CFS) (CFS) (HRS) (AF) (CFS) (HRS) (AF) (AF) (Acres)
100 16,100 555 28 573 555 29 689 1,262 28.1% 2,524
75 14,200 460 27 408 460 29 521 929 31.2% 1,859
50 12,301 365 24 211 365 26 313 525 43.2% 1,049
25 8,594 192 0 0 230 0 0 0 100.0% 0
10 5,444 101 0 0 101 0 0 0 - 0
Flood Damage Reduction Benefits
Recurrence Mill Crk Mill Crk Mill Crk Beyond Packwood Packwood Packwood Beyond Total Total
Interval Pre Proj | Post Proj | Benefits | Capacity Pre Proj Post proj Benefits Capacity Volume Area
(Year) (AF) (AF) (AF) (HRS) (AF) (AF) (AF) (HRS) (AF) (Acres)
100 806 573 233 -1 948 689 259 -2 492 984
75 607 408 198 0 744 521 223 0 421 842
50 395 211 184 -1 529 313 215 0 399 798
25 0 0 0 0 79 0 79 -26 79 158
10 0 0 0 0 0 0 0 0 0 0

Note: Values in red designate flows in excess of channel capacity
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10.1.4.5 Flood Damage Reduction Benefits

DWR'’s Flood-Rapid Assessment Model (F-RAM) was used to estimate the flood
damage and the flood damage reduction benefits from the project for various recurrence
interval storms.

10.2 Project Physical Benefits

10.2.1 Flood Protection
10.2.1.1 Land
Table 10-2: Hannah Ranch Project Summary Flood Flow Table
Recurrence Mill Crk Mill Crk Mill Creek Packwood Packwood Packwood Total
Interval Pre Proj | Post Proj Flood Pre Proj Post Proj Flood Flood
Flooding | Flooding | Protection Flooding Flooding Protection | Protection
(Year) (Acres) (Acres) (Acres) (Acres) (Acres) (Acres) (Acres)
100 613 1146 467 1895 1378 517 984
75 1,213 816 397 1,487 1,042 445 842
50 790 422 368 1,057 627 430 798
25 0 0 0 158 0 158 158
10 0 0 0 0 0 0 0

There are two areas that will be protected from flood damages in the City of Visalia.
One area is along Packwood Creek in the southeast of the City and the other is in the
City’s downtown business district along Mill Creek. For 25, 50 and 75 year storms the
benefit analysis indicated that many acres will be protected from flooding by the Project.
Most of the land flooded by Packwood Creek is residential housing, while most of the
land flooded by Mill Creek is commercial. The method of determining the flooded areas
was based on an assumption of 6-inch flooding depth for all cases. This is a major
simplifying assumption and was done because of limited time and a lack of information
on developed water surface elevation from flood flows. In an attempt to be conservative
in the analysis of benefits all lands were assumed to be residential, bringing down the
value of lands flooded by Mill Creek, and thereby reducing the value of avoided flood
damage.

The flooded area associated with Packwood Creek was viewed as having an average
flood depth of 6-inches and an offset from the creek wide enough to develop the
estimated flooded volume. The area surrounding the creek was viewed as not having
any significant confining barriers and therefore allows floodwater to spread uniformly in
width along the channel alignment. The flooded area produced by Mill Creek was
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primarily focused on the area where the open channel creek transitions to a below
ground culvert. The flooding scenario was envisioned to be when culvert reached
capacity and began to develop backwater that eventually escaped the channel banks
and began to flow overland. The below ground culvert through Visalia’s downtown area
was originally built in response to a large flood event that significantly damaged the City
in the early part of the 1900s. Highway 198 to the south and Murray Avenue to the
north were viewed as being confining barriers which then guided floodwater to the west
in the direction of falling ground surface.

For the 100 year storm reduced flooded area was also calculated but will not be
included in the benefits total. The reason for not including these benefits is because
Terminus Dam has been estimated to provide protection up to approximately a 75 year
event, but in a 100 year event it would not be able to regulate flows to the 5,500 CFS
target at McKays Point. Instead the runoff from the Kaweah River would be much
greater than the flow from Dry Creek (what is being evaluated in the other storms) and
would likely make the layoff from the Project of minimal benefit.

Given the location of the Project’'s layoff basins it is anticipated that the City of
Farmersville, a disadvantaged community, would also receive additional flood damage
reduction benefits from the Project due to reduced peak flows along Deep Creek and
Outside Creek. Currently there is not enough time to produce an analysis to estimate
those benefits, but it is hoped that with additional time an estimate could be made for
this community as well as for the City of Visalia.

10.2.1.2 Buildings

As was mentioned previously, the estimated flooded areas were used with GIS
information on Tulare County parcels to estimate how many parcels were in each area.
It was assumed that there was one building on each parcel in the areas, and since it
was assumed that all lands were residential, it was further assumed that all buildings in
the area were single story residences with no basement.

However it should be noted that the area flooded by Mill Creek is primarily Visalia’'s
historic downtown business district. This area contains the City’s convention center,
three City Hall buildings, the City’s Police Chief and Fire Chief offices, Redwood High
school, Kaweah Delta Medical Center, several banks and many businesses that support
the community of Visalia.
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10.2.2 Public Safety

Kaweah Delta Medical Center is a regional hospital in the area and if it were flooded the
impacts would delay emergency services to those needing emergency aid. As was
mentioned in the previous paragraph there are also several government buildings in the
flood areas as well as schools. Schools are often used as locations to gather in times of
emergency, but in this case they would not likely be viable for this purpose. Also the
flooding of government buildings will likely lengthen emergency response times in the
area.

10.2.3 Floodwater Conserved

The Project’s floodwater layoff basins will reregulate floodwater and conserve it so that
it can hopefully be used for a beneficial use (recharge groundwater, irrigation supplies,
etc.). The facilities are planned to have a maximum storage of 1,500 AF. The
spreadsheet model that was used to evaluate flood flows was also used to account for
floodwater diverted into the Project basins based on the maximum diversion rate of 300
CFS and an assumed start hour during each storm. The table below quantifies the
estimated conserved floodwater from each recurrence interval storm.

Table 10-3: Hannah Ranch Project Conserved Floodwater Table

Recurrence Conserved

Interval Flood
Water
(Year) (AF)

100 45606

75 1,500

50 1,500

25 1,470

10 1,250

As can be seen it appears that in 50 — 100 year storms the basin will be filled to
capacity, but in smaller storms the diversion rate won’t be enough to fully fill the basins.
Also it should be noted that while there was an estimate developed for the 100 year
storm, these benefits are not being counted for the project because in this type of event
the volume of available floodwater would be so great in the area that it is doubtful that
the supply could be delivered to beneficial use.

The value of the conserved water is related to alternative sources of supply. In wet

years these would be Friant Division CVP, other local river supplies and pumped

groundwater. Friant Division CVP Class 2 supplies are roughly $35/AF, pumped
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groundwater is roughly $40-60/AF in this area and local river supplies likely won’t carry
any cost. Due to this variety of possible costs the value of the conserved supplies was
set at $20/AF.

10.2.4 Environmental Stewardship and Habitat Development

10.2.4.1 Acreage

The areas of the Project that will be developed for endangered species habitat are
either along the south bank of the Kaweah River (a kind of habitat corridor along the
river) or near the top of the levees that bound project basins. The width of the area
along the Kaweah River is approximately 100 feet and its length is approximately 5,700
feet producing an area of 13.1 acres. The planted habitat area on the upper banks of
basin levees will be approximately 20 feet wide on the 36,820 feet of levee producing
and area of 16.9 acres. This habitat will be developed and maintained by KDWCD as
part of the Habitat Conservation Plan.

10.2.4.2 Species

Following the initiation of Kaweah Delta WCD’s 1993 Kaweah River Delta Corridor
Enhancement Study that investigated the feasibility of managing surface and storm
waters for the benefit of the region’s groundwater and biological resources, Kaweah
Delta WCD pursued the development of a Habitat Conservation Plan (HCP). A HCP
comprehensively addresses the long-term habitat and species impacts beyond what
would normally be handled on a project-by-project basis, allowing for comprehensive
management of the water needs of the area. Currently, the Kaweah Delta WCD has
received approval of the Plan of Study. The Plan of Study is divided into three phases:
a) Project Development, b) HCP Development, and c) environmental analysis and
review. The Project Development Phase includes those efforts needed to fully develop
the scope and nature of the HCP, as well as integration of State of California,
Endangered Species Act requirements. The HCP Development Phase will take
elements from the Plan of Study and the Project Development Phase to form the
content of the HCP document and the basis for a Section 10(a) Incidental Take Permit
and associated State action. The final phase will develop appropriate environmental
documentation in satisfaction of NEPA and CEQA guidelines for the covered actions
within the proposed HCP.

The habitat area along the south bank of the Kaweah River would be planted with
regionally significant phreatophytes such as willows, cottonwoods and potentially
sycamores. The upper levees of the basin cells would be re-developed into Oak
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Savannah habitat as this property located within the historic Kaweah River Delta. In the
mid 1800’s the Kaweah River Delta supported the largest stand of valley oak (Quercus
lobata) riparian forest in the world (McClaron 1983). The vast majority of this habitat
type has since been eliminated as a result of conversion to agriculture. The habitat
development along the upper rim of the new basin levees includes the restoration of
Valley Oak Savannah and wild rose. Also this project is consistent with the Tulare Lake
Basin Plan through the implementation of watershed management activities by local
agencies.

Anticipated endangered species that will benefit from the conserved habitat include
brush rabbit, western pond turtle, and Swainsons hawk. Also the Project will support a
nearby Heron rookery and several local raptor species.

10.2.5 Increased Peak Power Generation

Kaweah River Power Authority (KRPA) developed and operates a hydroelectric turbine
at Terminus Dam that produces electricity to support the green energy needs of
California. The additional offstream surface water storage developed through the
Project creates the potential for KRPA to produce greater amounts of on-peak
hydroelectric energy through Terminus Dam while reregulating surface water supplies
through the Project basins so that water right holders are kept whole and do not loose
available resources through the effort. Kaweah Delta WCD with Tulare ID are partners
in KRPA.
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CHAPTER I - INTRODUCTION
1-01 Purpose and Scope.

This office report has been prepared to support the Kaweah
River feasibility study. It summarizes hydrologic information
developed for the Kaweah River and its major tributary, Dry
Creek. This information will be used to provide estimates of the
probability of downstream peak flows and flow volumes resultlng
from various project configurations. It will alsoc be used to
design the spillway and other hydraulic features and to determine
freeboard and sediment requirements. Information in this report
supercedes information contained in the documentation report for
the Kaweah River Basin Investigation dated January 1987.

1-02 Flood Problems.

The Kaweah River flows into Lake Kaweah which is operated for
flood control, conservation and other purposes. There are tliree
major tributaries to the Kaweah River below Terminus Dam, Dry,
Mehrten, and Yokohl Creeks. Dry Creek, having considerable
flood potential but no storage facilities, enters the Kaweah
River above McKays Point. McKays Point is a control point for
objactive flow releases from Terminuas Dam, and is also where the
river flows are divided between the St. Johns and Kaweah Rivers.
Mehrten and Yokohl Creeks Join the Xaweah River below this
point, and are accounted for at the time releases are made from
Terminus Dam. The main river channel of the Kaweah River forms
numerong distributary channels east of Visalia. These
distributaries transport water for irrigation and spreading, and
most of the water is diverted or seepa into the sand beds.
However, excess flow from these channeles, as well as the Tule,
Kings, and Kern Rivers and other sources enters Tulare Lakebed
and floods valuable agricultural property.

Lake Kaweah is operated for an objective fiow of 5,500 c.f.s.

at McKays Point. Greater flows cannot be controlled and may
flood developed portions of Visalia. McKays Point flows are
split between the St. Johns and Kaweah Rivers. Further

discussion of channel capacities may be found in section 2-05.
Lake FKaweah has not spilled uncontrollably since its completion
in 1962. However, it filled in December of 1966 and nearly
filled in 1869. It 1is expected to spill substantially about
once every 50 years on the average.



CHAPTER II - DESCRIPTIVE HYDROLOGY
2-01 Location - Kaweah River.

Headwaters of the Kaweah River are near Triple Divide Peak on
the Great Wesetern Divide, a secondary ridge parallel to the main
crest of the Sierra Nevada above Visalia. Four tributaries form
the main stream which flows southwesterly toward Visalia.
Terminue Dam and associated reservoir, Lake Kawesah, are located
on the Kaweah River about 21 miles east of Visalia. Chart 1 is
a8 General Map of the Kaweah River area.

2-02 Description of the Raweah River Basin Area.

The Kaweah River watershed is a fan-shaped area of about 561
square miles above lLake KXaweah. The North, Middle, East, and
South Forks combine in the foothills to form the mainstem of
the Kaweah River. The forks are fed by numerous steep streams
with slopes from 400 to 1,000 feet per mile, tranmnsitioning to
gentle Blopes on the valley floor. Watershed elevations range
from a maximum of about 12,600 feet in the headwater area to
about 510 feet at Terminus Dam, 325 feet at Visalia and
approximately 175 feet at the lowest point in Tulare Lakebed.

The percentages of total area above various elevations are
listed below: :

Table 2-01

Percent of Area Above Given Elevations

Elevation - Percent of Area

(feet) Above Elevation
510 100
2,000 88
4,000 67
5,000 57
6,000 45
8,000 22
12,650 0

The portion of the basin above 85,000 feet elevation is
characterized by mountain peaks and ridges having either a very
thin mantle of s0il or exposed rock. Remaining portions have
soil cover that 1is moderate to deep and vegetal cover is
described in the following table:



Table 2-02

Vegetal Cover on the Kaweah River Basin above Lake Kaweah

Description Elevation Percent of

(Et. m.s.1.) Basin Area
Grass lands (with scattered brush) 1000 - 2,000 0.5
Brush lands (chaparral, etc.) 3,000 - 9,000 22.7

Deciduous forest ( with brush,

scattered conifers, and grass) S00 - 6,000 26.3
Light coniferous 5,000 - 12,000 30.1
Heavy coniferous 5,000 - §,000 6.8
Sub-alpine forest 8,000 - 10,000 4.3
Bare rock, lakes, etc. 9,000 - 12,600 9.3
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Sourcey Terminus Dam (Lake Kaweah) Reservoir Regulation Manual,
June 1962; Sacramento District, Corps of Engineers.
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Dry Creek joins the Kaweah River about one mile downstream of
Lake Kaweah, and stream flowas are split between the Kaweah and
St. Johns Rivers approximately one mile further downstream at
McKays Point Weir. The Kaweah River flows southwesterly toward
Vigalia through predominantly agricultural land. The main river
channel of the Kaweah River forms numerous distributary channels
east of the city, and irrigation diversions generally cause the
river to dry up before reaching itsg terminus in Tulare Lake.

2-03 Location - Dry Creek.

Headwaters of Dry Creek are 1n Sequoia National Forest,
located in the southern Sierra Nevada above Visalia. Dry Creek
flows predominantly south to southwest through lower foothills
and joins the Kaweah River about one mile below Lake Kaweah,
The confluence of Dry Creek and the Kaweah River is
approximately 20 miles east of Visalia.

2-04 Description of the Dry Creek Area.

The Dry Creek watershed above the propogsed dam gite is a
narrow fan-shaped area of about 81.9 square miles on the western
slope of the Sierra Nevada. It is separated from the Kaweah
River basin Dby broad, hilly to steep lands adjacent toc the
streams.

Dry Creek flows through low foothills for about 25 miles
before emerging on the valley floor and forming a2 juncticon with
the Kaweah River. The basin area is predominantly rangeland,
but trees and shrubs grow at higher elevations and along the



creek where water is readily avallable. Soil cover below 6,500
feet is moderately deep. Vegetal cover consists of Valley Oak,
Blue Oak, conifer, and Sycamore woodlands, brushlands and large
areas of grassland. Dry Creek seepsg intoc the sandy creekbed and
often dries up after the runoff season, as is typical of smaller
streams that extend into the valley from the foothills.

Rlevations of the watershed range from a maximum of about
6,500 feet in the headwater area to about 4506 feet at the
confluence with the Kaweah River. The higher areas are
characterized by steep hills with rock outcrops transitioning to
gentle slopes on the valley floor. Basin slopea range from 250
to 2,500 feet per mile.

2-05 Channel Capacities.

The obJective flow on the FKaweah River at McKaya Point is
5,500 c.f.s8., above which control is lost and damage begins to
occur. The flow is divided between the St. Johns and Kaweah
Rivers. The St. Johns River carries flows northwest and the
Kaweah River flows southwesterly from McKays Point. The Kaweah
River and its distributaries ultimately terminate in Tulare
Lakebed. Flooding of agricultural areas along the Kaweah River
system channels has been observed at flows of 5,500 and less.
The channel capacitiea within the system vary widely, and in
many cases are unknown.

2-06 Climate.

Temperatures within the basin vary considerably. The valley
floor is characterized by hot dry summers and moderate winters.
Temperatures on the valley floor normally range between a high
of 110 degrees Fahrenheit in the summer to about 30 degrees in
the winter. Summers at the upper elevations are cool with
temperatures averaging in the low to mid-sixties, and winters
are gevere with temperatures dropping below freezing. Actual
monthly and mean annual temperatures at representative stations
are shown in the following table.



Table 2-03

Mean Monthly Temperatures

Terminus Dam Grant Grove Three Rivers Edison PH #1

Elev. 510 Elev. 6600 Elev.1,140
¥onth (degrees Fahrenheit)
Oct 65.4 49.3 64.9
Nov 57.1 40.6 53.1
Dec 49.3 36.1 47.1
Jan 46.6 33.9 46.9
Fab 51.3 34.7 51.3
Mar 4.8 34.9 54.0
Apr $9.5 38.9 58.7
May 68.0 46.2 68.2
Jun 15.2 55.2 76.0
Jul 81.3 62.9 82.1
Aug 79.9 61.4 80.9
Sep 74.7 57.1 75.8
Mean 63.6 46.0 63.3
Per
of
Rec'd 1965=-1984 1941-1985 1971-1984

Normal annual precipitation (NAFP) in the Kaweah River Basin
varies from about 15 inches at the lower elevations to 55 inches
at the headwaters. The NAP for the basin above Lake Kaweah is
36.6 inches. NAP  ieohyetals are shown on <chart 2,
Approximately 80 percent of the precipitation occura from
November through April and generally occurs as rain below 5,000
feet and as snow above that aelevation. Occasionally warm winter
storms produce rain up to 11,000 feet, and snow has occurred on
the valley floor. Actual average monthly precipitation at
representative stations is shown in table 2-04.



Table 2-04

Mean Monthly Precipitation

Atwell | Hockett |Giant Forest
Elev. 6480| Elev. 8500| Elev. 6650

I I

Terminus Dam| Bear Trap
Elev. 510 | Elev. 6800

I
}
Prec.| % |Prec.| % |Prec.| % |Prec. | % |Prec. | %
(IN) | of | (INY | of | IN) i of | (IN) i of | (IN) [ of
|Tot. | |Tot. | | Tot.| | Tot. | | Tot.
g N I N S N A
[
Oct 0.72 4.8 1.85 3.6 1.62 3.7 1.65 3.9 1.62 3.8
Nov 1.91 12.6 5.63 10.9 4.57 10.6 3.54 8.3 4.44 10.3
Dec 2.51 16.6 8.72 16.8 6.72 15.5 6.75 15.8 7.22 16.8
Jan 2.71 17.9 8.48 16.4 7.89 18.2 7.06 16.5 7.35 17.1
Feb 2.34 15.5 g8.83 17.0 6&.73 15.6 6B6.23 19.3 7.61 17.7
Mar 2.55 16.8 7.79 1i5.1 6.74 15.6 6.34 14.8 6.70 15.6
Apr 1.42 9.4 4,44 8.6 3.81 8.8 3.63 8.5 4.65 10.8
May 0.29 1.9 2.10 4.1 1.68 3.9 1.36 3.2 1.74 1.0
Jun 06.18 1.2 0.55 1.1 0.61 1.4 0.68 1.6 0.54 1.3
Jul 0.02 0.1 0.67 1.3 0.59 1.4 (G.85 2.0 0.19 0.4
Aug 0.03 0.2 0.39 0.8 0.63 1.5 G€.66 1.5 0.16 0.4
Sep 0.45 3.0 2.22 4.3 1.62 3.8 1.98 4.6 0.76 1.8
Sum 15.13 51.68 43.21 42.73 42.58
Per
of

Rec'd 1963-1986 1966-1986 1566-1986 1965-19586 1921-1986

2=-07 Runoff.

Two types of floods may occur on the Kaweah River: winter rain
and summer snowmelt. The winter rain floods are characterized
by sharp peaks and most of the volume occurring within a few
days. The snowmelt floods have a much larger volume, with the
runoff occurring over a number of months. Peak snowmelt season
flows rarely exceed channel capacity, but they may exceed
irrigation and spreading capability for extended periods.

Dry Creek basin does not extend into the higher elevations
where snow accumulates, so floods on Dry Creek are a result of
rain. Mean monthly runoff information for the Kaweah River and
Dry Creek is 1listed in Table 2-~05. Rain season historical
maximum inflow data for Lake Kaweah and Dry Creek axe included
in Tables 2-06 and 2-07, respectively, and historical maximum
inflows to Lake Kaweah during the snowmelt season are in Table
2-08.



Table 2-05

Mean Monthly Runoff in Lake Kaweah River
and Dry Creek

Month Kaweah R. Percent Dry Ck. Percent
Volume of Annual Volume of Annual
(acre-f£ft) (acre-ft)
1904-1986 1960-1986

Oct 5,200 1.18 46 0.2

Nov 8,900 2.01 298 1.6

Dec 18,700 4,23 1,537 8.1

Jan 26,600 6.02 3,197 l16.8

Feb 32,500 7.44 4,221 22.1

Mar 46,100 10.43 4,427 23.2

Apr 66,800 15.11 3,451 18.1

May 106,800 24,17 1,291 6.8

Jun 85,200 19.27 434 2.3

Jul 31,500 7.12 111 0.6

Aug 8,700 1.97 22 0.1

Sep 4,700 1.06 24 0.1
Total 442,200 100.0 19,058 100.0

Table 2-06
Historical Maximum Inflow to Lake Kaweah During the Rain Season
1904-1986
Date of Peak Max Max Max Max Max
Peak Flow 1-Day 3-Day 7-Day 15-Day 30- Day
(cfs) (Average Flow in cfse)

6 Dec 1966 105,000 53,300 25,700 12,500 6,450 3,570
23 Dec 1955 B4,300~ 44,700+ 23,000« 12,300* 6,550 3,710*
19 Nov 1950 54,300 16,700%* 9,790* 5,150 2,780 2,400%*
25 Jan 1869 40,000 22,400 13,400 8,520 6,060 3,770
11 Dec 1937 34,800 11,300+ 7,750%* 3,980% 2,850* 2,270*
13 Jan 1980 34,000 16,900 13,900 7,640 4,280 2,760
11 Apr 1982 28,800 18,500 10,740 6,470 3,860 2,310
* Kaweah River near Three Riverse adjusted to Lake Kaweah inflow



Table 2-07

Historical Maximum Dry Creek Flows During the Rain Season

1960-1986
Date of Peak Max Max Max Max Max
Peak Flow 1-Day 3-Day 7-Day 15-Day 30-Day
(cfs) (Average Flow in cfs)

6 Dec 1966 14,500 6,300 2,530 1,120 534 272
25 Jan 1969 6,020 3,150 1,850 1,290 808 58
11 Apr 1982 3,895 1,920 1,020 574 385 265

Table 2-08
Historical Maximum Inflow to Lake Kaweah
During the Snowmelt Season
1904-1986
Water Max Max Max Max Max Max
Year 1-Day 15-Day 30-Day 60-Day 90-Day 120-Day
(Average Flow in cfs)
1906 7,260* 5,880* 5,340* 4,550* 3,910% 3,500
1569 6,820 5,990 5,400 4,350 3,570 3,340
1983 6,670 5,390 5,240 4,460 3,610 3,120
1967 5,230 4,320 3,530 3,440 2,900 2,550
1552 5,170« 4,630%* 4,240* 3,410% 2,850* 2,460%
1938 5,130* 4,210* 3,940* 3,260 2,780+ 2,350*
1978 4,630 4,040 3,550 3,040 2,530 2,270

* Raweah River near Three Rivers gage adjusted

inflow.

to Lake Kaweah



CHAPTER III - UNIMPAIRED FLOW FREQUENCY ANALYSIS
3-01 Unimpaired Rain Plow Frequency Curves - Kaweah River.

Flow records on the Kaweah River near Three Rivers begin in
water vyear 1904. The drainage area above the Three Rivers gage
was 514 square miles. In February 1936, the gage was moved and
the drainage area increased to 520 square milea., October 1961
marked the atart of Kaweah River flow measurementsg into Lake
Kaweah, and the Three Rivers gage was discontinued. Total
drainage area above Terminus Dam is 561 square miles. The NAP
above the Three Rivers gage site 1ig 38.1 inches and above
Terminus Dam it is 36.6 inches. 1In order to use the longest
period possible for the frequency analysis, flow data at Three
Rivers gage, from 1904 through 1961, were increased by 4 percent
and combined with the inflow data to Lake Kaweah producing 85
years of continuous inflow record to the reservoir.

The computer program FRQPLT was used to compute the statistics
and plot the data points and curves. FRQPLT computes and plots
flow frequency curves 1in accordance with the procedures
racommended by the Water Resources Council's Bulletin No. 17B,
"Guidelinee for Determining Flood Flow Frequency." The mean,
standard deviations and skewe for the maximum annual flows of
varlous durations were computed from the 85 yesars of record.
The computed standard deviations and skews were adjusted for
consistency between the different flow durationas. The skews
were further adjuated to make them compatible with the historic
record. The expected probability correction was applied.
Median plotting positions were used.

From chapter II it can be seen that the maximum short term
flows are due to railn and generally occur during the winter
montha. Large flow volumes for long periods are due to snowmelt
and generally occur during the spring and summer. Occasionally
Bignificant short term flows may occur in March or April, and in
those cases, the flow records were compared to precipitation
records to determine which group to apply the flow to.

The unregulated flow data used to prepare the curves is sBhown
on chart 3 and the curves are shown on chart 4.

3-02 Unimpaired Snowmelt Flow Frequency Curves.

It was assumed that all snowmelt flow originated above the
Three Rivers gage. No correction to the gage flows was
necessary when combined with Lake Kaweah inflows to form an
equivalent snowmelt flow record for water year 1904 through
1988.

The mean, standard deviations and skews for the maximum annual
flows of various durations were computed from the 85 years of
record. Four low outliers were assumed for each duration and

9



the conditional probability correction was applied in accordance
with appendix S5 of the WRC guidelines. The computer program
FRQPLT was used to compute the statistics and plot the data
points and curves. The computed standard deviations and skews
were adjusted for consistency between the different flow
durations, and the expected probability correction was applied.
Median plotting positions were used.

Data for the unrequlated snowmelt flow conditions is tabulated
in chart 5 and plotted in chart 6.

3-03 Unimpaired Rain Flow Frequency Curves - Dry Creek.

Flow records on Dry Creek are available from October 1959
through the present. Development of the rain flow frequency
curves was based on a comparison of the Dry Creek flow
statistics with the longer record on the Kaweah River, in
accordance with appendix 7 of the WRC gquidelines. The plotting
positionge of the flows were based on the assumption that the
1967 flood was hiatoric, the largest in 85 years. The computed
standard deviationa and skews were adjusted for consistency
between different flow durations, and expected probability was
applied. The computer program, FRQPLT, was used to plot the
data points and curves.

The unrequlated flow data used to prepare the curves is shown
on chart 7 and the curves are shown on chart 8.

3-04 Risk.

Flow frequency curves indicate the probability that a flow
will be equalled or exceeded in any given year. For example,
the 100-year flow is expected to be equalled or exceeded on the
average once every 100 years, or has a one percent chance of
being equalled or exceeded in any given year. However, it is
often of more interest to know the probability that a flow with
a given annual probability will be equalled or exceeded at least
once within a given number of consecutive years. Table 3-01
provides this information. For example, a flow with a
probability of 0.01 of being equalled or exceeded in 1 year has
a 0.26 probability of being equalled or exceeded one or more
times in 30 years.

10



Table 3-01
Risk of Being Flooded in a Gilven
Period of Time

Given Period of Time in Years

|
Annual |
Probability | 10 25 30 50 100
i Percent Chance of Flood Occurring
| in Given Period of Time
| - {(Values in &%)
.1 | 65 83 96 99 99.997
.04 | 34 64 71 87 98
.02 | 18 40 45 64 87
.01 | 10 22 28 39 63
.005 I 5 12 14 22 39
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CHAPTER IV - STORM AND RUNOFF ANALYSIS
4-01 ©Unit Hydrograph - Kaweah River.

Unit hydrographs are used to estimate the rainfall/runoff
response of a river basin, and the Kaweah River Basin's 1l-hour
unit hydrograph is shown on chart 9. The Snyder method of unit
hydrograph representation was used, and optimal Snyder
parameters were determined by the optimization routine in the
stream routing program HEC-1, and applied in reproduction of the
December 1966 and January 1969 floods. Reproductions of these
historical floode are shown on chart 10.

4-02 Unit Hydrograph - Dry Creek.

A l-hour unit hydrograph for the entire Dry Creek basin,
81.9 square miles was developed from data in our 1971 hydrologic
study of this area. Snyder parameters were used also used. The
unit hydrograph for Dry Creek is shown on chart 11.

4-03 TLoss Rates and Base Plow - Kaweah River.

During the December 1966 flood, an average of 18.64 inches of
precipitation fell on the Kaweah Rivar basin in three days. The
constant loss rates for this flood were quite high probably
because it occurred early in the season. However there was
approximately 6 inches of precipitation on the basin 2 days
bafore the flood. Flood reproductions used an initial loss of
zero inches and a constant loss rate of 0.38 inches per hour.
The initial base flow was assumed to be 400 c.f.s. &and the
recession flow was started at 10,000 c.f.s.

An average of 10.56 inches of precipitation fell on the Kaweah
River basgsin in 4 days during the January 1569 flood. The 1969
flood reproduction, used an initial 1loss of 1.0 inch and a
constant loss rate of (0.285 inches per hour. The initial base
flow was assumed to be 4,000 c.f.s. and the receesion was
started at 10,000 c.f.s..

Loss rates for the SPF are discussed in Chapter V.
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CHAPTER V¥ - HYPOTHETICAL FLOODS
5-01 Standard Project Flood - Kaweah River.

The Standard Project Flood (SPF), used in design studies for
Terminus Dam to define standard project runoff at the dam site,
was based on analyeis of the largest recorded event At that
time, the December 1955 £flood. A reevaluation of the SPF
conducted in 1971, based on criteria developed by the Sacramento
District, for the Sacramento-San Joaquin Valley, indicated a
greater potential runoff from the Kaweah River basin above the
dam and a much larger coincident accretion between the dam and
downstream damage areas, principally from the Dry Creek bagin.
The storm eghown 1in this report was centered over the Kaweah
River basin above Terminus Dam with a total bhasin mean
precipitation, including snowmelt, of 23.42 inches over 5 days.

HEC-1 was used to calculate the SPF hydrograph. The initial
loss was espumed to be 0.0, and 0.22 inches was used as the
constant loss. The SPF volume is 245,500 acre-feet and the peak
flow is 117,700 <c.f.s.. The SPF at Terminus Dam is shown on
chart 12,

5-02 Standard Project Flood - Local Streams.

A Standard Project Flood was computed for the Dry Creek basin
based on criteria developed by the Sacramento District for the
Sacramanto-San Joaquin Valley. Por the specific centering,
total basin mean precipitation of 16.62 inches fell on the 81.9
square mile basin over 5 days. An initial loss of zero and a
constant loss rate of 0.2 inches per hour were assumed. The
resulting SPF peak inflow was 23,165 c.f.s. and the total volums
was 33,089 acre-feet. Chart 13 shows the specific Dry Creek
SPP.

The major sources of local inflow to the Raweah River below
Terminus Dam are Dry, Mehrten, and Yokohl Creeks. The
concurrent SPF hydrographs for these streams are shown on charts
14, 15, and 16.

5=-03 Probable Maximum Flood - Kaweah River.

The Probable Maximum Flood (PMF) will be used to design the
spillways of reservoir projects considered during the Kaweah
River feasibility study. The PMF at Terminus Dam is shown on
chart 17. It was developed in accordance with procedures shown
in Hydrometeorological Report #36. The PMF unit graph was based
on the SPF unit graph with a decreage in lag time of 15%.

HEC-1 was used to calculate the PMF hydrograph. The total
bagin mean precipitation, including snowmelt, was 42.1 inches
over 5 days. The exponential rainfall loss rate method was used
in HEC-1 to develop the PMF. Major variables of this method,
STRKR, RTIOL, and ERAIN, had values of 0.65, 2.0, and 0.75,

13



respectively. The resulting flood volume is 713,000 acre-feet
and the peak flow is approximately 330,000 c.f.s.

5-04 Probable Maximum Flood - Dry Creek.

A Probable Maximum Flood, PMF, for Dry Creek was recomputed in
1988. The previous PMF, developed in 1971, was a concurrent
storm, complementing the PMF at Terminus Dam, and was for the
B1.9 sguare mile basin above Limekiln dam Bite. The 1988 DPMF
revision includes only the area above the most recent Dry Creek
Dam site, a total of 78.2 square miles.

The PMF unit graph was based on the SPFP unit graph with the
lag time decreased Dby 15% and a constant (.20 inches per hour
loas rate. No initial loss was applied 8since the basin was
assumed to be saturated at the onset of the storm.

HEC-1 was used t0 calculate the PHF hydrograph. A total of
29.35 inches of precipitation fell over the Dry Creek basin for
3.5 daye. The peak flow was 45,000 c.f.s8. and the PMF volume
was 654,600 acre-feet.

The specific Dry Creek PMF flood is shown on chart 18.

5-05 Flood Series.

Hypothetical floods were used to develop the Iinfrequent
portions of the flow frequency curves under project conditions,
because the flow data record on the Kaweah River ie not long
enough for graphical analysis.

The flood series for peak flows under project conditions are
30 days long and are balanced so that all volumes betwaen one
and 30 days agree with the unimpaired rain flow frequency
curves. Each 5-day wave of the flood series was developed by
multiplying the SPF times a ratio. The ratios shape the six
soequential 5-day wavas of the 30-day series so that the largest
wave 1B in the middle. This storm pattern is typical for this
area of the U.5.. Chart 19 contains the ratios for the various
flood frequencies.

Prequency curves of annual flow to Tulare Lake were developed,
and annual flood seriea information was used to describe the
portion of the frequency curves involving unusual events. The
annual series were developed by multiplying the separate ratios
times the 1969 October through March and April through September
flows. The ratios were based on the 350-day rain flow frequency
curves and the 90~day snowmelt flow frequency curves
reapeaectively. The 1969 flood year was used because of its
typlcal volume distribution for large runoff years. The 1963
daily flows and ratios used to simulate different frequencies
are shown on chart 20.
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CHAPTER VI - REGULATED FLOW FREQUENCY CURVES
6-01 Regulated Peak Flow Frequency Curves.

Peak flows are important to the area between Terminus Dam and
Tulare Lakebed, becatse they determine the size of the flood
plain adjacent to the river channel. Peak snowmelt flows in the
Kaweah River are relatively low, particularly when compared to
rain floods. Therefore, only rain floods were considered for
the peak flow analysis below Terminus Dam.

Hypothetical floods are used to estimate the peak flows that
may occur during unusual events. The flood series described in
Chapter V were routed through the project using a computer
program called HYCOMP which simulates reservoir operation in
conformance with the rules applicable to Lake Kaweah and other
reservoirs in the Sacramento District. The resulting peak flows
were plotted in accordance with the frequency assigned to the
flood series used for the routing. The reservoir storage at the
start of the flood sgimulation was 8,000 acre-feet, and the
project was operated as prescribed in the flood control diagram
in the manual currently being revised, except releases were not
allowed to exceed 80 percent of channel capacity to account for
operational contingencies. The starting storage of 8,000 acre-
feet includes the present 1,000 acre-feet of sediment space
available plus 7,000 acre-feet of permissible carry over.

Local flow below Lake XKaweah frcm Mehrten and Yokohl Creeks is
significant. Although the two creeks join the Kaweah River a
short distance below McKays Point, their flow was considered
part of the local flow at McKays Point for the routings. The
sedimentation and topography aassumed for the routings and
frequency curves in this report are based on the most current
survey which was completed in 1%77.

A routing of the 100-year flood, developed as described in
paragraph 5-05, is shown on chart 21. Resulting reservoir
outflow under operating conditions described in the preceeding
paragraph was 36,400 c.f.a.. The regqulated rain flow frequency
curve for existing conditions is shown on chart 22,

6-02 Regulated Volume Flow Frequency Curves.

Regulated flow volume frequency curves are important to Tulare
Lakebed because Tulare Lakebed hag no outlet to the sea, and the
inflow volume determines the size of the flood plain there.

A volume frequency curve for flow to Tulare Lake was developed
by simulating Lake Kaweah daily operation over the 85 year
period of available flow information. HYCOMP was used to
determine daily etorages and releases over the 85-year period of
record. Lake Kaweah starting storage was 8,000 acre-feet, and
flow to Tulare Lake was estimated by subtracting an assumed

15



maximum schedule of irrigation and spreading demand, shown on
chart 23, from the project releases on a daily basis.

The simulation model was calibrated by comparing the simulated
flow to Tulare Lakebed to the flow what actually occurred in
1378, 1980, 1982 and 1983, shown on chart 24. The difference
between simulated and actual conditions for smaller floods may
be attributed to options available to the operator that cannot
be accounted for in our model. However, the model is believed
to be reasonably representative of how the project will be
operated in the future. When used for economic purposes, the
same assumptions will be used for present and project conditions
so that any bias that may be inherent in the model will be
applied to both conditions.

The infrequent portion of the curve was estimated by routing
the annual flood series, discussed in Chapter V, through Lake
Kaweah. As above, the current flood control diagram and 19577
lake bottom topography were used.

The total flow to Tulare Lakebed was summed for each year,
shown on chart 25, and plctted on probability grid along with
the hypothetical annual flood s8eries routing results. The
frequency curve of annual flow to Tulare Lake is shown on chart
26.

Daily storages resulting from the simulated 85 year operation

where used to prepare the Seasonal Variation of Reservoir
Storage curves shown on chart 27.
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CHAPTER VII - RESERVOIR DESIGN DATA
7-01 Reservolr Sedimentation.

When Lake Kaweah construction was completed in 1962, it was
believed to have a capacity of 150,000 acre-feet. A 1977 survey
showed that iLake Kaweah had a capacity of 143,200 acre-feet.
This indicates a high rate of sediment accumulation. However,
in December 1966 a peak inflow occurred that is estimated to
have been greater than a 100-year event. It is believed that
much of the present sediment in the reservoir is due to that
flood, and as a vresult, the sedimentation estimates are
distorted since the period between surveys was short.

Recent studies on the Kaweah River indicate that the 1966
floaod has distorted sedimentation rates and that the normal rate
of sediment accumulation in the reservoir should be about 0.18
acre-feet per square mile per year. The Kaweah River basin
above Lake Kaweah is approximately 561 square miles, so this
amounts to about 100 acre-feet per year. It is believed that at
this rate of sediment accumulation, the capacity of Lake Kaweah
would be 141,900 acre-feet at the end of 1988, and about 140,700
acre-feet by the year 2000.

The year 2000 is assumed to be the base year for the current
Kaweah River study. The economic life of a project investigated
1s generally assumed to be 100 years, 8o in order to make
allowance for an unusual event, such as the December 1966 flood,
within the 100 year economic life, the sedimentation rate was
increased to 0.2 acre-feet per square mile per year. The table
below shows the estimated storage capacity available up to the
current epillway elevation at various points in history through
the year 2100:

Table 7-01

Estimated Past and Future Storage Capacities in Lake Kaweah

Water Lake Kaweah Storage
Year Below Elevation
694 Ft
(acre-feat)

1977 143,000
1988 141,900
2000 140,700
2050 134,700
2100 128,700
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7-02 Wave Runup.

Rlevation 747.6 is the flood pool elevation for the current
PMF routed through the existing project. Wave height and runup
has been computed for this elevation in a8 specified in the

following references:
BTL 1110-2-305, dated 17 February 1984, for wave height,

ETL 1110-2-221, dated 25 November 1976, for wave runup,
"SHORE PROTECTION MANUAL," US Army Coastal Engineering
Research Center, 1977, for wave runup.

No local wind speed data was available, so wind s8speeds were
estimated from data at PFresno Airport. The longest fetch at
Lake Kaweah is from the east-southeast. Fetches from other
directions either did not affect the dam, or were too short to
produce a significant wave runup. Overland wind velocities of
50 m.p.h. for 1 minute and 35 m.p.h. for 60 minutes were adopted
for Lake Kaweah. Wave runup data follows:

Table 7-02

Lake Kaweah Wave Runup Data

Wind Direction: Rast-southeast

Average Fetch: 2.46 miles

Average Water Depth over Fetch: 150 feet
Water/Land Wind Speed Ratio: 1.1

1-Minute 60~-Minute
Overland wWind Speed: 50 mph 35 mph
Overwater Wind Speed: 55 mph 39 mph

Design Wind Speed: 39 mph
Deep Water Wave Conditions Used

Embankment Slope: 1:2.0

Embankment Type: Riprap

Design Wind Duration: 51 minutes
Design Wave Period: 2.8 saconds
Design Wave Height: 2.5 feet

Wave Runup: 2.78 feet

Wind Setup: 0.03 fest

Wave Runup Plus Wind Setup: 2.81 feet

7-03 Storage Frequency.

The likelihood of particular reservoir storages resulting from
the simulated operationa using the 85 years of data was analyzad

and presented as a family of curves in chart 27. The curves
were developed using daily storages from the reservoir
simulation operations described in paragraph 6-02. Three

computer programs STFREQ, WCCOMP, and DSPLAY were used to
prepare the curves. STFREQ was used to analyze the 85 years of

18



daily storages, the data was smoothed using WCCOMP, and plots
were drawn with DSPLAY.
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UNREGULATED CONDITION FLOW FREQUENCY DATA
KAWEAH RIVER
(Flow in c.f.s.)

