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These calculations represent d1e design of an inverted siphon diverting the Orr Ditch vaterway across \\tdCreek Golf
course to allow fot future construcrion of the High School at \\'ildCreek. An inverted siphor is a closed conduit designed
to run full and under pressure sometimes refetred to as sag pipes or sag lines. Trapezoidal

The purpose of this report is to anahze d.re exisdng flow pattems within the Orr Dich to ident_i$, desrgn paramete(s of
the inveted siphon. Accommodation of the varf ing flows within the Orr Ditch along with hydraulic design and futute
mairtenance of the system were the pdmary focuses s,ithin the desrgn process. This reporr includes the hy&aulic
analyses for existing ditch and proposed ditch,/siphon conditions.

The project area is contained within dre existing WildCreek Golf Course properw located west of sullivan Lane (APN
027-011-08), diverting apptoximate\' 5,639 1r.". feet of the Orr Ditcli. The project includes constructiofl of the inlet
and oudet structures, inverted siphon and various maintenance operating stJuctures such as a uash rack and overall
system drain. The site is located within Section 32 of Tolmship 20 North, Raage 20 and is a part of the Ciry of Sparks.
It is bounded by Sullivan Lane to the west, McCaran Boulei'ard to the south, rwo parcels to the north (APNs 027-011-
07, APN 035-080-04), and multiple pdvate parcels to dre east as shown on the included viciniry map in Appendlx A-

I.1. LIMITATIoNS
The following calculations were prepated for the lirnited purpose ofptesenting a hydraulic analpis for the H[h School
at WildCreek Orr Ditch Relocation within the project area and is based upon available tecord drawings and reports,
6eld investigation, and assumpdons as listed below. The results and conclusions oudined in this report should not be
reJied on for purposes ber.ond tlose stated widlin-

I.2. PREVIOUS STUDIES
Previous studies were requested from the agencies and the following reports were ptovided and utilized as a refetence.

Existing Or Ditch Fkw Meastnmen* (Ofice of the lf,/ater Ma$er - Tmcku Nwr Slstem Dai! Flow Rtcord - 2012 to
2017)

Pnlniaary Deugr RqotJor tbe High Scbool at lVildCreek conpkted fo lVood Rodgen hc., dated Septenber 2017

Duigt Reporlt'or the Sm Vallg Fkod Contml Detentior Dan pnpattd @ SE-A Inc., da*d Aryat 1987

1,3 . REFERENcES
Design References utilized in the Inr.etted Siphoo Design

Duig of Snall Carul Structuret (lJ *d Stater Dtpanrrreflt ol the kterior - Bunau of Rtclanatior - A lVater Retosrcet

T eehrical Pfi lication I 9 7 8 ) : U S BR

Desiga Non Ntnber 1 5 - Sabnerytd Weir Fbv (U ted Stae: Departnert of Agricaltun - Soil Coueruatior Seruice *
EngineingDbitior, Duigr Brarch 197)): USDA

Oper Chamel Hldraalict (LtcGraw-Hill Chtil Engineeing Seiu 1959) : CHOIY
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I.4, REGULATIoNS AND Co oRDI NATI o N

The ptoject falls under the judsdiction of the Ciq- of Sparks, Washoe County and the Orr Ditch Company

Design for the inverted siphon has been completed following the guidance of the Design of Small Canal Stnrctures
(Llnited States Department of the Interior - Buteau of Reclamation; 1978). This design guidance was used for multiple
components of design: lnlet Structure, Oudet Structue, Siphon Sizing and Weir calculations. These hand calculations
can be found in Appendices A throug}r J.

2.0 METHoDoLoGY

2,1. INvERTED SIPHoN
This inveted siphon has been designed following the guidelines and desrgn procedures of the Design of Small Canal
Structures (Jnited States Department of the Interior - Bueau of Reclamation; 1978). Available head, economy, and
allowable pipe velocities detetmine the size of the inverted siphon pipe. Uril;"ing dre Nfanning's equation and
understandhg the hy&auLic losses associated u,ith long siphons is key to an effrcient design. Design Calculations ate
included in Appendr-x G-

The opetating flows tequired to design the siphon were acquired ftom the Ofhce of the Water Master - Existing Orr
Ditch Flows included in Appendlr B. Tl.rere are drree primary operating flows for the Ort Ditch: Avetage flow of 15

cubic feet per second (cfs), Flushing Flow of ,10 cfs and the Maximum Flow of 51 cfs. These flour scenar-ios match
histotical flow data provided in the V'ater Master Reports. The average flow is taken as the operating flow that the Orr
Ditch sees throughout its season and can vary from 9 cfs to 16 cfs. The flushing flow is a scenario seen during ditch
maintenance for clearing/cleaning operations. The maximum flow is based upon stofln event flow that has been
determined through review of the historical flow data. This flow has been chosen as the maximum flow design for this
inverted siphoo system. The fina1 design flow for the inlet structue is a theoretical ma-rimum capacity flow within the
ditch immediately upstreaa of the inlet structure. This capacity flow is calculated at 160 cfs. This flow will be diveted
through and past the idet duough an overflow sttuctute, away from the siphon. Flow calculations fot the existing Orr
Ditch are included in Appendix C.

