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FACTORS AFFECTING THE DECLINE IN HOT-SPRING ACTIVITY IN THE 
STEAMBOAT SPRINGS AREA OF CRITICAL ENVIRONMENTAL CONCERN, 

WASHOE COUNTY, NEVADA 

by Michael L. Sorey and Elizabeth M. Colvard 
U.S. Geological Survey 

ABSTRACT 

A study was begun in 1988 to delineate the factors affecting hot-spring activity in the 
Steamboat Springs geothermal system in western Nevada. Hot springs formerly flowed 
primarily in the Steamboat Springs Area of Critical Environmental Concern (ACEC), which 
occupies the southern part of the main silica terrace adjacent to Highway 395. Significant 
declines in spring Hows and water levels in non-flowing spring vents at the main terrace were 
first noted during the spring of 1986 and the spnng of 1987. All spring flow ceased in 1987 
and water levels in spring vents have generally declined since then. Short periods of rising 
water levels in many vents, lasting for weeks to months, have occurred within the longer-term 
period of decline. The available evidence indicates that the principal factor causing the 
reduction in spring activity is the water-level decline in the shallow ground-water system in 
the South Truckee Meadows, which between 1985 and 1989 exceeded 20 feet in places. The 
decline in ground-water level has been caused by increased ground-water use from wells and 
by reductions in ground-water recharge associated with successive years of below-normal 
precipitation beginning in 1986-87. A secondary factor affecting spring activity is production 
from geothermal wells. Following periods of well testing in 1986, full-scale pr<?duction and 
injection began in January 1987 at the SB GEO geothermal well field located 0.5 miles 
northwest of the ACEC. Full-scale production began in February 1988 at the Caithness 
Power Incorported (CPI) geothermal well field, located 1.5 miles southwest of the ACEC. 

By 1989, the hydraulic head beneath the ACEC had declined by about 17 feet. It is 
difficult to determine how much of this total decline to attribute to different factors because 
each has caused similar types of effects and because certain key hydrologic aspects of the 
problem are not adequately known. Most important in this regard are the location and 
hydraulic properties of permeable zones that may connect the hot springs with the developed 
geothermal reservoirs in the Steamboat Hills and with alluvial aquifers in the South Truckee 
Meadows, and the level of drawdown in the CPI well field. Records are available on 
changes in spring flow and water level at the main terrace, changes in water level in 
observation wells, and fluid production and injection at the geothermal well fields. From this 
information we estimate that most (80-95 percent) of the decline in spring activity at the main 
terrace may be attributable to water-level declines in the shallow ground-water system. 
Approximately 1-3 feet (5-20 percent) of the total may be attributable to the effects of 
production and injection from the Caithness well field; operations at the SB GEO well field 
appear to have ca'used less effect on the hot springs than have the CPI well-field operations. 

Observation wells completed in the CPI production reservoir. and in the reservoir that 
supplies the springs on the main terrace are needed to provide more accurate determinCltions 
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of the effects of the above-mentioned factors on hot-spring activity. Water-level data 
collected from ·such wells during interference tests or temporary shut-downs at the geothermal 
well fields could allow the degree of hydraulic communication between these fields and the 
hot springs to be better quantified. Such monitoring could also detect water-level rises that 
might accompany a return to normal precipitation conditions in the Steamboat area. 
However, it is unlikely that mitigation measures that might be carried out at the cpr and SB 
GEO well fields would be effective in returning the springs to their former flowing conditions 
because other factors, such as continued ground-water pumping in the South Truckee 
Meadows and geothermal production from sites currently being developed near the northern I 

boundary of the ACEC, are likely to have significant negative effects on the hot springs. 
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INTRODUCTION 

Background 

The Steamboat Springs geothermal area is located approximately 9 miles south of the 
city of Reno, in and around the Steamboat Hills in western Nevada (figs. 1 and 2). The 
geothermal area includes numerous historically active hot springs and geysers at the 
northeastern end of the Steamboat Hills. The Steamboat Hills trend northeast, almost 
transverse to the nearby Carson Range, which is separated from the Sierra Nevada by the 
Lake Tahoe basin. 

Because of the unique occurrence of a large number of hot springs and geysers in the 
Steamboat area, the U.S. Geological Survey did an extensive study of the Steamboat 
geothermal system between 1945 and 1952. During this study, existing thermal wells were 
evaluated, eight new wells were drilled and tested within the Steamboat Springs geothermal 
area, and physical aspects of the hydrology and thermal activity of the spring system were 
investigated (White, 1968). The study involved detailed documentation of the activity of 74 
springs in two major areas, referred to as the main terrace and the low terrace (figs. 3 and 4). 
White (1968) noted that of 46 springs on the main terrace, 13 erupted as geysers and 6 were 
pulsating springs. Three springs discharged continuously from June 1945 to August 1955. 
Of the 20 springs on the low terrace, 9 erupted as geysers, 2 were pulsating springs, and 6 
springs discharged continuously from June 1945 to August 1952. The total flow from hot 
springs on the main and low terraces averaged 65 gaVrnin and ranged from 30 to 80 gal/min 
during this period. 

In 1975, delineation of the Steamboat Springs Known Geothermal Resources Area 
(KGRA), which includes the Steamboat Springs Unit (fig. 3), initiated exploration for, and 
development of, geothermal resources in the region (Chevron Resources, 1987). Numerous 
companies have been involved in geothermal exploration programs at Steamboat since 1975, 
including Phillips Petroleum, Chevron Resources, Yankee-Caithness, Caithness Power, Ormat 
Energy Systems, and Far West Capital. During this exploration period, Nehring (1980) 
studied the evolution and origin of thermal ground water in the Steamboat Springs geothermal 
area, utilizing chemical analyses of various thermal and non-thermal springs and wells, 
sampled mostly in 1977. Current geothermal power production consists of 7 MWJrom the 
SB GEO Binary Power Plant (SBG in fig. 3) on private land northeast of the Steamboat Hills 
and 12.5 MWe (net) from the Caithness Power Incorporated single-flash power plant (CPI in 
fig. 3) on a combination of private and federal land near the crest of the Steamboat Hills. 
Full-scale operations began in January 1987 at the SBG field and in February 1988 at the CPI 
field. 

In an effort to preserve and protect the unique natural thermal features at Steamboat 
Springs, a 40-acre parcel of public land was designated an Area of Critical Environmental 
Concern (ACEC) in 1983. This ACEC (fig. 3) encompasses the southern part of the main 
terrace spring area delineated by White (1968) and is under the jurisdiction of the BLM's 
Carson City District Office. Protected under the ACEC designation are both the hot springs 
and geysers and the federally listed endangered steamboat buckwheat, which grows in the 
silica-rich soils surrounding the main terrace. 
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In April, 1986 the BLM was contacted by the Geyser Observation and Study Association 
(GOSA). GOSA noted that on a recent visit to the main terrace, spring and geyser activity 
~as greatly reduced; water levels in many springs had decreased to the point that there Was no 
flow, some springs were dry, and the geysers were inactive. GOSA considered that the 
decline in spring activity might be related to the discharging of a geothermal well 
approximately one and a half miles to the southwest, at the crest of the Steamboat Hills. 
Hudson (1987a), based on observations of main-terrace spring and geyser activity during the 
spring and summer of 1986, noted that hot-spring water levels fell within a few weeks of the 
start of the well discharge and recovered within 3 weeks of the end of the well discharge; In 
June, 1986, the BLM began weekly to bi-weekly visits to the main terrace, noting geyser 
activity, periods of spring discharge, and depths to water in many non-flowing springs. These 
observations, along with those made by GO SA, D.M. Hudson, and the Nevada Division of 
Environmental Protection (NDEP) were compiled from BLM files and are presented in 
Appendix A. Monitoring of several main-terrace springs also began in June 1986 on behalf of 
Caithness and resulted in a series of reports by Yeamans (1986a, 1986b, 1987a, and 1987b). 
Included in these data are the only quantitative estimates of total flow from springs on the 
main terrace since those reported by White (1968). The total flow from six springs was 
estimated to vary from about 10 gal/min to 30 gal/min over the period June 1986 to April 
1987, although discharge was noted from other springs not monitored (Yeamans, 1987 a). 

An Environmental Assessment (EA) of the proposed development of the CPI well field 
and power plant southwest of the main terrace was completed in May, 1987. This document 
addressed, in part, the potential impact on the springs and geysers of the main terrace ACEC 
from geothermal fluid production and injection in the federally authorized CPI well field 
(Chevron Resources, 1987). Potential effects of geothermal production and injection on 
spring and geyser activity were judged to be insignificant based on reinjection of "95 percent 
of the proposed rate of withdrawal of fluids" and preliminary results from a one-month 
production/injection test begun in May 1987 (Yeamans, 1987c, included in Chevron, 1987). 
A by-product of the Environmental Assessment was a ground- and surface-water monitoring 
program to be implemented by CPI. This plan was agreed upon by both the BLM and NDEP 
as satisfying the objectives of each agency . . One objective of the monitoring plan was to 
observe, assess, and correct adverse effects on the hot springs of the ACEC. The 
Environmental Assessment also discussed possible measures to be undertaken in order to 
mitigate impacts to the ACEC springs caused by the CPI well field, including adjusting 
production and injection well rates, drilling additional injection wells, and closing the facility 
(Chevron Resources, 1987). 

Springs on the main terrace began a systematic decline in flow and water level in 1987; 
as of July 1987 only one main-terrace spring (spring 8) was discharging (Appendix A). 
Locations of springs referred to in this report are shown in figures 3 and 4. Figure j shows 
hydro graphs for the three springs with the most complete records over the 1986-1989 period. 
More detailed hydro graphs for all monitored springs are included in Appendix A. The spring 
numbers follow those designated by White (1968). The hydro graphs have been constructed 
predominantly from depth-to-water measurements presented in Appendix A. Because spring 
discharge was only visually estimated since 1986, periods of active discharge are simply 
plotted as zero depth to water. Periods of decreasing spring discharge, therefore, are not 
apparent on these plots. 
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Springs on the main terrace ceased flowing in early 1986 (except for spring 8) and water 
levels in the spring vents declined until mid-1986. This was followed by a period of rising 
water levels and renewed spring discharge, and then by another period of declining water 
levels that has continued with minor fluctuations until the present. Spring 8, one of the few 
springs that discharged continuously during the 1945-52 period, ceased flowing in March 
1988. This recent decline in main-terrace spring activity is unprecedented when compared to 
White's (1968) seven-year study. An extreme example of the magnitude of the recent decline 
in spring activity is spring 12; this spring last discharged in March 1987 and in August 1988 
it had a measured depth to water of slightly less than 17 feet (fig. 4). 

White (1968) estimated the total rate of thermal-water discharge from the Steamboat 
geothermal system at 1110 gal/min in 1955, from measurements of chloride flux in Steamboat 
Creek, spring flow from the terraces, and estimates of well discharge on and near the terraces. 
We used measurements of chloride flux in Steamboat Creek in 1988 and 1989 to estimate the 
total natural discharge from the system as 500-700 gal/min. An average of 400 gal/min of 
thermal water is consumptively used at the CPI power plant, but this usage does not involve a 
loss of dissolved chloride from the geothermal reservoir. 

Declines in thermal-water outflow, spring discharge, and spring water levels can be 
c(lused by a variety of factors. White (1968) described changes in spring discharge and water 
level caused by barometric pressure changes, variations in precipitation, earthquakes, and 
other natural influences. Determination of the primary factors responsible the recent decline 
in spring activity is complicated by the fact that the 1987 precipitation year (July 1986-June 
1 ~87) was the first in a series of five below-average precipitation years in the region 
encompassing the Steamboat Hills. The effects of this drought on water levels in the shallow 
ground-water system of the Steamboat region have been magnified by increased ground-water 
puinpage for domestic uses. An additional factor that could influence hot-spring activity is 
geothermal well productiol1 and injection at the CPI and SB GEO well fields and of 
production from the Steamboat Spa well at the low terrace (fig. 3). 

Scope of the Study 

This report was prepared by the U.S. Geological Survey, in cooperation with the Carson 
City District Office of the Bureau of Land Management (BLM), as part of a study of the 
Steamboat Springs, Nevada geothermal area. The study described in this report was a joint 
effort of the United States Geological Survey (USGS) and San Diego State University 
(SDSU), and was undertaken to determine the causes for the decline in hot spring and geyser 
activity within and surrounding the Steamboat Springs Area of Critical Environmental 
Concern (ACEC). The specific objectives of the study, as contained in the Intra-Agency 
Agreement No. NV950-IA8-002, were to: 

1. Describe the hydrogeologic setting of the Steamboat basin and the natural processes 
that affect the thermal features of the ACEC. 

2. Describe the relations of geothermal-fluid production and injection on public and 
private lands to the thermal features within the Steamboat ACEC, with particular 
emphasis on the relation of federally authorized production and injection to the ACEC. 

10 



3. Review the existing monitoring plans being implemented by BLM, the State of 
Nevada, and the geothermal operators. Evaluate and report on the ability of the 
monitoring efforts to detect changes in the hydrothermal system and to determine 
cause and effect relations. Make recommendations for changes to the monitoring 
plans, if necessary, including recommendations for monitoring wells. 

4. Recommend methods to mitigate any effects to the thermal features from federally 
authorized geothermal production and inj~ction. 

A fifth objective, initially proposed by the BLM, was to recommend thresholds for determining 
significant changes to the thermal features of the ACEC that can be measured through the 
monitoring plan. This objective was not considered in the study because significant changes in the 
thermal features of the ACEC occurred before the study began and the existing monitoring plan no 
longer includes the collection of data from the ACEC or main terrace. 

This report described the methods used to meet the stated objectives of the study, 
including (1) photo-interpretation of available imagery covering Steamboat Hills and 
surrounding areas to delineate fracture patterns, (2) compilation of a geologic map of 
Steamboat Hills and surrounding areas, (3) detailed monitoring of water levels in accessible 
hot spring vents and wells, (4) calculation of the thermal-water discharge in Steamboat Creek 
from measurements of stream discharge and chemical concentrations, (5) compilation and 
analysis of existing confidential and publicly-available geologic and hydrologic data, and (6) 
development of a conceptual hydrogeologic model of the Steamboat Springs geothermal 
system. We emphasize that it was not the intent of this study or of this report to provide a 
complete description of all hydrologic aspects of the Steamboat area, but rather to evaluate 
the existing information in terms of cause-and-effect relations and the relative effects of 
various stresses on hot-spring activity. Further, we have made suggestions for additional data 
collection to allow a better quantification of effects of different factors on the ACEC hot 
springs rather than recommendations for mitigation measures. 

Permission was granted to the USGS and SDSU to review data contained in NDEP files 
regarding the SB GEO facility. Data regarding the CPI facility were furnished by Caithness 
and their consultants and was also accessed through the files held by the BLM and NDEP. 
Other useful information is contained in graduate theses, published reports by the USGS and 
others, aerial photographs, and unpublished reports by various consultants. 
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HYDROGEOLOGIC SETTING OF THE STEAMBOAT AREA 

In the Steamboat area, thermal fluids are encountered at the surface on silica terraces 
north and northeast of the Steamboat Hills, in bedrock aquifers within the Steamboat Hills, 
and in alluvial deposits of the South Truckee Meadows. Possible relations between these 
thermal-water occurrences are discussed in this section of the report, following a summary of 
the important geologic and structural features of the area. A more detailed discussion of the 
hydrogeologic setting of the Steamboat area is given by Collar (1990), based on reports by 
Thompson and White (1964), White and others (1964), White (1968), Tabor and Ellen (1975), 
Cohen and Loeltz (1964), and Bonham and Rogers (1983). 

Geology and Structure 

The Steamboat Hills consist of a topographically prominent bedrock high surrounded by 
unconsolidated deposits (plate 1). The southern part of the hills are composed of Triassic and 
Jurassic metamorphic rocks; these rocks are intruded by Jurassic and Cretaceous granodiorite 
along a steeply dipping contact that strikes in an eastward or northeastward direction near the 
crest of the hills. North and west of the crest of the hills the metamorphic rocks are overlain 
by Tertiary volcanic rocks and younger sediments. A geothennal exploration well drilled 
north of the hills near the center of section 21, TI8N, R20E (plate 1) encountered 1,966 feet 
of unconsolidated deposits, primarily lacustrine sediments, with minor interbedded basalt 
flows (Desormier, 1984). 

The youngest volcanic rocks in the Steamboat area are 1.14 to 1.21 m.y. old Steamboat 
Hills Rhyolite and the 2.52 to 2.55 m.y. old basaltic andesite flows described by Silberman 
and others (1979). The Steamboat Hills Rhyolite crops out in three domes (Qsr in plate 1), 
one of which occurs at the southwestern end of the Steamboat Hills. These domes, together 
with the Washington Hill Rhyolite dome eight miles northeast of the main terrace (not 
shown), form a northeast-south west-trending volcanic lineament. . Flows of basaltic andesite 
erupted along this lineament midway between the dome of Steamboat Hills Rhyolite at the 
southwest end of the hills and the main terrace. Many authors (for example, White and 
others, 1964; Silberman and others, 1979) have associated the hydrothermal activity at 
Steamboat Springs with magma reservoirs that supplied these Pleistocene eruptions. 

Extensive deposits of silica sinter (opal and chalcedony) exist on the high, main, and low 
terraces (plate 1 and figs. 4 and 5). The sinter has been deposited primarily from discharging , 
hot-spring waters and thennal ground water saturated with amorphous silica. In general, the 
sinter overlies unconsolidated alluvium and glacial outwash, but it may also cement these 
deposits. Drill-hole infonnation indicates that the sinter is as thick as 80 feet at the main 
terrace, \he top of which sits about 100 feet above the level of Steamboat Creek (fig. 4). 

Active hot springs occur only at the low and main terraces. However, hot springs 
formerly discharged at several other areas within the Steamboat Hills, as evidenced by silica 
deposits and hydrothennally altered rock (for example, Sinter Hill and Silica Pit in fig. 6 and 
plate 2). Hydrothennal eruption breccia along the Mud Volcano Basin fault west of the high 
terrace and near the Mount Rose Highway (State Highway 431) indicates hot-water upflow 
and probable seismically activated phreatic eruption activity in the middle or late Pleistocene 
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(White, 1955; White and others, 1964). The distribution of these features, along with data 
from geothermal wells discussed below, suggests an extensive geothermal system within the 
Steamboat Hills involving upflow of thermal fluid beneath the crest of the hills and outflow 
to the north and northeast. The piezometric surface corresponding to the present-day 
geothermal system beneath the Steamboat Hills is at depths of 300-1,000 feet below land 
surface. 

The Steamboat Hills structural block was uplifted approximately 2,000 feet above 
adjacent areas to the east, west, and north along E-NE and N-NE trending normal faults. 
Faults of unknown displacement but E-NE and N-NE orientations cut through the hills and 
could provide zones of enhanced permeability for fluid flow at depth. Faults and lineaments 
identified from black and white areal photographs, as described by Collar (1990), · are shown 
in figure 6 and plates 1 and 2. Many more lineaments were noted than actually appear on 
these maps; only those lineaments with distinct topographic expressions are shown. 

White and others (1964) noted that fault traces within the Steamboat Hills fall into three 
categories: north-trending, east-northeast-trending, and northwest-trending. North-trending 
faults are the most common in the unconsolidated deposits surrounding the hills. Included in 
this set is the Steamboat Springs fault zone denoted by White and others (1964) and White 
(1968) as controlling the occurrence of hot springs at the main and low terraces (fig. 6 and 
plate 2). Control on the dip of this fault is based largely on drill-hole data and gravity 
surveys (Thompson and Sandberg, 1958). These data indicate at least 1,000 feet of vertical 
displacement across the fault zone. Additional evidence for extensions of this fault zone to 
the north and south of the terraces is discussed by Collar (1990). Also significant are the 
Mud Volcano Basin fault referred to previously and the Silica Pit fault, both of which appear 
to have been associated with surficial hydrothermal activity in the past. The north-trending 
faults (and faults with N-NE and N-NW orientations) are the most recently active faults in the 
Steamboat Hills (White and others, 1964) and are probably related to the dominant north
south structural trend of the Basin and Range province. 

Northwest-trending structures are largely restricted to the bedrock of the Steamboat 
Hills. These include a fault mapped in two mine adits in the ACEC and faults forming a 
small graben approximately a mile west of the ACEC (fig. 6 and plate 2). The westernmost 
fault vertically offsets basaltic andesite by at least 100 feet and forms a prominent scarp; the 
easternmost fault forms a low scarp recognizable on areal photographs. A northwestward 
extension of this fault intersects the Mud Volcano Basin fault west of Sinter Hill. 

The E-NE trending structures are most prominent west of the ACEC and north of Silica 
Pit, where three parallel faults have been mapped (White and others, 1964). One of these 
faults appears to offset the previously mentioned northwest-trending graben. To the south of 
these faults, a few east-northeast lineaments can be identified at the crest of the Steamboat 
Hills. These may be related to the Ridge fault shown on the map of Thermasource (1987), 
but no evidence for faulting was found in this area during this study. The steeply dipping 
contact between metamorphic and granitic bedrock also occurs along the crest of the hills and 
strikes in an east-northeast direction. Several of the Caithness wells drilled along this trend 
penetrate an alternating sequence of metamorphic and granitic rocks, indicating intrusive 
tonguing along an irregular contact (fig. 7). It is not known whether significant offset has 
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occurred along this contact or to what extent production zones in these wells are related to the 
hypothesized Ridge fault. Near vertical fractures (85°-90° dip) striking in a north-northeast 
direction have been identified by borehole logging techniques in permeable zones encountered 
in the Cox I-I injection well and one other (unspecified) CPI well (Goranson and others, 
1990). These authors suggest that a southward extension of the Mud Volcano Basin fault 
provides a major structural control on permeability within the CPI production and injection 
reservoirs (C. Goranson, oral communication, 1991; P. van de Kamp, written communication, 
1992). 

To the south of the CPI production wells, the Pleasant Valley fault may form a boundary 
between the geothermal system within the Steamboat Hills and the ground-water system in 
Pleasant Valley (Yeamans, 1984). Stratigraphic test wells strat 6 and strat 7 are completed in 
bedrock at depths of 1500-1900 feet on the south, or hanging wall side of the Pleasant Valley 
fault (fig. 6), and encounter bottomhole temperatures of 80°-90°C. These temperatures are 
considerably cooler than temperatures in wells drilled into bedrock on the north side of the 
fault. This fault is shown in plate 2 and figure 6 as a combination of faulted segments and 
lineaments following the location in Thompson and White (1964). However, Tabor and Ellen 
(1975) depict the fault as continuing on its same trend from the vicinity of CPI well 23-5 
toward the Silica Pit fault. No field evidence was found to support locating the continuation 
of the Pleasant Valley fault in either of the above positions (Collar, 1990). 

Geothermal System Characteristics 

Regional Flow 

Several lines of evidence suggest that thermal waters encountered in fractured bedrock at 
'depths of 1,000-3,000 feet in the Steamboat Hills, in hot springs and associated reservoirs ' 
beneath the silica terraces, and in alluvial aquifers in the South Truckee Meadows are 
hydrologically connected within a regional-scale geothermal system. These include 
similarities in chemical characteristics of thermal water (for example, Cl/B ratios), systematic 
decreases in hydraulic head and reservoir temperature to the north and east of the CPI 
production reservoir, and regional-scale E-NE and N-NE fault orientations. The study by 
White (1968) indicates that fluid discharge from this geothermal system and from the 
associated regional ground-water system occurs predominantly as seepage into Steamboat 
Creek. It has proven very difficult, however, to delineate the actual flow paths for thermal 
water and the degree of hydraulic (pressure) communication between features spaced a few 
miles or even a few thousand feet apart. 

The age of thermal water from hot springs at Steamboat was estimated from its 14C 
activity as about 40,000-43,000 years (Fiynn and Ghusn). The estimated error in these 
determinations is large (standard deviation 12,000 years) because the 14C activity is near 
minimum detection limits and approaches background. In contrast, thermal waters 
discharging from hot springs in the Moana geothermal area northwest of Huffacker Hills (at 
latitude 39° 30/ in figure 8) show carbon ages of about 8,000 years (Flynn and Ghusn, 
1983). Although the 14C activities in these waters indicate that they are relatively old, there 
are several sources of error that are difficult to properly account for in age determinations of 
this type. Principal among these is the addition of dead carbon from calcareous rocks. 
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An alternative estimate of the age of thermal waters discharging ~rom the Steamboat system is 
obtained by calculating the travel time through an assumed volume of the geothermal sy'stem. 
For a system volume of 6 mi3 (width 3 miles, thickness 1,000 feet, length 10 miles), the 
travel time from recharge to discharge area would be close to 2,000 years for an average rock 
porosity of .0.05 and a total flow of 1,100 gal/min. This estimate of the total flow through the 
system matches that calculated from measurements of chloride-flux in Steamboat Creek, as 
discussed in subsequent sections of this report. The travel-time calculation demonstrates that 
unreasonably large system volumes would be required to yield thermal-water ages close to 
40,000 years, and implies that the actual age of the thermal water may be closer to a few 
thousand years. 

Possible areas of recharge to the Steamboat geothermal system have been delineated 
from differences in stable isotopes of oxygen and hydrogen in thermal and nonthermal waters 
in different parts of the Steamboat region. The isotope data from Nehring (1980) show that 
the hot spring waters are isotopically enriched in 180 relative to the meteoric water line due to 
high-temperature · water-rock reactions, but that the deuterium value of meteoric water 
recharging the hot springs matches the deuterium value for present-day precipitation at 
elevations near 6,900 feet in the Carson Range (fig. 9). Nehring's isotope data would further 
narrow the likely recharge area to the region between Galena Creek in the south and Evans 
Creek in the north (fig. 8), provided the isotopic characteristics of precipitation in this area 
are the same now as they were when recharge took place. This assumption would be valid 
for recharge occurring several thousand years ago, but would be questionable for water that is 
40,000 years old. The isotope data of Flynn and Ghusn (1983), which show deuterium values 
of -120 to -130 0/00 for the Moana thermal waters, lead to the inference that these waters 
were recharged at higher elevations in the Carson Range than were the thermal waters 
discharging at Steamboat. 

We have augmented the stable-isotope data from Nehring (1980) with two values for 
geothermal wells - one representing the average value for six samples collected over a one
week period in the summer of 1980 from well SB-1 (from Yeamans, 1984) and one 
representing the average of total flow samples collected in November 1991 from several 
production wells in the SB GEO well field. These data plot along the trend line for the hot
spring waters, suggesting common origins. Isotope values for samples collected in November 
1991 from the CPI production wells are not yet available, but should prove useful, along with 
the associated chemical analyses, in delineating relations between thermal waters in different 
parts of the Steamboat Region. 

Katzer and others (1984) used a water-budget for the Galena Creek basin to calculate a 
loss of approximately 2,700 gal/min into the fractured bedrock beneath the basin. For 
comparison, White (1968) estimated the total thermal-water discharge from the Steamboat 
geothermal system to be 1,110 gal/min. Ground water discharges into Galena Creek as it 
flows eastward through the bedrock gorge between the Galena Creek basin and Pleasant 
Valley. Thus, any recharge from Galena Creek to the geothermal system must occur 
upstream of the Steamboat Hills. Locations of recharge and discharge areas for the 
geothermal system, and hydraulic head data discussed below, are consistent with an overall 
southwest to northeast flow within the geothermal system, parallel to the topographic axis of 
the Steamboat Hills and the east-northeast structural trends discussed above. -
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The Steamboat geothermal system is part of a larger regional ground-water flow system 
that extends north of the Steamboat Hills toward the Truckee River (fig. 10). Contours of 
ground-water table altitude show that the general direction of flow in the unconsolidated 
deposits is from the valley margins (the Carson and Virginia Ranges) toward Steamboat 
Creek in the South Truckee Meadows. There is also a northward component of ground-water 
flow towards Huffacker Hills. Streamflow measurements made during this study and those 
reported by Shump (1985), White (1968), and Cohen and Loeltz (1964), show that Steamboat 
Creek is a gaining stream throughout the South Truckee Meadows and, consequently, a region 
of discharge of both thermal and nonthermal ground water. Piezometers installed in the bed 
of Steamboat Creek east of the main and low terraces show a hydraulic gradient for upward 
flow (Shump, 1985), also indicating ground-water discharge into the creek. 

Steamboat Hills 

Thermal water at temperatures of 50°-230°C is encountered in wells drilled in the 
Steamboat Hills. Goranson and van de Kamp (1989) and Goranson and others (1990) 
postulate that there are several isolated geothermal systems in the Steamboat region, including 
the high-temperature (210°-230°C) system tapped by the CPI production wells near the crest 
of the hills, the moderate-temperature (170°C) system tapped by the SB GEO wells on the 
northeast flank of the hills, and "several low-temperature systems" within the alluvial aquifers 
surrounding the Steamboat Hills that feed hot springs on the silica terraces and the 
surrounding valleys. The evidence cited for separate flow systems includes differences in 
altitudes between thermal reservoirs in each area, differences in reservoir temperature and in 
lateral temperature gradient between the CPI well field and strat 9 and between strat 9 and 
strat 2 (fig. 3), and a lack of convincing evidence of pressure communication between the CPI 
production and injection wells and various wells and hot springs. The degree of connection 
between thermal areas in the Steamboat region is clearly important to an assessment of the 
factors influencing changes in hot-spring activity on the main terrace. The information on 
system characteristics presented in this section does not in itself prove or disprove that there 
is hydraulic communication between any two areas. As in most geothermal settings, it is 
necessary to stress the system and measure subsequent changes to provide a clearer indication 
of cause and effect relations and hydraulic connections. This approach has not been fully 
successful at Steamboat because more than one stress has been in effect and the existing 
monitoring program has lacked adequate observation of pressure changes in production 
reservoirs and beneath the main terrace. 

Production and injection zones in the various Caithness wells occur at similar altitudes, 
but at depths of 2,500-3,000 feet and about 2,000 feet, respectively (fig. 7). The altitudes of 
these zones are about 1,000 feet lower than that of the SB GEO production zone. The 
prevalence of normal faults of different orientations in the Steamboat Hills and temperature 
reversals in many of the thermal wells suggest that zones of thermal-water flow are related to 
fractures and perhaps fault intersections in the metamorphic and granitic bedrock. There are 
some data from core drilling and well logging indicating fracture control on production zones 
at the CPI and SB GEO well fields (Goranson and others, 1990 and 1991). However, the 
relations between permeable zones encountered in different wells are poorly understood. The 
maximum temperatures in the three CPI production wells vary from 210° to 230°C and 
temperature reversals below the main production zone in each well indicate hydraulic 
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isolation of the fractures transmitting hot water to each well from deeper rocks. Somewhat 
surprisingly, pressure data from well interference tests indicate that the CPI and SB GEO 
reservoirs can be simulated as radial and homogeneous (Collar and Huntley, 1990; C. 
Goranson, written communication, 1991; and results discussed in subsequent sections of this 
report). Because the Caithness injection well (Cox 1-1) is located closer to the main terrace 
than are the Caithness production wells (21-5, 23-5, and 83-A6), either heterogeneous 
reservoir conditions or a hydraulic boundary is required to explain the lack of evidence for 
pressure increases beneath the main terrace from operation of the CPI well field. At the SB 
GEO well field, injection wells IW-2 and IW-3 are located farther from the main terrace than 
are production wells PW-1, PW-2, and PW-3. 

A schematic section drawn northeastward from the Caithness well field to the main 
terrace (fig. 11) illustrates relations between temperature and hydraulic head within the 
Steamboat Hills. Location of the section onto which various features were projected is shown 
in figure 12. The designated production and injection zones are based on drilling results 
which consistently show permeable fractures within these zones and low-permeability 
fractures and wall rocks above (and in some cases below) these zones. Although the 
permeable features penetrated by these wells may actually be related to steeply dipping faults, 
it appears that such structures are sealed by mineral deposits above altitudes of about 3,200 
feet in the CPI well field and 4,300 feet in the SB GEO well field. Such sealing could be 
related to lower temperatures above the permeable zones. The injection zone in Cox 1-1 must 
be hydraulically connected to the CPI production zone to the southwest because it appears to 
provide injection-pressure support, but must not be simply connected to the main-terrace hot 
springs because there is no evidence of rapid pressure increases beneath the main terrace from 
injection in Cox 1-1. This matter is more fully discussed in subsequent sections of the report 

Piezometric-surface altitudes (hydraulic head) were calculated either from pre-production 
downhole pressure surveys (Caithness wells 83-A6 and Cox 1-1) or water-level measurements. 
The pre-production water level in strat 9 was estimated at 375 feet below land surface, from 
measurements beginning in December 1987 and comparisons with hydro graphs for strats 2 
and 5 prior to that date. These data show consistent decreases in maximum temperature and 
head along this section, except that the injection zone in Cox 1-1 is characterized by lower 
temperature and head than found at shallower depths at this site and lower head than that 
corresponding to spring. altitudes at the main terrace. There is a suggestion from the data for 
strats 2 and 9 and Cox 1-1 that each well penetrates a permeable zone containing thermal 
water at temperatures of 170°-180°C at similar altitudes near 4,300 feet. The altitude, 
temperature, and head of this zone are consistent with lateral flow of thermal water at this 
level toward the main terrace and the SB GEO well field. It is not known whether there is 
in, in fact, a continuous thermal aquifer connecting these areas, or whether hydraulic 
connections that may exist between these areas involve fracture-controlled flow along 
complex paths. White (1968) notes that temperatures below a depth of about 350 feet at the 
main terrace are relatively constant at about 175°C, lending support to the concept of 
hydrologic connection between the main terrace and a "shallow thermal-water flow zone" in 
the Steamboat Hills. 

Hydraulic connection between the Caithness production zone and the hypothesized 
shallow thermal flow zone could be provided through an upflow zone between the production 
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and injection wells. The existence of such a connection is not unreasonable, given the 
abundance of steeply dipping structures crossing the Steamboat Bills. Well interference data, 
discussed in a later section, do in fact demonstrate pressure communication between the CPI 
production wells and strats 2 and 9. For the purposes of this report, we will refer to a 
shallow thermal-water flow zone as existing. beneath the Steamboat Hills and penetrated by 
strats 2 and 9 and the Cox I-I well, recognizing the possible oversimplifications that this 
terminology may convey. 

The production and injection zones at the SB GEO well field occur at similar altitudes· 
and contain fluids with temperatures similar to those in permeable zones encountered in drill 
holes in the ACEC portion of the main terrace. However, higher hydraulic heads were 
indicated beneath the high terrace than beneath the main terrace under pre-development 
conditions, suggesting that thermal water did not flow directly from the main terrace to the 
high terrace. Electrical geophysical studies (discussed below) and well interference tests give 
some indications of thermal-water flow and hydraulic connections between the CPI well field 
and the SB GEO well field. 

Goranson and others (1990) show a schematic section through the Steamboat Hills 
similar to that depicted in figure 11, but with "hydraulic pressure boundaries" separating the 
Caithness reservoir from the shallow thermal zone, the main terrace springs, and the SB GEO 
reservoir. In their conceptual model, each of these areas is fed by separate deep-seated 
upflow zones at different temperatures. No discharge points are indicated by these authors 
for thermal water flowing through either the Caithness reservoir or the shallow thermal 
reservoir. The existing subsurface information does not allow us to determine if either of 
these simplified models is close to reality. Although comparisons with other liquid-dominated 
geothermal systems suggests to us that a single, interconnected geothermal system is the 
simplest and most reasonable way to explain the occurrences of thermal waters within the 
Steamboat Hills area, the actual connections between areas may occur along deeper and more 
complex flow paths. 

Regardless of which conceptual model is preferred, the response of different parts of the 
system to stresses such as those imposed by geothermal production and injection operations at 
two different well fields cannot be adequately predicted. Responses to stress must instead be 
measured after the fact because the hydraulic properties of the system are unknown, except.,in 
the immediate vicinity of the well fields. A further complication is that changes in water 
level in the ground-water system into which thermal water from beneath the main terrace 
flows could also affect heads and rates of hot-spring discharge at the main terrace. Hot 
springs in the ACEC are situated approximately 100 feet above the level of Steamboat Creek 
and may be particularly sensitive to such changes. 

Geochemistry 

The geochemistry of the main- and low-terrace springs and of the thermal ground water 
in the vicinity of the Steamboat Springs geothermal area has been studied by numerous 
authors (for example, Brannock and others, 1948; White, 1968; Bateman and Scheibach, 
1975; Nehring, 1980; Yeamans, 1984; and Goranson, 1991). As noted by these authors, the 
geochemistry of the hot-spring water and thermal ground water in the Steamboat Hills is 
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distinctly different from <?ther ground water in the vicinity of the Steamboat Hills and the 
South Truckee Meadows. Some characteristics of the thermal water include temperatures in 
excess of 20°C (Bateman and Scheibach, 1975), high total dissolved solids, elevated 
concentrations of arsenic, boron, and chloride ions, and a generally uniform chloridelboron 
ratio of about 18 (White, 1968). 

The most characteristic and useful property for tracing thermal ground water from the 
Steamboat Springs geothermal area is chloride concentration, because it is high relative to the 
chloride concentration in nonthermal ground water and acts conservatively. White (1968) 
concluded that the most representative thermal ground water from the discharge part of the 
Steamboat Springs geothermal area has a chloride concentration of 820 mgIL. In contrast, 
chloride concentrations in non thermal ground water from wells adjacent to the Steamboat 
Hills range from 0-30 ppm, but are generally less than 15 mgIL (Cohen and Loeltz, 1964; 
White, 1968; Bateman and Scheibach, 1975; Yeamans, 1984). Furthermore, surface water 
from streams draining the Carson Range and from Steamboat Creek upstream of the low 
terrace commonly has chloride concentrations of less than 10 ppm, though concentrations may 

. be as great as 23 ppm (D. White, oral. communication, 1988). Cold springs in the region 
generally have chloride concentrations of <11 mgIL (White, 1968; Nehring, 1980). This 
marked difference in the chemistry of thermal and non thermal waters can be used to identify 
areas of discharge from the Steamboat Springs geothermal system. 

Representative chemical data for hot-spring and well waters are listed in table 1. For the 
SB OEO wells, the reported analyses are for total flow samples; for the CPI wells, analyses 
for flashed samples were corrected (by us) for flash using the cation geothermometer
temperature estimates to calculate the amount of boiling at the wellhead. From these data the 
general similarity in thermal-water chemistry ~etween these waters is apparent, particularly in 
terms of the constancy of ratios of conservative elements such as CllB (19.3 ± 1.7, neglecting 
the Cox well) and Cl/Li (122.5 ± 9.9, neglecting the Cox well). The hot-spring waters, as 
exemplified by samples from spring 6 and from the seep that currently issues from a casing 
break in well OS-5, are more concentrated than waters from the geothermal production wells. 
The spring waters are also more concentrated than waters from shallow wells completed in 
granodiorite bedrock on the main terrace (for example OS-5). Nehring (1980) attributed this 
difference to varying degrees of boiling from a source water at 230°C with a Cl 
concentration of about 700 mgIL. This source-water temperature was determined from cation 
geothermometer calculations for spring waters. The flash-corrected Cl for CPI wells 83A-6 
and 21-5 (697-737 mgIL) are close to that of the hypothesized source water, whereas Cl 
concentration in the SB OEO wells (801-811) are more similar to those in the reservoir 
underlying the main terrace (820 mgIL). These observations, along with relatively low 
dissolved gas in the SB OEO wells (R.B. Mariner, oral communication, 1992), could be 
explained by a common source water that flows from the CPI production reservoir to the 
reservoir beneath the main terrace, boiling and exolving gas enroute, and then flowing at 
depth to the SB OEO production reservoir. The chemical data set does not, of course, prove 
that such a flow system exists; a more direct flow connection between the CPI and SB GEO 
reservoirs is also possible as long as there were opportunities for Cl concentration and gas 
loss by boiling. Based on the existing flash-corrected chemical analyses, there appear to be 
significant differences between thermal water produced by CPI well 23:..5 and the other two 
CPI production wells. The water from 23-5 is mo·re concentrated (Cl=793 mgIL), has a 
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Table 1. Chemical data for thermal waters from the Steamboat Springs area 

. [Results are given in milligrams per liter and are corrected for steam loss at amospheric flash, assuming constant enthalpy equal to that 
at production-zone temperature; --, no data] 

Feature Dale TWH I TDH2 TuboD 
3 pH4 Si02 Na K Ca Mg 

cprs 21-5 04/13/90 216 221 238 8.99 296 589 56 1.5 --

83A-6 04/12/90 221 221 237 8.74 323 537 63 2.0 --
23-5 04/18/90 232 238 256 8.82 420 594 88 2.0 --

COX i-I 04/30/81 120 160 215 8.06 265 581 56 5.6 --
SBG6 PW-l 12/90 170 170 212 -- 276 618 59 16 0.8 

PW-2 12/90 170 170 217 -- 275 576 59 14 --

PW-3 12/90 170 170 218 ~- 293 613 62 13 --

HOI spring' 67 06/lOn7 97 -- 217 7.4 214 660 65 6,8 0.016 

Well GS-58 1950 -- 173 -- -- -- -- -- -- --

Spring GS-59 06/25/91 97 -- 234 8.87 -- 693 68 3 0 
--- --

lTemperature measured at well head, in degrees Celsius. 
2Temperature measured downhole in production/injection reservoir, in degrees Celsius. 
3Temperature calculation from Na-K-Ca geothermometer, in degrees Celsius. 
4Prom lab measurement on flashed sample. 

Li HC03 C03 Cl B F S04 

5.5 166 41 737 40 2.5 114 

5.5 181 30 697 38 2.5 102 

6.8 212 34 793 44 2.5 91 

7.4 323 -- 750 33 2.1 112 

-- 273 -- 811 42 2.0 118 

-- 248 -- 802 36 2.1 101 

-- 233 -- 811 37 2.1 102 

7.8 387 -- 871 48 2.2 123 

-- -- -- 820 -- -- --
-- 98 70 1000 53.1 2.7 151 

5Flashed sample analyses from University of Utah Research Institute (UURI) for Caithness Power Incorporated (CPI) production wells 21-5, 
83A-6, and 23-5; Cox well sample analyzed by AMTEC. 

6Total flow sample analyses from Goranson (1991) for SB GEO (SBG) production wells PW-l, PW-2, and PW-3, sampled in 1990. 
7Analysis from Nehring (1980). 
8From White (1968). 
9New seep adjacent to well GS-5, analysis by Nevada Division of Health Laboratory. 
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higher gas content (100 psi versus 33 partial pressure), and enters the well from a higher 
temperature zone (238°<:,:: versus 221°C). Cation geothermometer temperature estimates may 
exceed the measured reservoir temperatures for these CPI wells because of Ca loss from the 
use of scale inhibitor. In spite of these apparent differences in thermal-fluid characteristics, 
each well is in hydraulic communication with the other (Faulder, 1987). 

Ground water with relatively high concentrations of CI, B, and other elements associated 
with thermal waters from the Steamboat geothermal system is found in various parts of the 
sediment-filled region north and east of the Steamboat Hills. These waters are detected in 
wells and in thermal springs, as discussed by Goranson (1991) and Goranson and van de 
Kamp (1991). Some of these low-temperature geothermal waters are clearly related to the 
Steamboat geothermal system, and are probably derived from northward flow within alluvial 
or bedrock aquifers. Ground water with chemical characteristics similar to the Steamboat 
geothermal waters detected in wells east of Steamboat Creek and Damonte Springs (fig. 13) 
could be derived from se~ondary recharge, or infiltration of Steamboat Creek water diverted 
into various irrigation ditches during the !rrigation season. In contrast, ground water with 
high concentrations of calcium and sulfate but low concentrations of CI, which occurs in the 
general vicinity of Toll Road east of the low terrace at Steamboat, is most likely derived from 
the Virginia Range. 

