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— M o r e — 

The Department o-f the Interior Office of the Regional Solicitor in 
Portland, Oregon has received the Appellant's Statement of Reasons in the 
Sierra Club, et al appeal of the PONSI and Decision Record prepared by the 
Bureau of Land Management (BLM) regarding the request by California Energy 
Company, Inc, (CECI) to deepen the temperature gradient well near Crater 
Lake and to drill without circulation. A copy of the Statement will be 
sent to INEL 17 September 1987, 

The Solictor has thirty days to respond to the statement and will be able 
to regue?st an extension if needed. The Sol ictor' expects that the Sierra 
Club, et al will request thirty days to respond to the Solicitor's brief. 
At that point the Interior Board of Land Appeals (IBLA) will begin to 
review the case. IBLA generally ta^kes from twelve to eighteen months to 
render a decision. Hence, it is likely that drilling will not be possible 
during the 1988 field season even if lE-iLA renders a decision favorable to 
BLM and CECI, IBLA sometimes will expedite their decision if another 
Agency requests it. The Department of Energy is also welcome to assist 
the Solicitor in the preparation of his brief. 



Disposition: d 

Tos 
Tos 
Tos 
Tos 
Ces 

Froms 
Subjects 
Mail Ids 

S 
P 
J 
S 
M 
M 
Cl 
I 

PRESTWICH (DOE1020) 
WRIGHT (D0E4433) 
RENNER (D0E4437) 
STIGER (D0E4467) 
REED (D0E441S) 
REED (D0E4418) Delivereds Fri 18-Sep-87 10s09 EDT Sys 164 (25) 

CRATER LAKE CASE 
IPM-164-870918-091430436 

Dear Joe^l, Sue, Sue, Mikes 

The Geothermal Technology Division has decided to avoid any contact or 
appearance of interferMnce with the proceedings of the IBLA appeal on drilling 
near Crater Lake, Please be circumspect in your inquiries or contacts with 
the Department of Interior Solicitor or v-gith the IBLA itself. The Department 
of Energy and its geothermal contractors will not assist the Solicitor in this 
case unless si request for assistance is approved at the assistant secretary 
l6>vel in DOE. We will of course? assist the BLM and USFS with anything they 
request Rf we can, but all legal contact should be between them and the 
Solicitor! 

DOE Headquarters (GTD) and IDO have stated to Cal Energy that they have our 
full support and continuing interest in the drilling of the core hole. If the 
drilling activity is allowed to continue, we will pa\rticipate as we ht^ve 
agreed. The decision to resume drilling will be up to CECI if they get IBLA 
appro Veil , 

Keep your e a r to the ground, aind don't stick your neck out. 

Yours, 
Mai r shal 1 
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Marshall; 
Here is the remainder of the work statement. It more or less 

paraphrases a statement of work on the Cascades which Mike already sent you, 

Mikes 
If this causes grief, give Marshall a call. 



CALDERA RESERVOIR INVESTIGATIONS 

UURI will provide technical assistance as requested by DOE and track the 
progress of the remaining coring in the Cascades program. UURI will 
disseminate the data collected by industry and will supplement the data 
package by completing acquisition of critical items of information that 
arB missing. They will write a case history of each coring and data 
acquisition project. 

UUFd will synthesize the data generaited by the Cascades project cind 
interpret it in the light of structure, chemical and mechanical properties 
of the rocke-, and potential and observed hydrothermal effects to help 
determine the conditions for formation of geothermal reservoirs in the 
Cascades, 

UURI will characterise, through mineralogical and physical property 
studies in the laboratory, both high-temperature and low-temperature 
alteration suites in Cascades rocks using aivailable drill core samples. 
They will also utilize core and chip samp) les from the Valles Caldera, Long 
Valley, anci Los Azufres. By measuring the physical properties of these 
rocks, particularly their electrical properties, UURI hopes to determine 
differences between the high- and low-temperature suites which can be 
differentiated geophysically, 

INEL will review the literature available on the fracture geometry of 
geothermal systems and analogous hydrothermal ore deposits. The study 
will result in description of fracture systems and suggestions for further 
research. 

Two wells drilled in the Long Valley caldera have provided samples that 
UURI will utilize to characterize hydrothermal alteration in the caldera, 
'The compositions of fluids contained in microscopic inclusions in the 
minerals of the core will be determined. URRI will also use these 
inclusion studies to determine the temperature of formation of individual 
minerals and the isotopic composition of the fluids. This data and 
downhole geophysical data will be used to develop an initial model of 
fluid circulation patterns. This model will be used to examine expected 
electrical geophysical responses from the system for comparison with the 
observed response. 

COOPERATIVE RESEARCH / GEOTHERMAL TECHNOLOGY ORGANIZATION (GTO) 

INEL will manage a program of cooperative technological development with 
the GTO, an organization composed of members of the geothermal industry. 
Fi;eseiHrch will have a high probability of yielding near-term benefits, 
INEL will advise DOE on the appropriateness of research suggested by GTO, 
issue the contracts necessary to accomplish the work, monitor the progress 
of the contracted work, and report the results to both DOE and GTO, 



CRATER LAKE WORKSHOP 

February 24th & 25th, 1987 

Marriott Hotel, Portland, Oregon 

Tuesday February 24th: 

8:00-9:00 AM Registration 

9:00-9:15 Al Waibel, Columbia Geoscience 

9:15-9:45 C. Bacon, U.S.G.S. 

9:45-10:45 J. LaFleur, Calif. Energy Co. 

10: 45-11:00 Break 

11:00-11:30... D. Williams, U.S.G.S. 

11:30-12:00 D. Blackwell, S.M.U. 

12:00-1:30 PM Lunch, hosted 

1:30-2:45 M. Nathenson, U.S.G.S. 

2:45-3:15 H. Nelson, U.S.G.S. 

3:15-3:30 Break 

3:30-4:00 A. Johnson, P.S.U. 

4 : 00-4 : 30. , . M. C'ltnin.i.ng!? - P S .U. 

Wednesday, February 25th 

9:00-9:30 AM D. Larson, Army Corp. Eng. 

9:30-10:30 R. Collier, O.S.U. 

10:30-11:30 I. Barns, U.S.G.S. 

11:30-1:00 PM Lunch, no host 

1:00-3:00 Round-Table discussion 
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DEPARTMENT OF THE INTERIOR 

National Park Service 

Significant Thennal Features Within 
Units of the National Park System 

AGENCY: National Park Service/U.S. 
Department of the Interior. 
ACTION: Notice of proposed list of 
significant thermal features within units 
of the National Park System. 

SUMMARY: In accordance with section 
115 of the Department of the Interior and 
Related Agencies Appropriations Act 
for 1987, Pub. L. 99-591, the National 
Park Service (NPS) is publishing for 
public review and comment a proposed 
list of significant thermal features within 
twenty-two (22) units of the National 
Park System. This Hst may be revised 
after public comments are received in 
response to this Notice or as new 
information becomes available. A final 
list, including all public comments and 
rationale for additions to or deletions 
from the proposed list, will be sent to 
Ck)ngress in April 1987. No geothennal 
leases may be issued by the Secretary of 
the Interior until the final list is 
transmitted to Congress. Also, future 
geothermal leasing, pursuant to the 
Geothermal Steam Act of 1970, as 
amended, is dependent on 
determinations of whether or not 
proposals to explore for, develop, 
produce, or use geothennal resources 
surrounding the listed features are 
"likely to result in significant adverse 
effects" on the listed featiires. 

The NPS welcomes a thorough review 
of the proposed listed features and the 
information serving as the bases for 
determining listed features as 
signiHcant. The NPS seeks data or 
information that can assist in preparing 
a final list of significant thermal features 
within the specified units of the National 
Park System. NPS is also interested in 
receiving nominations for listing 
additional thermal features or 
recommendations for deleting thermal 
features, as proposed. All nominations 
for listing additional areas of significant 
thermal features and recommendations 
for deleting areas from the proposed list 
should be accompanied by background 
information on the thennal feature 
discussed and a supporting rationale for 
the recommended action. 

After transmitting the final list of 
significant thermal features within units 
of the National Park System to the 
Congress, the NPS will publish the same 
list as sent to Congress in the Federal 
Register as a Final Notice. Copies of 
public comments received in response to 
this Notice will also be available for 

public review according to the 
specifications of the Final Notice. 
DATES: Nominations, recommendations, 
and supporting comments must be 
received on or before March 16,1987. to 
be assured of receiving consideration. 
ADDRESS: Mail comments, 
recommendations, and nominations to 
Director, NPS, ATTN; Energy. Mining 
and Minerals Division (WASO 480, 
Room 3223, Main Interior Building), 
National Park Service. P.O. Box 37127. 
Washington. DC 20013-7127. 
FOR FURTHER INFORMATION CONTACT: 
Ms. Pam Matthes, Energy. Mining and 
Minerals Division (Room 3223 Main 
Interior Building), National Park Service. 
P.O. Box 37127. Washington. DC 20013-
7127, (202) 343-4639. 
SUPPLEMENTARY INFORMATION: The 
Department of the Interior and Related 
Agencies Appropriations Act. Pub. L 
99-591. (hereinafter referred to as the 
Act) was passed by Congress and 
signed into law October 30.1986. 

Paragraph 2(a) of S 115 of the General 
Provisions for the Act, directs the 
Secretary to collect and publish In the 
Federal Register, within 120 days, a 
proposed list of significant thermal 
features in the following twenty-two (22) 
units of the National Park System; 
Mount Rainier National Park, 

Washington; 
Lassen Volcanic National Park, 

Califomia; 
Yellowstone National Park, Wyoming, 

Montana, and Idaho; 
Bering Land Bridge National Preserve, 

Alaska; 
Gates of the Arctic National Park and 

Preserve, Alaska; 
Yukon-Charley Rivers National 

Preserve, Alaska; 
Katmai National Park, Alaska; 
Aniakchak National Monimient and 

Preserve, Alaska; 
Wrangell-St. Elias National Park and 

Preserve, Alaska; 
Glacier Bay National Park and Preserve, 

Alaska; 
Denali National Park and Preserve, 

Alaska; 
Lake Clark National Park and Preserve, 

Alaska; 
Hot Springs National Park, Arkansas; 
Sequoia National Park, Califomia; 
Hawaii Volcanoes National Park, 

Hawaii; 
Lake Mead National Recreation Area, 

Arizona and Nevada; 
Big Bend National Park, Texas; 
Olympic National Park, Washington; 
Grand Teton National Park, Wyoming; 
John D. Rockefeller, ]r. Memorial 

Parkway. Wyoming; 
Haleakala National Park. Hawaii; and. 
Crater Lake National Park. Oregon. 

The NPS has been designated by the 
Department as the lead agency for 
preparation and publication of thn list of 
significant thermal features. In making 
an overall determination of significance, 
the Act specifically requires four criteria 
to be applied to each thennal feature 
identified within the twenty-two (22) 
units of the National Park System. These 
four criteria are listed below, along with 
a brief discussion of the factors 
contributing to the determination of 
whether or not the identified feature(s) 
qualify as "significant" under each 
criterion: 

(1) Size, extent, and uniqueness^NPS 
establishes neither lower nor upper 
limits on the size or extent of a feature. 
Each feature is identified according to 
its existing surface dimensions. 
However, for a feature to be considered 
significant under criterion lri, it is 
identified as unique to the unit, the 
Region, the Nation, or, in some cases. 
the Worid. 

(2) Scientific and geologic 
significance—Under this criterion, a 
feature qualifies as "significant" when 
the feature has been identified as 
contributing to scientific or geologic 
data, to the understanding of thermal 
regimes, or to the history or origin of the 
feature within the unit, the Region, or 
the Nation. 

(3) The extent to which such features 
remain in a natural, undisturbed 
condition—Under this criterion. NPS 
reports on the existing condition of 
identified features. Where applicable, 
NPS addresses whether disturbances or 
developments, if any. have affected the 
subsurface thermal regime. 

(4) Significance of thermal features to 
the authorized purposes for which the 
National Park System unit was 
created—Features specifically identified 
within the enabling legislation for the 
unit or features used in a manner 
consistent with the stated purposes for 
which the unit was created are 
significant. 

Thus. NPS has listed thermal features 
' that were the basis for establishing the 

unit in the first instance (e.g.. 
Yellowstone National Park) and thermal 
features that now significantly 
contribute to the statutory purposes for 
which the area was set aside by 
Congress (e.g.. Lake Mead National 
Recreation Area). 

In most every case, each feature listed 
as significant within this Notice has met 
all of the significance criteria, 
unequivocably. However, there are a 
few features proposed for listing where 
one or more of the significance criteria 
are met marginally or where the 
significance is not known at this time. 
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Such features are clearly identified in an 
introductory paragraph preceding the 
discussion of the significance criteria. 
Specific discussions for each of these 
features explain the rationale behind 
proposing these features as significant. 
NPS welcomes additional infonnation 
that can assist in the final 
determinations for these features. 

All thermal features initially 
determined to be or proposed as 
significant by the NPS under these 
criteria are listed within this Notice. The 
Act authorizes the Secretary to make 
additions to or deletions from the list 
based on public comments received in 
response to this Proposed Notice. 
Further, the Act requires that within 60 
days of publishing the proposed list, the 
Secretary niust transmit to Congress a 
final list together with copies of all 
public comments received. The 
transmittal to Congress will indicate any 
additions to or deleting from the 
proposed list including a statement of 
the reasons for the action. Therefore, the 
NPS requests that any comments, 
recommendations for deletion from, or 
nominations for adding thermal features 
to the proposed list be supported by a 
rationale and specific information that 
addresses each of the above significance 
criteria. 

The Act directs that the Secretary of 
the Interior shall not issue any 
geothermal leases under the Geothermal 
Steam Act of 1970, as amended (30 
U.S.C. 1001). until after the list of 
significant thermal features within units 
of the National Park System is 
transmitted to Congress. 

Paragraph 2(b) of the Act directs the 
Secretary of the Interior to establish and 
maintain a monitoring program for each 
of the significant thermal features 
included on the final list transmitted to 
Congress. The existing data 
characterizing each listed thermal 
feature and any data collected as a 
result of the monitoring program will 
serve as baseline data upon which the 
potential effects of future geothermal 
leasing and development on the listed 
features will be assessed. 

The Act requires that. "Upon receipt 
of an application for a geothermal lease 
the Secretary shall detennine on the 
basis of scientific evidence if 
exploration, development, or utilization 
of the lands subject to the geothermal 
lease application is reasonably likely to 
result in a significant adverse effect ori a 
significant thermal feature listed." All 
such determinations "shall be subject to 
notice and public comment", and will be 
published in the Federal Register for 
public review and comment. Also, the 
Secretary df Agriculture must consider 
the effects on the listed thermal features 

when determining whether to consent to. 
geothermal leases on national forest 
lands or any other lands, urider the 
jurisdiction of the Department of 
Agriculture. No geothennal lease can be 
issued, if the Secretary determines that 
the exploration, development, or 
utilization of the land subject to the 
lease apphcation is "reasonably likely 
to result in a significant adverse effect 
on a listed thermal feature" (emphasis 
added). In addition, the areas within 
such proposed lease appplications that 
are likely to result in significant adverse 
impacts to listed features must be 
withdrawn from leasing under the 
Geothermal Sleam Act. 