We accomplished design of a system to handle these varling flows with a double barrel weir contolled inlet structure
effect.ively spreading flow to appropriately sizes siphons. Fot t1.re avetage daily flow a single 24" Steel pipe is sufficient
and has the capacity to handle up to 15 cfs. During flushing flow scenarios and maximum storm events, the water will
back up in the inlet structure and flow over a weir to access a 36" Steel pipe that l'ras tlle capacity to handle the remaining
38 cfs. Any additional flow ptovided to the system from a storm event and not from Orr Ditch operadons s,ill be
released out an overflow spillwav and spread over the golf course as it has histotically. The flouz calculations and

hydraulic losses can be seen in the calculat.ions provided in Appendix G. These losses were calculated using l{anning's
equation fot friction losses, minor head losses, and exit/entrance head losses. Understandhg these losses deternined
our pipe size and ovenll pipe matedal needed to have additional opetating head throughout the system. Inlet structure
and transition into the siphon are required to provide minimal hyd-tauhc entrance losses and ptopet siphon operation.
This is accompJished by ensuring a hydraulic seal on the pipe to ensute full flow conditions under pressure. This is

further explained below. Calculations for dris structure can be seen in Appendix E.

2.2, INLET STRUCTURE
The inlet structure has been designed following the guidelines and design ptocedures for the Design of Small Canal

Structures (Urrited States Department of the Interior - Buteau of Reclamation; 1978). Controlling design fot the inlet
structure is the transition to the siphon. This design sets d.re watet sutface elevation tequkements tfuough the rest of
the ir et system. From this u,e determined the rectangular channel dimensions to ensure depths in the cl.rannel to obtain
a hydmulic sed on the pipes regatdless of flow scenarios. An 8'x6' reinforced concrete rectangular channel

accomrnodates these depdr requirements, calculations have been included il Appendix E. The four separate flow

fIrcH SaHoor- AT VtLDcREEK

H)D&auuc CALCur-ATIoNs

OcroBER 2018
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scenados set the requirements for the othet inlet structure components. For the 24" sysreln, an eight (8) foot wide
shatp ctested weir is designed to control the watet surface elevation undet avetage flow conditions. For the 36" systern,
an eight (8) foot long side weir spillwav has been designed to accommodate the extra flow during flushing and maximum
flow conditions. The final overflow tweh'e (12) foot wide sharp crested weir has been designed to handle all other flow
conditions that exceed the maximum Or Ditch operation flows. This overflow weir was sized to control and dfuect any
excess water to the historical &ainage areas cutrendy located over the WildCreek Golf Course. The weir loading
calculations and water surface elevations can be found in Appendlx E.

2.3. OUTLET STRUcTURE
The oudet structure has been designed followirg the guideJrnes and design procedures for the Design of Small Canal
Structures (Jnited States Department of the Intedor - Bureau of Reclamation; 1978). The oudet stiucture is comprised
of a double barrel oudet system that ensures p(oper opetation during all three flow scenarios. The outlet structure was
designed to control backward flow dudng average flow conditions to limit standing water h the 36" srstem when it is
not needed. This was accomplished with a submerged weir that conttols the 36" oudet structute water stuface elevation.
Controlling channel r,elocities was accomplished by dre overall desrgn of the oudet structure dimensions ar.d, a 7.17'
high bottom step within the channel. All velocities rvithin the concrete section of the outlet structure are slowed to less
than 2 feet per second (fp$ priot to release in the exisung earthen channel to reduce downsream erosion. The weir
loading calculations and water surface elevations can be found irr Appendi,r H.

2,4. SoFT\VAREAPPLIcATIoNS
Bendey System Flowlv{aster V8i was utiiized for the hydraulic modeling of dre eristing and proposed Orr Ditch
Channel. Previous reports, field sun'eying and site investrgation were utilDed in modelirg the flow conditions
previously referred to in this report.

3.0 HrsToRrcAL ORR DITCH CoNvsyeNcB
The histodcal flow data was acquire &om the Office of the Water Master, Truckee River System Daily Fl6* 11".ord
2012 to 2017 , included in Appendix B. f'his flow data vdues were used ro come up with the tfuee flow conditions that
our system would eflcounter dudng normal operation of the Orr Ditch. These values have been coordinated with the
the Orr Ditch Company dudng the design process.

4.0 PRoPoSEDFACTLTTTES

4 ,1. INvERTED SI PHoN
A single 24" Steel pipe is sufficient to l.randle 13 cfs equal to tie avetage flow scenatio. A single 36" Steel pipe is sufficient
to handle remaining 27 cfs or 38 cfs equal to dre flushing flow or maximum flow scenarios. Any additional flow provided
to the svstem from a storm event and not from normal Orr Ditch operations will be released out an overflow spillway
and spread ovet the golf coutse as it has histotically. Inveted Siphon calculations are included in Appendlr G.

4,2. INVERTED SrpHoN Low PorNT DRArN AND PoND
A single 12" oudet drain pipe with Baffled oudet structrue has been sized to control the oudet r.elocity of the inverted
siphon during maintenance and shutdown procedures. The pond drat this drairrs into has been sized to accommodate
the 215 cfs flows ftom the Sun Valley Dam and is sufhcient to spread the florv over a spillway to resemble historical
flooding conditions. This flood everit yolume vras taken ftom the Desgn Report for the Sun Valley Flood Control
f)etention Dam prepared by SEA Inc., dated August 1987. Inveted Siphon low poirt &ain and baffled oudet structute
calculations are ircluded in Appendrx G.