Electrical Geophysics 

Various electrical geophysical surveys have been undertaken by the U.S. Geological 
Survey to delineate the distribution of thermal fluids beneath the Steamboat Hills. White and 
others (1964) summarize the results of resistivity measurements at the silica terraces, which 
show general correspondence between resistivity and depth to the saline water table and the 
thickness of relatively low porosity (and high resistivity) sinter. Self potential, telluric, 
audiomagnetotelluric (AMT), and airborne electromagnetic (AEM) surveys conducted in the 
1970's (Corwin and Hoover, 1979; Christopherson and others, 1980; Long and Brigham, 
1975; and D.B. Hoover, written communication, 1991) delineate a significant north-northeast 
trending conductive zone west of the main terrace (fig. 12). This zone of low resistivity is 
truncated south of the CPI well field, indicating a possible fault control to the southern extent 
of the geothermal system in the Steamboat Hills. Lower resistivities ih the northern part of 
the anomaly (as low as 2 ohm-meters) could refle«,t a combination of thicker alluvial cover 
and shallower depths to hot-water. The telluric anomaly appears to extend northward toward 
Huffaker Hills but survey stations did not extend north of the intersection of Highway 395 
and the Mt. Rose Highway. Although not shown in figure 12, a corresponding zone of high 
self potential (SP) occurs along the eastern edge of the resistivity trough; high SP is also 
found along th~ main terrace. 

These geophysical data are consistent with movement of thermal water along a major 
west-dipping structure associated with the Mud Volcano Basin fault west of the high terrace 
and its possible southward extension across the Steamboat Hills. However, more detailed 
studies of this type along with comparisons of surface geophysical measurements with 
borehole measurements of resistivity and temperature are needed to differentiate between the 
effects of thermal fluid flow, hydrothermal alteration, and fluid chemistry on these results. 
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Thermal-Water Discharge , 

Thermal water discharges in the Steamboat area from wells and springs and as seepage 
into Steamboat Creek. During the 1945-52 period, White (1968) estimated the total thermal
water discharge from the "Steamboat geothermal system" as 1,110 gal/min, 50 percent of 
which occurred as unseen seepage into the creek between Rhodes Road and Huffaker Hills 
(plate 3 and fig. 13). During that period, thermal water discharged from springs at the main 
terrace (60 gal/min), the low terrace (5 gal/min), and in the South Truckee Meadows (85 
gal/min). This latter group of springs (plate 3) includes Damonte Springs (SW 1/4, sec. 16, 
T18N, R20E), Drainage Ditch Springs (SW 1/4, sec. 15, T18N, R20E), Huffaker Springs (S 
1/2, sec. 3, T18N, R20E), Double Diamond Springs (N 1/4, sec. 9, T18N, R20E), and the 
Zolezzi spring (SE 1/4, sec. 17, T18N, R20E). The total flow rate noted above for these 
springs is based on an assumed thermal-water component with Cl = 820 mg/L for each spring 
and represents the sum of the calculated component of high-chloride (820 mg/L) thermal 
water in their discharge. Measured chloride concentrations in these springs range from 94-
130 mg/L (Zolezzi Spring) to 560 mg/L (Damonte Spring). Ratios of CIIB for these spring 
waters and for water from Steamboat Creek north of Rhodes Road are similar to values for 
hot springs on the main terrace and thermal wells in the Steamboat Hills and South Truckee 
Meadows, leading White (1968) to suggest that thermal water originating in the Steamboat 
Springs geothermal area flows eastward and northward and discharges as springs and seepage 
into Steamboat Creek south of Huffaker Hills. This is consistent with the general direction of 
ground-water flow in the South Truckee Meadows (fig. 10) and with streamflow, 
conductivity, and chloride-flux measurements in Steamboat Creek by White (1968); Cohen 
and Loeltz (1964), Shump (1985), and those made during 'this study (Appendix F). 

White (1968) used April 1955 measurements of stream discharge and chloride 
concentration upstream of the low terrace (Rhodes Road), at State Highway 341 (also known 
as the Virginia City Highway), and at Huffaker Hills to calculate a total seepage rate of 660 
gal/min of thermal water with a chloride concentration of 820 mg/L. This rate was calculated 
by subtracting the rates of discharge from springs and wells entering the creek from the total 
rate of thermal-water entering the creek (1,110 gal/min from table 2). A similar calculation 
made by White (1968) for stream measurements made in April 1964 yielded a total discharge 
of 1,385 gal/min. White (1968) suggested that the greater chloride flux in 1964 could be due 
in part to input of chloride salts stored in shallow soils and mobilized with infiltration derived 
from a snow storm the previous week. Shump (1985) used averages for the 1981-82 period 
of measurements of stream discharge and specific conductance to estimate that 1,300 gal/min 
of thermal water discharged to Steamboat Creek. Shump's estimate of thermal-water 
discharge is considered less reliable that those of White because it is based on specific 
conductance measurements rather than chloride measurements and involves average values of 
streamflow and specific conductance instead of values from synoptic measurements, as 
discussed by Collar (1990). One important difference between con~ons during the times of 
White's measurements and those of Shump is that geothermal wells discharged at significant . 
rates at the north end of the main terrace and on the low terrace in the 1950's and 1960's, but 
had been abandoned or were little used before the 1980's. The general agreement between 
each set of results and comparisons with estimates of spring flow on the main terrace in 1916, 
as discussed 'in a.1ater section, suggests that the discharge from these wells in the 1950's and 
1960's (averaging about 300 gal/min) represents thermal water that would have flowed from 
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Table 2. Thermal-water discharge from different sources in the Steamboat Springs area 

Source and 
date of 

measurements 

White (1968) 
4/55 

White (1968) 
4/64 

Collar (1990) 
6/88 

Collar (1990) 
8/88 

Collar (1990) 
3/89 

;. 

Well 
discharge l 

gal/min 

300 

(380) 

(380) 

(380) 

Spring discharge 
from terraces2 

gal/min 

65 

3 

3 

3 

Unseen discharge 
in Steamboat Ck 
above Virginia 
City Highway3 

gal/min 

260 

1807 

150 

230 

Discharge into 
Steamboat Ck 
below Virginia 
City Highway4 

gal/min 

485 

3407 

430 

Total discharge 
from geothermal 

system 
gal/min . 

11105 

13856 

5238 

6638 

IFor 4/55, discharge from wells occurred only at Reno, Mt Rose, and Steamboat Resort and flowed on the surface into Steamboat Creek. Value reported by White 
(1968) has been adjusted to a volumetric flow rate at 90°C. For this study, the value shown in parentheses is the average of the net production rate for the 
CPI well field, calculated for an evaporative fluid loss of 12 percent of an average production rate of 4,000 gpm and adjusted to a volumetric flow rate at 
90°C with 820 mg/L Cl. 

2Values from Collar (1990) are for spring 50 on the Low Terrace. 
3From chloride flux measurements, assuming Cl in thermal and nonthermal water of 820 mg/L and 4 mg/L, respectively. 
4Same as in 3 above, except that the totals include inflow from thermal springs (85 gpm for 4/55, and Damonte Springs in our study). 
5Value listed differs from the 1125 value of White (1964) because of lower well discharge calculated for 90°C conditions. 
6Based on chloride-flux measurements only. 
7Values shown are averages of 160-190 gpm and 330-340 gpm ranges. 
8Not counting net production from Caithness Power Incorporated (CPI) wells. 
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springs on the main terrace, entered the creek as seepage, and/or flowed into alluvial aquifers 
in the South Truckee Meadows had the wells not been flowing. As such, it should be 
considered part of the natural discharge of thermal water from the Steamboat system. 
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RECENT HYDROLOGIC CHANGES 

Hydrologic changes that have occurred in the Steamboat area in recent years are 
discussed below. These changes include successive years of below-average precipitation 
(since 1986), general declines in water levels in the shallow ground-water system in much of 
the South Truckee Meadows and in many stratigraphic test wells in the Steamboat Hills, and 
cessation of discharge from hot springs at the main terrace (since 1987). Declines in water 
level in the shallow ground-water system, which have been observed since 1985, result from 
decreases in recharge from precipitation and seepage from the Steamboat Ditch and increases 
in pumpage of ground water for domestic use. Geothermal production and injection 
operations at the CPI and SB GEO well fields began in 1986, with the SB GEO power plant 
going on line in January 1987 and the cpr plant going on-line in February 1988. These 
changes are described in this section of the r~port and apparent cause-and;.effect relations are 
noted. Other less significant influences on spring activity, such as barometric pressure 
changes and earthquakes, are also discussed in the following section. 

Changes in Precipitation 

Precipitation data were evaluated primarily for two stations in the Steamboat area - the 
Reno Airport and the Sky Tavern (fig. 14). The Sky Tavern site was chosen because it lies at 
an altitude of 7,620 feet in the Galena Creek basin, which is the postulated recharge area for 
the Steamboat geothermal system. In addition, precipitation records for three sites closest to 
Sky Tavern (Tahoe City, Truckee Ranger Station, and Boca weather station) with data 
extending back to the period of White's study were utilized to extend the record for the Sky 
Tavern site. The methods used are described by Collar (1990). For this purpose we consider 
a precipitation-year to extend from July to June to match the data tabulations obtained for 
most other sites. Annual precipitation at the Reno Airport and Sky Tavern sites for the 
period 1938-1990 is shown in figure 15. 

White (1968) considered precipitation to be the most important natural influence on 
spring discharge during the 1945-1952 period of observation, and noted four scales of 
precipitation that could affect spring activity at Steamboat. These scales include (1) 
individual storms, (2) seasonal, (3) annual, and (4) long term. Effects of individual storms on 
spring discharge and water level were not clearly delineated by White (1968), in part because 
their effect is probably of short duration (days) and also because of differences in amounts of 
precipitation between individual storms in the immediate Steamboat area and at the Reno 
Airport, where most of the data were collected. Changes in precipitation on the scale of 
individual storms would not affect the overall decline in spring activity since 1987, but could 
possibly account for short-term changes in some vents. 

Seasonal Variations 

Significant seasonal variations in spring discharge at the main terrace were recorded 
during the 1945-52 period (fig. 16). On the basis of quarterly averages, White (1968) 
concluded that spring discharge was highest during the winter (January:March) and lowest 
during the summer (July-September). He also noted that weighted-average chloride 
concentration of this discharge was lowest during the winte'r and highest during the summer, 
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suggesting that these seasonal variations were due to dilution of the spring discharge by 
precipitation (or inputs of nonthermal ground water entering the spring vents at shallow 
depths). White also recognized that warmer outside air temperatures during the summer 
could enhance evaporation and increase spring chloride relative to winter conditions. 

Our review of the quarterly spring-discharge data from White (1968) indicates a pattern 
of seasonal variation in spring discharge, but little correlation between spring discharge and 
quarterly averaged precipitation. In fact, in only two of the six years of record did the quarter 
of highest spring discharge coincide with the quarter of highest precipitation, and in only 
three quarters did lowest discharge coincide with lowest precipitation. This lack of 
correlation between seasonal variations in spring flow and precipitation probably indicates that 
interactions between the hot-springs and the ground-water system are complex, involving time 
delays on different scales at different times of the year superimposed on longer-term effects. 
Simple mixing of local nontherrnal ground water with thermal water beneath the main terrace 
is unlikely to be significant, given the small range reported for the variation in spring chloride 
(9 mg/L out of 900 mg/L) and lack of a clear inverse relation between spring flow and 
chloride concentration. 

Both the quarterly averaged discharge record (fig. 16) and the weekly measurement 
record (plate 4 in White, 1968) show a range in total spring flow at Steamboat from about 30 
to 80 gal/min. Only about 5 gal/min of this total is from springs on the low terrace. 
Although the level of variability in spring discharge is comparable to the decline in discharge 
delineated since 1987, the recent decline involves a cessation of all spring flow from the main 
terrace which was never observed during White's study. Thus, the recent decline in hot
spring activity must be related to stresses that either were not present during the 1945-52 
period or were present but of smaller magnitude in the past than at present. Significant 
variations in precipitation occurred during White's study, as did variations in water levels in 
the shallow ground-water system related to seasonal recharge from irrigation ditches (Cohen 
and Loeltz, 1964). These two influences are the 'only ones likely to have accounted for the 
seasonal changes in spring flow measured during the earlier period. During the 1986-1989 
period of hot-spring observation, these influences as well as those of ground-water pumpage 
for domestic use and geothermal fluid production for electric power generation could have 
affected hot-spring activity at the main terrace. 

Annual and Long-Term Variations 

Correlations exist between yearly-averaged spring discharge at Steamboat and 
precipitation at the Reno Airport and Sky Tavern sites over the 1945-52 period (fig. 17). 
Correlation coefficients for these data sets are 0.40 and 0.48 for the Sky Tavern and Reno 
Airport sites, respectively. Even higher degrees of correlation (with correlation coefficients 
approaching 0.9) exist for the 1945-49 and 1949-52 periods considered separately (White, 
1968). In effect, there was a shift in the spring flow - precipitation relation during the 1949-
50 water year. The reason for this apparent shift is unknown. These data, although limited in 
number, indicate that consecutive years of drought can result in decreased spring activity. 

The precipitation records for the 1938-90 period show that drought conditions occurred 
during parts of White's period of observation and at other times in the past, most notably 
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during the 1976-78 period. This is more clearly seen in plots of cumulative deviation from 
mean precipitation for the Sky Tavern site (fig. 18), in which periods of above-average 
precipitation are shown as positively sloping parts of the graph and periods of below-average 
precipitation correspond to negatively sloping parts. The change in cumulative deviation from 
precipitation-year 1986 to 1989 was -46 inches and represents the most severe drought for the 
period of record. However, the change in cumulative deviation from the mean was only 
about -30 inches by July 1987, when all but spring 8 on the main terrace had ceased flowing. 
Periods of comparable drought severity, as indicated by cumulative deviations from the mean 
precipitation, occurred during White's study and that of Nehring (1980) when spring flow on 
the main terrace was substantial. Thus, successive years of below normal precipitation 
cannot, by itself, account for the recent cessation of spring flow at the main terrace. It is 
likely, therefore, that differences in the distribution of precipitation within each year or other 
hydrologic factors are involved. 

White (1968) noted that L.H. Taylor (unpublished report) estimated the total spring flow 
from the main terrace at about 180 gal/min in October 1916 and mapped numerous points of 
discharge in the northern part of the main terrace that did not exist in the 1945-52 period. 
White (1968) considered that the difference between total spring discharge in October 1916 
and the October average during the 1945-52 period (180 gal/min as compared with 45 
gal/min) reflected the influence of two geothermal wells at the Reno Resort (fig. 19), rather 
than a long-term decline in spring discharge. This inference was based in part on 
observations of spring responses north of the ACEC (for example, spring 62) to discharge 
from the Reno wells. In contrast, no response from the Reno-well discharge was observed by 
White in springs further south within the ACEC. 

Since 1952, spring flow from the main terrace has only been quantified during the 
period from June 1986 to April 1987 (Yeamans, 1987a). The total visually estimated flows 
from six main-terrace springs during this period ranged from 8-30 gal/min as discussec in a 
later section. Although these estimates suggest that total spring flow at this time was lower 
than during . the 1945-1952 period, at least five springs with visible discharge were not 
included in the totals. Qualitative observations of spring flow and geyser activity during the 
1979-1985 period (Appendix A) do not indicate any obvious decline in spring flow compared 
with the 1945-1952. Thus, systematic changes in spring flow and geyser activity that began 
in 1986 and have continued until the present represent a relatively abrupt shift that cannot be 
accounted for by long-term trends that might accompany natural geologic processes such as 
self-sealing from mineral deposition. 

Changes in Wells in the Shallow Ground-Water System Surrounding the Steamboat Hills 

Water levels in the shallow ground-water system surrounding the Steamboat Hills have 
been monitored in numerous wells, as part of the monitoring programs carried out by the 
geothermal operators and by the South Truckee Meadows General Improvement District 
(STMGID). Water-level data from monitored wells are available from monthly measurements 
for all or part of the 1985-90 period. At some sites where the monitored well or a nearby 
domestic well is pumped periodically, geochemical data are also available. Such data were of 
interest in our study because head changes in the ground-water system, induced by various 
factors, could propagate to the geothermal system in the vicinity of the main terrace and 
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Steamboat Creek and affect hot-spring discharge, water levels, and seepage into the creek. 
Monitoring of these wells by the geothermal operators has also been carried out to detect any 
movement of injected geothermal water into shallow aquifers. 

Water levels in the shallow ground-water system may vary in response to recharge of 
nonthermal ground-water from precipitation and infiltration from creeks draining the Carson 
and Virginia Ranges and leakage from Steamboat Ditch and other irrigation ditches (fig. 2). 
Water-level variations also occur in response to ground-water pumpage for municipal, 
industrial, and domestic use. Some wells in the South Truckee Meadows tap aquifers with a 
mixture of thermal and non thermal ground water, as evidenced by higher-than normal 
temperatures and chloride concentrations. 

STMGID currently operates six production wells in the South Truckee Meadows to 
supply ground water to domestic, municipal, and industrial users. These wells are located 
within distances of 2.1 to 2.9 miles northwest of the ACEC (fig. 13). STMGID well SPW-2 
is not currently used, and well SPW-4 produces from permeable zones within bedrock below 
a depth of 650 feet; such production appears to have no effect on heads in the overlying 
alluvium (Mike Widmer, Washoe County Utility Division, oral communication, 1992). The 
other STMGID production wells (SPW-l, 3, 5, 6, and the Thomas Creek well denoted TC) 
were drilled to depths of 500-760 feet, cased to depths of 250-410 feet, and are completed in 
alluvial aquifers. The record of total production from four of the STMGID wells (fig. 20) 
shows summer maxima near 1,000 gal/min and winter minima near 200 gal/min since the 
system went into operation in August 1985. The total annual water withdrawal from all six 
wells was 1,144 acre-feet in 1990 (Mike Widmer, Washoe County Utility Division, oral 
communication, 1992), which is equivalent to an average production rate of 715 gal/min. 

Ground water is also pumped from domestic wells and private utility/water company 
wells in the South Truckee Meadows and other regions surrounding the Steamboat Hills south 
of the Mt Rose and Virginia City Highways. Although the total number of wells drilled in 
the entire alluvial-filled region between Huffacker Hills and Pleasant Valley (figs. 2 and 13) 
exceeds 2,000, only about 160 wells are situated in that part of the South Truckee Meadows 
between the ACEC and the northernmost STMGID well SPW-l (Leonard Crowe, Washoe 
County Comprehensive Planning, written communication, 1992). Using the County's figure 
of 1 acre-foot per year (AF A) or 0.63 gal/min per well, a total ground-water usage of about 
100 gal/min beyond the STMGID usage is indicated for this area in closest proximity to the 
ACEC. 

The available water-level records for eight wells penetrating the shallow ground-water 
system surrounding the Steamboat Hills are shown in figures 21-26. Well locations are 
shown in figure 19, and well completion and temperature information is listed in table 3. 
Several of these wells produce mixtures of thermal and nonthermal water, as evidenced by 
temperatures of 43 -76°C and average chloride concentrations of 50-360 mg/L. Such wells 
show seasonal variations in water level and chloride concentration indicative of changes in the 
proportions of nonthermal and thermal water at those sites. This is best illustrated by the data 
for the Pine Tree Ranch wells PTR-l and PTR-2, located northwest of the high terrace (fig. 
19). Well PTR-l is 110 feet deep and produces water at about' 43°C; well PTR-2 is 435 feet 
deep (but cased only to 101 feet) with a bottom-hole temperature of 76°C. Water-level 
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Table 3. Data for selected wells completed in the ground-water system of South Truckee 
Meadows and P feasant Valley 

[nm, not measured; unk, unknown] 

Well Name Depthl Temperature2 Chloride3 Water-level4 

(feet) (0C) (mg/L) Decline 1985-89 

(feet) 
PTR-l 110 43 10-80 25 
PTR-2 435 76 nm nm 
MW-3 800 nm nm 25 
MW-4 400 nm nm 16 
Bianco 110 21 nm ~O 

Boyd 56 18 16-22 ~O 

Steinhardt 135 nm 140-300 10 
Brown School unk 16 10-250 unk 
Herz-2 155 57 340-370 ~O 

lprom Van de Kamp and Goranson (1990). 
2Prom Van de Kamp and Goranson (1990). 
3Prom data shown in figs. 19-24. 
4Prom data shown in figs. 19-24. 
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variations in PTR-1 and chloride changes in a nearby pumped well of unkrtown depth have 
been attributed to changes in rates of recharge of low-chloride irrigation water by infiltration 
from Steamboat Ditch and irrigated lands to the west (Yeamans and Broadhead, 1988). 
Similar, but damped, water-level changes occur in the deeper PTR-2 well. Both wells show a 
trend of long-term decline in water level; the decline in seasonally averaged water level in 
PTR-1 over the 1985-90 period amounts to about 18 feet. 

STMGID monitor wells MW-.3 (800-ft deep) and MW-4 (400-ft deep) are located 
northwest of the Pine Tree Ranch wells. Hydrographs for these wells (fig. 22) show damped 
seasonal fluctuations superimposed on long-term declines of 15-22 feet over the 1985-90 
period. Although these wells are closer to Steamboat Ditch than PTR-1 and hence might be 
expected to show more seasonal fluctuation in water level, their greater depth apparently 
serves to dampen the seasonal response (as in the case of well PTR-2). Delineation of 
seasonal changes in MW-3 and MW-4 is also limited by measurement intervals greater than 1 
month in some years (for example 1985 and 1989). 

Wells in the South Truckee Meadows show relatively high water levels in the fall and 
winter and low water levels in the spring and summer. This pattern is inversely correlated 
with seasonal variations in pumpage from the STMGID wells, and presumably other domestic 
ground-water wells in the area. Rising water levels in the fall and winter probably result 
from a combination of reduced ground-water pumpage and recharge from the creeks and 
irrigation ditches which flow from about April until September and peak in mid-summer. 
Seasonal fluctuations in water level were observed in wells in the South Truckee Meadows 
during the 1950's, prior to significant ground-water withdrawal from wells (Cohen and Loeltz, 
964). Hydrographs from that period show water-level rises beginning sooner (June-July) than 
in the current situation. Thus, the effects of ground-water pumpage may be to delay the 
period of water-level recovery until the fall and to cause long-term declines in average water 
level in the ground-water system. 

The available data for shallow nonthermal wells located closer to Steamboat Creek 
(locations shown in figure 19) show some evidence of seasonal fluctuations, but no long-term 
declines since 1985. Such wells include the Bianco well northeast of the ACEC and the 
Boyd well southwest of the ACEC (fig. 23). Water levels in these wells are probably 
controlled mainly by levels in Steamboat Creek. Data for the mixed-water Steinhardt well 
(fig. 24), located northeast of the ACEC, show an overall decline in water level since 1987 of 
about 10 feet and a corresponding decrease in chloride concentration (from 300 mgIL to 140 
mgIL). This suggests a decrease in the thermal-water component tapped by this welL 

The Brown School well and the Herz geothermal well (fTf!rz-2), located north of the 
ACEC and on the west side of Steamboat Creek and Highway 395, have both shown 
increases in chloride concentration beginning in the fall of 1988 (figs. 25 and 26). In the 
Herz-2 well, this period of increasing chloride was accompanied by a decline in water leveL 
These changes are' suggestive of thermal-fluid movement into this region from geothermal 
fluid injection to the south. However, produced fluid from the SB GEO wells is low in 
calcium (12 mg/L) and calcium concentrations in the Brown School well have also increased 
significantly with time (17-194 mgIL, from Goranson and others, 1991). In addition, there 
has been a decline in water level in the shallower Herz domestic well of about 15 feet 
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between 1986 and late 1988. Thus, other explanations for the chloride increase, such as a 
decrease in the nonthennal ground-water component in shallow aquifers in this area and 
inflow of thermal water from sources other than the SB GEO well field, must also be 
considered. 

Changes in Hot Springs and Wells on the Main and Low Terraces 

Aside from observatiqns of hot-spring activity described by White (1968) for the 1945'-52 
period, records of spring discharge and water level at the main and low terrace are available 
only for parts of the 1977-1990 period, as indicated in Appendix A and figures in this report. 
This recent record includes measurements and observations made by NDEP, BLM, GOSA, 
and SDSU personnel, supplemented with observations by Nehring (1980) and Donald Hudson 
(independent consultant), and measurements and observations reported by Yeamans (1987a). 
The latter data consists of estimates of the flow rates of six main-terrace springs during part of 
the 1986-1987 period and short-tenn measurements of depths to water in several spring vents 
associated with well tests conducted by Caithness between 1979 and 1987. 

Water-level measurements by BLM and NDEP were made in 1986-1988 while water 
was still visible in the main-terrace spring vents. SDSU personnel measured depths to water 
in several springs and wells at the terraces using either an electric sounder or a graduated rule 
in 1988 and 1989. Locations of all ~pring vents discussed here and elsewhere in this report 
are shown in figures 4 and 19. In the sase of spring 6 on the main terrace, the 1988-89 
water-level measurements were facilitated by removing sinter rubble from the vent to expose 
the water surface. On the low terrace, the discharge of the only active spring (spring 50) was 
also measured by SDSU. No water-level data were collected for this study after August 
1989, except for a few measurements on spring 6 made by BLM in late 1989. Significant 
gaps in the data exist for time periods between,SDSU and BLM measurements and during 
much of the 1988-1989 period. 

The hydro graph for spring 6 is plotted in figure 27 for the period 1986-1989. More 
limited records for other springs on the main terrace (for example springs 12 and 42w, fig. 5) 
indicate that the general pattern of change in the spring 6 record is representative of water
level variations on the main terrace. Periods when spring 6 was flowing are indicated by zero 
depth-to-water. More detailed plots of the hot-spring data collected and compiled during this 
study are included in Appendix A. Also shown in figure 27 is the hydrograph for well PTR-1 ' 
and intervals of discharge from the SB GEO and CPI well fields, for which more infonnation 
is given in tables 4 and 5. 

, Onset of the Decline in Hot-Spring Activity 

Spring 6 and numerous other main-terrace springs that fonnerly discharged continuously or 
on a regular basis ceased flowing during CPI discharge interval 1 in March-May 1986. These 
changes appear anomalous compared with earlier years, as discussed below. Weekly 
observations between September 1983 and August 1984 reported by Lyles (1985), coupled with 
more recent observations listed in Appendix A suggest that spring 24 discharged continuously, or 
on a regular basis, for about two and a half years prior to the time it stopped flowing in April 
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Table 4. Intervals o/discharge/rom Caithness Power Incorporated production wells since 1986 

Interval 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Production' 
wells 

SB-l 

SB-l 

SB-l 

23-5 

23-5 

SB-l 

83A-6 

23-5 
83A-6 

83A-6 
23-5 
21-5 

as above 

as above 

as above 

as above 

Injection 
well 

None 

None 

None 

Cox 1-1 

Cox 1-1 

None 

None 

Cox I-I 
Cox I-I 

Cox I-I 

Cox I-I 

Cox 1-1 

Cox I-I 

Cox I-I 

Begin 
date 

3/21/86 

3/9/87 

4/2/87 

5/6/87 

6/24/87 

7/9/87 

10/24/87 

1/14/88 
1/28/88 

2/11/88 

6/27/88 

8/8/88 

12/2/88 

4/21/89 

End 
date 

5/15/86 

3/16/87 

4/13/87 

6/3/87 

7/3/87 

8/29/87 

10/30/87 

1/28/88 
1/31/88 

6/6/88 

7/26/88 

11/25/88 

4/18/89 

3 --

'Well SB-l (Steamboat No.1) redrilled 12/87 and renamed 21-5. 

Comments2 

NP=815 gal/min 

NP=620-810 gal/min 

No injection 5/17-19 
NP=310 gal/min ' 

NP=31O gal/min 

NP=500 gal/min 

NP=970-2460 gal/min 

NP=340 gal/min 

23-5, 83a-6 off 3/4-7 
21-5 off 3/4-5 

23-5 off 9/15-10/17 
83A-6 off 10/18-24 
21-5 off 10/24-11/1 

23/5 off 12/27-30 
21-5 off 12/27-30 

2Dates of production intervals and values of net production (NP) from Yeamans (1987a-1987e), 
Berkeley Group (1987), Bureau of Land Management (unpub. data), Thermasource (1987), B. 
Metcalf (Collar, 1990), and Caithness Power Incorporated monthly production reports. 

3 All wells on-line as of 8/89. 
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Table 5. Intervals oj discharge from 5B GEO production wells since 1986 

Interval Production Injection Begin End Injection 
. wells wells date date rate (gal/min)l 

1 PW-l, PW-2, IW-3 12/2/86 12/29/86 unknown2 

PW-3 

2 as above IW-3 1/5/87 7/6/87 33213 

3 as above IW-3 7/12/87 10/20/88 31584 

4 as above IW-3 10/23/88 12/19/88 32185 

5 as above IW-3 12/19/88 3/4/89 7566 

IW-2 21426 

6 as above IW-2 3/24/89 7 

lAverage calculated from daily average values reported by SB GEO (formerly Ormat Energy 
Systems, Inc.) . 

20nly two wells operating concurrently; test dates from GeotherrnEx, 1987. 
3Power plant on-line; excludes July 1987 data. 
4Power plant on-line; excludes July 1987 and October 1988 data. 
5Power plant on-line; injection rates estimated from Nevada Division of Environmental Protection 
(unpub. cor.). 

6Injection rates estimated. 
7Wells still on-line as of 8/89. 
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1986. Shortly after the end of cpr discharge interval 1, most of the main-terrace springs 
experienced rising water levels or renewed discharge for several months. Springs 23n and 40 
began to geyser in the summer of 1986 after a period of quiescence (Appendix A, Yeamans, 
1986b). The record of estimated spring flow from the main terrace between June 1986 and April 
1987 from Yeamans (1987a), as shown in figure 28, indicates that the combined discharge from 
the six monitored springs reached a peak in November 1986 of about 30 gal/min and 
subsequently declined to about 8 gal/min by April 1987. The overall pattern of variation in 
spring flow matches that observed by White (1968) of highest flow in the fall and winter, and 
thus appears to follow the usual seasonal trend. There is little evidence of correlation with the 
precipitation records for the Reno Airport or the Sky Tavern sites (fig. 28), but such short-term 
correlations were also not observed during the 1945-52 period. 

The data from Yeamans (1987a) represents the combined discharge of springs 4, 6, 8, 
10, 42, and 16se. As noted previously, however, other main-terrace springs were also flowing 
during this period. Yeamans (1987a) notes incidental observations of flows of 40-60 gal/min 
from spring 24 between October 1986 and February 1987 and eruptions from spring 40 and 
small flows from spring 2 during the fall of 1986. If the estimates of flow from spring 24 are 
accurate, the indicated total spring flow during the winter period is within the range of values 
reported for the 1945-52 period. This would suggest that only the estimated spring flows 
during the spring of 1986 and the spring of 1987 and thereafter are anomalously low. 
However, the inference that the long-term decline in hot-spring activity did not start until the 
spring of 1987 must be qualified because the accuracy of the spring discharge estimates of 
Yeamans (1987a) is indeterminate. 

Collar (1990) describes decreases in discharge and water level in several springs during 
the mid-November 1986 to late February 1987 period. Although the most significant decrease 
in spring flow occurred in November and the information in Yeamans (1987 a) indicates that 
'well-testing and start-up operations did not begin until December, it is possible t.hat some of 
the SB GEO wells were discharged in November. Detailed records of production during this 
period apparently do not exist. Between December 1986 and February 1987, water-levels 
declined in many main-terrace springs (for example, springs 4, 16, 16se, and 8nw), but other 
springs continued to flow. 

A second period of noticeable decline in spring flow beginning in March 1987 was 
accompanied by full-scale production from the SB GEO field and the resumption of well 
testing at the cpr field. Over the 6-month period from March to August 1987, most or all of 
the main-terrace springs experienced generally declining water levels and subsequently 
became dry. Water levels in spring 8, the only spring on the main terrace to flow 
continuously during the 1945-52 period, remained relatively high until February 1988, when 
the spring was reported dry at a depth of about 1 foot (fig. 29). This designation refers to the 
fact that the measuring device was lowered to 1 foot below the spring orifice but failed to 
detect any water. 

Seasonal and Long-Term Trends 

Evidence of the influence of several factors can be seen in the records of seasonal and 
long-term change in water levels in springs such as 6 and 8. The general pattern of change 
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observed in spring 6 over the 1986-1989 period is one of relatively high water levels in the 
winter and low water levels in the summer, superimposed on a overall decline of six feet. As 
such, there is a general correlation between the spring 6 hydro graph and the hydro graph for 
the PTR-1 well (fig. 27). This apparent seasonal pattern of water-level change in spring 6 is 
similar to the seasonal variation in spring flow noted by White (1968) for the 1945-1952 
period (fig. 16). After 1988, the data for water-level spring 6 are too sparse to delineate a 
seasonal pattern, if one exists, except for the period of water-level rise in the second part of 
1989. On the other hand, the data for other springs in the ACEC such as 8, 12, and 42w 
(figs. 5 and 29, and Appendix A) do not show any obvious seasonal cycles except perhaps 
during the spring 1986-spring 1987 period. The available data for these springs after mid-
1987 make such determinations speculative. 

Correlations can be seen between changes in water level in many springs and intervals 
of discharge at the geothermal well fields, as discussed in more detail below. The two 
periods of adequately documented water-Iev:el rise (in the fall of 1986 and 1987) are 
associated both with the expected seasonal recovery of the shallow ground-water system and 
with the cessation of well testing operations at the CPI field. However, the recovery of about 
1 foot recorded in spring 6 in the fall of 1989 is noteworthy because it occurs during a period 
of relatively constant production at both geothermal well fields and there are corresponding 
recoveries in strat wells tapping the geothermal system in the Steamboat Hills (as discussed 

," subsequently). 

The long-term trend for spring 6 shows a decline in water level of about 6 feet by the 
end of 1989. " The overall decline for other springs on the main terrace is variable, including 
13 feet for spring 42w and 17 feet for spring 12 (fig. 5). There is as yet no satisfactory 
explanation for these differences in overall decline. Factors which may be involved include 
differences in water temperature and density in different spring conduits and differences in 
vertical permeability in the conduits and horizontal permeability in the adjacent formations. 
The permeability factors should affect the head loss as fluid flows upward in each conduit 
and laterally into the wall rock. There may also be fracture connections between different 
conduits at depth which allow flow from one to another. Differences in altitude between 
springs on the main terrace may be indicative of differences in permeability in and adjacent to 
each conduit. For example, the spring 6 vent is about 20 feet lower in altitude than the 
spring 12 vent. In general, the altitude of the piezometric surface, as delineated by spring 
altitudes and water levels in wells on the main terrace prior to geothermal development in the 
Steamboat area, sloped eastward towards Steamboat Creek with an overall drop in altitude of 
about 100 feet. 

During this study, water-level measurements were made in well GS-8 at the base of the 
main terrace, and in well GS-l and an unnamed well on the low terrace (locations in fig. 4). 
Other wells in these areas are either sealed shut or filled with debris. Comparison of water 
levels reported by White (1968) with recent measurements indicates overall declines of 4-7 
feet in these wells through 1989, but only 1-3 feet between 1988 and 1989. The Byers well 
on the west side of the main terrace was been monitored in 1990 and 1991 by the USGS and 
Caithness; comparisons of depth-to-water measurements during this recent monitoring period 
with a measurement made in 1985 indicate a decline of about 40 feet (Colin Goranson, 
written communication, 1991; Donald H. Schaefer, written communication, 1991). The well 

60 



is approximately 100 feet deep and reaches a maximum temperature of about 120°C. Data 
from White (1968) on well GS-3, drilled next to the. Byers well to a depth of 686 feet, 
indicate that neither well penetrates the main fracture system through which high-chloride 
thermal water flows upward to the main-terrace hot springs. 

Short-Term Fluctuations 

A consistent pattern of correlation between intervals of CPI well discharge and short
term water-level fluctuations in spring 6 exists for the 1986-1988 period (fig. 27). The 
clearest response is that for interval 1, which involved a two month test of Steamboat No.1 
(later recompleted and renamed 21-5). The average well discharge during this period was 
about 815 gaVmin and no fluid was reinjected (table 4). The decline in water level in spring 
6 during and following CPI interval 1 was approximately 2 feet, although some additional 
decrease in head within the spring conduit must also have accompanied the change from 
flowing to non-flowing conditions. The net rate of production (production minus injection) 
during subsequent CPI discharge intervals was 300-500 gal/min, except for a few relatively 
short discharge intervals with higher net production. The production/injection rate histories 
for each well field are discussed further in the next section of the report. Other examples of 
water-level declines and recoveries associated with CPI discharge intervals include intervals 6, 
7, 8, and 9. For interval 4 in May-June 1987, water levels in springs 6, 12, and 42w were 
declining before the test started, but the rate of decline accelerated during the test period, and 
water levels rose following shut-in. 

Water-level data were collected daily over a two-month period in mid-1988J rom springs 
6, 12, and 42w (figs. 5 and 30). This period includes CPI discharge interval 1O-'and part of 
interval 11. All three springs show consistent responses of water-level decline dUring 
production and rise following shut-in, although the spring 6 response is more noisy because 
some measurements were made under boiling conditions. Water-level declines during interval 
10 range from 0.6 feet in spring 6 to 1.84 feet in spring 42w. The relative amount of change 
in each spring during and following discharge interval 11 is in general correspondence with 
the differences in long-term water-level decline in these springs. That is, changes in springs 
12 and 42w are two to three times larger than changes in spring 6. Although not shown in 
this report, semilog plots of these data (water-level change as a function of log time) show 
linear relations for both rising and falling periods, indicative of aquifer response to 
geothermal production (Collar, 1990). 

Water levels in some of ACEC springs are affected by thermal cycling or intermittent 
boiling of the fluid column in the spring conduit. This condition can cause significant 
changes in the depth to water, as evidenced by the water-level record for spring 6 shown in 
figure 30. For springs with water levels shallow enough to be visible from the land surface, 
such a spring 8, measurements were avoided under boiling conditions. For other springs, the 
available water-level records may include measurements made under ,boiling conditions and 
some apparent short-term changes may reflect this anomalous condition. 

Correspondence between changes in water level in spring 8 and CPI discharge intervals 
6-9 are apparent in figure ,29. Prior to discharge interval 6, water levels in spring 8 remained 
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near the rim and discharge occurred through a crack below the rim. 

Limited thermal-water production occurs on an intermittent basis from the Steamboat 
Spa well on the low terrace (fig. 19). This well is 260 feet deep and most likely draws 
thermal water from the older alluvium overlying granodiorite bedrock in this area (Appendix 
D). The history of discharge from this well is only approximately known; its maximum flow 
is about 60 gal/min, but mineral deposition limits its ability to sustain flow. The well is 
reported to have discharged continuously, without pumping, throughout 1987 and up to May 
1988, when the discharge declined and ceased (Collar, 1990). From May 1988 to the last 
week in March 1989 the well remained inactive. From June to August 1989, the well was 
induced to flow each weekday from morning until evening. The shapes of the hydro graphs 
for well GS-l and the unnamed monitor well at the low terrace (Appendix E) are similar and 
most likely reflect the effects of discharge from the Steamboat Spa well. . 

Changes in wells in the Steamboat Hills and oil. the High Terrace 

Five production wells and one injection well have been drilled by Caithness Power, Inc. 
in the Steamboat Hills (fig. 19); currently only wells 23-5, 83A-6, 21-5, and Cox 1-1 are in 
use. Unused CPI production wells 28-32 and 32-5 are shown as observation wells in figure 
19 (strat 32-5 is located adjacent to unused production well 32-5). Three production wells 
and two injection wells were drilled for the SB GEO power plant on the high terrace; wells 
PW-l, PW-2, PW-3, and IW-2 are currently being utilized. Water-level or downhole-pressure 
data have been collected on a semi-continuous basis from numerous monitor wells in the 
Steamboat Hills and on the high terrace, including hydrologic observation wells,/ OW) 
completed in the SB GEO well field and stratigraphic test (strat) wells drilled for temperature 
gradient information in the Steamboat Hills. These strat wells were later perforated or 
recompleted with tubing slotted near the bottom for water-level monitoring. Well-completion 
information for all these wells is listed in tables 6-8; each is shown in the geologic section in 
figure 7. Additional information, including temperature profiles and lithologic logs for some 
of these wells is given in Appendix Band C. 

Observation Wells 

Water-level data fQr the wells monitored in these areas is obtained from depth-to-water 
measurements made from the land surface or from gas-pressure measurements made in 
capillary tubing. The gas-pressure measurements are made with absolute-reading or gage
reading pressure transducers, and converted to depths-to-water using the known depth of the 
capillary tube pressure chamber. For the strat wells with capillary tubing, we have .converted 
the gas-pressure measurements to depths-to-water using either measured absolute pressure or 
gage pressure converted to absolute pressure. This yields a water level record with less 
variation from barometric pressure changes than would the gage-pressure measurements alone 
because of the relatively high barometric efficiency of these wells. As a result, however, the 
actual depth to water in such wells is approximately 30 feet greater than our calculations 
would indicate. The influence of barometric pressure on water-level changes in the strat 
wells is discussed in a subsequent section of this report and by Collar (1990). 

For monitor wells IW-I ; OW-I, and OW-2 in the SB GEO well field, both downhole 
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· Table 6. Caithness Power IllcOlporated well-completion information 

Distance Approximate Casing Open-hole Open-hole 
to spring elevation Depth depth interval rock 

Well (feet) (feet) (feet) (feet) Elev. (feet) types 
(thickness) 

Production 

23-5 9480 5348 2422 1475 3873-2926 metamorphic 
(947 feet) 

83A-6 10390 5732 2540 2137 3595-3192 metamorphic, 
(403 feet) granodiorite 

21-5 8875 5732 2767 1292 4440-2965 metamorphic, 
(1475 feet) granodiorite 

Injection 

Cox 1-1 5100 5057 3449 1764 3293-1608 granodiorite 
(1685 feet) 
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Table 7. SB CEO well completion information 

Well 

Production 

PW-1 

PW-2 

PW-3 

Iniection 

IW-2 

IW-3 

Distance 
to 

Spring 
(feet) 

3990 

4090 

3720 

4220 

4370 

Approximate 
Elevation 

(feet) 

4719 

4734 

4725 

4698 

4695 

Depth 
(feet) 

626 

530 

566 

1403 

517 
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Casing 
Depth 
(feet) 

600 

495 

545 

730 

400 

Open Hole 
Interval 

Elev. (feet) 
(thickness) 

4119-4093 
(26 feet) 

4239-4204 
(35 feet) 

4180-4159 
(21 feet) 

3968-3295 
(673 feet) 

4295-4178 
(117 feet) 

Open Hole 
Rock 
Types 

granodiorite 

granodiorite 

granodiorite 

granodiorite 

tuff breccia 
(89 feet) 

granodiorite 
(28 feet) 



, ' . ~ '.', . -:. ' . . .. . . . .' ._... .; -~ ,- ..... . '.- .. . ' . ,. ; . -.. . 

