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What is HPT ? 
Hydraulic Profiling Tool 

Flow 

K ~ Q/P or K~1/P, where Q is 
constant. 



Running an HPT log with CPT6625 Probe 
Unit in Clarks, NE, US 



Example HPT 
Log 
Cottonwood 
Area 
 
Problem 
Statement:  We 
can visually 
interpret  k 
from HPT Logs.  
Can we 
numerically 
estimate k from 
these logs? 



Background Work 
Estimation of k from CPTu data. 



More Background Work … 

Dietrich et al, 2008 



Method Employed: 
Compare HPT Q/P to offset Slug Tests. 

Wichita, KS Site 



SP Groundwater Samplers 
and DP Wells  



Slug Test 
Modeling 

5th St. Salina, KS, US 
Screenpoint16 Sampler 
Screen Interval : 16.2 to 16.5 m 
K = 49.1 m/day 

Cottonwood, Salina, KS, US 
Screenpoint16 Sampler 
Screen Interval :  10.4 – 10.7m 
K =  0.091 m/day 

Under damped and over 
damped responses 



Algorithm for Calculating Q/P Ratio 

Raw HPT Flow Max data for each depth increment 
provides Q input 
 
 
Raw HPT Pressure Max Data (Pm) is corrected to calculate 
the corrected Pressure (P*) for each depth increment 
 
 
P* = Pm – (atmospheric pressure) – (hydrostatic pressure) 
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Determining Q/P Ratio  
Across a Slug Tested Interval 

Depth  Q   P*  Q/P 
(feet)  (ml/min)  kPa  (ml/[min*kPa]) 
13.000  300  150  2.0 
13.015  320  160  2.0 
13.030  280  140  2.0 
13.045  360  120  3.0 
13.060  etc.  etc.  Etc. 
13.075  .  .  . 
Etc.  .  .  . 
.  .  .  . 
.  .  .  . 
13.300  280  140  2.0 
    Average Q/P = (Sum of Q/P)/N 
 

For Example: slug tested over 13.00– 13.30 meter Interval 



Multiple Field Sites with Paired Data 

Site Name Date  Well Type Screen Interval 
 
Salina 5th St Winter 2006 SP15   30cm (+) 
 
Monona, WI Spring 2006 SP15   30cm (+) 
 
Clarks, NE Fall 2007 0.75” DP well  1.5m 
 
Wichita, KS Fall 2008 SP16   1.05m 
 
Cottonwood Feb. 2009 SP16   30cm (+) 
(Salina, KS) 
 

(+)  At selected locations the screen was tested with 30cm, then 60cm and 90cm exposure. 



y = 0.1846ln(x) + 2.294 
R² = 0.5196 
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Hyd. Cond. (cm/sec) 

Wichita HPT to K Comparison 

Wichita, KS 

Log. (Wichita, KS) 



Clarks Field Site  
A-Group Wells 

Well Spacing from log locations 
and formation variability 

36m 

30m 

20m 

10m 



y = -39.54ln(x) + 177.18 
R² = 0.5801 
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Multi-Site : P vs K 

Data Summary 
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Hyd. Cond. (meters/day) 

Multi-Site Data 
Q/P vs Slug Test K  

Clarks NE-A 

Clarks NE-B 

Wichita, KS 

Monona, WI 

Salina, KS 

CW01 

CW02 

CW03 

CW04 

CW05 



Cottonwood Area Used to Develop Basic Model 

CW1 
CW4 CW2 

CW9 

CW3 
CW5 
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Cottonwood 
HPT Log 1 



Cottonwood 
HPT Logs  

CW-1, 2 & 3 

Small Scale 
vertical and 
lateral 
heterogeneity, 
especially in 
the lower 
aquifer 
materials  
(14 – 20m) 



CW-1,2,3 
9 – 20m 

Screen 
Intervals Slug 
Tested 
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Hyd. Cond.  (meters/day) 

Q/P vs Slug Test K 

CW01 CW02 

CW03 CW04 

CW05 CW06 

CW09 TL-1 

SP-13.7a  K = 17.3 

SP-13.7b  K = 16.2 

SP-13.7c  K = 12.4 

SP12.2   K = 10.9 

SP-19.5   K = 2.6 

SP-9.5     K= 0.02 
SP-10.7   K = 0.11 

Trend Line 1 :  Y = 1.3265 EXP(0.1612X) 
R2 = 0.8423 



y = 1.4381e0.1647x 
R² = 0.8455 
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Q/P vs Slug Test K 
Preliminary Cottonwood  Model : All Logs 

Cottonwood Tree Logs 

Expon. (Cottonwood Tree Logs) 
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HPT Logs 
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Optimize Q/P vs K plot by selection of HPT 
logs closest to slug test for the Q/P ratio 



y = 1.5742e0.1923x 
R² = 0.9548 
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Hydraulic Cond. (meters/day) 

Optimized Q/P vs K 
Cottonwood Model  

Optimized Q/P  



y = 1.5742e0.1923x 
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Hyd. Cond. (meters/day) 

Multi-Site Data with Cottonwood Model  

Clarks NE-A 

Clarks NE-B 

Wichita, KS 

Monona, WI 

Salina, KS 

CW01 

CW02 

CW03 

CW04 

CW05 

CW Model 

Expon. (CW Model) 



y = 4.9658ln(x) - 1.818 
R² = 0.9548 
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Q/P 
Cottonwood01:  Salina, KS   
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Estimated K 
Cottonwood01:  Salina, KS   

Minimum Est K    
~ 0.01 meters/day 



HPT Summary 
• Requires about 1 hour for 20 meter log with 2 person team 
 
• Pre- & Post Response test provide QC and ambient 
atmosphere pressure 
 
• HPT probe is robust and hammering is possible 
 
• System provides simultaneous EC log with HPT for 
independent confirmation of log results 
 
• Targeted soil sampling is recommended 
 
• Targeted slug testing is recommended for site specific 
confirmation of K estimates 



Model Summary 
• HPT pressure must be atmosphere & hydrostatic pressure 
corrected before calculation of Q/P ratio 
 

• Hydraulic conductivity estimates from HPT Q/P ratio are 
just that … Estimates 
 
• Model curve(s) for Q/P estimation of K based on a 
nominal flow rate (~300ml/min in this example) 
 
• Model curve provides a mathematical lower bound to 
measurable K (~0.01m/day, 1.0E-5 cm/sec) 



My thanks to my colleague Wes McCall who did 
the field work for this presentation and took the 
above photograph in central Kansas, U.S.A. 



HPT Summary 
• Requires about 1 hour for 20 meter log with 2 person team 
 
• Pre- & Post Response test provide QC and ambient 
atmosphere pressure 
 
• HPT probe is robust and hammering is possible 
 
• System provides simultaneous EC log with HPT for 
independent confirmation of log results 
 
• Targeted soil sampling is recommended 
 
• Targeted slug testing is recommended for site specific 
confirmation of K estimates 



Flow Resistance of HPT Port Screen  
and Constraints on Max K 

y = 0.0001x2 - 0.2271x + 114.76 
R² = 0.9991 
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Q : Average Flow Max (ml/min) 

Q/screen loss(P) 

1ft Water (corrected) 

Poly. (Q/screen loss(P)) 

    HPT Probe in air (Atm. corrected)  
 
     HPT probe submerged in 30cm of water 
  (Atm. & water P. corrected) 

Test on one screen after three 20m logs run 
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