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Groundwater Transfer Review Summary Form 

 

Transfer/PA # T‐ _13908_ 

GW Reviewer _Gerald H. Grondin_         Date Review Completed:  _17 June 2022_ 

 

Summary of Same Source Review:  

☐  The proposed change in point of appropriation is not within the same aquifer as per OAR 690‐380‐

2110(2). 

 

Summary of Injury Review: 

☐ The proposed transfer will result in another, existing water right not receiving previously available 

water to which it is legally entitled or result in significant interference with a surface water source as per 

690‐380‐0100(3). 

 

Summary of GW‐SW Transfer Similarity Review: 

☐ The proposed SW‐GW transfer doesn’t meet the definition of “similarly” as per OAR 690‐380‐2130. 

 

☒ None of the Above 

Note:  The proposed transfer is within the Fort Rock groundwater limited area. 

Note:  The proposed POA well change will redistribute groundwater pumping among 7 wells allowing a 

maximum pumping rate up to 7.86 cfs to occur at any single well to being distributed in various ways at 

all 7 wells.   Depending how the proposed post‐transfer pumping  is distributed, there is a potential for 

reduced to minimal increase in seasonal interference. 

 

This is only a summary.  Documentation is attached and should be read thoroughly to understand the 

basis for determinations. 



 Page 1 of 6 Version: 20210204 

 

Oregon Water Resources Department 
725 Summer Street NE, Suite A 
Salem, Oregon 97301-1271 
(503) 986-0900 
www.wrd.state.or.us 

Ground Water Review Form: 
     ☒ Water Right Transfer 

     ☐ Permit Amendment 

     ☐ GR Modification 

     ☐ Other 

 

Application: T-13908 Applicant Name: JR Simplot / JRS Properties               

 

Proposed Changes: ☐ POA ☒ APOA ☐ SW→GW  ☐ RA 

☐ USE ☒ POU ☐ OTHER 

 

Reviewer(s): Gerald H. Grondin Date of Review: 17 June 2022 

  Date Reviewed by GW Mgr. and Returned to WRSD:       
 

The information provided in the application is insufficient to evaluate whether the proposed 
transfer may be approved because: 

☐ The water well reports provided with the application do not correspond to the water rights 
affected by the transfer. 

☐ The application does not include water well reports or a description of the well construction 
details sufficient to establish the ground water body developed or proposed to be developed. 

☐ Other       

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1. Basic description of the changes proposed in this transfer:      
             
 This transfer application relates to 12 water right certificates and 7 wells located within 
adjoining sections within T28S/R15E-section 13 & 14 and T28S/R16E-section 19.  The 7 wells 
are from 1,300 to 5,550 feet from the center of section 13 (see map).  The application proposes: 
             
 1.  Moving 632.19 of 1,100.19 authorized POU acres total and     
             
 2.  Additional points of appropriation (APOA) that authorizes use of all 7 wells for all 12 
certificates (currently each certificate authorizes a single well only) and    
             
 3.  Transferring 7.77 of 13.75 cfs authorized maximum pumping.     
             
 The proposed changes are summarized in the attached table.  Note:  the currently authorized 
POA/POD well for each certificate identified in the application text and the application maps 
differ (see attached table).  The currently authorized POA/POD well for each certificate 
identified in the application maps agree with the OWRD water right database (WRIS).  
              

iversojt
Text Box
jti 2/16/23
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2. Will the proposed POA develop the same aquifer (source) as the existing authorized POA? 

☒ Yes     ☐ No     Comments:          
             
 Essentially yes, the “same aquifer” (source) given the same groundwater system will likely 
be tapped despite the authorized and proposed APOA wells are constructed to varying depths 
and tap varying geologic units (see attached well logs).  Long term groundwater level data 
indicates groundwater levels at wells in the vicinity of the currently authorized and proposed 
POA locations have similar elevations, seasonally fluctuate similarly, and show the same long-
term trends (see attached hydrograph) despite being completed at varying depths and different 
geologic units.           
             
 Additionally, groundwater in the Fort Rock Valley-Christmas Valley area (Fort Rock 
Classified Area) is identified as a single groundwater system.  Groundwater is found in both a 
shallower predominantly basin-fill sediment unit and a deeper predominantly volcanic rocks 
and sediments unit below.  The predominantly basin fill sediment unit and the predominantly 
volcanic rocks and sediment unit both readily yield groundwater and the two units are 
hydraulically connected.            
             
 Miller (1984 and 1986) describes the groundwater source as the main groundwater reservoir.  
That reservoir includes groundwater in different geologic units.  The reservoir has three 
characteristics.  First, the “natural” groundwater level changes less than 1.5 feet annually, 
indicating the system is highly modulated.  Second, the 1980s potentiometric surface was 
approximately 4292 feet elevation amsl basin-wide with Silver Lake an exception.  Third, the 
reservoir consists of numerous water producing zones in several formations, all having an 
essentially common potentiometric level, and all being very transmissive in general.  
              

3. a) Is there more than one source developed under the right (e.g., basalt and alluvium)? 

☐ Yes     ☒ No            
             
 Essentially no.  Single hydraulically connected groundwater system.  See discussion in part 
2 above.              
              

b) If yes, estimate the portion of the right supplied by each of the sources and describe any 
limitations that will need to be placed on the proposed change (rate, duty, etc.):   
             
 No estimate made and no limitation recommended.  Single groundwater system.  See item 2 
and 3a above.           
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4. a) Will this proposed change, at its maximum allowed rate of use, likely result in an increase 
in interference with another ground water right?  

☒ Yes     ☐ No     Comments:          
             
 Currently each of the 12 certificates assign a maximum pumping rate to a single POA well (6 
wells total).  The proposed POA well change will redistribute groundwater pumping among 7 
wells allowing a maximum pumping rate up to 7.86 cfs to occur at any single well to being 
distributed in various ways at all 7 wells.  The calculated minimum and maximum additional 
seasonal groundwater level drawdown at the well closest to the proposed 7 wells is from a 
decrease in drawdown of 0.68 feet to an increase of drawdown of 7.50 feet.  That closest well 
should be able to accommodate the seasonal drawdown change.  The change in seasonal 
groundwater level drawdown change at other wells further away will be less.   
             
 The long-term impact on the groundwater system should be the same.  That impact is to 
continue contributing to the ongoing annual Fort Rock Classified Area groundwater level 
decline (see the attached hydrograph…it shows an annual decline rate of about 0.30 feet per 
year).             

b) If yes, would this proposed change, at its maximum allowed rate of use, likely result in 
another groundwater right not receiving the water to which it is legally entitled? 

☐ Yes     ☒ No     If yes, explain:         
             
 See discussion in part 4a above.         
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5. a) Will this proposed change, at its maximum allowed rate of use, likely result in an increase 
in interference with another surface water source?  

☒ Yes     ☐ No     Comments:          
             
 Yes.  The proposed POA well change would allow redistributing groundwater pumping 
among 7 wells.  The proposed change could result in an increased or decreased seasonal 
interference with Silver Lake, Paulina Marsh, and Silver Creek.  The increase or decrease 
depends on how pumping is distributed among the 7 wells.     
             
 The proposed POA well change would allow a maximum pumping rate up to 7.86 cfs to occur 
at any single well or to be distributed in various ways from 2 to 7 wells.  The calculated minimum 
and maximum additional seasonal groundwater level drawdown at Silver Lake (closest shore) is 
from a decrease in drawdown of 1.60 feet to an increase of drawdown of 7.03 feet.  The calculated 
minimum and maximum additional seasonal groundwater level drawdown at Paulina Marsh 
(closest shore) is from a decrease in drawdown of 1.27 feet to an increase of drawdown of 3.24 
feet.   The calculated minimum and maximum additional seasonal groundwater level drawdown 
at Silver Creek (closest reach) is from a decrease in drawdown of 1.23 feet to an increase of 
drawdown of 3.38 feet.            
             
 The pumping and calculated drawdowns noted above are determined to occur within a highly 
permeable, high well yield “main groundwater reservoir” as defined by Miller (1986).  There is 
local evidence that saturated lower permeability, lower well yield deposits up to 150 feet thick 
locally occurs between the land and water surfaces and the “main groundwater reservoir” below.  
Some domestic and stock wells access groundwater from the lower permeability deposits.  The 
few static groundwater levels representing the lower permeability deposits can be 20 to 30 feet 
above the static groundwater levels representing the “main groundwater reservoir” indicating 
a downward hydraulic gradient and downward component of groundwater flow through the 
lower permeability deposits to the “main groundwater reservoir.”        
             
 The Darcy equation was used to calculate a potential maximum increase in seasonal vertical 
volumetric downward flow below Silver Lake and Paulina Marsh respectively.  The calculation 
used a Theis equation derived maximum additional seasonal groundwater level drawdown below 
the respective surface area centers.  The assumption is the increased drawdown at the surface 
area center approximates the averaged increased drawdown below the entire surface area of the 
lake and marsh respectively from which an averaged change in vertical volumetric downward 
flow below Silver Lake and Paulina Marsh can be calculated using the Darcy equation.  The 
Darcy equation results reported here used a vertical hydraulic conductivity (Kv) of 0.30 ft/day 
which is the median horizontal hydraulic conductivity (Kxy) for the lower permeability deposits 
determined from specific capacity data.         
             
 Silver Lake (full surface area):  The calculated downward groundwater flow rate when all 
well pumps are off is 624.16 ac-ft/day.  The calculated downward flow rate as a result seasonal 
drawdown by pre-transfer well pumping for 30 days is 726.94 ac-ft/day (102.78 ac-ft/day, 
16.47% increase from no pumping) and for 245 days pumping is 873.62 ac-ft/day (249.46 ac-
ft/day, 39.97% increase from no pumping).  The calculated downward flow rate as a result 
seasonal drawdown by proposed post-transfer well pumping for 30 days is 741.92 ac-ft/day 
(117.76 ac-ft/day, 18.87% increase from no pumping) and for 245 days pumping is 891.09 ac-
ft/day (266.93 ac-ft/day, 42.77% increase from no pumping).     
             
 Silver Lake (2017 surface area):  The calculated downward groundwater flow rate below the 
smaller surface area when all well pumps are off is 133.98 ac-ft/day.  The calculated downward 
flow rate as a result seasonal drawdown by pre-transfer well pumping for 30 days is 159.21 ac-
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ft/day (25.23 ac-ft/day, 18.83% increase from no pumping) and for 245 days pumping is 191.19 
ac-ft/day (57.21 ac-ft/day, 42.70% increase from no pumping).  The calculated downward flow 
rate as a result seasonal drawdown by proposed post-transfer well pumping for 30 days is 166.36 
ac-ft/day (32.38 ac-ft/day, 24.17% increase from no pumping) and for 245 days pumping is 
199.05 ac-ft/day (65.07 ac-ft/day, 48.57% increase from no pumping).    
             
 Paulina Marsh (mapped surface area):  The calculated downward groundwater flow rate 
when all well pumps are off is 699.34 ac-ft/day.  The calculated downward flow rate as a result 
seasonal drawdown by pre-transfer well pumping for 30 days is 724.52 ac-ft/day (25.18 ac-ft/day, 
3.60% increase from no pumping) and for 245 days pumping is 850.87 ac-ft/day (151.52 ac-
ft/day, 21.67% increase from no pumping).  The calculated downward flow rate as a result 
seasonal drawdown by proposed post-transfer well pumping for 30 days is 734.08 ac-ft/day 
(34.73 ac-ft/day, 4.97% increase from no pumping) and for 245 days pumping is 870.22 ac-ft/day 
(170.87 ac-ft/day, 24.43% increase from no pumping).      
             