}IIGH ScHooL AT WTI-DCREEK

HYDI-AULIc CAtct[-ATroNs

OcroBER 2018
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4.3. INLET STRUcTURE
The inlet structute has been designed to have the corresponding components: 8'x6' reinforced concrete rectangular
channel, double barrel inverted siphon inlet qpe 5 tansitions per the Design of Small Canal Stmctures, 8'sharp-c(ested
weit with maintenance access catwalk, 8' side spillway weir with mainteflance access catwalk, 12'ovetflow spillway widl
maintenance access catwa\ ttash rack and reinforced concrete box section for eicavatof access during cleaning
operations and a riprap protected transition connection to the existing eart.hen channel. Structure calculations are
included m Appendix E. fup Rap sizing calculations have been ptovided in Appendix F.

4.4. OUTLET STRUCTURE
The oudet structure has been designed to have tle corresponding components: 8'x6'reinfotced rectangular cl.unnel,
double bartel inverted siphon oudet transitions per the Design of Small Canal Structures, 16.67' reinfotced concrete
rectangular channel, 12' submerged weir v'ith maintenance access catwa\ 16.67'x1.77' channel bottom step, and a

liPraP protected tansition connection to the existing earthen channel. Structure calculations are included ilr Appendlx
H. Rip Rap sizing calculations have been provided in AppendlrJ. System oudet velocity check calculation are included
irr Appendix I.

4.5. CoNcLUsroN / REC oMME NDAT r oN
The Orr Ditch operates within an earthen channel providing irigat.ion water to downstteam patrons. The construction
of the proposed High School is reason to relocate the ditch across the golf course and this has been accomplished
through the inverted siphon design. Impacts to downsteam systems are neglig'ible both for standard irigation as well
as dudrig storm events.

HrcH Scrrool- ar'WILDCREET

H\DRdur-rc C-{I-CUr-arroNs

OCToBER 2018
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5.0 APPEND Ix A - vicioity Map

The proiect area is contained u.,ithrrr the exrsting WildCreek Golf Course properqr located west of Sullivan Lane. The
site is located within Section 32 ofTownship 20 Nordr, Range 20 and is a part ofthe City of Sparks. Itis boundedby
Sullivan Lane to the west and N{cCaran Boulevard to the south.
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6.0 AP PEND IX B - onr DrrcH HrsroRrcAL FLov DAr^

The Historical Flow data in this appendix shows the flows monitored monthly tko'''ghout the year. Agreed upon by
the Orr Ditch Company. The 3 flovz conditions are as follows;

o Average Flow Condition: 15 cfs

o Flushing Flow Condition:40 cfs

r Maximum Flow Condition: 51 cfs

Anothet flow condition is theoretically possible during a storan event where the Existing Orr Ditch Channel is flowing
full due to storm water contributing to the ordinary flow. This is the Capacity flow of the Orr Ditch and ouside normal
operational flows.

Capacity Flow: 160 cfs

HrcH ScHooLAT Wu-DCREEK

HYDRAUUc C^I-cur-ATIoNs

OcroBER 2018

PAGE 6 oF 14
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0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

30

0

0

0

ll
t2

l3
t4
l5

t6
t7

l8
l9
20

I1.2

t0.7

10.5

10.4

10.5

10.8

10.8

10.9

t2.t
lz.9

21

22

23

24

25

26

27

28

29

30

3l
COUNT
MAX
MIN
AVG

t3.z
t3.6

| 4.3

14.2

14.3

l4.l
31

14.3

10.4

12.15

0

0
.,

0

0

0

30

14.1

0

0.75

0

0

0

0

0

0

3l
0

0

0

0

0

0

0

0

0

31

0

0

0

0

0

0

0

0

0

31

0

0

0

30

0

0

0



A.F 0s647474400000
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OFFICE OF THE WATER MASIER

TRUCKEE RIVER SYSTEM

[,AII,Y FI-OW RECORD

0rr D
Year:2014

Date
OI

02

03

04

05

JAN FEB MAR APR MAY
(cfs) (cfs) (cfs) (cfs) (cfs)

17 .7

17.1

t8

1'7 .9

14.8

13.2

l3
l3

l3.l

13.3

13.3

l3.l
13.2

l3

13.4

l3.l
t2.9

l3
t3.2

13.3

13.3

13.4

13.5

13.3

l3
30

18

12.9

13.88

AUG SEP OCT NOV DEC
(cfs) (cfs) (cfs) (cfs) (cfs)

000
000
000
000
000

JUN
(cfs)

l3
l3

13.2

13.2

13.2

JUL
(cfs)

13.5

13.5

13.5

13.5

13.5

06

07

08

09

l0

13.2

13.3

13.2

13.3

13.2

13.5

13.6

13.7

13.7

13.7

13.2
't3.2

13.3

13.4

13.3

13.7

13.7

13.'7

13.9

13.7

l6
t7
t8

19

20

13.2

13.4

13.6

t3.7

13.6

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

)',

0

0

0

30

0

0

0

ll
12

l3
14

l5

2t
22

23

24

25

13.8

13.5

13.4

t3.4

13.5

t4

I4.l
l4

13.8

13.8

13.8

13.7

13.9

l4
t4

26

27

28

29

30

3l

COUI\T
MAX
MIN
AVG

13.6

13.7

13.8

13.7

13.6

30

r3.8

13

13.39

14.1 0

r4.3 0

14.3 0

l4.l 0

7.6 0

00
31 3l
14.3 0

00
13.16 0

t3.4

13.6

13.3

13.5

13.5



A.F 826 796 810 0 0

S: Stock water E: Estimated R: Return

0



OFFICE OF THE WATER MASTER

TRUCKEE RIVER SYSTEM

DAILY FLO}\T RECORD

Date
0l
02

03

04

05

JAN T'EB MAR APR MAY
(cfs) (cfs) (cft) (cfs) (cfs)