Future proposals to explore for. 
develop, produce, or use geothermal 
resources that are determined as 
"reasonably likely to adversely affect 
such significant features" (emphasis 
added) within units of the National Park 
System, may be considered for leasing. 
If leases are issued in such areas, the 
"Secretary shall include stipulations in 
leases necessary to protect significant 
thermal features." If. in these areas, the 
Secretary later "determines that ongoing 
exploration, development, or utilization 
activities are having a significant 
adverse effect on significant thermal 
features" listed, among other things, all 
activity on the lease must be suspended, 
"temporarily or permanently" until the 
significant adverse effect is eliminated. 

As previously mentioned, the Act 
specifically requires the Secretary of the 
Interior and the Secretary of Agriculture 
to determine the effects of proposed 
geothermal leases and future operations 
on each of the listed significant thennal 
features in units of the National Park 
System. The Act further requires that 
such determinations on lands under the 
jurisdiction of the Department of the 
Interior and/or the Department of 
Agriculture must be made available for 
public review and comment on a case-
by-case basis. In response to this 
requirement of the Act and to assist in 
clarifying where future geothermal 
leasing may be considered, the 
Department of the Interior proposes to 
identify the affected States in which 
geothermal leasing proposals will be 
evaluated on a case-by-case basis under 
the public review requirements of the 
Act. The purpose of this proposal also is 
to obtain public comment for the 
balance of Federal lands not contained 
within the list of affected States so that 
geothermal leasing can proceed under 
the requirements of the Geothermal 
Steam Act without imposing the case-
by-case public review provisions of the 
Act.. 

The States containing the specified 
units of the National Park System, as 

listed within this Notice, comprise the 
list of affected States. In addition, the 
NPS proposes to list the State of Utah as 
an affected State because of its 
proximity to Lake Mead National 
Recreation Area, in which the NPS 
proposes to list thermal features as 
significant. Therefore, applications for 
geothermal leases in the following 
States will be evaluated under the 
provisions of the Geothermal Steam Act 
as well as under the explicit public 
review requirements of the Act: Alaska. 
Arizona. Arkansas. Califomia. Hawaii, 
Idaho, Montana, Nevada, Oregon. 
Texas, Utah. Washington, and 
Wyoming. 

The provisions of the Act are designed 
to protect significant therma! features 
within units of the National Park System 
from the potential adverse effects of 
exploration, development, or utilization 
of geothermal resources and will remain 
in effect until Congress specifically 
directs otherwise. Therefore, it is 
important that the following proposed 
list be given the benefit of a thorough 
review so that information to 
supplement, refine, or further delineate 
significant features presented in this 
Notice can be added to the data that is 
transmitted to Congress. 

Summary Analysis of Thermal Features 
in Units of the National Park System 

The twenty-two (22) units of the 
National Park System specified by 
Congress in the Act are located within 
five (5) NPS Regions. The following 
table summarizes the information 
collected by the NPS on thermal features 
within each ofthe specified park units: 

SUMMARY TABLE 

NPSRegion-. parti units 
evaiuated 

Pacific Northwest Region: 
Mount Rainier National Pai\i 

(Washington). 
Crater Ulte National Parti 

(Oregon). 
Olympic National Partt 

(Washington). 
Roetiy Mountain Region: 

yeilowstone National Parti 
(Wyoming, Idaho, and 
Montana). 

Grand Teton Itetlonal Parti 
(Wyoming). 

John D. Rockelellef. Jr. Me
morial Partiway (Wyoming). 

Alastia Region: 
Bering (.and Bridge, National 

Preserve. 
Galas of the Arctic. National 

Parti and Preserve. 
Vulton-Chartey Rivera. Na

tional Preserve. 
Katmai Nattonol Parli 
Aniakcnak National Monu-

iMrangell-SL EUas. t4a>ior\al 
; Parti and Preserve. 

r^umtwr 
of 

leatuies 
identi

fied 

Nor>e 

2 

Identified 
features qualify 
as significani 
under the Act 

l m 

Ves. 

1 = f 9 i , \ =N0 

Ves. 

No • 

No 

Ves 

Ves 

Nol ApBKcabie 

Ves 
ives. 

; Vas 
1 
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SUMMARY TABLE—Continued 

NPSFteg-on, park urwts 
evalueied 

Glacier Bay National Parti 
and P'eserve 

Denal: National Parti and 
Preserve. 

Lake aarti National Perti 
and Preserve. 

Southwest Region: 
Hol Springs National Park 

(Arttansas). 
Big Bend National Parti 

(Te«as|. 
Westem Region: 

Lassen Volcanic National 
Parti (California). 

. Sequoia National Parti (Cali
fornia), 

Hawa.' Volcanoes National 
Parti (Hawaii). 

Haleakala National Park 
(Hawaii). 

Lake Mead National Recrea
tion Area (Anzona and 
Nevada). 

Number 
of 

taatura* 
identi-
fiad 

None 

None 
• 

2 

t 

3 

1 

2 

10 

1 

3 

Identified 
leatms qualily 
aa significant 
undwttwAct 

Na« AppiicaMe. 

NotAnXicalila 

Yes 

Yea. 

Yea. 

Yes 

Yes. 

Yes. 

Yes. 

Yes. 

Maps showing the location of 
identified thermal features (if any) 
within all units are available for public 
inspection in Washington. DC at the 
following address: 
Energy, Mining and Minerals Division, 

National Park Service, Room 3223, Main 
Interior Building, 18th and C Streets NW., 
Washington, DC 20240 
Maps of units showing the location of 

identified thermal features (if any) are 
available for public inspection at each 
of the NPS Regional Offices responsible 
for administering the unit of interest at 
the following addresses: 
Pacific Northwest Regional Office. National 

Park Service, 83 South King Street, Library, 
Seattle, Washington 98104 

Rocky Mountain Regional Office, National 
Park Service. (Attn: Cecil Lewis), 655 Parfet 
Street, Denver, Colorado 80225 

Alaska Regional Office, National Park 
Service, 2525 Gambell Street, Room 107, 
Anchorage, Alaska 99503 

Southwest Regional Ofiice, National Park 
Service. Public Affairs Ofiice. 1100 Old 
Santa Fe Trail, Santa Fe, New Mexico 
87504-0728 

Western Regional Office, National Park 
Service. (Attn: Ray Murray), 460 Golden 
Gate Avenue. San Francisco, Califomia 
94102. 
TTie NPS proposes to hst features as 

significant within seventeen (17) units. 
The following subsection entitled 
"Proposed List of Significant Thermal 
Features in Units of the National Park 
System" describes each of the thermal 
features identified within each unit and 
provides information that addresses 
each of the four significance criteria 
identified by the Act. 

Further, the NPS proposes to list no 
thermal features as "significant" within 
six (6) of the twenty-two (22) specified 
units. Features are not listed either 

because no thermal features are 
identified or because those features 
identified do not meet the significance 
criteria of the Act. The subsection 
entitled "Specified Units Within the 
National Park System With No 
Significant Thermal Features" explains 
the rationale for each of the six (6) imits 
ofthe National Park System that are not 
proposed for inclusion on the list of 
significant thermal features to be 
transmitted to Congress. 

Proposed List of Significant lliennal 
Features in Units of the National Park 
System 

The thermal features identified in this 
Notice are named from terms describing 
the surface manifestations of subsurface 
thermal activity. Heat within the earth is 
manifested at the earth's surface as a 
result of different types of thermal 
activity. Any or all of the surface 
features described may be expressions 
of a thermal system or thermal feature. 

Hydrothermal systems are the 
anomalous concentrations of high 
temperatures at shallow depths caused 
by the upward movement of water and/ 
or steam. In addition to convective heat 
transfer by moving fluids, some 
hydrothermal systems also involve an 
anomalously shallow heat source 
caused either by a volcanic system that 
has moved magma to a shallow level or 
by high regional heat flow. Surface 
manifestations of hydrothermal systems 
are geysers, hot springs, warm springs, 
mud pots, fimiaroles, and steaming 
ground. 

Volcanic thermal activity may be 
expressed on the surface in the form of 
molten rock (magma or lava), ash, or 
thermal fluidJs such as water (steam), 
mud, and gas. Geysers, hot springs, 
warm springs, gas vents, and fumaroles 
result when water, steam, mud, and 
gases are heated by the molten rock 
below the earth's surface and then 
ejected at the surface. Volcanoes, 
craters, and calderas are formed on the 
surface from the eruption of molten rock 
and associated gases and ash. The 
conical shape of volcanoes is produced 
by the ejected material. Craters are a 
rimmed structure, similar to a basin, 
usually at the summit of a volcanic cone. 
A caldera is a large basin-shaped 
feature formed by one or more volcanic 
vents. Volcanoes, craters, and calderas, 
as surface manifestations of either 
active or dormant heat sources, are 
indications of active subsurface thermal 
activity. 

The following features are proposed 
as "significant" thermal features to be 
forwarded to Congress in April 1987. 

Mount Rainier National Park 

Feature: Moimt Rainier 

Significance criteria: 1. Size— 
Approximately 176.000 acres. 

Extent—Mountain area of volcanic 
origin. 

Uniqueness—Mount Rainier is the 
largest .Northern American 
stratovolcano south of Alaska that 
contains an active thennal system and 
is the largest and highest (14.410') 
volcano in the Cascade Range. 

2. Scientific and geologic 
significance—This feature is an ideal 
example of a large stratovolcano and 
the thermal features at the summit and 
the upper slopes above 10.000 feet 
provide excellent study opportunities. 
Mount Rainier is part of what is 
commonly referred to as the Pacific Rim 
of Fire. Ohanapecosh and Longmire 
thermal springs exist on the flanks of 
Mount Rainier and their presence are 
indicators of subsurface thermal 
activity. 

3. The extent to which the featiu'e 
remains in a natural, imdisturbed 
condition—The volcano itself is 
primarily undisturbed. Longmire and 
Ohanapecosh Springs are significantly 
altered by development that occurred 
prior to the establishment of the park. 
There are other disturbances to the 
flanks of the volcano from the 
construction of roads and visitor 
facilities; however, these developments 
do not alter the thermal feature. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—^Mount Rainier, the 
volcano, is the central feature of the 
park and Mount Rainier National Park 
was established in 1899 to preserve this 
feature. (16 U.S.C. 91) 

Crater Lake National Park 

Feature: Crater Lake 

Significance Criteria: 1. Size—48 
square kilometers. 

Extent—^Hydrothermal vents are 
located on the south central floor of the 
basin of Crater Lake at approximately 
1500 feet depth. 30-150 liters per second 
inflow of thermal water is estimated to 
enter Crater Lake. 

Uniqueness—Crater Lake is among 
the highest, largest, and deepest caldera 
lakes in the world. It is known for its 
blue color, nearly pure optical 
properties, and extreme water clarity. 

2. Scientific and geologic 
significance—Studies indicate that 
thermal springs feed the lake from the 
vents located on the floor of the basin. 
Bathymetric and temperature surveys 
are needed to characterize the 
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contribution of these vents to the lake's 
water qualify. Crater Lake resembles the 
primitive ocean. It is ideal for 
limnological studies and is a prime 
example of a caldera lake. It is an 
isolated system which approximates a 
closed system and provides a laboratory 
to investigate environmental 
disturbances from outside influences, 
such as atmospheric fallout. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The feature is in a natural, 
undisturbed condition. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—Crater Lake National Park 
was established in 1902 to preserve the 
caldera lake and to assure the retention 
of the lake's superb water quality. (16 
U.S.C. 121) 

Olympic National Park 

Feature: Sol Due Hot Springs 
NPS determines that this feature is 

marginally significant, mainly because 
of the lack of scientific interest or 
significance to the imit or to the Region. 

However, these springs are 
extensively used by the public for 
recreational purposes as a spa. The NPS 
recognizes the recreational significance 
of this feature and has assisted in 
developments to accommodate 
increased visitor use. The value of its 
current recreational use is dependent 
upon the thermal flow of the springs. 
Recreational use is consistent with the 
authorized purpose for which the imit 
was createtd. Thus. NPS proposes to list 
this feature as a significant thermal 
feature within Olympic National Park. 

Significance Criteria: 1. Size— 
Approximately one acre. 

Extent—Sol Due Springs are a series 
of seeps occurring next to the Soleduck 
River. 

Uniqueness—The springs are unique 
in that hot springs are rarely found on 
the Olympic Peninsula and is one of two 
springs found within the unit. These hot 
springs indicates the presence of a 
thennal system within the confines of 
the Olympic Mountains. 

2. Scientific and geologic 
significance—Sol Due Hot Springs, 
located on the inactive Calawah fault 
zone, have not been identified as an 
area of scientific interest and is 
significant to the geology ofthe unit in 
that they serve as an indicator of a 
subsurface thermal regime. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—None of the seeps exist in a 
natural state as the springs have been 
extensively altered to accommodate 
commercial development, which is now 

a major concession offering all the 
facilities of a spa. Thejdeyelopment of 
Sol Due Hot Springs into a conunercial 
spa is used extensively by the public for 
recreation and therapeutic purposes. 

4. Significance of the feature to the 
authorized purposes for which the unit -
was created—In 1938. Congress 
estabhshed the Olympic National Park. 
The enabling legislation states that the 
lands within the unit were "set apart as 
a public park for the benefit and 
enjoyment of the people of the United 
States". Although not recognized within 
the enabling legislation, the Sol Due Hot 
Springs existed as a commercial resort 
at the time the unit was considered for 
establishment by Congress. The resort 
has since been developed extensively to 
accommodate increased visitor use as a 
spa. The NPS recognizes the 
recreational significance of this feature 
and its thermal flow remains significant 
to the public's enjoyment of the springs. 
(16 U.S.C. 251) 

Yellowstone National Park 
Old Faithful and approximately 10.000 

geysers and hot springs make 
Yellowstone National Park the world's 
greatest thermal area. NPS proposes to 
list the entire hydrothermal system 
withiii Yellowstone National Park as 
one significant thermal feature 
comprised of the identified one himdred 
fourteen (114) hot springs and seven (7) 
gas vents. Each of the features listed are 
part of and in total comprise the 
Yellowstone hydrothermal system 
within the boundaries of the park. The 
following significance criteria have been 
analyzed for each feature listed and 
have been found to be applicable to 
every feature within the Yellowstone 
thermal system. 

Feature: Yellowstone National Park 
Significance Criteria: 1. Size— 

Approximately 2.220.000 acres. 
Extent—(a) 10 travertine hot springs 

in Mt. Holmes. Mammoth. Tower 
Junction. Abiathar. Madison Junction, 
Firehole Lake, and Huckleberry 
Mountain Quadrangles. 

