










Technical Memorandum Drop 2 Storage Reservoir Modeling

One of the key methods for obtaining stable modeling conditions was to start each simulation with a
set of initial conditions where the system allowed the gates to settle into equilibrium. This is
accomplished by creating a “hot start” file, which sets the initial flow and water surface elevations at
all cross-sections. The equilibrium gate openings are also input as part of the gate rules.

2.3.1 Flow Conditions for Filling Scenarios

Four All-American Canal base flows were selected to reflect a wide range of flows: 1,000 cfs (low);
3,500 cfs (moderate); 7,000 cfs (high); and 7,704 cfs (capacity). The low flow (1,000 cfs) represents a
minimum flow likely to occur in the All-American Canal at any point in the season. The highest
flow (7,704 cfs) is based on the canal capacity upstream of Drop 1 (10,155 cfs)’ minus a typical
diversion rate to the Coachella Canal (651 cfs)2 minus the maximum non-storable flow diversion
(1,800 cfs).

Additionally, seven non-storable flows were selected to reflect a wide range of flow rates diverted to
the Drop 2 Storage Reservoir: 50 cfs; 300 cfs; 600 cfs; 900 cfs; 1,200 cfs; 1,500 cfs; and 1,800 cfs.
Each of the All-American Canal base flows were combined with each of the non-storable flows to
create a total of 28 filling scenarios. The upper and lower ends of these flow combinations present
an envelope (minimum and maximum) of operating conditions. Seasonal variations in flow are
likely to lie within these ranges.

Table 17 specifies the various flow combinations for each of the 28 filling scenarios.

1 Low (1,000 cfs) 50 cfs 1,050 cfs

2 Low (1,000 cfs) 300 cfs 1,300 cfs

3 Low (1,000 cfs) 600 cfs 1,600 cfs

4 Low (1,000 cfs) 900 cfs 1,900 cfs

5 Low (1,000 cfs) 1,200 cfs 2,200 cfs

6 Low (1,000 cfs) 1500 cfs 2,500 cfs

7 Low (1,000 cfs) 1,800 cfs 2,800 cfs

8 Moderate (3,500 cfs) 50 cfs 2,550 cfs

9 Moderate (3500 cfs) 300 cfs 2,800 cfs

10 Moderate (3,500 cfs) 600 cfs 3,100 cfs

11 Moderate (3,500 cfs) 900 cfs 3,400 cfs

12 Moderate (3,500 cfs) 1,200 cfs 3,700 cfs

13 Moderate (3,500 cfs) 1,500 cfs 4,000 cfs

Design capacity for the All-American Canal reach upstream of Drop 1; It is unknown if the existing canal is able to
convey flows equal to or close to the design flow due to the existing condition of the canal (Brown and CaIdwell, 2005).

2 A flow rate of 651 cfs diverted to the Coachella Canal corresponds to the 95th percentile of measured flow from 1999
to 2003 (Brown and CaIdwell, 2005).

25

Simulation
Number

TABLE 17. Stage-Storage Data for Drop 2 Storage Reservoir System

LAII.American

Canal
Base Flow Rate

Non.Storable Flow (NSF) to
be Diverted to Drop 2 Storage

Reservoir

Total Flow In All-American
Canal (Base Flow + NSF)
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Simulation All•American Canal Non.Storable Flow (NSF)
Total Flow in AllAmerican

Number Base Flow Rate
be Diverted to op 2

Canal (Base Flow + NSF)

14 Moderate (3,500 cfs) 1,800 cfs 4,300 cfs
15 High (7,000 cfs) 50 cfs 7,050 cfs
16 High (7,000 cfs) 300 cfs 7,300 cfs
17 High (7,000 cfs) 600 cfs 7,600 cfs
18 High (7,000 cfs) 900 cfs 7,900 cfs
19 High (7,000 cfs) 1,200 cfs 8,200 cfs
20 High (7,000 cfs) 1500 cfs 8,500 cfs
21 High (7,000 cfs) 1,800 cfs 8,800 cfs
22 Capacity (7,704 cfs) 50 cfs 7,754 cfs
23 Capacity (7,704 cfs) 300 cfs 8,004 cfs
24 Capacity (7,704 cfs) 600 cfs 8,304 cfs
25 Capacity (7,704 cfs) 900 cfs 8,604 cfs
26 Capacity (7,704 cfs) 1,200 cfs 8,904 cfs
27 Capacity (7,704 cfs) 1,500 cfs 9,204 cfs
28 Capacity (7,704 cfs) 1,800 cfs 9,504 cfs