0

0

0

0

0

SEP OCT NOV DEC
(cfs) (cfs) (cfs) (cfs)

12.6 0

12.4 0

12.4 0

12.4 0

12.7 0

0

0

0

0

0

30 15

12.9 0

00
6.56 0

0rr D
Year:2013

JUN
(cfs)

|.7
11.9

I 1.9

12

t2.l

AUG
(cfO

12.5

t2.4

12.5

12.5

12.7

t2.4

t2.4

12.4

t2.5

12.6

t2.6

3t
12.8

12.4

12.54

t2
t2.t
l2.t
t2
t2

I1.8

l l.9
t2

l2
r 1.9

I 1.9

t2
12.3

I1.9

I 1.9

30

12.3

tt.7
11.94

JUL
(cfs)

I 1.8

12.1

12.4

12.4

t2.2

12.4

t2.1

t2.t
tz.t
tz

12.4

12.4

t2.4

12.4

t2.4

t2.4

31

12.6

11.8

12.3

06

07

08

09

l0

12.3

12.4

12.4

12.5

12.4

t2.8

12.8

12.8

t2.6

12.7

12.8

12.8

12.8

12.8

12.8

ll
t2

l3
t4

l5

16.4

l8.l
19.2

19.I

16.4

l 1.8

I 1.8

I 1.9

I1.8

l 1.8

t2.6

12.4

12.4

12.4

12.4

't2.7

12.5

tz.4

t2.4

12.4

12.6

12.6

12.7

12.9

12.9

13.2

12.8

r 2.8

12.3

t2.2

12.4

12.5

12.7

12.7

t2.5

t2
t2
tz
l2
t2

t2.t
12.2

t2.l
t2.4

12.4

12.4

t2.4

12.4

12.5

t2.6

0

0

0

0

10.3

0

0

0

0

0

0

0

0

0

0

6.5

0

0

0

0

2t
))
23

24

25

0

0

0

0

0

26

27

28

29

30

3l

couNT
MAX
MIN
AVG

0

0

.,

0

0

0

l6
t7
l8
l9
20

l 1.8

t2
t2
l2
t2

t2
t2

I 1.8

I1.8

I1.7

I 1.9

31

19.2

0

9.49
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oFFICE oF THE WATER MAS]-ER Orr D
TRUCKEE RIVER sYsrEM Yelr:2012
DAILY FLOW RECOTID

JAI\ FEB MAR APR MAY JUN JUL
Date (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

0l 12 14.5

02 0 12 I4.s

03 0 12 14.5

04 0 12 14.5

05 0 12 t4.s

AUG SEP OCT NOV DEC

(cfs) (cfs) (cfs) (cfs) (cfs)

14.8 l4.t 0

15 13.6 0

14.9 13.7 0

t5 13.8 0

l5 13.8 0

06

07

08

09

t0

14.3 R

15.4 R

17.9 R

17.7 R

14.3

t2

l2
l2

12.l

17.2

t2
t2

12.3

t2.3

t2.t

t2.2

t2.l
t2

12.3

12.4

12.3

l4
14.5

14.5

14.5

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

t4.7
't4.7

14.8

14.6

14.5

t3.7

13.7

13.7

13.7

13.7

t5.2

l5
l5
l5
l5

13.7

9.2

0

0

0

t4.9

14.7

14.9

l5
15.4

l5
14.8

15

l5
l5

l5
14.9

l5
l5
t4

15 13.7 0 0

14.9 13.7 0 0

15 13.8 0 0

ls 13.7 0 0

ls l4.l 0 0

15 l4.l 0

31 31 30 3l
15.4 15.2 l4.l 0

14.5 13.7 0 0

14.79 14.74 5.35 0

ll
t2

l3
t4

l5

14.5

14.5

14.6
't 4.7

14.7

l5
l5
l5
l5
l5

I6

t7

l8
l9
20

13.7

13.2

12.9

12.8

12.8

l5
l5
l5
l5
l5

2l
22

23

24

z5

12.8

12.5

12.8

12.5

12.5

28

29

30

3l

COUI{T
MAX
MIN
AVG

12.4

t2.t
12.2

t2

t2.l
t2.l
30

17.9

0

9.37

14.6

14.5

t4.5

14.6

14.5

30

14.6

t2
12.82

ZO

27
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HrcH ScHoor AT WTLDCREEK - ORR DrrcH REALIGNMENT

wAsHoE CouN.rY ScHooL DtsrRrcr tTJOOO .FlCf DGeRS

7.0 APPEND IX C - o** DrrcH EaRTHEN cHANNEL Flow Conditions

This appendix includes the upsteam existing earthen channel cross section during the four previously selected flow
conditions. Using the Flow Master VBi computer analysis program analvzing depdrs and velocities in the channel were
important for future calculadons when sizing the ialet structres.
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Worksheet for Orr Dltch Earthen Ghannel - Average Flow Gondltlon

