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Upper Twin Lake Water & Sewer Co.  
 

INTRODUCTION 
General 
This report summarizes the results of the geologic/hydrogeologic services supporting the 
development of new water resources for the Upper Twin Lakes Water & Sewer Company 
(UTL). The services are provided by the Idaho Water Resources Research Institute’s 
(IWRRI) Technical Assistance for Rural Ground Water Development Within Idaho 
program.   
 
UTL is located approximately 25 miles northwest of Coeur d’Alene Idaho in the northern 
panhandle portion of Idaho. The approximate location of the UTL in relation to nearby 
surrounding physical features can be seen in Figure 1.  UTL currently supplies about 170 
people from two wells.  According to UTL personnel the two wells do not produce 
sufficient quantities of water and additional water resources were needed to increase 
capacity especially during summer months. A third well was completed to increase 
production; analytical testing indicated elevated arsenic concentrations.  
 
UTL has requested assistance in evaluating potential water well sites in the area to 
replace the third well and provide greater water system capacity with acceptable arsenic 
concentrations.   
 
Purpose and Scope 
The purpose of this evaluation is to provide technical information to aid in the 
development of new water resources for the UTL.  The evaluation consists of three tasks: 
1) research selected information that includes geologic maps, water well reports, and 
other existing available information, 2) characterize the geologic/hydrogeologic and 
hydrochemical setting of UTL and surrounding area, and 3) identify potential areas for 
the location of a new water well.  
 
UTL Water System 
The UTL water system currently supplies their service area with two water wells, UTL#1 
and UTL#2, as can be seen in Figure 2.  The available water well reports for the UTL 
water system are included in Appendix A. UTL #2 was completed in May of 1989 and is 
located in the northwest portion of the UTL development (Figure 2). UTL#2 is completed 
62 feet below ground surface (bgs) and has been reported to have a flow rate at the time 
of drilling of approximately 10 gallons per minute (gpm).  There is no water well report 
available for UTL #1. UTL #3 was completed in 1992 to supplement UTL #1 and UTL 
#2.  Elevated arsenic concentrations resulted in discontinued use of UTL #3 as a potable 
water supply. 
 

GEOLOGIC SETTING 
General 
Our interpretation of geologic/hydrogeologic conditions in the vicinity of UTL are based 
on review of selected information in the available literature, Idaho Department of Water 
Resources (IDWR) water well reports, and a reconnaissance of UTL and surrounding 
areas. The information reviewed included an Idaho Geological Survey (IGS) geology 
map (Lewis, 2002) and hydrogeological/geological studies of the north Idaho area. 
(Buchanan, 1999; Conners,1976; Graham, 1994; Harvey, 1984; Jehn, 1988).  The 
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geology of the area is described and illustrated at a scale of 1:100,000 in Lewis (2002) 
and can be seen in Figure 3.  A geologic map and cross section of the study area can be 
seen in Figure 4 depicting our interpretation of subsurface conditions inferred from the 
water well reports and from previous studies.  The approximate locations of pertinent 
wells reviewed as described in the IDWR water well reports are shown in Figure 4 and 
the associated water well reports are included in Appendix B.   
 
Depth to bedrock from the ground surface can be estimated by measuring changes in 
gravity values of an area (Burger, 1989). The relative depth to bedrock was estimated for 
the UTL area and the Rathdrum Prairie area through the use of gravity data. A regional 
bouguer gravity map was constructed from existing data (NGDC, 1984).  A regional 
trend was removed with a low order polynomial surface and the resultant residual 
bouguer gravity map is shown in Figure 5. Lower gravity values (indicated by red shaded 
areas) represent areas with significant thickness of unconsolidated sediments and high 
gravity values (indicated by blue shaded areas) represent areas with shallow 
unconsolidated sediments or exposed bedrock. 
 
Regional Geology 
UTL is located on the north shore of the Upper Twin Lakes in the northern panhandle 
area of Idaho.  The panhandle of Idaho consists of four primary geologic units: 1) The 
Priest River Metamorphic complex (YX*), 2) the Belt Supergroup (Y*), 3) Tertiary 
Granitic Intrusions (Tbgf) and 4) the Missoula flood deposits (Qg*).  The various 
geologic units are discussed below and can be seen in Figures 3 and 4.  
 
The Priest River metamorphic complex near Twin Lakes is composed predominantly of 
gneiss (Lewis, 2002) and appears to be the oldest rocks of the area with age dates of 
approximately two billion years old.  The gneiss is commonly composed of black and 
white bands.  The light colored layers consist of quarts and feldspars and the dark colored 
layers are composed largely of biotite.  The origin and depositional environment of the 
Priest River metamorphic complex is not well understood.  It is believed to have been 
either metamorphosed from very old basement rock or the base units of the Belt 
Supergroup and exposed during the development of the Kaniksu Batholith as discussed 
below.  
 
The Belt Supergroup is comprised of a variety of very old sedimentary units that are over 
a billion years old and are believed to have been deposited in a narrow ocean basin.  The 
Belt Supergroup sediments have been estimated to be tens of thousands of feet thick. 
Pressure of the overlying sediments have caused the rocks to metamorphose or 
recrystallize with time into siltstones and sandstones. The Belt rocks were deformed into 
folds and faults during the Cretaceous Period (70 to 80 million years ago).  
 