GENERAL RAIN RUNOFF

WATER
YEAR 1-DAY 3-DAY 7-DAY 15-DAY 30-DAY 60-DAY S90-DAY

1904 4080 2120 1447 1031 794 526 372
1505 3219 2602 1526 913 594 427 323
1906 8903 7430 5141 3846 2664 1706 1431
1967 3219 2351 1860 1654 1258 963 802
1908 382 941 917 835 646 495 403
1909 9624 6019 3062 2842 2038 1646 1307
1910 B266 3710 1986 1160 1076 853 750
1911 6507 5357 3354 2048 1306 1076 763
1912 287 264 255 233 210 160 142
1913 371 353 331 271 213 165 129
1514 10325 6897 3751 2174 1359 939 662
1915 852 826 742 649 459 410 319
1916 10555 5810 3145 2759 1833 1662 1542
1917 3428 2508 1850 1191 851 654 533
1918 1463 1170 874 770 5B4 365 263
1919 1460 1080 742 545 500 363 281
1920 2810 2490 1835 1159 1040 613 449
1521 1790 1787 1493 1163 938 6395 556
1922 2560 1348 920 654 534 3385 366
1923 4608 2445 1840 920 635 356 318
1924 251 200 165 132 126 113 100
1925 1254 843 576 460 434 361 307
1926 789 588 408 295 225 151 137
1927 6218 3699 2539 1839 1327 941 708
1928 2539 2205 1578 930 573 385 306
1929 852 603 484 415 334 240 203
1930 1118 858 543 423 340 230 176
1931 409 222 165 151 136 116 95

1932 4619 2842 2090 1348 966 B57 655
1933 805 550 482 438 370 284 232
1934 1588 774 452 302 291 203 201
1935 4608 2686 1777 1130 773 508 416
1936 5392 3825 2466 1735 1223 995 712
1937 13585 7200 3867 3125 2080 1070 800
1938 11286 7754 398l 2853 2268 1662 1227
1939 1285 1108 898 783 534 396 318
1940 4504 2811 2450 1839 1327 1165 1034
1941 3323 2445 1933 1390 1233 978 818
1942 1662 1290 1027 802 603 594 508
1943 9760 7054 4473 3699 2633 1674 1454
1944 1181 838 640 5717 438 329 268
1945 9938 6458 3449 1965 1212 1066 757

CHART 3 (Sheet 1 of 3)



UNREGULATED CONDITION FLOW FREQUENCY DATA
KAWEAH RIVER
(Flow in c.f.s.)

GENERAL RAIN RUNOFF

WATER
YEAR 1-DAY 3-DAY 7-DAY 15-DAY 30-DAY 60-DAY 90-DAY

1946 2080 1378 1150 816 599 450 445
1947 4692 2309 1379 858 656 502 424
1948 4087 2238 1310 7396 531 318 241
1949 426 330 312 288& 268 193 155
1950 2518 1651 1034 694 573 481 373
1951 16720 9792 5152 2780 2404 1453 1137
1952 5946 3271 2027 1557 1244 1009 1005
1953 34395 2392 1790 563 461 368 364
1954 1515 990 676 568 523 420 339
1955 4274 2205 1244 772 565 391 322
1956 44726 23032 12310 6552 3710 2644 1955
1857 774 571 524 467 395 325 235
1958 4107 2905 2383 1660 1453 367 746
1959 1505 1160 715 492 489 366 286
1960 1285 773 664 523 387 334 247
1961 601 323 201 145 126 120 94

1962 3707 3236 2045 1498 991 517 375
1963 18400 11540 5830 3200 1860 1150 788
1964 470 399 350 310 264 209 181
1965 3920 2750 2250 1490 1110 821 698
1966 1260 573 649 460 365 326 293
1967 53280 25736 12460 6450 3570 2070 1606
1968 659 506 481 456 421 350 255
1969 22440 13430 8520 6060 3770 2882 2009
1970 8790 4600 2460 1540 994 762 671
1971 914 630 521 427 3717 350 311
1972 €33 623 607 568 482 350 290
1973 47200 2800 1680 1026 931 790 724
15974 3890 2400 1727 1240 984 759 710
1975 1570 1210 897 689 576 424 330
1976 2040 1690 568 320 212 170 152
1977 329 310 236 164 112 85 76

1978 8140 5540 3370 2100 1940 1535 1259
1979 1400 1170 917 792 752 610 506
1980 16930 13890 7640 4280 2760 2580 2040
19681 1015 841 718 581 418 360 287
1982 18506 10740 6061 3559 2324 1683 1273
1983 8330 5173 3600 2990 2910 2580 2167
1984 4802 3919 2581 1737 1222 1074 931
1985 1395 1169 B26 576 471 425 380
1586 9428 7427 6150 4259 3554 2523 1845
1587 1584 967 566 356 339 293 239
1988 2282 1185 653 455 342 299 288
1383 850 758 654 5393 546 382 285

CHART 3 (Sheet 2 of 3)
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UNREGULATED CONDITION FLOW FREQUENCY DATA

DAY 3
.448 3
.510 O
121 O
.448 3
.520 0
.000 -0

KAWEAH RIVER
(Flow in c.f.s.)

GENERAL RAIN RUNOFF

-DAY

COMPUTED STATISTICS
.285 3.124 2.978 2.864
.475 0.427 0.395 0.367
.116 0.063 0.066 0.013

ADOPTED STATISTICS
.285 3.124 2.978 2.864
.475 0.438 0.395 0.365

.050 -0.100 -0.150 -0.200

7-DAY 15-DAY 30-DAY 60-DAY 90-DAY

2,744
0.355
0.053

2.655
0.346
0.054

2.744
0.345

2.655
0.330

-0.250 -0.300

CHART 3 (Sheet 3 of 3)



rfim BT B

i Y
86| "¥3B0LJ0Q:eivg rIM 1P VIR

YIR30411¥2 ‘OLNINY¥IVS ‘SYIINIDNI 46 $4¥0d

SNOILIANOD Qa3M¥IVdWINN
SIAUNI AODNINOIY4
MO14 NIvH

VINYO41I VD ‘HIAIN HYIMYN

1w mr- 8°195 reauy abavresg ‘¢
"8881-»08] !pa0I8y jo Ti84 -
.3:22?3 vSuLno vo vuqua uo!r.au .m

1SILON
58 dE¢- occ o 599°8 feg
58 052°0- SKc'e yrl2 :-nuun

S8 882°'0- S3L°Q v93-2 feg.g¢

S8 451°0-  $4€°9 82 fug-gy
S8 ol - SEV'S 21 Peg-,
S8 059°¢- s5zpe sig-g Peg-g
S& LT 825-@ S8vb e Aeg-g

€{mu)\ b3 mexg  aeg PAs wesy eAsng

SO1LS1LlYLS alidoad

Keg-q¢
Leq-09
Lea-~qg
Lra-g1
hm.ﬂln.
Keqg-¢
Leq-1
1aNIDaT

OdDoo«bDaw

SWW3A NI TWNIAINI IWwaTINA

‘§747) Ut moyy

o0 T o4 o2 ot | _ o
a )
9
=
1
T 2*
h >y &
M \m
= €
Y b.
m
sl
it \ﬂ\\»\ €
=T L] 4
b P | <
o = Tl %
- 1.
[ 4
\\\\\: 3 il 4 61
n\\\
\\\_\‘I ‘\: \ P
<= P d >
PRl lq m
1ed°a 59 1 ] 5 [} @ 9 o 635 93 oL of 3 sS4 ) Rm!

saeafi go1 aod Aauenbesj souepsadxy




UNREGULATED CONDITION PLOW FREQUENCY DATA
KAWEAH RIVER
(Flow in c.f.8.)

SNOWMELT RUNOFF

WATER
YEAR 1-DAY 7-DAY 15-DAY 30-DAY 60-DAY 30-DAY 120-DAY

1904 3280 3110 2850 2490 1850 1550 1210
1505 2190 2020 1860 1740 1450 1220 1000
1506 7260 6220 5880 5340 4550 3910 3500
1307 3480 2930 2530 2300 2140 2030 1790
1308 1630 1360 1140 1010 888 779 633
1908 6000 5190 4530 3700 3150 2700 2260
1910 1990 1770 1650 1560 1390 1120 830
1911 3030 2770 2510 2080 1500 1690 1490
1912 2360 2280 1860 1540 1080 844 678
1913 1470 1360 1270 1180 981 827 690
1914 2420 2150 1590 1940 1630 1470 1260
1915 3280 2630 2430 2120 1750 1480 1230
1916 3440 3070 2950 2650 2440 2240 1940
1917 2830 2500 2410 2080 1890 1640 1350
1919 2040 1817 1671 1614 1381 1086 845
1620 2980 2753 2549 2217 1763 1559 1249
1921 2450 2250 1840 1650 1490 1240 1020
1922 3520 3260 3140 2740 2310 1820 1430
1923 2450 2230 2100 1830 1450 1300 1050
1924 940 906 804 682 525 38l 292
1925 1990 1850 1550 1530 1330 1180 977
1926 1590 1550 1460 1340 1152 883 680
1927 2900 2520 2160 2100 1870 1610 1330
1928 1160 1030 931 878 164 624 487
1929 3780 1530 1470 1300 1070 886 712
1330 1720 1610 1380 1250 1040 890 700
1931 1120 982 851 707 541 429 332
1532 3200 2800 2660 2380 2140 1850 1550
1933 2750 2540 2160 2030 1385 1160 8960
1934 748 655 622 541 444 367 289
1935 2480 2290 2100 1900 1720 1420 1120
1936 2840 2660 2480 2290 2030 1780 1440
1937 4760 4270 3620 3190 2640 2300 1900
1938 5130 4630 4210 3940 3260 2780 2350
1939 1410 1310 1210 1140 1050 847 665
1940 2840 2730 2550 2310 2000 1720 1350
1941 3810 3330 3090 3000 2650 2190 1870
1942 3220 3020 2650 2600 2030 1820 1520
1943 3260 3020 2710 2480 2250 1960 1630
1944 2170 2040 1880 1780 1470 1200 987
1945 2990 2810 2690 2430 2190 1320 1600

CHART 5 (Sheet 1 of 3)



UNREGULATED CONDITION FLOW FREQUENCY DATA
KAWERH RIVER
(Flow in c.f.8.)

SNOWMELT RUNOFF

WATER
YEAR 1-DAY 7-DAY 15-DAY 30-DAY 60~DAY 90-DAY 120-DAY

1946 2310 2120 2100 1840 1480 1190 940
1947 1830 1730 1310 1220 997 798 622
1948 2610 2150 1930 1690 1380 1120 B71
1949 1860 1640 1500 1390 1270 391 760
1550 20690 1910 1840 1540 1410 1190 930
1951 1870 1590 1430 1150 1030 890 719
1952 5170 5020 4630 4240 3410 2850 2460
1953 3340 1750 1570 1340 1210 1050 893
1954 2350 2110 2060 1800 1520 1230 970
1955 2160 1950 1660 1560 1240 1010 813
1956 3420 2940 2650 2300 1350 1660 1410
1957 6840 2620 2180 2090 1540 1210 571
1958 4370 4130 3780 3330 2820 2440 1980
1959 857 751 653 626 574 476 371
1960 1560 1350 1180 972 843 693 540
1961 652 658 614 545 485 416 324
1962 2460 2250 1850 1780 1530 1410 1160
1963 2660 2550 2360 2080 1850 1620 1360
1964 1740 1620 1520 1300 988 854 664
1965 2700 2320 2280 2100 1780 1560 1310
1966 1430 1350 1220 1090 1010 805 627
1967 5230 4850 4230 3530 3440 2500 2550
1968 1250 1100 1030 952 834 703 553
1969 6820 6410 5990 5400 4350 3750 3340
1970 2290 2090 2010 1720 1260 1070 861
1971 1710 1500 1410 1260 1130 979 815
1972 900 819 766 633 580 488 384
1973 4430 4080 3820 3720 2920 2340 1890
1974 2990 2730 25390 2340 1360 1660 1080
1975 3630 3320 3130 2790 2010 1540 1250
1976 1100 532 804 702 519 400 315
1977 721 635 578 483 395 330 259
1978 4630 4250 4040 3550 3040 2590 2270
1979 3210 2950 2720 2250 1820 1480 1200
1980 3170 3020 2890 2660 2340 2180 1850
1981 2360 1650 1410 1260 1120 908 726
1982 3524 3296 3076 2797 2662 2309 1908
1983 6671 6207 5393 5236 4474 3606 3120
1984 2538 2181 2069 1852 1432 1186 1006
1985 1845 1673 1585 1496 1365 1162 %514
1986 3712 3616 3215 2869 2310 2134 1790
1987 1188 1083 1035 990 735 635 490
1988 1212 1069 958 785 509 410 314
1989 1416 1359 1299 1061 828 608 469
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UNREGULATED CONDITION FLOW FREQUENCY DATA
KAWEAH RIVER
(Flow in c.f.s.)

SNOWMELT RUNOFF
1-DAY 7-DAY 15-DAY 30-DAY 60-DAY S90-DAY 120-DAY

COMPUTED STATISTICS
MEAN 3.389 3.332 3.291 3.245 3.169 3.094 3.004
ST DEV 0.231 D0.228 0.230 0.233 0.239 0.247 0.260
SKEW -0.299 -0.252 -0.245 -0.280 -0.327 -0.356 -0.252

ADOPTED STATISTICS
MEAN 3.400 3.340 3.300 3.260 3.180 3.110 3.020
ST DEV 0.209 0.213 0.216 0.220 0.225 0.231 0.238
SKEW -0.170 -0.180 ~0.180 -0.180 -0.190 ~0.190 -0.200
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WATER
YEAR

1960
1961
1962
1963
1964
1965
1366
1967
1968
1969
1570
1971
1572
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988

MEAN

ST DEV

SKEW

MEAN

ST DEV

SKEW

UNREGULATED CONDITION FLOW FREQUENCY DATA
DRY CREEK NEAR LEMONCOVE

PEAK

156
11
732
1600
202
7706
112
14500
42
6070
1590
102
81
2350
2030
420
62

)
2860
507
2800
307
3895
3870
1100
691
3270
297
512

2.732

0.804

2.699

0.733
-0.500

(Flow in c.f.B.)

GENERAL RAIN RUNOFF

1-~DAY 3-DAY 7-DAY

63 52 29

7 6 4
604 492 291
647 397 179
120 83 5¢
402 KPAT 185
75 56 32
§370 2530 1120
34 25 21
3150 1850 1290
928 480 245
56 45 36
48 37 30
817 520 281
800 412 238
199 148 112
44 32 22

5 4 2
1800 1190 738
322 212 143
1290 919 6393
178 127 75
1920 1020 574
1710 1081 826
491 448 263
264 196 111
1260 857 801
180 94 47
316 157 12

COMPUTED STATISTICS

2.451 2.281 2.071
0.755 0.709 0.704
-0.534 -0.603 -0.617

ADOPTED STATISTICS

2.420 2.244 2.039
0.689 0.640 0.625
-0.550 -0.600 -0.650

15-DAY

SO

20
3
208
102
36
124
18
534
15
808
135
27
18
158
152
78
15
1
384
93
409
54
385
562
152
65
467
26
50

.865
.694
2723

.845
.615
-0.

700

30-DAY

13
2
136
56
25
80
11
272
13
511
78
22
11
137
99
63
11
l
308
70
278
.38
265
468
94
39
345
19
34

.707
.677
607

.716
.581
.750

| CHART 7
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STANDARD PROJECT FLOOD INFLOW (SPECIFIC)
TO LAKE KAWEAH
(HOURLY FLOW IN C.F.S.)

01JANSS, 0100; 400. 500. 650. 800. 1805. 2810.
01JAN99, 0700; 3860. 4910. 5710. 6510. 3930. 12270.
01JANSS, 1300; 19055. 25840. 30830. 35820. 33850. 31880.
01JAN99, 1900; 28060. 24240. 21370. 18500. 16075. 13650.
02JAN9S, 0100; 11885. 10120. 9385. 8650. 6865. 5080.
02JAN99, 0700; 6355, 7630. 7525. 7420. 7390. 7360.
02JAN99, 1300; 7405. 7450. 7855. 8260. 9120. 9980.
023AN39, 1900; 14525. 19070. 22350. 25630. 27345. 29060,
03JAN9S, 0100; 29870. 30680. 31535. 32390. 35750. 39110.
03JaN99, 0700; 42210. 45310. 45600. 45890. 49555. 53220.
03JAN99, 1300; 58340. 63460. 70685. 77910. 93330. 108750.
03JAN99, 1900; 113225. 117700. 110675. 103650. 96900. 90150.
04JAN99, 0100; 82725. 75300. 67530. 59760. 52955. 46150.
04JAN99, 0700; 39765. 33380. 29270. 25160. 23990. 22820,
04JAN99, 1300; 22435. 22050, 19725. 17400. 14765. 12130.
04JANSS, 1500; 10505. 8880. 7905, 6930. 6280. 5630.
05JAN99, 0100; 5190. 4750. 4445. 4140. 3930. 3720.
05JAN9S3, 0700; 3580. 3440. 3350. 3270. 3190. 3120.
05JANSY9, 1300; 3060. 3000. 2350. 2900. 2800. 2700.
05JAN99, 1900; 2650. 2600. 2550. 2500. 2450. 2400.

———— A iy S i Mol e B e . e e e D e G GNP M N M M A e e T e e T Gt e i e e . o o M S et

STANDARD PRCJECT FLOOD HOURLY PRECIPITATION

LAKE RAWRAH
(IN INCHES)
01JAN99, 0100; 0.00 0.00 0.01 0.01 0.08 0.08
01JAN99, 0700; 0.21 0.21 0.16 0.16 0.44 0.45
01JANY9, 1300; 0.72 0.72 0.53 0.52 0.25 0.25
01JARY9, 1900; 0.07 0.07 0.06 6.06 0.00 0.00
02JAN99, 0100; 0.01 0.01 0.02  0.02 0.00 0.00
02JAN99, 0700; 0.00 0.00  0.00 0.00 0.00 0.00
02JAKS9, 1300; 0.00 0.00 0.13  0.13 0.05 0.05
02JAN9Y, 1900; 0.57 0.57 0.37 0.37 0.45  0.45
03JANSS, 0100; (.29 0.29 0.37 0.38 0.55 0.56
03JAN9S, 0700; 0.50 0.51 0.51 0.52 0.53 0.53
03JANY9Y9, 1300; 0.68 0.69 0.71 0.71 1.08 1.09
03JANSY, 1900; 0.65 0.65  0.53 0.53 0.51 0.50
04JANS9, 0100; 0.29 D.29 0.21 0.20 0.10 0.90
04JAN9Y, 07G0;  0.00 0.00 0.02 0.02 0.15 0.16
D4JAN9S, 1300; 0.13 0.13 0.00 0.00 0.00 0.00
04JANSY9, 1900; 0.00 .00 0.00 0.00 0.00 0.00
05JAN99, 0100; 0.00 - 0.00 0.00 0.00 0.00 0.00
05JAN99, 0700; 9.00 0.00 0.00 0.00 0.00 0.00
05JAN99, 1300; 0.00 0.00  .0.00 0.00 0.00 0.00
05JANSY, 1900; 9.00 0.00 0.00 0.00 0.00 0.00

- e e D P S A e R @A S M R M R R MR R Mm GRS A e N TR ST MY U D ER MR e g S Gl S e e e v -

NOTE:
Dates are hypothetical
Kaweah River centering
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01JANSS,
01JANS9,
01JANSS,
01JANSY,
02JAN9Y,
02JAN9S,
02JAN99,
02JAN9S,
03JAN9S,
03JAN99,
03JAN99,
03JAN9S,
04JANSY,
04 JANSS,
04JANSY,
04JANSI,
05JAN99,
05JAN99,
05JAN99,
05JAN99,

STANDARD PROJECT FLOOD INFLOW (SPECIFIC)
DRY CREEK NEAR LEMONCOVE
(HOURLY FLOW IN C.P.S.)

D106
D700;
1300;
1900;
0100;
0700;
1300;
1900;
0100;
0700;
1300;
1900;
0100;
0700;
1300;
1900;
0100;
0700;
1300;
1900;

100.
88.
720.
7562.
959.
827.
713.
615.
4790.
35902.
8532.
17742.
12981.
1128.
867.
748.
645.
556.
480.
413.

88.
B4.
1843.
5738.
936.
807.
696.
600.
4516.
5438,
8839.
21076.
10517.
581.
846.
730.

95. 53.
82. 80.
3767. 6025.
3768. 2183.
913. 891.
787. 768.
679. 662.
1326. 2617.
4127. 35893.
6934. 7940.
9596. 10851.
23165. 228B09.
8254. 6077.
957. 934.
826. 805.
712. 694.
614. 599.
529. 516.
456. 445.
394. 384.

91.
78.
7818.
1175.
BE9.
750.
646 .
4123.
3032.
8365.
12473.
20006,
3956.
911.
786 .
678.
584.
504.
434.
375.

88

983
848
731
631

225.
8421.

4768.
2990.
8462.
14643.
16205.
2225,

889.
767.
661.
570.
491.
424.

365

—— i —— i opm P M S G N R e S S S S S S S S A S e e e e —— - —

STANDARD PROJECT FLOOD HOURLY PRECIPITATION
DRY CREEK NEAR LEMONCOVE

01JANS9,
01JANSY,
01JANSY,
01JANSY,
02JAN99,
02JANYY,
02JANGS,
02JAN99,
03JANSY,
03JAN9S,
03JANSS,
03JANSY,
04JANSS,
04JAN9S,
04JANYS,
04JAN9Y,
05JANSY,
0SJANSY,
05JANS9,
05JAN9Y,

0100;
0700;
1300;
1900;
0100;
0700;
1300;
1900;
0100;
0700;
1300;
1900;
0100;
0700;
1300;
1500;
0100;
0700;
1300;
1900;

0.00
0.13
0.45
0.05
0.01
0.00
¢.00
0.38
0.20
0.36
0.49

0.00
G.14
0.45
0.05
0.01
0.00
0.00
0.38
0.20
0.35
0.49
0.45
0.20
0.00
0.08
0.00
.00
.00
¢.00
0.00

(IN INCHES)

[=jojojojololaolololoNolelelolololoNo NoNeo]

.01
.11
.33
.04
.01
.00
.09
.24
.28
.36
.52
.36
.14
.02
.00
.00
.00
.00
.00
.00

0.01
0.11
0.33
.03
0.02
0.00
0.09
0.24
0.28
0.37

0.06

DOO0COCOoCODOoCERELCLDRODOOOO

R T N e e e S ——

NOTE:

Dates are hypothetical
Dry Creek Centering
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STANDARD PROJECT FLOOD FLOW (CONCURRENT)
DRY CREEK NEAR LEMONCOVE
(HOURLY FLOW IN C.F.S.)

01JANSY, 0100; 10. 20. 30. 40. 50.  60.
01JANSY, 0700; 70. 80. 90. 100. 110,  120.
01JAN9S, 1300; 130. 140. 210. 281. 401. 522.
01JANS9, 1900; 464. 405. 353, 302. 283.  265.
02JANSY, 0100; 267. 269. 278. 287. 294.  300.
02JAN9Y, G700:; 362. 320. 330. 340. 350. 360.
02JAN99, 1300; 370. 380. 390. 400. 410. 420.
02JANSY, 1900:; 733. 1126. 1823. 2720. 2961. 3202.
03JAN99, 0100; 3430. 3658. 3576. 3494. 3967. 4440.
03JANSI, 0700; 5224. 6008. 6300. 6601. 6794. 6988,
03JANS9, 1300; 7387. 7786. B748. 9711. 11423. 13135,
03JAN99, 1300; 14952. 16768, 15478. 14189. 12665. 11141.
04JANSS, 0100: 10018. 6894. 7606. 6318. 5304. 4289.
04JAN99, 0700: 3334. ' 2578. 2044. 1510. 21391. 1272.
04JAN99, 1300; 1471. 1670. 1644. 1617. 1381. 1145.
04JAN9S, 1900:; 992. 839. 775. 711. 688. 666.
05JANS9, 0100; 648. 630. 613. 600. 590. 580.
05JANSY, 0700; 570. 560. 550. 540. 530. 520.
05JANSS, 1300; 510. 506. 490. 480. 470. 460.
D5JAN99, 1900; 450. 4406. 430. 420. 410. 400.

NOTE ¢
Dates are hypothetical
Kaweah River centering
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STANDARD PROJECT FLOOD FLOW (CONCURRENT)
MEHRTEN CREEK NEAR VISALIA
(HOURLY FLOW IN C.F.S.)

01JAN99, 0100:
01J&NY99, 0700;
01JAN93, 1300;
01JaN99, 1900;
02JANS9, 0100;
02JAN9S, 0700;
02JAN9S, 1300; 0.
02JANS9, 1900; 0.
03JANS9, 0100; 0.
03JAN9S, 0700; 191.

cCOoODOCOO

O OCODOOOCOC0C

197.

03JANSS, 1300; 372. 532.

03JAN9S, 1900; 2130. 1

361.

04JAN9S, 0100; 444. 267.

04JAN99, 0700; 11.
04JAN99, 1300; 58.
04JANSS, 1500;
05JAN9S9, 0100;
05JANS9, 0700;
05JANS9, 1300;
05JAN99, 1900;

[>NoNeolaleo]

2.
26.

oCDOoOOOo

292.
719.
512.
192.

OO0 WwWE

0. 0. C.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 47. 163.

313. 294. 329,
799. 1107. 1622.
688. 639. 577.
98. 83. 31.

e e e . P e A L R S S S Sl e e M b e M e S o g e A N R M R e e g

MNOTE:
bates are hypothetical
Kaweah River centering
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STANDARD PROJECT FLOOD FLOW (CONCURRENT)
YOKOHL CREEK NEAR VISALIA
(HOURLY FLOW IN C.F.S5.)

01JANSS, 0100; 5. 10. 15. 20. 25,
01JANSS, 0700; 35. 40. 45. 50. 55.
01JAN99, 1300; 65. 70. 75. 80. 85.
01JAN9Y9, 1900; 95. 100. 105. 110. 115.
02JAN99, 0100; 125. 130. 135. 140. 145.
02JaN99, 0700; 155. 160, 165. 170. 175.
02JANS9, 1300; 185. 180. 195. 200. 205.
02JANS9, 1900; 259. 349. 516. 659. 736.
030ANS9, 0100; 851. 967. 981. 1044. 1353.
03JANS9, 0700; 2448. 25907. 3154. 3331. 3518.
03JAN99, 1300; 3739. 4028. 4454. 5186. 6038.
03JaN99, 1900; 9111. 10443. 10448. 8870. 7496.
04JAN99, 0100; 5755. 5019. 4130. 3309. 2666.
04JANS9, 0700; 1648. 1200. 875. 674. 552.
04JANSS, 1300; 625. 788. 907. B14. 640.
04JAN99, 1900; 453. 403. 366. 345. 333.
O5JAN39, 0100; 315. 306. 300. 295. 290.
05JANSSY, 0700; 280. 275 270. 265. 260.
05JANSS, 1300; 250. 245 240, 235. 230.
05JAN9S, 1300; 220. 215 2)0. 205. 200.
06JANSS, 0100; 190. 185.

NOTE:

Dates are hypothetical
Kaweah River Centering

CHART 16 (Sheet 2 of 2)

30.
60.
30.
120.
150.
180.
210.
805.
1851.
3652.
7476.
6531.
2101.
540.
522.
324.
285.
255.
225.
135.
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PROBABLE MAXIMUM FLOOD INFLOW INTO LAKE KAWEAH
(HOURLY FLOW IN C.F.S.)

01JANSY9, 0100; 5225.0 12015.5 18806.0 24046.5
01JANSY, 0500; 29287.0 31700.0 34113.0 36975.5
01JANSS, 0500; 39838.0 43186.0 46534.0 50084.0
01JANSS, 1300; 53634.0 58747.5 63861.0 69120.0
01JANSS, 1700; 74379.0 78204.0 82029.0 82969.5
01JAN9S, 2100; 83510.0 B1547.5 79185.0 78240.0
02JAN9S, 0100; 77285.0 86734.5 96174.0 114617.0
02JAN99, 0500; 133060.0 149085.0 165110.0 173408.5"

2JANS9, (300; 181707.0 15%2230.0 202753.0 218532.5
02JAN99, 1300; 234312.0 256098.5 277885.0 300208.0
02JANSS, 1700; 322531.0 324324.5 326118.0 301106.0
02JANY9S9, 2100; 276094.0 242810.5 209527.0 184058.0
03JANSS, (100; 158589.0 141793.5 124998.0 114595.0
03JAN9S, 0500; 104392.0 98505.5 92619.0 88577.5
03JANSS9, 0900; 84536.0 80477.0 76418.0 72742.5
03JAN93, 1300; 69067.0 66386.5 63706.0 61897.5
03JANS9, 1700; 60089.0 58752.5 57416.0 5610S.0
03JAN99, 2100; 54802.0 53443.C 52084.0 48407.5
04JANS9, 0100; 44731.0 37384.0 30037.0 24541.0
04JANSS, 0500; 15045.0 16340.0 13635.0 12060.0
04JANSS, 0900; 10485.0 943%7.5 8510.0 7847.5
04JANSS, 1300; 7185.0 6712.0 6239.0 5849.5
D4JANSS, 1700; 5460.0 5153.0 4846.0 4609.0
04JANSS, 2100; 4372.0 4213.5 4055.0 3968.5
05JAN9S, 0100; 3882.0 3832.0 3782.0 3753.0
05JANSS, 0500; 3724.0 3695.0 3666.0 3637.0
O05JANY9S, 0500; 3608.0 3579.0 3550.0 3525.0
NOTE:

Dates are hypothetical
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PROBABLE MAXTMUM FLOOD FLOW
DRY CREEK NEAR LEMONCOVE
(HOURLY FLOW IN C.F.S.)

01JANSS, 0100; 90.0 90.0 85.0 80.0
01JANDS9, 0500; 80.0 80.0 75.0 70.0
01JANS9, 0900; 96.0 122.0 218.5 315.0
01JAN99, 1300; 510.5 706.0 1043.5 1381.0
01JAN9S, 1700; 1513.5 1646.0 1372.0 1098.0
01JAN99, 2100; 1005.0 920.0 877.0 834.0
02JAN99, 0100; 1404.5 1975.0 4259.5 6544.90
02JAN99, 0500; 8916.0 11288.0 13812.0 16336.0
02JANSS, 0500; 18597.5 20855.0 22796.5 24734.0
02JaN953, 1300; 27316.0 29898.0 34624.0 39350.0
02JAN99, 1700; 42037.5 44725.0 45000.0 40725.0
02JANSS, 2100; 34857.5 289%41.0 25091.0 21241.0
03JAN99, 0100; 17652.5 14064.0 10786.5 7508.0
03JANS9, 0500; 5644.5 3780.0 3732.5 3685.0
03JaN993, 0500; 4523.0 5361.0 6099.0 6837.0
03JANS9, 1300; 7451.0 8065.0 8763.5 9462.0
03JANSY, 1700; 9738.5 10015.0 9400.5 8786.0
03JAN99, 21007 7806.5 6827.0 6047.0 5267.0
04JAN39, 0100; 4352.0 3437.0 2345.0 1253.0
04JAN9S9, 0500; 1053.0 933.0 889.5 846.0
04JAN9S, 0900; 807.0 768.0 732.0 696.0
NOTES:

Dates are hypothetical
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RATIOS FOR FLOOD SERIES

RATIOS TO MULTIPLY THE KAWEAH RIVER SPF TO SIMULATE
THE INDICATED FLOOD SERIES

——————————— Aty A Gt v W P e e S S A eh S i S Sy e . ey Ay — - — A > =

WAVE RATIO ! 10 25 50 100 200 500 10040
ORDER RANK ! YEAR YEAR YEAR YEAR YEAR YEAR YEAR
!
1 & 1 0.040 0.044 0.064 0.048 0.016 0.024 0.052
2 4 ! 0.055 0.072 0.080 0.071 O0.064 0.040 0.063
3 2 1 0.06%9 0.096 0.108 0.163 0.155 0.196 0.104
4 1l I 0.235 0.371 0.531 0.695 0.914 1.226 1.621
5 3 ! 0.056 0.084 0.084 0.076 0.104 0.148 0.071
6 5 ! 0.048 0.065 0.072 0.056 0.040 0.032 0.055

D e et S GBS D TR TP AR TR D P S S e e et w0 e s A e S B S T D WD =0 Sk e —— . S S M e e e e g
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010CTé68,
070CT68,
130CT68,
190CT68,
250CTE8,
310CTé68,
06NOVES,
12NOV68,
18NOVER,
24NOV68,
30NOVES,
06DECAS8,
12DEC68,
18DEC68,
24DEC68,
30DEC68,
05JANGY,
11JANGS,
17JAN6Y,
23JANGY,
29JANGS,
"04FEB69,
10FEB6Y,
16FEBSGS,
22FEB69,
28FEB6Y,
06MARGS,
12MARG9,
1BMARGS,
24MARGS,
30MARGEY,
OSAPR69,
11APR6G,
17APR6Y,
23APR6Y,
29APR6Y9,
05MAY69,
11MAY69,
17MAYE9 ,
23MAYG6I,
29MAY69,
04JUN6Y9,
10JUNG9,
16JUN69,
22JUNG9,
28JUNGY,
04JUL69,
10JUL6S,

2400;
2400;
2400;
24005
2400:
240C;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;
2400;

1969 DAILY VALUES AND RATIOS
USED FPOR HYPOTHETICAL FLOOD ROUTINGS

1969 INFLOW TO LAKE KAWEAH
(Flow in c.f.s.)

3l.
31.
43.
101.
39.
105.
112.
111.
165.
127.
85.
85.
132.
161.
156.
226 L]
231.
197.
294.
2140.
2744.
1219,
1251.
1896.
1640.
2501.
1575.
1175.
1331.
1432.
2418.
3365.
2121.
2082,
3103.
2745.
2397.
4530.
5052.
5019.
6021.
5911.
3385.
3850.
3667.
2915,
2762.
2390,

30
32

214,
92.
38.
74.
96.

174.

167.

131.
92.
94.
97.

170.

396.

208.

249.

184.

422.

3804.

2216
1264

1223,
1474.
1751.
2628,
1495.
1118.
1320.
1553.
2582,
3153.
2356.
2337.
2600.
2922.
2747.
4402.
5204.
5630.
6420.
5630.
2878.
3705.
3742.
2809.
2693.
2341.

31.
29.
237.
59.
32.
80.
B4 .
136.
163.

113
93
B4

143.

144

439.
197.
257.
224.
13077.
22437.
1894.
2540.
1360.
1699.
7345.
2194.
1332.
1047.
1367.
1681.
2520.
2393.
2421.

2253

2281.
3044.
3111.
4525,
5035.
5820.
6785.
5545.
2774.

3210

3587.
2944.
2604.
2273.

29. 29.
34. 28.
141. 111.
58. 51.
62. 63.
104. 182,
B7. 88.
251. 247.
146. 133.
111. 109.
86. 96.
82. 85.
464. 445.
125. 117.
240. 254.
201. 197.
250. 234.
733. 437.
4320, 7976.
12327. 5511.
1664. 1532.
1729. 1434,
1275. 1130.
1857. 1578.
g8292. 3765.
2215. 1822.
1264. 1324.
1007. 1011.
1449. 1307.
1809. 1994,
2477. 2714.
2217. 2121.
2389. 2071.
2580. 3032.
2189. 2300.
3088. 2727,
3680. 4232.
4413, 4337.
5024. 5256.
5702. 5687.
6624, 6660,
5283. 4813.
2991. 3418.
3348. 3530.
3310. 3061.
2994. 2916.
2537. 2489.
2574, 2351.

CHART 20 (Sheet

31.
31.
106 .
46 .
77.
147,
96.
178.
130.
82.
91.
150.
229.
143.
250.
204.
222.
328.
5437.
3775.
1313,
1309.
1916,
1535,
2664 .
1702.
1173.
1161.
1336.
2217.
2178%.
2036.
1956.
3262.
2528,
2546.
4567.
4581.
5401.
5591,
6267,
4299.
3638.
3455.
3036.
2864.
2396.
2162.
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1969 DAILY VALUES AND RATIOS
USED FOR HYPOTHETICAL FLOOD ROUTINGS

1969 INFLOW TO LAKE KAWEAH
(Flow in c.f.a8.)

16JUL6YS, 2400; 2137. 2078. 2014. 1968. 2037. 1560.
22JUL69, 2400; 1914. 1777. 1662. 14B5. 1436.  1367.
28JULE9, 2400; 1382. 1290. 1271. 1248. 1215, 1110.

03AUGEY, 2400; 1047.  1005. 932, 782. 709. 687.
09AUGEY, 2400; 635. 711. 964 . 730. 660. 616 .
15AUGE9, 2400; 576. 562. 532, 493, 439. 418.
21AUG69, 2400; 397. 413. 346. 353. 354, 323.
27AUG6S, 2400; 309. 378. 213. 277. 240. 228,
02SEP69, 2400; 246. 254. © 219. 189. 207. 261.
08SEP69, 2400; 218, 233. 204. 221, 198, 168.
14SEP69, 2400; 131. 162. 159. 161. 163. 143.
20SEP69, 2400; 145. 153. 151. 155. 164. 136.
268EP69, 2400; 153. 129. 130. 140. 106.

- Y —— o ——— —— W W WD NED S g M g R e W G e e e e v Gl v W S = W P S S S R M e M A B B e B s A G

RATIOS TO MULTIPLY TIMES 1969 INFLOW TO LAKE KAWEAH
TO SIMULATE INDICATED FPLOOD

RAIN FLOOD SEASON SNOWMELT FLOOD SEASON
100-YR 200-YR 500-YR 1000-YR 100-YR 200-YR 500-YR 1000-YR
1.14 1.37 1.59 1.87 1.13 1.31 1.48 1.63

CHART 20 (Sheet 2 of 2)
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ASSUMED MAXIMUM DAILY IRRIGATION AND SPREADING DEMAND
(Flow in c.f.s.)

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

1 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
2 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
3 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
4 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
5 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500

6 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
7 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
8 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
S 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
16 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500

11 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
12 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
13 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
14 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
15 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500

16 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
17 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
18 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
19 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
20 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500

21 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
22 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
23 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
24 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
25 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500

26 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
27 1000 1000 1200 1200 1200 1200 1500 2100 2600 2600 2300 1500
28 1000 1000 1200 1200 1200 1200 1500 2100 2500 2600 2300 1500
29 1000 1000 1200 1200 1200 1200 1500 2100 2500 2600 2300 1500

30 1000 1000 1200 1200 1200 1500 2100 2600 2600 2300 1500
31 1000 1200 1200 1200 2100 2600 2300
TOTAL

(1000 AF) 61 60 74 74 69 74 89 129 155 160 141 89
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WATER

1978
1980
1582

1883

COMPARISON OF SIMULATED FLOW TO TULARE LAKEBED

TO ACTUAL FLOW TO TULARE LAXKEBED

ACTUAL FLOW TO
TULARE LAKEBED
PLUS WATER PUMPED
INTO THE
PRIANT-KERN CANAL

(1,000 ACRE-FEET)

. 26
36
61

595

COMPUTED FLOW
ABOVE ASSUMED

MAXTMUM IRRIGATION

AND
SPREADING DEMAND

(1,000 ACRE-FEET)

B84
221
36
531

CHART 24



1904
1905
1506
1907
1908
1908
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1923
1930
1831
1932
1933
1934
1935
1936
1937
1938
1939
1940
1341
1942
1943
1944
1945

SIMULATED FLOW TO TULARE LAREBED
UNDER EXISTING 1988 CONDITIONS
(Flow in Acre-Feet)

7000

0
332000
12000
0
103000
28000
42000
0

0
39600
0
101000
9000

0

0
2000
0

0
0
0
0
0
0

3300
0

0

0

0
21000
o

0

1000
30000
82000
154000
0
36000
13000
0
127000
4]
235000

1946
1947
1948
1849
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1562
1363
1964
1965
1966
1967
1968
1969
1570
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988

eloRoNo)

1000
38000
84000

1000
5000
235000
0
15000
0

0

0
15000
67000
6000
21000
0
227000
3000
506000
20000
0

0
21000
5000
1000

0

0
84000
8000
221000
0
36000
531000
74000
0
194000
0

0
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CHAPTER 1 - GENERAL INFORMATION

1., AUTHORITY AND SCOPE

This reservoir regulation manml is an sppendix to the Master Manual of
Reservoir Regulation, Tulare lake Basin, California, and is prepared in
accordance with instructions in ER 1110.2.240 and BEM 1110-2-3600. It con-
tains descriptive informetion and operating rules for Terminus Dam (Lake
Kawesh), Kawesh River, and assigns responsibilities for the operation of
the project. A description of the general plan of reservoir oparation for
the Tulare lake Bmsin, of wvhich lake Kaveah is a unit, is given in the

Master Manuml,
2. FROJECT AUTHORTZATION

Terminus Danm (lake Kawesh) was authorized by the Flood Comtrol Act of 1944,
approved 22 December 1944, the pertinent portion of which follows:

"The plan for Terminus and Success Reservoirs on
the Kaweah and Tule Rivers for flood control and
other purposes in the San Joaquin Valley, Califor-
nia, in accordance with the recommendations of the
Chief of Engineers in Flood Control Committee
Document Fumber 1, Seventh-eighth Congress, Second
Sesaion, is approved, and theare is hereby authorized
$4, 600,000 for initial and partial sccomplishment
of the plan."

In that document, thas Chief of Engineers recommended a capacity of 100,000
acre-fest for Terminus Reservoir.