Table 8. Selected data for stratigraphic test wells in the Steamboat Hills area 

Well Depth Formation! Temperature2 Change in Water Level3 

feet perforated °C 1987-1989 in feet 

strat 2 844 Kgd 171 -26 
5 1680 Kgd 44 -16 
6 1936 Pkm 87 -22 
7 1503 Tk 84 -11 
8 1940 Pkm 96 (+1)4 
9 915 Kgd 179 -145 

13 1767 Pkm 177 +9 -
14 1630 Kgd 177 +2 

IPkm = Pre-Cretaceous metasedimentary rocks; Kgd = Cretaceous granodiorite; Tk = Tertiary 
volcanics (Kate Peak Formation). 

2Measuredtemperature in perforated interval or at bottom of well. 
3Water level decline indicated by minus, rise by plus, measured from mid 1987 to mid 1989. 
4No data for 1987 or 1989. 
5No data before December 1987. 
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pressure and wellhead pressure are measured because gas columns exist in these wells. 
Reported depths to water for these wells (Ormat 1987a-d, 1988a-d, and 1989a-c), based on 
differences between downhole and wellhead pressure, give a misleading view of reservoir 
drawdown because the calculated depth to the water surface in the well changes as the gas
column pressure changes. Gas pressures have changed in part because of the addition of 
nitrogen to the wellbore from the capillary tubing. We have instead calculated effective 
depths-to-water from the downhole pressure and the reported depth of the pressure transducers 
in wells OW-2 and IW-l. By this method, changes in the effective depth-to-water represent 
actual changes in reservoir pressure. The reported depth-to-water data for OW-l are highly 
variable and not readily interpretable, possibly because of instrument problems (Collar, 1990; 
Ormat Energy Systems, Inc., written communication, 1989). They are not reported here. 

Detailed hydro graphs for each monitor well are included in Appendix E. In these plots 
a distinction is made between depth-to-water calculations based on hand-held measurements 
and those based on transducer measurements. In the main part of the report, less detailed 
. hydro graphs are presented for some wells considered to be representative of changes observed 
in the geothermal system during the 1987-1990 period. These include strats 2, 5, 9 and 13, 
and observation wells IW-l and OW-2. Except for strat 13, these wells have shown long
term declines in water level of 15-26 feet over the 1987-1990 period, but with significant 
short-term variations that are discussed below. Water-level and well completion data for 
other strat wells are summarized in table 8. These wells show either steady long-term ' 
declines of 11-22 feet (strats 6 and 7), or water-level rises of 1-2 feet over the 1987-1989 
period. On the basis of an additional 15 foot decline in water level in strat 7 between 1980 
and 1985 (Yeamans, 1985), it appears that the declines in strats 6 and 7 are part of longer
term head declines in bedrock aquifers in and near Pleasant Valley (Collar, 1990). The small 
rises in strats 8 and 14 have no clear explanation. 

Strat 13 is located next to CPI production well 23-5 and was completed with a slotted 
liner in metamorphic basement at 1,767 feet, where the measured temperature is 177°C. An 
overall rise in water level in strat 13 of about 9 feet was observ.ed from 1987-1989, but there 
are several periods of water-level fall associated with CPI discharge intervals involving 
production from 23-5 and corresponding water-level rises following shut-in (fig. 31). During 
discharge interval 11 in 1988, well 23-5 did not discharge for a month between September 
and October, during which time the water level in strat 13 rose about 3 feet. This correlation 
indicates that a hydraulic connection exists between strat 13 and well 23-5. Other factors, 
however, must be responsible for the long-term rise in water level in strat 13. 

Strats 2, 5, and 9 are located near the northern end of the Steamboat Hills, in the general 
vicinity of the Cox 1-1 injection well. Strats 2 and 9, with bottom-hole temperatures of 
171°C - 179°C, are completed with liners slotted at depths of 830-930 feet in the same 
thermal flow zone penetrated by, but cased off in, the Cox 1-1 well. Strat 5 shows a linear 
temperature profile, but a maximum temperature of only 44°C in granitic bedrock at a depth 
of 1,700 feet. Fluid sampled from strat 5 was relatively dilute (C. Stewart, Caithness Power 
Inc., written communication, 1991); its temperature and chemistry indicate that it is completed 
within the non-thermal ground-water system. No fluid samples have been obtained from strats 
2 and 9. In spite of differences in bottom-hole temperature and presumably fluid chemistry 
between strats 2 and 9 and strat 5, similar water-level changes occurred in these wells from 
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1987 to 1990. Between the spring of 1987 and summer of 1989, water levels declined 
approximately 16 feet in .strat 5 and 26 feet in strat 2 (fig. 32). The rate of decline in strat 9 
was comparable to that in strat 2. 

, A period of significant water-level rise and fall was observed in strats 2, 5, and 9 during 
the fall of 1989 and winter of 1990 (fig. 32). Both power plants were in nearly continuous 
operation during this period. Water-level rises also occurred during this period in the Pine 
Tree Ranch-l well and STMGID monitor wells MW-3 and MW-4 (fig. 22) and in spring 6 
(fig. 33). The magnitude of the rise in each well was comparable (5-7 feet), except for wells 
MW -3 and MW -4 and spring 6 for which the rise was on the order of 1 foot. Precipitation 
during the July 1988-June 1989 period was twice that in the two previous precipitation year 
(fig. 15). These comparisons suggest that similar processes, such as increased recharge to the 
shallow ground-water system or decreased rates of ground-water pumpage may influence 
changes in hydraulic head at each location. This inference must be qualified, however, in 
view of unexplained differ.ences in the onset and duration of the water-level rise at these 
locations and relatively sparse data. 

An anomalous rise in water level was also detected in strat 5 beginning in July 1991, 
accumulating to about 34 feet by September 1991 and continuing to rise since that time. 
Although no corresponding water-level rises had been detected in strats 2 and 9 and PTR-l as 
of October 1991, a 15-foot rise was recorded in the Woods well 0.25 miles southwest of 
PTR-l between July and October. These changes may in part reflect the effects of the 
abnormally high precipitation in the entire region in March 1991. However, the magnitude of 
the rise in strat 5 is difficult to account for by this means alone. Because the tubing in strat 5 
is not cemented against the surface casing or the open-hole section, it is possible that the 
water level in this well responds to more than one aquifer. This problem is cominon to other 
strat wells in the Steamboat Hills. Nevertheless, the general correspondence between periods 
of water-level rises in the ground-water system in the South Truckee Meadows and in Jhermal 
and nonthermal aquifers in the Steamboat Hills argues for a corresponding relation during 
periods of water level decline. 

Results of numerous interference tests on CPI wells, conducted since 1979, provide some 
evidence of pressure communication between the CPI well field and strat wells 2, 5, and 9. 
The evidence is sometimes hard to interpret unambiguously because of (1) noise in the water
level records from barometric pressure and earth-tide influences, boiling conditions at the 
water surface (strat 9 and possibly strat 2), and instrument malfunctions; (2) inadequate 
measurement frequency and/or insufficient pre-test measurements; and (3) ongoing seasonal 
trends. Pressure monitoring data collected during a 2-week shut-down of the CPI well field 
in May 1990 ha.s also proven useful in delineating and quantifying hydraulic connections 
between \yells, as discussed below. 

Pressure data collected during a 28-day test on Steamboat No.-l in 1980 showed 
drawdowns and corresponding buildups of 4 feet and 6 feet in strats 2 and 9, respectively 
(Yeamans, 1984). No fluid was reinjected during this test. Faulder (1987) calculated a 
water-level decline of 1.9 feet in strat 2 during the rust half of a 27-day flow test on well 23-
5 (discharge interval 4 in table 4, for which all fluid was injected into Cox 1-1). A total 
decline of about 4 feet was observed over the entire flow test. However, measurements were 
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Water levels for strats 2 and 5 were adjusted by adding a constant to adjust to common scale (5 feet added for 
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discontinued shortly after the end of the discharge interval so it is not known whether a 
corresponding pressure buildup occurred. In addition, very little pressure record was obtained 
prior to the start of the test, so that it is difficult to separate the seasonal trend in water level 
from that caused by production. No clear response in strat 9 was found during the 1987 test, 
although such interpretations are limited by a relatively large diurnal variation (1 psi, or 2.5 
feet) that appears to reflect barometric pressure variations. Although Faulder (1987) 
concludes that strat 9 did not respond to injection into Cox I-I, it seems possible that the 
difference in response in strat 9 to this test compared with the 1980 test may reflect the 
effects of both drawdown from production and reservoir pressure support from reinjection. 
Data from subsequent discharge intervals indicate a difference in strat-weIl response to 
production with and without reinjection, as discussed below. 

The data for strat 5 during the 1979, 1980, and 1987 interference tests yield conflicting 
indications of hydraulic communication with CPI production wells. A drawdown and 
recovery of approximately 1 foot was indicated from hand-held measurements during the 
1979 test (Yeamans, 1984; Chevron, 1987). During the 1980 test, pressure transducer 
measurements indicated a decline in downhole pressure of 0.9 psi during production, but a 
continued decline in pressure following shut-in. Yeamans speculates that there may have 
been a malfunction related to a leak in the pressure line. During the 1987 test, no change in 
depth-to-water was observed during the first week of the 28-day test, leading Faulder (1987) 
to conclude that no pressure response to production was seen. However, a capillary tube and 
pressure chamber were installed in strat 5 about 1 week after the test began and following a 
short period of widely varying pressure data, the calculated depth-to-water shows a decline of 
about 2 feet during the remainder of the test. This is consistent with a more delayed and 
attenuated pressure response in strat 5 than in strats 2 and 9 that would be expected because 
strat 5 is not completed in the geothermal system. 

Data reported at monthly intervals during 1990 from strats 2, 5, and 9 do n0t adequately 
delineate the effects of the shut-down of the cpr well field May 14-26, 1990 (fig. 32). 
Although a slight flattening of the downward trends in water level in strats 5 and 9 are 
indicated following the shut-down, the data for strat 2 may be affected by equipment 
problems, such as water in the gas chamber or a bad pressure gage. Fortunately, downhole 
pressure data collected at two-hour intervals are available during May and June 1990 for strat 
9 and well 28-32. Well 28-32 is a production-diameter well north of CPI well 21-5. 
Although it is drilled to depth similar to the other cpr production wells, its static temperature 
profile (Appendix C) indicates that it reaches its maximum temperature of 209°C at a depth 
of 1,800 feet - some 600 feet .shallower than the other production wells. The data for strat 9, 
contained in an unpublished report by Petty (1992), show a water-level recovery following 
shut-in of about 2 feet but a drawdown following restart of full production of about 10 feet. 
After about 14 days of full production and 50 days sin(e partial resumption of production and 
injection, water levels in strat 9 begin to rise in a logarIthmic fashion typical of well response 
to injection. Well 28-32 showed a similar response to shut-in and restart, except that pressure 
support from injection appears to begin about 20 days after partial production and injection 
resumed. The results from this test, then, establish that there is pressure cbmm'Jnication 

. between the CPI production and injection zones and the shallow thermal reservoir penetrated 
. by strat 9 and presumably strat 2. 
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The water-level records for strats 2 and 9 show some similarities with that for spring 6 
(fig. 33). The overall pattern of decline from 1986 through the summer of 1989 is the same 
for each feature, as is the pattern of rising water level in the second-half of 1989. These 
similarities indicate that the same stresses may be involved. Correlations between changes in 
water level in these wells and periods of production from the CPI wells, discussed previously 
for the spring 6 water-level record, are also seen in the strat-well records. In particular, 
water-level declines of 5-8 feet are observed during intervals 6 and 9, with indications of 
subsequent partial recovery. A greater rate of water-level decline during interval 6, without 
injection, than during interval 9, with injection, is consistent with pressure support from 
injection. A similar effect is seen in the strat 5 record. 

These data indicate that water levels in strats 2, 5, and 9 and in hot springs at the main 
terrace have responded both to changes in the shallow grol:lnd-water system in and around the 
Steamboat Hills and to production and injection at the CPI well field. The effects of 
production from the SB GEO well field on these features are more difficult to delineate. A 
hydraulic connection between the shallow thermal zone penetrated by strats 2 and 9 and the 
SB GEO production reservoir is suggested (but not proven) by the presence of a low 
resistivity trough between these areas and by observation of water-level declines in the Towne 
geothermal well at the high terrace during well tests in 1979 and 1980 (Yeamans, 1984). Of 
possible significance in this regard is the fact that overall declines in water level in strats 2 
and 9 between 1987 and mid-1989 were significantly greater than the corresponding decline 
in strat 5. We would expect from the differences in hydrogeologic conditions at these sites 
(strat 5 penetrates a non-thermal ground-water aquifer; strats 2 and 9 penetrate a shallow 
thermal flow zone) that strat 5 should be more responsive to changes in the shallow ground
water system than strats 2 and 9. Hence the greater water-level declines in strats 2 and 9 
may be indicative of the additional effect of geothermal well production. 

The records of calculated depths to water, based on measured downhole pressures in 
observation wells IW-l and OW-2 in the SB GEO well field (figs. 34 and 35) show declines 
of 15-20 feet over the 1987-89 period. There is considerable scatter in the data for these 
wells, most likely reflecting equipment problems and operator measurement errors. On the 
basis of the records for these observation wells, there appears to be reservoir head decline 
both on the production side of the field (20 feet in OW-2) and on the injection side of the 

.. field (15 feet in IW-l). This may indicate limited pressure support from injection; although 
other factors such as declines in water levels in the surrounding ground-water system may 
also affect these results. Head declines measured in the SB GEO observation wells are 
comparable to differences in heads between the high terrace and the main terrace before 
development, indicating that the present drawdown of the SB GEO reservoir might not induce 
significant inflow of thermal water from the main terrace, even if permeable fractures existed 
between these two areas. 

Production Wells 

The SB GEO production wells are relatively shallow (500-600 feet deep) and produce 
water at temperatures near 170°C. The currently used injection well (IW-3) is of comparable 
depth, butinjection well IW-2, used until March 1989, is open from 730-1,414 feet (table 7). 
A summary of intervals of production and injection from the SB GEO field is given in table 
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5; plots of average monthly production rates are shown in figure 36. Considerable variability 
in production and injection rates occurred in 1987, but rates ·in subsequent years have been 
relatively constant Although there is no net loss of mass from the fluid stream, there is a 
difference of about 200 gal/min between the volumetric production and injection rates because 
of the difference between production and injection temperatures. A more detailed plot of 
daily average injection rates for 1987-88 (fig. 37) shows that periods of significant change in 
well-field operation during 1987 were of relatively short duration. The hydro graph for spring 
6 (fig. 37) shows little evidence of correlation with changes in injection rate, except for an 
apparent rise of about 1 foot in January 1988, following a week-long period of decreased 
production and injection. 

Downhole pressure data for the SB GEO production wells are proprietary, and were not 
examined in detail during this study. Head changes of 20-40 feet (equivalent to pressure 
changes of about 8-15 psi) have been observed in these wells (Colin Goranson, written 
communication, 1991). Reservoir transmissivity values obtained from interference tests and 
from computer simulations of the production-well pressure data range from 17,000 to 34,000 
ff/day (kh = 1,000 to 2,000 darcy-ft), depending on assumptions regarding injection pressure 
support and reservoir head decline caused by declines in water level in the shallow ground
water system (Goranson and others, 1991; C. Goranson, written communication, 1991). 
Reservoir pressure recovery of only about 5 psi (12 feet) was measured in the production 
wells during a recent shut-down of the field (c. Goranson, written communication, 1991). 
This indicates that the additional head decline measured in the production wells prior the 
shut-down may be caused by other factors, such as water-level declines in the shallow 
ground-water system and drawdown in the CPI reservoir. 

There is no clear indication of any significant decline in production reservoir 
temperature, as would be expected after almost 5 years of injection at distances of about 500 
feet from the production well.s. Although well-head temperatures do show long-term declines 
on the order of 15°C, such declines can be attributed in part to declines in well-head pressure 
accompanying normal plant operation. Goranson and others (1991) suggest that injected fluid 
moves downward along steeply dipping fractures which provide pressure communication with 
similar structures intersected by the production wells but effectively prevent injected fluid 
from flowing laterally to the production wells. A similar explanation for the apparent 
pressure support from injection without temperature declines in production wells may apply to 
the CPI well field. 

Construction is nearly completed for a significant addition of geothermal production 
adjacent to the SB GEO well field, involving new production wells sited east and southeast of 
the existing well field on pri"':lte lands that border the northern boundary of the ACEC (JBR 
Cionsultants, 1991). Interference testing will be needed to deline~te the degree of hydiaulic 
connection between the existing SB GEO wells, additional production and injection wells 
drilled for this expansion, and hot springs on the main terrace. However, there presently 
exists no regulatory requirements for such testing. 

CPI production is obtained from three wells drilled into a zone of open fractures in 
metamorphic and granitic bedro~k at depths of 2,400-2,800 feet. Temperature profiles in 
these wells show high gradients down to zones of temperature reversal which mark the 
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production reservoir in the CPI well field. Measured reservoir temperatures range from 
221°C in wells 21-5 and 83A-6 to 238°C in well 23-5. Other wells drilled for production, 
including 28-32 and 32-5 (fig. 19) remain unused because of lower penneability or formation 
damage. Intervals of relatively constant production from the CPI well field are listed in table 
4; plots of monthly average production and injection rates following initiation of full-scale 
operations in 1988 are shown in figure 38. As noted previously, the difference between the 
total production and injection rates has remained relatively constant since 1988, reflecting the 
consumptive loss of about 500 gal/min of steam condensate for power-plant cooling. Periods 
of very low monthly average production and injection correspond with plant shut-downs for 
maintenance. 

Direct measurements of pressure changes in production wells are few in number and of 
questionable reliability. Such measurements include nitrogen-line pressure readings in wells 
21-5 and 83A-6 made for several hours before and after these wells were shut-in May 1990, 
capillary-tube pressure measurements in well 23-5 during a production test in May-June 1987, 
and pressure surveys run in 23-5 and 83A-6 under static (shut-in) conditions in 1987, 1988, 
and 1990. The gas-line pressure measurements suggest that drawdowns on the order of 4-7 
psi (10-15 feet) occur within hours of initiation of production, but such interpretations are 
limited by large variability in these pressure measurements made under less-than ideal 
conditions. More reliable reservoir pressure measurements could have been made in 
observation wells completed and instrumented for that purpose. However, of the strat wells 
drilled in and near the CPI well field, only strat 32-5 (fig. 19), and possibly well 28-32, are 
deep enough to penetrate the production zone. Strat 32-5 has not been monitored, but could 
be cleaned out and used to record reservoir pressure changes (P. van de Kamp, oral 
communication, 1991). 

Differences between repeated downhole pressure surveys in wells 23-5 and 83A-6 
suggest drawdowns on the order of 20-50 feet between 1988 and 1990, whereas essentially no 
difference is seen between pressure profiles run in 83A-6 under static conditions in May 1990 
and flowing conditions in September 1990 (Petty, 1992). The use of repeat pressure surveys 
to estimate reservoir drawdown in limited by the accuracy of the downhole pressure tool and 
by differences in fluid-column temperatures and densities between surveys. 

More reliable indications of reservoir drawdown are provided by pressure measurements 
made with high-quality pressure gauges in unused production wells during interference tests 
conducted before full-scale operations began at the CPI field. In particular, tests conducted in 
March-May 1986, March-May 1987, and May-June 1987 involved production from one well 
and pressure monitoring in other unused production wells. Dates and production rates for 
these tests, only the latter of which involved injection in Cox 1-1, are listed in table 4. Each 
test yielded calculated reservoir transmissivity ' and storage coefficients near 9,000 felda y and 
10-3

, respectively (table 9). Full pressure support from reinjection (net production = 310 
gal/min) was assumed in calculating reservoir parameters for the May-June 1987 test. The 
drawdown trends in wells 21-5 and strat 2 during the May-June 1987 test can reasonably be 
extrapolated to conditions of higher flow rates and longer production times. From these test 
results, reservoir drawdown estimates of 10-15 feet can be calculated for full-scale production 
and injection (net production = 500 gal/min) over two years operation. Although considerably 
larger drawdown (190 feet) was measured in production well 23-5 during the first two weeks 
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Table 9. Reservoir parameters determinedfor the geothermal system in the Steamboat Hills area 
from well test analyses and spring hydrographs 

Welles) and Injectionl Transmissivity2 Storage Observation 
Year of Test (feer/day) Coefficiene Well Source(s) 

Steamboat no 3270 9.0x104 strat 2 Collar (1990)4 
No.1, 1980 

Steamboat no 8500 (1.2xlO-3) 23-5? Berkeley 
No.1, Group (1987) 

March-May, 
1986 

Steamboat no 6800 (1.2xl0-3) 5 Berkeley 
No.1, Group (1987) 

March-May, 
1987 

23-5/Cox 1-1 yes 7930 nd strat 2 Faulder (1987) 
May-June, 9500, 8800 7.8x104 21-5 Goranson (1989) 

1987 Faulder (1987) 

Steamboat no 1250-2140 9.0xl04 strat 2 Collar (1990) 
No.1, 1987 

21-5, 23-56 yes 1340-2400 2.5xlO-3 strat 9 Collar (1990) 
83A~6, 1988 

21-5, 23-57 yes 3050 2.8xlO-3 spring 12, Collar (1990) 
83A-6, 1988 spring 42w 

lFull pressure support from injection into Cox 1-1 assumed where indicated. 
2Based on values of net production and fluid properties at 200°C. 
3Yalues in parentheses were calculated from reported values of cH, using S=pg~cH with density 
at 200°C. 

4Determined from Theis curve match of data from Yeamans (1984). 
5S trats 2, 6, 7, 8, 9, and Caithness Power Incorporated (CPI) wells SB-l, 28-32, and 23-5 (T and 
S values are averages for area between SB-l and Cox 1-1). 

6S trat 9 analysis for data from CPI production interval 9. 
7For spring water-level data during CPI production intervals 10 and 11. 
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of the May-June 1987 test, this is most likely attributable to the effects of boiling amI two
phase flow in the vicinity of the well during production. This well is normally operated at 
wellhead pressures high enough to prevent reservoir boiling (c. Goranson, oral 
communication, 1991). The two years of CPI operation covers the 1988-1989 period after 
which all the main-terrace springs were dry. 

The estimate of reservoir drawdown noted above is based on assumptions of uniformly 
high transmissivity over a large reservoir area (radial flow in an infinite, homogeneous porous 
media), and full pressure support from injection. The latter assumption allows the use of the 
difference between volumetric production and injection rates in calculating the stress on the 
reservoir. If injection pressure support is only partial, the calculated reservoir transmissivity 
from the interference test in 1987 would need to be larger to match the drawdown observed 
during this test. The same estimate of 10-15 feet of drawdown during full-scale production 
would apply in either case. Faulder (1987) concluded that pressure support (in well SB-l) is 
provided by injection in Cox I-I because similar transmissivity values are indicated for the 
May-June 1987 interference test with injection as for previous tests that did not involve 
injection. 

For the high transmissivities indicated from such tests, breakthrough of cooler injection 
fluid in the production wells should have been observed after several years of operation, if 
there were good communication between Cox I-I and the producing wells through a 
permeable zone of limited vertical extent between these areas. The fact that significant 
cooling has not yet been observed from wellhead measurements may indicate that pressure 
communication is provided through steeply dipping fractures that allow cooler inj'ection fluid 
to move downward rather than laterally toward the production wells. Under pre-development 
conditions, fluid chemistry in the injection zone was similar to that in the production zone, 
but temperatures were significantly different (160°C versus 225°C). Several factors, 
including (1) higher temperatures (-175°C) in the shallo\\. thermal zone penetrated by strat 
wells 2 and 9 above the injection reservoir and (2) pressure data collected during and after the 
May 1990 shut-down which show a delayed response in strat 9 to injection, indicate that 
hydraulic connections between the injection zone, the shallow thermal zone, and perhaps the 
CPI production reservoir are somewhat indirect. 

• The calculated drawdown estimates noted above also assume that the reservoir acts as an 
open system, either because it is very large in extent or because it is recharged. Results from 
short-term tests indicate full recovery of water levels when production wells are shut in, as 
expected in an open system. But these results do not preclude the effects of low-permeability 
boundaries causing greater water-level declines during extended periods of production. We 
have only the gas-pressure measurements from the produ~tion wells and the pressure 
measurements on strat 9 and 28-32 during the 1990 shut down to suggest that reservoir 
pressures would fully recover following shut down, and hence that boundaries have 
effectively not yet been reached. 

From the information discussed above, it is clear that the amount of drawdown in the 
production reservoir and the degree of pressure support from injection are as yet only 
approximately known. The best estimates we can make are that there is significant pressure 
support from injection and that drawdown in the production well field is still relatively small 
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(10-15 feet), This level of reservoir drawdown has most likely caused water level declines of 
a few feet~in the shallow thermal zone tapped by strat wells 2 and 9. Additional drawdown is 
expected to occur if more fluid is produced according to current plans for expansion of cpr 
generating capacity. 

Changes in Thermal-Water Discharge 

Measurements of chloride flux in Steamboat Creek during the 1988-89 period yield 
estimates of the total rate of discharge of thermal water from the Steamboat geothermal 
system that can be compared with previous estimates to indicate recent changes. Thermal
water discharge into Steamboat Creek is calculated from the increase in chloride flux between 
Rhodes Road south of the low terrace and Huffaker Hills (fig. 13), assuming a chloride 
concentration of 820 mg/L for thermal water from the Steamboat system. Our results are 
presented in table 2, along with those of White (1968). More detailed results of our 
measurements are included in Appendix G. 

We obtained chloride and streamflow data at three different times, under differing 
conditions of streamflow diversion for irrigation. The most reliable results are for the March 
1989 measurements when no such diversions were taking place; the calculated thermal-water 
discharge at that time was 663 gal/min. White (1968) calculated a discharge of 810 gal/min 
from springs and seepage into the creek in the spring of 1955. This suggests that the rate of 
thermal-water discharge to Steamboat Creek has declined, although the difference between 
these estimates (18 percent) may result in large part from measurement error. The total 
thermal-water discharge from the Steamboat geothermal system in 1955 was estimated as 
1,110 gal/min, by adding in the average discharge of hot springs on the main and low terrace 
(65 gal/min) and wells on or near the terraces (300 gal/min). If it is assumed that the flow 
from these wells represents thermal water that would have flowed from hot springs or seeped 
directly into Steamboat Creek had .the wells not been iil operation, then the plesent-day 
thermal-water discharge would only be about 60 percent of what it was in 1955. 

Most (-70 percent) of the well discharge in 1955 occurred from the Reno Resort wells, 
located approximately 0.25 miles north of the main terrace (fig. 19). White (1968) speculates 
that these wells were capturing thermal water that formerly flowed from springs close to these 
wells and springs in the northern part of the main terrace. He based this speculation on his 
observations of effects of well production on springs close to these wells and comparisons 
with unpublished descriptions of spring activity in 1916 by L.H. Taylor of the U.S. Geological 
Survey. Taylor estimated the total spring flow from the main terrace at 180 gal/min in 
October 1916, part of which occurred from springs in the northern part of the main terrace. 
White's measurements of total spring flow in the month of October during the 1945-1952 
period averaged 45 gal/min. . 

Water-level elevations reported for the Reno wells and the Mt. Rose Resort well during 
White's study were near the elevation of Steamboat Creek and hence significantly lower than 
the elevations of the principal hot springs at the main terrace to south. Hence, it is reasonable 
to assume that under undisturbed conditions thermal water flowed eastward and northward in 
the subsurface from the main terrace toward Steamboat Creek, and that the Reno and Mt. 
Rose Resort wells captured thermal water that would have flowed to the creek. The calculated 
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total thermal water discharge into Steamboat Creek in 1981-82, 1,300 gal/min (Shump, 1985), 
when there was no substantial discharge from geothermal wells, lends further support to the 
contention that the natural discharge from the Steamboat system was formerly 1,110 gal/min 
or larger. Observations of spring activity during the 1970's and early 1980's, while showing 
no evidence of flow from vents in the northern part of the main terrace and in the vicinity" of 
the abandoned Reno wells, are too limited to conclude that the cessation of discharge from 
the Reno wells did not result in reactivation of some hot springs. 

These considerations indicate that the total thermal-water discharge from the Steamboat 
geothermal system has declined significantly in recent years. Collar (1990) suggested that the 
decline is caused by the net production of fluid from the CPI well field, because if this 
production (380 gal/min under 90°C conditions - table 2) is added to the calculated seepage . 
into the creek, the indicated total discharge (1,050 gal/min) would be remarkably close to the 
estimate of White (1968). Production from the SB OEO well field is ignored in this 
argument because all the produced fluid is reinjected. The complication here is that at neither 
well field is there a net loss of chloride from the geothermal system, and chloride inputs to 
Steamboat Creek are what is actually being measured. Thus, for well field operations to be 
causing the apparent decrease in discharge of thermal water, there would need to be changes 
in the rates and directions of thermal-water flow through the well field areas. Drawdowns 
induced in each field by development could result in such changes, by effectively capturing 
some or all of the natural thermal-water throughflow. Furthermore, any chloride injected in 
the Cox I-I well that does not flow toward the production wells would not yet be expected to 
reach Steamboat Creek because of poor pressure communication with the hot springs and 
slow rates of ground-water movement. 

An alternative explanation for the apparent decline in discharge from the geothermal 
system is that thermal water from the main terrace is being diverted northward into the 
shallow ground-water system. This might be expected to accoILpany the declines in water 
levels in the South Truckee Meadows resulting from the drought and increased pumpage of 
ground-water. Increases in chloride in wells tapping aquifers with mixtures of thermal and 
non-thermal ground water (for example, PTR-l) may reflect both an increase in the thermal 
component and a decrease in the non-thermal component. However, because patterns and 
rates of flow of thermal and non-thermal ground water in the South Truckee Meadows are not 
adequately known, it is impossible to assess the degree to which thermal water that formerly 
flowed into Steamboat Creek is now being diverted into, and retained in, the ground-water 
system in the South Truckee Meadows. 
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FACTORS AFFECTING HOT-SPRING ACTIVITY 

The systematic decline in hot-spring activity at the main terrace since 1986 appears to be 
unprecedented in this century. Spring flow ceased in 1987 and since that time measured water 
levels in spring vents declined 1 to 17 feet. During the 1945-52 period, variations in spring 
flow from the main terrace were observed, with total flow covering a range from about 30 
gal/min to 90 gal/min but never dropping below 30 gal/min. Numerous factors were identified 
by White (1968) as contributing to the changes in spring activity during his period of study, 
including variations in barometric pressure, earth tides, and precipitation, and earthquakes. He 
considered that the first three were minor factors, causing relatively short-term, small 
amplitude changes in spring activity, and that the longer-term, larger magnitude changes were 
due to variations in precipitation and consequent ground-water recharge. These same factors, 
along with fluid production from geothermal and domestic ground-water wells, should have 
affected spring activity during our study. 

Three scales of variation in spring flow and water level were considered to be of 
significance in our 1986-1989 period of observation: (1) short-term changes over periods of 
hours to weeks, (2) seasonal changes, and (3) long-term changes. The long-term changes 
involve cessation of flow and declines in water level that as yet show no signs of significant 
reversal. Seasonal changes, anticipated from the results of the 1945-52 observations, are 
poorly documented during the 1986-90 period because of the difficulties in making 
measurements in the spring vents and the complicating effects of other influences. Short-term 
variations in spring activity were the most useful-in this study for delineating cause-and-effect 
relations with periods of geothermal well discharge. 

Short-Term Variations 

For this discussion, short-term variations in spring activity (flow and water level) are 
those occurring over time periods of hours to weeks. Factors that could influence these 
changes include barometric pressure, earth tides, earthquakes, local storms, and geothermal 
well discharge. Of these, earth tides and earthquakes are considered relatively minor, causing 
variations in water level on the order of 0.1 feet. Their effects are discussed by White (1968) 
and Collar (1990). 

Barometric Pressure 

Barometric pressure effects on spring flow and water level were considered by White 
(1968) to account for most of the day-to-day changes he observed. Barometric efficiency 
(BE) of an aquifer (BE) refers to the ratio of water-level change in a well or spring tapping 
the aquifer to the corresponding change in barometric pressure causing the water-level change. 
Equations relating BE to the compressibility and porosity of the aquifer and the 
compressibility of the fluid are presented by Collar (1990). White (1968) calculated 
barometric efficiencies of 0.2 to 1.18 for different vents on the main terrace. A BE greater 
than 1.0 is possible where water in the spring vent is at or near the boiling point. Spring 
vents highest in altitude on the main terrace were more strongly affected by barometric 
pressure changes than were vents at lower altitude. White (1968) considered this relation to 
reflect the effects of restrictive (lower permeability) fissures connecting the lower altitude 
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vents with the higher altitude vents. A similar relation between barometric efficiency and 
altitude of vents on the low terrace was considered by White (1968) to indicate that the main 
and low terraces act as distinct subsystems that are interconnected at relatively great depth 
(several hundred feet). Differences in rock compressibility and porosity, as related to mineral 
deposition, may be partly responsible for the differences in BE between different vents. It is 
interesting to note, however, that a general correspondence between vent altitude on the main 
terrace and magnitude of water-level decline over the 1986-1989 period has been observed in 
this study, especially if one includes the data for well OS-8. Possible explanations for this 
relation are discussed below. 

Water-level measurements in spring vents on the main terrace collected by SDSU 
personnel during this study also show influences of barometric pressure changes. During 
October 19-25, 1988, measurements were made in springs 6, 12, 42w, and 62 three to four 
times per day using an electric sounder or a graduated rule (spring 6). The data for springs 6 
and 12 (figs. 39 and 40) show that most of the daily fluctuation in water level in these 
springs is due to barometric pressure changes (as measured at the Reno Airport). Barometric 
efficiencies, calculated by linear regression, are 0.42 for spring 6 and 0.45 for spring 12. The 
correlation coefficient for the spring 12 data set (0.44) was significantly lower that for the 
spring 6 data set (0.79), indicating that random errors and/or other influences (for example 
earth tides) affected the data for spring 12. From these results, and those of White (1968), it 
appears that water-l~vel changes in the main-terrace springs induced by barometric pressure 
fluctuations have historically been no greater that about 0.5 feet and are commonly smaller 
(for example, 0.1 ft in spring 6). The larger changes result from barometric pressure changes 
accompanying storm fronts. Although such changes can occur over time scales of hours to 
weeks, they are unlikely to have been of significance in terms of either the long-term declines 
in water level at the main terrace or the short-term variations of 0.5-2.0 feet observed during 
intervals of geothermal well discharge. 

Barometric pressure changes have a somewhat larger affect on the water-level records 
for strat wells 2 and 9. During the May 1987 interference test on CPI well 23-5, diurnal 
pressure changes as large as 0.2 psi and 1.0 psi were measured in the capillary tubing in strat 
2 and strat 9, respectively (Faulder, 1987). These pressure measurements were apparently 
made with absolute-pressure-reading gages. The long-term water-level records for these wells 
also show significant variability related to barometric pressure changes, particu~arly after July 
1988 when gage-pressure transducer readings were initiated. Barometric efficiencies 
estimated for each well are greater than 1.0; this must be related to the fact that the upper 
part of the fluid column in these wells is boiling. The appearance of the 'detailed hydro graphs .. 
for these wells suggests that water-level variations of 0.25-0.5 feet may be caused by changes 
in barometric pressure. 

Precipitation 

White (1968) observed that precipitation of as much as 0.5 inches per storm had no 
detectable effects on the hot-spring system, whereas storms of 1 inch or more generally had 
clearly observable effects within periods of 1-2 days. No attempt was made in our study to 
correlate spring hydro graphs with daily precipitation records because our interest was in 
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Figure 39. Depth to water in spring 6 and barometric pressure measured at the Reno Airport, in October 1988. 
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Figure 40. Depth to water in spring 12 and barometric pressure measured at the Reno Airport, in October 1988. 



stresses that caused longer-term changes in the hot springs. In addition, we noted in previous 
sections of the report that correlations are not commonly observed between spring activity and 
monthly or even seasonally averaged precipitation (figs. 16 and 28). 

Geothermal Well Production 

Short-term changes in hot-spring activity delineated during the 1986-1989 period include 
declines and rises in water level in several springs associated with CPI discharge interval 1 in 
1986, declines and rises in springs 6, 12, and 42w associated with CPI intervals 9-11 in 1988, 
and similar changes in spring 6 during 1987. As noted previously, determinations of cause
and-effect relations for some of these changes is complicated by the influence of seasonal 
changes in the ground-water system, as indicated by the hydro graph for the Pine Tree Ranch-
1 well (fig. 27). The 1986 data show a rapid rise in water level in spring 6 that occurs within 
three weeks of cessation of CPI discharge interval 1 and more than a month before water 
levels in PTR-l begin their seasonal rise. The rate of ground-water production from the 
STMGID wells, which should have exerted a significant influence on heads in the shallow 
ground-water system, remained at relatively high levels during the summer of 1986. This 
suggests that production from the CPI well field had a significant effect on the temporary 
decline in spring activity in 1986. 

Apparently no water-level data for strat wells 2, 5, and 9 were collected during 1986. 
Such data would have facilitated the interpretation of the cause(s) of the terrace-wide changes 
in the hot springs during that year. Water-level data for these wells during 1987-89 are well 
correlated with the spring 6 record, particularly over the period which includes CPI discharge 
intervals 4-9 (fig. 33). Data collected from the May 1990 CPI well field shut-down and from 
earlier periods of well testing before 1988 show convincing evidence of hydraulic connections 
between these strat wells and the CPI production and injection wells. Hence, the 
correspondence between short-term changes in water level in these strat wells and water 
levels in spring 6 during CPI discharge intervals argues for a similar hydraulic connection 
between the main-terrace springs and the cpr well field. 

Monitoring data collected in springs 6, 12, and 42w and strats 2 and 9 during the 
summer of 1988 (figs. 30 and 33) are particularly useful in quantifying the effects of CPI 
well field operations on hot-spring activity. As noted previously, there is a consistent pattern 
of change in each spring (decline during production, and rise during shut-in) and a general 
correspondence between differences in short-term change and long-term water-level declines 
in these springs. Furthermore, corresponding changes in water level occurred in strats 2 and 
9 during the summer of 1988. Taken together, these data indicate that cpr production can 
cause water-level declines of at least 1-2 feet at the main terrace and in the shallow thermal
water flow zone penetrated by strats 2 and 9. 

Evidence that short-term changes in hot-spring activity have occurred in response to 
production from the SB GEO well field consists mainly of a decline in the total visually 
estimated flow of the main-terrace springs in November 1986; cessation in flow of two 
springs (4 and 16se) in December 1986; and declines in water level in several spring vents in 
January and February 1987, following the onset of well tests in December 1986 and full-scale 
operations in January 1987. Only for one period (January 1988) is there a clear correlation 
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between a change in SB GEO production and water level in spring 6 (fig. 37). 

Seasonal Variations 

Seasonal variations in hot-spring activity similar to those observed during 1945-52 would 
be expected to occur during the 1986-89 period. A pattern of relatively high discharge and 
water level in the winter months and low discharge and water level in the summer months, 
superimposed on a long-term decline, is generally consistent with hydro graphs for spring 6 
and strat wells 2 and 9. Modest rises in water level in spring 6 and in strat wells 2, 5, and 9 
in the rall of 1989 lend support to the contention that changes in water level in the shallow 
ground-water system in the Steamboat Hills and South Truckee Meadows have significantly 
influenced hot-spring activity. Yeamans' (1987a) record of estimated flow from six main
terrace springs between June 1986 and April 1987 shows an increase from 10 gal/min to 30 
gal/min from summer to winter and a subsequent decline that reflects this seasonal pattern, 
but could also be influenced by CPI well testing. No clear pattern of seasonal change is seen 
in the hydrograph for springs 8, 12, and 42w, however, and water levels in the other main
terrace springs fell too deep to measure during the spring of 1987 So, that patterns of seasonal 
change could not be evaluated. 

Changes in precipitation and related changes in rates of recharge to the ground-water and 
geothermal systems must have been the primary influences on hot-spring flow during the 
1945-52 period of detailed observation. Both seasonal variations and long-term changes in 
spring flow were observed. Although the correlation between quarterly averaged spring flow 
and precipitation is not strong, there was a consistent seasonal pattern to the spring-flow 
variations that must in some way be related to variations in water-level in the shallow ground
water system surrounding the main terrace. The general mechanism for such effects should 
involve a lowering of head in the thermal reservoir beneath the main terrace during periods of 
low ground-water level and a rise in head beneath the terrace during periods of high ground
water level. White (1968) diagrams a conceptual model for a hot-spring conduit placed above 
the level of discharge for the surrounding ground-water system that would allow for such 
effects from both changes in head in the thermal reservoir (causing changes in the rate of 
up flow) and changes in head in the ground-water system surrounding the conduit (causing 
changes in the rate of lateral leakage of thermal water from the upflow conduit). Because the 
main-terrace spring vents are at altitudes approximately 100 feet higher than the areas of 
seepage into Steamboat Creek, and because hot-spring discharge rates (-60 gal/min before 
1987) were much less than thermal-water seepage rates into Steamboat Creek (-600 gaVmin), 
hot-spring discharge should have been relatively sensitive to head changes in the underlying 
thermal reservoir and to water-level changes in the surrounding ground-water system. During 
periods of relatively low streamflow or low water table, more thermal water would tend to 
leak laterally away from the spring conduits and flow in the subsurface eastward and 
northward toward eventual discharge in Steamboat Creek. During wetter periods, more 
thermal water should discharge at the springs. 

Ground-water withdrawals for domestic consumption in the South Truckee Meadows 
have enhanced the seasonal variation in water levels in this area and therefore should have 
added to the effect that changes in the shallow ground-water system have on hot-spring 
activity at the main terrace. Declines in water level in the shallow ground-water system in 
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the South Truckee Meadows in response to ground-water pumpage had begun by 1985. 
Although Yeamans' (1987a) es.timates of spring flow in 1986-1987 suggest that hot-spring 
activity did not begin its systematic decline until the spring of 1987, the accuracy of these 
estimates is uncertain and therefore comparisons with measurements of total spring flow 
during the- 1945-1952 period are questionable. This issue is of importance because the 
similarity in the hydro graphs for the PTR-l well and spring 6 indicates that the hot springs 
may respond relatively rapidly to changes in water level in ground-water system. If, in fact, 
the hot-spring decline in hot-spring activity did not start until 1987, it would be difficult to 
explain the apparent lag between this decline and the long-term decline in the shallow 
ground-water system. Clearly, actual measurements of total spring flow in 1986 and in 
previous years would have been of great value in resolving this issue. 

Long-Term Changes 

Drought-related changes in recharge to both the geothermal system and the shallow 
ground-water system are unlikely to be solely responsible for the decline in hot-spring activity. 
As Collar (1990) points out, the almost complete cessation in hot-spring flow at the main 
terrace in 1987 occurred before the severity of the current drought had reached levels 
comparable to those during the 1945-1952 study period. Hence, lower precipitation and 
associated ground-water recharge alone could not be responsible for the loss of spring flow. 
Drought-related changes in recharge to the geothermal system over periods of sev:~ral years are 
even less likely to have direct effects on hot-spring activity. Overall head differences driving 
water flow from recharge to discharge areas are on the order of 1,000-2,000 feet and overall 
flow paths probably approach 5-10 miles in length. Thus, changes in head withiIi the recharge 
area (the Carson Range) should be damped out before reaching the discharge area, except in the 
unlikely event that rock permeabilities were uniformly high (similar to those estin1ated for the 
geothermal reservoirs). Similar conditions of relatively constant spring flow were .described by 
Mifflin (1968) and Eakin (1966) for large-scale ground-water flow systems in Nevada. 

