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ABSTRACT

This project was conducted to analyze, compile and summarize the modifications and
adjustments on the ITRC Flap Gate over the past 15 years of implementations in
California and Nevada. Over these years, the ITRC has made several developments,
along with improvements implemented by water and irrigation districts. For this project,
the ITRC Flap Gate was evaluated by the following districts: Alta lirigation District,
Chowchilla Water District, Fresno Irrigation District, and Walker River Irrigation
District. Additionally, the typical foundation of the ITRC Flap Gate was briefly analyzed
in the FLOW-3D computation fluid dynamics software program. During this analysis
process, the author also designed and helped construct an ITRC Flap Gate for Walker
River lrrigation District, Yerington, NV. From the research, some of the main beneficial
findings were ease of design, construction and implementation, galvanizing, variable
heights and chain stops.
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order to satisfy the customer with accuracy, control and cost demands, many irrigations
districts choose flap gates as a solution to the problem. Flap gates are able to maintain a
water level elevation within + 0.5 inches, are able to operate steadily at varying flow
conditions and are inexpensive.

Objectives

This project will analyze previously installed flap gates in California and Nevada
considering accuracy, cost, and durability. Additionally, this project aims to consolidate
and update the ITRC Flap Gate Design for the water industry. This report details flap
gate installations and development within several irrigation districts including: Alta
Irrigation District, Walker River Irrigation District and Chowchilla Water District, with a
tocus on Walker River Irrigation District. An evaluation of these gates is necessary for
consolidation of conclusions drawn from field installations of the ITRC’s Flap Gate. In
addition, this project will also discuss the ITRC Flap Gate for Walker River Irrigation
District in Yerington, Nevada that the author designed and helped construct, along with
Justin McBride, ITRC. This project will also include an evaluation of the ITRC Flap
Gate using computational fluid dynamics software called FLOW 3D. FLOW 3D analysis
will aid in viewing how the flap gate operates and how to explain events that have
occurred in the ITRC’s experience with flap gate installation. This project is supported
by the Irrigation Training and Research Center (ITRC), Cal Poly.






delivery agency) has a rigid delivery schedule, upstream water level control is the better
choice (Replogle et al., 1980). However, if a flexible schedule is necessary, upstream
water level control is less practical. In upstream water level control system, prior notice
of one to five days is needed for changes in the delivery schedule. This lead time can be
more flexible only if there is storage along in the delivery canal or if there is excess water
that is returned to the river through a spillway (Clemmens et al., 1989).

There are several methods of upstream water level control including manual, remote, or
automatic gates, weirs, flumes and combinations of these. The common types of gates
used are radial, vertical lift and flap gates (Sehgal, 1996). Several considerations are
made when selecting methods for upstream water level control. These considerations
include cost of implementation and maintenance, ease of installation and maintenance,
accuracy level needed, water delivery schedule and flexibility. For most districts, the
most heavily weighted factor out of these is the cost of implementation and maintenance.
Along with the ease of installation and maintenance, cost-effectiveness is the reason why
the flap gate makes an intelligent decision for upstream water level control in a canal or
other open water delivery system. “Depending on the size and design of the gate, water
level control <1 in. (2.5 c¢m) has been obtained. For this reason, and due to the low
maintenance and initial costs, the flap gate is a prime candidate...” (Burt et al. 2001).

Vari~+ons of Flap Gate Control Structures and App'~~+ions.

There are several variations on flap gate concept of using the hydraulic differential to
operate a control structure. This design idea has been implemented across the world,
originating in the Netherlands, then moving to the United States, China and other
countries. The following are some of the variations on the flap gate design.

