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Purpose of Well Spacing Regulations

• Historically, well spacing rules limit a pumping well’s 
impact on other wells 

• Well spacing rules are allowed as a management tool 
under Chapter 36 

• Policy decision to increase spacing to limit overall 
production

• **Policy Decision**

The main point of the 
slide…



Wells in RRGCD

There are a lot of 
wells in RRGCD, and 
there will be more 
coming…



Well Spacing Rule Update

We are considering refining the current well spacing rules 

using a similar method, but with a greater volume of data.

Updated Well 

Spacing 
Rules



Initial Water Level

Drawdown after 2 days pumping

Drawdown after 10 days pumping

Schematic – Not to Scale
Wells impact each other, 
the longer that a well 
pumps, the more impact 
it has
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Schematic – Not to Scale

The impact of a pumping 
is additive, more wells 
pumping causes more 
impact



Water Level

Schematic – Not to Scale

Available Drawdown

• Calculated different 
ways

• A factor in how much 
water can be 
pumped

• Decreases with 
declining water level

Available Drawdown



• T = Pump Rate/drawdown * 2000
• S = 0.001 or 10x10-4

• t  = 2 days
• s = Available Drawdown * 2% Impact

• Explained later

Assumptions
• Assumes confined conditions
• Assumes impacted well is 

constructed the same as 
pumping well

Cooper-Jacob Method

r =
0.3 ∗ T ∗ t

S ∗ 10
sT

264∗Q

r = Distance from pumping well (feet)

T = Aquifer transmissivity (gpd/ft)

S = Aquifer storativity

s = Drawdown in impact well (feet)

Q = Pumping rate (gpm)

t = Pumping duration (days)



Cooper-Jacob Method

Initial Water Level

Pumping Water Level

Pre-Pumping
Available DrawdownPost-Pumping

Available Drawdown

s

Q

r =
0.3 ∗ T ∗ t

S ∗ 10
sT

264∗Q



Cumulative Impact of overlapping drawdown 

4 3 4

4 2 1 2 4

3 1 x 1 3

4 2 1 2 4

4 3 4

• Set assumed well properties
• Simulate the impact of adding new 

pumping wells around a central well
• New wells fill in in the pattern below in 

4 levels (for the first 20) 
• Level 1: Wells 1-4 
• Level 2: Wells 5-8
• Level 3: Wells 9-12
• Level 4: Wells 12-20



4 3 4

4 2 1 2 4

3 1 x 1 3

4 2 1 2 4

4 3 4

r =
0.3 ∗ T ∗ t

𝑆 ∗ 10
𝑠𝑇

264∗𝑄
𝑠 = 𝑎𝑣𝑎𝑖𝑙. 𝑑𝑟𝑎𝑤𝑑𝑜𝑤𝑛 ∗ % 𝑎𝑙𝑙𝑜𝑤𝑒𝑑

*Assumes no pumping in well x



4 3 4

4 2 1 2 4

3 1 x 1 3

4 2 1 2 4

4 3 4

r =
0.3 ∗ T ∗ t

𝑆 ∗ 10
𝑠𝑇

264∗𝑄
𝑠 = 𝑎𝑣𝑎𝑖𝑙. 𝑑𝑟𝑎𝑤𝑑𝑜𝑤𝑛 ∗ % 𝑎𝑙𝑙𝑜𝑤𝑒𝑑

*Assumes no pumping in well x



4 3 4

4 2 1 2 4

3 1 x 1 3

4 2 1 2 4

4 3 4

r =
0.3 ∗ T ∗ t

𝑆 ∗ 10
𝑠𝑇

264∗𝑄
𝑠 = 𝑎𝑣𝑎𝑖𝑙. 𝑑𝑟𝑎𝑤𝑑𝑜𝑤𝑛 ∗ % 𝑎𝑙𝑙𝑜𝑤𝑒𝑑

*Assumes no pumping in well x

Additional wells decrease avail. drawdown. 
2% impact levels off & maxes out at ~20%