Water-level measurements in observation wells show declines in the South Truckee 
Meadows ranging from 14-21 feet ·over the 1985-89 period in wells PTR-l, MW-3, and MW-
4. These wells are located north and northeast of the main terrace; their water levels are 
affected by pumpage of ground water for various consumptive uses, recharge from creeks 
draining the Carson Range, and leakage from irrigation ditches. Other wells located near 
Steamboat Creek and away from centers of pumpage have shown essentially no long-term 
declines. Wells in the northern part of the Steamboat Hills (strats 2, 5, and 9) have shown 
declines of 16-26 feet over the 1987-89 period. Such declines are equal to or larger than 
declines in water level in the hot spring vents during this time (1-17 feet). With the existing 
data, however, there is no way to determine directly how much of the main-terrace water
level decline is .due to declines in water level in the surrounding ground-water system. 

Water levels in spring 6 and in various observation wells (including PTR-l, MW-3, 
MW-4, and strats 2,5, and 9) rose in the fall of 1989, following a period of relatively high 
precipitation in the winter of 1989. Production from the geothermal well fields was relatively 
continuous but not constant during this period of rising water levels. It is likely that the 
water-level rise of 1 foot in spring 6 was related to rises in ground-water levels in the South 
Truckee Meadows and Steamboat Hills. Additional data collected from existing monitoring 
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wells and from a monitoring well completed at the main terrace during periods of rising water 
level would help ,clarify these relations. 

Evidence of the influence of geothermal well production on hot-spring activity consists 
of (1) correlations between short-term changes in water level in spring vents and periods of 
production from the CPI and SB GEO well fields, and (2) similar correlations between the 
spring 6, 12, and 42w hydro graphs and the hydrographs for strat wells 2 and, 9. The 
significance of (2) depends on the evidence discussed previously from CPI interference tests 
and 1990 CPI well-field shut-down that thes'e strat wells are in hydraulic communication with 
the CPI production reservoir. The shallow thermal-water flow zone penetrated by strat wells 
2 and 9 exhibits temperature and hydraulic head characteristics that are consistent with a 
hydraulic connection between this zone and the reservoir underlying the hot springs. 
Although it could be argued that a continuous zone of lateral flow between these strat wells 
and the main terrace may be an oversimplification, there is no known geologic or structural 
evidence to show ~hat these wells and the CPI production wells are not in some way 
hydraulically connected with the hpt springs. 

The degree of correlation between intervals of CPI production and water-level changes at 
the main terrace is, in our view, too great to be explained away as due to the normal seasonal 
changes in spring activity. We infer from the magnitude of the water-level changes that 
specific intervals of CPI production have resulted in declines of 1-2 feet in the hot spring vents. 
Full-scale production for extended periods could presumably have a somewhat larger effect, 
depending on the delay that may be involved for injection pressure support to be manifested. 
There is less evidence from such correlations that production and injection from the SB GEO 
well field has had a discemable effect on hot-spring activity. This partly reflects the absence of 
interference , tests at times when water levels were being measured at the main terrace. 

Water-level declines of 1-2 feet at the main terrace from CPI production are reasonable, 
given the measurements of 2-10 feet of water-level change in strat 9 and well 28-32 
associated with the May 1990 shut-in and subsequent start-up. The available information 
from the CPI well field indicates drawdowns of 10-15 feet after two years of full-scale 
production with injection support. Assuming that a hydraulic connection existed, the 
drawdown at the main terrace (2 miles away) would amount to ' a few feet under conditions of 
radial flow in a homogenous reservoir with .. transmissivity and storage coefficients equal to 
those determined for the CPI well field (9,000 friday and 0.001, respectively). An areally 
restricted connecting zone would tend to cause drawdowns of more than this amount at the 
main terrace for the same transmissivity, whereas a lower transmissivity applied to the radial 
flow case would yield less drawdown. Such calculations also indicate that the effects of 
geothelTl)al production should begin to occur at the main terrace after times of 5-10 days, as 
ac~ually observed. There is some indication from CPI well tests involving strat wells 2 and 9 
and springs 12 and 42w as observation wells (table 9) that transmissivity may be lower 
outside the CPI well field. However, because the geometric and hydrologic characteristics of 
permeable regions between the CPI well field and the main terrace are largely unknown, these 
drawdown calculations are useful only to suggest that declines in hot-spring water levels of a 
few feet resulting from CPI production are hydrologically reasonable. 

The SB GEO well field is much clo~er to the main terrace than is the CPI well field and 
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has experienced 15-20 feet of drawdown. Howeyer, the current SB GEO well field may be 
less directly connected to the hot springs. This inference is based on the more limited 
evidence of correlations between SB GEO discharge intervals and changes in hot-spring water 
levels and the higher heads in the SB GEO reservoir than beneath the main terrace under pre
development conditions. 

The available information indicates that 1-3 feet of water-level decline at the main 
terrace is likely to have been caused by long-term drawdown in the CPI reservoir. This 
estimate is based on the range of results obtained from actual measurements of changes in 
spring water levels associated with various CPI production intervals, pressure measurements 
in observation wells during and following the May 1990 shut-in, and calculations of reservoir 
drawdown after several years of full-scale production based on the results of various well 
tests. More accurate quantification of this influence would require completion of observation 
wells in the production reservoir and in the feed zone beneath the main terrace and some 
form of interference testing, most reasonably associated with a regularly scheduled field shut
down and restart. If the estimate of 1-3 feet of head decline from CPI production is correct, 
then the remainder of the declines observed at the main terrace should be attributable to 
water-level declines in the ground-water system, and to a much smaller extent to production 
from the SB GEO well field. 

The effect of a given change in head beneath the main terrace on water levels in the hot
spring vents can only be speculated on at this time. Water-level declines in individual vents 
for which measurements have been made range from 1 to 17 feet between 1987 :irnd 1989. 
As noted previously, the relative changes in water level in springs 6, 12, and 42"" (~0.5-2.0 
feet) were roughly the same during mid-1988 (CPI discharge intervals 9-11) as the overall 
declines since 1987 (6-17 feet). These differences are also generally consistent with the 
observation that spring vents at higher altitude on the main terrace exhibit larger changes in 
water level than do spring vents at lower altitude. This may be related to differences between 
the resistance of the spring conduits to upward flow and lateral leakage .. Springs at higher 
altitudes should be those with less resistance to upward flow and perhaps more resistance to 
lateral leakage. Wells drilled on the main terrace, for example GSA, GS-5, and the Rodeo 
well, had higher water-level altitudes than did the hot springs in the 1945-52 period, 
presumably because they provided relatively low vertical- and high lateral-resistance taps to 
deeper fractures. 

Assuming that flow is taking place within and between different spring conduits, even 
though the hot springs no longer flow at the surface, the resistance to flow would still influence 
the water level in each vent. Under these conditions, the higher altitude (lower conduit 
resistance) springs should exhibit the greatest change in water level from a given change in 
head in the underlying source reservoir. Furthermore, the water-level changes in such vents 
should be closer to, or better representations of, the head changes in the source reservoir. This 
indicates that for the purposes of evaluating the effects of different stresses on hot- spring 
activity, the head change beneath the ACEC between 1987 and 1989 was probably close to 17 
feet. 

The only wells on the main terrace for which recent water-level measurements could be 
obtained are GS-8 on the far eastern (low altitude) side of the terrace and the Byers well on 
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the far western (high altitude) side (fig. 4). The measurements for GS-8 show a water-level 
decline of about 1 foot between 1988 and 1989 and 7 feet since the 1950's. Similar 
measurements for the Byers well show a decline of about 40 feet between 1985 and 1991, on 
the basis of a depth to water of 5 feet in 1985 (from C. Goranson, oral communication, 
1991). The Byers well, which is about 100 feet deep with a bottom-hole temperature of 
120°C, most likely does not penetrate the principal fracture system supplying thermal water 
to the main-terrace springs (based on thermal, chemical, and lithologic data for the adjacent 
GS-3 well described by White, 1968). Thus, the decline in water level in this well since 1985 
may be indicative of the declines in water level in the shallow ground-water system 
surrounding the terrace. However, water-level measurements in Byers well are also affected 
at times by thermal cycling and boiling (D.H. Schaefer, written communication, 1991). Well 
GS-8 appears to tap thermal water flowing eastward in alluvium toward Steamboat Creek 
from the conduit system in bedrock beneath the main terrace. Changes in water level in GS-8 
may be partly controlled by the water levels in Steamboat Creek. 

The depth to water measured in TH-1, a core hole recently completed north of the 
ACEC hot springs for the proposed expansion near the SB GEO well field (referred to as the 
Steamboat #2 and #3 Geothermal Projects in JBR Consultants Group, 1991), was 33 feet (C. 
Goranson, oral communication, 1991). Although this well appears to tap vertical fractures 
that may be connected with the conduit system supplying the main-terrace springs, it would 
be questionable to use the depth to water in this well as a measure of the change in head 
beneath the main terrace because there was a significant pre-development gradient in head 
northward between the ACEC and the Reno and Mt. Rose Resort wells. . 

High-chlcride thermal water began discharging at the main terrace adjacent to well GS-5 
in the summer of 1991. This discharge appears to originate from a shallow casing break in 
GS-5. It is most likely that such flow does not indicate a recovery of hot-spring water levels, 
but rather the effects of relatively light two-phase fluid flowing up the well casing and 
leaking out near the surface. A similar situation was apparently responsible for high wellhead 
pressures measured in several of the GS series wells on the main terrace during drilling 
(White, 1968; D.White, oral communication, 1991). 
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MONITORING PROGRAM 

Hydrologic monitoring in the Steamboat area is done by the geothermal operators to (1) 
observe, assess, and correct adverse effects on the springs and geysers in the Area of Critical 
Environmental Concern (ACEC) (Chevron Resources, 1987) and (2) to detect adverse impacts 
to ground-water quality in alluvial aquifers surrounding the Steamboat Hills. Both Caithness 
Power Incorporated (CPI) and SB GEO are required to furnish quarterly reports on 
monjtoring results to the Nevada Division of Environmental Protection (NDEP) under pei:mits 
NEV50018 (for SB GEO) and NEV70007 (CPl). Currently, CPI reports on all aspects of the 
monitoring activities, including water-level measurements in observation wells, chemical 
sampling of observation wells, and measurements of stage and chloride concentration in 
Steamboat Creek; SB GEO reports separately on pressure measurements in three observation 
wells in their well field and water level and fluid chemistry for seven wells in the South 
Truckee Meadows. Sites considered part of the monitoring program are listed in table 10, 
along with parameters recorded and measurement frequency at each site (site locations shown 
in plate 2 and fig. 19). Not listed are production and injection wells at each facility, for 
which records of daily measurements of flow and wellhead temperature, and wellhead 
pressure and downhole pressure (SB GEO wells only) are furnished. Caithness is required to 
monitor springs 12 and 42w according to the NDEP permit and to make visual observations 
of other spring activity. However, such monitoring has been restricted by declines in water 
level in the spring vents and refusal of private land owners to give permission fot access to 
many of the springs on the main terrace (outside the ACEC) and the low terrace:. Data 
collected by CPI on hot-spring activity has been significantly augmented since mid-1986 by 
measurements and observations made by BLM, NDEP, and SDSU personnel, and other 
private individuals (Appendix A). 

Stream-Water Quality and Stage 

CPI monitored stream stage (using a staff gage) in Steamboat Creek at Rhodes Road and 
at Virginia City Highway (State Highway 341) and in Steamboat, Chandler, and Crane 
irrigation ditches near the Virginia City and Mt Rose Highways (plate 3) at monthly intervals 
during 1987-89. Water samples at these locations were collected and analyzed for chloride 
concentration. None of the staff-gage readings have been calibrated to stream discharge, so 
there is as yet no streamflow data corresponding to the chloride concentration data. 

Review of CPI records for the time period May 1987 to September 1988 (Yeamans, 
1987e-f, 1988a-c) reveals significant variations in chloride concentration. These variations 
probably reflect dilution of the thermal-water component derived from seepage by nonthermal 
water inputs from upstream sources. These data cannot be interpreted in terms of the 
locations and rates of thermal-water inputs to Steamboat Creek until rating curves are 
developed from actual discharge measurements at the staff-gage sites. 

Water Levels and Fluid Measures in Wells 

Pressure measurements in strat wells 2 and 9 are potentially most useful in delineating' 
possible effects of geothermal well-field operations on shallow thermal aquifers beneath the 
Steamboat Hills. Indeed, the stated purpose of monitoring these wells is to observe changes 
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Table 10. Current monitoring sites/or Caithness Power Incorporated (CPI) and SB GEO (SBG) 
geothermal developments (excluding production and injection wells and points denied 
access by land owner) 

Type of feature: TW, Thermal Well; W, Nonthermal Well; DW, Domestic Well; S, Spring; SW, Surface Water. 
Parameters: WL, Water Level; Q, Discharge Rate; T, Temperature; C, Chemistry. 
Frequency: (w:m), weekly monitoring for the fIrst year, monthly thereafter; (m:q), monthly monitoring for the fIrst 

year, quarterly thereafter; (m:q&y), Monthly monitoring for the fIrst year, quarterly and yearly thereafter; 
(m:q4:y), Monthly monitoring for the fIrst year, quarterly for the following 4 years, yearly thereafter; (y), yearly. 

Monitoring Site Type of Parameters 
feature (frequency) 

Caithness Power Incorporated 

Strat. Well 2 TW WL(w:m), T(y) 
S trat. Well 5 W as above 
Strat. Well 6 W as above 
Strat. Well 7 W as above 
Strat. Well 9 TW as above 
Strat. Well 13 TW as above 
Strat. Well 14 TW as above 

STMGID Went DW WL, T, C(m:q) 
Woods Well OW as above 
Tangen Well DW as above 
MacKay Welll TW as above 
Curti Barn Well TW as above 
Curti Domestic Well OW as above 
Pine Tree Ranch Well 2 TW as above 

1055 Lavender WeIll TW as above 
Steinhardt Well TW as above 
Boyd WeIll DW as above 
Rogers WeIll OW as above 
Jeppson WeIll OW as above 

Seep S Q, T, C(m:q) 
Spring 122 S Q4, WI, T, C(m:q) 
Spring 422 S Q4, WI, T(m:q), C(m:q&y) 
Other main terrace spring3 S Visual observations 

Steamboat Creek at SW Q, T, C(m:q) 
Rhodes Road . 

Steamboat Creek at SW as above 
Virginia City Hwy 
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Table 10. Current monitoring sites/or Caithness Power Incorporated (CP!) and 5B GEO (5BG) 
geothermal developments--continued 

Monitoring Site 

Steamboat Ditch 
Chandler Ditch 
Crane Ditch 

Steamboat Spa3 

Type of 
feature 

SW 
SW 
SW 

SW 

SB GEO (formerly Ormat Energy Systems Inc.) 

Brown School Well OW 
Herz Domestic Well OW 
Herz Well #2 TW 
Bianco Well OW 
Pine Tree Rch Well II TW 
Flame Well TW 
Peigh Well OW 

OW-l TW 
O'N-2 TW 
IW-l TW 

Parameters 
(frequency) 

as above 
as above 
as above 

as above 

WL 2, T, C(m:q4:y) 
as above 
as above 
as above 
as above 
as above 
as above 

WL (weekly average) 
WL (weekly average) 
WL (weekly average) 

ISeparate wells were used for water level measurement and water chemistry sample. STMGID 
stands for South Truckee Meadows General Improvement District. 

20nly where possible to obtain sample or measurement. 
3 Access to springs 4, 6, 8, 10, and 16se was denied, as was access to low terrace springs and 
wells. 

4Yisually estimated. 
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in head in the Steamboat geothermal system due to CPI well discharge and injection before 
such changes are observed at the main terrace and to determine if CPI well-field operations 
are affecting the hydrology in the vicinity of the main-terrace springs (Chevron Resources, 
1987). Pressure data collected from strats 2 and 9 before July 1988 were obtained from 
absolute-reading transducers;' gage-pressure transducers were used after that time and are 
currently being used. Data from the gage-pressure transducers show relatively large 
fluctuations in response to barometric pressure changes that, along with a reduction in 
measurement frequency, make it more difficult to delineate and interpret short-term changes. 
Even when a correction is applied by adding the observed barometric pressure at the Reno 
Airport, the resultant hydro graphs show more variability after July 1988 than before (see for 
example fig. 32). Better water-level information could be obtained from these wells if 
records of local barometric pressure were used to filter the fluid pressure data. 

Strat 9 is completed with 2.88-inch liner perforated from 905-915 feet. Attempts were 
made to cement the liner from the top, but the outcome of the cementing operations, in terms 
of the thickness of cemented liner, is unknown. Strat 2 is completed with 2.88-inch liner 
slotted from 795-835 feet. There is apparently no cement in the water-filled annulus below 
the depth of the surface casing (156 feet). Sections of the formation outside the liner at 250 
feet and 430 feet have been gun perforated. Thus, for strat 2, and to a lesser extent strat 9, 
measured pressures could respond to hydrologic changes in more than one zone. This is 
obviously not 'an ideal situation for interpretive purposes. 

Strat 5 is completed with 2.88-inch tubing (open but unslotted), to 1,687 feet. Water
level data for strat well 5 are determined from depth-to-water measurements made from the 
land surface, except for brief periods in 1987 when downhole pressure transducers were used. 
A float-activated recording system is currently in place in strat 5 for continuous water-level 
monitoring. Because of its location and depth, water levels in this well could be expected to 
respond both to changes in the shallow ground-water system and to changes in bedrock 
aquifers. As noted previously, interpretations of data from different interference tests lead to 
varying interpretations of the influence of geothermal well production on water-levels in strat 
5. We currently do not know the depth or depths at which the 1,700 ft-deep liner in strat 5 is 
perforated or slotted. 

Both downhole- and wellhead-pressure data are collected on the SB GEO production, 
injection, and monitor wells. Only the data for monitor wells IW-l, OW-I, and OW-2 are 
reported to NDEP. Problems with the pressure data for these wells, and the corresponding 
calculated depth-to-water data were discussed previously. The existing data for these wells 
are useful mainly for providing a measure of the overall decline in downhole pressure in the 
existing SB GEO production zone. The proposed expansion for the Steamboat #2 and #3 
Geothermal Projects can be expected to cause additional reservoir drawdown that may affect 
heads beneath the main terrace. Consideration should be given by BLM and NDEP for 
monitoring such effects in a well such at TH-l near the northern boundary of the ACEC. 

A clear need exists at present for means of monitoring fluid pressures in the CPI 
reservoir and beneath the ACEC part of the main terrace. The addition of monitoring wells at 
these locations would offer opportunities to conduct interference t~st(s) at the cpr well field 
that could better quantify the degree of hydraulic comml.;mication between these areas and to 
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observe increases in head beneath the main terrace that may accompany a return to higher 
precipitation conditions in the Steamboat area. Such monitoring would also make it possible 
to assess the success of any mitigation measures that might be attempted to increase heads 
and water levels at the main terrace, such as injection into the shallow thermal zone 
penetrated by the Cox 1-1 and strat 9 wells, as discussed below. Because of environmental 
problems associated with drilling a monitor well in the ACEC, attempts should first be made 
to gain access to or recomplete an existing well on the main terrace (for example the Rodeo 
well and wells GS-4 and GS-5) that currently is either sealed near the surface with mineral 
deposits or are filled in with rubble. A recent attempt to drive a well point into the spring 
42w vent for access to make water-level measurements proved unsuccessful (Schaefer, 1991). 

Water-level and temperature data were collected from the Byers well from October 1990 
to July 1991, and have recently been resumed. These data show a decline in water level of 
about 2 feet over this period, with barometrically induced fluctuations of about ± 0.2 feet. 
Although water-level changes in this well may not adequately reflect pressure changes in the 
hot-spring conduits and underlying source reservoir, water-level data collected from the Byers 
well would provide useful control for interpreting similar data from a monitor well drilled 
into the principal fracture system beneath the main terrace. This well should be monitored 
with a pressure transducer rather than a float because thermal fluctuations may cause large 
changes in fluid level in this well. 

There currently exists no adequate means for monitoring changes in reservoir pressure in 
the CPI well field. The production wells cannot easily be instrumented for this purpose and 
the currently monitored strat wells are not completed into the deep reservoir. Strat 32-5, . 
however, is completed into the production reservoir in the vicinity of unus~d prQ,duction well 
32-5. Temperature and lithologic data for strat 32-5 indicate that, if it were cleaned out, it 
could serve as an adequate monitor of reservoir drawdown. There is, however, no previous 
pressure record for this well. Alternatively, well 28-32 could be monitored on a continuous 
basis. Well 28-32 has been shown to be connected with the other production wells and the 
Cox 1-1 injector, but exhibits its maximum downhole pressure at a depth some 600 feet 
shallower than the CPI production wells. 
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CONCLUSIONS AND SUGGESTED ADDITIONAL DATA COLLECTION 

Conclusions 

The principal conclusions of this study are listed below. 

1. A systematic decline in hot-spring activity became apparent in and adjacent to the Area of 
Critical Environmental Concern (ACEC), located on the main silica terrace at Steamboat 
Springs, in early 1987, but may have started earlier. By mid-1989, all springs had ceased 
flowing and measured water-level declines in spring vents in the ACEC ranged from 1 to 
17 feet. The total decline in head in the reservoir supplying thermal water to the springs 
was probably close to 17 feet in 1989, when the spring water levels could no longer be 
measured. 

2. These changes were accompanied by successive years of below-normal precipitation in the 
Steamboat region beginning with the July 1986-June 1987 precipitation year. Lower 
precipitation and associated decreases in recharge to the ground-water and geothermal 
systems are unlikely to be the only factors responsible for the decline in hot-spririg activity 
because similar periods of drought in the past did not cause such drastic reductions in 
spring flow. 

3. Drought conditions and increased pumpage of ground water for domestic consumption in 
parts of the South Truckee Meadows north and northwest of the main terrace have resulted 
in long-tex:m declines in water level in alluvial aquifers. Most of this pumpage occurs 
from wells operated by the South Truckee Meadows General Improvement District 
(STMGID). Between 1985 and 1989, the decline in annually averaged water-level in two 
cold-water observation wells and a warm-water (43°C) observation well located in these 
areas ranged from 14 to 21 feet. These wells also show seasonal variations in water level 
that reflect cycles of recharge and pumpage of ground water. 

4. Water-level declines of 14-26 feet were measured between 1987 and 1989 in strat wells 2, 5, 
and 9 in the northern part of the Steamboat Hills. Strat wells 2 and 9 are drilled into 
permeable zones containing thermal water at temperatures near 175°C, whereas strat well 5 
is completed in the nonthermal ground-water system. SimilaritIes between both long-term 
declines and seasonal changes in water level in these strat wells and changes observed in 
wells in the· South Truckee Meadows indicate that water level changes in these strat wells 
are due in large part to variations in ground-water withdrawals and recharge to the ground
water system. 

5. Data collected during numerous interference tests show that strat wells 2 and 9 and well 
28-32 are hydraulically connected with the Caithness Power Incorporated (Cpn production 
and injection wells, but that only a few feet of the long-term water-level decline in these 
wells can be attributed to CPI well-field operations. 

6. Most (about 80-95 pt:rcent) of the long-term decline in water level in the ACEC springs may 
be due to the effects of declines in water level in the shallow ground-water system. These 
percentages were calculated (and then rounded off) by subtracting the effects of CPI well-
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field operations noted below (1-3 feet) from the estimated total head decline in the ACEC in 
1989 (17 feet). The only direct indications of the effects of changes in water level in the 
ground-water system on hot-spring activity are the seasonal and annual variations in spring 
flow delineated during the 1945-1952 period, the general correspondence between the water 
level record for spring 6 and the Pine Tree Ranch-1 well during the 1986-1989 period, and 
the period of rising water level in spring 6, strat wells 2, 5, and 9, and the Pine Tree Ranch-
1 well in late 1989. . 

7. Water-level declines in the ACEC springs of 1-3 feet due to production from the Caithness 
well field are indicated by correlations between short-term changes in spring water level 
and periods of production from the cpr well field, similarities between short-term 
responses observed in the hydro graphs for several hot springs and strat wells 2 and 9, and 
theoretical calculations of reservoir drawdown after several years of production. This 
effect represents about 5-20 percent of the estimated total head decline beneath the ACEC 
in 1989. 

8. Under full-scale production with pressure support from injection, drawdown in the cpr 
production reservoir is estimated to be about 10-15 feet. There are indications of greater 
drawdown in the immediate vicinity of the production wells. Both the long-term 
drawdown in the production reservoir and the resultant decrease in head beneath the 
ACEC need to be better quantified by reservoir testing involving pressure measurements in 
observation wells completed in the production reservoir and in the reservoir feeding the 
ACEC hot springs. Theoretical calculations suggest that if there were a high
transmissivity connection between the cpr well field and the main terrace, water-level 
declines of a few feet at the main terrace could result from well-field drawdown of 10-15 
feet. 

9. The location and characteristics of the apparent hydraulic connection between the cpr 
production reservoir and the ACEC hot springs are uncertain. Such a connection could be 
provided through a shallow thermal-water flow zone evidenced in several wells in the 
northern part of the Steamboat Hills at depths near 1,000 feet. Such a zone could be fed by 
upflow of thermal water from the deeper production reservoir along steeply dipping faults. 
The injection zone in Cox r-l may not be in direct hydraulic connection with this shallow 
thermal aquifer, but may influence production-induced pressure changes in this zone by 
providing pressure support through the deeper reservoir to the cpr production wells. 

10. Although head declines of 15-20 feet have been observed in the SB OEO well field, there 
is only limited evidence for an influence of SB OEO operations on the ACEC hot springs. 
This may reflect lower permeability or fault-related anisotropic conditions between these 
two areas and higher heads at the high terrace than at the main terrace under pre
development conditions. It is likely, however, that the proposed expansion of geothermal 
production to the southeast of the SB OEO well field will have a more significant effect 

. on the ACEC springs. 
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Additional Data Collection 

the findings of this study represent the best interpretation that can be made at this time as 
to the influence of various factors on the recent decline in hot-spring activity at Steamboat. 
The available data do not prove that a given stress has caused a certain amount of water-level 
decline in the hot springs. Indeed, because there is no monitoring point into the reservoir 
beneath the main terrace that feeds the hot springs, there is no accurate measure of the change 
in head or pressure beneath the main-terrace ACEC. The estimates given here of the effects 
of geothermal well production and water-level declines in the shallow ground-water system 
should best be considered as indicative of the relative effects of these factors. Such a 
delineation may suffice for decision-making purposes. We can, however, suggest several 
steps to provide better measures of these effects and of additional effects from future changes 
in climate, ground-water pumpage, and geothermal well production. These suggestions are 
listed below. 

1. An observation well is needed within the ACEC to monitor pressure changes in the 
reservoir feeding the hot springs. Initial attempts should be made to gain access to an 
existing well in the ACEC, possibly GS-4, GS-5, or the Rodeo well; if those efforts are 
unsuccessful, then a new well should be drilled. Such a well should then be instrumented 
for continuous pressure measurement using a transducer. Similar measurements should be 
obtained in the Byers well at the west side of main terrace. 

2. Well TH-l, drilled north of the ACEC for the Steamboat #2 and #3 Geothermal Projects, 
should be instrumented for use as an observation well to delineate the effects of future 
geothermal production north of the ACEC. This use will be limited, however, by the close 
proximity of a new production well. At a minimum, detailed information on production 
schedules and rates for all the geothermal wells north of the ACEC should be obtained. 

3. Pressure monitoring should be done in a well completed in the CPI production reservoir. 
Unused production well 28-32 could be used for that purpose, as could well 32-5 if it 
could first be cleaned out. 

4. An interference test should be conducted at the CPI well field to provide better 
information with which to quantify the effects of production and injection on pressures 
beneath the main terrace. Several types of test are possible, including (a) a field-wide 
shut-down for a period of at least two weeks during the spring or summer, when ground
water levels should be in decline; (b) flow tests on a new production well; and (c) 
temporary diversion of part of the injection stream into strat 9. 

5. Testing involving injection into strat well 9 might permit better evaluation of possible 
hydraulic connections between strat wells 2 and 9, the main terrace, and the CPI 
production reservoir. However, before attempting to use strat well 9 for this purpose by 
diverting some of the injection stream from Cox I-I, the physical status of strat 9 would 
need to be thoroughly investigated. Also, there is no way to accurately predict beforehand 
what effects injection in strat well 9 would have on the ground-water system in the South 
Truckee Meadows or on the SB GEO well field. Consequently, these areas would have to 
be monitored to detect adverse effects. 
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6. Utilization of absolute-reading pressure gages on the gas lines in the strat wells should be 
considered to eliminate some of the variability caused by barometric pressure variations. 
Alternatively, the pressure records could be filtered for barometric (and earth tide) effects 
utilizing barometric data obtained with a separate transducer on site. Increasing the 
measurement frequency in strat wells 2, 5, and 9 would also make it possible to better 
delineate seasonal variations. 

7. More easily interpretable pressure records could be obtained from these wells if the annulus 
in strats 2 and 9 were cemented to isolate the shallow thermal aquifer near the bottom of the 
well. However, the cost and possibility of well failure associated with such efforts must be 
weighed against the anticipated benefits prior to a decision being reached about these wells. 

8. Measurements of both chloride concentration and stream discharge (not only stage) in 
Steamboat Creek at Rhodes Road, Virginia City Highway, and Huffaker Hills should be 
made on an annual or biannual basis (spring and fall) to determine rates of inflow of 
thermal water. If a suitable monitor well in the ACEC can be established, regular chloride 
and temperature measurements should also be made in the well. 

Should these suggestions be carried out, additional information useful in understanding 
various hydrologic aspects of the Steamboat area would be obtained. Such an 
increased understanding will assist in future management of the hydrologic and biologic 
resources of the ACEC. Until some or all of these measures are accomplished, it would be 
difficult to specify mitigation measures to correct adverse effects of geothermal production. 
Mitigation measures that would involve changes in reinjection locations or curtailment of 
production are unlikely to be effective in returning the hot springs to their former: flowing 
conditions because other factors, such as continued ground-water pumpage and expansion of 
the geothermal production on private lands north of the ACEC, are likely to have. 'significant 
negative effects 'on the ACEC springs. 
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APPENDIX A. HOT-SPRING OBSERVATIONS IN TABULAR AND GRAPHICAL FORM 

Records of hot spring and geyser activity · data for the main terrace have been compiled, in 
chronological order, from five sources: Nancy Nehring, formerly of the U.S. Geological Survey 
and now in private business (NN); the Geyser Observation and Study Association (GOSA); 
Donald Hudson, an independent geological consultant (DH); the Bureau of Land Management 
(BLM); and the Nevada Division of Environmental Protection (NDEP). Nehring (1980) recorded 
observations of hot spring activity on 7 June 1977 as part of a fluid geochemistry study of the 
Steamboat Springs Geothermal System. GOSA (unpubl. data) began recording observations on 
spring and geyser activity, on an infrequent basis, in late 1983. Their intent was to understand 
geyser activity documented at Steamboat Springs by White (1968). GOSA began recording more 
detailed observations when a noticeable and widespread decline in spring and geyser activity 
occurred in early-mid 1986. Hudson (unpubl. data) began recording observations of spring and 
geyser activity, including estimates of depth to water, in late 1985. These observations were 
recorded, on an infrequent basis, as a result of a personal interest in understanding the 
relationship between metalliferous precipitate deposition and spring/geyser activity. The 
observations were generally centered on springs north of 6 and south of 17. Estimates of depth 
to water in spring vents made by Hudson and GOSA are followed by (est.). The BLM began 
recording observations of spring and geyser activity in mid-1986, in an effort to determine the 
effects of geothermal fluid withdrawal and injection on thermal features at the Main Terrace. 
With the same objectives, the NDEP began observations in mid-1987. The data compiled by 
NDEP and BLM have not been published but are on file in the agency offices in Reno and 
Carson, respectively. The dates of geothermal production and injection at Steamboat Springs are 
also listed, in chronological order, with the spring and geyser observations. The locations of the 
wells and springs are shown on Plate 2 and figure 4. 

The data below are presented here in tabular and graphical form for several reasons: 

1) They provide evidence of recent geyser activity at Steamboat Springs. 

2) They allow (a) a qualitative assessment of hot spring and geyser activity with time, in 
light of the factors which affect such activity, and (b) a comparison with previous 
observations (White, 1968). 

3) They provide an independent check of observations recorded as part of monitoring 
efforts by geothermal power plant developers and operators. 

On a given date, observations from a particular source (shown in parentheses) follow the 
designated spring number. The spring numbering system and nomenclature are from White 
(1968). In some cases numbers have been assigned to spring vents which either were not active 
or were not recognized during White's (1968) study (for example, 24n and 24ne or springs with 
numbers greater than 100). The wording of the observations remains in a form as close as 
possible to the original field, or tabulated, source notes. However, most water levels in spring 
vents reported in inches, centimeters or meters have been converted to feet, to the nearest 1/100th 
of a foot, so that changes in water levels may be more easily discerned. For this reason, the data 
appear to be more precise than they actually are. All temperature measurements in degrees 
fahrenheit have been converted to degrees celsius. 
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Some interpretation of the wording may be necessary. For example, a "dry" spring [vent] is one · 
in which standing water is no longer visible or where depth to water measurements are no longer 
possible. Depending on the morphology of a vent, the amount of rock debris it contains, or the 
eyesight of the observer, a spring may be noted as dry by one observer and not so by another. 
Note that a "steaming" spring implies that the spring is dry. In addition, water temperature 
and/or electrical conductivity measurements (the latter in microseimens/cm at 25°C) imply that 
the spring [vent] contains standing water, unless the spring is noted as discharging. A "flowing" 
spring is a discharging one. Some springs may discharge through openings or cracks in the 
siliceous sinter which are below the rim of a vent. Hence they contain standing water, but at the 
same time may be noted as discharging (for example, springs 8, 12, 15, 16 and 42). 

Water level measurements reported by BLM and NDEP were recorded using graduated rulers. 
Differences in depth to water measurements, sometimes recorded for the same spring on the same 
day, may be due to daily fluctuations of water levels in hot spring vents (White, 1968; this 
study), differences in precision and accuracy of the measurements or the use of different 
reference points by different observers. In some instances (for example, springs 4 and 6) the 
BLM and NDEP measurements were from the same reference point; in other cases (e.g. spring 
12) the reference points differ by 0.27 feet. 

Hydrographs shown for springs on the main terrace (p. A-48 to A-65) were copied from Collar 
(1990), along with captions used by Collar. They are included here graphical record of changes 
in water level than are provided in the main part of the report. 

7 JUNE 1977 (NN) 
Main Terrace 

1- : n: marshy seep to southeast 
2: dry; several small seeps to east, three small springs to south, 95°C 
2nw: flowing, 8 lpm (est.); 75.5°C 
3: flowing, 2 lpm (est.); 60°C 
4: flowing, 4 lpm (est.); 76.5°C 
5: flowing, 8 lpm (est.), 95°C; spring in trench to south flowing, 10 lpm (est.); 87°C 
6: flowing, 1 lpm (est.); 97°C 
7: 78°C; p~ol between 6 and 7, 57°C 
8: flowing, 0.25 lpm (est.); 91°C 
8nw: almost dry, 91°C 
9: almost dry 
10: 85°C; vent between 9 and 10, 63°C 
11: flowing, 0.25 lpm (est.); 75°C 
12: 95°C 
12sw: dry 
13: almost dry 
13w-14: dry 
14w-15sw: dry 
15: lightly steaming 
15w: a little water at 1.2m (4ft.) depth 
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16-16se: dry 
17: flowing, 0.25 lpm (est.); 86°C 
18: several small seeps, 4 lpm (est.); 90°C 
19: seep, 0.25 lpm (est.); 77°C 
19n-20: marshy seeps 
21-21s: dry 
21w: dry 
21n: flowing, 4 lpm (est.); 70.5°C 

· 22: dry 
23: flowing, 20 lpm (est), 95°C; some water flowing along "fault" as spring 24 (description 
sounds like this is 24) 
23n: inflow from 23? 
24: 97°C (see 23) 
24w: dry 
24e:dry 
27: flowing, 4 lpm (est.), 87°C; nearby flowing spring, 20 lpm (est.), 78°C 
34: stagnant 
34n: dry 
35: steaming 
35n: steaming 
37: dry 
38: 84°C; pool to south 
39-36: water level at about 4.5m (15ft.) depth 
40: steaming 
41s: steaming 
42: water level at about 0.9m (3ft.) depth 
42w: same as 42 
43: 63°C 

Low Terrace 

25: flowing, 0.25 lpm (est.); 93°C 
25s: flowing, 2 lpm (est.); 76°C 

.. 25ss: flowing, 1 lpm (est.); 88°C 
26: flowing, 2 lpm (est.); 95.5°C 
26nw: flowing, 1 lpm (est.); 92.5°C 
29: dry 
30: dry 
30s: dry 
30n: dry 
31: dry 
31s: dry 
31n: dry 
32e: dry 
32se: dry 
33: cool water in stone/concrete basin 
44: marshy seep 
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44e: dry? 
44ne: flowing, 4 lpm (est.), 45°C; several seeps nearby 
50: flowing, 8 lpm (est.); 53°C 
50n: dry 
54: marshy seep 

10 SEP 1983 (OOSA) 
6: discharging, 97°C 
7: 63°C 
8: 93°C 
10: rise in water level in vent followed by small eruption and discharge 
24: discharging 
24sw: erupting every 15 min., with some water landing as great as 20 ft. from vent 

25 NOV 1983 (OOSA) 
10: small eruptions 
16: boiling at north end 
23n: geysering to 3-4ft., every 4-5 min., lasting 40 sec. 
24: discharging 
24sw: water level rises to within 3ft. of ground surface, then surges, erupting to 5ft. above 
ground 

3 MAR 1984 (OOSA) 
4: water level 0.33ft. (est.) below rim, splashing; no discharge 
6: water level at vent rim, splashing, 96°C; a few discharging seeps and small vents uphill from 
6 

. 7: standing water, 68°C 
8: discharge from crack in vent cone, 87°C 
10: erupting, water level 3in. below rim between eruptions 
12: heavy boiling, 18in. high 
13: water boiling heavily, 3-4in. above rim 
16se: water jetting, boiling to 1ft. 
23n: erupting to 2-3ft. every 2 min. for 15 sec.; area south of 23n has 4 small springs which are 
splashing and overflowing 
24: discharging 
24e: water level down 0.25ft. (est.), 77°C 
24sw: water splashing 3ft. below vent rim 
40: series of eruptions to 8-12ft. , lasting 5-10 min., followed by 6-9 min. of quiesence; individual 
eruptions within series lasting 30 sec., occuring every 40 sec. 

23 JUN 1984 (OOSA) 
2: discharging, 56°C 
4: 94°C 
6: 98°C 
12: steady boiling, slight discharge 
16,16se: both vents erupting steadily to a height 3-5ft. 
23n: inactive as geyser due to inundation by discharge from 24 
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24: discharging 
40: weak eruptions 
42: discharges great amount of water, while jetting/boiling up to 2ft.; eruption lasts lOsec, 
occuring every 8-10 min. 

22 SEP 1984 (OOSA) 
24: discharging 
42: erupting to 8ft. 
42w: erupting In unison with 42 to ISft.; erupted to is-20ft 

29 SEP 1984 (OOSA) 
24: discharging 
42w: geyser eruptions lasting lmin. 

21 OCT 1984 (OOSA) 
8: discharging from crack in vent cone 
12: water level down 0.33ft. (est.), slight discharge 
23?: eruptions below ground surface, 1-2 ft. above static water level, lasting 20-30 sec, every 
40-S0 sec. 
24: heavy discharge 
24sw: water level down 3ft. (est.), heavy boiling 
40: water splashing 2 ft. above ground surface from eruptions at 3ft. depth; 4-8 eruptions in a 
series, each separated by about 30 sec.; water level falls out of sight for 8-10 min. between series 
42: water level down 0.33ft. (est) at south end, periodic overflows in center of vent, 
jetting/boiling 6-8in. high at north end; erupted to 1ft. 
42w: water level down O.SO-0.83ft. (est.) 
remark: three, very small, spring vents have formed approximately 8 ft. south of those uphill 
from 6 noted on 3 March 

27 OCT 1984 (OOSA) 
10: erupting 
12·: 97°e 
12sw: 92°e 
24: discharging 
42: no water visible (after eruption of 42w) 
42w: eruption lasting 1 min. 

9 DEC 1984 (OOSA) 
8: discharging from crack in vent cone 
14: overflowing, 96°e 
16,16se: drained, steaming 
23n: drained, dormant 
24: discharging 
24sw: audible water at depth 
24w: constant geysering to 18in. 
40: eruptions to Sft., every 2 min., lasting 60 sec. 
42: jetting/boiling in center of vent to 18in. 
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42w: water level down 0.50ft. (est.) 

6 APR 1985: injection into well OW-I begins 

7 APR 1985: injection into well OW-l ends 

8 JUNE 1985 (GOSA) 
10: active 
24: discharging 
26: erupting to=30cm 
40: subterranean eruptions 
42: active 
106: considerable overflow 

16 JUNE 1985 (GOSA) 
24: discharging 
42: active, 98°C 
42w: 98°C 

4 JULY 1985 (GOSA) 
10: active 
24: discharging 
40: subterranean eruptions 
42: active 

6 SEP 1985: discharging of well PW-l begins; injection into well IW-l 

9 SEP 1985: discharging of well PW-l ends 

10,11 SEP 1985 (GOSA) 
10: active 
24: discharging 
42: active 

21 SEP 1985 (GOSA) 
13: =94-96°C 
24: discharging 
42: active 
42w: 98°C, induced eruptions 

28 SEP 1985 (GOSA) 
10: active 
12sw: standing water in vent, =76-78°C 
13: standing water, =95-97°C 
24: discharging 
42: induced eruptions 
42w: induced eruptions 
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102: full and noisily bubbling 

14 OCT 1985 COOSA) 
10: erupting 
13: standing water, 96C 
14-16: =93-97°C 
24: discharging 
42: active, induced eruption 

19 OCT 1985 COOSA) 
10: erupting 
24: discharging 
42: active 
42w: induced eruptions 
106: considerable overflow 

26 OCT 1985: discharging of well 23-5 begins; no injection 

29 OCT 1985: discharging of well 23-5 ends 

14 NOV 1985 CDH) 
39: erupting to 3ft 
41: erupting to 3ft. 

30 NOV 1985 COOSA) 
10: erupting 
24: discharging 
24sw: erupting to = 112m 
39: erupting to = 1/2 m 
40: dormant 
41s: erupting to =lm 
42: active 
102: erupting to =l/2m 
106: no discharge, standing water 

14 DEC 1985 CDH) 
39: not quite as active as 14 November 
41: not quite as active as 14 November 

21 DEC 1985: intermittent discharging of well PW-2 begins; injection into PW-I 

28 DEC 1985 COOSA) 
1 e: splashing to = IO-I5cm 
10: erupting 
19n: splashing to = 10cm 
24: discharging 
26: erupting to =30cm 
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39: erupting to ::::lm 
40: no activity 
41s: erupting to ::::lm 
42: active 
101: active 
102: dormant 

31 DEC 1985: intennittent discharging of well PW-2 ends 

2 JAN 1986: discharging of well PW-2 begins; injection into wells PW-1 and IW-2 (not 
concurrently) 

3 JAN 1986: discharging of well PW-2 ends 

8 FEB 1986 (OOSA) 
10: erupting 
l1n: active 
13w: increased bubbling and overflow 
14: water visible 
14w: active 
19n: active 
24: discharging 
27: considerable discharge 
39: decreased activity, erupting to :::: 112m 
40: no activity 
41: splashing in small vent in debris filled hole 
41s: decreased discharge, erupting to ::::lm 
101: full, b..Ibbling 
102: no activity 
103: evidence of discharge 
106: no discharge or activity 
110: splashing to ::::20cm 

11 FEB 1986 (DH) 
39: erupting slightly 
40: erupting slightly, little discharge 
remarks: water level in 14 related to 12, 12sw, 13, 15, 16 and 42; short-lived outflow south of 
3e 

23 FEB 1986 (GOSA,DH) 
1 w: bubbling and splashing 
Ie: dormant 
10: erupting 
13: induced eruption 
24: dischargin13 . 
39: erupting to :::: 112m, barely discharging. 
41: splashing and bubbling 
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41s: erupting to ::::lm 
42: active 
42w: induced eruptions 
10 1: full, bubbling 
103: moderate overflow 
109: active 
110: water higher, splashing to ::::20cm 

21 MAR 1986: discharging of well Steamboat No.1 (21-5) begins; no injection 

22 MAR 1986 (GOSA) 
10: active 
24: discharging 
36ne: splashing to :::: 112m 
39: minor activity, occasional splashes to 112m 
40: no activity 
41s: dormant, no overflow, water level dropped 
42: active 
103: steady overflow 
105: active, splashes to 1m 
106: water visible deep in vent 
109: erupting 
110: has water, but quiet 
111: newly active vent? 

