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 area under existing

CHAPTER 1 - INTRODUCTION

1. Purpose and scope. = This office report has
basic nydrologic data and criteria for the Truck
and Nevada. This data is intended for use in

providing additional flood protection to the Truckee
below Reno, Nevada. This report dis

of the basin, presents an analysis o
dard project and probable maximum

development of stan

from winter type rain storms and summer-

analysis of spring snowmelt floods is not required £
ssentially non-damaging i

these types of floods are e
conditions of upstream regu

2, - Previous gtudies. - Several earlier studies of
Basin have been conducted by this office.
hydrologic studies are tabulated below.

Office Report, Truckee River Basin,

a.
Truckee River at Reno,

gtandard Project Flood,

Report for Flood Controi, R

b, Interim Survey
California and Nevada, Appen

River and Tributaries,
March 1960.

¢, Flood Plain Informa
Meadows, Nevada, October 1970.

4. Master Report om Reservoir Regulation for

River Reservoirs, Nevada an

e. Flood Plain Informatiom,
gteamboat and Pleasant Valleys, Nevada, June 1972.

£. TFlood Plain Information, Truckee River an

Truckee, California, Juné 1974.

cusses the hydrologic charac
£ flow-frequencies,

tion, Truckee River, Remn

been prepared to present
ee River Basin, California

feasibility studies for

Meadows area at and -
teristics

and describes the
floods resulting

£all type cloudbursts. An

or this study since
n the Truckee Meadows

lation.

the Truckee River

Reports pertaining to

California and Nevada,
Nevada, July 1957.

eno Area, Truckee
dix A, Hydrology,

c-sparks-Truckee

Flood=Cbntrol, Truckee

4 Califormia, December 1971.

Steamboat Creek and Tributaries,

4 Martis Creek,




CHAPTER II
DESCRIPTIVE HYDROLOGY

3. Description of area. -

a. General. - The Truckee River Basin, shown on chart 1, is located
in eastern California and western Nevada. The river drains about 1,070
square miles of mountainous terrain above Reno including about 500 square
miles above the Lake Tahoe outlet. Most of the runoff from the basin
originates on the eastern slopes of the Sierra Nevada, which rise to over
10,000 feet in this regiom. Lake Tahoe effectively controls all
rainfloods originating above it. The Truckee River begins -at the outlet
of Lake Tahoe, located on the northwestern shore of the lake, where an
outlet structure regulates flow into the river. From the lake, the river
flows about 15 miles in a northerly direction to the town of Truckee,
California, then northeasterly about 40 miles to the City of Reno,
Nevada. Below Reno the river flows about 50 miles easterly and northerly
to Pyramid Lake, 2 remnant of prehistoriec Lake Lahontan. The stream
basin has no outlet te the sea. The main tributaries below Lake Tahoe
are the Little Truckee River, Prosser, Donner, Martis, and Steamboat
Creeks. Near Reno the river enters a vast meadow, the western and
northern sections of which are occupied by the cities of Remo and
Sparks. The eastern portion of the meadow, which is known 25 Truckee
Meadows, is low in elevation and poorly drained. During large runoff
periods this area is flooded extemsively. :

The largest tributary to the Truckee River in the Reno area is
Steamboat Creek. This stream originates at the outlet of Washoe Lake, a
large flat depression that stores all flood runcff originating above it,
drains the southern and eastern part of Truckee Meadows, and enters the
Truckee River near Vista. Evans, Dry, Thomas, Whites and Galena Creeks
are tributaries to Steamboat Creek and originate on the northeastern

slopes of Mt. Rose. Evans and Dry Creek combine below Highway 395 to
form Boynton Slough.

North Truckee Drain consists of a natural channel, now largely
improved and realigned to provide better drainage of Spamish Sprzngs
Valley and the northeasterly sector of Truckee Meadows.

Stream channels in the Truckee River system range from the precipi-
tous tributaries discharging into Lake Tahoe, with slopes of more than
500 feet per mile, to the comparatively £lat slopes of less than 10 feet

~per mile in the lower Truckee River near Pyramid Lake, Streambed profiles

of the river system are shown on chart 2.

The major population centers in the basin are located at Reno and
around Lake Tahoe. Elsewhere, population is sparse with ounly a few small
towns and settlements. The principal ecomomic activities in the
Reno~-Truckee Meadows area are the gaming and warehousing industries.




Elsevhere in the basin, tourism, gaming, lumbering, farming, and ranching
are the primary economic activities. . - '

b. Geology. = In early geologic times, the Sierra Nevada had a low
relief and formed the western shores of lakes which occupied the Great
Basin. The present range came into being about the beginning of the
Quaternary Period after an era of intense volcanic activity and crustal
folding. It is composed largely of granite rock, massive granite batho-
liths having invaded the folds of the ancestral range during the period
of mountain building. Subsequent erosion of the older rock covering has
exposed the granites over large areas. Blockfaulted depressed areas
filled with gravel and alluvium by the streams which flow through them
form the valleys which exist today. :

¢. Topography. - The Sierra Nevada near the headwaters of the
Truckee River tributaries is characterized by rugged rocky peaks,
precipitous cliffs, steep canyons, and occasional small meadows and
lakes. The lower portion of the basin consists of scattered valleys and
dry lakebeds separated by mountain ranges. Elevations within the basin
range from 3,900 to over 10,000 feet. About half of the area tributary
to the Truckee River between Lake Tzhoe and Lawton is above 6,500 feet,
but only 10Z is above 8,000 feet. Topography and area-elevation curves

_ are shown on charts 3 and 4, respectively.

d. Soils and vegetative cover. = Much of the high mountain area is
barren and has little soil cover, although where soil depths and precipi-
tation are adequate, good stands of conifers exist. Below about elevatiom
5,000 feet, precipitation is gufficient for only sage brush and other
desert shrubs. Valleys and meadows watered by running streams produce-
growths of native grasses. In.the lower valleys, the native vegetatiom
has been replaced to a considerable extent by irrigated crops. Most of
the soils are alluvial, consisting of materials eroded from the
mountainous areas. Some lake sediments laid down by ancient Lake
Lahontan, which covered a large portion of the state of Nevada, are found
along with the alluvial soils. Soils of the valleys are classified as ‘
gravelly or sandy loams on the alluvial slopes, and as silty or clay
toams on the bottom lands. They are_naturally’vefyjfer:ile, and, in
general, are not strongly alkaline, although, without proper drainage,
alkali concentrations may reduce their productivity.

4, Flood control and related water resources development. - Flood
control and conservation developments in the basin are summarized in the
following paragraphs: '

a. Projects completed by the Bureau of Reclamation in the Truckee
River Basin are the Newlands project, the Truckee River storage project,
and the Washoe project. The Newlands project, completed in 1915, consists
of the Lake Tahoe outlet comtrol structure; the 290,000 acre-foot
Lahontan Reservoir and appurtenant power facilities on the Carson River
near Fallon; the Derby Diversion Dam on Truckee River; the Truckee Canal
extending from Derby Dam to Lahontan Reservoir; and the facilities feor




— 4—] .

the distribution of irrigation water in the Carson River Basxn in the
vicinity of Fallon.

The Truckee River storage project, completed in 1939, comnsists of
the 41,100 acre-foot Boca Reservoir on Little Truckee River, together
with appurtenant distribution facilities for irrigation. Completed in
1970, the portion of the Washoe project above Reno consists of the 29,800
acre-foot Prosser Creek Reservoir on Prosser Creek and the 226,500
acre-foot Stampede Reservoir on Little Truckee River, about 4 mlles
upstream from Boca Reservoir, The completed three-reserveir complex of
Boca, Stampede, 'and Prosser Reservoirs provides a total of 50,000
acre-feet of flood control storage and additional flood protection to
Reno, Sparks, and the Truckee Meadows area.

b. Developments by the Corps of Engineers include a channel
modification project authorized by the Flood Control Act of 1954,
consisting mainly of widening and deepening the Truckee River channel
through Truckee Meadows for about 7.5 miles, extending from the
downstream limits of Reno to a point near Vista; minor channel
improvements at Lake Tahoe outlet; and minor channel improvements at
intermittent points along the river above and below the Meadows area.
This work was completed in 1963. Also, the Flood Control Act of 1962
authorized the 20,400 acre-foot Martis Creek Lake, completed in 1972, for
flood control and future water supply.

c. Local interests provided channel improvements along the Truckee
River, comsisting of riprap and masoary retaining walls for stabilizing
both banks through sections of the downtown Reno area. - The work was
accomplished about 1930 to 1935 by the Works Progress Administration in
cooperation with local interests. As a part of the local interest
requirements for Martis Creek project, the City of Reno additionally
improved the channel to carry a 14,000 cubic feet per second (cfs) flow
through Reno, This work was completed in 1972, '

d. The Soil Conservation Service has constructed four flood deten-
tion reservoirs in the Peavine and East and West Wash watersheds north of
Reno. These reservoirs countain a tortal of about 1,200 acre-feet of
storage and provide flood protection to urban areas below the reservoirs.

e. There are other small reservoirs and lakes in the basin that
contain very small amounts of storage and have no influence on flood-
flows on the streams of interest in this study.,

5. Climate. - The upper part of the Truckee River Basin is characterized
by severe winters and short, mild summers. Precipitation is markedly

less than on the western slopes of the Sierra Nevada. The climate of the
lower portion of the basin is typical of the Great Basin. The winters

are long but with deficient precipitation, and the summers are short with
practically no precipitation.