3. CHANGES T0O AUTHORIZED PLAN

The Comprehensive Report on Sacramento-San Joaquin Basin Streams and Sup-
plement thereto, published as House Document 367, Blst Congress, lst Ses-
sion, recommended a capacity of 145,000 acre-feet, No specific reservation
for sediment accumilation was defined. The reservoir capmcity wvas incremsed
from 100,000 acre-feest to the recommended 145,000 mcre-fest by letter from
Sacramento District to Scuth Pacifie Division dated 28 September 1951, sub-
Ject: "Supplement No. 2, Preliminary Definite Project Report, Terminus
Project, Kaweah River, California.” By 6th Indorsement, dated 3 December
1952, the Chief of Engineers stated that the capacity of 145,000 acre-feet
would be approved for design purposes if the State of Califernis would not
actively oppose the increased capacity. Subsequent to that date, the State
appeared befors the Bureau of the Budget and Appropriations Cammittees in
support of the project as modified for the 145,000 mcre-fest capacity. On

9 May 1956, at a conference attended by represantatives of OCE, SPD and the
Sacramento District, decision was made to consider the total reservoir capa-
city as 150,000 mcre-feet including reservation of 8,000 acre-feet of that
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¢. Below Terminus Dam, Xaweah River flowa a fev miles through low
foothills and emerges on the valley floor near the town of Lemoncove,
Nearby at McKsys Point, the flow of the river is divided into two channels,
The northerly channel, known as St. Johns River, flows weaterly sbout 23
miles, passes the city of Visalia on the north, and unites with Cottonwood
Creek to form Cross Creek, vhich flows southwesterly about 35 milea to the
Tulare Lakebed area. The southerly chamnel, vhich retains the name of
Kaweah River, flowa southweaterly about 4 miles and then divides into oum-
erous distributaries. One of these distributaries, M1ll Creek, i{s carried
through the city of Visalia in a closed conduit. Others pass the City on
the south. Flows in these distributaries not divertsd for irrigation or
lost by seepage in the delta region unite with flows from Tule River to
enter the Tulare Lakebed area. The flow division at McKays Point is accom-
plished by means of a fixed broad crested weir consisting of two sectiona,
each 113,6 feet in length with the same crest elevations, one section cross-
ing the head of each channel. Flows are divided squally between the Kaweah
and St. Johns channels, with the exception that once the flov has receded
to BO c.f.s. in the late summer montha, the entire flow is diverted into
the Keweah channel by means af flashboards until the first time that flows
exceed 80 e.f.s, after 1 October.

d. The urban ares st Visalis, wvhich is bordersd by St. Johns River,
is subject to damage from rainflocds. It is estimated that a flood having
8 peak flow greater than 22,000 c.f.s. sbove the division vorks st McKays

*Point (a onee in 60 years event on the sverage) would overtop or breach
the existing south levee of St. Johns River and flood Visalia. A con-
tinuous flow at McKays Point in sxcess of 15,000 c.f.s. would probably
cause some damege in Visalla.

e. The Tulare Laksbed 1s a large (sbout 300 square miles), shallow,
closed depreassion in the trough of the Sacramento-Ssn Joagquin Valley, vhich
oceasionally receives flood waters from Xings, Kaweah, Tule, and Kern
Rivers and other smaller streams. The area is thus subject to extended
periods of imundstion, has only minor development cother than sgricultural
and is essentially uninhabited. The lakebed has been extensively reclaimed
for sgricultural development by means of an intricate grid-like system of
levees dividing the area into mumerous irrigable tracts, and usually is
entirely avaflable for cultivation during dry years. Irrigstion in Tulare
Lakebed has been made possible by diversion from streams, storage of flood-
vaters in selected tracts, and by pumping from groundwater. Rights to
diversion of Kawesh River water for irrigation use in Tulere Lakebed have
been transferred to Kaweah Delta Water Conservation District for use in
the upstream service area by terms of agreement dated 4 Janoary 1565, The
reduction in water supply to Tulare Lake aresm as a result of this agresment
ls estimated st 26,920 acre-feet per year, on the average. A map of the
lake area and storsge-capacity curves of the individusl cells are given in
the Master Manual of Reservoir Reguletion, Tulare Lake Basin, California.
The aversge annual total income produced in non-flood years {n the Tulare
Lakebed area is in excess of $25,000,000.

4
* Revised April 1972



f. The economy of the Kawesh River service ares i1s dominated by agri-
culture and the processing of sgricultural products. The principal limita-
tion on sgriculture is the deficiency in water supply during series of dry
years., Extensive irrigation systems for the diversion and distribution of
vater have been developed, and genersl use is made of underground sources
of water, as precipitation is not sufficient to support normal farm crops.
The mountainous portion of the basin is limited by rugged terrain and cli-
mtic conditions to livestock production, lumbering, mining, recreation,
and hydroelectric power production. The area is served by a main highhay,
two mjor railreads, and a major airline, supplemented by an extensive nat-
vork of secondary state and county paved highways and branch line railroad
and airlins systsms,

5. CLIMATE

a. Annmual precipitation averages 39 inches in the area tributary to
Terminus Dam, distributed as illustrated on Chart 3. About 89 percent of
the runoff producing precipitation occurs during the winter months of
November through April. The normal monthly distribution at representative
stationa is shown in the following tabulation:

L) Precipitation
TR~ S h T T AT TR

Month : Elev, 325 2 Elavy, 950 : Elev, 6650

H o : of T ¥ or
—: Inches Anmml : Inches Annual : Inches Armual
July 0.02 0.2 0.04 0.2 0.135 0.3
Ang 0.01 0.1 0.04 0.2 0.15 0.4
Sept 0.186 1.6 0.18 0.9 0.45 1.0
Oect D.44 4.5 0.81 4.0 1.53 3.5
Nov 0.87 9.0 1,96 9.5 4.28 9.8
Dec 1.56 16.0 3.48 17,0 TaT? 17.8
Jan 1,92 9.8 3.87 18.9 7.81 17.9
Feab 1.70 17.5 3.7 18.0 7.92 18.2
Mar 1.59 16.4 .1 15.2 6.36 14.6
Apr 1.00 10.3 2.27 11.1 4,89 1.2
May 0.38 5.9 0.83 4.0 1,712 5.9
June 0.07 0.7 0.21 1.0 0.62 1.4
Total .72 100.0 20.50 100.0 43.635 100.0
Period of
Recard 1878-1870 1909-.1970 1820-1970




b. On the valley floor, practically all the precipitation occurs as
rain, while in the mountains, it ocecurs as rain during the summer and ruin
ar mov during other seasons, Winter storms occasionally produce rain up
to 11,000 feet in elevation. However, above the 5,000-foot lavel such
stoarms usually produce snow, vhich sccumulates until about March before
the snowmelt usumlly bagins. Snowpack data typical of wet years are illu-
strated by those of 1952, and snowpack data for normal years are {llustrated
by those of 1954 in the following tabulation:

Aﬁw
Snow course Elev ter mguivalent

in inches Inches % Normal
ﬁ lﬂg 1954 1852 1954 Normal 1952 1954

b=

Panther Meadow 8650 i85 98.8 74.5 35.6 37.3 200 95
Hocket Meadow 8600 118 95.6 S6.2 32.0 31.3 179 102
Quinn Ranger St 8000 104 58.3 48.4 21.5 22.5 215 85
Giant Forest 6360 110 s7,1 S0.2 19.0 17.3 280 110

¢, Temperatures on the valley floor normally range from a winter low
of about 30° F. to a summer high of 110" F. At high slewations the summers
are cool and the vinters severe. The monthly distridution of mean tesper-
stures at representative stations i{s given in the following tabulation:

Mon ture (F*

3 v ] vers H,2¢ Giant at
Month : Elev, 325 ¢ Elev. 950 : Elev. 8650
Jan 48,0 45.7 32.8
Feb 51,3 50.0 34.1
Mar §5.1 53.7 37.1
Apr 60.8 59.1 41.2
May 67.5 65.7 48.1
Jun 4.5 73.1 56.0
Jul 80.9 80.0 84.5
Aug 79.1 78.3 63.4
Sep 73.4 72.6 61.0
Oet 64.7 63,7 49.8
Nov 54,4 53.5 41,0
Dec 46,7 46,7 34,7
Pariod of

Record 1A85-.1970 1913.1970 1920-1970




d. Ewvaporation and transpimation rates for Lake Kaweah area are esti-
mted to be approximtely as follows:

A tion for Kawean
ect -surface Hat change#®
Month Evap-transp evap
inches inchans inchas

January 1.0 1.0 = 3.2
Febhruary 1.4 1.4 - 3.4
March 2.3 2.5 0.5
April 2.% 5.9 a,7
May 2.6 6.6 7.8
June 1.7 9.0 8.4
July 1.0 11.5 11,0
August 0.7 10.3 11.1
September 0.8 7.3 7.6
October 1.2 4.5 4.0
Novenber 1,7 2.6 0.3
Decenbar 1,2 1.4 -2.7

Anmml 13.1 62,0 43.9
% Adjusted for underground storege ef fects.

6. RUNOFF CHARACTERISTICS

The ssasonal distribution of the flow of Kaweah River is similar to that
of other major streams flowing from the Sierra Nevada into the Tulare Iake
Basin and San Joaduin Valley. Runoff during the months of November
through March is mostly from rainfall, and runoff during the months April
through July results principally from melting of the accumilated snowpack.
The runoff hydrograph near Three Rivers for the period 1904.1960 is shown
in conjunction with the hypothetical project operation study for that period
on Chart 24. The runoff hydrograph since operations began in 1962 is shown
as inflow to lake Kaweah on Chart 31. Locations of stream gaging stations
are shown on Chart 2. Recorded runoff data for the Kaweah River near Three
Rivers and at gaging stations established to replace the "near Three Rivers”
measuremants when that station became affectad by [ake Kaweah are given in
the following tabulatien:
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About 68 percent of the runoff of the Kaweah River above Lake Kaweah occurs
during the momths of April through July. The monthly runoff at the pre-
ceding stations 1s given in the following table and its percentage distri-
bution 1is shown graphically on Chart 4, Distribution of snowmelt season
runoff at Terminus Dam for selected large years i= shown grsphically on

lmm'%rﬁﬂh

South . Combined ?

Kaweah River at :Fawveah L So, Fork:Naweah River near
Three Rivers : at Three Him : Three= lﬂmﬂ

-
-
-

Oct 3,880 1.0 240 0.5 3,890 0.9 4,810 1.2
Nov 6,710 1.8 670 1.3 7,380 1.7 7,580 1.9
Dec 23,360 6.2 5,420 6,9 25, 780 6.2 15,580 3.9
Jan 28,880 7.6 4,080 8,1 32,940 7.7 21,080 5.2
Feb 29,730 7.8 4,330 8.7 :u,na:i 7.9 26,830 6.7
Mar 29,850 7.8 3,910 7.9 33,760 7.8 41,340 10.3
Apr 54,950 14.4 7,550 15,2 62,500 14.6 64,650  16.1
May 83,040 23,2 12,630 25.4 100,670 23.4 101,540 25.4
Jun 68,960 18.1 9,410 18,9 78,370 18,2 79,980 20.0
Jul 32,310 8,5 2,990 6.0 35,300 8.2 27,140 6.8
Aug 9,600 2.5 430 0.8 10,030 2.4 7,000 1.7
Sep 4,10 1.1 160 0.3 4,320 1.0 3,560 0.8
Total 380,200 100.0 49,800 100.0 430,000 100,0 401,100 100.,0

7. FLOOD CHARACTERISTICS

a. Flood flows on the Kaweamh River are of two types, winter rainfloods
and spring snowmelt floods, The winter-type floods are charscterized by
sharp high peaks and small volumes and are usually of short duration, sel-
dom lasting longer than four days. These floods normally occur during
November through March and are caused by relatively intsnse rains, some-
times augmented by the melting of snow at lower elevations, The largest
rainflood of record on Kaweah River near the Terminus Dam was that of
6 December 1566 which had an sstimated peak inflow to Terminus Reservoir
of 105,000 e.f.s. A comparison of maximum experienced flows at the near
Three Rivers gaging station and at replacesment stations is mas follows:



South Fork

Dats Kaweah River Kawveah River Kaweah River

at Three Rivers at Three Rivers near Three Rivers
i k (Discont'd 20Sepbl)

Pank 4-Day Peak 4-Day Peak 4.Day

l’d.ld:ﬂ? Volume Dischar Volume Dipchargs Volums
23 Dac 1955 - - - - 80,700 143,000
19 Nov 1850 - - - - 52,000 60, 700
11 Dec 1937 - - - - 33, 300 48,000

€ Feb 1937 - - - - 18,900 45,000

5 Dec 1966 73,000 125,900 - - - -

6 Deec 1966 - - 11, 600 22, 700 - -

1 Feb 1953 30,900 71,400 2,440 6, 300 - -
25 Jan 1969 24,200 69,800 5,960 12, 300 - -
19 Jan 1568 16,900 46, 300 5,820 8, 100 - -
24 Feb 1969 11,900 28,900 6,400 9,800 - -

The peak flows of the historical floods of January 1862 and December 1867
had been previcusly estimated as 40,000 and S0,000 e.f.s., respsctively.

In view of data cbtained during the Decamber 1955 flood, it is now indi-
cated that the historical flood of December 1867 was probably equal to or
somevhat larger than the December 1555 flood, while the flood of January
1862 had m probable magnitude somevhers between those observed in the floods

of November 1950 and Dacesmber 1955.

b, During the December 1955 and January 1956 storms, befors Termimua
of land., The
ﬂmn-mmwmmﬂihmmmmm:huﬂm
the west, and from Cottonwood Creek on the narth to Elk
lﬁﬁhﬂimﬂmﬁntnmd flood wvater from other streams entered Tulars

Dam was built, the Kaweah River flooded about 126,000 acres

lakebed and caused damege in that area.
the river and its principal distributaries:

Bayou on the south.

Moat of the flood area wvas along
5t. Johns River, Mill Creek,

Cameron Creek, Packwood Creek, Cross Creek, and Elk Bayou. The December
1855 flood inundated portions of the city of Visalia and partions of the
commmities of Farmersville and Three Rivers, as wvell as residences in the
southern part of the community of Woodlake, and a large agricultural area,
In January 1956, much of the same sgricultural area and part of the city
of Visalia ware reflooded, Dammge in Visalia wvas heavy in the business

district, and in a residential section where wvater in some homes was about
30 inchea deep for 6 days. Most of the irrigation diversion structures
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CHAPFTER 3 - PROJECT FEATURES
9, DESCRIPTION OF PROJECT

8. The Terminus Project consista of a dam and storage reservoir for
flood control and irrigation on Kaweah River about two miles northeast of
Lemoncove, California.

b. The dam ia an earthfill structurs with = height of spproximately
250 feat and langth of 2,375 feet. There ia A rolled earthfil]l muxiliary
dam wvith s maximum height of sbout 130 feet and a crest length of 870 feet.
Plans, profiles, and sections of main and suxiliary dams ars shown on Charts
5lﬂd’5-

¢. The spillwmy is locatsd in the left abutment of the main dam and is
essentially & broad crested notch weir, The total crest length 1s 307 feet.
The unlined spillwvay channel has a notch 135 feet wide and 14,4 feat deep
which extends the full length of the channel and forms the service portiom
of the spillway. The control section consists of a concrete sill at eleva-
tion 694 feat for the notch, at elevation 708.4 for the remaining portion,
extending up the aides of the excavated channel to slewmtion 745 feet.
The notch is designed to pass outflow up to 22,000 c.f.s. which results in
the maximum flow that can be passed at the city of Visalis without exten-
sive dammges. Plan, profile and sections of the spillway are shown on
Chart 7. The spillwmy rating curve is shown on Chart 8,

d. The outlet vorks are located in the left abutment of the main dam
and consist of an intake with trash racks, control tower, control house,
circular concrete lined tunnel, outlet portal, and facilities for Lemon
Cove Ditch. The control section of the outlet works consists of three 5 Tt.
x § ft. rectangular conduits vith appropriste transitions at the upstream
end to the intake and at the downstream snd to the 13-foot S.inch diameter
tunnel, The irrigation and flood control releases are controlled by three
service gates, These are 5 ft, x 9 ft, hydraulically operated alide gates.
Three {dentical emergency gates are installed 4in tandesm with the service
gates, Also housed Iin the gate chamber are the regulating valves and
appurtenances for Lemon Cove Ditch irrigation facilities. The outlet for
the ditch consists of an inlet, control valves, 36-inch diameter concrote
encased steel pipe, by-pass, stilling well and outlet, wastewy, Parshall
measuring flume, flume over the spillway discharge channsl and open channel
connecting to the existing ditch. A rating curve for Lemon Cove Ditch is
shown on Chart A-9. From the tower to the downstream portal, the 36-inch
pipe ia located under the invert of the tunnel. Provisions for servicing
Ravkeye Ditch from the Lemon Cove stilling well consist of a 12-inch pipe
connection and Dell flow tube. A 12_inch pipeline which conveys Havkeye
Diteh Company vater (maximum 3 c.f.s.) across govermnment property is main-
tained by Hawkeye Ditch Company. Should the water surface drop below ale-
vation 547.6 feet m.5.l., (2,528 acre-feet starage) gravity delivery from

12



tation and for Foothill Ditch are

:
i
E
é
:

f. The reservoir is about five miles long at gross pool elevation.
The main pool extends upstream in a southsasterly direction for about two
miles. The gross capacity is 150,000 mere-feet and the area covered at
gross pool i3 1,945 scres, Area and capacity curves and tables are shown
on Charts 12 and 13, Davelopment of the reservoir area for recreatiomal
purposgs is discussed in parmgraph 11 belov, and a map of the reservoir
arsa showing recreational facilities is shown on Chart 14,

10, POWER IEVELOPMENT

On Kaweah River there are threes small hydroelectric powerplanta, all located
in the upper reaches of the river as shown on Chart 1, and owned by the
Southern Californis Edison Company. The total installed capacity is 6,700
kilowatts and the average annuml output is spproximately 40,000,000 kilo-
vatt hours. These plants are ammll and their regulatory storage is insig-
nificant, Since they are all upstream from Terminus Dam, they are not
affected by the operation of Terminus Dam,

11, RECREATION FACILITIES

Terminus Dam and [ake Kawveah attract a large number of sightseers and many
other visitors wvho come to utilize the recreation resources created by the
lake and the suwrrounding environmental resources. In 1970 the annual visi-
tation to the lake was over 344,000 recreation days. In the interest of

public welfare, safety, and sanitation, recreation facilities have been and
¥ill be provided around the lake area. Recreatiomal pursuits engaged in at
lake Kaweah include picnicking, camping, boating, swimming, and fishing.



Established recreation areas wvhich contain facilities are Lemon Hill,
Kaweah, Horse Creek, and Area 6. These and other areas for development
are shown on Chart 14. Picnic and camp sites, boat launching ramps,
parking areas, access roads, vater supplies, sanitation facilities, and
svimming facilities have been provided, A marina concession is in
operation on the lake. By means of a license agreemsnt, Tulare County
has provided valusble assistance in the recrestional development, man-
agement, operation, and maintenance of the recreation facilities. The
County also provides lav enforcement for recrestion areas and the lake
surface,

12. HYDROLOGIC BASES FOR DESION

8. BSelection of the storage capacity of Lake Kaweah vas based
primarily on the following flood-econtrol requirementa:

(1) Proteaction of the urban area of the city of Visalia against all
* reasonebly probable floods, including the standard project floocd. Re-
#esvaluated flood frequency analysis and incressed standard project flocd
* potential developed subsequent to the December 1966 flood event (see para-
#graph 12b below and chart 30) indicate that actual protection availsble
#to the city of Visalla (flows not excesding 22,000 c.f.s.) is in the order
#of S8 out of 60 years on the aversge.

(2) protection of the sgricultural lands in the Kaweah River flood
plain sgainst alli floods of record.

(3) Prevention of damsging flows into Tulare Lakebed area, in all
except the extreme flood years, and minimizing damaging flows in those
extreme years,

(4) Provision of 8,000 acre-feet of space for sedimentation reserve,
vhich reservation can alsc be used for othar project purposes including
atorege of recreation water if loecsl i{nterests provide the necessary water
supply.

b. The standard project rainflood used in design studies for Terminus
Dam defined standard project runoff at the damsite, based on analysis of
the largest recorded event at that time, the December 1955 storm. A re-
evaluation subsequent to the December 1966 flood event indicates a some-
vhat greater potential runoff from the Ksweah River Basin above the dam
and & much larger coincident aceretion between the dam and downstream
damage aress, principally from the Dry Creek drainage area. The recom-
puted standard project flood (shown on Chart 26) vas developed by trans-
posing the center of the Decenber 1966 storm (on the basis of percent of
mean annual precipitation) directly over the drainage basin and comput-
ing the resulting fload by unit hydrograph methods. Loss curves used

14
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gllov for variation of loss rate with accumulated total loss and rainfall
intensity. They were based on analysis of the 1955 and 1566 floods, and
indi{cate losses averaging 0.22 i{nches per hour during the standard project
storm. The resulting Kaweah River standard project flood hydrograph has

& peak flow of 119,000 c.f.s. and a four-day volume of 248,000 acre-feet,
or 8.3 inches over the drainage ares. The standard project flood runoff
from Dry Creek has a peek flow of 20,500 c.f.s. and a four-day volume of
%32 000 acre-feet (7.3 inches). Routing of the revised standard project
#flood through Lake Kaweah demonstrates the effect of larger local flows
#entering the river between Terminus Dam and McKays Point on Terminus re-
“leases. Impairment of release capability during periads when the coinel-
*dent local flows pre-empt all or an apprecisble portion of available chan-
*nel capecity results in earlier loss of control during the standard projlect
*flood passage and a maximum surcharge of 41,000 acre-feet with corresponding
*increase in maximm outflow to 45,000 c¢.f.s. as shown on chart 26,

¢. The spillwvay design flood was derived from the 66-hour maximm
probable storm as developed by the Hydrometeorologieal Section of the U, S,
Weather Buresu, Infiltration rates used in the derivation wvere varied
from A maximm rate of 2.4 inches per six hours to a minimm rate of 0.5
inches per six hours, depending upon the total accumulated infiltration in
inches. The resulting flood hydrograph has & pesk of 290,000 e¢.f.%., and
a8 volume of 740,000 mcre-feet or 24.8 inches over the drainage area. The
fload was routed through the reservoir (see Chart 26) using an initial
starage of 107,000 acre-feet and 5,500 c.f.a. relsase through the ocutlets
vhich wvas progressively reduced to zero as the spillway discharge reached
5,500 c.f.s. The initial storage of 107,000 acre-feet was based on the
reservoir being full seven days prior to the beginming of the spillway
design flood, and subsequent releases being made in accordance with the
flood control diagram.

13. CONSTRUCTION HISTORY

Construction funds were initially appropriated in fiscal year 1957 but
relatively little was accomplished until fiscal year 1959 due to lack of
sdequate monetary muthorization for the Kaweah-Tule River Basin. Construe-
tion on the main dam and eppurtenances vas begun during February 1959 and
the project was placed in operational status on 1 June 1962, Closure of
the dam was completed i{n November 1961. The latest estimate of Federal
expenditures is sbout $19,826,000, including presuthorization studies and
recreational facilities.

* Revised April 1972



CHAPTER 4 - GENERAL PROJECT OPERATION
14, RESPORSIBILITY FCR OPERATION

#Lake Kawveah is cperated by the U, 5. Army, Corps of Engineers, and
i{s under the jurisdiction of the District Engineer, Sacramento, California.

1S. IRRIGATION AND SPREADING USES

The {rrigation requirenents and infiltration espability of the Kaweah
River service area play an important role in flood control operation of
Lake Kawesh. Since the Kawesah River has no outlet to the ocean, all flood-
flows not stored in Lake Kaweah must be utilized or disposed of within

the servies area, othervise they enter Tulare lakebed as demaging flood-
waters. When flood control relesses mist be maie from Lake Kswesh, all
possible diversions to irrigation uses are made. The normal anticipated
irrigation requirements of the service area are shown on Chart 15 and on
the flood control disgram, Chart A-11. In eddition, extensive areas of
permesble soils have been reserved by the local interests for disposal of
flood waters, by ponding snd spresding, with the twvo-fold purpose of re-
charging the heavily pumped ground water storage (thus storing the surplus
waters within the service area for later beneficial use) vhile simultane-
ocualy preventing imundstion of valuable sgricultural cropland in Tulare
Lakebad. A map showing the location and capacity of spreading areas oper-
ated by the Ksweah Delta Water Conssrvation District i{= shown on Chart 16,
and a tabulstion of pertinent statisticas on these spreading areas i{s shown
on Chart 17,

16. DOWNSTREAM CAANNEL CAPACITIES

Keweah River from Terminus Dam to McXays Point, a distance of sbout three
miles, flows in a single channel having a one-dsy capacity of 15,000 e¢.f.s5.
*and a sustained capacity for 90 days of 6,000 c.f.s. The estimated non-
“damage capacities of the various distributary streams and channels through
*the Kaweah River service ares between Terminue Dam end Tulsre Lskebed
‘are shown on chart 2, The controlling total capacity of distributary
*channels belov McKays Point, for reservoir operation purposes, corresponds
to & flow at McKays Polnt of 5,500 c.f.s, for short periods (up to &
week ) and 5,000 e.f.s. for long periods (up to 20 days). Such flows would
be reduced by chammel losses, irrigation and spreading to a flow wvhich,
although larger than some within-bank capacities, would not cause signifi-
cant damage within the service are=a. In most instances it {8 sxpected
that the critical reach vould be in the channels of Croas Creek southwest
of Righway 99.

17. FLOG DAMAGES UNDER PROJECT CONDITIONS

A comparison of the effect of Termimus Project on flows downstream is
sdemonstrated by the fraquency of flov curves shown on chart 30, Terminmus
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*Dam releases will not exceed 5500 c.f.s. in 44 out of 45 years on the
*aversge, and thus a moderate degree of protection is provided to
*agricultural areas between the dam and the Tulare Lake bed from flows
*originating in the watershed ahove the dem. As the curve of regulated
*flows below Dry Creek indicates, however, uncontrolled flows from Dry
*Creek can exceed the controlling dovnstream channel capacity sbout once
*in ten years on the average. The area protected sbove Tulere Lakebed
conaists of about 125,000 mcres of agricultural and suburban lands
along the Kaweah River and its distributariea, and the Visalis urban
*and suburban area, which has a population of mbout 39,000. During
years of extremely large runoff, this area will receive some agricultural
damage from snowmelt floods, Also, significant damage in Tulare Lakebed
*area vill occur in years of large runoff volume. Pertinent flov damage
curves are shown on Chart 18,

18, SEDIMENT AND WATER QUALITY MEASUREMENT

a. It is estimated that in a SO-year period sediment accumulation in
Lake Kaweah will amount to 7,700 acre-feet. An accumulation of 2,500
acre-feet of sediment in Leke Kaweah vas measured by reconnaissance methods
in November 1967, Most of that deposition occurred during the December
1966 flood. Since the 1966 flood 18 & rare event, the estimate of 7,700
acre-feet of sediment in 50 years (s still considered valid. The system
of 27 sediment ranges, shown on Chart 19, has been adopted to measure the
sediment deposit. Each range (s straight vith permanent concrete markers
at both ends located sbout 10 feet sbove gross pool, and with secondary
markers of capped galvanized iron pipe set sbove the inactive pool level
et the edge of the enticipated zone of heavy sediment deposits.

b. Reconmaissance-type surveys are made after major floods or at
sbout five-year intervals, Instrument or hydrographic resurveys are made
at about lO-year intervals or oftener if a need for such 18 indicated by a
reconnai asance survey.

¢. Samples of the outflow are taken periocdically to evaluate the
sediment cutflow from the dam and the quality of the wvater released from
the reservoir.

19. RELATION TO OTHER PROJECTS

The operation of Lake Kaweah will be related to the operation of Pine Flat
Lake on Kings River, Success Lake on Tule River, and Isabella Lake on Kern
River only in their common objective to minimize undesired flows into the
Tulare Lakebed area. Under existing conditions, undesired Kaweah River
flows will reach Tulare Lakebed oceasionally. In such cases, some degree
of coordination with Pine Flat, Succesa, and Isabella operations may be
found desirable under the conditions then prevailing. The FPriant-Kern
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Canal, a unit of the U, 5. Bureau of Reclamation's Central Valley Project,
crosses Kawesh River sbout 5.5 miles below Terminus Dam and provides the

physical means for importing supplemental irrigation weter to the Kawesh
River service area. Supplemental water available to the area from this

sourece aversges about 100,000 acre-feet per year,
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CHAPTER 5 - OPERATION
20. OPEPATION REQUTREMENTS

2. Lake X¥aweah will bs cperated for flood control and conservation on
the basis of the following objectives:

(1) To restrict flows in downstream channels of Keweah River and its
distributaries to non-damaging rates, insofur as possible,

(2) To minimize dameging flows from Kaweah River into the Tulare
Lakebed ares,

£ TTrorovide the mucimum practicsble amount of storags space for,
corifervation of irrigation water without impairment of the flood-controls
finctionss

(4) To maintain & recreation pool using water supplied by local inter-
ests, except vhen relesse 1s required for control of forecasted snowmelt
runoff.

(5) To permit temporary storage of consarvation water, up to a total
raservoir starage of 15,000 acre-fest, during the winter montha of dry
years vhen this does not interfere with flood control requirementa.

b. In achieving the above objectives, forecasting of snowmelt flows
will be of primary importance. When it 1s anticipated that large quanti-
ties of undesired mnowmelt water might be discharged into Tulare Lakebed
area, all possible uss of water should be made by irrigation and spreading.
As the rate at which water can be used for irrigation and spreading i{s rela-
tively mmll, releases for such purposes should be initiatsd as soom as
poesible in order to obtain the maximum empty space for the storage of
subsequent floodwaters. Purthermore, large releases to Tulare Lakebed
area should bte delayed as long as is practicable in ordsr to guard against
mking unnecessary relsases becsuss of errors in foreesst. Torecasting of
rainfloods will also bs important, particularly when storasge within the
primary flood-control reservation, defined on Chart A-11, is anticipated.
A daily analysis and summary of watershed precipitation must be kept and
vater temporarily stored in the conditional winter carryover zone must be
evacuated prowptly whenever precipitation parameters indicate the need for
full flood contral space.

21. PROJECT DOCUMENT OPERATICN PLAN
ous tion plans. - The pertinent portion of the opermtion

plan proposed in the project document (Kaweah snd Tule Rivers, California)
is quoted from that document mas follown:



" . . . The plans contemplate operation to the best
Mufbuthnmcmh-ﬂmmmﬁm
mmmﬂmﬂm;rmmm , the
runoff would be stored up to S0 percent of the rea-
ervolir capacity in order to provide substantial carry-
over storage, for irrigation use during the following
season, in the event the snow pack were light, During
the vinter flood season, 50 percent of the reservoir

capacity wvould be reserved to regulate the runcff from
mainfloods, for which purpose it would be ample. On
or befare Merch 1, in order to preclude flood damage
from prospactive snowmelt runoff, carry-over storags
would be released or reduced to provide sufficlent
space to store snowmelt runoff im excess of Lrrigatiaon
dssand and spreading capacity. Carry-over storage
releases vould be limited to insure a full reservoir
by the end of the snowmelt period, no carry-over being
releassad if prospective snowmelt mmoff were imadequate
to 111 the reservoir. During ysars vhen the entire
storage capacity of the reservoir would be imadequate
to store snowmelt runoff in excess of irrimation
requirements and spreading capacity, excess inflow
mdmwhmmmﬂmmﬂ
lake Basin, . . ."

22, CHANGES IN OPERATION PLAN

The project document opermtion plan has been presented in more detail in
the Preliminary Definits Project Report for Terminuas Dam, Kawesh River,
dated 20 June 1949, and in Supplement No. 1 to that report, dated 5 Sep-
tamber 1550, Buthrm:rmiddfnrmﬂth-tumuawirmmitr
(100,000 acre-feet st that time) for control of snowmelt floods, when re-
quired, m.mdnorauuoumrmrnrﬂummwnmm
butnmlncc-hn-mdlslhrﬁ. The 1949 report provided for releasing
1,100 e.f.a. to Tulare Iake vhen storage was within the top 70,000 acre-
feet of rainflood space and 5,500 c.f.s. release vhen storege was within
mtapﬁnﬂmm-t-tnfuinﬂoudmu The 1950 report eliminated
the intermediate release to Tulare Llake and provided for releasing 5,500
c.T.s. anly vhen storage was within the top 25,000 acre-feet of space, The
operating plan pressntad in Design Memorandum No. 6 on Reservoir Regulation,
dated October 1957, is based on the 150,000 acre-feet reservoir eapacity
as built, and provides for relemsing 5,500 e¢.f.s. throughout the top 70,000
acre-feet of space. The first nine ysars of project cperation followed
this plan. A modification to the operating eriteria approved 2 July 1971
permita conditiomal conservation use of 7,000 acre-feet of space shove mini-
mm pool during the period whem the flood eontrol requirement wvould other-
vise be at minimm pool level, except that this water must be promptly
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evacuated by transfer to downstresm percolation areas vhenever watershed
wetness parameters indicate s nesd for the full flood control space.

25. LIMITATIONS ON STORAGE

Operational limitations on starage in lake Kaweah are specified on the
flood control disgram, Chart A-1l. (INEENS# w0 legal limitations on

g, 88 the taking-line elevation is above any normal cperation level,
Thutﬂting—ltmalmtimuf?nifutuhlndmmh-tufﬁubmd
above the gross pocl elevation 894 fest,

24, LIMITATIONS ON RELEASES

Releases should be restricted insofar as practicable to irrigation and
spreading demands and channel losses in downstream reaches. Any necessary
releases in excess of irrigation and spresding demands must be restricted
as long as possible to channel capmcities as listed on Chart 2 or as other-
vise determined by the Corps of Enginears., Ralesses of large quantities
of vater to Tilare [akebed area will be delayed as long as possible in
crder to guard sgainst making unnecessary releases because of errors in
farecast. When transfer of watar from conditioral winter starage to the
downstream spreading sreas 1s required, releases will be made at full chan-
mlupuitynmfwmmmmminhtwunmdm
the flocd control diagram, Chart A-11.

25. FLOOD CONTROL OPERATION

&. The criteria for floocd-control operation of lake Kaweah are given
on Chart A-11. This disgram is designed to reserve only as much space for
flood control as is necessary to control the reservoir design rainflood
and, insofar as possible, the forecasted smowmelt runoff. Flood releases
over and above direct irrigation uses mre disposed of in two ways: (1)
percolation into the ground by spreading and (2) storage in the Tulare
Laitebed area, vhich is usually damaging. Releases greater than irrigation
and spreading desands are unavoidable during years of heavy runoff; how-
ever, it is desirable to defer such ralemses as long as practicable in
order to minimize the chance of unnecessarily making releases (because of
large errors in early forecasts) and in order to provide the maximm time
for the harvesting of crops in the Tulare Lakebed area.

b. During the rainflood season, flood protection is accomplished by
reservation of 142,000 acre-feet of storage space. This reservation is
divided into three bands designed (1) to allow conditional carryover of
up to 7,000 acre-feet of water within the basic 142,000 acre-feet of space
vhenever dry watershed conditions are indicated, (2) to provide flood pro-
tection to the Tulare Lakebed srea at low reservoir stages, and (3) to
assure protection to areas along Kawveah River st high reservoir stages.
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During the pariod 1 November to 1 April, water stored in the 7,000 acre-
feet conditional winter storage band (available flood control space
155,000-142,000 scre-feet) must be evacuated as indicated by precipita-
tion parameters dafined on the flood control diagram, Chart A-11, for
transfer to downstresm percolation areas at specified rates up to 5,400
acre-feet per day, Precipitation index parameters will be computed
using total precipitation meamsured during the preceeding 30 days at
Atwell, Bear Trap Meadow, Olant Forest, Hockett Meadow, and Terminus
Dam, to compute the ¥0-day accumulated basin mean precipitation, The
basin mean will be computed from the 30-day accumulated precipitation
records at these stations by multiplying the total of such records by
the ratio of the basin averages normal anmml precipitation to the total
of the individual stations normal ennual precipitation, i.e.:

30-day basin mean preciplitation =

Bin & RAP)(E 30 station el
stat NAP

-

Partinent NAP values are: TERIrs
13- A 39.6 inchea
2.2 - Bear Trap Meadow 45.9
7.2 (Oiant Forest 43.0
1.1 - Hockstt Meadow 40,
/ /¢ - Terminus Dam 14,

TL.45
2.08 Total 183.4 "

-
-

=T 8 2=

Basin average 39.0 inches

When the available flood control space 1s between 70,000 acre-feet and the
space corresponding to the top of the permitted conditional winter storage,
releases equal to full irrigation and spreading capabilities are made.

When the available flood control space is leas than 70,000 acre-feet, chan-
nel capacity releases corresponding to flow at McKays Point of 5,500 e.f.s.
are made. Such operation permits control of the reservoir design flood
and the maximm rainflood of record (December 1966) to channel capacity
relesse,

c. Snowmelt parameters shown on Chart A-l1l1 were dur'hra& using procedures
described in Office Report "Reservoir Operation Criteria for Flood Control,
Sacramento-San Joaquin Valley, California,” October 1959. Paramsters are
based on computed relationships between remmining runoff and required flood
control space, with an allowance of one standard error of forecast. This
allovance results in a risk calculated such that unavoidable forecast errors
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will result in some spreading thet might not have been required 5 times for
each time that they result in dameging water into Tulare lakebed area that
might have been avoided with a perfect forecast. Based on a study of ob-
served runoff of Kaweah River Basin, each year of record vhich would have
required use of flood control space was back-routed to determine the rels-
tionships of required space to remaining runoff at the beginning of each
month, for an outflow required for full irrigation and epreading. The
positions of parameters shown on Chart A-1l were determined from these rela-
tionships, after adding error allowance vhich included both the standard
error of forecast and standard errors of the derived relationshipa of re-
quired space to remaining runoff.

26, CONSERVATION OPERATION

A contrsct, Fo. 14-06-200-1729A dated 11 January 15965 was entared into
between the United States of America and the Kaweah Delta Water Conserva-
tion District providing for the operation and maintenance, and for the
repayment of the cost of Terminus Dam and Reservoir allocated to irrigation.
Operation of Lake Kaweah by the Corps of Engineera will be in accordance
with the following:

a. All inflow in excess of the releases requasted by the Kaweah River
irrigation interests will be stored to the extent that conservation spece
is available,

b. Release of wvater stored for irrigation will be in sccordance with
the requests of the Kaweah River watermaster, conforming with mutual agree-
ments and stipulations of the water users, unless prior release is required
for flood control purposes.

¢. Releases through the Lemon Cove outlet will equal the sum of Lemon
Cove Ditch and Hawvkeye Water Company demands.

d., Water stored in the conditional winter storsge space will be
released in accordance with requests of the Kaweah River watermaster or his
designated agent except when watershed precipitation parameters indicate
required evacuation of this space for flood control purposes.

27. OUTLET GATE OPERATICN

When the reservoir wvater surface rises above the spillway creat elevation
(694.0) the outlets will normally be closed gradually &s the spillway re-
leases increase, in order to limit the maximum flow at McKays Point as long
as possible to 5,500 c.f.s., Operation eriteria for outlet gates when the
reservoir level is above spillumy crest ars specified on Chart A-12, Main-
tenance of the downstream channel system to accomodate flows to 5,500 c.f.s.
at McKays Point is basic to project design and is the responaibility of
local interests.



CHAPTER € - OPERATIONAL CONTROLS
28, DIVISION OF RESPONSIBILITY FOR OPERATION

2. The primary responsibilities for operating L[ake Kawesh are assigned
to units of the Engineering Division and Construction-Operations Division
as outlined herein. Hames and telephome numbers for thoss individuals
whose duties are outlined in the following parsagraphs are given on the
personnel chart at the front of this manual.

b. The Reservoir Regulation Section (Engineering Division) {s respon-
sible for:

(1) Anmalyzing current reservoir and hydrologic data, determining the
scheduls under wvhich the reservoir shall be opemated, and {asuing appropriate
instructions (except for routine daily cperations for conserwation only) to
the reservolr operator.

(2) Preparing monthly operation and other special reports concerning
the operation of the reservoir, as required by the Office, Chief of Engineers,

(3) Advising the District Engineer vhenever there has been an unavoid-
able departure from thess operating rules, or when thers i= & need for mak-
ing & tamporary modification of these operating rules.

(¢) Keeping sdvized at all times of channel and seepage conditions in
downstrean channels and spreading areas. This will require periodic inspec—
tions during years of high runoff,

(S) Arranging for the collection of requests for watar for downstream

irrigation and spresading, and maintaining a record of instructiona issued,
data transmitted and requests received from other agencies.

¢. The Hydrology Section (Enginsering Division) ia respomsible for:

(1) Ovtaining current hydrometeorological data and weather forecasts
as required for use by the Reservoir Regulation Section,

(2) Maintaining hydrologic equipment and supervising its operation.

(3) Supervising a program of water quality and sed{ment measurement.

d. The Operstions Branch (Construction-Operations Division) i= respon-
sible for supervising the physicsl operation of the reservoir facilities

and for operation and maintenance of commmication facilitiss comnscted
wvith ths project.
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e. The responsibilities of the reservoir operator (under the super-
vision of the Operations Branch, Construction-Operations Division, with
functional flood control operation directed by the Reservoir Regulation
Section, Engineering Division) are cutlined in Appendix A.

229. STANDING INSTRUCTIONS

Standing instructions for opsration of Terminus Dam (lake Kaweah) are
contained in Appendix A of this manum],

30, MODIFICATION OF IRSTRUCTIONS
The operating rules contained harein are subject to temporary modification
during flood or other emergencies by the District Engineer, Major changes
in the operating rulss are smubject to prior approval by the Chief of Engineers.
31, HYDROLOGIC FACILITIES
Hydrologic facilities for operating Terminus Project comsist of.
a. Reporting precipitation gage at Bear Trap Neadow.
b. Reporting precipitation gage at Atwsll.
¢. Reporting precipitation aage at Hockett Meadow.

4. Reporting precipitation, tesperaturs, and snov wvater depth equi-
valent gages at Giant Forest,

Theee four precipitation gages report on desand the total amount of pre-
cipitation since the beginning of the semson. The Olant Forest gage also
reports current ambient air temperature mand the water equivalent in the
snowpack at that point.

e. Recording stream gaging station on Naweah River at Three Rivars,

f. Recording stream gaging station on South Fork Naweah River near
Three Rivers,

g. Recording pool gage at Terminus Dam.

h. Recording stresm gaging station on Kaweah River at ths concrete
control weir below Terminus Dam.

i. Recording stream gaging station on the Parshall Flume st the head
of Lemonn Cove Ditch,

24



j. HNon-recording Dall flow meter on Hawkeye Ditch outflow below Lemon
Cove Ditch stilling well.

k. Recording stream gaging station at the Paratml]l Flume at the head
of Foothill Ditch.

1. Recording stream gaging station on Dry Creek near Lamon Cove.

m. Weather station at the dam near Lemonm Cove Ditch stilling well con-
sisting of':

(1) Recording precipitation gage,
(2) FNon-recording precipitation gage,

(3) Veather Puremu type cluss A land evaporation pan with anemcmeter
and sixes thermometar,

(4) "Cotton Belt" type shelter containing hygrothermogreph, meximum
thermometer, minimm thermometsr, and fan aspirated psychrometer,

32, COMMUNICATION FACILITIES
Commmication facilities for the operation of the project consist of:
a. Commercial telsphone service,

b. Direct radio btackup service betwesn the Matrict Office in
Sacramento and the project office.

¢. Continuone wire tranamission from the stream gaging stations on
Kaweah River below the dam, Foothill Diteh, mnd Lsmen Cove Diteh to the
control tower,

d., Telemark type wire tranmmission from the stream gaging stations on
Kawveah River at Three Rivars and on Dry Creek to tha control tower and
administration building.

e. On eall mdio transmission from the reporting precipitation gages
at Bear Trap, Atwell, Hockett Meadow and Giant Forest, and from the tem-
perature gage and the snow gags at Giant Forest.