 The Hunt (2003) groundwater depletion model was used to calculate the potential change in 
seasonal groundwater interference with Silver Creek.  The calculated interference under 
existing (pre-transfer) pumping is 0.0005 cfs and 0.0037 cfs at the end of 30 and 240 days of 
groundwater pumping respectively.  The calculated interference under proposed post-transfer 
pumping with all pumping occurring at the most distant well (LAKE 1405) is 0.0002 cfs and 
0.0017 cfs at the end of 30 and 240 days of groundwater pumping respectively, a decrease in 
seasonal interference.  The calculated interference under proposed post-transfer pumping with 
all pumping occurring at the closest well (LAKE 1336) is 0.0026 cfs and 0.0122 cfs at the end of 
30 and 240 days of groundwater pumping respectively, an increase in seasonal interference. 
             
 The ongoing long-term groundwater level decline at Silver Lake, Paulina Marsh, and Silver 
Creek should be the same.  The proposed POA changes will continue contributing to the ongoing 
annual Fort Rock Classified Area groundwater level decline at Silver Lake, Paulina Marsh, and 
Silver Creek (see the attached hydrograph…it shows an annual decline rate of about 0.30 feet 
per year).              

b) If yes, at its maximum allowed rate of use, what is the expected change in degree of 
interference with any surface water sources resulting from the proposed change? 

Stream:  Silver Lake ☒ Minimal    ☐ Significant 

Stream:  Paulina Marsh ☒ Minimal    ☐ Significant 

Stream:  Silver Creek  ☒ Minimal    ☐ Significant 
 
Provide context for minimal/significant impact:       
         
 Silver Lake:  the calculated downward groundwater flow increase under pumping conditions 
(pre-transfer and worst case post-transfer) divided by the calculated downward groundwater 
flow with no pumping expressed as a percent are different by less than 3 percent (full lake) and 
by less than 6 percent (2017 lake surface).       
         
 Paulina Marsh:  the calculated downward groundwater flow increase under pumping 
conditions (pre-transfer and worst case post-transfer) divided by the calculated downward 
groundwater flow with no pumping expressed as a percent is different by less than 3 percent. 
         
 Silver Creek:  the groundwater pumping interference with the creek is calculated to increase 
from 1.67 gpm (0.0037 cfs) pre-transfer pumping to 5.50 gpm (0.012 cfs) worst case post-transfer 
pumping after 240 days pumping.         
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6. For SW-GW transfers, will the proposed change in point of diversion affect the surface water 
source similarly (as per OAR 690‐380‐2130) to the authorized point of diversion specified in the 
water use subject to transfer?  

☐ Yes     ☒ No     Comments:          
             
 Not Applicable.  No SW-GW transfer.        
              

7. What conditions or other changes in the application are necessary to address any potential 
issues identified above:           
             
 Note:  the proposed transfer is within the Fort Rock groundwater limited area.  
             
 The following are technical groundwater review recommendations.  It is recognized that one 
or more technically recommended conditions may or may not be allowed under the transfer 
process rules and statutes.  This technical groundwater review relies on other appropriate and 
authorized Department staff to make that determination.     
                
 “Large” flow meter condition for any proposed “To” POA and/or APOA well.  Require the 
flow meter for any POA and/or APOA well to be properly installed and maintained.  Each meter 
shall be either within 50 feet of the well head with a clearly visible monument adjacent to the 
meter or a surveyed location shall be provided and a clearly visible monument adjacent to the 
meter shall be installed for each meter more than 50 feet from the well head.   
             
 Condition 7P (well tag condition) for all the “To” and “From” POA wells.   
             
 Condition 7T (modified) for all “To” POA wells:  “Prior to use, all POA wells shall be 
configured to allow a strictly clean water (no oil) static water level measurements with an 
electric-tape.  That can include measurement access via an unobstructed vertical discharge pipe 
that allows the groundwater level to fluctuate freely within the discharge pipe (no valves, etc.).  
Otherwise, a dedicated measuring tube must be installed prior to use.  The tube must be 
unobstructed, have a diameter of ¾ inch (0.75 inch) or greater, and pursuant to figure 200-5 in 
OAR 690-200.”           
              

8. Any additional comments:         
             
 No additional comments.         
              

 
References: 
 
Hunt, B., 2003, Unsteady stream depletion when pumping from semiconfined aquifer: Journal of 

Hydrologic Engineering, January/February, 2003. 
 
Miller, D.W., 1986, Appraisal of ground-water conditions in the Fort Rock Basin, Lake County, 

Oregon: Oregon Water Resources Department, Ground Water Report No. 31, 196 p and plates. 
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Item Totals

Wells

(OWRD LogID) TA MA WR TA MA WR TA MA WR TA MA WR TA MA WR TA MA WR TA MA WR TA MA WR TA MA WR TA MA WR TA MA WR TA MA WR

LAKE 1330 (original) 

LAKE 1333 (deepen)
P P P P P A A P P P P P P P

LAKE 4283 P P P P P P P A A P P A A P A A P A A P A A

LAKE 1335 A A A A A A A A A A A A A A

LAKE 1336 P P P P P P A A P P P P P P

LAKE 4437 P P P A A P P P P P A A P P P P

LAKE 1331 (original)  

LAKE 4279 (alteration)
P P P P P P P P P P P P

LAKE 1405 P P A A P P A A P P P P P P P P

POU Acres

Authorized 1,100.19

Proposed Transfer 632.19

Maximum Rate (cfs)

Authorized 13.75

Proposed Transfer 7.77

TA = as found in T‐13908 application text

MA = as found in T‐13908 application maps

WR = as found in OWRD wtaer right database (WRIS)

A = current authorized well for the certificate (note:  the authorized well found in the application text (TA) does not always match the authorized well found in the application maps (MA) or the OWRD 

water right database (WR).  It appears the application  text (TA) is incorrect for many certificates.  The application maps agree with the OWRD water right database (WR).)

aThe proposed maximum rate for the proposed transfer related to this certificate is greater than generally allowed for the POU acreage proposed to be transferred

P = proposed well for additional point of appropriation (APOA) 

26991 27013

156.90

39.90

1.96

0.46

128.80

128.80

1.61

1.61

23.20

1.59

0.29

48889

136.20

136.20

1.70

46198

127.20

1.70

48890

125.00

5.00

1.56

0.06 0.21a

65757

115.00

115.00

1.44

1.44

50758

134.40

7.40

1.68 0.25

0.10

76036

10.30

10.30

0.13

0.13

65760

8.00

8.00

0.10

76037

20.20

20.20

60.00

60.00

0.75

0.75 0.98

Certificates

91057

78.19

78.19

0.98

0.25

76043



Wells Land Elevation GW Level GW Level GW Level

(OWRD LogID) (feet) (ft blsd) (ft elev.) Date

LAKE 1330 (original) 

LAKE 1333 (deepen)
4,346.92 51.00 4,295.92 05/09/1974

LAKE 4283 4,394.96 101.00 4,293.96 07/28/1993

LAKE 1335 4,315.94 20.00 4,295.94 11/21/1957

LAKE 1336 4,311.67 17.00 4,294.67 05/30/1978

LAKE 4437 4,341.57 47.35 4,294.22 05/25/1956

LAKE 1331 (original)  

LAKE 4279 (alteration)
4,394.20 96.00 4,298.20 01/31/1976

LAKE 1405 4,333.91 41.00 4,292.91 12/07/1953
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Date
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LAKE 742
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LAKE 1245
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LAKE 1267
LAKE 1317
LAKE 1322
LAKE 4121

Main 
Groundwater 

Reservoir

Lower 
Permeability 

Deposits



Drawdown Calculations Using Theis Equation

Theis Equation: s = [Q/(4*T*pi)][W(u)]
u = (r*r*S)/(4*T*t)
W(u) = (-ln u)-(0.5772157)+(u/1*1!)-(u*u/2*2!)+(u*u*u/3*3!)-(u*u*u*u/4*4!)+...

s = drawdown (L) r = radial distance (L)
T = transmissivity (L*L/T) t = time (T)
S = storage coefficient (dimensionless) u = dimensionless
pi = 3.141592654 W(u) = well function

Transmissivity Transmissivity Storage Pumping Rate Pumping Rate Time Distance pi u W(u) Drawdown Drawdown Pumping Comments
T T Coefficient Q Q t r s Change s Well

(gpd/ft) (ft2/day) S (gal/min) (ft3/sec) (days) (feet) (feet) (feet)

Note :  W(u) calculation valid when u < 7.1

Note: yellow grid areas are where values are calculated 7.0000 1.1545E-04 W(u) calculation test

"From" Authorized POA wells to closest Water Right Well (T26S/R15E-sec 24 bc) (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,593.35 3.55 30.00 7,425.00 3.14 0.0306 2.9390 4.7824 LAKE 4283 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 0.00 0.00 30.00 7,370.00 3.14 0.0302 2.9534 0.0000 LAKE 1331 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 175.04 0.39 30.00 5,220.00 3.14 0.0151 3.6284 0.6486 LAKE 4437 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 26.93 0.06 30.00 6,065.00 3.14 0.0204 3.3336 0.0917 LAKE 1330 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 206.46 0.46 30.00 3,560.00 3.14 0.0070 4.3858 0.9247 LAKE 1335 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 41.52 0.09 30.00 2,465.00 3.14 0.0034 5.1173 0.2170 LAKE 1336 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 1,485.63 3.31 30.00 7,680.00 3.14 0.0328 2.8736 4.3598 LAKE 1405 Continuous Pumping at Full Rate

3,528.93 7.86 11.02

"To" Proposed POA well LAKE 1405 furthest from Water Right Well (T26S/R15E-sec 24 bc) (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 30.00 7,680.00 3.14 0.0328 2.8736 10.3561 LAKE 1405 Continuous Pumping at Full Rate
3,528.93 7.86 10.36 -0.6680

"To" Proposed POA well LAKE 1336 closest to Water Right Well (T26S/R15E-sec 24 bc) (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 30.00 2,465.00 3.14 0.0034 5.1173 18.4423 LAKE 1336 Continuous Pumping at Full Rate
3,528.93 7.86 18.44 7.4181

"From" Authorized POA wells to closest Water Right Well (T26S/R15E-sec 24 bc) (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 786.06 1.75 30.00 7,425.00 3.14 0.0306 2.9390 2.3593 LAKE 4283 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 0.00 0.00 30.00 7,370.00 3.14 0.0302 2.9534 0.0000 LAKE 1331 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 86.45 0.19 30.00 5,220.00 3.14 0.0151 3.6284 0.3203 LAKE 4437 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 13.85 0.03 30.00 6,065.00 3.14 0.0204 3.3336 0.0472 LAKE 1330 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 110.56 0.25 30.00 3,560.00 3.14 0.0070 4.3858 0.4952 LAKE 1335 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 20.50 0.05 30.00 2,465.00 3.14 0.0034 5.1173 0.1071 LAKE 1336 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 734.27 1.64 30.00 7,680.00 3.14 0.0328 2.8736 2.1548 LAKE 1405 Continuous Pro-Rated Pumping

1,751.69 3.90 5.48

"To" Proposed POA well LAKE 1405 furthest from Water Right Well (T26S/R15E-sec 24 bc) (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 30.00 7,680.00 3.14 0.0328 2.8736 5.1406 LAKE 1405 Continuous Pro-Rated Pumping
1,751.69 3.90 5.14 -0.3434

"To" Proposed POA well LAKE 1336 closest to Water Right Well (T26S/R15E-sec 24 bc) (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 30.00 2,465.00 3.14 0.0034 5.1173 9.1544 LAKE 1336 Continuous Pro-Rated Pumping
1,751.69 3.90 9.15 3.6704
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Drawdown Calculations Using Theis Equation

Theis Equation: s = [Q/(4*T*pi)][W(u)]
u = (r*r*S)/(4*T*t)
W(u) = (-ln u)-(0.5772157)+(u/1*1!)-(u*u/2*2!)+(u*u*u/3*3!)-(u*u*u*u/4*4!)+...

s = drawdown (L) r = radial distance (L)
T = transmissivity (L*L/T) t = time (T)
S = storage coefficient (dimensionless) u = dimensionless
pi = 3.141592654 W(u) = well function

Transmissivity Transmissivity Storage Pumping Rate Pumping Rate Time Distance pi u W(u) Drawdown Drawdown Pumping Comments
T T Coefficient Q Q t r s Change s Well