4 APR 1986 (GOSA) 
4: steady discharge, boiling 
6: steady discharge, boiling 
8: slight, steady discharge 
8nw: water level down 0.66ft. (est.), stable 
10: erupting 
11: steady discharge 
12: reduced discharge compared to previous [GOSA] observations; splashing to 112m 
12sw: small, steady discharge 
16: steady overflow, occasional spouting 
24: steady discharge, decreased overflow 
25,26: same as previous visit 
36ne: dry 
39: occasional splash to vent rim 
40: no activity 
41s: water level down 1.64ft. (est.), north vent active 
42: 96-97°C 
42w: induced eruptions 
103: dry 
104: dry 
105: dry 
106: dry 
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110: dry 
111: dry 

12 APR 1986 (DH) 
6: flowing 
9: flowing 
14: flowing 
24: standing water, no discharge 
42: flowing 
remarks: activity greatly reduced; few springs flowing 

19 APR 1986 (OOSA) 
4: steady discharge 
6: no overflow 
8: slight, steady discharge 
8nw: water level down :::::0.82ft. (est.) 
10: erupting 
11: water level down O.13ft. 
lIn: dry 
12: some overflow 
12sw: water level :::::0.16ft. (est.) below overflow 
16: steady discharge, occasional spouting 
19n: overflowing as usual 
24: dry 
27: overflowing as usual 
34: overflowing as usual 
39: no activity, dry 
41s: no activity, dry 
42: water level down O.13ft. (est.) 
42w: induced eruptions 
103: dry 
104: dry 
105: dry 
106: dry 
110: dry 
111: dry 

26 APR 1986 (OOSA) 
2: 44°C 
2nw: water level just below overflow 
3: steady overflow, 61°C 
4: completely dry, but damp; audible water at depth 
6: water level :::::0.67ft. below overflow, 92°C 
8: unchanged from previous observations 
8nw: water level down :::::2. 83ft. , 73°C 
10: erupting, 91°C 
11: water level :::::0.23ft. from vent rim, occasional bubbling 
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lIn: dry 
12: water level down 0.03ft., no splashing, 95°C 
12sw: water level down 0.83ft. 

~ 

13: unchanged from previous observations, higher discharge?; 97°C 
13nw: overflowing 
ISs: 92°C 
16: water level down ::::0.03ft. (est.), no overflow 
16se: 90°C 
19n: no overflow 
24: cfry 
27,28: unchanged from previous observations, moderate discharge 
34: no overflow 
39: dry, audible water at depth 
41s: dry 
42: water level down ::::0. 83ft. , no splashing or overflow 
42w: water level down ::::0.83ft. 
103: dry 
104: dry 
105: dry 
106: dry 
110: dry 
111: dry 

3 MAY 1986 (DR) 
6: flowing 
42: flowing 
remark: few, if any, springs flowing 

5 MAY 1986 (OOSA) 
4: dry 
6: water level down 0.98ft. \est.) 
8: slight, steady discharge 
8nw: water level down 3.28ft. (est.) 
10: smaller eruptions 
11: water level down 0.66ft. (est.) 
12: water level down 0.07ft. (est.) 
12sw: water level 0.82ft. (est.) down 
16: water level down 0.07ft. (est.) 
24: dry 
39: dry 
41s: dry 
42,42w: water level down 0.82ft. (est.) 
103: dry 
104: ,dry 
105: dry 
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106: dry 
110: dry 
111: dry 

9 MAY 1986 (OOSA) 
2: dry 
3: slight discharge, 63°C 
4: dry 
6: water level down =1.33ft. (est) below overflow, 97°C 
7: water level down =1.3lft. (est.) from high water mark 
8: unchanged from previous observations 
8nw: water level down =3.28ft. (est.), 78°C 
10: erupting 
11: water level down ::::0 .. 83ft. (est.) from vent rim 
12: water level down ::::0.23ft. (est.), 96°C 
12sw: water level down =1.3lft. (est.) 
13: standing water, 98°C 
13nw: overflowing, 72°C 
15-16: water level down ::::0.46ft. (est.), no overflow 
19n: dry 
24: dry 
24e: audible water at depth 
27,28: only discharging springs in northern area 
34: dry 
39: audible water at depth 
41s: dry 
42: water level down ::::0.82ft. (est.), no splashing or overflow 
42w: water level down ::::0.98ft. (est.) 
43: water level down ::::3.50ft. (est.) 

15 MAY 1986: discharging of well Steamboat No. I (21-5) ends 

18 MAY 1986 (DH) • 39: audible water at depth 
40: steaming 
41 : steaming 
remark: little other activity than above observations 

22 MAY 1986 (DH) 
8nw: water visible 2-3 feet (est.) down 
9: water visible 
12: water level nearly to overflowing 
13: water level nearly to overflowing 
14: water level nearly to overflowing 
15,16: water level nearly to discharge opening in sinter 
24: dry 
24w: steaming here and nearby 
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39: audible water at depth here and nearby 
41: audible water at depth here and nearby 
42: good flow (i.e. discharge) 

26 MAY 1986 (DB) 
8: starting to flow from under sinter 
remark: not much change in springs since 22 May 

1 JUNE 1986 (DB) 
8: flowing 
10: geysering as usual, with intermittent overflow 
12: water level 0.25ft. (est.) from overflowing, seeping from crack in sinter 
13w: slightly flowing 
15,16: water level 0.08-0.17ft. (est.) below discharge opening in sinter 
15w: water bubbling 
39: audible water at depth 
41: steaming 
42: overflowing a little bit 
42w: not flowing 

4 JUNE 1986 (OOSA) 
4: water level down ::::1ft (est.), 93°e 
6: water level down ::::2.17ft. (est.), 93°e 
7: standing water in vent 
8: discharging from crack in vent cone, 91°e 
10: erupting 
11: water level down ::::0.17ft. (est) 
12: trickle of discharge, some splashing, 97°e 
12sw: water level down 0.58ft. (est.), 81°e 
13: standing water, 93°e 
13w: standing water, 75°e 
15s: standing water, 900 e 
16: water level down ::::0.08ft. (est.), 91°e 
16se: overflowing (during eruption?) 
23: dry 
42: some seeping discharge 
42w: water level down ::::0.58ft. (est.), 97°e 

8 JUNE 1986 (OOSA,DB) 
2: dry 
3: unchanged from previous [OOSA] observation 
4: water level ::::1ft. (est.) down, 800 e 
6: water level 1.92ft. (est.) down, 96°e 
7: standing water in vent 
8: discharging from crack in vent cone, 900 e 
8nw: water level 3.17ft. (est.) down 
10: active 
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11: water"level down :=::0.08ft. (est.) 
12: some discharge 
13: water level down 0.83ft. (est.), 98°C 
13w: slightly flowing, 76°C 
15: slightly flowing 
16: slightly flowing 
19n: full, bubbling, slight overflow 
24: dry, steaming 
24w: steaming 
37: steaming 
39: audible water at depth 
41: steaming 
41s: steaming 
42: some discharge 

19 JUNE 1986 (OOSA) 
4: full, slight trickle of overflow, 68°C 
6: water level down 1.83ft. (est.), 96°C 
7: standing water, no change from previous observation 
8: no change from previous [OOSA] observations 
8nw: water level down 3ft. (est.) 
-10: active 
11: water level down 0.08ft. (est.) 
12: overflowing 
12sw: water level down ::::0.50ft. (est.), 81°C 
14,15,16: unchanged from previous [OOSA] observation 
19n: overflowing 
24: dry 
34: trickle of overflow 
39: occasional splashes of water seen at depth 
40: dry, dormant 
42: water level a few centimeters below rim, 98°C 
42w: water level a few centimeters below rim, 97°C 

23 JUNE 1986 (BLM) 
4: discharging 
42: discharging 

8 JULY 1986 (BLM) 
4: full, steady discharge 
6: water level down 1.48ft. from rim 
8: full, bubbling 
8nw: water level down 2.95ft. 
10: erupting 
11: steady discharge 
12: small amount of discharge 
12sw: water level down 0.26ft. from vent rim 
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16: steady discharge, no eruptions 24n,24ne: small amount of flow 
39: no visible water; splashing to land surface from at depth 
41s: dry 
42: small pulsating geyser, partial overflow 

12 JULY 1986 (DR) 
8: flowing 
10: active 
11: south vent not flowing, north vent overflowing 
12: "leaking" water (i.e. slight flow) 
13,13w: algae in vent 
14: standing water in vent 
15w: standing water in vent 
23: flowing 
23n: water boiling about 2ft. (est.) down 
24: standing water about 0.08ft. (est.) deep 
24w: steaming 
39: water splashes to nearly land surface from below 

17 JULY 1986 (DR) 
24: water level slightly higher than 12 July 
remark: not much change in springs from 12 July 

18 JULY 1986 (BLM) 
4: higher discharge than 8 July 
6: water level down about 1.15ft. from rim 
8: full, bubbling 
8nw: water level down 2.46ft. 
10: steady boiling eruption and 2-3 minute discharge 
11: steady discharge 
12: slightly greater discharge than 8 July 
12sw: water level down 0.26ft. from rim 
16: slightly greater discharge than 8 July 
24n,24ne: more discharge than on 8 July 
39: no visible water; splashing to land surface from at depth 
41s: dry, steaming 
42: steady overflow; pulsating geyser 

25 JULY 1986 (BLM) 
4: steady discharge 
6: water level up slightly (::::0.07ft.) from 18 July 
8: water level at vent rim, some discharge from crack in vent cone 
8nw: water level same as 18 July 
10: erupting 
11: steady discharge 
12: steady boiling, not discharging 
12sw: water level down 0.05ft. 
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16: steady discharge 
24n: steady discharge 
24ne: steady discharge with eruptions to 1ft. 
39: water visible and splashing at 2ft. depth 
41s: dry 
42: steady overflow with more intense pulsations 

8 AUG 1986 (BLM) 
4: steady discharge 
6: water level same as 25 July 
8: full, some discharge from crack 
8nw: water level same as 25 July 
10: erupting 
11: steady discharge 
12: steady boiling of water over vent rim 
12sw: full, with some outflow 
16: steady discharge 
23n: 15 sec. eruptions to 1.5-2ft. every 1.5-2 min.; abundant outflow 
24ne: bubbling, but not erupting 
39: water splashing at 2ft. depth 
41s: dry, but audible water at depth 
42: steady overflow 

17 AUG 1986 (DH) 
8: flowing 
8nw: water level has risen ::::1ft. (est.) since 22 May 
10: geysering like normal 
11: so. vent flowing, no. vent flowing slightly 
12: slight flow 
12sw: barely flowing 
14: slight flow in north vent 
15w: slight flow; south of here: several pools 
16se: strong flow 
24: overflowing, no vigorous activity 
24e: not flowing, but boiling in vent 
39: cannot see water 
42: overflowing in center of vent with vigorous boiling 

25 AUG 1986 (BLM) 
4: steady discharge 
6: water level same as 8 August 
8: full, some discharge from crack 
8nw: water level same as 8 August 
10: wet spring apron indicating eruptions 
11: steady discharge 
12: full, steady boiling, but no overflow 
12sw: full, with some outflow 
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16: steady discharge 
23n: water level down 0.66ft. 
24: water in fissures 
24n,24ne: steady flow 
39: water splashing at 2ft. depth 
41s: audible water at depth 
42: water level high, steady discharge and bubbling 

8 SEPT 1986 (BLM) 
4: very full, steady discharge 
6: water level same as 25 August; small springs to west discharging 
8: full, some discharge from crack 
8nw: water level same as 25 August · 

. 10: erupting 
11: steady discharge 
12: full, steady boiling, but no overflow 
12sw: full, with some outflow 
remark: 13, 13w, 14, 15, 15wand 16se full of water and some springs discharging 
16: steady discharge 
23n: almost dry 
24: flowing heavily 
24n: erupting to 1ft.; all springs in area full and flowing 
39: water splashing at 2ft. depth 
40: 30-45 sec. eruptions to 3-5ft., every 2 min. 
41s: boiling water visible 
42: water level high, steady discharge and bubbling 

17 SEPT 1986 (GOSA) 
4: overflowing 
6: overflowing, 93°C 
8nw: water level down ::::2.5ft. (est.) 
10: active 
11: discharging 
12: slight overflow, 92°C 
13: standing water, 91°C 
15,16: discharge from north end 
17s: sputtering discharge 
23n: erupting 
24: considerable, continuous discharge 

. 24e: water level down ::::0.33ft. (est.) 
36ne: water visible 
40: erupting to > 10ft. 
41s: water visible, splashing in bottom of north vent 
42: considerable discharge, 96°C 
42w: water level down ::::0.08-0. 17ft. (est.) 
103: water visible, down ::::0.08ft. (est.) 
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20 SEPT 1986 (GOSA) 
10: erupting 
23: stops sputtering for =8-12 sec. after eruption of 23n 
23n: erupting 
39: water visible 4-5ft. (est.) down, heavy steam 
40: erupting 
41s: water visible =3ft. (est.) down in no. vent, considerable splashing 
42: active 
42w: induced eruptions, 97°e 

22 SEPT 1986 (BLM) 
4: very full; steady, slightly greater discharge than 8 September 
6: full and discharging -
8: full and discharging from crack 
8nw: water level same as 8 September 
10: erupting 

-11:-steady discharge 
12: full, steady boiling, no overflow 
12sw: full, with some outflow 
16: steady discharge 
24: discharging . 
24n,24ne: discharging 
36: water visible 
39: water splashing at 2ft. depth 
40: 1O-12ft. high eruptions occur approximately every 30sec. and last 10-15 sec.; about every 10 
min. eruptions cease for 1.5-2 min. then begin ag,!-in 
41 s: boiling water visible 
42: bubbling rapidly, same as 8 Sept, but contains foam in portions of ,rent (see 42w, 20 Sept.) 

6 OCT 1986 (BLM) 
4: steady discharge 
6: discharging 
8: discharging from crack 
8nw: water level same as 22 September 
10: erupting 
11: steady discharge 
12: full, steady boiling, no overflow 
12sw: full, with some outflow 
16: steady discharge 
23n: 2ft. eruptions every 3-4 min., lasting about 15 sec. 
24,24n,24ne: somewhat greater outflow than 22 September 
39: splashing water at 2ft. depth -
40: eruptions same as 22 September 
41s: water level slightly higher than 22 Sept.; occasional splashes of water onto ground surface 
42: steady bubbling and discharge 
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18 OCT 1986 (DH) 
8: flowing 
8nw: water level about 1. 5 Oft. (est.) below rim 
10: active 
lIe: flowing 
lIs: flowing 
14,15,16: flowing 
16se: flowing 
23: geysering to 3ft. for a few minutes followed by heavy outflow 
23n: few minutes after cessation of 23, geysers to 3ft. with heavy overflow for several minutes; 
alternates with 23 
24: strong flow 
24e: slight flow 
36: rapid boiling at vent bottom 
39: boiling, but not erupting 
40: geysering 
41s: rapid boiling at vent bottom 

20 OCT 1986 (BLM) 
4: steady discharge 
6: discharging 
8: discharging from crack 
8nw: water level 0.66ft. down 
10: erupting 
11: steady discharge 
12: boiling heavily, steady outflow 
12sw: steady flow 
16: steady discharge 
24,24n,24ne: discharging 
39: splashing water at 2ft. depth 
40: erupting, abundant overflow 
41s: water level 0.33ft. down; no splashing onto land surface 
42: steady bubbling and discharge 

25 OCT 1986 (aOSA) 
10: erupting 
14-16: water level dropped about 1.5in. around 1400 "hrs. 
17s: steady discharge 
23n: efllpting 
24: erupting 
24e: 94°C 
40: erupting 
41s: activity in north vent 
42w: induced eruptions 
112: overflow from three areas 
113: erupting 
114n: water level down 0.50ft. (est.), 77°C 
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4 NOV 1986 (BLM) 
4: steady discharge 
6: slightly more discharge than 20 October 
8: steady bubbling, water level almost to vent rim, discharging from crack in vent cone 
8nw: water level down 0.33ft. 
10: active 
11: steady discharge 
12: boiling heavily, steady outflow 
12sw: steady flow 
16: steady discharge 
23n: erupting to 3ft. every 2-3 min., lasting 10 sec. 
24,24n,24ne: heavy flow 
39: splashing water at 2ft. depth 
40: erupting as during previous (BLM) observations 
41s: water level down about 0.33ft.; heavy bubbling and occasional splashing onto land surface 
42: discharging and rapidly boiling 
43: full, with steady discharge 

8 NOV 1986 (GOSA) 
10: erupting 
lIn: 68°C 
12: quiet, full, 97°C; occasional spouting 
13: 93°C 
23n: erupting 
42: induced eruptions 
42w: induced eruptions 

16 NOV 1986 (DH) 
4: active? 
8: flowing 
8nw: water level about 0.08ft. (est.) from vent rim 
10: active 
lIs: flowing 
lIe: flowing 
lIn: standing water in vent 
12: flowing 
13w: flowing 
14: flowing 
15,16: not flowing, standing water in vent 
16se: flowing 
23,23n: no change from 18 October 
24: high flow; geysering at south end to 1ft. 
24e: not flowing 
24sw: much boiling 2-4ft. (est.) down 
36: rapid boiling at vent bottom 
39: boiling, not erupting; number of small springs along fissure ",,50ft. southeast of 39 
40: geysering up to 10ft., lasting 30 sec.-3 min. 
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41s: rapid boiling at vent bottom 

22 NOV 1986 (GOSA) 
10: erupting 
23n: erupting 
40: erupting 
42w: induced eruption 
10 1: active, splashing 
107: splashing over rim 

23 NOV 1986 (BLM) 
4: water level down 0.50ft. from vent rim, no outflow 
6: discharging 
8: water level almost to rim, discharging from crack 
8nw: full, no outflow; layer of foam on water surface ("soaped" by GOSA?) 
10: erupting 
11: steady discharge 
12: boiling heavily, steady outflow 
12sw: steady flow 
16: water level down 0.33ft. 
24: flowing strong 
24n,24ne: good outflow 
39: splashing water at slightly less than 2ft. depth 
40: erupts intermittently to 5-6ft. every 15 sec., lasting about 2 min.; repeats cycle after 3-4 min. 
of quiet 
41s: wate.r level down 0.67ft.; audible, but not visible; no splashing onto land surface 
42: discharging and boiling rapidly; contains foam (see 42w, 22 Nov.) 

2 DEC 1986: discharging of wells PW-l, PW-2 and PW-3 begins (not concurrently); injection 
into well IW-3 

14 DEC 1986 (DH) 
2: slight flow 
3: slight flow 
6: good flow 
8: slight flow 
8nw: barely overflowing; several seeps to west 
9: water level about 0.67ft. (est.) from vent rim in fissure east of 9 
10: flowing 
11 s: flowing t 
lIe: slight flow 
lIn: standing water in vent 
12: water level just below vent rim; west spring apron very wet suggesting intermittent overflow 
12sw: slight flow 
14: water level down 0.5ft. (est.) below vent rim 
15,15w,16,16se: water level up to 1ft. (est.) below rim for this group of springs 
23: alternating between flowing and geysering 
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23n: strong flow, geysering up to 18in. 
24: heavy flow; geysering and splashing out of vent/fissure 
24e: water level 0.67ft. (est.) below rim; slight flow from area between 24 and 24e 
24sw: audible water at depth 
36: rapid boiling, water just visible 
39: heavy steaming; wet ground to east suggestive of geysering? 
40: boiling; little water splashing onto land surface 
41s: water level barely visible, down 0.5ft. (est) since 16 November 
42: moderate flow 

16 DEC 1986 (BLM) 
4: water level down 0.83ft. from vent rim, no outflow 
6: discharging 
8: water level almost to rim, discharging from crack 
8nw: slight overflow, bubbling steadily 
10: initially full, bubbling and overflowing; erupts for 5-7 min., water level drops below vent 
bottom rapidly, then the vent begins to refill after 20 min. to overflowing and the cycle repeats 
11: steady discharge 
12: boiling heavily, steady outflow 
12sw: steady flow 
16: water level down 0.83ft. 
23n: geysering to 4-5ft. 
24,24n,24ne: heavy flow 
39: splashing water at slightly less than 2ft. depth 40: audible water at depth; no eruptions 
observed 
41s: audible water at depth, no splashing onto land surface 
42: discharging and boiling rapdily 

29 DEC 1986: discharging of wells PW-I, PW-2 and PW-3 ends 

5 JAN 1987: discharging of wells PW-l, PW-2 and PW-3 begins; injection into well IW-3 

7 JAN 1987 (BLM) 
4: water level down 0.67ft. from rim, no outflow 
6: discharging 
8: water level almost to rim, discharging from crack 
8nw: full, bubbling steadily, but no overflow 
10: erupting as on 16 December 
11: steady discharge 
12: boiling heavily, steady outflow 
12sw: steady flow 
16: water level down 0.67ft. below rim 
23n: erupting to I-2ft. 
24,24n,24ne: heavy flow 
39: water not visible, audible at depth; steaming 
40: dry, no audible water 
41s: dry, no audible water 
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42: steady outflow, increased boiling 

10 JAN 1987 (OOSA) 
10: active 
42w: induced eruptions 

17 JAN 1987 (DH) 
4: water level down 0.67ft. (est.) 
6: flowing 
8: flowing 
8nw: water level down 0.50ft. (est.) 
8w: standing water in vent 
lIs: flowing 
lle: standing water in vent 
lIn: standing water in vent 
12: strong flow 
12sw: trace of flow 
14: dry 
15: dry 
15w: dry 
16: dry 
16se: dry 
22s: ::::75ft. south of 22, water level 3ft. (est.) down 
23: moderate flow 
23n: geysering steadily to 6-8in. 
24: strong flow, no geysering; flow from fissure between 24 and 24e 
42: boiling, leaking from north end of vent 
42w: water level 0.17ft. (est.) below vent rim 

20 JAN 1987 (BLM) 
4: water level down 1.00ft. from rim, no outflow 
6: discharging 
8: water level almost to rim, discharging from crack 
8nw: water level down 0.50ft. below rim 
10: erupting 
11: steady discharge 
12: boiling heavily, steady outflow 
12sw: steady flow 
16: dry, steaming 
23n: steady bubbling, erupting to 1-1 and 112ft. 
24,24n,24ne: heavy flow 
39: audible water at depth 
40: dry 
41s: dry 
42: rapid boiling, with good outflow 
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21 FEB 1987 (OOSA) 
10: erupting 
12: spouting at 1056 hrs. 
42w: induced eruptions 
101: active 

22 FEB 1987 (DH) 
4: water level 0.33ft. (est.) below rim 
6: flowing 
8: flowing 
8nw: water level 0.67ft. (est.) below rim 
8w:dry 
10: pulsing 
lIs: flowing 
lIe: slight flow 
lIn: standing water in vent 
12: strong boiling, moderate flow 
13: dry 
13w: dry 
14: dry; strong boiling in vent between 14 and 15w 
15,16,16se: water level 1ft. (est.) below rim 
23: moderate flow 
23n: continuous geyser to about 6in. 24: strong flow; fissure between 24 and 24e is dry 
24e: water level 1ft. (est.) below rim 
24sw: strong boiling around vent 
36: strong boiling 
39: audible water at depth, steaming 
40: dry 
41s: dry 
42: strong boiling 

25 FEB 1987 (BLM) 
4: water level down 0.67ft. from rim, no outflow 
6: discharging 
8: water level almost to rim, discharging from crack 
8nw: water level 0.75ft. below rim 
10: steady bubbling, no outflow; no eruptions observed 
11: steady discharge 
12: boiling heavily, steady outflow 
12sw: bubbling, steady outflow 
16: dry 
23n: steady bubbling, with good outflow; no geysering 
24,24n,24ne: somewhat decreased flow since 20 January 
39: audible water at depth, steaming 
40: dry 
41s: dry 
42: rapid bubbling, with some outflow; some "suds" (i.e. soap suds?-see 42w, 21 February) 
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9 MAR 1987: discharging of well Steamboat No.1 (21-5) begins; no injection 

10 MAR 1987 (BLM) 
4: water level 0.33ft. down from rim, no outflow 
6: full and discharging 
8: water level almost to rim, discharging from crack 
8nw: water level down 1.00ft. from rim 
10: bubbling, but not fluctuating; no outflow 
12: boiling heavily, steady outflow 
12sw: water level down about 0.33ft. from rim, no outflow 
16: dry 
24,24n,24ne: steady outflow 
39: audible water at depth, steaming 
40: dry 
41s: dry 
42: bubbling, with some outflow 

13 MAR 1987 (BLM) 
4: water level down 0.54ft. from rim, no outflow 
6: full and discharging 
8: water level almost to rim, discharging from crack 
8nw: water level 1.17ft. down from rim 
10: bubbling, fluctuating; no outflow 
11: steady discharge 
12: boiling heavily, steady outflow 
12sw: water level down 0.33ft. from rim, no outflow 
16: dry 
23n: steady bubbling and outflow; erupting to 1ft. 
24,24n,24ne: dry; no visible water or outflow 
39: no audible water at depth, steaming 
40: dry 
41s: dry 
42: bubbling, fluctuating, with some outflow 

15 MAR 1987 (DB) 
6: flowing 
8: flowing 
8nw: water level down 2.50ft. (est.) below rim 
10: active 
15w: standing water in vent, a,out 0.50-0.67ft. (est) down 
18: flowing 
23n: geysering to about 4in. 
24: dry 
24sw: audible water at depth 
36: no water visible 
39: audible water at depth 
42: boiling, but not overflowing; leaking from crack at northeast end of vent 
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remarks: few, if any, other springs flowing 

16 MAR 1987: discharging of well Steamboat No.1 (21-5) ends 

17 MAR 1987 (BLM) 
4: water level down l.17ft. below rim 
6: full and discharging slightly more than 13 March 
8: water level almost to rim, discharging from crack 

. 8nw: water level down 1.25ft. from rim 
10: fluctuating; ground to east wet suggesting recent discharge 
11: steady discharge 
12: somewhat greater outflow than 13 March 
12sw: water level 0.5ft. below rim 
16: dry 
23n: steady geysering, outflow slightly less than 13 March 
24,24n,24ne: dry 
39: no audible water at depth 
40: dry 
41s: dry 
42: bubbling, fluctuating, with some outflow 

24 MAR 1987 (BLM) 
4: water level down 1.67ft. below rim 
6: full and discharging 
8: water level almost to rim, discharging from crack 
8nw: water level 1.42ft. below rim 
10: fluctuating water level 
11: steady discharge 
12: outflow greatly reduced since 17 March 
12sw: water level down 0.50ft. below rim 
16: dry 
23n: steady geysering 
24,24n,24ne: dry 
39: no audible water at depth 
40: dry 
41s: dry 
42: boiling rapidly, discharge greater than 17 March 

2 APR 1987: discharging of well Steamboat No.1 (21-5) begins; no injection , 
9 APR 1987 (DH) 
23n: not flowing or geysering 
remarks: no noticeable change in springs observed on 15 March 

10 APR 1987 (BLM) 
4: water level 2.08ft. below rim 
6: full and discharging 
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8: water level almost to rim, discharging from crack 
8nw: water level 2.17ft. below rim 
10: water level initially 20in. below rim; level rose over a 20 min. period to 13in. below rim and 
maintained this level for at least 30 min.; no discharge observed 
11: water level 0.42ft. below vent rim; no discharge 
12: water level 0.17ft. below rim, no discharge 
12sw: water level 0.58ft. below rim 
16: dry 
23n: water level steady, 0.83ft below rim; no geysering 

24,24n,24ne: dry 
39: no audible water at depth 
40: dry 
41s: dry 
42: discharging, boiling rapidly 

13 APR 1987: discharging of well Steamboat No.1 (21-5) ends 

16 APR 1987 (BLM) 
4: dry 
6: water level 0.17ft. below rim, no discharge 
8: water level almost to rim, discharging from crack 
8nw: water level 2.50ft. below vent rim 
10: bubbling; water level steady, 8in. below rim 
11: water level 0.42ft. below rim, no discharge 
12: water level 0.25ft. below rim 
12sw: dry 
16: dry 
23n: audible water at depth 
24,24n,24ne: dry 
39: no audible water at depth 
40: dry 
41s: dry 
42: water level 0.42ft. below rim 

19 APR 1987 (DR) 
2: dry 
3: dry 
4: dry 
6: very slight overflow 
8: slight flow 
8nw: water level 2.50ft. (est.) below rim 
10: geysering as usual 
lIs: water level 0.33ft. (est.) below rim 
lIe: dry 
lIn: dry 
12: water level 0.67ft. (est.) below rim 
14: dry' 
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15: dry 
15w: dry 
16: dry 
23n: audible water at depth 
24: dry 
24w: dry, steaming 
24sw: steaming 
36: steaming 
42: water level 0.33-0.50ft. (est.) below rim; slight flow from crack at north end 

26 APR 1987 (DH) 
remark: activity overall unchanged from 19 April 

28 APR 1987 (NDEP) 
2: dry 
3: discharging 
4: water visible at depth, below large rock in vent 
6: water level about 0.33ft. (est.) below lip (rim) 
8: discharging through cracklhole in vent 
8nw: water level down =2.5ft. (est.) 
10: geysering at irregular intervals 
12: not flowing; water level below rim 
16: water visible =2ft. (est.) down 
23n: audible water at depth 
24: dry 
42: water level 0.67ft. (est.) below rim, flowing from crack 

1 MAY 1987 (NDEP) 
2: 1/2in. deep water in vent 
3: discharging 
4: water level 2.08ft. down 
6: water level 0.17ft. below rim 
7: water visible =2ft. (est.) down 
8: flowing 
8nw: depth to water-2.42ft. 
10: wet ground surface suggests geysering 
12: depth to water-0.40ft., no flow 
42: depth to water..,0.33ft.; flowing 

2 MAY 1987 (OOSA) 
4: dry 
6: water level down ::::O.17ft. (est.) 
8: increased discharge 
8nw: water level down =1.50ft. (est.) 
10: erupting 
12: water level down =0.25ft. (est.) 
12sw: water level down =0.50ft. (est.) 
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13w: dry 
"14-16: water level down =0.25ft. (est.) 
19: discharging 
23n: erupting 
24: dry 
40: steaming 
42w: induced eruptions 
113: discharging 
117: discharging 

3 MAY 1987 (DH) 
remark: no noticeable change in activity from 26 April 

5 MAY 1987 (NDEP) 
2: no water in vent 
3: discharging, 63°C; EC-3500 
4: water level 2.08ft. down, boiling below large rock 
6: water level 0.17ft. below rim, 93°C; EC-3500 
7: depth to water-1.17ft. (new reference point), 70°C; EC-3500 
8: discharging, 86°C; water level 0.04ft. below rim, EC-3500 
8nw: depth to water-2.56ft. 
10: ground surface wet, suggests geysering; 89°C, EC-3250 
12: depth to water-0.67ft., 94°C; EC-3600 
13: depth to water-l.38ft. 
16: depth to water-2.00ft. 
23n: water level 1.29ft. down in south vent 
24: dry 
42: depth to water-0.42ft., 96°C; slight decrease in flow from crack, EC-3600 
43: depth to water-2.46ft. 

6 MAY 1987: discharging of well 23-5 begins; injection into well Cox 1-1 

6 MAY 1987 (BLM,NDEP) 
2: dry 
3: discharging, 63°C; EC-3600 
4: water level 2.08ft. below rim (BLM and NDEP) 
6: depth to water-O.3lft.(NDEP), 0.33ft.(BLM); 93°C, EC-3500 
7: depth to water-1.25ft., 70°C; EC-3700 
8: discharging from crack, 86°C, EC-3500; depth to water-0.04ft(l\TDEP) 
8nw: depth to water-2.56ft.(NDEP), 2.58ft.(BLM) " 
10: water level 12in. below rim; water level rises and overflows for about 1 min., falls out of 
sight and returns to 12in. below rim after 5 min.; cycle lasts 25-30 min. 
11: water level down 0.54ft., no discharge 
12: depth to water-0.7lft.(NDEP), 0.67ft.(BLM), 94°C; EC-3700 
12sw: bubbling water, 0.83ft. below rim 
13: dept.h to water-1.38ft. 
16: depth to water-2.13ft.(NDEP), 1.92ft.(BLM) 
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23n: water boiling 0.92ft. below rim(BLM), 1. 29ft. (NDEP); no outflow, occasionally splashes 
onto land surface 
24,24n,24ne: dry 
39: no audible water at depth 
40: dry 
41s: dry 
42: depth to water-0.48ft.(NDEP), 0.67ft.(BLM), 96°C; flowing, EC-3700 
43: depth to water-2.50ft. 

8 MAY 1987 (NDEP) 
2: dry 
3: discharging, 63°C; EC-3600 
4: water level 2.00ft. down 
6: depth to water-0.33ft., 93°C; EC-3500 
7: depth to water-1.31ft., 70°C; EC-3750 
8: discharging, 88°C; depth to water-0.04ft., EC-3500 
8nw: depth to water-2.54ft. 
10: geysering, 89°C 
12: depth to water-0.73ft., 94°C; EC-3750 
13: depth to water-1.38ft. 
16: depth to water-1.96ft. 
23n: water level 1.33ft. down 
24: dry 
42: depth to water-0.5ft., 96°C; flowing, EC-3750 
43: depth to water-2.40ft. 

9 MAY 1987 (DH) 
8: flowing 
42: water level down about 0.17ft. (est.) since 3 May; flow from north end of vent about half of 
3 May 
remark: no other noticeable change in springs from 3 May 

11 MAY 1987 (NDEP) 
2: dry 
3: discharging, 63°C; EC-3600 
4: water level down 2.08ft., boiling below large rock 
6: depth to water-0.38ft., 94°C; EC-3600 
7: depth to water-1.29ft., 70°C; EC-3750 
8: discharging, 87°C; depth to water-0.0.06ft. 
8nw: depth to water-2.63ft. 
10: 90°C, ground surface wet 
12: depth to water-0.75ft., 94°C; EC-3750 
13: depth to water-1.42ft. 
16: depth to water-2.00ft. 
23n: boiling hard; water level down 1.58ft. in north vent 
24: dry 
42: depth to water-0.42ft., 96°C; flowing, EC-3750 
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43: depth to water-2.46ft. 

12 MAY 1987 (BLM) 
4: water level 2.08ft. below rim 
6: water level 0.42ft. below rim 
8: water level almost to rim, discharging from crack 
8nw: water level 2.50ft. from vent rim 
10: active as 9n 6 May 
11: water level 0.54ft. below rim 
12: water level 0.67ft. down from rim 
12sw: water level 0.92ft. below rim 
16: water level 1.92ft. below rim 
23n: water level 1.08ft. below rim; no splashing or geysering 
24,24n,24ne: dry 
39: no audible water at depth 
40: dry 
41s: dry 
42: water level 0.67ft. below rim; good outflow from cracks at northeast end of vent 

15 MAY 1987 (NDEP) 
2: dry 
3: discharging, 63°C 
4: water level down more than 233ft. (not visible), audible at depth 
6: depth to water-0.54ft., 94°C; 
7: depth to water-1.46ft., 71 °C; 
8: discharging, 87°C; depth to water-0.04ft. 
8nw: depth to water-2.67ft. 
10: geysering, 88°C 
12: depth to water-0.88ft., 94°C 
13: depth to water-1.50ft. 
16: depth to water-2.00ft. 
23n: water only visible in north vent 
24: dry 
42: depth to water-0.42ft., 96°C; flowing 
43: depth to water-2.67ft. 

20 MAY 1987 (BLM) 
4: audible water at depth 
6: water level 0.50ft. below rim 
8: water level almost to rim, discharging from crack 
8nw: water level 2.67ft. below rim 
10: active 
11: water level 0.63ft. below rim 
12: steady boiling, water level 1.33ft. down from rim 
12sw: water level l.17ft. below rim 
16: water level 1.92ft. below rim 
23n: audible water at depth, :::: I.58ft. below rim 
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24,24n,24ne: dry 
. 39: no audible water at depth 
40: dry 
41s: dry 
42: water level 0.75ft. below rim, outflow declined since 12 May 

22 MAY 1987 (NDEP) 
2: dry 
3: discharging, 62°C 
4: audible water at depth 
6: depth to water-0.63ft., 94°C; EC-3400 
7: depth to water-1.46ft., 66°C; EC-3500 
8: discharging, 87°C; depth to water-0.04ft., EC-3200 
8nw: depth to water-2.75ft. 
10: geysering, 88°C 
12: depth to water-1.79ft., 95°C; EC-3500 
13: depth to water-2.38ft. 
16: depth to water-2.33ft. 
23n: audible water at depth 
24: dry 
42: depth to water-0.81ft., 95°C; not discharging, EC-3500 
43: depth to water-2.88ft. 

29 MAY 1987 (BLM,NDEP) 
2: dry 
3: discharging, 60°C; EC-3600 
4: dry 
6: depth to water-0.83ft.(NDEP), 0.75ft.(BLM); 94°C, EC-3500 
7: depth to water-2.50ft., 73°C; EC-3600 
8: depth to water-0.04ft.(NDEP); steady discharge from crack, 86°C, EC-3200 
Snw: depth to water-2.83ft.(NDEP), 2.75ft.(BLM) 
10: pulsing-water level 15in. below rim at bottom, discharging at top, of cycle 
11: dry 
12: depth to water-1.96ft.(NDEP), 2.00ft.(BLM); EC-3600 
12sw: water level 1.17ft. below rim 
13: depth to water-2.58ft. 
16: water level visible, 2.58ft. down, only when surface disturbed(NDEP), cannot measure water 
level(BLM) 
23n: water level 1.58ft. below rim(BLM), not visible(NDEP); no geysering or discharge 
24,24n,24ne: dry 
39: dry 
40: dry 
41s: dry 
42: depth to water-1.00ft.(NDEP), 1.17ft.(BLM); 94°C, EC-3400 
43: depth to water-3.08ft. 

3 JUNE 1987: discharging of well 23-5 ends 
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·5 JUNE 1987 (BLM,NDEP) 
2: dry 
3: discharging, 59°C; EC-3450 
4: dry 
6: depth to water-1.29ft.(NDEP), 1.25ft.(BLM); 92°C, EC-3400 
7: depth to water-1.83ft., 94°C 
8: depth to water-0.04ft.(NDEP); steady discharge from crack, 82°C, EC-3200 
8nw: depth to water-2.92ft.(NDEP), 2.92ft.(BLM) 
10: pulsing; water level 15in. below rim at bottom, discharging at top, of cycle 
11: dry 
12: depth to water-2.08ft.(NDEP), 2.08ft.(BLM) 
12sw: water level 1.33ft. below rim 
13: depth to water-2.63ft. 
16: depth to water-2.75ft.(NDEP), cannot measure water level(BLM) due to overhanging sinter 
23n: dry 
24,24n,24ne: dry 
39: dry 
40: dry 
41s: dry 
42: depth to water-l.17ft.(NDEP), 1.17ft.(BLM); 94°C, EC-3400 
43: depth to water-3.50ft. (different reference) 

12 JUNE 1987 (BLM,NDEP) 
2: dry 
3: discharging, 61°C; EC-3400 
4: dry 
6: depth to water-1.38ft.(NDEP), 1.38ft.(BLM); 94°C, EC-3100 
7: depth to water-1.92ft. 
8: depth to water-0.04ft.(NDEP); discharging from crack, 87°C, EC-3200 
8nw: depth to water-2.92ft.(NDEP), 2.92ft.(BLM) 
10: pulsing; water level 17in. below rim at bottom, discharging at top, of cycle 
11: dry 
12: depth to water-2.08ft.(NDEP), 2.00ft.(BLM) 
12sw: water level 1.25ft. below rim 
13: depth to water-2.63ft. 
16: depth to water-2.58ft.(NDEP), cannot measure water level (BLM) 
23n: water level 1.58ft. below rim (BLM) 
24,24n,24ne: dry 
39: dry 
40: dry' 
41s: dry 
42: depth to water-l.17ft.(NDEP), 1.17ft.(BLM); 95°C, EC-3300 
43: depth to water-3.50ft. 

14 JUNE 1987 (DH) 
6: water level down 0.67ft. (est.) 
8: flowing 
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8nw: water level down 2ft. (est.) 
10: geysering; water level falls >2ft. at bottom of cycle 
11: dry 
12: water level down l.50ft. (est.) 
13: water level down 2.00ft. (est.) 
15: dry 
16: dry 
23n: audible water at depth 
39: audible water at depth 
42: water level l.OOft. (est.) below rim; not flowing 

19 JUNE 1987 (BLM,NDEP) 
2: dry 
3: discharging, 62°C; EC-3300 
4: dry, vent half filled with rock debris 
6: depth to water-l.17ft.(NDEP), l.2lft.(BLM); 94°C, EC-3300 
7: depth to water-l.88ft. 
8: depth to water-0.1Oft.(NDEP); steady discharge from crack, 86°C, EC-3000 
8nw: depth to water-2.83ft.(NDEP), 2.83ft.(BLM) 
10: pulsing; water level 17in. below rim at bottom, discharging at top, of cycle 
11: dry 
12: depth to water-l.96ft.(NDEP), l.75ft.(BLM); 94°C, EC-3400 
12sw: water level 0.42ft. below rim 
13: depth to water-2.50ft. 
16: depth to water-2.33ft.(NDEP), cannot measure water level (BLM) 
23n: dry, audible water at depth 
24,24n,24ne: dry 
39: dry 
40: dry 
41s: dry 
42: depth to water-0.88ft.(NDEP), 0.92ft.(BLM); 94°C, EC-3300 
43: depth to water-3.25ft. 