Inflow hvdrographs at the upstream boundary (Station 60+00) begin with a constant All-American
Canal base flow rate for the first 9 hours, then ramp up at a maximum flow change rate of 300 cfs
per hour to the non-storable flow rate for that particular scenario. The 300-cfs-per-hour ramping
rate limitation was based on discussions with Imperial Irrigation District at a mting held on
September 26th 2008.

The duration of the non-storable flow hydrograph is based on the estimated volume of water
needed to fill the Drop 2 Storage Reservoirs to elevation 154.0 feet. This total volume is slightly
greater than the total active storage volume. The active storage range for the Drop 2 Storage
Reservoirs is from 134 feet elevation to 154 feet elevation, with corresponds to an active storage
volume of approximately 8,240 acre-feet. The storage volume belo\v 134 feet elevation
(approximately 196 acre-feet) is assumed to be dead storage for operating purposes. However, each
filling scenario begins with an initial reservoir storage elevation just below the dead storage level at
133.9 feet elevation. Therefore, the total volume of non-storable flow diverted at 60+00 was
assumed to be equal to the total reservoir volume at 154 feet elevation (approximately 8,440 acre-
feet) in order to provide ample water to fill the reservoir to 154 feet elevation and a little beyond.

As described above, the initial conditions for the Drop 2 Storage Reservoir cells were set to begin at
133.9 feet elevation for all filling scenarios. The Forebay/Afterbay storage area was set to begin at
150.0 feet elevation for all filling scenarios to promote model stability. The Off-Line Storage cell
was set to begin at 133.0 feet elevation for all simulations, although no water was diverted to this
storage area.
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23.2 Flow Conditions for Draining Scenarios

Four target flows were selected to reflect a wide range of flows in the All-American Canal
downstream of the Drop 2 Storage Reservoir return canal: 1,000 cfs (low); 2,500 cfs (moderate);
5,600 cfs (high); and 7,400 cfs (capacity). The low flow (1,000 cfs) represents a minimum flow [ikely
to occur in the All-American Canal at any point in the season. The highest flow (7,400 cfs) is based
on the design canal capacity between of Drop 2 and Drop 3.

Additionally, seven peak drain rates were selected to reflect a wide range of flow rates discharged
from the Drop 2 Storage Reservoir: 50 cfs; 300 cfs; 600 cfs; 900 cfs; 1,200 cfs; 1,500 cfs; and 1,800
cfs. Each of the All-American Canal base flows were combined with each of the non-storable flows
to create a total of 28 draining scenarios. The upper and lower ends of these flow combinations
present an envelope (minimum and maximum) of operating conditions. Seasonal variations in flow
are likely to lie within these ranges.

Table 18 specifies the various flow combinations for each of the 28 filling scenarios.