(gpd/ft) (ft2/day) S (gal/min) (ft3/sec) (days) (feet) (feet) (feet)

Note :  W(u) calculation valid when u < 7.1

Note: yellow grid areas are where values are calculated 7.0000 1.1545E-04 W(u) calculation test

"From" Authorized POA wells to closest Water Right Well (T26S/R15E-sec 24 bc) (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,593.35 3.55 245.00 7,425.00 3.14 0.0038 5.0124 8.1562 LAKE 4283 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 0.00 0.00 245.00 7,370.00 3.14 0.0037 5.0272 0.0000 LAKE 1331 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 175.04 0.39 245.00 5,220.00 3.14 0.0019 5.7152 1.0216 LAKE 4437 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 26.93 0.06 245.00 6,065.00 3.14 0.0025 5.4158 0.1489 LAKE 1330 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 206.46 0.46 245.00 3,560.00 3.14 0.0009 6.4797 1.3662 LAKE 1335 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 41.52 0.09 245.00 2,465.00 3.14 0.0004 7.2144 0.3059 LAKE 1336 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 1,485.63 3.31 245.00 7,680.00 3.14 0.0040 4.9452 7.5027 LAKE 1405 Continuous Pumping at Full Rate

3,528.93 7.86 18.50

"To" Proposed POA well LAKE 1405 furthest from Water Right Well (T26S/R15E-sec 24 bc) (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 245.00 7,680.00 3.14 0.0040 4.9452 17.8218 LAKE 1405 Continuous Pumping at Full Rate
3,528.93 7.86 17.82 -0.6798

"To" Proposed POA well LAKE 1336 closest to Water Right Well (T26S/R15E-sec 24 bc) (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 245.00 2,465.00 3.14 0.0004 7.2144 26.0000 LAKE 1336 Continuous Pumping at Full Rate
3,528.93 7.86 26.00 7.4983

"From" Authorized POA wells to closest Water Right Well (T26S/R15E-sec 24 bc) (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 786.06 1.75 245.00 7,425.00 3.14 0.0038 5.0124 4.0238 LAKE 4283 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 0.00 0.00 245.00 7,370.00 3.14 0.0037 5.0272 0.0000 LAKE 1331 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 86.45 0.19 245.00 5,220.00 3.14 0.0019 5.7152 0.5046 LAKE 4437 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 13.85 0.03 245.00 6,065.00 3.14 0.0025 5.4158 0.0766 LAKE 1330 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 110.56 0.25 245.00 3,560.00 3.14 0.0009 6.4797 0.7316 LAKE 1335 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 20.50 0.05 245.00 2,465.00 3.14 0.0004 7.2144 0.1510 LAKE 1336 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 734.27 1.64 245.00 7,680.00 3.14 0.0040 4.9452 3.7082 LAKE 1405 Continuous Pro-Rated Pumping

1,751.69 3.90 9.20

"To" Proposed POA well LAKE 1405 furthest from Water Right Well (T26S/R15E-sec 24 bc) (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 245.00 7,680.00 3.14 0.0040 4.9452 8.8464 LAKE 1405 Continuous Pro-Rated Pumping
1,751.69 3.90 8.85 -0.3494

"To" Proposed POA well LAKE 1336 closest to Water Right Well (T26S/R15E-sec 24 bc) (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 245.00 2,465.00 3.14 0.0004 7.2144 12.9059 LAKE 1336 Continuous Pro-Rated Pumping
1,751.69 3.90 12.91 3.7101
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Drawdown Calculations Using Theis Equation

Theis Equation: s = [Q/(4*T*pi)][W(u)]
u = (r*r*S)/(4*T*t)
W(u) = (-ln u)-(0.5772157)+(u/1*1!)-(u*u/2*2!)+(u*u*u/3*3!)-(u*u*u*u/4*4!)+...

s = drawdown (L) r = radial distance (L)
T = transmissivity (L*L/T) t = time (T)
S = storage coefficient (dimensionless) u = dimensionless
pi = 3.141592654 W(u) = well function

Transmissivity Transmissivity Storage Pumping Rate Pumping Rate Time Distance pi u W(u) Drawdown Drawdown Pumping Comments
T T Coefficient Q Q t r s Change s Well

(gpd/ft) (ft2/day) S (gal/min) (ft3/sec) (days) (feet) (feet) (feet)

Note :  W(u) calculation valid when u < 7.1

Note: yellow grid areas are where values are calculated 7.0000 1.1545E-04 W(u) calculation test

"From" Authorized POA wells to Silver Lake (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,593.35 3.55 30.00 8,255.00 3.14 0.0379 2.7342 4.4491 LAKE 4283 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 0.00 0.00 30.00 8,225.00 3.14 0.0376 2.7412 0.0000 LAKE 1331 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 175.04 0.39 30.00 5,440.00 3.14 0.0164 3.5471 0.6341 LAKE 4437 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 26.93 0.06 30.00 7,055.00 3.14 0.0277 3.0383 0.0836 LAKE 1330 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 206.46 0.46 30.00 4,780.00 3.14 0.0127 3.8021 0.8017 LAKE 1335 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 41.52 0.09 30.00 2,490.00 3.14 0.0034 5.0972 0.2161 LAKE 1336 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 1,485.63 3.31 30.00 5,725.00 3.14 0.0182 3.4468 5.2294 LAKE 1405 Continuous Pumping at Full Rate

3,528.93 7.86 11.41

"To" Proposed POA well LAKE 4283 furthest from Silver Lake (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 30.00 8,255.00 3.14 0.0379 2.7342 9.8537 LAKE 4283 Continuous Pumping at Full Rate
3,528.93 7.86 9.85 -1.5602

"To" Proposed POA well LAKE 1336 closest to Silver Lake (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 30.00 2,490.00 3.14 0.0034 5.0972 18.3698 LAKE 1336 Continuous Pumping at Full Rate
3,528.93 7.86 18.37 6.9559

"From" Authorized POA wells to Silver Lake (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 786.06 1.75 30.00 8,255.00 3.14 0.0379 2.7342 2.1949 LAKE 4283 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 0.00 0.00 30.00 8,225.00 3.14 0.0376 2.7412 0.0000 LAKE 1331 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 86.45 0.19 30.00 5,440.00 3.14 0.0164 3.5471 0.3132 LAKE 4437 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 13.85 0.03 30.00 7,055.00 3.14 0.0277 3.0383 0.0430 LAKE 1330 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 110.56 0.25 30.00 4,780.00 3.14 0.0127 3.8021 0.4293 LAKE 1335 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 20.50 0.05 30.00 2,490.00 3.14 0.0034 5.0972 0.1067 LAKE 1336 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 734.27 1.64 30.00 5,725.00 3.14 0.0182 3.4468 2.5846 LAKE 1405 Continuous Pro-Rated Pumping

1,751.69 3.90 5.67

"To" Proposed POA well LAKE 4283 furthest from Silver Lake (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 30.00 8,255.00 3.14 0.0379 2.7342 4.8912 LAKE 4283 Continuous Pro-Rated Pumping
1,751.69 3.90 4.89 -0.7805

"To" Proposed POA well LAKE 1336 closest to Silver Lake (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 30.00 2,490.00 3.14 0.0034 5.0972 9.1184 LAKE 1336 Continuous Pro-Rated Pumping
1,751.69 3.90 9.12 3.4467
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Drawdown Calculations Using Theis Equation

Theis Equation: s = [Q/(4*T*pi)][W(u)]
u = (r*r*S)/(4*T*t)
W(u) = (-ln u)-(0.5772157)+(u/1*1!)-(u*u/2*2!)+(u*u*u/3*3!)-(u*u*u*u/4*4!)+...

s = drawdown (L) r = radial distance (L)
T = transmissivity (L*L/T) t = time (T)
S = storage coefficient (dimensionless) u = dimensionless
pi = 3.141592654 W(u) = well function

Transmissivity Transmissivity Storage Pumping Rate Pumping Rate Time Distance pi u W(u) Drawdown Drawdown Pumping Comments
T T Coefficient Q Q t r s Change s Well

(gpd/ft) (ft2/day) S (gal/min) (ft3/sec) (days) (feet) (feet) (feet)

Note :  W(u) calculation valid when u < 7.1

Note: yellow grid areas are where values are calculated 7.0000 1.1545E-04 W(u) calculation test

"From" Authorized POA wells to Silver Lake (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,593.35 3.55 245.00 8,255.00 3.14 0.0046 4.8014 7.8128 LAKE 4283 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 0.00 0.00 245.00 8,225.00 3.14 0.0046 4.8086 0.0000 LAKE 1331 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 175.04 0.39 245.00 5,440.00 3.14 0.0020 5.6328 1.0069 LAKE 4437 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 26.93 0.06 245.00 7,055.00 3.14 0.0034 5.1143 0.1407 LAKE 1330 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 206.46 0.46 245.00 4,780.00 3.14 0.0016 5.8911 1.2421 LAKE 1335 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 41.52 0.09 245.00 2,490.00 3.14 0.0004 7.1942 0.3051 LAKE 1336 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 1,485.63 3.31 245.00 5,725.00 3.14 0.0022 5.5309 8.3915 LAKE 1405 Continuous Pumping at Full Rate

3,528.93 7.86 18.90

"To" Proposed POA well LAKE 4283 furthest from Silver Lake (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 245.00 8,255.00 3.14 0.0046 4.8014 17.3037 LAKE 4283 Continuous Pumping at Full Rate
3,528.93 7.86 17.30 -1.5953

"To" Proposed POA well LAKE 1336 closest to Silver Lake (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 245.00 2,490.00 3.14 0.0004 7.1942 25.9273 LAKE 1336 Continuous Pumping at Full Rate
3,528.93 7.86 25.93 7.0283

"From" Authorized POA wells to Silver Lake (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 786.06 1.75 245.00 8,255.00 3.14 0.0046 4.8014 3.8544 LAKE 4283 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 0.00 0.00 245.00 8,225.00 3.14 0.0046 4.8086 0.0000 LAKE 1331 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 86.45 0.19 245.00 5,440.00 3.14 0.0020 5.6328 0.4973 LAKE 4437 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 13.85 0.03 245.00 7,055.00 3.14 0.0034 5.1143 0.0723 LAKE 1330 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 110.56 0.25 245.00 4,780.00 3.14 0.0016 5.8911 0.6652 LAKE 1335 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 20.50 0.05 245.00 2,490.00 3.14 0.0004 7.1942 0.1506 LAKE 1336 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 734.27 1.64 245.00 5,725.00 3.14 0.0022 5.5309 4.1475 LAKE 1405 Continuous Pro-Rated Pumping

1,751.69 3.90 9.39

"To" Proposed POA well LAKE 4283 furthest from Silver Lake (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 245.00 8,255.00 3.14 0.0046 4.8014 8.5892 LAKE 4283 Continuous Pro-Rated Pumping
1,751.69 3.90 8.59 -0.7980

"To" Proposed POA well LAKE 1336 closest to Silver Lake (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 245.00 2,490.00 3.14 0.0004 7.1942 12.8698 LAKE 1336 Continuous Pro-Rated Pumping
1,751.69 3.90 12.87 3.4826
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Drawdown Calculations Using Theis Equation

Theis Equation: s = [Q/(4*T*pi)][W(u)]
u = (r*r*S)/(4*T*t)
W(u) = (-ln u)-(0.5772157)+(u/1*1!)-(u*u/2*2!)+(u*u*u/3*3!)-(u*u*u*u/4*4!)+...

s = drawdown (L) r = radial distance (L)
T = transmissivity (L*L/T) t = time (T)
S = storage coefficient (dimensionless) u = dimensionless
pi = 3.141592654 W(u) = well function

Transmissivity Transmissivity Storage Pumping Rate Pumping Rate Time Distance pi u W(u) Drawdown Drawdown Pumping Comments
T T Coefficient Q Q t r s Change s Well

(gpd/ft) (ft2/day) S (gal/min) (ft3/sec) (days) (feet) (feet) (feet)