33. FORECASTS OF INFLOW

a. Of primary concern in the functional operation of Lake Kaweah mres
Torscasta of the volume of snowmelt inflow which occurs each year during
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the months of April through July, and of the spproximate time distribution
of the seasonal snowmelt. Also, forecasts of rainflood runoff may be im-

portant during the Novesmber-April period, particularly when rainflood space
is occupied.

b, Forecasts of snowmelt runoff masde by the Department of Water
Rasources of the State of California are used as the basis for flood con-
trol operation of Lake Kaweah during the spring runoff season. The Depart-
ment prepares and publishes forecasts of April through July runoff for
"Kaweah River, total inflow to Terminus Reservoir” as of 1 February,

1 March, 1 April, 1 May, and in critical years 1 June of each year., Fore-
casts are published in the report titled "Water Conditiona in California’.
Kawveah River Basin snow survey data for 1 April and 1 May have been col-
lacted and published by the State since 1932, and forecasts of snowmelt
runoff for Kaweah River have been made continuously on these dates since
1936. Since February 1953, the State has also been making and publishing
forecasts of seasonal Kaweah River snowmelt runoff based on snov survey
data for 1 February and 1 March, A summry of available published fore-
casts compared to cbserved runcff for the April-July period of each year
through 1971 18 shown on Chart 20. The State of California forecasting
procedure for Kaweah River, total inflow to Terminus Reservoir is illus-
trated on Chart 21, Figure 1 is the disgram used to solve the forecast
equation. Pigure 2 shows forms used to compute indexss required in the
forecast equation, and Figure 3 shows the forecast summry and forecast
range disgram. Forecasts are based on conditions as of the date of fore-
cast, with median precipitation and snowpack increments assumed after the
date of forecast. The forscast range diagram of Flgure 5 is used to deter-
mine the probable rangs of foracast departure for any forecast date during
the season. As an example, suppose that a forecast of 300,000 acre-feet
April-July runoff is mede on 1 March, assuming median conditions after

1 March., Referring to point "A" on the forecast range diagram, there is
& 10 percent probability that the actual runoff will exceed 300,000 plus
105,000 or 405,000 acre-fest, Referring to point "B", there is a 90
percent probability that the runoff will exceed (or a 10 percent prob-
ability that the runoff will be less than) 300,000 mimus 77,000 or
223,000 mcre-fest.

¢. Because of the importance of the actual distribution of snowmelt
runoff in the flood control operation of Lake Kaweah, and because changing
hydrologic conditions may affect the total volume of seasconal smowmelt,
forecasts made by the State may be modified or supplemented as the snowmelt
season progresses, Data obtained from the radio reporting smov pillow sta-
tion established at Giant Forest in 1969, and from radio reporting snow
pillows at Mitchell Meadows and Wet Meadows in adjacent drainage basins,
supplemented by serial reconnaissance flighta, will be used far this pur-
poae. Also, after pesk rates of flowv have occurred and runoff rates are
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receding, the normal rate of runoff recession provides an excellent guide
to remaining snowmelt flows, Recesaion rates for typical largs years are
given on Chart 22, Also, on Chart 22 are curves indicating the distribu-
tion of AprilJuly seasonal runoff for selected years and daily temperature
accumilation at Glant Forest during the snoumelt sesscn. These curves are
useful in anticipating the lsvel to which the reservoir will rise by s
given date,

d. WVWhen necessary, thes Reservoir Regulation Section will prepare
forecasta of rainflood inflow. For this purpose, criteria contained on
Chart 235 have been developed. The runoff volume to be expected frama
forecasted rainfall can be estimated approximataly by use of Figure E of
Chart 23, After a major storm has begun and a detailed evaluation of
expected inflov on a current basia is required, an inflow hyirograph will
be computed using unit hydrograph data and procedures illustrated on Chart
23. Lose rates for this computation must be avalmmted largsly by Judge-
ment until more consistent loss rate data are awailable. Surface runoff
is computed by tabulating ordinates of the unit hydrograph in reverss order
on a strip of paper, vhich is then placed beside the column of water excess
values as {llustrated on Chart 23, The surface runoff at the tims opposite
the lowest figure on the strip (excluding zerc) equals the sum of the cross-
products of the water excess values and the corresponding values on the
unit hydrograph strip. The strip is then lowersed to the next position and
the process is repeated.

27



CHAPTER 7 - PROJECT ACCOMPLISHMENTS
34, EXAMPLES OF OPERATION

Hypothetical operation of Lake Kaweah during the 1903-15960 period in
accordance vith the procedures outlinad In this manmual and the flood con-
trol diagram, and based on resmsonable random forecast error, is illustrated
on Chart 24 and summarized on Chart 25, Actual operation from 1 April
1962 through 30 September 1971 is shown on Chart 31, Routing of the spill-
way design flood, the standard project flood and the December 1966 (approxi-
mate squivalent to reservoir design) flood are shown on Chart 26, Reservoir
storage frequancy data are summarized on Chart 27. A stage duration curve
is shown on Chart 28 and stage frequency on Chart 29, Project and preproj-
ect rainflood frequancy curves are shown on Chart 30.

35. OPEBATION RECORD

The official operation record of lake Kaweah 13 included in a monthly report
of cperation submitted to the Chief of Engineers. A summary of operations
to date is shown on Chart 51. Dailly storag= snd daily flows at the inflow
and outflow stations are published annually in the U, S. Geological Survey
Water Supply Papers.



.

it}

o

Ry

,JU.’#

o LS ANGELER

VICINITY MAP
scu&’ﬂﬂﬁ"-u:

©
g*z
oy

k>
Gooo'
% dﬂs-
) E
o 'fl:
i€
=
0
i
NATIONAL
OAME
REFUGE
f LEGEND P
(=]
e e e Urainags  Doundary _.;b
Kowaah Daite Woler Consecvation District
Ise 1 0 1 2 3 4 5
g
MILES 5o
Hometand Jdo-
TERMINUS DAM ([LAKE KAWEAH)
Kaweagh River , Californio
KAWEAH RIVER DRAINAGE BASIN
AND SERVIGE AREA
‘0 .
50 s’,ﬂ CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA
- o5 S . . )
o, <, .
gf/ 5 e, o7 o e, Prepared: C.D.M. Date: NOVEMBER 1371
~ 2 2 3 & Drawn: TH.K.

CHART 4




by

L1

fop

e

L

L

COTTON RO,

il
?’é!\l i ’ o

" fiddn Sovs Ditch

cam&:ngd anly

or remgie wicen racordes

€
2
CAMAL TTYZRIIONS AND CAZACITIRS 3
2fy «a
Lemst. Chve MiEzh El 3
Foothill Diten 2 ]
Wutecrumne (nren 2a)
Fngflton Diten e %
tonsalidmted Peoples meen o 3
Deep Creex “w
Daap Cyasx out, =) ]
Cracker Cut fLing ﬁ
Tulare Irrigstion Co. Caral 200 El
Flening Diteh Eal =
Paczvoad Creek 350 -
taked Diten » =
Ewmos Dteh ™ ‘S
Wetaon Ditch b -
Feralex Ditch E kS
Langw Cemal =) "
Coaldeotel powp asd plps 2
Svatasy Ditch 30
Tenes Slouah 00
Xetehan Diteh 125
Packwood Caal 30
Tulare Irrigarion D§4t. Canal 500
Hathave Diten 1]
Barton cut 0
Jeonings Diteh i5
ppiil iten Y 1
Aodoe Diten ] H
St. Johng Mtch i3 H
Gosken Ditch led H
takeaids Dtch uls H
i

1680 - Morthly discharge 6nly for Warcn i8%0  publi:sned an W3F 2316.a Frier o Qcigbar 195%
anp tonduit pupl-shec separately’ comdined only October 4350 to Sealembar F9E7

STREAM-BED FPROFILE-RAWEAH FIVER BA3IW

ot

70 40 83 &0 W ED W wo
Fiver rves above centar of Tuors Loke

G = M s D g

L=
ZH

for river ang conduit puplistes separateis: comboned only OGeotobes 1964 1o Segtante 1967

STREAM GAG«N%G STATIOHS
CALYF TYFE LOCAT: ON ELEVAT 1 OH DREIRAGE RECQRPS AL EMUR
IXQEY GAGING STAT:ORS 23 LAT I TUDE LOMGITUTE i BREA Began [dgeacy 1 FLOW
NUMBER GAGE Deg Men | Deg Mia [teer) |patum {ee m1) fa |Chargs'"" Sete Tets)
T2p6% Midale Fare Xaweah River nr Potwigha {amp Gal:f & 38 308 s &7 4 2100 ™ 107 1349 SCE 73 Bdec A5 | WS BQU
T 2080 Karble Fack Kawean R:vel 21 Potxrsha Camo  Calrt & 36 3 bra we ¢ Ii50 s 514 1950 SCE 13 Dec b3 |42 300
‘2087 3 €ast Farw Keweah River ar Three River Calif ry 35 27 0 IR L ) 2540 ™ &Y% & 1857 SCE & Dec 8% P3 000
To098 Kaweah 2.ver at Three Revers CCal . f X 38 26 % 118 %% 2 809 57 | M. 418 [3:3-2:3 uiGs £ Jec 6E |77 002
&
h-RT X South Fork Xawean River at Taree Ryvars tLatef £ 3 154 - BT ] 907 21| MSL 86 I 1958 Usas i Bec 86 | 1t 600
7198 & | Lemos Cove Ditch sefow lerainus Dam Calsf F'y W 2% 3 | e 00 v 586 3 | msL - 1962 #SGE laes SVl e
‘7108 igke Fawean near Lemon fove. Cal . f £ 3 2% 9 [EL VY I 560 196+ #SCE -
2108 3 Fagtn-il Bater pelew Terminus Dam  Calif ( 3 IN B 1300 8 937 3 | WSL 196t y3CE i0 Fey 62 56
W N 5
7168 5 faweah R:ve: below Terminus Ram  Galef & 36 w08 1.5 Q0 7 %35 9 | W3L LR S3ET B as 8 fec %4 | 9 379
TTH3 Ory Lreex near Leron Tove Calbof ( 3 26 8 e a0 8 57¢ 0 T4 75§ 1953 Y568 € Dec 66 | 1 Q0
206% - Manthly g-scharge only for water years 199§ 1957 pudivshea on WIP K738 Frigr te Qntaber 185%  reco-uos

recpras for rover

D87 3 - Pering of Recg-d:  May 1937 to Smptember 855 Qrotober 1857 1o current gear Prior to Ocroper [982

nedr Leman Cove

2098 Tpuge gagieg stalions replace statiga: 7105 - Xawsah River ar Three Rivers (al  f period of record.
iy Aprel IS03 to September 1961
g - Ffragoentary peiar to March (367 friar te Detober 1962 publishes as Terminus Reserve s
T Te - Topogrephic Map
LEIS - Hegn Sea Level
TUYOSCE - Southgr: Califgreia £disen
U34S - 45 Geologicat Survey
USCE - ¥ % Army ferns ot Frgoeaeers
a Recarding Stream bage
&l Recarding Stresm Gage =i Tslapark
5l Recoeding Reservosr hage
A Gsad 1n combinatan L th alnes swsne's 2% ;&y tg ndicate *elepronic

LEGEND

—~od—~Contewr ilna
e g (rainoge  boundary
¥00efe Chonnel  tepocity {90 dey)
s, KowkGh  Dalta Wotar Gonsarvation District

TERMINUS  DAM  {(LAKE HKAWEAH)
Koweah River , Coltfomlo

TOPQGRAPHY
AND STREAM GAGING STATIONS

3
L
Jao & CORPS OF EMGINEERS, SACRAMEMTO, CALIFORNIA
Sy = - -, N -
L, 5550 e LY 2 P d: C.OM
S 0p. . o o, repored: C.0 M. )
§ {‘?‘c s $ I3 Drawn: TGK. Dats; NCVEMBER 197}

CHART 2




m "Uv,r H° .: é‘b‘"
= CLIMATOLOCILAL STAtIQHS SKOW COYRETES AND AERIAL SNOW DEPTH MARKERS:®
f;kéi staviom T;:E RIVER ELEe T 4 c‘%ﬁl—ﬁ-——v RECORD %éi STATioN Y;PFE BRI b o'%"nwu!mruoz kecorp ““iﬂ??f“ m?\:m wggn}cr:i%w
{ NARER G4GE SN [reet} Dep Hin | Oeg Men BEGAN | PUBLMSKED BY” KM3ER GAGE {feet] Dag Min | Dag Hin BEGAK o {inches}
\/< s Ash Hountawn < | rewaan 1708 3G 2 | f1s 496 1935 #0AA 16 Rowsl ) Maadow @ a 850 W O43 O | 18 W7 1830 W, 5 KRWA .5
- 2378 Atwell CC Camp D, | K2wean 680 ¥ 26 |18 w0 1904 VSCE 1% B1g Reagons 0 7 800 € 429 | 8 505 1930 2,3, 4, % *RWA %9
i
: Qw2 Radger 4 '] Kawe aty F03e 36 37 9 | 113 D03 1382 ROAL bk1g Horse (orral Weadow @ 7.600 % NS 1| g wSp 193¢ 4, 5 KRWA 17.6
- 0956 dear Trap Meadow D | Kanean 5890 as ur o | 118 520 1955 UsEE w™e Brant Grove O 5.500 36 45| 11B ST 8 1930 2 3,4,5 SECP 14,6
1647 thagoosa (4)] farn 039D % W00 | 8 7O 1964 USCE 243 Panthar Weadow o §.600 36 353 [ 1B 630 1975 L, 3.4, 8 SKLP 6.8
N iz Larcoran Iresgation Bistrict 0" Kawaan 200 3% 053 [ 18 JuB 1912 L1TTY R Hoceett Meanows 0 B sug 3 225 { 11§ 39 2 1930 KL SECP 9.0

§ 2922 Exeter Fauver Ramch ‘ fawaan ¥ig 3 21 5 |1ty DV g 1938 KOhd 245 Rinerat Ting O &.000 36 2625 148 3B 2 1548 2,3, % TRRD .3

e 3397 Grant Forest “HDa.| ¥awean GREQ % 30 | e w60 192t USCE HE Gisnt Forest & 6460 6 37| (1§ %6 1 1930 LA, %, 5 Inep 15.§
& 3561 Grant Grave D | xinge 6580 I W5 | Hg 577 1524 XOAA e Old Entorprase Mitl (} 6600 3 16| (15 WT 1857 5 u TRRD 5.4

. s ur Hanigrg b | dawan 7 36 197 | i1g g e 1298 NCAK 6% Quinn Renger Station % 2 380 3 127 4 I8 3k 1930 3, 6 5KCP 204

w0iz Hockett Meadow Dz | Kawean 8520 % 20 |18 80 1959 USCE uz farewel. Gap O $.960 3 2% 7 | NE 350 1957 2,08 4 TRRD 5.9
- Jxo R Lemor Cove O | fanean 813 % M0 |t ot 1098 XQuA e White Chef 0 9 00 3 25.3 | #8 153 1970 2.8, 4 TRRD -

8" | wesr 1r00sey O | Kawean 395 3 114 [re vz 1913 WOAA it Mitcheil Heasaw 3 5.960 36 45 2 | 1@ up 7 1958 Y8, 4,08 USCE
s028 todqe Pole 4 § G | tamesn 635 35 3.0 | 168 v o 1951 XGAA ai2 tcenie Neadow & 9.650 ¥ %11 | 116 35§ 1953 2.3, 4 & USCE -
]_..‘ 5669 | Milo SHE & | o W0 | ¥ 57 |13 462 | 4587 WAk S8 Chageos. Piated + 10.300 % 28| HE FES | 1851 ) 2,3,8,% Uste -
4680 | Mineral King @O | vawear | rars 36 260 |tg 80 | 1956 X0hk 57 Shotgun Pass + 10,40 ¥ e HE X3 998 203,04, 8 uscE -

i 5703 Hetehell Heagow e | wengr 3100 W o | ng wxo Va5t XOAK 548 Wet Meadow e 8.9%0 /WG | 1B M3 1957 2, 3,4, 5 UseE -
983 | Mowntain ome D, rute 530 | 3 o |us uia | 9w USCE 568 | Beamt ferest RS 6.650 % 38 |18 w1 | oem [ z,30 8 uste .
e 6475 Grange Cove AT | Hawean 49 B WY | Fig w07 193t KGAL

E767 Pear Lake [Cioses $/12/50} (D Kawean Q709 /B IO | LB %O 1956 - E;\:;gr:;f;r:: é::fg::\i«:;‘s?ﬂf;;ﬁf‘sbﬁft:ms;fj:i:‘:rz:;f:‘::i:u”” Hoarurmant Ssheavle’ fabifornia

: - B53 Terminus Dam -@ Kaweah 965 36 46 | 143 00 3 359 Uusce
L "' Numders indicate cates of scnecuisd observat-ons: 7 - on or about | Fedruary. 3 « on or 2bout
! 1 ég EETH Three Rivers SSE B | tawesn 2700 3 220 |18 510 1940 owR 1| Murch stc.

- " 598 Tregs Bivars Eoesan B o <2 | (b | Kawean 450 %277 | A 527 1308 Wl KRNk - Riegs River Mator Association Fresm
& %17 Three Revers Egison POH. ] Rawesh (L 3 IO (148 51 ? g% Inf SKCF - Tequera and Riags Canyon ¥atisnal Perks. Ash Hountain
Iy 4369 Yrsalra '{} fanaah 5% ® e | i3 172 1903 X044 TRRQ - Fule River Ranger District Springville
Erigle Dy Fank 9602 Vet Headow m rern 9:00 % 24 Hig 1.0 1aca MOAL USLE - 4.8, Arey iorps of Engineers, Siacrasento
O Ex:stlng dnow Coursa
Mational Doeanie and Ataosphes (¢ Admsnisiration " Aerin! Snow Deptn Harker

i U s Army Lerps o Eaginegrs ha
‘ Deporiment of watar Resources - State of Califarnts % Aerral Snow Depth Marker Located on pr near Sngw Course
e *h Racio Equipped Snow Pillow

Precizitarton only
LEGEND

Pracipitation and Temperatyre

* e 40 e [gObydtal e

VS » 1O DT I LV T

e Kowoh  Dslt¢ Watar Conservation  District

Prectpitation Temparastyre and fvasocation
Frecigitation Storage Gage

Redvo Equipped Precip  Storage Gage

Tyee ot Sage- O Hon recarding
nﬁ Recording
& satb Types

I o ¢t 2 & 4 %
MILES

TERMINUS DAM {LAKE KAWEAH)
Kawsah River , California

NORMAL ANNUAL PREGIPITATION,
PRECIPITATION STATIONS,
AND SHOW CGOURSES

3
&
Lo, 3 CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA
3! ) -~ - .
o 2 k) 250 Prepared: C.D.G.
& 3‘; _§ & Drown : T.6.K Sata: NOVEMBER 1971

CHART 3




in thousand cfs,

Discharge

o

A -

20

70

60

50

@

40

30| P

20
o 104
a >
[c] o] o
lc]
10 B ol
[o] a @
j obo.d s
(o]
g @ °° 6? ° 3 ¢
QCT. NOV DEC JAN ‘FEB MAR APR MAY JUN
SEASONAL DISTRIBUTION OF OBSERVED PEFAK FLOWS
NCTES:

i, Peak flows ore for period of record ending 30 Sent. 1969
2. Ftogds accurring Oc¢t,—Feb. are raoin floods

3. Floods occurring Mor—dJdun, ore coused by snowmell or o
cembinotion af roin and snowmeli

Perceni of totol flood conirol space

annual

Percent of normal

{

20

4G

60

BO

100

30

25

20

~~ Primug

ry Rese

rvation— /

N/

N

N
\ N

s iy ey Py — b e s Uit o Tlan ey rere w2

Gondilional
// Reservation
]

Sy

ppleﬁmnmry Ro

servafion \

\

opdilional Winter

Siorogs

Percent of

Normal Annuoci Runoff}

\

by e i e o]

Reiion s e G o

ron wx2 w2 oy ]

e

e e o |
J Percent of Normal Aanual
“““““ = Irrigotion Demands
DN p— j J |
SEPT 0CT NOV DEGC JAN FEB MAR APR MAY JUN  JULY AUG

FUNCTIONAL OPERATING DETERMINANTS

TERMINUS DAM [(LAKE KAWEAH)
Koweoh River, GCalifornia

HYDROLQOGIC
AND OPERATING CHARACTERISTICS

CORPS OF ENGINEERS  SACRAMENTO,CALIFORNIA

Prepared: H.$.Z_

Drown: R.E Eleteis.fapt. 197t

SR TIT A

______ i



2N

—

TITE REGE IEBSWN

Moo \\ x
St

. ¥y
) ‘oﬂon of . Y

. COrclai?'s 1or 1a/ometel :
o SYSTEI 10 5E SepporT FEl, Elisting 11 KV Distribution Lt
_ ggaess bndgai ond§5 i\\ TS0 L‘."a/f'f."fdr'."ion %L( ”
;: m?fm“‘ N {76 be remaved b ormers)
||t\ ~ s
\ - =

e s

"\\ - S 64 7E 2a P
Y It [PV ety Single Lona
~— ——d—— -
TR s {&yﬁs
] o 3 it
!,’ / ﬁ Access Brimga B o2l - =
1 R \ g e

LY H
ELIE T !
R 2

A

/

o i) 1i N Exfisting Teleptons 1ine
VoW, LS RTEAE
’ y b4 : W T into suishe .\ =Sy
. 4 M b fenee Y VH| ]
5 by YA \ I\ A
. Cverfivod Poke Line N
; : For :‘é]emefer’gry Sy, "}:: ‘\, j‘ »
. forasy WYY -
g V A W | )';.,,._. :i_
oL - )
- | NGy
2 VAN \ YV
S l 4 :}‘: 5.
~ / i \\'-.\ --
Lemorn Cave Ditecn Slume & 7o ouFfion and Foorhill Dite f o i ™ e e i
”) oy Chovwed : " g gc ; aoTu ff ;?4 continuation oF fence, see Dwg KT-2-9-15473
r.mae?r /‘;"4;/@ scm—*-':é . ,‘t;, easoring device [ Shee s1e8) ferce and gare Jefolls, see 0w$ KT-2-I~/E9/+3
— ;g:7§;’ . ) e ] ~Control Structure .
T Crest £ PSoo |
o= I !
- _ | |
!‘ GRAPHIC SCAL
Lo e e L 2O ol 400
\cmtal Oroin Original Grovnd Line et | SeaLE + ' 200" o190, 200 0 o0 BIO kS0
. L A LA, |
- vout Curdons b 3 : ; 00 0 o 100 2u 500
P R 5T X i a5 Wt Lo~ Grout curforn #s exte ! 100" (S A o
RO i £y I N | £’;ﬁ S ot ol Gt ] ! 100" PR
—— BOEEDBE) | oo wepe:, R ! References
wr o growding 121 ! ,
TS rod éegan_i 5 /2 Generol Pior, Réservoir Arecy
or00 ) . Rrered bc‘rlr’:grs f , adgd - =« Conlrgciors Working and 8orrow Ansesy
‘ +o0 0H00 15400 20100 s excovared 25400 | iSRS Embonkment Seciion Main Do _ord duxition
R . 4 PROFILE OF MAIN DAM R i 158 S AE et Darn ard Auciliory Dorn, Mocaiso
900 L 870z | YN LT L Verses Detoils oncr Tunn.sfﬁg; s
: T — : P}l, i Lipsireom Weam - ‘ 'y o T e prr e e T G Ao :
. Driginod Groung Lime N . : “Biack sPrel pioe GEMNERAL MOTES: ‘ A Raresee Lol moctol T 77T &
{ 5O 5 i i o VT ex
- L7 Crest L 750.0 £ _ f—q Uintimarg, ermbedimeni i oL ﬁ;g%@ggf@g%ﬁf /Gt Gurtain: 14 dio. grout hotes (Ex, 2 zones e
- . G Core trench affer z Quired With Yermporo each 23] growt holes or $°centers. Alholes maasred a3 wowan | wn | sy
o0 . ! AR rIer oo (o agrmol 19 sfape.  End Zone an K cenfers, cur 7a
o ey pletion of grouting progromn \ fot Zarre sTcenters IF reguired be permenbiliies bravountened . 5 ARMY ENGINEER DISTRICT
[ Essimaned on o Wecihered fuck " & s e [ e eore Woms uner ihicts ' o s,
i ¥ W FioHe !
- R C2C20L010) 5 2 Torgarpeny shown i Moo o daiel DOk o AD_ CAVEAT B TULE RIVER, CALITORME
| Ex:‘sfﬁ—? Turve! qpﬁrox. 8.0 pie xaq’h?}:- oo e _g‘%m‘-bn, P27 Norit: 2riCRr GOy, Colivormia e, TERMINUS PROJECT
Srout Curdins | C70 b Llosedd veith o 60,0 long plught St Shact s58/%3) Frate coorginate system, sone % fopogiophy by | KO KAWEAH RIVER
i /=4 L -3
w00 | 5% nofe a 1) \ " Excovore 1 &5 onl (Min) side skpes. (&) CL i ’;m;b”wwm o ey PLAN 8 PROFILES
300 T S FT A P L Agprroe. w cement in grout will ba rodle or con-
o ot aroin 1ooa _ |, 25 Zone Froch price srevgg : ”? ﬂ packa | MAIN DAM 8 AUXILIARY DAM
FPROFILE OF AUXILIARY DA : 44 s 5'£ 25 5; A
SCALE 75100 soli b o * Jwan A% SHoWN w3302
: KT §54
DETAIL & : B Mgl o S
. : 1547 § TOI54 7111 15443

CHART B




r

inactive Fool E!eg 570.0

Random Rock Zont

Gross Pool Eke 694.0

Service food - typicat

Pervious

16" Stobilized Aggregoia Bose Cowrse

Zooe

3" Minimgm  Random Rock

Pervious ol

ne

iy

inactive Pogl Efev. 3700

Gruss ot £16 £94.0

' Rondom Rack

J/

/.—-- Pervicus Fone

Grownd  Line—

Randon  Rock Zon!@

T Rox Spets (3)

e e e o e o e e et o am e

)

] - .
et s L Al

MAIN  DAM
MAXMUM  SECTION

Appeae. St S+T04 18 132005

Gross Pogl Elev. $98.0
e

3 Pervigus Zone
i /
-

2.25
i .

Hengom Rc;ch, Zane
7 -

N P

-
S

Fitd ‘
L2H Crent Elev. 150.0
b

oy 16 Stablized )

; p Service Roa
[

1 s 2.0
[T SN}
§ a0

= Eby, £94.0

@' Vertico! Drain

Impervious Core \\Pervious Emb-—-—___

Elev. 8080 -7 T

- -

rs%alq Bors Cowse
« typcob

o

®

f-sngri:omnl Dioin @

Ground it
-(s"; to Waathered Rock

FEF e

B’ vertical Droin

\Pervi‘m Zone

LEFT ﬁ%in&ﬁf SECTION

Appos, St GO0 fo 24+75%

T AT gL

——

. /.( impervioul Core !
/ % / -|4 \
flandem fiock Zone fervious ZmeJ \Tmmiliua Zene Pervious Zone

Nafe. Gurde poshs Aor Jfcore, for
obriords Sm= sheer  ATHPR

E.ymis of Do
Mo Dom | & SEF :3-—*—-‘1,. 4 20 Ranikery Dom

Auxelizey B 23 r_‘ i ‘E‘_‘ 3 Crown Elew. T50.00

Main Do Fr . Er 7 ;,, Stobdzed Aggregaote Bass Course
Ausitiery Dam &4 RSO Ty ‘ +5)% 1 2.0 Service Raod
, ) : |
X Rondom Rock ==
1.5/ 3 Minmum  Random Rock

Suriecay Dom

.\—-
| H"-.‘
| B.Rock

20

£s] 1
=
4.
X Random Rack / 9
' Pervious Zone 14
rpss Poat Elev 694 0 / |
EORE LS S

3

1
L T coest Eles, 7500,

o

AUXILIARY  DAM

o Ship te wasthered Rach ar Sto. 2490
GRAPHIC STALE
# FEET
fp PR . T
3'Rondem Roch GENERAL NOTES

J

L—ﬂuny‘ﬁmurwwaj \%\ﬁ
AUXILIARY  DAM GOR2E)
B LoTi Sy S S

Sl

@ < Sirip to Weothered Roch

Ralersnces

1. Figures mexcins, | dicate dtem enbers onder which payment wilf ba mode.
2. Poyment for sharty grouidig wit b made of confrac! price fem{$8) .

3. Poymant for coment fov SOy outed Wik D6 MOde a1 Codladt poicd item

4. Poyment for aaditionss roling for compaection will be mods cil contract prcs itm@

B4/2  Genarol Pios, Reskvor ond Sorrow Arsos
D474 Pon ond Prohies Men Dam ard Aunbory N

5443 Mol Dom and Ausbory Pom, Roodway Detoss ond Tunnsl Pag,

(Fewicusi Zone
Bt 694.0\
&' Vertica? Orain
Imperyions Core

- Ground kne

&

SDAAIN DAM
CROWN —DETAILS

GRAPHIC SCALE
tHOFEET

Y _DAM

3 Mirmum  Rondom Rock

3" Roadom Aock

(Main Qam Only)

I ok Addad  Randew Hock Fow gnd resdseq Crovus Deloils,
o | BT ) v im

CORFS OF THRINSIRS, L. 3. A8y

oy

FEAWCAH FRIVER

AR T KAWERH &n0 TULE FIVERS, CAUFORMIA
hosssrsessen —— — TERMINUS PROJECT

TYPCAL EMBANKMENT SECTIONS
MAIN DAM AND AUKILIARY DAM

T

Tl TER i sy

=i S SHOWN _|mmwm 2382 |
KT-2-9-159
UL A L L

ofct13 0 1541 70 i54AN 13450

CHART ©




L{&fa 0r00 o Spilfwey

L l 40" .

{0 - 10.9° de;'s o Spitiway I - G’Es‘log oo
o Orgiial ground e, | | N

-~
_ ./;}ésé.oaae—
4

SOEAY. g (& i o E - \ o
i Q]: Q‘ ‘b. ”\&;H?W*Hﬁ%& . )
TN N e

‘:\\\(ﬁébvéd top of wealhered rock

as SRan f

7 me o ._ Barted wire fance 900~ - Tt
e e S e
: == >, [Sec shest isnsazf” T

ke 550 P s 479 '],m TR e Gmw',:‘%;wa'//

_, s ~ - . . Ry .
Rwa’f"‘.‘:‘ Ses6g = 9,1 P o \ (, ‘\a‘ia"ﬂ varrej along ‘l%\ Fag 5o ce kS e
o Bricie ’ Sprihus . 7 L" wls
¢ apitimay | onis” ’5’1 gdf \\ Excavation paylne : ﬁ" m{ kﬂgg: 1%

~

i

g 1
P
~apao |

- \ ]
3 (s B* //?’X/\? !OF"S N /
! 7
_’L/“"“?ﬁi-“”“i’

: E,,,u_v._._ — A SONCRETE SiLi
s Iis‘c‘orxrg4¢mviy&m \1 r?

SECTIOM C-C

SECTION A-A ,
SCALE 4" 507 SCALE: 1%6-0° 0.9 Fup.
) Ory 9—'}??—';;?“)”” o e,
N Esfonoled weotbe rock Wne e .

fﬁ’b?olﬁ:o’ firem rock fine.

.
/20
—

-

eary MK L

=
...-r‘;-”_——’l’:
o
3
by
S i
\‘\
R
3
\]

Concrefe grovity wall—

= o
-EE'I P',.VD 8 2, —
SEN 874 i Tm—
L y‘,‘“z}:rlrea’ e " \\ e —_— T

P

/[’

PRSI

]
o
3
!

Sy

oy . oF
Vi =
Dars crq‘l.ff I ) N W/_a Discharge channg i ; o @ff‘ﬁofﬁwy;
N ‘& oG . }L £t waries e
s ! ] ] Eh vorres g 5ps: v
A . Al 8L prtors @ 5 € fol botbw
77 . ’ i ) grovted in ploce
LAY N " 788 135.0° 788 B S
) —= . w1 I g ~ -
% i 070" L A YN Pwdnchos € 5.0 < foc
EL AN ‘ E 5
SCALE: T IDO
SECTiION B-B SECTION F-f
SCALE: (50 T etaerre
A b,
b Frurar in coes, ibeel) ioekeafe Fee mambers under whseh
papment’ Wil be e,
1000 ) - S o L 00 7 ) 2L Pagepen? far spilfugy excaraii Wit de vade af condract arice sew
[ - i Oviginad ground jine. Axis of Spiliway 3 Pagment for cemont 51 grovids Wk, peviy, § guilimey crost wnilf he dad
Extimxxied firrn rock fine ‘ JXA s A ie d‘”:gg’w ”t’: P perate
T R, . - dlge e I
5 s00 . . . Ol grourxl 1 o5 lm w\f-f}_‘,———___/ e __1{ Estimoted Fap of S Rpment fcy.- reinfoprcament  Stotl wilt be mogde of codract
by Access quis of S¥ivey Berim f i Q:lweﬂﬂffr‘ed rack proce  fern @3
® Brridge i . I £ Cencrefe Finshes:
= e, i \_‘% 15 UFf:_f‘rﬂed/Jurfaccs, cClegs B Kyt
g P iri vt i Formiecs - - W F ;
Z oo, 800 T Lefuresees bod Float fioist:
= ! | IEL/H  Pay and Prefiles, Man Dam o Aveiliory
] } LS Sedbvay Aridpe, Greeral Ploa and Elsvaiin
bt ] far St 0QI | 7
2 roal— P s i = —me - eron 220
t
\--sz'//nrqf’ crest LiT08d J 40 GRAPHIC SCA
: Spiitway crest £E6940 Ly EL G240 /—"“"‘““ C conie rron Bt O WO 2o 300 400 500
eggl- - B} Conerere sl . 4 i L o ; ! I : } |88° tagn 4 88
&0 ST 0400 11700 1222 13400 15400 15100 15400 (L4551 1840C 19400 20+00 21400 224 CR— 50 4] 50 W50 N0 200 50
J07.0° z2 SCALE 50 e Ml e T T ey
-'.‘ i\ RRQFILE = T R Do L < 7 2, ! o ! ? 3 4
;E ALONG AXIS OF SPILLWAY i YR ancrere Sit. SCALE #elf AT st vt T wmmepevewjsed
- P ;
X SCALE: "2 500 %3‘_ C. SCALE: Pi¢ HE et e ey
B - .. 0 i 2o a0 50 80 00
it a .2 A peletedr Secton G-G SC.LEZ0 mmmIITo < T T. T ]
~o% e
AEIONG : | e e o it sorty st s
= .
= ey, 7300 Eex : 1 ]
iE srTTgE Sta 2450 AJ‘D 340 A i e Ty S1_Do - T
S froms i i rours 4~ o sect Cone. Spilteny Sl Detered Soc G-G £ Letat 4
k@;ﬁi@'}sﬁ: .4 Goignal g 7 e N Hl e hocahon of  smfsionin ﬂ]’ 4 il B vy ey AR
e = ) Fo | akng  grovity  wel » / CoRFT OF EINAN, U & (RRY
Y S 77 s e e | it
bl ~ 7. e - _-{-—-—4 ¢ aar
zhe ; - -~ N 16 Concrese \ 10 io KAWERH 8 TULE RIVERS, CALIFORNIA
#k ~ ~ - ( inverf 7;,4 __LLTEE D - " E\l‘ The—L OexcPrnge Chonned ety 4 —— 3 Rubber woltrsiop a/ TERMINUS PROJECT
e el e e o e - EL10407 I~ b e L) o e cantracfion gainls. See KAWEAH RivER
15%@ i — ey i i S—2C X3 - = —l;w iy @ ‘A;Z,r:;z %ﬁ:‘m’f i ‘01- .t 7 N fypual a@/arr'/L.Shz.-cJ‘U‘\‘/ﬂ SPILLWAY
B L__( - . 3 ; b ' ? : : e EH raflrs
! L - M I » s bow, meer . 7. @ .
:‘t% i 104 Mon| . . qg'\’ oS ot b /J'—'—lem:nm . Vo Frege Hory B Deteted Detar PLAN B PROFILE 8 SECTIONS
°% Lsttmated ﬁ:fﬂ‘r __\W 16840 B e Fsfomated  sownd  roch  dine I} 7 “‘-—_.{a}nf S e v
g -l . el e A i Y
) LE g s Ron kot wouk A5 SHOWN | wec e E 5 BT
g gl ‘Evcavorion i VRTINS v - 2-91 183
GRAVITY WALL PROFILE SECTION E—~E L . RS Y
YT T EmRR————— . JLL LR o, 1540 10 1544011 e T

CHART 7




. leLT-9z-z-1x teTTa LS6T "0 X "I *¥

}31ten ‘ojuswelosg saveutfug jo sdaog

qAMND DNIIVE IVNTIIAE

BTUIOFTTE) “JeaTy yweMwy
JORLONS. SONTINGL

186F U} UOT3MASTE TOOJ

CHART 8




Yy
B i
NG {.‘«_x\,\;\ﬁ'~ .

T~ -~ _—
\ .
~ R
TN
o —

e ————— s - -
R P . . ’ A N

) ‘ ! 1
; Lemeon Cove dffc S‘h'h‘inq relinf bR
-~ T B Preromerar recaing sTOLE

-

jcce.%s Aprrer
A A

-

S¥a Gernifs on sheet r5a%

e s R /

— P

TYPICAL. GRQUE HOLE, L AYGRIT
DOwHSTRESN STA T:412%
SCRLE! Te0- O

Prck offer remaval

THAY CONCREYL THRU STEEL CONOUIT LINER
[

SCALE 112 =1.0

Brprmnt for excoration for Contedf Structore ond Dpllel Fbrfo! wi
be mode ar controct prae H‘:m@{._ Line dn'-'?}'ﬂf @

. < .
. RN e
F679 steal pipe for Lemen Cove aileh ans _//
(o piigadeg A ettt ~ o IBT I 0 T BN AT P W T % e S g B 5 TR i ARk o B L e e
e i Al i iy ,;_“'.:'.‘.';»;»;X,m,...\_;;;’ by =il P e ol A A - I
. 7 \
! .
. \ | \ .- /\ -
\ ‘ /( R el
£, - -
Jae | S W
/5 f L \ \ 3
e L / \ \
v - B
' - - - - K;
/ — N S / !
/ s ey /
-~ J"/ - {I
s e P GRAPHIC _ SCALES
e w T e e / —_—
= - - - - "4 5y 4
i T scatk: rrwseeor B i Ee
PR ALY
y? SCALE: 1ud"s'= 0" feckaf-fd : S J
e T —
. q‘! Tunrmel . SCALE. ©'s 100 o t 20 30 40 50
A5 -5
S
%
PL AN A mmm&i{’am
SCALE 50 07 i 1t ke, chnritad in e FOF Y asch
e o ATt S o Syt Bodies REFERENCES
3 BSPOnT Aaies. owirstruom fom SR8 MA/E Plon prel Prefis, Main Dam asd Awitiny
hE CENPrSCTInG OF oo I84/5  Emdanbarcor Secting, Medy Dare ani A llinrg
36 sieel pipg
EN
A
Comtral sj'ucfwgr_ ™~
. ceeds ridys Lee TYPIGAL DRAINM HOLE DETAILS 4,
. Cres? of Do £1.7500 T SomE(mig-gt | . reo
ity Sug Pl ; : : i ) : " ! | : Z !
2 : | \ ! : !
] - :
1 1 :
o] _ - -3 ‘ ) ; ‘ | - | 70
g0 | . : : '
| /f: SR T e g e e ol gAN' (Harmof o Axss of Dovn} | .
ol A i ~ . RS X ; ' . . etiSD
i 1577'1' P t S ' : ‘
'E d.&hﬂ? & ‘ ’ Aoy . . : '
: ‘ i -, L Origine! Gropnd Ling on £ Oyflef Works . i Lameon Cove DNch Séilting Well
* vool_ Eatmmiattaie dotied | [ T e € graval Al . e - R - | ! - : - R ; : EAalhe i
£ For Fhese Sank L LA | B 580,00 ) ' SEi # |
i e : - . . : . Predometer poafes poth Siaes i
. H i — Line Qritho|face briow & 5§8.0 : See adekall shéer M3 | ‘
F oo e ﬁ [ Struct Saatfd Lier Sta 6686950 Sta Bt16.0 L o _ ! e eReil s A s
5 Alory R T rchors 7or b € aide & Botta . 18" Dic. Girewlor tunnel 5;
_r y o~ iy - m&mxm |
B ; - — e T I — o GaCOHIS |
e PR - e T L ——— = = e == G el : 00
e : _fAﬁ o % - : ol ] T Jb"fb—._:ﬁ;r:’fip; BRI R I 3 e | ==
3 3 ‘ & 2 : ; § ncosed in conctere ! . £ Prezometer reoding sipron) i
SENNE SO B N I [ E i ] L S I S U
aeag - 7#00 7 Fen0 srao 1206 wion ravo0 15000 a0 1300 8¢ 00 rreoa 18000 pe0o av0n 200
- ramptnical shout
Symmetrical atout Sér of ;3:: efw“
£ of Conduits 2o, 3 i rens pipa Blvg embadded and ond PROFILE ON ¢ OF OUTLET WORKS M&g’gwsu g e AR OF Co T T Ser Y g
. . exfending o P Gt e da cavily after SCALE IFo%0-0 &uﬁ” Pev’iﬂz ool porfad — . =
—ooing, o Faf ract. Phecy where cencrele lning is ploced, Cover pipe end with - i ; -
" A — . [ kg B3| Plas omaler_reudm, P
tyoe 8 holes excrrsir orerbrred burlop fo b« rernovd AL '—‘—‘—GE{QERAL MOTES, naa "o . fgﬁm R.'r:z,g a:f/:?:o;?f;iiﬂf:;{g;:iﬁﬂ evenv.
oeeyrs, For embedtes pie see ofter placing conorek ST s _‘? ! Consolidation Grouting Tunpel: e A’ Iz" Dic. ~ 100 pod B3] Cloritied_grout hole Spocing
Orerdrost e dord OF Seawd Pjre” . info rock or fo Fer deptf Z201:F required by et dawcartos
Pt e tir o ; | 1E gElagic Condilions. Sk 7496 1o $1a. 19050 on 1O centers. CORFS ARG, 1. 1, AT
3 547 srass paoe e b b Ll angrh o QT OF THE BMTYICT DawiooR
Jpexung oF Leagrs of ‘s | pios vorars ' SACKAMDITO. CALIAGRA
Symmedlical about  S4S e Whotes g . P ¢ 2. Confoc? Groghng Tunpel: Tipe B Fipe a5 Shown for e s Restavom
¢ of Tunnel— _ e J6 P Stent pioe Burbing [ o e conpiims e el oF T rset - 10 compors. TERMINUS RESERVOIR
d ] % i o - . Ps [ KAWEAH
TYPE R H TYPE A HOLES OETAIL OF VENT PIPE . ’-"“‘,é,f et 5Pt covestersint 3. Fotoning on Type K . Tgpe B s on §'oficrnafe slaticnig .
TYPCAL TR HOLE LAYDUT SPaea ' PAC;: : NO SCALE Concrare 2 ] L. Pl & Kiures o cacles, A&a.r,o IrieaTl iedt nusedne edtr whih paywen’ OQUTLET WORKS
sasin Ton BLE eut hoes e 4 R o T |t nai pe it 4 . | - PLAN PROFILE AND SECTIONS
SCALE, 1" e0G-0 pis Saw Carerel! Motes. tis Sheet. S S2d Bleckang, brvel and St weith wtls ok 1 pace after j ﬁby-—\m: }r?r sarararian in ’m'f;; Bl be pwade 0F Con triact price item(E L
e B ® o far pasy remoral Oy 2 greind Fiush prouting. ¢ gwal For comens cr grovr will b made of contract price Sremigy

X

s AL SHOMM [wec s ZIBT
1-2-9-154 1
Ll T ¢t T S

Bast 10 War | G E

CHART 9



moaar

L

.

