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Memorandum 
Date: June 28, 2013 

To: Rick Noll, Project Manager, Spokane Conservation District  

From: Laura Strauss, LG, LHg, Northwest Land & Water, Inc.  

Re: Addendum 2 to June 2012 West Plains and Lower Hangman Creek Hydro-
geologic Study  

Introduction 

This memorandum documents the work conducted to complete Tasks 6, 7, and 8 of 
Amendment 2 to Ecology Grant G1200416: 

• Task 6: Analyze paleochannel groundwater sample  

• Task 7: Develop detailed a hydrogeologic characterization in the Freeman area 

• Task 8: Edit / revise groundwater contour maps of the Wanapum and Grande Ronde 
aquifers 

It serves as an addendum to the report dated June 30, 2012, entitled West Plains (WRIA 
54) & Lower Hangman Creek Watershed (WRIA 56) Hydrogeologic Characterization & 
Monitoring Well Drilling Final Report, referred to herein as the 2012 report. The 2012 
report was an addendum to an earlier report (NLW, 2011). 

The results of each task are summarized below. 

Task 6: Analyze Paleochannel Groundwater Sample  

In 2012, Spokane County collected groundwater samples from eight wells; however, be-
cause of budgetary constraints, only seven were analyzed for 14C and tritium. As part of 
Task 6, the remaining sample, collected from Well 472535, was analyzed. This well is 
completed in the paleochannel deposits near the Polo Grounds as shown on Figure 1 of 
this Addendum 2.  
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Results 

Analytical results — 14C, 13C, and tritium — for the sample collected from this well are 
summarized below. 

Analyte Result Qualifier 
14C 440 years +/- 30 years 
13C -19.9 permil na 
Tritium 5.34 TU +/- 0.18 TU 

 
Figures 2, 3, and 4 of this Addendum 2 incorporate this data, updating Figures 6-4, 6-5, 
and 6-6 from the 2012 report. The symbol for this sample is circled in the legend for each 
figure. 

Interpretation 

The 14C and tritium results for sample 472535 support the hypothesis that the paleochan-
nel deposits are recharging the underlying Grande Ronde aquifer. Section 7.2.5 of the 
2012 report indicates that groundwater in the Grande Ronde in the Polo Grounds area is 
recharged via a slow, deep, flow system originating in the basement rocks along the basin 
boundary. This conclusion is based on the 14C age of 3,310 years for the sample from 
Well 369725, which is completed in the Grande Ronde and located near the paleochannel 
deposits, which fill a deep scour in the Wanapum and Grande Ronde.  

Significant tritium was also reported for the Grande Ronde sample (Well 369725), indi-
cating that recent recharge also contributes to the groundwater system. The 2012 report 
suggested that this recharge (and thus the tritium) could originate from the overlying pa-
leochannel deposits, which has a downward gradient. It also suggested that the tritium 
could be attributed to commingling wells, which allow cross communication between aq-
uifers.  

The large concentration of tritium in sample 472535 supports the hypothesis of recharge 
by recent precipitation, less than 60 years, for the paleochannel deposits in this area. The 
14C age of 440 years indicates that recharge to the paleochannel deposits also includes 
older water. It is likely that the Wanapum discharges into the paleochannel deposits and 
contributes older groundwater. Groundwater in the Wanapum unit has a longer recharge 
flow path and older 14C age than the paleochannel deposits but a shorter flow path and 
younger age than the Grand Ronde. 

Figure 2 shows a correlation between younger 14C age and light 13C isotopic signature 
but no correlation between bicarbonate and 13C. Both trends substantiate the 2012 report 
finding that the source of bicarbonate is the dissolution of volcanic glass and therefore the 
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14C ages require no correction. The lower concentration of bicarbonate would indicate 
less dissolution which is expected in younger water. 