All-American C
Inflow Ratç

Simulation
Number

All-American Canal Peak Drain Rate from Drop 2
Target Flow Ra’ Storage Reservoir

29 Low (1000 cfs) 50 cfs 950 c(s

30 Low (1000 cfs) 300 c(s 700 c(s

31 Low (1000 c(s) 600 cfs 400 c(s

32 Low (1000 c(s) 900 c(s 100 cls

33 Low (1,000 c(s) 1,200 cfs 1,300 cfs

34 Low (1,000 c(s) 1,500 cfs 1,600 cfs

35 Low (1,000 c(s) 1,800 cfs 1,900 cfs

36 Moderate (2,500 c(s) 50 cfs 2,450 c(s

37 Moderate (2,500 c(s) 300 cfs 2,200 cfs

38 Moderate (2,500 c(s) 600 c(s 1,900 cfs

39 Moderate (2,500 cfs) 900 c(s 1600 cfs

40 Moderate (2,500 cfs) 1,200 cfs 1,300 cfs

41 Moderate (2,500 c(s) 1,500 cIs 1,000 cfs

42 Moderate (2,500 c(s) 1,800 cfs 700 c(s

43 High (5,600 c(s) 50 cfs 5,550 c(s

44 High (5,600 cfs) 300 cfs 5,300 cfs

45 High (5,600 c(s) 600 cfs 5,000 c(s

46 High (5,600 c(s) 900 c(s 4,700 cfs

47 High (5,600 c(s) 1,200 c(s 4,400 cfs

48 High (5,600 c(s) 1,500 c(s 4,100 c(s

49 High (5,600 c(s) 1,800 cfs 3,800 cfs

50 Design (7,400 c(s) 50 cfs 7,350 cfs

51 Design (7,400 c(s) 300 c(s 7,100 cfs

52 Design (7,400 c(s) 600 cfs 6,800 cfs
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900 cfs
54 Design (7,400 cfs) 1,200 cfs 6,200 cfs
55 Design (7,400 cts) 1,500 cfs 5,900 cfs
56 Design (7,400 cfs) 1,800 cfs 5,600 cfs

Inflow rates at the upstream boundary of the All-American Canal (Station 60+ 00) are based on the
difference between the target flow rate and the peak drain rate, such that the peak discharge from
the Drop 2 Storage Reservoir added to the upstream inflow rate equals the target flow rate.

The Drop 2 Storage Reservoir storage cells were operated in parallel for all draining scenario;
however, the gates could be operated to drain the cells sequentially.

The initial water surface elevations in Cells I and 2 were set to 154.1 feet elevation, which is slightly
higher than the upper limit of active storage: 154.0 feet elevation. The initial water surface elevation
in the Forebay/Afterbav storage area was also set to 154.0 feet elevation. The initial water surface
elevation in the Inlet Canal was set to 157.41 feet; however, the Inlet Canal gates were closed for
each draining simulation to maintain this water surface and prevent rapid drawdown in the Inlet
Canal. During actual operations, Reclamation could slowly drain the stored water from the Inlet
Canal in a controlled manner that would not exceed the drawdown criteria for the lined canal.

Draining scenarios were simulated for time periods sufficient to drain all three of the Drop 2 Storage
Reservoir storage cells to an elevation below 134.0 feet (the lower limit of active storage).

2.4 Computational Parameters

Computational parameters varied for each simulation. In general, these parameters were set to
achieve the most accuracy, while still maintaining numerical stability. The computational time step
varied from 10 seconds to 2 minutes. The output time step was 1 hour for all simulations except
those that were greater than 60 days, for which the output time step was extended to 4 hours. The
mixed flow option was selected for aH simulations. The preferred options and tolerances were set as
shown in Figure 13.
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Figure 13. Preferred Computational Options and Tolerances
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3. RESULTS

____ ____

The HEC-RAS hydraulic model was used to examine the hydraulic performance of the All-
American Canal and Drop 2 Storage Reservoir system over a variety of flow conditions.
Combinations of All-American Canal base flow rates and non-storable flow rates were used to
develop a series of 28 reservoir filling scenarios. Similarly, combinations of peak draining rates and
target flow rates in the All-American Canal were used to develop a series of 28 reservoir draining
scenarios. The following sections describe the key results of each scenario.

3.1 Filling Results

Non•storable Flow
Diversion Rate (cfs)

50 78.5 79.2 79.2 81.2
300 13.8 13.9 13.8 13.8
600 7.0 7,1 7.0 7.0
900 4.7 4.8 4.8 4.8

1,200 3.5 3.7 3.6 3.7
1,500 2.9 3.0 3.0 3.0
1,800 2.5 2.6 2.5 2.5

1. Fill time corresponds to simulation time from the beginning of non-storable flow diversions at Station 60+00 to the time step in which
the average stage in Drop 2 Storage cells reach 154.0 feet or greater.

The rate at which the Drop 2 Storage Reservoir fills was examined by plotting reservoir stage versus
time. Figure 14 shows such a plot for Scenarios 9 through 14 given an All-American Canal base
flow rate of 3,500 cfs4.