Note :  W(u) calculation valid when u < 7.1

Note: yellow grid areas are where values are calculated 7.0000 1.1545E-04 W(u) calculation test

"From" Authorized POA wells to Paulina Marsh (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,593.35 3.55 30.00 14,065.00 3.14 0.1099 1.7379 2.8279 LAKE 4283 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 0.00 0.00 30.00 14,035.00 3.14 0.1094 1.7417 0.0000 LAKE 1331 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 175.04 0.39 30.00 10,775.00 3.14 0.0645 2.2273 0.3982 LAKE 4437 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 26.93 0.06 30.00 15,590.00 3.14 0.1350 1.5557 0.0428 LAKE 1330 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 206.46 0.46 30.00 12,675.00 3.14 0.0893 1.9264 0.4062 LAKE 1335 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 41.52 0.09 30.00 9,775.00 3.14 0.0531 2.4111 0.1022 LAKE 1336 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 1,485.63 3.31 30.00 18,420.00 3.14 0.1885 1.2714 1.9290 LAKE 1405 Continuous Pumping at Full Rate

3,528.93 7.86 5.71

"To" Proposed POA well LAKE 1405 furthest from Paulina Marsh  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 30.00 18,420.00 3.14 0.1885 1.2714 4.5821 LAKE 1405 Continuous Pumping at Full Rate
3,528.93 7.86 4.58 -1.1242

"To" Proposed POA well LAKE 1336 closest to Paulina Marsh  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 30.00 9,775.00 3.14 0.0531 2.4111 8.6892 LAKE 1336 Continuous Pumping at Full Rate
3,528.93 7.86 8.69 2.9830

"From" Authorized POA wells to Paulina Marsh (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 786.06 1.75 30.00 14,065.00 3.14 0.1099 1.7379 1.3951 LAKE 4283 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 0.00 0.00 30.00 14,035.00 3.14 0.1094 1.7417 0.0000 LAKE 1331 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 86.45 0.19 30.00 10,775.00 3.14 0.0645 2.2273 0.1966 LAKE 4437 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 13.85 0.03 30.00 15,590.00 3.14 0.1350 1.5557 0.0220 LAKE 1330 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 110.56 0.25 30.00 12,675.00 3.14 0.0893 1.9264 0.2175 LAKE 1335 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 20.50 0.05 30.00 9,775.00 3.14 0.0531 2.4111 0.0505 LAKE 1336 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 734.27 1.64 30.00 18,420.00 3.14 0.1885 1.2714 0.9534 LAKE 1405 Continuous Pro-Rated Pumping

1,751.69 3.90 2.84

"To" Proposed POA well LAKE 1405 furthest from Paulina Marsh  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 30.00 18,420.00 3.14 0.1885 1.2714 2.2745 LAKE 1405 Continuous Pro-Rated Pumping
1,751.69 3.90 2.27 -0.5607

"To" Proposed POA well LAKE 1336 closest to Paulina Marsh  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 30.00 9,775.00 3.14 0.0531 2.4111 4.3131 LAKE 1336 Continuous Pro-Rated Pumping
1,751.69 3.90 4.31 1.4780
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Drawdown Calculations Using Theis Equation

Theis Equation: s = [Q/(4*T*pi)][W(u)]
u = (r*r*S)/(4*T*t)
W(u) = (-ln u)-(0.5772157)+(u/1*1!)-(u*u/2*2!)+(u*u*u/3*3!)-(u*u*u*u/4*4!)+...

s = drawdown (L) r = radial distance (L)
T = transmissivity (L*L/T) t = time (T)
S = storage coefficient (dimensionless) u = dimensionless
pi = 3.141592654 W(u) = well function

Transmissivity Transmissivity Storage Pumping Rate Pumping Rate Time Distance pi u W(u) Drawdown Drawdown Pumping Comments
T T Coefficient Q Q t r s Change s Well

(gpd/ft) (ft2/day) S (gal/min) (ft3/sec) (days) (feet) (feet) (feet)

Note :  W(u) calculation valid when u < 7.1

Note: yellow grid areas are where values are calculated 7.0000 1.1545E-04 W(u) calculation test

"From" Authorized POA wells to Paulina Marsh (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,593.35 3.55 245.00 14,065.00 3.14 0.0135 3.7444 6.0929 LAKE 4283 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 0.00 0.00 245.00 14,035.00 3.14 0.0134 3.7486 0.0000 LAKE 1331 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 175.04 0.39 245.00 10,775.00 3.14 0.0079 4.2718 0.7636 LAKE 4437 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 26.93 0.06 245.00 15,590.00 3.14 0.0165 3.5416 0.0974 LAKE 1330 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 206.46 0.46 245.00 12,675.00 3.14 0.0109 3.9500 0.8328 LAKE 1335 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 41.52 0.09 245.00 9,775.00 3.14 0.0065 4.4652 0.1893 LAKE 1336 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 1,485.63 3.31 245.00 18,420.00 3.14 0.0231 3.2145 4.8770 LAKE 1405 Continuous Pumping at Full Rate

3,528.93 7.86 12.85

"To" Proposed POA well LAKE 1405 furthest from Paulina Marsh  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 245.00 18,420.00 3.14 0.0231 3.2145 11.5846 LAKE 1405 Continuous Pumping at Full Rate
3,528.93 7.86 11.58 -1.2685

"To" Proposed POA well LAKE 1336 closest to Paulina Marsh  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 245.00 9,775.00 3.14 0.0065 4.4652 16.0922 LAKE 1336 Continuous Pumping at Full Rate
3,528.93 7.86 16.09 3.2391

"From" Authorized POA wells to Paulina Marsh (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 786.06 1.75 245.00 14,065.00 3.14 0.0135 3.7444 3.0059 LAKE 4283 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 0.00 0.00 245.00 14,035.00 3.14 0.0134 3.7486 0.0000 LAKE 1331 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 86.45 0.19 245.00 10,775.00 3.14 0.0079 4.2718 0.3771 LAKE 4437 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 13.85 0.03 245.00 15,590.00 3.14 0.0165 3.5416 0.0501 LAKE 1330 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 110.56 0.25 245.00 12,675.00 3.14 0.0109 3.9500 0.4460 LAKE 1335 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 20.50 0.05 245.00 9,775.00 3.14 0.0065 4.4652 0.0935 LAKE 1336 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 734.27 1.64 245.00 18,420.00 3.14 0.0231 3.2145 2.4104 LAKE 1405 Continuous Pro-Rated Pumping

1,751.69 3.90 6.38

"To" Proposed POA well LAKE 1405 furthest from Paulina Marsh  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 245.00 18,420.00 3.14 0.0231 3.2145 5.7504 LAKE 1405 Continuous Pro-Rated Pumping
1,751.69 3.90 5.75 -0.6326

"To" Proposed POA well LAKE 1336 closest to Paulina Marsh  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 245.00 9,775.00 3.14 0.0065 4.4652 7.9878 LAKE 1336 Continuous Pro-Rated Pumping
1,751.69 3.90 7.99 1.6048
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Drawdown Calculations Using Theis Equation

Theis Equation: s = [Q/(4*T*pi)][W(u)]
u = (r*r*S)/(4*T*t)
W(u) = (-ln u)-(0.5772157)+(u/1*1!)-(u*u/2*2!)+(u*u*u/3*3!)-(u*u*u*u/4*4!)+...

s = drawdown (L) r = radial distance (L)
T = transmissivity (L*L/T) t = time (T)
S = storage coefficient (dimensionless) u = dimensionless
pi = 3.141592654 W(u) = well function

Transmissivity Transmissivity Storage Pumping Rate Pumping Rate Time Distance pi u W(u) Drawdown Drawdown Pumping Comments
T T Coefficient Q Q t r s Change s Well

(gpd/ft) (ft2/day) S (gal/min) (ft3/sec) (days) (feet) (feet) (feet)

Note :  W(u) calculation valid when u < 7.1

Note: yellow grid areas are where values are calculated 7.0000 1.1545E-04 W(u) calculation test

"From" Authorized POA wells to Silver Creek (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,593.35 3.55 30.00 13,255.00 3.14 0.0976 1.8449 3.0019 LAKE 4283 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 0.00 0.00 30.00 14,145.00 3.14 0.1112 1.7277 0.0000 LAKE 1331 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 175.04 0.39 30.00 10,725.00 3.14 0.0639 2.2361 0.3997 LAKE 4437 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 26.93 0.06 30.00 14,900.00 3.14 0.1233 1.6352 0.0450 LAKE 1330 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 206.46 0.46 30.00 11,965.00 3.14 0.0795 2.0323 0.4285 LAKE 1335 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 41.52 0.09 30.00 9,040.00 3.14 0.0454 2.5599 0.1085 LAKE 1336 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 1,485.63 3.31 30.00 17,280.00 3.14 0.1659 1.3785 2.0914 LAKE 1405 Continuous Pumping at Full Rate

3,528.93 7.86 6.08

"To" Proposed POA well LAKE 1405 furthest from Silver Creek  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 30.00 17,280.00 3.14 0.1659 1.3785 4.9679 LAKE 1405 Continuous Pumping at Full Rate
3,528.93 7.86 4.97 -1.1072

"To" Proposed POA well LAKE 1336 closest to Silver Creek  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 30.00 9,040.00 3.14 0.0454 2.5599 9.2256 LAKE 1336 Continuous Pumping at Full Rate
3,528.93 7.86 9.23 3.1505

"From" Authorized POA wells to Silver Creek (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 786.06 1.75 30.00 13,255.00 3.14 0.0976 1.8449 1.4810 LAKE 4283 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 0.00 0.00 30.00 14,145.00 3.14 0.1112 1.7277 0.0000 LAKE 1331 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 86.45 0.19 30.00 10,725.00 3.14 0.0639 2.2361 0.1974 LAKE 4437 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 13.85 0.03 30.00 14,900.00 3.14 0.1233 1.6352 0.0231 LAKE 1330 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 110.56 0.25 30.00 11,965.00 3.14 0.0795 2.0323 0.2295 LAKE 1335 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 20.50 0.05 30.00 9,040.00 3.14 0.0454 2.5599 0.0536 LAKE 1336 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 734.27 1.64 30.00 17,280.00 3.14 0.1659 1.3785 1.0337 LAKE 1405 Continuous Pro-Rated Pumping

1,751.69 3.90 3.02

"To" Proposed POA well LAKE 1405 furthest from Silver Creek  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 30.00 17,280.00 3.14 0.1659 1.3785 2.4660 LAKE 1405 Continuous Pro-Rated Pumping
1,751.69 3.90 2.47 -0.5523

"To" Proposed POA well LAKE 1336 closest to Silver Creek  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 30.00 9,040.00 3.14 0.0454 2.5599 4.5794 LAKE 1336 Continuous Pro-Rated Pumping
1,751.69 3.90 4.58 1.5612
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Drawdown Calculations Using Theis Equation

Theis Equation: s = [Q/(4*T*pi)][W(u)]
u = (r*r*S)/(4*T*t)
W(u) = (-ln u)-(0.5772157)+(u/1*1!)-(u*u/2*2!)+(u*u*u/3*3!)-(u*u*u*u/4*4!)+...

s = drawdown (L) r = radial distance (L)
T = transmissivity (L*L/T) t = time (T)
S = storage coefficient (dimensionless) u = dimensionless
pi = 3.141592654 W(u) = well function

Transmissivity Transmissivity Storage Pumping Rate Pumping Rate Time Distance pi u W(u) Drawdown Drawdown Pumping Comments
T T Coefficient Q Q t r s Change s Well

(gpd/ft) (ft2/day) S (gal/min) (ft3/sec) (days) (feet) (feet) (feet)

Note :  W(u) calculation valid when u < 7.1

Note: yellow grid areas are where values are calculated 7.0000 1.1545E-04 W(u) calculation test