The relatively high sodium concentration on the upper graph in Figure 3 suggests some 
recharge of old groundwater to the paleochannel deposits from a basalt aquifer; the so-
dium-to-calcium ratio is higher in groundwater of greater residence time (older) because 
of cation exchange, as discussed in the 2012 report. The lower graph on Figure 3 indi-
cates that cation exchange has occurred in groundwater within the paleochannel deposits 
at the Polo Grounds site.  

Figure 4 indicates that the paleochannel sample is consistent with the observed pattern of 
young groundwater having a heavier isotopic signature and significant tritium. These data 
support the hypothesis that paleochannel groundwater is comprised of young water mixed 
with older water. 

Task 7: Freeman Area Hydrogeologic Characterization 

MW-6 was installed in the vicinity of Valleyford in the California Creek sub-basin of 
WRIA 56 as part of the original scope of work for WRIA 56 in 2010. The well was 
equipped with a pressure transducer to provide continuous water level data. The SCD 
manages this digital monitoring data. In August 2011, SCD personnel lowered the pres-
sure transducer after observing that the water level in MW-6 dropped significantly. In 
fact, during both 2011 and 2012, the water level in MW-6 changed by about 45 feet. Wa-
ter levels began to decline in early June 2011 and early May 2012 and rose again in mid-
September during both years. 

Task 7 was initiated to investigate the cause of this fluctuation, which is too large to be 
attributable to natural seasonal variation. The Freeman School is the nearest large water 
user. To determine whether water levels in MW-6 were affected by pumping at the Free-
man School well, we constructed a hydrograph. This hydrograph, Figure 5, shows that 
pumpage at the school correlates strongly with the water levels in MW-6. Although it is 
unusual for pumping at such a large distance (about 3 miles) to affect groundwater levels 
to this degree, the trends in these two wells are so distinctive and well correlated that they 
must be considered as possibly being related. If MW-6 is responding to pumping at the 
Freeman school, the response suggests a strong hydraulic connection and a small storage 
capacity in the groundwater system. However, the dataset is a relatively short duration 
and future data evaluation should be conducted to confirm this hypothesis. Finer resolu-
tion Freeman school water use data would be helpful. 

We also prepared cross-section F-F´ to better understand how the hydrogeology of this 
area could contribute to this pumping response. The section extends from Hangman 
Creek through MW-6 and the Freeman School well, as shown on Figure 1. Section F-F´ 
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is shown on Figure 6. The well locations are considered accurate; a well was used only if 
it met two criteria: 

• The well log had a mappable address or a tax parcel ID number.  
• The log provided adequate detail and water level data.  

Logs for the wells included on section F-F´ are included in Appendix A. 

The cross-section shows that basement rock dominates the geology from MW-6 to 
Hangman Creek. The basement rock limits lateral hydraulic continuity, likely creating a 
localized groundwater system between the Freeman School area and MW-6. If there is a 
strong hydraulic connection within this localized system, then this connection would ac-
count for the observed response in MW-6 due to pumping the Freeman school well.  

Task 8: Groundwater Contour Maps for Wanapum & 
Grand Ronde Units 

Water level contour maps were prepared for the Wanapum and Grande Ronde units using 
synoptic measurements made by Spokane County in fall 2011 and spring 2012. This data 
is discussed in detail in Spokane County’s June 2013, report that is in production as this 
is written. NLW worked closely with Spokane County to review and revise the first drafts 
of these maps. Final contours are shown on Figures 7 and 8.  

Data Sources 

In addition to water level data, hydrogeologic information provided by Spokane County 
was used to develop the final contours. The information was used to document the fol-
lowing features: 

• Gaining and losing reaches along Deep Creek, based on seepage runs. 

• Areas where the Wanapum and Grande Ronde are absent (zero thickness), based on 
digital data from the West Plains geologic database 

• Areas where the paleochannel deposits occur, based on work conducted at EWU for 
Spokane County 

• Areas where the basement rock occurs at or near land surface 

In addition to the digital data that was incorporated into the project GIS, information 
from Mike Hermanson (pers. comm., June 2013) was also considered. Hermanson ob-
served that: 
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• Wetlands occur along the land surface throughout the study area, in some places more 
than others. 