Granitic intrusions began during the Cretaceous Period (70 to 80 million years ago) with 
a large granitic intrusion (batholith) rising up into the earth’s crust underneath the Priest 
River Metamorphic Complex and the Belt Supergroup sediments, forming the Kaniksu 
Batholith. It is believed that the large mass of granite pushed the belt rocks upward and to 
the east (see Figure 6).  The contact between the two is called the Purcell trench and is 
oriented approximately north-south. The trench exists from Canada south into the 
Rathdrum Prairie through approximately Bonners Ferry, Sandpoint and Coeur d’Alene.  
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The movement of the belt rocks east exposed the underlying granitic batholith and the 
Priest River metamorphic complex discussed earlier. The result is predominantly gneissic 
and granitic rocks to the west of the Rathdrum Prairie and Belt Supergroup rocks to the 
east of the Rathdrum Prairie. The Priest River Complex gneiss was intruded by younger 
Tertiary age (approximately 52 million years old) granitic rocks. The granitic rocks are 
generally gray with a fine-grained texture. 
 
The gravity data as seen in Figure 5 shows relative depth to bedrock in the Rathdrum 
Prairie. The area immediately east of the UTL study area shows relatively shallow 
bedrock across the entire area with increasing depth farther south.  The area with the 
greatest depth to bedrock is a large bedrock bowl section that can be seen northwest from 
the city of Coeur d’Alene.  
 
The area of northern Idaho was further modified by glaciation apparently during at least 
two ice ages with glaciers that flowed south from Canada (Breckenridge, 1989). The 
most recent glaciation (Cordilleran) existed approximately 10,000 to 15,000 years ago. 
The extent of the glaciations can be seen in Figure 7. The glaciation resulted in the 
deposition of sediments consisting predominantly of silt, sand, and gravel.  These glacial 
deposits cover significant portions of the UTL area.  
 
Glacial deposits typically consist of 1) advance outwash, 2) till, and 3) recessional 
outwash.  Advance outwash is composed of mixtures of silt, sand, and gravel deposited in 
front of the advancing glacier by melt water streams emerging from the base.  As the 
glacier overrides the advance outwash deposits, the weight of glaciers, thousands of feet 
of thick, will consolidate the underlying deposits at the base of the glacier to form a 
glacial till. The till, also known as “hardpan”, is generally very dense and impermeable.  
Recessional outwash is deposited as the glacier recedes from the area and is generally 
composed of loose, poorly sorted silt, sand, and gravel.   
 
Lobes of glacial ice blocked the flow from the Clark Fork River near the city of Clark 
Fork, Idaho.  The resulting lobe formed an “ice dam” that created Lake Missoula. The 
water behind the ice dam increased in depth eventually causing failure due to the 
increased pressure and intrusion of water in and around the ice dam. The dam would fail 
catastrophically creating significant flood events.  The sequence of ice dam formation, 
dam failure and flood event was repeated a number of times. Due to the significant flood 
events caused by failures of the ice dams areas south of the existing glacier (Figure 7) 
have had the glacial sequence of advance outwash, till, and recessional outwash removed 
resulting in undifferentiated and mixed glacial deposits. The areas covered by the glacial 
ice were unaffected and retain recognizable glacial deposits and sequences. The reworked 
glacial sediments caused by the flood events compose the body of the Spokane Valley- 
Rathdrum Prairie aquifer.   
 
Recent unconsolidated sediments are derived from erosion of the upland area surrounding 
UTL.  The sediments are then transported downslope by gravity or within area streams.   
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Project Area Geology 
 
The bedrock in the UTL area consists of Priest River metamorphic complex gneisses 
intruded by fine-grained granitic rocks. (Figure 4a). A fine-grained granite intrusive unit 
can be seen immediately north of UTL.  The unit appears to strike approximately 
northeast-southwest and dip to the north.  The granitic intrusion appears to be part of a 
larger intrusion located to the west of the UTL. The exact locations of the contacts with 
the surrounding metamorphic gneiss are unknown.   
 
The bedrock topography indicates a large downward step located approximately between 
wells # 12 and 13 as can be seen in Figure 4b.  The creation of the step is most likely 
related to both structural control and erosion related to the creation of the Rathdrum 
Prairie.  
 
The glacial flood deposits are located in the area east of the UTL.   The flood deposits 
consist of significant quantities of sand and gravel. As indicated on the water well reports 
the flood deposits appear to contain higher concentrations of silt to the west grading into 
sand and gravel with little to no interstitial material to the east.  The silt is most likely the 
result of a backwater environment with lower floodwater velocities near the margin of the 
Rathdrum Prairie allowing for deposition of the finer grained material.  
 

PROJECT AREA HYDROGEOLOGY 
General 
 
The UTL area consists predominantly of metamorphic and intrusive igneous bedrock 
covered largely with alluvium/colluvium. Review of available information for the UTL 
area indicate the presence of two potential sources of ground water: 1) bedrock and 2) 
glacial flood/alluvial deposits.  The igneous and metamorphic basement rocks within the 
UTL area can be used as a limited water resource.  Wells drilled into the basement rocks 
produce small quantities of water that are suitable for domestic purposes.  
 
The ground water flow direction can be inferred from the limited water well reports of 
the area. A ground water contour map constructed from static water levels as reported on 
the water well reports can be seen in Figure 8. The water well reports presented do not 
include all the water well reports on file at the Idaho Department of Water Resources, but 
a large sampling that covers the geographic area.  The well construction characteristics 
for the wells used are shown in Table 1 and the water well reports are included in 
Appendix B. The surface elevations at the approximate well location are extrapolated 
from 7.5 minute USGS topographic maps of the area. The wells in the UTL area have 
static water levels between 9 and 630 feet below ground surface (bgs) that correspond to 
elevations of 2,367 and 1,966 feet relative to mean sea level (msl) respectively.  
 
