RESERVOIR REGULATI ON MANUAL
FOR
PI NE CANYON DAM

VIRG N RI VER & TRI BUTARI ES, NEVADA, ARI ZONA, & Ut ah
MEADOW VALLEY WASH & TRI BUTARI ES, NEVADA

AUTHORI TY

1. The authority for preparation of this manual is contained in
ER 1110-2-240. Detailed instructions pertaining to the contents
of the manual are contained in EM 1110-2- 3600.

SCOPE

2. This manual contains (a) descriptive information pertaining to
the project and its drainage area, (b) a description of the plan of
operation, and (c) the basis of design for the project, including the
reservoir design and spillway design flood routings.

BASI N | NFORVATI ON

3. PINE CANYON BASIN. Pine canyon Damis located within Pine
Canyon, in Lincoln County, Nevada. The site is 18 m|es southeast of
Caliente, Nevada, and 100 miles northeast of Las Vegas, Nevada.

The drai nage area behind the damtotals 45 square mles, and consists
nmostly of rolling hills and narrow valleys. The elevations in the
drai nage area vary from about 5,598 feet above sea |level at the dam
to 7,500 feet at the highest peak. The |ongest water course in the
drai nage area extends 11 m | es above the dam and has an average
streanbed gradient of 135 feet per mle. Project |ocation and

t opography are shown on Plate 1.

4. MJDDY RIVER BASIN. Cover Creek, which receives the drainage from
Pi ne Canyon at a point approxinmately 4 miles downstream (northwest)
fromthe dam flows northwestward nearly 14 mles to Caliente, where
it enpties into Meadow Vall ey Wash. Meadow Val |l ey Wash fl ows
southward to its confluence with the Muddy Ri ver near d endale, 70
mles downstream from Caliente. Downstream from @ endal e, the Middy
River flows for a distance of 12 miles to the point where it enpties
into Lake Mead. Plate 2 illustrates the Muddy River Basin. Prior to
the formati on of Lake Mead behi nd Hoover Dam the Muddy River flowed
into the Virgin River. Lake Mead now submerges the confl uence of
these two rivers.




5. SO LS AND VEGETAL COVER. The nountai nous drai nage area is covered with
shal l ow soils and | arge areas of bare rock. |In the canyons, soils are deep
Soi I's throughout the drainage area are volcanic in origin, and have a | ow
organic content. The |ower valleys have sparse vegetation, with a few
meadows. The hi gher el evati ons have a good cover of junipers and scattered
| ar ge-di ameter conifers.

6. ECONOM C DEVELOPMENT. Pine Canyon Dam together with Mat hews Canyon Dam
provide partial protection to the downstream overfl ow areas al ong C over
Creek, Meadow Val l ey Wash, and | ower Muddy River. These overflow areas
conprise approxi mately 13,280 acres and include residential, business,
public, and agricultural properties; irrigation and drai nage works; fl ood-
control inprovenents; and hi ghways, roads, railroads, and utilities. Based
on a 1955 price index, the value of the property subject to damge was
estimated at $11, 840,000. The economic analysis of the project found in
“Desi gn Menorandum No. 3, Ceneral Design for Pine Canyon Dam” dated July
1956 indicates that Pine Canyon Damis a justified project with a benefit-
cost ratio of 1.5 to 1.

7. EXI STI NG STRUCTURE AFFECTI NG RUNOFF. There are no structures in the
drai nage area above Pine Canyon Damthat significantly affect runoff.