• There is little evidence of significant groundwater discharge into Coulee and Deep 
Creek near their confluence. 

• Although some vegetation occupies bands within the bluffs along the lower reaches 
of Deep and Coulee Creeks, there is no evidence of significant groundwater discharge 
(such as springs or large seeps) within these bluffs. 

• Streamflow is historically intermittent to dry in the lower reaches of Deep and Coulee 
Creeks but historically consistent in the upper reaches. 

General Hydrogeology 

The Wanapum is shallower than the underlying Grande Ronde. In general, groundwater 
in both units flows from the basement rim towards the center of the basin and the Spo-
kane River. The outline of the basement rock is shown on Figures 7 and 8.  However, 
flow patterns within the units may be affected by smaller streams, the presence of the pa-
leochannel deposits, nearby basement rock, and thickness and permeability of the vol-
canic rock. The hydraulic gradient between these two units is typically downward. 

Where they occur, the paleochannel deposits overlie the Wanapum. The Wanapum is ab-
sent in some places and paleochannel deposits may directly overlie the Grande Ronde. 
Likewise, the Grande Ronde is also absent in some places. In general, these volcanic 
units are missing in valleys and lower-elevation areas, where they have been eroded. 

Deep Creek has both gaining and losing reaches, as shown on Figures 7 and 8. In gen-
eral, groundwater contours “V” upstream in areas where the creek is gaining and they 
“V” downstream or simply cross the stream along losing reaches.  

Wetlands form where groundwater intercepts land surface. The occurrence of wetlands 
throughout the area (Figure 7) and shallow groundwater levels in wells (pers. comm., 
Mike Hermanson, June 2013) suggests that groundwater in the Wanapum discharges into 
wetlands and the absence of springs and seeps along bluffs suggests limited lateral 
groundwater flow.  

Wanapum Unit 

Because the Wanapum is shallow, groundwater in this unit is more affected by near-
surface features and topography than the Grande Ronde. Groundwater in the Wanapum 
moves from the basement rim towards Hangman Creek and the Spokane River and flows 
into Deep and Coulee Creeks in their upper or gaining reaches.  
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Contours were generated using Fall 2011 water level data. 

Gaining & Losing Streams in the Wanapum 

Figures 7 and 8 show gaining reaches identified by seepage data. Coulee Creek is gain-
ing upstream from where it intercepts basement rock (pers. comm. Mike Hermanson, 
June 2013). Groundwater contours “V” upstream in areas where Deep and Coulee Creeks 
are believed to be gaining.  

Downgradient from its intersection with the basement rock, Coulee Creek is losing and 
the bottom of the Wanapum lies above the creek-bed elevation (pers. comm., Mike Her-
manson, June 2013). In these areas, groundwater in the Wanapum discharges at land sur-
face via wetlands. Locally, where creek-bed elevation is above the Wanapum bottom, the 
groundwater contours reflect springs that are known to occur in some draws (pers. 
comm., Mike Hermanson June 2013).  

Localized Groundwater Flow Patterns 

The small, closed contour atop the bluff south of Deep Creek indicates a local water level 
high. It suggests that groundwater moves towards the paleochannel deposits since Deep 
Creek is losing in this area and since no springs or seeps have been observed in the 
nearby bluffs. Four large paleochannel deposits were mapped by EWU and are shown on 
Figures 7 and 8 as areas outlined in orange. 

Groundwater “drains” appear to be formed by the paleochannel deposits that occur along 
the south side of Deep Creek and the deposit that extend from northeast of Airway 
Heights and south towards Four Lakes. The other paleochannel deposits are not as clearly 
connected to groundwater in the Wanapum, which is absent in much of their vicinity.  