4 3 4

4 2 1 2 4

3 1 x 1 3

4 2 1 2 4

4 3 4

r =
0.3 ∗ T ∗ t

𝑆 ∗ 10
𝑠𝑇

264∗𝑄

*Assumes 2% impact allowed



4 3 4

4 2 1 2 4

3 1 x 1 3

4 2 1 2 4

4 3 4

r =
0.3 ∗ T ∗ t

𝑆 ∗ 10
𝑠𝑇

264∗𝑄

*Assumes 2% impact allowed



4 3 4

4 2 1 2 4

3 1 x 1 3

4 2 1 2 4

4 3 4

r =
0.3 ∗ T ∗ t

𝑆 ∗ 10
𝑠𝑇

264∗𝑄

*Assumes 2% impact allowed

Pumping the center well decreases the 
remaining avail. drawdown



4 3 4

4 2 1 2 4

3 1 x 1 3

4 2 1 2 4

4 3 4

r =
0.3 ∗ T ∗ t

𝑆 ∗ 10
𝑠𝑇

264∗𝑄

*Assumes 2% impact and 50 gpm 
pumping

14.4 min

144 min

2 Day

100 Days

1 year

The time pumped has minimal impact on avail 
drawdown, with low pump rates



Compiled 
Data Sources 

TWDB

• Groundwater Database 
• Submitted Driller’s Reports (TDLR)

• Aquifer Properties data from TWDB 

• Aquifer tests and related well information from 
public supply wells in Groundwater Management 
Area 8 (Intera) 

TCEQ (Scanned PDFs)

• TCEQ Public water system completion pump tests

Northern Trinity GAM

• Public Supply Well pump test data 



Plotted Wells in RRGCD



Plotted Wells in RRGCD
County/Aquifer # of Wells Max Capacity

(GPM)
Avg. Capacity

(GPM)
Grayson (326)

Layer 1 13 25 15

Woodbine 138 708 86

Antlers 94 640 193

Layer 3 81 200 30

Fannin (167)

Layer 1 101 200 20

Woodbine 56 752 197

Antlers 1 90 90

Layer 3 6 350 137

Paluxy 3 278 249

Distribution of wells in 
each county by aquifer.



Current Well Spacing Rules



Review of Assumptions

• 2% of available drawdown
• Calculated with average screen depth
• 2 days of pumping
• S = 0.001
• T = Q/b*2000

r =
0.3 ∗ T ∗ t

𝑆 ∗ 10
𝑠𝑇

264∗𝑄



                 
 

   

    

    

    

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
  
 
 
  
  
 

𝐶𝑢𝑟𝑟𝑟𝑒𝑛𝑡 𝑊𝑒𝑙𝑙 𝑆𝑝𝑎𝑐𝑖𝑛𝑔 𝑅𝑢𝑙𝑒
= 889 + 2.5 ∗ 𝑄

17.36

Current Spacing Rule



                 
 

   

    

    

    

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
  
 
 
  
  
 

“Un-Protected”

“Protected”

Current Spacing Rule



                 
 

   

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

Current Spacing Rule



             

  

   

   

   

   

    

         

                       

                             

                  

                    

 
 
  
 
 
  
 
  
 
 
  
  
  

 

Most of the unprotected 
wells are low Q 



                            

  

   

   

   

   

    

         

                       

                             

                  

          

 
 
  
 
 
  
 
  
 
 
  
  
  

 

Protected wells are 
deeper than unprotected 
wells



                        

  

   

   

   

   

    

         

                       

                             

                  

               

 
 
  
 
 
  
 
  
 
 
  
  
  

 

Unprotected wells have 
low avail. drawdown



                 
 

   

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

Current Spacing Rule



                 
 

   

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

Most of the 
unprotected wells 
are low Q -- up to 
98% with only > 
17.36 gpm



                 
 

   

