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ABSTRACT

A 30 square mile area near Conifer, Colorado, underlain by 

igneous and metamorphic rocks, was studied to determine the 

processes controlling the distribution of radon (222Rn) and 

its parent radionuclides in ground water. Ground water 

samples collected from forty-six water supply wells were 

analyzed for major and minor elements, 222Rn, radium-226 

(226Ra), and total uranium (U). Specific-capacity pump tests, 

static water-level (SWL) measurements, well records, and 

field observations were used to characterize the ground-water 

flow regime. A potentiometric surface map was used to 

delineate potential ground-water flowpaths along which the 

chemical evolution of the ground water was examined.

Radon-222 values ranged from 1340 pCi/1 to 166,000 pCi/1, 

with a median value of 6670 pCi/1. Radium—226 concentrations 

were below 4 pCi/1 in 40 of 42 samples. Concentrations of 

dissolved U ranged from 0.14 ppb to 1200 ppb, with a median of 

3.1 ppb. All sampled ground water was sufficiently oxidizing 

that reduced U solids were not supersaturated.

Major dissolved constituents exhibit systematic variations 

along inferred ground-water flowpaths. Radionuclide 

concentrations along the flowpaths are erratic and do not mimic 

the changes occurring in the major ions. Radon-222 does not 
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accumulate in the ground water along the flowpath because its 

decay rate is fast relative to estimated ground-water flow 

rates. Concentrations of dissolved U and 226Ra in the ground 

water do not support the concentrations of dissolved 222Rn. 

This lack of secular equilibrium in the water and the 

undersaturation with respect to U solids indicate that 222Rn is 

derived from U and 226Ra adsorbed to solid surfaces.

Ground water flows under unconfined conditions through 

the fractured crystalline aquifers within the area. 

Calculated transmissivities range from 3 to 9300 gallons day” 
1 foot”l. There is a nonlinear correlation between calculated 

transmissivities and dissolved 222Rn. High 222Rn 

concentrations are not present in wells that had high 

transmissivity. Aquifers of high transmissivity may 

effectively dilute or disperse dissolved 222Rn as a result of 

greater water-volume to rock-surface area ratios or greater 

ground-water flow rates.

Significant fluctuations in the dissolved 222Rn content 

of water samples collected from individual wells over periods 

of several months are probably controlled to a large extent 

by hydrologic processes. Changes in the water table due to 

either seasonal fluctuations and/or pumping stresses can 

result in increased or decreased water contact with U and 
226Ra bearing rocks. Separate fracture systems may contribute 

iv
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different amounts to the total dissolved 222Rn activity of the 

water being pumped from a well. Changes in the levels of the 

water table can influence the relative contribution of 

discrete fracture systems.

Alpha track detectors were placed in 2 9 homes where 222Rn 

was also measured in the water to evaluate the effect of 222Rn 

in the water on 222Rn in indoor air. Radon-222 in the water 

contributed up to 77% of the 222Rn in indoor air based on 

calculations using the single-cell model of Nazaroff and 

others. However, some of the data suggest that this model 

underestimates the contribution of waterborne 222Rn to indoor 

air.

v
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INTRODUCTION

Purpose and Objectives

The presence of radionuclide elements of the uranium-238 
(238U) decay series in domestic water supplies is a major 

health concern (Aieta and others, 1987; Cothern, 1987) . The 

main emphasis of this research is to gain an understanding of 

the natural processes governing the distribution of 238U 

series radionuclides in ground water, primarily uranium (234U 
and 238U) , radium—226 (228Ra) , and with a major emphasis on 

radon-222 (222Rn) (Figure 1). Radionuclide mobility in 

fractured crystalline aquifer systems is investigated using 

hydrogeologic, geochemical and geologic field studies.

Radon in water is not a well-documented health risk 

(Crawford-Brown, 1990) but it does contribute to radon in 

indoor air which has been established as a potential health 

threat. The proportion of airborne radon in houses that is 

derived from the degassing of radon in domestic water supplies 

is examined in this report using the single cell model 

proposed by Nazaroff and others (1988). Furthermore, high 
concentrations of 222Rn in ground water indicate the presence 

of radon’s parent elements, 238U and 226Ra, in the water-rock 

system. When ingested in drinking water, uranium and radium 

are known health risks.
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Figure 1. The radioactive decay series of uranium-238 
showing the half-lives of the radionclides and 
type of decay (alpha or beta). Note the short 
half-lives of the immediate decay products of 
222Rn.
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The area surrounding Conifer, Colorado was selected for 

this study because it is typical of areas with high levels of 
238U series radionuclides. The U.S. Environmental Protection 

Agency (USEPA) has identified this area as having high 

concentrations of dissolved radon in ground water as well as 
homes with high levels of airborne 222Rn.

An understanding of the geochemical and hydrogeological 
mechanisms that control the movement of 222Rn and related 

radionuclides through the ground-water system is necessary in 

order to develop effective methods and protocols for reducing 

or eliminating the contamination. The ground-water flow 

system was assessed from water-level data, specific capacity 

tests, water chemistry, and geologic information. 

Radionuclide distributions were then examined within the 

context of the ground-water flow system.

Properties and Health Risks of Uranium-238 
Series Radionuclides

Uranium
Natural uranium (U) consists of three isotopes, the most 

abundant of which is 238U (99.28%). Uranium-238 and its 

daughter elements occur in all rocks to some extent and in 

greater than average abundances in certain rock types, such 

as granites. Uranium is soluble in water under oxidizing 
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conditions (Langmuir, 1978) and may be adsorbed to varying 

extents onto mineral surfaces such as iron oxides (Hsi, 1981; 

Ames and others, 1983a; Hsi and Langmuir, 1985) and clay 

minerals (Ames and others, 1983b).

The health risks of natural U appear to be related to 

its chemical toxicity as a heavy metal and specifically to 

its nephrotoxicity (kidney damage; USEPA, 1986). Uranium may 

act as a bone seeker when ingested, although the levels of 

natural U that would cause nephrotoxicity would provide low 

doses of alpha radiation to the bone and bone marrow. This 

fact explains the difficulty in demonstrating that natural U 

is radiotoxic.

Radium

Radium (Ra) is an alkaline earth element that forms 

strong complexes with sulfate and carbonate under certain 

conditions. The mobility of Ra in ground-water systems is 

limited because of its strong tendency to be adsorbed onto 

mineral surfaces, such as quartz or clay minerals (Riese, 

1982; Ames and others, 1983c). Radium readily substitutes for 

calcium in the bone structure (NRG, 1988). Ingested Ra has 

long been known to cause bone cancer (USEPA, 1986). These 

health aspects are based on the record of people who painted 

radium clocks and dials and experienced high incidences of 
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cancer. The USEPA (1977) has set a limit of 5 pico- 

Curies/liter (pCi/1) for Ra-226 plus Ra-228 in drinking water 

as the Maximum Contaminant Level (MCL). A curie is that 

amount of any radioactive substance that undergoes 3.7xl010 

disintegrations per second. A pico-Curie (pCi) equals lxlO"12 

Curies. One pCi is approximately equal to 2.2 disintegrations 

per minute. The standard international (SI) unit of measure 

for radioactive substances is Becquerel/m3. One pCi/1 equals 

37 Becquerel/m3- However, in this report, the convention of 

reporting radium and radon measurements in pCi/1 will be 

followed, in keeping with the system of units used by the 

USEPA.

Radon

Radon (Rn) is, under ambient conditions, a colorless, 

odorless, radioactive gas that is produced from the 

radioactive decay of naturally occurring uranium. Radon is a 

noble gas and therefore is not ionized in solution, nor does 

it precipitate in solid phases. Radon will adsorb to some 

extent on organic materials, especially granular activated 

carbon, but is not known to adsorb to significant degrees on 

other materials (Lowry and Brandow, 1985). Radon is highly 

soluble in water (at 10°C radon is 61 times more soluble than 

oxygen on a mass basis). Because of its low partial pressure 
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in ambient air, radon rapidly degases from water supplies 

when exposed to air. Radon-222 is considered the most 

important isotope of radon because it has the longest half

life (3.82 days), as compared to 220Rn (56 seconds) and 219Rn 

(4 seconds).

Health statistics released to the public by the USEPA 

indicate that life-long exposure to increased levels of radon 

in air increases the risk of lung cancer. Radon risk 

estimates are based on studies of miners who have been 

exposed to varying levels of radon in underground work. As a 

result, the risk estimates for radon exposure are considered 

more reliable than those risk estimates of exposure to health 

hazards that rely solely on studies of animals. However, the 

radon exposure data for miners have been extrapolated to the 

range of radon exposure normally experienced by people that 

are not associated with underground mining. This 

extrapolation introduces uncertainties to the risk estimates. 

Risk estimates, summarized by the USEPA (1986) in the 

Citizens Guide to Radonr for lung cancer deaths associated 

with exposure to radon over 70 years, are as follows: 

exposure to 4 pCi/1 of air results in between 1 and 5 deaths 

out of 100, exposure to 20 pCi/1 results in between 6 and 21 

deaths out of 100, exposure to 200 pCi/1 results in between 

44 and 77 deaths out of 100. If the exposure time to 200 
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pCi/1 was reduced to 10 years the number of lung cancer 

deaths expected would be between 14 and 42 out of 100. The 

USEPA recommends that corrective action should be taken when 

indoor concentrations of radon exceed 4 pCi/1 as an annual 
average. Four pCi/1 of 222Rn is approximately equal to 

2.6xl0-14 mg/1. Estimates of lung cancer deaths attributed to 

radon exposure range from 5,000 to 20,000 deaths per year.

There are no health statistics that indicate that 

ingestion of radon-laden water results in increased health 

risks. As a result, the USEPA has not yet provided a primary 
drinking water standard for 222Rn. However, studies in New 

England have established that high dissolved radon levels in 

water can contribute significantly to indoor airborne radon 

upon degassing during normal daily water usage. Hess and 

others (1981) monitored 18 homes in Maine and determined that 

the waterborne radon contribution to the total airborne radon 

ranged from a few percentage points to nearly 100%. An 

additional health risk is present in areas that have high 

ground-water radon levels because the parent elements, 

uranium and radium, are commonly found in undesirably high 

levels in the ground water as well. The health risks 

associated with these two elements, as previously noted, are 

well documented.
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Previous Work

Radon migrates by diffusion and fluid transport, but due 

to its short half-life of 3.82 days, migration distance is 

limited. Radon in ground water is considered a local 

product, proximal to its source. Studies by Tanner (1964) 

indicate that many ground-water systems are not in secular 

equilibrium with respect to the ratio of 222Rn to its parents, 
226Ra and 238U. Therefore, a significant portion of the 

dissolved 222Rn must be derived from 226Ra and 238U within the 

rock matrix or on the rock surface. If the parent 

radionuclides are located within the crystal lattice then a 

microfracture system may be present to allow diffusion of the 
daughter radioisotope, 222Rn, to escape into the ground-water 

or air-filled pore spaces. More likely, 226Ra and 238U are 

adsorbed on mineral surfaces, close to the water-rock 
interface. Thus, when 226Ra decays to produce 222Rn, it is 

readily available to the water (Wanty and Gundersen, 1987) .

Previous studies on radon distribution have concentrated 

on the Appalachian province from Maine to North Carolina 

(Hess and others, 1978; Brutsaert and others, 1981; Hall and 

others, 1987). These studies indicate that the most serious 

problems with radon in air or ground water occur in areas of 

uraniferous crystalline rocks. The previous research has 

been limited to: 1) studies of hydrogeologic conditions at a 
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specific site combined with radon analyses, but with little 

or no geochemical data; 2) studies of radionuclide 

distribution combined with basic water chemistry; and 3) 

measurements of radon in ground water and the mapping of its 

distribution.

To date, no studies have been carried out that combine 

detailed analyses of both ground-water hydrogeology and 

geochemistry. Studies that present hypotheses on the 

hydrogeologic conditions governing radon movement in ground 

water include works by Rumbaugh (1983), and Legrand (1987).

Legrand presents a conceptual hydrogeological model for 

radon emanation from fractured crystalline rocks. He 

suggests that accumulation of airborne radon and radon in 

ground water is largely based on pressure differentials 

between the subsurface air and water. In unconfined ground

water systems where the aquifer is a fractured uraniferous 

crystalline rock overlain by a thin mantle of low- 

permeability soil, pressure increases occur in the 

unsaturated pores and fractures of the system as a result of 

downward movement of infiltrating water and upward movement 

of the water table. In response to this pressure increase, 

radon-laden air in the pore space and fractures moves into 

low pressure areas. As described by Legrand, two of these 

low pressure areas are : 1) the dewatered fracture zone of a 
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cone of depression for a pumping well; and 2) a building 

situated on sloping topography niched into the soil zone and 

possibly into the fractured bedrock. In the case of a 

pumping well, as the aquifer is dewatered within the cone of 

depression, some radon is released from the ground water in 

the form of vapor and some radon that was trapped within 

pores and microfractures moves into the larger air-filled 

pores and fractures. As pumping ceases the water table 

rapidly rises and forces the airborne radon upward to seek a 

low pressure area (such as the basement of a house). 

Intermittent pumping of a well may have the effect of 

flushing the radon-laden air upward at accelerated rates. 

Seasonal fluctuations in the water table may also cause this 

effect but at much slower rates.

Marvin (1989) independently investigated the model 

proposed by Legrand by examining the effects of water-table 

fluctuations on radon concentrations in soil gas. Radon soil 

gas measurements were recorded at four observation holes 

before, during and after two pump tests of an unconfined 

shallow crystalline aquifer. The two pump tests each ran 

slightly over 73 hours at rates of approximately 1100 

gallons/minute (4200 liters/minute). In three of the four 

sampling holes, soil gas concentrations were unaffected by 

small water table fluctuations (<1 meter). At the fourth 
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sampling hole, the water table actually rose 3 meters as a 

result of infiltration of ponded discharge water from the 

pumping well and the radon concentration in the soil gas 

increased from 200 to 1350 pCi/1. The author attributes the 

concentration increase to "the lateral flow of radon-laden 

soil gas that became trapped between ponded discharge at the 

soil surface and the rising water table.” At the conclusion 

of the pumping test the radon concentration at observation 

hole 4 decreased from 900 to 30 pCi/1. The data collected at 

observation hole 4 support Legrand’s model, demonstrating 

that, when surficial conditions inhibit upward migration of 

gas, rapid water level changes caused by pumping can 

facilitate radon transport and cause increased 222Rn 

concentrations in soil gas. Surface flooding from the 

discharge waters simulated the conditions of low permeability 

necessary to confine and increase radon concentrations in the 

soil gas of the unsaturated zone.

Rumbaugh (1983) developed a mathematical model relating 

radon concentration in ground water with the transmissivity 

of a fractured aquifer. The model suggests that radon 

concentration is inversely proportional to fracture width. 

In other words, the radon concentration of the ground water 

is directly proportional to the rock-surface area/water- 

volume ratio. The model was tested using field data 
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collected from two aquifers in the Reading Prong of eastern 

Pennsylvania. One of the aquifers was a uniformly fractured 

crystalline rock, and the other was heterogeneously 

fractured. The model results compared favorably in the case 

with the homogeneously fractured aquifer but did not compare 

well with the heterogeneous aquifer. The rock-surface 

area/water-volume ratio is more difficult to quantify in a 

heterogeneously fractured aquifer. The model presented by 

Rumbaugh does not have a widespread applicability where 

heterogeneous aquifer conditions exist unless a suitable 

method for determining the rock-surface area/water-volume can 

be utilized.

The hydrogeology of the Conifer study area has been 

previously addressed in the works of Hicks (1987) and Cohan- 

Loen (1987). Hicks studied the configuration and seasonal 

fluctuations of the ground-water table, and the geologic 

controls on ground water-occurrence near Conifer, Colorado. 

Cohan-Loen considered the effects that ground-water 

withdrawals from fractured aquifers at Conifer had on the 

local water table.

Location of the Study Area 

The study area is in the vicinity of Conifer, Colorado, 

in the Colorado Front Range, approximately fourteen miles 
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southwest of Denver along U.S. Highway 285 (Figure 2). 

Elevation in the area ranges from 7,500 feet above mean sea 

level (MSL) to 10,000 feet MSL. The Colorado Front Range has 

a semi-arid climate and the annual precipitation at Conifer 

averages approximately 20 inches per year (Hicks, 1987).

Higher elevations in this area are typically barren of 

soil development, exhibiting exposed fractured bedrock 

(Figure 3). Thicker soil zone development occurs in the 

lower elevations, especially along the major drainages of 

North Turkey Creek and Elk Creek (Plate 1).

Residential development has occurred throughout the area 

and most of the residences depend on ground water for their 

domestic water needs. Highly fractured igneous and 

metamorphic rocks underlie the region and function as 

aquifers (Figure 4). These fractured aquifers receive most 

of their recharge from spring snowmelt (Hurr and Richards, 

1974). Snow accumulations tend to be present much longer on 

the north-facing slopes, as expected. This may result in 

increased infiltration into the ground water on the north 

facing slopes.
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Figure 2. Study area location map.
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Figure 3. Example of a residence built on exposed 
fractured bedrock (Silver Plume Quartz 
Monzonite) .
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Figure 4. Example of highly fractured outcrop of the 
Silver Plume Quartz Monzonite.
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METHODS

Available data concerning hydrogeology, ground-water 
chemistry, geology and 222Rn levels in household air for the 

region around Conifer, Colorado were collected, reviewed and 

interpreted in the initial phase of this research. Based on 

the initial data recovery the study area was delineated and 

tasks were designed to determine the processes controlling 
222Rn distribution in ground water.

Hydrogeology
Forty-five drilled water wells ranging in depth from 102 

to greater than 800 feet, all of which had submersible pumps, 

were included in the study (Plate 1). One shallow dug well 

(17 feet) with a surface pump was also part of the study. 

The first group of 29 wells was selected at a spacing of 

approximately one per square mile within the 30 square mile 

study area. A second group of 18 wells was selected based 

upon data collected during the course of the investigation. 

Well records from the Colorado State Engineer’s Office were 

used to obtain data on well depth and diameter, depth of 

producing zones, perforated casing interval(s) and pump test 

data (Appendix A). If the permit number of the well was 
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unknown, the owner was occasionally able to provide some of 

the information.

Pump tests were conducted on 36 wells using the 

following procedure :

1) The water level was measured prior to the start of 

pumping to determine if a static condition existed. If 

the level was not static (as determined by repeated 

measurements over a period of 10 to 15 minutes) then the 

test was postponed until a later time, if feasible. 

Otherwise the recovery rate of the well was recorded and 

the test initiated.

2) A hose with a flowmeter (Carlon 62 JLP water meter), 

was attached at a spigot near the pressure tank that 

serviced the well. The flowmeter gauge reading was 

recorded and then the water was turned on. The flowrate 

was maintained between 1 and 6 gallons per minute (gpm). 

In some instances the flowrate was determined using a 5 

gallon bucket and a stopwatch.

3) Drawdown was recorded in the well using a WL 300 

three hundred foot water-level indicator and a tape 

measure. The pumping rate of these wells was controlled 

by the pressure tank at the surface. Removing water from 

the tank by opening the spigot causes the pressure in the 

tank to fall until a point where the pump turns on and 
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begins to fill the tank again. Once the tank has filled 

and the pressure has increased sufficiently the pump 

turns off. This cycle continues throughout the test and 

directly affects the drawdown in the well. The water 

level in the well drops when the pump is on, but during 

periods when the pump is off the water level rises. To 

account for the fluctuations in the drawdown of the well 

caused by intermittent pumping during the test, 

measurements were made at the beginning and end of each 

pump cycle. From these measurements an average drawdown 

was determined (Figure 5).

4) Flowrate measurements were recorded periodically for 

the duration of the pump test to verify that the rate was 

constant.

5) Length of the test was usually 2 to 3 hours.

6) Specific capacity (flowrate/drawdown) for the well 

was calculated.

Aquifer transmissivities were calculated from the pump 

test data using several techniques. Specific capacity 

results were used to calculate transmissivities via the 

technique of Czarnecki and Craig (1985). The specific 

capacity, duration of the test, radius of the well and the 

aquifer storage coefficient (S) are parameters used in the
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calculation. Each parameter, with the exception of S, was 

measured in the field or calculated from field measurements. 

Calculations were made using three estimates of S (each 

differing by an order of magnitude) to provide a measure of 

the sensitivity of the method. A computer program was 

written to perform the calculations (Wanty, written 

communication, 1988) for the Czarnecki-Craig method (Appendix 

B). The Theis (1935) and Jacobs (1946) methods were also 

applied and the results of all three calculations compared.

Static water levels (SWL’s) were measured in the study 

wells at approximately quarterly intervals and in more than 

one hundred individual wells during a two month period from 

April-May 1989 (Plate 1). The water levels were monitored 

over a period of 10 to 15 minutes to determine if they were 

static. If the level was not static the measurement was 

repeated at a later date. The SWL’s were measured using the 

WL 300 and a Solinst one hundred fifty foot length water

level indicator.

The SWL measurements taken in April-May 1989 were 

incorporated with other data on static water levels from 

Hicks’ (1987) study and from the Mountain Water Sanitation 

District (MWSD) monitoring program to make a potentiometric 

surface map of a portion of the study area (Plate 2). The 

SWL’s collected as part of this study were used as the 
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primary controls for mapping the potentiometric surface. The 

data from Hicks and MWSD were used in areas where there was 

insufficient density of data collected by this author. Hicks 

collected data from April, 1985 to May, 1986 and the MWSD 

program has been monitoring wells since 1983. Data points 

from the MWSD and Hicks studies were used only if they were 

taken around April-May and if the readings were reasonably 

stable (i.e., fluctuated only a few feet over the course of 

several months). Also, some of the data points used in the 

construction of the potentiometric map were common to both 

Hicks’ study and the more recent study conducted by the 

author. These common data points showed that the water-table 

elevations have not noticeably declined over the period 

between the measurement rounds as a result of ground-water 

pumping. Therefore, it was not necessary to make adjustments 

to Hicks’ data. The potentiometric surface map was used to 

determine ground-water basins within the study area and 

potential ground-water flow-paths within those drainage 

basins as will be discussed in later sections.