The Xiangtan Q-type automatic hydraulic flap gate uses two curvilinear bearings that
guide the gate to slide back and forth. According to Jiong, the advantages of the gate
include safety of function, wide range of use, high reliability in operation, simplicity in
structure, no necessity for skillful maintenance, lower cost of work and maintenance,
larger flow capacity, and better capacity to remove flood debris. This gate has a
maximum opening angle of 80 degrees (Jiong, 1988). Jiong states that there are “Since
1980, at least 35 Q-type gates have been installed on 10 gate weirs near Xiangtan City, in
Hunan China. They have operated safely for 5-8 years without any damage™. Although,
there was no discussion of how accurate the gate is for maintaining upstream water level
control.

Several different sizes of flap gates have been used. Seghal (1996) discusses a flap gate
that has great widths, up to 100 m wide. It is also mentioned that due to cost the flap
gates are normally only 4 m high.

Another variation on the flap gate was reported by Chinh et al (2008). A simplified
version of the flap gate was used on the downstream end of a canal in a rice paddy, see
Figure 5. In this case, an equation was developed to find the flow rate through the gate
for optimizing the operation of the gates in the drainage canal (Chinh et al., 2008). There
was no discussion of the accuracy of the flap gate as a flow rate measurement tool. In
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The actual force on the gate can be determined at any angle knowing the static force on
the gate using the following equation(2, 3):

Force (N) = (force at zero flow rate)(1 + (force ratio) — 6) 2)
Force (N) = (y= 4) (1 - 0.024 - 6) 3)

Where:
vy = specific weight of water (9.807 N/m"~)
hy = upstream water depth, measured from the bottom of the faceplate (m)
A = area of faceplate (m?)
O = angle of gate opening (degrees)

These calculations have been verified by empirical testing conducted at the ITRC.

Centroid Calculations. The vertical location of the centroid of the forces is calculated
using the following equation (4):

he = (%) (1 +0.009 x 6) (4)
Where:
h. =upstream static water level (m)

O = angle of gate opening (degrees)

Opening and C'~sing Moments

The ITRC created an EXCEL spreadsheet that estimates the closing and opening couples
of the gate at various angles with a determined upstream water level control. The
pressure distribution with and without flow is discussed in this paper. In addition, the
force calculations are done to find the opening and closing moments of the gate. “It is
impossible to obtain a design that provides an exact match of moments (couples) at all
angles of opening, but they can be very similar.” Table 1 shown below shows an
example of this(Burt et al., 2001).

Table 1. Opening and Closing Moments for an Example Design (Burt, 2001)

Ope Clo: ing
e r moemaer 1 mome Change
luByrees) (T-ID} il 24 rater level
h) (2) (3) 14} 5)
0 1731 1731 1 00
2 l.oly 1640 -2 -0
4 1509 1348 —39 -0 *
6 1402 1453 —51 06
S 1296 1357 -9 -0
10 1197 1259 -6 —-09
12 Ty [ 160 —-60 —14
14 : 1.039 ~34 —t.0
16 wpd 957 —44 -09
12 824 o4 — 30 =06
20 T3% N —11 —Nn3




EXCET Pesign of the "T2C Flap Gate

The ITRC developed an EXCEL spreadsheet design program to design the flap gate with
given inputs from the designer. As with any design, the program has guidelines for
creating ideal gates for flow rates between 0-100 CFS.

EXCEL Program Inputs. For the EXCEL design program, the designer will need to
have the following inputs, shown in Figure 10:

Desired upstream water height above the bottom of the static frame of the
flap gate, inches (b)

Width of the structure opening, inches (c)

Pivot point height above the bottom of the static frame (d)

Pivot arm length, inches (p)

Face plate overlap, inches

Face plate thickness, inches

Weight per foot of steel tubing used to make the dynamic frame, pounds
per foot

Tubing dimensions, inches

V- P Side View -—I

Partial Top View

Horizontal dynamic
tubing (face plate

supports)
1 PP - j= Tubing Height

Vertical I
dynamic

Fa ertical
atic
ame
ipports

Figure 10. AutoCAD Sketches of Flap Gate EXCEL Inputs, (L) Side View, (R)

Partial Top View (ITRC, 2003)

The EXCEL spreadsheet prompts the designer to keep the angle from the pivot point to
the center of gravity of the flap gate between 48 and 53 degrees. Additionally, the ratio
of the distance from the pivot point to the water surface to the upstream water depth (a/h)
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should be 0.5 or less. The ratio of the lever arm length to pivot point height should be
0.25 or less.