(b) 41 acid-sulfate hot springs in 
Obsidian Lake. Mt. Washburn. 
Amethyst Mountain. Madison Junction. 
Norris Junction. Solfatara Plateau. 
Canyon Village, Ponuntpa Springs, 
Pelican Cone. Juniper Creek. Beach 
Lake, Lake Junction, Steamboat Point, 
Buffalo Lake, Summit Lake, Shoshone 
Geyser Basin and Huckleberry 
Mountain Quandrangles. 

(c) 18 neutiral-chloride hot springs in 
Norris Junction, Ponuntpa Springs, 
Firehole Lake, Buffalo Lake, Warm River 
Butte, Old Faithful, Ragged Falls, and 
Lewis Lake West Quadrangles. This 

feature includes the Upper and Lower 
Geyser Basins. 

(d) 1 neutral-dilute spring in Warm 
River Butte Quadrangle. 

(e) 6 neutral-alkaline dilute springs in 
Lewis Lake West, Grassy Lake 
Reservoir, Huckleberry Mountain, and 
Mt. Hancock Quadrangles. 

(f) 21 springs haying a mixture of the 
above types in the following 
quadrangles: Obsidian Lake, Amethyst 
Mountain, Madison Junction, Norris 
Junction, Canyon Village, Pelican Cone. 
Firehole Lake, Juniper Creek, Steamboat 
Point. Old Faithful. West Thumb, 
Shoshone Geyser Basin, and Lewis Lake 
East. 

(g) 1 Bicarbonate spring located in the 
Obsidian Lake Quadrangle. 

(h) 16 springs of undetermined 
dominate chemistry located in Amethyst 
Mountain. Madison Junction, Norris 
Junction. Solfatara Plateau, Canyon 
Village. Ponuntpa Springs, Pelican Cone. 
Juniper Creek. Steamboat Point, and 
Lewis Lake West Quadrangles. 

(i) 7 gas vents located in Amethyst 
Mountain, Abiathar Peak, Solfatara. 
Pelican Cone, and Eagle Peak 
(Brimstone Basin] Quadrangles. 

Uniqueness—The Yellowstone 
thermal system is the world's greatest 
hydrothermal system and geyser area 
and is recognized as an outstanding 
natural feature of the world. 

2. Scientific and geologic 
significance—Yellowstone contains 
thousands of thermal features and the 
park is widely known as the preeminent 
hydrothermal area of the world. The 
entire Yellowstone hydrothermal system 
provides numerous opportunities to 
study and characterize a large, 
undisturbed geyser system. 

3. The extent to which the features 
remain in a natural, undisturbed 
condition—^The feature is in a natural, 
undisturbed condition. 

4. Significance of the features to the 
.authorized purposes for which the unit 
was created—Yellowstone National 
Park was created in 1872 to preserve 
and protect all natural curiosities or 
wonders within the park and to retain 
each of the features in their natural 
condition. The thermal features of the 
park are one of the natural wonders of 
the park and comprise the preeminent 
hydrothermal area of the world. (18 
U.S.C. 21) 

Bering Land Bridge National Presen,-e 

Feature: Serpentine Hot Springs 

Significance Criteria: 1. Size— 
Approximately 0.5 square miles. 

Extent—Serpentine Hot Springs is a 
group of hot springs providing the only 



4704 Federal Register / Vol. 52, No. 30 / Friday, February 13. 1987 / Notices 

indication of thermal regime within the 
unit. 

Uniqueness—These springs are the 
warmest springs in the region and is the 
only indicator of thermal activity in the 
Preserve. 

2. Scientific and geologic 
significance—As the warmest springs in 
the region, Serpentine Hot Springs are 
the only indicator of thermal activity in 
the Preserve. 

3. The extent to which the feature 
remain in a natural, undisturbed 
condition^The main pool has 
undergone some disturbance. Bath and 
bunk houses have been moved to the 
site lo facilitate public visits and water 
has been piped to the bathing pool. 
These surface disturbances have not 
altered the thermal regime of the 
feature. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—'The Bering Land Bridge 
National Preserve was established to 
protect and interpret volcanic lava 
flows, ash explosions, coastal 
formations and other geologic processes. 
Also, the recreational significance of the 
Serpentine Hot Springs was recognized 
in the enabling legislation. (16 U.S.C. 
410hh) 

Gates of the Arctic National Park and 
Preserve 

Feature: Reed River Hot Springs 
Significance Criteria: 1. Size— 

Complex of springs approximately 0.25 
miles in length. 

Extent—0.25 mile section along the 
east side of Reed River. 

Uniqueness—Reed River Hot Springs 
is the largest known thermal feature in 
the park and is one of the few large hot 
springs in the region. 

2. Scientific and geologic 
significance—As one of the few large 
warm springs in the Brooks Range of 
Alaska, Reed River Hot Springs has 
been proposed for listing in the National 
Register of Natural Landmarks and for 
designation as a State Ecological 
Preserve. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The feature is in a natural, 
undisturbed condition. 

4. Significance of the feature to fhe 
authorized purposes for which the unit 
was created—The Alaska National 
Interest Lands Conservation Act of 1980 
(ANILCA) established Gates of the 
Arctic National Park and Preserve as a 
new park unit within the National Park 
System. ANILCA states that the purpose 
of the unit is to "preserve unrivaled 
scenic and geologic values" with the 
mandate to manage the imit "to 

maintain the wild and undeveloped 
character of the area" and its 
"ecological integrity" (16 U.S.C. 410hh). 
The natural, undisturbed character of 
the one of the few warm springs in the 
Brooks Range, as found in the Reed 
River Hot Springs, is a significant 
thermal feature for this unit. 

Katmai National Park and Preserve 

Feature: Novarupta and vicinity 

Significance Criteria; 1. Size—800 
square miles. 

Extent—Six volcanoes, all in the 
vicinity of Novarupta, are east of the 
Bruin Bay fault and between Mount 
Martin and coast of Kamishak Bay, 
north of Mount Douglas. 

Uniqueness—^The volcanoes, active 
since 1912, have only erupted once and, 
consequently, has a simple structure 
conducive to study. There is no other 
site in the world where an ash eruption 
of comparable size has occurred at a 
terrestrial, rather than marine, site and 
where the ejects are accessible. 

2. Scientific and geologic 
significance—The structure beneath 
Novarupta, including the magma body, 
is of major scientific interest and 
significance. It is hypothesized that the 
proximity and relative locations of the 
six active volcanoes may have created 
heat so intense that the earth's rhyolitic 
crust, in addition to the mantle, was 
melted. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The feature is in a natural, 
undisturbed condition. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was createti—Katmai National 
Monument was established originally to 
protect the volcanism that created the 
identified thermal features. ANILCA 
further expanded the unit to protect, 
among other features, the existing 
geological features, which include the 
volcanoes within the unit. (16 U.S.C. 
410hh-l) 

Aniakchak National Monument and 
Preserve 

Feature: Aniakchak Caldera 

Significance Criteria: 1. Size— 
Approximately 28 square miles. 

Extent—The caldera is a volcanically 
active, flat-floored, ash-filled bowl that 
is 2.500 feet deep. 

Uniqueness—The Aniakchak caldera 
is one of the largest calderas in Alaska, 
exhibits recent volcanic activity, and is 
essentially dry-bottomed. 

2. Scientific and geologic 
significance—The area is acclaimed as 
one of the largest and most accessible 

ice-free calderas on the Alaska 
Peninsula. 

3. The extent to which the feature 
remains in a natural, imdisturbed 
condition—The feature is in a natural, 
undisturbed condition. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—Aniakchak's enabling 
legislation states the unit must be 
managed to "maintain the caldera and 
its associated voleanie features and 
landscapes in their natural state." 
Therefore, the identified feature is a 
significant feature serving as the basis 
for the unit's creation. (16 U.S.C. 410) 
Wrangell-St. Elias National Park and 
Preserve 

Feature: Mineral Springs (mud 
volcanoes) 

Significance Criteria: 1. Size—^The 
three springs occupy approximately 310 
acres. 

Extent—This feature is comprised of 
three widely spaced thermal areas 
located on the flanks of Mt. Drum. One 
of the sites has no appreciable water 
flow and largely vegetated. Another site 
consists of a spring of approximately 10 
acres. The third site is approximately 
300 acres. 

Uniqueness—The three identified 
springs are mineral springs, which is an 
unusual phenomenon in Alaska. 

2. Scientific and geologic 
significance—The unique thermal 
activity associated with these springs 
provides opportunities for scientific 
investigations. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—^The feature is in a natural, 
undisturbed condition. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—ANILCA identifies the 
general purpose for whieh various 
Alaska units were established as one 
"to preserve unrivaled scenic and 
geological values associated with 
natural landscapes." The mud volcanoes 
identified are unique and are of 
significant geologie value within the unit 
and to the geology of the region. (16 
U.S.C. 410hh) 
Feature: Wrangell Volcanoes 

Significance Criteria: 1. Size—Mt. 
Wrangell 14,153 feet; Mt. Drum 12,010 
feet; Mt. Sanford 16,237 feet: and Mt. 
Blackburn 16,390 feet. 

Extent—The four volcanoes are 
central features of the park. 

Uniqueness—The four active 
volcanoes are prominent within the park 
which includes the greatest assemblage 
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of mountain peaks in any park in the 
Nation. 

2. Scientific and geologie 
significance—The Wrangells are 
collectively refened to as a groUp of 
large shield and composite volcanoes. 
Geologically, they are relatively young 
and have had major eruptions as 
recently as 1.500 years ago. Their size, 
recent eruptions, and current activity 
provide significant opportunities for 
scientific investigations, including 
glaciological and volcanic studies. A 
long-term monitoring program of Mt. 
Wrangell has been ongoing for over 15 
years. The Wrangells are one of the 
greatest assemblages of mountain peaks 
in the Nation, some of which are 
volcanoes, both active and inactive. The 
Wrangells are the origin for some of the 
longest glaciers on the North American 
continent. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—^The foothills and lowlands 
that form the outer fi'inge of this 
mountain range have been the sites for a 
few small miiung operations. The mining 
operations with developed access routes 
have created some disturbances to these 
areas; however, disturbances to the 
lower surrounding mountains is 
minimal. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—ANILCA identifies the 
general purpose for whieh various 
Alaska units were established as one of 
preserving unrivaled scenic and 
geological values associated with 
natural landscapes. The primary 
purposes of Wrangell-St. Elias National 
Park and Preserve are to maintain 
unimpaired the scenic beauty and 
quality of high mountain peaks, foothills, 
glacial system, lakes, and streams in 
their natural state and to provide 
reasonable access for mountain 
climbing, mountaineering, and other 
wildemess recreational activities. These 
high peaks are significant features 
serving as the basis for the creation of 
the unit. (16 U.S.C. 410hh) 

stratovolcano which ejchibits areas of 
steani venting and sulfur vents. The 
feature is marked by erosion from 
glaciers and other processes exposing 
cross-sections of the volcano. Exposures 
illustrate the relationships of various 
lava flows and pyroclastic rocks of 
whieh the stratovolcano is composed. 

3. The extent to whieh the feature 
remains in a natural, undisturbed 
condition—^The feature is in a natural, 
undisturbed condition. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was createii—The enabling legslation 
for Lake Clark National Park and 
Preserve states that the purposes of the 
unit are, among others, to "maintain 
unimpaired the scenic beauty and 
quality of portions of the Alaska Range, 
including active volcanoes". (18 U.S.C. 
410hh) 

Feature: Uiamna Volcano 

Significance Criteria: 1. Size—33.900 
acres. 

Extent—Thermal activity consists of 
two small sulphur vents located at about 
9.000 feet near the summit on the eastem 
face of the volcano. 

Uniqueness—Iliamna Volcano is a 
broad cone-shaped active volcano 
deeply dissected by erosional processes. 

2. Scientific and geologic 
significance—The composition and 
appearance of the Ilianma Volcano 
offers opportunities to study its unique 
history. 

3. The extent to which such features 
remain in a natural, undisturbed 
condition—^The feature is in a natural, 
undisturbed condition. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—The eniabling legislation 
for Lake Clark National Park and 
Preserve states that the purposes of the 
unit are. among others, to "maintain 
unimpaired the scenic beauty and 
quality of portions of the Alaska Range, 
including active volcanoes". (16 U.S.C. 
410hh) 

Lake Clark National Park and Preserve " ° ^ Springs National Park 

Feature: Redoubt Volcano 

Significance Criteria: 1. Size—38,000 
acres. 

Extent—The s.mall vents in the cone 
of Redoubt Volcano. 

Uniqueness—Redoubt Volcano is the 
second highest of the 76 volcanoes of 
the Alaska Peninsula and Aleutian 
Islands and is an active, heavily 
glaciated stratovolcano. 

2. Scientific and Geologie 
Significance—Redoubt Volcano is an 
excellent example of a classic 

Feature: Hot Springs 

Significance Criteria; 1. Size—0.3 mile 
long section of the southwest base of 
Hot Springs Mountain. 

Extent—These springs are comprised 
of 47 individual springs along the 
southwest toe of Hot Springs Mountain. 

Uniqueness—The average 
temperature of 143 °F of the spring 
waters are unique and the combined 
flow of 23 of the monitored springs is 
600.000 gallons per day. These springs 
are credited with advancing the 

bathhouse health spa ethic in this region 
of the United States. 

2. Scientific and geologic 
significance—The springs have been 
studied to differing levels of 
sophistication over the past 150 years. 
Monitoring equipment to be installed 
will provide base information to monitor 
temperatures and flow as a measure of 
adverse effects and hydrologic changes. 
Studies are being conducted to affirm 
the subsurface geology and the 
groundwater flow network. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The natural environment of 
the springs has been extensively altered 
with the construction of bathhouses and 
the city's Central Avenue business 
district. The springs themselves have 
been walled in and capped to prevent 
surface-borne contamination. Twenty-
three (23) of the springs have had 
plumbing installed to collect and 
distribute the waters to a central 
reservoir. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—The Act of April 20,1832. 
initially set aside this area, including the 
Hot Springs, as a Federal reserve in the 
Territory of Arkansas. Since the initial 
Act. there have been over 50 additional 
Federal statutes specifically addressing 
the management of the Hot Springs. NPS 
recognizes the cultural significance of 
the evolution of the bathing regime into 
the elegant bathhouses and the thermal 
flows remain of primary significance to 
Hot Springs National Park. (16 U.S.C. 
361) 

Big Bend National Park 

Feature: Spring No. 1 

Significance Criteria; 1. Size and 
Extent—Small developed hot spring 
along the Rio Grande River. 

Uniqueness—Approximately 7-9 
gallons per minute are being pumped to 
supply water for the endangered fish 
species Gambusia gaigei. 