Temperatures vary considerably throughout the basin because of the

extreme range in elevatiom, and diurnal variations are usually large.
The minimum and maximum temperatures of record at Tahoe City (elevation
6,230 feet) are -159 F. and 94° F., and at Reno (elevation 4,400

feet) are -160 F, and 1049 F., respectively. The monthly _
distribution of normal temperatures and observed temperature extremes at
these two stations as well as at the Truckee Ranger Station and at Boca
is illustrated in the following table:

TABLE 1 ‘
NORMALL/ MONTHLY TEMPERATURES (F©)

: Tahoe City :  Truckee R.S. @ Bocal/ : Reno WB AP
" Month (E1. 6230') : (El, 5995') : (El. 5575') (El. 4404')
January 26.9 25.6 23,7 - 30.4
February 28.4 28.0 26.8 35.6
March . 32.2 32.7 31.8 41.5
April 8.8 : 39.7 39.9 48.0
May 45.7 46.6 47.2 53.9
June 53.0 54.1 . 53.6 60.1
July 60.9 ' 61.9 60.1 ' 67.7
August 60.0 _ 60.4 - 58.0 65.5
September 54.3 55.3 . 52.8 58.8
October 45.0 45.6 - 44,7 . 49.2.
November 35.3 35.0 : 35.3 38.3
December 30.3 28.5 28.1 31.9
Average Annual 42.6 : 42.8 ' 41.8 48.4

1/ Wormals for all stations arve climatological normals based on the period

1931-1960 (as published by USWB).

2/ Boca values zre averages for the period of record.

OBSERVED TEMPERATURE EXTREMES

H MAXTMUM H MINTMUM
Location ¢  FO Month ¢ Fo Month
Tahoe City 94 August - =15 January
Truckee R.S. 101 August -28 - Jan. & Feb.
‘Boca - 97 July =45 © January
Reno WB AP 104 - July -16 January
5
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Normal annual precipitation over the drainage area between Lake
Tahoe and Vista varies from 8 to 70 inches, with a basin mean of 26.5.
inches. Precipitation uSually falls as snow above elevation 5,000 feet,
but some storms produce rain up to the highest elevatlons of the basin,
and snowfall may occur anywhere in the basin.

The areal distribution of normal‘annual precipitation is shown on
chart 5. In the upper part of the basin, about 85% of the annual
precipitaticon falls during the winter months of November through April,
but at Renc only 70% of the annual precipitation falls during this
period. The normal monthly distribution is shown in the following table.

TABLE 2
NORMALL/ MONTHLY PRECIPITATION .
: TAHOE C1TY TRUCKEE R.S8. BOCAZ/ s RENO WB AP
.MONTH : (E1. 6230') '@ (El. 5995") : (El. 5575") :  (El. 4404')

¢ Inches Percent @ Inches Percent : Inches Pergent : Inches Percent
July 0.26 0.8 - 0.35 1.1 0.32 1.5 ©0.27 - 3.8
August 014 0.5 0.17 0.6 0.23 1.1 0.17 2.4
September 0.40 1.3 0,37 1.2 0.25 1.2 0.23 3.2
October 1.90 6.1 1.82 5.8 1.01 4.7 0.51 7.1
November 3.15 10.2 3.10 10.0 1.86 8.7 0.57 8.0
December 5.64 18.3 5.66 18.2 3.64 16.9 1.08 15.1.
January 6.13 19.8 6.15 19.7 4.92 22.9 1.19 16.6
February ' 5.32 17.2 5.24 16.8 3.43 16.0 1.02 14.3
March - 3.95  12.8 4,02 12.9 3.02 14.1 0.68 2.5
April 2.10 6.8 2.27 7.3 1.33 6.2 0.54 7.5
May © 1,35 4.4 1.46 4.7 1.02 . 4.8 0.52 7.3
June 0.56 1.8 0.56 1.7 42 1.9 0.37 . 5.2
ANNUAL 30.50 100 31.14 1006 21.46 100 7.15 100
NOV-AFR.
TOTAL 26.29 85.1 26 .44 84.9 18.20 84.8 - 5.08 71,1

1/ Normals for all stations are e¢limatolegic normals based om the period 1930-1960
(published by USWB).
2/ Boca values are averages for the period of record.

Winter snowfall above 5,000 feet elevation normally accumulates
until about the first of April, when increasing temperatures mark the
beginning of the snowmelt season. Snow falling at lower elevations
usually melts within a relatively short time. Basin snowpack data for
a wet year (1952}, a dry year (1963), a near normal year (1953), and
the average for 1 April at representative smow courses are given in
Table 3.

6. Runoff. - ‘Most of the runoff from the Truckee River watershed is
derived from the snowpack which accumulates over thé high mountain




areas during the winter and melts during the late spring and early
sumner. .A large part of the runoff of the Truckee River Basin
originates above Farad, with about 31 percent above Lake Tahoe.

Because of the regulatory effect of Lake Tahoe, outflows into Truckee
River are normally minor except during snowmelt seasons of above-normal
runoff. Anaual runoff at Farad has varied from 133,000 acre-feet in
1931 to 1,432,000 acre-feet in 1907. Average monthly and annual runoff
are illustrated in Table 4. :




w1261 “o1npayss juawaansealy £aaing
moug eyuloyIfE), uy poyustiqnd se fisg1-1gel potaad a1 10) St Juszuod 133BAM 111dy | a8vaoae ayjy

8"y 0 7] 2 L ¢¢ 06z L 0L 19 006'S 74 @04 g6
L 114 el Lzt 6°¢ 941 9°8t Gt 0t 68 - 0SZ‘9 £31D Joye], ¢ot
791 g A S0t - Ly Lo LY m gz iy N 0049 i PRWNIL . 76
£°81 9¢ 1i1 ove  0's 0" 1t £€sy % £S £l 005°9 *1) way 23eg (g
676t 1§ 86 90t 1°9 0° 6t 0°28 ST 18 %81  006°Q9 3Iyuwng 1duuog 69
774y 9y 66 61 S 0t Sey 8°98 19 901 w81 008 ¢ jea3d I3qqeM %9
8 ¢e %8 [44] 1 $07__ 0°8C  8€¢E 1°89 ¢ 6L 7Sl 000°s6 as0y IH_ 4Eg
C112dV [ 2 €961 : €661 : 2S61°F €961 ¢ £561 ¢ TS61: £9671 : €661 ¢ IS61 ¢ : :
{sayouyg): @3eaoay jo ¥ : (saysuyy - ( s2youy) $(393]) ¢ ISAN0)H MOUg :ON
x98p19ay @ Juatearnby 1ajum H yjdag moug LR < :
(BPEAIN PUE BTUIOJTIR) ‘ulseq 13ATY 33d0i])
VIVd AdAdNS MONS ‘11d¥4V |
£ dI9VL
. L. . 1. L L Lo ( L. L L.




{popunoy) P

m
_ 0001 0n0*O%Z 0°001 906L°6 0°00T .- 000°8%%7 0700t 000'SYS 0°001  000‘7Z1 0°00% 008°91 07001 000°591 fenuuy
m 71 09z't , ora vy 6°T 000‘€T  I°¢ 00942 0z 0wse 't - 09t 901 00S* L1 dag
m S 0z5°‘¢c 9'9 949 1€ 008‘€l  8°S ~ 00L°IE y°E otz'y  UT Ve s'z1 009°0% Suy
M gz 008%9 6°6  ©L6 (v 000tz T°L  00%'6E cic  ozs's 9z 9%v . 601 voo'st 1mr .
w B S 1 BT < 2 z'gt o8L'l 6°2f  000'8s @'l ooo'se - 89l ooc'el  8'8 0841 8t oo6‘zt ung
| €°€Z  006'SS . €€l 00E°L. Y 61 00Lf98 61  000°SOT g9z oovtze  wel 09T'c 6y ozi‘s K%M
L*s1 0000y 88 158 oSt 00Z°L9 1°%1 0089l 0°81 goe‘zz 90T 09%°'C _ z°s  0c9's ady
: G It 009°LZ 9°6  SE6 z-ot 006‘sy Z°8 0oLy YL 091'6  ¥°TI 080‘C e oortel xeq
m 0°01 .000°% ¢s 918 e 00s'eE 19 005°EE B RIS T AL S A 0901 06 o008'vl a4
€8 000'0% ‘ 0’8 8L s ooz'9e 1'9 00c‘EE Ty 061's  ®#'6 059t . 08 ooz'er . uel
%9 00%‘ST €y 1w oL 00s‘TE 9°S 00%°0€ £'c 0zs'9  1°9  0E0°l 9°t  008°Zl ' sag om¢
' 09L's 8¢ Sl 0 00s‘zz vy 008°'€T e oss‘y €Ty WL L 00L°EE ~oN
91 oz’ 9% 1sYy 9'¢ 00z's1 v 001*¥E Ly ozs‘s  0°€ 96 i'g  00£‘er . 0
| T 335V X v KR WAV EY BT E3 T 2 T ¥ P X Wy
(8L-8161) (8L-2961) (8L-9% (BL6T-6061) (8L61-6£61) (BLET-6S61) (8L-6061
‘yy-cy ‘ce-0f 96-5681)
*61-z161)

AN ‘y{izomepup
agau We(
Kqaaq molaq

‘ f-4 @9onl}

vy ‘4310
aoye], I¥
I9ATY donay

v fa10Aa389Y
800§ 2A0qE
‘g @sayonay 313311

vy ‘eanonal
1eau
=19 S11ICR

vy ‘peaeg 3e
‘g aayonay

AN ‘ouday 3P
¥ @3RINal,

- AN *31P0quEal§ ¥
‘13 JpOqUEl]

s a0 se ¢
e b o 08
- e se e
" en v &
s e ee I8
s s s oe

2 49 v W8

Yjuoy

(smo13 POARIEQO) JIouny Ljyyuoy a3exany
Yy F9vl




7. Streamflow data. - Streamflow records in the Truckee River Basin
are available at the locations shown and listed on chart 6.

