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Exploring Water Management Concepts, PrAMA Model - Draft 
 
-Regional Hydrology (as defined by data)  
  Recharge Distribution: where, when & how much 
  Aquitard Distribution…  
 
-Compare Base vs. Hypothetical Pumping Distributions   
  Rejected Recharge & Induced Recharge 

 

-Possible Projects:  

  Redirect PPT         EVAP /Runoff   

  to Effective Recharge Areas  
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Plausible Range  of Natural Recharge 
Based on available data (1939-2011): 
7,500 – 12,000 AF/yr (95% CI, 5K-15K) 
Long-Term Natural  ~2/3 Variable Streams 
Recharge Rate          ~1/3 Uniform MFR  
 

 
  
 

    

Greater model bias resulted  
when recharge was forced upon areas 
outside major tributaries & MFR 
zones: Spread/diffuse RCH increased  
Model Bias 
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 Aquifer Recharge Distribution 
  

L1-UAU, LIC 

L2-LVU, LIC 

UAU, UAF 

Photo, Chino Valley Review; D. McMillian 



5 



6 



7 

(B-15-01)BBB2 
Frequent Stream Recharge 

Mid-1970’s – 80’s 
+ 

Significant Incidental AG 
Recharge <1980’s 
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((B-16-01)28BCA 
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(B-18-04)01aca2, Big Chino (recessional) recharge from Walnut Creek Floods 2004/05; 
Recharge from 2010 El Nino 
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Non-Linear Regression, Stats: Steady Flow 
 
Par016 = spread RCH, Initial rate= 2,600 AF/yr; Optimal rate= 25 AF/yr 
-Trib recharge increase; -Dispersed recharge decrease 
*PostSS_YF_57X50Z12_XX.rec 
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Non-Linear Regression stats, Transient 
Par023 =Spread RCH:  
High Initial rate = 7,800 AF/yr; Optimal rate = 0 AF/yr;  
Trib Recharge increases = par009, 021, 022, 003, 007 & 011 
Tran_57X50_YF_RCH_Str7up3.rec 
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Shallow Well Production Rate: < 400 gpm 

Shallow Well Production rate: >1,000 gpm 

High Quality Water 
No EVAP Losses 
Lower lift 

Rejected Recharge vs. Stream Recharge 
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Stream recharge  if 
present, Σ(HDB) 

Rejected 
RCH 
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Primary Aquitard, Sensitive  
Kz3 95% CI: ≈0.0007– 0.003 feet/day 
Data suggest Kz3 increases during tran 
(well cross flow); Kz26 ≤ 1E-6 ft/d, very 

strong  hydraulic isolation between 

UAU and LVU  

Complex Recharge Path to LVU 

UAU Aquifer 

LVU Aquifer 
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Hypothetical 
Withdrawal (UAU) 
Pumpage and/or infiltration 
gallery  
 
1978-1984 (5.6 years) 
 
North Granite Creek  
5X -100,000 ft3/day 
23,360 AF 
 
Upper Lynx Creek 
5X(-100,000 ft3/day) 
23,360 AF 
 
 

                  
 
       Aquifer Full         
                                        Storage Space Created 
         Potential  
          Flexability…? 
                            
  
 
Nogales’ SCR  Wellfield/Gallery 
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Same Long-term Pumping Rate, Different Distribution (UAF) 
Decreased base pumpage by amount equal to hypothetical concentrated pumpage distributed along 
streams…re-directing pumpage to an area that will later refill- 
Induced Recharge     ≈ 25,560 AF (less runoff) 
Extended Baseflow   ≈ 13,000 AF (saved captured) 
More left in Storage ≈ 13,300 AF  
aquifer is an upgradient storage system 

Base: Upstream  
rejected recharge 
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B_16_01_20CBD_Base (155-day)

B_16_01_20CBD_17486+649

B_16_01_20CBD (Obs)

B_16_01_20CAC_Base (155-day)

B_16_01_20CAC_17486+649

B_16_01_20CAC (Obs)

Same long-term Pumping Rate, Different Distribution (LIC) 
Decreased base pumpage by rate equal to hypothetical pumpage along stream 
Induced Recharge  ≈  25,560 AF (less runoff) 
Extended Baseflow ≈ 13,000 AF (saved captured)  
More left in Storage ≈13,000 AF 
Aquifer is upgradient storage system 
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Simulated Flow, Del Rio Springs 

Base Pump: 18,135

Hypothetical Pump: 17486 AF/yr (reduced Base pmp) + 649 AF/yr Hydraulic
Isolation =18,135 AF/yr

Difference

Simulated Groundwater Discharge, Del Rio Springs: 
Hypothetical, Displaced Pumpage to Hydraulically-Buffered Areas Resulted in  

Less Capture At Del Rio Springs {nearly 13,000 AF/(1939-2011)}  

wrt Base Pumping Distribution: Tradeoff between  
1) reduction in runoff vs. 2) more storage & higher rate of sustained baseflow 

When Hypothetical Pumping was imposed to 
L2/LVU, Induced Recharge rate  was lower while 
capture was higher     
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Simulated Natural Recharge (Base Model)  
 

All Natural Recharge In Average Natural Recharge Rate (10,066 AF/yr)

Same stream-aquifer parameters in 1973’, 78’, 83’ and 2005, but… 

More recharge was simulated  
in 73’, 78’ & 2005 because there was  
more aquifer storage space along 

the stream-aquifer HDB, 
relative to 83’  
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Inner Valley Hydrologic System “Resets”  
due to Finite Storage Capacity of 

Shallow, Water-table Aquifer 
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Simulated Baseflow Agua Fria River: Base Pumping

Simulated Baseflow Agua Fria River, Base + Hist Pumping,
Young's Farm

Observed
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Inner Valley Hydrologic System “Resets”  
due to Finite Storage Capacity of 

Shallow, Water-table Aquifer 
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Simulated Baseflow Agua Fria River: Base Pumping

Simulated Baseflow Agua Fria River, Base + Hist Pumping,
Young's Farm

Observed

((A-13-01)14BDC2, water table intercepts 
streambed – elevation limited 
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Convergent Flow -- all 
towards Santa Cruz River 
results in stage to drive 
RCH 

Flat Surface Topography; 
Two Sub-basins 
Divergent flow 
Multiple surface flow paths 
Granite; Little Chino; Agua 
Fria/Lynx 

? 

? 
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2-3 Billion gallons of ppt 
in local area 
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5-Year Moving Average Streamflow along Agua Fria River near Mayer AZ (1940-2012) 
and Precipitation in Prescott AZ (1940-2012)  

Streamflow Moving 5-year-average (22.2 cfs)

precipitation 5-year average (17.8")
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