2. Scientific and geologic 
significance—Spring No. 1 along the Rio 
Grande River is the water supply for an 
endangered fish species and is an 
important source for water samples to 
make temperature measurements for 
monitoring hydrologic changes. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The spring has been 
enclosed and a pumphouse has been 
installed. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—Big Bend National Park 
was established in 1935 primarily "as a 
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public park for the benefit and 
enjoyment of the people". Also, the 
enabling legislation provides for the 
administration and protection of the 
park to be exercised under the 
provisions of the Organic Act of the 
National Park Service of August 25, 
1916. The Organic Act provides for the 
National Park Service to promote and 
regulate the use of Federal lands within 
the National Park System in a manner to 
conserve natural objects and wildlife 
therein (16 U.S.C. 1). Although this 
spring is not used for the purpose of 
public recreation, its primary use is for 
the maintenance of an endangered 
wildlife species. Thus. the.purposes for 
establishing Big Bend National Park 
include preservation of endangered 
species. (16 U.S.C. 156) 

Feature: Spring No. 4 

Significance Criteria; 1. Size and 
Extent—Developed hot spring along the 
Rio Grande River. 

Uniqueness—^The spring has a flow of 
approximately 75 gallons per minute. 
The spring supplies potable water for 
Rio Grande Village and serves as a 
water source for the endarfgered species 
Gambusia gaigei. 

2. Scientific and geologic 
significance—Spring No. 4 along the Rio 
Grande River serves as a water source 
for an endangered fish species and is an 
important source for water samples and 
to take temperature measurements for 
monitoring water temperature and flow 
as a measure of hydrologic changes. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The spring has been 
enclosed and pumphouses installed. A 4 
inch pipe is used to produce water flow 
that simulates natural flow for 
endangered species. 

4. Significance of the feature to the 
authorized purposes for which the tmit 
was created—As stated previously for 
Spring No. 1, this feature's use is 
primarily for maintaining an endangered 
wildlife species. The purposes for which 
Big Bend National Park was established 
include preservation of endangered 
species. (16 U.S.C. 156) 

Feature: Hot Springs 
Significaiice Criteria; 1. Size and 

Extent—Developed hot spring along the 
Rio Grande River. 

Uniqueness—The spring supplies a 
bathhouse that is used by park visitors. 

2. Scientific and geologic 
significance—The Hot Springs is a site 
contributing to Regional studies being 
conducted to monitor temperature and 
flow 38 a measure of hydrologic 
changes. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The spring has been altered 
by development of a bathhouse built in 
1910. The walls of the bathhouse still 
remain. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—Hot Springs, historically 
and currently, serves as a therapeutic 
hot spring. The spring is the focal point 
of Hot Springs National Register 
Historic District and is used by the 
public for recreational purposes. Thus, 
its use is of significance to the purposes 
for which the unit was created. (16 
U.S.C. 156) 

Lassen Volcanic National Park 

There are six areas within Lassen 
National Volcanic Park that contain 
surface manifestations of a single 
thermal system. As all of these areas are 
connected to a single thermal system, 
NPS proposes to list the Lassen thermal 
system as one significant feature. The 
follovdng significance criteria have been 
analyzed for each feature listed and 
have been found to be applicable to 
every feature within the Lassen thermal 
system. 

Feature: Lassen thermal System 
Significance Criteria: 1. Size—10 to 70 

square kilometers. 
Extent—Bumpass Hell, Little Hot 

Springs Valley. Sulphur Works, Devils 
Kitchen, Boiling Springs Lake— 
Drakesbad Hot Springs, and Terminal 
Geyser are the six features comprising 
the Lassen thermal system. The system 
is a two-phase, vapor dominated system 
approximately 500-600 meters thick. 
Surficial expression varies from 
superheated fumaroles at Bumpass Hall 
to acid-sulfate springs and mudpots at 
Sulfur Works and Devils Kitchen. 

2. Scientific and geologie 
significance—The Lassen thermal 
system constitutes the only khovnt 
extensive vapor-dominated thermal 
system in the Cascade Range. Only one 
other vapor-dominated system of equal 

. tiiermal energy is known in the Westem 
United States (the Geysers in 
Califomia). 

3. The extent to which the feature . 
remains in a natural, undisturbed 
condition—^Except for one well sited at 
Terminal Geyser, the system has not 
been tapped by deep drilling activity 
and there has been no depletion of 
thermal energy. Surface features at 
Bumpass Hell. Sulphur Works, and 
Devils Kitchen have been only slightly 
altered by the installation of trails and 
boardwalks for the safety of visitors. 

4. Significance of the feature to the 
authorized purposes for which the unit 

was created—Lassen Volcanic National 
Park was established in 1916 as a 
"public park and pleasuring ground for 
the benefit of the people of the United 
States" and to be managed "for the 
preservation fi-om injury or spoliation of 
all timber, mineral deposits, and natural 
curiosities or wonders within said park 
and their retention in a natural 
condition". 

The thermal features in the park 
represents an outstanding example of 
Cascade volcanism and tiie thermal 
system and its surface manifestations 
are a significant part of the continuing 
volcanic activity in the area. (16 U.S.C. 
201) 

Sequoia National Park 

Both of the identified thermal features 
within Sequoia National Park are 
determined as marginally significant, 
mainly because the scientific and 
geologic, significance of these features 
are unknown at this time. These springs 
represent surface manifestations of 
active subsurface thermal activity and 
both remain in a natural condition. One 
spring is located in a heavily used area 
and the other in a lighUy used area of 
the backcountry within the unit. 
Combined visitation frequency is not 
known. These features are considered 
as natural curiosities within the unit and 
as such must be retained ui their natural 
condition. In spite of their unknown 
geologic or scientific significance, these 
features are proposed by the NPS as 
significant thermal features within 
Sequoia National Park. 

Feature: Kem Hot Springs 
Significance Criteria: 1. Size and 

Extent—Kem Hot Springs is an 
extremely small spring approximately 2 
meters in diameter. 

Uniqueness—Kem Hot Springs is the 
only spring in the park with 
temperatures over 100° Fahrenheit and 
its presence serves as an indicator of 
active subsurface thermal activity. 

2. Scientific and geologie 
significance—Unknovra. 

3. The extent to whieh the feature 
remains in a natural, undisturbed 
condition—Kem Hot Springs is in a 
heavily used area of the backcountry, 
and the spring itself appears to be in a 
natural condition. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—Sequoia National Park 
was established by an Act of Congress 
in 1890 and has as its purposes, among 
others, to preserve "from injury of all 
. . . natural curiosities or wonders 
within said park". Also, subsequent 
Acts of Congress that expand the 
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boundaries of the park require the 
curiosities and wonders of the park to 
be retained in their natural condition. 
Although the scientific and geologic 
significance of this feature is unknown. 
Kern Hot Springs is considered a natural 
curiosity of the unit as it is the only 
spring in the park representing active 
subsurface thermal activity. (16 U.S.C. 

Feature: Whitney Warm Springs 
Significance Criteria: 1. Size and 

Extent—This spring is approximately 10 
meters in diameter. 

Uniqueness—Whitney Warm Springs 
is the only spring in the park with 
temperature ranging in the mid-80° 
Fahrenheit and as such is an indicator of 
active subsurface thermal activity. It 
could have a biotic community 
dependent on the thermal 
characteristics of the feature that are 
different from other park waters. 

2. Scientific and geologie 
significance—Unknown. 

3. The extent to whieh the feature 
remains in a natural, undisturbed 
condition—Whitney Warm Springs is in 
a lightly used area of the backcountry 
and the spring itself appears to be in a 
natural condition. The only intrusion is 
an occasional wader and several rocks 
have been arranged around the shore of 
the springs. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—Sequoia National Park 
was created by an Act of Congress in 
1890 and its purposes, among others, are 
to preserve "from injury of all. . . 
natural curiosities or wonders within 
said park". Also, subsequent Acts of 
Congress that expand the boundaries of 
the park require the curiosities or 
wonders of the park to be retained in 
their natural condition. Even though the 
scientific and geologic significance of 
this thermal feature is unknown, 
Whitney Warm Springs is considered a 
natural curiosity of the unit as it is the 
only spring in the park with 
temperatures in the mid-SO" Fahrenheit 
range that could support biotic 
communities. Until more information is 
available on the significance of this 
feature, it is proposed for listing as a 
significant thermal feature within 
Sequoia National Park. (16 UiS.C. 41) 

Hawaii Volcanoes National Park 

The NPS proposes to list the following 
ten (10) thermal features as significant 
within the Hawaii Volcanoes National 
Park. Significance criteria #4 requires 
analysis of the significance of the 
feature to the authorized purposes for 
which the unit was created. Hawaii 
Volcanoes National Park was 

established as part of Hawaii National 
Park in,1916 and later,redesignated as 
Hawaii Volcanoes National Park in 
1961. The enabling legislation for this 
unit states that the purpose of the unit is 
to "provide for the preservation from 
injury of all. . . natural curiosities and 
wonders within said park, and their 
retention in their natural condition as 
nearly as possible". As the identified 
features within Hawaii Volcanoes 
National Park are unique natural 
thermal features of known scientific and 
geologic significance to the region, NPS 
has determined that each feature is a 
natural wonder of the unit. Many of the 
identified features are named as 
features for which the unit was created 
and as isuch are significant thermal 
features for tiiis unit (16 U.S.C. 391). 
Criteria #4 is fully met and is applicable 
to each listed feature within the park. 

Feature: Kilauea Caldera and 
Halemaumau 

Significance Criteria: 1. Size and 
Extent—3 square miles (3 miles long by 
1 mile wide). 

Uniqueness—Kilauea Caldera and 
Halemaumau is the world's most active 
volcano. 

2. Scientific and geologic 
significance—As the world's most active 
volcano, this feature offers extensive 
opportunites for scientific and geologic 
investigations of the active thermal 
activity manifested in steaming ground. 

3. The extent'to wliich the feature 
remains in a natural, undisturbed 
condition—^The feature is in a natural, 
undisturbed condition. 

Feature: Chain of Craters 

Significance Criteria: 1. Size and 
Extent—Approximately 12 square miles 
(12 miles long by 1 mile wide). 

Uniqueness—This chain of craters is a 
very active thermal zone. 

2. Scientific and geologic 
significance—^This feature is an active 
intrusive zone with many collapse 
caldera features or pit craters and 
steaming ground. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The feature is in a natural, 
undisturbed condition. 

Feature; East Rift Zone 

Significance Criteria; 1. Size and 
Extent—Approximately 20 square miles 
(13 miles long by 1.5 miles wide). 

Uniqueness—^The East Rift Zone is the 
world's most active volcanic rift zone 
and exhibits steaming ground. 

2. Scientific and geologie 
significance—This feature is the world's 
most active volcanic rift zone and as 

such offers opportunities for scientific 
and geologic investigation. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The feature is in a natural, 
undisturbed condition. 

Feature; Great Crack and Southwest Rift 
Significance Criteria; 1. Size and 

Extent—Approximately 10 square miles 
(20 miles long by Vi mile wide). 

Uniqueness—Major fault area of 
Kilauea is an artifact and indicator of 
active thermal activity. 

2. Scientific and geologic 
significance—This feature is the major 
fault structural feature of Kilauea, which 
is an indicator of active thermal activity 
and offers opportunities for scientific 
and geologic investigation. 

3.. The extent to which the feature 
remains in a natural, undisturbed 
condition—The feature is in a natural, 
undisturbed condition. 

Feature: Thurston Lava Tube 
Significance Criteria: 1. Size and 

Extent—¥t mile long by 100 yards wide. 
Uniqueness—Volcanic lava tube 

which is an easily accessible artifact of 
volcanic activity. 

2. Scientific and geologic 
significance—This feature is one of the 
few accessible lava tubes formed by a 
volcano and is the site of a popular 
visitor trail. This feature, because of its 
accessibility offers opportunities for 
investigation of its volcanic history. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The area is the site of a 
developed visitor trail; however, these 
trails have not altered tiie integrity of 
the active thermal activity which 
characterizes the unit and the region. 

Feature: Steaming Bluff and Sulphur 
Banks 

Significance Criteria: 1. Size and 
Extent—Approximately 2 square miles 
(two miles long by one mile wide). 

Uniqueness—Active steaming 
fumaroles. 

2. Scientific and geologic 
significance—This feature is the site 
where the active steaming fumaroles 
may easily be viewed. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The area is the site of 
developed visitor trails; however, these 
trails have not altered the integrity of 
the thermal feature. 

Feature; Kilauea Iki Crater 

Significance Criteria: 1. Size and 
Extent—1 mile long by Vi mile wide. 

Uniqueness—Cooling lava pond. 
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^ 
2. Scientific and geologie 

significance—This feature is the site of 
current lava pond cooling rate studies. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The feature is in a natural, 
undisturbed condition. 

Feature: Puu Do 

Significance Criteria: 1. Size and 
Extent—2 square miles (2 miles long by 
1 mile wide). 

Uniqueness—Continuously active 
volcanic vent. 

2. Scientific and geologic 
significance—This area is under study 
for activity of a continuously active 
volcanic vent and its resultant magmatic 
activity. 

3. Tlie extent to which the feature 
remains in a natural, undisturbed 
condition—The feature is in a natural 
undisturbed condition. 

Feature: Mauna Ulu 

Significance Criteria; 1. Size and 
Extent—4 square miles (two miles long 
by two miles wide). Uniqueness— 
Continuously active volcanic vent. 

2. Scientific and geologic 
significance—Major active volcanic 
feature formed recentiy in the 1970'8. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The feature is in a natural, 
undisturbed condition. 

Feature; Mokuaweoweo Caldera 

Significance Criteria: 1. Size and 
E x t e n t s square miles (4 miles long by 
1 mile wide). 

Uniqueness—This feature is the major 
caldera of Mauno Loa. 

2. Scientific and geologic ' 
significance—This feature is the site of 
significant caldera studies. 

3. The extent to whieh the feature 
remains in a natural, undisturbed 
condition—The feature is in a natural, 
undisturbed condition. 

Haleakala National Park 

Feature: Haleakala Crater 

Significance Criteria: 1. Size—17.130 
acres. 

Extent—Haleakala Crater and 
adjacent outer slopes around the summit 
of the crater. 

Uniqueness—Haleakala Crater is 
between 5,000 and 6,000 feet deep and is 
part of the Hawaiian "hotspot". The 
summit of the crater and a great many 
sites within are considered to be sacred 
by Native Hawaiians and contains 
many sites of archeological value. 
including royal burial sites. 

2. Scientific and geologic 
significance—The entire Haleakala 
Crater (IV^ miles by 7Vi miles) is one 

large thermal feature containing many 
smaller thermal features. The crater is a 
huge erosional scar carved out of the 
heart of the volcano by water which has 
been subsequentiy refilled by half with 
new lava flows and topped off with 
numerous multi-colored cinder cones. 
The crater and its adjacent areas have 
been the site of volcanic and geologic 
studies. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The feature is in a natural 
condition except for very few roads, 
trails, and buildings provided to serve 
the public. These developments have nol 
altered the integrity of the thermal 
feature. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—^The legislative history 
supporting the Act of August 10,1916, 
which created the Haleakala National 
Park as an isolated extension of Hawaii 
Volcanoes National Park, emphasizes 
that the craters within the proposed 
boundaries are among the most 
remarkable of natural wonders and 
among the largest and most spectacular 
in the world. Scientifically and 
popularly, these volcanoes are a 
national rather than a local asset and 
Congress recognized that legislation was 
necessary to protect these and other 
curiosities that were being damaged at 
the time the legislation was being 
considered. The purposes of Haleakala 
National Park are, among others, to 
preserve the area's volcanoes and other 
wonders and curiosities for public 
enjoyment and scientific study. (16 
U.S.C. 396b) 

Lake Mead National Recreation Area 

Feature: Black Canyon Hotsprings 

Significance Criteria: 1. Size—Five (5) 
hotsprings have their source in a four-
mile stretch of the river. 