8. CLIMATO.OGY. The climate of the drainage area is semarid. The sunmmrers
are long and hot and the winters are short and mild. Mst precipitation in
the drainage area results fromgeneral winter storns that are associated with
extratropical cyclones of north Pacific origin. Stormrainfall is usually of
low intensity, and its distribution reflects orographic influence. The
duration of the nost intense, flood-producing rain rarely exceeds 6 hours,

al though the stormitself may |ast several days. Storns occurring during the
sumer are of two types: “general summer stornms” and “local sumrer storns.”
The latter, which are frequent, may result in heavy rain over snall areas,

but their duration rarely exceeds 3 hours. The general summer storms, which
are infrequent, cover conparatively |large areas. The duration of these
storms may be 24 hours or nore. They sonetines include cells of high
intensity rainfall of short duration

9. PRECIPITATION. Precipitation records are available for 4 precipitation
stations in or near the drainage area. The longest is for Caliente, which
has 50 conplete years of record during the period of 1903-1973. The nean
annul precipitation ranges from about 10 inches at the damto 20 inches in

t he higher nmountains. dimatic conditions in the Pine Canyon Basin generally
vary with elevation. The nonths of May and June are somewhat drier that the
ot her nonths. Snow is common during winter storns, especially at the higher
el evations. According to statenents by | ocal residents, the naxi nrum snow
accumul ation in the nountains probably does not exceed 3 or 4 feet. 1In the
| ower valleys, snow never remains on the ground for nore than a few days.
The effect of snow on runoff is generally slight. Precipitation data for
four selected precipitation stations (Caliente, Pine Canyon, Mthews Canyon
and Acoma) are given in Tables 1 and 2. The locations are shown on Plate 1.




10. RUNOFF CHARACTERISTICS. Streanflow is negligible except immediately
after heavy rains. Cdimatic conditions are not conducive to continuos
runoff. However, high-intensity rainfall in conbination with the effects of
steep gradients results in intense debris-laden floods. Due to the linmted
size of the drainage area, the greatest peak discharges would occur from

t hunder st or rs.

11. FLOODS. Flood history in the Muddy Ri ver Basin dates back to 1905.
Nunerous fl oods causing severe property damage in the basin occurred prior to
the construction of Pine Canyon Dam Once or nore fl oods occurred in the
basin in each of the follow ng years: 1906, 1907, 1908, 1910, 1911, 1912,
1913, 1914, 1919, 1922, 1923, 1924, 1925, 1926, 1928, 1934, 1935, 1937, 1938,
1939, 1941, 1945, and 1946. CQuantitative records are few, therefore, nost of
the information on these floods was collected fromhistorical accounts,
records of the Union Pacific Railroad Conpany, reports by local, State and
Federal agencies, and statenents of |ocal residents. The floods of 1910,
1924, 1938, 1941, and 1946 were outstanding and representative of najor
floods within the basin. Mre recently, heavy rainfall occurred in 1965,
1966 and 1969; however, runoff fromthese stornms was reduced considerably due
to the protection of Pine Canyon Dam and Mat hews Canyon Dam  Bri ef
descriptions of the 27 February 1969 storns and floods are given in the
fol Il owi ng paragraphs.

12. STORM AND FLOOD OF 27 FEBRUARY - 3 MARCH 1938. The storm of February -
March 1938 produced | arge floods over nuch of southern California, Arizona,
sout hern Nevada, and southern Utah. The flood was the | argest general fl ood
of record in the Muddy River Basin. Lowrainfall |loss rates and unusually
heavy rainfall on 2 March caused high rates of runoff, especially in the
mountains. At Caliente the peak di scharge on Meadow Val | ey Wash bel ow O over
Creek was estinated at 15,000 cubic feet per second. This storm produced an
estimat ed peak discharge of 9,000 cubic feet per second at the mouth of Pine
Canyon. Snowrelt was a significant contribution to runoff during the storm

13. STORM AND FLOOD OF 27 - 30 OCTOBER 1946. The general winter storm of 27

- 30 Cctober 1946 deposited up to 10 inches of rainfall in the nountains near
C over Creek. Autographic rain gages in the genera region, operated by the
U S. Bureau of Reclamation, recorded the severity of rainfall. |sohyets of

the total stormprecipitation are shown on Plate 3. Estimated peak

di scharges were 3,000 cubic feet per second for Meadow Vall ey Wash bel ow
Caliente, 700 cubic feet per second for Meadow Val |l ey Wash near Panaca, and
8,400 cubic feet per second for Middy Ri ver below dendale. No data was
avail able for the flow at the nmouth of Pine Canyon