There are two ground water systems within the study area: 1) the Fish Creek Basin and 2) 
the Rathdrum Prairie.  The Fish Creek Basin is located west of Upper Twin Lake and 
consists of an approximate 35 square mile area as can be seen in Figure 1. The local 
aquifer within the basin is defined by limited fluvial/alluvial sediment thickness and the 
bedrock of the area, and terminates near the west-northwest end of Upper Twin Lake at 
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the bedrock bench between wells #12 and #13. The Rathdrum Prairie Aquifer is part of 
the much larger regional aquifer that extends from north of Lake Pend Oreille to the 
Idaho-Washington state line. The approximate boundaries of the Rathdrum Prairie 
aquifer can be seen in Figure 1. 
 
Groundwater recharge to the UTL study area is predominantly through precipitation 
within the surrounding upland areas.  The nearest weather station that measures 
precipitation is located in Coeur d’Alene, Idaho approximately 25 miles to the southeast.  
The average precipitation measured at the Coeur d’Alene, Idaho station for the period 
between 1895 and 2003 is 25.31 inches per year (Western Regional Climate Center, 
2003). The actual precipitation within the UTL area may vary due to changes in 
geographic location and elevation. The portion of precipitation available for recharge to 
the aquifers within the UTL area is significantly reduced by evapotranspiration and 
overland flow.     
 
The recharge areas for Fish Creek Basin are located within the northwestern upper 
portions of the Fish Creek Drainage and discharge areas are located at the lower 
southwestern area near the confluence of Fish Creek and Upper Twin Lake.  The portions 
of the study area that are located within sediments of the Rathdrum Prairie, are recharged 
from upgradient areas to the northeast and discharges to the southeast.   
 
The hydraulic connection of the aquifers in the area to Lower and Upper Twin Lakes 
appears limited.  The ground water elevation appears to be significantly below the bottom 
lake elevation by approximately 80 feet in all areas with the exception of the far west 
portion of Upper Twin Lake. The perched condition of the lakes indicates little or no 
ground water contributions from or to the lakes.  
 
Project Area Aquifers 
 

Bedrock Aquifers 
 
Bedrock is used as ground water source for wells north of UTL and consists largely of 
gneiss. The aquifer is composed of fractures and/or faults in the bedrock. Wells 
completed in the bedrock typically obtain water from a number of fractures that will 
eventually contribute the desired quantity of water.  Water well reports in the area 
indicate that wells completed upto 400 feet bgs result in yields ranging from 0 to 40 
gallons per minute (gpm) averaging approximately nine gpm. Wells completed in this 
type of bedrock at the time of drilling (as reported on the water well reports) appear to 
have adequate yields for domestic supplies. There is some evidence that long term 
pumping at rates necessary for municipal supplies may result in a significant decrease in 
well yields over a short period of time.  

 
Glacial/Alluvial Deposit Aquifers 

 
The glacial/alluvial deposits in the UTL vicinity represents a complex assemblage of 
sediments.  The glacial/alluvial aquifers are used as the primary water well source in the 
area. There appears to be two aquifers, the Fish Creek Basin aquifer and the Rathdrum 
Prairie aquifer separated by the bedrock bench between wells #12 and 13.  The ground 
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water elevation in the study area of the Fish Creek Basin aquifer is approximately 2,320 
feet msl near Upper Twin Lake and the Rathdrum Prairie aquifer has an approximate 
elevation of 2,175 feet msl.   
 

HYDROGEOCHEMICAL SETTING 
 
General 
The most significant issue in the UTL area is the elevated concentration of arsenic in the 
ground water.  The elevated ground water arsenic concentrations are a result of the 
specific geologic/hydrogeologic conditions of the area, and have become significant in 
view of the new regulatory mandates recently implemented by the EPA.  An 
understanding of arsenic geochemistry and the revised EPA regulations must be 
understood so that the siting of a new well can be successful. Below is a discussion of the 
relevant geochemistry and regulatory arsenic concerns.  
 
Arsenic Regulatory Compliance  
The maximum allowed concentration of arsenic in drinking water supplied by public 
water systems was 0.05 milligrams per liter (mg/l) as determined in 1943 by the U.S. 
Public Health Service. In March of 1999, a report by the National Academy of Sciences 
concluded that the current standard of 0.05 mg/l does not protect the public health and 
should be lowered (EPA, 2002). 
 
Recently the Environmental Protection Agency (EPA, 2002) revised the maximum 
contaminant level (MCL) of arsenic to 0.01 mg/l. The EPA lowered the MCL from 0.05 
to 0.01 mg/l to prevent long-term exposures to arsenic and the associated health related 
issues. Regulatory compliance of arsenic concentrations is required only in municipal 
water wells; domestic wells are not regulated by the EPA or the Idaho Department of 
Environmental Quality. 
 
Arsenic in ground water can be found through out Idaho in concentrations above the EPA 
recommended 0.01 mg/l (Neely, 2002). Approximately 5% of the wells tested in northern 
Idaho have arsenic concentrations above the 0.01 mg/l of arsenic (Neely, 2002). The 
elevated arsenic concentration in ground water is most likely associated with specific 
geological environments. The arsenic concentrations can be regional in nature or might 
be restricted to small geographic areas.  
 
Arsenic Hydrochemistry 
Arsenic occurs naturally in certain types of geological environments.  Dissolution of 
minerals within these geological environments can result in ground water with elevated 
concentrations of arsenic. Arsenic within a hydrogeochemical system has many controls 
and is discussed below in the following sections 1) Sources, 2) Transport and 3) Release 
Mechanisms. 
 