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

Current Spacing Rule



Well Depth Well Use Primary 
Production 

Layer

Aquifer 
Designation

Pump Rate Transmissivity Avail. 
Drawdown

Spacing 
Required

Rule 
Spacing

95 Irrigation 1 Layer_1 120 4800 50 1425 1189

90 Public Supply 1 Layer_1 23 2300 15 1031 947

97 Irrigation 1 Layer_1 150 10000 50 1832 1264

96 Irrigation 1 Layer_1 200 10000 51 1961 1389

97 Irrigation 1 Layer_1 200 10000 52 1952 1389

95 Irrigation 1 Layer_1 160 64000 40 1535 1289

32 Domestic 1 Layer_1 19 6333 10 1458 937

80 Stock 1 Layer_1 80 8000 14 1944 1089

100 Other 1 Layer_1 25 5555 25 1125 952

80 Irrigation 1 Layer_1 70 14000 14 2270 1064

54 Domestic 1 Layer_1 25 12500 19 1196 952

48 Domestic 1 Layer_1 25 6250 10 1557 952

Unprotected Wells Q > 
17.36 (GPM)

The high Q wells that are 
unprotected have low 
Avail. Drawdown



Observations

• Most of the unprotected wells are low Q (<17.36 gpm)
• Most of the wells that are unprotected are shallow outcrop wells 

with limited available drawdown 
• An important factor to the analysis is available drawdown and the 

% impact that allowed, therefore the method and assumptions 
are important



Further Discussion of Exempt Wells

• 17.36 GPM is derived from 25,000 gal/day
• Most domestic wells pump much less, generally less than 500 

gallons
• How does lower pumping rates (Q) change the proportion of wells 

protected?



• Source T
• Source DTW
• All wells

                 
 

   

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

           
 

   

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     



           
 

   

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

Max Allowed Q
(25,000 gal/day)



           
 

   

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

           
 

   

    

    

    

                                                             

                         

                      

                    
 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

(25,000 gal/day) 25,000*50%
(12,500 gal/day)



           
 

   

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                  

                         

                     

           
 

   

    

    

    

                                                             

                         

                      

                    
 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

25,000*25%
(6,250 gal/day)

25,000*50%
(12,500 gal/day)



           
 

   

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                  

                         

                     

           
 

   

    

    

    

                                                             

                         

                      

                    
 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

25,000*25%
(6,250 gal/day)

25,000*10%
(2,500 gal/day)



           
 

   

    

    

    

                                                             

                         

                      

                    
 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

25,000*10%
(2,500gal/day)

• At 5x the average household usage, 
most wells are compliant with spacing

• Remaining wells that are under-
protected generally have low available 
drawdown (<100ft)



Some limitations of approach
• assumes that the impacted well is identical to the pumping well
• Potential bias in available data
• Transmissivity estimates for small wells (and poorly completed 

wells) are more uncertain 
• Assumes that only one well is pumping
• Older wells with significant water level decline may not be well 

represented due to limited data



Some limitations of approach
• assumes that the impacted well is identical to the pumping well
• Potential bias in available data
• Transmissivity estimates for small wells (and poorly 

completed wells) are more uncertain 
• Assumes that only one well is pumping
• Older wells with significant water level decline may not be well 

represented due to limited data



Various Transmissivity Sources

• Source pump test
• Layer average
• GAM

             
 

   

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     



Various Transmissivity Sources

• Source pump test
• Layer average

• Average of T from 
pump tests in the 
pumping layer

• GAM

             
 

   

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

Less high spacing wells



Various Transmissivity Sources

• Source pump test
• Layer average
• GAM

             
 

   

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     



Various Transmissivity Sources Conclusions

• Source pump tests that have 
low T yield high spacing

• Average T values decrease 
spacing



Limitations of approach
• This approach assumes that the impacted well is identical to the 

pumping well
• Data availability (so bias in the data that are available)
• Transmissivity estimates for small wells (and poorly completed 

wells) are more uncertain 
• This analysis assumes that only one well is pumping
• Older wells with significant water level decline may not be 

well represented



Declining Water Levels

• Water levels have 
declined and will 
continue to decline

• Available drawdown 
will continue to 
decrease

Ellis and others 2025



Declining Water Levels

• Using drilling water 
levels

             
 

   

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

                 

4 negative avail. drawdown
54% protected



Declining Water Levels

• Using 2020 GAM 
water levels

             
 