Geochemistry

Sampling Methods

Water samples were collected from 41 domestic and 5 

public water wells and 1 river site. Well water samples were 
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collected from a spigot as close as possible to the pressure 

tank that controls operation of the pump. This was done to 

minimize contamination and aeration of the sample. Field 

analyses were performed for pH, dissolved oxygen, temperature, 

and specific conductivity. These parameters were monitored 

until they had stabilized, indicating that the flow was 

representative of water in the aquifer. Bicarbonate analysis 

was performed in the field by titration with H2SO4 following 

standard U.S. Geological Survey techniques (Wood, 1981).

Samples collected for radium, cation and anion analyses 

were initially filtered through a 0.45 gm membrane filter into 

acid-washed polyethylene bottles. The samples for radium and 

cations were acidified with HNO3 to a pH of less than 1 and 

placed into 1 liter and 125 ml bottles, respectively. 

Approximately 60 ml of sample was filtered, but not acidified, 

for anion analyses.

The sample for radon analysis was collected last. The 

flowrate was reduced to a trickle to prevent aeration of the 

sample. Ten milliliters of sample were pipetted into a 20 ml 

scintillation vial containing 10 ml of a mineral-oil based 

"cocktail" consisting of PPO (2,5-Diphenyloxazole) and bis-MSB 

(p-bis-lo-Methylstyrylbenzene) as fluors. Samples were taken 

in duplicate and measured by liquid scintillation. Measurements 
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were repeated at several month intervals at five of the sample 

sites and one site was sampled on seven consecutive days.

Analytical Methods

Radon determinations were made using the liquid 

scintillation technique, in which the radioactive energy from 

the sample excites the fluor causing the release of photons 

that are measured by a photomultiplier tube (Mullin and Wanty, 

in press).

A series of standards ranging from 100 to 200,000 pCi/1 
were prepared using 226Ra, (National Bureau of Standards 

traceable), and allowed to ingrow 222Rn until secular 

equilibrium is reached (approximately 21 days). A blank 

(prepared with distilled water), or a standard is counted 
after every 10th field sample and the counting time is 50 

minutes or more.

The following equation is used to express the 222Rn 

concentration of the sample in pCi/1 (USEPA, 1983):

Net cpm of sample x 1000
C222R11 =  (1)

C x decay factor x 10 

where :

C222Rn = Concentration of 222Rn in pCi/1 
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Net cpm of sample = gross cpm - background cpm (cpm = 

counts per minute) 

1000 converts milliliters to liters

C = conversion factor in cpm/pCi = (net cpm of standard)/ 
(222rb activity of standard)

decay factor = e—where X equals 7.54 x 10~3 hr“l and 

t is the lag time between sample collection and 

analysis in hours

10 is the volume of sample in milliliters.

Radium-226 was determined using the radon emanation 

method (Thatcher and others, 1977). Briefly, the procedure is 

to coprecipitate dissolved radium with barium sulfate then 

redissolve the precipitate in alkaline sodium diethylene 

triamine pentacetate solution. The solution is purged of 

radon gas. Radon is allowed to ingrow for 21 days in a sealed 

vessel at which time the radon gas is transferred to an alpha 

scintillation cell. Short-lived daughters are allowed to 

ingrow and the alpha-count rate is measured. The rate of 

radon production is used to calculate the 226Ra concentration 

in the original water sample.

Total uranium is determined using laser phosphorimetry 

with standard addition. A portion of the sample collected for 

cation analyses was used for the uranium analyses. The 
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solution to be analyzed is mixed with a solution of sodium 

hexametaphosphate, and the intensity of luminescence of the 

resulting complex is determined using a UA-3 uranium analyzer 

(Scintrex, Canada). A uranyl ion solution of known volume and 

concentration is added to the mixture and the intensity of the 

complex is remeasured. This method measures only aqueous 

uranium (VI) (uranyl ion) and does not respond to other 

oxidation states of uranium.

Each sample was analyzed for a suite of 28 cations using 

inductively coupled argon plasma atomic emission spectroscopy 

(Lichte and others, 1987). Detectable levels of Ca, Mg, Na, 

K, Si, Mn, Fe, Ba, B, Cr, Li, Ni, Zn, Sr, Al, Mo, Ti, and Cu 

were present. Anions Cl, SO4, F, and NO3 were analyzed using 

ion chromatography (Fishman and Pyen, 1979).

The results of these analyses were used as input for the 

Fortran computer program PHREEQE (Parkhurst and others, 1982) 

to model geochemical reactions between the water and rock.

Indoor Air Radon

An integral part of this investigation was to assess the 
amount of radon (222Rn) in indoor air that is derived from 

domestic water supplies. Twenty nine houses that were 

included in the initial water sampling portion of the study 

were selected as sample sites. The sites were chosen such 
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that the spacing was approximately one site per square mile 

(Plate 1). All the houses use private wells for their 

domestic water supply.

Radon-222 in the air was measured with alpha-track etch 

cup detectors. The detectors were placed in the homes with 

the following distribution: 26-basement (nonliving area), 30- 

living area (living room, dining room, or bedroom), 11- 

bathroom, and 7-duplicates. Forty of the detectors were 

placed in rooms that were at or below ground level, 22 were 

located in rooms that were one story above the ground and 12 

detectors were in rooms two stories above ground. The alpha

track detectors were installed in mid-January of 1989 and 

left in place through late March or early April (periods 

ranging from 66 to 92 days). Analyses of the detectors were 

completed by an independent commercial laboratory. The 

homeowner at each site completed a questionnaire that 

included information on the number of persons in the 

household, square footage and estimated ceiling heights of 

the house, and estimates of water usage, including a 

breakdown of the types of water usage such as showers and 

washing machines. The information provided by the homeowner 

and collected during the study was used to estimate the 
contribution of 222^n in the water to the concentration of
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222Rn in indoor air, utilizing the single cell model of 

Nazaroff and others (1988).

Geology
Geologic field observations were made in the vicinity of 

each well location in order to determine aquifer lithology 

and structural controls. Well permits were reviewed for 

descriptions of well cuttings, but for the most part the 

reports were ambiguous and of little use. Rock samples were 

collected from surface locations at most of the well sites. 

Although there is no proof that these samples are 

representative of the aquifer at depth, they served as a 

first approximation of aquifer lithology. Thirty-three thin 

sections were made from the collected rock samples for 

petrographic studies. Autoradioluxographs were made from the 

thin sections to determine radionuclide placement within the 

rock matrix. An autoradioluxograph is an image produced on a 

photographic film by radiation from a radioactive substance 

in close contact with the film. Bulk rock uranium analyses 

were performed on eleven of the rock samples.

Geologic maps constructed by Hicks (1987) and Bryant 

(1974a, 1974b) were used as aids in field reconnaissance. 

Flowpaths within the sub-basins (previously described) were 

walked out at the surface to determine lithologic changes 

along these transects.



T-3923 29

GEOLOGY

Previous Work 

Regional Geology

An integral part of the hydrogeologic flow system in 

crystalline rocks is the fracture network. Study of the 

regional tectonic system aids characterization of the 

fracture systems within the study area. The geochronology of 

the Central Front Range has been summarized by a number of 

workers including; Badgely (1960), Hutchinson and Hedge 

(1967), Hedge (1969), and Hutchinson (1960, 1976).

The first major tectonic event that is recorded in the 

region occurred between 1.75 and 1.69 billion years (b.y.) 

ago (the Boulder Creek Orogeny), and was characterized by 

plastic deformation that resulted in the structural framework 

and metamorphosed rock observed in the area today 

(Hutchinson, 1976). A major fold system with north to 

northwest-trending axes was produced by this regional 

deformation which influences later structural features.

A second major tectonic event occurred from 1.47 to 1.2 

b.y. ago (Hutchinson, 1976), and was marked by cataclastic 

regional deformation. A system of folds with northeast

trending axes and associated jointing was produced by this 
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deformation. The Silver Plume batholith and related 

pegmatitic, aplitic and granitic intrusions were emplaced 

during this period.

The initial arching of the Front Range highland occurred 

during the late Pennsylvanian and early Mississippian 

periods. A second period of arching took place during the 

Laramide Orogeny of the Cretaceous and early Tertiary periods 

and resulted in a system of northeast- and northwest-trending 

faults and the superposition of several joint systems on the 

Precambrian rocks of the region (Hicks, 1987) . Since the 

Laramide Orogeny, the region has undergone active erosion 

that has resulted in the formation of unloading joints. A 

generalized geologic map of the study area based on Bryant's 

maps (1974) is presented in Figure 6.

Lithology
Hicks (1987) identified 19 lithologic units in the 

vicinity near Conifer, Colorado, which he grouped into 8 

hydrogeologic domains for purposes of analyzing the effect of 

rock type on ground-water movement and occurrence. The first 

four domains are older than 1.75 to 1.69 b.y. They include:

1) biotite-gneiss domain: includes biotite and 

hornblende gneisses and amphibolites.
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2) migmatitic-sillimanite-gneiss domain : includes 

migmatized gneisses and schists.

3) skarn domain: sillimanite schists interlayered with 

actinolite-rich rocks.

4) sillimanite-schist domain: sillimanite schists of 

varying mineralogic compositions.

The remaining four domains are younger than 1.47 b.y. 

and include the Quaternary alluvium:

5) Silver Plume domain : Silver Plume quartz monzonite, a 

poorly foliated quartzo-feldspathic gneiss, and a second 

quartz monzonite.

6) brittle-intrusive domain: igneous intrusives that 

generally occur as localized dikes or sills.

7) mixed rocks with dominant igneous component domain: 

Silver plume quartz monzonite and subordinate metamorphic 

rocks.

8) alluvium domain: gravel, sand and silt bordering 

major streams of the area.

Aquifer yield, based on Hicks’ study, is not highly 

dependent upon lithology unless there is a significant amount 

of colluvium and or alluvium present, which tends to increase 

yield.
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The hydrogeologic domains of Hicks were further 

simplified for purposes of this study, as will be discussed 

in the section on "Aqueous Geochemistry".

Joints and Fractures

Hicks (1987) measured seven hundred and six joint 

attitudes within the southern portion of the Conifer study 

site and observed the following dominate trends : N21W-N55W, 

N62W-N79W, N39E-N77E, and N28E-N35E. Dip angles were between 

62 and 85 degrees. The orientations of the joint sets in 

igneous and metamorphic rocks were compared and found to be 

very similar. However, joint densities exhibited large 

variations when compared to lithology. The metamorphic 

rocks, in general, had lower joint densities than the igneous 

rocks. The biotite gneiss and sillimanite schist rock types 

had the lowest joint density. The Silver Plume had slightly 

higher densities but the pegmatite/aplite and leuco-granite 

groups had the greatest joint densities. A comparison of 

joint density versus joint strike indicated that the density 

was greatest for joints striking N21W-N55W and least for 

joints striking N39E-N77E. In addition, Hicks noted that 

joint densities greatly increased in the vicinity of fault 

zones.
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The presence of several major intersecting joint sets 

implies that the bedrock aquifer probably has a high degree 

of interconnection (assuming that each of the major joint 

sets is relatively permeable). The orientation of the joint 

sets is not determined by lithology, meaning that ground 

water can move freely across lithologic boundaries. The 

overall bedrock aquifer, on a large scale, can be treated as 

a porous medium. Lithology does control joint density to 

some, degree and this may locally affect the transmissive 

properties of the aquifer.

As part of this study, 38 joint attitudes were measured 

at several localities north of the area that Hicks' 

measurements were obtained. The primary joint set had a 

strike of N60E, with dip 80NW. A secondary joint set had a 

strike of due North with dip 60W. A third joint set had a 

strike of N40W with dip 80SW. Two of the joint sets were 

coincident with those measured by Hicks. The joint set 

striking due north did not appear in Hicks data and seems to 

be present only in the northern portion of the study area. 

The joint attitudes measured at one of the localities are 

represented in Figure 7.
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Figure 7. Equal area stereonet plots of joints in the 
vicinity of sample site CO-24. Plots include 
results from 29 joint measurements. The plots 
indicate trends of N60E, due North and N40W as 
the most predominant joint attitudes.
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Aquifer Lithology
One of the most difficult tasks in this research was the 

attempt to determine aquifer lithology at each well where a 

water sample was collected. Outcrops were excellent and 

readily accessible. Field observations revealed that the 

lithology was a complex association of igneous and 

metamorphic rocks that changed rapidly (in a spatial sense). 

Furthermore, most of the wells were several hundred feet 

deep. However, the depth of the well was not a good 

indication of the depth of the aquifer. Because well yields 

in fractured crystalline rock are often very low, many wells 

are drilled much deeper than the first occurrence of water in 

order to provide increased borehole storage and also to 

potentially increase the yield of the well by intercepting 

multiple water bearing zones. This meant that even if 

accurate projections could be made of the lithology at depth, 

based on surface exposures, there was no accurate method to 

determine the depth or depths from which ground water entered 

the well.

In some areas, a single lithology was dominant. This 

was most common with large bodies of the Silver Plume quartz 

monzonite. In addition, the contacts between many of the 

different lithologic units are nearly vertical, making 

projections to depth relatively straightforward. There are 
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uncertainties to assigning lithologic units to aquifers on 

the basis of surface outcrops at the wellhead. But this 

method provides a reasonable first approximation of aquifer 

lithology.

Geologic Controls on Radionuclide 
Distribution

Measurements of 222Rn, 226Ra and U in ground water 

consistently show that 222Rn activities in ground water are 

not supported by dissolved levels of the parent radionuclides. 
The radioactivity of 222Rn in ground water is usually several 

orders of magnitude greater than that of its parents. The 

condition that occurs when the number of decaying atoms of the 

parent radionuclide is equal to the number of decaying atoms 

of the daughter is known as secular equilibrium. The half
life of 222Rn (3.82 days) is much shorter than the half-life 

of 226Ra (1600 years). Therefore, in order for the number of 

decaying atoms of 222Rn to equal the number of decaying atoms 

of 226Ra there must be a much larger number of 226Ra atoms 

present in a system. Although ground water is seldom in 

secular equilibrium with respect to the 238U series 

radionuclides, the water-rock system as a whole probably does 

attain secular equilibrium. The abundance and the siting of 
238U and 226Ra within the rock matrix appear to be the primary 

controls on the concentration of 222Rn in ground water.
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Most of the rocks encountered within the study area 

contain concentrations of uranium that are higher than average 

crustal abundances. Results of the bulk rock analyses for 11 

of the rock samples collected near study wells ranged from 2 

to 250 ppm of U with a median of 5 (Table 1). Radium-226 

values ranged from 0.3 to 80 pCi/gm. Results of the bulk rock 

analyses were compared to the water sample analyses from the 

corresponding study wells. For example, analytical results 

for water sample CO-4 were compared to rock sample CO-4R. 

There is no apparent correlation between 222Rn in the water 

samples and U and 226Ra in the rock samples (Figure 8) . 

However, based on the data from the bulk rock analyses there 

is a positive correlation between U and 226Ra within the rock 

samples.

Rocks collected at the surface near many of the wells 

included in the study were examined in thin section. Zircon, 

monazite and titanite, all potential uranium-bearing 

minerals, are present in abundance in many of the thin 

sections. Autoradioluxographs were used as an aid in 

identifying types of radionuclide siting present in the rock 

samples. Because of the lithologic heterogeneities 

encountered in the surface exposures of these rocks and the 

depths of the study wells, no attempts were made at 
correlating the 222Rn concentration in the water with the



Table 1. Bulk Rock Radionuclide Analytical Results.

Rock
Sample

U 
(ppm)

gross gamma 
(ppm)

eTh 
(ppm)

K 
%

Ra-226 
pCi/gm

Ra-228 
pCi/gm

CO-4R 3 16.5 20 4.5 0.9 2.2
CO-6R 4 27.5 38 5.1 1.8 4.2
CO-7R 3 12.4 11 4.0 1.1 1.2
CO-1OR 6 16.9 20 3.8 1.3 2.2
CO-18R 4 27.5 41 4.7 1.5 4.5
CO-22R 5 34.3 56 4.7 1.7 6.2
CO-24R 5 23.8 31 5.0 1.9 3.4
CO-26R 2 6.6 nd 4.2 nd nd
CO-29R 7 22.9 24 4.3 2.6 2.7
CO-31R 5 21.2 30 4.0 1.8 3.4
CO-31HR 250 260.0 22 3.6 80.0 2.5

Note: Rock samples correspond to water samples of the same number (e.g., rock sample 
CO-4R was collected in the vicinity of the well where water sample CO-4 was collected) .

nd = not detected (below limits of detection)

Limits of detection are shown below; uncertainties (1 standard, deviation) equal limit 
of detection or 10% of the reported value, whichever is larger.

U: ±1.0 ppm gross gamma: ±0.1 ppm eTh: ±3.0 ppm K: ±0.2%
Ra-228: ±0.3 pCi/gm Ra-226: ±0.3 pCi/gm
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predominant type of siting seen in rock samples. Two samples 

were collected near one well (CO-31). Water samples 
collected from that well had 222Rn concentrations in excess of 

138,000 pCi/1. One of the rock samples (CO-31-R) contained 5 

ppm uranium, but the other rock sample (CO-31-HR) contained 

uranium concentrations of 250 ppm.

Processes Affecting Radionuclide Siting

Weathering, structural and metamorphic processes can all 

affect siting of radionuclides in these rocks. The iron 

oxides commonly associated with weathering by-products are 

radium scavengers. The adsorption of radium onto the surface 

of the iron oxides can allow radon easy access to the water 

or air. Faults, especially in shear zones, can result in the 

concentration of uranium through a number of processes. In 

the case of brittle shear, the mechanical crushing of rock 

along the fault zone can effectively increase the surface 

area of the rock. This results in increased emanation 

efficiency of the rock with respect to the release of radon 

into pore space. Emanation efficiency is defined here as the 

fraction of a daughter product that is released into the air 

or water (pore space) following the decay of the parent 

radionuclide. The crushing action along the fault also may 

release uranium bound in uraniferous minerals, such as 
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titanite, monazite, allanite and zircon. The uranium exposed 

to oxidizing ground waters can then be mobilized and become 

reconcentrated at another location. Ductile shear can result 

in the formation of a mylonite which involves changes in the 

porosity, permeability and chemical composition of the parent 

rock (Gundersen, 1989). Uranium can increase in 

concentration through a relative volume loss of other 

elements in the parent rock. Uranium can be released from 

the chemical breakdown of uraniferous minerals. The 

foliation that develops during mylonitization can 

substantially increase the permeability of the rock providing 

preferred pathways for air and water movement. Uranium can 

be preferentially moved into the foliations where it then can 

be further exposed to weathering processes (Gundersen, 1989).

Types of Radionuclide Siting

Three distinct types of radionuclide siting, or modes of 

occurrence, are noted in the autoradioluxographs. One type, 

as seen in rock samples CO-25B-R and CO-51-R (Figure 9), is 

siting of the radionuclides within iron oxides, in this case, 

hematized plagioclase feldspars. This type of siting is most 

conducive to transferring 222Rn into the water or gas phase 

because 288u series radionuclides that are adsorbed onto iron
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Figure 9. Comparison of autoradioluxographs with thin 
sections of rock samples CO-25B-R and C051-R. The 
light spots on the autoradioluxographs represent 
sources of radiation from the rock sample.
Autoradioluxographs were exposed to the rocks for 
two weeks. Radionuclide siting in these rocks is 
predominantly within iron oxides (hematized 
plagioclase feldspars) as shown within circles A 
and A’. Note: photographs and autoradioluxographs 
are not the same scale.
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oxides will eventually decay and may leave daughter products 

close to the solution-solid interface.

A second type of siting is in minerals that are 

associated with decomposition products of biotite, such as 

hematite and chlorite as seen in rock sample CO-37-R (Figure 

10). This type of siting also provides a favorable pathway 
for 222Rn to enter into the pore space.

A third type of siting occurs with radionuclides 

situated in discrete grains such as zircon (CO-22-R), 

titanite (CO-24B-R), allanite or monazite (Figure 11). 

Discrete radionuclide-bearing minerals provide the least 
favorable pathway for 222Rn to release into the air or water.

Dissimilar types of radionuclide siting do not 

necessarily imply differences in concentrations of 

radionuclides within the rock matrix. However, the siting of 
parent radionuclides (of 222Rn) within the rock matrix may 

have a strong effect on the emanating efficiency of that rock 
with respect to the release of 222Rn to the ground water. 

Often there is more than one siting type within a single rock 

sample or thin section.
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Figure 10. Comparison of an autoradioluxograph with a thin 
section of rock sample CO-37-R. The light spots 
on the autoradioluxographs represent sources of 
radiation from the rock sample.
Autoradioluxographs were exposed to the rocks 
for two weeks. Radionuclide siting in this rock 
is associated with decomposition products of 
biotite such as chlorite or hematite as shown in 
circles B and B1. Note: photographs and 
autoradioluxographs are not the same scale.
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Figure 11. Comparison of autoradioluxographs with thin 
sections of rock samples C0-22-R and CO-24B-R. The 
light spots on the autoradioluxographs represent 
sources of radiation from the rock sample. 
Autoradioluxographs were exposed to the rocks for 
two weeks. Radionuclide siting in this rock is 
predominantly associated with discrete mineral 
grains such as zircon or titanite as shown in 
circles C and C’. Note: photographs and ' 
autoradioluxographs are not the same scale.
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AQUEOUS GEOCHEMISTRY

Ground-water samples were collected and analyzed from 

forty-six wells within the study area. One surface water 

sample was taken from North Turkey Creek (Plate 1). The 

designation "Conifer water samples" will be used when 

reference is made to all of the collected and analyzed water 

samples. Distributions and correlations between the various 

constituents and properties of the water samples are examined. 