24 JUNE 1987: discharging of well 23-5 begins; injection into well Cox 1-1 

26 JUNE 1987 (BLM,NDEP) 
2: dry 
3: decrease in discharge since 19 June 
4: cT"y 
6: depth to water-l.54ft.(NDEP), l.67ft.(BLM) 
7: depth to water-l.92ft. 
8: depth to water-0.08ft.(NDEP); steady discharge from crack 
8nw: depth to water-3.00ft.(NDEP), 3.00ft.(BLM) 
10: pulsing; water level 24in. below rim at bottom, discharging at top, of cycle 
11: dry 
12: depth to water-2.38ft.(NDEP), 2.17ft.(BLM) 
12sw: water level 0.92ft. below rim 
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· 13: depth to water-2.88ft. 
16: depth to water-2.58ft.(NDEP), dry(BLM) 
23n: dry 
24,24n,24ne: dry 
39: dry 
40: dry 
41s: dry 
42: depth to water-1.17ft.(NDEP), 1.25ft.(BLM) 
43: depth to water-3.58ft. 

28 JUNE 1987 (oOSA) 
3: some overflow 
4: dry 
6: water level down "",1.50ft. (est.) 
7: dry 
8: discharging 
8nw: water level down "",4ft. down (est.) 
10: active; =8in.-lft. down at start of cycle 
11: dry 
12: water level down =3ft. (est.) 
13: water level down =4ft. (est.) 
14-16: dry 
23n: dry 
24: dry 
39: steaming 
40: steaming 
41s: steaming 
42,42w: water level down =lft. (est.) 
43: standing water in vent bottom 
102: steaming 

2 JULY 1987 (BLM) 
4: dry 
6: water level 1.67ft. below rim 
8: full, steady discharge from crack 
8nw: water level 3.08ft. below rim 
10: water level 24in. below rim at bottom, discharging at top, of cycle 
11: dry 
12: water level 2.83ft. below rim 
12sw: dry 
16: dry 
23n: dry 
24,24n,24ne: dry 
39: dry 
40: dry 
41s: dry 
42: water level 1.75ft. below rim 
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3 JULY 1987: discharging of well 23-5 ends 

7 JULY 1987: discharging of wells PW-1, PW-2 and PW-3 ends 

9 JULY 1987: discharging of well Steamboat No.1 (21-5) begins; no injection 

10 JULY 1987 (BLM) 
4: dry 
6: water level 1.75ft. below rim 
8: full, steady discharge 
8nw: water level 3.33ft. below rim 
10: geysering; water level 24in. below rim at bottom, discharging at top, of cycle 
11: dry 
12: audible water at depth 
12sw: dry 
16: dry 
23n: dry 
24,24n,24ne: dry 
39: dry 
40: dry 
41s: dry 
42: water level 2.08ft. below rim 

11 JULY 1987: discharging of wells PW-l, PW-2 and PW-3 begins; injection into IW-3 . 

13 JULY 1987 (NDEP) 
2: dry 
3: decrease in discharge since 26 June 
4: dry 
6: depth to water-1.79ft. 
7: dry, audible water at depth 
8: depth to water-a. 10ft. 
8nw: depth to water-3.54ft. 
10: geysering; 92°C, EC-3000 
12: dry 
13: dry 
16: depth to water-3.42ft. 
23n: steaming 
24: dry 
42: water barely visible at south end 
43: depth to water-3.83ft. 

17 JULY 1987 (BLM) 
4: dry 
6: water level 1.83ft. below rim 
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8: slow, steady discharge from crack; water level lin. below rim 
8nw: water level 3.75ft. below rim 
10: pulsing; water level 30in. below rim at bottom, slight discharge at top, of cycle 
11: dry 
12: dry 
12sw: dry 
16: dry 
23n: dry 
24,24n,24ne: dry 
39: dry 
40: dry 
41s: dry 
42: audible water at depth 

18 JULY 1987 (DB) 
4: dry 
6: water level 1. 5 Oft. (est.) below rim 
8: flowing 
10: active 
12: water level visible 2-3ft. (est.) below rim 
15: dry 
16: dry 
23n: audible water at depth 
24sw: audible water at depth 
39: audible water at depth 
42: audible water at depth 

24 JULY 1987 (BLM) 
4: dry 
6: water level 2.08ft. below rim 
8: water level O.08ft. below rim, steady discharge from crack 
8nw: water level 4.25ft. below rim 
10: dry 
11: dry 
12: dry 
12sw: dry 
16: dry 
23n: dry 
24,24n,24ne: dry 
39: dry 
40: dry 
41s: dry 
42: small amount of water visible ·about 5ft. (est.) below rim 

31 JULY 1987 (BLM,NDEP) 
2: dry 
3: dry 
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4: dry 
6: depth to water-2.67ft.(NDEP), 2.42ft.(BLM) 
7: dry 
8: depth to water-0.08ft.(NDEP), 0.08ft.(BLM); steady discharge from crack 
8nw: water level visible at depth 
10: water level 20in. below rim, boiling violently 
11: dry 
12: dry 
12sw: dry 
13: dry 
16: dry 
23n: dry 
24,24n,24ne: dry 
39: dry 
40: dry 
41s: dry 
42: audible water at depth(NDEP), dry(BLM) 
43: dry 

7 AUG 1987 (BLM) 
4: dry 
6: water level 2.50ft. below rim 
8: water level O.13ft. below rim; steady discharge 
8nw: dry 
10: water level 26in. below rim, boiling violently 
11: dry 
12: dry 
12sw: dry 
16: dry 
23n: dry 
24,24n,24ne: dry 
39: dry 
40: dry 
41s: dry 
42: dry 

14 AUG 1987 (BLM) 
4: dry 
6: water level 2.67ft. below vent rim 
8: water level O.13ft. below rim; steady discharge 
8nw: dry 
10: water level 28in. below rim, boiling 
11: dry 
12: dry 
12sw: dry 
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16: dry 
23n: dry 
24,24n,24ne: dry 
39: dry 
40: dry 
41s: dry 
42: dry 

15 AUG 1987 (DB) 
4: dry 
6: water level 3.50ft. (est.) below rim 
7: dry 
8: flowing 
8nw: dry 
10: water level 1.50ft: (est.) below rim during boiling 
11: dry 
12: dry 
12sw: dry 
13: dry 
14: dry 
15: dry 
16: dry 
23n: dry 
36: steaming 
39: dry 
40: steaming 
41s: steaming 
42: dry 

21 AUG 1987(BLM) 
4: dry 
6: water level 2.92ft. below vent rim 
8: water level 0.13ft. below rim, steady discharge 
8nw: dry 
10: water level 28in. below rim, boiling 
11: dry 
12: dry 
12sw: dry 
16: dry 
23n: dry 
24,24n,24ne: dry 
39: dry 
40: dry 
41s: dry 
42: dry 
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NOTE: B-eginning at approximately this time period, hot spring observations by the Nevada 
Division of Environmental Protection (NDEP), Donald Hudson (DH) and the Geyser Observation 
and Study Association (GOSA) occur infrequently. Furthermore, Bureau of Land Management 
(BLM) observations continue to be on a more or less weekly basis, focusing on springs 4, 6, 8, 
8nw, 10, 11, 12, 12sw, 16, 23n, 24 (and 24n, 24ne), 39, 40, 41s and 42. From this period 
onward, the condition of only those springs which are observed by the BLM to be active (i.e. not 
dry) will be described. Observations by NDEP, DH and GOSA will continue as above. 

28 AUG 1987 (BLM) 
6: water level 2.92ft. below rim 
8: water level 0.33ft. below rim, no outflow from crack in vent cone 
10: water level 30in. below rim, boiling 

29 AUG 1987: discharging of well Steamboat No.1 (21-5) ends 

31 AUG 1987 (NDEP) 
2: dry 
3: dry 
4: dry 
6: audible water at depth 
7: dry 
8: deptb to water-0.25ft., flowing from crack? 
8nw: dry 
10: audible water at depth 
12: dry 
13: dry 
16: dry 
23n: dry 
24: dry 
42: audible water at depth 
43: dry 

4 SEPT 1987 (BLM) 
6: water level 3.00ft. below rim 
8: water level 0.13ft. below rim, good outflow from crack 
10: water level 3lin. below rim, boiling 

11 SEPT 19Q7 (BLM) 
6: water level 2.92ft. below rim 
8: water level 0.04ft. below rim, outflow from crack 
10: water level 27in. below rim, boiling 

18 SEPT 1987 (BLM) 
6: water level 2.33ft. below rim 
8: water level 0.04ft. below rim, outflow from crack 
10: dry , 
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24 SEPT 1987 (BLM) 
6: water level 2.75ft. below rim 
8: water level O.08ft. below rim, outflow from crack 
10: dry 

27 SEPT 1987 (DH) 
4: dry 
6: water level 2.50ft. (est.) below rim 
8: flowing 
8nw: dry 
10: dry 
11: dry 
12: dry 
13: dry 
13w: dry 
14: dry? 
15: dry 
15w: dry 
16: dry 
23: dry 
23n: dry 
24: dry 
24sw: dry 
42: dry 

2 OCT 1987 (BLM,NDEP) 
2: dry 
3: dry 
4: dry 
6: depth to water-2.50ft.(NDEP), 2.75ft.(BLM) 
7: dry 
8: depth to water-O.10ft.(NDEP), O.08ft.(BLM); flowing from crack 
8nw: dry 
10: audible water at depth 
12: dry 
13: dry 
16: dry 
23n: dry 
24: dry 
42: dry 
43: dry 

15 OCT 1987 (BLM) 
6: water level 2.67ft. below rim 
8: water level O.08-0.17ft. below rim, slight increase in flow from crack 
10: dry 
42: steaming 
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18 OCT 1987 (DH) 
4: dry 
6: water level =3ft. (est.) below rim 
8: slight flow 
8nw: dry' 
10: dry 
11: dry 
12: dry 
13: dry 
13w: dry 
14: dry 
15: dry 
15w: dry 
16: dry 
23: dry 
23n: dry 
24: dry 

. 42: dry 

23 OCT 1987 (BLM) 
6: water level 2.42ft. below rim 
8: water level 0.08ft. below rim, flowing from crack 
10: water level 30in. below rim 
42: water level 4.00ft. (est.) below rim 

24 OCT 1987: discharging of well 83A-6 begins; no injection 

30 OCT 1987: discharging of well 83A-6 ends 

30 OCT 1987 (BLM) 
6: water level 2.54ft. below rim 
8: water level 0.58ft. below rim, no flow 
10: dry 
42: dry 

6 NOV 1987 (BLM,NDEP) 
2: dry 
3: dry 
4: dry 
6: depth to water-3.00ft.(NDEP), 2.88ft.(BLM) 
7: dry 
8: depth to water-0.1Oft.(NDEP), 0.08ft.(BLM); flowing from crack 
8nw: dry 
10: water visible 19in. below rim betore dropping out of sight(NDEP), dry(BLM) 
12: audible water at depth 
13: dry 
16: dry 
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23n: dry 
24: dry 
42: dry 
43: dry 

13 NOV 1987 (BLM) 
6: water level 2.92ft. below rim 
8: water level 0.06ft. below rim, discharging 

24 NOV 1987 (BLM) 
6: water level 2.92ft. below rim 
8: water level 0.06ft. below rim, disc~arging 

2 DEC 1987 (BLM) 
6: water level 2.75ft. below rim 
8: water level 0.98ft. below rim, discharging 
10: water splashing onto rocks 22in. below rim at top of eruptive cycle 
42: audible water at depth 

8 DEC 1987 (NDEP) 
2: dry 
3: dry 
4: dry 
6: depth to water-2.42ft. 
7: dry 
8: depth to water-0.08ft., flowing from crack 
8nw: dry 
10: dry 
12: audible water at depth 
13: dry 
16: dry 
23n: dry 
24: dry 
42: audible water at depth 
43: dry 

11 DEC 1987 (BLM) 
6: water level 2.67ft. below rim 
8: water level 0.08ft. below rim, discharging 

. 10: dry 
42: audible water at depth 

18 DEC 1987 (BLM) 
6: water level 2.67ft. below rim 
8: water level O.lOft. below rim, discharging 
42: audible water at depth 
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23 DEC 1987 (BLM) 
6: water level 2.67ft. below rim 
8: water level O.lOft. below rim, discharging 
42: dry 

31 DEC 1987 (BLM) 
6: water level 2.67ft. below rim 
8: water level O.08ft. below rim, discharging 

8 JAN 1988 (BLM) 
6: water level 2.25ft. below rim 
8: water level O.06ft. below rim, discharging 

12 JAN 1988 (NDEP) 
2: dry 
3: ~y 
4: dry 
6: depth to water-2.00ft. 
7: dry 
8: depth to water-O.06ft. 
8nw: dry 
10: boiling water visible 1ft. from surface 
12: audible water at depth 
13: dry 
16: dry 
23n:dry 
24: dry 
42: audible water at depth 
43: dry 

14 JAN 1988: discharging of well 23-5 begins: injection into well Cox 1-1 

15 JAN 1988 (BLM) 
6: water level 1.92ft. below rim 
8: water level O.06ft. below rim, discharging 
10: dry 

17 JAN 1988 (DH) 
4: dry 
6: water level about 2.50ft. (est.) below rim 
8: flowing 
11: audible water at depth 
remark: all other springs dry 

22 JAN 1988 (BLM) 
6: water level 2.08ft. below rim 
8: water level O.lOft. below rim, flowing 
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28 JAN 1988: discharging of well 83A-6 begins; injection into well Cox I-I; discharging of well 
23-5 ends? . 

29 JAN 1988 (BLM) 
6: water level 1.83ft. below rim 
8: water level O.lOft. below rim, flowing 
42: audible water at depth 

31 JAN 1988: discharging of well 83A-6 ends 

5 FEB 1988 (BLM) 
6: water level 2.17ft. below rim 
8: water level 0.17ft. below rim, flowing 
10: audible water at depth 
42: audible water at depth 

11 FEB 1988: discharging of wells 21-5, 23-5 and 83A-6 begins; injection into well Cox I-I 

12 FEB 1988 (BLM,NDEP) 
2: dry 
3: dry 
4: dry 
6: depth to water-2.08ft.(NDEP), 2.17ft.(BLM) 
7: dry 
8: depth to water-0.17ft.(NDEP), 0.17ft.(BLM); discharging 
8nw: dry 
10: audible water at depth(NDEP), dry(BLM) 
12: dry 
13: dry 
16: dry 
23n: dry 
24: dry 
42: audible water at depth 
43: dry 

19 FEB 1988 (BLM) 
6: water level 2.42ft. below rim 
8: water level 0.58ft. below rim, no discharge from crack 

21 FEB 1988 (DH) 
4: dry 
6: water level ::::3ft. (est.) down 
8: water level about lin. (est.) below crack in vent cone [which is 1-2in. below rim] 
10: dry 
39: steaming 
40: steaming 
41s: steaming 

A-45 



42: steaming 
remark: all other springs dry 

24 FEB 1988 (BLM) 
6: water level 2.58ft. below rim 
8: water level 0.92ft. below rim 

4 MAR 1988 (BLM) 
6: water level 2.92ft. from rim 
8: dry 

11 MAR 1988 (BLM) 
6: water level 3.00ft. below rim 

15 MAR 1988 (NDEP) 
2: dry 
3: dry 
4: dry 
6: depth to water-3.00ft. 
7: dry 
8: dry 
8nw: dry 
10: audible water at depth 
12: dry 
13: dry 
16: dry 
23n: dry 
24: dry 
42: audible water at depth 
43: dry 

18 MAR 1988 (BLM) 
6: water level 3.33ft. below rim 

20 MAR 1988 (DR) 
6: audible water at depth 
8: dry 
10: dry 
remark: all springs dry 

25 MAR 1988 (BLM) 
6: water level 3.50ft. below rim 

1 APR 1988 (BLM) 
6: water level 3.58ft. below rim 
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7 APR 1988 (BLM) 
6: audible water at depth 

22 APR 1988 (BLM) 
6: dry 

NOTE: From this time period until 20 June 1988 weekly to bi-weekly hot spring observations 
by BLM personnel indicate that all the hot springs are dry. On 20 June 1988, San Diego State 
University personnel began collecting water level measurements in several hot spring vents 
utilizing either a graduated rule or an electric-line water level probe. Additional dates of 
geothermal production and injection are contained in the accompanying text. 

t 
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APPENDIX B. SB GEO WELL-FIELD DATA 

This appendix contains copies of data for the SB GEO well field. The material was obtained 
from the files of the Nevada Division of Environmental Protection (Reno office) and the Bureau 
of Land Management (Carson City and Reno offices), and from an unpublished report by 
GeothermEx (1986). 
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APPENDIX C. CAITHNESS POWER INCORPORATED WELL-FIELD AND 
STRATIGRAPHIC TEST-WELL DATA 

This appendix contains copies of data from the Caithness Power Incorporated well field and 
associated stratigraphic test wells (strat wells). The material was obtained from the files of the 
Bureau of Land Management (Caison City and Reno offices) and from an unpublished report by 
Thermasource (1987). 
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SS 83-6 WELL SCHEMATIC 

C-17 

20" csg sec ae 440' 

Apparane hole in casing ae 
520', indicaeions of collapsef
casing from 520'-1115' 

13-3/8" csg milled oue 
from 1166'-1204'; cemenc 
plug sec across milled 
seceion ~ch cop of cemenC 
at IllS' 

13-3/8" csg sec ' at 1998' 

12-1/4" open hole co 3068' 
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FOR: 

BY: 

DATE: 

SCALE: 

DRAWING No. 
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All depths based on kelly bushing elevation 8 ground level + 30' 

Ground elevation 5471' 

Well spudded 10/19/87, T.D. 11/9/87 

Veco Drilling Rig HID 

- 500' 

- 1000' 

- 1500' 

- 2000' 

- 2500' 

- 3000' 

~
.'~ •• o; 
:. ,. 

. .' ~ ~ . , : .. :' ;:-
",. -: 

" : , 
': . , 

" . 
r'o .. ,._. .' 
~, 

, 
.'~ 

" •.• .1 
:' 

# • 

... :. . , 
-_.J 
(' ,,' 
,-' 

~ 

) 

.1 t: 

... ~' ., 
., 'O, 

.:) '.-.. 
: ... ' ' 

t • . ' 
'. 
'J' :./ 
.,1 

:., 
:~ 

t, 
. 1' , . 
~ 

"0 

" 

'. .' 

~ 

~ P.O. Box 1236, San10 ~ CdIfcrrio 95402 • (707) 523-2960 

ThermaSouralnc. 

SS 32 - 5 WELL SCHEMATIC 

C-19 

20" csg set at 441' 

17-1/~· hole to 2079', 
13-3/8" csg set at 2046' 

12-1/4" open hole to 2944' 

DRAWN 

FOR: 
BY: 
DATE: 
SCALE: 

DAAWING No. 
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All depchs based on kelly bushing elevacion - ground level + 27' 

Ground. elevacion 5594 ' 

Well spudded 3/31/86, T.D. 4/30/86 

Moncgomery Drlg Rig #19 
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Tba Ii SOu.-1nc. 

SS 28 - 32 WELL SCHEMATIC 

C-23 

20" csg sec ac 466' 

13-3/8" csg sec ac 1460' 

-Workover well 5187 
-Cemenc plug 1995'-2435' 

-Sand plug 2435'-2650' 

-Cemenc plug 2650'-2765' 

-Sand plug 2765'-3031' 

12-1/4/1 open hole co 3031' 
(original hole) 
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!=OR: 

BY: 

DATE: 

SCALE: 
DRAWING No. 
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All depths based on kelly bushing elevation ~ ground level + 22' 

Ground elevation 5057' 

Spud date 4/1/81 

T.D , date 5/7/81 H & W Drlg Co, 
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3500 8-3/4" open hole to 3471 

~ ~.O.!lox 1230 · Sonto Role. CcIItcmia 9!>00102' (707) 523-2960 
DRAWN 

FOR: 
Thwma5ou~ Inc. BY: 

DATE: 

SS COX #1 WELL SCHEMATIC 
SCALE: 
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ELEVATION • 4850' 

O.&i - :ri~ ~ Rt· r"'ERMA,-L.' - - ~~TEFiE[ ;'~~~J~IUM : ~R["':LO'JSErcwu PEt:''APIT-
GRAVELS ALTERED TO WHITE, REO, AND YELLOW CLAYS. 

UNCONFORMITY 
------ . ' ~ 

100' - %~,\n~{~}j~i!. 

~ 
o 
..J 
W 
DO 

~ 
w 
W 
II.. 

300'-

600 - ~"~":'.'~,\!i'.:I!, 

67~ 120', GRANODIORITE C?l: INTENSELY HYORt'THERMALLY ALTERED WHITE 
,C,NEOUS ROCK WITH OUARTZ, FELDSPAR, MID UalOUITO'JS PYRITE . 

casing to 166' 

'2"'·844"GRANOOIORITE: RELATIVELY <RESH WITH 'OME <RACTURE~ 
~NC ~OME ALTERATION 1(' PYRITE AND CHLORITE; PYRITE AND 
CHLORITE OFTEN ASSOCI_TEO WITH BIOTITE; PYRITE VERY nNE 
A'IC GE NERALLY OIS5EMINATEO;I,nENSITY OF ALTERATlCN INCREA:;E~ 
WITH CEPTH . 

TOTAL DEPTH = 844' 

LITHOLOGIC LOG OF STEAMBOAT SPRINGS 

STRATIGRAPHIC TEST NO.2 CONFIDamAI. AND PROPRIETARY 
on" 1M'r.'. NUAIm.".,., P9UCII ----_co. 

LOCATION: 210' SOUl H N' THE W'RTH LINE AND 2370' WEST OF THE EAST LINE OF' 
SECTION 32, T. 18 N., R.20 E. , WASHOE COUNTY, NEVADA. 

DATE STARTED: OCT08ER 7, 1977 

DATE COMPLETED: OCTOBER 18,1977 



A@u\!]~~"J AND ~W~{EC-( 

\::JUlL:lH\!~ S~R\fICE 
PHO~E (8051327·2267 
3914 C1U.10RE AVeNUE 

BAI<EASJ=IELD, CAUFOnNlA 93308 

SUBSURFACE TEMPERATURE SURVEY 
OWNER pMU I Tp< prTHOI Elm CcttpANX FIELD STf!MRmT SpRIl/GS WELL NAME ..;s..,t"'r"""'t'--"""'2 ____ _ 

\-':l:;lL DATA tUnVEV COfJOITIOtJS 
ZEIIOPOIm Grounrl C£PTlf DATE Npv .. rnb! , r 30 1'177 
El£VAn:lU zor:c PlJilPOSE 5TATTC Tom:n,nIlU;; maY&RSf: s'myo 
CI::::3 RE1AARKS Open hole ZOl/mfnl 

HOUR 1STURN I4l m:::::g '0 ANNUUlS 

.'F, s;nw. rlUl.lllER --l'J.J0"'2Btl.7l-___ _ 

,~, AT 74 0 ' 
NSTRUU~ R~-61S 
UAX. TEMPERAT\JI'IE 140 

LI:eR DCCRIPTION 
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SUB-SURFACE 
TEMPERATURE2SURVEY 

, . 891!5 ROSEDALE HWY .• BAKERSFIE1.D. cA 93308 
., . . (8051 589-2168 

_ . • <C • . 

. : ~ .~ f 

Steamboat Springs ' 
" COMPANY __ pI;Jhu..;1 ... 1ul ... 14lP" _____ FIELD Sec 31 T 18 N B 20 g WELL NAME _..:I.s:r..trr.alllt~5L...-___ _ 

.. : ~ . 

~. 

TOTAl-DEPTH open Bot.t.olll WEU.STATUS _..:S;.:t=at.:.;1:..:c=--__ 
CASING ' CASING PRESSURE _--==~_ 
UNER ' . TUBING PRESSURE _=c:....-__ 
PERFORATIONS ZONE _____ --,.. __ _ 

>,4pp ., MAX, 'F. __ ..... lu1 ... 1 ..... .a8JOlo. 0 __ _ 

ruBING DETAIL - 2 7/8" ~ 1680' 
"-.... , ~'- . TEMPERA'ruM 

)Q 70 10 10 1)Q 1 ~o 1 '0 

BOMB HUNG <0 _..J"UOI.ll"Llle'--__ 

TIME ON BOnOM S:l.lo.pm 
TIME OFF BOnOM -,Sc:,',LS:!.4!l111=-__ 

DATE May 29, 1980 

ELEMENT RANGE 4lo.-U120 
ZERO POINT 0 at val VII 

SHUT IN · ELEVATION __ -== ___ _ 
ON PROOUCTION PICKUP ngno m3da 
PURPOSE Traverse Temperature Survey 

,: : : g !!g :g! mm~~li~~ :~~~ m!!~~~ ~~p';g~;,:.;: -.. ':'. '::' :;:; ::: ~~: ;m ig: :::h1~g .~g ~m r:mm~ ;;; 1fu :*;:.:: ::F. f:f 1m gji gg mI@ 
!~ ~ ~ i: ~;i :g: ~~:HE!: ,~:~ g~: git;; m:t~ :dili!:::-.=:;:=-e:., :;~ ;i~ :iii lEi: iF~ ~g i~~ g~rg jg: iii ; g~;;; mi Ef, ft: :ii~ m: m:;m g~~ g;~ ~h~ 
~: ~ ~ ;i :g: iiii ~g; g: i~j; m: !i:! !~~j f: ;!g ~t~F~ :::, ::~ i§ Ego gg :gi ~!!mig ~;;;Eg; ~;: gi! m; mi m: ;51 ::'i :~ h~; :~~ gg ~i; i~g ;m !!!~ .~ 
:; : ~ ii !~:; i~~ : !:i~!o :::i ~!:i i ; :~ !:!~ !~~ !~; :.'# !U§ gg ~ :~: :;~;; ~~m~ L!.i: lEi! !qgg ! g~ ;;:i ;m ~m ~i; ;g; h::: ~g h:: Eg m; m! :!;: ~:; 

.,' !::: ~ ;if; gji m;:; ;:;: !i:! m!k ::":!E':' ~!; ;git1-:-: ~:: :j:::~ mi m!!m iii! ;i;; !~! m!r:m g!; :ig ;;;:~":: gE§ :::::m mi m: i!m:::: 
!i i : j~ :i!: U!~ g~: :: : !if: mi :gh~g h~li:;; §§ '~ i 'lE :~mf: ;~~§ ig: ;:!: ~ !g~ lllE EEl! EnE!: !~~! ~:g ~l~ f~i i::: ~~! :fj :;;! ~'t! :m gg !~ 
. ~ ~ ~ ~: ~!!! g~ !!f; !~ : C ~;~; :!" gg d~ s:- El: ~l: i"I: Fi§f:f: mE g:in! m~ m; h::'P: !:~: ::l~ ~qEl gf, :::. ,L= :::: m! i=i~ !~!~ m~ ;!~t~:.; 

.•.. :::: l!!m I: ;~~! !~. !:;o !:;i ;~i ~ ;l!l !~j~ ~:.;fg:"': ,g; ~~~ ==, '~m :sF"'; giiP! :~~Em iEEE gg ::J~i!~ !~: :~: i~ ~r:t=E.=l: gg ~~~: gEE ~:~: :A::~ 
' .' :::; g !~: mi ::~: lHY :::: ,~~, jiE :ml::~ §!: E': :ii~ m! rrmr:::i "#:.:-.. C:::::':::: :::: :::: ~i~!F ;::+~; !::: :;.:~ rrii:::= ~1g gg :i:, gg ~:!, ~~: gg 
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~J~ 

P R U ETT WI R EL I N E 
SERVICE 

CllHFIDEHTlAL AHD PRIJ'RIETARY 
l1li--.~IINItI',.. -_.-.. ........... 

SUB-SURFACE 
TEMPERATURE SURVEY 

8915 ROSEDALE HWY .• BAJ<ERSFIELD. CA 93308 
(805) 589·2788. 

,. 

'. 
COMPANY Phillipa 

Ste_boat Springs 
FIELD SENE 5 T 17 N RZOE 

TOTALO£PTH 1976" WELL STATUS Static BOMBHUNG@ 

CASlNG CASING PRESSURE TIME ON BOTTOM 
UNER TUSING PRESSURE TIME OFF BOTTOM 

WELL NAME -=S:..;:t::.,r:;at::.....::6'-___ _ 
none DATE May 28, 1980 

5: 52pm ELEMENT RANGE 44-4820 
6:00pm ZERO POINT 0 at valve 

PERFORATIONS ZONE SHUT IN ELEVATION 
MPP J.lAX. 'F. 182.010 ON PRODUCTION PICKUP --;1-;::9::::)7.6.:::'=----
TUSING DETAIL 2 7/8" :) 1976' PURPOSE Traverse Temperature Survey 

I=-' 

IT: 

fu 
ill 

TEMPERATURE 
6C 70 80 90 100 110 120 130 140 150 160 170 180 190 

. gi~ :g~ xr, ~T :i;: gg ;:~ ;.,~ ~.: .;.,===.:~§ ~E";:j=; .;~ ~g~ ~.:; :~: ~l ,;# ~~~~m~ :~~~ m~ ~@ lh" 5 ~ 1§ :lIT rETIIn: ;m m~ ~~m~ 
~g~ ;~~ u\;}~~ ~~~~ i~~: ~i~, :~ ~;: ~';I§f.~:: : .~::: =-.; ~~ ::~ m~ gg :;;j g~ :::~ ~,,: m~ m; h~ ~l 'T- gg ;h'l' gnlh':: ~~ g~ ~m ;::; 
lm glllnl'\. ;';'1 ~'ll ~lg ~~~ ~;;; ;;~§m~~irE. =: -.. -=-j: :f= ==~:: ;lfi IT:. :;;; ;::: ITl; ~m iii: ~m ;:;: h':~ a; lili:m f,:: ii:, ~g~ m~ gg FE 
~m gg m~ ~H;S 1~:: ::~, :El :::: ._. .-::: 7: '= oi-~ :::: ;§:-~ :'=.Hlili ~l= liU gg:2il g~ :g~~ ~~g :1;: :::: :. :'. 'm ~ f:~ ~g: ~l~ f,g 
[li ll~: l~ll ~;; U~" ~~; ~: §. . . :J .~E -~ :l§§ !::~ ~~~ ;;-F, g;: :::: ~~ m~ l~~~ ~ll: gf, ~l~~ ;-~:r;::§ :;;1 :f.";:fg ml :if: ml ;::: 
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A. 
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D 
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. , .. . .... ... -
7' . ... ...... ! . .. ... 
. ~ ~ .. . . 

• ~ jO~ ." " - • , . :..;.'.; : 

PRUETT WIRELINE 
. . ... -
.', ' SERVICE 

" .. :.:- ... _. ~' . . - " . . , . . .:=- .... ;: .. .:- . ' .. . ' ... . ..: . . .. -

SUB-SURfACE 
TEM'P.ERATUR~ SURVEY 

COMPANr " Phillips 
Steamboat Valley 

FIELD HEN'll 7 T 17 HR 20 g WELLNAME __ ~St~n~' t~7 ________ _ 

TOTALO£PTH --== ____ .,-- well.STAruS Static 
CASING , __ ....;.,.-:..=.;;;....._____ CASING PRESSURE __ -==-__ 

90MB HUNG 4I-Jnilllo~no~ ____ DATE ' May 29, ] 989 
TIME ON BOTTOM 8155p!! ELEMENT RANGE 14-482 
TIME OFF BOTTOM 9100flll ZERO POtNT 0 at val.,. , UNER _____________ ru8lNG PRESSURE ______ _ 

, PERFORATIONS · ZONE ____ -==--..-___ SHUT IN ELEVATION' __ --"' __ ...... __ _ 
MPP , MAX, 'F. 18).15° ON PRODUCTION - PICKUP , __ ---.150C>U.3..;..' ____ _ 
ru8lNq DETAIL 2 718" :; ] 503' PURPOSE TraTerse Tlllllperaturtt SIlJ"T8Y 

TEMPERA nHm , - " 00 '0 to Kl 1 10 1 ,0 1!0 1 10 1 ~ 1;0 1 io ] 7n ] ~n ,)(" 
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0- 30 -i ~~~~~:~S~N:::I~~IC .lHOESfr( AND SCCR'ACfOUS 

30-"' ..... SSlyE 'tOC1C WITH SOME SOLUTION CHANNELS. P",.T" ... -1 
YOLCANICS . INTENSELY ALT[A[O I WHITE. LOW-O[HSITY. 

OP'I..IZATIOH IN TH! !S-10' AND 1S-9S' INTERVALS. 
POSSIIIL! CINNABAR IN THE 55-1'0' INTEIltVAL. 

UJ 
U 
<t 
"-a: 
::> 

'" 
~ 
9 
UJ 
<D 

~ 
UJ 
UJ 
u. 

-1 
CRANOOIORITE. SLIGHTLY TO INT£H5L£Y ALTERED F1N!-GRAlH[O 
GRANODIORITE WITH SOME CHLORITE AHD IRON STAINING. PYAIT! 

95-gs0' COMYOH TO VERY COMMON. 120-U50' : INTENSELY ALT[AEO TO 
GRAY CLAY, 110-880' : nV[RAL ZQH[S WITH PYRIT[ AHD IRON 
STAIHINO VERY COMMON. 

-:: 

" 

': .. 

ca.ed and cemented to 850', perforated 805'-115' 

TOTAL DEPTH : 950' 

SLIGHTLY ALTERED 

SLIGHTLY TO MODERATELY ALTERED 

MODERATELY ALTERED 

MODERATELY TO INTENSELY ALTERED 

.' INTENSELY ALTERED 

II THO LOGIC LOG OF STEAMBOAT SPRINGS 

STRATIGRAPHIC TEST NO_ 9 

LOCATION: 181S' WEST 01' THE EAST LINE ANO 24Sd NORTlt 

---- OF THE SOUTH LINE 01' SECTION 32, TIISH, R20e:, 
WASHOE COUNTY, NEVADA 

DATE STARTED: MAY S, 19110 

DATE COMPt.ETED; MAY 19, 19110 
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..... 
COHFIOBmAI. ANI) PROPftJETARY 

QIUI,_ID1' ....... ~~ --III ............ .. : ~.' >': . .i ~:? 1;:." :, .. ~,. 

: . /~'''~p. R U ETT WI R ELI N E 
. -.' -,: ~ :: , ~ ;~;. S E RV ICE 

_ . .. . '. - '~ .r ' . 

SUB-SURFACE 
TEMPERATURE SURVEY 

8915 ROSEDAlE HWY., BAKERSFlELO, CA 93308 
(8051 589·2788 

!' .. ~ .:~ : ~~~ ,.. >:> . , ''', 
COMPANY. PhilliPS.' ; ' ~"" FIELD Steamboat WELL NAME Strat Teat 13 

TOTALOEPTH 1739' WELL STATUS sta.tic BOMB. HUNG 0 none DATE ' Dec 5. 1'181 Q 

CASING . CASING PRESSURE TIME ON BOTTOM 11 t.2 ELEMENT RANGE 60=510 
',~ ; ,' ~ UNER TUBING PRESSURE TIME OFF BOTTOM 11 52 ZERO POINT _--'-5.;....· ___ _ 

, ... ;::. PERFORATIONS ZONE 0 SHUT IN ELEVATION I -
::J , :' MPP ' - MAX. Of' j 50. 93 ON PRODUCTION PICKUP 1740 
'>-~ '~::~JUBING DETAIL ' PURPOSE Traverae Temperaeunr • 20L per. lDin»'-, 