"From" Authorized POA wells to Silver Creek (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,593.35 3.55 245.00 13,255.00 3.14 0.0120 3.8616 6.2835 LAKE 4283 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 0.00 0.00 245.00 14,145.00 3.14 0.0136 3.7332 0.0000 LAKE 1331 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 175.04 0.39 245.00 10,725.00 3.14 0.0078 4.2810 0.7653 LAKE 4437 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 26.93 0.06 245.00 14,900.00 3.14 0.0151 3.6307 0.0999 LAKE 1330 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 206.46 0.46 245.00 11,965.00 3.14 0.0097 4.0641 0.8569 LAKE 1335 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 41.52 0.09 245.00 9,040.00 3.14 0.0056 4.6206 0.1959 LAKE 1336 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 1,485.63 3.31 245.00 17,280.00 3.14 0.0203 3.3395 5.0667 LAKE 1405 Continuous Pumping at Full Rate

3,528.93 7.86 13.27

"To" Proposed POA well LAKE 1405 furthest from Silver Creek  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 245.00 17,280.00 3.14 0.0203 3.3395 12.0352 LAKE 1405 Continuous Pumping at Full Rate
3,528.93 7.86 12.04 -1.2329

"To" Proposed POA well LAKE 1336 closest to Silver Creek  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 245.00 9,040.00 3.14 0.0056 4.6206 16.6522 LAKE 1336 Continuous Pumping at Full Rate
3,528.93 7.86 16.65 3.3841

"From" Authorized POA wells to Silver Creek (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 786.06 1.75 245.00 13,255.00 3.14 0.0120 3.8616 3.0999 LAKE 4283 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 0.00 0.00 245.00 14,145.00 3.14 0.0136 3.7332 0.0000 LAKE 1331 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 86.45 0.19 245.00 10,725.00 3.14 0.0078 4.2810 0.3780 LAKE 4437 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 13.85 0.03 245.00 14,900.00 3.14 0.0151 3.6307 0.0514 LAKE 1330 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 110.56 0.25 245.00 11,965.00 3.14 0.0097 4.0641 0.4589 LAKE 1335 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 20.50 0.05 245.00 9,040.00 3.14 0.0056 4.6206 0.0967 LAKE 1336 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 734.27 1.64 245.00 17,280.00 3.14 0.0203 3.3395 2.5042 LAKE 1405 Continuous Pro-Rated Pumping

1,751.69 3.90 6.59

"To" Proposed POA well LAKE 1405 furthest from Silver Creek  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 245.00 17,280.00 3.14 0.0203 3.3395 5.9740 LAKE 1405 Continuous Pro-Rated Pumping
1,751.69 3.90 5.97 -0.6150

"To" Proposed POA well LAKE 1336 closest to Silver Creek  (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 245.00 9,040.00 3.14 0.0056 4.6206 8.2658 LAKE 1336 Continuous Pro-Rated Pumping
1,751.69 3.90 8.27 1.6768
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Drawdown Calculations Using Theis Equation

Theis Equation: s = [Q/(4*T*pi)][W(u)]
u = (r*r*S)/(4*T*t)
W(u) = (-ln u)-(0.5772157)+(u/1*1!)-(u*u/2*2!)+(u*u*u/3*3!)-(u*u*u*u/4*4!)+...

s = drawdown (L) r = radial distance (L)
T = transmissivity (L*L/T) t = time (T)
S = storage coefficient (dimensionless) u = dimensionless
pi = 3.141592654 W(u) = well function

Transmissivity Transmissivity Storage Pumping Rate Pumping Rate Time Distance pi u W(u) Drawdown Drawdown Pumping Comments
T T Coefficient Q Q t r s Change s Well

(gpd/ft) (ft2/day) S (gal/min) (ft3/sec) (days) (feet) (feet) (feet)

Note :  W(u) calculation valid when u < 7.1

Note: yellow grid areas are where values are calculated 7.0000 1.1545E-04 W(u) calculation test

"From" Authorized POA wells to Silver Lake center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,593.35 3.55 30.00 19,600.00 3.14 0.2134 1.1698 1.9035 LAKE 4283 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 0.00 0.00 30.00 20,145.00 3.14 0.2255 1.1258 0.0000 LAKE 1331 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 175.04 0.39 30.00 18,370.00 3.14 0.1875 1.2759 0.2281 LAKE 4437 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 26.93 0.06 30.00 17,500.00 3.14 0.1701 1.3571 0.0373 LAKE 1330 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 206.46 0.46 30.00 16,220.00 3.14 0.1462 1.4868 0.3135 LAKE 1335 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 41.52 0.09 30.00 15,450.00 3.14 0.1326 1.5715 0.0666 LAKE 1336 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 1,485.63 3.31 30.00 15,430.00 3.14 0.1323 1.5737 2.3876 LAKE 1405 Continuous Pumping at Full Rate

3,528.93 7.86 4.94

"To" Proposed POA well LAKE 1336 closest to Silver Lake center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 30.00 15,450.00 3.14 0.1326 1.5715 5.6633 LAKE 1336 Continuous Pumping at Full Rate
3,528.93 7.86 5.66 0.7267

"From" Authorized POA wells to Silver Lake center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 786.06 1.75 30.00 19,600.00 3.14 0.2134 1.1698 0.9391 LAKE 4283 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 0.00 0.00 30.00 20,145.00 3.14 0.2255 1.1258 0.0000 LAKE 1331 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 86.45 0.19 30.00 18,370.00 3.14 0.1875 1.2759 0.1126 LAKE 4437 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 13.85 0.03 30.00 17,500.00 3.14 0.1701 1.3571 0.0192 LAKE 1330 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 110.56 0.25 30.00 16,220.00 3.14 0.1462 1.4868 0.1679 LAKE 1335 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 20.50 0.05 30.00 15,450.00 3.14 0.1326 1.5715 0.0329 LAKE 1336 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 734.27 1.64 30.00 15,430.00 3.14 0.1323 1.5737 1.1801 LAKE 1405 Continuous Pro-Rated Pumping

1,751.69 3.90 2.45

"To" Proposed POA well LAKE 1336 closest to Silver Lake center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 30.00 15,450.00 3.14 0.1326 1.5715 2.8112 LAKE 1336 Continuous Pro-Rated Pumping
1,751.69 3.90 2.81 0.3594

Page 1 of 2



Drawdown Calculations Using Theis Equation

Theis Equation: s = [Q/(4*T*pi)][W(u)]
u = (r*r*S)/(4*T*t)
W(u) = (-ln u)-(0.5772157)+(u/1*1!)-(u*u/2*2!)+(u*u*u/3*3!)-(u*u*u*u/4*4!)+...

s = drawdown (L) r = radial distance (L)
T = transmissivity (L*L/T) t = time (T)
S = storage coefficient (dimensionless) u = dimensionless
pi = 3.141592654 W(u) = well function

Transmissivity Transmissivity Storage Pumping Rate Pumping Rate Time Distance pi u W(u) Drawdown Drawdown Pumping Comments
T T Coefficient Q Q t r s Change s Well

(gpd/ft) (ft2/day) S (gal/min) (ft3/sec) (days) (feet) (feet) (feet)

Note :  W(u) calculation valid when u < 7.1

Note: yellow grid areas are where values are calculated 7.0000 1.1545E-04 W(u) calculation test

"From" Authorized POA wells to Silver Lake center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,593.35 3.55 245.00 19,600.00 3.14 0.0261 3.0933 5.0334 LAKE 4283 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 0.00 0.00 245.00 20,145.00 3.14 0.0276 3.0399 0.0000 LAKE 1331 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 175.04 0.39 245.00 18,370.00 3.14 0.0230 3.2198 0.5756 LAKE 4437 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 26.93 0.06 245.00 17,500.00 3.14 0.0208 3.3147 0.0912 LAKE 1330 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 206.46 0.46 245.00 16,220.00 3.14 0.0179 3.4637 0.7303 LAKE 1335 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 41.52 0.09 245.00 15,450.00 3.14 0.0162 3.5593 0.1509 LAKE 1336 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 1,485.63 3.31 245.00 15,430.00 3.14 0.0162 3.5619 5.4041 LAKE 1405 Continuous Pumping at Full Rate

3,528.93 7.86 11.99

"To" Proposed POA well LAKE 1336 closest to Silver Lake center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 245.00 15,450.00 3.14 0.0162 3.5593 12.8275 LAKE 1336 Continuous Pumping at Full Rate
3,528.93 7.86 12.83 0.8421

"From" Authorized POA wells to Silver Lake center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 786.06 1.75 245.00 19,600.00 3.14 0.0261 3.0933 2.4832 LAKE 4283 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 0.00 0.00 245.00 20,145.00 3.14 0.0276 3.0399 0.0000 LAKE 1331 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 86.45 0.19 245.00 18,370.00 3.14 0.0230 3.2198 0.2843 LAKE 4437 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 13.85 0.03 245.00 17,500.00 3.14 0.0208 3.3147 0.0469 LAKE 1330 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 110.56 0.25 245.00 16,220.00 3.14 0.0179 3.4637 0.3911 LAKE 1335 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 20.50 0.05 245.00 15,450.00 3.14 0.0162 3.5593 0.0745 LAKE 1336 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 734.27 1.64 245.00 15,430.00 3.14 0.0162 3.5619 2.6710 LAKE 1405 Continuous Pro-Rated Pumping

1,751.69 3.90 5.95

"To" Proposed POA well LAKE 1336 closest to Silver Lake center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 245.00 15,450.00 3.14 0.0162 3.5593 6.3673 LAKE 1336 Continuous Pro-Rated Pumping
1,751.69 3.90 6.37 0.4165
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Vertical GW Flow Using Darcy Equation

Darcy Equation: Q = K A [(h1 - h2) / (L1 - L2)]

Q = volumetric GW flow h1 - h2 = change in head at lake center (head at lake vs. head of "main GW reservoir" potentiometric surface below lake)

K = hydraulic conductivity L1 - L2 = distance for change in head (distance from lake bed to "main GW reservoir" deposits below)

A = area [(h1 - h2) / (L1 - L2)] = hydraulic gradient

Flow Change Flow Change Hydraulic Conductivity Change in Head Head Change Distance Comments
Q Q Q Q Percent Increase Kv = Kxy / 100 A A h1 - h2 L1 - L2

(ft3/day) (acre-ft/day) (ft3/day) (acre-ft/day) % (ft/day) (ft2) (acre) (feet) (feet)

Vertical GW flow from Silver Lake bed through lower permeability deposits to the higher permeability "main GW reservoir" 

57,700,297 1,324.62 --- --- 0.63 455,265,086 10,451.45 30.00 150.00 Full lake, pre-transfer, wells = off, K = mean
27,188,431 624.16 --- --- 0.30 455,265,086 10,451.45 30.00 150.00 Full lake, pre-transfer, wells = off, K = median

67,201,613 1,542.74 9,501,316 218.12 16.47% 0.63 455,265,086 10,451.45 34.94 150.00 Full lake, pre-transfer, wells = on 30 day full rate, K = mean
31,665,459 726.94 4,477,028 102.78 16.47% 0.30 455,265,086 10,451.45 34.94 150.00 Full lake, pre-transfer, wells = on 30 day full rate, K = median

62,412,488 1,432.79 4,712,191 108.18 8.17% 0.63 455,265,086 10,451.45 32.45 150.00 Full lake, pre-transfer, wells = on 30 day pro-rated, K = mean
29,408,819 675.13 2,220,389 50.97 8.17% 0.30 455,265,086 10,451.45 32.45 150.00 Full lake, pre-transfer, wells = on 30 day pro-rated, K = median

Vertical GW flow from Silver Lake bed through lower permeability deposits to the higher permeability "main GW reservoir" 

57,700,297 1,324.62 --- --- 0.63 455,265,086 10,451.45 30.00 150.00 Full lake, post-transfer, wells = off, K = mean
27,188,431 624.16 --- --- 0.30 455,265,086 10,451.45 30.00 150.00 Full lake, post-transfer, wells = off, K = median