Frequency distributions also are examined in the context of 

lithology of the ground surface at each well location where a 

sample was collected. Six categories are used to 

differentiate the water samples on the basis of surface 

lithology. The Silver Plume group (Sp), representing waters 

from rocks of predominantly igneous origin, includes 19 

samples collected from wells that were drilled into the Silver 

Plume quartz monzonite. Eight samples from wells that were 

drilled into biotite gneisses, biotite schists, sillimanite 

schists and other metamorphic rock units are designated as the 

Biotite Gneiss (Bg) group. Four samples from wells located in 

areas where the Silver Plume has undergone a high degree of 

sericitization are included in the Sericitized Silver Plume 

group (Ss). Five samples are included in the Silver Plume + 

Colluvium group (Sc). The samples from this group were
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collected from wells located near major drainages where soil 

zones are relatively thick (greater than 5 feet). The Pikes 

Peak group (Pp) contains a single sample collected from a well 

drilled into the Pikes Peak Granite. The sample in the 

colluvium group (Co) was collected from a shallow well that 

did not penetrate into bedrock. Water samples from wells 

where the surface lithology was ambiguous or highly variable 

were not included in any of these categories. The problems 

and limitations of this approach have been previously 

discussed under the section on geology. Nevertheless, 

grouping the water samples by surface lithology serves as a 

first approximation of aquifer rock type.

Field Measurements
Field measurements were made of pH, specific 

conductivity (SpC), dissolved oxygen (DO), bicarbonate (HCO3) 

and temperature at each site where a water sample was 

collected (Table 2). Statistics on the distributions of 

these parameters are presented in Table 3. Bicarbonate 

concentrations were determined from field titrations but are 

discussed in the following section.
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Table 2. Field Measurements - Conifer Water Samples.

Sample
Number

Rock 
Category

PH DO 
(ppm)

Temp. 
(°C)

SpC 
(usiemen)

HCO3 
(ppm)

CO-3 Sp 6.40 9.4 5.5 140 58
CO-4 Sp 6.50 3.2 7.8 140 86
CO-5 Sp 6.40 3.0 7.5 100 76
CO-6 Sp 6.90 0.8 10.0 165 131
CO-7 Und 6.62 12.5 10.2 120 78
CO-8 Sp 6.00 4.9 9.0 85 35
CO-9 Ss 6.47 4.2 6.3 145 62
C0-10 Ss 6.10 7.9 8.1 155 17
CO-11 Sc 6.48 5.7 5.9 650 49
CO-12 Ss 6.30 6.6 8.0 100 27
CO-13 Und 6.62 5.2 6.3 75 38
CO-14 Und 6.71 7.0 8.8 200 102
CO-15 River 7.68 8.6 9.0 750 22
CO-16 Bg 8.42 1.1 7.0 205 137
CO-17 Sc 6.49 6.6 6.2 80 50
CO-18 Sp 7.42 1.3 8.5 120 89
CO-19 Sc 7.45 5.4 8.0 140 101
C0-20 Sp 6.01 8.4 6.5 610 17
CO-22 Und 7.40 9.1 5.3 26 16
CO-23 Bg 6.23 7.1 7.5 41 32
CO-24 Sp 6.72 7.1 7.2 28 21
CO-25 Und 5.91 5.9 11.7 42 20
CO-2 6 Bg 7.40 6.2 7.4 60 53
CO-27 Sp 5.90 7.6 6.2 36 19
CO-29 Sc 6.30 6.7 8.2 41 22
CO-30 Sp 5.80 2.6 7.6 180 17
CO-31 Ss 6.62 4.4 8.5 56 44
CO-32 Bg 7.10 4.2 6.5 56 61
CO-33 Sp 7.91 2.4 8.5 140 104
CO-34 Sp 7.10 8.2 7.2 46 14
CO-35 Und 7.60 7.2 6.8 50 52
CO-36 Bg 6.15 8.1 8.0 52 18
CO-37 Pp 5.80 6.5 8.2 45 16
CO-38 Sc 6.70 3.7 9.0 215 103
CO-39 Sp 7.70 3.7 9.5 175 150

(Continued)
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Table 2. (Continued)

Sample
Number

Rock 
Category

PH DO 
(ppm)

Temp. 
(°C)

SpC 
(usiemens)

HCO3 
(ppm)

CO-40 Bg 7.08 2.9 9.3 135 111
CO-41 Sp 6.71 3.8 8.2 72 79
CO-42 Co 6.28 2.6 12.4 110 82
CO-43 Bg 7.11 8.0 10.5 360 234
CO-44 Sp 6.60 7.5 10.5 182 114
CO-45 Sp 6.63 2.8 8.4 170 149
CO-4 6 Sp 6.96 1.4 7.9 160 119
CO-47 Bg 6.58 6.3 6.4 66 68
CO-48 Sp 7.45 5.7 7.9 180 177
CO-4 9 Und 7.05 3.6 9.4 280 163
CO-50 Sp 6.88 6.0 9.4 180 138
CO-51 Und 8.00 2.0 6.5 110 92

Rock category is an approximation of the aquifer unit based 
upon surface outcrops, using the following designations :
Sp - Silver Plume Quartz Monzonite
Ss - Sericitized Silver Plume Quartz Monzonite
Sc - Silver Plume Quartz Monzonite and Colluvium
Bg - Biotite gneiss and other metamorphic units
Pp - Pikes Peak Granite
Und - Undefined
Co - Colluvium
River - surface water sample from North Turkey Creek



Table 3. Statistical Parameters for Conifer Water Samples.

Parameter
(units)

Median Mean Standard 
Deviation

Standard 
Error

Count Minimum Maximum Range 
(Max-Min)

pH 6.6 6.8 0.6 0.1 47 5.8 8.4 2.6
DO (ppm) 5.7 5.4 2.6 0.4 47 0.8 12.5 11.7
T (C°) 8.0 8.1 1.6 0.2 47 5.3 12.4 7.1
SpC (gsiemen) 120 155 153 22 47 26 750 724
TDS (ppm) 133 146 80 12 47 46 407 361
SiÛ2 (ppm) 18.9 18.9 4.2 0.6 47 13 30 17
Ca (ppm) 14.0 17.3 13.1 1.9 47 0.7 66 65
Mg (ppm) 3.5 5.0 3.8 0.6 47 0.2 16 16
Na (ppm) 6.7 8.9 9.4 1.4 47 2.9 57 54
K (ppm) 0.7 1.0 1.0 0.1 47 0.2 5 4.8
HCO3 (ppm) 62 74 52 7.6 47 14 234 220
SO4 (ppm) 4.8 6.1 4.0 0.6 47 1.7 25 23
Cl (ppm) 4.3 10.3 26.2 3.8 47 0.6 177 176
NO3 (ppm) 4.0 5.7 6.3 1.1 34 0.4 27 27
F (ppm) 0.5 0.8 0.8 0.1 42 0.0 3.2 3.2
U (ppb) 3.1 70 203 30 47 0.1 1220 1220
226Ra (pCi/1) 0.3 0.9 2.0 0.3 42 <0.01 12 12
222Rn (pCi/1) 6600 12200 20400 3000 47 <1000 139000 >138000

-3923
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Major, and Minor Constituents

Major Constituents
Major constituents will be defined in this report as 

those dissolved solids commonly present in concentrations 

exceeding 1.0 mg/L. The convention of representing dissolved 

silica as the oxide SiO2 is followed in this report. The 

major dissolved cations include calcium (Ca), magnesium (Mg), 

sodium (Na), and potassium (K). Major anions include those 
contributing to alkalinity (predominantly HCO3 for these 

waters), chloride (Cl), sulfate (SO4) , nitrate (NO3), and 

flouride (F) (Table 4). Statistics on the distributions of 

the major constituents are presented in Table 3. To 

substantiate the accuracy of the chemical analyses, the 

cation-anion balance was determined for each of the water 

samples (Figure 12). The sum of the cations in 

milliequivalents per liter should equal the sum of the anions 

expressed in the same units. The difference between the two 

sums did not exceed 5 percent in 36 of the 47 samples. In 

four of the samples the difference was greater than 10 

percent. This discrepancy (> 10 percent) indicates an error 

in the analysis, or an incomplete analysis.

Ground waters from silicic igneous rocks in and near



Table 4. Major and Minor Constituents - Conifer Water Samples

Sample 
Number

TDS SiO2 Ca Mg Na K hco3 SO4 Cl no3 F Al Fe

CO-3 134 17 23.0 4.4 8.8 0.6 58 7.4 7.7 5.2 1.9 nd 0.1
CO-4 156 20 14.0 3.1 8.8 0.6 86 7.9 14.1 0.6 0.4 nd 0.1
CO-5 133 24 17.0 3.2 6.7 ’ 0.4 76 4.8 0.6 nd 0.7 nd 0.0
CO-6 198 17 24.0 7.8 8.8 0.4 131 4.0 1.8 nd 3.2 nd 0.1
CO-7 142 16 19.0 4.1 9.1 0.5 78 7.4 4.3 1.5 1.8 0.1 0.1
CO-8 94 20 11.0 2.2 7.2 0.9 35 4.6 7.8 4.8 0.6 nd 0.1
CO-9 130 18 17.0 4.9 7.1 0.9 62 4.2 13.2 2.3 0.8 nd 0.0
C0-10 343 17 46.0 16.0 57.0 3.4 17 6.6 177.0 3.4 0.2 nd 0.0
CO-11 92 21 9.3 1.9 6.3 0.4 49 1.7 0.6 0.4 1.0 nd 0.0
CO-12 96 26 10.0 2.9 8.2 0.7 27 2.2 18.1 0.8 0.0 nd 0.0
CO-13 87 20 9.0 2.7 5.8 0.5 38 3.2 5.4 2.7 0.3 nd 0.1
CO-14 211 21 25.0 8.6 10.0 1.1 102 8.6 11.4 22 0.4 nd 0.0
CO-15 69 14 6.6 1.8 7.0 0.6 22 3.3 12.0 nd 0.5 0.2 0.2
CO-16 216 13 21.0 11.0 16.0 0.7 137 7.0 7.3 0.5 2.9 nd 0.0
CO-17 93 18 8.9 3.5 4.9 0.3 , 50 4.7 1.9 nd 0.3 nd 0.0
CO-18 140 21 14.0 5.2 6.2 0.3 89 1.8 0.8 nd 1.0 nd 0.0
CO-19 159 14 15.0 8.7 7.3 0.8 101 10.4 1.2 nd 0.9 nd 0.1
C0-20 58 14 5.5 1.6 4.9 0.6 17 2.8 3.8 7.3 0.2 nd 0.0
CO-22 46 13 4.5 1.0 2.9 0.5 16 4.4 3.3 nd 0.6 nd 0.0
CO-23 68 14 7.4 1.7 4.0 0.6 32 4.8 0.8 1.5 0.8 nd 0.1
CO-24 56 20 2.9 0.8 3.8 0.3 21 4.3 1.3 1.0 1.0 nd 0.0
CO-25 62 16 5.1 1.4 4.7 0.8 20 4.8 5.8 2.7 nd nd 0.0
CO-26 99 19 11.0 2.9 5.0 0.6 53 3.3 0.8 2.6 0.3 nd 0.0
CO-27 59 16 4.3 1.6 3.9 1.0 19 4-1 5.0 3.9 0.6 nd 0.2
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Notes: All concentrations are expressed in parts per million (ppm) 
nd = not detected
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Table 4 (Continued)

Sample 
Number

TDS SiO2 Ca Mg Na K hco3 SO4 Cl NO3 F Al Fe

CO-29 61 15 6.0 1.2 4.6 1.0 22 3.9 5.0 0.9 0.8 0.1 0.1
CO-30 129 15 18.0 4.1 13.0 2.0 17 5.8 48.6 5.3 nd nd 0.7
CO-31 98 24 10.0 2.6 6.0 0.8 44 3.9 7.2 nd 0.4 nd 0.0
CO-32 109 21 11.0 3.3 5.8 1.0 61 4.5 0.9 nd 0.5 nd 0.4
CO-33 160 16 15.0 8.7 7.1 0.5 104 5.5 1.2 nd 2.1 nd 0.0
CO-34 71 14 6.8 1.8 4.5 1.0 14 7.6 4.4 15.8 0.4 0.3 0.2
CO-35 97 21 10.0 2.7 4.8 0.6 52 3.5 0.8 1.0 0.2 nd 0.0
CO-36 75 15 8.0 1.9 5.2 0.9 18 5.2 11.8 7.8 nd nd 0.1
CO-37 70 16 8.4 0.9 5.3 0.8 16 4.0 11.8 3.0 3.1 0.9 0.0
CO-38 218 21 29.0 8.9 8.9 0.4 103 10.4 8.6 26.9 0.3 nd 0.0
CO-39 229 19 26.0 11.0 7.0 0.8 150 5.6 2.7 5.8 0.6 nd nd
CO-40 187 21 0.7 0.2 45.0 0.2 111 5.5 2.5 nd 0.5 nd nd
CO-41 143 28 15.0 4.6 6.4 0.7 79 3.4 1.0 4.4 0.3 nd 0.0
CO-42 143 19 21.0 2.8 6.6 1.0 82 5.3 2.4 nd 1.8 nd 1.2
CO-43 407 15 66.0 15.0 12.0 5.0 234 24.5 15.3 19.4 0.3 nd 0.1
CO-44 229 24 33.0 8.4 8.9 1.8 114 14.7 15.0 8.7 0.3 nd 0.0
CO-45 246 30 33.0 9.2 5.8 3.0 149 7.7 2.6 6.0 0.2 nd 0.0
CO-46 199 21 27.0 6.2 8.3 1.6 119 6.5 2.4 6.8 0.3 nd 0.0
CO-47 122 24 12.0 4.6 5.3 0.7 68 3.7 1.0 3.1 nd nd 0.0
CO-48 269 26 36.0 11.0 6.1 0.9 177 5.2 2.3 4.1 0.2 nd 0.0
CO-49 295 19 48.0 7.7 10.0 3.8 163 14.1 22 8.3 nd nd 0.0
CO-50 233 24 29.0 9.4 9.3 1.6 138 9.5 8.2 4.5 0.3 nd 0.0
CO-51 151 14 18.0 6.2 7.5 0.3 92 10.2 1.1 nd 2.0 nd nd

-3923

Notes: All concentrations expressed in parts per million (ppm) 
nd = not detected
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Figure 12. Cation versus anion plot for Conifer water 
sample analyses. Line indicates 1:1 ratio. 
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recharge zones typically are relatively low in dissolved 

solids content (White and others, 1963). Total dissolved 

solids (TDS) for these waters range from 46 to 407 ppm.

Silica concentrations for the Conifer water samples 

range from 12.6 to 30.0 ppm. Most dissolved silica in 

natural waters originates from the chemical breakdown of 

silicate minerals as a result of weathering processes.

Calcium is the most abundant dissolved cation found in 

the ground-water samples. Magnesium and Na are present at 

lower concentrations. These three elements comprise the 

majority of the cations in the Conifer water samples.

In igneous terranes, Ca and Na in ground waters are 

commonly derived from the decomposition of plagioclase 

feldspars and other silicates present in igneous and 

metamorphic rocks. Potential sources of the Mg in the 

ground-water samples are the decomposition of olivine, 

pyroxenes, amphiboles or biotites, or from alteration 

minerals such as chlorite (Hem, 1985). Potassium feldspars, 

although common in the Silver Plume and Pikes Peak Formations 

(Bryant, 1977; Hicks, 1987; and Gundersen, personal 

communication, 1989) are more resistant to chemical breakdown 

(Hem, 1985) and this may account for the low concentrations 

(median of 0.7 ppm) of dissolved K observed in the these 

waters.
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Bicarbonate is the most abundant anion for the analyzed 

waters and ranges from 14 to 234 ppm. Chloride, SO4 and NO3 

are present in most of the samples at concentrations 

exceeding 1 ppm. Flouride concentrations are generally low, 

with only four samples greater than 2.0 ppm.

A primary source for dissolved HCOg** in the ground water 

is from the CO2 fraction of atmospheric gases present in the 

unsaturated zone. The concentration of H2CO3 is maintained by 

equilibrium with the partial pressure of CO2. Hydrolysis of 

CO2 produced by biologic activity in the soil is considered 

to be a principal source of H+ ions. Incongruent dissolution 

of feldspars consumes H+ ions. However, when dissolution 

reactions occur beneath the water table, where CO2 is not 

replenished, the consumption of H+ results in a decrease in 
the concentration of H2CO3 and an increase in HCO3-. If the 

reactions continue long enough, HCO3- can increase to 

relatively high concentrations in the ground water (Freeze 

and Cherry, 1979). Sources for sulfates include 

decomposition of sulfide minerals. Nitrates present in the 

ground water are often the result of leakage from septic 

systems, decomposition of fertilizers, or contamination from 

livestock. Leaking septic systems are the most likely source 

of nitrates found in the Conifer water samples. Chloride in 

the ground water may be the result of road salting, or
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impurities released from igneous and metamorphic rocks 

through dissolution reactions.

Minor Constituents

Dissolved iron (Fe) is present at detectable levels 

(greater than 0.01 ppm) in all but three water samples. 

Aluminum (Al) is found at detectable levels (greater than 0.1 

ppm) in only a few samples and phosphate (PO4) was not 

detected in any of the samples.

The concentrations of major and minor constituents in 

the Conifer water samples generally fall below USEPA Primary 

Drinking Water Standard limits.

PHREEQE Results

The saturation indices of ground water with respect to 

various minerals were determined using the geochemical 

computer code PHREEQE (Parkhurst and others, 1980) . A 

summary of the output from the model for selected minerals is 

presented in Appendix C. The results of the model confirmed 

that the Conifer water samples are undersaturated with 

respect to the major rock forming minerals except for quartz. 

Aluminum concentrations below detection limits of 0.1 ppm 

were input as 0 ppm and this undoubtedly affected the model's 

calculations of saturation indices with respect to feldspars.
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Piper Plots

Trilinear diagrams (Piper plots) were constructed to aid 

in the interpretation of the water analyses. With respect to 

the cation facies (in terms of major ion percentage) the 

majority of the waters plot within the Ca field of the 

diagram (Figure 13). Most of the waters plot within the ZCO3 

field, with respect to the anion facies. The dominant water 

type for the Conifer water samples is Ca-HCOg. Despite the 

fact that the water samples are derived from a number of 

different lithologic units, large deviations from the 

dominant water-type are represented in only a few samples. 

Additional Piper plots were constructed for water samples 

from the Silver Plume group (Figure 14) and the Biotite 

Gneiss group (Figure 15). Samples from the Sericitized 

Silver Plume and the Silver Plume f Colluvium rock categories 

are plotted on a single diagram (Figure 16). Samples from 

the Silver Plume group have about the same degree of 

variability as seen in the Conifer water samples. The waters 

are of the Ca-HCOg type. The Biotite Gneiss group exhibits 

even less variability than the Silver Plume group, which is 

difficult to explain considering that the waters in this 

group were collected from several different lithologic units, 

whereas waters from the Silver Plume group were extracted 

from a single lithologic unit. However, waters from the
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Silver Plume group, or from any of these groups, may have 

traversed along a flowpath that intercepts several lithologic 

units. The movement of ground water across lithologic 

boundaries may either homogenize or diversify the water 

chemistry. In the case of the Conifer water samples it 

appears that the water chemistry has been largely 

homogenized.

Lithologic Variabilities
Mean and median values of characteristic ground-water 

properties for the Silver Plume group, the Biotite Gneiss 

group and the Conifer water samples are compared in Table 5. 

Differences between groups in the field-measured parameters 

(pH, DO, etc.) and mean concentrations of major constituents 

are generally negligible. An exception occurs in the mean 

concentration of Na. One sample in the Biotite Gneiss group 

that has a Na concentration almost an order of magnitude 

higher than the average for all the wells has skewed the 

average for the Biotite Gneiss group. The mean cation and 

anion ratios are similar for all three groups. The water 

chemistry of the Conifer water samples, in terms of the major 

constituents, is not particularly sensitive to changes in the 

chemical composition of the aquifer. This is probably 

attributable to a number of factors. The bulk composition of
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Table 5. Comparison of Chemical Properties on the Basis of 
Aquifer Lithology

Parameter

Conifer Area 
Samples

Biotite Gneiss 
Samples

Silver Plume 
Samples

Median Mean Median Mean Median Mean

PH 6.6 6.8 7.1 7.1 6.7 6.7
DO (ppm) 5.7 5.4 6.3 5.5 3.8 4.7
T (°C) 8.0 8.1 7.5 7.8 7.9 8.1
SpC (jlsiemen) 120 155 63 122 140 153

TDS (ppm) 133 146 114 160 142 155
Si02 (ppm) 18.9 18.9 17.0 17.8 20.4 20.2
Ca (ppm) 14.0 17.4 11.0 17.1 17.0 18.7
Mg (ppm) 3.5 5.0 3.1 5.1 4.6 5.5
Na (ppm) 6.7 8.9 5.6 12.3 7.0 7.1
K (ppm) 0.7 1.0 0.7 1.2 0.8 1.0

HCO3 (ppm) 62 74 65 89 86 84
SO4 (ppm) 4.8 6.1 5.0 7.3 5.5 6.0
Cl (ppm) 4.3 10.3 1.8 5.1 2.7 6.9

Ca/Na — 2.2 — 2.1 — 2.6
Mg/Ca — 0.29 — 0.31 — 0.30
K/Na — 0.14 — 0.15 — 0.15
HCO3/CI — 33.3 — 40.3 — 41.4
SO4/CI — 2.2 — 3.0 — 2.2

U (ppb) 3.1 70 3.5 12.0 3.4 73
226Ra (pCi/1) 0.3 0.9 0.1 0.6 0.4 0.6
222Rn (pCi/1) 6600 12200 7760 10400 6800 8000

Notes : Conifer area samples include all water samples 
collected in this study.

Biotite gneiss water samples include CO-16, CO-23, 
CO-26, CO-32, CO-36, CO-40, CO-43 and CO-47.

Silver Plume water samples include CO-3, CO-4, CO-5, 
CO-6, CO-8, CO-18, CO-20, CO-24, CO-27, CO-30, 
CO-33, CO-34, CO-39, CO-41, CO-44, CO-45, CO-46, 
CO-48 and CO-50.
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most of the rocks encountered in the study area is similar, 

with an abundance of quartz, plagioclase feldspars, potassium 

feldspars and micas. Dissolution processes in natural waters 

are generally slow (long term) and these ground waters tend 

to be dilute and undersaturated with respect to the major 

constituents. The collected samples represent waters that 

have probably moved through, and reacted with, multiple 

lithologic units.