.~ , c . .. ' " '. ' , . TOOl DUttJRE 

~ lfr~;I:ti-I'I%~~~~!!rl~1ilf!:~·!fli~!.fl~~I;;'I~iM~~~¥'i~irgf~:~fl[~I··i'I~I ·!: ll~;i~ffi'!~!~i~~iWI~iri~~[iml~"· I · ~i ~~. " ~~.~~~)GtE :F:/ : , :: :ytf.~:}: ~'F)~F · . :~:H~P.Uml~5mi~m;.1jgP:Y: , : ::: ,i; :: , :g~Fl:jUg~~:.~i ;;};L~gYiY;;if: 
. : .'_~ ' ! ~ _ ... .. . . .. . t. . .. ..... . .. .. . . .. . ... . . .. ... I'" • • •• • _ ..... , . . . ... . ..... .. . .. . , .... . . . . . .. .. .... .. . . ,, 00 ... . .... . .. ..... .. _ ." , . , • • _ •••••••••• 'n ..... .. _ 

~~~f ~·'~1 ~.i i~ii ;. [[:'i:~~~j i~ii~- ~:i; i~~ ~~~.! ili"~i i ;'jj"~- ~~j~ ! i!': .~ ~~; ii :::!!! ~li .~ !::t~ ~i~ ~.~~ 5· 
. _~~ ~': :: ~ ~~ .- . _ • • • ~ - .-•• _.. . . • .-., . . .. t .. .. . ..... . . . . . .. __ 0 ' ._... . _ .. .. .. . .. . . . .... .. . . . .. .... ..... . ... _. • • • • •• • • • ___ •• 

. ' 
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CONfIDENTIAL AHO PIIOPRJETNI'f 
QIW ... _ _.._-.arr.- . . .. ' ... 

.......... MlR..--ca. 
. ~ . :. 

~--------------~ 
SUB~SURFACE 

TEMPERATURE SURVEY 



WHITE-DIVISION OF WATER RESOURCES 
CANARY-CLIENT'S COpy 

.<;"fAT'1 OF :-iLV/.tH. 
nt'i"lc"'1': us£. ""'L', 

PINK-WELL URILLER'S COpy DIVISION OF WAT£)i RESOURCES . [,0" No." .. Z.C1,,~. ? ......... "" ...... . 
l>rrmi: No .................... " .. " .... : ....... " .. .. 

WELL DRll...LERS REPORT RasiD. ................................................. . 
Str.t s P1_ complete thls form In U, eatlrety 

1. OWNER ............. P.hilli~J;I .... ?.~t.r.Ql~w.n ... QQ!tIP.!ID:l ..................... ADDRESS ............ P.!! ... Q!! ... !?9.~ .. ±Q.5.9.9 ...................... : ............................... . 
.. .................... ............................. - ........................................................ " ................. " ... !-. ............. " ...... R~P'-.Q.l.)f.~y'~.~§:.,,~9.5.J.Q ........................... " ............... .. 

~:""~~·~~~~~::::::::::S.E:::::~::::::NW:::::=:::;:"·~:~"ji.~·.·.·.·.·.·".·.·.·.·"~:=:::i$.::=:::::::::::::::~;~·"~:::~Q::~.·.~·.·.;:::=::=::::::::::::W:~~:liQ~~::=::::::::::::=:::::::::~~~~ .. . 
PERMIT NO ..................................................................................................... " ......... = ............................................................................................................ .. 
3. TYPE OF WORK 

New Well 0 Recondition 0 
Deepen 0 Other !;Xl 

6. LITHOLOGIC LOG 

Mlteriat I Water I 
Strata , From 

Gravel and sand I 0 
Gravel. sand and silt 30 
Gravel 60 
Gravel. sand and silt 70 
Gravel 120 
Gravel, sand and silt 140 
Gravel and sand 300 
Gravel. sand and silt -1LO 
Granodiorite 370 

4. 

Domestic 0 
Municipal 0 

To 'Thick· n_ 
30 
60 
70 

. 120 
140 
300 
340 
370 

1700 

Date startcd ............................... _ .......... ~~~~ .. J.: .... _ .. _ ... "_,, .... 197.?_. 
Date completed ............................... " .... Ap.!':t.1_~ ........ ,,,"_.,, ...... 197.~ ... . 

7. WELL TEST DATA 

Pump RPM G.P.M. I Draw Dowa Alter HoUR Pump 

BAILER TEST 

G.P.M ....... , .. ,." ...... _....................... Draw down ............ feet ... _ .. " .. .hours 
G.P.M............................................. Draw down ............ feet ........... .hours 
G.P.M............................................. Draw down ........... Jeet ............ hours 

C-43 

PROPOSED USE 

Irrigation 0 
Industrial 0 

5. TYPE WELL 

Test 
Stock 

IX 
o 

Cable 0 
Other 0 

8. WELL CONSTRUCTION 

Rotary Iii! 

Diameter bole ....... ,,~ .......... .inches Total deptb. ...... J7QQ ..... feet 

Casing record. .... " ... 2.8.5! .... Qf. ... 7.t.~ ..................... " .................. " .......... " .. 
Weight per foot. ........................ _ ....................... Thicltaess.. ................... .. 

Dlamo ... r From To 

.................... l .......... iachcs .. _ .... ,Q ........ "".feet ... _ ....... ~.?? ..... feet 

............... " ............... iachcs .. _ ... " .... ",,_.feet .. _ •• " .. " ............ feet 

................................ iachcs .. _._ ...... " .. _ leet ... " " .... _ ........... feet 

....................... " .. "".iachcs ....... " ..... _." ..... feet .. " ... " ...... " ... " ... feet 

....................... " ....... iachcs .. _ •• _ .... " •• ,,_ .. feet _ _ ... " .... _ ....... Jcet 

....... " ...... _ ............... iachcs .. ""." •• " .. _."._.feet ._"" ........... _ ... fcet 
Surface seal: Yes:J9 No 0 Type ......... Cement ..................... . 
Depth of seal..g§.? ..... _ .. " ..... " .. _." ................. " .. _ ....................... feet 

Gravel packed: Yes 0 No 2!l ".' 
Gravel packed from. ... " ............. " ..... _.leet to ... _ _ .... : ................ Jeet 

Perforatioas: 

Typo perforatioD. ........ .N.QmL ............ ~~~~_" .. " ........ _ ................ ". 
Size perforatioa.. ....... "" .... _ _ . __ .... " . .,;_. _"_ ... ,, .................... _ 

From... .... _ ........ _ ......... _. __ ... feet 1O. .......... :...._ •• _ .... " ......... " ... feel 

From...'' .. '' .. '' .. __ .. __ ''_.'' ... .feet to" .. "_ •• ",, ........ _ .................. fcet 

From. ........... " ........ _" ........ _ ..... leet to .... "_._ .. " ...... _ ..... ,, ........... feet 
From.. ......... _ .. " .. "."."" __ .",,.feet Io_ ... _ : ... __ .. " .......... " .... .£cel 
From.. ..... _ ." .. " .. _." .. "." ... _ ..... leet to .. _"" ____ ...... _,, ...... .£eet 

9. WATER LEVEL 

Static water levcL1ID.!mQW!L_Fcct below land surfacc ... " .. " .... _ 
Flow ........... __ .""" .. _. _ _ • __ ."G.P.M_. ___ ...................... " ... " 
Water temperatllre-__ ••• F. Quality __ ._._" .. _ .. __ ..... " .. _ 

10. DRILLERS CERTIFICATION 

This well was drilled uader my supervisioa aad the report ~ true to 
the best of my 1c.nowled&e. 

Name. ...... "J.Q.~."".aQlP..~n ._ .... " ........ " ............. . 
P. O. Box 10566 

Addres3 ..... .RfimO ..... N.~y.~d..~U395.lQ __ " .. " ...... " .......... " .. _ ....... 

·N~ada coatractoC's Iiccase aUmbcr,,_ .. ~b.. .. &_ .... ,,_.,, __ 
Nevada driller's IiCCllle numbcr.J62. ___ " ... _ ... " ............. _ .. _ 

$--f1::jJ~----
Date ..... ~" .. ./.J;-..... I-~ ... 78.. ... " .................. -



:. .f. ' . : .. :. 

CIt'",n: (·.,r o:-.'LY (:A ... .. \I(~.- -:.( i II..~ ... J ·· · I :w\· 
I'l:-K-'\I:LI. 1l1l1l.l.fWS COI'Y DIYISION OF WATER r.::50URCES 

LoS NO .... 2:.-?.7p. .. ~Z; ............ . 
Permit No.4f/L.:z. .................... . 
na~in ........... .......... ....... ... ............ ...... .. . Cox 1-1 WELL DRILLERS REPORT 

Please comrie Ie this Conn In lI.s eotirely 

I. O\\'NER ........ ~.~.~~.~.~J?~ .... ~~.~.!!?}.~~~ ... ~!?~.?~.~Y. .......................... ADDRESS ....... r. .. ~ ... 9..~ ... ~!?~ ... ?~.?~ ........................................... ; .. , ........... .. 
Reno I Nevada 89513 ' .. ' . 

.................. ~ ••• • • • ••••••• ••••• •••••••••• _ •••••••••••••• _ ... ................................. . ... ___ ••••••••••• u •••• • _ . . ....... u ........................................ _ •• _ ............ _ ........... . .... . ..... . ... : ..... 4 ••• • • •• ~ .... . . . 

.................................................................................................. 1· .............. ·· ........ · .... · .... · .. ·· ........ · ........ · .......... _· .. · .. · .. · ............................................................ , ..... . 
2. LOCA TION .. ~.~ ............. ~ .. ~~~ ............. 'A Sec .......... }., ...... ! ......... ~.?~ ............. :Nf5- R..?9 ........... E. ...... y~~.~.?~ ....................................... ~CoJ;,I\. 
PERMIT NO .............................................................................................. ....................... : .. ..................................................................................... :.,..-~,,:i ...... . 
3. 

6. 

New ''lcll 

Dcepen 

TYPE OF WORK 

rn Recondition 0 
o Other 0 

LITHOLOGIC LOG 

4. 

Domestic 0 
Municipal 0 

Walcr 
Stnu FrC'm To 

y~lc~n~i~c~s~ ______ -+ __ -+_~O~r-~4~8~ __ ~1 
$i1iccous sinter 4R 83 
~~0mp.osed-S~r~aun~i~t~~ __ -+ __ -+_R~!3L-~1~1~1~8~r-____ ll 
Gr9niit=e ______________ +-__ ~-L~1.8~1-~50)8~.~--~ 
Qu.a)'.J.J,i t~ 508 6..BlJ_--i 
~i~ __________ +_--~6~,8~3.~~~.0u-llr---~, 

I 

I 
1'/ 

:r.· , , , .' 

.... 

PROPOSED USE 

Irription 0 
Industrial m 

Tesl 

Stock 
Xl 
o 

S. TYPE WELL 

Cable 0 
Other 0 

Rotary XJ 

8. WELL CONSTRUcrlON 

Diameter bole ..... § .. JI..L .. _.inches Tolal dcplb ... JA.?.L ...... .ieet 

Ca., inc record ......................................................................................... .. 

\Veight per !ooL ......................................... _ ....... Tbickness .. _ ................. . 

Diameter From To 

.................. }Q ........ .inches .............. ,Q ......... fcct ............ .. ~.? ...... fcot 

............... _).9 ........ .iaches ............ ~.~ ......... feel ........... }~A .... .fc..:1 

... ....... 13. .. .31.8 ...... inehes ......... .361 ........ .fC<!! ........ 1 .7.6.5. ..... fc~1 

............................... .iacbes .......................... Ccel ......................... fcct 

................................ inches ................... _ .... .feet ............... _ ........ fec : 

............... _ ............... inches ....... _ .... _ ...... _.!ect ......................... fect 

Surface seal: Ye.~ II No 0 Type .. c.eIr.c.nt ......... _ ................ .. 

Depth o! seal ... 17..6.5 .............................. _ ........................ .... ........... .Ie,·, 

Gro.nl packed: Yes 0 No XJ 
Gravcl l'~cked !rom ................................ Ceet to .............................. .f~! 

Pcrforatioll~: 

T)'pe perforatioll. ..... none .......... _ ................................................... . 
Siz.c pcrforalion_ ... __ .. _ ... _ ........ _ .............................................. .. 

From ........................................... .feet lo ........................... ................ .fc~t 

From ............................. _ .......... .feet IO ....... _ ................................... Cect 

From ........................................... .fect lo ...... _ .................................. fC(!t 

From ............................ _ ............ .fcct lo ....... _ ......... _ ....................... fed . . ' .. ~ . 
-----;-.,...-7......:.:......---......,1---.,---+---;-- - From. ...... _ .................................. .fcct to ........... _ ......... _ ................... fect 

9. WATER LEVEL 

Stalic water leveL .. ~.QQ~_ ....... Feel below land surfacc ............... _ 

Flow .... J,l.!J.\;.::l9.~m .......................... G.P.M .... __ ................................. _ .. 

Waler temperature ... hO.t ...... F. Qualily .. m~9J.\.!m ..... _ ..... _ ............ _ 

10. DRILLERS CERTIFICATION 
D~le slarted .. ................................................ Apl:il ... 1 .................... 1!81 ..... . 
D .. le c .. ml'l~led ........................................... Jlay. .. .7. .......... : ... _ ......... 19 .. 81 .. . 

This well w~ drilled under my slIl'Crvi.ion and the report is tnle :0 
the best oC mI' knowledge. .. 

7. N/A WELL TEST DATA Sheldon Hopkins 
Name ........... _ ..................... _. ___ ... _ .. _____ .... _ .......................... __ 

==~=== 
Or:l'" 00""(1 I After HOUri Pum., G.r .M. P. O. Box 6256 

Addrcss .......... Rc.no ..... NcY.a.da ... 8.9.5.1.3._ ...... _._ .............. _ ........... . 

Nevada contractor's license numbcr ... _____ .................... _ .... _ ....... _ : 

Nevada driller's license numbcr ... _.~.~_~~~_ .... _ ....................... _ ..... . 
_ .. __ ·==============:::::i:=======jl 

DAILER TEST 

(i.l·.M............... .............................. Draw uown ........... .feet ............ holll'S 

G.I'.M. ...... ........ ....... ................. .. ... Draw duwn ........... .feel ............ holll'S 

Sisned·4-·:::.~ .. ::·:· .. ·:;.J.;~::::;··~:·:' .. ~: .. ·::··;· .. _·· .. ··_-"."."-
Hay 7 I 1981 

Date ....... _ ............................ _._ .... _ .... ____ ............................................ . 

(i .I· .M....... ..... . ..... ............... ... ... .... . Draw dClwn ............ !r~1 .......... .. hClllrs 

eM 



WHITE-DIVISION OF WATER RESOURCE.! 
CANARY-CLlENT'S COpy 
PrNK-WELL DRILLER'S COPY 

STATE OF NEVADA 

DIVISION OF WATER RESOURCES 
OFFICE USE ONLY 

Log No ...... ~.l .. 7..~~ ................. .. 
Permit No ............................................. . 

Steamboat No. 1 WELL DRILLERS REPORT Basin. .................................................... . 
PI_ complet. Ihls form ID UI eatirelJ' 

I. OWNER. ...... ~.~~.~.~~?~ ... ~.~.~:.?.~=~~ ... ~.~~P.~~! ........................... ADDRESS ..... ?: .... ?.: .... ~~.~ ... ~.~.?..~ .............................................................. . 
...................................................................................................................................................... !-3:~P:9., .... ~~y.~~:!.~ ... ~.??).} .................................................... . 

2. LOCATION ........... .NtL~ ........... .NW ... ~ Sec ... .5 ............... T.l7. ....................... NAS R. ...... 2Q .... E .................................... Yashae. ............. County 
PERMIT NO ..... .3r..9~J. ............................................................................................................................................................................................................... . 

J. TYPE OF WORK 
New Well [X Recondition 0 
Deepen 0 Other 0 

6. LITHOLOGIC LOG 

Material Waler I 
Strata From 

Scoria o 
No returns 70 
R;:o,::;:olr 160 
No r~l:llTn!'l 165 
~inp-o~~in~~ mp~~~p~;m~~~q 110 

r.r;:onnrli nri r~ Q"" 
~i"~_a~~;ng~ m~r~sP~imp~~Q 

tori I"h o,."nn,H n,.i r .. 117QO 

r.."'!!lnn,.l;n,..ira. 12Q10 
Nn -rP~l1"""Q 1101" 

4. 

Domeslic: 0 
Municipal 0 

To 

70 
160 
16" 
110 
955 

17QO 

?Q10 

101" 
10"0 

Thick· 
ness 

Date started. ...................................................... _ . .;[l:!n-.~ ... 2 ............... 19.1.9. ..• 
Date completed ............................................. _ .... .Jul.)i ... l.A ............ 19 .. ll_ 

7. WELL TESt' DATA 

PwnpRPM G.P.M. I Draw Down After HoUR PlIIDI' 

u n 

'.' t ' . ..-
"T 

BAlLER TESt' 

G.P.M ......... ~.:.p..:........................... Draw down ............ !eet ... _ ...... houra 
G.P.M....................... ...................... Draw down ............ feet ............ hours 
G.P.M............................................. Draw down ............ feet ............ hours 
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PROPOSED USE 5. TYPE WELL 
irrigation 0 

Industrial ~ 

Test 
Stock 

o 
o 

Cable 0 
Other 0 

8. WELL CONSTRUCTION 

Rotary KI 

Diameter hole ..... +.f.~ .............. inches Total depth ..... J.Q.?9. ...... .fcet 
Casing record ..... O.~~2.9.7..~ .............................. __ ............................... . 
Weight per fOOL ....................... _ ....................... Thickness .. _ ................ . 

DI_r Prom To 

. .3Q ......................... inches ......... O .... _ ........ [eel ... _ ....... 2.0 ....... feell 

.2Q ......................... inches ... _ ... O ........ __ .feet .......... .311 .. _ .. feel 

. .l.3 ... 3Ja .............. inches ......... O ... __ ... .!eet ........ 129.1 ....... feet 

................................ inches •..... _ ..... __ .... feet .. _ .. _ .... _ ........ fcel 

....................... _ ...... inches ... _ ...... _._.[eel ... __ ............... feet 

................................ inches ....... _ ... _ .... _.[eel ......................... feel 
Surface seal: Yes ao No 0 Type .... Ce!lleltt. ....................... . 
Depth of seaL .. l.l9.7 .. ...:... ................ _ ................... _ ........................ feet 
Gravel packed: Yes 0 No I!O " 
Gravel packed from.._ .......... _ ....... _.feet to ............................... feet 

Perforations: 

Type perforation. .. ~.9.n~._ ..... _ .. __ ._ .. _._ ................. _._ .. _~ 
Size perforatiOD.-.. __ .. _ .. __ . ..:...._ ........................ _ .... .. 

From. .............................. _ ......... .!eet to. ......... _ ............................ ...feel 
From ............... _ ............ _ ... _ ... .!eet to. ... ...:..::.. __ ... __ ........ .!eel 

FroDL. ............ _ .... _ .................. .!eet tD.-._.""._ .... __ ':' ....... _.!ecl 
From.. ......... _._._ ........ _ ..... feet to_ ... ___ ._ .. _._._ ..... fcet 

From. .................. _ ..................... .!eet to_ ......... _._ .. _ ................. feet 

9. WATER LEVEL 

Stalic water leveJ. .... P..Z!L. .. _ ...... Feet below IlUId surface ............. .. 
Flow.N .•. D ...... _ ............. _ .... __ ... G.P.M .... _ ..... __ ...................... _.> 
Waler temperature.JI9J; .. _.· F. Quality--I1QQ.t ...... _ .... ': ... _ 

10. DRII.l.ERS CERTIFICATION 

This well was drilled under my supervision and the report is true 10 
the best o! my knowledae. 

Namo. ... _. ___ .. Al. .. C,gl;l.b... .. .................. _ ••.•.•. 
P. O. Box 6256 

Addresa.. ...... _ ......... ..R.eno ..... tie.v.a.da_S9.5.l3 ............................ .. 

~ contractor's licclIJe number .. ____ ....... ___ . __ ._ 

Nevada/I)]} )i~ number ___ .9.QJ __ ........................... _ 

Signcdf.~~~ .. ~ .. __ .. 

Date ....... .I~~ .. .l.8 ..... ~9.1.9. ..... _ .... _ ... _ ..................................... _ 



.. ' '';: : ~ .. -._.. . .. 
- . . :."" ...... : .. .... < • ..;; . ..:.. . .. . :. ~ . . ~ .. .. ~. 

WHITE-DIVISIO!'/ OF WATER RESOURCES 
CANARY-CLIENT5 COPY 
rINK-WELL I>RILLER'S COPY 

STATE OF NEVADA 

DIVISION OF WATER 'RESOURCES 
OFl1lCE USE ONLY 

Log No ..... k.1.:1 .. ~ .. f!:!. ................. . 
Permit No ........................................... . 

Strat e WELL DRILLERS REPORT Basin. ........................................ .......... . 
Please complete this form in Its entirety 

I. OWNER ....... ~~.~~.~.~P.~ ... ~~.;!~.~.~~~ ... ~~.~.~~.~Y. ........................... ADDRESS ......... "?:.g.: .... l?.9~ ... §.?~.§ ....................................................... .. 
......................................................................................................................................................... ~~~9..! ... ~~.y.?9-.~ .... ???.J} ...................................... .... . 

2. LOCATION .... S.W ........... ~ ....... N.E ........ v.. Sec ...... .5 ............ T .... l.I .................... NIS R ... .. 20 ....... E .. H.asb.oe ................................................ County 
PERMIT NO ............................. ..................... ........................................................................................... ................................... ................................................. . 

3. TYPE OF WORK 

New Well 0 Recondition 0 
Deepen 0 Other HI 

6. LITHOLOGIC LOG 

Mau:rial Water From Strata 

Silt sand and clay 0 
Sinter 5 
Gravel sand and silt 25 
Siltite and very fine- 60 
~rained ~uartzite 

4. 

Domestic 0 
Municipal 0 

To ! Thick· 
1 ncOS 

5 'i 
25 20 
1i0 1'1 

lhQ() h 1() 

Date started ............................................................ ~.~~~.~.:y. .... ? ..... 19.~~ ... . 
Date completed ..................................................... X.~~.E.~.~.:Y. .... ! .. 19.~~ ... . 

7. WELL TEST DATA 

Pump RPM G.P .M. I Draw Do,", I Allet HoUR Pump 

.. 
BAILER TEST 

G.P.M............................................. Draw down .......... . .feet ........... .houn 

G.P.M... .......................................... Draw down ........... .feet ............ hours 

G.P.M............................................. Draw down ............ feet .. .......... hours 
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PROPOSED USE 

Irrigation 0 
Industrial 0 

5. TYPE WELL 

Test 

Stock 
6i 
o 

Cable 0 
Other 0 

8. WELL CONSTRUCTION 

Rotary Iil 

Diameter hole .... ~~ ................. inches Total depth. ..... ~~.?.Q ........ feet 

Casing record .... 9.::3Qo ... an.d. .. O.~19.6.7. .•. 9.H ............ _ ...................... . 
Weight per fooL.h.Q ... 1R.! .... 9-.n.9. ... §.! .. .? ... JJ?..'.Thickoess .. _ .............. .. 

Dlarne .. r From To 

.............. .? ............... inches ........... ~ ........ _ . .feel ... 21.9. .•. !iO ...... feet 

............. 2 ... 7./..8. ..... incbes .......... a ......... _ .feet 19.6.7. .•. 9.!t ...... feet 

................................ incbes ..................... _ .feet ......................... feet 

................................ inches ... _ _ ................. feet ......................... feet 

................................ inches ... _._ ..... _ ........ feet ... _ ................. feet 

................................ inches .......................... feet ......................... feet 

Surface seal: Yes Xl No 0 Type ... e-ement ........................ . 
Depth of seal...21.9.~u.O .................................................................. feet 

Gravel packed: Yes 0 No cg 
Gravel packed from. .......................... _ . .feet to ............................... feet 

Perforations: 
. slots Type perforation ........................................................................... _ 

Size perforatioa ... !1; .. I.~ . .. iIl. .. 2. ... ]./.ij.'.~ ... tub.ing ...................... .. 
From. ... J.9..Q~., .§l ..................... feet to ..... 1.~§.?.: .. ~.~ .................... feet 

From. ........................................... feet to ............................................ feet 

From. .................................. _ .... .feet to ........................................... .feet 

From.. ................................ : ......... feet to ....... _ ................................. feet 
From. ......... _ ................ _ ............ feet to ............................................ feet 

9. WATER LEVEL 

Slatic water level... ..... ~{'e ............. Feet below land surface ............... . 
F1ow .............. _ ......................... _ ... G.P.M .... _ .................... : ................ . 

Water temperature .. ~~~ .... P. QuaIity_ ................................. _. 

10. DRILLERS CERTIFICATION 

This well was drilled UDder my supervision and the report is true to 
the best of my knowledse. 

Namo ............... ~: .... t..: .... !1!;.c.g.~f:.!L ... ___ ................................ . 
P.O. Box 6256 

Address ............ R~p..Q ..... .N~y.~.g~ ... ?2:?J.1_ .... ~ ............................. .. 

Nevada contractor's Iic:enso numbcr .. ___ ................. _ ............ _ 

Nevada driller's lic:enso numbcr ... _QJ .. .l:.~:?_ ................................. _ 

Si8lled..~.).':!!. .. -:J21.. ~ ._~t!.f. ... _._ ................ .. 
Date .... ~:I.. ...... !tI-... L?. .. f..l!. ............................................. . 



WHITE-DIVISION OF WATER RESOURCES 
CANARY-CUENT'S COpy 
PINK-WELL DRILLER'S COpy 

STATE OF NEVADA 

DIVISION OF WATER RESOURCES 
OFl'lCl: USE ONLY 

Log No ....... ~.L1J. .. k:._ ................ _ 
Permit No •.............................................. 

Strat 7 WELL DRILLERS REPORT Basin ......................................... ............. . 
Please complete this form In Its entirety 

I. OWNER ....... ~~~.~.~!p..~ ... ~.~.~!.2.1~.~~ ... g.2~P.~~Y.. ........................... ADDRESS ...... ~.:.g.:._~.~~ ... ~.?~.~ ................................................................... . 
............................................................... _ ................................................................ _ ................... ~~~9.!. ... ~~!:.y..~~.~ .... ~.~.?.~3 ..................................................... . 

, ~:····Z~·~~~i~~::::::~~:::::::::~:::::::~::::::::·~:···~~ ... ·.· ...... L.·.· ......... · ....... ~:::::E:::~:::: :::::::::~;···;~:::::i.Q::·.::·.:·~:::::::::::::::i:i;.§h;;:~::::::~:::::::::::::::::::::::::::C~~~~···· 
PERMIT NO ......... .... ....................................................•..•............................. - ................................................................................................................................ . 

3. TYPE OF WORK 

New Well 0 Recondition 0 
Deepen 0 Other l!O 

6. LITHOLOGIC LOG 

Materiat 

Sand and tan silt 
Gravel, sand and tan si]t 
Tan clay 
Brownish ~~ clay 
Gray clay 
Sand and a little grave 

and silt 
Pink to medium gray 

Water 
Strata From 

o 
35 
55 

100 
160 

190 

4. 

Domestic 0 
Municipal 0 

To ! TItick· 
ness 

35 
55 

100 
160 
190 

215 

rhyolite I 215 I 1360 
Sand and brown to brown· sh 

gray silt 1360 1460 
Sand and I!:rav silt and ( lay 1460 1490 
sand and browni:;h-grav s lt 1490 1550 
Dark I!:rav siltite and VE rv 

fine grained auartzite 1550Ti63Q 
No returns 1163011660 

Date started .....•....................................•. !.~~.~.:!. ... ~.~._ ...... __ .. _. 19.~._. 
Date completed ......•.................•.......... __ "f.gJ;U:~gU:1'_l9 .. _. __ ...• 19.§.Q ••.• 

7. WELL TEST DATA 

Pump RPM G.P.M. Draw Down Altor Houn P~ 

8. 

PROPOSED USE 

Irrigation 0 
Industrial 0 

Test 

Stock 
I2l 
o 

5. TYPE WELL 

Cable 0 
Other 0 

Rotary ro 

WELL CONSTRUcrION 

Diameter hole ...... R.~ ............. .inches Total depth..J§.R.Q ........... feet 

Casing record ..... 1.~~ ... an.d ... 2 ... ZI.9 ......... _ ...... _ ... _ ...... _ ......................... . 
Weight per foot. ... 2.Q ••• lb ...... and_.6 ... 5._ ....... Thickness .. _ .................. . 

DlamolCr From To 

............. ? ................. inches ... _ •. _ .. _.9 ..... _ . .feet ._ ....... .2.9.9 .. _ ... feetl 

............ 2. ... 1./.3. ...... inches ..• _ .. _ .. _.Q._.feet ... _ ... 1.5QQ._ .. .feet 

.............................•.. inches ...•.. __ .••• __ •• .feet .....•........• _ ... _ ... feet 

................................ inches _ .. _._ .........•••. _.feet ... _ ....•......•••...... feet 

..............•........ _ ...... inches ..• __ ... __ •• __ .feet ... _. __ ......•.. _ ... feet 

....... _ ...... _ .......... ..,_.inches .. _. __ ...• _ •. __ .feet .. _ •.•.•........•. _ ... feet 

Surface seal: Yes Kl No 0 Type. ...• J:gm~.n.L ... _ .................. . 
Depth of seaL.JQO ... £e.e.t ....... _._ .......... _ ..... _ .. _ .. _ ..................... feel 

Gravel packed: Yes 0 No JD 
G ravel packed from .....•......... _ ... _._ .• _ .. feet to ...••.......................... feet 

Perforations: 

Type perforation. .. _.~1!?~.~.~.9 .... _ ..... _ ..... _ ............ : ....... _ .......... _ .. . 
Size perforatioD_ ..... .l2.~!_.X. . .k ...... (l.6.. .. ea). ................................ . 

From.14J{) ............................•.... feet 1O .. 1,500 .. _._ .. _ ................... feet 

From .........••......•....•..... _._._ ..•.... teet 1O .•..•. _ ..•....•...•..............•........ feet 

From ....................... _ .. _ .•.••........ .feet 1O. ••• __ •• _ •.••• _ •• _ ••••..••••••••.••• feet 
From. •..... _ ....•................• __ ...... fcct to_ .••.. __ •. _ .. _ .. __ ................. feet 

From ......... __ ........•. _ .. _ .............. .feet 1O .. _ .•• _ .• _. ___ ._ ................... fcct 

9. WATER LEVEL 

Static water level. .•.... _._._ •• _._ •... Feet below land surfacc ....... _ ..•.• _ .••. 
F1ow ... _ .. _ .. ___ .• _ •. _._. ___ G.P.M .... _ •.• _._._ ..............• _ ..... _ .. _ .. . 

Water temperature __ .• ___ •• P. Quality __ ._._._. __ ... _._ .... _ ... . 

10. DRILLERS CERTIFICATION 

This well was drilled UDder my supervi3ion and the report is truo to 
the best ot my knowledge. 

Name. G. L. McComack 
······-·p·:····O·~-·B·ox··625·6 .-... -....... --........ -.... . 

Addn:sa ....... ~~~.~.1_ .• ~~.Y.~~~.J!2~_~} ___ .... _ ................. _ ........... _. 

. ... w' Nevada contractor'. 1ICC11111 number _____ .•.... _. ___ .•.. _._. __ .• 

Nevada driller's license number 01135 ... __ ._. __ . __ ... _ ........................ _._ .. 
BAllER TEST SilDed..J.j .• :1 .... 7l.2..!:._.~d.!£.~ __ ... _. _____ . ___ _ 

G.P.M............................................. Draw down ............ feet ... _ •• _ .. .houn 

G.P.M............................................. Draw down ............ feet ....•....... houn Date ......................• _ .... _ .•...• ____ • __ .•... __ .. _._ •......... _ .......... _ .. . 
G.P.M .....•.... :.................................. Draw down ............ feet ............ hours 
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:: • • .• : .. .. - - .... ~ . : : • • : p ' . 

. ' ~: p . t .::' . . . . . ... '" _._p' ' :' ~ " __ . ..:... . • ~ : _ ._ • ••..• . 

WtflTE-DIVISION OF WATER RESOURCES 
CANARY-CLlENr!l COPY 
PINK-WELL DRILLER'S COPY 

STATE OF NEVADA 

DMSION OF WATER RESOURCES 
orna: un om y 

Log No ........ ~L..7.'":l..I... ................ .. 
Permit No .......................................... .. 

Strat a WELL DRaLERS REPORT Basin .................................................... . 
Please complete this form La lis entirely 

I. OWNER .... ~.~.~.~~.~p.~ .... ~~.~.~9.~.~~~ ... ~9.~.?~~.y. .............................. ADDRESS .. X: .... 9..:_.~~.~ ... ~.~.?~ ............................................................... .. 
.................................................................................................................................................... ~!::~?L)~.~~~.~~ ... ~~:?.~.~ ..................................................... . 

2. LOCATION ...... .$.\r ....... v.. ....... N.~ ........ v.. Sec ....... ~ ............ T .................. 1Z ..... ,.l:L!i R. .... 2Q ...... E~ ... .tv.ash.ce.. ............................................ CounlY 
PERMIT NO ................................................................................................................. :::: .......................... , .................................................................................. . 

J. TYPE OF WORK 
New Well 0 Recondition 0 
Deepen 0 Other en 

6. LITHOLOGIC LOG 

Ma'erlal I Water From 
I su3'ta 

Gravel sand and silt 0 
Tuff breccia 10 
No_ returns 100 
Gravel sand and silt 200 
Siltite and verv fine-

~rained auartzite 350 

4. 

Domestic 0 
Municipal 0 

To TIUck· 
n<so 

10 
100 
200 
350 

1940 

January 24 SO Date started ......................................... _._ .......... _ .. _. __ .......... 19. __ ... .. 

Date completcd ....................... _ .......... _~!.!;l!..J_._._ ........ 19 __ ?'Q., 

7. WELL TEST DATA 

PwnpRPM G.P.M. DrawDowu At .. rHoun~ 

' . , . 
14 • . .J ; . 

PROPOSED USE 
Irrigation 0 
Industrial 0 

S. TYPE WELL 
Test 
Stock 

13 
o 

Cable 0 
Other 0 

8. WELL CONSTRUCTION 

Rotary en 

Diame~r hole .... §~ ................ .inches Total deptll. ..... ~.?~.~ ........ fcct 
Casing record. ... 7..'.~ .. .and .. 2 ... 1./.8!.~ ................... _ ...... _ .... _ ............ _ .. . 
Weight per fOOl. ...... Z.Q ... lb ... a.n.d._9 .... 5.... ..... Thickncss .. _ ................ . 

Diameter From To .............. t: ............. inches ............... 9. ... _.feet ... _ ...... ~.~.~ ..... fcct 
.............. ?..7.!..?. ..... inches .. _ .......... 9 __ .feet ... __ .. J:~.?.~ ...... feet 
................................ inches . __ .. _ ............ _leet ......................... feet 
............................. _inches ....... _ ..... _ .. _ .... feet ._ ....................... feet 
....................... _ ..... inches ... __ ............. _ .. feet .... __ ................ fcct 
....... _ ....................... inches ....................... _.feet ... _ .................... feet 
Surface seal: Yes Xl No 0 Type ......... cement ................... . 
Depth ot scaLJJ.t ..... _ ............. _ ......................... _ ........................ feet 
Gravel packed: Yes 0 No i:I 
Gravel packed from. ........ ~I.:~ .......... _ .. fcct to ...... !y~ ................. fcct 

Perforations: 

Type perforatiOD. ...... ~.~~~.~~.~ .................................................... _ 

Size i~~.ti5l" ...... E:: .. ~.-~L.~9i§-:.5t~.~~.~ ................. .. 
From. .............................. _ .......... tcct lO ...................... _ .................. .fcct 
From.. ..... P..?! .. · .. ~9 ......... _._.1cct lO .. .!.?9.~.~.!!?. ..................... lcct 
From. ...... !.?9.~.: .. ~1.. ....... _ ...... .fcct to .. .!.?9.~ .. ~?.. __ .............. fcct 
From. .............................. _ .......... feet lO_ ...... _. __ .............. _ ..... fcct 
From. ...... __ .......... _ ........... _ ... .fcct lO ....... _ ..... __ ._ .................. fcct 

9. WATER LEVEL 

Static wa~r leveL_ .. __ .... __ ... Fcct below land surface .......... _ .. _ 
Flow._._ ..... ___ . __ .. __ ._O.P.M .. _ .... _ .................................. _ 
Wa~r ~mpera!Ure..-__ • F. QualilY ___ .. __ .... _._· _"_ 

10. DRILLERS CERTIFICATION 

This well was drilled under .my supervision and the report is true to 
the best of my kaowledp. 

Name ....... _ .... _q: .... !!: .. ):~£~~~.£.k ____ ... _ .... _ .... _ .. _ .. _._ ...... 
P.O. Box 6256 

Addresa. ........... ~~!.1 .. '?.!_~~Y..l!~~!513 _._ ..... _ ............. _ ... _ 

Nevada contrac:tor. licenIe number ____ ... ___ ..... __ _ 

-----t-----t----+-------'''ji ~,j •• 01135 Nevada driller's hccnae number .. _ .. ______ .. _ .. _ .. _ .... __ .. _ 

BAlLER TEST Slgned....J.;) ... :~,,_~:....~Hi. ___ .... _. __ ..... _ 
G.P.M ........ _._.............................. Draw down ........... lect ... _ • .h01U'l 
G.P.M ........ _............. ...................... Draw down. ........... fcet ... __ • .houn D.te. .............. _ ................ ____ .. __ .... _ .... _ .... _ ........ _ .... _ 
G.P.M............................................. Draw down ............ fcct ........... .houn 

.-
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O:·i. 1~c. , H. V . H, .. I \ ; ' ! . , . \ , • • , 

1'1:"- ~;-\\ l :1.L J)fUI.1.1- H'S cor,' DIVJSJQ;'; OF W ..... TER Illi.SOURCES 
Log No ......•.......•................ ......•............ 

Permit No .......................... : ............... .. . 

Ba~in ........................................... ......... . WELL DRILLERS REl'ORT 
Strat 13 rlcuse complete this (orm In Its rntirdy . 

.., 

I . OWNER ......... P.hi.J..J.j.p..? ... p.g.t.r.QJ.g.\.!m ... ~.9.[!1P..~fI:t. ......................... ADDRESS .. P .. ,.Q., .... ~.9.!LQ2.~§. , ... .Rg.D.Q." .. H~y.Q.9. .~: .. $9~U .............. . . · ..................................... u_ .... ._ ___ u_ .. _ .. _ ...... __ ................................... _ ................ _ .. _ .................. _ ...... _ ...... _._ ....... _ ............................................ _ ............. _ .... . 

2. LOCA TION .. .sW ............ ~ .. .N.W •.••.••..... ~ Sec ... S ................ T •..... .ll. .................. NK'J< R.2D .......... E..-.... ~la.sh02 ................ _ ...... , ...... ~·~ ...... Cour.ty 

I'ERr-1IT NO ........................... ~ ............................................................................. ..... ...................................... _ •.•........................................................ ................. 

3. TI'PE OF WORK 
New Well 0 Rccondition 0 
Deepen 0 Other Xl 

6. LITHOLOGIC LOG 

4. 

Domestic: 0 
Municipal 0 

",hlenDI "'atet 
SU31 ., 

From 1 To Thick. n= 

~~:=~~d I I'; Ill~~ I I 
..lIoJca.111 c rock.. __ ---+. --t-o --+. ---+-. --1·1 

,J 
I 11 ''1; V-

I/ .. '/~r 
.. I j . 

,': ' ' , ' , - ' .. 

. ~ . \ . "" .. 

n"te ~\"rted ............... ............................ !\.U9.U.s.:t ... 8 ....................... ~ 19 .. 81. .. 
D:. le: culllplelc:d .......... ........................... Scp,t.emb.er. ... 1.Z ............. , 19 •• 81... 

WELL TEST DATA 

==-=~--7. ;~/ A Ilr.,.. no~-n I 
PumpRJ'M G.r .M . Ahrr JI('Iun Pump 

: . ' , HAllER TF.sr 

(i . .. . M. iUA. ........................ _ .. :.... Praw dnwn ............ fcc\ 

G.1·.M ... ........... ; .. ~ ................... : ..... :.· Draw down ........... .fccl 

... _ ....... hollrs 

........... .hours 

(j.I' . ~t.. .......................................... Draw d,"'·n .. .. ....... .! .. ·\ ............ hollrJ 
=-~= 
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s. 

PROPOSED USE 

IrriGalion 0 
Industrial 0 

Test 

Sloek 

(] 

o 

5. TI' PE WELL 

Cable 0 
Olher 0 

ROlary lJ 

WELL CONSTRUCTION 

Diamel.:r holc .. 6k ................ .inches Tolal dcplh ... .J1.6.7 ......... feel 

C;"ing record ... 204.! .. _ .. I!! ... steel .. .cas.i+lg ............. .................. .. 
Weichl per !oot..20.::Z3i ................................. Thickness ............ ......... . 

Di.",..~r Frrom To 

............... .l. ............. incbes .......... Q ............. .fcct .......... .2Q~ ..... .fccl 

............................... .inches ............... _ .. _ _ .!ecl .................... _ ... fccl 

............................... .inches ... _ ............ _ .... locl .................... _ ... fecl 

... ............................ .incbes .......................... !cct ........................ . feel 

.... ............................ inches ......................... .!ecl ....................... . .fecl 

............... _ .............. incbes ......................... .!ect ........................ .fc:cl 

Surface seal: Yes ~ No 0 Type ..... C.er.Je.nt ........................ .. 
Depth of seaI ...................................... .. ......... ..... _ ............. .... ......... .. . feel 

Gr:1\'cl packcd: Yes 0 No!J 

Gravel pacted from ...................... ........ .fccl lo ............................... fccl 

Perl oral ions: 

Type perforalioD ...... .I).9.D.~ ....................... : ....................................... . 
Siz.c perloralioD ... _." ...... _ .. _ ................. " : ..................... ............ ....... . 

From ........................................... .feel to .. ......... ..... _ ............... ........... fcel 

From ...... _ ...... _ ............ _ . _ _ .... fecl lo ......................................... ... feel 

From ....................... " ...... _._ ....... fee:1 to ............. , .............................. fcct 

From ............................. __ ....... fcel lo ....... _._. _ _ ....................... !~t 

From. ...... _ ................... _ ........... lcel 10 ....... _ ._ ..... _ ...................... fl:1:l 

9. WATER LEVEL 

SIalic WilIer Jevel... .... j.5.Q._ ...... Fcel below land surlace ................. .. 

F1ow ... " ..... _ ......... n9.rI~._ ......... G.P.M. __ ................. .................... _ 

Water lemperalure ...... b.o.t. .• F. Qu:dily ..... s.~]j.ne ..... _ .................. .. 

10. DRlllERS CERTlACATION 

This well was drilled under my super\"ision and the report is Inle 10 
the be.t of m)' knowled~e. 

Les Wovtek 
Name ...... _ ..... " ......... .:'. ..... _._ ......... _ .... __ .................................... .. 

4·662 tl.aynard Way 
Address. ....... Sp.~.r.~~ ....... Ne.y.~ft~ .... $.9.~.3.J ................................ _ ....... _ 

Nc\"ad:a conlr:aclor's license numhcr ...... ____ ....... _ .... ..................... .. 

Nc\"ad:a ~riller~ Jicen!>C n~mber ... QJ.PJK2.. ._._ ..... " ........................ .. 
, j I I ~ . 

Si~ncd... . .~d2.a .... /A,.Lt.7!.( ' ... _ ...................... _ ...... _ ...... . 

Du\e ............. 9.. .. :: ... /.7...: .. ~f.L .. _ ............................................ . 



· " " ~~P- - . ~ ' ...- ... .. ...... ..... . . ' •.. .. ... , _ . . 

(Hi'lL! : l;~E U~L\, <"'': •. ' '-.! iY- ·:'J : 1 ' , • . ,_{W~' 

rr:-;K-WI .I.L 1>llIl.U:U'S CO/,Y DJV%lO~ OF WATER RESOURCES 
Loe No ...... 2.3 .. 4.,3..2 ............ · ...... · 
Permit No .......................................... . 
lIasin ..................... .......... _ .................. . Strat 14 

WELL DRILLERS REPORT 
Please cOlbplde thi~ form In It.s entirelY 

," .... , 
0' 

I. OWNER ...... f.!.l.n..1.tp..~ .... p..~tr.Q.1.!;.~!:L~.9.mp..~!.l.Y .................... _ ....... ADDRESS ....... P....Q ..... .BJ,X .. 6.2.S6.._ ............................... · .... ..::::.:..E ....... __ . 
................................... _ .......................... _ .. _ ................... : ............................................................ Be.11Q ...... lU!y.ada ... 89.5.1.3 ..................... _·.::: ...... / ............ .. 

l' 

~: .. ··~;-~~~~~;;:::::::~;n:::::::~~::::::~:~C:::~ .... ~~ ... ji.· ..... ·.·.·.· ... ·.·.·.·.-;.:=:I·:;:::::::::::::::::::~;~··~:·2(i·.·.:::·.::::·;:iia .. .s:i1D:~:~::::::~::~:::=:::::::::;;:;:~~::::::::::~~~~;~ . 
PERMIT NO ........................................ _ ....................................................................... - ... : ...................................... _ ................................................................. . 

3. 

6. 

TYPE OF WORK 

New Well 0 Recondilion 0 
Dccpen 0 Other !Xl 

LITHOLOGIC LOG 

4. 

Dom:slic 0 
Municip:l1 0 

""aler I I I Sa4l11 From To 

GI·ave~~~n~d~s~j~lt~_-r ____ ~~O~I __ r.u~Jn~~! ____ ~ 
Granot/iorite Ell il<;]? I 

I 

-.------.~-~----++---,---f-----I 
~ /'. /." 

I r l (.' 
I - i-

." I. .. ,'. --

'. , 
. '.' 

Dill!! slartcd ............................................ s.e.ptember ... .l8 ............. 1981 ... .. 

D:,It! cllmplctcd ................... ~ .................. Qc.t.ohe.r. ... 2.5 ....... _ .......... 1981 .... . 

7. WELL TEST DATA iVA 
--·~~=7========~============~1 

""nor RI'M G.P.M. I Drlw Do .... I All .. Holltl 1'lImp 