8. Precipitation data. = Precipitation records at stations in and
-ad jacent to the Truckee River Basin have been published by the U. S.
Weather Bureau since 1870. Locations and data pertinent to these
stations are shown on chart. 5.

9. Storm characteristics. - Precxplcacxon in the headwater areas of
the Truckee River Basin usually is associated with general storms which
occur during the winter season of November through April. These storms
originate over the Pacific Ocean and must cross the continuous barrier
of the Sierra Nevada, which averages 8,000 feet in elevation, to reach
these areas. The Truckee River headwater area is dlrectly opposite the
Donner Pass gap in the barrier, and occasionally air masses carry
considerable precipitable moisture over the pass and cause heavy
rainfall on the eastern slopes and on the Mt. Rose ridge east and north
of Lake Tahoe. Storm periods last from 1 to 4 days. These storms
usually produce general snowfall over the headwater areas, but some
storms produce rain up to the maximum elevations of the basin.

The major general storms that have occurred over the Truckae River
Basin since 1900 are those of February 1904, March 1907, January 1909,
January 1914, January 1916, March 1928, December 1937, March 1940,
January 1943, February 1945 November 1950 December 1950, December
1955, January-February 1963, .and December 1964ﬂ

Local ¢loudbursts occur frequently durxng the summer. They usually
occur in July and August when warm, moist air is more likely to reach
this area of Nevada from the Gulf of California. These storms are
characterized by high intensities over small areas znd can produce
large flood flows on the smaller tributary streams but do not have a
major impact on flow in the Truckee River.

10. Flood Characceriscics. « Floods in the Truckee River Basin can be

“divided into three distinct types:  general rainfloods, ¢loudburst

floods, and snowmelt floods.

General rainfloods, which occur dur1ng the per1od of November
through April, result from general rain storms covering a large part of
the basin and are characterized by high peak flows and short durations
(3 to 6 days). The total volume of runoff from such floods is
relatively small. A number of major general rainfloods have been

experienced in the Truckee River Basin. Table 5 provides data on some
of the larger floods at Reno. ;
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TABLE 3
TRUCKEE RIVER AT RENO - HISTORICAL RAINFLOODS
s Peak Flow : Max 1-Day Mean Flow 3 Max 3-Day Volume

Date t (cfs) @ (cfs) : (ac ft)
18 Mar 07 18,500 14,600 _ 68,400
16 Jan 09 10,100 8,540 43,600
26 Mar 28 18,800% - 66,900%
1l Dec 37 17,000* - 53, 100%
21 Nov 30 19,900 14,100 55,300
23 Dec 35 20,800 16,200 67,400

1 Feb 63 18,400 11,500 47,700
23 Dec b4 11,300 9,400 44,600

*Estimated from Tecords at other stations.

Snowmelt floods result from the melting of the snow-pack during the

late spring and early summer (April through July
large volumes and long durations.

) and have relatively
The distribution of runoff during

the flood period is dependent on Che ripeness of the snow and the

variptiqn ip air temperatures.
occur in May and June.

Generally the highest rates of flow
Snowmelt floods are essencially'ndn-damaging'in

the Truckee Meadows area under existing conditions of upstreand
Data on several snowmelt floods are tabulated below.

regulation.
TABLE 6
TRUCKEE RIVER AT RENO - HISTORICAL SNOWMELT FLOODS
s Peak : Max l-Day 3 Max 3-Day ¢ April-July @ Annual
: Flow t Mean Flow : Volume @ ‘Yolume ¢ ~Volume
Date : (cfs) @ (c£s) :  (ac—ft) (ac-£ft) 3 (ac=£t)
7 May 06 - 6,600% - 740,000% -
14 Apr 07 - 7 ,200% - 841,000 1,372,500
26 Apr 11 - 6,060 33,300 . 743,000 1,020,000
15 May 38 - 7,000% - o 652,000% -
3 May 52 7,950 7,630 52,800 821,000 1,231,000
20 May 58 6,090 5,750 33,700 591,000 794,500
22 May 67 6,800 6,200 33,200 576,200 829,800

*Estimated from records at other stations.
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Cloudburst floods are characterized by very high peak flows of
short duration and low volume. These floods occur during the
sumrertime, can carry large amounts of debris and sediment, and can
cause considerable damage on the smaller tributaries. Data on several
cloudburst floods are tabulated below.

TABLE 7

HISTORICAL CLOUDBURST FLOODS

Peak : Max 1~-Day

FY TS

H DA : : Flow : Mean Flow

: Stream t(sq. mi.) : Date (cfs):  (cfs) :
 Galena Creek near Steamboat 8.5 20 Jul 56 4730 -—
_ 15 Aug 65 3670 . 250
Whites Creek near Steamboat 8.02 15 Aug 65 2280 100

12




. CHAPTER 111
~ STORM AND FLOOD ANALYSIS

11. General., — For purposes of hydrologic analysis the Truckee River

E Basin has been gsubdividied as indicated on chart 7. These subdivisions

- were made at various stream g2age locations and at the various lakes and
- peservoirs to facilitate analysis of past floods. The many small area

: 5 subdivisions around Reno were made to facilitate possible future

P studies of this urban area. Because of the large surface area and

volume of Lake Tahoe, relative to its drainage area, runoff into the

- lake during rain-flood periods is completely regulated and releases are

{ negligible. Accordingly, the area above Lake Tahoe was not considered

' in the analysis. The analysis was made DY developing a mathematical

[ model of the basin using the campute:'program'“HEC-l, Flood Hydrograph

Package," as modified by the Sacramento District. The analysis

includes a determination of base flows, loss rates, unit hydrographs,

and flood routing parameters.

12. Floods analyzed. — The December 1955 and January-February 1963
storms and floods represent two of the largest general'rain.floods in
the basin for which adequate flood hydrograph and precipitation data
— ‘ are available. Flood hydrographs and reconstitutions are shown on.
L charts 8 and 9. Several large cloudburst f£loods have occurred -on
Lo Galena and Whites Creeks. An analysis of these events was not possible
because flood hydrographs and adequate precipitation data are not
available. C ' :

ey

: tion for the 1955 and 1963

i storms was determined from the isohyetal maps shown on charts 10 and
11. These maps were prepared from avasilable precipitation data at the
stations indicated on the charts. In areas where precipitation data
was missing the isohyetal lines were patterned after the normal annual
precipitation isohyetals. Time distribution of precipitation was based

on the records at ome Or more of the recording statioms.

13. Stomrm precipitation. = Basin precipita

-

T

s ‘ 14. Snow effects.

a. December 1955. - Available data indicated that a ‘substantial
L snowpack existed over the upper elevations of the Truckee River Basin
L prior to the December 1955 storm. Snow depths varied from zero at the
6,000 foot elevation to around 100 inches at rhe 9-10,000 foot
elevation. Potential sopowmelt rates were ¢computed for each 1,000 :foot
r- ' elevation band by use of the melt equation for rain-on—snow conditions
and partly forested areas given in EM 1110-2-1406. Temperatures were
based on the record at the Truckee Ranger Station and a lapse rate of
30 ¢, per 1,000 feet. Wind data were based on the records at
Sacramento since no ~*her data was available. Winds used were those

actually observed at Sacramento, reduced by 25 percent to approximate

ey
1
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average conditions ou the mountain slopes since Sacramento has an open

exposure, and adjusted for elevation using figure 5-27 of
"fydrometeorological Report No. 36", dated October 1961.

The influence of the snowpack on runoff was determined using a
computational procedure developed by the Bureau of Reclamation and
deseribed in Engineering Monograph No. 35, "Bffect of Snow Compaction
on Runoff From Rain ou Snow'", dated Jume 1966. The procedure is
basically a water—budget analysis which accounts for the water in the
snowpack until it is released in drainage. It uses the concept of
nenreshold density" and recognizes the compaction (shrinkage) of the
snowpack as water is added. "Threshold density," defined as the
density of the snowpack at which compaction ceases and drainage from
the pack begins, was assumed to be 40 percent. This procedure is
similar to that presented in EM 1110-2-1460. - The primary difference is
that the EM procedure assumes that the initial snowpack is "ripe" (at
"shreghold density") over the entire basin whereas the USER procedure
allows the adoption of an initial snowpack with densities varying with
elevation. The assumption of a “ripe" pack throughout the basin would
not be realistic for the Truckee River since pack densities are known

to vary with elevatiom.

omputed for each 1,000 foot elevation

Total available water was ¢
The area above 8,000 feet was

band using the above procedures.
non~contributing.

b. January-February 1963. - Available data indicates that .the
snow cover prior to the 1963 £lood was substantially less than existed
prior to the 1955 flood and that snowmelt apparently did not coutribute
significant amounts to cunoff. Accordingly, a snowmelt analysis was
aot made. Based on available temperature data it was determined that
rain fell up to an elevation of about 9,000 feet. ‘This elevation was
used to determine contributing areas for the flood recomstitutions.

15. Baseflow. - Baseflow was separated from the total runoff
hydrographs as indicated on charts 8 and 9. Baseflow adopted for
standard project and probable maximum general rain flood computations
was slightly higher than observed historically to account for wetter:
antecedent conditions. Basefiow for cloudburst standard project and
probable maximum £lood computations for the tributary streams around
Reno was assumed to equal a normal summertime flow on these streams
since these types of storms occur during the summer.