Lristing Lemon cove
oiebctr ELS5ERGr

: :—Mafe RS 1 ST welf

assdepTI s /0 eraeigency porfodle pure
agsiafl | ¥ W
ff{‘r;-fs?.a ‘;L—-rj | %
ﬁ" Tumne! £ ouliet | t L SR Dt mep Al R o S X
k N e 'EE_' @i WA Aoty Joleh D
7 _} AT StEt

s oo T
Srges ono’
oF ohfch et Wb

12 Arsctiop bovs ®50°
aml, 80N rock

Cul-off Trench

Ei499.57y | e
F6 "B Se! pipe, comfer b 4 e ]
jl it Britrious materrad. J6°¢ Sleet pipe
SECTION __D-D SECTION E£-E

’;}Tﬂ-—*ﬁ : £

L

LSen/

FLIAR0

N ! 'Eé}_fr" twajfpw‘:;?

AR
SR '
i qd I8 Steel pioe,
g - e Swpaply ne fo Leman
]-0- o o 10 ! Cove wrvigarean difcs
W | ks
G N
71w 1 SE; : gl é \ rCur-off Freach
o R o I
! 1
ST I N 1
1

&

f
L sy e
e dachors B50° Crb ./ Borh-

g
V

naps) FO il rock PLAN

...':".._-_.... B |

1
‘§ 55ﬂ¢{5fceliqtfpc bl
S coaled with .k bituminous
™~ rmaferial. 4 SECTIC

|
k)
Cut-off Fepelh

N C-C

QUTLET STRUCTURE

SCALE: Y84+

§ Control Tower

i *3-50;'90"5177#9575)' Goles
X F-TOaBT Jervice Gates
H

.'Eg““
o
Al g
ié"
Qng ol
o I ] /¢.‘_Tawer
Eg .o AN E R
by = 7 oo X
& . . | _ . in.
%2 «i foi(qmm:;

cross sectioned greas of
SUccessive points plotied
agamstt their distances from

Fhe down Siream ends of

the prers witigive ¢ SMopTh reave,
with flos alignment Yo be Jon 15 avy.
Shee! fince plates Sholl bovt o marimom
offser of b inch in 12inches when
T liner iz mode yp of Flaf aleel plare
Chore? srchond.

Mofe? Fitet size fo ba such fhat fhe ‘gl
[
i

|

Line-drill

—
1
{

{
g
T e
:

Lineg -drill

o ]
T e

S e

L5200

|
|

T rp—

il AC

Ltevel
S R e

P

) . B shec! Liner plate For
Gete puide b - .be’ﬂﬂ?f‘f o 90 yp sides of opiid - e b

SECTION A-4 Anchors for iner plate
Sies K bortom.
GRAPHIC SCALES

= [[+] i3 20 2% 35 25 0 A%

INTAKE AND TRANSITION DETALL

SCALE "= 10— 0"

SCALE: {: reo"

" L. B 5 0 20 bl 40 pad] [1]
SCALEY 1'=18"= 0 N E— e

TERMINUS PROJECT
Kaweah River, Colifornia

OUTLET WORKS
OUTLET STRUCTURE & MISC. DETAILS

U.S. Army Enginser District Sacromanto, Californic

R.EL. June 1862 Fite: KT -2-26-259

CHART IO




|
i
it
¥
3t
|
M|
Iy
|||
|
10

|
=910

6

5

UL
dli
i
|
i
1227 pous
i
|
il
*flll
1|||
(R
WITEERT il r
UL L r'
ilm: Three 5'0"

= m S22 P
5 el =
||||| = it o7 = e == :
SN S — gy T — e el Bt !
= ==c=Eomin s ——] = ﬁ._li
— T hum,.nn.wn. n.wua .ﬁrﬂ.l — deHI. .D__.---.ﬁ.
& ti : i =
hhﬂnmul"fhu. 153 SR iEaed s =i === @rwl
= # i i ey — =
= < LEDY S320T SERSI 18T N -m.!
R e R e e — . "o =

3

]
| |
I
lvay crest 5ok
o
TR
S
I
11
HT
iy
|
|
|
i
Ir|
|
1
|
fl
Hill
IT

Gste opening in feet for each gate

1

pefragarpa P o g wfr==- -
= e d G e Y RS i et e -
p— [ betad g dd BB ncnmndi annnn e ey —— e
— - - i e T ] ——
—— IBE m ea sy
- 4 ? =
— rpiieids re r
.
=y S
= i e
" T

Dietrict
California
KT-2-26
CHART |1

TERMINUS PROJECT

Kaweah River, California
RIVER OUTLET RATING CURVE

Discharge in thousand c.f.n.




eBl-92 -2-1% 9 €86l oy 8'37 ji-00 puosnoy) u Ajmedos

DILOJIED" ojusLoIDDG sieeuifiuy jo sdion oo o8 oa or oz

HIOAH3S3IH SNNIMNEL |
SIANND ALIDVLYD ONV V3NV T

j g

[ e ERETY

DO 0] 'WAIY qoumoy !
133r0dd  SNNINEEL

Il
il

Eeash et o

%
i

oog or on o0t oul o9 [H 434
¥ —. 11 - - ._. 1 i - .
303 TR AR i s “m:t i ;
CHEEEETELT L L R : :

T3 IE i 1
L R ;
TiT Tt iid B T q..
.“. L4 i 1 .“L | .... "
L] .i..“..w.._.. HHELH ' T m
e e i 8
SO ER DR s s R Bt daogd 1M HHE |
MR R HE R IR A e ]
4 b e " 13 b | A5 b L - ruﬁ
: i AR R i

. g
e
.
. s
TLal
el
' s
.
n e
.
1

BTl ey

i
SHTRE i { I _ T
. ! HHE : il & rnnimed 1 A1 H EE2
_E I ie i i
HH 1k it iH it i D
EHT IR g et i ; 4 m
fiiisg i HiH R 1 i uH_. ._: HHHE
i sttt IR i Al H", H liihiL
TR afliadhege i IH R HH B FFﬁL STHIER R s
H “; F IR IR S T {3k H i H R TG R R
fhinaiag 1 .1.“_?.“ i T “ EELTLREL U AR ad 0 e A i J”L Ll luf‘.v
' e F i i 1 4 4 4 g o] 33 - H
R i _ [T T D SR
h i | i sttt st s A
oo8  OO%

CHART |2

| 'S°W 'iee) U Uojonse (00




€1 LHYHD
gafhed £2 Jo T 8dug

SRR TERREDRHOERRDECODOODEOGADORDRDENAERABORIBDUDEVROBHERDORDOBRANDBECOBRADONVODRODOOBOE

&S 8s g5 85 LS LS LS 9% 95 9G

26S 98% (8s SLS 694 £9¢ BS5 L~ 9%S Tvs 0% 625
=1 g5 55 vg g g ¥g Eg Eg Eg

GES NES vZs 6l ETS 805 £E0S Loy 2eY LAY 0*g?s
28 25 4 Is s is bs 0 0sg 1

18y qLY L 99% 19% 9G4 sy 9eh 1oy 9EY 0*,26
&Y LY ay gy gy iy iv LY Ly oY

1E+ 924 124 9l 188 LUy 2y L6t E6E BRE 0*9dg
o oY Gy Sy SY LA J LA * EY Ev

ERE 6LE vLE 0LE S9E 19€ 9SE 2GE 89E E4E 0*52§
4844000 R0R000CRREROROC0OORAUBDNTOGROCORDEOBTENEGONODCCRDDCHORDLDBNDOROAREADOOROBNORDOBLEN
Ev 2y 2% 2 2y 18 L) s 0% (L]

6EE GEE lEE 92¢ 22k 81E v1E 01E 90€ 20E 0*%2S
Uy AE 6E bt BE BE BE BE LE LE

B62 v62 /1.7 982 eae BlLZ 5l 112 L92 E92 0*ges
iE 9t 9t SE CE SE SE SE YE YE

092 -1 2ce 1 1T 4 4 BES Sge g2 g2 D*2eg
vE EE EE EE 2€ G4 2E cE IE Ie

5e¢d 122 AT s12 112 BOZ coe c02 661 66l 0*12s
1{> 0E UE 0E &2 &2 .74 62 He 2

{1 681 81 EB1 ogl LL1 LT ! eLl 691 99l 0*02s
SRV INSRBRDOBVEVLEBEHVCODEI LR DEVOOHODRIPUNOOOOROODOROEDOODONODOGRRDADADOBOOROSDOGDBOOD
6" : L* g q* pa £" er | & o* 1334
V3IyY V3dy LiEt-1 V3Idy Vauy v3Iyv L UL L v3uv vy A3T3
d¥vd dvd dvd dvd dvd dvd dvd dvd dvd d¥d

F8vL ALIOVEYD ONY v3IMY = VINHOJITVO*MIALY WVIMY™ *HIOAHISIH SONIkH3L
9961 @unp



€1 LHYHD
gaded £z Jo 2 a¥ed

4S8N ARERRERBERGODRESREEIRALODRORMEGOOOREHAROG0VOOQROREEBROGERDRRCOOOOBANBEDROBED

a1t al1 611 gll L11 911 gll Sstt vl gl
2ayl T el 9l+l w0l E6el Tgetl 01 #gel LeEl 0*sES
ElL 211 Tt o1t 01t 6071 801 Lo1 LO1 501
SEEl »2€l glel 20l 1621 pg2l 6921 6sel ge2l 1e21 0*gES
S01 401 EOT E0L 201 101 ool oot 66 g6
Lzzl CATA 9021 9611 cgall SLIT s9ll Sssll Ssell sell 0% LES
LG Fx. 96 56 6 L ] E6 26 11 s
9211 9111 9011 L&0T Lg01l BLol 6901 6501 0501 1901 0*9ES
06 Y] 68 2] L8 L9 98 98 Se R
2601 E20T  vlOT  S0OT  Leé 886 6L6 16 296 v56 0*GES
*'il"..l.'."'d"'..#-l‘lt.l#F.‘t#ﬂ#‘*#"‘#tltit#ti##til#-l.ﬂ‘#‘*iti#ttﬁtitﬂﬁt###*.!i
v ER 28 ce 14:] 1o ug 6L 6L 8L
S%6 LES 626 026 216 $06 968 888 =1 218 0°vES
8L Ll Ll 9L 9L S. SL YL YL EL
598 LS8 6%8 IR L] vER 928 AL {18 v08 L&l U*EES
EL 2L 2L L 1L oL uL 0L &9 69
689L {:7} sl B9L 194 ESL 9%l 6EL EEL 92L 0*2ES
g9 89 L9 1S 99 99 g9 59 %9 9
6lL 2lL 504 669 269 Sg9 619 2L9 999 g9 D*1ES
£9 £9 29 29 19 I9 (1] 09 65 6%
£ES9 LY9 [+9 YE9 g2e 229 919 019 %09 HES 0*0ES
snoppEBBFRAGOSRERIBREGOROGUUBRDBEOHOGRGOREOSDDROTORERTOOROCRHOOREROROCRORURRORNOFROOONGO0OOUGGN
6Ge B Le 9 Ge Ve Er L I» 0= 1334
LE"\ Vigv LE 7L L Viyv vIyv LF ) vigv LEM LE L4 A33
d4v2 dvd dvd dv) dvd dvd dv) dv3 dvd dv3d
FIAVL ALIDV4YD ONY V3NV VINHOSTIVI " H3IAIH HYIAYY *HIOAHISAM SNNIWHIL

9961 aunf



€l LHYHD
gaBed £2 Jo £ abPsg

#EosnoNRRoeOsORRS RS DRRORARRNORRAROREOOEOERARENNOBRODLbORDERBRBDRRRDOOANRBNLBNRDCODOBHDAD

YA FFA 9Ll SiL1 T vitl eLl ELl 2Lt Lt

6lsz 1062 vg82 9942 (X 1T tep2 vige Lele 6Lle 2912 V645
1LY oLl 591 691 A9l 191 191l 991 S9l sal

Svi2 g2Le2 (re2 ¥652 LL92 1992 Y992 L292 1l92 vASE 0*ges
¥l E91 £E91 291 191 191 091l 661 6561 gl

8lg2 1952 cS¥Ge 6ég? Elg2 L&dE 0gvye LT (14 I EEYE 0% jeg
4151 161 g5l 95l gsl 51 #51 €5l st 2l

L1e2 1042 98e2 0Leg2 vSEZ 6EE2 vee? Bs0g2 Es22 gL2e 0*9eg
Is1 0s1 051 1A (12! Byl R iwl CLA| avl

EG2e ge2e EEZE gLaz g02e Be12 ELTIZ Bglz ¥yl s212 D*ces

SEEBOOERBERERRERDRRROPACONBOGEDROBADRADOMGRORCB00O00ORRORBROCSSURORDODANUCEOCESOODBBODOBRDE
g%l o+l el L2234 Evl vl 2%1 £ vl oel

slie ootz 9802 TL02 Lg02 Evy02 Hauz yi02 oooz -1-1.0 U*9%S
041 BET SE1T gEl gET lET LEL FE1 9l cel

2Lst BSH1T (LT 0EsT LTI £0gl 6881 L8l 29gl aegl 0*cHsS
cel yEl vEl EET EEl 2El 2el 2el 1e1 el

Segl [2al gogl Sell 18Ll poLl ssel 2vll BeLl sTLl 0*2%S
gt et 621 621 g2l 821 L2t L21 921 g21

2041 6891 giL9tl 991 1891 gEST s291 2191 0oot Lasl 0*1%5
c21 521 v21 v2l g2l g2t 2zl 221 121 121

Sis1 2951 0551 LES] G2s1 ElsT ousl gg+l CYR voul 0*0D#%g
PSP RODRRROPPDRP I RGO OOEDAEOORARDENODBOOUNECRODGRCGORDDOREDRENOOBEOGRREROOLBOBDHBRDELED
L A Le G Ge L L Es 2e | &} O» 1334
vayv VIyv LEM Vauv v3ayv L L vinV Vauv¥ viyv A373
dvd dvd dvd dvd dvd davd dvd dvd dvd 4avd

378VL ALIOVAYD ONV V3IHY = VINHOJIIVI'HIAIN HYIAYY *HIOAHIASIH SONIWMIL

9961 aunp



€1 LUVHD
sefed £z Jo 4 aBug
R s s e

952 §52 »5e w62 Esd 252 1se 0g2 hye Hyd

£90g E¥0S glos E66Y L96% Z2veYy Lie® Z6RY L98¥ ZyEY 0*&SS
192 i%2 992 S22 *we Ev2 2ve 1§ 192 Ue2

Ligwy chiYy 8oLy EYLY (AT} 569" Vigw vy 29y BaeSY 0*gG&s
6E2 PEZ LEZ Qg2 SEZ SE2 vEZ EE2 2E2 12

vlCH 066" 926y ElgH BLYY 9G¥y cEvy 604%% SgEY C4-1% 0% i85
Dge 622 62 gZz 122 922 T ¥22 e £2c

6EEY SlEY Yoy L2y gvae c22y c02e Ople #gle 9El+ 0D*95s
222 122 nzge 612 6l2 giz L12 912 gl2 3 04

Ells 160% 650y Ly0W S2ly EOOY 286E O09sE 6EGE LTGE 0*gss
fEeBENEOBCTRRRGNGOOEREDOERSEREBERORRORPORGRORDDARREROOBRDRED PERGCOBRCHDESROLGBBUSLEEBDDOED
vi2 g1z 21z [tz 11z 01z 602 Bo2 802 Loz

968E ¥L8E ESBE 2EQE 118E 06LE 69LE BYLE L2LE g0 LE U*eSS
902 c02 s02 y02 g02 202 202 102 ooz oo2

989k S99t GY9E ¥29E +09E y8st E9SE E4SE E2SE EOGE 0"EGS
661 g6l L6l i61 9s1 S6l sel w6l Esl 26l

EGvE EQYE *HvE YZ2+yE $04E GREE GYEE 9&EE 9ZEE LOEE 0*25S
2el 161 0s1 681 A g8 L8l Lgl 981 crl

BHZE 692E USZ2E 1e2¢€ el2E EGIE villE 9glg LElE glIE 0*16s5
val 481 EQl 281 28l 181 ogl 6Ll 6L1 gLl

DO1E 200€ E9OE SYUE LZDE &00€ 1662 T 5562 LE&Z 0*055
(EXTTTEFE ST EEYREEEER-TX-FA.F-X T XTR.FYE Y E.E-FEYF-EFYEES.FR-S-E-2 X R-E-F-A XS L Y-FR.EY-2.EY-FY-FA-X-FE-F-X-F-R-N-E-R-F-X-E-E-X
(.1 B» L» 9= Cs ¥ Ee 2 | L] D 1334
U ' vy LET va,v vIyuv LEL LETT LEM LM vanv A373
dvo dvd dvd dvd dvd 4v3 dv3 dvd dvd dvd

996T ammp

JI8YL ALIDVAYD (ONY V3HV

VINHOATIVI*HIATH HYIEYY "MIOAHIASEH SNNIWHIL



tl Laviniug

safed £2 Jo ¢ a8sgd

48R GONSBDO0SODROROEAEROOROTOEEROCADOBOBMNOROOCASETINONOONGROOEDGEORDODRODDOOOROIIDOBBOUNOH

E+E 2%k LeE | £ 0%E 6EE HEE LEE 3EE ufE

0L0p 9e0g 2004 896l vE6l 00sL 99H.L 2ERL 66LL c€oll 0*g95
SEE $EE EEE 2EE TIEE 1€€ UEE 62E 82€ 12E

e BE9L S99L €9y R6SL S95L 2ESL 66%L 9941 YL 0*g9s
92¢E 92E S2E L 43 ECE 22E 12¢ 02¢ 02g 61E

10w B9EL JEEL E0EL Tiel 6E2L 1021 SLiL EvlL Iie 0*L95
BIE L1 91E sle slE slE ElE 21e i1l 01€E

6404 L%0, s10L Y863 256Y 1249 0589 BSHY 1289 9819 0*99%
01E &0E g0¢ LOE Q0E GOE ¥0E EOE EDE Z0E

S9L9 YEL9 £049 EL99 Y99 1199 [gsy 1559 02s9 Ogv9 0*595
L2 221 TR RIS SRR LR R AR ER-Z TR ERY RN NENEEELEELEEREY-E-NEYERZ-2 -2 LY TR NER-E-RE- LS Y ESER-EREE-ERELTE]
10g ale 662 862 L62 962 962 =114 62 £End

0949 0EY9 U0%9 0LES 04E9 11E9 1829 2529 2229 £sl9 0*%9G
(4. T4 182 Uge 68 fad gg2 Lag 9ge S82 wad

*919 sE19 so019 9.09 L1409 6108 066% 1955 EEBS Y0KE 0*EQS
€82 282 g2 bge 6L 6l2 glLe Li2 9L2 sLe

9L8S avas 02gs 1645 E9LS 9ELS go0Ls 0g9s 2695 c295 0*29%
vL2 £l eLe L2 0Le 0Lz 692 892 L92 992

L6SS 015S EvGS glss 68%S 2945 SE¥GS 8045 IBES YGES 0*195
592 52 £92 292 g2 192 Uge 62 1=t LG2

B2ES 10€s SL2S 6925 £22s 961¢% oLls Sels &6l1s EalS 0°095
"‘ii..'i..tl‘l1‘.-iiti.iﬁ#'..ﬂ!.i't'i‘ltttﬁ#lli'tillﬂtt*it#llll'...ii‘.#l###tt‘littt‘
ﬂ' mt hl ﬂi m- ii ﬂ- M- ﬂ. ﬁi PNNL
V3dv v3uY v3Iuv e L Ll vV3Hv vINY VELEL v3IHv viav A373
dva dv2 dvd dvd dvd 4v2 dva dv) dv2 dvd

go6T sunp

376wl ALIDVAVYD ONv VANV

VINBOSIIVI HIATY HYIMYN *HIOANAS4M SANIWHAL



€1 LMYHD
safed £z Jo g afed

#0844 4SRRI RGAROUERESRGHOREONDESCRORRARAEEGERECREERBHRANEAERBERBRRPEEDSRGOREOLDD

GEY YEY EEY 2Ev 1E% DE® 62y 42+ L2% 924
2S611 60611 598l cerll (YA RS 9eLll E69T1 0g9l1l LO9TT 66611 0*&)G

G2% T4 €24 224 224 124 02w 614 8l L%

22611 GLYT1 LE#T1 GHETT ESETT 0telt g92il L2zl gallt evlll 0*gls

9l slv vy Elw 21+ 1887 (R L7 604 BO® LO%

1ottt 090711 ATOT1 LLnK0T 9601 G6R01 $SHOT £1aent 2LL01 1eL01 0*LLS

90% g0y Y0y E0w £E0Y 20+ 10% 0oy 66E 6L

06901 06901 60901 69501 62501 gae0 1 gev0 [ 20401 89€01 8201 0*9.L5

L&E 96E GAE v6F E6E 26E 16E 06E 06E 6HRE

68201 69201 oizaut oLI0T TEIOT 16001 25001 ET00Y vL66 CE6E 0*sis

i“t#'.#l#.‘####tii‘t‘t###iﬂ#*#ﬂl#t*t#*#####t##l##Hﬂ##4###t####t*tl-ltﬁﬂﬂtﬂlﬁﬂtﬂﬂittiii
H8E LBE SBE S8E YBE £8E 28E 1§:]2 0gE 6LE

9686 8586 6186 Ogle 2YLE Y06 5996 L296 6856 1686 0*°%.5

6LE BLE LLE SLE SLE YLE ELE Z2lE [LE 0LE

E1G6 SLY6 BEYE 00%e £9ER GZEB #4826 0s2e £126 gL16 0°ELS

OLE 69E B9E L9E 99E G9E Y9k €9€ 29E 29E

GETH 201e 5906 6206 2668 9S8 6168 E£E9B88 9vEH D188 0*218§

I9€E 09E 6GE 86E LSE 9GE G5k ¥GE ¥GE EGE

vilg HELE 20L8 9998 (€98 ShpSH 6S95H ¥2GH CELE ESYe 015

2cE IsE 05E HYE 84E LYE LYE 9%E SoE boE

glve EBER 8%EB ElER BLEH EvZ8 #0289 vi1B 6ELS g0le 0°0L5

#‘#ﬁt#ﬁ#tilii###ttl*#####*#Bl##ﬂ#*ﬂ###idi#lt##lt###¢#¢¢¢ﬂ#¢ﬂ#¢¢I##*##t##&##########t#t#
Ge -1 Le Ge G e Ee 2 1« e 1334

Y 3yv vayv vayy LT VNV vy vayv vayv vy CEN A313

dva dv2d dv2 dvn dvd dvd d4v9 dvd dvd 4v2

A7AVL ALIDVAVD ONY VIHY

VINHOATIVI ' H3ATd HYIMYY *HIOAH3SEH SNNIWHIL



El LUYHD
gaPed £z Jo L afed

00000000 ERRORTIRBROROCORODERDERSEREROBEDAROEEDOAGICEBOESSEDDECOOROGDBBOREINUREDORGEED

8ES LES 9ES bES EES 2Eg 1€s 0gs 628 LZS

BEL9T  #EL91 [g99l 12891 w1891 12591 L9val v1%91 19E91 &NESL 0*sR%
928 529 vZS EZ5 225 [2s 6ls Blg LS a1s

95291 g0291 Is191 66091 94091 v6651 29551 ugesl 6ERST LeLst U*gss
51s *1ls £1s 2ls nis 605 oY L0S 908 s0s

SELSI y89s1 EE9sl Teest ugsst nlesl g2vsl HLEST LREST 01251 n* 08
%0s 205 l0s 0og 669 HEY LoY 96 v6% E6Y

9225l 9LISI g21sl sLogl 2051 glavl 92641 9Luvl L2gsl LiLel 0*98%
26 16% 0ae 68% HE® Lav cHY ey EgY 2av

CFIEA 6L9%1 VE9WYT lesel 2ESYI( 1% CLA! SE®y1 9REYI SEENL D24l 0*585
s bOGOORSRIEGROODBRDDBOOIDORROONEERCEPODDIOODROSOROCERGBDORROBBEREEDDRRGRUNDREGOROBRED
1§-1) ey 6LY 8LY LL® 9LY LY YLy " ELY

2241 velel 9yIvl gslel oslh%t 200+1 GSeET LOBET U9gET 21gel 0*eRg
ZLY LY 0L+ 69% a9 L9Y 99% S9Y *94 -1

G9LE1 AlLET 19kl v20€1 LISETY TESEL YHYE [ LE+EL IBEEL wHEET 0*ERS
29% loy To+ g% HSY HGY LSY 95Y 55t vgY

Ae2el 2e2etl 902¢1 o0g1gt sTIET H90E1 gevet FNL.TA! 1621 ogael 0*2nr5
EGY 26% {1} oGy oGy (1% Bey LeY 9%y GHY

ueg2l s6L21 0521l g021 0ggzl G192l 02s21 TLTA 18421 9ev2l 0*1gs
LAL] Evy 2oy Tow Dey O4w 6EY BEEY LEY REY

e6eal iveEel e0g2!l 65221 glzel L1121 L2121 egozl 6e021 ge6l1l 0*08s
esbobEBORASROREGDOOOEIRIDRNASERNBDBDeIDEORPOOCBOODODOONRORDEBORDRDOCOORORORERDEFTOROBDBDOB
6 Be Ls Qs S b £ 2 [+ 0w 1334
Vayv vagv Vayv V3ILy LR LM v3,v Yapy VIyY LETM A373
dvo dvd dvd dv? dv2 dvd dv) dvd dvd dv2

3N8YL ALIDVAVD ONV V3IHY

Q96T =ump

VINSOSTIVI  AIALIH HYIMUN *HIOAHISHH SNNIWMIL



€1 LHVHD

gafwd £2 jo g 9fwd

a8saotacaddnnoenpaonscOGROBERODRRONODRBEEDEREEBEDPOOORODRORDORODOODORRREREOEDRNEEODODRODREE

ESY 159 usg 6Y9 LYYy 99 59 Ev9 Z2h9 149

eljz2e 9e9ed 11622 90c22 24427 pig22 21e22  @e222  sRl2¢ ngtaz N* 566
6E9 gE9 LES GE9 vEy EEg 2EY 0E9 629 CEL

95022 26612 gzZele v9n12 10812 FELLZ v1912 1912 geclz spel2 0%gesg
g29 529 LA ce9 129 029 Ely L19 919 sil9

E2elz o9glz pe2le 9E£212 eLT12 t1ie 6v012 @gsl2 92602 vogl2 0*1sS

Elg 219 I19 609 pig 109 quy v09 (A1} 209

EOROZ 2vL02 1890c L2022 65502 Eael2 LEROE LLEDZ L1g02 9gz202 0*985
009 665 265 L&S 565 %65 EbS 265 08s 685

96102 9102 9400g L1ong LS661 B6861 HEBG] 6LL61 02L61 19961 n*Sks
HERORAEEBBEORODEREENVONOBRS RSO ENBEEUNIRLRAOUEDOOECRABDETRREBCRLEEDPORIODRORTRR2RORONGRY

#8S 18S 985 Sgs *8S Egs 2Hs lgs 0gs 61S

2lapl E9G6AT SAYS1 CrA T #9E61 60E61 1séal E6lal sglet LLvel 0965
81S LLS 915 SLS %15 ELS 2Ls s 0LS 695

61061 19681 y0gel LR eRLB1 2ELET vi981 L1981 09sH1 gosat 0*EsS
895 195 995 595 *95 £96 29% 195 095 655

Geval DRl EEEB! Ligal nzest v91el woinl Igogt Ge6LT Desll 0265
gss LSS 955 1115 L1-15 ESS 246 155 065 695

*aeLl 4 FA 2LLat IAYRR 19941 o0gLl 15541 96vL1 Ieesl ggELl 0*1ss

Bvs 195 9%g SYS e Eve Zvg 1811 045 &ES

1EELL sL2L1 2zaLl L9TLY ETILY 85041 00T 05691 96891 24891 0*065
assppOOBEOMOsODEREESOOORO0HDOEO RO CORBEROReERNBOR BB OOBOORDDORGRBOCRRRDNDPROSOOODDOON
6 B Le Qs S L\ E= 2a T» Ne 1334
v3Iyv L "L VIyv LM v3yv LEM FEM CEM LT L EM A373
dva d4v2 dv2 dv) dvd dvd AY2 dv) dv)d dv2d

IMEVL ALLIDVAYD iy vwINY

9961 Fung

VINHUATIVI* HIATH HUYHMYN *HIOAHISHH SNNTWHIY



€l LMYHD
safed €2 Jo 6 =8sg

SSRGS HDORBDRLRURRRLCRLBDEBRREBBBDENHDSONERCEEEROORGELCGRODOBRDO0ODBRRDNBORPADUDDODERBRED

LER GER EER 0E~ HeH 928 yZH 22y Ve L

BLOOE w6662 [Te6e wdwnd  Svlee 29962  UAS6E  Levec  slwed vYEEBd 0*609
14: El8 (18 607 Lo® s0R ENg oom CLYS upl

25eed 0L1s2 sA0&2 B0URZ L2snd LyRec LILlwe 9guRe wigRe L2582 D*gig
\d-14 26L 06l BEL SHL Enl Tad 6Ll Lil SiLL

LY¥82 A9ER2 68282 UIZs2  Tgl®Z2 Es08d  SibLEZ  LeRle  6lBLZ  TeiLe 0*L09
ELL o0LL 891 994 *9L 29l 09, ASt 171 £ECL

*99.2 L8sie 0lsie EEwiZ LGELE 0g2Le v e geiLe ec0Le L1692 0*g09

251 05, 8L 9YL .27 2%l UeL BEL LEL SEL

20892 L2892 25192  LL1992 E0992 62697 SGv92 1T LOESZ £E29e n*g09
[ I I Y Iy E R YR Y YRR YRR RERRYYNRRRE R AR AR L RN -Y-E AR FEYYXE-EE-E-X Y Y LR E-R-AER-R-E-8-R- A EX-FX-X-L Y3
EEL 1eL 621 L2L 92/ 21 22l 2L gL 9tL

U992 LB092 #1092 (ess2 ®98SZ 9s6)67 E2L62 [gyse 61662 #0552 0*¢09
slL €L 211 0t1L 601 L0L SO0L oL 20L 10L

9E¥S2 G9ESZ E6252 222g2 1sls2  Tg0s< 01Ug2  Deev2  69BY2  66L%2 0*E09

669 i 959 *&9 E69 19 059 B89 189 Sg9

62L%2 65992 0Deg¥2 U2gee Ige%2 1Re%2  Z21E®Z2 w9292 gLl42 901+ 0*2ng
vgy9 289 189 6L9 LLY 919 vL9 ELS L9 Ly

BEO&2 696€2  106EZ  EERES 99LE2 BL9EL 0E9r2 EQGEZ 9BYEZ  K2HEZ 0*109
99 999 G99 £95 299 099 659 LS9 359 ¥59

29c£2 GB2EZ 622Ee 291€2 yelEZ2 UVEDEEZ  $9622 BeR22  Z2emeZ  L9L22 0*009
‘i"‘!#.t#tt#itli.iiiii*i‘it*t#tt.##t*t.litl##tllilﬁﬂt!t'#!ﬂ'it!t't‘t'.'it“ltl.i#'!“‘
& g L Qe G Yo E= 2 1= 0s 1334
LT VANV vIyV Vauy VAyY LY LEM vIyv vIyv L EM A3
dv2 dv2 dv2 dvd dv) dvd dv dv) d¥?d dv9

3A76VL ALIDVAYD (NY Y3IHV

Q6T sung

VINHUSTIVO*H3AATH w3y *HIOAHISIN SANIWHIL



€1 LMYHD
gafied £2 Jo QT a¥eg

L4 PEOGcORROEEROROANERDESDEBROSD DO GODUBRODOCOPODBEODOODRORNECORCOA0OSDARROTBTEDBUEBOOOON

£86 286 186 6ln Slk LLg 9Lk Sl6 vLl6 ELB
9G24E LG1sE &£G0BE [9guE £99HE ©9 BE H99RE UgcgE €L%BE  9JERE 0*gl9
1L 0Le 696 €95 196 994 $98 £96 296 196
Hl2RE I8lgE »g08E LB6LE leBLE v6LLE H69LE lo9LE S0sLE 609LE 0*gly
09s 656 HSE LSs SS6 YSA ESo 256 1Sa uss
EleLE LI2LE 121.LE T4 L S 0Es9E YER9E BELSE E$99E B¥S9E EGH9E 0*L19
6%6 196 9%6 G¥6 vHE Evh 246 1£73 %6 HEG
ASESE $529€ 6919E *L09E 0gesk 1:1-1-12 [6LGE LB9SE E09SE 60SSE 0*g19
LEG 9EL GES vER EEL Z2EB DES 626 826 L26

glecE 22€cE ®226E GEIGE 1906 fAweve GGHYE 2QL%E  6996E 9.SYE 0*cle

NS ERBIC RS NORREROOREERS RSO ROLOLBOBOGDOEOOEORARERORSENHCNBROOOSORSRTFARREDAGBODORDES

526 EZ2e eeh 02a gls 914 Sle Els 11ls 606
YBYHE I6EYE  662%E LO2Z2%E cllec E20%E 2EGEE T4REE 6% LEE AE9EE 0*s»l9
808 508 Y08 206 108 668 Led Sad £68 269
L9GEE LL¥EE 9HEEE 962EE 902EL ol lEE 920EE SEARZE Ly82E RGLEZE U*gl9
Ve HH 988 SgH Ege lge 6lHE LR 9LR LN
6992€ 0852E 1642E 20+2€ s1EéE g222t BETZE 0gn2E 2961k g1elE 0219
2Ls 119 69¢ LoR 598 Y98 294 0g9g HSR LG8
LBLTE DoLlE ETolE LE2slE heelE ESEILE L921E Iglle s601€E 6001E 0*11g
G680 ESE 1§17 YR gye CT T LAl LT (87 6HE8

vZ60E 6EBDE ESLOE B99UE ERSUE 66%0E yIv0E OEEODE 9920E 2910E n*ot9

OSSN0 OCRECUBDOENNBEeRIRRDABGBOONDEENOSOCBENROOBGRANDHDBRONOBsCORRTOEDRORDEENDNDONTOOBED

e B Le Qe Qe e E* 2 Te Ne 1334
¥auv vIyY L TTh LT LT Vayy vy Yauv vaNY Yainv A3T3
AV dvd dyd dvd d¥v?2 vl dvd AV d¥2 vl

FMEYL ALTIOVAYD NV w3EY = VINHOATIVO'H3AIH WYIMEN *HIOAA3S 4 SANTHNAL



€1 LEVHD

gafed Ez Jo 11 28=d
seeRLEROGORERONRROABERENED DO DPRBERCEBBBACNCARAOROEOROBORGBODDUEEBOBBRDDRBDOBERNODGED

121t &IT1 Hill 9ITY 5111 gttt FARS o1ttt 6011 AROTT

LSL&Y CYIRY EESAY 2evaY HTER® EnlaY LHURY YIEHY SOHEY TR L 0*s29
9011 got1 ROt 2011 ot ta0l 45601 Y1 601 EAUL

L2111 EESEY E2eRY Eleae 2024% Z2plgy Ed&LY ELELY E9LLlY LT TR 0*g29
eh0T1 0s01 aRO1 Lanl Sgol SHO1 EHOT 2t ugldt 6401

SYG .Y 9E® 4 L2ELY pleLy CUATRS VR 2EHGY YRL9Y 9199% H9S9Y 0*129
LL01 9L01 HL01 gLt 2Lo1t vLnt 6901 1901 9901 %901

UL L £SE9Yy “y29% BElay TEV9H EZ2&GY glegh JLLsYy E0ssy LevSY 0*979
£9071 2901 g901 6501 LS0T 8501 ssuy EGO1 25801 601

OgEsYy hgesY HLISY 2.0G% 99&t% 0ggywy SSLYY 699%y LAl Al GEYYY v*c2e
sooeoOeORORBRABOSRROOOROROGeRRUNODS OB OERORRRBOBOOEEDODOBRRPDROARRDPOBRRDORREDDBRODBRERED
6%01 8401 9401 Ny wv01 2v01 Iyut Nyot HEOT LEOT

YEEYY 622%Y ALY Velyy QleEY LIgEY LUOLEY EOSEY HEYEY GEEEY 0*v29
SEDT #E01 EEOL IEDT DgENT 6201 CEOR| g2ul qznhil %201

262EY RELE® GROEY 2eeZy 6LH2% 9LLEY EL9EY Djcey T4 147 0*ESY
2201 1201 0zo01 8101 L1071 101 L AL E1ol 2101 o101

EQZ24 Tgleey hel2y LSty LGAIw Egily 2591y lgsiy 6vvly AYElY 0229
6001 gout Y001 s0nt LR 2001 fony 0poty B66 L&

Ly¥2lw grily 9901y SYaU4 cvuly vy 0% Y950 rhgly bovOe wyEDY 0129
966 Q66 E66 2ok 1113 646 BHE LHF SHE L1:1

G¥Z0% cetUy 4900% LYSAE HYHGE 6 LAY ISY6E 11114 2GY6E "GEGE 0%029
Iy I I rrI Ty I I I rIrYyrrIrEIrIIEIIZFEYIERYEREREERERY-R-ERRRYYYR-R.R-ERNEY R E-RA.Y LY R-B-X L E-E-E-T L
Gn e L= g Cs e Ee 2 ﬂl D= hwuh
Vany Yiuv LT LT L EL vy vIANY LET LETT\ LETTL A3T3
472 dv3d dvd dvd dvd dvd dva dvd dvd dvd

FTHVL ALIDvdTD ONY VIMY

QXﬁ aumn

YINBOATIVI HIATY HYIMYY “HIUAHISIH SONIWHAL



Ly2t s+2l (2T A\ Ev?l 1921 ezl BEZ] Lg2l ggal spel

OLstg 94919 12€ly  L6T1l9  EQULS 6y6l9  S2409 109 L1G0a sGHLG 0*sF9
ec21 2e21 gzl s221l sze! szzl S2e1 vgel z2el 1221

0EEDg  g0209  +#ROO0Y 19665 REB6S vlies  E6SsS 14965 HYESS 42265 0*gE9
6121 giz1 LIzt sl21 121 ElZ21 Liz1n utet s021 021

40145 28605 Igges  BELAS wl98s 96985 SLERS T4 X4 £°19 21088 0*.E9
5021 ¥021 £021 2021 opzt B6TT g6lt yall G611 sall

26815 TLLLS [s9.% TESLS 0lvlS 0g2LS TLTILS ISULS [EARS 21895 0*9E9
2611 1611 Osll 6811 Lett 9811l sgll Egll Zall irll

£600% ELS95  #549C GEfag L1298 H609S 6LESS 19955 E%.55 €2955 0*sEg
'.itll-liﬁit#lti'."'it#'1"#.-t'.ttl#.t'*l*‘i.tttﬂﬂi‘t.‘.‘i“’#tt.‘i.l!.iltf!#“‘t*tl#
ogl1l sL1l LLtt 9LTl gLl ELTI eLit Tert bLtt #9ll

L0sss  kBESS 1r2s5 EGI8S 9EUSs plavs l0weE  wRe¥S  [96%S  0G¥%S 0*9EY
L911 9911 S9l1 *9l1 E9LT 1911 0911 65Tl wsll Lstl

EEENS 112y 0019y 9%BBES  [9HES 16265 cEg9fg RISES t0%ES lREES 0*£EQ
ggll yall EGTI eslt 1sll usril avll ayll 9911 gell

ZLIES oclfg Tesds 92r2% 0225 L&GES vav2s S9ESS 1s22% gelZg U*2E9
vell Evll Zell Inll 6ETL BETT LELT TR sell o1l

220gs gUsls EsLIS  6.91S g9slg Igels  gEETIS #2216 OIT1e  1p6US u*le9
2Ell IeTl Ogll 62Tl w2ll 121l G211 w211 g2t 2211

YER0G  TLLUN LS9US ¥vGhg EZEwDS  &1EUS guels veUDS 866" A9B6Y 0*0€y
[ Ty Y YT T YRR R TR YIRS SE S-S Y YR LS-S-E-S-SRCR-RE-EEE-RE-E YL EEEY-A-R-RANR-E-E X R RS S R REE-X-E-S-f R E-ELE-E-ELE:]
G HBa Le 9 = L Ee 2w le Ne 1334
L EM vy vy Ve,V U VInb R vANY vIuY wWiqg¥ A313
dv) dvd dyd drn dvd dvd dAv7) AV dvd dvd

JIEVL ALLIDvdVD iNw Y3IMY VINHUAT VI M IATH LY IMyy "HIOAHIS HH SIINImH 4|

QOB aunp

€1 LHYHD

saBed g jo gy alud
s sBEtPORIOOEORRBEDCDBROSBRODERdDORERDEGDDPYDBODNOODCOGEDBDOODORBGZDDIDOOODRDERBDERAE



€1 LHVHD
gofied £z Jo £1 afed

S8getdbpaooanoncOnGEOEOBBROBORDOREOOREENO RSB ERNOOAREEDENOROREROROBROENOSDOOOGEG

E0el 2041 Vowl H6F 1 Leel seel Estl eeEl Ugel 6REL
clgwy 299%v, 22gh. ZHE®] 242w EOT#L E96F | $2HEL Gg9E ) QegE} %9
LRET SaEl »8EL ¢eEl ugel sLEl LLET GLET wLEL 21l
LOvEL 892EL VETEL 2662L  9SE2L  9112CL wis2L  Tever EQEEZL  99l2l utge9
LLET 69E1 191 9SE1 *9ET 29el 19g1 6GET 1A 9cEl
620214 2681L SSLTL glslL avilL SYeElL 6O21L ELOTL LESD YL eigoL 0* {49
#GET 2sEl Isel GYET gvEl geel voel EvET [yel 6EEl
9990, 1ESOL 96E0L 19202 9210y 16669 L5869 22169 BAG6Y LIS 1Y) U*9%9
BEET QEET SEET EEEL ZEel UEel B2El LZ2ET s2E1l v2€e1
02E69 Lele9 ES049 02689 LBLHY ES989 12589 gRERYS 56289 £2le9 0*Gy9
SO BBsPORBBDLORAGEsDDOOBDBOBRREOEENROMRBAORROS0EBBOBODEDEEABRORPORDERDEODREDREDBODDBODDED
22¢€1 12etl 611 LIgl SlEl vIgl ELET [Tet 0LET gOE!l
OesL9 BS8LY 92l Ly S65L9 £E9vLY [EELY oo2Le 690.L9 HE&99 L0899 0"9%9
901 S0El EQET e0El 001 6621 FE-T-4 9621 v62l [ X. T4
9.999 99599 Si+v9y S8299 66199 5209y S6859 $9.59 9E959 90659 U*EYQ
ls2t 0e21l gratl LBzl 1: A 821 cuZl gzl 6L2l g2l
LiESS pv2s9 61159 06649 298vY EELYY 50949 LLY%9 HEYE®Q (2z2v9 0*2%9
L2171 cl2l gL2l elLdl 0g21 6921 L9921 3921 921 g9l
EGO%9 996E9 AEBES 1TLED ¥BSE9 LSYED UEEEY9 E02E9 LLOESG 05629 D*1%9
1921 092l g2l 1521 o2l w5zl 2s2l 1821 heel He2l
¥2B29 86929 21529 9¥¥29  12€29 S6I129 LLO29  Seely 02813 GRYIL9 0 0%9
sSSP oMOGOISBROODOBEODEDSODERDOOBDBDOSOOBOEEDORREDEREDODADDAOGOOODEEGRRDESOGDECDRNDEDEDRRDDO
6 g Le G Ge v Ee 2 [ [ 1334
YIuv VIV vauY v LM Vayv vinV LE LE T vayv A3T3
dvd 4v2d dvd dvd dvd 492 dvd dvd dvd d¥d