Extent—^Three of the five springs flow 
from the Nevada side, the other two 
springs flow from the Arizona side of 
the river. 

Uniqueness—^The temperatures of the 
springs have been recorded as high as 
124' Fahrenheit. Two of the five hot 
springs discharge a volume of water 
sufficient to maintain a flow on the 
surface for approximately V* mile. The 
area is unique in that these springs are 
the only ones that flow water at the 
surface at temperatures higher than 100* 
Fahrenheit within the unit. Their 
presence serve as indicators of active 
thermal activity. Also, waters from one 
of the springs is used to support a 
refugium for the endangered Devils Hole 
Pupfish. 

2. Scientific and geologic 
significance—^The waters from one of 
the springs serve as habitat for an 
endangered fish species. Much of the 
geology in this area is volcanic in origin 
from the bottom of side canyons to the 
Colorado River. Also. Black Canyon has 
been identified by the NPS in its 
General Management Plan for the unit 
as an outstanding natural feature for its 
geologic beauty and the existence of the 
unique hot springs. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The areas surrounding the 
springs have minor alterations and 
impacts from recreational use; however, 
the springs themselves remain in a 
natural condition. 

4. Significance of the featiu'e to the 
authorized purposes for which the unit 
was created—^Lake Mead National 
Recreation Area was established for the 
primary purpose of preserving and 
enhancing public recreation 
opportunities within the unit These 
springs are used extensively by hikers 
and boaters on a regular basis for 
recreational and therapeutic purposes. 
Pools are created by stacking rocks and 
sand allowing visitors to immerse 
themselves in the pools. Piiblic visits to 
the Black Canyon Hotsprings are 
estimated at 7.000 annually. Also, 
protection of endangered species is 
consistent with the authorized purposes 
for which the unit was established. (16 
U.S.C. 480n) 

The remaining two of the three 
identified features within Lake Mead 
National Recreation Area are connected 
to the same regional flow system, but 
otherwise their geologic significance are 
not known at this time. In spite of their 
unknown geologic significance, the NPS 
proposes to list the Blue Point Spring 
and the Rogers Spring as significant 
thermal features because of their value 
to the public for recreational purposes. 
The primary purpose of Lake Mead 
National Recreation Area is to provide 
for and enhance public recreiational 
opportunities within its boundaries. As 
these springs are used extensively by 
the public as "spas" and as the value of 
their use is dependent on the thermal 
qualities of the springs, these features 
are proposed as significant thermal 
features within Lake Mead National 
Recreation Area. 

Feature: Blue Point Spring 

Significance Criteria: 1. Size— 
Approximately 0.3 mile long. 

Extent-^mall spring located in the 
Nevada portion of the NRA at the 
junction of two faults near Mississippian 
limestone. 
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Uniqueness—^The discharge rate is 
approximately 400 gallons per minute 
with temperatures at the spring source 
measuring around 85° Fahrenheit. The 
presence of these warm springs are 
indicators of a subsurface thermal 
regime. 

2. Scientific and Geologic 
Significance—This spring, at one time, 
was being considered as a refugium for 
the endangered Moapa coriacez. Upon 
investigation of the chemical properties 
of the waters, it was found that, 
although the Spring is in the same 
regional flow system as Moapa River 
headwaters springs (where the 
endangered species occur naturally), the 
ionic constituents of the waters of the 
spring make the area unsuitable as a 
refugium. The waters discharging at the 
spring are part of a regional flow system 
and represent a combination of deep 
and shallow water circulation in the 
recharge area where moisture 
availabihty is rated as intermediate. The 
bedrock is relatively permeable. Even 
though the area has been the site of 
scientific interest and study, the geologic 
significance of the area is unknown. 

3. The extent to which the feature 
remains in a natiu'al, undisturbed 
condition—The eharmels have been 
altered for commercial and recreational 
uses. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—Lake Mead, formed by 
Hoover Dam and Lake Mohave, and by 
Davis Dam on the Colorado River 
comprise this first national recreation 
area established by an Act of Congress 
in 1964. The enabling legislation states 
that the NRA "shall be 
administered . . . for general purposes 
of public recreation, benefit, and use. 
and in a maimer that will preserve, 
develop, and enhance . . . the 
recreational potential, and in a manner 
that will preserve the scenic, historic, 
scientific, and other important features 
of the area". Blue Point Spring is a part 
of the regional flow system that serves 
as a major recreation facility used 
extensively by the public, with recorded 
visits to Blue Point Spring and Rogers 
Spring (listed below) estimated at 5.000 
aimually. As this feature is of major 
recreational value to the imit. the NPS 
proposes this feature as a significant 
thermal feature within the NRA. (16 
U.S.C. 460n) 

Feature: Rogers Spring 
Significance Criteria: 1. Size— 

Approximately 0.75 miles long. 
Extent—Rogers Spring is located in 

the Nevada portion of the NRA at the 
junction of two faults near Mississippian 
limestone at an elevation of 1580 feet 

and is in the same general vicinity as 
Blue Point Springs.,,., , 

Uiiiqueness—^The'discharge rate is 
approximately three second feet and 
temperature at the source is measured at 
87° Fahrenheit. The presence of the 
warm springs is an indicator of active 
subsurface thermal activity. 

2. Scientific and geologic 
significance—Waters discharging at 
Rogers Spring are part of the same 
regional flow system as those of Blue 
Point Spring. The discharge goes directly 
into a man-made pond that is used by 
the recreating public as a swimming 
area. The geologic significance of the 
area is imknown. 

3. The extent to whieh the feature 
remains in a natural, undisturbed 
condition—^The chaimels of Rogers 
Spring have been altered over the years 
for either commercial purposes or 
recreational enhancement. Picknieking 
facilities have been developed adjacent 
to the spring for recreational use. 
Neither the discharge point nor 
underground system of the springs have 
been altered. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—As stated above for Blue 
Point Springs, Lake Mead National 
Recreation Area was established for the 
expressed purpose of preserving and 
enhancing public recreation 
opportunities within the unit. Public 
visits to both Rogers Spring and Blue 
Point Spring is estimated at 5,000 
annually, with the heaviest public use 
centering around Rogers Spring. NPS 
recognizes the recreational significance 
of Rogers Spring and proposes its listing 
as a significant thermal features within 
tiie unit. (16 U.S.C. 460n) 

Specified Units Within the National Park 
System With No Significant Thermal 
Features 

The NPS has identified no known 
thermal features within the following 
three units of the National Park System 
located in Alaska: 

Yukon-Charley Rivers National 
Preserve; 

Glacier Bay National Park and 
Preserve; and. 

Denali National Park and Preserve, 
Thus, determinations of "significance" 

are not applicable and the three units 
listed above are not proposed for 
inclusion on the final list of significant 
thermal features to be forwarded to 
Congress in April 1987. 

Thermal features were identified 
within the boundaries of the following 
three units of the National Park System; 
however, none of the features identified 
have been determined as "significant" 
by the NPS under the criteria of the Act. 

Thus, the features listed below are not 
proposed for inclusion on the final list of 
significant thermal features to be 
forwarded to Congress in April 1987. 

Olympic National Park 

Feature: Olympic Hot Springs 
Significance Criteria: 1. Size— 

Approximately two (2) acres. 
Extent—These springs consist of 

twenty-one (21) seeps along Boulder 
Creek. 

Uniqueness—Olympic Hot Springs are 
unique because hot springs are rarely 
found on the Olympic Peninsula. 

2. Scientific and geologic 
significance—Olympic Hot Springs has 
no apparent relationship with the area's 
volcanic history and has not been 
identified as significant in terms of the 
peninsula's geology. The mineral content 
of the waters varies little with that of 
surface waters and the scientific 
significance of the area is unknown. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The Olympic Hot Springs 
have been extensively altered to 
accommodate commercial operations 
and many have been formed into pools 
that have been used for bathing. The 
impounded water frequentiy fails to 
meet water quality standards. The resort 
around these springs no longer exist. 
None of the seeps exist in a natural 
state. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—Olympic National Park 
was established in 1938 as a public park 
for the benefit and enjoyment of the 
people of the United States. The 
Olympic Hot Springs do not attract 
extensive visitor use and are not 
considered a major public recreational 
resource within the unit. Also, as these 
springs were not used as rationale for 
establishing the unit and are not used 
today by the public for recreation, these 
springs are not considered as a 
significant thermal feature within the 
unit. (16 U.S.C. 251) 

John D. Rockefeller, / r Memorial 
Parkway 

Feature: Huckleberry Hotsprings 

Significance Criteria: 1. Size and 
Extent—This feature consists of several 
springs located one mile west of Flagg 
Ranch. 

Uniqueness—This feature is not 
unique and is in fact relatively 
commonplace for the area. 

2. Scientific and geologic 
Significance—The combined flow of this 
feature is estimated at 350.000 gallons 
per day with temperatures over 100 
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"Falirenheit. The waters from tiiese 
springs are slightiy radioactive and have 
not been identified as having any 
scientific or geologic significance. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—^TTiese springs have been 
highly altered and were developed into 
a public swimming pool facility in the 
early 1960's. The facihty was abandoned 
in 1984. Extensive rehabilitation is 
planned for the area to restore it to more 
natural conditions. However, alterations 
to the thermal feature may not be 
reparable. 

4. Signific^^nce of the feature to the 
authorized purposes for which the unit 
was created—'This identified feature 
was not used as rationale for the 
establisihmen!: of the unit and î j kiot 
recognized as £ significant thsrs'.&i 
feature within the unit 

Grand Teton National Park 

Festive; Staamboat Mountain Fsunarals 

Significance Criteria: 1. Size and 
Extent—This ftimarole is a small 
thermal vent Hear the summit of 
Steamboat Mcantain. 

Uniqueness-—This feature is not 
unique because the activity of the 
fumarole has been declining for many 
years. Thermal c'viaracteristics are 
percept,rjble oniy in vdnter months. 

2. Scientifir, and Geologic 
Significance— The Steamboat Mountain 
Fumarole has such little remaining 
activity thail it can be considered 
essentially extinct and has little to no 
significance at thia time. 

3. The extent to which the feature 
remains in a natural, undisturbed 
conditioi?!—-Tlie feature is relatively 
unmodified but ie almost extinct 

4. Sigai.ficance m the feature tc the 
authorized piirfiof ss for which the unit 
was created—G&ssnd Teton National 
Park was established by Congress in 
1929 with ths expressed purpose of 
setting apari the lands within the 
boundaries "es a public park or p)3ar3K»3 
ground fc? OSB beriefit and enjoyment of 
the peopte of ihe United States". These 
springs have iitjt bisen the site of 
recreation h'̂ f the public and do not 
exhibit any unique characteristics 
related to fee cwtkorized purposes for 
which lite \imi waa sreated. (16 U.S.C. 
406d) 

Feature; Jacil̂ ftSH Lske Warmsprings 

Significaii€3 Criteria: 1. Size and 
Extent—This feature is a series of 
springs along jlie northwest shorelirse of 
Jackson Laks. 

Uniqueness—Used to be completely 
inundated by Jackson Lake and not 
considered unique. 

2. Scientific and geologic 
significance—^TTiis feature used to be 
completely submerged by the 
enlargement of Jackson Lake in 1910, but 
are now above water due to the 
temporary restriction of the lake level 
This area has not been identified as an 
area of scientific or geologic interest; 
however, there is very little information 
available on these springs. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—^This feature has been altered 
and is often under water. 

4. Significance of the feature to the 
aut'iorir^ed purposes for whioh the usait 
was created—^These springs have aoi 
been used nor are they currentiy being 
use<3 by the public and do !50t ekhibit 
any uni(?«e eheracleristics yekted to the 
purposes for wliicli the unit wse created. 
(16 IIS.C. 4C6d) 

FeatJirs: Kelly Warmsprings 

Sig.<i'H1icfmc(; Criteria: 1. Size and 
E}desri'=-This feature is a laigs spriag 
loci-vJecl oae mile north of Kelli?, 
WyoFEiag. 

U!iiiqEi®.T!i(5ce-=-None. 
2. Bcisatifici »md geolcgj.55 

sigfiificance-^ Kt'Uy Spiiags has been 
highly modified to incmase i ^ flow for 
irrigation and stock watering. Itc curMast 
flow is estimated bettvi^sn ^vs and 
seven miUion galiosis pss day with 
temperatiires measui^ed at TS 
•Fahrenheit. Both teEape?a^A?a and 
water chemistry data ŝ îiggesi this spring 
may be assooiatsd vntii t5»e SESES 
§SCAOQ\G structures as TetoBB VaMsy 
Rancfe WfiiBPspds^ &uA /i't?t>?BSt)mfe*.s 
Warmsprings identifisd baloK?. ThJe 
sprj.tig i!:o"<tEia3 dcnss papida&SEia oJ 
native end exotic Sgh but ssec nai been 
ideatifif?d as hsiwiiag fsdeiitiSG QS 
geologic signifieancs to the region. 

3. TJiis extent to which the feature 
remains in a natural, undisturbed 
condition—This thermal feature has 
been extensively modified for irrigation, 
stock watering and pubUc .^a^eation. 

.̂., E3î ii(BEi«ji3@"af the feetus* to the 
eatfemei^ P'Hrjpcges for whidi the usiat 
was cresisd^Tfesse springs have bcaas 
hjgiil?; saMiSed f©r recreation and Ssjs? 
doaisst.ie 'aourees of w,gter and WCEB SH^ 
Essd aa rational® ifcii? essafelllshing ^hs 
imii. T(ie&B spriisgii do net ssdiibit any 
uniq«3 characteristics related to th«s 
pui^M©3 for which the unit was created. 
(16 U.S e . 406d) 

Feature: Teton Valley Ranch 
Warmsprings 

Significance Criteria: 1. Size and 
Extent—^This feature is a group of small 
springs located north of the Gros Ventre 
River, which is east of Kelly, Wyoming. 

Uniqueness—Relatively small and 
commonplace. 

2. Scientific and geologic 
significance—These springs create a 
marshy area on the floodplain which is 
heavily grazed by livestock. No flow or 
water quality data are available from 
these springs. These springs have not 
been identified as having any scientific 
or geologic significance. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—^This feature may have been 
modified by past irrigation development. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—^TTiis feature is not used 
for recreation and was not used as 
rationale for the establishment of the 
unit. Thf ae springs do not exhibit any 
unique c'^iaracterisUcs related to the 
purposes for which the unit was created. 
(16 U.S.C. 406d) 

Feature: Abercrombie Warmsprings 

Significance Criteria: 1. Size and 
Extent—^This feature is a relatively 
small spring located near the south 
boundary of the unit. 

Uniqueness—^This feature is 
considered commonplace, rather than 
unique. 