Sources 
Weathering of the bedrock and arsenic sources contributes a variety of ions to ground 
water.  Weathering of silicate rocks is the result of the introduction of atmospheric carbon 
dioxide (CO2) and water acting on the exposed rock surfaces.  The weathering causes 
dissolution of the silica rock introducing various dissolved constituents. The process of 

IWRRI - Idaho Water Resources Research Institute- Technical Assistance for Rural Water Development within Idaho Program 

 
7



Upper Twin Lake Water & Sewer Co.  
 
dissolution consumes hydrogen ions [H+] and increases the pH and produces bicarbonate 
(HCO3).  General equations for the weathering of silicate rocks are as follows: 
 
Weathering of silicate rocks 
    CO2(aq)  + H2O  →  HCO3

-   +  H+ 
    CaAl2Si2O8 + 2H+

  + 4H2O  →  Ca+2 + 2ALOOH  + 2H4SiO4  
 
The most common source of naturally occurring arsenic is the mineral arsenopyrite. 
Arsenopyrite is formed as a hydrothermal deposit associated with the emplacement of 
granitic rocks into older country or basement rocks. The chemical composition of 
arsenopyrite is an iron arsenic sulfide (FeAsS).  Weathering is a process that causes 
chemical changes to minerals by the addition of water (rain) and oxygen. Arsenopyrite if 
exposed at the surface will weather (oxidize) to a iron arsenic (hydr)oxide. The iron will 
change its valence state after oxidation from Fe  to Fe . Weathering will also create 
sulfate (SO ) from the sulfur (S) in the arsopyrite. The general equation for the 
weathering of arsenopyrite is as follows: 

+2 +3

4
-2

 
Weathering of arsenopyrite will yield: 
    FeAsS+4O2+4H2O →  FeAsO4 • 2 H2O  + 2H2O  + H2SO4 
 
Arsenic occurs in two charged states; Arsenate (As+5) and Arsenite (As+3).   Arsenate will 
occur as a negatively charged oxyanion (H2AsO-4 or -2) and arsenite will occur in a zero 
valence state (H3AsO3

0).   The arsenic can either 1) combine structurally with the iron 
(hydr)oxide or 2) electrostatically adhere to the outside of the iron (hydr)oxide molecule.  
 
Transport 
Arsenic may be transported either: 1) with the ground water through the aquifer or 2) 
adhered to grains of sedimentary material and deposited through erosional/depositional 
processes. The iron (hydr)oxide will generally form in an amorphous, hydrated state 
(ferrihydrite or hydrous ferric oxide) and develop into more structured minerals such as 
hematite or goethite dependent on time and aqueous iron concentrations (Langmuir, 
1996).  
 
The iron arsenic (hydr)oxide is relatively insoluble under surface conditions and is 
generally transported through the aquifer as a particulate that is usually colloid size, 
approximately 0.1 to 0.5 microns in diameter. The iron arsenic (hydr)oxide under surface 
conditions may coat small sedimentary grains.  The coated grains are then transported 
through erosion to accumulate in fluvial/lacustrine sedimentary depositional units.   
 
Release Mechanisms 
Release mechanisms that will cause arsenic to go into solution are based largely on three 
chemical parameters/interactions 1) Eh, 2) pH and 3) ion exchange. Eh is the measure of 
the oxidation potential of the water. The Eh is commonly expressed as an electrical 
potential and can be either positive or negative.  The positive charge is indicative of 
oxidizing conditions (losing electrons) and a negative charge is indicative of reducing 
conditions (gaining electrons).  The more dissolved oxygen that is present the more 
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oxidizing the conditions and the higher the Eh.  The less oxygen that is present will result 
in reducing conditions and a lower Eh.    
 
A decrease in Eh will cause oxidized ions to form into more reduced ions.  The change 
will occur sequentially in a known order of ion pairs as the environment changes from 
aerobic to anaerobic as can be seen in Figure 9.  This is important in arsenic 
geochemistry as it relates to the arsenic that is either chemically bonded to or adsorbed 
onto the iron (hydr)oxide. If the Eh is lowered to a point that the iron (hydr)oxide 
changes from the oxidized (Fe+3) to the reduced (Fe+2) form, then the iron (hydr)oxide 
molecule will break apart and release iron and arsenic into solution (Ferguson, 1972). 
This usually happens with either iron reduction or sulfate reduction.   
 
The pH is a measure of the hydrogen ion concentration and is commonly expressed as  
 

pH = Log [1/H+] 
 
The lower the pH the higher is the number of hydrogen ions. The arsenic adsorbed onto 
the surface of iron (hydr)oxide is held in place by an electrostatic charge. The surface 
charge of iron (hydr)oxides will change dependent on the pH of the ground water (see 
Fig. 10).   As the pH decreases the number of positively charged hydrogen ions increases. 
The hydrogen ions will cause the surface charge of the iron (hydr)oxide to become 
positive (protonation). The positive charge will attract the negative charged arsenic 
oxyanions. The lower the pH the more arsenic will be adsorbed onto the surface of the 
iron (hydr)oxides.  As the pH rises the number of hydrogen ions decreases and the iron 
(hydr)oxide surface charge will become less positive until it reaches a pH where the 
surface charge is zero. This is termed the zero point charge (ZPC).  Above the ZPC the 
surface charge of the iron (hydr)oxide will be negative.  The negative surface charge will 
repel the negatively charged arsenic oxyanions and little will be adsorbed onto the 
surface (Pierce, 1981). The zero point charge for iron (hydr)oxides is generally between a 
pH of 7.5 and 8.0.  At pH’s below the ZPC negative arsenic oxyanions will be adsorbed 
onto iron (hydr)oxides and above the ZPC negative arsenic oxyanions will be repeled.  
 
The third release mechanism for arsenic involves ion exchange.   Ion exchange involves 
the replacement of one ion bound onto a molecule with a different ion that has a similar 
charge and size.  A noted ion exchange occurs with arsenic in iron (hydr)oxides and 
phosphate (PO4

-2) (Peryea, 1991). This became a concern with the use of phosphate-
based fertilizer in areas that had used lead arsenate as a pesticide. The arsenic in the 
pesticide generally becomes immobilized in the soil and would not be transported 
downward into the ground water.  Use of phosphate-based fertilizer mobilized the arsenic 
by ion exchange with the phosphorus releasing arsenic to the ground water.   
 