16. Loss rates. — Loss rates developed during this study are based on
the initial and constant infiltration loss concept. Higher losses were
adopted for cloudburst floods because these events occur during the
summertime when ground conditions are dry. K

14
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a. General rain fioods. - Constant losses obtained from the flood
reconstitutions ranged from & low of 0.05 inches per hour to a high of
0.23 inches per hour and averaged 0.15 inches per hour for the 1963
flood and 0.10 inches per hour for the 1955 flood. Based on these
results a constant loss rate of 0.10 inches per hour was adopted for
standard project and probable maximum flood computatioms. A slightly
higher loss rate of 0.12 inches per hour was adopted for Spanish
Springs Valley to account for additional ponding losses in this area.
Zero initial losses were adopted for computation of standard project
and probable maximum floods since antecedent conditions would be wet
prior to the onset of these floods. -

b. Cloudburst floods. = As discussed previously, a determination
of loss rates using Teconstitutions of historical cloudburst floods was
not possible due to a lack of hydrograph. and precipitation data. A
constant loss rate of 0.16 inches per hour and an initial loss of 0.30
inches was adopted. These losses are slightly‘higher‘than-used for
general rain floods since the cloudburst floods occur during the
summertime when dryer ground conditions prevail. The adopted losses
are consistent with those used in earlier studies.

17. Unit hydrographs. = Unit hydrographs for this study were developed
using the modified Los Angeles Distriet S—curve procedure presented in
Technical Bulletin No. 5-550-3, "Flood Prediction Techniques,” dated
February 1957. This procedure utilizes a non-dimensional summation
graph (S=-curve) in conjunction with a basin factor (m), which relates
lag time to basin characteristics, to develop unit hydrographs.

Adopted S-curves and lag relacionships are shown on charts 12 and 13,
respectively. Unit hydrograph parameters and ordinates are listed om
tables 8, 9, 10, 1} and 12 (located at the end of text). :

In a few cases the n values used for recomnstitution of the 1955
and 1963 floods differ slightly. .The values used for the 1963 flood
were adopted for standard project flood computations since this flood
is the largest on record in the basin. _Unit.hydrographs with higher
peaks and shorter lag times than the 1963 umnit hydrographs were
developed for computation of probable maximum fioods to account for the
increased hydraulic efficiency of the basins during the occurence of
this type of event. These ad justments were accomplished by reducing
the n values by 20 percent which produces a corresponding change in

peak flows and lag times.

" The S=-curve used to establish unrit hydrographs for the subareas
above Lawton was developed from an analysis of the 1963 flood on Martis
Creek, Alder Creek, Little Truckee River near Hobart Mills and Litcle
Truckee River near Boca. The S-curves developed from the unit '
hydrographs for these areas were gimilar and the Martis Creek S-curve

was adopted as being typical for the area.
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Unit hydrographs for the subareas below Lawton, except Spanish
Springs valley, were developed using either the Truckee Meadows average
valley S-curve (length = 743%), the Truckee Meadows average mountain
g-curve for general rain events (length = 700%Z), or the Truckee Meadows
average mountain S-curve for cloudburst events (length = 402%). The
two mountain curves were developed for the Truckee Meadows Flood Plain
tnformation study (1969). The valley curve is identical to the Los
Angeles Valley S-curve used by the Los Angeles District and was used in
the Truckee Meadows area for the flat valley areas. :

The unit hydrograph developed for Spanish Springs Valley in the
Truckee Meadows F.P.I. study used the Clark unit hydrograph technique.
The unit hydrograph reflected Clark coefficients of T, = 6.0 hours
and R = 6.0 hours. A revised unit hydrograph for Spanish Springs
Valley was developed for the current study because the drainage area
has been revised from that used in the FP1 study to account for
non-contributing areas. The revised unit hydrograph was developed from
an S-curve prepared using the original uait hydrograph from the FPI
study. The S-curve is shown oun chart 12. '

18. .Flood routings. - The Truckee River and its tributaries, with the
exception of the Truckee Meadows area, are mountainous streams where
flows are confined to narrow canyon channels. Channel storage during
large floods is small and does not significantly attenuate peak flows.
Accordingly, flood routings for the Truckee River basin were
accomplished using Muskingum coefficients for most routing reaches
supplemented by Modified-Puls routings where storage has a considerable
influence on downstream flows. A routing schematic with adopted
routing coefficients is shown om chart l4. These coefficients were
verified by reconstitution of the 1955 and 1963 floods. Modified-Puls
routings and additional refinements are discussed below.

‘a. Six storage-discharge relationships were developed for Truckee

. Meadows to represent the differing channel and stovage conditions in

the Meadows. These relationships were developed using streamflow
information at the Vista gage, calculated water surface profiles,
historic high water marks in the Meadows and computed storage volumes
from available topographic maps. The relationships for 1955 and 1963
conditions are shown on chart 15. The difference between the 1955 and

1963 curves represents the channel enlargement work completed in 1963.

Storage-discharge relatiomships for present (1980) conditions and
future (1990) conditions were developed taking into account the effects
of the Interstate 80 freeway and the decreased storage in the Meadows
due to the present and projected development in the area. Interstate
80 acts as a barrier and prevents significant amounts of water from
ponding on the north side of the freeway except during high volume
runoff periods. Accordingly, the area north of the freeway was
included for gemeral rain flood routings on the Truckee River (high
volumes), but was excluded for routing of cloudburst and general rain
floods originating in the Steamboat Creek watershed. The standard
project flood hydrographs presented in this report represent routings
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under 1990 conditions. Peak flows for these floods are 4 to 5 percent
lower when routed under 1980 conditioms.

b. Flows were routed through Independence and Domner Lakes, and
Upper Peavine, Lower Peavine, East Wash, and West Wash Reservoirs using
storage-discharge relationships furnished by the operating agencies of
these facilities or developed by the Sacramento District using
available spillway and reservoir capacity data. Storage-discharge
relationships are shown on chart 15.

c. Regulated condition routings through Bocs, Stampede, Prosser,
and Martis Creek Reservoirs reflect the flood control operating
criteria for these projects as specified in the "“Master Report on
Reservoir Regulation for Flood Concrol-Truckee River Reservoirs", dated
December 1971. v

d. Storage~discharge relationships were developed for routing of
Steamboat Creek flows from index point 40 to the Huffacker Hills
damsite. These relationships were developed from water surface
profiles prepared for the June 1972 Flood Plain Information Study on’
Steamboat Creek. Storage~discharge relationships are shown on chart 15.

e. A storage-discharge relationship was devéloped for routing Dry
Creek and Evans Creek from index point 64 to index point 70. This

~relationship was developed from backwater computations and flooded area

maps prepared by Tudor Engineering Company for flood insurance
studies. The storage discharge relationship is shown on chart 15.

f. The Truckee River channel and overbank capacities through Reno
are limited. When these capacities are exceeded, water leaves the
overbank areas and flows in a southeasterly direction, eventually
combining with other runoff in the Truckee Meadows area. Division of
flow relationships for determining overflows were estimated from water
surface profile computations through the Reno area. These
relatlonshxps are shown on chart 16.  Overflows were routed separately
using the Muskingum coefficients shown on chart lé&.

g. A storage-discharge relationship was developed for the Highway

40 bridge at Wadsworth, since it is somewhat restrictive at the higher
flows. This relationship is shown on chart 15.

h. Stream gaging records indicate that channel losses occur
between Wadsworth and Nixon when flows at Nixon exceed about 10,000
cfs. In order to simulate these losses the relatiomship shown on chart
17 was developed and verified by reconstution of the 1963 flood ‘
hydrograph and the 1955 peak flow at Nixon. The .upper portion of this
curve was estimated since historical flows at Nixon have not exceeded
about 14,000 cfs (1955 and 1963 floods). This estimate was based on
the following reasoning. Channel losses can probably be .attributed to
losses due to depression storage in overbank areas and to percolation
losses to the Dodge Flat ground water basin, located

17




between Wadsworth and Pyramid Lake. Depression losses are satisfied
during the initial phases of a flood when ‘channel capacities are
exceeded and water can flow to and £i11 overbank storage areas. Once
these areas are filled further losses to this source due to higher
flows are greatly reduced. Percolation losses are a function of area
flooded and head. Since the Truckee River flood plain between
Wadsworth and Nixon is confined to a relatively narrow band the flooded
area does not increase significantly with large imcreases in flow.
Accordingly, losses to percolaticn will not increase by large .amounts
once the flood plain is covered with water. In view of the above,
channel losses at the higher flows were inereased only a small amount

above those that occur at the lower flows.,
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CHAPTER IV
LAND USE

19. Lland use. - Hydrologic studies in this report were developed for
both present land use conditions (yr~1980) and estimated future land
use conditions (yr—1990). 1In the Reno area land use changes may have
some impact on runoff. In the other portions of the basin land uses
are not expected to change significantly and, accordingly, will have no
impact on runoff,

Present and future land use conditioms in the Remo area are
presented on charts 18 and 19, respectively. These charts were

- developed from a base map prepared by the Nevada State Highway

Department. Land use projections are based on those prepared by the
Washoe County Regional Planning Commission (1978 Preliminary Genmeral
Plan) and have been updated by this office to reflect current
conditions and expected future trends. :

The effects of the land use changes on runoff were accounted for
by lowering loss rates in proportxou to the imperviousness of the
subareas. The following impervious factors were used for the various
land use classxflcatlons.