Friction Method

Sohe For

Manning Formula

Normal Depth

Roughness Cosfncient

Ch8nn€l Slopo

Lefr Sirr€ Slop6

Rirht Sido Slopr

Bottorn Width

Discharg€

0.020

0.10710

2.00

2.00

8.00

i 5.q)

o

nn (H:\4

fi/fi (H:V)

fr

f/s

tlormal Depth

Flot, Aree

Wetted P.rimet6,

Hydreulic Redius

Top W"rdth

Critbal Depth

Critical Slopc

Velocity

Velocity Hosd

Spccific Ene.gy

Froude Numbo,

Flow Typo

0.83 t
7.97 tP

11.69 fr

0.68 fr

11.30 t
0.,16 fr

0.00804 ft/n

'Lt8 fr/s

0.06 fr

0.88 fr

0.40

Subcritical

Dos,flstream Depth

Length

Number Of St6ps

0.00 t
0.00 n

0

Upstcam Dcpth

Profilo Drscription

Profil€ Hradlo3s

Downstr€am V8locity

Upstream Veloclty

NormalDepth

CriticalDepth

Chann€lSlopc

0.00 ft

0.00 t
lnfinity fus

lnfnity i/8
0.83 n
0.45 n

0.10710 %

B.ntl.y syst n.,lnc. H...ttd tlcthod. Solt5rtl$fiL*ilBt .v8l (sELEcT.ed.. l) [08.11.01.031

27 Sl.mona Comprny Orlv. Sulta 2OO w Watertown, CT 06715 USA +{-203_753'1666 P.ge ! ol 2121612018 t:09:10 AI

Data

Data

Output Data



Worksheet for Orr Ditch Earthen Ghannel - Average Flow Conditlon

Critical Slop€ 0.00804 ltlt

B.n0ey Sy.t m!, lnc. H...t!d tl.thod. 3dib09fid,*t!.t . V8l (SELECT.orl.. ll [08.]{ 01.031

Zt Sl.mon! Comp.ny Dttvo Sulb 2m W W.t3itolxn, CT 03795 USA +l-m3'735'1686 P.g. 2 ol 2l2l€r2018 l:00:50 AItl



Worksheet for (lrr Dltch Earthen Ghannel - Flushl ng Flow Gondltlon

Friction Method

Solve For

Manning Formula

NormalDepth

Roughness Coellicient

ChannelSlope

LE,l Side Slope

Right Side Slope

Bottom Wdth

Discharge

0.020

0.10710

2.00

2.@

8.00

40.00

o/o

ftlt (H:V)

nfi (H:\4

fr

ff/s

Normal Dspth

Flow Area

Wetted Perimoter

Hydraulic Radius

Top Width

CriticalDepth

Critical Slope

Velocity

Velocity Head

Specific Energy

Froude Number

Flow Type

1.44 fr.

15.61 ff
11.12 fr.

1.08 ft
'13.74 fi

0.85 fr

0.00679 il/fr

2.56 i/s
0.10 fr

1.54 n

0.42

Subcritical

Dorirnstream D€Pth

L6ogth

Number Of Si8ps

0.00 ff

0.00 fr
0

Upslream Depth

Profile Description

Profile HeadlGg

Oo^nstream velocity

Upstream Velocily

Normal Deptr

Critical Depth

Chanrel Slope

0.00 fr

l216/2018 9:09:51 atl
B.ntby SFt rrl., lnc- Hxst d lr.lhod. SdrHt Ma..t rv8l (SELECT..i|.. ll [08.fi.fi.031

27 Sbmon. Comp.ny Ddyr Sult 20OW W.lenown, CT 0G7t5 USA +l-m3-755-l?'30 Pag. I ol 2

OeEcriptlon

Oata

R6qrB

Data

0.00 fr

lnfinity fr/s

lnfinity i/s
1.44 fi
0.85 ft

0.10710 0h



Worksheet for Orr Dltch Earthen Ghannel - Flushins Flow Gondltion

CriticalSlope 0.00679 ff/ft

B.o{.y Sy.t m., lnc. H...t d rll tlod. Sd& +n r}.t r\r'81 (SEtlCT6..h. 1) [08'11.01.051

27 Sl.nron. Comp.ny Ddv. Suft.2m W W.bnoryn, Cf 0G796 USA +l-20!.7661666 Prg. 2 ol 2l2r8r20l8 9:09:51 Al{



Worksheet for Orr Dltch Earthen Ghannel - Maxlmum Flow Condltlon

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient

ChanoelSlope

Lelt Side Slope

Right Side Slope

Bottom Width

Discharge

0.020

0.'10710

2.00

2.00

8.00

51.00

bll

{tfi (H:V)

fr/fr (H:V)

n

ff/s

Normal Depth

Flow Area

Wetted Perimeter

Hydraulic Radius

Top Width

Critical D€pth

Critical Slope

Veloclty

Velocity He8d

Specific Energy

Frouds Number

Flow Type

r.64 t
18.51 ft'