Appendix B shows the EXCEL design for the Walker River Irrigation District’s (WRID)
River Simpson 1 flap gate design edited by the author of this report. This specific flap
gate was designed for an estimated maximum flow rate of 25 CFS and a maximum angle
opening of 31 degrees from the static frame.

ITRC Flap Gate “ onstruction Method

After the design in the EXCEL program is completed, construction begins. There are two
main components to the ITRC Flap Gate, the dynamic frame and the static frame, see
Figure 11. The static frame will be set in the canal, or other structures, and the dynamic
frame will pivot around the static frame via a fixed shaft and bearings mounted to the
dynamic frame. This portion of the report is based off of the author’s experience, along
with the help of Justin McBride of the ITRC, in building an ITRC Flap Gate for WRID
River Simpson 1 site, as discussed above and shown in Appendices B and C.

Counterweight cvlinder

Monroe
Dampeners

Dynamic Frame

Nickel-Plated Cast Iron
l\Moun’fed Steel Ball Bearings

Static Frame

Figure 11. Main assembly parts of the ITRC Flap Gate designed and built for
WRID
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2. Once the dimension “b is confirmed, the static frame can be inserted into the
previously determined location in the steel or concrete channels. The static and
dynamic frames are shown in Figure 15.

1amic
me

Static
Frame

Figure 15. The ITRC Flap Gate static and dynamic frames

3. The bearings are to be loosely bolted to the inside of the dynamic frame, through
the holes shown in Figure 16. Insure that the bolt heads are on the outside of the

frame. Place the mechanical lock washer on the inside of the frame, on the nut
side, of the bolts.

Figure 16. Outside face of the dynamic frame bearing holes

4. A lubricant, for example WD40, must be applied to the pivot shaft to reduce
friction. Working from the outside face of the dynamic frame, slide the pivot
shaft through the bearings. If necessary, use a soft-faced dead blow hammer.
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used in this report. FLOW-3D utilizes stereo lithographic files to develop a mesh, and
then the analysis is conducted. In the program, the physics of the situation to be solved
must be determined and entered into the program. Additionally, the position of the object
in 3D space must be defined. One must have a deep understanding of the physics behind
the situation to be able to properly analyze an item using the FLOW-3D CFD software.

Navier-Stokes equation. The Navier-Stokes equation, shown below (5-7), is able to
describe time-dependent motion in one, two and three dimensions. For the application of
the trrigation canal structures in FLOW-3D, the flow is assumed to be incompressible and
constant viscosity is assumed over the control volume.

av, av, P
p X“szfa—xj = PFoot, 2+ Fuise, (5)

J

aP
p -OC +Z‘Vj__ =vaoly_@+Fviscy (6)

av, av, ap
P '_+ZVJ— vaolz—' +Fviscz (7)
, 0z
]

Where p is the fluid density of the liquid analyzed, which is assumed to be constant in
time and space (Chanson, 2004).

TruVOF Volume-of-Fluid (VOF) method for fluid interfaces. The Volume of Fluid
technique 1s composed of three different parts: “...a scheme to locate the surface, an
algorithm to track the surface as a sharp interface moving through a computational grid,
and a means of applying boundary conditions at the surface” (Griffith, A, et. al., 2007).
FLOW-3D v10.1 comes with the improved VOF scheme, referred to as the Split
Lagrangian method. See Figure 20 for a free surface flow example. When dealing with
open channel flow, the behavior of the fluid volume becomes essential. According to
studies done by FLOW-3D, the volume error was normally small over one time period
(one wave). However, when several wave periods are modeled, there is much greater
room for error and percent errors greater than 1% can be seen(FLOW-3D, 2013). For our
purposes, this should not be a substantial issue.