68,586,420 1,574.53 10,886,123 249.91 18.87% 1.15 0.63 455,265,086 10,451.45 35.66 150.00 Full lake, post-transfer, wells = on 30 day full rate, K = mean
32,317,982 741.92 5,129,551 117.76 18.87% 1.15 0.30 455,265,086 10,451.45 35.66 150.00 Full lake, post-transfer, wells = on 30 day full rate, K = median

63,104,892 1,448.69 5,404,594 124.07 9.37% 1.15 0.63 455,265,086 10,451.45 32.81 150.00 Full lake, post-transfer, wells = on 30 day pro-rated, K = mean
29,735,081 682.62 2,546,650 58.46 9.37% 1.15 0.30 455,265,086 10,451.45 32.81 150.00 Full lake, post-transfer, wells = on 30 day pro-rated, K = median

Vertical GW flow from Silver Lake bed through lower permeability deposits to the higher permeability "main GW reservoir" 

57,700,297 1,324.62 --- --- 0.63 455,265,086 10,451.45 30.00 150.00 Full lake, pre-transfer, wells = off, K = mean
27,188,431 624.16 --- --- 0.30 455,265,086 10,451.45 30.00 150.00 Full lake, pre-transfer, wells = off, K = median

80,761,182 1,854.02 23,060,885 529.41 39.97% 0.63 455,265,086 10,451.45 41.99 150.00 Full lake, pre-transfer, wells = on 245 day full rate, K = mean
38,054,741 873.62 10,866,310 249.46 39.97% 0.30 455,265,086 10,451.45 41.99 150.00 Full lake, pre-transfer, wells = on 245 day full rate, K = median

69,144,189 1,587.33 11,443,892 262.72 19.83% 0.63 455,265,086 10,451.45 35.95 150.00 Full lake, pre-transfer, wells = on 245 day pro-rated, K = mean
32,580,803 747.95 5,392,372 123.79 19.83% 0.30 455,265,086 10,451.45 35.95 150.00 Full lake, pre-transfer, wells = on 245 day pro-rated, K = median

Vertical GW flow from Silver Lake bed through lower permeability deposits to the higher permeability "main GW reservoir" 

57,700,297 1,324.62 --- --- 0.63 455,265,086 10,451.45 30.00 150.00 Full lake, post-transfer, wells = off, K = mean
27,188,431 624.16 --- --- 0.30 455,265,086 10,451.45 30.00 150.00 Full lake, post-transfer, wells = off, K = median

82,376,791 1,891.11 24,676,494 566.49 42.77% 1.07 0.63 455,265,086 10,451.45 42.83 150.00 Full lake, post-transfer, wells = on 245 day full rate, K = mean
38,816,017 891.09 11,627,586 266.93 42.77% 1.07 0.30 455,265,086 10,451.45 42.83 150.00 Full lake, post-transfer, wells = on 245 day full rate, K = median

69,951,993 1,605.88 12,251,696 281.26 21.23% 1.07 0.63 455,265,086 10,451.45 36.37 150.00 Full lake, post-transfer, wells = on 245 day pro-rated, K = mean
32,961,441 756.69 5,773,010 132.53 21.23% 1.07 0.30 455,265,086 10,451.45 36.37 150.00 Full lake, post-transfer, wells = on 245 day pro-rated, K = median

Vertical GW Flow Lake AreaVertical GW Flow Change
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Drawdown Calculations Using Theis Equation

Theis Equation: s = [Q/(4*T*pi)][W(u)]
u = (r*r*S)/(4*T*t)
W(u) = (-ln u)-(0.5772157)+(u/1*1!)-(u*u/2*2!)+(u*u*u/3*3!)-(u*u*u*u/4*4!)+...

s = drawdown (L) r = radial distance (L)
T = transmissivity (L*L/T) t = time (T)
S = storage coefficient (dimensionless) u = dimensionless
pi = 3.141592654 W(u) = well function

Transmissivity Transmissivity Storage Pumping Rate Pumping Rate Time Distance pi u W(u) Drawdown Drawdown Pumping Comments
T T Coefficient Q Q t r s Change s Well

(gpd/ft) (ft2/day) S (gal/min) (ft3/sec) (days) (feet) (feet) (feet)

Note :  W(u) calculation valid when u < 7.1

Note: yellow grid areas are where values are calculated 7.0000 1.1545E-04 W(u) calculation test

"From" Authorized POA wells to OSIP 2017 Silver Lake wet area center (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,593.35 3.55 30.00 16,780.00 3.14 0.1564 1.4285 2.3244 LAKE 4283 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 0.00 0.00 30.00 17,460.00 3.14 0.1694 1.3610 0.0000 LAKE 1331 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 175.04 0.39 30.00 15,100.00 3.14 0.1267 1.6117 0.2881 LAKE 4437 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 26.93 0.06 30.00 15,500.00 3.14 0.1335 1.5658 0.0431 LAKE 1330 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 206.46 0.46 30.00 13,565.00 3.14 0.1022 1.8030 0.3802 LAKE 1335 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 41.52 0.09 30.00 12,100.00 3.14 0.0813 2.0116 0.0853 LAKE 1336 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 1,485.63 3.31 30.00 14,640.00 3.14 0.1191 1.6664 2.5283 LAKE 1405 Continuous Pumping at Full Rate

3,528.93 7.86 5.65

"To" Proposed POA well LAKE 1336 closest to OSIP 2017 Silver Lake wet area center (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 30.00 12,100.00 3.14 0.0813 2.0116 7.2497 LAKE 1336 Continuous Pumping at Full Rate
3,528.93 7.86 7.25 1.6004

"From" Authorized POA wells to OSIP 2017 Silver Lake wet area center (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 786.06 1.75 30.00 16,780.00 3.14 0.1564 1.4285 1.1467 LAKE 4283 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 0.00 0.00 30.00 17,460.00 3.14 0.1694 1.3610 0.0000 LAKE 1331 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 86.45 0.19 30.00 15,100.00 3.14 0.1267 1.6117 0.1423 LAKE 4437 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 13.85 0.03 30.00 15,500.00 3.14 0.1335 1.5658 0.0221 LAKE 1330 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 110.56 0.25 30.00 13,565.00 3.14 0.1022 1.8030 0.2036 LAKE 1335 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 20.50 0.05 30.00 12,100.00 3.14 0.0813 2.0116 0.0421 LAKE 1336 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 734.27 1.64 30.00 14,640.00 3.14 0.1191 1.6664 1.2496 LAKE 1405 Continuous Pro-Rated Pumping

1,751.69 3.90 2.81

"To" Proposed POA well LAKE 1336 closest to OSIP 2017 Silver Lake wet area center (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 30.00 12,100.00 3.14 0.0813 2.0116 3.5986 LAKE 1336 Continuous Pro-Rated Pumping
1,751.69 3.90 3.60 0.7922
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Drawdown Calculations Using Theis Equation

Theis Equation: s = [Q/(4*T*pi)][W(u)]
u = (r*r*S)/(4*T*t)
W(u) = (-ln u)-(0.5772157)+(u/1*1!)-(u*u/2*2!)+(u*u*u/3*3!)-(u*u*u*u/4*4!)+...

s = drawdown (L) r = radial distance (L)
T = transmissivity (L*L/T) t = time (T)
S = storage coefficient (dimensionless) u = dimensionless
pi = 3.141592654 W(u) = well function

Transmissivity Transmissivity Storage Pumping Rate Pumping Rate Time Distance pi u W(u) Drawdown Drawdown Pumping Comments
T T Coefficient Q Q t r s Change s Well

(gpd/ft) (ft2/day) S (gal/min) (ft3/sec) (days) (feet) (feet) (feet)

Note :  W(u) calculation valid when u < 7.1

Note: yellow grid areas are where values are calculated 7.0000 1.1545E-04 W(u) calculation test

"From" Authorized POA wells to OSIP 2017 Silver Lake wet area center (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,593.35 3.55 245.00 16,780.00 3.14 0.0192 3.3971 5.5277 LAKE 4283 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 0.00 0.00 245.00 17,460.00 3.14 0.0207 3.3192 0.0000 LAKE 1331 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 175.04 0.39 245.00 15,100.00 3.14 0.0155 3.6044 0.6443 LAKE 4437 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 26.93 0.06 245.00 15,500.00 3.14 0.0163 3.5530 0.0977 LAKE 1330 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 206.46 0.46 245.00 13,565.00 3.14 0.0125 3.8159 0.8046 LAKE 1335 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 41.52 0.09 245.00 12,100.00 3.14 0.0100 4.0419 0.1714 LAKE 1336 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 1,485.63 3.31 245.00 14,640.00 3.14 0.0146 3.6654 5.5611 LAKE 1405 Continuous Pumping at Full Rate

3,528.93 7.86 12.81

"To" Proposed POA well LAKE 1336 closest to OSIP 2017 Silver Lake wet area center (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 245.00 12,100.00 3.14 0.0100 4.0419 14.5666 LAKE 1336 Continuous Pumping at Full Rate
3,528.93 7.86 14.57 1.7598

"From" Authorized POA wells to OSIP 2017 Silver Lake wet area center (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 786.06 1.75 245.00 16,780.00 3.14 0.0192 3.3971 2.7270 LAKE 4283 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 0.00 0.00 245.00 17,460.00 3.14 0.0207 3.3192 0.0000 LAKE 1331 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 86.45 0.19 245.00 15,100.00 3.14 0.0155 3.6044 0.3182 LAKE 4437 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 13.85 0.03 245.00 15,500.00 3.14 0.0163 3.5530 0.0503 LAKE 1330 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 110.56 0.25 245.00 13,565.00 3.14 0.0125 3.8159 0.4308 LAKE 1335 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 20.50 0.05 245.00 12,100.00 3.14 0.0100 4.0419 0.0846 LAKE 1336 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 734.27 1.64 245.00 14,640.00 3.14 0.0146 3.6654 2.7486 LAKE 1405 Continuous Pro-Rated Pumping

1,751.69 3.90 6.36

"To" Proposed POA well LAKE 1336 closest to OSIP 2017 Silver Lake wet area center (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)):  Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 245.00 12,100.00 3.14 0.0100 4.0419 7.2306 LAKE 1336 Continuous Pro-Rated Pumping
1,751.69 3.90 7.23 0.8710
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Vertical GW Flow Using Darcy Equation

Darcy Equation: Q = K A [(h1 - h2) / (L1 - L2)]

Q = volumetric GW flow h1 - h2 = change in head at lake center (head at lake vs. head of "main GW reservoir" potentiometric surface below lake)

K = hydraulic conductivity L1 - L2 = distance for change in head (distance from lake bed to "main GW reservoir" deposits below)

A = area [(h1 - h2) / (L1 - L2)] = hydraulic gradient

Flow Change Flow Change Hydraulic Conductivity Change in Head Head Change Distance Comments
Q Q Q Q Percent Increase Kv = Kxy / 100 A A h1 - h2 L1 - L2

(ft3/day) (acre-ft/day) (ft3/day) (acre-ft/day) % (ft/day) (ft2) (acre) (feet) (feet)

Vertical GW flow from Silver Lake bed through lower permeability deposits to the higher permeability "main GW reservoir" 

12,385,510 284.33 --- --- 0.63 97,723,765 2,243.43 30.00 150.00 2017 lake, pre-transfer, wells = off, K = mean
5,836,063 133.98 --- --- 0.30 97,723,765 2,243.43 30.00 150.00 2017 lake, pre-transfer, wells = off, K = median

14,718,114 337.88 2,332,604 53.55 18.83% 0.63 97,723,765 2,243.43 35.65 150.00 2017 lake, pre-transfer, wells = on 30 day full rate, K = mean
6,935,189 159.21 1,099,125 25.23 18.83% 0.30 97,723,765 2,243.43 35.65 150.00 2017 lake, pre-transfer, wells = on 30 day full rate, K = median

13,545,619 310.96 1,160,109 26.63 9.37% 0.63 97,723,765 2,243.43 32.81 150.00 2017 lake, pre-transfer, wells = on 30 day pro-rated, K = mean
6,382,708 146.53 546,645 12.55 9.37% 0.30 97,723,765 2,243.43 32.81 150.00 2017 lake, pre-transfer, wells = on 30 day pro-rated, K = median