Biologic Mediation 
Subsurface microorganisms can have a significant affect on the ground water 
hydrochemistry.  The subsurface microorganisms can create reactions causing changes in 
the ground water chemistry. The chemical reactions generally involve the utilization of a 
carbon source.  The presence of microorganisms causes biologically mediated chemical 
reactions that may not occur in their absence (Lovley, 1991).  The two most important 
biological reactions that take place in reference to arsenopyrite is iron and sulfate 
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reduction. Biologically mediated reduction is the process of bacteria deriving energy 
from the reduction of specific redox pairs. Different environmental conditions will cause 
some species of bacteria to predominate over others. Iron reducing bacteria (IRB) will 
predominate over sulfate reducing bacteria (SRB) when iron is present (Chapelle, 1992).  
The IRB will utilize carbon sources, reduce ferric (Fe+3) to ferrous (Fe+2) iron and release 
any adsorbed arsenic (Cummings, 1999, Nickson, 2000, Raymahashay, B.C., 2003).  The 
SRB population will be restricted due to the food source being utilized by the IRB.  If 
sulfate is present with little or no iron then the SRB population will predominate.  The 
general equations for bacterial mediation are as follows (Murphy, 1992): 
 
Biologic Mediation 
      Iron Reducing 

CH3OO- + 8Fe+3 + 3H2O → 8Fe+2 + CO2  + HCO3
-  + 8H+ 

      Sulphate Reducing 
CH3OO- + SO4

-2  →  HS-+ 2HCO3
-   

 
Project Area Hydrochemistry 
General 
The hydrochemistry of the UTL area is defined primarily by the location in a silicate 
(gneissic) terrain.  Arsenic is associated with minerals deposited with these silicate rock 
assemblages. The elevated arsenic concentrations in the ground water of the area will 
determine the potential locations for new water wells in the area. An understanding of the 
occurrence and distribution of arsenic and its relation to the geology/hydrogeology of the 
area is essential. 
 
Analytical Results 
Eight samples were obtained from water wells in the UTL area.  Five of the samples were 
collected from municipal wells and three were collected from domestic wells (D1, D2  
and D3). The samples were collected and submitted to the Holm Research Center at the 
University of Idaho in Moscow Idaho for analysis of inorganic constituents. The samples 
were analyzed by EPA methods 200.7, 200.8, 300.0 and 310.1.  The approximate location 
of the sampled water wells can be seen in Figure 11.  The analytical results arte tabulated 
in Table 2 and shown in Figure 12. The analytical laboratory reports are included in 
Appendix C.  
 
The analytical results indicate the well with the highest concentrations of arsenic is found 
on the west side of the study area is in well D1.  The other wells samples all had total 
arsenic concentrations below 3 µg/l. The D1 has elevated calcium, magnesium and 
bicarbonate and lower sulfate relative to the adjacent sampled wells.     
 
The proportion of dissolved arsenic versus total arsenic and dissolved iron versus total 
iron for each well sampled can be seen in Figure 13. Dissolved constituents are defined as 
those that can pass through a 0.45 um filter. The well with the highest concentration of 
arsenic (D1) appears to have all the arsenic in the dissolved form.  The D2 and D3 Wells 
also both have distinctive hydrochemistry with elevated calcium, bicarbonate and sulfate.  
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Interpretation 

Current Conditions 
All the wells sampled with the exception of wells D2 and D3 wells are completed in 
unconsolidated deposits.  The D2 and D3 wells are completed in bedrock and are most 
likely completed near the gneiss/granite contact (Figure 11).  The elevated sulfate 
(relative to wells completed in the unconsolidated deposits) is most likely cause by 
oxidation of a sulfide deposit and is indicative of the proximity to a source.  
 
All the other wells are completed in unconsolidated deposits consisting of silts, sands and 
gravels.  The unconsolidated sediments are derived from flood deposits and/or colluvium 
derived from adjacent upland areas. All the wells have relative concentrations of 
constituents that are typical of silicate weathering with the exception of wells D1, D2 and 
D3.  The wells have elevated calcium, bicarbonate and arsenic and lower sulfate 
concentration relative to the two adjacent wells.  The analytical results of D1 and D2 are 
most likely reflect their completion in bedrock.  
 
A conceptual model that may explain the analytical results of D1 involves biologically 
mediated sulfate reduction. Sulfate reducing bacteria will consume dissolved organic 
carbon (DOC), oxygen and hydrogen ions [H+] and catalyze the reduction of sulfate.  
The consumption of oxygen will lower the Eh causing dissolution of iron arsenic oxides.  
Biologic metabolism will also increase the production of CO2 and bicarbonate as a by-
product of the DOC consumption.  The lowered Eh will create the reduced ions arsenite 
and ferrous iron.  Most of the reduced iron will remain in a solid form with as much as 
98% sequestered in iron rich clays (Chappelle, 1992). The remaining iron will most likely 
react with available sulfur and/or CO2 and precipitate as either pyrite (FeS) or siderite 
(FeCO3).  Excess CO2 will react with water and result in silicate dissolution that will 
increase the calcium and further increase the bicarbonate. The significant change in 
hydrochemistry would indicate that the wells are located proximate to an arsenopyrite 
source associated with the granite-gneiss contact.     
 
The saturation Indices were calculated for various iron and sulpher rich minerals using 
the PHREEQE software (Parkhurst, 1980) and can be seen in Figure 14.  The modeling 
results indicate that the ground water sampled at the surface is significantly 
undersaturated in iron sulfide.  There are some indications (Peters, 2003, von Bromssen, 
1999) that these precipitants will be deposited on the bedrock or possibly the aquifer 
material and will not be transported with the ground water.  The modeling results also 
indicate that the sampled water is in equilibrium with or slightly oversaturated with iron 
(hydr)oxides and is most likely the result of oxidation of any ferrous iron in solution by 
pumping conditions of the well.  