RESULTS

Results Overview

For this report, the Alta Irmgation District, Chowchilla Water District and the Walker
River Irrigation District were concentrated on for this report. Doug Welch, general
manager of Chowchilla Water District, and Javier Cavazos, Alta Irrigation District,
interviewed for this report. The author of this report designed a flap gate for Walker
River Irmgation District. Below is a discussion and summary of the developments,
progressions and guidelines that have been developed for the flap gate over the years
since it was first designed.

Benefits of Using Flap Gates

The benefits of using a flap gate include: operating steadily at various flow conditions,
water elevation can be maintained within 0.5 inches, water travel time consistency, less
mechanical parts than other options, can be designed and installed within one week and
increases water delivery flexibility (Styles, 2001).

Javier Cavazos, Alta Irrigation District, stated that the greatest benefit of the ITRC Flap
Gate was that it does not require man power to operate. For Alta Irrigation District, this a
huge advantage for controlling the sections of canal without power (Cavazos, 2014).

According to Doug Welch, Chowchilla Water District, the [ITRC Flap Gates are
beneficial for maintaining upstream water level, providing a non-fluctuating water level
for either another canal or turnout with a greater need for steady flow. Additionally, Mr.
Welch stated that the flap gate keeps the vegetation around the dirt canals at a minimum.
He also mentioned that since the flap gate maintains a constant water level and keeps
rodents from burrowing in the dirt canals (Welch, 2014).

Site Requir~—2nts

From previous studies conducted by the ITRC, the following specifications for the site
are used. The site must be in a relatively small canal, below 60 CFS, with continuous
upstream water level. If the flap gate is to maintain the upstream water level, there are
two requirements:

1. Substantial change in pressure (30-36 inches of head drop across the check
structure). This is to prevent the flap gate from becoming submerged.

2. The flap gate cannot be installed adjacent to an operation weir due to the
fact that they tend to hydraulically oppose each other.
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Flap Gate Design and Construction ¥-~-¢

From the author’s experience, the ITRC Flap Gate is straightforward to design and build.
The EXCEL design spreadsheet is clear on what is required and the construction only
took two days to construct. Also, from communicating with other employees at the
ITRC, it was concluded that the flap gate was effective, but simplistic in design and
construction, making it the perfect upstream water level tool for districts.

Al4a Irrigation District Sp~~fics

The Alta Irrigation District (AID) has five flap gate installations in their district. They
have had flap gates over the past ten years and have not needed to conduct any
maintenance on the flap gates. Mr. Cavazos stated that their flap gates are installed in
pipelines under pressure and serve the purpose of letting water out and not letting water
in. AID does not have a ceiling flow rate that they operate their flap gates under
(Cavazos, 2014).

Walker River Irrigation ™strict Specifics

The Walker River Irrigation District (WRID) in Yerington, Nevada has three flap gate
installations and plans to implement at least three more ITRC Flap Gates. In most of the
cases in WRID, the existing spill structures have been or are recommended to be
upgraded with an ITRC Flap Gate. Since several of these cases involve a drop of many
feet, the flap gate is installed to maintain an upstream water level within £0.05 ft and be a
continuous spill for the canal.

The reason for modifying the existing flashboard spill structures with an ITRC Flap Gate,
of the same width, is to be able to pass through significantly greater amounts of flow and
maintain the upstream water level in the canal to a greater degree of accuracy. For
example, a 4-ft wide flashboard spill can pass approximately 10 CFS with 1 foot of
pressure exerted by the water on the weir, and can pass approximately 30 CFS with an
additional foot of pressure (in other words, changing the upstream water level) and no
changes to the boards. In contrast, a 4-ft wide ITRC Flap Gate can pass through flows
ranging from 0 CFS to about 50 CFS with only slight changes in the upstream water
level.