9961 sunp

FT78VL ALLIDWEVD (ONv vIHY

VINHOALAVO *HIAAIH HedMyy

*HIOAHISAM SNNIWMIL



€l LMVHD
gafud g Jo 41 a¥sg

SsepusessRBBOOBMDRACARRERRBSORCEROONEE R RNERORORREDOROSPRODABEAANEARRREREEBRDIRROBOEDOODEES
gssl g5s51 -1 vs5l 2ssl Isgl 0ssl eyl 1951 yesl
29958 90588 1SEst s6lss D¥0an SAgeB OELgY SLSHH U248 59288 *sS9

GGl £E¥Gl 2451 legl sEgl geEgl LEST GES T vEsl £eslt
Tlige 9SHLH 2lgLe CAE TR YavLe 0%ELH Lalin EEVLE HLBIH 92198 u*gs9

1esT Oesgl 6261 L2st g2sl g2Zgl £2sl 2251 (251 6151
ELG98 02998 L9298 vllgg 29S¢  60RSH L5968 %0558 26ESH  002Se 0*)59

glsl L1g1 slel L 28 glsl 1151 uist 6051 ao0sl 9051
gvlsg L&6BYE SYlye E6Sve 299498 1e2¥A ER LT s86ER gEREH La9ER 0*959

5051 »051 20s1 1051 oosT 8641 L6yl 961 LLAd E6vl
LESE® 99EER 9E2E@ 980E8 o9E€sZa 99,28 9E€928 lsv28  (EEZgs erlle 0*cs9

CRAPROAEDAGECERRRDORERERROOORRAEEAODOAONSRDRRDROREROOROHACRAGOOOOOORSROESCOOERORODOBAODD

11121 6841 gavl 9uvl vavl 2avyl eyl YEAS Liwl sivl
6E0Z8 DeRlE oLl 26S1R L1221 rdd: Lylls 66608 18110 »0L09 0*%59

ivl elvl oLel govl L9%1 Goel Egvl Tgel Og+l rgyl
9qshe 60%08 2920k sliog HS66L 2286l Sl951 62561 EQEGRL LEZ26L U*ESS

gc+l I3 2 FL1 icel vl 1yl Geel veul 2ov1 Devl
16064 9h68L 10g8L SS9AL 01S8L 99ERL 12281 glogL CEGLL HRLLL 0259

BEvl LEYT SEvl EEYT IE+l DEYT CEA R 9241 w2+ E2el
v¥oLL oosLL LSELL ElérL 0Lo0LL 12691 YEL9L 2%99L 66%91 LSETL u*1s9

[2¢1 6lel Liwl g9inl LAR At clvl viet 60%1 LO%1 covl
G129L EL09; 1E6SL 68LSL Y95, 90sS. G9ES) v2261L EBOSL EvevL uruge

spootoDOSBEBODEDERRPREDRRBRREERREENNNOPADHROEEOODS DO RAREDPERROORROODEBRRREBRBRDD

B He L Qe Ge L L Ee 2 [ Ne 1334
LM EN ENL EM CE EM VANV CEI vINY CEM A373
dvd d¥vd dvd dv?d dvd dvd dvd dvd dvd dvd

ATAVL ALIOVAEYD ANy v3HY = VINHOJIAVI*HIATH MEIMYY “"HIOAHIS M SANIwHIL

9961 aump



€1 LUVYHD
safed £2 jo GT 38ug

SADLLOBONBBORBERONNLBOLOUGBARDERANEORADUIOCROENSNEODNEOOBG00BANOCEDDeRRNEERRODONODROORY

&L91 ALl 9191 5191 %1691 £491 2191 0191 6991 ge9l

£98s01 AL9s01  216S0T  #9EGUT  LL1SDY @AD0GOT 298901 GL9%01 wOGH0T LIeEYUL 0*699
1991 9991 v991 E99l 2991 1991 0991 8591 1591 96yl

SLI40T BUOS0T 148EUT SLOEUT 60GENT €£9€E0T O9LIFOT TTIUEO] oceg201 629201 0*g99
sovl v591 2591 legl oggl 699l gy9l1 9451 s¥91 vv9l

#1201 w®eE201 E81201 ©10201 EsHIPT 889100 E25T0T SGel10Y 61101 &20101 0*199
£v9l 2v9l D9l sEsl REQIT LEg1 9E9T ve9l EEQT 2e9l

98001 T0L001 LESODY ELEUDl &0Z200T S+000T I@B&6 BILGG G566 T6EBB 0*999
TE9t 0E9L #8291 L1291 9291 5291 $291 2291 1291 029l

H2Zes S90as 20886  GELGS LIGR6 wlwBe 25286 68086 L2ele  S9LLA 0*599
THRAGCOROROERGOPADEROACORORRODOGEAOROOOEFOROTOBCNOGOADBIAINFRROGRDORROODOHORERORGRDNOEDORBOOEE
6191 L1l 9191 Slgl 191 Elsl Ti91 0191 6091 rO91

E09.84 2%v.8 0216 BllLs L5696 56196 YE£996 EL¥96 elE9s 15196 0*%99
L0891 G091 w091 EO91 2091 0091 6651 g6s1 L&S1T g4l

16656 0EBSH 0L9S8 60SSH AYESH 68196 62056 698%6 601%s 1143 1.1 D*ED99
Yes1 E6SL 2681 I6SI 11 Besl L8sl gasl sesl gEgsl

OBENA [E2ve ZL0ve ZIsEs ESLEA  SHGESL YEVES LLZE6 61TES 0g62e 0*299
€8sl 1851 vast 64S1 L1ST 9151 5151 %151 2151 )51

cluza Y9926 Ygyeh B2EZs 0LTZE cloge sG8la Legle uesls EREls 0=199
R 6ISI1 8961 2951 so61 vosl £951 losl 0gsl 66S1

9221 69018 21608 GSL06 66506 29406 98206 0gl06 vl660 R1E6E 0*099
asbanemseeadoadogadato0nsospOREROBOROREROROO 000D DOODPOORDXBRRORDOEBRRCRBDOERONRRRRREERD
6+ e Le Qe Ge e E£s 2 [ De L334
Y3y YIyv Vauvy Viauv VINY Lk M vauY vauv vIyv vy A373
dvo dv2 dvd ava dva dvd dv3 dvd dvd 4v3

37avL ALIOVAYD NV YIHY = VINHOSITIVI*MIAIN HVIMYN *HIOAHISIH SNNIWHAL

9961 aump



€1 LYYHD

safed £2 JO QT e8sd

+##sapocsnsnossoaobEROOEROCE RO GAROSS D BOOEYDRGERBOET RGO MO RRBOARERDARRORRDBDADDOOOD

volLl €6Ll 26lLl laLl 0eLl - JA guLl LaLt ggLl cpLl

Ev2e2l #9021 evgm22l s02221 926221 [Leg221 691221 0se121 11glel ef9ll 0'849
LLTA EsLl 2aLl 8Lt 0gLl 6LL1 gLLT LLLL SLLt SLLl

¥Syl121 9L2121 860121 026021 24,021 95021 98e021 8020217 Og0021 Eguell 0*al9
Lt ELLT 2LLT Lt 69LT CETAS L9L1 9911 soLl 9Ll

QL9611 BeveTlTl T2ESTT  +9I14L1  Jogull 062811 E19811 Leegll 092811 erlgll 0*1L9
E9L1 29.L1 19L1 09L1 66L1 #SL1 LSLY 9ci1 SGLT L LT

LOGLTT TELLIT GGSLIT SLELTIT EO02LTT L2011 1s8911 S29911 00S911 +#z2Esll 0*g519
ESLT 2sLt IsLt oLt 6vLI avLl IETA! 9elLl selLl volLl

61911 4LeS11 B&LSIT E296TT B%+STIT £L2511 660USTIT w26vll 0GL®IT oGuSHIl 0*c19
PG CRSRGRRGEORNARDEEROOORBOREHINRDOADBOROOBRROHADOROGOGECRGSBOMRONOREEREETORABODOODPODORD
EviLl oLl o%LT 6ELL gELT 9eLl SELT YeELT 2ELL gLl

100611 22411 260411 @BLBETT SOLETL 1eseEll LGEETT +ogI€l1  TTO0ENIT igs2ll 0*wL9
OgLT 62L1 LaLt 92L1 TR £2.1 2zil tzLt ozLl glLl

$99211 164211 HIg211 991211 gL61T0 T10R1TT  &29TI1 LseYIl1 sg2lll1 gTILTI 0*cL9
LTLT 9lLT S1L1 ELLT FAVR TILl GOLT BoLl LOLT gnLl

Iv60TT 69L0TIT Q6SOTT 92#011 652011 80011 ET6K01T 241601 TLGAUT ([0ve01 uraLe
YoLT EOLT elLl 0021 5691 651 L69T 5691 2691 E691

Og2elT 090801 088801 B1LR01 &¢GROT OgeE0] OT1ZR01 O«0mO0T TLRLOT 20LL01% u*1Le
1691 091 6891 CEER 9g9l CTER *491 £gol 1891 on9l

2ESLO0T  E9EL0T  e6TLUT S20201 4S890T AE990T 025901 [se90T €ERI9Ul <10901  0-0Z9
sanOoRnsOopPEBRBDERROBERODERRPRERED AR EDOENRDOEBDRBENERdORODEDROEREBRREDOGP 00NN BDOCOBDBDBO0RD
6o B Le G G L L Es 2 1 D= 1334
Yayv Vauv vINV VIV Vinv LT vAuy v3Iyv YIyY P X RE!
dvo dvd dvd dva dv2 dvd dva dv2 dvo 493

JTEVL ALIDVAYD (NY wv3HY = VINdUATIVI HIALY HYINYN “HI0AHISIH SNNThw4L

96T aunp



€1 LUYHD
sefued £g Jo L1 sdug

chaspepsospeepscsasbapaRannEnOieNReGsOERIBAER Lo GCRSEDELORERECBDREBBOBEENRCobORD
668 | TR Lewl 9s0l SeHl varl LRyl 2ak 1 lenl Ogul
B1LTs1 OESTel OsElel OSTIwv1 196081 TL20s1 <2asUeT  ERE0$T E02041 &100s1 O*gog

6881 pasl Lesl 9gH1 SERIT yeal Egel ZHHT igal gl
GZBRET LE9AKET wHewsEl oGZRET TLO0GET 2ZegBEl  +69WEl 90c@El wIEHED s21BET U*gAg9

sl plel Liml LA siut wLlAl ELBT 2.8l 1Lal 0nlet
Z96LET #GUJET 996 ET @LELEL TATLEY €0DLET 9SIH9El &2Z99ET 2Z2e40E1 SG29E1 0*ia9

6981 goel L9sl 99a 1T CUTERS vopl T A 298l Toml Nogl
HOUQET T8EGET +69GEI LOGGET T2EGEL <EISET @yevEl Z9ivel SLEYET UsEYEL 0*ggy

6581 gsel Lsel asa1 g8l *5al Esdl aGel Ieal ngal
v024FT BI08ET 2€EBEET 9Y9EEl I99EET SLZEEL OsUEE1 S062ET 0V2[2€1 sSESCEL 0*5H9

ePEBOGUEIOOBUSGCINBROOD OB EROEDUOTREE0BBUCCDICEOENASERGIRR R REDOEGIRERRETGBYRBOTORY
6¥81 gyBl LBl I¥HT vv81 Eval L LA T+81 Uwel GEHT

UGEZET S9T2ET 0BGIET 96LTET TI9LET L2¢1€0 242TET BSOTET #LRO0ET (0490ET 0*y89

BEET LEBT 9eR 1 GERT EERT 2enl 18T 0estl s2f1 g2el
90S0ET €206 BETOET1 956621 2141621 636621 909621 €£22621 090621 LgEBZIL D*ER9

L281 928l s2el g2el 228l 1281 beul 61RI HIET LBl
vL9821 16%821 A0E821 L21821 +vy6el21 2Z9rLcl UBSL2D B6ELZT 912421 +HE0L21 0°c2m9

9181 siet *181 EIHT 1181 oret 6081 port L0PT s0g1
EGE921 129921 0av921 60£921 L21921 946521 694621 +¥RGS2T 04521 g225821 g*IR9

s08l 081 eogl 20RT voat &66L1 BelLl LeLl 6Ll LA
290521 298e21 289421 108421 [(2ev21 Tel421 296€21 28.LE21 209E21 E29E2l 0" 089

AACLOBBEIGOREOROOROODOEOORRdORDGDEOBIDODONELEBONOBOESGRDOOOGDEDBMEEEBBRRORNOBRGAORENBRDEED

6 Be le e Ge L L Es 24 I= Ne 1334
vIyv L vIuv L EM vayv vaiyv Viyv VgV LENL v 3Iyv A3
dv)d dvd dvd dvd dvd dvd dv) dv) dvd dvd

IVHYL ALIDVAYD ONY VIHY = VINMOLAIIVI*MIATY HYIMUN *HTIOAEISTH SANTwsd]

O@@Hﬂﬂ?ﬂ



€1 LEYHO

gsafed £z Jo g1 oFed

ssannhoREOeRcasnOEDEBOOEOREESOOEDRONEREERGREDOBOERORBEOTERRES OO0 RRERDAEERRREORREOERE

vtoz g102 110z 0102 6002 8002 Lovg 9002 2002 L F
GLZT91 €L0T91 228091 129091 O %097 A92091 690091 89865t 199651 Lo¥ASI 0%649

20uz 1002 0002 H66T L&l 9661 Se6l ve6l 2661 1661

192651 (90651 L988S] L998ST 9%8GT 192851 @90RST @9ulsST 699451 Opv.s1 i*qp9

Ossl 6861 wasl i8sl ce6l. 861 Ednl 2aal 186l sLel

142461 2.0461 €1895Y %19981 o91w95l 22951 640981 1IgeSST E£g9Scl cpvssol 0*169

8L6T Ligt 9161 sLal w161 Zlel (P1-Y Oinl 6961 g95l

tg2ssl sg0csl Taaysl 969961 96v9sl 662951 201451 sSO0sEST s0LEST  T1T1SESIH V*959

L961 S961 vos6l E96( 296l Igsl 0951 1T Lsel 9661

vleesl Allesl (2e2el g2r2sl 625261 2eg2sl o£l2el 04616t GoLigl 64s5isl U*s69

I r Ty T rxrr:>Yyrrrrrrrrrrxxxxaxzxzrxxxx:z:x:xr:x-x X TR YYR-RR-RERRRRE-RENRRRRRRORE-RRRERR-R-B-R R-E- K-
gs61 ¥561 £Esel 1661 vsel 6v61 gvs61 Lysl 961 1T

*SETS1 RSIIST €96061 B89L061 215061 LLEOST EBTOST 8866%1 E6L6%1 646560 0*%89

vy61 2e61 €T 0%61 sE6L gEsl LERT 9€61 sEsl vE6T

vOvgel 0126%T7T 9106%T 22841 629891 vEBYL  0oZdpel 9+%08%T E6BLYT LogLel 0*E69

2EaT €6l 0E6T 6261 g2al Leal 9261 szel £2al 226l

99% /%1 ELJ2L%1 0R0L%T LER9YT 949941 10g9%1 oUE9YI 9119%T +#28Se1 2ZELSYI 0*249

1261 0261 6161 glaT L1661 9161 vist El61 Zisl 1161

6ESGR [  JYESYT GGIGeT 496941 2L2%%1 Ugsevl EHEWYT [aleel 500491 SIHEYI 0*169

0lal e061 2061 Losl 9061 2051 E061 206l 1061 006l

%2991l EE®Eel 2Z42€+%1 1G0egel 1Toe2el 0L92%1 O0RA42%1 UeZ2¥T 660241 s061%I1 0*0DK9

(22T T R AR RR RS ERYYR-RY-FRNEYSN.Y-T-X.F-2.F-R-2-2-F- AR Y YL EEESEY.EYSY S E-REYEE R E-R-FE-E-FR-E-E R-R-EE RN NN K
G g Le - e b E= ce I= Ns 1334

viyv L EM ] vIuv vy P VY vany U ¥y w3V A3Y

dv2 dvd dva dva dvd dvd dv2 dvd dvd Av2

FIHVL ALIOVAYD ONY VIMY = VINHUSITIVI*M3AIE MY IMWN *MIOA0dSHM SNINIWHIAL

996T =ung



€1 LMYHD
sofed £2 Jo 6T °8ug

SRS ERSEAANGC RN LENEOOORNNORELDOEGOFDRREORAONOOROEHOODOEOEGRPODDOBBDOORORDDOORDE2DD0OOD

512 LETZ 9gle yElZ Egle el uelz 6212 L2z gz1e

666181 o98.L181 21618l BSE(H! Go#llul 2Es0HT wlL08] 905081 E£s20n1 Le008] De*g0y

szl2 g212 A T4 21z 6l12 HilZ2 91tz sliz g1tz ziie

g9asll cS98LT1 Eevell TEZRLT A&T08L1 10geLl 969841 9REBLT ELTIELT lgsiltl 0*g0yL
1112 6012 g012 012 Qo012 w12 22z fotiz 6602 vkKl2

0SLLLT GESLLY ©2ELLYT BTTLLY 208911 1699L1 9§Y9L1 9129L1 9909.1 9ceSLl 04,04

L1602 5602 Y502 2602 Tal2 0s02 gEUZ Lgo2 gel2 yR02

Lyog il LEYSLT 822641 8I0GLT s0R%LL 0094.1 16E4LT 2aTeLT HLEELL GS9LELT O*q0}

1411 1802 ogoe BlLOZ Live gLDZ wiLoZ2 ELO2 1L0¢2 npo2

LSSELT G9EELT T41€LT EESZLT S2L2L4T1 L162LT VIEZLY EO0T2L1 S68ILT @e9lll 0 soyL
assocooBRRNGOEDIRBERERERsaDDORAROROOCERRECRERRRRRDDONROaRORODEBEBERDOPHDORBERONOGDBEBEBDEER

6902 gooz L902 9902 %902 ESD2 cole TgL2 L-Ti ggle

I8eTLT SL2TLT 890TLT T980L1 &S90LT gve0LT 2420LT SEUOLI O£8631 #29691  0O*%04
gs0z 1502 9502 csue Egud 2502 1s0z Oste 6402 g402

Il+691 212891 100891 108891 955891 1s€891 GSgle9l 0gaLl91 SLLL91 DysL91 O*EDL

1902 9902 c¥02 Y02 2y %02 Dyl2 6£02 HEDZ Lgo2

99£291 191,91 156991 25,991 g¥S99l +evessl  O¥1991 9E6S9I1 2E.5%1 m25591 0*20y
9€02 ggn2 vE02 EED2 1g02 ogoe 8202 8202 1202 g20e

*2e60T 121691 L16%91 #1.%91 115%81 @OEY9T SOT491 206E91 669E91 [6%EGL 0*10L
5202 w2le 202 2202 nzoz alog AL Lio02 9102 s10¢

v62691 26091 #88291 LB9291 Ggv29l £82291 180291 648191 wL9191 wyieiol 0*00L
e SBOERORROODEODMDOCODORNROGBEORORARDOREREGOEDORROBBRDNDADRBOORBDOBR0RRREDECROOEdaDRDOBRD
6 Be L 9. ge b E* 2+ i* 0 1334
vayv VInv Y3uv LEM LEFL VIuv Vauv Vauv LE L LEFL A3n3
dv2 dv) dv2 dv? dvo dyd dv) dv) dva dvd

F78VL ALIOVLYD ONV Y3IHV -

996T sung

VINHOATIVI*HAALIY HYTIMYN *HIOAHISIH SNNIWH3L



El 1HWHD
gafed E2 JO Oz =abed

LR DL CREREREGDHRAD LTSRN TR ETHREGCORROCONENORSROLCRDOORAERERELORTRERRAPRORERREOORAGROE

ggg2 g2 tg22 gL22 L1222 122 vL22 2,22 1422 5922
660402 TLBE0Z €49cv2 Sleclz L8102 09202 2£L202 S05202 gL2202 1gl202  0U*gll

R92e 9922 ce2é E922 292e 1922 652e gg2e gg2e ggZed
¥28102 L6GTI02 OLgllzZ ++1102 816002 269002 994002 042002 »10002 eBLEAT o*glL

€522 2gz2 0gzz 6v2ec 1422 9922 w922 Ey2e 2922 Uede
£9566T BFEG6T ET1ssl eeprel E99861 REvEsl 12861 Uselel S9LL6T Iesisl 0 L1L

6e2d Le22 9gee yede £Eg2d lgee 0gee gede L2ee geee
LIELBT +60L6T 018961 99961 €2v961 002961 LL6S6T #5LG561 TESS6T 60ESE! 0*9lL

y2ae g2ee 1222 022z giee Lizz sl viz2 2122 1rze
980561 499%61 299461 61vv61 BeIvel 9LleEel ¥SLEAT EESE6T [TEEsl O06UEST 0*glyL

..I‘tttli‘l‘#t#*t#*'*.#il.'#"#ﬁ.'#ﬂﬂﬂ!ﬂ#i#tttt######tt######*##lt*#tt‘tt#ﬁ#*###t####ﬁ#
012z 8022 Loz2 g0z22 y022 2022 1022 Oozz 612 Lele
498261 8v9261 829261 L022Z6T Le6lel 99L161 945161 S2eT6T 90UIs1l 9g8lel D*41L

sele vel2 2612 1612 Osle gelz Lelz2 sgle yalz gl
L9906T1 Lyv0s81 82206T1 600061 OsLe8T 1Lg68B1 2SERBT +ET6BT STeBEI  Ls9881 U*ETL

1812 0giz aL12 LLtz cLiZ vL12 gL1z i1z uLtz? gole
elvagl 192g8l Ev0sel 628181 L09.91 Oselsl ELlLel <Sce98l weElSel 125981 0*21L

L9iz 5912 ¥912 E9lz Igl2 9tz gsle Lsiz 9512 wgl2
s0cggl ge098l 2Ll868T 559681 eevsal €22s81 L0068 Tgleel 9LSv8l UgEyel 0°*114

€si2 Igiz 0glie Byl2 Lyl 912 yel2 E¢l2 Iyl oyle
s#1481 OEeeERl GULEST O00GEBT GSBZERT O0L0e8T 9sH281 29281 L2e281 E12281 u*otL

PR H BN BROB GO R AR RGO GRRHOREAENBRDLERDEDERTRORRARNBDO N BERARRERORRRRRREERERERRTREDORCORD

6 B Le 9a G+ Y € 2e s 0s 1334
VIuv LET®) vigv vanY vVAMY vYIuv LT YNV vIyv vayY ERE]
dv2d dva dvd dv) dvad dva dvd dvd dvd dv2

JIEVL ALIOVAVYD ANY VIAMY = VINMNUAITVI*HIATIYH WHYIMYN *HIOAMISIH SONIWMHA)

06T aunp



€1 LHYHD
safed £z jo T2 adeg
S48 00R BN EORSEORORGDNO0OIR0CRGCBOBOOBORRRBUDOONEEOB0DOBACOROGRBONBBbOBASDEOBODDOEBOLDDERE
1292 6ly2 gy 9lve glve vis2 glye 11y2 Ulse rOs2
vl9 22 2lc122 UETL22 689922 [v9922 904922 491927 £26622 2Zgosede lewsee D*s2L

LO%2 G042 y042 gE0s2 10%2 0092 86k e LeEZ J6€2 "pEE
[02g22 096%22 02.%22 6Lve22 6ECHEZ 6HBESE 665LES? 61ced? VglEZe Ue0g22 heg2y

E6E2 26€2 ODsgl 6BE2 LBE2 98Ee SHEZ ERES 4 [ ugee
108222 296222 E€2ce22 80222 coml22 9O0g9lede e9e122 w21127 leebl22Zz gc9l22 0*421

&LES gLES 9LEZ SLE2 vLEZ 2lEe 112 69€¢2 R9ES 192
sly022 LL1022 e6c66l2 201612 +94s12 [L22612 0Oseslz EsLBlz 9lsele sreulz  0°g924

S9ed $9E2 E9ES log2 0gee asge lse2 9gE2 $GE2 £EgEd
evopl2 908L12 OL6LIZ2 9EELIZ 860LIZ 298912 929912 0sE9lz SS19l2 6leSle 0'c2yL

S8s3SoBRREREBRREDODEROEBDOARERDERORRBBDUNGDROGORNOBEOBRBBLACOT DO REBRRRBRDERBRENEDOODOBE
ésEe 0ge2 64€2 LyeE2 9vEe SYE2 EvE2 29E2 Tyg2 AFEZ
989612 &¥esi2 o12612 6L6vI2 Gelvl2 O0lgvlZ ou2el2 1e0el2 L0BELZ f£UGELZ 0* w2

BEEZ 9EEZ SEEZ YEEZ 2EEe Tege 62E2 i LZEZ GZEE
GEEET2 oQO0Tetlz 218212 69212 604212 2L1212 6GEHKTIZ 90LT1Z wiell2 1s2ll2 0*g2l

v2ed £2E2 12g2 t2e2 glee Lig2 91EZ vlge clee [Tee
600112 9LL012 +#9sS012 216012 080012 ave602 L19602 SeEsV2 vsi602 g26802 0*221

01g2 602 LOg2 90g2 G002 EQg2 20g2 Doe2 6622 f&e2e
269802 199802 O0€2002 666L02 694402 AESLUZ BUELDZ2 AL0L02 G¥A902 e19902 u*r2L

622 G622 ¥622 2ece lece 622 gule ip2e se2e yacd
B8E902 6S1902 626502 00,502 1LeS02 2e2502 Elos02 +veLv02 9G6Gv02 L2Ew0E 02l

S90S HCHENCOAROROR RO ESSBGDAGOROBORASDDEORDRODRDOBGEGOSO0BOODNERBRRERBBBOODOROGOOOOODD

6 Be L e G Ve £ ar | e 1334
CET\ L vIuv LM Vayv E™ CE CEI"\ EN LT A313
dva dvd dvd dvad dvad dvd dvd dva dvd dvd

378VL ALIDVAYD ONV v3HY = VINHOJITIVI*HIALY 4YIMYN "HIOAHISIH SANIWHIL

9961 =ump



€1 LHYHD

gafed €z Jo 2z @¥ed
eSO RORTOROBROTSDDODOEPEERRGIADOLONADDEEROODORODROEDDDOOBRBCGO000RdEDOCOURDOOBREDODS

6562 L5852 95562 552 £66¢ 2662 vgy2 6452 Ayse 4452

N1s2s2 52262 o666leZ EvL162 gevlc2 22182 (LLelgZ 2210s2 +w9elgZ2 glllc2 U*prL
562 Evse 2952 1y LESE HEGE 9E5E SESE vEge 2FSe

BSasv2 0 pe2 Ugesv? 9alayd 29aBhd HH9BYE wEvgw2d 0gleed L26L4%2 9L19L%2 0*gEL
1e62 DESE gése Lese g2ae 925l E2G2 12c2 02g2 wlsd

029,92 191,92 sleo%Z2 299942 a0v992 51992 06542 2gasy2 00nge2 unlgee 0*JE}
Lisz gls2 ¥1s2 Elsz 21s2 ulg2 BUGEZ Lns2 9062 GNGe

968992 G494 eZ EREvYZ Zvlee2 1aHENZ OegEwZ2 HREEYZ SEIEWZ Leadsd LE9ZH2 0*9EL
£E0g2 2052 1052 66%2 8642 9642 s692 Y6542 2eve 164

9aE242 oElZvZ 9881Iv2 9E9I42 9BET9Z 9clle2 LEBO®2 LE9D42 d8E0w2 aflusd 0*cgEL
SSRGS DCRSOBCRODOROSOORO BRGSO OEBROCESRDORDABPERGRBEREBOROREDEABRARORDODORORODARRDURRGDNREN
0642 geve LAve Sev2 Y8ve £qee lgv2 Oge2 6L%2 Live

0686E2 1v96E2 26E6EZ w¥I(BKE2 GCaHREZ Ly98EZ2 66EREZ UglpeEZ ECBLEZ cG9LEZ 0*%EL
CYR I yiLv2 ELv2 eLve Opve 69¢2 1992 99%2 594 -1 1

100 62 091, 62 216962 G999€2 @Ie9E2 TL19€2 #26GEZ LL9GEZ [Eesee wplcEl 0*FEL
2942 Tg42 6642 #6542 95%e SGH2 $542 2542 g2 Ogyd

HEGYESZ 2604%E2 94voE2 00249E2 GGHEEZ 6OLEEZ ES9EE2 QIZEEZ ELRZES w2L2E2 0*2eL
gveZ L¥ve 11 yovd Evbe o2 Uee?2 6EVE LEwZ 9E v

EB%Z2E2 RE22E2 wh6(EZ bHyL1E?Z gO0gle2 192Te2 LIviEZ €EgLL0e2 626082 cpelee 0*1IFEL
YE®2S EESE 2E¥E lgvwe T4 T4 g2ve 9242 LT £2e2 22%¢c

Z%00E2 @6.822 Gc5shed 21e622 690622 a2pBdd +vhseEE? lefgd?d 660822 9odldd O*UEL

fssvoooosetssssssondoceepOENONEBDBERDROGRGERAGANEDOROTEARODRDONBOEDOGEDERREERRORORRERARRDRED
e fe La Qa G e Es= =L I+ = 1334
vayv viyv YIuyv ViLv v3InY VIyv VT EE vauY CETL A3T3
dv) dvd dvd dvd dvd dvd dva dvd dvd dav2

J78VL ALIDVAVYD NV V3IHY -

9961 Stmp

TINHUATIVI*HIATA YYIMYY

"HIOAMIS AN SNImMATL



€1 LHVYHD
gabed g2 Jo £z 99zg

*3eej-alde aJy e8973Towdwy !salow U aIw gwaly ‘¢

*1837 0°06L UOT3EAaTa wwp jo dog ‘"4

*388] 0°469 uoljuAsTa Tood ssoiph g

383] Q'0LS uoTiwARTa 3R 393J-310W 000‘g aPwaogs aAapgowul ‘2

"EN3SP "§'D°S°(l 94V UIATE SUOTIRAATE "389] ¢ TEAJAJUT INOjuOd

‘000°0T*T 2Te2s ‘On=ET-2=IN Puw 6E-CT-2-I edwa *('F°g'N GHET ‘3375 ITOAISSaY snUTEIa]

‘Aydesdodo] faalng TUFI2y PTTUSITEd WOXJ WWp 0O Paseq s§ 11  “SGAT 4990300 pagwp ‘atqes
fgrowdeo=-waaw ayy Jo ‘yegndwos SfuoxjosTe £q vorjejndwosax w sT aTqwy Ljroudwo-wexw sTul "1 isajoy

D R e e R e B e L s
g292 9g9e T4 292 2292 292 6192 fal92 L192 s19e

GL¥592 €E12692 0ch¥92 889492 924992 E91+492 1TUsE9Z 049€92 BLEE9Z 9llE92 N*ehy

yioz 2192 1182 ¢lsz 8092 L092 s092 y092 g0g2 [09e
§S8292 E65292 <2Ee292 1.0292 01glg2 06gls2 eB2192 620192 89L0%2 p0sS092 0rEYL

009z 6652 L6S2 9662 ¥6S2 £652 2652 052 6862 gRse
892092 8086652 R2ZL6SZ 699652 602652 054852 069862 (Ev8ESZ 241862 E16L62 0*2%L

9862 g8s2 Ease égse 1852 6LS2 8152 L1se 5152 v]Se
569152 96€ELS2 REILSZ 0UBR9SZ 129952 E9E9s2 4901952 ByESG2 UESSSZ EEESSE 0*1eL

eLse 1Ls2 0ps2 8952 L95€ 9952 v95e E9ce (952 ugs2
SL0552 @8Igys2 196952 +v0EwsZ2 B90va2 16LESEZ SESESZ 8l2ESZ 220ESZ 991257 0*0wL

s4ppssssetoastioadoscocoenoabo oo RBOOROCEDRENCaRREDEROOEDRDEDSDOERGCOROCOODEBOODOOET

G - Le g Ge e E= 2 Qe ne 1334
LEI") 1HE1 LENL LETL Vauv Vauv e LT LEM Lk Y1 A3T3
dvd d¥d d¥vd dvd dvd d¥d dvd dvl dvd dvd

J78vL ALIDVAYD ONY VIHY = VYINMOATIVO*MIAIY HVIMYN “HTOAMISIH SNONIwWMIL

9961 Iunp



—

-

2z

27

38

To Woodioks

Sre v

TERMINUE
DAM

Beating
2 ) Premciing

BUXILIARY DAM

Ardao 4

Area B

LEGEND

Project boundory

Gross poot

Hormol recreationod poo!

tnactive peat

Exisling Slgte highway (o Numbered) oed Counly rocds
Existing roods

Exisling access roads

Proposed occkss regds to feciEQln grens
Recreglian arécs— devafoped
Recreohon artts~Future development
Arra rasecrved tur project opétalions
Adminisiralion

Lemon Hill
Xowaah

Horess Cresk Camupground

Elick Rack

Arag 6,7,8.%10~de nof hove nams daaignalions

Bagring
Picncking

Martna

Revised Sept. 197}

ey wnees

SHCCTIS
RESEAYOLR

BAMFSFITLO o

LOCALITY WAP

TOALE M MUCH

Fleriching

Smmm_;ag
Fiching
Swunming 5
Flehing
—H—
Siete ghwoy rigat-
of -woy soyement 3
e Growp Atlimtue
JCRLE IX FEET
LI © 1600 000 3000
Feemean == i BB
cnmpiqu — X
s (@ TERMINUS PROJECT
N — Kaweah River, California
%
E ,_, \ | RECREATION FACILITIES

U. 8. Army Engineer District  Sacromento, Colilorma

ARG March 1962

File: KT-2~-20-~244

CHART

14



TERMINUS PROJECT
Eaveah Hiver, California

FORMAL ANTICIPATED IRRIGATION AND SPEEADING DEMANDS

Thousand acre-fest Dotober 1957
Month Irrigation Spreading To tal
(1) (2)  (3) Total i Irrig and Spread,
Ostober 1.4 0 2.6 54.0 42.6 76.6
November | 18,0 13,2 0,2 31.4 42,6 74.0
December 0 16,2¢ 0 16,2 42,6 58.8
Jamary 0 16,2% 0 16,2 42,6 56,8
February | 16,0 13,2 0.2 29.4 42,6 72.0
March 43.6 0 1.1 44.7 42,6 687.3
April 99.8 0 5.4 105.2 42.6 147.8
May 68.2 0 2.8 T1.0 42,6 113.6
Juns 96.2 0 5.6 101.8 42,6 144.4
July 121.5 0 9.1 130,6 42,6 173.2
August 113.8 0 9.6 123.4 42.6 166,0
September | 70.4 0 6.0 T6.4 42,6 119.0
(1) General orop irrigation demand
(2) Cotton erop irrigation demand
(3) Corcormn irrigation district demand
*  Irrigation demands inoressed by 22,5% for canal losaes
#* Average values for Long Gurations.
Plle: KT-2-26-187
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Peak flow in thousaond c.fs. at Terminus outflow station
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TERMINUS PROJECT, Kaweah River, California

FORECAST VERIFICATION DATA

KAWEAH RIVFR NEAR THREE RIVERS#*

RATURAL AFRIL - JULY FLOWS

(Values in thousand ac-ft) Sept 1971
[Rec T February 1 March T April 1 May
Year | Flow orecast Error | Forecast Error | Forecast Error | Forecast Error
LE
3k
35
36| 345 335 -10
37| Lsh 394 -60 394 -60
3B| s62 oo -162 400 -162
39| 159 130 -29 120 -39
1940 | 323 250 -73 250 =73
b1| bhs Loo -ks Lo -5
k2| 362 315 -k7 350 -12
43( 388 20  -68 | 320 -68
L| 235 270 35 270 35
k5| 381 360 o1 30 -k)
W6 | 224 270 L6 2L0 16
47| 148 150 2 145 -3
LB| 226 120 -106 210 -16
k9| 181 210 29 170 =11
1950| 222 195 -27 200 -22
51| 172 65  -107 90 -B2
52| 588 600 12 600 12
53| 213 300 87 | 200 -13 140 =73 170 -L3
54| 231 200 =31 220 -11 250 19 230 -1
55| 194 | 280 B6 | 260 66 170 -2k 180 -14
56| 336 | Loo 6k | 350 1k 280 -56 300 -36
57| 232 |200 -32 | 190 -42 160 -T2 170 -62
58| s02 265 -237 | 290 -212 S00 -2 Lg0 =12
59| 88 155 67 | 195 107 105 17 75 -13
1960 129 125 -4 | 175 ks 125 -k 125 -L
61| T7 165 88 | 8o 3 70 -7 55 -22
62| 298 195 -103 | 310 12 ks L7 300 2
63| 325 150 -175 | 125 -200 155 =170 235 -90
64| 163 |200 37 | 130 =33 145 -1B 140 -23
65| 31k 350 3% | 280 - 34 250 -64 300 -1k
66| 1kg 250 101 | 215 66 150 1 110 -39
67| 610 |705 95 | 665 55 775 165 610 0
68| 131 |[200 69 | 155 24 140 9 110 -21
69| 799 |[550 -24kg | 700 -99 800 3 Boo 1
1970 | 203 220 1: 180 -23 170 -33 | 150 -53
71| 196 270 7% | 220 = 190 -6 170 =26
Average -1 -13 =23 -29
Extreme -249 -212 =170 -162

{1} All forecasts prepared and published by State of Californis.

2) Year to year sccuracy of forecasts cannot be compared because later
forecasts are based on greatly increased data coverages with increasing

length of record, as well as development of improved techniques and forecast

criterin,
#Beginning 1962-Natural inflow to Terminus Reservolr
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Parcent of April— July Runoff
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7E | ¢ SAMPLE REPRCDUCTION /
O ;
0 12 24 38 48 60 72 X :
Hours Recorded
Fig. B SAMPLE COMPUTATION 80
(1) a i
Mean Precipitation {inches) Unit Runoff {thousand cfs) ot 40 L { .
Hydro. i ) © 7 T
Rein {#) Loss Xxcess Strip From Base (2} Total b | :
&-hr 6-hr  6-hr Rain  Flow 3 i
% 4o Tt
Dec 14 - 6 1.90 1.50 0 3.6 o 0.2 0.2 § i S Samputed
12 3.00 2.00(3) 1.00 5.6 2k 0.4 2.8 e 20 | \/ |
18 3.87 (5) 2.00 1.87 8.4 23.b 0.6 2h.0 = ——77 <
2k L_6o 2.00 2,60 15.3 57.1 0.8 57.9 x A \ ~heo
Dec 15 - & 2.15 2.00 .15 19.0 86.8 1.0 7.8 e 54‘ | e SN
12 1.85 1.85 0 2.4 24,2 1.2 25k 0k - s , . . . ,
{1} As unit hydrograph strip is lowered, computed surface runoff for each Dacenver 1966
position of the unit hydrograph stirip is equal to the sum of the products of
6-hour excess and unit hydrograph velues. This computed runoff corresponds
to the time period on the same line as the bottom of the unit hydrograph strip. 0 T
luss
(2} For forecasting purposes base flow values are arrived at by taking the 2 ] — |
inflow at the beginning of the storm and adding 200 cfs to each b~hour period B 1 5
after man excess has been computed. 2 L
(3) Maximum loss for each 5-hour period is assumed to be 2 inches although iz
maximum losses will range from 1.5 to 2.5 inches. g £
” g Z
(&) Mean precipitation can be either forecast or computed ss described below. E 3 94 !
-
{5) The basin averesge precipitation is computed by multiplying the sum of the 5 ﬁ
6-hour precipitation from available reporting stations and the total basin @ b4 7-"
normel annual precipitation, then dividing by the sum of the normal ennual £y /‘
precipitation for all reporting stations used. %
5 7/_’_' Excess
Station NAP €-1r Precip ]
{inches} {inches} Fig. D
160 -
Atwell 39.6 3,51 SAMPLE REPRCDUCTION
Bear Trap k5.9 hobT .
Meadow w8y
Giant Forest 43,0 L, oo hs. b
* . Recorded~ /
Hockett Meadow 40.9 3,82 3 /Al / Comput‘ed
Terminus Dam 1k.0 2.40 T 6D }' lk\ |
total B3 % 18,70 = } \\
P \
I
Kewesh Basin 39.0 inches 5 kO \\
] N
Basin Mean Precip. = {Basin NAP) [ E station Pz-ecip) i / \\ ‘
{(Z=tation NAP) 2 g,\\
- ; \""‘"-.‘\‘_:-4‘1-_.____\-
=(39.0) {18.2) = 3.87 inches e Sy e
1834 0 Lo P ==
1 t 6 ] T B
December 1955
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in storage at the beginning of the flooa.