 
Historic Conditions 

 
The historic arsenic and iron concentrations of UTL #3 were much higher then was 
measured in the most recent sampling event in August 2003 as can be seen in Figure 15.  
The question arises why were the arsenic and iron concentrations so much higher in the 
past?   
 

IWRRI - Idaho Water Resources Research Institute- Technical Assistance for Rural Water Development within Idaho Program 

 
11



Upper Twin Lake Water & Sewer Co.  
 
The two considerations were 1) sampling procedures and 2) changing environmental 
conditions. The UTL#3 well will characteristically produce red colored water when first 
turned on. The red colored water is most likely a result of the oxidation and resulting 
precipitation of reduced ferrous iron in the water.  As described earlier the iron 
(hydr)oxide will adsorb arsenic.  If the well was not purged sufficiently of the iron 
precipitant then the water sampled obtained may have elevated concentrations of iron and 
arsenic.  The potential change of iron and arsenic with total pump volume was evaluated 
by pumping UTL#3 and obtaining a series of samples over the period of pumping.  
UTL#3 was pumped for a period of one-hour with samples obtained periodically over the 
duration of the test. The samples were submitted for analysis of total iron and arsenic by 
EPA method 200.7.  The results of the test can be seen in Figure 16, and the analytical 
results have been compiled in Table 3.  
 
Figure 16 shows the first sample obtained had elevated concentrations of arsenic with 
almost no iron. The next three samples obtained show increased iron concentrations 
relative to the first sample, but subsequently decreasing along with the arsenic.  After 
approximately 15-minutes, that iron and arsenic concentrations stabilize indicating an 
equilibrium condition was being achieved. The results indicate three stages and are as 
follows: 
 
Stage 1 (Sample #1) 
The water in the discharge pipe has most likely reached equilibrium, as the well had not 
been pumped for approximately 2 to 3 weeks. The time to purge the discharge pipe of 
water at a pump rate of approximately 5 gpm is about 15-minutes and any analytical 
results before this would be indicative of water collected in the discharge pipe. The first 
four samples obtained most likely reflect the chemical environment in the discharge pipe.  
The water is closed to the outside environment.  Some oxygen is consumed by forming 
iron (hydr)oxide but not enough to lower the Eh so that reductive dissolution is limited. 
Some of the available arsenic is also oxidized and binds with the iron (hydr)oxide. The 
pH is near neutral so that there will be little adsorbed negative oxyanions or zero valence 
arsenic.  The water in the first sample represents the top portion of the discharge pipe 
with no solids only an aqueous solution. The results most likely indicate that all the iron 
is located at the bottom of the discharge pipe with only arsenic in solution.  
 
Stage 2 (Samples #2 – #4) 
The well starts to produce iron (hydr)oxides with arsenic.  There appears to be a 
correlation with iron and arsenic.  The iron (hydr)oxide most likely has arsenic 
chemically bound to and adsorbed onto the molecule.  
 
Stage 3 (Samples #4 - #10).  
The well begins to produce water predominantly from the aquifer.  The iron and arsenic 
concentrations have reached an equilibrium that reflects the chemistry of the aquifer. 
 
The available historic analytical results for total iron, arsenic and sulfate for UTL #3 can 
be seen in Figure 15.  The three analytes show large variations while the well was in 
operation.  There is a noticeable negative correlation between sulfate and arsenic, as the 
arsenic concentrations increase the sulfate concentrations decrease.  The negative 
correlation would be indicative of sulfate reduction processes.  
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The sulfate reducing bacteria (SRB) will not be effective at reducing iron.  In order to 
produce iron concentrations of 8 mg/l it would be necessary to have iron-reducing 
bacteria catalyzing this reaction.  The two reducing bacterias are documented as to be 
exclusionary (Chapelle, 1992). Iron bacteria will be present in significant numbers if iron 
concentrations are elevated enough and will utilize available food sources at the 
exclusion of the sulfate bacteria.  It would appear that conditions have changed so that the 
current sulfate reducing bacteria population would most likely have been replaced 
predominantly with iron reducing bacteria in the past to produce the significant historic 
quantities of iron concentrations.  
 
The conceptual model that may explain the significant changes in iron and arsenic 
concentrations is a combination of changing physical and biological conditions and is 
illustrated in Figure 17.  The aquifer used by UTL #3 is an unconfined aquifer.  The 
water table will rise and fall with pumping conditions. As the well pumps the cone of 
depression will form, lowering the water table.  The arsenic source may be exposed 
during the lowering of the water table and will oxidize the source producing iron arsenic 
(hydr)oxides.  At the same time the well will be acquiring water from the arsenic source 
area, as well as clean water from other areas. When pumping is terminated, the water 
table will rebound and resaturate the sediments.  The iron concentration of the water will 
start to increase (as iron arsenic (hydr)oxide).  There will be a corresponding increase in 
iron reducing bacteria that will start to reduce the ferric to ferrous iron, subsequently 
releasing arsenic. The cycling of the well will continue to oxidize the arsenopyrite source 
and increase the iron concentration of the water.  Increased iron concentrations will result 
in increased IRB populations and an increase in ferrous iron and arsenic. Sulfate 
concentrations will increase, as there will be more sulfate introduced from the oxidation 
of the arsenopyrite source but no significant population of SRB’s due to the increased 
iron concentrations (Chapelle, 1992).  
 