The results for the 50-cfs non-storable flow scenario are not shown on the figure because rhis scenario re9utres over 78
days to fill the Drop 2 Storage Reservoir, which is substantially greater than the fill times for the other scenarios.

Result are show-n for only one All-American Canal base flow because there is little difference between these plots and
the plots for the other All-American Canal base flows.

30

HEC-RAS results from the filling scenario simulations were used to estimate the time required to fill
the Drop 2 Storage Reservoir (Cells I and 2) from a water surface elevation of 134.0 feet to a water
surface elevation of 154.0 feet, or the active storage volume of approximately 8,240 acre-feet.
Output time series for the Cell 1 and Cell 2 stages were examined to estimate when the water surface
elevation reaches 154.0 feet or greater, relative to when non-storable flows began at Station 60+00.
The resulting fill times are listed in Table 19.

1,000 cfs

Fill Time1 (days) by All-Ameilcan Canal Base Flow
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Figure 14. Drop 2 Storage Reservoir Stage versus Time for Filling Scenarios with an All-American Canal Base Flow of 3,500 cfs

Figure 14 shows that the relation between stage and time is nearly linear, which indicates that the
Drop 2 Storage Reservoir can be filled to capacity at any desired non-storable flow rate. As the
Drop 2 Storage Reservoir becomes full, the water level inside the reservoir would not produce
hydraulic restrictions and/or backwatering that would prevent the Inlet Canal from conveying the
design flow rate of 1,800 cfs. Similar relations were observed for the scenarios with All-American
Canal base flows of 1,000 cfs; 7,000 cfs; and 7,704 cfs.

3.2 Draining Results

HEC-RAS results from the draining scenario simulations were used to estimate the time required to
drain the Drop 2 Storage Reservoir (Cells 1 and 2) from a water surface elevation of 154.0 feet to a
water surface elevation of 134.0 feet, or the active storage volume of approximately 8,240 acre-feet.
Output time series for the Cell I and CeH 2 stages were examined to estimate when the water surface
elevation reaches 134.0 feet or less, relative to when the Forthay/Afterbav gates began to open. The
resulting drain times are listed in Table 20.
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300 14.0 14.0 14.0 14.0
600 7.3 7.3 7.3 7.3
900 5.2 5.2 5.2 5.2

1,200 4.1 4.1 4.1 4.1
1,500 3.5 3.5 3.5 3.5
1,800 3.2 3.2 3.2 3.2

Table 20 indicates that Drop 2 Storage Reservoir drain times are not affected by the flow rate in the
All-American Canal. This is reasonable due to the large drop in elevation between the
Forebav/Afterbay outlet gates and Outlet Canal returning to the All-American Canal. Specifically,
the backwater effects from the All-American Canal are not great enough to cause submergence on
the Forebay/Afterbay outlet gates.

Figure 15 shows such a plot for Scenarios 37 through 42 given an All-American Canal base flow
rate of 2,500 cfs6.

The results for the 50-cfs drain rate scenario are not shown on the figure because this scenario requires 85 days to drain
the Drop 2 Storage Reservoir, which is substantially greater than the drain times for the other scenarios.

Result are shown for only one All-American Canal base flow because there is little difference between these plots and
the plots for the other All-American Canal base flows.
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Figure 15. Drop 2 Storage Reservoir Stage versus Time for Draining Scenarios with an All-American Canal Target Flow of 2,500 cfs

Figure 15 shows that the relation between stage and time is nearly linear for the first part of each
simulation; however, \vhen the stage gets low (e.g., belowl37 feet) the drain time increases
asymptotically toward 133.0 feet elevation. This is reasonable because at low stages the hydraulic
head in the storage cells is too lo\v to drive the peak discharge rate. Similar drain rate relations were
observed for the scenarios with All-American Canal base flows of 1,000 cfs; 5,600 cfs; and 7,400 cfs.