14. STORM AND FLOODS OF JANUARY AND FEBRUARY 1969. General winter stornms
produced w despread precipitation throughout the state. No significant
damages were reported along the reaches both upstream and downstream of Pine
Canyon Dam However, |osses in property and crops in other parts of the
state total ed about $600,000. Total precipitation at the Pine canyon Dam was
5.43 inches during January and 4.91 i nches during February. Runoff was
negligi bl e during February because nost of the precipitation fell as snow
Inflow to the reservoir resulted in a record maxi num water surface el evation
of 5,622 feet above nean sea | evel on 26 January and a conputed peak nean
hourly inflow of 1,305 cfs on 21 January.

15. FLOOD DAMAGES. The flood of January 1910 caused direct damages
estimated at $831, 000, including damages of $714,000 to property of the Union
Pacific Railroad. Railroad service was interrupted for nore than six nonths.
The March 1938 flood caused direct danages estimated at $318, 000, incl uding
damages of $188,000 to the railroad. Rail traffic was interrupted for two
weeks, and basenents in Caliente were filled with water and debris. The 1946
fl ood caused direct danmages estimated at $280, 000, includi ng damages of
$226,000 to the railroad. These values have not been converted to current
prices.

16. DOMSTREAM CHANNEL. Flow fromthe outlet conduit discharges into a
short unlined channel, excavated in sound rock. Fromthe toe of the dam the
channel extends downstream about 150 feet to the natural streanbed. The
outl et channel has a di scharge capacity of 340 cubic feet per second. The
reaches extendi ng downstream from Pi ne Canyon Damto Lake Mead are

predom nantly natural streans. The nondanagi ng channel flow capacities were
eval uated by the Corps of Engineers for their “Report on Survey, Flood
Control, Virgin River and Tributaries in Nevada, Arizona and Utah” dated June
20, 1942 and are presented on Plate 2.

PRQIECT | NFORVATI ON

17. AUTHORI ZATI ON. Pi ne Canyon Dam was aut hori zed by act of Congress, Fl ood
Control Act of 1950, Public Law 516, Eighty-first Congress, second session,
approved 17 May 1950, in accordance with the recommendati ons of the Chief of
Engineers in his report as contained in House Docunment Nunmber 530, Eighty-
first Congress.

18. CONSTRUCTI ON HI STORY. Construction of the dam began on 18 March 1957
and work was conpl eted on 16 Decenber 1957. Pine Canyon Dam and Mat hews
Canyon Dam were coordi nate inprovenents under the overall plan of inprovenent
for flood control. The total cost of the two projects (excluding maintenance
and operation expenditures) through Decenber 1957, was $1, 401, 000.

19. PURPCSE. The Purpose of Pine Canyon Dam in conjunction with Mthews
Canyon Dam is to provide partial protection fromfloods to area conprising
about 13,280 acres, which include about 80 mles of the Union Pacific
Rai l road mainline, many mles of county roads, the City of Caliente, and
about 3,500 acres of irrigated | and.



20. RELATIONSH P TO COORDI NATED PLAN OF DEVELOPMENT FOR THE BASIN. Pine
canyon and Mat hews Canyon Danms are the conponents of a coordinated fl ood
control plan. Both units are essential for reducing fl ood peaks on C over
Creek, Meadow Vall ey Wash and | ower Miuddy River. These two structures
provide partial protection to nmuch of the downstream area, which is al so
subject to flooding fromother sources. Ungated outlets at both dans provide
automatic regul ation of the reservoirs. Therefore, coordination of flood

rel ease from Pine Canyon Damwi th other projects in the Middy R ver Basin are
not possible. Oher projects existing wthin the Muddy R ver Basin include
various snall danms and weirs, constructed for purposes of flood control,
erosion control, irrigation are recreation. None of these structures
significantly effect large floods.

21. DESCRIPTION. A general plan of the project is shown on Plate 4 and a
detail ed description is contained in the follow ng paragraphs.