As the pumping is reduced or stopped, the iron concentrations will decrease and the 
sulfate reducing populations will increase.  The reduction of sulfate will create conditions 
conducive to the dissolution of minor quantities of iron (hydr)oxide.  There will be small 
increases in arsenic and ferrous iron but less then the quantities measured previously 
during iron reduction. The pump rate, pump cycle and distance to the source will all have 
an impact on the resultant concentration of arsenic and iron in the well.   
 

POTENTAL WELL SITE  
 
The potential locations for water well siting that may acquire yields of approximately 10 
gpm with arsenic concentrations below the 10 ug/l MCl in the UTL area are limited.  
Based on existing information, the bedrock aquifers in the UTL area do not appear 
adequate for municipal supply and are not considered as a potential target aquifer. There 
is one potential drilling site located near UTL as can be seen in Figure 18 and is 
discussed below. 
 
A water well constructed east of UTL #1 and #2 on the Twin Lakes Community Center 
property would be advantageous due 1) property ownership by the UTL community, 2) 
proximity to the current water supply infrastructure and 3) the potential for low arsenic 
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concentrations.   Other water supply wells in the area indicate that approximate pump rate 
of 10 gpm maybe achieved. Analytical results from UTL #2 (north) indicate Arsenic 
concentrations below the future MCL of 10 ug/l.  The drilling site appears to be on top of 
the bedrock bench and should be isolated from arsenopyrite sources along the 
gneiss/granite contact at depth.  
 
If the potential for drilling in Area 1 were to be fully evaluated, we would recommend 
that a drill site geologist/hydrogeologist be present when drilling and a detailed lithologic 
description of the subsurface material encountered be recorded.  The subsurface 
information should be used for 1) evaluating the suitability for a municipal well and 2) 
construction specifications of the well including an engineered well screen. After 
completion of the well a 24-hour aquifer test should be performed to further evaluate the 
suitability for use as a municipal well.  Water quality samples should also be acquired 
and an appropriate analysis for a Group A water system should be completed.     
 
If UTL decides to drill a water well then we would recommend the following: 

1. The city fully explores property ownership and easement options for 
potential water well site.   

2. If an acceptable area and aquifer are located, it is highly recommended to 
have an engineered well construction and screen design.  The proper well 
construction and screen design will maximize the efficiency of the well 
and increase the longevity of the well while minimizing many 
maintenance issues.  

3. Completion of a long-term aquifer test to determine aquifer parameters 
and safe yield of the well.    

4. UTL may also want to investigate the costs and benefits of connecting to 
the North Kooenai Water System located to the east of the study area. 

 
CONCLUSION 

 
The geology of the UTL study area is composed predominantly of Priest River 
metamorphic complex gneiss with Tertiary age granitic intrusions. The UTL study area is 
composed of two separate ground water systems the 1) Fish Creek Basin and 2) 
Rathdrum Prairie aquifer.  The elevated arsenic concentrations appear to be derived from 
arsenopyrite associated with hydrothermal deposits along the granite-gneiss contact.  The 
elevated arsenic concentrations obtained from UTL #3 are most likely derived from a 
combination of distance to the source, pump duration and pump cycling.  The best 
location for a new water well is the Twin Lakes Community Center regarding quantity 
and quality concerns.  
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Figure 3.Regional Geologic Map of the Upper Twin Lake Study Area
and Surrounding Vicinity
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Figure 4b  
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Geologic cross section of the Twin Lake area based on 
Lewis et al, 2002. 



Figure 5. Rathdrum Prairie Residual Bouguer Gravity Map. All values are in milliGals.



Figure 6. Diagrammatic Geologic Cross Section of the Rathdrum Prairie

Reference: Modified from Alt, 
Hyndman, 1995
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Figure 10. pH vs. Surface Charge for Iron (Hydr)oxides 
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Figure 12. Analytical results of Wells Sampled in the Upper Twin Lake Study Area 
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Figure 16. Analytical Results of Time Series Sampling Event – UTL#3
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Figure 17. Hydrogeochemical conceptual model for UTL #3. Time increases from 
T1 to T10.

Fig.17a. Time=T1. Fig.17b. Time=T2.

Fig.17c. Time=T3. Fig.17d. Time=T4.



Fig.17e. Time=T5. Fig.17f. Time=T6.

Fig.17g. Time=T7. Fig.17h. Time=T8.

Figure 17. Cont.



Fig.17i. Time=T9. Fig.17j. Time=T10.

Figure 17. Cont.



Figure 18. Potential Drill Site for UTL water Well #4
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Table 1- Upper Twin Lakes Vicinity Water Well Characteristics
Well Head Completion Completion Material at SWL4 Well Specific

Well #1 Elevation2 Depth Elevation Depth3 bgs Capacity5 Capacity
(ft) (ft) (ft msl) (ft) (ft msl) (gpm) (gpm/ft)