Ground water in the Conifer area cannot be easily 

distinguished strictly on the basis of geologic formation. 

Water chemistry is controlled to a greater degree by 

residence time of the water in the aquifer than by the 

chemical composition of the aquifer. Further discussion is 

presented in the section entitled "Hydrogeology"

Trace Elements
Trace element analyses are shown in Table 6. Detectable 

levels in the parts per billion (ppb) range were found in 

most samples for barium (Ba), copper (Cu), lithium (Li), 

manganese (Mn), strontium (Sr), titanium (Ti), and zinc (Zn). 

Boron (B), chromium (Cr), molybdenum (Mo) and nickel (Ni) 

were found at detectable levels in only a few samples.

Analyses indicated that beryllium (Be), bismuth (Bi), cadmium 

(Cd), cobalt (Co), gallium (Ga), lead (Pb), silver (Ag), tin
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Table 6. Trace Element Concentrations - Conifer Water Samples

Sample 
Number B Ba Cu Li Mn Mo Sr Ti Zn

CO-3 11 54 30 5 2 <10 130 6 56
CO-4 <10 16 <10 <4 8 <10 68 2 9
CO-5 <10 16 24 8 2 <10 54 7 2300
CO-6 <10 42 58 8 20 14 94 6 49
CO-7 11 59 <10 4 1 16 130 8 14
CO-8 13 19 120 4 10 <10 55 6 75
CO-9 <10 12 12 5 <1 17 67 4 73

C0-10 <10 70 74 8 3 <10 400 3 12
CO-11 <10 8 24 6 <1 <10 30 5 2
CO-12 <10 3 44 <4 4 <10 57 3 210
CO-13 <10 100 <10 <4 4 <10 56 4 24
CO-14 20 29 28 9 3 <10 110 4 30
CO-15 <10 14 <10 <4 12 <10 37 7 4
CO-16 <10 99 <10 8 10 85 480 4 <2
CO-17 <10 38 15 <4 4 <10 68 4 86
CO-18 <10 3 <10 8 4 <10 39 4 3400
CO-19 <10 32 20 . 4 8 <10 140 5 1400
C0-20 <10 6 61 <4 3 <10 33 4 34
CO-22 <10 8.6 82 2.7 2.3 <10 16 2 13
CO-23 <10 , 3.2 170 3.5 <1 <10 25 5 11
CO-24 <10 <2 58 4.4 4.5 <10 12 2 2400
CO-25 <10 8.3 330 <4 16 <10 31 2 150
CO-26 <10 8 <10 4 <1 <10 35 3 21
CO-27 <10 2.5 180 5 7.4 <10 28 3 160
CO-29 27 7.9 87 <4 3.2 <10 24 2 40
CO-30 <10 36 78 <4 48 <10 110 3 33
CO-31 <10 2.7 68 4.8 <1 <10 39 3 13
CO-32 <10 8 14 4.6 1 10 51 2 7.1
CO-33 <10 <2 77 6.2 <1 23 100 13 6.6
CO-34 <10 4.9 95 <4 4.8 <10 39 8 40
CO-35 <10 6.2 <10 5.7 <1 <10 34 4 4.6
CO-36 <10 25 140 <4 1.6 <10 48 3 13
CO-37 <10 <2 150 4.7 3 <10 20 3 11

Notes: All concentrations expressed in parts per billion (ppb). 
Less than sign (<) indicates levels lower than 
detection limits.

(Continued)
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Table 6. (Continued)

Sample
Number B Ba Cu Li Mn Mo Sr Ti Zn

CO-38 <10 29 130 6.1 30 <10 98 <1 64
CO-39 <10 3.5 13 4.6 <1 <10 110 2 400
CO-40 <10 <2 36 <4 <1 <10 <1 4 9
CO-41 <10 <2 51 9.3 1 <10 49 4 230
CO-42 <10 27 16 4.3 1200 <10 96 3 88
CO-43 48 39 24 <4 8.2 <10 220 <1 80
CO-44 11 24 29 <4 1.9 <10 190 2 17
CO-45 <10 140 25 5.3 <1 <10 140 <1 6.2
CO-4 6 <10 100 <10 5.5 2.6 <10 120 2 95
CO-47 <10 7.3 35 6.1 <1 <10 85 4 8.7
CO-48 <10 14 21 <4 <1 <10 130 2 230
CO-49 <10 100 73 11 130 14 300 2 9.1
CO-50 <10 59 50 5.3 1.4 <10 130 <1 18
CO-51 <10 43 14 <4 <1 20 130 2 430

Notes : All concentrations expressed in parts per billion (ppb) . 
Less than sign (<) indicates levels lower than 
detection limits.
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(Sn), vanadium (V), and zirconium (Zr) were not present at 

detectable levels in any of the water samples. No 

discernible trends were recognized for distributions of the 

trace elements based on either lithologic or spatial 

relationships.

The concentrations of the trace elements in the Conifer 

water samples generally fall below USEPA Primary Drinking 

Water Standard limits.

Radionuclides

Distribution in Ground Water

The distribution of U, 226Ra and 222Rn in the Conifer 

water samples was highly variable, with activities of these 

elements ranging over three to five orders of magnitude 
(Table 7).

Uranium distribution is from 0.14 to 1220 ppb with a 

mean of 70 and a median of 3.1. Eight of the 47 water 

samples have U concentrations greater than 100 ppb (Figure 

17). A Maximum Contaminant Level (MCL) for U in water has 

not been established by the USEPA to date. Results of the 

geochemical modelling (PHREEQE) indicate that both oxidized 

and reduced U minerals are undersaturated in these water 

samples.
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Table 7/. Dissolved Radionuclide Concentrations - Conifer 
Water Samples

Sample
Number

Rock 
Category

u 
(ppb)

226Ra 
(pCi/1)

222Rn 
(pCi/1)

CO-3 Sp 220 2.7 1500
CO-4 Sp 160 1.0 9300
CO-5 Sp 110 1.02 10600
CO-6 Sp 620 1.0 1000
CO-7 Und 340 4.2 18400
CO-8 Sp 150 0.62 9000
CO-9 Ss 22 0.21 5500
C0-10 Ss 1.7 12.2 10600
CO-11 Sc 6.7 0.45 30900
CO-12 Ss 2.2 0.06 27200
CO-13 Und 2.2 0.45 5800
CO-14 Und 1.8 0.67 6600
CO-15 River 0.2 nd <1000
CO-16 Bg 5.8 0.71 25700
CO-17 Sc 0.3 2.9 3400
CO-18 Sp 1.1 nd 12300
CO-19 Sc 8.3 nd 5600
C0-20 Sp 1.7 nm 6400
CO-22 Und 0.73 nm 3900
CO-23 Bg 0.93 nd 11900
CO-24 Sp 0.33 0.12 15900
CO-25 Und 0.33 nm 6500
CO-26 Bg 28 0.04 4100
CO-27 Sp 0.54 0.06 24000
CO-29 Sc 0.57 nm 6200
CO-30 Sp 0.14 0.42 6800
CO-31 Ss 110 0.03 139000
CO-32 Bg 26 3.3 15700
CO-33 Sp 71 1.8 7600
CO-34 Sp 0.87 nm 8400
CO-35 Und 3.1 0.25 5100
CO-36 Bg 0.45 0.17 5900
CO-37 pp 1.3 0.09 14800
CO-38 Sc 48 0.27 12500

(Continued)
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Table 7. (Continued)

Sample
Number

Rock 
Category

U 
(ppb)

22 6Ra 
(pCi/1)

222Rn 
(pCi/1)

CO-39 Sp 22 0.53 4100
CO-4 0 Bg 0.67 0.09 7900
CO-41 Sp 3.1 nd 22100
CO-42 Co 0.51 0.74 1300
CO-43 Bg 32 nd 4100
CO-44 Sp 1.6 0.28 1500
CO-45 Sp 3.1 0.12 3800
CO-46 Sp 15 nd 4400
CO-47 Bg 1.1 0.18 7600
CO-48 Sp 4.2 0.23 2100
CO-49 Und 25 0.32 5100
CO-50 Sp 3.4 nd 1600
CO-51 Und 1220 1.8 28400

Notes: nm = not measured
nd = not detected (below limits of detection)

Rock category is an approximation of the aquifer unit based 
upon surface outcrops, using the following designations:
Sp - Silver Plume quartz monzonite
Ss - Sericitized Silver Plume quartz monzonite
Sc - Silver Plume quartz monzonite and Colluvium
Bg - Biotite gneiss and other metamorphic units
Pp - Pikes Peak granite
Und - Undefined
Co - Colluvium
River - surface water sample from North Turkey Creek
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Figure 17. Histogram of Uranium concentrations in ground 
water. Conifer, Colorado
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Radium-226 distribution for the Conifer water samples 

ranges from less than 0.03 pCi/L (below detection) to 12.2 

pCi/1 (Appendix D). The median value of 226Ra concentration 

is 0.27 pCi/1. The MCL set by the USEPA for total radium 
(226Ra plus 228Ra) in drinking water is 5 pCi/1 and that 

number is exceeded in 2 of the samples for 226Ra alone (Figure 

18). Radium-228 activities were not determined.

<Radon-222 (222Rn) in ground-water samples ranged from 

1000 to 139,000 pCi/1, with mean 12200 and median 6600 pCi/1. 

The surface water sample collected from North Turkey Creek 

measured less than 1000 pCi/1. The USEPA has not established 
a MCL for 222Rn to date, but the limit is expected to be in 

the range of 500 pCi/1 to several thousand pCi/L. Thirty- 

three of the 47 samples analyzed have greater than 5000 pCi/1 
of 222Rn and will most likely be in excess of the standard 

eventually established by the USEPA (Figure 19).

Mean and median radionuclide activities for each of the 

lithologic groups previously discussed are presented in bar 

graphs. The Silver Plume group has the highest mean 

concentration for both U and 226Ra (Figure 20 and 21, 

respectively) but one of the lowest for 222Rn (Figure 22) . 

Note that the distribution for 222Rn is skewed because one 

sample in the sericitized Silver Plume group has a value of 

139,000 pCi/1.
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Figure 20. Mean, median and range of U concentration in 
ground water from different lithologic units. 
Categories are defined as follows:

Sp-Silver Plume Quartz Monzonite 
Ss-Sericitized Silver Plume 
Sc-Silver Plume + Colluvium 
Bg-Biotite and sillimanite gneisses and 

schists
*Pp-Pikes Peak Granite
*Co-Colluvium

*0nly one sample collected in these categories
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Figure 21. Mean, median and range of 226Ra activities in 
ground water from different lithologic units. 
Categories are defined as follows: 

Sp-Silver Plume Quartz Monzonite 
Ss-Sericitized Silver Plume 
Sc-Silver Plume + Colluvium 
Bg—Biotite and sillimanite gneisses and 

schists
*Pp-Pikes Peak Granite
*Co-Colluvium

*0nly one sample collected in these categories
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Figure 22. Mean, median and range of 222Rn activities in 
ground water from different lithologic units. 
Categories are defined as follows:

Sp-Silver Plume Quartz Monzonite 
Ss-Sericitized Silver Plume 
Sc-Silver Plume and Colluvium 
Bg-Biotite and sillimanite gneisses and 

schists
*Pp-Pikes Peak Granite
*Co-Colluvium

*0nly one sample collected in these categories
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Correlations of Radionuclides with 
Hanradionudidea.

Radionuclides are correlated with the nonradionuclides, 

for the water samples, in a correlation matrix table (Table 

8). The only significant correlation (at the 95% confidence 

interval) between U and a nonradionuclide constituent is with 

F which may indicate the presence of uranyl-flouride complexes 

in these waters. The correlation matrix table reveals 

significant correlations between 226Ra and Cl, 226Ra and Na, 

and 226Ra and Mg at the 95% confidence interval.

Radon-222 shows no significant correlation (at even the 

90% confidence interval) to any of the nonradionuclides, or to 

any of the field-measured parameters. Radon-222 is an inert 

gas and as such does not readily react with other elements in 

solution. Apart from radioactive decay, the factory 
controlling 222Rn distribution are primarily physical 

processes, such as diffusion and dispersion.

Correlations Between Radionuclides

Uranium is not correlated to 226Ra (Figure 23) or 222Rn 

(Figure 24) at the 90% confidence level. The fact that there 

is no significant correlation between U and either 226Ra or 
222Rn in the water samples is not unexpected because the 

chemical properties of these elements are different. The



Table 8. Matrix Correlation Table for Physical and Chemical Parameters - Conifer 
Water Samples.

pH DO T SpC 222Rn 22 6Ra U Ca Mg Na K

DO -0.278
T -0.066 -0.139
SpC 0.122 0.088 0.049
222Rn -0.035 -0.086 -0.075 -0.096
226Ra -0.136 0.248 -0.061 -0.062 -0.040
u 0.234 -0.207 -0.025 -0.058 0.127 0.136
Ca 0.150 -0.106 O...38Q 0.203 -0.171 0.262 0.058
Mg 0.360 -0.197 0.270 0.153 -0.143 03£0 0.070 0.867
Na -0.023 -0.057 0.147 0.061 -0.035 0^656 -0.032 0.292 0.371
K -0.097 0.051 0^.309. 0.170 -0.122 0.223 -0.177 0.809 0.595 0.309
hco3 0.494 rO.392 0.394 0.163 -0.156 -0.199 0.128 0...751 0-..724 0.082 0.445
S04 0.175 0.067 IL 3,7 2 0.125 -0.154 0.008 0.129 0.765 0.605 0.139 0.1.707
Cl -0.252 0.136 0.046 0.048 -0.019 0.811 -0.088 Q.i.388 0.431 0.756 0.481
F 0.226 -0.221 0.048 -0.051 0.032 0.063 0.367 --0.066 0.036 -0.043 -0.296
SiO2 -0.102 -0.256 0.108 -0.110 0.165 -0.202 -0.204 0.163 0.105 -0.023 0.044
TDS 0.272 -0.242 0.405 0.182 -0.159 0.283 0.050 0.937 0.908 0.489 0.713
Ba 0.105 -0.202 0.058 0.085 -0.156 0.208 0.112 0.527 0.464 0.196 0.1487
Fe -0.197 -0.146 0.269 -0.023 -0.091 -0.008 -0.092 -■0.025 -0.160 -0.055 0.059
Sr 0.288 -0.152 0.159 0.140 -0.065 0.460 0.057 0.705 0.776 0381 0.565
Ti 0.147 0.091 -0.076 0.106 -0.032 0.134 0.088 --0.285 -0.157 -0.034 -0.356
Zn 0.130 -0.214 -0.030 -0.131 -0.002 -0.109 0.003 --0.107 -0.045 -0.112 -0.205

Notes : Underlined figures represent correlations that are significant at the 95%
confidence limit for a population of 40 to 50 samples.
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Table 8. (Continued)

HC03 SO4 Cl F SiO2 TDS Ba Fe Sr Ti

so4 0.649
Cl -0.168 0.108
F 0.088 -0.076 -0.160
SiO2 0.293 -0.106 -0.115 -0.375
TDS 0.829 0.397 -0.047 0.226
Ba 0.404 0.353 0.219 0.054 0.083 0.499
Fe -0.130 -0.048 0.034 0.088 -0.140 -0.102 -0.035
Sr 0.485 Ou^U 0.526 0.170 -0.113 .0.731 -0.045
Ti -0.197 -0.259 -0.104 0.376 -0.266 -0.260 -0.187 -0.012 -0.115
Zn 0.008 -0.125 -0.121 0.061 0.115 -0.083 -0.182 -0.082 -0.144 0.052

-3923

Notes : Underlined figures represent correlations that are significant at the 95% 
confidence limit for a population of 40 to 50 samples.

00



T-3923 82

100

22
6R

a 
(p
Ci
/1
)

Secular equilibrium

10

10 100 1000
01 

.01

U (pCi/1)

Figure 23. U versus 226Ra for Conifer water samples. 
Concentrations for U have been converted from ppb 
to pCi/1 using the assumption that there is 
secular equilibrium between 238u and 234U in the 
sample. If the activities of 226Ra and U were 
equal in a water sample, that sample would plot 
on the line marked secular equilibrium
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Figure 24. U versus 222Rn for Conifer water samples. 
Concentrations for U have been converted from 
ppb to pCi/1 using the assumption that there is 
secular equilibrium between 238U and 234U in the 
sample. If the activities of 222Rn and U were 
equal in a water sample, that sample would plot 
on the line marked secular equilibrium.
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226Ra to 222Rn correlation was also insignificant at the 90% 

confidence level (Figure 25). The lack of secular 
equilibrium between 222Rn and both U and 226Ra in the aqueous 

phase is clearly illustrated in the figures. The activity of 
222Rn is several orders of magnitude greater than the activity 

of either U or 226Ra in all of the water samples. The 238U 

and 228Ra abundances in the water are not sufficient to 

support the dissolved 222Rn concentrations present in the 

Conifer water samples. Because secular equilibrium probably 

exists at some scale within the total water-rock system, and 
because 222Rn has a limited range of migration due to its 

short half-life, most of the 238U and 226Ra necessary to 

support the waterborne 222Rn must be present locally in the 

rock.

Duplicates
Radon samples were always taken in duplicate to assure 

that the measurements were repeatable (Figure 26). The 
precision of the 222Rn measurements was very good. The average 

difference in 222Rn concentration within duplicate sets was 

less than 3 percent. Results of all of the 222Rn measurements 

are listed in Appendix E. Short- and long-term fluctuations in 
dissolved 222Rn activity (such as diurnal or seasonal 

variations) will be discussed in the following section.
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Figure 25. Radium—226 versus Radon—222 for Conifer water 
samples. The line marked secular equilibrium is 
where a water sample would plot if the activities 
of 222Rn and 226Ra were equal.
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Figure 26. Repeatability of 222Rn measurements for Conifer 
water samples. Samples were collected in 
duplicate. This graph does not show samples with 
222Rn measurements greater than 40,000 pCi/1, 
however those samples were included in the 
equation used to fit the regression curve.
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HYDROGEOLOGY

The emphasis in this report is on the relationships 

between the hydrologic system and radionuclide distribution 

in the ground water. A thorough discussion of the local 

hydrogeology in and around the study area is found in Hicks 

(1987) and in Water, Waste and Land, Inc. (1985). 

Topographic sheets (U.S.G.S) at a scale of 1:48,000 and 

1:24,000 were used to reconnoiter the overall drainage 

patterns of the study area. The area of interest can be 

divided into two primary surface drainage systems (Figure 

27). Surface water north of the dividing line marked on the 

map flows into the Turkey Creek Basin and surface water south 

of the line flows into the South Platte River Basin, 

discounting waters that are diverted for consumption or lost 

through evapotranspiration and infiltration. The ground

water potentials generally mimic the surface topography.

Potentiometric Surface

The potentiometric surface map for the period April-May, 

1989 is presented in Plate 2. Note that the map covers only 

the central two thirds of the original proposed study site. 

The density of collected SWL data was considered insufficient
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27. Topographic Map With Major Surface Water Drainage Basins

Superimposed, Conifer, Colorado
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to extend the map to the limits of the study area. Data used 

for construction of the map are presented in Appendix F.

The water level surface closely mimics the surface 

topography which supports two observations. First, the 

ground-water system is probably unconfined, and second, there 

is a high degree of hydraulic continuity, or interconnection, 

within the aquifer, at least when considered on a large 

scale. These observations agree with the findings of Hicks 

(1987) which led him to conclude that on a large scale the 

aquifer can generally be treated as a porous medium. 

A potentiometric high is located in the west central portion 

of the mapped area. This area is predominantly a recharge 

zone and coincides with the topographic high which will be 

referred to as Conifer Mountain for purposes of this study. 

Depths to water in this area are typically hundreds of feet. 

To the north of this high exists a potentiometric low that 

conforms to the North Turkey Creek drainage, which is a major 

discharge zone. Water levels within this area are often near 

the ground surface, which is marked by numerous springs, 

meadows and bogs as well as a perennial stream (North Turkey 

Creek). Along the west-northwest trending feature that 

flanks the north side of North Turkey Creek is another 

potentiometric high which corresponds to a topographic high 

that will be referred to here as North Turkey Creek ridge.
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South of Conifer Mountain the potentiometric surface 

gradually declines and is affected locally by several of the 

tributary drainages that eventually flow into Elk Creek, 

further to the south. Water levels within this area of 

potentiometric lows are generally near the ground surface.

Structural Controls
Some of the major surface drainages, such as North 

Turkey Creek and and the unnamed drainage that is immediately 

west of and parallel to Gooseberry Gulch, are fault 

controlled. North Turkey Creek lies within a major 

northwest-trending fault zone and the unnamed drainage lies 

along a faulted fold.

Several sets of fractures are present throughout most of 

the study region (see previous discussion) and their density 

and evenly distributed orientations are believed to be 

sufficient to allow water to move through the aquifer as 

though the rock were a porous medium. The aquifer may be 

anisotropic but data for evaluation of anisotropy are not 

available.

Drainage Basins

From the potentiometric surface map the area was divided 

into drainage basins for more detailed study (Plate 3). Four 

basins were recognized, including Bear Creek to the north,
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North Turkey Creek in the north-central portion, Elk Creek to 

the south, and Kennedy Gulch to the southeast. After 

reviewing data collected during initial stages of this 

research, the decision was made to concentrate additional 

studies on the North Turkey Creek and Elk Creek basins.

These two basins were each divided into three sub-basins. In 

general, it is expected that the ground-water basins coincide 

with the surface-water basins in the Conifer Mountain system 

based on the unconfined conditions of the aquifer, the 

intense fracturing of the aquifer, and the available water

level data.

The hydrologic system comprising the previously 

discussed six sub-basins of North Turkey Creek and Elk Creek 

will be referred to as the Conifer Mountain system. The 

Conifer Mountain system extends south from North Turkey Creek 

to the north and west of U.S. Highway 285. The western 

boundary extends from the intersection of Elk Creek with U.S. 

Highway 285 up to the confluence of Mason Creek and Elk Creek 

and follows up Mason Creek and extends through the 

topographic high located at the intersections of sections 17, 

18, 19, and 20 of Township 6 South and Range 71 West. A 

portion of the Kennedy Gulch basin is included in this area. 