15.34 ft

1.21 t
14.56 t
0,99 ft

0.00854 ft/n

2.74 3

0.12 ft
1.76 ft

0.43

Subcritical

Do\,vnstream Dopth

Length

Number Ol Stcps

0.00 tt
0.00 fi

0

UpslEam Depth

Profils Desctiplion

Prof 16 Headlo33

Oo{vrctream Velocity

UFtream Volocity

Normal D€pth

Critical Dopth

Chann€l Slopa

0.00 t
lnfinity lus

lnfinity i/g
1.64 i
0.99 fi

0.10710 %

0.00 ft

Bontley Sylt m.,lnc. H.$t d lrlethodr Solahllril*it.it rv8l (SELECT.orle.1) [08.1'1.01.031

27 SLmon. Comp.ny Dflv. Sulto 200 W W.t rtown, CT 06795 USA +l-203'755.1G66 P.ge 1 ot 2126/2018 9:09:51 AM

Project Description

Dsta

Data

Outpl,rt Data



YYorksheet for Orr Dltch Earthen Channel - Maxlmum Flow Gondltion

CriticalSlope 0.00654 fr/tt

Bontl.y Sy!trn., lnc. H!..t d lrl.thod. Solabltl9[le.uI.do.V8l (gELECTs.ilo. t) [08.11.01.03t

27 Sbnon. comprny Drlv. sulb 200 W w.tortown, Ci06785 USA +t-203-75&1868 Ptg. 2 ol 2t26,2018 9:09:51 A

GVF Output Data



Worksheet for Orr Dltch Earthen Channel - Gapaclty Flow Gondltlon

Friction lvl€thod

Solve For

Manning Formula

Discharge

Roughness Co€tfcient

Channel Slope

Normal Depth

Lefl Sid€ Slopo

Right Side Slope

Bottom Width

0.020

0.10710

3.00

2.@

2.00

8.00

ol'

t
nn (H:\4

nft (H:9

ft

Discharg€

Flow Area

Wettod Perimeter

Hydraulic Radius

Top Width

Critical Depth

Critlcal Slope

Velocity

Velocity Head

Specifc Energy

Froude Number

Flow Type

160,00

42.00

21.42

1.96

20.00

1.95

0.00553

3.81

0.23

3.23

0.it6

F/s

fr

fi

n

n

It/t
IVr

n

n

Subcritical

Downstream Depth

Length

Number Of Steps

0.00 R

0.00 ft
0

Upsfeam Depth

Profile Description

Profile Headloss

Downstroam Velocity

Upstream Volocity

Normal Depth

Critcal Depth

Channel Slope

0.00 fr

0.00 lt
lninity t/!
lnfinity ff/s

3.00 n

1.95 ft

0.10710 0h

Bentloy Sllsten , lnc. H!.rtrd ,r.ttrod. Solahlqffilrll..ta. V8l (SELECT*do3 l) [08.11.01,031

27 Slsmon. ComFny Orlvo Sult.2OOW W.tortotm, CT 06795 USA +l'203'755'1668 P.go I o, 2126/2018 9:09:52 Atl

Ooscription

Data

Output Data



Worksheet for Orr Ditch Earthen Channel - Gapacity Flow Gondltlon

Critical Slope 0.00553 ft/ff

Bentloy sy.t mt, lnc. H.ed.d rb$od. SolabttQp[hrlr..t€r V6l (SELECT.Gd.. l) t08.f l.Ol.03l

? Siornoi. Cornp.rly D.t.sult 200 \ W.tartown, CT 08795 USA +l.ml.7s$1866 P.gt 2 o, 2I z8l2018 0:09i52 A
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HIGH SCHooL AT WILDCREEK- ORR DITCH REAUCNMENT '7
wAsHoE CoUNTY ScHool DtsrRrcr TIOOO ROOGERS

8.0 APPEND IX D - Sr pn oN INLEr cHANNEL Flow conditions (FlovrMaster v8i)

This appendix includes the proposed upstream concrete recangular channel coss section dudng the three previously
selected flo,r conditions. Using the Flow lr{aster V8i computer analysis program, t}re cross sections and flow depths
were computed and used in calculations sizing the inlet structure and weirs.
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Worksheet for Slphon lnlet Ghannel - Averase Flow Gondition

Fric{ion Method

Solv€ For

ilannirE Formula

Normal Depth

Roughn6s Coeficient

Channel Slope

Bottom Width

Dischargo

0.013

0.'0000 0/o

8.00 fi
i5.00 ff/s

Normal Depth

FlowArea

Wetted Perimeler

Hydraulic Radius

Top Width

Critical Depth

Critical Slope

Velocity

Velocity H6sd

Specmc En€rgy

Froude Numbor

Flow Typ.

O.72 fi

5.76 ff
f.il4 ft

0.51 fr

8.00 fr

0.48 fr

0.00366 t
2.@ ftlr
0.1't fr

0.83 n

0.54

Subcritical

Downstrssm Oepth

Length

Number Of St€ps

0.00 ft
0.00 ft

0

Upstrsam Ospth

Profile Dcacription

Profile Haadloss

Oownstrsam V€locity

Upstraam Vslocity

l,lormsl Depth

Critical D.pth

Channrl Slope

Criti:al Slopo

0.00 t

0.00 n
lnfnity fus

lnffnity ft,/s

0.72 fr.