2. Scientific and geologic 
significance—This feature was 
developed as a swimming pool in the 
1940's and has since been removed. The 
spring's flow is estimated at 60,000 
gallons per day with temperatures 
measured at 75 'Fahrenheit. In 1986, the 
area has been partially rehabilitated. 
The area has no scientific or geologic 
significance to the region. 

3. The extent to which the feature 
reriT.ains in a natural, undisturbed 
co:adition—^The area has been highly 
modified with former development and 
subsequent partial rehabilitation. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—^This feature is not used 
for public recreation and was not used 
as rationale for the establishment of the 
unit. (IB U.S.C. 406d). 

Dated: February 9,1987. 
Signed: 

William P. Horn, 
Assistant Secretary ̂ r Fish and Wildlife and 
Parks. 
(FR Doc. 87-3094 filed 2-12-.a7; 8:45 am] 
BILUNQ CODE «310-7I>-M 
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Abstract 

Crater Lake, Oregon, has no surface outlet and loses its inflow by 
evaporation and leakage. In order to understand the hydrology of the lake and 
the leakage of the lake in relation to nearby cold springs, water samples were 
collected for chemical and isotopic arialyses. No spring analyzed had evidence 
of more than ten percent Crater Lake water. One spring, Crater Spring, has 
higher than usual chloride concentrations and slightly heavier isotopes than 
average meteoric water. If these are caused by Crater Lake water, then the 
calculated fraction of Crater Lake water is near seven percent. Chemical and 
isotopic analyses show that Crater Lake is well mixed. Crater Lake also has 
anomalously high chloride, boron, lithium, sulfate, and silica concentrations 
compared to nearby Diamond Lake and to cold springs discharging on the flanks 
of Mount Mazama. This elevated chloride may be caused by input of thermal 
water. Weight ratios of Cl/Li are within the range of western United States 
hot springs and significantly below those for surrounding cold spring waters. 
Estimates of total heat flow out of the lake bottom range from 670 to 
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1380 mW/m , also suggesting addition of thermal water to the lake bottom. 

Introduction 

Crater Lake, Oregon, is located in the 6800 year old caldera of Mount 
Mazama (Bacon, 1983). The lake receives 85 percent of its inflow by direct 
precipitation with the remainder coming as inflow from the surrounding 
drainage area. The lake covers 78 percent of its drainage area. The lake has 
no surface outlet, but loses 72 percent of its inflow by leakage and 28 
percent by evaporation (Phillips, 1968). Van Denburgh (1968) recognized that 
chloride and sulfate and perhaps silica and sodium were anomalously high in 
the lake and suggested that these constituents may be contributed by thermal 
springs at depth in the lake. Based on unpublished analyses. Van Denburgh 
also suggested that the lake is quite uniform in chemical quality both areally 
and vertically. 

The purpose of this paper is to present chemical and isotopic data for 
Crater Lake and cold springs emanating on the flanks of Mount Mazama in order 
to understand questions concerning the lake dynamics and the relationship of 
the lake water to nearby cold springs. The pertinent questions are: 1) Are 
the lake chemistry and isotopic composition anomalous compared to nearby cold 
springs? 2) If so, are there any springs that show a significant component of 
Crater Lake water mixed with shallow ground water? 3) How well mixed 
chemically and isotopically is the water in Crater Lake? and 4) Do the 
dissolved chemical constitiuents in Crater Lake water indicate an input of 
thermal water? 

Table 1 contains the complete chemical and isotopic data previously 
discussed in Thompson and White (1983), Salinas and others (1984), and White 
and others (1985). These abstracts contained only preliminary answers to the 
questions posed above. Additionally, inconsistencies in some of the 
previously reported data have been identified, and the values have been 
redetermined and are given in Table 1. A complete study of the methods of 
chloride analysis was also made in order to calculate the accuracy and 
precision of various methods of analysis. 
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Sampling and Analysis 

Spring waters were collected using methods similar to those described in 
Thompson (1975). Temperatures of springs were determined using a 
conventional, total immersion, mercury-in-glass thermometer. In 1981 and 1982 
field measurements of the spring water pH were made with non-bleeding, 
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low-ionicT-strength, pH-indicatxng dyes (E. M. Colorphast pH strips ). 
Beginning in 1983 all field pH measurements were made with a gel-filled pH 
electrode and a portable pH meter. Temperature and pH were generally 
determined at each spring site. The alkalinity of the 1984 and the few 1985 
saxnples was also determined in the field. At each spring site a filtered, 
unacidified (FU) water sample for anion analysis was collected by passing the 
water through a 0.45 pm membrane filter. Additionally, a filtered, 
acidified sample (FA) for cation analysis was collected by adding 
concentrated, trace-metal quality HCl to the filtered water. An untreated 
sample for deuterium and oxygen-18 analysis was also collected at each site. 

Samples of lake water were collected in 2 liter Van Dorn sample bottles 
attached to a metal cable and retrieved either by hand (1981 samples) or 
mechanically (all others). The depth of sampling in 1983 was limited to 300 m 
by the available cable; in 1984 the winch and cable were replaced, permitting 
us to retrieve samples from the bottom of the lake. Samples were collected 
and treated similar to the spring water ones: one bottle for anion analysis, 
FU, another for cation analysis, FA, and a third for isotopic analysis, 
untreated. In 1985 a one-liter raw sample was collected and evaporated to 
approximately 50 itiL for B and Li analysis. 

Laboratory Analyses 

Silica was analyzed at 640 nm by a modification of the molybdenum blue 
spectrophotometric procedure described by Shapiro and Brannock (1956) using 
10 mL of the filtered acidified spring water. 

Boron was determined spectrophotometrically using the carmin procedure at 
600 nm (Brown and others, 1970). 

Bicarbonate was determined titrimetrically as alkalinity using a 
constant-drive buret, a combination pH glass electrode, a specific ion - pH 
meter, a strip chart recorder, and standardized sulfuric acid (0.05H). The 
laboratory pH was taken as the pH at the start of the alkalinity titration. 
If bicarbonate was analyzed in the field, the analysis was not repeated in the 
laboratory. 

Sulfate was determined by a turbidimetric procedure using BaCl2 to 
precipitate BaSO^. The 1983 samples of lake water were determined by ion 
chromatography (Fishman and Pyen, 1979). 

Chloride was determined by four procedures: a) the colorimetric ferric 
thiocyanate method (Fishman and Friedman, 1985); b) the manual mercurimetric 
titration procedure (Brown and others, 1970), c) an ion chromatographic 
procedure using a HCO^ - CO3 eluent and conductivity detection (Dionex 
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model 16), and d) an automated AgN03 titration (Brinkman, model 682). 
Results of the various chloride analyses are reported in table 2. 

Fluoride was determined by an Orion ion specific electrode; TISAB II was 
mixed 1:1 with all samples and standards. The 1983 samples were analyzed by 
ion chromatography (Fishman and Pyen, 1979). 

Sodium and lithium were determined simultaneously by flame emission 
spectroscopy (FES) in a fuel-rich, air-acetylene flame with added potassium 
ion (0.1 percent v/v) at 589.0 nm and 670.8 nm, respectively. 

Potassium was determined by FES in a stoichiometric air-acetylene flame 
with added cesium ion (0.1 percent v/v) at 766.6 nm. 

Calcium and magnesium were determined simultaneously by atomic absorption 
spectroscopy (AAS) in a stoichiometric air-acetylene flame with added La(III) 
(1.0 percent v/v) at 422.7 and 285.2 nm, respectively. 

Specific Conductance was determined following the procedure described in 
Brown and others (1970). 

Deuterium analyses were made following the procedure of Bigeleisen and 
others (1952). 

OxvRen-18 analyses were made following the procedure of Epstein and 
Mayeda (1953). 

Cold-Spring Waters 

Water samples of cold springs were collected in the Crater Lake area from 
1981 through 1985 at the locations shown in figure 1. An effort was made to 
sample all large discharging springs searching for evidence of Crater Lake 
water. Major-ion concentrations and water isotopes for cold-spring waters are 
reported in table la. 

The cold spring waters discharging on the flanks on Mount Mazama have low 
total dissolved solids and are essentially a sodium-calcium-magnesium 
bicarbonate water (table la). Generally, the waters are neutral to slightly 
alkaline. The waters contain much less than 10 mg/L of dissolved sulfate and 
chloride and less than 1 mg/L of dissolved boron and lithium. Fluoride is 
just above the detection limit (0.1 mg/L). Dissolved silica in the waters is 
higher than would be expected for quartz solubility control. Quartz is not a 
common mineral in this area. Aluminosilicates and glassy volcanic rocks may 
be the source of the Si02 in the cold-spring waters (C. R. Bacon, oral 
communication, 1987). 

In general, spring waters discharging above the surface elevation of 
Crater Lake are remarleably similar to those discharging below it. Few 
chemical differences exist between intracaldera spring water and extracaldera 
spring water. However, in the vicinity of Chaski Slide, a large piece of 
hydrothermally altered volcanic rock that failed sometime after the climactic 
eruption, water passing over the slide material is relatively enriched in 
calcium and sulfate (Samples JCL 81-14 and 81-15 on figure 1). Not all waters 
discharging from the caldera walls were analyzed for deuterium and oxygen-18, 
because samples were not collected at the spring orifice and the effects of 
evaporation were unknown. 
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Springs above the lake all have chloride concentrations less than 0.4 mg/L 
whereas the lake has a chloride concentration of 10 mg/L (figure 2). The 
chloride concentration in the cold springs is similar to that measured in 
precipitation in western Oregon (Junge and Werbe, 1958), so that the chloride 
in the cold springs appears to be that which was in the water as 
precipitation. Because the lake loses 28 percent of its inflow by 
evaporation, the chloride concentration of the cold-spring water and direct 
precipitation into the lake can be raised by evaporation by no more than 
40 percent. Thus the chloride concentration in the lake is quite anomalous 
compared to the available water supply. 

Both Crater Lake and Diamond Lake show the effect of evaporation on their 
isotopic contents, and they have distinctly different values from cold-spring 
samples both above and below the surface elevation of Crater Lake (figure 3). 
The evaporation trend is the empirical slope of five reported by Craig 
(1961). It is possible to use values for the isotopes to calculate this 
evaporation trend (e.g. Gonfiantini, 1986); however, there are a number of 
free parameters that have not been measured that are required to perform such 
a calculation. Mixing between Crater Lake water and other waters would be 
along a straight line in this diagram. Based on the isotopes, there is no 
single cold spring with a significant fraction of Crater Lake water. 

When deuterium is compared to chloride for Crater Lake and the cold-spring 
samples, a few samples show elevated chlorides, but the combination of mixing 
in the isotope plot of figure 3 and figure 4 permits some of these to be ruled 
out as containing a large fraction of Crater Lake water. Based solely on Cl . 
and &D, the spring on Hamaker Creek (Spring 84-11 on Figure 1, with Cl = 4.2 
mg/L, iD = -90 °/oo) could be a mixture of 40 percent normal spring water 
and 60 percent Crater Lake water (Figure 4). However, its plotted value in 
Figure 3 is near the meteoric water line, indicating that it has no more than 
a small percentage of Crater Lake water. The six data points below the lines 
on Figure 4 appear to have similar isotopes with varying amounts of chloride; 
they cluster together on Figure 3 with similar values of deuterium and 
oxygen-18 isotopes. They do not appear to contain any significant fraction of 
Crater Lake water. These springs are located southeast of Crater Lake (figure 
2). These springs may be dissolving chloride and boron from sediments of the 
receding Agency Lake. One of these springs, the source of the Wood River, was 
initially thought to be a good candidate for containing a significant fraction 
of Crater Lake water because of its high chloride concentration (Williams and 
Von Herzen, 1983); however, the isotopic data show that this is unlikely. 
Several springs have somewhat elevated chloride concentrations and isotopes 
that are in the correct range to have a few percent of Crater Lake water 
(Annie Spring 1984 sample. Ranger, Crater, and Fourmile springs); however, 
none of these have a sufficiently high concentration of chloride to have a 
clearly demonstrated contribution from Crater Lake. Ranger and Fourmile 
Springs are located far south and probably in a separate drainage area and are 
unlikely to contain any significant Crater Lake water. Crater Spring plots 
slightly along a mixing trend in figure 3 (shown as a filled square) and along 
a AD - Cl trend in figure 4 and, thus, may contain some lake water. Crater 
Spring, however, cannot contain more than seven percent Crater Lake water. 
Other springs could have small fractions of Crater Lake water as shown by 
their position on Figure 4. No single spring is convincingly demonstrated to 
contain a substantial amount of Crater Lake water. This is not surprising as 
the total flow of springs discharging on Mount Mazama is many times the 89 cfs 
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seepage from Crater Lake calculated by Phillips (1968). 

Crater Lake Water 

Crater Lake, can be characterized as being a low total-dissolved-solids, 
sodium-calcium-magnesium bicarbonate-chloride-sulfate water containing less 
than 1.0 mg/L boron and less than 0.1 mg/L lithium. Using the 1981 east basin 
samples (table lb) as an example, the concentrations of Si02, Mg, Na, K, Li, 
HCO3, Cl, and F and conductivity are almost identical between surface and 
bottom waters, and the concentrations of Ca, SO4 and B are approximately the 
same. The concentrations of any of these constituents usually do not vary by 
more than the error of the determination, which generally does not exceed 
10 percent. 

Using the 1981 east basin surface and bottom samples again, the deuterium 
values are essentially ideritical whereas the oxygen-18 values are nearly the 
same. The reported isotopic values do not vary by more than 2 standard 
deviations on replicate samples. These data clearly indicate that Crater Lake 
is well mixed (figures 5 - 9). This essentially constant composition of lake 
water as a function of depth is also observed in the 1983 and 1984 point 
samples. Yearly variation, most likely analytical error, between samples is 
shown in figure 9. As is observed from figure 3, Crater Lake water is not on 
the meteoric water line, but rather plots along an evaporation line having a 
slope of 5, which is typical of such waters (Craig, 1961). Diamond Lake also 
plots along this line. 

Silica analyses of Crater Lake bottom and surface water samples in 1981, 
point samples collected from the east basin and the southwest basin at 50 m 
intervals to 300 m depth in 1983, and point samples collected from the 
southwest basin at about 100 m intervals to the bottom in 1984 all indicate 
Crater Lake is well mixed with respect to silica (figure 5 - 8 ) . Published 
Si02 values of Salinas and others (1984) for 1983 samples contained lower 
Si02 concentrations compared to those reported in Larson (1984, Table 5) for 
his 1983 samples and found for our 1984 samples. For that reason the 1983 
lake water samples were reanalyzed for Si02. The corrected values are 
reported in table lb; however, they may be questionable since the 
redeterminations were made in 1987. The source of this error in the original 
values is currently unknown and tentatively is considered to be analyst 
error. However, the chlorophyl and dissolved oxygen values reported by 
Salinas and others (1984) are correct. The corrected Si02 values are 
similar to those reported by Larson (1984) and the 1984 samples of the lake 
water (table lb). 

