Risk Analysis of Pumping Impacts on
Simulated Groundwater Flow In the
Santa Cruz AMA
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« Overview of Hydrology
(Upper Santa Cruz)

 Hydrologic Models
— Stochastic Streamflow Model
— Groundwater Flow Models

— Combining Streamflow and
Groundwater Flow Models

 Risk Analysis Example

Santa Cruz AMA Goals 8§ 45-562C:
1) “Maintain Safe-Yield Conditions”

2) “Prevent local water tables from experiencing long-term
declines”
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Supply Side: Baseflow Capture (?) at Nogales gauge

Surface Water Flow at Nogales: Winter flows,
December 1st - March 31st
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Surface water flow (cfs)

Relation between Surface water flow and Groundwater Levels
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Stream Flow - Santa Cruz River: Baseflow Gaining (green); losing (red)
<---Intensive Drought---->
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South North

Longitudinal Profile, from NIWTP to Tubac (Notto scale)
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Elevation (feet) - Vertical Exaggeration 65X
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Longitudinal Profile, from Highway 82 Bridge to Guevavi Narrows (Not to scale)
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a N
Hydrologic Model

DOS Batch Program
inter-changing modules
~8 hrs on a 2X2.66GHZ; 3G RAM

\ )

Stochastic
Stream Model >
Convert to

\

tream-aquifer BC’s

)

4 Translate )

Stream BC +
Demand >
through 6 ACM’s:

\ )

A

nalysis of Simulated

Heads and Flows:
trends; patterns
Inter-arrival stats

\(MATLAB; FOXPRO)




Simulated Groundwater Discharge (Baseflow)

(Does not include possible additional uncertainties related to storage (Sy), ET, lateral boundaries, Watershed changes

Probability (assumed normal distribution)
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Probability density function: Simulated Flow between NIWTP and Tubac
(Groundwater pumpage = 15,000 acre-feet/year)
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Basecase rate (15K)

Pumping increases/decreases
(11K — 23K) proportional to
Basecase rate at existing loca

No new demand locations

Incidental Rch fixed

No simulated effluent
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Map Showing the Location of: Model
Conditions for Layer 3 (Nogales Formation Aquifer)
Assigned in the Groundwater Flow Model

Santa Cruz AMA, Arizona




Simulated heads (feet)

Simulated Heads at Tumacacori: Base Model (shown) Realization #2

Years 1-90 Infrequent Flood Recharge; Years 91-100 Frequent Flood Recharge

- Pumpage = 15,000 AF/YR; Mean = 3235'

—— Pumpage = 19,000 AF/YR; Mean = 3231' time (in days); 100 years
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Transform from Time to Frequency domain
Cycles that show up: 10, 8, 5 and 1 year-period signals

Periodogram of Head16_Tuma_19K
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Years with groundwater discharge (net gain)
between NIWTP and Tubac (out of 100 years)

Relation Between Pumpage and Occurrence of Groundwater Discharge (Gain)

100

90

(0]
o

—il— 95th percentile (6 ACM)
—&—50th percentile (6 ACM)

\ —&—5th Percentile (6 ACM)

~
o

[e2]
o

e

N
o

30
20 \ \\
10
0
11000 13000 15000 17000 19000 21000 23000

Groundwater Pumpage (AF/YR)




Pumping 15K: 75% chance gaining conditions will occur less than half of the time
Pumping 13K: 30% chance gaining conditions will occur less than half of the time

Years with Simulated Net Groundwater Discharge Between NIWTP and Tubac (100 max)
[100 Stream Realizations X 6 ACM's] X 6 Well Pumping Demands (from 11K to 23K AF/YR)
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FIndings

Apply models that are not adversely
biased!

Simulate many plausible realizations: Will reveal
systems central tendencies, etc.,

Sensitive to Flood Recharge Inter-arrival Periods
and Duration periods (trends)

Sensitive to ACM
Sensitive to pumping

Not very sensitive to exact flood rate during any
one stress-period
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Model Forecasts of ENSO from Jul 2009
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Figure 6. Forecasts of sea surface temperature (35T) anomalies for the Nifio 3.4 region (5°N-528, 120°% -
170%W). Figure courtesy of the International Research Instiute (IRI) for Chimate and Society.
Fioure updated 16 July 2009



Questions?
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