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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 § 45-562C: 
1) “Maintain Safe-Yield Conditions” 
2) “Prevent local water tables from experiencing long-term 

declines”











Supply Side: Baseflow Capture (?) at Nogales gauge

Surface Water Flow at Nogales: Winter flows, 
December 1st - March 31st
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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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Baseflow at Guevavi Narrows: 
looking southeast, Late May 1998



Longitudinal Profile, from NIWTP  to Tubac  (Not to scale)
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Longitudinal Profile, from Highway 82 Bridge to Guevavi Narrows (Not to scale)
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DTW in Santa Fe well, 
(D-23-13) 27add1:
Recorded low  46 ft ( 1/15/98);
Recorded high 11.5 ft  (1/12/95)

DTW in Gallery well, 
(D-23-13) 36BCB1: 
recorded low  66 ft (5/19/99)
recorded high  2 ft (8/1/50);
 well discharge is a function of 
saturated thickness
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Hydrologic Model
DOS Batch Program 

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

Stochastic 
Stream Model >

Convert to 
Stream-aquifer BC’s 

Translate 
Stream BC + 

Demand >
through 6 ACM’s:

Analysis 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 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 locations 

No new demand locations

Incidental Rch fixed 

No simulated effluent



Simulated Heads at Tumacacori: Base Model (shown) Realization #2
 Years 1-90 Infrequent Flood Recharge; Years 91-100 Frequent Flood Recharge 
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Transform from Time to Frequency domain
Cycles that show up: 10, 8, 5 and 1 year-period signals
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Distribution of Simulated Heads at Tumacacori, 100X6 ACM
Assigned Pumpage 15K

0

100000

200000

300000

400000

500000

600000

3220 3230 3240 3250

Distribution of simulated head elevation (feet above MSL) for each time step

Fr
eq

ue
nc

y 
(to

ta
l =

 4
.2

E6
)

Distribution of Simulated Heads at Chavez Siding, 100X6 ACM
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Relation Between Pumpage and Occurrence of Groundwater Discharge (Gain)
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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 







Questions?

• Thanks to ADWR Basic Data & Survey Units; Hydrologic 
Research Center (San Diego); USGS (Tucson); U of A; 
Santa Cruz AMA GUAC and staff; IBWC; FOSCR; AZ 
State Parks 
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