The Conifer Mountain system covers approximately nine square 
miles.



T-3923 92

Ground-Water Flow Rates

Ground-water flow rates in the study area are estimated 
to be on the order of 10"1 to 10"7 feet per day. These 

estimates are based on typical hydraulic conductivities for 

fractured igneous and metamorphic rocks of 1 to 10-5 feet per 

day (Freeze and Cherry, 1979) and hydraulic gradients of 10-1 
to 10-2 calculated from the potentiometric surface map.

Potentiometric Surface vs. Water Chemistry

A comparison of the chemical concentration maps with the 

potentiometric surface map and the basin sub-division map 

shows significant correlations. The map of the concentration» 

of calcium (Ca) in ground water (Plate 4) can be superimposed 

over the potentiometric map or the sub-basin map to show that 

Ca concentration increases away from the basin divides in the 

center of the mapped area, over the Conifer Mountain 

topographic high. The same is true for the concentrations of 
bicarbonate (HCO3) , (Plate 5), magnesium (Mg), and sodium 

(Na), the major dissolved species in these waters. This- 

correlation is not as evident over North Turkey Creek ridge 

but the density of water-quality data is insufficient to 

determine if the same relationships exist.

The Conifer Mountain system exhibits a systematic 

increase in dissolved species as the ground water moves 



T-3923 93

downgradient. The ground-water recharge to this system is 

predominantly from precipitation events. Some inflow may 

come from Black Mountain, which lies to the northwest. 

Waters of the Conifer Mountain system show the effects of 

increased residence time as a function of distance travelled 

in the flow system. Longer residence times result in

’increased time for water-rock reactions to occur. Based on 

the results of chemical reaction modelling (PHREEQE), all of 

the water samples collected were undersaturated with respect 

to the major constituents of the host rocks, with the 

exception of quartz. Therefore, dissolution reactions should 

prevail along the length of the flowpath. The further along 

the flowpath that water has moved, or the greater the 

distance from the basin divide, the greater the concentration 

of dissolved species. Infiltration of precipitation adds 

water to the system at irregular intervals. However, the 

precipitation/infiltration is spread relatively uniformly 

across the ground surface and occurs in small increments. 

The net effect on the overall water chemistry is still a 

gradual increase in total dissolved solids (TDS) as the water 

moves downgradient. The water chemistry is systematically 

changing as the result of long term dissolution processes.

The fact that the concentration maps correlate to the 

potentiometric surface, which in turn mimics the surface 
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topography, suggests that the Conifer Mountain system must 

have a high degree of hydraulic connection. This statement 

is important in terms of the next step in this research which 

is to define potential flowpaths within the Conifer Mountain 

ground-water flow regime. The fracture systems that are the 

primary conduit for water movement in this area appear to be 

sufficiently dense that the aquifer can be considered a 

porous medium. For purposes of this study, it is assumed 

that ground water generally moves in a direction 

perpendicular to lines of equipotential (in this case, the 

water-table elevation contours).

ElQwpaths
Three potential ground-water flowpaths were inferred for 

the North Turkey Creek and Elk Creek basins assuming an 

isotropic system. The flowpaths were selected for detailed 

evaluation of changes in water chemistry. These flowpaths 

are entirely within the Conifer Mt. system. Two of the flow 

paths are along the southern flank of the North Turkey Creek 

basin and the remaining flowpath is along the northern flank 

of the Elk Creek basin (Plate 3).

Flowpath A-A’

Flowpath A-A’ is located along the northwestern flank of 

Conifer Mountain and begins near a tributary drainage that 



T-3923 95

feeds into the headwaters of North Turkey Creek. The general 

direction of the ground-water gradient is north. Flowpath A

A* connects five wells that were included in the study and 

traverses a distance of 7700 feet. All five of the study 

wells along this flowpath are drilled into the Silver Plume 

quartz monzonite with the exception of the second well (CO- 

22) which is located in an area with abundant outcrops of 

biotite gneiss as well as Silver Plume. Well depths ranged 

from 102 feet to 380 feet. The first well in the flowline, 

CO-24, is drilled directly into exposed fractured bedrock. 

The other wells penetrate soil of varying thickness (15 to 38 

feet, based on state engineer's well permits and field 

observations) before penetrating bedrock. Thickness of the 

soil overlying the bedrock generally increases downward along 

the flowpath with the exception of the last well in which the 

soil thickness decreases to 15 feet. Changes in 

concentration of the major dissolved species as the ground 

water moves downgradient along this flowpath are represented 

in Figure 28. The sample numbers are indicated on the 

horizontal axis and are spaced in proportion to their actual 

distance along the flowpath. Water-table elevations decrease 

going from left to right in the figure with well CO-24 as the 

starting point. Calcium concentration shows a steady 

increase along the flowpath from 2.9 ppm in well CO-24 to
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15.0 ppm in well CO-19. Magnesium increases from 0.8 ppm to 

8.7 ppm. Sodium concentration decreases between the first 

two wells (3.8 to 2.9 ppm) but then increases to a maximum of 

7.3 ppm in well CO-19. The concentration of HCO3 follows the 

same pattern, decreasing between wells CO-24 and CO-22 (22 to 

16 ppm) but then increasing steadily to a high of 101 ppm in 

well CO-19. Changes in radionuclide concentrations in the 

ground water as a function of distance along the flowpath are 

depicted in Figure 29. The water-table elevations are marked 

on the graph as in Figure 28. The U concentration along the 

flowpath increases from 0.33 ppb to 8.3 ppb. Radium-226 was 

not plotted on this graph because two of the wells were not 
analyzed for 226Ra and one well did not have detectable levels 

of 22$Ra in the water. Dissolved 222Rn concentrations range 

from 3800 pCi/1 (CO-22) to 30,900 pCi/1 (CO-11) but do not 

parallel the distributions of the major ions and are highly 

erratic.

Along this flowpath there is a systematic change in the 

water chemistry with regard to the major dissolved species. 

Long-term water-rock interactions, such as the dissolution of 

feldspars to clays, are controlling the distribution of the 

major species. Uranium concentrations also change 

systematically. The change in dissolved 222Rn concentration, 

however, is erratic. There are no significant lithologic
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changes along this flowpath because all the wells penetrate 

the Silver Plume, with one exception, and each well is cased 

and grouted through the soil zone. Therefore, the erratic 
distribution of dissolved 222Rn must be accounted for by 

mechanisms other than the long term water-rock interactions 

that dominate the water chemistry at Conifer Mountain. 

Instead, factors such as the localization of U and 226Ra, 

emanation efficiency and aquifer transmissivity may be 
controlling the distribution of 222Rn in ground water.

Flowpath B-B'
Flowpath B-B• is more complex than flowpath A-A' because 

there is greater variability in the lithology. Flowpath B-B’ 

is on the south flank of Conifer Mountain and connects 5 wells 

over a distance of 7200 feet. The general direction of the 

ground-water gradient is south, closely following an unnamed 

drainage that begins near the top of Conifer Mountain and 

eventually drains into Elk Creek at Schaffers Crossing. The 

first well on flowline B-B’, CO-26, is drilled into a biotite 

and sillimanite gneiss at the surface, but the well is in 

excess of 600 feet deep, making predictions of aquifer 

lithology speculative. The well may penetrate multiple 

lithologic units. The second well is drilled to a depth of 

200 feet into either a biotite gneiss or Silver Plume (CO-36).
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The third well, CO-7, is drilled into either a biotite gneiss, 

Silver Plume or possibly a migmatitic gneiss as all three 

lithologic units are present near the well-site and the depth 

of the well is 660 feet. In addition, a faulted fold is 

present and the surface expression of the fault has a 

radiometric anomaly (Figure 30). The fault possibly 

intersects the wellbore at depth. The last two wells, CO-6 

and CO-4, are drilled into Silver Plume to depths of 400 and 

120 feet, respectively. Soil development along this flowpath 

is very thin with a maximum of 8 to 10 feet in the lowest two 

wells.

The change in concentration of Ca, Mg, Na and HCO3 as a 

function of distance along the flowpath is plotted in Figure 

31. As in the previous plots, the wells are spaced 

proportionately along the horizontal axis and the water-table 

elevation decreases from left to right. Unlike flowpath A-A 

the concentrations of the major species do not continually 

increase from well to well downgradient along the flowline. 

There is a decrease in Ca, Mg, and HCO3 from the first well 

(CO-26) to the second (CO-36) and a slight increase in the Na 

content of the water. All of the constituents increase going 

from the second well to the third well (CO-7) and this trend 

continues to the fourth well (CO-6) with the exception of Na, 

which shows a slight decrease. At the last well in the
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flowpath (CO-4) there is a significant decrease in Ca, Mg and 

HCO3, but only a small decrease in Na concentration. Even 

though there is not a uniform increase in these dissolved 

species downgradient along the flowpath, the changes are 

systematic, especially when considering the two most abundant 

species, Ca and HCO3. The increases and decreases in Ca and 

HCO3 from well to well are of the same magnitude. Lithologic 

variability within the aquifer may account for some of the 

change in concentration that is observed along this flowpath. 
The sudden drop in Ca, Mg, and HCO3 between wells CO-6 and CO- 

4, which are both drilled in Silver Plume, is most likely 

attributable to a mixing of waters. Well CO-4 is next to a 

surface impoundment of water. This surface water body may be 

acting as a source of recharge of low TDS water into the 

aquifer around the wellbore which could effectively dilute the 

"older” water that has higher TDS resulting from its longer 

residence time in the aquifer. The variabilities in water 

chemistry may also be due to fractures in the different wells 

intercepting different flow regimes (i.e. regional versus local 

flow systems). However, data gathered for this study was not 

adequate to make such a determination.

The plot of radionuclide concentrations along flowpath 

B-B* is shown on Figure 32. The distribution of 222p.n is 

irregular, ranging from 1000 pCi/1 (CO-6) to 18,400 pCi/1
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(CO-7) and. does not parallel the changes observed in major 

dissolved species. The U distribution ranges from less than 

1 ppb (CO-36) to over 600 ppb (CO-6) and does parallel the 
distribution of Ca and HCO3. Radium-226 concentrations were 

below 1 pCi/1 in all wells except for well CO-7 which had a 

value of 4.3 pCi/1. Although the lithology is more complex 

along flowpath B-B *, there is still a systematic order to the 

change in water chemistry with regard to the major dissolved 

constituents. The distribution of 222Rn is again erratic. In 

this case, the well that had the highest 222Rn reading, CO-7, 

may be intersected by a fault that has a radiometric anomaly, 

as was illustrated in Figure 30. The fault may have 
localized deposits of U and 226Ra in the aquifer near the 

wellbore that could be the source for the increased 222Rn 

observed in the water. An alternative explanation is that 

the fault has somehow increased the emanation efficiency of 

the aquifer with respect to 222Rn (Wanty and others, in 

press). A fault zone could effectively increase the surface 

area of rock in contact with the ground water, thus 

increasing emanation efficiency.

Flowpath C-C

Flowpath C-C * is located on the northeastern flank of 

Conifer Mountain and includes six wells along a distance of 
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approximately 7800 feet. Ground water moves generally 

northeast along the flowline. The concentrations of Ca, HCO3 

and Mg along the flowpath are increasing or decreasing in 

unison at each well (Figure 33). The sharp increase in Ca, 

HCO3 and Mg in the last well on the flowline (CO-16) may be 

caused by mixing of waters from the North Turkey Creek fault 

zone which is coincident with North Turkey Creek. Well CO-16 

is located 20 feet north of North Turkey Creek and may 

actually be a part of the North Turkey Creek ridge system or 

may be receiving ground water from both systems. The rocks 

at the surface near well CO-16 are intensely folded and 

migmatitic.

The changes in 222Rn concentration along flowpath C-C' do 

not parallel those of the major dissolved species (Figure 

34). Highest concentrations occur in wells CO-12 and CO-16 

of 27,200 and 25,700 pCi/1 respectively, and a low of 3400 

pCi/1 in well CO-17. Uranium concentration decreases along 

flowpath C-C* from 2 6 ppb (CO-32) to below detection levels 

(CO-17) and then abruptly increases at the last well (CO-16). 

Radium-226 also shows a general decrease along flowpath C-C1 

but rises in the last two wells.
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Discussion

Evaluation of the chemical distributions along flowpaths 
A-A', B-B *, and C-C suggest that 222Rn enters the ground 

water from a point source and is locally derived. Radon-222 

does not accumulate in the ground water over the length of 

the flowpath because its radioactive decay rate is very fast 

relative to the ground-water flow rate (10-1 to IO-7 feet per 

day). The lack of secular equilibrium between U and 222Rn, 

and between 226Ra and 222Rn, combined with the erratic 

distribution of 222Rn along the flowpaths (relative to the 

major ions) indicates that the 222Rn levels detected in these 

waters must be supported by U and 226Ra in the solid phase, 

proximal to the well-bore or the fractures delivering the 

water. Furthermore, in areas where the 222Rn concentrations 

are anomalously high, there must be mechanisms acting to 

concentrate or localize the U and 226Ra to levels above the 

average concentrations seen in the rocks within the study 

area or to increase the emanation efficiency of those rocks 
with respect to 222Rn.

Aquifer Transmissivity

Specific capacity tests were used to calculate aquifer 

transmissivities using the technique of Czarnecki and Craig 

(1985) (Table 9). The storage coefficient term used in the
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Table 9. Aquifer Transmissivity at Water Sample Collection 
Sites.

Transmissivities Calculated Using
the Method of_

Carnecki and Craiq Theis •Jacobs
Sample Specific S=0.001 S=0.01 S=0.1
Number Capacity (gpd/ft) (gpd/ft) (gpd/ft)

CO-4 0.07 86 65 42 _ _
CO-5 0.02 23 16 8 — 7
CO-6 2.14 4100 3500 2900 — —
CO-7 0.02 23 16 9 — —
CO-8 0.03 36 26 16 — —
CO-9 1.63 2600 2100 1600 — 1700
CO-10 0.91 1400 1100 870 320 410
CO-11 0.23 320 250 180 — —
CO-12 0.02 23 17 9 31 10
CO-13 0.09 120 88 59 — —
CO-14 0.05 55 40 24 23 20
CO-17 0.35 490 390 280 — —
CO-18 0.03 29 21 12 10 10
C0-20 0.04 38 28 16 24 35
CO-22 0.03 33 24 14 — —
CO-23 0.22 300 230 170 — —
CO-24 0.03 42 31 21 ■ 11 12
CO-26 1.98 3400 2900 2300 — —
CO-27 0.34 480 380 280 — —
CO-29 5.02 9300 7900 6400 — —
CO-31 0.30 440 350 260 — —
CO-32 0.29 420 340 250 27 —
CO-33 0.01 8 6 3 — —
CO-35 2.00 3500 2900 2300 28 100
CO-36 1.22 2100 1700 1400 — —
CO-37 0.20 290 230 1700 — —
CO-38 0.48 750 610 470 — 280
CO-39 0.02 22 16 10 1 5
CO-40 0.02 23 17 11 4 6
CO-41 0.08 110 84 60 23 38
CO-42 3.93 4700 2600 2300 940 1300

(Continued)
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Transmissivities Calculated Using 
_________ the Method of____________

Table 9. (Continued)

Carnecki and Craig Theis Jacobs
Sample Specific S=0.001 S=0.01 S=0.1
Number Capacity (gpd/ft) (gpd/ft) (gpd/ft)

CO-43 0.93 1500 1200 900 — —
CO-44 0.62 1400 820 640 — —
CO-45 2.05 3400 2800 2200 980 4400
CO-4 6 0.10 140 110 79 37 40
CO-47 0.11 150 110 80 — —
CO-48 1.45 2400 2000 1600 — 720
CO-49 0.02 22 16 9 — 5
CO-50 1.66 2800 2300 1800 — —

Notes: Specific Capacity is calculated from average flowrate 
divided by the drawdown in the well during the pump 
test.

S = Storage coefficient of the aquifer around the 
well. In an unconfined aquifer, S is equal to 
porosity. Three cases were used (equivalent to 0.1, 1 
and 10 % porosities).

- indicates that the existing data was not useable for 
calculating transmissivities from Theis and/or Jacobs 
methods.
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calculations is the only variable that was not measured in 

the field. Calculations were made using three values of 
storage coefficient (S=10“1, ICT2 and IO-3) . Calculated 

transmissivities range from 3 to 9300 gpd/ft. The Theis and 

Jacobs methods compare favorably with the results of the 

Czarnecki and Craig method, although the latter resulted in 

consistently higher values. Theis curve matching proved 

difficult in many cases, since the pump tests were of 

relatively short duration (approximately 2 hours) and many of 

the wells had low yields. As a result, transmissivities 

derived from the Czarnecki-Craig technique were used as the 

basis of comparison with other constituents and properties.

Transmissivity versus Lithology.

Transmissivities are compared between the lithologic 

groups (Figure 35). The mean transmissivity (using S=0.01) 

for each one of the sample groups was used for comparison 

purposes. The aquifers that contain significant proportions 

of colluvium/alluvium (Co and Sc) have the highest 

transmissivities. The differences between the Silver Plume 

group, the Biotite Gneiss group and the rest of the igneous 

and metamorphic rock categories are not substantial with the 

exception of the Pikes Peak group. However, the Pikes Peak 

group includes only one sample.
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Transmissivity versus Radon-222 
Concentration

When the calculated transmissivities are compared with 
the dissolved 222Rn concentrations, a nonlinear trend is 

depicted (Figure 36). The relationship appears to be 

lognormal. In order to have a high concentration of 222Rn in 

the water there must first be a local source. Note that none 

of the water samples that have high 222Rn concentrations were 

collected from wells with high transmissivities. If a point 

source exists that can introduce high amounts of 222Rn into 

the water but the transmissivity of the aquifer is also high, 
222Rn does not accumulate to elevated levels, as shown by 

these data points.

The observed relationship between transmissivity and 
222Rn may be attributable to two mechanisms. First, an 

aquifer with a higher relative transmissivity probably has a 

higher water-volume to rock-surface area ratio, which would 

be more effective in diluting the concentration of 222Rn in 

the ground water (Rumbaugh, 1983). Second, a higher 

transmissivity may be indicative of faster ground-water flow 

rate which would effectively disperse 222Rn which enters into 

the water.
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Short-term Fluctuations in Dissolved 
Radon-222 Activity

In order to address potential short- and long-term 

fluctuations in dissolved 222Rn activity (such as diurnal or 

seasonal variations) repeated sampling was performed on 

selected wells. One well (CO-10) was sampled on seven 

consecutive days at different times of the day. During the 

seven-day sampling period weather conditions were highly 

variable, ranging from warm and clear to raining and snowing. 

Results of the sampling on consecutive days (Figure 37) 

indicate that the average 222Rn concentration of the water was 

11000 pCi/1, with a standard deviation of 900. All of the 

measurements were within two standard deviations of the 

sample mean. There is no indication in the data that the 

radon concentration in the ground water from this site 

fluctuated because of variations in climatic or diurnal 

conditions.

Long-Term Fluctuations in Dissolved 
Radon-222 Activity

Five wells were sampled over a period of 12 months 

(Table 10). The results of the repeated sampling indicate 

that several of the wells exhibit large fluctuations in 222Rn 

activity as a function of time. Three of the wells had 

particularly large coefficients of variation (>16). The 222Rn
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Table 10. Repeated Radon Measurements at Selected Sites.

Sample
Number

Date Rn measurements
Split samples

Mean Std.
Dev.

Coef.
Var.

88CO-22 6/8/88
6/21/89

3900/3900
3800/4400

4000 270 6.8

88CO-25 7/26/88
3/28/89 I
3/28/89 0
6/21/89

6500/6600
6300/5900

- /7000 
4300/4800

5900 1000 16.9

88CO-31 8/3/88 
4/1/89 I 
4/1/89/ 0 

2 
? 

6/21/89

138500/138900
165800/165400
154600/143400
123000/130600
125000/130700

93100/90900

133000 24000 18

88CO-37 8/10/88
3/30/89 I
3/30/89 0
6/21/89

14800/14800
17200/16800
16300/16600
15400/15000

15900 970 6.1

88CO-51 10/17/88
4/1/89 I
4/1/89 0 
6/24/89

28800/28000
14000/13600
14500/14800
18500/18300

18800 6200 33

Notes : Std. dev. = standard deviation
Coef. Var. = coefficient of variation which is equal 

to [(Std.dev./ mean) x 100]
Dates followed by an I indicate samples collected from 

an indoor spigot.
Dates followed by an 0 indicate samples collected at 

the same time as the indoor samples, but from an 
outside spigot.

? = Sample collection date was not recorded.
All radon measurements in pCi/1.
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concentrations for samples collected from well CO-51 over a 

period of approximately eight months exhibited the largest 

percentage of fluctuation from the mean (> 30%). An 

explanation based strictly on chemical processes is not 

obvious for this large fluctuation, but a hypothesis based on 

hydrogeologic processes is proposed. A well may connect 

multiple producing fracture systems. The distinct fracture 

systems deliver ground water to the well at different rates 
and probably with different 222Rn concentrations. Lowering of 

the water table could diminish the flow from, or "dry up" a 

shallow fracture set and change the production and/or water 

quality of the well. Conversely, a rise in the water table 

could cause the well to tap a shallow fracture system with 
water of higher/lower 222Rn concentration. When the well is 

pumped, following a rise in the water table, a portion of the 

flow will come from this shallow zone and increase/decrease 
the dissolved 222Rn concentration withdrawn from the well 

(Figure 38) .

The majority of the wells involved in the study are only 

cased through the upper 20 feet or less. The remaining 

portion of the well, often several hundred feet in length, is 

uncased leaving exposed bedrock in the borehole. Nonproducing 

fracture systems may also be connected to the borehole. High 
concentrations of 238U series radionuclides may be located
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at the surface of the exposed bedrock, both in the borehole 

and in the connecting fractures. As long as water is in 

contact with this concentrated zone of radionuclides, 222Rn 

can enter directly into the water phase. Once the water level 

drops below the zone of concentrated radionuclides, the 
emanating 222Rn will enter into the drained fractures and the 

portion of the borehole that is now within the unsaturated 

zone and be dispersed in the soil gas. Thus, changes in the 

water table can influence the medium that 222Rn will be 

carried in.