   

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

                   

115 negative avail. drawdown 
(increasing)
54% protected (Similar)



Declining Water Levels

• Using 2050 GAM 
water levels

             
 

   

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

                   

127 negative avail. drawdown 
(increasing)
52% protected (Similar)



             
 

   

    

    

    

    

                                                        

                      

                    

 
 
  
  
 
 
  
  
 
 
  
 
 
  
  
 

                  

                         

                     

                 

Most unprotected wells 
are Woodbine (and 
outcrop)

Separated by Aquifer

Kelly and Ewing, 2014



             
 

   

    

    

    

    

                                 

                                

                          

 
 
  
  
 
 
  
  
 
 
  
 
 
  
  
 

                   

                         

                     

                 

Separated by Aquifer: Woodbine

Higher required spacing 
in the woodbine



             
 

   

    

    

    

    

                                

                               

                          

 
 
  
  
 
 
  
  
 
 
  
 
 
  
  
 

                   

                        

                     

                 

Separated by Aquifer: Antlers

Generally lower required 
spacing



Impact of Policy Decisions

• % Impact
• Time pumped
• Avail. Drawdown 

method
• Scale will change, 

left is always this 
graph                 

 

   

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     



Impact of Policy Decisions

                 
 

    

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

2% allowed

                 
 

    

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

1% allowed



Impact of Policy Decisions

                 
 

    

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

2% allowed

                 
 

    

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

0.5% allowed

If less impact is allowed
→ less wells are protected 
under current rule



Impact of Policy Decisions

• % Impact
• Time pumped
• Avail. Drawdown 

method

                 
 

    

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     



Impact of Policy Decisions

                 
 

    

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

                 
 

    

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

2 days of pumping 5 days of pumping



Impact of Policy Decisions

                 
 

    

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

                 
 

    

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                  

                         

                     

2 days of pumping 10 days of pumping

As pumping time increases 
→ less wells are protected 
under current rule



Impact of Policy Decisions

• % Impact
• Time pumped
• Avail. Drawdown 

method

                 
 

   

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     



Impact of Policy Decisions

                 
 

   

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

                 
 

   

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

Avg. Screen Interval First Screen

Minimal changes - mostly 
single screen wells/tight 
interval



Possible Rules

                 
 

    

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

                 
 

    

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

Current Rule Possible New Rule

• 2%
• 2 days
• Avg. Screen
• Pump Test T
• Q > 17.36

• 889 + 2.5* GPM • 1%
• 5 days
• Avg. Screen
• Pump Test T
• Q > 17.36

• 889 + 2.5* GPM



Possible Rules

                 
 

    

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

                 
 

    

    

    

    

    

                                                             

                         

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

Current Rule Possible New Rule

• 2%
• 2 days
• Avg. Screen
• Pump Test T
• Q > 17.36

• 889 + 2.5* GPM • 1%
• 5 days
• Avg. Screen
• Pump Test T
• Q > 17.36

• 2500 + 2.5*GPM



Findings

• Technical assessment 
• Illustrates and quantifies hydrogeologic principles 
• Provides a basis for policy decisions
• Has limitations

• Policy decisions are also critical in spacing rules



Support Slides



Acquiring TCEQ Public 
Supply Well Pump Test 
Data
We contacted the TCEQ to 
request any pump test data 
available for public supply wells 
to ensure that they were 
accounted for. 

We received 123 scanned 
documents in RRGCD.



Acquiring TCEQ Public Supply 
Well Pump Test Data



Data Source 
RRGCD Well Tests

Available Used

TWDB Groundwater Database 39 23

TWDB Submitted Drillers Reports 993 330

TWDB Aquifer Properties Data 59 30

TCEQ Public Supply Well Pump Test Data 123 110

Total Number of Well Tests Considered 1,214 493

*counts subject to change 

Data Source Distribution



Data Sources

                 
 

   

    

    

    

                                                 

                                 

                      

                    

 
 
  
  
 
 
  
  
 
 
 
  
 
   
  

                   

                         

                     

Almost all of the low Q 
wells are from the SDR
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