Forebay/Afterbay outlet discharge rates were plotted versus Drop 2 Storage Reservoir stage to
examine maximum discharge rates that could be maintained for low reservoir stages (see Figure 16).
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Figure 16. Drain Rate versus Drop 2 Reservoir Storage Volume

Figure 16 shows that the discharge rate from the Drop 2 Storage Reservoir is limited to less than
1,800 cfs below a stage of 138 feet. The discharge rate is limited to less than 900 cfs below a stage
of 137 feet. Discharge rate is limited to less than 600 cfs below a stage of 136 feet. Discharge rate is
limited to less than 300 cfs below a stage of 135 feet.

3.3 Wave Travel Time

The non-storable flow travel time was examined for the filling scenarios by comparing the output
time steps at which flow increased at Station 60+00 and at the Drop 2 Storage Reservoir. The
results showed that the flow increases at the Drop 2 Storage Reservoir in the same time step as flow
increases at Station 60+00. This would seem to indicate a travel time of less than the output time
step of 1 hour. However, the perceived travel time of the non-storable flow “wave” is highly
sensitive to gate operations.

The filling scenarios used logic to operate the gates such that the gate opening would be set to pass a
certain flow. That flow must be obtained from some point upstream. The logic used for the filling
scenarios “looks” to the cross-section at the furthest point upstream in the uncontrolled upstream
reach as follows:

• The Pilot Knob gate structure obtains its controlling flow rate from cross-section -6000
(Station 60+00).

• The Coachella Canal Turnout gate structure obtains its diversion flow rate from cross-section
-109536 (Station 1095+36), just downstream of Pilot Knob.
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• The Inlet Canal gate structure obtains its controlling flow rate from cross-section -119, just
downstream of the CoacheHa Canal Turnout.

• The Drop I gate structure obtains its controlling flow rate from cross-section -109536 (Station
1095+36), just downstream of Pilot Knob.

• The Drop 2 gate structure obtains its controfling flow rate from cross-section -191236 (Station
1912+36), just downstream of Drop 1.

Looking far upstream helps to obtain stable hydraulic conditions at the gates. In this manner gates
are operated by “anticipating” the non-storable flow rate diverted at Station 60+00. The result is a
perceived rapid travel time from Station 60+ 00 to Drop 2 Storage Reservoir. This effect was
examined by a sensitivity analysis, where the gate logic for Pilot Knob was adjusted to “look” to
various distances upstream for its flow rate. Figure 17 shows the results of this analysis.

7600

Figure 17. Drain Rate versus Drop 2 Reservoir Storage Volume

For the example shown in Figure 17, the perceived travel time increases from essentially zero to 1.2
hours by changing the upstream reference from Station 60+00 to Station 1094+77.
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4. RECOMMENDATIONS FOR FURTHER STUDY

_____

The following are recommendations for further study,

• The effect of gate operations on non-storable flow travel time should be investigated in more
detail, based on Reclamations in-the-field iiow measuring and telemetry equipment.

• The variation in fill time due to changes in All-American Canal base flow should be examined
in more detail. A sensitivity analysis should be conducted to examine a wider range of All-
American Canal flow conditions at a smaller output time interval.

• The water surface elevation in the inlet canal was held constant (normal water depth) during
the draining scenarios to avoid rapid drawdown. The maximum rate at which the Inlet Canal
could be drained without exceeding the maximum drawdown rate of 1 foot per hour should
be evaluated.

• The model should be integrated with Imperial Irrigation District operations to refine the
management of non-storable flows in the Drop 2 Storage Reservoir, as well as the Off-Line
Storage cell.

• The model should be integrated with Senator Wash operations to optimize management of
non-storable flows.
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APPENDIX B: EXAMPLE CODE FOR CONTROLLING RADIAL
GATES FOR A TARGET WATER SURFACE ELEVATION

Set target operating water surtace (upstream]
Real ‘Target_WS_Elevation’ (Initial Value = 167.28)
Real Target_opening (Initial Value = 0.08]

Find base Ibm inA4C (initial how at Sta 80+00]
= Time:Hour of Simulation]Beginning ot time step]
Get expected tlow rate

ltrr< 1]1hen

0_Baseline = Cross Sections:FIox4MC.lmp_to_Drop2.-8000.Value at current time step]
End It