TABLE 13
IMPERVIOUS FACTORS

" Land Use ¢ . Percent Imperviousness
Forest and grazing areas ‘ 5
Agricultural 10
" Residential : 35
Commerical 60
Industrial .90

Runoff calculations using the above data indicated that land use
changes have a negligible effect on peak flows at the points of
interest. This results from the fact that the increase in urbanized
area, when compared to the total drainage area above the points of
interest, is very small. - Accordingly, peak flow frequency curves
presented in this report are based on 1990 land uses and are -

‘considered to represent both existing and future land use conditioms.

Rapid development in the Truckee Meadows area has decreased the
amount of space available in the Meadows for the storage of flood
waters. This was accounted for as discussed in the preceding chapter.
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CHAPTER V
FLOW FREQUENCY ANALYSIS

20. General - Rainflood flow-frequency curves required for evaluation
of possible flood control projects in the Reno area were developed for

the following index points.

TABLE 14
LOCATION OF FLOW-FREQUENCY CURVES

Index : : Drainage :
Point : ] Area : :
No. : Description : (sq. mi.) _: GCurves
3460 Truckee River at Farad (USGS #3460) 426 1/ - Peak and Volume
600 Truckee River at Remo (USGS #3480) s61 1/ Peak and Volume
700 Truckee River nr Vista (uses #3500) 819 2/ Peak and Volume
720 Truckee River below Derby Dam 1060 2/ Peak and Volume
(USGS #3516)
940 Truckee River nr Nixon (UsGsS #3517) 1205 2/ Peak and Volume
30 Steamboat Creek at Steamboat 39.3 3/ Peak and Volume
(USGS #3493) : h
60 Steamboat Creek at Huffacker Hills 110.4 3/ Peak
Damsite :
84  Steamboat Creek at Mouth 162.3 3/ Peak
20 Galena Creek nr Steamboat 8.5 Peak
(USGS #3489) .
505 Hunter Creek nr Remo (USGS #3476) 11.5 Peak
44 ‘Whites Creek at Steamboat Ditch 14.6 ‘Peak
66 Evans Creek at Steamboat Ditch 8.4 Peak
622 Dry Creek at Steamboat Ditch 3.6 Peak
64 Dry Creek at Highway 395 14.8 Peak
48 Thomas Creek at Steamboat Diteh 11.4 Peak
70 Boynton Slough ‘ 41.0 Peak
620 North Truckee Drain at foothill line 58.9 &/  Peak

1/ Contributing area below Lake Tahoe.

/ Contributing area below Lake Tahoe and Washoe Lake.
3/ Contributing area below Washoe Lake. o

%4/ Contributing area.
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Two peak flow frequency curves are presented for the Truckee River
index points and represent unregulated and regulated conditions of
water vesource development. Unregulated conditioms refers to a runoff
regime without Boca, Stampede, Prosser, and Martis Creek Reservoirs but
does include the effects of Lake Tahoe, Independence Lake, and Douner
Lake. Regulated conditions includes the effects of Boca, Stampede,

 Prosser, and Martis Creek Reservoirs.

21, Truckee River. -

a. Unregulated conditions. - The period October through March was
selected for analysis of rainfloods. Flows below Derby Dam have been
impaired by diversions to the Truckee Canal since 1916. Further
impairment of flows occurrred when Boca, Prosser, Stampede, and Martis
Creek Reservoirs were completed in 1938, 1963, 1969, and 1972,
respectively. Accordingly, adjustments to the recorded flows are
required to obtain a uniform unregulated flow record. Adjustments to
account for Truckee Canal diversions were made by adding the daily
diversions to the recorded daily flows at the gages below Derby Dam.
Adjustments to account for operation of the various reservoirs were
made by routing the daily changes in storage at the reservoirs to the
downstream gages and adding the routed changes to the recorded daily
flows at the gages. Very few estimates of unregulated condition peak
flows are available. Those estimates that are available are based on
rainfall-runoff studies. Flows are listed om table 15 (located at the
end of text). :

The unregulated condition flows at the Truckee River gages were

_extended by multiple correlation with each other and with the longer

record of the Truckee River at the Farad gage. The correlations were
made using the HEC "Regional Frequency Computation" computer program.
The missing flows estimated by this program include an adjustment for
the natural variance in the data. Correlation coefficients are
tabulated below. ' :

TABLE 16
CORRELATION COEFFICIENTS - TRUCKEE RIVER

Correlation Coefficients

Station : _(with Farad gage)
1 l-day 3~day .7-day 15=day 30-davy
Truckee River at Reno : .98 .99 499 .99 .98
Truckee River at Vista .96 - .98 - .98 .97 .97
Truckee River below Derby Dam .94 .95 .96 .96 .96

Truckee River near Nixon .98 .98 .97 .97 .98

The adopted unregulated condition flow frequency curves are showm
on chart 20. Computed and adopted statistics are listed om table '15
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(located at the end of text). Adopted means are based on the extended

record. Adopted standard deviations and skews have been smoothed
considerably to fit the historical data and give consistent
volume~duration relationships. The standard deviations and skews based
on the extended record were not used because the resulting curves did
aot fit the longer duratiom data. The curves include the expected

probability adjustment for the indicated number of equivalent years of
record. ‘ :

A statistical analysis of peak flows was not possible because very
few unregulated condition peak flow estimates are available.
Accordingly, the adopted peak flow-frequency curves are graphical
curves. The adopted curves for Farad, Reno, and Vista are identical to
those presented in the December 1971 Truckee River "Master Report om.
Reservoir Regulation for Flood Control." The same curves were adopted
for this study because the current analysis does not indicate a
significant change from the earlier work. The adopted peak flow-
frequency curves for below Derby Dam and Nixon were drawn by keeping
the relationship between the peak and l-day curves approximately the
same as at Vista. The adopted peak curves are consistent with the
1-day curves, the historical data, and the computed standard project

floods.

b. Regulated conditions. - Frequency curves for regulated.
conditions were based on records of historical events, appropriately
adjusted for the effects of reservoirs completed since the eveant, and
routings of both historic and hypothetical floods. All of the adjust-
ments and routings were made to reflect reservoir operation in

accordance with current criteria and regulationms.

Historic records were adjusted based on the fact that for amy
given event, the regulated flow at Reno could be no less than local
flows downstream of the reservoirs plus reservoir spill. Since none of
the historic events were large enough to cause spill, the regulated
£low at Reno would result from the uncontrolled locals. Uncontrolled
locals were estimated as a percentage of the corresponding unregulated
flow at Reno. Percentages were based on an evaluation of historic
events, drainage areas, and normal annual precipitation relationships.

The four largest historical events (Nov-Dec 1950, Dec 1955, Jam-
Feb 1963, and Dec 1964) were amalyzed in more detail by estimating
bi-hourly reservoir inflows and local flows below the reservoirs and
routing these flows under regulated conditions. Runoff for the 1935
event was identical with that developed for the storm and flood analy- -
sis described in Chapter III. Runoff for the remaining events were
developed directly from streamflow records. Reservoir inflows were
estimated from outflow and storage records or by correlation with other

22




sites. Outflows from the reservoirs were routed to Reno and subtracted
from the observed flows there to obtain the uncontrolled loecal. TLocal
runoff below Reno was estimated from consideration of observed flows,
drainage area, and precipitation patterns.

Regulated condition flows for rare events were determined by
routing the standard project flood (sPF) and the 500, 100, and 50 year
hypothetical floods through the reservoir system. A 20-day standard
project flood series, determined as described in paragraph 27, was used
for the routings instead of a single S5-day flood wave because it was
found that total inflow volume was critical in determining the
regulated condition downstream flows. This is attributed to the
limited channel capacities and small reservoir outlet capacities in
comparison to inflows. The 500, 100, and 50 year events were patterned
after the SPF series. Flows for these floods are comnsistent with
volume-duration relationships at Reno. Some adjustments were required
for the one and three day duratioms to avoid unreasonable distortion of
the hydrographs. '

The following conditions and assumptions were used for all
regulated condition routings:

a. All reservoirs were assumed to be at the bottom of flood
control pool at the beglnnlng of the event. :

b. The error of forecasting local was assumed to be +25%.

¢. -Routing criteria were consistent with the rainfall-runoff
models described in Chapter III.

d. Releases from the reservoirs included outlet works ~discharges
when reservoir storage was above gross pool

@, No channel efficiency contingencies were used since the
releases computed by the simulation model during recession resulted in
an effective channel flow which varied from 70-80% of channel capacity.

Regulated condition frequency curves were drawn from the adjusted
and routed flows with plotting positioms at all index points based on .
the frequency of the corresponding unregulated flow at Reno. The
curves are shown om chart 21.

22. Truckee Meadows tributaries. =

a. Gaged locations. - Flow frequency curves for Steamboat Creek,
Galena Creek and Hunter Creek at the stream gage locations were
prepared from an analysis of the stream flow record. These frequency
curves were used as the basis for developing flow-frequency relation-
ships for ungaged streams in the area. This area is subject to both

- winter general rain floods and summertime cloudburst floods. There is

insufficient data to analyze each type event separately; accordingly,
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an all event analysis was made using the annual wmaximm £lows
regardless of their origin.

Computed and adopted statistical parameters at each of the
stations are listed in the following table. As indicated, the adopted

‘means are equal to the computed means; the adopted standard deviations

are based primarily on the computed standard deviations but have been
rounded aud smoothed somewhat to give consistent volume~duration
relationships; the adopted skews have been substantially rounded and
smoothed. The curves are shown on charts 22, 23, and 24 and are.
consistent with the historical data. The expected probability
adjustment is based on the number of years of record at each statiom.