Recharge & Discharge Relationships 

Groundwater in the highly permeable paleochannel deposits is recharged relatively 
quickly from incident precipitation (see the tritium discussion above). The contours sug-
gest that Wanapum groundwater moves into the upgradient part of the paleochannel de-
posits and that paleochannel groundwater may move into the Wanapum in the downgra-
dient part of the system. The flow rate into the Wanapum basalt would vary significantly 
because of the wide range in its permeability.  

Regardless, the paleochannel deposits appear to mix very young water (recently re-
charged) with old groundwater in the Wanapum and even older water in the Grande 
Ronde in areas where the Grande Ronde is directly overlain by the paleochannel deposits. 
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Grande Ronde Unit 

Contours were generated using fall 2011 data, except for well 616663. (The fall meas-
urement for 616663 was incorrect (pers. comm., Mike Hermanson, June 2013) so the 
spring 2012 measurement was used instead.) The groundwater contours in the Grande 
Ronde unit are consistent with the general pattern of groundwater flowing from the re-
charge location within the basement rim towards Hangman Creek and the Spokane River. 
Contours abut the basement and areas where the Grande Ronde is absent. 
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Addendum 2   Figure 1.

Location of Spokane County Water Quality
Groundwater Well Samples,
Cross-Section Alignments, and
Wells on Cross-Sections

West Plains and L. Hangman Ck Hydrogeologic Study
2013 Addendum 2 to Hangman Creek Hydrogeologic Study
Spokane Conservation District
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Addendum 2 Figure 2
2013 Update of Figure 6-4 from June 2012 Report
Carbon-13, Carbon-14, and Bicarbonate 
In Select Samples, 2010, 2012, and 2013 Data
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In general, heavier delta C-13  correlated  slightly with greater apparent 
age: 
As dissolution of volcanic minerals occurs, degassing continues , 
groundwater gets older, and the remaining dissolved inorganic carbon is 
heavier.   
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Addendum 2  Figure 3
2013 Update of Figure 6-5 From June 2012 Report
Sodium v. Calcium and C-14 in Select
Samples, 2010, 2012, & 2013 data  
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Distance along the groundwater 
flow path – greater apparent age – 
is correlated with greater sodium 
and lesser calcium. 

Cation exchange causes sodium to 
increase and calcium to decrease 
along the groundwater flow path.  

MW-8 is likely a mixture of old, deep GW (large 
purple circle), with young, shallow GW (BH-8) 
via multi-aquifer wells. BH-8_2 is older and 
lighter than the shallow GW and younger and 
heavier than deeper unimpacted GW due to the 
natural GW flow system.



Addendum 2 Figure 4
2013 Update of Figure 6-6 From June 2013 Report
Oxygen-18, Carbon-14, and Tritium in 
Select Samples, 2010 , 2012, and 2013 Data
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- isotopically "mixed" 
- distant and local ppt
- OR moderate elevation ppt
- contains some recent recharge
- wide range in age from moderate to very old 

MW-8 is likely a mixture of old, deep GW,  with young, shallow 
GW (BH-8) via multi-aquifer wells. BH-8_2 is older and lighter 
than the shallow GW and younger and heavier than deeper 
unimpacted GW due to the natural GW flow system.

- isotopically "light"
- high-elevation, distant ppt
- very old
- contains no recent recharge

- isotopically "heavy"
- low-elevation, local ppt
- relatively young
- mostly recent, local recharge
- includes some mixing with old recharge 



Addendum 2 Figure 5.  Freeman School Water Use and MW-6 Water Level
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Addendum 2 Figure 7.
Approximate Groundwater Level 
Elevation Contours in
Wanapum Unit
Fall 2011 Synoptic Water Level Data
West Plains, Spokane County
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GW level contours - Wanapum 
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Addendum 2 Figure 8.
Approximate Groundwater Level 
Elevation Contours in
Grande Ronde Unit
Fall 2011 Synoptic Water Level Data
West Plains, Spokane County
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