Water levels in well CO-51 were deeper than 300 feet 

which was greater than the length of the water-level 

indicator that was used in this study. As a result, no 

calculation for transmissivity was made for this well. 

However, the land owner had to drill three wells on the 

property because of low well yields. In this case, large 

changes in water levels within the well caused by either 

seasonal water-table fluctuations or excessive water supply 

demands could be responsible for the fluctuations in 
dissolved 222Rn concentration.
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CONTRIBUTION OF RADON IN DOMESTIC WATER 

SUPPLIES TO RADON IN INDOOR AIR

A domestic water supply containing high concentrations 
of 222Rn may contribute to high levels of airborne 222Rn 

(Prichard, 1987; Nazaroff and Nero, 1988) . Thus, 222Rn in 

ground water used for domestic purposes may be a significant 
source for 222Rn in indoor air. In addition, there are 

indications that direct ingestion of 222Rn may be a risk to 

public health (Cross and others, 1985; Cothern, 1987). The 
fact that waterborne 222Rn contributes to indoor airborne 

222Rn is known (Gesell and Prichard, 1975, 1980; Partridge and 

others, 1979; Bruno, 1983; Nazaroff and others, 1988), but 

the proportion of indoor airborne 222Rn derived from the water 

supply is difficult to quantify (Nazaroff and others, 1988). 

Data collected from 29 houses were used to assess the 
contribution of dissolved 222Rn in domestic water supplies to 

indoor airborne 222Rn.

Results of Air and Water Measurements

Radon-222 concentrations in water samples collected from 

29 houses ranged from 98 to 166,000 pCi/1 with an arithmetic 

mean of 13,800 pCi/1 and a median of 6100 pCi/1 (Table 11). 
Measurements of 222Rn in indoor air, using alpha track



Table 11. Radon in Water and Air, Conifer, Colorado

Sample
Number

Number of 
People

Air 
Volume 

(cubic ft)

gallons 
/person/day 

(gal)

Rn, 
water supply 

(pCi/1)

Rn, 
basement 

(pCi/1)

Rn, 
living area 

(pCi/1)

Rn, 
bathroom 
(pCi/1)

CO-22 5 19040 93 100 10.0 10.5 nm
CO-23 3 23200 76 13900 47.0 26.0 29.0
CO-2 4 2 36000 88 23200 147.0 35.0 38.0
CO-2 5 4 16856 94 6100 8.1 6.5 nm
CO-2 6 5 24000 56 4200 8.3 5.0 nm
CO-27 2 14400 110 27300 4.6 5.8 4.4
CO-2 9 2 11760 134 7600 8.6 3.4 nm
CO-30 2 17040 94 7200 4.0 4.4 nm
CO-31 1 29800 156 166000 22.0 11.0 12.0
CO-32 2 20200 86 15700 5.8 3.8 6.1
CO-33 2 19792 196 7900 15.0 5.9 nm
CO-3 4 2 42400 98 6000 nm 35.0 nm
CO-35 2 *26000 *100 5000 15.0 4.3 nm
CO-36 4 20000 133 6700 4.8 8.5 3.4
CO-37 3 24800 112 17000 30.0 30.0 29.0
CO-38 5 10965 59 10600 11.0 8.8 nm
CO-39 3 17400 105 5300 3.5 3.2 nm
CO-40 4 20700 96 8000 nm 3.0 nm
CO-41 2 18200 113 19000 20.0 5.3 6.6
CO-42 4 8000 58 1700 13.0 1.6 nm
CO-4 3 5 46400 169 3800 1.8 1.8 nm
CO-44 1 13400 172 1300 nm 3.2 nm
CO-4 5 4 22000 109 4200 9.8 5.8 nm

(Continued)
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Table 11. (Continued)

Sample
Number

Number of 
People

Air 
Volume 

(cubic ft)

gallons 
/person/day 

(gal)

Rn, 
water supply 

(pCi/1)

Rn, 
basement 

(PCi/1)

Rn, 
living area 

(pCi/1)

Rn, 
bathroom 
(pCi/1)

CO-46 3 24000 56 3700 10.0 9.6 9.6
CO-47 2 28000 104 4300 2.3 2.1 nm
CO-4 8 2 18700 56 2100 17.0 2.5 4.0
CO-4 9 2 22800 115 5200 3.3 3.0 nm
CO-50 2 *20000 *100 2500 nm 3.3 nm
CO-51 1 19500 55 13800 30.0 8.0 25.0

-3923

Notes: * Air volume and gallons/person/day estimated by author
nm = not measured
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detectors, ranged from 1.6 to 147 pCi/1 with a median of 8.0 

pCi/1. Excluding basement measurements, the range of values 

was 1.6 to 38 pCi/1 with a median of 5.8 pCi/1. Twenty-three 

of the homes recorded the highest measurement in the 

basement, 4 of the homes recorded the highest reading on an 

upper floor and 2 of the homes had detectors on only one 

floor. Nineteen of the 29 homes had at least one measurement 

in a living area of the house in excess of the 4 pCi/1, the 
recommended action level set for 222Rn by the USEPA. When 

basements were included, the number increased to 23 homes 
exceeding the 4 pCi/1 for 222Rn. The USEPA's recommended 

action level is intended to be the annual average 222Rn level 

in living spaces. Measurements made of airborne 222Rn during 

the winter months (when the house is kept closed up) will 

usually exceed the annual average for that particular house. 

The 29 homes were measured for 222Rn in the air over the 

period from January to March-April, 1989. Thus, the data 

most likely represent worst case values.

Duplicates of Alpha Track Detectors

A commercial firm provided and processed the alpha-track 

detectors used in the study. The firm had successfully 

participated in the USEPA Radon Measurement Proficiency 

Program (USEPA, 1988). To verify the repeatability of the 
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measurements, duplicate detectors were installed in 7 

locations. The coefficient of variation for the duplicate 

measurements averaged 17.6 with a range of 6.7 to 28.0, which 

is considered acceptable for this type of measurement.

Duplicates of Water Samples

Duplicate samples were taken for every 222Rn measurement 

of a water supply as previously discussed in the section on 

water chemistry. Water samples for this portion of the study 

were collected from the kitchen tap. However, water samples 

had been previously collected from the spigot closest to the 

pressure tank at each of the houses as part of the ongoing 

water sampling. The comparison of the water samples 

collected from the kitchen tap and the outside spigot is 

presented in Figure 39. Note that the difference between the 

inside and outside measurements is negligible and that the 

samples collected outside are actually higher in 222Rn 

concentration. The plumbing within the sampled houses does 

not significantly affect the concentration of dissolved 222Rn.
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Contribution of Radon-222 from Water 
t.Q Indoor Air

Nazaroff Model

Nazaroff and others (1988) derived a long-term average 

single cell model to estimate the contribution of dissolved 
222Rn in water to the total 222Rn in household air. The 

equation used in the model is:

_ Cw x W x e

where: Ca = 222Rn concentration in indoor air attributable

to water use (pCi/1)
Cw = 222Rn concentration of water entering the 

house (pCi/1)
W = water-use rate for the household (ft^ person”!)

V = air volume per resident of the house 
(ft^ person-!)

e = average transfer efficiency or emanation 
efficiency of 222Rn from water to air 

(dimensionless)
X = air exchange rate of the house (hr-!)

The uncertainty of the values of Cw, W, and V are small 

because they are either direct measurements or reliable 
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estimates. The value of Cw is measured from a water sample 

taken from an indoor tap after running the water for 

approximately 15 minutes. Taking water samples in this manner 

accounts for any modifying effects of water treatment devices 

or holding tanks. The water usage rate (W) was obtained from 

information provided by the homeowner in the questionnaire. 

Water planners usually estimate an average domestic water 
usage of 100 gallons person"! day"! (Denver Water Department, 

verbal comm., 1989). The mean of the homeowner estimates was 
103.4 gallons person"!day"! and the median was 97.9 gallons 

person"!day"! (Table 11). The gallons person"! day"! estimate 

was then converted into ft$ person"! hour"!. The volume of 

indoor air per resident (V) also was obtained from the 

homeowner questionnaire (Table 11).

The last two remaining variables, e and 1, can only be 

estimated. The transfer efficiency (e) is a measure of the 

fraction of waterborne radon that degasses into the air and 

its value varies according to the type of water usage. 

Tables indicating the approximate values of emanating 

efficiency for different types of domestic water usage can be 

found in Nazaroff (1988) and Prichard (1987). The values 

range from 0.3 for toilets to 0.98 for dishwashers, and have 

a use-weighted average of between 0.5 and 0.7. Calculations 

were made for each site using a minimum e value of 0.5 and a 
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maximum e value of 0.7. The air exchange term (1) is a 

measure of the rate at which the indoor air is replaced by 

outdoor air. The range for the air exchange term was based 

on studies by Grot and Clark (1981), and Grimsrud and others 

(1983). In the Grot and Clark study, a mean air exchange 
rate of 0.9 hr-1 was determined from tracer-gas decay 

measurements in 266 low-income households. The study by 
Grimsrud found a mean air exchange rate of 0.53 hr”1 in 312 

residences during heating season (November-March) in which 

the median age of the houses was less than 10 years. Most of 

the residences involved in the Conifer study are high-income 

homes and have been built within the last 15 years. In 

addition, these homes have been built to withstand winters at 

elevations above 8000 feet MSL and as a result are probably 

better insulated, and thus protected from air infiltration, 

than the average home. The alpha track measurements were 

done during the heating season, when the air exchange rates 

were at a minimum. Therefore the lower air exchange rate of 
0.53 hr”1 is more applicable to this study but calculations 

were made using minimum and maximum values of 0.4 and 0.7 hr" 
1 for the air exchange rate.
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Modelling Results

Calculations from the Nazaroff model using the maximum 

and minimum values noted for the air exchange rate and the 

emanation efficiency are presented in Table 12. The maximum 
contribution from 222Rn in water to the indoor air occurs when 

the emanation efficiency is maximized (0.7) and the air 
exchange rate is minimized (0.4 hr”l). The mean contribution 

from waterborne 222Rn to the air in the maximum case is 1.31 

pCi/1 and the median is 0.81 pCi/1. In the minimum case the 

arithmetic mean is 0.54 pCi/1 and the median is 0.33 pCi/1.
The calculated percentage of 222Rn in the air derived 

from the water when compared to the measured 222Rn 

concentration of the indoor air in the living room is also 

listed in Table 12. Percentages for both the maximum and 

minimum cases are listed. For the maximum case, the water 

contributes over 20% of the 222Rn present in the indoor air in 

13 of 29 homes and over 40% in 5 of 26 homes. Radon-222 that 

is not derived from the water supply is assumed to be derived 
from 222Rn in the soil gas Or from the building materials of 

the residence.

Discussion
The Nazaroff model calculations and the measured indoor 

Rn data presented thus.far indicate that dissolved 222Rn in
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Nazaroff Model Calculations for the Contribution of 
Waterborne Radon to Indoor Air

Calculated Rn contribution from the water supply

Table 12.

Sample 
Number

maximum 
case 

(pCi/1)

minimum 
case 

(pCi/1)
maximum 
case 
(%)

minimum 
case 
(%)

CO-22 0.02 0.01 0.2% 0.1%
CO-23 1.33 0.54 5.1% 2.1%
CO-24 1.11 0.45 3.2% 1.3%
CO-25 1.34 0.54 20.5% 8.4%
CO-2 6 0.48 0.20 9.6% 3.9%
CO-27 4.06 1.66 70.0% 28.6%
CO-2 9 1.68 0.69 49.5% 20.2%
CO-30 0.78 0.32 17.7% 7.2%
CO-31 8.45 3.45 76.9% 31.4%
CO-32 1.30 0.53 34.1% 13.9%
CO-33 1.52 0.62 25.8% 10.5%
CO-34 0.27 0.11 0.9% 0.4%
CO-35 0.37 0.15 8.7% * 3.5%
CO-3 6 1.73 0.71 20.3% 8.3%
CO-37 2.24 0.91 7.5% 3.1%
CO-38 2.77 1.13 31.5% 12.9%
CO-39 0.94 0.38 29.3% 12.0%
CO-40 1.45 0.59 48.4% 19.7%
CO-41 2.29 0.94 43.3% 17.7%
CO-42 0.47 0.19 29.4% 12.0%
CO-43 0.68 0.28 37.7% 15.4%
CO-44 0.16 0.07 5.1% 2.1%
CO-45 0.81 0.33 14.0% 5.7%
CO-46 0.25 0.10 2.6% 1.1%
CO-47 0.31 0.13 14.7% 6.0%
CO-48 0.12 0.05 5.0% 2.0%
CO-49 0.51 0.21 17.0% 6.9%
CO-50 0.24 0.10 7.3% 3.0%
CO-51 0.40 0.16 5.0% 2.0%

Notes :
Maximum case, air exchange rate = 0.4, efficiency factor =0.7
Minimum case, air exchange rate = 0.7, efficiency factor = 0.5 
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domestic water supplies may significantly contribute to 222Rn 

in indoor air at the Conifer study area. Evidence suggests 

that in some cases the Nazaroff model provides a conservative 
estimate of the amount of 222Rn in air that is derived from 

degassing of 222Rn from domestic water supplies. In homes 

where measurements were made in both a bathroom and a living 

area on the same floor of the home, the bathroom was higher 

than the living area in 7 of 10 cases. At one sample site 

(CO-51) the home was built on stilts entirely above ground. 

(Figure 40). In this case, there is essentially no 
contribution of 222Rn from soil gas, so nearly all the 

airborne 222Rn must be derived either from building materials 

or the water. The concentration of 222Rn in the water was 

13,800 pCi/1 and the indoor air level in the living room was 
8.0 pCi/1. The 222Rn concentration in the bathroom of this 

house was 25.0 pCi/1, over 3 times greater than the living 

room measurement. The maximum calculated contribution of 
222Rn from the water to the air, using the single cell model, 

was 5.0%. The amount of 222Rn in the indoor air that is 

derived from the water source is obviously much greater than 

the value of 5.0% (0.40 pCi/1) that was calculated from 

Nazaroff * s model, and is in fact probably closer to 100%. 
The fact that 222Rn in the bathroom air was three times that 

in the living room, combined with the high level of 222Rn in
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40. Diagram of CO-51 sample site-house built on stilts
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the water, suggests that the building materials do not 
contribute significantly to the 222Rn indoor air.

Continuous monitors

Continuous monitors for the detection of 222Rn decay 

products were installed in two homes. The monitoring data, 

combined with records provided by the homeowners of the exact 

times of water usages, provide evidence that the degassing of 
222Rn in domestic water can significantly increase the 

activity of 222Rn in indoor air.

Continuous monitoring of a home that was not within the 

study area is presented in Figure 41. The house, which has 
extremely high levels of 222Rn in both the air and water, is 

located along the Front Range in Lyons, Colorado. The data 

is provided courtesy of the USEPA (Nyberg, personal 

communication, 1990). The monitoring period shown is from 

January 19 through February 2, 1990. From January 19th 

through January 28 the home was occupied and the continuous 

radon monitor revealed rapid increases in the airborne 222Rn 

concentrations corresponding to periods of major water use. 

During periods of water use the first floor weekly average 

air concentration was between 100 and 200 pCi/1 with hourly 

peaks as high as 1200 pCi/1. The house was unoccupied from 

January 28 through February 2 during which time no water was
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used. The average air concentration on the first floor of 

the house from January 29 to February 1 was 16 pCi/1. 

Measurements made over this three-day period when the house 
was unoccupied should represent the 222Rn contribution from 

soil gas alone. The sharp increases and subsequent decreases 
of airborne 222Rn concentration during the period when the 

house was occupied contrast against the relatively flat curve 

during the last three days. The sharp fluctuations reflect 
the dynamic response of 222Rn activity in indoor air resulting 

from periodic water use in contrast to the gradual 

fluctuations resulting from soil gas contributions of 222Rn to 

indoor air. The average concentration in the air from 

January 12-28, 1990, during occupancy, was 170 pCi/1 (the 

entire monitoring period is not shown in Figure 41), which is 

over ten times the concentration when the house was 

unoccupied.

The well water supplied to this house had measured 
concentrations of 222Rn between 2,500,000 and 3,000,000 pCi/1, 

which is believed to be a world record (ERA, verbal 

communication, 1990). Water samples were collected during a 

one-month period.

Continuous monitoring of a house within the study area 

showed similar results (Figure 42) - although the effects were 

more subdued than in the Lyons house. Water usage in this
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particular house was very low because it was occupied by only 

one person. In addition, the air volume of the house was 
large (30,000 ft$) relative to other houses in the study. 

Nonetheless, 222Rn concentrations in the household air sharply 

increased following periods of water usage. Additional 
spikes in the 222Rn concentration occurred during the 

monitoring period but it is unclear whether these peaks 

resulted from water usage that was not recorded by the 

homeowner or if they were caused by factors other than water 

usage. The concentration of dissolved 222Rn in the water 

supply to this house ranged from 138,000 to 166,000 pCi/1.

Limitations to Estimating Radon-222 
Derived from Water

Although the above results show that 222Rn in water can 

degas and contribute to 222Rn in indoor air, the exact 

proportion of airborne 222Rn derived from the water is 

difficult to quantify. The model of Nazaroff and others 

considers several variables relevant to the problem, but it 

leads to conservative estimates in some cases. One reason 

that Nazaroff and others' model underestimates the 
contribution of 222Rn from water is that by using the entire 

volume of air in a house it implicitly assumes that the 

indoor air is perfectly mixed. The data from this study 
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shows that this is not the case as 222Rn concentrations in air 

significantly differ from room to room. Thus, Nazaroff and 

others' model could be modified to include only the volume of 

indoor air that is impacted by 222Rn derived from water. It 

would be difficult to estimate what proportion of the indoor 

air is affected by the water supply, but anyone using the 

existing model should be aware of its limitations.

The results of the indoor air measurements are plotted 
against the dissolved 222Rn concentration in Figure 43. As 

seen in the figure, the correlation coefficient for the best- 

fit line is very low. This low correlation coefficient 

dictates that no confidence should be placed in any 
estimation of indoor 222Rn based on a simple multiplicative 

factor. Rather, a model such as that of Nazaroff and others 

(1988), or some modified version of it, is preferred. The 
percentage of 222Rn in indoor air that is contributed by the 

water supply i& highly variable.

Conclusions Regarding Degassing of 
Radon-222 from Water

Degassing of 222Rn from domestic water supplies can 

contribute significantly to the total 222Rn in indoor air. In 

some cases, the water supply may be the dominant source for 
222Rn concentrations found in homes. Many variables must be
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considered when assessing the proportion of airborne 222Rn 

that is derived from a water source. These include: water 

usage rates, household air volume, the concentration of 222Rn 

in the water supply, the type of water usage (the emanation 
efficiency of the 222Rn from the water to the air) and the air 

exchange rate of the building. The Nazaroff single-cell 

model incorporates all of these variables but is still 

conservative based on evidence collected in this study. 

Either the methods used to estimate these variables must be 

improved or additional parameters must be considered.

Recommendations Regarding Degassing 
of Radon-222 from Water

Studies by the USEPA and others have generally shown 

that potable water derived from surface water sources is 
generally low enough in 222Rn to be only a minor contributor 

to airborne indoor 222Rn (P. Nyberg, personal communication, 

1990). For those homes where dissolved 222Rn is suspected to 

contribute substantially to the airborne 222Rn concentration, 

perhaps the best means of estimating the contribution from a 

water supply is through some protocol of direct measurement. 

A scheme whereby the soil gas and water contributions of 222Rn 

could be independently measured would be desirable. When 

measuring a home, three measurements would serve the best 
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purpose. The first detector should be placed in the lowest 

level of the home, below ground level if possible, and as far 

removed from any part of the water supply as possible. Two 

more detectors should be placed in an upper level of the 

home, one in a frequently used bathroom or the kitchen, and 

the other in a living area. The results should help evaluate 

the relative contribution of water and soil gas to indoor 
airborne 222Rn (Lawrence and others, in press). For instance, 

if the basement measurement is far greater than the living 

room or bathroom measurements, then soil gas would be 

indicated as the major source of 222Rn in air. On the other 

hand, if the bathroom measurement is greater than that of the 

living area, and greater than the basement (or not much less 

than the basement), then the water supply is indicated as a 
major source of airborne 222Rn.

Continuous monitors also may be used to estimate the 
contribution of 222Rn from water to indoor air. If the water 

supply is a major source of airborne 222Rn, then a pattern of 

peaks and valleys should be seen, as in Figures 41 and 42, 

with the peaks corresponding to water usages. Monitoring of 

water usage might be automated by monitoring the pressure 

tank or pump switch so that residents need not be relied upon 

to make records. The average level of the valleys would 

represent the soil-gas contribution, and the overall average 
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level would represent the sum of soil gas and water 

contributions. Thus, the water contribution can be easily 

evaluated. In the case of the Lyons house the average 

airborne concentration for 16 days of continuous monitoring 

was 170 pCi/1, while the average level of the valleys was 

between 10 and 20 pCi/1. Thus, the water contributed 150 to 

160 pCi/1 to the indoor air or from 85% to 95% of the total 
airborne 222Rn.
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SUMMARY AND CONCLUSIONS

Water Chemistry
Calcium carbonate is the dominant water type for the 

Conifer water samples. The water chemistry of these samples 

is not easily distinguishable on the basis of the geologic 

formation penetrated by the well. Several other factors are 

probably responsible for the lack of lithologic influence on 

the water chemistry. First, the movement of ground water 

across multiple lithologic boundaries has homogenized the 

water chemistry. Second, the bulk mineral composition of 

most of the aquifers is very similar. Last, dissolution 

processes are generally slow (long term) and the Conifer 

waters are greatly undersaturated with respect to the major 

rock-forming minerals (except for quartz) as indicated from 

the PHREEQE modelling results. The undersaturated state of 

these waters is probably an indication of their limited 

residence time within this fractured crystalline aquifer.

