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JB1915 

August 25, 2020 

Racheal Paige 
Clearwood Community Association Inc. 
21603 N. Clear Lake Blvd. SE 
Yelm, WA 98597 
 
Re:  Clearwood Community Association Well 6 72-hour Aquifer Test Results and Analysis 
 
Dear Racheal, 

We understand that Clearwood Community Association (CCA) desires to increase its available 
water supply to create redundancy and spread pumping effects more broadly across the water 
service area. Many municipalities operate their water systems with similar redundancies and dis-
tributed source areas so that the likelihood of complete water service disruption due to a cata-
strophic event is minimized. To achieve these redundancy goals, Wells 5 (DOH Source 06) and 6 
(DOH Source 07) were installed south of Clear Lake in 2015 and 2017 to depths of 190 and 199 
feet, respectively. Well 5 is 6-inches in diameter and screened from 183.3 to 188.5 feet below 
ground surface (bgs), and Well 6 is an 8-inch diameter well screened from 184 to 199 feet bgs. It 
should be noted that the 8-inch well (Well 6, as designated with DOH) is referred to as Well 5 by 
Clearwood water system personnel, and the 6-inch well (Well 5, as designated with DOH) is re-
ferred to as Well 6 by Clearwood personnel. Because this letter will be forwarded on to regula-
tors, this letter will refer to the wells using their regulatory names. 

Well 5 was previously tested in 2015 with an 8-hour constant rate pumping test at 252 gpm, and 
Well 6 previously was tested in 2017 with a 24-hour constant rate test at 500 gpm. The aquifer 
response during the Well 6 24-hour test was atypical because observed drawdown decreased dur-
ing the pumping test. PGG reviewed the previous test data and evaluated possible mechanisms 
(including well development, background pumping impacts, recirculation of discharge water, 
barometric forcing, and a decline in pumping rate) that could have caused the observed draw-
down trend. PGG deemed a pumping rate decrease as the most likely cause of the decrease in 
drawdown. However, DOH requested that CCA run a follow-up 72-hour constant rate pumping 
test and collect a Micro Particulate Analysis (MPA) sample due to concerns regarding the possi-
bility of groundwater under the influence of surface water and uncertainty surrounding whether 
the aquifer is unconfined or leaky confined, as stated in an October 10, 2019 email. 

Northwest Water Systems (CCA’s water system engineer), PGG, and Tacoma Pump and Drilling 
(CCA’s well contractor) designed an aquifer test protocol for the 72-hour constant rate test, 
which was reviewed by DOH on October 31, 2019. This letter report presents the results of the 
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72-hour aquifer test, water quality sampling results, and a sustainability analysis based on the 
planned operational approach.   

AQUIFER TEST SUMMARY 

A 72-hour aquifer test was conducted on CCA Well 6 from July 13 to 16, 2020. One week prior 
to test initiation, PGG installed pressure transducers in Well 6, Well 5, and Blue Lake to collect 
background water level data, along with a barometric transducer to facilitate barometric compen-
sation. PGG also installed a staff gauge in Blue Lake to manually observe water levels during the 
test. Figure 1 shows the monitoring locations, and Figure 2 plots the barometrically corrected 
background water level data. Aside from a brief startup test of the newly installed Well 6 pump 
on July 10, no significant seasonal trends or pumping signatures were observed in the back-
ground data.   

The 72-hour pumping test commenced on July 13, with Well 6 pumping at an average rate of 
436 gpm as shown in Figure 3. The observed pumping rate varied from 430 and 448 gpm during 
the test based on measurements from a calibrated orifice plate flow meter. Manual water level 
and flow measurements were recorded by PGG for the first several hours of testing, while CCA 
maintenance personnel continued recording manual measurements for the rest of the pumping 
period. Water level measurements were recorded using calibrated electronic sounders and trans-
ducers, and all CCA maintenance personnel were trained by PGG regarding measurement proce-
dures. Water was conveyed roughly 330 feet from the wellhead to Blue Lake, and was dis-
charged onto an asphalt pad overlain with thick plastic sheeting to both direct flow into Blue 
Lake and minimize its erosive potential.  