22. EMBANKMENT AND DI KE. The enbanknent is a zoned earthfill structure with
a crest length of 884 feet and crest width of 20 feet. The maxi mum hei ght
above the streanbed is 92 feet. The upstream and downstream sl opes are 1
vertical on 2.50 horizontal. The foundation is bedrock for the entire | ength
of the enmbanknment. The dike is an earthfill structure, 40 feet high and 893
feet long, and is identical in section and conposition to the enmbanknent.

Sl ope protection for the enbanknent and di ke is provided by stone bl ankets on
upstream and downstream sl opes. Typical sections of both the enbanknent and
the di ke are shown on Plate 5. The plan and profile for the enbanknent and
di ke are shown on Pl ate 6.

23. OQUTLET WORKS. The outlet works is located in the right abutnent and
consists of an intake structure, an ungated outlet conduit, and an unlined
outl et channel excavated in rock. The plan, profile, and sections of the
outlet works are shown on Plate 7 and the outlet discharge curve is shown on
Plate 8. A general description of the outlet works is contained in the
foll owm ng paragraphs.

a. Intake Structure. The intake structure is a rectangular concrete
tower, 19 feet high and 8.5 feet square, perforated by a series of intake
ports 1.5 feet wide 2 feet high, and includes a bell-nouth conduit entrance.

b. Conduit. The conduit, an ungated structure of reinforced concrete,
is 3.5 feet in dianmeter and 499 feet in length. Elevations of the conduit’s
invert are 5604.00 at the upstream end, and 5594.62 at the downstream end.
The entire conduit has been set into sound rock. Flow fromthe conduit
di scharges into the outlet channel which extends fromthe end of the conduit
to the natural streanbed. The maxi mum capacities of the conduit with the
wat er surface at spillway crest (elevation 5,675.0) and top of the dam
(el evation 5,690.0) are 322 and 352 cubic feet per second, respectively.



24. SPILLWAY. The spillway consists of a trapezoidal channel excavated in
hard rock along the left wall of Pine Canyon. The channel has a 330 foot

base and side slopes of 1 horizontal to 2 vertical. The spillway is not
paved; however, a 2 foot wide and 5 foot deep concrete sill forns a contro
section extending the full length of the crest. The sill is fully entrenched

in rock such that its top is flush with the spillway' s profile at elevation
5,675. Spillway flow returns to the natural channel about 450 feet
downstream of the crest. Plan, profile and details of the spillway are shown
on Plate 9. The spillway discharge curve is shown on Plate 10.

25. RESERVO R The reservoir, fornmed by Pine Canyon Dam has an area and
gross capacity at spillway crest (elevation 5,6675) of 254 acres and 7, 840
acre-feet, respectively. At the top of the dam (elevation 5,690), the area
is 367 acres and the gross capacity is 12,460 acre-feet, which includes a
1,400 acre-foot allowance for sedinentation and debris bel ow spillway crest.
Area and capacity curves are shown on Plate 11. A tabulation of areas and
capacities is given in Table 3.

26. BASIS FOR DESIGN. The Pine Canyon Dam and appurtenances were desi gned
to control the reservoir design flood; effectively pass the spillway design
fl ood w thout endangering the dam and provide storage for sedinent carried
into the reservoir fromthe tributary drai nage area. Devel opnent of the
design floods is described in the Corps of Engineers’ report titled “Design
Menor andum No. 1, Hydrol ogy for Pine Canyon and Mat hews Canyon Dans, Meadow
Val | ey Wash and Lower Muddy Ri ver Basins, Nevada” dated April 1955.

