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Y Miramar Reservoir Storage
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Y IPR Dilution Criteria

- >10:1 dilution of all 24-hour purified water inflows
- Tracer study and modeling to demonstrate compliance
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Y Model Setup

Elevation (ft)

- AEM3D simulates reservoir
hydrodynamics E
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Y USEPA Plumes Sub-Model

 USEPA Plumes model conducts mixing zone
analysis and computes the insertion level of
jets/plumes and the initial dilution at the
insertion level due to entrainment

Initial rise

* When a buoyant jet enters a strongly Maximum
stratified water body, the final insertion level 5€
of the jet flow depends on
* Initial momentum of jet flow
* Temperature of jet flow  Horizontal
* Ambient stratification ' spreading
* Jetorientation
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Model Calibration: Temperature Profiles
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Y Tracer Study

- Tracer Study in July-Oct 2019

- Rhodamine WT tracer :
- Injected through small diffuser |
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Y Comparison of Tracer Contours
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Approach to Demonstrating Dilution
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Y Modeling Approach

- Model 1000s of virtual tracer injections for each
operational scenario
. Scenarios differ by open outlet port and reservoir level
.- Determine minimum dilution for each tracer
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Subaqueous Diffuser and Outlet Tower
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Y Initial Dilution
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Factors Affecting Dilution
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Y Preliminary Dilutions (Port #4 Open)
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) Unstratified Reduced Dilution
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Y Unstratified Reduced Dilution
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Y Port #3 Open Reduced Dilution
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Y Reduced Dilution (Port #3)
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Y Port #2 Reduced Dilution
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Y Reduced Dilution (Port #2)
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Reduced Dilution (Port #2)
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Y Conditions Leading to Reduced Dilution
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Y Conditions Leading to Reduced Dilution
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Y Summary and Lessons Learned

- 3D model setup and calibrated
- Operational Rules Model Runs underway

- Reduced dilutions occur when virtual tracer trapped in
layer near outlet port
- Initial dilution gives “floor” for minimum mixing
» Secondary thermocline forms trapping layer
- Modeling identified conditions for reduced dilution
» Results can inform WTP operations

City Will Use Model Results to Inform Operations Plan
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Purified Water Diffuser

Miramar Reservoir

“\_- spillway elevation, 714 ft
3 operational high water line, 710 ft
contours, 10 ft

subaqueous pipeline

main pipe

branch with ports

nine branches with ports

each portis a 2" duckbill valve
ports angled up 60 deg

214 total ports

all ports betwe
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Y Modeling Initial Dilution

Cross—section UM3 model (three-dimensional Updated
Merge model) of the EPA PLUMES is

.-—""h":
MM_A:T? embedded in the diffuser code:
epth

UM3 model, originally coded in Delphi
Pascal, simulates single and multi-port
submerged discharges;

m\ Dilution (and entrainment) at different
rise 4 depths and the final insertion level are
e\, calculated by the UM3 model, then
T e returned to the AEM3D program.

_|.
horizontal distance

& Trap levels

Source: Dilution Models for Effluent Discharges, EPA (1994)

sandiego.gov



Y Tracer Study: Measured Tracer

 Simulation Period: 7/2/2019 — 8/26/2019

* Total Tracer Mass: Simulation matched "a
with the field measurements T A S 1 "
0 :\ I I A |EI T\ Si\mullat?d-ll-ratlzer\Ma\ss\ I I N |

*Note that this plot includes only those dates when at least 10 of 11 stations were sampled. Dates

when fewer than ten stations were sampled are not included because it is not possible to calculate
the mass of tracer in the reservoir when some data is absent. The sampling dates not included are
7/16 (14:00. 16:00. 20:00). 7/17 (3:00). 7/30. and 8/4.
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) Statistics

e [ e

N
Ei=1(Csimu£ated_cmeasured)

Mean Error Mean Error = v
wN (Csi —c )
Root Mean Squared Error RMSE = [&i=1\simulated” “measured
(RMSE) N
(1)Based onthe range  Relative RMSE = RMSE
of measured data |Cmeansured max—Cmeasured,min|
Relative RMSE
. RMSE
(2)Based onthe range ~ Relative RMSE =
of ((395 — Cs) |Cmeansured,gs%_Cmeasured,s%|
2
Relative Absolute Error Yit 1 (Csimutated—Cmeasured)

JEI =1 measured

C = Concentration
N = the number of paired predictions-observations.
*RAE and the two types of relative RMSE only differ in the denominator in the definitions.
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) Statistics at Outlet
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