1 2428 38 2,390 U 10 2,418 30 1.15
2 2376 60 2,316 U 9 2,367 - -
3 2316 100 2,216 U 25 2,291 60 6.00
4 2390 223 2,167 B 63 2,327 1 0.01
5 2335 52 2,283 B 10 2,325 5 0.16
6 2391 75 2,316 B 18 2,373 8 0.13
7 2389 52 2,337 B 22 2,367 12 0.63
8 2356 103 2,253 B 30 2,326 20 0.48
9 2312 58 2,254 U 35 2,277 22 2.75
10 2321 67 2,254 U 39 2,283 22 1.91
11 2317 60 2,257 U 42 2,275 30 3.00
12 2332 62 2,270 U 37 2,295 20 4.00
13 2318 192 2,126 U 149 2,169 22 44.00
14 2349 260 2,089 U 220 2,129 22 44.00
15 2339 225 2,114 U 201 2,138 10 5.00
16 2405 101 2,304 B 16 2,389 14 0.16
17 2405 262 2,143 B 227 2,178 20 10.00
18 2443 340 2,103 B 32 2,411 3 -
19 2454 100 2,354 B 10 2,444 1 -
20 2326 468 1,858 B 40 2,286 34 -
21 2365 185 2,180 B 85 2,280 1 0.03
22 2398 380 2,018 B 180 2,218 40 0.20
23 2386 645 1,741 B 366 2,020 60 0.22
24 2390 346 2,044 B 150 2,240 80 0.42
25 2381 423 1,958 U 373 2,008 38 75.00
26 2382 690 1,692 B 300 2,082 7 0.02
27 2631 240 2,391 B 20 2,611 17 0.10
28 2800 665 2,135 B NA - 5 -
29 2445 605 1,840 B 316 2,129 5 -
30 2454 425 2,029 B 50 2,404 3 -
31 2426 815 1,611 B 300 2,126 2 0.00
32 2579 206 2,373 B 63 2,516 10 -
33 2411 200 2,211 B 60 2,351 2 0.01
34 2522 460 2,062 B 275 2,247 6 -
35 2413 296 2,117 U 216 2,197 35 70.00
36 2411 437 1,974 U 393 2,018 10 0.24
37 2415 445 1,970 U 405 2,010 36 -
38 2399 434 1,965 U 399 2,000 15 30.00
39 2378 445 1,933 U 395 1,983 15 -
40 2362 355 2,007 U 322 2,040 15 -
41 2385 401 1,984 U - - 42 84.00
42 2409 439 1,970 U 405 2,004 20 0.67
43 2407 300 2,107 U NA - 0 -
44 2402 445 1,957 U 403 1,999 15 30.00
45 2415 460 1,955 U 380 2,035 30 -
46 2414 300 2,114 U NA NA - -
47 2412 441 1,971 U 385 2,027 15 0.33
48 2415 462 1,953 U 425 1,990 - -
49 2441 504 1,937 U 450 1,991 30 -
50 2425 450 1,975 U 393 2,032 10 0.21
51 2628 305 2,323 B 27 2,601 3 0.01
52 2615 700 1,915 U 600 2,015 20 -
53 2596 680 1,916 U 630 1,966 30 -
54 2415 272 2,143 U 244 2,171 10 20.00
55 2428 438 1,990 U 395 2,033 20 0.50
56 2542 427 2,115 U 390 2,152 35 -
57 2512 540 1,972 U 479 2,033 30 0.73
58 2420 449 1,971 U 408 2,012 15 -
59 2434 460 1,974 U 419 2,015 10 20.00
60 2346 300 2,046 B 120 2,226 16 0.09
61 2395 340 2,055 B NA - - -
62 2395 700 1,695 B 540 1,855 1 -
63 2415 426 1,989 U 397 2,018 25 50.00
64 2392 415 1,977 B NA - - -
65 2411 613 1,798 U NA - - -
66 2411 428 1,983 U 386 2,025 40 -
67 2414 438 1,976 U 408 2,006 20 0.74
68 2429 485 1,944 U 410 2,019 30 -
69 2431 445 1,986 U 415 2,016 20 0.11
70 2434 458 1,976 U 410 2,024 20 0.44
71 2435 443 1,992 U 400 2,035 10 -
72 2441 493 1,948 U NA - 25 -

Footnotes:
1See Figure 4 for well location
2 Well locations estimated from descriptions in IDWR water well reports.  
  Approximate elevations were estimated relative to elevations presented on 7.5 minute 
  USGS quadrangle maps of the area.
3 U = Glacial/Alluvial material, B = Bedrock.
4 SWL = Static Water Level
5As reported on the water well reports at the time of drilling



Table 2- Upper Twin Lakes Vicinity Analytical Results
Well Well Depth Ca Na K Mg HCO3 SO4 Cl Fe Fe As As pH Turbidity Conducta

Well Name No. 1 (ft) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) Diss. Total Diss. Total (NTU) mmho
Lake Forest Park 3 100 7.1 0 1.3 2.1 27 2.9 2.9 0.01 0.062 0.25 0 6.3 0 78
UTL North 12 58 4.9 0 0.93 1.2 17 2.8 0.85 0.01 0.01 0.25 2.3 5.9 0 50
D1 (Watkins Well) 13 192 33 0 1.5 5.2 99 2.1 1 0.01 0.024 16 16 7.9 0 220
UTL #3 14 262 5.4 0 1.1 1.2 23 2.9 0.86 0.01 0.11 1 2.7 5.8 0.36 57
NKWD Twin Low Well 40 439 5.9 0 0.81 1.1 23 1.3 0.47 0.01 0.01 0.25 0 6.9 0.23 52
D2 (Hiatt Well) 27 200 17 0 1.4 2.3 48 15 0.42 0.01 0.1 0.25 0 6.8 0 140
D3 (Grey Well) NA NA 23 12 0.79 1.5 74 14 0.27 0.01 - 0.25 1.8 7.6 0.1 190
1 See Appendix B for Water Well reports

Table 3- Analytical Results and Water Quality Parameters of 
                UTL #3 Time Series Sampling Event

Elapsed 
Sample # Time Total Iron Total Arsenic pH Eh Temp 

(min) (mg/l) (mg/l) (mv) (Cel.)
1 0.65 0.39 12 -18 30.6
2 2.25 4.1 3.7 6.14 52 26.1
3 5.00 3.2 2.6 6.07 68 23.3
4 10.00 1.7 2 5.99 106 22.9
5 20.00 1 2.4 5.87 144 22.5
6 30.00 0.71 2.5 5.84 185 22.1
7 40.00 0.3 3.1 5.82 197 21.5
8 50.00 0.16 3.4 5.82 212 20.9
9 60.00 0.12 2.9 5.81 216 20.5
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