Est abl i shment of the spillway crest and top of dam el evati ons and sedi nent
volune is described in the report titled “Desi gn Menorandum No. 3, Cenera
Design for Pine Canyon Dam Meadow Valley Wash and Lower Middy Ri ver Basins,
Nevada” dated July 1956. The design criteria are briefly described bel ow

a. Reservoir Design Flood. The reservoir design flood is expected to
occur fromthe nost severe conbi nati on of mneteorol ogi c and hydrol ogic
conditions that are reasonably characteristic of the geographic area. A
synthetic general winter type storm based on previous events, especially the
storms of 1938 and 1946, was established for design. The duration of the
synthetic stormwas 24 hours, including 6 hours of intense rainfall. G ound
condi ti ons reasonably conducive to runoff were established by assum ng the
intense rainfall to occur 17 hours after the start of the storm Rainfal
over the entire drainage area during the 24-hour stormresulted in a total
average depth of 8 inches, of which 4.5 inches occurred during the 6 hour
period of intense rainfall. Infiltration |oss rates varied with tine. The
average loss rate for the period of intense rainfall was .25 inches per hour.
Runof f from snowrelt was considered to constitute a mnor contribution to the
flood flows and was therefore neglected. The storm produced a reservoir
desi gn fl ood having a peak di scharge of 10,500 cfs and a volume of 7,300
acre-feet.




b. Sedinent Volune. The allotted sedinent-storage volunme of 1,400
acre-feet in the reservoir was deternmined froma study of silt accunul ation
rates in existing reservoirs in the southwest United States. Fromthis
study, the silting rate was established at 28 States. Fromthis study, the
silting rate was established at 28 acre-feet per year, or .62 acre-feet per
square mle per year

c. Spillway Design Flood. The spillway design flood represents a
di scharge that may be expected fromthe nost severe conbinations of critica
nmet eor ol ogi ¢ and hydrol ogi c conditions that are reasonably possible in the
region. Two types of floods were analyzed to determ ne which was nost
critical. The type “A’” flood, which produced peak di scharges, was based on
t he maxi mum possi bl e thunderstorm the type “B” flood, which produced peak
vol ume was based on the nmaxi mum possi ble general stormwith accretion to
stormrunoff fromsnowelt. Type “A’” flood was determ ned to be the nost
critical for the Pine Canyon Dam and was used as the nmaxi mum probabl e fl ood.
The thunderstorm was expected to have a 6 hour duration and produce an
average rainfall depth over the entire basin of 8.2 inches. The resultant
peak di scharge was 38.000 cfs and the vol une of runoff was 15,800 acre-feet
for the flood.

d. Reservoir Design Flood Routing. The spillway crest elevation was
determ ned by routing the reservoir design flood through the reservoir
assunming the space allocated to sedinment storage had silted in, i.e., net
storage was used. A maxi num water surface elevation of 5,674.6 feet was
cal cul ated and the peak inflow of 10,500 cfs was reduced to the peak outfl ow
of 321 cfs. Spillway crest elevation was set 0.4 feet higher at elevation
5,675 feet above nmean sea level. See Plate 12 for the reservoir design flood
routing.

e. Spillway Design Flood Routing. The spillway design flood was routed
through the reservoir assum ng the ungated outl et blocked and the reservoir
full to spillway crest at the beginning of the flood. A maxi num water
surface elevation of 5,685.1 feet was cal cul ated and the peak infl ow of
38,000 cfs was reduced to a peak outflow of 31,700 cfs over the spillway. A
4.9 foot freeboard to prevent waves from overtoppi ng the dam was added to the
maxi mum wat er surface elevation. Thus, the elevation of the top of the dam
was established at 5,690 feet above nean sea level. See Plate 13 for the
spi | Il way design flood routing.

OPERATI ON

27. RESPONSIBILITY FOR THE OPERATION. The operation and nai ntenance of Pine
Canyon Damis the responsibility of the Chief, Construction-Qperation
Division. He has delegated authority for these functions through the Chief,
Operations Branch, to the Chief, Reservoir Regulation Section, and Chief,

Engi neeri ng Eval uati on and Mii ntenance Section. Plates 14 through 17

i ndi cate the organi zati on and key personnel for nornmal and fl ood energency
oper ati ons.




28. FLOOD CONTROL OPERATI ON PLAN. Fl oods of magnitude up to and incl uding
the reservoir design flood would be controlled by the project such that peak
outflows fromthe reservoir would be safely carried in downstream reaches.

Fl ood waters woul d be rel eased through a 3.5-foot-dianeter conduit. The
outl et works does not include any nmechani cal equi pnent that woul d permt

adj ustnment to reservoir outfl ows.