0./$ n
0.10000 %

0.00366 fr/Ir

B€ntley Syrt m.,lnc. Haast dt.thod.Solab lfbdr.rter Vgl{SELECl.orlot l) [08.,11.0'1.031

27 Slemo Comp.ny Orlve Sult 2OOW W.tcrtown, CT 06796 USA +1'203'755-1568 Plge 1 ol 1l2612018 9:09:50 AM

DEta

Data



Worksheet for Slphon lnlet Ghannel - Flushlnq Flow Condltlon

F.iction Method

Solve For

Manning Formula

Nomal Depth

Roughness Coefficient

ChannelSlope

Bottom Width

Discharge

0.013

0.10000 %

8.00 tt
40,00 ff/s

Normal Depth

Flow ArBa

Wstted Perimetsr

Hydraulic Radius

Top Width

Critic€l Depth

Critical Slope

Velocity

Velocity Head

Specific Energy

Froude Number

Flo,v Type

1.37 fr

10.93 tt'
'10.73 fr

1.02 t
8.00 ft
0.92 t

0.00334 n
3.66 fvs

0.21 ft
1.57 i
0.55

Subcritical

OowEtream Depth

Length

Number Of Stepg

0.00 ft
0.00 ft

UFtream Depth

Profile Desc ption

Profile Headlo8s

Oownstream Velocity

UFtr€am velocity

Normal Dspth

Critical D€pti

Channel Slop6

Criticel Slope

0.00 fr

0.00

lnfinity

lnfnity

1.37

0.92

0.10000

0.0033it

tt

ll/s

ft/s

fr

t
%

ff/fi

B.nt!.y SFt nr., lnc, Hr..r.d 
'I 

.thodt Sdd$f,rt ..tt. Vll (SELECT..tte. I ) [08.11.01.03!

27 Slernon. Comp.ny D,lv. Sult 200W w.ltrtorvn, CT08?€5t SA +l-203-165-1666 P.!E I of I12612018 9:09:49 Ai,

De€crlption

lnput Data

lnput Data

Output Data



Worksheet for Siphon lnlet Ghannel - Maximum Flow Condition

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness CoEfficient

Channel Slope

Bottom Width

Dischargc

0.013

0.10000

8.00

5'r.00

o/o

t
ff/s

Nomal Dspth

Flow Aree

Weted Perim6t6r

Hydraulic Radius

Top Width

Crilical Dopth

Crfical Slop€

Velocity

Velocity Head

Specific Enorgy

Froude Number

Flo,v Typo

1.61 ff

12.87 ft
11.22 t,

't.15 lt
8.00 tt
1.08 fr

0.00330 fft
3.96 ll/!
0.2i1 t
1.85 fr

0.55

Subcritical

Downstream O6pth

Length

Number Of Stops

0.00 fr
0.00 fr

0

Upstream Depth

Profile Description

Profile Headloss

oownsksam Velocity

Upstream V€locity

Normel Oepth

Critical Depth

Channel Slopo

Criti;al Slop6

0.00 fr

0.00 fr

lnfinity fr/3

lnfinity lt/s

1.61 n
1.08 fr

0.10000 %

0.00330 i/n

BentLysy.tcm.,lnc.H.o.td.lhod.Solabrtl9fttril.lt.v8l(SELECT!.rle.l)[08.1101.031
27 Slemo.E Compmy Drlv. Sult 200 W Wrtartown, CT 06795 USA +1.203'755't66a P.gc I ot Il2l5/20t9 9:09:a8 Atl

Data



Worksheet for Siphon lnlet Channel - GapaciW Flow Gondition

Fric{ion M6thod

Sdw For

Manning Formula

Normal Oepth

Roughne$ Coefficient

Chann€lSlopo

Botom Wi{nh

Disciargc

0.0r3

0.10000

8.00

160.00

olo

fr

fe/s

Normal Dcpth

Flow Aree

Wettod PGrimeter

b/draulic Radius

Top Width

Critical Depth

CdticalSlope

Velocity

Velocity H6ad

Specifc Enorgy

Froude Number

Flow Typo

3.61 fr

28.88 ff
15.22 n

1.90 fr

8.m fi
2.32 fr

0.00342 frifr

5.54 ft/s

0.48 fr

4.09 n

0.51

Subcritical

Downstream Depth

Length

Number Of Steps

0.00 n
0.00 ft

0

Upstroem Depth

Profile Decdption

Prof la Hssdloss

Dognstroam Velocity

Upstr€am Volocity

Normal Dep r

Critical D6pth

Channol Slops

Critic8l Slop.

0.@ fr

0.00 fr

lnfinity lt/s

lnfinity i/s
3.6'l fr

2.32 fr.

0,10000 %

0.00342 fi/fr

BontlGy sy.t in.,lnc. Hl.ltld .thod. sd&lQPitxr Btor vol (SELEcTserlel 1) l08.l1.Ol.o3l

27 sl.mon comp.ny orlw su[r 2oo w w.tcrtof,n, cT 06795 usA +l'201-755-1666 P.gs I ot Il /2018 0:00:48 Ara

E

Oata

lnput Data

Output Datra



HrcH scHool AT WTLDCREEK- oRR DITCH REALIGNMENT '7
wAsHoE CoLrrY ScHooL DrsrRrcr tr..l O O O tElDGef=S

9.0 APPEND IX E - H,rNo CALcuLATroNs - Siphon Inler St.ucture Design

This appendlt includes the proposed upstream concrete rectaogular chanoel cross section during the three prer.iously
selected flow conditions. Using the Flow Master V8i computer analysis progtam, the cross sections and flow depths
were computed and used in calculations sizing t}re inlet structure and weirs.