The degree of mixing of Crater Lake, as shown by major-ion chemistry and 
light stable isotopes, may be clarified using the tritium data of Simpson 
(1970) (figure 10). Except for the near-surface samples, the tritium content 
of the deeper lake water is constant at 24 TU from 50 m to total depth. In 
the seven months previous to the date of sampling the lake, the tritium 
concentration of precipitation averaged 171 TU. It seems likely that this 
recent precipitation is the source of the peak concentration of 31 TU (figure 
10). Assuming that precipitation with 171 TU was added to the lake already at 
a tritium concentration of 24 TU to produce the peak concentration of 31 TU, 
the recent-precipitation would be diluted by 20 parts of low 
tritium-containing Crater Lake water. This much dilution cannot be detected 
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by the other chemical or stable isotopic data that we have, because the 
techniques are not sensitive enough to show it. For example, precipitation 
with a chloride concentration of 0.2 mg/L added to 20 parts Crater Lake water 
with 10 mg/L chloride would have a resulting concentration of 9.5 mg/L. This 
small difference is well within the analytical uncertainty of chloride 
determinations. 

Comparing Crater Lake water to other cold-spring waters and to Diamond 
Lake water, a lake about 20 km (12 miles) north of Crater Lake and 300 m 
(1000 ft) lower in elevation,. Crater Lake has higher Cl, SO^, HCO3, Ca, 
Mg, Na, Li, and B concentrations (table la and lb). Crater Lake, at such a 
high elevation, should contain either less chloride than a typical lower 
elevation lake and nearby cold springs or a similar chloride, but not more. 
Both lakes are significantly lower in dissolved Si02 than surrounding 
cold-spring waters. For Diamond Lake, which is quite a productive lake, this 
is probably a result of diatom metabolism. For Crater Lake, diatoms also 
consume silica, but its silica concentration is actually anomalously high. 
The inflow of spring and ground water measured by Phillips (1968) is 15 
percent of the total inflow to Crater Lake. Precipitation carries negligible 
silica whereas the cold springs above Crater Lake carry about 35 mg/L. Using 
the assumptions in Phillips (1968), the inflow from the cold springs would 
yield a silica concentration of only 7.5 mg/L in Crater Lake whereas the 
measured concentration is 18 mg/L. This extra silica must be provided by the 
same inflow that supplies the added chloride and sodium calculated by 
Nathenson (1987, written communication). 

The anomalous constituents in Crater Lake led Van Denburgh (1968) to the 
interpretation that the enrichment of Cl and SO4, and perhaps Si02 and Na, 
"... may have been contributed to the lake by thermal springs or fumaroles 
..." This suggestion, which is supported by the heat flow data of Williams 
and Von Herzen (1983), has caused much controversy. However, if the 
interpretation of Williams and Von Herzen's heat flow data is correct, it 
provides a mechanism for the relatively uniform chemical and isotopic 
composition of the lake, namely Rayleigh convection. They reported a Rayleigh 
number of 6.3 x 10^*, whereas 1000 is sufficient to initiate convection. 

Chloride Analyses of Crater Lake Water 

Because of inconsistencies in chloride values from two methods that became 
apparent when analyzing the last samples collected, we reanalyzed our Crater 
Lake water samples by at least two, and generally three, different methods for 
dissolved Cl (table 2). From the data in table 2, different analytical 
methods yield different Cl concentrations. Some measured Cl concentrations 
differ more than 1 mg/Lr 

These determinations pointed out the requirement for more information on 
both the precision and accuracy of the chloride procedures followed. To 
address this analytical problem, we prepared two different experiments. The 
first was to reanalyze the 1981, 1983, and 1984 lake water samples using 
analytical techniques not initially employed. The second was to prepare four 
solutions containing 5, 10, 15, and 20 mg/L Cl and then to analyze each of the 
four solutions three times by each analytical method employed: ion 
chromatography, an automated AgN03 titration, and a manual Hg(N03)2 
titration. The results of these analyses are reported in table 3. 



To standardize the titrants for the two titration procedures, we used the 
method described by Fishman and Friedman (1985). After standardization of the 
titrant, the various standards were titrated 3 times and each individual 
concentration calculated (table 3). The mean and standard deviation are also 
reported in table 3. Because preparing standards for the ion chromatographic 
procedure is essentially a repeat of preparing the four standard Cl solutions, 
the error for this method was the variations in the peak heights. As can be 
observed from the RSDs calculated in table 3, some values are quite precise 
but others have significant variations. 

The regression that passes nearest the origin using mean values is the ion 
chromatographic line, intercept a = -.014. Using the total data set, the best 
regression line is that for the automated AgN03 titration, a = .545. Using 
the mean values, the Hg(N03)2 titration has good overall precision, but 
the worst intercept, a = 2.08. The method of choice seems to be the automated 
AgN03 titration because it is easy, rapid, and accurate. The Cl 
concentrations reported in table lb for Crater Lake water samples collected 
since 1982 were determined using the automated AgN03 titration. The 1981 
samples apparently evaporated too much for an adequate comparison. 

Fishman and Pyen (1979) reported results of ion chromatographic (IC) and 
automated colorimetric (AC) Cl analyses for numerous surface waters. Assuming 
that the AC method is correct, the mean difference between the IC and AC is 
-0.76 (std. dev. = 1.30) for samples containing less than 20 mg/L Cl. A 
similar comparison can be made for our 1983 Crater Lake data in table 2. 
Assuming the AgN03 procedure is correct, the mean difference between methods 
is 0.95 (std dev = .34). This suggests a constant error of about 1 mg/L 
between the IC method and any other method. 

Chemical Evidence of Thermal Components in Crater Lake Water 

Elevated concentrations of boron and lithium are typically found in 
thermal waters of volcanic origin (e.g.. White and others, 1976, Ellis and 
Mahon, 197 7, p. 58-116). Because Crater Lake water is enriched in boron and 
lithium compared to local meteoric water and because the concentration of 
boron and lithium is either at or below the detection limit for these 
dissolved constituents in the cold spring waters, we evaporated water from 8 
cold spring and 2 lake water profiles, collected at 100 m intervals, from 1 
liter to approximately 50 mL. This reduced volume was then analyzed for boron 
and lithium. The concentration of lithium and boron were then significantly 
above t:he detection limits and are reported in table 4. 

The concentrations of boron (tables 1 and 4) in Crater Lake water is at 
least twice that of the cold-spring water, and the lithium concentration is at 
least 10 times that of the cold springs. If the chloride, boron, and lithium 
are derived from a thermal source, then the Cl/B and Cl/Li weight ratios would 
be expected to be similar to ratios from known hot springs in volcanic areas 
(table 4). Unfortunately, the cold water Cl/B ratios range from 6 to 33 and 
the lake water ratios range from 17 to 31. This overlap invalidates the use 
of the Cl/B ratio for identifying thermal components in the lake waters. 

The Cl/Li ratio appears to be more diagnostic. In cold-spring waters the 
Cl/Li ranges from 540 to 4600, and in Crater Lake the ratio ranges frora 220 to 
280 (mean = 242, std. dev. = 20)(table 4). The Cl/Li weight ratio is 
substantially lower in lake water than in cold-spring water. Typical Cl/Li 



weight ratios for thermal waters from other volcanic areas range from 80 to 
410 (mean = 246, std. dev. = 115)(table 4). The Crater Lake Cl/Li weight 
ratios are near the mean Cl/Li ratios for a variety of volcanic settings in 
the western United States. This also suggests that the additional chloride 
may be contributed by a thermal water. 

Of the other anionic indicators of thermal waters, SO4 and HCO3, SO^ 
can arise from biogenic oxidation of sulfur and sulfides (Schoen, 1969; Schoen 
and Rye, 1970; and Brock and Mosser, 1975), and atmospheric CO2 can also 
dissolve in the lake. We do not have the requisite isotopic data to determine 
the fraction of HCO3 and SO^ contributed by this deep thermal fluid. 

Crater Lake is a slightly alkaline (pH~7.5) sodium chloride-sulfate 
lake. This observation negates the possibility that acidic fumarolic gases 
such as HCl and H2S are being discharged into the lake bottom as was 
suggested by Van Denburgh (1968). If HCl were being added to the lake, then 
the ionization of the HCl would make the lake acidic (pH<7). The oxidation 
of H2S, which generates sulfuric acid, also would tend to make the lake 
acidic. Thus, Na* and Cl~ appear to enter the lake together, probably 
dissolved in water. NaCl is not transported in a low temperature (t<150°C), 
low pressure (P<15 bars) gas. Additionally, the excess Si02 discussed 
earlier suggests transport of Si02 in water because little Si02 is 
transported in a vapor phase. 

Conclusions 

Compared to nearby cold springs and Diamond Lake to the north. Crater Lake 
has anomalously high concentrations of dissolved Na, Li, Cl, SO4, and B. 
Additionally, the 5D and •̂'•"O values for the lake water are 
significantly higher (heavier) than for cold-spring waters. The isotopic 
difference between lake water and cold-spring water is caused by evaporation. 
The water isotopes, AD and A-'-̂ O, determine an evaporation line between 
Annie Spring and Crater Lake water having a slope of five, which is typical 
for evaporated waters. Diamond Lake also plots along this evaporation line. 
The chemical enrichments in Crater Lake, however, cannot be explained by 
evaporation. 

No one spring was identified as being the outlet of Crater Lake. We see 
no evidence for any spring containing more than ten percent lake water. 
Crater Spring in the NW part of the park (see figure 1 and 2) may contain some 
Crater Lake water. The evidence for this is that Crater Spring plots along a 
mixing line between Crater Lake water and the meteoric water line and also 
that it contains some Cl and plots along a AD - Cl mixing line between 
Crater Lake and dilute spring waters. If Crater Spring does contain Crater 
Lake water, it cannot contain more than seven percent lake water. Oasis 
Spring, in the same vicinity, may also contain some Crater Lake water. 

Crater Lake appears to be well mixed based on chemical and isotopic 
analyses. The concentrations of Si02, Cl, Na, Li, SO^, and B do not vary 
significantly as a function of depth. The AD and A^^O values are 
remarkably uniform throughout the lake water. Tritium data indicate that 
recent precipitation rapidly mixes with many volumes of lake water in the near 
surface. The heat flow values reported by Williams and Von Herzen (1983) are 
sufficient to cause small density gradients that allow the lake to convect in 
the deeper levels. This Rayleigh convection is apparently able to mix the 
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lake water thoroughly over a 1-year period because there are no major ion 
chemical gradients found in Crater Lake (Simpson, 1970). 

Thermal water generally contains moderate to high concentrations of 
dissolved boron, chloride, and lithium. Crater Lake also appears to have an 
anomalously high Li concentration compared to other waters in this area. As 
is observed from table la and table 4, other cold springs can have somewhat 
elevated chloride concentrations and similar Cl/B weight ratios thus negating 
their overall usefulness. The Cl/Li weight ratio may be useful in assessing 
if the Cl is also derived from a thermal water. The mean Cl/Li weight ratio 
for Crater Lake is calculated to be 242, which is comparable to thermal waters 
from volcanic environments, 81 - 410, and is substanially lower than the 
lowest cold-spring ratio (550) at Annie Spring. This supports the hypothesis 
that Crater Lake contains thermal water and also explains the elevated Na, Li, 
Cl, SO4, and B concentrations. With the present data it is not possible to 
assess a) the amount of, b) the temperature of, or c) the composition of this 
inferred thermal wat:er. 
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Table la. Chemical Analyses of Springs in the Vicinity of Mount Mii2ama 

Sample 
Numbers 

JCL-81-1 
JCL-81-2 
JCL-81-3 
JCL-81-4 
JCL-81-5 
JCL-81-6 
JCL-81-7 
JCL-81-8 
JCL-81-9 
JCL-81-10 
JCL-81-11 
JCL-81-12 
JCL-81-13 
JCL-81-14 
JCL-81-15 
,1CL-81-16 
JCL-81-17 
JCL-81-24 

Name or Locali ty 

Annie Spring 
Oiamond Lalce. S End 
Boundary Springs 
Lightning Springs 
Lodgepole Picnic area 
Maklaks Spring 
Headwater of Lost Creek 
V1dae Fal ls 
Thousand Springs 
Source of Hood River 
Steel Bay, C L . 
N. 'Pumice Castle' C L . 
S. 'Pumice Castle' C L . 
•Chaski S11de-E', C L . 
'Chaski S l tde-W, C L . 
'The Watchman Spring' 
Dutton C l i f f 
Spring near C. L. Lodge 

Oate 

8 Aug 8 
9 Aug 8 
9 Aug 81 
9 Aug 8 
9 Aug 81 

10 Aug 8 
10 Aug 8 
10 Aug 8 
11 Aug 8 
n Aug 8 
13 Aug 81 
13 Aug fi 
13 Aug 8 
13 Aug 8 
13 Rug 8 
13 Aug 8 
13 Aug 8 
17 Aug 8 

1 pH 

7.2 
7.3 
7.6 
7.1 
7.2 
6.9 
7.2 
7.1 
7.3 
7.3 
7.0 
8.6 
8,2 
7.06 
6.2 
6.6 
7.8 
6.3 

SiOp 

38 
. 3.6 
34 
26 
36 
24 
32 
34 
34 
40 
26 
36 
40 
26 
22 
34 
36 
30 

Ca 

2.9 
1.7 
4.3 
1.7 
1.9 
1.8 
1.8 
2.1 
4.8 
5.6 

.4 
1.6 
1.6 
4.9 

10.1 
1.6 
1.1 
2.0 

Mq 

1.0 . 
1.0 
2.4 

.25 
.48 
.41 
.61 
.70 

2.5 
2.7 

.30 

.83 
1.1 
1.7 
3.2 

.42 

.92 

.29 

Na 

1981 

2.6 
3.2 
3.3 
1.5 
2.8 
1.8 
1.9 
2.0 
2.5 
6.1 
1.9 
2.5 
2.7 
2.0 
3.3 
2.1 
4.2 
1.9 

K 

Samp 

0.8 
0.8 

.5 

.8 
1.5 

.8 

.4 

.8 
1.1 
1.0 
.4 
.6 

1.0 
.9 
.4 

1.0 
.6 
.7 

Li 

9'L 

les 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

.01 
<0.01 

.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

HC03 

15 
30 
25 
12 
17 
12 
22 
16 
27 
34 
14 
18 
27 
19 
20 
16 
21 
24 

SO4 

4 
1 
3 
1 

<0.5 
1 
1 

<0.5 
2 
5 
2 

<0.5 
1 

12 
26 
<0.5 
1 

<0.5 

Cl 

0.4 
0.2 
0.2 
0.2 
0.3 
0.2 
0.3 
0.2 
0.2 
3.2 
0.3 
0.3 
0.4 
0.1 
0.2 
0.2 
0.2 
0.3 

F 

0.17 
0.13 
0.15 
0.13 
0.14 
0.14 
0.15 
0.15 
0.16 
0.18 
0.18 
0.24 
0.19 
0.19 
0.20 
0.15 
0.16 
0.17 

B 

0.1 
0.1 

<0.1 
0.1 

<0.1 
<0.1 
<0.] 