The maximum drawdown at both wells was observed at the end of the pumping period, and was 
50.7 ft at Well 6 and 12.1 ft at Well 5. Figure 3 plots of observed water levels during the draw-
down and recovery periods of the test. The maximum observed increase in water level at Blue 
Lake was 1-inch (ponding was limited at Blue Lake because it discharges into Clear Lake).   

During the last 17 hours of pumping, PGG collected a MPA sample by diverting a side stream of 
water through a MPA filter. A total of 834 gallons were purged through the filter at a flow rate of 
approximately 0.84 gpm. Following MPA sampling, sample bottles were filled for herbicide and 
pesticide analyses (which by mistake were not sampled for during the previous 24-hour test). 
Additionally, a field pH measurement was made. 

After water quality sampling was completed, the pump was shut off and manual water level 
measurements were recorded by PGG with assistance from CCA personnel during the first 3.5 
hours of the recovery period. The remainder of the recovery data from the wells was measured 
by transducer, while monitoring at Blue Lake was discontinued since the staff gauge required 
removal.   

AQUIFER TEST ANALYSIS 

The drawdown curve observed during the Well 6 72-hour constant rate test differs significantly 
from the prior 24-hour constant rate test curve. The 24-hour test pumping rate was 500 gpm and 
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the maximum drawdown of 33 feet was observed roughly 200 minutes into the test (after which 
drawdown slowly decreased to roughly 32 feet by the end of the test). During the 72-hour test, 
greater drawdown was observed at 200 minutes (40.6 ft) even though the pumping rate was low-
er, and by the end of the test 10.1 feet of additional drawdown accrued. Based on the increased 
drawdown during the 72-hour test, PGG now suspects that recirculation of recharge water is the 
most likely cause of the atypical water levels observed in the 24-hour test. Recirculation suggests 
that the aquifer is unconfined, though based on the silt content described in the well log a leaky 
aquifer component may also be present. The production aquifer appears to be heterogenous and 
composed of discontinuous layers with varying silt content.  

An unconfined aquifer solution that includes boundary effects was analyzed initially for the ob-
servation well using the aquifer test analysis software Aqtesolv. Figure 4 presents the curve 
match, and it shows that the rate of observed drawdown lags the model curve from about 2 to 
100 minutes, then accelerates more quickly than predicted by the model curve. The acceleration 
of drawdown beginning at about 100 minutes suggests that low permeability boundaries are pre-
sent in the aquifer, but even with their addition to the solution, the curve matches are inexact dur-
ing this time period. In late time the observed slope becomes more gentle following the onset of 
a delayed aquifer yield response. Figure 5 presents the unconfined solution fit obtained for both 
Wells 5 and 6, with Well 6 having a well skin factor applied to it so it matches the late-time 
curve. Based on the unconfined solution, a transmissivity of approximately 33,000 ft2/day is es-
timated for the aquifer, with low permeability boundary conditions simulated 2000 feet away 
from the well in three directions.  

In an effort to obtain a better solution fit, a leaky solution was applied to the test data and 
matched curves are shown in Figure 6. The observation well drawdown curve is well matched in 
intermediate to late time, while the pumping well curve is well matched in late time through use 
of a well skin factor. From the leaky solution the estimated transmissivity is 2,250 ft2/day. The 
transmissivities estimated by the two solutions differ significantly, and bracket the likely hydro-
geologic conditions present in the Well 5/6 area.  

The model solutions do not include the effects of connection with Clear Lake because such an 
effect is not observed in the field data.  

SUSTAINABILITY ANALYSIS 

We understand that CCA’s future plans are to pump Wells 5 and 6 concurrently for one week 
and then rest them for one week (during the week when Wells 5 and 6 are off CCA’s current 
primary water supply wells will be pumped). For weeks when Wells 5 and 6 are pumped, CCA 
plans to first pump Well 5 at 100 gpm, and if demand exceeds this rate Well 6 will be pumped up 
to a rate of 425 gpm. Therefore for a sustainability assessment, we assume that all other CCA 
wells are offline for one year (due to system maintenance or well replacement) and Well 5 is 
pumped at 100 gpm and Well 6 at 425 gpm constantly for the full year. The unconfined and 
leaky aquifer solutions derived above from the 72-hour constant test were then used to project an 
expected drawdown range in this scenario. 