Radionuclide distribution (U, 226Ra and 222Rn) in these 

ground waters is highly variable, ranging over three to five 

orders of magnitude. Radon-222 activities ranged from 1,000 

to 166,000 pCi/1 for the sampled waters. PHREEQE modelling 

demonstrates that oxidized and reduced U minerals are 

undersaturated. Water samples from the Silver Plume group 
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have the highest mean concentration of U and 226Ra but have 

one of the lowest mean concentrations of 222Rn.

Correlations between the radionuclide constituents and 

the nonradionuclide constituents were significant at the 95% 
confidence limits for U vs F, and 226Ra vs Ca, and Mg and Na. 

Correlations between 222Rn and the nonradionuclide 

constituents were not significant at even the 90% level. No 

significant correlations (at the 90% level) were determined 

between any of the radionuclides. Furthermore, there was a 

lack of secular equilibrium in the water phase between U and 
22^Ra, U and 222Rn, and 22^Ra and 222Rn.

Hydrogeology
The potentiometric surface map mimics the surface 

topography, suggesting that the ground-water flow system at 

Conifer is unconfined and that the fracture networks have a 

high degree of hydraulic connection. Isochemical maps of the 

major constituents of these waters further support this 

concept, especially in the central portion of the study area 

(Conifer Mountain system) where there is a systematic 

increase in the concentrations of dissolved species as the 

ground water moves downgradient

Major dissolved constituents show systematic variations 

along selected ground-water flowpaths. Radionuclide 
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concentrations along the flowpaths are erratic and are 

dependent more on local geologic phenomena (such as faulting 

or folding). Radon-222 does not increase systematically 

(i.e. accumulate in the ground water) along the length of a 

flowpath because its decay rate is fast relative to ground

water flow rates. The low concentration of U and 226Ra in the 

Conifer water samples, relative to the concentration of 222Rn, 

supports the perception that most of the U and 226Ra is 

present in the solid phase proximal to the surfaces of the 

fracture network that is connected to the borehole.

Significant fluctuations in the dissolved 222Rn content 

of water samples collected from individual wells over periods 

of several months are probably controlled to a large extent 

by hydrologic processes. Changes in the water table due to 

either seasonal fluctuations and/or pumping stresses can 

result in increased or decreased water contact with U and 
226Ra bearing rocks. Separate fracture systems may contribute 

different amounts to the total dissolved 222Rn activity of the 

water being pumped from a well. Changes in the levels of the 

water table can influence the relative contribution of 

discrete fracture systems.

Aquifer transmissivities were calculated using several 

different techniques. The technique of Czarnecki and Craig 

provided consistently higher values than either the Theis or 
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Jacobs methods. The range of transmissivities using the 

Czarnecki and Craig technique is from 3 to 7 900 gpd/ft. The 

highest transmissivities were calculated for wells that were 

drilled into aquifers with higher proportions of colluvium. 

Differences in mean transmissivities between wells in the 

Silver Plume group and wells in the Biotite Gneiss group are 

negligible.

The correlation between transmissivity and dissolved 
222Rn exhibits a nonlinear trend. High 222Rn concentrations 

are not present in wells that have high transmissivity. A 

higher transmissivity can be indicative of higher water

volume to rock-surface area ratios in an aquifer which could 

effectively decrease the relative amount of 222Rn entering 

into the water phase. Ground-water flow rates may be greater 

in aquifers with higher transmissivities, resulting in more 
rapid dispersion of dissolved 222Rn.

Airborne Radon-222 Derived From 
Water Supplies

Radon-222 levels in indoor air were measured in 29 

homes. Basements typically had the highest indoor air 222Rn 

measurements (23 of 29 homes). Bathrooms usually had higher 

readings than living areas, an indication that the water 

supply was indeed a contributor to airborne 222Rn in this 
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mountain community. The single cell long-term model proposed 

by Nazaroff and others (1988) was used to calculate the 
contribution from dissolved 222Rn in the water supply to 222Rn 

in household air. Results of the model indicate that the 
percentage of airborne 222Rn derived from the domestic water 

supply is highly variable, ranging from 1% to 77%. In nearly 

half of the homes tested (13 of 29) over 20% of the airborne 
222Rn originated from the water, based on calculations from 

the Nazaroff model (using the maximum case assumptions). 

Experiments designed to differentiate the source of 222Rn in 

indoor air in homes within the study area indicate water can 
contribute much more 222Rn to indoor air than predicted by 

Nazaroff*s model. The sources of 222Rn in indoor air for 

individual households can be better characterized by either 

direct measurement in areas of water usage or by improving 

the existing models.
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RECOMMENDATIONS FOR FUTURE RESEARCH

A better understanding of 238U series radionuclide 

distribution in ground water will be made possible through 

continued research into the hydrogeologic, geochemical, and 

geologic factors that control that distribution.

One area that needs more attention is the correlation 

between aquifer lithology and dissolved radionuclide 

concentration. The correlations made in this study were 

largely based on projections of aquifer lithology made from 

the surface geology. The use of geophysical logging and 

coring of boreholes might provide more accurate 

identification of aquifer lithology. These methods could 

most easily be applied to wells that were designed 

specifically for research rather than using wells that are 

water supply wells.

Core samples collected from water-bearing zones will be 

useful for determining the siting or mode of occurrence of 
238U series radionuclides in the rock matrix. Furthermore, 

the siting of the parent radionuclides can be more precisely 

determined through the use of a scanning electron microscope 

(SEM) on the collected samples.
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The single most difficult task in evaluating 

radionuclide distribution in fractured aquifers will be the 

characterization of fracture network. In order to accurately 

determine the flowpaths of ground water in a fractured 

aquifer, the fracture network must be adequately 

characterized.

Variabilities in 222Rn concentrations as a function of 

pumping rate can be tested by sampling wells during variable 

rate pump tests. Long-term pump tests can be used to examine 
changes in 222Rn concentrations that might occur during 

prolonged pumping. Diurnal and seasonal fluctuations of 222Rn 

concentrations in ground water also need further examination. 

Close monitoring of water levels during sampling periods 

might provide clues to the hydrogeologic controls on 238u 

series radionuclide distributions in ground water, especially 

if the water bearing zones in a borehole have been previously 

identified.

Additionally, the effects that a pumping well might have 
on 222Rn concentrations in soil gas in the immediate vicinity 

of the well should be investigated (testing the hypothesis of 
Legrand, 1987).
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APPENDIX A:

Well Records - Conifer, Colorado



Appendix A: Well Records, Conifer Colorado
Sample Surface Well Well Perforated Well Flowrate Drawdown Specific Pump Test
Number Elevation type depth Interval diameter (gpm) (feet) Capacity Length

(MSL) (feet) (inches) (hours)

CO-3 8433 DRILLED 258 120-258* 6.3 nm — — —
CO-4 8620 DRILLED 120 20-120* 6.3 8.5 118.00 0.07 2.00
CO-5 9115 DRILLED 605 - 6.3 2.1 90.00 0.02 1.20
CO-6 8635 DRILLED 400 200-400 * 6.3 12.0 5.60 2.14 25.00
CO-7 9200 DRILLED 660 - 6.3 4.3 193.00 0.02 2.00
CO-8 8805 DRILLED 245 - 6.3 8.0 243.00 0.03 2.00
CO-9 8960 DRILLED - - 6.3 4.0 2.46 1.63 2.00

CO-10 8920 DRILLED - - 6.3 1.9 2.05 0.91 2.30
CO-11 8820 DRILLED 102 - 6.3 15.0 64.00 — 2.00
CO-12 8720 DRILLED 260 - 6.3 2.3 101.00 0.02 2.08
CO-13 8290 BORED - — 6.3 3.8 40.00 0.09 2.00
CO-14 8370 DRILLED - - 6.3 4.0 80.00 0.05 1.42
CO-16 8150 DRILLED 185 — 6.3 nm — — —
CO-17 8240 DRILLED - - 6.3 nm 10.80 0.35 1.90
CO-18 8610 DRILLED 465 — 6.3 2.1 78.00 0.03 2.05
CO-19 8560 DRILLED 350 - 6.3 nm — — —
CO-20 9470 DRILLED 500+ - 6.3 3.2 90.50 0.04 1.72
CO-22 9440 DRILLED 400 200-400 * 6.3 2.4 80.00 0.03 1.00
CO-23 9670 DRILLED - - 6.3 2.0 9.00 0.22 1.00
CO-24 9700 DRILLED 380 210-380* 6.3 2.1 60.00 0.03 2.25
CO-25 9250 DRILLED 140 60-140* 6.3 7.8 3.92 1.98 2.30
CO-26 9660 DRILLED 695? - 6.3 nm — — —
CO-27 9605 DRILLED 250 110-250* 6.3 1.5 4.30 0.34 1.00
CO-29 9075 DRILLED 260? - 6.3 2.3 0.50 5.02 2.41
CO-30 8805 DRILLED 160 - 6.3 ns — — —
CO-31 8840 DRILLED 300 200-300* 6.3 1.0 33.00 0.30 1.67

-3923

(Continued)



Appendix A: (Continued) 1-3

543-623

Sample 
Number

Surface 
Elevation 

(MSL)

Well 
type

Well 
depth 
(feet)

Perforated 
Interval

Well 
diameter 
(inches)

Flowrate Drawdown Specific Pump Test
(gpm) (feet) Capacity Length 

(hours)

CO-32 9200 DRILLED — 6.3 2.2 7.41 0.29 1.57
CO-33 9240 DRILLED 527 407-527' 6.3 3.5 430.00 0.01 2.00
CO-34 9480 DRILLED - — 6.3 ns — — —
CO-35 9520 DRILLED 220 - 6.3 1.8 9.00 2.00 2.30
CO-36 9445 DRILLED 200 45-60' & 

170-195'
6.3 10.0 175.00 0.06 3.00

CO-37 9155 DRILLED - - 6.3 1.8 9.00 0.20 2.38
CO-38 8240 DRILLED 110 50-150' 6.3 4.7 9.75 0.48 2.47
CO-39 8275 DRILLED 555 90-110' & 6.3 1.2 53.00 0.02 1.60

300-555'
CO-40 8520 DRILLED - - 6.3 1.2 60.00 0.02 1.80
CO-41 8620 DRILLED 800? - 6.3 1.1 13.58 0.08 2.63
CO-42 8250 BORED 17.7 - 48.0 1.6 0.41 3.93 2.43
CO-43 8240 DRILLED 170 - 6.3 2.8 3.00 0.93 1.23
CO-44 8440 DRILLED - - 6.3 0.5 9.92 0.62 2.83
CO-45 8580 DRILLED 185 - 6.3 6.7 3.25 2.05 1.17
CO-46 8540 DRILLED 160 125-165' 6.3 3.0 30.00 0.10 2.75
CO-47 9490 DRILLED 180 - 6.3 1.6 14.41 0.11 1.63
CO-48 8480 DRILLED 235 140-230' 6.3 2.5 1.75 1.45 1.90
CO-49 8480 DRILLED 350 - 6.3 1.6 100.00 0.02 1.26
CO-50 8410 DRILLED 240 - 6.3 4.0 2.41 1.66 1.43
CO-51 9320 DRILLED 623 483-503, & 6.3 nm — — —

Notes : nm - not measured
ns - not stabilized, could not use test data 
MSL - feet above mean sea level
gpm - galIons/minute

-3923 
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APPENDIX B:

Computer Program for Calculating Transmissivity 

from the Czarnecki-Craig Method
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Appendix B: Computer Program for Calculating Transmissivity 
from the Czarnecki-Craig Method

Program t2
COMMON/Al/Tl,Tu,R,Treal,spcap,radius,stocoef,time
Real T, f 
character*! ans

1T1=1.0
Tu=1.0*(10**5)
Write (*,5)

5 Format(’Do you want to change the bounds for T?’) 
Read(*,100)ans
if(ans.eq.*N’.or. ans.eq.’n’)go to 9
Write(*,6)

6 Format(’Enter T1:’ )
Read(*,7)T1
write (*,8)

8 Format(’Enter Tu:’)
Read(*,7) Tu

7 Format(f10.3)
9 R=0.0001 .
Write(*,10)

10 Format(’Enter the storage coefficient:’)
Read(*,20) stocoef

20 Format(f10.5)
Write(*,30)

30 Format(’Enter duration of aquifer test in hrs:’)
Read(*,20) time
time=time/24.0
Write(*,40)

40 Format(’Enter the radius of the well in feet:’)
Read(*,20) radius
Write(*,50)

50 Format(’Enter the specific capacity in gpm/ft:’)
Read(*,20) spcap
caM RtfIsp (*55, *85)

(Continued)
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Appendix B (Continued)

55 Tm2=Treal*1.438*(10**(-7))
70 Write(*,80) stocoef,time,radius,spcap, Treal,Tm2
80 Format('For the following conditions/lx, * Storage 
coef.',5x,
11 time',lOx,* well radius *,5x, 'Spec. 
Capacity*,5x,/lx,f10.4,8x, 
2fl0.4,4x,fl0.4,6x,fl0.4,/lx,
3* I calculate a transmissivity of *,fl0.2,' 
gpd/ft.*,/lx,
4*If you want metric, T is *,lpel0.3,' meters**2 per 
day.*,Op)
Pause 'Write the value down now! Then hit return.' 

85 write(*,90)
90 Format(' Had enough? You wanna keep trying?') 

read(*,100)ans
100 format(al) 

if(ans.eq.'Y'.or. ans.eq.'y')go to 1 
Stop 
End 
Subroutine Rtflsp
COMMON/Al/xl,x2,xacc,Rtflsp,spcap,radius,stocoef,time 

c
Parameter (Maxit=100) 

c
fl = xl^H4.6*spcap* (-0.577

1 alog((1.87*(radius**2)*stocoef)/(xl*time))) 
fh = x2-114.6*spcap*(-0.577-

1 alog((1.87*(radius**2)*stocoef)/(x2*time))) 
Write(*,55)fl,fh

55 Format('fl = *,IpelO.3,Op,' fh = ',IpelO.3,Op) 
if(fl*fh.gt.0.)then
Pause *T is outside the range you have bracketed.

1 Try again.' 
return 2 

else 
continue
if(fl.It.0.0)then 

xl=xl 
xh=x2 

else
(Continued)
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xl=x2 
xh=xl 
swap=f1 
fl=fh 
fh=swap 

endif 
dx=xh-xl 
do 10 j=l,maxit

rtflsp= xl+dx*f1/(f1-fh)
f=rtflsp-114.6*spcap*(-0.577-

1 alog((1.87*(radius**2)*stocoef)/(rtfIsp*time)))
if(f.It.0.0) then 
del=xl-rtfIsp 
xl=rtflsp 
fl=f

else
del=xh-rtfIsp 
xh=rtfIsp 
fh=f 

endif 
dx=xh-xl
if(abs(del).It.xacc.or.f.eq.0.0)return 1 

10 continue
Pause ’Now the program did not converge ! Try

1 again ! !’ 
endif 
End
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APPENDIX C:

Saturation Indices Calculated from PHREEQE Model



Appendix C: Saturation Indices Calculated from the PHREEQE Model

SAMPLE NO. URANINITE UO2 CALCITE DOLOMITE SIDERITE BARITE QUARTZ FEOH3am PCO2 KAOLINITE

CO-3 -7.60 -12.22 -2.19 -4.96 -2.76 -3.44 0.24 0.007 -1.70 —
CO-4 -8.27 -13.01 -2.08 -4.66 -2.74 -3.96 0.28 0.058 -1.63 —
CO-5 -8.78 -13.05 -2.14 -4.87 -3.00 -4.17 0.35 -0.049 -1.50 —
CO-6 -6.23 -11.08 -1.24 -2.80 -2.10 -3.92 0.15 0.024 -1.82 —
CO-7 -7.03 -11.89 -1.83 -4.14 -2.50 -3.47 0.13 -0.024 -1.78 —
CO-8 -9.87 -14.67 -3.02 -6.58 -3.47 -4.10 0.26 0.019 -1.51 —
CO-9 -9.20 -13.86 -2.19 -4.78 -3.06 -4.34 0.24 0.023 -1.75 —

CO-10 -12.52 -17.27 -2.71 -5.72 -4.49 -3.52 0.19 0.022 -1.94 —
CO-11 -10.96 -15.60 -2.52 -5.61 -3.88 -4.84 0.34 0.017 -1.85 —
CO-12 -11.25 -16.00 -2.90 -6.17 -3.91 -5.21 0.38 -0.006 -1.92 —
CO-13 -8.21 -12.87 -2.51 -5.39 -2.67 -3.48 0.29 -0.028 -2.10 —
CO-14 -9.74 -14.53 -1.55 -3.39 -2.67 -3.73 0.29 -0.020 -1.76 —
CO-15 -3.49 -8.28 -1.76 -3.92 -1.44 -4.35 0.09 -0.054 -3.39 —
CO-16 -3.22 -7.92 0.15 0.18 -0.89 -3.27 0.09 0.071 -3.37 —
CO-17 -10.94 -15.60 -2.52 -5.32 -3.24 -3.74 0.26 -0.033 -1.85 —
CO-18 -6.95 -11.72 -1.12 -2.52 -1.98 -5.34 0.29 0.049 -2.53 —
CO-19 -5.22 -9.97 -1.03 -2.16 -1.55 -3.56 0.10 -0.019 -2.51 —
CO-20 -14.36 -19.02 -3.66 -7.71 -5.37 -4.73 0.14 -0.057 -1.83 —
CO-22 -2.31 -6.92 -2.40 -5.32 -2.66 -1.35 0.12 -0.042 -3.25 —
CO-23 -7.99 -12.70 -3.02 -6.53 -3.42 -1.80 0.13 -0.047 -1.78 —
CO-24 -6.il -10.80 -3.11 -6.64 -3.19 — 0.28 0.006 -2.45 —
CO-25 -10.70 -15.60 -3.62 -7.61 -4.41 -1.45 0.11 -0.166 -1.65 —
CO-26 -1.77 -6.49 -1.48 -3.39 -2.il -1.60 0.25 -0.005 -2.73 —
CO-27 -8.40 -13.10 -3.83 -7.96 -3.33 -1.94 0.21 0.019 -1.68 —
CO-29 -7.55 -12.30 -3.19 -6.92 -3.41 -1.50 0.15 -0.022 -2.01 0.66
CO-30 -8.47 -13.20 -3.38 -7.25 -3.01 -0.75 0.15 -0.001 -1.63 —

(Continued)
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CO-31 -4.53 -9.31 -2.36 -5.14 -2.96 -2.01 0.33 0.013 -2.03 —
CO-32 -1.30 -5.97 -1.74 -3.86 -1.43 -1.45 0.31 0.011 -2.38 —
CO-33 -0.13 -4.90 -0.56 -1.19 -1.31 - 0.15 0.002 -2.96 —
CO-34 -2.32 -7.03 -2.58 -5.58 -2.34 -1.41 0.12 0.007 -3.03 2.89
CO-35 -2.06 -6.74 -1.34 -3.01 -1.94 -1.66 0.32 0.080 -2.94 —
CO-36 -8.38 -13.10 -3.31 -7.09 -3.68 -0.89 0.16 -0.003 -1.95 —
CO-37 -10.20 -15.00 -3.69 -8.18 -4.67 — 0.17 -0.352 -1.65 -2.10
CO-38 -5.40 -10.20 -1.49 -3.32 -2.68 -0.67 0.28 -0.009 -1.75 —
CO-39 -4.87 -9.69 -0.37 -0.95 — -1.87 0.22 — -2.59 —
CO-40 -2.75 -7.56 -2.66 -5.69 - — 0.28 — -2.09 —
CO-41 -6.68 -11.40 -1.86 -4.08 -2.96 — 0.41 -0.006 -1.87 —
CO-42 -5.92 -10.90 -2.06 -4.79 -1.45 -1.00 0.17 0.033 -1.41 —
CO-43 -3.93 -8.81 -0.40 -1.26 -1.48 -0.30 0.10 0.030 -1.81 —
CO-44 -7.41 -12.30 1.47 -3.35 -2.71 —0.64 0.30 0.022 -1.60 —
CO-45 -8.32 -13.00 -1.36 -3.12 -3.17 -0.12 0.44 -0.037 -1.52 —
CO-46 -4.93 -9.67 -1.21 -2.91 -2.37 -0.30 0.29 0.019 -1.95 —
CO-47 -7.51 -12.20 -2.18 -4.64 -3.21 -1.59 0.37 -0.050 -1.81 —
CO-48 -3.68 -8.42 -0.45 -1.26 -1.59 -1.29 0.38 0.011 -2.27 —
CO-49 -5.08 -9.90 -0.74 -2.11 -2.31 —0.0 6 0.22 0.023 -1.91 —
CO-50 -7.12 -11.90 -1.18 -2.68 -2.88 -0.41 0.32 0.013 -1.80 —
CO-51 -1.08 -5.75 -0.49 -1.30 - -0.42 0.13 — -3.11 —
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Appendix D. Radium-226 Analyses H

Sample 
Number

Cell Count
er

cpm 
background

cpm 
(gross)

cpm tl t4 1-e(-dtl) e(-dt4) E Ra (pCi/

O.lpCi/1 1 2 0.093 0.101 0.008 48960 1170 0.998 0.863 0.055 0.08
1.0pCi/l 1 2 0.128 0.231 0.103 64690 770 1.000 0.908 0.055 0.93

10.OpCi/1 1 2 0.111 1.407 1.296 28800 730 0.973 0.912 0.055 11.95
CO-9 1 2 0.086 0.109 0.023 41105 997 0.994 0.882 0.055 0.21

CO-18 1 2 0.171 0.112 -0.059 - - - — 0.055 nd
CO-31 1 2 0.096 0.099 0.003 47340 800 0.997 0.904 0.055 0.03
CO-32 1 2 0.081 0.408 0.327 37200 1565 0.991 0.821 0.055 3.29
CO-33 1 2 0.137 0.323 0.186 28100 1115 0.971 0.869 0.055 1.81
CO-36 1 2 0.094 0.112 0.018 38795 867 0.992 0.897 0.055 0.17
CO-39 1 2 0.067 0.125 0.058 48800 920 0.998 0.891 0.055 0.53
CO-43 1 2 0.990 0.111 -0.879 - - - — 0.055 nd
CO-4 5 1 2 0.119 0.132 0.013 48415 810 0.998 0.903 0.055 0.12
CO-48 1 2 0.094 0.120 0.026 182880 765 1.000 0.908 0.055 0.23