TABLE 17

STATISTICAL PARAMETERS FOR FLOW :
FREQUENCY CURVES = STEAMBOAT, GALENA AND HUNTER CREEKS

Hunter Creek
nr Reno
paA = 11.5
square miles
(12-Years Record)

Steamboat Creek Galena Creek

at Steamboat nr Steamboat
Contrib DA = 39.3 DA = 8.5

e =8 ss s e
s e v e
s Jon 40 as ve-ee

:(17~Years Recorxd) (17-Years Record)

Flow : Parameter

square miles : square miles
Duration :(ngVUnits) sComputed : Adopted @

Computed : Adopted: Computed : Adopted

Peak Mean . 2,163 2.163 2.057 2.057 1.799 1.799
std dev 434 46 517 46 454 JAab
Skew +.564 +.6 +1.726  *.6 . #1,728 +.6
1-Day Mean ©1.798 1.798
Std dev 420 .42
Skew +.582 +.6
3-Day Mean 1.618 1.618
Std dev 415 .40
Skew +.552 +.5
7-Day Mean 1.479 1.479
std dev .385 .38
Skew +.263 +.4
15-Day -  Mean 1.348 1.348
Std dev .363 .37
Skew +.067 +.3
30~Day Mean 1.229 1.229
Skew +.235 +.2
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b. Ungaged locatioms. =

(1) Evans, Dry, Thomas, and Whites Creeks. - Peak flow
frequency curves were prepared for each of these creeks at Steamboat

Ditch and for Dry Creek at Highway 395. All of these streams drain
the eastern slopes of Mt. Rose and are similar in size, slopes,
location, and exposure to the gaged streams of Hunter, Galena, and
Steamboat Creeks. Accordingly, it was assumed that the shape of the
peak flow-frequency curves for these ungaged locations would be similar
to frequency curves for the gaged streams. The adopted curves, shown
on chart 26, were based on ratios of the standard project £lood.

Ratios used are averages of ratios determined from the Hunter, Galena,
and Steamboat Creek curves. Rat1os are tabulated below.

Flood " Ratios of SPF
1000 yr ' 4.31

500 yr 2.06

SPF ' 1.00

200 yr o .84

100 yr © W45

50 yr 24

20 yr 1L

‘10 yr .06

(2) Steamboat Creek and Boynton Slough. = Peak flow-frequency

curves were prepared for Steamboat Creek at Huffacker Hills damsite and
at the mouth and for Boynton Slough below Dry Creek. Flows at these
locations are effected by routings across Truckee Meadows.

Accordingly, the procedures used in subparagraph (1) were not used
because the storage effect of the Meadows is not reflected in the
frequency curves at the gaged locations.

Both general rain and cloudburst events were analyzed using
rainfall-runoff computations and the resulting flow-frequency curves
were combined statistically to produce an all events curve. The curves
are shown on charts 25 and 27. - The general rain curve was prepared
using ratios of the standard project flood. Ratios were developed from
the l=day flow frequency curve for the Steamboat Creek near Steamboat
gage. The cloudburst curve was prepared using ratios of standard
project cloudburst storm precipitation to develop various frequency
eloudburst floods. Ratios were obtained from the Reno 3-hour
precipitation frequency curve (chart 29). The combined curves were
checked by developing a flow-frequency curve for Steamboat Creek at the
gage using the above procedure and comparing it to the adopted curve at
the gage. This check indicated the combined curves are reasonable.

(3) North Truckee Drain. — The area drained by North Truckee
Drain (Spanish Springs Valley) is not typical of Steamboat Creek and
its tributaries. Accordingly, the analysis of streamflow records on
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Steamboat Creek cannot be applied to North Truckee Drain. The area
consists of many small streams that drain the foothill areas
surrounding the valley. These streams flow out onto the flat valley
floor where there are no defined stream channels other than North
Truckee Drain at the lower end of the valley. Flooding from North
Truckee Drain does not occur frequently. For example, Tudor
Engineering Company reported that a local rancher who has lived in the
area for 32 years stated that the drain had overflowed Spanish Springs
Road (located at the lower end of Spanish Springs Valley) only twice in
that period. Estimates of this flow by Tudor was about 270 c¢fs.

Recognizing the characteristics of the area, a peak flow-frequency
curve for the area was developed using razinfall-runoff computations for
the upper end of the curve and the historical experience in the area
for the lower end of the curve. The estimated frequency curve is shown
on chart 28, The upper end of the curve was drawn using the computed
100-year and 500-year (standard project) general rain floods.  Standard
project storms and floods are discussed in Chapter VI. The 100-year
storm amount was determined using a 3-day precipitation frequency curve
for Reno (chart 30). A cloudburst flood was not developed because it
was reasoned that this type of event probably would not contribute
significant amounts of runoff at the lower end of the valley due to the
fact that the low volume in these types of floods would be lost
crossing the valley floor. The resulting curve is reasonably -
consistent with flows developed for flood insurance studies.
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CHAPTER VI j&MM
STANDARD PROJECT FLOCDS gwdh

23, General. - Standard project floods (SPF) were computed for the
Truckee River and for the Truckee Meadows -tributari th
and cloudburst events were analyzed. The''gener:
hiﬂhéitﬁpehkﬁflbwaqujthéﬁrgﬁcgggggiv
produces the highest peak flows. on the True : ries;
general rain event was adopted for standard project flood computation on-
North Truckee Drain (Spanish Springs Valley) because, as previously '
stated, the low volume of a cloudburst flood would essentially be lost as
it flows across the valley floor. : :

ries./ The

24, Standard project storm. -

a. General rain. - Standard project storm (SPS) amounts equal to 60
percent of probable maximum precipitation were adopted. Probable maximum
precipitation (PMP) amounts were determined using Hydrometeorological
Report No. 49, "Probable Maximum Precipitation, Colorado and Great Basin
Drainages,”" dated September 1977. The December storm was used since it
produces the highest precipitation over the basin.

(1) Truckee River basin. - The Truckee River storm was centered
over the basin above Lawton since this area is the major contributor to
runoff at downstream points. Concurrent storms were computed for the
areas betwaen Lawton and Vista and between Vista and Nixon.. Adopted SPS
amounts and a comparison with historical storms are tabulated below.

TABLE 18

GENERAL RAIN STANDARD PROJECT AND
HISTORICAL STORM AMOUNTS

Storm Amounts (inches)

: SPS T 21-23 Dec : 30 Jan-1 Feb
Area H (72=hr) : 1955 : 1963
Above Lawton 11.5 9.8 9.5
Lawton to Vista 6.1 5.0 - 5.4
Vista to Nixom 4.3 2 * ~1.8

(2) Steamboat Creek and Spanish Springs Valley. - Standard
project storms were centered over Steamboat Creek above its mouth and
over Spanish Springs Valley above index point 620. Storm amounts (72
hour duration) for the two areas are 7.1 and 6.2 inches, respectively.

b. Cloudburst. - Cloudburst SPS amounts {3-hour duration) were

s e~ )
developed using 35 percent of the maximum 3-hour cloudburst probable
maximum precipitatiom., As indicated on chart 29, the SPS has am
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rprec1p1tatlen was determined from Hydrometeorolog

exceedence Erequency of about 0.2 per hundred years

Several storm centerings were used to deve lop standard pro;ec: floods
at the various index points. Centerings and storm amounts are
tabulated on table 19. : '

TABLE 19
CLOUDBURST STANDARD PROJECT STORM AMOUNTS

SPS Centering and Storm
Amount (3-Hr Duratlon)

Location

Index : Specific : :
Point : Over : SPD : Concurrent : SPS
No. : Suybarea : (in) : Over Subarea. : (in)
Galena Creek nr Steamboat 20 201, 20 3.54 No Concurrent — ==——
Whites Creek at Steamboat 4 42 3.59 44 - 3.01
Diteh
Thomas Creek at Steamboat 48 48 3.47 No Concurrent  ==—-
Diteh ‘
Dry Creek it Steamboat - 622 621, 622, 3.50 64 2.92
Ditch and at Hwy 395 623, 624 '
Boynton Slough 70 62, 64,  3.06 70, 72, 74, - 2.47
66, 68 76, 78
Evans Creek at Steamboat 66 66 3.54 No Concurrent ———
Ditch _ :
Steamboat Creek at - 30 15, 201, 2.80 30, 35, 40, 1.84
Steamboat . 20,25, - .46, 50, &0
, 42, 44, 7
48 .
Steamboat Creek at 60 15, 201, 2.80 3o, 35, 40, @ 1.84
Huffacker Hills 20, 25, -46, 50, 60
Damsite 42, 44, 48
Steamboat Creek at mouth 84 15, 201, 2.35 46, 50, 60, 1.66
) 20, 25, 64, 68, 70, 1.36
30, 35, 72, 74, 76, .
49, 42, ‘ 78, 80, 82,
44, M, 84 )

62, 66.
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25. Snow effects. - A snowpack was assumed to exist over the Truckee
River Basin prior to the occurrence of the standard project general rain
storm because there is normally a snowpack present on the basin in the
wintertime. There would be no snowpack prior to a cloudburst storm

" because these events occur during the summertime. .