There are important operational justifications for having continuous spills upstream of the
automated flow control gates. The automated flow control gates will not have to move as
frequently if operators can always divert more water than is required for irrigation
demands. It has no effect on the overall amount of water diverted from the river because
the ‘excess’ water is immediately returned to the same reach of river. In addition, the
continuous spills provide an inherent safety feature in the event there are any problems
with the gate automation.

The ITRC has completed designing and manufacturing three flap gates for WRID.
Shown below in Figure 21 and Figure 22 are two of the completed installations in the
district.






Chowchilla Water District Specif~-

Doug Welch, General Manager of the Chowchilla Water District in Chowchilla, CA,
provided that the district has 105 flap gate installations, ranging from 0-90 CFS flow
rates. The district has been operating ITRC Flap Gates since 1995 and even did the
initial testing and calibration of the ITRC Flap Gate design in their district. For the
maintenance on the gates, they used to paint them, now the gates are sand blasted and
galvanized. The gates are also greased every few years. The gates that are further
downstream in the canal are flushed by pushing the gate open with a foot to insure that no
mass 1s blocking the gate open or closed. Mr. Welch stated that only 10% of the time the
flow is disturbed by something getting caught in the flap gate.

When asked about modifications, Mr. Welch explained that the district has made several
varying modifications to the gates. One of the most significant developments was that
they created variable heights for the counter balance, from 12-14 inches from the pivot
point. This is done to vary the height of the counterweight above the pivot arm and
therefore vary the closing couple on the gate. Another development was to have variable
links on the pivot arm to change the opening of the gate (Welch, 2014).

CWD were the innovators of the chain stop, shown in Figure 23. This mechanism is to
prevent the flap gates from being subjected to unequal moment couples, surpassing their
center of gravity and being stuck open in the channel. The simplicity and low-cost of this
implement makes it the ideal solution to the problem.

Figure 23. Chowchilla Water District chain stops (ITRC, 2013)



26

Fresno Irrigation District Specifics

Felix Vaquilar provided the information for Fresno Irrigation District. He stated that FID
currently has 15 flap gate installations and their first flap gate installation was on FID’s
Gould No. 97 Canal in September 2006. The main purpose of the flap gate installations
at FID is to provide level control at a constant level without continually making
adjustments to compensate for fluctuations in a particular section of canal. The
secondary purpose of FID’s flap gate installations is to reduce the encroachment of
burrowing rodents in the canal due to fluctuation in the level of the canal. FID is very
pleased with the low maintenance of the flap gate. Mr. Vaquilar stated that galvanizing
the gates has greatly helped with the maintenance of the gate and it is well worth the
upfront cost of the gate. As far as the maintenance they have done, they grease the
steering dampeners once a year and replace them when needed.

For the modifications that the district has made to the flap gate, Mr. Vaquilar said that the
district has used a second set of dampeners on one flap gate. This gate was installed at
the end of culvert that was doubled up as a check structure. Also, it was in a turbulent
area, causing the gate to bob up and down. To compensate, the district extended the
check structure so that the flap gate would be placed further downstream and they added
a second set of dampeners to better counteract the wave action that was occurring
(Vaquilar, 2014).

Glenn Colr =~ Irrigation District Specifics

Zac Dickens, the GCID Lead Engineer, provided the information for GCID. GCID
currently has 15 flap gate installations and have had flap gates in the district for 5 years.
The purpose of their flap gates is to maintain upstream water level, which in turn,
facilitates the check operations by replacing flash boards and lift gates. He stated that the
ideal site conditions for a flap gate were “uniform approach flow and free form lateral
curves”. Instead of galvanizing their gates, they paint them with a corrosion resistive
paint (Dickens, 2014).
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DISCUSSION

Over the past 20 years since it was developed, the ITRC Flap Gate has developed into a
straightforward solution to upstream water level control. Although there are several
advantages of the ITRC Flap Gate, the most impactful advantages were ease of design,
construction and implementation, galvanizing, variable heights and chain stops. Due to
the design and construction done by the author, the design and construction process was
determined to be simplistic and easy to interpret. It must also be mentioned that an error
was made in the construction of the flap gate. To clarify from the spreadsheet, the length
of the counterweight cylinder specified in the spreadsheet is the actual length of the tube
and does not include the thickness of the steel plate caps that go on the counterweight
cylinder. The problem was very easy to fix, however it could have been avoided if more
attention was paid during the construction phase.