‘0’ = Cross Sections:Ftow]A4C.tmp_to_Drop2,-6000.Value at current time step]
I Input gate discharge parameters
Real U (Initial Value = 0.7]
Real ‘g’ (Initial Value = 32.1 743
Real ‘w_gate’ (Initial Value=18]
Real n (Initial Value = 7]
Real ‘T’ (Initial Value = 13]
Real ‘TE’ (Initial Value = 0.16]
Real ‘BE’ (Initial Value = 0.72]
Real ‘HE’ (Initial Value = 0.82]
Real 2_invert’ (Initial Value = 150.51]

Find water surtace elevations and head over gate
2_hw’ = ‘Target_WS_Elevation’
‘D_hw’ = 2_hw’ 2_invert’
2_ta’ = Cross Sections:WS Elevation(MC.Impjo_Drop2,-1 0853&Value at current time step]
‘0_tm’ = 2_tm’ - 2_invert’
‘Submergence’ = ‘D_tw’ / ‘D_hw’
I Set gate opening based on
‘H’ = 2_hw’- 2_invert’

= ‘n’ ‘w_gate’

‘CW’ = CX

‘2g’ = 2 “ ‘g’
‘SQRT_2g’ = ‘2g’0.5
‘2gH’ = ((2] (‘g’]] (‘H’]
‘exp_T’=’T’’TE’
‘exp_H’= ‘H “HE’
Xl’ = [(‘CV,” ‘ ‘SQRT_2g’] * ‘exp_T’] ‘exp_H’
X2’=’Q’/Xl’
‘inverse_B’ = ‘BE”‘-l

I Controls for Gates at Pilot Knob
I

3

b
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II]
lb
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H
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APPENDIX C: EXAMPLE CODE FOR CONTROLLING SLUICE
GATES FOR A TARGET WATER SURFACE ELEVATION

I Set target operating water surtace (upstream)
Real ‘Target_WS_Elevation’ (Initial Value = 157.41)
Real ‘Target_opening’ (Initial Value = 0.01 74)
l Find base flow inMC )initial how at Sta 60+00)

= Time:Hour oh Simulation(Beginning of time step)
‘0’ = Cross SectionsFlom)Drop 2 Storage S.lnlet CanaL-113Value at current time step)

Input gate discharge parameters
Real ‘C’ (Initial Value = 0.61
Real ‘g’ (Initial Value = 32.174)
Real ‘w_gate’ (Initial Value = 10)
Real ‘n’ (Initial Value=3)
Real 2_invert’ (Initial Value = 1405)
I Find water surface elevations and head over gate
2_hm’ = ‘Target_V/S_Elevation’
Ohm’ = 2_hm’ - 2_invert’
2_tm’ = Cross Sectrons:WS Elevatron)Drop 2 Storage S,Inlet Canal,•3561 2,Value at current time step)
‘0_tm’ = 2_tm’ - 2_invert’
‘Submergence’ = tttm’ / ‘D_hw’
I Get expected low rate
I Set gate opening based on 0
‘H’ = 2_hw’ - 2_invert’

= ‘n’ “ ‘m_gate’
= ‘C’ “

‘2gH’ = )(2) )‘g3) (‘H’)
‘SQRT_2gH’ = ‘2gH’’0.5
It (‘Submergence’ < 0.67) Then

‘Target_opening’ = (‘0’ / ‘CV) / ‘SQRT_2gH’
Elsell (‘Submergence’> 08) Then

‘C’ = 0.8
‘CV’ = ‘C’ V
‘H’ = 2_hm’ - 2_tm’
2gH=2NgH

‘SQRT_2gH’ = ‘2gH’0.5
‘Target_opening’ = (‘Q’ / ‘Cv!’) / ‘SQRT_2gH’

Else
‘H’ = 2_hm’ - 2_tm’

‘2g3H’ = 1(2) (‘g’)( (‘3H’)
‘SQRT_2g3H’ = ‘2g3H”0.5
‘Target_opening’ = (‘Q’ / ‘CV) / ‘SORT_2g3H’

End It
Gate.Dpening = ‘Target_opening’

Description: —

Rule Operations

Cohtrols for Gates into Foreba,-.
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