29. REPORTING CRITERIA. Lincoln County Flood Control District, has agreed
to report to the Corps of Engineers when any of the follow ng conditions
occur: rainfall of Y2inch in 2 hours at Caliente; rainfall of 1 to 2 inches
in 2 hours at the damor nountain area; and a reservoir water surface

el evation of 5,644.0 feet.

30. EMERGENCY WARNING. There are no permanent attendants, tel ephones or
radi os | ocated at Pine Canyon Dam Access to the damfrom Caliente is by an
unpaved road which is subject to washouts during large storns. Thus the
reporting of conditions of unusually high outflows from Pine Canyon Damto
downstream areas would be difficult if not inpossible. Lincoln County Fl ood
Control District is responsible for such reportings.

31. OPERATION RECORD. A condensed operation record including inflow,
outfl ow and storage since the project was constructed is shown on Plates 18
through 21. The reservoir is normally dry and periods of nore than 2 years
wi t hout stream fl ow have occurred.

COLLECTI ON OF HYDROLOG C DATA

32. HYDROLOG C FACILITIES. Hydrologic facilities include: (a) fifteen staff
gages, (b) an automatic water surface recorder, (c) an outfl ow gaging station
with automatic water-stage recorder, and(d) three precipitation gages.

a. Staff Gages. There are fifteen 5-foot-adjustable staff gages
| ocated on the upstream slope of the dam The staff gage system i ndicates
wat er surface elevations in the range fromb5, 610 to 5, 685.

b. Water Surface Recorder. Reservoir water surface el evati ons neasured
inthe float well are recorded by an instrunent |ocated in the recorder house
atop the dam enbanknent .

c. Stream Gages. The U. S. Ceol ogi cal Survey operates the “Pine Canyon
Wash near Caliente” stream gaging station, |ocated about 100 feet downstream
fromthe dans’ outlet (see Plate 1). A concrete sill extending across the
streanbed provides control for streamflow nmeasurenents. Continuous stage
recording equi pment is installed at the station. Plate 22 is a rating curve
for streamflow at this station.




d. Precipitation Gages. There are three precipitation gages in Pine
Canyon Basin. On automatic recording gage is |ocated at the Pine Canyon Wash
gaging station and is serviced by the U S Geological Survey. The other two
gages which are of the storage type are | ocated in the upper reaches of the
drai nage area and are serviced by the Corps of Engineers (see Plate 1 for
gage | ocations).

33. SEDI MENTATION. The allotted sedi ment storage space for the reservoir is
1,400 acre-feet. There are no sedinentation ranges in the reservoir.

COORDI NATI ON W TH OTHER AGENCI ES

34. A list of agencies together with a brief explanation of their functions
related to reservoir operations is give in the foll ow ng subparagraphs.

a. Lincoln County Flood Control District. Lincoln County Flood Contro
District is the agency responsible for |ocal cooperation. This agency has
agreed with the Corps of Engineers to keep the downstream channels free from
man- nade encroachnment, report stormand flood conditions and to be
responsi ble for any actions relating dowstreamwater rights to the danis
operati on.

b. National Wather Service. The Airport Station of the Nationa
Weat her Service at Las Vegas, Nevada, provides this office, upon request,
wi th weat her forecasts and clinatol ogi cal reports for the Meadow Val |l ey WAsh
and Muddy Ri ver Basins.

c. U.S. Geological Survey. The Corps of Engineers and the U S.
Ceol ogi cal Survey have agreed that the latter organization will service the
out f|l ow gagi ng station bel ow Pi ne Canyon Dam and wi || nake di scharge
nmeasurenments. Qutflow records are published in U S. Geol ogical Survey water
reports.

d. Soil Conservation Service. Data on existing snow cover in the Pine
Canyon Basin are available fromthe Soil Conservation Service office in Reno,
Nevada

35. RECREATI ON DEVELOPMENT OF RESERVO R AREA. Currently, there are no
definite plans for any recreational devel opnent in the reservoir area.