Due to the installations of hundreds of flap gates across California and Nevada, the ITRC
Flap Gate design provides results that can be replicated continuously. However, attention
must be drawn to the fact that the spreadsheet needs to be interpreted with a logical
thinking process and not just the “plug-and-chug” process. Overall, the ITRC flap gate is
the ultimate solution to cost-effective, efficient, and accurate upstream water level control
without much investment in the product. The main benefit to districts is the cost of the
gate and the ease of construction; most districts have adopted the gate design process and
fabricated the gate internally. This cost allows the district to have more sites where the
upstream water level is maintained.

The FLOW-3D program proved to be a practical tool for analyzing situations when the
user has knowledge of the outcome and can provide a prediction for the outcome. While
the computational fluid dynamics program is accurate, it cannot be stressed enough that
attention must be paid to the end result of the program and interpretation is necessary to
avoid mistakes and anomalies in the program. The author plans to further her research in
FLOW-3D with the evaluation of other installations in canals.
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RECOMMENDATIONS

Elan Gate Design Spreadsheet

If this project were done over, several recommendations would be made. The flap gate
design spreadsheet needs to be interpreted and discussed with someone who is versed in
the spreadsheet, especially for someone like the author who does not have significant
manufacturing experience. The recommendations that the author would make are to pay
attention to the outside dimensions of the gate. For example, the length of the
counterweight cylinder specified in spreadsheet is the actual length of the tube and does
not include the thickness of the steel plate caps that go on the counterweight cylinder.
For the plasma cutter outline in the management site, it is editable and should be used.
The user must insure that the layout is saved in a “.dxf” format. The SolidWorks model
of the flap gate definitely helps the user understand the end goal of their product.
Construction drawings made from the spreadsheet are very useful to visualize the end
product of the gate. Looking towards the future, having an EXCEL spreadsheet that
updated a SolidWorks drawing would be very helpful in explaining and marketing the
ITRC Flap Gate.

FLOW-3D Implementation

For the FLOW-3D implementation, it must be noted that this is not a week-long process.
However rapid it may seem, running a simulation in FLOW-3D is time consuming, takes
great attention to detail, and knowledge of the end result. It would be recommended to
start the FLOW-3D model as early on in the project as possible.

District Surveys

When trying to get information from districts, give them a timeline. Do not hesitate to
ask for something by certain date. Also, when creating the survey think about if the
questions will cover the topic clearly and broadly enough for your expectations. Districts
are very busy, so one must also be careful to distribute the surveys with plenty of time.
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This project meets the requirements for the BRAE major since it is a design, construction
and analysis project. Although the analysis was the majority of the project, the design
and construction process of the ITRC Flap Gate was incorporated.

* Major Design Experience:

The objectives and criteria of the design project were specified and established by
Walker River Irrigation District. The whole project synergistically allowed the
author to experience a full design and build process, all while analyzing others’
design, build and use processes.

The testing and evaluations that occurred in this project were done by districts and
the information was collected by the ITRC.

Due to the reputation of the ITRC Flap Gate, the design and construction had to
be within the engineering standards that were established when the gate was first
designed.

* Capstone Design Experience

This project incorporated knowledge from ME 211, ME 212, BRAE 236, BRAE
312, BRAE 421 and BRAE 422.

* Design Parameters and Constraints. The flap gate was designed for a 30 CFS maximum
flow rate.