Standard Project Flood Routing Mo. | is based on wet ground consitiens and 8,000 acre-feet of water
Standard Project Floog Routing Ho. 2 is based on wel ground

conditions and 15,000 acre-fect of water n storage at ihe beginning of the ficcd with initial releases,
insofar as possible, egual to toial capacity of Falet channels to the spreeding basins {reduced by 20

percent for pperating comtingencies),

2. December 1968 Flocd Rout.ng No. | is based on wet ground congitions and $6,000 acre-feet of waler

in storage when precipitation index criteria for evacuation of the conditional storage water are
excesded. Initial releases, up to the total capacity of Inlet channels 1o the spreaging basins

(reduced by 20 percent for operiting contingencies} are made as necessary to transfer the sonditional

storage water tp downstream spreading areas in accordance wiln opservad precipitat ton criteria.
Decenber 1956 Flooe Routing llo. 2 is simifar to Rovting Mo, | except routing begins 5 days later
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3, Standard Project Flood Routing No. 2 and December 966 Flood Routing Ho. 2 presuppose an
assumed physical inability o evacuate the conditional space as required by precipitation
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4, Standard Project Flood Routings are based on operation as shown on the fiood control diagram,
Ghart Auif and Pnctude reduction of outflow as necessery io eccommodate lacal accrefions between

Terminus Daw and McKays Point.
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ik 150 ' «"’o I. When storage is in the range of Canservalion Space, Schedule ! releases sball ge 7. Storage af waler in the conditional winter storage range {s based on availanility
d ¥ I 1 } made. ' of alternative storage capacity in downstream spreading areas and on the capability
: : 1 ’ H H to immediately transfor an amount of water at Teast equivatent to that stored within
180 — e e Y - e e + H_T_.v__f___ 2. ‘When storage is ia the range of Supplementary Reservation, Schedule |1 releascs the conditional winter storage rangs to the spreading areas whenever necessary o
. i . ' ! shal | be made. restore required flood corntrol space al Terminus Reservoir., If prior to | April it
- L._ : is delermined by the gperating agency that the available storage capacity in spread-
— . 130 e ST s — [ i B 3. Wnen storage i5 in the range of Primary Reservation, Scredule i) releases ing areas s less than the quantity of waler stored inte the conditional winter
) shall be mace. storage range, or that channel capacities are insufficient to permit transfer at
2o L. A w_._._._.,"_._i.._ o] b o rates corresponding to an initial rate of at least 5,900 acre-feet of water per
" I Y. Tne division of space in the condilional winter slorage rangs between | November day from Terminus Reservoir to the available downstream spreading areas, the
R — [ PRIMARY RESERVATION - and | April is based on watershed ground wetness as measurgd by the 30-day precip- conditional winter storage will be reduced a corresponding amount by immediately
- I T} T . ' o o [ @ itation index compuled on the basis of a basin mean normal annual grecipitation o° initiating Schedule il releases.
5 i & 3% inrches. At anyiime during the Hovember-April period. when the accumulated basin
» ! “', mean precipitation for the preceding 30 days exceeds %.5 inches, water stored in 8. After | April, the supplementary space reguired within the conditional
g 1GO}— -t voe—m— - . S the reservoir abave the storage level indicated 5y the precipitation index {inter res@rvation range is tased on irrigation and spreading demands availasie for
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g 90 [~ m—— + — * E’ channe!s to the spreading areas. f¢nitial release shail carrespond to flows to the if it is defermined by the operating agency that actsal irrigatios and spreading
9 i ] i g snreadm-_; argas averaging 5,400 acre-feei per day, and shall he redyced only 28 demands will be agpreciab!y different from the rormal anticipated valwes for the
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= T \ £ thelcanacity of the infet channels decreases because of Tilling of the spreading shall be adjusted as follows:
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2 e . . g 5. After | Aoril, the division of space in the conditional reservaticn range is and 30 June for spreading and irrigation is less {or
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APPENDIX A
STANDING OPERATING INSTRUCTIONS

1. OPEFATING REQUIREMENTS

Oparation of Termims Dam (lake Kawesh) is accomplished by Corps of Engi-
neers personnel under supervision of the Operations Branch, Construction-
Operations Division of the Sscramento District Office, with instructioms
on sll mtters covering flood control operation received directly fram the
Reservoir Reagulation Section of the Engineering Division, The reservoir

operator is responsibls for:

a8. Accamplishing the physical operation of the reservoir in accord-
mnce with instructions contained in this manual or issued by the Reser-
voir Regulation Section. During storms, this will often require 24-hour
attendance at the dam.

b. Caleulating and maintaining & continuous provisional record of
inflown, outflows, storsge, preproject flows, weather data, and other data
specifisd by the Reservolr Regulation Section, This information should be
recorded on forms {llustrated on Charts A-1, A-2, A-3, A-4, A5, A-6, A-7
and A-8; and transmitted to the Reservolir Regulation Section at the end of
each month,

&. Reporting by radio (cr telaphons) to the Reservoir Regulation Sec-
tion data as outlined in paragraphs 2 and 3, and other data that may be
requested from time to time,

d, Obtaining necessary informatiomn on scheduled downstream irrigation
and spresding activities and kesping local interests contimiously advised
of the operation of the reservoir.

a. BReporting to the Reservoir Regulation Bection any unusual condi-
tion in the reservoir or along the downstream charmel which might inter-
fere with the plannsd operation of the reservoir.

f. Maintaining all trash racka clear of trash in order that the out-
let gates can be cperated systematically and effectively.

&+ Maintaining a log of gate operation as illustrated on Chart A-7,
containing (a) change in poaition of gates, (b) date and time, (¢) reser-
voir water level, and (d) the initials of the individual mccomplishing
the changs,

h. Meking and recording weekly checks on reservoir and outflov gage
readings to assure proper operation of all recording equipment,



i. Obtaining samples for water quality and sedimentation analysis as
required,

J. Immediately after the end of each month, transmitting to the Res-
ervoir Regulation Section data specified in paragraph 2,

k. Making smergency operation changes when contact with the Distriet
Office is broken and & clearly defined change occurs that warrants {mmedi_
ate action.

1. Maintaining s recard of instructions received from the Reservoir
Regulation Section, and requasts received through the watermaster and from
other irrigation interests.

2., OPERATING REPORTS
A, The reservoir operator shall report by radio telephone to the

o
Reservolr Regulation Section sach work day between 7:30 a.m. and 9:00 a.m.,
data as follows:

(1) Reservoir stage and storage as of midnight,
(2) Reservoir storage increment (ending at midnight).
(3) Pan evaporstion.
(4) Iake evaporation
(S) Msan daily flows (ending at midnight) of:
(a) Kaweah River below Terminus Dam.
(b) Foothill Ditch Diversion,
(e) Lemon Cove Ditch Diversion.
(d) Hawkeye Ditch Diversion.
(e) Total outflow.
(f) Total inflow,
(6) Preproject flow.

(7) Maximm temperature at the dam (during snowmelt runoff period,
1 April thru 31 July each year),



(8) Precipitation st the dam as meesured and seasonal total to date.

(9) Inches (total and change) of precipitation, or snow, and temperature
at 7:00 a.m., reparted by radio reporting hydrologic gages.

When conditions do not warrant weekend or holiday reports, complete re-
ports for each day shall be made on the first day following the nonreport-
ing period, More frequent reports of the above infcrmation and reports of
other Haveah River data will be made in the sams manner when requested by
the Reservolr Regulation Section. Forms shown on Charts A-1, A-2, A-3,
A-4 should be used to compute the abova information.

b. Immediately after the end of each month, the reservoir cperator
shall dispatch to the Reservolr Regulation Section the charts for that
month from the following instrumenta:

(1) Recording precipitation mags.
(2) Recording hygro-thermograph.
(3) Remcte recarding gages,

3. SPECIAL WRATHER AND FLOOD REPORTS

During the rainflood =season 1 October to 1 May the reservoir operator shall
call the Reservoir Regulation Section immedistely whenever ane of the
following occurs:

2. One inch or more of rainfall occurs at the project during any 6-
hour period or 1.5 inches of rainfall during any 24-hour pericd.

b. An incremse in flow of 1,000 c.f.s. or more at the Kaweah River
inflov gaging station during any 8-hour period., Rating curves for Kawveah
River at Three Rivers and Scuth Fork Kaweah River at Three Rivers are shown
on Chart A-9,

Any special report bessd on one of the foregoing criteria should include
the latest available data concerning the other, On non-working days or

at night, these special reports should be telephoned directly to the Chief
of the Reservoir Regulation Section or his designated alternate,

4. COMPUTATION OF HYDROLOGIC DATA

8. The required hydrologic data to be reported, as specified in para-
graph 2 above, for use in cperation of Lake Kaweah and for official record
purposes may be cbtained or computed ss follows:

A3



(1) Reservoir stage is cbtained from the recording poocl gage at the
dam and storage is cbtained from the Lake Haweah capacity table,

(2) Reservoir storage increment is the algebraic difference between
the previous day's recorded midnight storage and the most recent midnight
storsge.

(3) Pan evapormtion is obtained from the class A evaparation land
pan located at Terminus Danm,

(¢) Iake evaporation in inches i{s equal to the pan evaporation in

inches miltiplied by the awaporation coefficient showm on Chart A-10,
For this computation, pan evaporation as measured at 7:00 a.m, is used to

compute lake evaporation for the previous day.
(a) Gross Evaporstion
pun evaporation (inches) x gross evaporstion coefficignt
12

x average lakes area (acres) = acre-fest
(Round to nearest acre-foot for next computation)

acre-fest x 0.50417% = 5. 7. 4. = mean &.f.5. for 24.-hours

(b) Het Evaporation
pan eveporation (inches) x net evaporation coefficient

12

x average lake area (acrea) = acre-feet
(Round to nearest acre-foot for next computationm)

acre-feet x 0.50417* = a5, f.4.

*Coefficient shown is for 24-hour day. For 23-hour day (last Sunday of
April each year) use 0.52609. For 25-hour day (last Sunday of October
each year) use 0,48400.

(e) Ilake ares used when computing evaporstion will be the &

areq for the day; obtained by aversging the midnight areas at the beginning
and ending of the period being computed.

(5) Procedures used to compute mean daily flows are detailed in sub-
paragraph 4.b. below, Infarmation required in sub-parsgraph 2.a.(5)
should be ocbtained as follows:



(a) Kaweah River below Terminus Dam from gage reading.
(v) Foothill Diteh Diversion from gage reading.

(¢) Lemon Cove Ditch Diversion from gage reading.

(d) Hawkeys Ditch Diversion from gage reading,

(e) The total cutflow is the sum of the outflow through the river
outlets, diversions, and over the spillway, and consists of the flows
measured at the main cutflow gage below the dam and the releases to Foothill,
Lemon Cove and Hawkeys Ditch Diversions as measured at the gage on each of
the diversions canals, Valuss for cutflov are determined by using computa-
tion methods in mccordance with U, S. Geological Survey standards. (If
streamflov is less than 10 c.f.s., compute to the nearest 0.1 c.f.s. and if
the stresmflov 1s more than 1D ¢.f.s,, compute to the nearest c.f.s.) Cur-
rent rating curves for the stresmflov gaging stations are shown on Chart A9,

(f) Computed mean inflow to the lake will be taken as the alge-

traic sum of the memn total outflow, change in lake storsge, and gross eva—
poration from the lake water surface and vill represent mean inflow to the

lakes from all sources including rainfall on the lake surface.

Mean daily outflow (c.f.s.) %
change in lake storage (s.f.d.) +
grosa ewmporsation (s.f.d.) =
mean inflow (c.f.s.)

(6) Computed preproject flow at the lake will be the mean daily inflow
minus net evaporation., Net evaporation is dafined sbove.

(7) Temperature and precipitation at the dam is messured at the
veather station.

(8) When computed numbers contain more than the required mmber of
significant figures, thay shall be rounded to the nearest required unit.
If the portion to be eliminated is exmctly five (5), the number shall be
rounded to the nearest even mumber., Sample calculations are shown on
Charts A-3 and A_4,

b. Mean Daily Flow Cosputations.

(1) Check chart for errors in gege height and for time, Time is nor-
mlly corrected to the nearest 10 minutes, gage height to the nearest .01
Toot.
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(2) Tabulate correct gage height readings at odd hours, starting with
0100 hours. Pen correction, if any, should be noted.

(3) Enter current rating table, using shifts as applicable, determine
and list flow at each odd hour.

(4) Total the 12 flow resdings so cbtained and divide by 12. This is
the mean daily flow.

(5) Mean daily flow would be listed to nemrest 0.1 c.f.s. for flows
up to 10 e.f.s., and to the nearest c.f.s. for flows above 10 c.f.s8., Such
values will later be roundsd to 3 significant figures by the USGS prior to
publication.

(6) When calculating discharge for minus shift correction, enter rating
table at shift amount less than corrected helght, 1.e., if corrected gage
height is = 4,86 and shift is -,02 enter rating table at 4.84 to obtain dis-
charge. For (+) shift, enter rating table at shift amount above correct
gage helght.

(7) In order to obtain a desired flow under shift conditions use the
following procedures for (-) shifts,

Determine required gage haight from rating table for desired discharge.

(a) Add amount of (-) shift to gage height obtained from table,
This is the required gage height for desired discharge.

Example: Shift (-.03) desired discharge = 5,000 c.f.s.
Rating table shows gage height of 10.20 + = 5,000 c.f.s. Required gage
height for 5,000 e.f.s. 1s 10,20 + (.03) = 10,25,

(b) For (+) shift use same procedure except subtract amount of
shift for required gage height. T

Example: Shift = (+.06) desired discharge = 5,000 c.f.s.
Rating table shows gage height of 10,20 = 5,000 e.f.s. Required gage
height = 10,20 - (,06) = 10. 14.
(8) Sample calculations are shown on Chart A-3,
5. EMERGENCY FLOOD OPERATION
8. Flood control operations shall be made in sccordance with instruc-
tions from the Reservoir Regulation Section. During flood periods close

contact will be maintained between the project and District personnel on a
24-hour per dsy basis as required.
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b. If commmication is broken between the project and the District
during a flood emergency the following procedure should be initiated.

(1) Continue relesses in accordance with the last instructions received
fram the District Office.

(2) Make a continuous effort to re-establish contact with the District
Office by use of both radio and telephone facilities,

(3) If coommication cannot be re-sstablished the outlet works shall
bumtu!:lnmurdunﬂthu-rtl-u, and the requirements of Chart
A-12 shall be observed if the reservoir level reaches and exceeds eleva-
tion 694,0 feet,

A-7
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1- INTRODUCTION

1-01. Authorization. This Water Control Manual is for the Terminus Dam and Lake Kaweah
Project, located on the Kaweah River in California, and is Appendix III to the Tulare Lake Basin
Master Water Control Manual. It is prepared in accordance with instructions contained in:

EM 1110-1-1004 Engineering and Design — Geodetic and Control 1 June 2002
Surveying

ER 1110-2-240 Engineering and Design — Water Control 8 October 1982
Management

ER 1110-2-249 Management of Water Control Data Systems 31 August 1994

EM 1110-2-3600 Management of Water Control Systems 30 November 1987

ER 1110-2-8156 Preparation of Water Control Manuals 31 August 1995

ETL 1110-2-335 Development of Drought Contingency Plans 1 April 1993

(1944 Flood Control Act)

CESPD-R-1110-2-8  Guidance on the Preparation of Deviations from 12 September 2002
Approved Water Control Plans

All instructions pertain to requirements for reports on reservoir regulation.

1-02. Purpose and Scope. This manual contains descriptive information, a detailed plan for
water control management, and a Water Control Diagram for the Terminus Dam and Lake
Kaweah Project on the Kaweah River in California. It also assigns responsibilities for water
control operation of the project. A description of the overall Tulare Lake Basin plan for flood
control is given in the “Master Water Control Manual, Tulare Lake Basin, California.”

1-03. Related Manuals and Reports. This manual replaces the “Terminus Dam (Lake Kaweah)
Reservoir Regulation Manual” dated June 1962, revised November 1971. The Terminus Dam
and Lake Kaweah Water Control Manual is Appendix III to the Tulare Lake Basin Master Water
Control Manual. Other related manuals and reports are as follows:

Manuals Date
Master Water Control Manual Tulare Lake Basin, California Dec 1953
Appendix I  Pine Flat Lake Nov 1953 (Rev Sep 79)
Appendix II  Isabella Lake May 1953 (Rev Jan 78)
Appendix IV Success Lake Jun 1961 (Rev Jan 82)
Operation and Maintenance Manual Jan 1983
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Reports Date
Review of Spillway and Adequacy Nov 1978
Definitive Project Report Dec 1949
DM 1 Relocations 1 Jul 1956
Supplement #1 11 Mar 1959
DM 2 Real Estate 22 Oct 1956
Supplement #1 1 Jul 1957
DM 3 Dam and Appurtenances
W/App A,B,and C 20 Feb 1957
DM 4 Administrative and Utility Buildings 1 Mar 1957
DM 5 General Design 15 Dec 1957
DM 6 Reservoir Regulation 29 Oct 1957
DM 7 Reservoir Clearing 15 Feb 1959
DM 8 Initial Public-Use Facilities Apr 1961
DM 9 Master Plan Aug 1961
DMOIB-C1 Recreational Development at Areas 2, 3,4, 5,and 6  Dec 1964
DM 10 Operators’ Quarters 1 Dec 1962
Supplement #1 6 Feb 1963
Kaweah River Basin Investigation, Reconnaissance Report Jul 1987
Kaweah River Basin Hydrology Aug 1990
Kaweah River Basin Investigation Feasibility Study,
California — Final Feasibility Report Sep 1996
Kaweah River Basin Investigation Feasibility Study,
California — Final Environmental Impact Statement/
Environmental Impact Report Sep 1996
Terminus Dam at Lake Kaweah, Tulare County,
California — Design Memorandum Aug 1998
Terminus Dam Spillway Enlargement, Initial Filling Plan Mar 2005

1-04. Project Owner. The Terminus Dam and Lake Kaweah Project is owned by the U.S.
Government and represented by the U.S. Army Corps of Engineers, Sacramento District.

1-05. Operating Agency. The U.S. Army Corps of Engineers, Sacramento District, operates the
Terminus Dam and Lake Kaweah Project. The Park Manager has the administrative
responsibilities for the project and is on duty from 7:45 a.m. to 4:30 p.m., Monday through
Friday. Project personnel are normally at the project from 6:45 a.m. to 4:30 p.m. seven days a

week and will be on duty during holidays and at other-than-normal working hours, as necessary,
for effective project operation. Operational responsibilities are explained in detail in Exhibit A.

Business and home phone numbers of the individuals responsible for project operation are given
at the beginning of this manual and in Exhibit A.

1-06. Regulating Agencies. The U.S. Army Corps of Engineers, Sacramento District, regulates
the Terminus Dam and Lake Kaweah Project. The Corps developed the Water Control Plan for
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Lake Kaweah with the objective of obtaining the greatest possible benefits from flood control,
irrigation, and recreation. The Kaweah Delta Water Conservation District (KDWCD) directs
releases for purposes other than flood control. For more detailed information on KDWCD

operational responsibilities, refer to Exhibit A. Personnel responsible for project operation are
listed in the front of this manual and in Exhibit A.
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II - DESCRIPTION OF PROJECT

2-01. Location. The Terminus Dam and Lake Kaweah Project is located in the southern haif of
the Central Valley in Tulare County, California, on the Kaweah River, approximately 21 miles
(33.8 km) east of the city of Visalia. Lake Kaweah is located entirely within Tulare County and is
accessible via State Highway 198. The location of the project is shown on the General Map, Plate
2-1. Its geographic coordinates are:

Latitude: 36° 24' 53" North
Longitude:  119° 00' 07" West

2-02. Purpose
a. The Terminus Dam and Lake Kaweah Project was authorized for the purposes of flood
control, irrigation, and recreation. In addition, general congressional acts have authorized fish and
wildlife purposes. The capability for hydropower is incidental to these purposes. Details of
hydropower construction history and operation are in Paragraph 7-10. The hydropower facilities,
however, are not to be considered part of the federally funded facilities.
b. The following Congressional acts apply to Terminus Dam and Lake Kaweah:
(1) PL 85-624 Fish and Wildlife Coordination Act of 1958
(2) PL 93-205 Endangered Species Act of 1973

(3) PL 92-500 Federal Water Pollution Control Act Amendments of 1972 (water
quality)

(4) PL 102-240 Clean Air Act of 1990

(5) PL 91-190 National Environmental Policy Act of 1969 (environmental
protection)

(6) PL 89-665 National Historic Preservation Act of 1966 (historical and
archaeological data preservation)

(7) PL 87-874 Flood Control Act of 1962
(8) PL 101-640 Water Resources Development Act of 1990, Section 310(b)

(9) Water Resources Development Act (WRDA) of 1996
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2-03. Physical Components. The Terminus Dam and Lake Kaweah Project includes the following
features: two embankments, one dike, outlet works, a fusegate spillway section, and the Terminus
Power Project. An Area Map is shown on Plate 2-2. All elevations in this manual are based on the
National Geodetic Vertical Datum of 1929 (NGVD29). As directed by EM 1110-1-1004, the
datum has been changed to the North American Vertical Datum of 1988 (NAVDS88). The
elevations in this manual do not reflect the NAVD88. Pertinent data for the project are tabulated at
the front of this manual.

a. Reservoir. Lake Kaweah has a shoreline of approximately 30 miles (48.3 km) and is 6
miles (9.7 km) in length. At gross pool, 715.0 feet MSL (217.9 m), the reservoir water surface area
is 2,154 acres (871.7 ha) and has a maximum depth of about 215 feet (65.5 m). Lake capacity at
gross pool is 185,630 acre-feet (228.9 hm?), of which a maximum of 173,630 acre-feet (214.1 hm’ )
is allocated during the rainflood season. The entire storage capacity of the reservoir may be allocated
for snowmelt runoff, if required. Lake Kaweah is shown on the Area Map, Plate 2-2 and Photo 2-1.
The Area-Capacity Curves and the Area-Capacity Table for the lake are shown on Plates A-1 and A-
2, respectively.

b. Embankments. Terminus Dam (Photos 2-2 and 2-3) and the auxiliary dam are rolled,
earthfill structures. The main dam has a maximum height of 250 feet (76.2 m), a crest length of
2,375 feet (723.9 m), and a crest width of 25 feet (7.6 m). The auxiliary dam has a maximum height
of 130 feet (39.6 m), a crest length of 870 feet (265.2 m), and a crest width of 20 feet (6.1 m). The
elevation at the top of the dams is 750.0 feet MSL (228.6 m), providing 2.88 feet (0.9 m) of
freeboard above the Probable Maximum Flood (PMF) pool, used as the Spillway Design Flood, at
elevation 747.12 feet MSL (227.7 m). The Plan, Profile, and Sections of Terminus Dam are shown
on Plates 2-3 and 2-4.

¢. Dike. In 2003, as construction was under way to raise Terminus Dam 21 feet (6.4 m),
several alternatives were being considered to protect a private motel at the upstream end of the lake
from flood damage during a 1 percent event. With the completion of the dam raise in December
2003 and without mitigation, at approximately gross pool (715 feet (217.9 m)) water would have
reached the motel property; at approximately 716.5 feet (218.4 m) it would have reached the
buildings. Construction of a dike to protect the motel was begun in October 2004 and completed
in April 2005. The dike is a 900-foot-long (274.3 m) earthen embankment designed to protect the
adjacent motel from higher lake elevations caused by the raising of the spillway elevation at
Terminus Dam. Its crest elevation is 722 feet (220.1 m). The water side slope of the dike is
constructed at a 3:1 slope and the land side is constructed at a 2.5:1 slope. Seepage under or
through the dike when the lake is full is collected by a toe drain collection pipe on the land side of
the dike. Seepage water flows into a pumping station containing three 500-gpm (1.9 kl/m) pumps;
when water in the pumping station reaches a pre-set elevation, it is then pumped back into the lake.
When the lake is not full, interior drainage of the motel property is accomplished via a 24-inch (61
cm) gravity drain originating at the pump station and exiting on the water side of the dike.
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d. Outlet Works. The outlet works are located in the left abutment of the main dam and
consist of an inlet with trash rack, control tower, control house, concrete-lined tunnel outlet portal
(Photo 2-4) and facilities for Lemoncove Ditch. The control section of the outlet works consist of
three 5°0” x 9’ 0” (152 cm x 274 cm) rectangular conduits with appropriate transitions at the
upstream end to the intakes and at the downstream end to the 12’ 9” (388.6 cm) diameter tunnel.

Releases through the main outlet are controlled by the three 5° 07 x 9' 0" (152 cm x 274 cm)
hydraulically operated slide service gates (Photo 2-5). The service gates have been modified to
automatically deliver the desired flow in case of a power plant shutdown. The automatic controller
operates in parallel with the existing system; isolation valves on the oil lines allow the automated
system to be locked out and the slide gate to be operated manually. Three identical hydraulically
operated emergency slide gates are placed in tandem with the service gates. The service gates and
the emergency gates have a total flow capacity of 4,500 cfs (127.4 m?/s) at a pool elevation of 570
feet MSL (173.7 m), and 8,900 cfs (252.0 m*/s) at a pool elevation of 715 feet MSL (217.9 m). An
elevation-discharge rating curve for the main conduit outlet works with various gate openings is
shown on Plate A-3.

Regulating valves and appurtenances for Lemoncove Ditch are housed in the gate chamber. The
outlet for the ditch consists of an inlet, control valves, 36-inch diameter (91.4 cm) concrete-encased
steel pipe, bypass, stilling well and outlet, wasteway, Parshall flume, flume over the spillway
discharge channel, and an open channel connecting to the existing ditch. From the tower to the
downstream portal, the 36-inch diameter (91.4 cm) pipe is located under the invert of the tunnel.
This outlet has a total flume capacity of 15 cfs (0.4 m’/s), by gravity, at a pool elevation of 551 feet
MSL (167.9 m), and 10 cfs (0.3 m*/s), by pumping, at a pool elevation less than 551 feet MSL (167.9
m). Plate A-9 shows the Discharge Rating Curve for Lemoncove Ditch.

Provisions for servicing Hawkeye Ditch from the Lemoncove Ditch stilling well consist of a 12-inch
diameter (30.5 cm) pipe connection and Dall flow tube. A 12-inch diameter (30.5 cm) pipeline
conveys Hawkeye Ditch Company water, a maximum of 3 cfs (0.1 m*/s), across government
property and is maintained by the Hawkeye Ditch Company. Should the water surface drop below
elevation 547.6 feet MSL (166.9 m), gravity delivery from Lemoncove stilling well will become
impossible, and pumping will be necessary to deliver water to Lemoncove and Hawkeye ditches.
The outlet works plan, sections, and details for Terminus Dam and Lemoncove outlet works are
shown on Plates 2-5 and 2-6.

A low concrete ogee-type weir with a step crest and a guide wing levee is located downstream
from the dam to act as a control structure for the outflow gaging station and to serve as a diversion
dam for the Foothill irrigation ditch. The right end of the wing levee has a crest elevation 2 feet
(61.0 cm) lower than the abutments of the control structure so that flows greater than 15,000 cfs
(424.8 m*/s) will cause the levee to be washed out, leaving the main control structure undamaged.
Water is conveyed to Foothill Ditch by a steel pipe which discharges directly into the ditch. A
Parshall flume measures flow into Foothill Ditch.
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A stage-discharge rating curve for the Kaweah River below Terminus Dam is shown on Plate A-7,
and the stage-discharge rating curve for Foothill Ditch is shown on Plate A-8.

e. Spillway. The approach channel, fusegate spillway, and exit channel are situated in an
excavated natural rock saddle about 800 feet (243.8 m) from the left abutment of the main dam
(Photo 2-6). The fusegates will act as plugs that will tip and wash away when needed to pass flood
flows that would otherwise potentially top the earthen dam. As each one is washed away, the
capacity of the spiliway is increased. As the water continues to rise, the next gate will tip and so
on. This will continue, as required, until all fusegates have tipped or flow is controlled. To restore
operations, lost fusegates need to be replaced with a new structure. During the period between loss
and replacement, the gross reservoir pool elevation draws down to and remains at the sill elevation,
693.67 feet MSL (211.4 m), resulting in a loss of storage capacity for that period. The 21.33 feet
(6.5 m) standard fusegate was selected because its height was very compatible with the proposed
raise in the gross pool elevation. The fusegate height of 21.33 feet (6.5 m) required the sill
elevation for the gate to be set at 693.67 feet MSL (211.4 m) in order to achieve a crest elevation
of 715.0 feet MSL (217.9 m).

Six fusegates are located in the spillway channel (Photo 2-7). Each fusegate is 21.33 feet (6.5 m)
high, 38.4 feet (11.7 m) wide, and 25.6 feet (7.8 m) deep. The six gates are set in a rectangular
opening 230.4 feet (70.2 m) by 25.6 feet (7.8 m). The remaining width of the spillway consists of
2 separate broad-crested weirs located at each end of the fusegates. These weirs have a top width
of 41.6 feet (12.7 m), depths of 25 feet (7.6 m), and crest elevations of 715.0 feet MSL (217.9 m).
The water elevations at which the gates are tipped are 737.17 feet MSL (224.7 m), 737.95 feet
MSL (224.9 m), 738.72 feet MSL (225.2 m), 739.47 feet MSL (225.4m), 740.20 feet MSL (225.6
m), and 740.90 feet MSL (225.8 m). Several spillway designs and sizes were studied during the
reconnaissance and feasibility studies for enlarging the reservoir capacity. The decision to raise the
spillway by using fusegates was based on the costs involved, the required modification of the
existing spillway channel, and the ability to pass the Spillway Design Flood with the required
freeboard.

The Probable Maximum Flood (PMF) was used to establish the number of gates needed to pass the
PMF. The number of gate failures was determined from various flood events. The first gate
failure would occur during an approximate 0.01 percent flood. The maximum PMF pool was
established as 747.12 feet MSL (227.7 m) and 2.88 feet (0.9 m) of freeboard. The Plan, Profile,
and Intake of the spillway are shown on Plate 2-7. The Spillway Rating Curve for Terminus Dam
is presented on Plate A-4.

f. Power Plant. The Terminus Power Project consists of an intake, power tunnel,
powerhouse, tailrace, and an auxiliary outlet structure (Photo 2-8). The power tunnel is located in
the left abutment of the dam, approximately 280 feet (85.3 m) south of the Corps intake tower. The
power intake is a reinforced concrete structure equipped with three trash racks and has an invert
elevation of 572 feet MSL (174.3 m). A bulkhead gate is included in the intake structure. The
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power tunnel has a total length of 1,465 feet (446.5 m): the first 230 feet (70.1 m) are concrete-lined
with a circular cross section 12 feet (3.7 m) in diameter, while the remaining 1,235 feet (37.4 m) are
steel-lined and 10 feet (3.0 m) in diameter. Upstream of the steel-lined portion of the tunnel is a
hydraulically-actuated emergency gate. This sluice gate is designed to permit maintenance of the
butterfly valve and the tunnel steel lining. The butterfly valve is just upstream from the turbine and
opens and closes automatically at each unit start-up and shutdown. Two hydraulic jacks actuate the
butterfly valve. In case of an electric or hydraulic failure, two counterweights close the valve
automatically.

The powerhouse and tailrace are located on the south side of the Corps outlet channel. The
powerhouse contains one 20 MW Kaplin turbine/generator unit. Two bulkhead gates in the draft
tube downstream of the turbine allow for inspection of the turbine runner and draft. Bulkhead
handling is performed by truck crane. The tailrace includes a tilting gate installed 40 feet
downstream of the powerhouse. The tilting gate is hydraulically actuated and allows the tailrace
water level to be varied between 501 feet MSL (152.7 m) and 518 feet MSL (157.9 m), so that the
turbine can operate at high reservoir levels. The auxiliary outlet structure is a bypass conduit,
capable of discharging 170 cfs (4.8 m?®/s) for reservoir pool level of 600 feet MSL (182.9 m),
positioned on the right side of the powerhouse. The auxiliary outlet is equipped with an automatic
relief valve and is used to release flow that is just over the turbine maximum flow. The minimum
release required to operate the power plant is 400 cfs (11.3 m*/s). The maximum rated head for the
power plant is 191 feet (58.2 m). The plan and profile of Terminus Power Project are shown on
Plate 2-8.

2-04. Related Control Facilities. The Terminus Dam and Lake Kaweah Project consists of the
dam, reservoir, dike, and appurtenant facilities. Mitigation for the raised spillway’s effects on
wildlife habitat will occur at four locations.

The riparian mitigation site is located along Dry Creek about 2 miles (3.2 km) from Lake Kaweah.
The site consists of about 35 acres (14.2 ha) and is located adjacent to the creek. Cattle have
grazed the site in the past. Vegetative communities consist of sycamore alluvial woodland,
grassland, and cottonwood/willow riparian scrub. The site has good potential for re-vegetation of
riparian forest and scrub habitat.

The endangered species mitigation site is located on Corps property downstream from Terminus
Dam adjacent to the pond below the reservoir. The site includes two mitigation areas totaling
about 4.2 acres (1.7 ha). Vegetation in the area consists of elderberry plants with associated
riparian forest and scrub species.

The oak woodland mitigation area consists of 4,300 acres (1,740.2 ha) located at the Davis Ranch.
The ranch is located on the divide between Dry Creek and the north fork of the Kaweah River,
about 5 miles (8.0 km) north of Lake Kaweah in Tulare County. The ranch includes three
drainages: Mankins Creek, Greasy Creek, and the east fork of Dry Creek. Elevations on the Davis
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Ranch range from a low elevation of 1,600 feet (487.7 m) to a high elevation of 3,552 feet (1,082.6 -
m). The ranch is an operating cattle ranch with little vegetation manipulation since moderate

clearing in the 1950°s. Most of the property is relatively untouched by humans and is in a near

natural condition. Small stock ponds are scattered over the ranch. Vegetation on the ranch

includes blue oak woodland, mixed woodland, valley oak woodland, non-native grassland, and

chaparral vegetation. Due to the near natural condition, this vegetation provides high value habitat

for wildlife.

The mitigation site for flooded agricultural areas in Tulare Lakebed is located in Kings County,
north of the city of Corcoran. The mitigation site is located east of State Highway 43, north of
Nevada Avenue, west of Sixth Street, and south of Kansas Avenue. The site encompasses
1,289.62 acres (521.9 ha) and includes 11 wells. Cattle grazing occurs year-round depending upon
vegetation. There has been no surface irrigation water applied or used on the mitigation site. In
the past the site has generally not been farmed. As landowner, Corcoran Irrigation District now
owns the fee title to the underlying land encumbered by the easement. Canal levees exist along the
west and northern portions of the mitigation site, and an estimated 25-acre pond (10.1 ha) has
intermittently formed in a former borrow area on the site. Surface runoff is the source of the water
for this pond.

No other improvements outside the reservoir area, except the mitigation areas listed above, were
made under the authority of this project; however, local interests have made channel improvements
downstream.

2-05. Real Estate Acquisition. Project lands consist of approximately 5,263.5 acres (21.3 km?)
acquired in fee, 635.1 acres (2.6 km?) under easement, and 0.2 acres (809.4 m?) under lease or
permit. The real estate boundaries are shown on Plate 2-9.

2-06. Public Facilities. Most recreation use at Lake Kaweah occurs in and originates from the
developed south and west shores of the lake. Some use occurs in undeveloped areas and the
wildlife management area. Recreation at Lake Kaweah includes picnicking, camping, fishing,
water skiing, swimming, boating, hiking, and sightseeing. Recreational facilities available at Lake
Kaweah are shown on Plate 2-9.

Visitation records have been kept for Lake Kaweah since 1962. Since that time, visitation has
fluctuated considerably, with the highest visitation recorded in 1982 (3,030,000 visitor hours).
Annual visitation is shown in Table 2-1 for the years 1962 through 2004.
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TABLE 2-1
LAKE KAWEAH ESTIMATED ANNUAL VISITATION
(1,000 Visitor Hours)

Year Attendance Year Attendance
1962 324 1984 1,953
1963 558 1985 2,025
1964 1,029 1986 1,988
1965 1,272 1987 1,997
1966 1,107 1988 2,192
1967 601 1989 1,948
1968 918 1990 2,238
1969 839 1991 2,192
1970 960 1992 2,333
1971 993 1993 2,035
1972 807 1994 1,705
1973 691 1995 1,953
1974 786 1996 1,955
1975 1,048 1997 1,679
1976 915 1998 2,012
1977 864 1999 1,973
1978 1,453 2000 1,864
1979 1,477 2001 2,208
1980 1,417 2002 2,385
1981 1,844 2003 2,811
1982 3,030 2004 2,676
1983 2,483 Average 1,617

Source: U.S. Army Corps of Engineers, Sacramento District, Operations
Technical Section
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Photo 2-1. Lake Kaweah, looking east.

Photo 2-2. Terminus Dam-Lake Kaweah, looking north.

Revised July 2005
2-8




Photo 2-3. Terminus Dam, looking north from control tower road.

Photo 2-4. Terminus Dam outlet
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Photo 2-5. Terminus Dam gates

Photo 2-6. Terminus Dam fusegate intake
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Photo 2-7. Terminus Dam fusegate spillway

Photo 2-8. Terminus Power Project powerhouse and tailrace
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IIT - HISTORY OF PROJECT

3-01. Authorization. The Terminus Dam and Lake Kaweah Project was authorized by the Flood
Control Act of 1944, approved 22 December 1944. The pertinent portion of the Flood Control
Act of 1944 is as follows:

“The plans for Terminus and Success Reservoirs on the Kaweah and Tule
Rivers for flood control and other purposes in the San Joaquin Valley,
California, in accordance with the recommendations of the Chief of
Engineers in Flood Control Committee Document Number 1, Seventy-
Eighth Congress, Second Session, is approved, and there is hereby
authorized $4,600,000 for initial and partial accomplishment of the plan.”

By joint resolution of the Senate and House of Representatives, Public Law 87-858, Eighty-
Seventh Congress, House Joint Resolution 417, 6 August 1962, the reservoir formed by the
Terminus Dam was designated as “Lake Kaweah.” All document references to “Terminus
Reservoir” refer to the reservoir formed by Terminus Dam and designated as “Lake Kaweah” in
H.J. Res. 417.

The Water Resources Development Act (WRDA) of 1996 authorized the modifications to the
Terminus Dam spillway and expansion of the reservoir pool. Details of the modifications and
related documentation can be found in the following reports: “Kaweah River Basin Investigation
Feasibility Study, California — Final Feasibility Report,” September 1996; Kaweah River Basin
Investigation Feasibility Study, California — Final Environmental Impact Statement/
Environmental Impact Report,” September 1996, and “Terminus Dam at Lake Kaweah, Tulare
County, California — Design Memorandum,” August 1998. The Environmental Impact
Statement/Environmental Impact Report includes documentation on the affected environment,
mitigation measures and environmental requirements pertaining to the WRDA authorization.

3-02. Planning and Design. In Committee Document Number 1, Seventy-Eighth Congress,
Second Session, dated 1944, the Chief of Engineers recommended a reservoir capacity of 100,000
acre-feet (123.3 hm®). In the Comprehensive Report on Sacramento-San Joaquin Basin Streams
and the Supplement thereto, published as House Document 367, Eighty-First Congress, First
Session, dated 1944, the Chief of Engineers recommended a reservoir capacity of 145,000 acre-
feet (178.8 hm?). No specific reservation for sediment accumulation was defined. The reservoir
capacity was increased from 100,000 acre-feet (123.3 hm?) to the recommended 145,000 acre-feet
(178.8 hm?) by letter from Sacramento District to South Pacific Division dated 28 September
1951, subject “Supplement No. 2, Preliminary Definite Project Report, Terminus Project, Kaweah
River, California.” By the Sixth Endorsement, dated 3 December 1952, the Chief of Engineers
stated that the capacity of 145,00 acre-feet (178.8 hm®) would be approved for design purposes if
the State of California would not actively oppose the increased capacity. Subsequent to that date,
the State appeared before the Bureau of the Budget and Appropriations Committees in support of
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the project as modified for the 145,000 acre-foot (178.8 hm®) capacity.

At a 9 May 1956 conference, representatives of the Office, Chief of Engineers, USACE South
Pacific Division (SPD), and USACE Sacramento District (SPK) decided to increase the total
reservoir capacity to 150,000 acre-feet (184.9 hm®), including a reservation of 8,000 acre-feet .9
hm?) of that amount for future sedimentation and for other project uses. The 8,000 acre-feet (9.9
hm?) of inactive storage space could be used for a recreation pool by local interests if they
provided the necessary water.

Storage was required to be evacuated to a minimum pool level of 8,000 acre-feet (9.9 hm?) from 1
November to 31 March, and the entire capacity of 150,000 acre-feet (184.9 hm3) was reserved
when needed for control of forecasted snowmelt runoff. Storage of irrigation water from 1 April
was made conditional upon the amount of snowmelt runoff predicted to occur between the given
date and 31 July. The latest Water Control Diagram permits conditional carryover storage during
the November through March period, based on watershed precipitation.

3-03. Construction. Construction funds were initially appropriated in fiscal year 1957, but
relatively little was accomplished until fiscal year 1959, due to the inadequacy of authorized funds.
Construction on the main dam and appurtenances was begun during February 1959. Closure of the
dam was completed in November 1961, and the project was certified complete and accepted by the
government for operation on 1 June 1962. State highway and county roads were relocated.

In August 1986, the Kaweah River Power Authority was granted FERC license number 3747 to
construct and operate a 17 MW capacity power plant at Lake Kaweah. Construction of the
Terminus Power Project was initiated in 1987 with completion in 1990. The Terminus Power
Project is described fully in Paragraph 2-03f.

Construction of the Terminus Dam spillway raise and associated projects was initiated in 2002
and was completed in February 2004. Mitigation areas associated with the spillway raise are
discussed in Section 2-04.

3-04. Related Projects. The Terminus Dam and Lake Kaweah Project provides flood protection
to the Kaweah River, and is also part of a system of reservoirs providing flood protection to the
Tulare Lakebed and adjacent areas. Major releases to the Tulare Lakebed may come from Pine
Flat Lake on the Kings River, Success Lake on the Tule River, and Isabella Lake on the Kermn
River.

The Friant-Kern Canal, part of the Bureau of Reclamation’s Central Valley Project (CVP), crosses
the St. Johns and Kaweah rivers approximately 6 miles (9.7 km) downstream from Terminus
Dam. The Friant-Kem Canal delivers irrigation water to the Kaweah River and has the potential
to export floodwaters out of the basin. Related mitigation sites are discussed in Section 2-04.
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3-05. Modifications to Regulations. Throughout the years, various changes have been made to
the Water Control Diagram based on physical changes in the project and on updated hydrology.

In 1972, the Water Control Diagram was changed to permit conditional carryover storage of
water, up to 7,000 acre-feet (8.6 hm?) above minimum pool level 8,000 acre-feet (9.9 hm?), during
the November through March period. This conditional carryover is based on the basin watershed
precipitation and is discussed in Exhibit A.

Sediment surveys made in 1977 show that the reservoir capacity has decreased from 150,000 acre-
feet (184.9 hm?) to 143,000 acre-feet (176.3 hm?). The Water Control Diagram was adjusted by
decreasing the sediment pool. Sedimentation is discussed in Section 4-04.

The current Water Control Diagram was developed based on historical operation and new
hydrology in conjunction with the gross pool of the reservoir being raised 21 feet (6.4 m).