An initial snowpack over the area above Lawton, varying from zero at
the 4,400 foot elevation to about 140 inches at the 9,000 foot elevationm,
was adupted for standard project general rain flood canputations. This
pack is similar to that which existed over the basin prior to the December
1955 storm and flood except that the lower edge has been extended to the
4,400 foot elevation. The pack is also similiar to that obtained from
the Sacramento Districts' criteria presented in "Standard Project
Criteria for Gemeral and Local Storms, Sacramento-San Joaquin Valleys,
California," dated April 1971 and used in earlier studies of the Truckee
River Basin. A snowpack equal to 50 percent of the pack above Lawton was

‘adopted for the area between Lawton and Vista while a pack equal to 25

percent of. the pack above Lawton was adopted for the area below Vista.
These percentages are based on a comparison of average 1 February snow
depth measurements in the basin taken from "Summary of Snow Survey
Measurements for Nevada," Soil Conservation Service, 1910-67 and
1968-72. Adopted snowpacks are shown on chart 3l.

Potential snowmelt rates were computed for each 1,000 foot elevation
band by use of the melt equation for rain-on-snow conditioms and partly
forested areas givem in EM 1110-2-1406. Precipitation distribution,
wind, and temperature data for use in this equation were those observed
durlng the January-February 1963 storm. This event was used as a pattern
since it is the largest flood of record in the basin. Storm amounts were
distributed to the various elevation zomes in proportiom to the normal
annual precipitation of the zomes. Preclpltatlon was assumed to fall as
rain when temperatures were above 32°F.

The influence of the snowpack on runoff was determined as discussed
in paragraph l4a. Table 20 summarizes the rain on snow computatlons for
the Truckee River Standard Pro;ect Flood.

Band excess amounts were distributed to the various subareas in
proportion to the percentage of each subarea in each elevation zone. The
entire area below 9,000 feet was considered to be coantributing even
though the snowmelt camputations indicated that only the area below 8,000
feet would be contributing between Lake Tahoe and Vista. This assumption
is conservative and does not introduce a significant increase in runoff
since the additional drainage area involved is only about 40 square miles.

26. -Standard project floods ~ unregulated conditions. - Standard project
floods for unregulated conditions were computed using the unit
hydrograph, loss rate, base flow, flood routing and storm criteria
discussed previously. These floods do not include the effects of Beca,
Stampede, Prosser, and Martis Creek Reservoirs. Pertinent data on these
floods are shown on Tables 21 and 22. Typical hydrographs are shown on
charts 32 and 23. ' o
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TABLE 21

GENERAL RAIN STANDARD PROJECT‘FLOODS.

UNREGULATED CONDITIONS

¢ Contributing : Total : : :
s Drainage : Drainage: Index : Peak : 5-Day
Location : Area* t+ Area : Point : Flow : Volume
: : (sq mi) : (sq mi) : : (efs) :  (AF)
Truckee River at Farad | : ' '

(uscs #3460) "~ 417.5 932 3460 60,100 148,000
Truckee River at Reno _ '

(UsSGs #3480) 548 1,067 600 71,000 192,200
Truckee River .at Vista T o

(usGs #3500) 798 1,429 700 - 56,500 243,400
Truckee River below Derby Dam 1039 1,670 720 - 56,300 245,800

(usGs #3516)

Truckee River near Nixon : _ :

(usGs #3517) ‘ 1184 1,815 740 53,500 233,100
Steamboat Creek at Huffacker _

Hills Damsite 103.9 194 60 13,500 27,000
Steamboat Creek at Mouth 155.8 246 84 14,800 38,800
Spanish Springs Valley (North

Truckee Drain at foothill line) 58.9 78.5 620 . 2,500 4,640

* Does not include areas above Lake Tahoe and above Washoe Lake, non-contrib-
uting area in Spanish Springs Valley, and areas above 9000 feet elevatiom.
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TABLE 22

CLOUDBURST STANDARD PROJECT FLOODS

ion

t Contributing: Total ¢ : : :
_ : Drainage : Drainage: : Peak : :
Location : Area ¢ Area : Index : Flow : Volume :Durat
: (sqmi) : (sq mi) : Point : (cfs) :(acre-ft) (hrs)
Steamboat Creek at Steamboat 39.3 123 30 15,200 3,770 24
(UsSGs #3493)
Steamboat Creek at Huffacker 110.46 194 60 13,600 9,550 24
Hills Damsite
Steamboat Creek at Mauth ' 162.3 246 8 11,100 12,400 36
Galena Creek near Steamboat ' 8.5 8.5 20 6,000 1,310 12
(USGs #3489) 7 .
Whites Creek at Stesmboat Ditch  14.6 14.6 4 8,700 2,110 . 12
Evans Creek at Steamboat Ditch 8.4 8.4 86 4,900 1,310 12
Dry Creek at Steamboat Ditch 3.6 3.6 © 622 2,650 560 12
DPry Creek at Highway 395  14.8 14.8 64 10,900° 2,160 12
Thomas Creek at Steamboat Ditch 1l.4 1.4 48 5,600 1,730 12
Boynton Slough , 41.0 41.0 70 14,000 4,970 12

27. Standard project flood series. - A 20-day standard project flood
series for the Truckee River was developed for operation studies
involving the upstream reservoirs. This series, as plotted on chart
34, was developed to be comsistent with the volume~duration curves for
the Truckee River at Reno. The 200-year volume was used for durations
between 5 and 20 days. The series cousists of four 5-day waves with
volumes as indicated on Table 23. Each wave was patterned after the
main wave.

28. Standard project floods - regulated conditions. — Regulated
condition standard project floods were developed for the Truckee River
by routing the unregulated comndition SPF's through Boca, Stampede,
Prosser, and Martis Creek Reserveoirs. Routings through these
reservoirs were made in accordance with regulations specified in the
“Master Report on Reservoir Regulation for Flood Control - Truckee
River Reservoirs," dated December 1971. ¥lood hydrographs are shown on
chart 32. Pertinent data are shown on Table 24. - :

33




TABLE 23

TRUCKEE RIVER

AT RENO

STANDARD PROJECT FLOOD SERIES

Duration ¢ Volume : Time Order
(days) : {cfs=days) ¢  of Occurrence

S 96,900 3rd (main wave)
" 25,000 2nd

" 15,000 4th -

" 12,000 1st

TABLE 24
GENERAL RAIN STANDARD PROJECT FLOODS
REGULATED CONDITIONS

Location :

Index Point

Truckee River at Reno
(UsGs #3480)

Truckee Riwver at Vista
(UsSGS #3500)

Truckee'River below
Derby Dam (USGS #3516)

Truckee River near Nixon
{UsGS #3317)

600

700

720

740

Peak Flow (cfs):

40,000
37,000
37,000

34,300

5-Day Volume (AF)

121,000
170,000
172,900

163,200
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CHAPTER VII
PROBABLE MAXIMUM FLOODS

29. General. - Gemeral rain and cloudburst probable maximum floods (PMF) were
developed for Steamboat Creek at the Huffacker Hills damsite. Both types of
floods: were considered since it is not knowm which type of event would be
eritical for spillway design.

30. Probable maximun recipitation. - Probable maximum precipitation (PMP)
for both the general rain (/2-hour duration) and cloudburst (6-hour duration)
storms was determined using Hydrometeorological Report No. 49, "Probable
Maximum Precipitation Estimates, Colorado River and Great Basin Drainages,

dated September 1977.

a. General rain. - The December general rain storm was adopted for compu-
tation of the general rain PMP since it produces the highest precipitatiom.
General rain PMP for a storm centered over the area above the damsite is 11.9
inches. ‘

b. Cloudburst. = A cloudburst storm centered over the upper areas of the
basin was adopted for cloudburst PMF computations. This centering is identical
to that used for computation of the standard project flood at the damsite. The
storm amount for the upper areas (subareas 15, 201, 20, 25, 42, 44, and 43) is
8.0 inches while the concurrent amount for the 1owet areas (subareas 30, 335,

40, 46, 50, and 60) is 5.2 inches.

31. Snow effects (general rain flood). - A snowpack was assuned to exis: over
the basin above the Buffacker Hills damsite prior to the occurrence of the
general rain PMF because there is normally a snowpack on the basin in the winter-
time. Since the PMF would most likely occur durring the December - January
period (December adopted for this study - see paragraph 302) a review of maxi-
mum historic snow depths during this period was made to establish a reasonable
snowpack. The snowpack oun 1 February 1952 was found to be substantially

larger than any other historic smowpack. This pack was adopted for PMF compu-
tations with the exception that it is somewhat deeper at the lower elevations.
Snow densities were assumed to vary from 40 percent at the 5000 foot elevation

to 30 percent at the 10,000 foot elevation. Thege densities are essentially '
equivalent to the 1952 deasities but are somewhat higher than normal snowpack
densities for this time of year. The adopted pack is about twice as large and
substantially more dense than the pack used for S?F computations. Snow depths
and densities are shown on table 25. _ : *

Potential snowmelt rates were computed for each 1,000 foot elevation band
by use of the melt equation for rain-on-snow conditions and partly forested
areas given in EM 1110-2-1406. Precipitation distribution, wind, and temperature
data for use in this equation were based oun criteria presented in Hydrometeor-
ological Report No. 36, "Interim Report, Probable Maximum Precipitation in.
California,” dated October 1961. Report No. 36 was used for wind and temperature.
data because Report No. 49 does not present this information. Use of Report
No. 36 was informally discussed with representatives of the Hydrometeorological
Branch of the National Weather Service and agreed upon as being applicable to
the Steamboat Creek basin. Storm amounts were distributed to the various
elevation zones in proportion to the normal annual precipitation of the zones.
Precipitation was assumed to fall as rain when temperatures were above 32°F.
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The influence of the snowpack on runoff was determined as discussed in
paragraph l4a. Table 25 summarizes the rain-on-gnow computations. Band
excess amounts were distributed to the various sub-areas in proportion to
the percentage of each subarea in each elevation zone. The entire area was
considered to be contributing even though the snowmelt computaticns indicate
that the small area above 10,000 feet would be non-contributing. *