The physical constraint is that it could not have a reaction with the water or other
surroundings. The economic constraint was that it had to be cost-effective for the
district.
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River Simpson 1 Headworks - WinFlume Output: 60 CFS MAX, 34 CFS AVG

River Siinpsois 1 Headworks - Revision 11

c and '3 Simpson 1 Headwosks Fim 941372013 10 07 47 AM
Channel Depth Bottom Profile All dimensions ae n feet
4
Gage
1
Siil Heigh
' Approach Converge Contiof Expansi Taiwater
— —
Tailwater Calculations- High Flow Calculations
Oischarge Tailwater Heght
(CFS) Level {ft) (feet}

Flow Condition 1 30 1 Invert Elevation 943

Flow Condition 2 60 2.32 Sill Height 1

+ Head at Gage 1.85

HWM u/s of Flume 97 15

HWM u/s of check: 97.39

User: unknown WinfFlume32 Version 1 05.0020

C:.. \XPMUser\Desktop\River Simpson 1 Headworks Flm - Revision 11

River Simpson 1 Headworks
Standard Rating Table, Printed: 9/13/2013 10:06°29 AM

Head at  Froude

Required  H1/L
Discharge Gage,hl Number Head Loss Ratio
cu ftys ft ft
10 059784 01247 008304 0.15269
12 067145 (013986 008815 017211
14 074053 0.15356 0.09255 0.19047
16 080596 016604 0.09641 020796
18 086835 0.17752 009985 022474
20 092814 018814 010294 024091
22 098568 019803 0.10576 0.25654
24104124 020727 010834 027171
26 1.09503 021595 011073 028646
78 114725 022413 011294 030083
30 119811 023185 011501 0.31487
32 124759 023919 011696 03286
34 129589 024616 011879 034204
36 134308 0.2528 012052 0.35523
38 138927 025915 012217 036817
40  1.43451 026522 012373 (38088
42 147887 027104 012522 039339
44 152242 027662 012666  0.4057
46 00001 15652 028199 012802 041782
48.00001 160725 028716 012934 0.42977
50.00001 164862 029215 01306 0.4415%
52.00001 168934 029696 013182 045318
54.00001 172946 030161 013299 0.46465
56.00001 176899 03061 013413 0.47599
5800001 180798 031046 013523 048719
60 184662 031464 013629 0.49827

Errar Summary

No errors

Submerge.
Ratio

coocoooocooocooo

0.06201
011995
017438
022573

0.2744
032067
0.36482
0.40705
044757

06164

0.6485
067973
071014
073979
0.76873

Errors

User: unknown WinFlume32 - Version 1 05.0020

River Ssmpson 1 Headworks.

Head at Equation Equation Equation

Gage, h1  Discharge Discharge Error Error Hyds

feet cu fifs cu. fi/s cu fifs s Broes
0.741 14 14 0.002 0.02
0.806 16 16 0001 0.01
0.868 18 18 -0.003 002
0.928 20 20 -0 004 002
0.986 22 22 -0.003 -002
1.041 24 24 -0.003 0.01
1095 26 26 0.002 -0.01
1147 28 28 0 0
1.198 30 30 0.004 0.01
1248 32 32 0005 002
1296 34 3401 0006 0.02
1343 36 36.01 0.006 0.02
1389 38 38.01 0.006 0.02
1435 40 4001 0.006 0.02
1.479 42 4201 0.006 0.01
1.522 a4 44 0.005 0.01
1.565 46 46 0.004 001
1.607 48 48 0062 a
1649 S0 50 0 0
1.689 52 52 -0003 -0.01
1729 54 5399 -0 006 001
1769 56 55.99 001 0.02
1808 58 5799 -0014 0.02
1.847 60 5999 -0 008 001

Equation” Q=KL *{hl1+K2)"u
Parameters K1 =21.49

K2 0.02882
u-1633
Coefficient of determination- §.99999983

Error Summary River Simpson 1
Modifications
10 Oct 2013

No errars
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