_ .. _· .. ==:::!=====:!:========il 
BAllER TEST 

G.I· . ~1 ... .... ~.~.~.':.. .... ...................... Dr:l\\, dl.lwn ............ (eet ... _ ...... hours 

(i.P.M ........ _.. ................................. Draw down ............ fcct ............ houn 

G,I·.M ......................................... .... Craw uClwn ........... ,{crl ............ hou/"ll 

PROPOSED USE 

IrriSJlion 0 
Industrial 0 

Tcst 

Stock 
~ 
o 

5. TIPE WELL 
C:lblc 0 
Olher 0 

ROIOlry ~ 

8. WELL CONSTRUcr10N 

Diameter hole .... 6J.i .. __ ......... .inches TOI:U dcplh ..... .1632 ....... ,{cct 

C:l,ins record ... .28.u .... fe.et ... r~ ... s.tee.L ...................................... . 
Wei!;ht rer fOOL .. 2ne ..................................... _ .. Thickncss .. ~ ...... _ ......... . . 

Di:unclcr 

............... ? ............... inchcs 

................................ inchcs 

................................ inchcs 

................................ inchcs 

From To 

............. 9. .......... fccl ............. ~.~9 .... .fecl 

................... __ .fcct .................... _ .. ,{C.:I 

......................... .!ccl ................ , ....... ,{CCI 

.......................... fccl ......................... fecl 

....................... _ ....... inchc.s ......................... .!cct ........................ .tccl 

............... _ ............... inches ... _ .................... .!ccl ........................ .tCC\ 

Suriace cCOII: Yes f.l No 0 T) loc .. .... c.emc.nt ...................... .. 
Dcpth of scal .. .. 28.0 ... fe.et ................. ......................................... .fccl 
Gravcl packed: Yes 0 , No fLl 
Gru\'cl packed from ................................ fecl to ....................... _ ..... .fcct 

Pcrior3tions: 

Type perioration __ .. _n.Q!.\~ ....... _ ............................................. _ .. 
Siz.c pc:rioration ... __ ._ ..................... _ .... _ .................................... , 

From .......................... _ .. _ ........ lcct to .... _._._ .. _ ...................... _ .. 1ecl 

From ............... _ ............... _ ........ .fecl to ....... _ ..... _ .......................... .fcc:t 
From. ...... _ ............. _ .. _ .. __ ... .!cct lo ...... _ ..... _ .. _ ...... _ ................ fcet 

From. .............. _ .......... _ ......... .fcct to ....... ___ ........ _ ........... _ .. .!cct 

From ....... _ .................. __ ......... .fcet to ....... _ .. _ ...... _ ......... _ ........... fect 

9. WATER LEVEL 

Static waler Icvcl. ... v.D.k.OQw.O ...... Feet below land suriacc .......... __ _ 

F1ow ........... _._ ...... J).9JI~_._._ ... G.P.M .... _ ...................................... .. 

Waler tcmpcrature .... i!.Y.t .... p. Qualily. __ ... ~.aJj .n.t;! ... _ .......... _ .. 

10. DRIllERS CERTIFICATION 

This well was drilled under m)' supervi..ion and the report is true to 
the best of m)' knowlcdGC. 

Name··; .... · .. · .. ··- .. ~i~·;tg~j*~·r·a-8·ay---.............. -·-........ --
Addn:S$ ................. ~p~.!:~.~ .. ~ .. l~~.'!' .. ~E~_.~.~..1~L ........................ _._ 

NC\'lld:a contJ':lclor', license numbcr ..... __ ............. _._ .. _ ..... __ 

N,,,d. drin",,};~~ "~' ... zir~_1J-._.-.. -.-.... -
s;,",~~Jk?-.W.f;' .£' .--.-..... ----.-

Dulc .......... /.I ... ::..!.4:..~ ........ J. .......... _ ..................... ~ ..................... _ 
======-===~----------------~==~----========== 
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.' _ .. .. ;. ........ ~ ..• . _~ . _ .::.-.. .. .;..:.. ..... . , ... . _ ._,_.:, : ... " .. _ . ~ · h .: , ' 

APPENDIX D. WELL-COMPLETION DATA FOR WELLS IN THE SOUTH 
TRUCKEE MEADOWS 

This appendix contains well-completion data from copies of driller's logs for wells in the South 
Truckee Meadows. The information was obtained from the files of the Nevada Division of 
Environmental Protection (Carson City office) and the Bureau of Land Management (Carson City 
and Reno offices). 
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J ,_ , ~ , , "' .;. .;: .. ~:. :.: .. ,_ '.::. i- . :' 
. , 

-: :: ,.,' '. ,: . ~ '. ' .. ' .. '. '. : . . " -; ' . . ':.',;.:, " - ..... . :.~, :; .' " .... : ,~" .... ~ .. 

Log No .... 4.:2L~ ...................... . 
WELL LOG AND REPORT TO THE STATE Rec.~~HL.: ..... ~ ....... 19.~/. .... . 

ENGINEER OF NEVADA Blanco 
PLEASE COMPLETE THIS FORM IN' ITS ENTIRETY 

Well No ........................... !.f.t~:f. .. .. 
Permit No ..... /5?:.!..~J? .... ~ ..... . 

Do not ]Ill '" 

Owner .. __ .... _~.~.~.~J...~.~.??_ .... __ ............ _ ............................ Driller ... J .. .N .. .P.:l..tcher ... Ca ....................................................... .. 

Address ..... _!:-.~~ ..... g~.g~Qr.§.<:l:~ __ ...... R~!!Q.1 .. JI.~.!~.<:l:~ ..... _ Address .... 95.Q~ .. SQ. .... v.u.gina. .. ~.tA ............... Lic. No ............ . 
(-( [; N ~ '. . . 

Location of well: ~.:.L%. .. ~ .. %. Sec.g.~ ... , TJ.? .. N/1. R?9.:;.E, in ................... ~~~E.2~ .. :.:.: ................................................ County 

or .......................................................... _ ............... _ ....................... - ............................................................................................................. . 

Water will be used for .............. Ir.zC.ga.tion. ................................................. Total depth of well.. ......... .llQ ... r.t .............................. . 

Size of drilled hole ................. J.2.!~ ...................... _ .......................... Weight of casing per linear foot .................................................... . 
. 0 

Thickness of casing ............... i.I! ........ _ ..................... _ .................... Temp. of water ....... 7Q .................................................................... . 
II 

Diameter and length of casing ................ .:l::3. ... ~"!! .. §j,Q..~ .......................................................................................................................... . 
(Casing 12" In diameter and under give Inside diameter; casing 12H In diameter give outside diameter.) 

If Rowing well give Row in c.f.s. or g.p.m. and pressure ............ _ ........ .NONE ....................................................................................... . 

If non Rowing well give depth of standing water from 8urface ..... _.4Q . .fi ........................................................................................... . 

If Rowing well describe control worb ........................................... _ ..... JIONE ...................................... _ ................................................. . 
(Type lind sl%e ot valve. etc.) 

Date of cOlDIDencement of weIL ...... 2. . .June ... 6~ ....................... .Date of completion of well.. ....... Q,TJ.ID.~ ... Q.l ................................ . 

Type of well rig .... _ ......................... c.~.Ql~ .... J·.QQ1_ ... _ ............ _ ..................................... _ ................................... _ ........................... . 

From To 
feet teet 

0 6 
6 10 

10 12 
12 45 
45 47 
47 ~ 
IJO 85 
85 95 
95 97 
97 110 
110 

LOG OF FORMATIONS 

Thickness 
teet 

6 
4 
2 

33 
2 

i3. 
5 

10 
2-

13 

Type ot material 

Top Soil 
Gravel Sandy Clay· 
Gravel 
Sandy Clay & Small Gravel 
Large Gravel 
Course Sand & Small Gravel 
Corse: Sand Large Gravel 

Water·bearlng Formatton, Casing 
Pertoratlons. Etc. 

Chlet aquifer (water·bearlng 
tOLalutton) 

trom --.00....--- to .-.. S5.--.. --.tt. 
Other aqn1fers....S5.-.= .. 95 ___ . __ _ 

- .. ~,51.....llO".--.... -.-.. __ .. __ 

Small Gravel & Sandy Clay' . 
Course Sand Small & Large Gra ~eI------------
Clay' &Sma] 1 Gravel . ___ _ 

. Gravel ._--_._---_. __ .. _---

CWIl&' pertorated 

tram --29 __ ._ ...... to ._.),J,9._._.tt. 

Size of pertoratiollll 

D-2 



. ~ . •• -- - . . .... . : .; .• ! . , . 

TAlG OF B'ORMATTONS-IJo"I/"",,d 

From 
teet 

To 
teet Thickness Type ot material 

CASING RECORD 

D1am. From To Length "nemarks"-Sealll, Grouting, Etc. caslug teet teet 

12 1/1 II 0 .. 110 111 . 
.Butt welded casing wi shoe attached 

-
, 

GENERAL INFORMATION-Pumping Test, Quality ot Water, Etc. 

WELL DRILLER'S STATEMENT 

This well was drilled under my jurisdiction and the 
above informatio, is true tm best infQrmation and 

b,li,f. Sign'd..;J::- ~ .. :_.J::-.".:£::.J;,J~ .. ~:. 
~ ~~ler _ 

BY._ •••. __ ••...•. _ ..•. _~.~t: .... r:5~.,g~~_ 
. . 232-Licenye No. _ __ ......... _ •... _ ..• _ 

~ / 7 tl Dated ..... _ .............. _ ......... _._ .... _ .... _ ..........• , 19 ... _ .. _ ••• 

(N ot to be filled in by Driller) 

················ ·T.:r···a···-·;;;;;--..a··7.-~.,~-;~;: .. ~=:::=:::=::~ .••••••.•••••• ~ ::I '" .... 'IIit-•• rnJ. 
. __ .. _. __ ............ _._ ...... _ ........ _ .... _. 

H "l ~ l-lJ.f).!-.~-?-:?1:!:'7T.S--.-.. - ... - .-
:=:=:==::::=:=:=:: .. __ ... .J...~._'_ . ..:;:.. ___ .. _ .... _ ... _. __ .... 
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. ' , :. ' :.:;...: :'; :,. ~ : _'. , ' . . :'::L:· .' ," :, ':." " ' . . :, .:.. :~ . . .: ~'. , 

WELL LOG AND REPORT TO THE STATE I 
ENGINEER OF NEVADA 

Log No .. :?2~.7.. ........................ . 
Rec.~~ ... ./..8 .......... 19 .... ,.;r.:C. 
Well No ................... ~ .................... . 

Boyd water level Permit No ........................................ . 
Do 1I0t /Ill in 

Owner ......... 13~rl .... :v..~ ... :Q.t_ .. _ ............. _ .................. _ .................... - DrilIer .......... M~l .. M~.Y~ ... C.~., .................................................... . 

Address .... d~ ..... O ..... 3.a:x..24. .... st.aambO&t.~ .. RnB.da............... Address ........ 19.0 .. .MD.EUl8. .• 1ano. ................... ..... Lic. No ... .3 ..... .. 

Location of well: ~1j.~ Sec.f' TlS ... N/S. R.20 .. E. in .................. l'la.sho.I! ....................................................... County 

or ....... _ ...... _ .................................... · ............................ _· ...... ··· ...................................... _ .............................................................................. . 

Water will be lIsed for ............ J)cmeatio ....................... _ ............................... TotaI depth of weIL ....... 68. ......................................... . 

Size of drilled hole .................. .6 .. S/arr ........................................... Weight of casing per linear foot. ..... .l4# ....................................... . 

Thickness of casing ... _ ............. 3!l6. ................ · .............................. Temp. of water ........... Cold ............................................................. . 

Diameter and length of casing ............. 6 ... l/8!! ..... ~ .. 69 .. ~ ...................................................................... _ .................................................. . 
(Casing 12" in diameter and under give inside diameter; casing.12H in diameter give outside dIametnr.) 

If /lO\~ing well give flow in c.f.s. or g.p.m. and pressure .......... ~~.~!:!'.~ ... !:~ .. }9 ... ~.~.~.~.~.~ ........................ _ .......................................... . 
If nonflowing well give depth of standing water from surface .......... .35.! ........... .................................................................................... . 

If /lowing well describe control works .............................................. _ ... __ ..... __ ...... _ ......... _ .... _ ........................................ _ ... _ ...... _ 
(Type and size of valve, etc.) 

Date of commencement of weIL ..... :!!:??!?? ............................... Date of completion of weIL. ...... ~/~/?? .................................... . 
Type of well rig ... _ ...... Cc.blo .. !1'-Ool .............. _ .............. _ ................ _ ........ _ .......... _ .................................. _ ......................... : ................ . 

From To 
teet tect 

0 25 

25 35 
60 g 

LOG OF FOUMATIONS 

TblckneB8 'rype of ma terlal teet 

25 Clay & Boulders • shattered 
rook. 

60 Broken Rock 
6S Basalt rook and water 

D-4 

Water·bearlng Formation, Casing 
Perforations, Etc. 

Chiet aqulter (\Vater·bearing 
torllllltlon) 

60 6S 
trom ........... __ ._._. to _._ ..... __ .. _.1t. 

Otber aqulter8.-.. N~~ ........ _ .. _ ...... _ 

FIrst w"ater aL35._ ... _ ... 1eet. 

CILIIinl: perfornted 

trom ..J.8... .. _ ... .....: to _68 ___ .1t. 

SIze ot perforations 

.. _~ .. 6.!! .. , .... ~ .... ____ _ 



From 
teet 

Dlam. 
cDSing 

To 
teet 

From 
teet 

. .. .. " ~ - ' . ;, .. .; ...... ... . . ' ~ . , . . ..... " ...... . ~ .. ......... ...... - _. 

LOG OJ' rORMATIONs-G'Oftt/ftued 

Thickness Type ot material 

CASING RECORD 

To 
Le';lgt):! "Remarks"-Seals, Grouting, Etc. 

teet 

GENERAL INFORMATION-Pumping Test. Quality ot Water, Etc. 

WELL DRILLER'S STATEM&"iT (Not to be filled in by Driller) 

This well was drilled under my jurisdiction and the 

above information is true to my best information and 
belief. . 

Signed ..c.j!.~~:.Q~~.-..... -........ 
. Well Driller 

By ... _F.'OI! .. .Mel. .. MeySI! ... CO .......................... .. 

G
- .. .. i. , , . ,_ 

Licell!e No ........ "',3.1., .. : ... ; .... ". . 
~ . .' ; f · '! f ~ ~iirj~ 

Dated .... S./1/S5 ........... .................. , 19 ...... ; .. T .. ·'! I, 1 : I !"'~. 
. .. :. . 

........... ............ ...... .. .............. .................. ... J. . .. .. ... ........................ _ 

--..................... __ ._-_ .. _- ----_ .... _ .... -_ .... -... -..... -....... -....... ~ ................... -... --.. -. 

i t : .• ~ , 

tt _ . . .. 

~ . 

. ~ 
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' .. 
, ",: ,' . . ~ ... '. " , '. :: ~'. ;: ,. 

OFFIC! USE O!'t"L Y 

LOI No·./.. ... .J.. .. ~ .. .f..4 .. :_ ............. _. JlVISION OF WATER RESOURCES 

Permit No_ 
B:uin.~{l.d:~;"~.·.·:;;';;~·;;';·.·.·.·.·.·.·· Curti Domestic WELL DRILLERS REPORT 

Please complete this (onn ill Its entirety 

1. OWNER. ...... G .• ruLCur.ti _____ . ___ .. _ ....... ______ .ADDRESS ... 133S.5 ... Ql(LVir.:;inl~ ... ~it;r._Ed6 .. _ ........................... . 

;: .. ~·~c:;.:;~~~=:===:: .. -;===~-~.~i~i~~~~T _ .. .l=i._~~~===:;;;;·;:::i::D::::=E.· ..... ~.~·~ .... _.=.=~=.'~~.~~~:~';;'" 
PERMIT NO ............ _ .... ____ .. __ . ___ .. ____ .. _ ...... ___ ......... _ .... __ .... _ .......... - ...... __ • _______ . ___ .......... _. _____ ..... _ 

3. TYPE OF WORK 

New Well f] Recondition 0 
Deepen 0 Other 0 

6. LITHOLOGIC LOG 

4. 

Dome3tic XI 
Municipal 0 

Mac.rial Water I 
Strata From ness 

Thick· To 

Dark Braym t"n<t"; 1 o 

6j:2S /, ~ 

~::: :~;:~;~~~::::::::: :::: : :::: :::~:. :::::::/~~t.~:::::::::::::::::::::::::;~::::: :::::::~::: 
7. WELL TF.'iT DATA 

Pump RI'~I , Dr::w O.:·w~ . After Hours Pt""" 

Air bJ P"T ~.",:":"~ ....:c~;.;.. . .:..r -....!....---....:.----'=-:------ll 
_______ ....:.h~7~~~.~r_~ ____ ~ ____ ·-_. ___ ~ 

i 

~AlI.ER TEST 

G.P.M.......................................... ... D~w down ........... . f~et ..... __ .houB 

G.P.M............................................. ljpw down .......... feet ............ hOUB 
G.P.M ............. ................ . ,.............. D:~w down ............ feet ' ............ huul'll 

D-6 

PROPOSED USE 
Imption 0 
Industria! 0 

Test 
Slock 

o 
o 

5. TYPE WELL 

Cable 0 ROlary 0 
Other OAir Rota.ry 

8.10"to45 r WELL CONSTRUCTION 

Diameter hole .. a.~.t.a1.7!_ ....... inche3 Total deplh..1.7 ...... _ ....... fcct 
Casing record ..... __ ... _ .... _ .. _ ..... __ . __ ................... _ .... _ ... __ .... _ 

Weight per fooL .. __ .12 .. .9.~L._ .......... _ ....... Thickness._ .. l.e.a ..... _._ 
Diameter 

.§..J?i§ .... QR. __ .inches 
From To 

._9. ____ f~t ....... '!7. .... _ ...... .I~1 
._._ ...... __ . ___ inche3 _. __ ... _._.I~I ........... __ .. _ ..... .Ieel 
..... ___ .. __ .... _ .... inche3 .-. ______ .f~t ....... - .. ___ .... f~t 
..... __ ._._._ ... _._._lnche3 ____ .... __ .I~t ........... ____ .... feet 

._ .. ___ .. __ .... ___ ... inches . ____ .. _ .. _.I~t ....... _ ..... _ ........ .fect 

..... _ ...... _._ .... _ ....... inches .. _. __ ............. feet ..... _ ....... _ ........ .I~t 

Surface seal: Ye3 m No 0 Type._g~!!!~.~.t.i;!..9.~'!? ....... __ _ 
. 45 Depth of seal.-.... -----......... _ ..... ____ ._._ ...... __ .. __ ... feet 

Gravel packed: Ye3 0 No I:!iI 
Gravel packed fron1._ .. _ ...... _._ .. _._.fcct to._._ .... ___ ... _ ... :.f~t 

Perforations: 

T~'pe perforalion._to.r.ch. .. c.u.t .. _~ ____ . __ ... _ .... _. __ ...... _ ... 
Size pcrforalion._._l/.8.~! . ..x...6~ ___ .. __ .......... ___ ... _. __ 

Fron1. .... __ .5Z .. _ .. _. __ ...... _ •. _.I~t to._..1.1._ .......... _ ...... _ ........ .Ieet 
From ..... __ ... _._ .... __ .... __ .fcct IO ....... __ .. _ .... _ ..... _._ .. __ feet 

From ........ _ ..... __ ..... _ _ .... _ ... leet to. ___ ...... __ .. __ ....... feet 
From ..... _ ............ _ .... _ .. __ .... _ .. _.lect 10. ___ ._ .. _ ..... __ ._ .... _.fcct 

From ........ _ ... _ .... _ ........ _____ ... fect 10._ .. _ .. __ .. _ ..... _ ....... _ ..... _fcet 

9. WATER LEVEL 

Static water leveL .. _.ll ..... _ ... _._ Feet below land surface ................. _ 
Flow ....... _ .......... _. ___ ... _ .. _ .... _ G.p.Mlr.on. ..... 5 ... ppm. ............. _.:. 
Water tcmperature ..... .5.6_ ... • F. Quality . .Ear.d1l.e.!l:l ... .58 .... pp::::1_._ 

lO. DRILLERS CERTIFICATION 
• This well was drilled under my supervision aud the repot1 is true to . 

I the best of my knowledge. , 

Name ..... W .... L .... .!4cD.ona.ld. .. ..&.. .. ~._ ... ___ .......... ____ . 

Address... .. _~9.55 .. .lB:th .. S1:r.ee.t..-..S.paI:.b .... .lIe.'ll'S.d.a. __ 

Nevada contr3l:tor's lic:ense number._.....91.5.7_ ...... _ .... ____ .. _ .... 

Nevada driller's lieemc number ___ ....5.85 .... _ ... :.. ... _ .. _ .... _ .......... _._ 

6~4h3 . Date. .... _ .... "' ... _ .... _ .. _ ... _._ .. _____ ... __ ......... _. __ ._. __ 



• ' , Log No._ .. ~9.._~./.. ... _ .......... _ ...... . 
, : WELL LOG AND ,{EPORT TO THE ST A TI:. J ' Rec.h{t?~-Z .. ~ .• _ ..... _19 ... ~_ 

ENGINEER OF NEVADA Well No_ ..• _ ... _ ... _ ... __ •. _ ••....... _ 

H~rz Dom •• tlc / / ~' Permit No;;;.~;;~: ...•... _ .......... . 

Owner ·Z~cLt:../;kdt ;¥4-:- Driller_ .. __ J._:~~_C~.c.._It.Ci..~"14L. __ _ ~dz=-LL.JvJidl-Jg..fi~_ Add~ .. tllf.f"""f-~..:jiiI~k No.Be 
Location of well: S'~ __ IA.5'k..lA sec.2.e ... TJ.!. . .Nj)), R~...E, in-_. __ . . -_ .. __ ... County 

or. _____ ._ ... _ ... ____ : - /:!--_ ... _ ... _ .. 
Water will be used for. __ -]2.r;.!2.£~_t!..~_ .. __ ... ___ · .. _ .... _Total depth of welL_.:LL:2.-.. _ ~.t.:... .... _ .. __ 
Size of, drilled hOIe. ___ ..... .l2. .. ;_. ___ .......... _ ... _. Weight of casing per linear fOOL .. /.?'_ ... ~.Y ~._._ 

,Thickness of casing .......... _.:1.2 .. _._._ ..... _ .......... "7r-... __ ... Temp. of water_ .. ___ r? dt/!.., .. __ _ 
I/h Diameler and length of casing ..... __ ........ { ..... _'¥.. ...... _ .... ___ .. _.,... .. _ .... _ ... _ ......... ____ .. _ .... ___ .. _ .... __ ......... _ .. _ .... _ .. . 

(Cn.sin!; 12H In dl:tmeter Ilnd under give Insitle dlnmeter; cns1nC 12'" In dlnmeter ,ITe outside dlnmeter.) 

1£ flowing well give flow in c.f.s. or g.p.m. and pressure._._._ .. _._ ..•. ___ ~ • ___ .. _ .. _._ ....... _ ... 

If nonlIowing well give depth of standing water from aurface .... _ ....... _ .. 2..1L . L ____ ... ____ ... ___ .. _ ... __ 
If flowing well describe control works .......... _ ... _._._ .. __ ... _____ .... _ .... __ . .._ .... _ __ ._ ... __ ... _. __ ._ ........ _ .. __ J (Type and alze ot niTe. etc.) ~ 

Date of commencement of well ..... _ ...... ft..:_ ... ..:?.~._~ij~Date of completion of ~ell_-._~.r~ ... 2.E;-~ 
Type of well rig ... _ ....... -4/.2.t.~ ... -.-(!g.fY..._-.LM.....--_.--.. --.-... "--.. _ .. _ ... : ..... __ 

From I To 
teet teet 

0 C; 

.r '§.O 

30 ,tjO 

Jf.6 6/J 
"(;r 93 
9~ 9'~ 

1t' //2 

LOG OF B'OnMATIONS 

Thickness 
teet T:rpe ot material 

0/ 'Btl CI ,.(. j) F /? j 

-;1./ SA- /1/:1; t' C l,A j" 

/0 WA tF I( SA ItIP- F//l/e 

22" FlAi'F SA #]) .r i-IlAVE.6 

;:;~ C(!)AIfSE G-/fA lI~L 

e FiIJ/E : 5A A/D J 6tPJ J}E~ 
/Jj . SANDI' CLA!'; 

YiFJ.) .. OIV 

. w. D-7 

Wnter·lJellrln;; FonnatloD, Casln!; 
Periorntlons, Etc:. 

Chle! aqai!er (wllter·bearlng 
formutlon) 

trom -$_12 to // 2.tt. 
Other aqnl!el'S..-______ _ 

. 
nne _ter a~~eet. 

CUbIc periornte1J 

from 4 0 to,!/ 2- tt. 

/1 Sia oll)eriorntioaa -r f 1/' 



....... 

"'G 01' J'On~ATIO:\S-Coll/(nue" 

l!'rolU 
teet 'i'1Pe ot material 

CASING RECORD 

Dlam. 
cn.sing 

From 
teet 

To 
teet Length "Remaril:a"-8eals, Grout:lnc. Ete.. 

GENERA.L INFORMATION"':"Pumplng 'fest, Quallty ot 'Vater. Etc. 

WELL DRIllER'S STATEMEJ."'IT 

This well was drilled under my jurisdiction and the 
above infotmatioll is true to my best information and 
belief. 

:. SigneLJ..:.~~.C~/Lh~ 
~ Welljier I 

-By __ ~C ili~d.._f:J-:~.~ 

f
en5e No . .1.f.o. 

Dated. .... _.~.'k. _ _ . • 19.s.f: 

.,,. D-8 

(Not to be filled in by Driller) 

.... 



WIIITE-DIVISION OF WATER Rt:SOURCES 
CANARY-CLlENT'S COpy 
PINK-WI!LL DRILLER'S COPY 

STATE OF NEVADA 

DIVISION OF WATER RESOURCES 
OFFICE USE om Y 

LOll No •..... L.Zg .. 9..1 ......................... . 
Permit No •............................•...........• ···· 

Jeppson water level WELL DRILLERS REPORT Basin. ......................................... . _ ••....... 

PI_ complete this form In Us cadrety 

I. OWNE~ .......... t/ .... v. ... !.J,?iIf!s./J..I.J., .. : .......... : ............... _ ....... ADDRESS ........... J..Q.?:.H? .... t±.!.~H .. 1. ... 6. .. 1!..: .............. f1 . .r.~ ... . 
................. /:f..lCi..;:j.tl .. HL.f: ... .l:k .. e.'L.e.r ............ :~.:.':;::.2 ... I.J. .................................................... -...................... : ... : ............................................................ . 

~:····Z;·~~~~~:::~:~~=:::::::·~::::::k:I.Z:.::::;;:···~~~·.·.·.·i~:::::::::::::~:::::;.::7.::!:~:::::::::::::~~~···~:·):·D:· ... ::· .. ~::::::::::::;~:::j}::I3:::a::?~L:::t~:~~~~.:. 
PERMIT NO ............. ...................... · ... ·.·.········· ............................................................................................................................................................................... . 

J. 

6. 

TYPE OF WORK 

New Well '&1 Recondition 0 
i '. 

Deepen 0 Other 0 

LITHOLOGIC LOG 

Material 

CJ'.Not d A~J(&L 
• <;: I'J Jd :1 ri':".L.KV'/ 
-rA~~J 

-if 

Waler 
Stran. 

.., 

From 

T 
~ 
fi 

4. 

Domestic 0; 
Municipal 0 

I To 
Thlclr.· 

ness 

~s 

If' 
1.2. I 

Date started ....... _ ...... 5t:p.tt12 ............................... _ ............ ., 19 ... 1'1. 
Date comPleted .......... 2f,p.:t::..ll ............. _ ..... _ ......................... 19 .. 17.. 

7. WELL TEST DATA 

Pump RPM G.P.M. Draw Do,", I Alter How. I'umI> 

oJ : , 

BAILER TEST 

G.P.M............................................. Draw down ........... .feet ........... .houn 

G.P.M............................................. Draw down ........... .feet ........... .honlS 

G.P.M...................... ....................... Draw down ............ feet ............ hours 

). D-9 

PROPOSED USE 

Irrigation 0 
Industrial 0 

5. TYPE WELL 

Test 

Stock 
o 
o 

Cable 0 
Other 0 

Rotary/~ 

8. WELL CONSTRUCTION 

Diameter. hole ...... , .. \..: ............. inches Total depth..j. .. Zj .......... .1eet 

Casinll record ........ _ ..... .:._ ... :;:. .. .L ••• ,~ ••• l ........................................ _ ........ . 
Weight per foot ......................................... _ ....... Thickness ..• / .. :.~~."..; •. , .•.. 

Diameter From To 

..... ............. ~ ........... inches ... _ ....... J_ ... _ .. !eet ....•. J .. L'Q. ...... feet 

............... _ ............... inches ..................... _.!eet ... _ .................... feet 

..............................•. inches ......................... .1eet .................... _ ... feet 

................................ inches .............. _ ......... feet ......................... feet 

................................ inches ....... _ ................. feet ....... _ .......... _ ... feet 

............... _ ............... inches ........ < ..... _ •••• _.feet ......................... feet 
Surface seal: Yes ~ No 0 Type •..•. ;!..; ••• .::.. •••• _.~ •• ; ••••. _ .. L:. 
Depth ot seaL .............. _ ................... S .. ~:.: .. ~ .................................... feet 

Gravel packed: Yes 0 No til 
Gravel packed from. .................. : ............ feet to ....................... _ ...... feet 

Perforations:. .I \ "":""j;".~ .. :'" . 
Type perfOrallon. .............. y-.I ............ : ........... 

Z
· ... ······ .. · .............. : ... 

Fro~~ .. ~.~~.'-~~~~ .. : ......... ~:.~ .. ~~~~·~~:::::::::~~.~:::::::::::::::::~:;~~;. 
From.. ......... .J .. Q.O ................... feet tn .•.... LW ......................... feet 

From. .................................... _ .•. .1eet to. .............. __ .................... ~~feet -

From ............................................ !eet tn .................. _ ...................... feet 

From. .......................................... .feet to ....... _ .. _._._._ ................. feet 

9. WATER LEVEL 

Static water level.. .......................... Feet below land surface ..... :!_ ... ::.~ 
F1ow .............. _ ............................... G.P.M ......... J •. :. .. :: .......•.....•...•.....•••.. 
Water temperarure"::"'O::L.. ..• • F. Quality ........... _ ......... __ ......... _. 

10. DRll.LBRS CERTIFICATION 

This well was drilled under my supervision and the report is true to 
the best of my knowled~ 

j / . '£ (. . '- ~. I, ' t ' 1-('1,' j~ . . .:, . .. -~ .' / ' . (( .0 , Name ........... "'--_ ..... __ ..... --.::;L::.-; .................. , ......... ~ .... . 

Addresl •. J.::~"' ... .(.L~ ... !~C .... ~::.:.~~.:_ .. : ... ~ .. :i.: ............... .. 
f ,,- . . 

Nevada contractor. lic:eme number_ .••• _L..:~.L .. ~.~C.._ ... __ .. _. 

Nevada d7'er's license number .. _ .... L~L.) ..... _ .......... _ ............. _ X' .. d-"k/ . I. 

Signed..!:, ... Y.Z.d.Le~/. .. / .. ~-(.1:!r::/ii/!: .. d.:::.:. .... 
J?1r. '/ . '- -

Dal,(.··vL.= ........ ( ........ ::::._ .. -7---7--......................................... . 



wELL LOG AND REPORT TO THE STATE ENGINEER 
Log No ...... f!.p~.J.. .............. . 
Rec ...... &.r.~ ......... 19.~St(. 

Jeppson chemistry OF NEVADA Well No ...................................... . 

PLEASE COMPLETE THIS FORM IN ITS ENTIRETY ./ Permit NO~~ .. ~~;.~;;.;~ ................ . 

Owner.~~:: .. 1..~ .. ;#. .. f2,;lJ./.$...k7.~ ............................ : .. Driller ... :/C ... :.0.:. ... j5.'cd~ .. Y ..................................... . 
.,/ / -0./ / . . " . I , . . , 

Address.JLt.j ... .;.j../z.~.1~:.I.'::~~. : (.:J(:f.Jf:.::~L',.'~.-;..l'i..-f-AddreSS.l.~.-I_;:..5.J~ ... &..~,:(:"':qLiC. N02.~I. .. 

L . f II' 1/'" /,/ S· J/ T~r7 N/./~ R >VI E' ~,y! • .....,,f~ / ocation 0 we ......... Y'I;VW;t4 e~ .... , ,.,1.... /'" ." •. ~.. ,1D .... · .... /tI-·"'-·,.,./.:...:..~~ .......................................... County 

or ................................................................................................................................................................................. ....... ......... . 

Water will be used for ...... ,';~ . .:L.d..:..:~ ................................... TOtal depth of weJL ......... ff.z.~/ ................... . 
, II .~ 5. .. :,1." ,/.: 

Size of drilled hole ... .i.C: .... _.::LI... .. . J'. .. /=-.. ..................... : ..... Weight of casing per linear foot... ......... 7.2.L.I..0. ............. . 

~ckness ofdclasingth ..... f .......... /..(.-)Z.LLJ;".~ .... ~ ... l; ... ~; ... I:>.~~mp. of w~a~;'~;: L'~.l~;.;; •.. ~ .................... ...... .... ..... . 

DIameter an eng 0 caslOg ................ L .......... ;; .. .. :L.O' . ::-:: ........ .. : ...... ... r ... J:.L .. "",-.(...-<: .. ", .. :, .LI.':",.J. . ................................ . 
(Cu.l.al 11 In dJ:lmet~ and under Ino insi dl~etcr; CaslJ1i 12'" 1ft JiamCLet a.i • oULSlde diameter.) 

If flowing well give flow in C.t.s. or g,p.m. and pressurc ...................................... ...................................................................... . 

If nontlowing well give depth of standing water from surfacc ........................ ............. d . .t ................................................... : .. . 
If flowing well describc control works .. ... ... ..... ...... ............ ........................................................................................................... . 

(Type :\lid slze of Taive, etc.) 

Date of commencement of weIl .... ;: .. :::: . .2( .. ::::-.. / .. ~ .. ....... Date of completion of well .... ~ .. ::::!...:: .. ~ .. 1.: ..................... .. 
• I / I 

Type of well rig .... Ca./Ltl..: .. ..-~·.~t .............................................................................................................................. . 

From To 
feet fect 

C 
;} 

j 

.3 5f-
i/ It! 
{.y- ;. 7 
(7 /:1.. 
/ ,,1- S:-f 

g~ 5'7 

LOG OF FORMATIONS 

Thickness Type of material feet ' ,} 
~I 

4~-L- t '. ) 

5,::; . (L. i !.U(..) (J'L .. £C ~j ~I j~",[ ( I . .. s;· I ., , 
Y_/~L( 0'--7(./ , t L.ti.j-

,3 7:('L . ( ,: (.. ."'f .e-I--- . 

::; .. C L £L 'I-
/:J.... 

I . 

~/A cr:.;.! u... l 
u~ /..- . 

:3 ~~. 

D-lO 

Water-bemoe Formatioo, Casiq 
Perforatloo.s, etc:. 

Chief aquifer (water·beariog formation) 

fIollL .......... ZJ?, ...... to ..... .5.:.y. ............... ft. 
Other aquifers ....... f..1 .. 7:: .. . f...Z .... .......... .. 

Firat water aL ........ ¥!. ... ~ ........ feet. 

Caaiol perforated 

from ......... :.~ ... i.._to ......... 9.'.. .~ ......... Jt. 

Size of perforations ~ 

........................ 3..,X .. 2:ib ....................... .. 



From 
feet 

Diam. 
casing 

.' /, 
( ., 

To 
feet 

From 
feet 

{I 

lbicknes:ll I 

To 
feet 

'lJ 

LOG OF FORMATIONS-Coatlaued 

Length i 
C/ r'/ 
.J ,J 

Type of material 

CASING RECORD 

REMARKS-Seals, Grouting, etc. 

, 1, ,,,d- i . -/... 

-' rf.c.~ -l~' .. ",C/ :5't' -j/J Ai <~ 17- V ,A!. •. Z-/:'/ ~ ( 

~ C. ld..t , 

GENERAL INFORMATION-Pumpiag Test, Quality of Water, etc. 

,--~;&"-..:.·· ",L4 <k(~l0'1~-;~;4- i~:kd;::~ =-.. ~:~ 
------------------_._--------_ .. _. __ ... .. .. . " .. - . " . " .. __ . .. ". " . ,,_. , - '" _ ..... _ .. __ . -

----_._-----_ .. - . __ ._---_ .. _._._ ... _- . ... __ . __ ... . _ .. __ .. _ ... 

WELL DRILLER'S STATEMENT 

This well was drilled under my jurisdiction and the 
above infonnation is true to my best information and 
belief. 

Signed .. :2t?: .... c:: .... /2~;!.~L~ ........ . 
I~ /J Well Drill... : 

By ... J.L.~-Y.L1L~.-: ... ;af::!, .. ~:~ ... 
. ~()! 

License No ....... ~ ...... ............. . 

·Dated ........ ... .. f .. :~ .. ./I. ................. , 19.~.(/. 

~ 

(Not to be fined In by Driller) 

-. 

··········vt··O;-··Wt ..... ~i:9ii~:;%i:: :::::::::::::::::: : :::::::::::::::: : : ......................... 

....... ~33U[·f).f.J·J. .. :3-LVJ:S····························· ........ :::: 

. ··················.3.:J./-ddO·· .... ·············· .. ······· .................... . 

D-l1 

- , 

"""'"" 



• : • •• _ '. .• • . , ' # '. " ' - -=-. .: . , . . : . ~ .' '. ' .. . .. .... :' .... .. . 

D-12 



APPENDIX E. HYDROGRAPHS OF OBSERVATION WELLS IN THE STEAMBOAT 
HILLS AND ON THE LOW TERRACE 

This appendix contains hydrographs of observation wells drilled in the Steamboat Hills and on 
the Low Terrace. These hydrographs are copies of those presented by Collar (1990) and are 
included here to provide more detailed records of water-level changes in these wells than are 
shown in the main part of the report. Well locations are shown on Plate 2 and figure 19. 
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Hydrograph of strat well 13, April, 1987, to June, 1989. 
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Hydrograph of strat well 14, May, 1987, to October, 1988. 
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Hydrograph of well GS- 8, June, 1988, to August, 1989. 
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APPENDIX F. HYDRO GRAPHS AND CHLORIDE DATA FOR MISCELLANEOUS 
WELLS 

This appendix contains hydro graphs and plots of chloride concentration for miscellaneous wells 
in the region surrounding the Steamboat Hills. These plots are copies of those presented by 
Collar (1990). 
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APPENDIX G. STREAM DISCHARGE AND CHLORIDE FLUX 

Stream discharge was measured at various sites (stations) along Galena Creek, Steamboat Creek, 
Steamboat, Crane and Chandler irrigation ditches (Plate 3 and figure 13). In addition, stream 
discharge was measured on various tributaries and distributaries to the creeks and ditches. 
Chloride concentration was determined at key stream gaging stations, in part to enable the rate 
of thermal ground-water inflow to Steamboat Creek between Rhodes Road and Huffaker Hills 
to be estimated (Plate 3). Chloride concentration was measured in the collected water samples 
either by San Diego State University (SDSU) or the University of Utah Research Institute (UURJ) 
using the mercuric nitrate and argentometric methods, respectively (American Public Health 
Association and others, 1985). Boron concentration was also measured in selected water samples 
by UURI using Inductively Coupled Plasma techniques. 

Stream discharge was determined using a pygmy-type current meter according to "six-tenths 
depth" method and criteria described by Corbett and others (1943) and Buchanan and Somers 
(1969). Some tributaries consisted of surface water flow in pipes. The discharge in these 
tributaries was determined by capturing a volume of water over a measured time period. 

The total thermal ground-water inflow rate to Steamboat Creek in the South Truckee Meadows 
was estimated by calculating the inflow rates to successive downstream reaches and summing the 
individual inflow rates. The calculations were performed assuming chloride, a conservative 
anion, to be a tracer indicative of the thermal ground water from Steamboat Springs. On the 
basis of data collected by .White (1968), it was assumed that the thermal component of 
groundwater inflow to Steamboat Creek has a chloride concentration of 820 mg/l. From the 
chemistry of thermal water in wells, White considered this concentration to be representative of 
thermal ground water beneath the main terrace prior to dilution or boiling. The non-thermal 
chloride concentration was assumed to be 6 mg/l on the basis of chloride concentrations in non
thermal wells and springs in Steamboat Valley, along the periphery of the South Truckee 
Meadows and near Steamboat Springs (White, 1968). 

In theory, the thermal flux calculations assume that each of the reaches gaged is a gaining reach; 
that is, the discharge of the downstream station, after accounting for losses and gains due to 
distributaries and tributaries, respectively, is greater than that of the upstream station because of 
ground-water inflow to the creek. However, on the basis of stream discharge rates, some 
stretches of Steamboat Creek were determined to be losing reaches 'during initial gaging. 
Because the downstream station chloride was higher than the upstream station, thermal ground
water inflow to the reach was indicated, however. Considering the above two scenarios, gajning 
and losing reaches, and making reasonable assumptions, thermal ground-water inflow to a 
particular reach of Steamboat Creek was calculated using the methods described below. 

(1) Gaining Reach 
In a hypothetical case with one upstream and downstream station, and one distributary, the 
following method was used to calculate the thermal ground-water inflow rate to the hypothetical 
reach: 

Qo = Qu + QJ - Qd (1) 
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(2) 

where the subscripts D, U, I and d represent downstream, upstream, inflow and distributary, 
respectively. Q is the stream discharge rate and C is the chloride concentration. Solving for QJ 
in (1) and substituting into (2) allows one to calculate the chloride concentration of the influent 
ground water: 

(3) 

Assuming the previously noted thermal (T) and non-thermal (NT) chloride end members and that, 

(4) 

(5) 

we can calculate QT' the thermal ground water inflow rate to the reach by solving for QNT in (4) 
and substituting into (5) whereby, 

(6) 

(2) Losing Reach: Upstream Gain 
In a hypothetical case with one upstream and one downstream station, the following method was 
used to calculate the thermal ground-water inflow rate to the reach: 

(7) 

(8) 

where the subscript 0 represents the outflow or loss. Thermal (influent) ground water is gained 
upstream of the loss determined from the discharge measurements such that, 

(9) 

Solving for Qo in (7) and substituting this result and (9) ~nto (8) allows one to calculate the 
thermal ground-water inflow rate to the hypothetical reach, assuming the previously noted thermal 
chloride end member, 

(lO) 

This results in an upper limit estimate of the thermal ground-water inflow rate to the hypothetical 
reach. 

(3) Losing Reach: Downstream Gain 
In a hypothetical case with one upstream and one downstream station, method (2) above can be 
used to calculate the thermal ground-water inflow rate to the hypothetical reach. However, if it 
is assumed that the thermal (influent) groundwater is gained downstream of the loss determined 
from the discharge measurements, then 
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Co = Cu (11) 

and (10) becomes 

QT =(QoCO - QoCU)/(CT - CU) (12) 

This results in a lower limit estimate of the thermal ground-water inflow rate to the hypothetical 
reach. 

Listed in table 0-1 are stream gaging data collected, some of which were used to estimate the 
thermal ground-water inflow rate to Steamboat Creek in the South Truckee Meadows. An 
attempt was made to gage reaches similar to those gaged by Shump (1985) and consequently the 
station numbers are the same in many cases as those used by Shump (1985). However, in order 
to meet the stream cross section criteria of Corbett and others (1943), the station locations may 
have differed slightly from those of Shump (1985). 
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Table G-1. Stream discliarge and chemistry in Steamboat Creek and various tributaries and 
distributaries 

[ff/s, cubic feet per second; mg/L, milligrams per liter; --, Steamboat Creek; D, distributary; T, tributary] 

Discharge Chloride Boron 
Station Type Date (fr/s) (mg/L) (mg/L) 

SDlO 6/26/88 29.14 
SD20 6/26/88 29.21 
SD30 6/26/88 27.98 
SD40 6/26/88 28.57 3.7 

GClO 6/28/88 3.16 2.8 
GC20 6/28/88 3.51 
GC20A D 6/28/88 0.18 
GC30 6/28/88 0.68 
GC30A D 6/28/88 2.10 
GC40 6/28/88 0.46 
GC40A T 6/28/88 0.01 
GC50 6/28/88 0.84 5.0 <0.05 
S5 6/28/88 0.76 12.8 
S5A T 6/28/88 <0.01 
S5B T 6/28/88 0.16 
S5C T 6/28/88 <0.01 
S6 6/28/88 1.07 11.6 
S6A T 6/28/88 0.06 
S6B T 6/28/88 0.01 
S7 6/29/88 2.52 7.3 
S7A 6/29/88 3.58 
S8 6/29/88 0.79 7.8 
S8A D 6/29/88 1.29 
S8B D 6/29/88 0.04 
S8C D 6/29/88 0.51 
S8D T 6/29/88 0.01 
S8E T 6/29/88 0.02 
S9 6/29/88 0.21 11.0 
S9 6/30/88 0.16 
S20 6/30/88 26.77 3.7 <0.05 
S20A D 6/30/8-8 11.37 5.1 <0.05 
S40 6/30/88 14.81 13.5 0.90 
S50 D 6/30/88 14.02 15.31 1.05 
S60 6/30/88 0.77 78.0 5.22 
S60A T 6/30/88 0.45 19.3 
S70 6/30/88 0.72 139.1 8.04 
S71 6/30/88 0.88 155.0 8.93 
S71A T 6/30/88 0.10 4.1 
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Table G-l. Stream discharge and chemistry ill Steamboat Creek and various tributaries and 
distributaries--continued 

Discharge Chloride Boron 
Station Type Date (fe/s) (mg/L) (mg/L) 

S71 7/1/88 0.93 
S71B D 7/1/88 1.25 
S71C T 7/1/88 0.05 7.3 
S71D T 7/1/88 0.21 
S73 7/1/88 1.59 329.0 18.4 
S73A T 7/1/88 0.10 49.5 3.24 
S73B T 7/1/88 0.54 
S74 7/1/88 2.17 233.5 13.4 
S74A D 7/1/88 0.05 
S74B D 7/1/88 0.65 241.3 13.5 
S74C D 7/1/88 <0.01 
S75 7/1/88 0.99 239.4 13.6 
S75A 7/1/88 1.29 
S75B T 7/1/88 0.07 
S76 7/1/88 1.29 220.6 
S76 7/2/88 1.45 
S76A T 7/2/88 0.21 117.4 6.45 
S77A T 7/2/88 7.67 82.1 5.68 
S80 7/2/88 8.98 113.9 7.25 
S90 T 7/2/88 0.10 

S10 8/9/88 0.11 17.2 0.12 
SD20 T 8/9/88 14.38 3.7 <0.05 
S20 8/9/88 14.60 4.2 <0.03 
S20A D 8/9/88 7.83 5.1 0.14 
CHD10 8/9/88 7.44 5.1 0.16 
CHD20 8/9/88 7.88 4.7 0.14 
S50 D 8/9/88 8.20 30.2 1.60 
S60A T 8/9/88 0.09 31.2 1.69 
CRDlO 8/9/8~ . 8.48 29.3 1.44 
CRD20 8/9/88 7.78 27.9 1.31 
S70 8/9/88 0.14 417.7 24.4 
SlO 3/4/89 2.50 23.8 0.1 
S50 D 3/4/89 3.34 106.5 4.57 
S60A T 3/4/89 3.32 107.5 4.65 
S70 3/4/89 3.68 130.4 6.38 
S71A T 3/4/89 0.06 4.2 0.09 
S71C T 3/4/89 0.02 5.6 0.48 
S71D T 3/4/89 0.23 43.5 2.82 
S73 3/4/89 5.32 202.3 10.6 
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Table G-l. Stream discharge and chemistry in Steamboat Creek and various tributaries and 
distributaries--continued 

Discharge Chloride Boron 
Station Type Date (ff/s) (mg/L) (mg/L) 

S73B T 3/4/89 0.23 32.2 1.2 
S73C D 3/4/89 0.39 191.6 10.2 
S74 3/4/89 5.77 192.5 10.1 
S74C D 3/4/89 1.25 191.6 10.2 
S75A 3/4/89 4.13 191.6 10.2 
S75B T 3/4/89 0.01 82.2 4.47 
S75C T 3/4/89 0.36 215.0 10.6 
S76A T 3/4/89 0.20 55.6 2.13 
S77 3/4/89 5.02 196.7 10.0 
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