Projected drawdown for the unconfined solution is presented in Figure 7, and estimates that 
close to 80 feet of drawdown will be observed at Well 6. At Well 5 approximately 57 feet of 



 

CCA 72 Hour Aquifer Test Results 4  
AUGUST 2020 
 

drawdown is estimated. It should be noted that well loss effects are not simulated at Well 5, 
therefore applying an additional safety factor to account for 20 feet of additional drawdown (cal-
culated based on the specific capacity observed in the prior Well 5 test) is recommended.  

Projected drawdown for the leaky solution is presented in Figure 8, where approximately 53 feet 
of drawdown is expected to occur at Well 6 and 15 feet of drawdown is expected at Well 5. 
Similarly, because Well 5 water levels do not account for well loss, applying an additional safety 
factor to account for 20 feet of additional drawdown is recommended. 

At Well 6 roughly 131 feet of available drawdown exists (calculated as the distance from the 
static water level on the well log and screen top) and at Well 5 roughly 134 feet exists (calculated 
similarly). The expected worst case drawdown at Well 6 is 80 feet and at Well 5 is 77 feet (57 
feet plus a 20 foot safety factor). Therefore under current conditions both wells should have ade-
quate available drawdown to support the proposed water withdrawals. Currently no pump is in-
stalled in Well 5, and at Well 6 the pump intake is set at 114 feet.  Therefore we recommend that 
the Well 6 pump be lowered to between 150 and 180 feet bgs. The Well 5 pump intake should be 
installed at least 130 feet bgs  

Because well yields can decline in time, regular water level and flow measurements from wells 
are often recorded to form a historical record that can be reviewed when making well mainte-
nance decisions. Therefore we recommend that weekly water level and flow measurements from 
both wells be recorded, with static water levels recorded immediately before the well pumps are 
turned on, and pumping water levels and rates recorded at the end of each weekly pumping ses-
sion.  

Based on this sustainability analysis, if pump intakes are installed at appropriate depths Wells 5 
and 6 should be able to pump continuously at 100 and 425 gpm for one year. Regular pumping 
and maintenance on these wells should extend their lifetimes, and will help provide greater water 
supply security for the CCA water system.  

WATER QUALITY SAMPLING RESULTS 

The MPA sample was analyzed by Analytical Laboratories, Inc. in Boise, ID, and the associated 
lab report is included as an attachment. A risk factor of zero was calculated for Well 6 source 
water, which indicates that the well has a very low risk of being contaminated by surface water 
contamination.   

Herbicides using EPA Method 515 and pesticides using EPA Method 525 were analyzed by Wa-
ter Management Laboratories, Inc. of Tacoma, Washington. Sample results are included as an 
attachment, and indicate that no pesticides or herbicides were detected in the sample. 

The field-measured pH value observed was 7.23 standard units.  
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LIMITATIONS 

This work was performed, and this report prepared, in accordance with hydrogeologic practices 
generally accepted at this time in this area, for the exclusive use of the Clearwood Community 
Association and their agents, for specific application to the Wells 5 and 6 area. No other warran-
ty, express or implied, is made. Please call Glenn Mutti-Driscoll at (206) 329-0141, if you have 
any questions about this report. 

 
Sincerely, 

 Pacific Groundwater Group 

 
Glenn Mutti-Driscoll, LHG     
Hydrogeologist       
 
Attachments:  Figures 1 through 8 
  Analytical Laboratories, Inc. Laboratory Report 
  Water Management Laboratories, Inc.  Laboratory Report 
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Notes: Figure 2. Background Water Levels
      Transducer data are barometrically corrected.
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Notes: Figure 3. 72‐Hour Pumping Test
     Transducer data are barometrically corrected. Water Level and Pumping Rate Data
     DTW = Depth to Water

     btoc = below top of casing JB1915 Clearwood
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WELL TEST ANALYSIS

Data Set:  K:\...\Moench Unconfined Highly Bounded+jgmd filtered lowK.aqt
Date:  08/13/20 Time:  22:29:01

PROJECT INFORMATION

Test Well:  Well 6
Test Date:  7/13/2020

AQUIFER DATA

Saturated Thickness:  144. ft Anisotropy Ratio (Kz/Kr):  4.884E-5

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 6 0 0

Observation Wells
Well Name X (ft) Y (ft)