3-06. Principal Regulation Problems. The Terminus Dam and Lake Kaweah Project is operated
so that flows will not exceed 5,500 cfs (155.8 m*/s) on the Kaweah River at McKay Point. Dry
Creek and Yokohl Creek are the major uncontrolled tributaries to the Kaweah River below
Terminus Dam. These tributaries can produce high magnitude flows that require rapid release
changes from the dam. During rain floods, flows on Dry Creek must be considered on a short-
term basis. Local flow from Dry Creek must be added to reservoir releases to assure that the
desired flow at McKay Point is not exceeded. Yokohl Creek enters the Kaweah River below
McKay Point. Downstream channel capacities are discussed in Section 4-09 and shown on Plate
A-12.

The Kaweah River is part of the closed Tulare Lakebed basin. Releases above irrigation and
spreading demands cause damaging flows to agricultural lands in the lakebed. The irrigation and
spreading demands are substantial, but are reduced during periods of heavy rainfall.

As part of the spillway raise project, a mitigation site has been established in the Tulare Lakebed.
The area is discussed in Section 2-04. Flood releases, as designated by the Corps of Engineers, in
excess of irrigation and spread demands will be diverted as required in the Tulare Lakebed
operations and maintenance manual.

Although Terminus Dam is operated for flows in the Kaweah River, it is part of a four-reservoir
system contributing water to the Tulare Lakebed area. The Tulare Lakebed area has an extensive
levee and diversion system designed to manage irrigation flows and minor flood flows from the
four projects and the surrounding uncontrolled drainage area. However, flows in the Kaweah
River which are less than the design flows and large uncontrolled runoff may cause flooding
damage to agricultural areas in the Tulare Lakebed area. The magnitude of flows may exceed the
diversion system capacity and damage land protected by the levee system or adjacent areas.
Whenever possible, releases from the reservoir should reflect consideration of the conditions in all
downstream channels and the operation of the other three projects.
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In the winter, due to wet conditions and sedimentation in the reservoir, the Water Control
Diagram requires the reservoir to be lowered to a minimal level, causing problems for the marina.
Large inflow to Lake Kaweah can cause the lake to rise at a rapid rate. Rapid rises in the pool
elevation require that boat docks, portable restrooms, the marina, and other project facilities be
quickly moved to higher elevations.

Sedimentation since the project was constructed has been much greater than originally anticipated.
Lake Kaweah was constructed with 8,000 acre-feet (9.9 hm?) of space for sediment accumulation;
however, a 1977 survey indicated that 7,000 acre-feet (8.6 hm’ ) of sediment had accumulated by
that time. Sedimentation is discussed in Section 4-04.
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IV - WATERSHED CHARACTERISTICS

4-01. General Characteristics. The Kaweah River Basin is located in Central California, on the
western slope of the Sierra Nevada. The Kaweah River flows in a westerly direction through the
mountains and foothills, and then across the valley floor to Tulare Lakebed. For descriptive
purposes, the project area is divided into the mountainous area above Terminus Dam and the
foothill and valley floor below the dam. A map of the area is shown on Plate 4-1.

Above Terminus Dam, the watershed portion of the project is a fan-shaped mountainous area
extending 35 miles (56.3 km) upstream into the western slope of the southern Sierra Nevada.
Four main forks, flowing from the high eastern border of the basin in a southwesterly or westerly
direction to their junction near the foothill line, form the Kaweah River. The slope of the north,
middle, east, and south forks averages approximately 350 feet per mile (172 meters per
kilometer), while numerous small tributary streams have slopes ranging from 400 to 1,000 feet
per mile (196 to 490 meters per kilometer). These streams drain a combined area of 561 square
miles (1453.0 km?) at the dam. Basin features are shown on the General Map, Plate 2-1 and
Photos 4-1 and 4-2.

Vegetative cover varies within the basin. Above Terminus Dam, the steep hillsides in the upper
basin range from bare rock to coniferous forest. Vegetation on lower elevations consists of
deciduous forests, brush, and grasslands. A discontinuous bank of riparian growth stretches
through much of the lower basin. The area is sparsely settled and suitable for grazing,
lumbering, mining, and recreation. More than half of the basin is within the Sequoia National
Park and the Sequoia National Forest. Table 4-1 shows the Land Coverage Distribution on the
Kaweah River basin above Terminus Dam.

TABLE 4-1
LAND COVERAGE DISTRIBUTION
PERCENT
DESCRIPTION ELEVATION OF BASIN
(feet) AREA

Grasslands (with scattered brush) ' 1,000 - 2,000 0.5
Brushlands (chaparral, etc.) 3,000 - 9,000 22.7
Deciduous Forest (with brush, scattered conifers, and grass) | - 500 - 6,000 26.3
Light Coniferous 5,000 -12,000 30.1
Heavy Coniferous 5,000 - 9,000 6.8
Sub-Alpine Forest 8,000 -10,000 4.3
Bare Rock, Lakes, etc. 9,000 -12,600 9.3
TOTAL 100.0

Source: Kaweah River Basin, California Hydrology Report, August 1990, U.S. Army Corps of Engineers
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Dry Creek (Photo 4-3) enters the Kaweah River (Photo 4-4) about 1 mile (1.6 km) below
Terminus Dam. Approximately 3 miles (4.8 km) below Terminus Dam at McKay Point weir
(Photo 4-5), the flow may be split between the Kaweah (Photo 4-6) and St. Johns rivers. The
northerly channel, known as the St. Johns River, flows westerly for about 23 miles (37.0 km),
passes the city of Visalia on the north, and joins Cottonwood Creek to form Cross Creek. Cross
Creek flows southwesterly about 35 miles (56.3 km) into Tulare Lakebed. The southerly
channel, which retains the name Kaweah River, continues south for about 4 miles (2.4 km) and
then divides into numerous channels above Visalia. Mill Creek flows in a westerly direction
through the city of Visalia before entering Cross Creek. These channels normally transport water
for irrigation and spreading. Flows in excess of this demand eventually join the Tule River and
then enter the Tulare Lakebed. Tulare Lakebed is a closed basin with no natural drainage to the
ocean. Flooding in the Lakebed will continue until excess water is evaporated and/or pumped
out of the basin.

The area below Lake Kaweah is predominately agricultural; however, there are numerous towns
in the area. Visalia, 12 miles (19.3 km) west, is the largest, with a population of approximately
100,000.

4-02. Topography. The area above the dam is steep mountainous terrain. Below the dam there
are foothills which transition into an alluvial fan, and flatlands that gently slope to Tulare
Lakebed. Elevations range from about 12,600 feet MSL (3,840.5 m) in the upper basin to 510
feet MSL (155.4 m) at the dam, and 325 feet MSL (99.1 m) at Visalia down to about 175 feet
MSL (53.3 m) at Tulare Lakebed. The topographic map is on Plate 4-1. The Area-Elevation
Curve and Stream Profiles of principal streams are shown on Plates 4-2 and Plate 4-3,
respectively. Table 4-2 shows the elevation distribution of the basin area above Terminus Dam.

TABLE 4-2
ELEVATION DISTRIBUTION
ELEVATION PERCENT OF BASIN AREA
(Feet) ABOVE ELEVATION
510 100
2,000 88
4,000 67
5,000 57
6,000 45
8,000 22
10,000 10
12,000 1
Source: Kaweah River Basin, California Hydrology Report,
August 1990, U.S. Army Corps of Engineers
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4-03. Geology and Soils. The Kaweah River flows in a westererly direction over a portion of
the igneous rock of the southern Sierra Nevada batholith. These igneous rocks vary in mineral
composition and color, but are collectively referred to as granite. The Kaweah River is deeply
entrenched in its present course and is a degrading stream, having relatively thin alluvial deposits
on the valley floor. Most of the regional rock in the Kaweah River is granite, which covers
approximately three fourths of the basin. Rocks in this area of the Sierra Nevada and the foothill
region can be categorized into one of four groups: (1) Paleozoic metamorphic rock (Calaveras
Complex and equivalents), (2) late Paleozoic-Mesozoic metamorphic rock (Kings River ophiolite
and Kings-Kaweah suture), (3) Mesozoic metamorphic rock (Mariposa and Logtown Ridge
formations), and (4) Mesozoic granitic rock (Sierra Nevada batholith). Rocks in the Calaveras
Complex are found as numerous roof pendants with the Jurassic-Cretaceous plutonic rocks of the
Sierra Nevada batholith. These rocks had originally extended across much of the Sierra Nevada
but have been stripped off by uplift and subsequent erosion. The Lemoncove Schist and
Quartzite that underlie Terminus Dam probably belong to this unit. The basic intrusives, meta-
volcanic, and meta-sediments form prominent, resistant ridges. These rock types, due to their
prominence, appear to be more extensive than they actually are. In general, the rock formations
of the Kaweah River region are characteristic of the bedrock complex of the western slope of the
Sierra Nevada: generally metamorphosed sediments and volcanics, mostly metamorphosed
diorite and gabbro intrusives and granite batholith. The younger sediments of the area include
old terrace deposits and recent alluvium.

Several minor faults are located in the area. Regionally, the dam is within 90 miles (144.8 km)
of the Garlock and San Andreas fault, 75 miles (120.7 km) of the White Wolf fault, and about 50
miles (80.5 km) of the Sierra Nevada and Pond-Poso faults.

4-04. Sediment. The allocation of sediment space is discussed in Paragraphs 3-02 and 3-05.
When Terminus Dam construction was completed in 1962, it was believed that Lake Kaweah had
a capacity of 150,000 acre-feet (185.0 hm®). A 1977 survey showed that Lake Kaweah had a
capacity of 143,000 acre-feet (176.3 hm®). Recent studies on the Kaweah River indicated that the
normal rate of sediment accumulation in the reservoir is about 0.21 acre-feet per square mile

(1 m? per 1 km®) per year. Since Kaweah River basin above Lake Kaweah is 561 square miles
(1,453 km?), this amounts to 120 acre-feet (0.1 hm®) of sediment per year. These ranges were not
revised with the spillway crest elevation raise.

Twenty-seven monumented sedimentation ranges, as indicated on Plate 4-4, were established
before any reservoir operation was initiated. These sedimentation ranges are used to measure
sedimentation within the reservoir. Two of these range lines cross the river below the dam, while
the remaining range lines are spaced so that no range represents more than 10 percent of the
potential sediment accumulation in the reservoir. Each profile is recorded on a permanent
drawing to a horizontal scale of 1 inch to 20 feet. Reconnaissance surveys of the sedimentation
ranges are made as deemed necessary.

General surveys of the reservoir area were made in 1961 and 1977. The data from these surveys
are shown in Table 4-3. Area capacity tables were revised after each survey.

Revised July 2005
4-3



TABLE 4-3
RESERVOIR SEDIMENTATION

SURFACE SEDIMENT
DATE AREA CAPACITY (acre-feet below
(acres) (acre-feet) elev. 694.0 ft)
November 1961 1,945 149,600 0
October 1977 1,913 143,000 6,600

Source: U.S. Army Corps of Engineers, Sacramento District, Water Management Section

There has not been a sediment survey of Lake Kaweah since October 1977. All storage
capacities discussed within this Water Control Manual are based on the 1977 storage capacity
data.

4-05. Climate

a. General. The climate of the valley area of the Kaweah River Basin is classified as dry
and sub-humid, characterized by two well-defined seasons: long, hot, dry summers with very
little rain, and moderate, wet winters. At high elevations the summers are cool and the winters
severe. The location of climatological stations, normal annual precipitation isohyets, and snow
courses are shown on Plate 4-5.

b. Temperature. Temperatures in the basin vary considerably. Temperatures on the
valley floor range from lows slightly below freezing during the winter, to highs over 100 degrees
Fahrenheit (37.8°C) during the summer. During the winter, the temperatures at 5,000 feet (1.5
km) and higher may remain below freezing for extended periods. The Mean Monthly and
Annual Temperatures at Terminus Dam, Grant Grove, Three Rivers Edison Powerhouse 1, and
Visalia are shown in Table 4-4.

c. Precipitation. Normal annual precipitation (NAP) varies throughout the Kaweah River
drainage area, ranging from 15 inches (38.1 cm) on the valley floor to about 55 inches (139.7 cm)
at the headwaters. Normal annual precipitation for the Kaweah River above Terminus Dam is
about 33.0 inches (83.8 cm), with approximately 90 percent of the precipitation occurring
between November through April. It generally occurs as rain below 5,000 feet (1.5 km) and as
snow above that elevation; however, warm weather storms have produced rain up to 11,000 feet
(3,353 m), which would cover most of the basin. Snow has occurred on the valley floor below
the dam.

Winter precipitation is largely orographic and results from air masses traveling inland from the
Pacific Ocean. From November through April, Pacific storms frequently cross the coasts of
Northern and Central California. Severe winter storms may involve warm and moist maritime

. tropical air from the central Pacific. Occasionally, in winter or spring, a large circulation pattern
will develop and steer many successive low-pressure systems across the coast, resulting in
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prolonged periods of wet weather. Summer precipitation is usually in the form of occasional
showers or thunderstorms, and occurs largely above the foothill portion of the basin. Such
precipitation may be quite intense for short periods of time, but it is confined to relatively small
areas. Although summer precipitation can produce a moderate rise in flow on minor tributaries,
it generally does not significantly affect flow on the main streams.

The distribution of Normal Annual Precipitation (NAP) is shown on Plate 4-5. The Mean
Monthly and Annual Precipitation at selected stations is given in Table 4-5.

TABLE 4-4
MEAN MONTHLY AND ANNUAL TEMPERATURES (°F)
Three Rivers
Terminus Dam Grant Grove Edison PH 1 Visalia

Month (570 feet) (6,600 feet) (1,140 feet) (325 feet)
January 45.8 34.7 47.1 45.8
February 50.1 34.7 50.8 514
March 542 35.6 542 55.9
April 59.0 39.8 59.6 60.9
May 66.8 46.9 67.6 67.8
June 73.9 56.5 75.9 74.7
July 79.8 632 82.1 79.5
August 78.6 62.9 81.1 71.9
September 73.8 57.6 75.2 73.1
October 64.6 49.2 65.2 64.9
November 549 40.1 53.2 53.0
December 474 35.7 46.6 45.2
Average Annual 62.5 . 46.5 63.3 62.6

Source: USACE NOAA NOAA NOAA
1965-2004 1949-2004 1972-2004 1952-2004
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TABLE 4-5
MEAN MONTHLY AND ANNUAL PRECIPITATION

Terminus Atwell Bear Trap Giant Forest Hockett
Month Dam (6,480 feet) Meadow 6.400 feet Meadow
(570 feet) ’ (6,800 feety | (&A00 1D g 500 feer)
inches % inches % Inches % inches % inches %
Oct 085| 560] 1.64 406 1.89| 402| 159] 385] 1.51] 3.83
Nov 175 | 11.54 | 4.49| 11.11| 4.95|1053| 3.60| 873| 3.83| 7.18
Dec 22901510 6.03| 14.92| 744|158 645|1564| 599]15.19
Jan 2.88 | 18.98 | 7.31 10.00 | 804|17.10| 7.00|1697| 6801725
Feb 25101655 656| 1623| 846|17.99| 7801891 | 7.16] 18.16
Mar 25711694 636 1573| 7331559 629 1525| 6.58 | 16.69
Apr 135| 890| 3.44 851 | 383| 814| 347| 841| 368 934
May 044 | 290| 1.78 440| 206| 438| 150| 3.64| 1.62] 411
Jun 017 1.12| 075 18| 077| 164| 074] 179 072] 183
Jul 0.02| 013| 048 .19 053] 1.13| 071] 1.72] 071 1.80
Aug 0.02| 0.13] 048 1.19| 030| 064| 056| 1.36| 054] 1.37
Sep 032 211 1.10 2721 142 3.02| 154 3.73| 128 325
Average | ys101 1000 | 4042 | 100.0| 47.02|100.0| 4125 | 100.0 | 40.76 | 100.0
Annual
Maximum | 28.87 731 99.2 95.7 73
Annual | (1969) (1983) (1969) (1969) (1969)
Minimum | 5.50 14.4 16.4 13.9 15.9
Annual | (1977) (1977) (1977) (1989) (1977)
Periodof | 500 H004 1966-2004 1966-2004 1921 -2004 1965-2004
Record

Source: U.S. Army Corps of Engineers, Sacramento District, Water Management Section

d. Snowfall. Snow cover below 5,000 feet (1.5 km) is generally transient and may
accumulate and melt a number of times during the winter season. Above 5,000 feet (1.5 km), the
snow generally accumulates until late March, when the snowmelt season begins. Basin
snowpack data for representative snow courses are presented in Table 4-6. Snow surveys are
done each year by various agencies. The locations of the snow courses are shown on Plate 4-5.
Table 4-7 (Tables Section, Page T4-1) presents the Forecasted and Actual Snowmelt Runoff into
Lake Kaweah from 1933 through 2004.
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TABLE 4-6

BASIN SNOWPACK
Snow Course / Elevation | Record Depth in Inches Water Content in Inches
Began | 1969 | 1996 | 1977 | Average | 1983 | 1996 | 1977
(Wet) | (Avg) | (Dry) | 1 Apr* | (Wet) | (Avg) | (Dry)
# 243 Panther Meadow
(9,500 feet) 1925 | 2175 | 101.2 | 30.3 36.7 98.8 44.6 8.8
# 244 Hockett Meadow
(8,500 feet) 1930 1442 | 73.5 20.3 27.5 71.6 314 6.5
# 245 Mineral King
(8,000 feet) 1948 138.0 | 44.8 9.5 20.6 63.8 | 21.8 2.5
# 246 Giant Forest
(6,400 feet) 1930 108.4 | 25.7 4.4 14.7 49.9 11.8 1.6
# 292 Farewell Gap '
(9,500 feet) 1952 | 219.4 | 93.5 322 35.8 99.3 38.6 11.0

* Average for 1951-2000

Source: California Department of Water Resources
http://cdec.water.ca.gov/snow/current/snow/SNOWTAB7.html

e. Evaporation. Historical Mean Monthly and Total Evaporation rates for Lake Kaweah
are shown in Table 4-8. The weather station was moved from the Terminus Power Project
Substation site to the Park Headquarters in July 1987. The site was again moved to the Corps
storage area below the dam in August 1996.

f. Wind. Historical Mean Monthly and Annual Wind movement at Terminus Dam are
shown in Table 4-9. The weather station was moved from the Terminus Power Project
Substation site to the Park Headquarters in July 1987. The site was again moved to the Corps
storage area below the dam in August 1996.
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TABLE 4-8 TABLE 4-9
MEAN MONTHLY AND MEAN MONTHLY AND
TOTAL EVAPORATION ANNUAL WIND MOVEMENT

MEAN MEAN

MONTH EVAPORATION MONTH WIND

(in) (miles)
October 6.78 October 2,434.8
November 3.01 November 1,909.4
December 1.52 December 2,089.7
January 1.42 January 1,917.5
February 2.07 February 1,775.3
March 3.28 March 2,254.7
April 5.10 April 1,749.1
May 8.20 May 1,840.1
June 10.63 June 1,922.4
July 12.77 July 2,150.4
August 12.17 August 2,215.3
September 9.77 September 2,253.5
Annual Total 76.72 Annual Total 24,512.2

Source: Source:
U.S. Army Corps of Engineers U.S. Army Corps of Engineers
Water Management Section Water Management Section
Period of Record 1963-2004 Period of Record 1965-2004

4-06. Storms and Floods. Floods on the Kaweah River are of two types: winter rainfloods and
spring snowmelt floods. Rainfloods are characterized by high sharp peaks and small volumes
and are usually of short duration, seldom lasting more than four days. These winter floods
normally occur during the period November to March and are caused by intense rains that are
sometimes augmented by snowmelt in the lower elevations.

Almost unprecedented precipitation in early December 1966 resulted in record-breaking flood
runoff on most of the streams in the Tulare Lakebed basin. Continuing storms resulted in
flooding in many areas in the Central Valley from December 1966 through March of 1967.
Snowpack ultimately reached approximately 22 times normal, with a abnormal delay in runoff
because of continued cool weather through May. Flood damage in the Kaweah River Basin from
the December storm totaled $4,750,000. Three lives were lost during the December rainfloods in
the Tulare Lakebed basin.

The rainflood of record on the Kaweah River at Terminus Dam was the flood of December 1966,
which had an estimated peak flow of 105,000 cfs (2,973.6 m*/s). The 1966 rainflood produced a
3-day runoff volume of 153,280 acre-feet (189.0 hm®). Runoff from the upper basin was
completely controlled by Lake Kaweah. No releases were made from Terminus Dam until the
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flows from the downstream tributaries subsided. However, downstream tributaries produced
substantial flows in this flood. A peak of 14,500 cfs (410.6 mz/s) occurred on Dry Creek.
Extensive flooding was prevented in Visalia and other valley floor communities and on
thousands of acres of crop and orchard land in the Kaweah River delta and Tulare Lakebed.

During the December 1955 and January 1956 storms, before Terminus Dam was built, the
Kaweah River flooded about 126,000 acres (50,992.2 ha) of land. The storm began moderately
heavy from 5-9 December, depositing 3 to 7 inches (7.6 to 17.8 cm) of rain along the whole
length of the Sierra Nevada. By 15 December, ground conditions in the basin were moderate.
Appreciable amounts of rain began to fall on the 18th and substantial quantities of precipitation
occurred on the 26th and 27th. The relatively warm moist air, high winds, heavy rains, and the
“blanket” afforded by dense clouds melted existing snowpacks at rather rapid rates. In the 4-day
period beginning on the 23rd, as much as 2'% feet (.76 m) of snow was observed to melt away.
Estimates show that snowmelt water was being added to the flood runoff at daily rates as high as
4.0 inches (10.2 cm) at 5,500 foot (1676.4 m) elevation and 1.7 inches (4.3 cm) at the 7,000 foot
(2133.6 m) level. The estimated peak flow of the Kaweah River at the Terminus Dam site was
84,300 cfs (2,387.5 m*/s). The flooded area extended from the Terminus Dam site on the east to
Cross Creek on the west, and from Cottonwood Creek on the north to Elk Bayou on the south.
Floodwaters from the Kaweah River and other streams entered Tulare Lakebed and caused
damage to that area. Most of the flooded area was along the river and its principal distributaries:
St. Johns River, Mill Creek, Cameron Creek, Packwood Creek, Cross Creek, and Elk Bayou.

The December 1955 flood inundated portions of Visalia and portions of the communities of
Farmersville, Three Rivers, and Woodlake. In January 1956, much of the same area was flooded
again. Damage in Visalia business district and a portion of the residential area was heavy. Water
in some homes was about 30 inches (76.2 cm) deep for up to six days. Most of the irrigation
diversion structures on the river were also washed out. Water and debris piled up against the
Friant-Kern Canal, causing overtopping, which washed away large sections of the canal
embankment. Large quantities of debris accumulated against bridges and canal crossings,
causing severe damage to most of these structures. Stream bank erosion was severe in many
places and great quantities of sand were deposited on farmlands adjacent to the streams. Nearly
all roads in the flooded areas were damaged.

The New Year’s flood of 1997 was caused by one of the largest storms of the century in Northern
California. The storm presented a classic orographic event with warm winds from the southwest
blowing over the Sierra Nevada and dropping astounding amounts of rain at middle and high
elevations. Even though the majority of the flood damages from this event occurred on the
Sacramento, San Joaquin, and coastal river basins, the event produced the 3rd largest peak flow
of record, 56,595 cfs (11,602.7 hm3/s), on the Kaweah River. Terminus Dam was able to control
runoff to downstream channel capacities. The volume for 1-day was 35,600 acre-feet (43.9 hm®)
and 3-day was 80,421 acre-feet (99.2 hm?). Climatologists classify the 1996-97 season as neither
El Nifio nor La Nifia. Statewide, this storm is ranked as second of the 10 most costly California
Storms at $1.88 billion.
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The largest flows of record for the years 1904-2004 for a variety of durations are shown in Table
4-10.

TABLE 4-10
MAXIMUM UNREGULATED RAINFLOOD FLOWS ON
KAWEAH RIVER AT TERMINUS DAM

DATE PEAK | 1-DAY | 3-DAY 7-DAY | 15-DAY | 30-DAY
(Peak) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
6 Dec 66 105,000 [ 53,280 [ 25,736 12,461 6,445 3,569
23 Dec55* | 84,332 | 44,512 22,918 12,248 6,323 3,693
2 Jan 97 56,595 | 17,948 13,515 7,478 4,461 3,890
19 Nov 50 * | 54,332 | 16,640 9,741 5,126 2,766 2,395
25 Jan 69 35,200 | 22,437 13,425 8,519 6,057 3,773
11 Dec37* | 34,799 | 11,232 7,720 3,958 2,842 2,258
*Computed from “Kaweah River near Three Rivers” gage flow records

Source: U.S. Army Corps of Engineers, Water Management Section
Period of Record 1904-2004

Snowmelt floods, while not producing as high a peak as rainfloods, have a much larger runoff
volume. These floods normally occur during the months of April through July.

The largest snowmelt flood of record on the Kaweah River at the Terminus Dam site was that of
1906. This flood had a maximum mean daily flow of 7,260 cfs (205.6 m*/s) and a runoff volume
during the period April through July of 815,260 acre-feet (1,005.2 hm?). The snowmelt flood of
1969 approached that of the1906 flood with a total April through July volume of 800,905 acre-
feet (987.5 hm®) and maximum daily flow of 6,824 cfs (193.3 m’/s). The effects of this flood
were greatly reduced by regulation of Lake Kaweah. Flow rates were reduced to a maximum
outflow of 5,600 cfs (158.6 m’/s), which was generally contained in existing channels of the
Kaweah and St. Johns rivers. Of the April through July inflow to Lake Kaweah, plus
downstream accretions, about 172,000 acre-feet (212.1 hm?) reached Tulare Lakebed and about
640,000 acre-feet (779.1 hm? ) was diverted and absorbed within the Kaweah Delta service area.
With regulation provided by Lake Kaweah, only in years of exceptionally high snow
accumulation will snowmelt runoff cause damage downstream along the Kaweah River and
distributaries. Serious flooding in the Tulare Lakebed may occur whenever the total annual
runoff is in excess of about 120 percent of normal, about 509,000 acre-feet (627.6 hm?>).

The largest snowmelt flows of record for the years 1904-2004 for a variety of durations are
shown in Table 4-11.
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TABLE 4-11
MAXIMUM UNREGULATED SNOWMELT FLOOD FLOWS ON
KAWEAH RIVER AT TERMINUS DAM

DATE 1-DAY [ 15-DAY | 30-DAY | 60-DAY | 90-DAY | 120-DAY
(1-Day) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
28 May 06 * | 7,260 5,881 5,338 4,553 3,913 3,397
1 Jun 69 6,824 5,985 5,398 4,347 3,752 3,339
29 May 83 6,671 5,393 5,236 4,474 3,606 3,120
16 Jun 98 5,332 4,644 4,376 3,646 3,147 2,797
23 May 67 5,226 4,227 3,532 3,439 2,900 2,546
27May 52 * | 5,170 4,632 . 4,235 3,406 2,851 2,455

*Computed from “Kaweah River near Three Rivers” gage flow records
Source: U.S. Army Corps of Engineers, Water Management Section
Period of Record 1904-2004

The largest water year of record on the Kaweah River was 1983. Although releases during 1983
did not exceed 5,000 cfs (141.6 m3/s), close to 500,000 acre-feet (616.5 hm?) of water was sent to
Tulare Lakebed. Table 4-12 (in the Tables Section, Page T4-4) presents the Historical
Unregulated Monthly Inflows to Terminus Dam and Lake Kaweah Project from 1904 to 2004.

4-07. Runoff Characteristics. At the beginning of the rainy season the ground is extremely dry.
At such times, it may take approximately 3 to S inches (7 to 12 cm) of rain to saturate the soil
before any significant runoff will occur. Later in the season, when the ground is usually wet,
heavy rainfall over the basin can cause large flood runoff.

Approximately 65 percent of the annual runoff into Lake Kaweah occurs during snowmelt
season, April through July. The Mean Monthly and Annual Runoff into Lake Kaweah is
presented in Table 4-13.
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TABLE 4-13
MEAN MONTHLY AND ANNUAL RUNOFF
INTO LAKE KAWEAH
- AVERAGE PERCENT OF
MONTH INFLOW ANNUAL
(1,000 acre-feet) STREAM FLOW
January 27.0 6.26
February 32.0 7.42
March 45.8 10.62
April 65.3 15.14
May 103.8 24.07
June 81.5 - 18.89
July 31.0 7.19
August 8.5 1.97
September 4.6 1.07
October 5.1 1.18
November 9.1 2.11
December 17.6 4.08
Annual Total 4313 100.00
Period of Record Water Years 1904-2004
Source: U.S. Army Corps of Engineers, Sacramento District,
Water Management Section

Annual runoff volumes are subject to wide variation. A graphical presentation of historical
operation is shown on Plate 4-6. Recorded runoff data from three upstream gages on the Kaweah
River are shown in Table 4-14. The U.S. Army Corps of Engineers maintains the official
operation records for Terminus Dam.
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TABLE 4-14

RECORDED RUNOFF DATA
Kaweah River at South F_o rk Kaweah River near
Three Rivers Kaweah R.IVCI‘ at Three Rivers
Three Rivers
Period of Record (Water Yrs) 1958-2004 1959-1990 1903-1961
Drainage Area (sq mi) 418 86.7 520
Daily flow (cfs)
Maximum 37,100 (6 Dec '66) | 7,760 (6 Dec ‘66) | 80,700 (23 Dec '55)
Minimum 14 (29 Sep *77) 0 (at times 8.5 (19 Sep ‘34)
1960-62)
Mean 516 71 554
Daily flow (cfs/sq mi)
Maximum 88.75 89.50 155.19
Minimum 0.03 0.00 0.02
Mean 1.23 0.82 1.07

Instantaneous flow (cfs)
Maximum

73,000 (5 Dec '66)

11,600 (6 Dec ‘66)

80,700 (23 Dec 55)

Minimum 14 (29 Sep 1977) 0 (1962) 8.5 (Sep 34)
Instantaneous flow (cfs/sq mi)

Maximum 174.64 133.79 155.19

Minimum 0.03 0.00 0.02
Annual flow (ac-ft)

Maximum 1,176,000 (1983) 183,500 (1983) 1,104,000 (1906)

Minimum 86,360 (1977) 8,050 (1977) 102,000 (1924)

Mean 374,200 51,440 401,100
Annual flow (inches)

Maximum 52.75 39.68 39.81

Minimum 3.87 1.74 3.68

Mean 16.79 11.12 14.46
April-July flow (ac-ft)

Maximum 712,300 (1969) 98,170 (1983) 750,000 (1906)

Minimum 56,800 (1977) 5,688 (1977) 75,500 (1924)

Mean 246,630 32,990 287.500
April-July flow (inches)

Maximum 31.95 21.23 27.04

Minimum 2.55 1.23 2.72

Mean 11.06 7.14 10.37

Source: U.S. Geological Survey and U.S. Army Corps of Engineers, Sacramento District, Water

Management Section
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4-08. Water Quality. There is no significant agriculture or industry in the basin above Terminus
Dam which would affect the water quality of the lake. Tests of inflows and lake storage at Lake
Kaweah indicate that the water quality is generally good. The Terminus Dam and Lake Kaweah
Project does not operate for water quality purposes.

The chemical, physical, and biological properties of surface water at any given point are the
product of a multitude of factors including geography, geology, climatic conditions, discharge,
floral and faunal communities, ground water supply, and, of major significance, the effect of
man’s activities and his domestic animals.

Field data and water samples are collected at Lake Kaweah during April and August of each
water year. The field data collected at the time of water sample collection are temperature,
electrical conductivity, dissolved oxygen, and pH. The field data are evaluated at various depths
within the lake in order to get a better idea of how these characteristics change with depth. The
lake Secchi depth for the summer of 2002 was 5.75 feet (1.8 m). The Secchi depth is used as a
gage of water clarity in the lake. '

Laboratory tests are done on water samples collected in April and August each year at Lake
Kaweah. Analysis is done to test for the presence of Methyl Tertiary-Butyl Ether (MTBE), heavy
metals, general chemicals, and biological organisms. In 2001, pesticides and herbicides were
discontinued as a parameter for testing, since the results from 1995 to 2000 were consistently at
non-detectable levels. The results of the field data analysis and the laboratory tests are presented
in the Annual Water Quality Report that is published each year. The 2002 water quality report
can be found at: <http://www.spk.usace.army.mil/cespk-ed/EnvirProj/AWQM-
WY2002/Kaweah Lake WY2002.pdf>.

In water year 2002, dissolved heavy metals did not exceed the drinking water standard or the
freshwater fishery criteria during either spring or summer, except for dissolved manganese.
Table 4-15 provides a summary of water quality data collected in 2002.
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TABLE 4-15
WATER QUALITY DATA (2002)

. Kaweah River at Three Rivers Lake Kaweah

Constituent or Measurement - -

April August April August
Secchi Disk N/A N/A 10.85 feet 5.75 feet
Surface Water Temperature N/A N/A 61.7°F 77.8°F
Bottom Water Temperature N/A N/A 49.3°F 54.5°F
River Water Temperature 61.7°F 68.8°F N/A N/A
Surface Dissolved Oxygen N/A N/A 12.67 mg/l 4.31 mg/l
Bottom Dissolved Oxygen N/A N/A 8.07 mg/l 0.79 mg/1
pH 7.52 7.76 7.74 7.19
Phytoplankton N/A N/A 837.43 ug/l | 2655.39 ug/l
Dissolved Manganese N/A N/A N/A 85 ppb
Dissolved Mercury N/A N/A .003 ppb .0043 ppb
MTBE N/A N/A 3 ppb 8 ppb

N/A = test not done at this site
Source: U.S. Army Corps of Engineers, Sacramento District, Environmental Engineering Division
http://www.spk.usace.army.mil/cespk-ed/EnvﬁirProi/AWOM-WY2002/Kaweah I:ake WYZOOg.pdf

4-09. Channel and Floodway Characteristics. Flooding in the valley floor areas occurs where the
stream gradients are fairly flat and the channels do not have sufficient capacity to carry large
flood flows. Inadequate drainage facilities, obstruction of natural channels by reeds, brush, and
tules, and road and railroad fills across the floodplain also contribute to flooding problems.

The Kaweah River, from Terminus Dam to the Tulare Lakebed, is about 60 miles (96.6 km)
long. The channel capacity of the Kaweah River at McKay Point is 5,500 cfs (155.8 m%/s). At
McKay Point, the flow is divided between the St. Johns and the Kaweah rivers. The St. Johns
carries flows northwest and the Kaweah River flows southwesterly. Below McKay Point the
controlling total capacity of distributary channels is 5,500 cfs (155.8 m%/s) for short periods (up
to a week) and 5,000 cfs (141.6 m*/s) for long periods (up to 90 days). Such flows would be
reduced (by channel losses, irrigation, and spreading) to a flow which, although larger than some
within-bank capacities, would not cause significant damage along the channels. Flooding of
agricultural areas along the Kaweah River system channels has been observed at flows of 5,500
cfs (155.8 m’/s) and less. The Kaweah River and its distributaries ultimately terminate in Tulare
Lakebed. In most instances, it is expected that the critical reach would be on Cross Creek,
southwest of Highway 99.

The channel capacities within the system vary widely, and in many cases are unknown. The
estimated non-damaging capacities of various distributary systems and channels throughout the
Kaweah River area between Terminus Dam and Tulare Lakebed are shown on Plate A-12.
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4-10. Upstream Structures. There are three non-federal powerhouses above Terminus Dam.
Southern California Edison owns and operates these small power plants and their regulatory
storage is insignificant. None of these projects, or other projects, affects the operation of Lake
Kaweah.

4-11. Downstream Structures. At McKay Point, approximately 3 miles (4.8 km) downstream
from Terminus Dam, the flow is divided between the St. Johns and the Kaweah rivers. The
Friant-Kern Canal part of the Bureau of Reclamation’s Central Valley Project (CVP) crosses the
St. Johns and Kaweah rivers approximately 2 miles (3.2 km) west of McKay Point. There are
turnouts at the canal siphon crossing these rivers. In the valley portion of the watershed are
numerous privately constructed flood control levees, irrigation distribution systems, and
groundwater recharge areas. The private irrigation diversion systems and recharge areas have
both flood control and irrigation purposes. Except during large floods, most releases from
Terminus Dam are used to meet irrigation and spreading demands at the McKay Point Diversion
structure based on conditions at the time.

4-12. Economic Data. The Kaweah River Basin lies in Tulare and Kings counties. Tulare
County, population (2002) of 379,200 and a work force of 170,900, along with Kings County,
population (2002) of 133,100 and a work force of 46,110, is dotted with rural farms, ranches,
orchards, vineyards, and small communities.

a. Population. The main population center in the Kaweah River Basin is the city of
Visalia. Visalia has experienced rapid growth along with the rest of the Kaweah River Basin.
The population of Tulare and Kings counties, along with the city of Visalia, are given in Table
4-16.

b. Agriculture. The valley floor below Terminus Dam is a highly developed agricultural
area. Agricultural pursuits in the valley include irrigated pasture for beef and dairy cattle,
vineyards, extensive orchards, and the production of alfalfa, nursery and greenhouse products,
cotton lint, hay, oranges, and vegetables. Untilled portions of the basin support livestock
(primarily cattle). Tables 4-17 and 4-18 indicate the value of agricultural activities in the region.

¢. Industry. The agricultural industry is the largest employer in the area. Other economic
activities in the Kaweah River Basin include governmental agencies, mining, sand and gravel
operations, food processing industries, and recreation. Table 4-19 indicates employment and
sales in Tulare County by trade category.
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TABLE 4-16

POPULATION
POPULATION BY YEAR
LOCALITY
1970 1980 1990 2000 2003
Tulare County 188,403 245,738 311,921 368,021 390,791
Visalia N/A N/A 75,600 91,565 98,900
Kings County 64,610 73,738 102,500 129,461 138,564

Source: U.S. Bureau of the Census: http://www.census.gov/population/cencounts/cal 90090.txt,

http://quickfacts.census.gov/qfd/states/06/0603 1 .html, http://quickfacts.census.gov/qfd/states/06/06107.html

California Employment Development Department (2002):
http://www.calmis.ca.gov/file/COsnaps/tularsnap.pdf, http://www.calmis.ca.gov/file/COsnaps/kingssnap.pdf

TABLE 4-17

GROSS VALUE OF COMMODITY GROUP PRODUCTION
IN TULARE COUNTY (2003)

COMMODITY GROSS VALUE OF AGRICULTURAL
GROUP PRODUCTION

($1,000)
Livestock, Poultry, and Products 1,523,506
Fruit and Nut Crops 1,356,387
Field Crops 290,115
Nursery, Flowers, and Foliage 66,775
Apiary Products 34,589
Vegetable Crops 22,212
Timber Products 1,862
Seed Crops 1,076
TOTALS 3,296,522

Source: Summary of County Agricultural Commissioners’ Reports, California Agricultural

| Statistics Service, ftp://www.nass.usda.gov/pub/nass/ca/AgComm/200308cavtb00.pdf
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TABLE 4-18

GROSS VALUE OF FIVE MAJOR CROPS GROWN

IN TULARE COUNTY (2003)
CROP GROSS VALUE PERCENT STATE TOTAL
($1,000)
Oranges 442,504 46.6 %
Grapes 378,511 12.5 %
Plums 85,500 36.4 %
Alfalfa Hay 84,019 10.2 %
Peaches 70,092 16.8 %

Source: Summary of County Agricultural Commissioners’ Reports, California Agricultural
Statistics Service, ftp://www.nass.usda.gov/pub/nass/ca/AgComm/200308cavtb00.pdf

TABLE 4-19
EMPLOYMENT AND TOTAL SALES BY TRADE CATEGORY
IN TULARE COUNTY (2002)
TRADE CATEGORY TOTAL EMPLOYEES TOTAL SALES
($1,000)

Manufacturing 11,300 3,167,304
Mining and Construction 5,600 Not Available
Wholesale Trade 21,900 2,527,654
Retail Trade 13,400 2,135,741
Taxable Services 16,228 791,522
Agricultural Workers 33,700 See Table 4-18
Government (All) 29,600 Not Available

Sources: California Employment Development Department (2002), http://www.calmis.ca.gov
http://www.calmis.ca.gov/file/COsnaps/tularSNAP.pdf, U.S. Census Bureau, (1997) Economic
Census, http://www.census.gov/epcd/ec97/ca/CA107.HTM
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d. Flood Damages. Rainfloods along the Kaweah River, below Terminus Dam, are
characterized by comparatively high peaks, small volumes, and short durations, and are
damaging to both urban and agricultural areas. These floods also damage channel improvements
and adjacent areas. Volumes that exceed irrigation and spreading capabilities continue on to
Tulare Lakebed to pond on cropland. Prior to construction of Terminus Dam and Lake Kaweah,
rainfloods frequently caused extensive soil erosion, damaged farm equipment and structures,
silted in irrigation canals, washed out diversion structures, and washed out reaches of highways.
The December 1950 flood, which reached a peak of approximately 54,000 cfs (1529.3 m’/s) at
the Terminus Dam site, extensively damaged agricultural and industrial areas and caused
flooding in Visalia. The December 1955 flood, which peaked at approximately 84,000 cfs
(2378.9 m’/s) at the dam site, caused extensive damage to Visalia and its suburbs.

Snowmelt floods have much lower peak flows than rainfloods but larger volumes. Kaweah
River snowmelt flood flows, combined with runoff from adjacent basins, flood large areas in
Tulare Lakebed for long periods of time. In some cases, inundation can last more than a year.

A number of large floods have occurred since the project was built. The December 1966 flood,
with a peak inflow to Lake Kaweah of 105,000 cfs (2973.6 m3/s), was the largest of record.
The estimated damages prevented by Terminus Dam and Lake Kaweah are listed in Table 4-20.
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TABLE 4-20

DAMAGES PREVENTED BY TERMINUS DAM AND LAKE KAWEAH

(at time of event)

DOLLAR VALUE OF DAMAGES

FLOOD EVENT PREVENTED IN YEAR OF OCCURRENCE
($1,000)

February 1962 3,100
December 1966 22,200
January-February 1969 10,800
January 1970 1,000
February-March 1978 8,535
January-February 1979 3,000
January-February 1980 26,200
April 1982 26,700
December 1982-March 1983 26,700
November-December 1983 11,300
- February-March 1986 8,000
March 1991 8,100
March 1995 800
January 1997 124,165
January-March 1998 7,721
February 2000 1,770
November 2002 20,140

TOTAL $310,231

Source: U.S. Army Corps of Engineers, Sacramento District, Economics Branch

Revised July 2005
4-20




Photo 4-1. Kaweah River headwaters

Photo 4-2. Kaweah River at Three Rivers
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Photo 4-3. Dry Creek near Lemoncove

Photo 4-4. Kaweah River below Terminus Dam
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Photo 4-5. McKay Point diversion structure

Photo 4-6. Kaweah River below McKay Point diversion structure
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