HtcH ScHooL AT VILDCREEK

HIDRAUUc CAI-cuLATIoNs

OcroBER m18
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HIGH SCHooL AT WILDCREEK- ORR DITCH REALIGNMENT t'
wASHoE CoUNTY ScHool- DtSTRICT

10.0 APPEND IX F - siphon Inler - Rip Rap Design

UJOOO R(]DGERS

This appendlr includes the calculations for the rip rap design at the inlet transition ftom earthen to concrete channel
and at the overflow spillway. The design is based on size of rcck or class of rip rap and the overall flow velocities
through the rip rap.

HIGrl ScHooL AT WILDCREEK

HYDR I,UC CAEULATIONS

OqroBER m18
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Bip Rap Desiqn

B Desigl Relationships

e (')
35

5:

2.5'l

-,-['-61"',

t\>

Thc hydrodFamic forc. ofwatcr ilowing in a chsnr.l is known as thc Eactivc for.e.
The basic premise underlying riprap design based on irsclive force th€ory is thst rhe
,low-induced tradivc forcc should not excecd rhc pcrmissiblc or critical sh.rr str.ls of
lhc riprap. AssuminS a sp€cific Sravity ofl.so. cqualion 2-2 can b€ used !o d.icrminc
Dr! ofihc ripmp by thc tracrilc stress method (rcfcrtncc 14, pag€ 30).

Ds= 14.2 Sr dmax SciKl (2-2 )

SI. = stability factor
dmax = mlximum s.ction d.pih. fcd
S. = averag€ cncrsy grrd€ litr! slopc. On
D5. - mcdian riprrp siz. m fcct
Kr = banl angle nodificrtion faclor (sc. cq'n 2-3 or FiAurE 2-{)

I5

xl

" Un(ed Stat€s D€panmsn! ol Agocun're - USO
" NalLrral Resourc€s Consaruallon S€Nic€s. NRCS Chafler 2

Angles of Repose of Riprap Stones (ruwe)

raE^r sTOarC SrZ€. Dao, lr

Proposed Channel Riprap Configu.ation Sizing

35

3

UJOOO.ROOGERS

200 .oo 600

ro

.30
f,o

.50

.602'l
4l

8.,
d
;3|
P
u37
b!o
d
z15

.70

zO

.to

.a5

= EAI{K AXGLE WITH

{- AXGLE OF
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11,0 AP PEND IX G - HAND cALCULArroNs - Inverted Siphon Design

This appendlx includes the Calculations fot tl-re inverted siphon under the tlree flow condition. The average flow has

been contained within the 24" system and t}-re remaining flow up to the ma-rimum flow condition of 51 cfs has been
contahed within the 24" and 36" system. Flows higher than the maximum operational flow conditions vrill be released

over the overflow spillway.

This design is taken solely from the USBR pg 2.{-38. The calculations for this system solve for multiple parameters of
the slstem to maintain hvdraulic ef6ciencies. These parameters are:

Existing Conditions Considerations

Tie-in Locations/Elevations

Inlet Structute Hydraulic Properties/Requiremens

Weir Structue Sizhg/Calculations

Inlet Hy&aulics

System Head Loss Analysis

Overall System Opetating Head

Lov Point Drain/Oudet Protection

HrcH ScHooL Ar wrLDCREEX

HiDR{uuc CArcuLATIoNs
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12.0 APPENDIX H - HAND CALcuLArroNs - Siphon outlet Srructure Design

This appendix includes the Calculations for the iaverted siphon Oudet Structure during the three flow conditions. The
average flow has been cootained rvithin the 24" system and the remaining flow up to the maximum flow condition of
51 cfs has been contained within the 2,1" and 36" system.

The calculations fo! this system solve fot multiple parameters of the system to maintain hydraulic efEciencies. These

Patametefs are:

Oudet Location/Elevations

Oudet Stmcture Hy&aulic Properties/Requirements

Weir Smrcture Sizing/Calculations

Oudet Hydraulics

Tie-in I-ocation/Elevation

HrGH ScHooL AT V,TLDCREEK
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HIGH SCHOOL AT WILDCREEK _ ORR DITCH REALIGNMENT '7
WASHoE CoL\TY ScHooL DrsrRrcr tTJOOO ROOGERS

13.0 AP PEN D IX I - Siphon ourlet Channel Fl ow Velocities

This appendix includes the Calculations for the Oudet Structure system velocities dwing the three flow conditions. The
average flow has been contained witlin the 2,1" slstem and the remaining flow up to the maximum flov condition of
51 cfs has been contained within the 24" and 36" system.

The calculations for these velocities ensute litde to no scouring or erosion of the downstream existing channel.

HIGH ScHooLAT WILDCREEK

HTDRAUrJc ClLcULATroNs
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HtcH ScHooLAT WTLDCREEK - ORR DITCH REALTcNMENT r.-
wAsHoE Cou\TY ScHool DrsrRrcr UJOOO RODGERS

14.0 APPEND IX J - siphon ou.tcr Rip Rap De sign

This appendix includes the calculations for the rip rap design at the Oudet transition ftom concrete to earthen channel.
'fhe design is based on size of rock or class of rip rap and the overall flow velocities duough the rip rap.
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( SEE CHART 4}

Chs.nel Wdth l5.m n
d5o= 0.10 n

Riprap Size= USE CLASS 150

Oep(h= 1.50 n

Riprap Size: USE CLASS 150

Depth= 1.50 ftSF
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