0.1pCi/l 9A 3 0.097 0.118 0.021 30250 805 0.978 0.904 0.090 0.12
1.OpCi/1 9A 3 0.174 0.352 0.178 37750 710 0.991 0.914 0.090 0.98

CO-10 9A 3 0.100 2.172 2.072 31620 1165 0.981 0.864 0.090 12.24
CO-15 9A 3 0.182 0.174 -0.008 - — - — 0.090 nd
CO-16 9A 3 0.132 0.256 0.124 41675 1035 0.995 0.878 0.090 0.71
CO-40 9A 3 0.100 0.116 0.016 31360 750 0.981 0.910 0.090 0.09
CO-46 9A 3 0.980 0.159 -0.821 - - — — 0.090 nd

0.1pCi/l 8 2 0.130 0.128 - — — — 0.060 nd
1.OpCi/1 8 2 0.125 0.225 0.100 44845 715 0.996 0.914 0.056 0.88

10.OpCi/1 8 2 0.121 1.338 1.217 47475 861 0.997 0.897 0.056 10.94
CO-3 8 2 0.185 0.484 0.299 35890 760 0.989 0.909 0.056 2.68
CO-4 8 2 0.095 0.209 0.114 43200 685 0.996 0.917 0.056 1.00
CO-6 8 2 0.150 0.259 0.109 33170 935 0.985 0.889 0.056 1.00
CO-8 8 2 0.129 0.197 0.068 34545 840 0.987 0.900 0.056 0.62

-3923
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Sample 
Number

Cell Count
er

cpm 
background

cpm 
(gross)

cpm tl 14 l-e(-dtl) e (-dt4) E Ra(pCi/1)

CO-13 8 2 0.151 0.201 0.050 39000 790 0.993 0.905 0.056 0.45
CO-17 8 2 0.142 0.472 0.330 41570 760 0.995 0.909 0.056 2.94
CO-19 8 2 0.164 0.162 -0.002 - — — — 0.056 nd
CO-41 8 2 0.135 0.132 -0.003 - — — — 0.056 nd
CO-50 8 2 0.145 0.125 -0.020 - - — — 0.056 nd
CO-51 8 2 0.141 0.340 0.199 33505 790 0.985 0.905 0.056 1.79

O.lpCi/1 7 3 0.145 0.180 0.035 59040 830 0.999 0.901 0.170 0.10
1.0pCi/l 7 3 0.142 0.487 0.345 43090 740 0.996 0.911 0.170 1.01

10.0pCi/l 7 3 0.124 3.360 3.236 18690 890 0.905 0.894 0.170 10.60
CO-3 7 3 0.137 2.462 2.325 38345 735 0.992 0.912 0.170 6.81
CO-5 7 3 0.172 0.512 0.340 33095 875 0.984 0.896 0.170 1.02
CO-7 7 3 0.176 1.559 1.383 33170 915 0.985 0.891 0.170 4.18

CO-11 7 3 0.113 0.268 0.155 41775 680 0.995 0.918 0.170 0.45
CO-12 7 3 0.204 0.225 0.021 37535 912 0.991 0.892 0.170 0.06
CO-14 7 3 0.155 0.379 0.224 40230 870 0.994 0.896 0.170 0.67
CO-38 1 3 0.162 0.251 0.089 47680 940 0.998 0.888 0.170 0.27
CO-44 7 3 0.140 0.233 0.093 60240 910 0.999 0.892 0.170 0.28
CO-49 7 3 0.162 0.269 0.107 40365 860 0.994 0.897 0.170 0.32

*CO-23 5 2 0.110 0.100 -0.010 — — — 0.056
0.17

nd 
nd

*CO-26 5 2 0.110 0.117 0.007 107890 800 1.000 0.904 0.056
0.17

0.06
0.02

*CO-37 5 3 0.104 0.118 0.014 28435 800 0.972 0.904 0.056
0.17

0.13
0.04

*CO-24 4 2 0.099 0.120 0.021 105265 665 1.000 0.920 0.056
0.17

0.18
0.06

(Continued)

-3923 
172



Appendix D. (Continued)

Sample 
Number

Cell Count
er

cpm 
background

cpm 
(gross)

cpm tl t4 1-e(-dtl) e(-dt4) E Ra(pCi/1)

*CO-27 4 2 0.112 0.122 0.010 110580 1005 1.000 0.881 0.056

0.170

0.09

0.03
*CO-30 6 2 0.052 0.121 0.069 35435 900 0.988 0.893 0.056

0.170
0.63
0.21

*CO-35 9 3 0.105 0.144 0.039 28820 1100 0.973 0.871 0.056
0.170

0.37
0.12

*CO-42 9 3 0.089 0.213 0.124 50230 845 0.998 0.899 0.056
0.170

1.11
0.37

*CO-47 9 3 0.086 0.114 0.028 34015 997 0.986 0.882 0.056
0.170

0.26
0.09

Notes: cpm = counts per minute (gross - background)

tl = time interval for in-growth of radon between the first and second 
deemanation of the sample.

t4 = time interval between second deemanation of the sample and the 
midpoint of the sample counting time.

d = decay constant of radon-222 (1.259 x 10“4 min)

E = counting cell efficiency - E values are calculated from a best fit line 
for the results of the analyses of the 0.1, 1.0, and 10 pCi/1 standards.

Ra (pCi/1) = Radium-226 activity in pico-Curies/liter.

* - These samples were analyzed in scintillation cells for which cell 
efficiencies were not determined. Therefore, calculations were 
determined using both a maximum (0.170) and minimum (0.056) E value.

-3923 
173



T-3923 174

APPENDIX E: 

Dissolved Radon-222 Measurements



Appendix E: Dissolved Radon-222 Measurements - Conifer Water Samples.

Sample 
Number

Date A 
(pCi/1)

B
(pCi/1)

Average 
(pCi/1)

Date A 
(pCi/1)

B 
(pCi/1)

Average 
(pCi/1)

Cumulative 
Average

88CO-22 6/8/88 3861 3917 3889 6/21/89 3750 4431 4091 3990
88CO-23 6/10/88 11878 11996 11937 8/4/89 I 13904 13831 13868 12902
88CO-24 6/10/88 15661 16042 15852 3/28/89 I 23055 23315 23185 19518
88CO-25 7/26/88 6498 6584 6541 3/28/89 I 6337 5911 6124 —

3/28/89 0 7023 7023 7023 6/21/89 4282 4831 4556 6061
88CO-26 7/26/88 4136 . 4232 4184 3/28/89 I 4217 4266 4242 4213
88CO-27 7/26/88 23913 24173 24043 3/28/89 I 27672 27015 27344 25693
88CO-29 7/29/88 6245 6142 6194 4/1/89 I 7617 7496 7557 6875
88CO-30 7/29/88 6923 6681 6802 4/11/89 I 7628 7172 7400 7101
88CO-31 8/3/88 138520 138898 138709 4/1/89 I 165753 165449 165601 —

4/1/89/ 0 154582 143389 148986 ? 122953 130627 127795 —
? 124964 130694 127829 6/21/89 93149 90882 92016 133489

88CO-32 8/7/88 15646 15685 15666 15666
88CO-33 8/7/88 7750 ‘ 7426 7588 4/1/89 I 8002 7785 7894 7741
88CO-34 8/7/88 8394 8394 8394 3/30/89 I 6079 6017 6048 7221
88CO-35 8/10/88 5063 5067 5065 3/28/89 I 4980 4966 4973 5019
88CO-36 8/10/88 5936 5871 5904 3/28/89 I 6718 6651 6685 6294
88CO-37 8/10/88 14785 14849 14817 3/30/89 I 17170 16788 16979 —

3/30/89 0 16297 16574 16436 6/21/89 15407 15039 15223 15864
88C0-38 9/1/88 12392 12704 12548 3/30/89 I 10561 10653 10607 11578
88CO-39 9/1/88 4023 4240 4132 4/8/89 I 5263 5416 5340 4736
88CO-40 9/15/88 7919 7937 7928 4/4/89 I 8000 7978 7989 7959
88CO-41 9/15/88 21911 22277 22094 3/30/89 I 18953 19061 19007 20551
88CO-42 9/17/88 1330 1349 1340 4/4/89 I 1669 1669 1669 1504
88CO-43 9/17/88 4139 4080 4110 4/4/89 I 3892 3734 3813 3961
88CO-44 9/22/88 1457 1559 1508 4/8/89 I 1360 1248 1304 1406
88CO-45 9/27/88 3768 3887 3828 4/4/89 I 4194 4222 4208 4018
88CO-46 9/29/88 4361 4459 4410 4/4/89 I 3679 3711 3695 4053
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Sample Date A B Average Date A B Average Cumulative
Number (pCi/1) (pCi/1) (pCi/1) (pCi/1) (pCi/1) (pCi/1) Average

88CO-47 9/29/88 7516 7671 7594 3/30/89 I 4216 4361 4289 5941
88CO-48 10/11/88 2044 2088 2066 3/28/89 I 2024 2219 2122 2094
88CO-49 10/13/88 5033 5095 5064 4/4/89 I 5298 5079 5189 5126
88CO-50 10/13/88 1645 1641 1643 4/11/89 I 2357 2583 2470 2057
88CO-51 10/17/88 28724 27998 28361 4/1/89 I 14023 13571 13797 —

4/1/89 0 14494 14797 14646 6/24/89 18532 18345 18439 —
6/24/89 23319 22936 23127 19674

89CO-3 4/25/89 1517 1514 1516 1516
89CO-4 4/25/89 9320 9360 9340 9340
89CO-5 4/29/89 10525 10655 10590 10590
89CO-6 5/2/89 1004 1019 1012 1012
89C0-7 5/2/89 18073 18734 18404 18404
89C0-8 5/2/89 8767 9223 8995 8995
89C0-9 6/19/89 5528 5464 5496 5496

89C0-10 6/19/89 10546 10733 10640 6/20/89 11158 11274 11216 —
6/21/89 10849 10638 10744 6/21/89 11957 12548 12252 —
6/22/89 11905 11889 11897 6/23/89 11897 11782 11839 —
6/24/89 9486 10011 9748 6/25/89 9976 9952 9964 11037

89C0-11 6/20/89 30902 30965 30934 30934
89C0-12 6/20/89 28021 26458 27240 27240
89C0-13 6/22/89 5993 5680 5837 5837
89C0-14 6/22/89 6687 6588 6638 6638
89C0-15 6/23/89 0 0 0 0
89C0-16 6/23/89 25998 25384 25691 25691
89C0-17 6/23/89 3478 3401 3440 3440
89C0-18 6/24/89 12754 11811 12283 12283
89C0-19 6/24/89 5693 5453 5573 5573
89C0-20 6/25/89 6370 6366 6368 6368

(Continued)
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The date of the sample collection is followed by the analytical results for 
the duplicates (A and B) for that sampling round.

The average of each set of duplicates is calculated.
Dates followed by an I indicate samples were collected from an indoor 

spigot.
Dates followed by an 0 indicate samples collected at the same time as the 

indoor samples, but from an outside spigot.
The cumulative average column represents the average of all samples taken 

from a single sampling site.
? - No record of collection date.
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Appendix F: Water Levels for Potentiometric Surface Map
Sample 
Number

Surface 
Elevation 

(MSL)

Depth to 
Water 
(ft)

Water Level 
Elevation 

(MSL)

Sample 
Number

Surface
Elevation 

(MSL)

Depth to 
Water 
(ft)

Water Level 
Elevation 

(MSL)

CO-3 8440 38 8402 H-2 8590 9 8581
CO-4 8620 6 8614 H-3 8610 34 8576
CO-5 8820 103 8717 H-5 8520 18 8502
CO-6 8640 15 8625 H-6 8505 27 8478
CO-8 8760 11 8749 H-8 8590 69 8521
CO-9 8960 15 8945 H-25 8235 45 8190

CO-10 8965 100 8865 H-32 8340 16 8324
CO-11 8940 56 8884 H-36 8380 38 8342
CO-13 8315 45 8270 H-38 8110 30 8080
CO-14 8360 41 8319 H-43 9320 68 9252
CO-16 8150 10 8140 H-44 9520 46 9474
CO-17 8250 15 8235 H-45 9660 28 9632
CO-18 8600 37 8563 H-47 9850 274 9576
CO-20 9480 38 9442 H-51 9520 92 9428
CO-23 9670 42 9628 H-5 6 9270 11 9259
CO-24 9700 97 9603 H-63 8860 272 8588
CO-25 9240 4 9236 H-6 6 9300 131 9169
CO-26 9645 220 9425 H-72 8710 51 8659
CO-27 9605 46 9559
CO-29 9085 31 9054 M-3 8540 10 8530
CO-30 8805 23 8782 M-4 9415 184 9231
CO-31 8840 92 8748 M—6 8565 7 8558
CO-32 9200 66 9134 M—7 9155 33 9122
CO-33 9240 54 • 9186 M—11 8780 5 8775
CO-34 9480 60 9420 M-13 8420 7 8413
CO-35 9520 141 9379 M-14 8860 33 8827
CO-36 9445 23 9422 M-15 8800 144 8656
CO-37 9155 74 9081
CO-38 8240 10 8230 CM-1 9760 100 9660
CO-39 8275 164 Bill CM-2 9600 170 9430
CO-40 8480 38. 8442 CM-3 9555 102 9453
CO-41 8700 125 8575 CM-4 9455 68 9387
CO-43 8240 64 8176 CM-5 9425 59 9366
CO-44 8440 74 8366 CM-6 9475 145 9330
CO-45 8580 76 8504 CM-9 8880 13 8867
CO-47 9490 78 9412 CM-10 9525 130 9395
CO-48 8480 172 8308 CM-11 9455 61 9394
CO-51 9320 142 9178 CM-12 9435 42 9393

CM-13 8755 81 8674

(Continued)
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Sample 
Number

Surface 
Elevation 

(MSL)

Depth to 
Water 
(ft)

Water Level 
Elevation 

(MSL)

Sample 
Number

Surface 
Elevation 

(MSL)

Depth to 
Water 
(ft)

Water Level 
Elevation 

(MSL)

L—1 8880 80 8800 L-5 9 8635 20 8615
L-4 9125 65 9060 L-61 8680 12 8668
L-5 9120 43 9077 L-62 8580 61 8519
L-7 9040 160 8880 L-63 8440 15 8425
L-8 9080 218 8862 L-65 8670 8 8662

L-12 9180 96 9084 L-66 8715 81 8634
L-13 9400 5 9395 L-67 8100 23 8077
L-14 8840 5 8835 L-68 8130 5 8125
L-16 8800 95 8705 L-69 8360 41 8319
L-17 8760 57 8703 L-70 8315 22 8293
L-18 8835 0 8835 L-7 2 8405 0 8405
L-19 8700 61 8639 L-73 8515 6 8509
L-21 9160 0 9160 L-7 4 8530 0 8530
L-22 8880 0 8880 L-7 5 8595 8 8587
L—23 8615 0 8615 L—77 8905 125 8780
L-24 8480 68 8412 L-7 9 8320 86 8234
L-25 8420 9 8411 L-80 • 8460 189 8271
L-27 8435 52 8383 L-81 8130 18 8112
L-28 8470 100 8370 L-82 8205 34 8171
L-29 8400 ' 100 8300 L-83 8145 0 8145
L-30 8315 160 8155 L-84 8120 42 8078
L-33 8960 0 8960 L-85 8100 0 8100
L-34 9080 26 9054 L-8 6 8160 56 8104
L-36 9310 0 9310 L-8 7 8280 18 8262
L-38 9035 277 8758 L-88 8310 51 8259
L-40 9080 168 8912 L-89 8320 61 8259
L-42 9080 32 9048 L-90 8275 52 8223
L-4 3 9120 55 9065 L-91 8480 0 8480
L-44 8965 56 8909 L-92 8620 0 8620
L-46 8955 0 8955 L-93 8495 108 8387
L-48 9130 280 8850 L-94 8790 0 8790
L-4 9 8880 180 8700 L-95 8890 90 8800
L-50 8871 72 8799 L-96 8915 114 8801
L-51 8636 0 8636 L-97 8760 6 8754
L-52 8560 24 8536 L-98 9480 0 9480
L—55 9005 253 8752 L-99 9490 0 9490
L-5 6 8570 30 8540 L-100 8965 87 8878
L-57 8565 36 8529 L-101 8810 48 8762
L-58 8640 9 8631 L-102 8715 14 8701

(Continued)
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Appendix F: (Continued)
Sample 
Number

Surface 
Elevation 

(MSL)

Depth to 
Water 
(ft)

Water Level 
Elevation 

(MSL)

L-103 8815 84 8731
L-104 8790 0 8790
L-105 8720 205 8515
L-106 8590 144 8446
L-107 8595 37 8558
L-108 8760 120 8640

Z-l 8235 90 8145
Z-2 8380 45 8335
Z-3 8460 118 8342
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PLATE 1. LOCATION MAP FOR WATER SAMPLING AND WATER LEVEL 
MEASUREMENT SITES, CONIFER, COLORADO

EXPLANATION

o co-ii WATER SAMPLING AND WATER LEVEL MEASUREMENT (WLM) SITE — DATA COLLECTED BY AUTHOR

O L-4i WLM SITE —DATA COLLECTED BY AUTHOR

o m -4 WLM SITE — DATA COLLECTED BY MOUNTAIN WATER AND SANITATION DISTRICT MONITORING
PROGRAM (MWSD PROGRAM) AS PART OF AN ONGOING STUDY.

O CM-I2 WLM SITE — DATA COLLECTED FOR CONIFER MOUNTAIN HOMEOWNERS ASSOCIATION BY
MWSD PROGRAM

o h-66 WLM SITE — DATA COLLECTED BY HICKS (1987) IN A PREVIOUS STUDY

Arthur Lakes Library
O z-2 WLM SITE — DATA COLLECTED BY MSWD PROGRAM

TOPOGRAPHIC CONTOUR INTERVAL = 40 FEET SCALE 1 : 24,000

| KILOMETER

Errol P. Lawrence
Colorado School of Mines
1990

T-3923
Plate 1
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PLATE 2. POTENTIOMETRIC SURFACE MAP, APRIL - MAY 1989, CONIFER, COLORADO

EXPLANATION

OQ---------WATER-LEVEL CONTOUR ; DASHED WHERE INFERRED

WATER-LEVEL DATA POINT WITH MEASURED WATER-LEVEL ELEVATION IN FEET ABOVE MEAN 
SEA LEVEL. MEASURED APRIL - MAY 1989

Arthur Lakes Library

8342 WATER - LEVEL DATA POINT WITH WATER - LEVEL ELEVATION FROM HICKS (1987) STUDY, 
® MEASURED APRIL, 1986

TOPOGRAPHIC CONTOUR INTERVAL = 40 FEET
WATER - LEVEL CONTOUR INTERVAL = 100 FEET fe

' b

Errol P. Lawrence
Colorado School of Mines T-3923
1990 Plate 2

SCALE 1 : 24,000

2OQ0 FEET

J KILOMETER
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PLATE 3. GROUND WATER DRAINAGE BASIN MAP, CONIFER, COLORADO

EXPLANATION

-------DRAINAGE BASIN DIVIDE (BASED ON THE POTENTIOMETRIC SURFACE MAP — PLATE 2)

DRAINAGE SUB-BASIN DIVIDE (BASED ON THE POTENTIOMETRIC SURFACE MAP — PLATE 2)

INFERRED FLOWPATH OF GROUNDWATER. THREE FLOWPATHS WERE SELECTED FOR PURPOSES 
OF MONITORING CHANGES IN WATER QUALITY ALONG THE LENGTH OF THE FLOWPATH. CIRCLES 
INDICATE WATER SAMPLING SITES.

LIMITS OF CONTOURED DATA

Arthur Lakes Library TOPOGRAPHIC CONTOUR INTERVAL = 40 FEET SCALE 1 : 24,000

9---------------- --------- I KILOMETER

Errol P. Lawrence
Colorado School of Mines
1990

T-3923
Plate 3

U188001800796
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PLATE 4. ISOCHEMICAL MAP OF CALCIUM IN GROUND WATER, CONIFER, COLORADO

EXPLANATION

Arthur Lakes Library

"'/OoZ)^ ISOCHEMICAL CONTOUR ; DASHED WHERE INFERRED

120 WATER SAMPLE DATA POINT WITH MEASURED CALCIUM CONCENTRATION (IN PPM)

/ LIMITS OF CONTOURED AREA — SOME DATA POINTS WERE COLLECTED OUTSIDE THESE LIMITS

LOW — AREA OF RELATIVELY LOW CALCIUM CONCENTRATION

HIGH — AREA OF RELATIVELY HIGH CALCIUM CONCENTRATION

TOPOGRAPHIC CONTOUR INTERVAL = 40 FEET 
ISOCHEMICAL CONTOUR INTERVAL = 5 PPM

SCALE 1 :24,000

Errol P. Lawrence
Colorado School of Mines
1990

T-3923
Plate 4
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PLATE 5. ISOCHEMICAL MAP OF BICARBONATE IN GROUND WATER, 
CONIFER COLORADO

EXPLANATION

- '00ppm__ ISOCHEMICAL CONTOUR ; DASHED WHERE INFERRED

86 WATER SAMPLE DATA POINT WITH MEASURED BICARBONATE CONCENTRATION (IN PPM)

/ LIMITS OF CONTOURED AREA — SOME DATA POINTS WERE COLLECTED OUTSIDE THESE LIMITS

LOW - AREA OF RELATIVELY LOW BICARBONATE CONCENTRATION

HIGH - AREA OF RELATIVELY HIGH BICARBONATE CONCENTRATION

TOPOGRAPHIC CONTOUR INTERVAL = 40 FEET
ISOCHEMICAL CONTOUR INTERVAL = 25 PPM

SCALE 1 : 24,000

O ZOOO FEET 

2____ I KILOMETER

Errol P Lawrence
Colorado School of Mines
1990

T-3923
Plate 5

U188001808817