32, Probable maximum floods. - Probable maximum floods were computed using
the unit hydrograph, loss rate, base flow, flood routing, and storm criteria
discussed previously. Hydrographs are shown on chart 35. The cloudburst
PMY has a peak flow of 94,000 cfs and a 24~hour volume of 34,100 acre~feet.
The general rain PMF has a peak flow of 35,500 cfs and a 4~day volume of
67,500 AF. _ o _ ‘ _
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1907 15500 | 260 | ea20 | 2097 129 18600 | 22499 [ 7043 | amis 728
1908 19vy | 1329 | 1298 | 12m8 1230 :
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1958 1390 ' 1381 109¢ ats 580 2201 1938 - 1424 1012 768
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1913 020 o 1100 700 536 37
192 270 | 36 | 217 | 1870 1822 1920 3sae | 3¢ | 2350 | 20%0 1520
s nr | wa 12 o1 0 ”"e "? %0 120 580
1944 3880 | 312 | 247 | 2328 1946 - 3070 | saze | 2ss0 | 2380 2080
917 i M2 Rl 437 518 1060 "e 728 - L 534
1918 1420 | sse 139 ;g 0 70 (1] (] 722 622
iy w08 | 2 Te8 - 70 1370 | 918 WL IR 502
1920 98 s st 1 a0
1 1990 | 1483 | 1977 | 118 1017
1922 sax S5 522 a8 sa0
1923 1300 | 3226 | 985 768 636
1w 767 1] 30 (L) s
ine a0 116 4382 ass 414
192 8 178 77 (131 829
1927 UE0 | 1090 | 1222 ; 1188 ”2
1928 12000 | vess | sBas | 2995 i
1929 735 18 150 we e
1% 1360 1283 un #%7 (128
1 m (3 [t 1) a0 307 189 21 548 %32 21
1992 v | 198 | 1026 | 776 - 506 1288 | 1200 | 10w (114 568
1993 224 08 e e 181 213 199 17 st 129
1933 2000 | tass | 1302 " 710 1790 | 1300 | 1020 790 249
1938 ;11 £ 39 203 117
199 1se9 | 1489 | 1281 | 1073 823
1937 2 " @0 33 52
1938 15800 | 12900 | 7833 | sesz ; 186 1408 .
1939 1178 | 2188 | 1008 | 818 639
1980 Sa80 | w460 | 3787 | %8 1826
FLLY 1130 | 97 Ty 580 529
1982 1579 | 1837 | 1am | 1aes 1192
19as asen | Joue | 2u9e | 2309 a8 ¢us2 | Roe2 | 2986 | 2720 833
1988 ] ay x2e 281 309 H
1988 1976 | 188 | 97 147 LG ) |
1988 1978 | 1387 | 1083 | 778 sa1 1110 | 1028 | ¥is o L ;]
1987 1388 | 1236 | s 122 | 61 123% | 1208 | ee3 613 (]
11 ur | e 482 | am 33 1016 | 938 san w n
199 113} a8 1 ue ! 386 bE7 BT ] 07 HE] 238
1980 | 1108 | 102 ”s Tas | 27 | 138 1072 988 - 179 | eed
1981 12000 | 11000 | oatz | ez | desx | aso , 20800 | 15662 : 10858 = 4351 O a3 | 3588
1982 1825 1 1022 | 1005 | 18 | 1693 738 2637 | q170 | 2082 | 1913
1983 1388 | 1381 | 13mp | 13z | 2 4726 [ 1A% D oiagy ¢ 1wz | 1Mas
199 2088 | 088 | 1377 ; s een | |01 | o 183 I z036 | e
1938 b oesz | sz | s | owsm o ! 630 | 396 i s19 | et 20
1984 2180¢ 35648 12644 | 4900 32 1] 27800 . 25646 . 1A611 . 1902 | asre 780
1957 oL | a7e7 | teme | isaa | ta7s 1978 | ae2e t 1700 I 1860 1329
1988 1990 | 13az | toee | mx | s i | 2s01 7 o1e3s | aaz6 | tos2 | ves
195¢ tons | 98 178 o5 | oses ! [ 7e2 | 632 | s03 ; 92 | %
1960 1299 | a39h | 19 | ses ! oew3 [uszs | 1311, a7 | s | am
1962 [ 532 811 w1 | e | 300 i asa | 33 | 290 269
19462 ns [} ) 9T 1 : 269 [ S I 7 4 ; L2 383 iTh
1943 $0800 | 20119 | tIsa3 | e67H : 3023 | 2209 3300 | 2ua85 ;13383 1 TaeR 358 . 263
1943 1148 1243 (T2 N 1 L4 i 539 . 1882 . 1287 ¢« 338 (1] l a3
1948 20000 | 17297 | 18120 | a3y | vy | 2819 28300 }usu{ 12998 enix . 73 | 7802
1966 zova | 2083 | 2088 | we2zr 12n T19s1 7 oaere . LT 0 a730 ] 120
1947 338 | 2952 | 2912 | 1769 ) t190 . 3ses . %3 fem i ¢ 1
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1970 10221 | 7850 | Ssie | us23 ez | 9285 I #me . sset | sO7H f .14
1973 1930 | 125 [ 1328 | wee oW1 PAes L1318, a2de ., lize o 1062
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Lag Mean 3.259 | .28 | 3.098 | 3,000 . .07 | 2208 | 3.231 | 2.437] 3.038 | 2.9m0
Lag Sta. Duw. aae | oLaer | oL3e | L2 l 299 a7 l 280 | ez .76 .18
Show .10 | .eem AT 238 | s 8% | el | 308 .09 223
EXTENRED STATISTICS BASED QN MULTIPLE CORRELATION
Years Rocord 8.9 77 7” 7.9 | res | D rges. | e I 16.0 | 768 6.3
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Skew 187 a5 | e b2 oL [T 8 e arm | a9
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TABLE 15
UNREGULATED CONDITION FLOWS - TRUCKEE RIVER
(0CTOBER =~ MARCH) .
(Flows in c.f.8¢)
' TRUCKEE RIVER BELOV -
,Y‘g-,‘!.l TRUCKEE RIVER ¥R YISTA ERBY DA REAR VWADSNOATH TRUCKEE RIVER NEAR RiXON
sear] 1 oav] 3 oav] 7 oaviss oar| 3w oav | mean| 5 oar| s cav| 7.0avy 19 0av] 30 DAY | pEAK| 3 DAY 3 0AY] T OAY{. 20 oa¥
1900
1901 a0 | meo | w0 | e | 20w
1902 waw | | sss | s | 709
1903 se00 | a1t | 2me | 10 | 1090
1908 0200 | w19 | m30| 290 | deso
: 1908 000 [ 1570 | 1870 | AW | 1320
1906 7 | e | trre ] 1awe | 130
1907 11000 { 1200 | g208 | 88 | MO
1908
1909
1910
1911
1912
; 1913
1918 !
: 918 | | :
. 1916 i
1917 - |
1918 :
1919 . 25z | wrr| so0e | T2y | 620
j 1920 1005 Te | 03 | 3T | w2
b 9 : s amaz ] i526 | 130s | a0
! 1922 1500 | 1300 | 1223 | 917 161
: 1929 } 1662 | 1sm8 | 1317 | 1080« | 84S
I i1 sss | saa 'l sse | %08 | w2
: 1975 yor3 | 206! 1873 | e | ezt i |
‘ 1926 ' azs | sos | T | 06 | ses ! ;
] 0] zoss| 19zr | sse | 1w i
1928 12001 U0l erzs | 7 i 0 | [
i 1929 “r | 93 W el Il ! !
1w ez ] 1ol 1w | Me ‘ o | ; | ’ i
199 o0 | sa2 [ w0 a;m | a2 ; ! i
1932 ] w3 | 13671 1008 [ w09 | %0 ! ; !
1933 m | 10 as | 29 | e 9 zal a2 | e | _ i I _ ]
1934 1730 | 1580 | 1040 | %6 L] 1ol 1Me; 979 | Te3 | S0 | i !
1938 ra | 8§ 2 | o | a2 %3 | 22| e ! oae | i | P i
193 1620 | 1570 ) 130 ! 1160 .| 918 1eea | the2| 1390 | 112% | 003 i i i
17 1190 | 1830 | 1120 | 920 710 1068 | 1628 | o8& ] N2 ” ! ;
199 9760 | 10 | w0 | 82 | 1990 san | Taz3ioems | pIz | a8 !
199 om | unues o | m3 w00 | teas| uss | v | vee 1 1 [ i !
1900 wzo | wazn | gras | 2210 | e sais | sae ' 3emi | ne | w2 | T : ! | !
| 19z | was| wal s | ow 1295 | ez wn | ear | oear | i : : !
1982 zee | 2700 | some | 1sm | 192 maz | 2138 1230 1 am3 | 136 : : ] !
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1983 2066 | 1047 | L6TS | 1M2 : 1M02 2986 | 21761 ;2w | 20890 1782 i I t i i
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1938 [ | _ . ! : ‘ : : : : i !
1955 2901 179971 teesal ; 29000 | 15809 | 1703 118100 1 16196 | 127398 1 |
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H 1997 7% | AW | 120 o e 1888 | 1638 | l084 ”ne- nr
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19 1120 | to88 | w7 | sst | e0e 106 | 1228 | tors | ew | aae
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i ft— 1988 ' . l .
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