Vertical GW flow from Silver Lake bed through lower permeability deposits to the higher permeability "main GW reservoir" 

12,385,510 284.33 --- --- 0.63 97,723,765 2,243.43 30.00 150.00 2017 lake, post-transfer, wells = off, K = mean
5,836,063 133.98 --- --- 0.30 97,723,765 2,243.43 30.00 150.00 2017 lake, post-transfer, wells = off, K = median

15,378,675 353.05 2,993,165 68.71 24.17% 1.28 0.63 97,723,765 2,243.43 37.25 150.00 2017 lake, post-transfer, wells = on 30 day full rate, K = mean
7,246,445 166.36 1,410,382 32.38 24.17% 1.28 0.30 97,723,765 2,243.43 37.25 150.00 2017 lake, post-transfer, wells = on 30 day full rate, K = median

13,871,771 318.45 1,486,261 34.12 12.00% 1.28 0.63 97,723,765 2,243.43 33.60 150.00 2017 lake, post-transfer, wells = on 30 day pro-rated, K = mean
6,536,391 150.05 700,328 16.08 12.00% 1.28 0.30 97,723,765 2,243.43 33.60 150.00 2017 lake, post-transfer, wells = on 30 day pro-rated, K = median

Vertical GW flow from Silver Lake bed through lower permeability deposits to the higher permeability "main GW reservoir" 

12,385,510 284.33 --- --- 0.63 97,723,765 2,243.43 30.00 150.00 2017 lake, pre-transfer, wells = off, K = mean
5,836,063 133.98 --- --- 0.30 97,723,765 2,243.43 30.00 150.00 2017 lake, pre-transfer, wells = off, K = median

17,674,123 405.74 5,288,613 121.41 42.70% 0.63 97,723,765 2,243.43 42.81 150.00 2017 lake, pre-transfer, wells = on 245 day full rate, K = mean
8,328,062 191.19 2,491,999 57.21 42.70% 0.30 97,723,765 2,243.43 42.81 150.00 2017 lake, pre-transfer, wells = on 245 day full rate, K = median

15,011,238 344.61 2,625,728 60.28 21.20% 0.63 97,723,765 2,243.43 36.36 150.00 2017 lake, pre-transfer, wells = on 245 day pro-rated, K = mean
7,073,309 162.38 1,237,245 28.40 21.20% 0.30 97,723,765 2,243.43 36.36 150.00 2017 lake, pre-transfer, wells = on 245 day pro-rated, K = median

Vertical GW flow from Silver Lake bed through lower permeability deposits to the higher permeability "main GW reservoir" 

12,385,510 284.33 --- --- 0.63 97,723,765 2,243.43 30.00 150.00 2017 lake, post-transfer, wells = off, K = mean
5,836,063 133.98 --- --- 0.30 97,723,765 2,243.43 30.00 150.00 2017 lake, post-transfer, wells = off, K = median

18,400,739 422.42 6,015,229 138.09 48.57% 1.14 0.63 97,723,765 2,243.43 44.57 150.00 2017 lake, post-transfer, wells = on 245 day full rate, K = mean
8,670,445 199.05 2,834,381 65.07 48.57% 1.14 0.30 97,723,765 2,243.43 44.57 150.00 2017 lake, post-transfer, wells = on 245 day full rate, K = median

15,370,418 352.86 2,984,908 68.52 24.10% 1.14 0.63 97,723,765 2,243.43 37.23 150.00 2017 lake, post-transfer, wells = on 245 day pro-rated, K = mean
7,242,555 166.27 1,406,491 32.29 24.10% 1.14 0.30 97,723,765 2,243.43 37.23 150.00 2017 lake, post-transfer, wells = on 245 day pro-rated, K = median

Vertical GW Flow Vertical GW Flow Change Lake Area
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Drawdown Calculations Using Theis Equation

Theis Equation: s = [Q/(4*T*pi)][W(u)]
u = (r*r*S)/(4*T*t)
W(u) = (-ln u)-(0.5772157)+(u/1*1!)-(u*u/2*2!)+(u*u*u/3*3!)-(u*u*u*u/4*4!)+...

s = drawdown (L) r = radial distance (L)
T = transmissivity (L*L/T) t = time (T)
S = storage coefficient (dimensionless) u = dimensionless
pi = 3.141592654 W(u) = well function

Transmissivity Transmissivity Storage Pumping Rate Pumping Rate Time Distance pi u W(u) Drawdown Drawdown Pumping Comments
T T Coefficient Q Q t r s Change s Well

(gpd/ft) (ft2/day) S (gal/min) (ft3/sec) (days) (feet) (feet) (feet)

Note :  W(u) calculation valid when u < 7.1

Note: yellow grid areas are where values are calculated 7.0000 1.1545E-04 W(u) calculation test

"From" Authorized POA wells to Paulina Marsh center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)): Used S = 0.001

112,207.80 15,000.00 0.00100 1,593.35 3.55 30.00 35,635.00 3.14 0.7055 0.3699 0.6019 LAKE 4283 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 0.00 0.00 30.00 36,125.00 3.14 0.7250 0.3566 0.0000 LAKE 1331 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 175.04 0.39 30.00 34,150.00 3.14 0.6479 0.4132 0.0739 LAKE 4437 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 26.93 0.06 30.00 39,320.00 3.14 0.8589 0.2796 0.0077 LAKE 1330 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 206.46 0.46 30.00 37,185.00 3.14 0.7682 0.3291 0.0694 LAKE 1335 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 41.52 0.09 30.00 35,130.00 3.14 0.6856 0.3842 0.0163 LAKE 1336 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 1,485.63 3.31 30.00 43,490.00 3.14 1.0508 0.2016 0.3059 LAKE 1405 Continuous Pumping at Full Rate

3,528.93 7.86 1.08

"To" Proposed POA well LAKE 4437 closest to Paulina Marsh center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)): Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 30.00 34,150.00 3.14 0.6479 0.4132 1.4892 LAKE 4437 Continuous Pumping at Full Rate
3,528.93 7.86 1.49 0.4141

"From" Authorized POA wells to Paulina Marsh center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)): Used S = 0.001

112,207.80 15,000.00 0.00100 786.06 1.75 30.00 35,635.00 3.14 0.7055 0.3699 0.2969 LAKE 4283 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 0.00 0.00 30.00 36,125.00 3.14 0.7250 0.3566 0.0000 LAKE 1331 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 86.45 0.19 30.00 34,150.00 3.14 0.6479 0.4132 0.0365 LAKE 4437 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 13.85 0.03 30.00 39,320.00 3.14 0.8589 0.2796 0.0040 LAKE 1330 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 110.56 0.25 30.00 37,185.00 3.14 0.7682 0.3291 0.0372 LAKE 1335 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 20.50 0.05 30.00 35,130.00 3.14 0.6856 0.3842 0.0080 LAKE 1336 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 734.27 1.64 30.00 43,490.00 3.14 1.0508 0.2016 0.1512 LAKE 1405 Continuous Pro-Rated Pumping

1,751.69 3.90 0.53

"To" Proposed POA well LAKE 4437 closest to Paulina Marsh center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)): Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 30.00 34,150.00 3.14 0.6479 0.4132 0.7392 LAKE 4437 Continuous Pro-Rated Pumping
1,751.69 3.90 0.74 0.2054
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Drawdown Calculations Using Theis Equation

Theis Equation: s = [Q/(4*T*pi)][W(u)]
u = (r*r*S)/(4*T*t)
W(u) = (-ln u)-(0.5772157)+(u/1*1!)-(u*u/2*2!)+(u*u*u/3*3!)-(u*u*u*u/4*4!)+...

s = drawdown (L) r = radial distance (L)
T = transmissivity (L*L/T) t = time (T)
S = storage coefficient (dimensionless) u = dimensionless
pi = 3.141592654 W(u) = well function

Transmissivity Transmissivity Storage Pumping Rate Pumping Rate Time Distance pi u W(u) Drawdown Drawdown Pumping Comments
T T Coefficient Q Q t r s Change s Well

(gpd/ft) (ft2/day) S (gal/min) (ft3/sec) (days) (feet) (feet) (feet)

Note :  W(u) calculation valid when u < 7.1

Note: yellow grid areas are where values are calculated 7.0000 1.1545E-04 W(u) calculation test

"From" Authorized POA wells to Paulina Marsh center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)): Used S = 0.001

112,207.80 15,000.00 0.00100 1,593.35 3.55 245.00 35,635.00 3.14 0.0864 1.9563 3.1833 LAKE 4283 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 0.00 0.00 245.00 36,125.00 3.14 0.0888 1.9313 0.0000 LAKE 1331 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 175.04 0.39 245.00 34,150.00 3.14 0.0793 2.0347 0.3637 LAKE 4437 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 26.93 0.06 245.00 39,320.00 3.14 0.1052 1.7774 0.0489 LAKE 1330 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 206.46 0.46 245.00 37,185.00 3.14 0.0941 1.8785 0.3961 LAKE 1335 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 41.52 0.09 245.00 35,130.00 3.14 0.0840 1.9825 0.0841 LAKE 1336 Continuous Pumping at Full Rate
112,207.80 15,000.00 0.00100 1,485.63 3.31 245.00 43,490.00 3.14 0.1287 1.5980 2.4244 LAKE 1405 Continuous Pumping at Full Rate

3,528.93 7.86 6.50

"To" Proposed POA well LAKE 4437 closest to Paulina Marsh center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)): Used S = 0.001

112,207.80 15,000.00 0.00100 3,528.93 7.86 245.00 34,150.00 3.14 0.0793 2.0347 7.3327 LAKE 4437 Continuous Pumping at Full Rate
3,528.93 7.86 7.33 0.8323

"From" Authorized POA wells to Paulina Marsh center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)): Used S = 0.001

112,207.80 15,000.00 0.00100 786.06 1.75 245.00 35,635.00 3.14 0.0864 1.9563 1.5704 LAKE 4283 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 0.00 0.00 245.00 36,125.00 3.14 0.0888 1.9313 0.0000 LAKE 1331 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 86.45 0.19 245.00 34,150.00 3.14 0.0793 2.0347 0.1796 LAKE 4437 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 13.85 0.03 245.00 39,320.00 3.14 0.1052 1.7774 0.0251 LAKE 1330 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 110.56 0.25 245.00 37,185.00 3.14 0.0941 1.8785 0.2121 LAKE 1335 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 20.50 0.05 245.00 35,130.00 3.14 0.0840 1.9825 0.0415 LAKE 1336 Continuous Pro-Rated Pumping
112,207.80 15,000.00 0.00100 734.27 1.64 245.00 43,490.00 3.14 0.1287 1.5980 1.1983 LAKE 1405 Continuous Pro-Rated Pumping

1,751.69 3.90 3.23

"To" Proposed POA well LAKE 4437 closest to Paulina Marsh center when full (Transmissivity from Morgan (1988) and McFarland and Ryals (1991)): Used S = 0.001

112,207.80 15,000.00 0.00100 1,751.69 3.90 245.00 34,150.00 3.14 0.0793 2.0347 3.6398 LAKE 4437 Continuous Pro-Rated Pumping
1,751.69 3.90 3.64 0.4127
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Vertical GW Flow Using Darcy Equation

Darcy Equation: Q = K A [(h1 - h2) / (L1 - L2)]

Q = volumetric GW flow h1 - h2 = change in head at lake center (head at lake vs. head of "main GW reservoir" potentiometric surface below lake)

K = hydraulic conductivity L1 - L2 = distance for change in head (distance from lake bed to "main GW reservoir" deposits below)

A = area [(h1 - h2) / (L1 - L2)] = hydraulic gradient

Flow Change Flow Change Hydraulic Conductivity Change in Head Head Change Distance Comments
Q Q Q Q Percent Increase Kv = Kxy / 100 A A h1 - h2 L1 - L2

(ft3/day) (acre-ft/day) (ft3/day) (acre-ft/day) % (ft/day) (ft2) (acre) (feet) (feet)