Well 5 88 0

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Moench

T  = 3.287E+4 ft2/day S  = 0.02328
Sy  = 0.09438 ß  = 1.824E-5
Sw  = -3.35 r(w)  = 0.33 ft
r(c)  = 0.33 ft alpha = 1.585E-10 min-1

glennmutti
Typewritten Text
Figure 4. Unconfined Solution Match for Well 5
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WELL TEST ANALYSIS

Data Set:  K:\...\Moench Unconfined Highly Bounded+jgmd filtered lowK+6.aqt
Date:  08/13/20 Time:  22:13:43

PROJECT INFORMATION

Test Well:  Well 6
Test Date:  7/13/2020

AQUIFER DATA

Saturated Thickness:  144. ft Anisotropy Ratio (Kz/Kr):  4.884E-5

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 6 0 0

Observation Wells
Well Name X (ft) Y (ft)

Well 6 0 0
Well 5 88 0

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Moench

T  = 3.287E+4 ft2/day S  = 0.02328
Sy  = 0.09438 Kz/Kr = 4.884E-5
Sw  = 4.225 r(w)  = 0.33 ft
r(c)  = 0.33 ft alpha = 1.585E-10 min-1

glennmutti
Typewritten Text
Figure 5. Unconfined Solution Match for Wells 5 and 6 
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WELL TEST ANALYSIS

Data Set:  K:\...\Partialpen_leaky_HJ_ObsWellv3 well6 fit.aqt
Date:  08/14/20 Time:  11:59:15

PROJECT INFORMATION

Test Well:  Well 6
Test Date:  7/13/2020

AQUIFER DATA

Saturated Thickness:  79. ft Anisotropy Ratio (Kz/Kr):  0.1
Aquitard Thickness (b'):  37. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 6 0 0

Observation Wells
Well Name X (ft) Y (ft)

Well 6 0 0
Well 5 88 0

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 2250. ft2/day S  = 0.007499
1/B = 0.001051 ft-1 Sw = -3.83
C  = 0. min2/ft5 P  = 2.

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. min   Rate (Q) in cu. ft/min

s(t) = 0.09753Q + 0.Q2.

W.E. = 500.% (Q from last step)
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Figure 6. Leaky Solution Match for Wells 5 and 6
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WELL TEST ANALYSIS

Data Set:  K:\...\Moench Unconfined Highly Bounded+jgmd filtered lowK+6 365.aqt
Date:  08/13/20 Time:  22:47:00

PROJECT INFORMATION

Test Well:  Wells 5 & 6

AQUIFER DATA

Saturated Thickness:  144. ft Anisotropy Ratio (Kz/Kr):  4.884E-5

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 6 0 0
Well 5 88 0

Observation Wells
Well Name X (ft) Y (ft)

Well 6 0 0
Well 5 88 0

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Moench

T  = 3.287E+4 ft2/day S  = 0.02328
Sy  = 0.09438 Kz/Kr = 4.884E-5
Sw  = 4.225 r(w)  = 0.33 ft
r(c)  = 0.33 ft alpha = 1.585E-10 day-1

glennmutti
Typewritten Text

glennmutti
Typewritten Text
Figure 7. Predicted Well Drawdown After 365 Days of Pumping, Unconfined Solution
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WELL TEST ANALYSIS

Data Set:  K:\...\Partialpen_leaky_HJ_ObsWellv3 well6 fit 365 days.aqt
Date:  08/13/20 Time:  22:37:06

PROJECT INFORMATION

Test Well:  Wells 5 & 6

AQUIFER DATA

Saturated Thickness:  79. ft Anisotropy Ratio (Kz/Kr):  0.1
Aquitard Thickness (b'):  37. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 6 0 0
Well 5 88 0

Observation Wells
Well Name X (ft) Y (ft)

Well 6 0 0
Well 5 88 0

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 2250. ft2/day S  = 0.007499
1/B = 0.001051 ft-1 Sw = -3.83
C  = 0. day2/ft5 P  = 2.

Step Test Model:  Jacob-Rorabaugh
Time (t) = 1. day   Rate (Q) in cu. ft/day

s(t) = 0.0006125Q + 0.Q2.

W.E. = 144.2% (Q from last step)
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Figure 8. Predicted Well Drawdown After 365 Days of Pumping, Leaky Solution
