Vertical GW flow from Paulina Marsh through lower permeability deposits to the higher permeability "main GW reservoir" 

64,650,699 1,484.18 --- --- 0.63 510,104,933 11,710.40 30.00 150.00 all marsh, pre-transfer, wells = off, K = mean
30,463,467 699.34 --- --- 0.30 510,104,933 11,710.40 30.00 150.00 all marsh, pre-transfer, wells = off, K = median

66,978,124 1,537.61 2,327,425 53.43 3.60% 0.63 510,104,933 11,710.40 31.08 150.00 all marsh, pre-transfer, wells = on 30 day full rate, K = mean
31,560,151 724.52 1,096,685 25.18 3.60% 0.30 510,104,933 11,710.40 31.08 150.00 all marsh, pre-transfer, wells = on 30 day full rate, K = median

65,792,862 1,510.40 1,142,162 26.22 1.77% 0.63 510,104,933 11,710.40 30.53 150.00 all marsh, pre-transfer, wells = on 30 day pro-rated, K = mean
31,001,655 711.70 538,188 12.36 1.77% 0.30 510,104,933 11,710.40 30.53 150.00 all marsh, pre-transfer, wells = on 30 day pro-rated, K = median

Vertical GW flow from Paulina Marsh through lower permeability deposits to the higher permeability "main GW reservoir" 

64,650,699 1,484.18 --- --- 0.63 510,104,933 11,710.40 30.00 150.00 all marsh, post-transfer, wells = off, K = mean
30,463,467 699.34 --- --- 0.30 510,104,933 11,710.40 30.00 150.00 all marsh, post-transfer, wells = off, K = median

67,861,684 1,557.89 3,210,985 73.71 4.97% 1.38 0.63 510,104,933 11,710.40 31.49 150.00 all marsh, post-transfer, wells = on 30 day full rate, K = mean
31,976,485 734.08 1,513,019 34.73 4.97% 1.38 0.30 510,104,933 11,710.40 31.49 150.00 all marsh, post-transfer, wells = on 30 day full rate, K = median

66,245,417 1,520.79 1,594,717 36.61 2.47% 1.40 0.63 510,104,933 11,710.40 30.74 150.00 all marsh, post-transfer, wells = on 30 day pro-rated, K = mean
31,214,899 716.60 751,432 17.25 2.47% 1.40 0.30 510,104,933 11,710.40 30.74 150.00 all marsh, post-transfer, wells = on 30 day pro-rated, K = median

Vertical GW flow from Paulina Marsh through lower permeability deposits to the higher permeability "main GW reservoir" 

64,650,699 1,484.18 --- --- 0.63 510,104,933 11,710.40 30.00 150.00 all marsh, pre-transfer, wells = off, K = mean
30,463,467 699.34 --- --- 0.30 510,104,933 11,710.40 30.00 150.00 all marsh, pre-transfer, wells = off, K = median

78,658,351 1,805.75 14,007,652 321.57 21.67% 0.63 510,104,933 11,710.40 36.50 150.00 all marsh, pre-transfer, wells = on 245 day full rate, K = mean
37,063,884 850.87 6,600,418 151.52 21.67% 0.30 510,104,933 11,710.40 36.50 150.00 all marsh, pre-transfer, wells = on 245 day full rate, K = median

71,611,425 1,643.97 6,960,725 159.80 10.77% 0.63 510,104,933 11,710.40 33.23 150.00 all marsh, pre-transfer, wells = on 245 day pro-rated, K = mean
33,743,367 774.64 3,279,900 75.30 10.77% 0.30 510,104,933 11,710.40 33.23 150.00 all marsh, pre-transfer, wells = on 245 day pro-rated, K = median

Vertical GW flow from Paulina Marsh through lower permeability deposits to the higher permeability "main GW reservoir" 

64,650,699 1,484.18 --- --- 0.63 510,104,933 11,710.40 30.00 150.00 all marsh, post-transfer, wells = off, K = mean
30,463,467 699.34 --- --- 0.30 510,104,933 11,710.40 30.00 150.00 all marsh, post-transfer, wells = off, K = median

80,447,020 1,846.81 15,796,321 362.63 24.43% 1.13 0.63 510,104,933 11,710.40 37.33 150.00 all marsh, post-transfer, wells = on 245 day full rate, K = mean
37,906,707 870.22 7,443,240 170.87 24.43% 1.13 0.30 510,104,933 11,710.40 37.33 150.00 all marsh, post-transfer, wells = on 245 day full rate, K = median

72,494,984 1,664.26 7,844,285 180.08 12.13% 1.13 0.63 510,104,933 11,710.40 33.64 150.00 all marsh, post-transfer, wells = on 245 day pro-rated, K = mean
34,159,701 784.20 3,696,234 84.85 12.13% 1.13 0.30 510,104,933 11,710.40 33.64 150.00 all marsh, post-transfer, wells = on 245 day pro-rated, K = median

Vertical GW Flow Vertical GW Flow Change Marsh Area
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Well Depth Distance

(feet) (feet) gpm cfs 30 60 90 120 150 180 210 240 270 300 330 360 Unit

LAKE 4283 671 13,255 1,593.35 3.5500 0.000293 0.000468 0.000671 0.000901 0.001155 0.001434 0.001735 0.002058 0.002133 0.002323 0.002503 0.002672 cfs

LAKE 1331 648 14,145 0.00 0.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 cfs

LAKE 4437 520 10,725 175.04 0.3900 0.000074 0.000112 0.000154 0.000199 0.000248 0.000300 0.000354 0.000411 0.000403 0.000427 0.000449 0.000469 cfs

LAKE 1330 525 14,900 26.93 0.0600 0.000003 0.000005 0.000007 0.000010 0.000013 0.000016 0.000019 0.000023 0.000025 0.000028 0.000030 0.000033 cfs

LAKE 1335 646 11,965 206.46 0.4600 0.000058 0.000090 0.000127 0.000167 0.000211 0.000258 0.000309 0.000363 0.000366 0.000393 0.000418 0.000441 cfs

LAKE 1336 522 9,040 41.52 0.0925 0.000031 0.000044 0.000059 0.000075 0.000091 0.000108 0.000126 0.000144 0.000134 0.000140 0.000144 0.000149 cfs

LAKE 1405 411 17,280 1,485.63 3.3100 0.000072 0.000125 0.000191 0.000270 0.000363 0.000468 0.000586 0.000717 0.000797 0.000902 0.001007 0.001110 cfs

3,528.93 7.8625 0.000531 0.000844 0.001209 0.001622 0.002081 0.002584 0.003129 0.003716 0.003858 0.004213 0.004551 0.004874 cfs

Well Depth Distance

(feet) (feet) gpm cfs 30 60 90 120 150 180 210 240 270 300 330 360 Unit

LAKE 4283 671 13,255 0.00 0.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 cfs

LAKE 1331 648 14,145 0.00 0.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 cfs

LAKE 4437 520 10,725 0.00 0.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 cfs

LAKE 1330 525 14,900 0.00 0.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 cfs

LAKE 1335 646 11,965 0.00 0.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 cfs

LAKE 1336 522 9,040 3,528.93 7.8625 0.002601 0.003763 0.005014 0.006342 0.007738 0.009192 0.010696 0.012244 0.011410 0.011879 0.012282 0.012627 cfs

LAKE 1405 411 17,280 0.00 0.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 cfs

3,528.93 7.8625 0.002601 0.003763 0.005014 0.006342 0.007738 0.009192 0.010696 0.012244 0.011410 0.011879 0.012282 0.012627 cfs

0.00 0.0000 0.002070 0.002919 0.003805 0.004720 0.005657 0.006608 0.007567 0.008528 0.007552 0.007666 0.007731 0.007753 cfs

1.00 1.0000 4.898305 4.458531 4.147229 3.909988 3.718405 3.557276 3.418345 3.294941 2.957491 2.819606 2.698748 2.590685 ratio

Well Depth Distance

(feet) (feet) gpm cfs 30 60 90 120 150 180 210 240 270 300 330 360 Unit

LAKE 4283 671 13,255 0.00 0.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 cfs

LAKE 1331 648 14,145 0.00 0.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 cfs

LAKE 4437 520 10,725 0.00 0.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 cfs

LAKE 1330 525 14,900 0.00 0.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 cfs

LAKE 1335 646 11,965 0.00 0.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 cfs

LAKE 1336 522 9,040 0.00 0.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 cfs

LAKE 1405 411 17,280 3,528.93 7.8625 0.000170 0.000298 0.000455 0.000642 0.000861 0.001111 0.001392 0.001704 0.001894 0.002143 0.002392 0.002638 cfs

3,528.93 7.8625 0.000170 0.000298 0.000455 0.000642 0.000861 0.001111 0.001392 0.001704 0.001894 0.002143 0.002392 0.002638 cfs

0.00 0.0000 ‐0.000361 ‐0.000546 ‐0.000754 ‐0.000980 ‐0.001220 ‐0.001473 ‐0.001737 ‐0.002012 ‐0.001964 ‐0.002070 ‐0.002159 ‐0.002236 cfs

1.00 1.0000 0.320151 0.353081 0.376344 0.395808 0.413743 0.429954 0.444871 0.458558 0.490928 0.508664 0.525599 0.541239 ratioPost vs. Pre Totals ratio

Post vs. Pre Totals ratio

Discharge Silver Creek Depletion (post-transfer: pump maximum allowed at furthest well only scenario, LAKE 1405)

Post‐transfer Totals

Post‐transfer Totals Increase

Pre‐transfer Totals

Discharge Silver Creek Depletion (post-transfer: pump maximum allowed at closest well only scenario, LAKE 1336)

Post‐transfer Totals

Post‐transfer Totals Increase

Discharge

Transient Stream Depletion Calculation (Hunt, 2003) for T-13908
Silver Creek Depletion (pre-transfer distribution)



Theis_Equation_specific_capacity_to_transmissivity

Basin_Fill
Well County Well Num Total Depth Rate Total Time Drawdown Diameter GW Transmissivity Open Interval Conductivity Data

feet gpm hours feet inches Source ft2/day feet ft/day Source
LAKE 1255 110 25 2 5 6 Basin Fill 1,153.09 30 38.44 Well Log
LAKE 1258 155 15 4 10 20 Basin Fill 273.46 135 2.03 Well Log
LAKE 1271 130 20 1 3 6 Basin Fill 1,493.05 50 29.86 Well Log
LAKE 1276 130 100 3 20 6 Basin Fill 1,186.32 54 21.97 Well Log
LAKE 1281 110 12 4 15 6 Basin Fill 169.49 40.5 4.18 Well Log No total time recorded, used 4-hr default
LAKE 1290 108 30 4 10 6 Basin Fill 700.83 58 12.08 Well Log
LAKE 1306 132 70 3 5 6 Basin Fill 3,557.21 50 71.14 Well Log
LAKE 1307 132 60 3 5 6 Basin Fill 3,018.87 64 47.17 Well Log
LAKE 1310 130 50 3 5 6 Basin Fill 2,485.97 47 52.89 Well Log
LAKE 1312 119 25 1 5 6 Basin Fill 1,096.12 47 23.32 Well Log
LAKE 1334 137 12 4 10 8 Basin Fill 250.87 110 2.28 Well Log No total time recorded, used 4-hr default
LAKE 1346 77 200 3 10 6 Basin Fill 5,197.93 16 324.87 Well Log
LAKE 1357 55 12 4 5 8 Basin Fill 529.18 2 264.59 Well Log No total time recorded, used 4-hr default
LAKE 4033 100 25 1 6 6 Basin Fill 900.91 20 45.05 Well Log
LAKE 5009 105 9 1 6 6 Basin Fill 298.98 28 10.68 Well Log

Min 169.49 2.00 2.03
Max 5,197.93 135.00 324.87

Mean 1,487.49 50.10 63.37
Median 1,096.12 47.00 29.86

25 percentile 298.98 28.00 10.68
50 percentile 1,096.12 47.00 29.86
75 percentile 2,485.97 58.00 52.89
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