0.2 
<0.1 

.2 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

0.2 

Cond. 
(1.MHOS) 

144 
121 
120 
84 

102 
105 
109 
117 
129 
132 
105 
102 
110 
125 
145 
110 
115 
107 

Water T. 

'c 

4 
22.5 
5 
4 
5 

10.5 • 
7.5 
9 
5 
9.5 

18 
9 
6.5 

12 
9.5 
5 

14 
6 

6l80 

-13.89 
-10.85 
-13.76 
-14.23 

— 
— 

-13.70 
-14.87 
-13.75 

— 
-15.45 

-13.88 
— 
— 
~ 

«D 

-99.4 
-83.2 
-98.1 
-96.6 
— 
— 

— 
-99.2 

-107.6 
-101.7 

— 
-110.5 

— 
-105.2 

— 
— 
~ 

1982 Samples 

JCL-82-1 
JCL-82-2 

Cascade Spring 
Catt le Crossing Rest. 

31 Aug 82 7.06 
1 Sep 82 7.15 

40.5 
40.0 

2.5 
.2-7 

.90 
2.9 

2.9 1.4 <0.01 
10.8 .7 <0.01 

37 
63 

<0.2 0.2 
<0.2 0.2 

0.03 
0.13 

0.4 
1.1 — 

3.5 
COLD 

-15.11 
-14.04 

-108.4 
-101.1 

1983 Sample 

JCL-83-1 Crater Spring 7 Aug 83 6.34 35.1 3.0 1.1 3.0 1.6 <0.01 32 <2 0.8 0.1 <.l — 3.0 -13.56 -97.4 

1984 Samples 

JCL-84-1 Annie Spring 
JCL-84-2 Tecumseh Spring 
JCL-84-3 Source of Crooked Crk 
JCL-84-4 Source of Wood River 
JCL-84-5 Reservation Spring 
JCL-84-6 Source of Spring Crk 
JCL-84-7 Annie Creek at boundary 
JCL-84-8 Pothole Spring 
JCL-84-9 Unnamed spring nr road 
JCL-B4-10 Unnamed spring, source 

of Crk 1/4 ml S of Scott Crk 
JCL-84-11 Unnamed spring on 

Hamaker Creek nr Soda spring 
JCL-84-12 Mare's Egg Spring 
JCL-84-13 Four-mile Spring 
JCL-84-14 Ranger Spring 
JCL-84-15 Cedar Springs 
JCL-84-16 Geyser Spring 

3 Aug 84 
3 Aug 84 
3 Aug 84 
3 Aug 84 
3 Aug 84 
3 Aug 84 
3 Aug 84 
4 Aug 84 
4 Aug 84 
4 Aug 84 
Crk 
4 Aug 84 

5 Aug 84 
5 Aug 84 
5 Aug 84 
5 Aug 84 
6 Aug 84 

5.39 
7.88 
7.90 
6.74 
7.58 
7.51 
N.R. 
6.68 
6.79 
6.94 

N.R. 

7.70 
7.96 
N.R. 
6.37 
N.R. 

40.5 
34.2 
36.3 
45.8 
39.5 
40.8 
39.8 
42.7 
45.4 
31.4 

98.6 

34.8 
31.7 
38.9 
39.2 
30.7 

2.0 1.4 
7.46 1.8 
8.03 2.4 
2.09 2.4 

15.7 1.9 
3.22 1.8 
6.43 1.1 
2.68 0.90 
2.99 1.3 

17.8 0.53 

23.7 5.1 

10.8 9.0 
6.01 2.4 

14.2 1.0 
11.6 1.2 

7.52 2.7 

3.0 
12.5 
15.6 

6.6 
10.8 
8.5 
3.4 
2.9 
3.6 
2.4 

89 

4.2 
4.4 
3.0 
3.4 
3.3 

2.2 
1.4 
1.9 
1.9 
2.1 
1.3 
1.6 
1.7 
2.1 
1.4 

9.7 

1.5 
1.5 
2.0 
1.6 
1.2 

<0.01 
<0.01 
<0.01 
<0.01 

.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

.03 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

30 
58 
53 
47 
50 
46 
32 
29 
34 
21 

417 

55 
54 
34 
44 
57 

<1 
3.4 
6.2 
1.8 
4.6 
2.4 
1.8 
0.2 
0.1 
0.4 

0.8 

0.3 
0.5 

<0.1 
<0.1 

0.1 

1.2 
4.9 
8.4 
2.8 
5.8 
3.3 
0.5 
0.5 
0.5 
0.5 

4.2 

0.5 
1.4 
0.9 
0.5 
0.5 

0 .7 
0.17 
0.16 
0.10 
0.14 
0.12 
< . l 
< . l 
< . l 
< . l 

0.12 

0.05 
<. l 
< . l 
< . l 
< . l 

0.2 
0.2 
0.4 
0.2 
0.1 
0.1 
0 .2 
0.1 
0.1 
0.2 

0.2 

0.2 
0 .2 
0.2 
< . l 
0.2 

44 
95.5 

126 
50 

103 
60 
50.3 
30 
47 
29 

320 

77 
74 
47 
60 
75 

3 
11 
11 
12 
8 
6 

10 
3 
4 
6 

10 

4 
5 
2 
7 
5 

-13.9 
-14.7 
-14.7 
-15.1 
-14.6 
-14.3 
-14.2 
-15.1 
-15.2 
-15.0 

-13.2 

-14.4 
-14.1 
-13.6 
-13.4 
-12.9 

-99.5 
-106.8 
-108,0 
-105.5 
-106. 
-105 
-98 
-110 
-108 
-103 

-90. 

-101. 
-98. 
-95. 

-101. 
-91 

1985 Sample 

JCL-85-7 Soda Spg on Hamaker Cr 5 Aug 85 5.31 71 271. 243 106. 31.5 0.06 2280 16. 17.7 0.04 0.43 3620 10 -14.3 -102 



Tab le l b . Chninical An. i lyses of C r a t e r Lake Waters 

Sample 

Numbers Name or Locality Date f pH SiOj Ca Mg Na K L 

in mg/L 

HCO3 SO^ Cl 

Specific 
Cond. Water T. 

(MMHOS) 'C 5I80 SD 

1981 Samples 

JCL-81-ia £ Basin, surface, C L . 14 Aug 81 6.0 18.2 6.4 2.8 9.1 1.2 0.04 30 
JCL-81-19 E Basin, 579 m, C L . 14 Aug 81 7.2 17.6 7.4 2.9 9.2 1.3 0.04 30 
JCL-81-20 SW Basin, 448 m, C L . 14 Aug 81 8.6 17.8 7.8 2.8 9.5 1.1 0.04 ' 34 
JCL-81-21 SW Basin, 489 m, C L . 15 Aug 81 7.9 18.2 7.4 3.0 9.7 1.2 0.04 30 
JCL-81-22 SW Basin, 448 m, C L . 16 Aug 81 7.4 17.4 7.5 2.7 9.6 1.2 0.04 24 
.)CL-8I-23 SW Basin, 468 m, C L . 16 Aug 81 7.0 19.6 7.6 2.8 9.9.1.7 0.04 33 

10 
8 

9.6 
9.6 
9.9 
9.6 
9.4 
9.4 

0.19 
0.22 
0.20 
0.21 
0.21 
0.22 

0.2 
0.3 
0.3 
0.2 
0.2 
0.2 

155 
154 
156 
157 
140 
155 

18 -9.40 
-9.59 
-9.55 
-9.53 
-9.67 
-9.49 

-79.4 
-79.6 
-78.2 
-79.9 
-79.9 
-79.6 

1983 Samples 

JCL-83-2 
JCL-83-3 
JCL-83-4 
JCL-83-5 
JCL-83-6 
JCL-83-7 
JCL-83-8 

JCL-83-15 
JCL-83-11 
JCL-83-12 
JCL-83-9 
JCL-83-10 
JCL-83-13 
JCL-83-14 

SW Basin, surface 
SW Basin, 50 m 
SW Basin, 100 m 
SW Basin. 150 m 
SH Basin, 200 m 
SW Basin, 250 m 
SW Basin, 300 m 

E Basin, surface 
E Basin, 50 m 
E Basin, 100 m 
E Basin, 150 m 
E Basin, 200 m 
E Basin, 250 m 
E Basin, 300 m 

8 Aug 83 
8 Aug 83 
8 Aug 83 
8 Aug 83 
a Aug 83 
8 Aug 83 
8 Aug 83 

8 Aug 83 
8 Aug 83 
8 Aug 83 
8 Aug 83 
8 Aug 83 
8 Aug S3 
8 Aug 83 

7.24 
7.77 
7.73 
7.65 
7.60 
7.57 
7.66 

7.55 
7.82 
7.77 
7.64 
7.82 
7.68 
7.57 

20.5 
18.8 
21.5 
19.1 
19.8 
24.4 ? 
20.0 

19.3 
17.8 
18.5 
18.3 
17.9 
18.5 
20.3 

6.48 
6.72 
7.08 
6.75 
7.15 
9.45 
7.52 

5.49 
5.58 
5.98 
6.99 
7.09 
5.91 
6.40 

2.4 
2.4 
2.3 
2.3 
2.6 
2.6 
2.6 

3.7 
3.7 
3.7 
2.6 
2.5 
3.8 
3.8 

9.4 
9.2 
9.3 
9.2 
9.2 
9.2 
9.0 

9.3 
9.3 
9.2 
9.2 
9.1 
9.3 
9.3 

1.6 
1.6 
1.6 
1.6 
1.6 
1.5 
1.6 

1.7 
1.8 
1.7 
1.8 
1.6 
1.7 
1.6 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

0.04 
0.03 
0.03 
0.03 
0.04 
0.03 
0.04 

39 
42 
45 
42 
45 
46 
31 

47 
37 
32 
39 
47 
39 
42 

10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 

10.0 
10.1 
10.1 
10.1 
9.8 
10.1 
9.8 

10.4 
10.3 
10.1 
9.9 
10.2 
10.2 
10.0 

0.11 
0.10 
0.11 
0.12 
0.12 
0.12 
0.11 

0.10 
0.12 
0.11 
0.12 
0.11 
0.12 
0.11 

0.4 
0.4 
0.5 
0.4 
0.4 
0.6 
0.6 

0.6 
0.4 
0.4 
0.5 
0.5 
0.4 
0.3 

14.5 
11 
9 
10 
10 
7 
7 

16 
9 
8 
8 
8 
8 
8 

- 9.84 
-9.68 
-9.74 
-9.62 
-9.86 
-9.67 
-9.76 

-9.74 
-9.69 
-9.65 
-9.71 
-9.76 
-9.73 
-9.73 

-78,4 
-79.1 
-79.3 
-78.9 
-78.7 
-77.3 
-78.6 

-78.2 
-78.3 
-78.3 
-77.6 
-78.0 
-77.9 
-77.9 

1984 Samples 

JCL-84-17 
JCL-84-22 
JCL-84-21 
JCL-84-20 
,ICL-84-19 
JCL-84-ie 

SW Basin, 
SW Basin, 
SW Basin, 
SW Basin, 
SW Basin, 
SW Basin, 

surface 
50 m 

200 m 
300 m 
400 m 
500 m 

7 Aug 84 
7 Aug 84 
7 Aug 84 
7 Aug 84 
7 Aug 84 
7 Aug 84 

7.12 
N.R. 
7.01 
6.66 
6.65 
6.72 

18.8 
19.6 
18.5 
18.9 
19.2 
19.7 

5.77 
6.49 
6.57 
5.49 

10.1 
13.8 

2.3 
2.4 
2.2 
2.2 
2.4 
2.6 

10.4 
10.2 
10.9 
10.2 
10.4 
10.6 

1.7 
1.5 
1.7 
1.5 
1.7 
I.B 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

• 41 
38 
41 
42 
42 
42 

8. 
8. 
8. 

a. 8. 
ft. 

10.0 
10.0 
9.8 
10.0 
10.1 
10.6 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.4 
0.5 
0.4 
0.5 
0.6 
0.5 

— 
— 
— 
— 
— 

-9.6 
-9.8 
-9.8 
-9.7 

-10.0 
-9.8 

-79. 
-79. 
-79. 
-79. 
-80. 
-79. 



Table 2. Chloride Analyses of Crater Lake Waters 
(Cone, in mg/L) 

Sample 
Numbers Name or Locality 

Date of 
Collection Cl 

AgN03 
Analysis 
date 

Cl 

Hg(N03)2 
Analysis 
date 

Cl Cl 

I.C. Fe(SCN)2+ 
Analysis Analysis 
date date 

1981 Samples 
29 Mar 87 — 25 Aug 81 

JCL-81-18 E Basin, surf ace, C L . 14 Aug 81 
JCL-81-19 E Basin, 579 m, C L . 14 Aug 81 10.6 
JCL-81-20 SW Basin, 448 m, C L . 14 Aug 81 11.4 
JCL-81-21 SW Basin, 489 m, C L . 15 Aug 81 10.8 
JCL-81-22 SW Basin, 448 m, C L . 16 Aug 81 11.0 
JCL-81-23 SW Basin, 468 m, C L . 16 Aug 81 10.2 

9.6 
9.6 
9.9 
9.6 
9.4 
9.4 

1983 Samples 
29 Mar 87 20 Jul 87 10 Aug 83 

JCL-83-2 
JCL-83-3 
JCL-83-4 
JCL-83-5 
JCL-83-6 
JCL-83-7 
JCL-83-8 
JCL-83-15 
JCL-83-11 
JCL-83-12 
JCL-83-9 
JCL~83-10 
JCL-83-13 
JCL-83-14 

SW Basin; 
SW Basin. 
SW Basin, 
SW Basin, 
SW Basin, 
SW Basin, 
SW Basin, 
E Basin, 
E Basin, 
E Basin, 
E Basin, 
E Basin, 
E Basin, 
E Basin, 

, surface 
, 50 m 
, 100 m 
, 150 m 
, 200 m 
, 250 m 
, 300 ra 
surface 
50 m 
100 m 
150 m 
200 m 
250 m 
300 m 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

Aug 
Aug 
Aug 
Aug 
Aug 
Aug 
Aug 
Aug 
Aug 
Aug 
Aug 
Aug 
Aug 
Aug 

83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 

9.9 
10.1 
10.1 
10.1 
9.8 
10.1 
9.8 
10.4 
10.3 
10.1 
9.9 
10.2 
10.2 
10.0 

9.2 
9.5 
9.2 
9.9 
9.6 
9.2 
_ _ • 

9.9 
9.6 
9.2 
9.6 
9.6 
9.2 
9.9 

8.6 
8.4 
8.9 
9.2 
8.9 
8.8 
9.2 
9.7 
9.4 
9.4 
9.1 
9.0 
9.4 
9.7 

1984 Samples 
29 Mar 87 26 Feb 87 — Jan 85 

JCL-84-17 
JCL-84-22 
JCL-84-21 
JCL-84-20 
JCL-84-19 
JCL-84-18 

SW Basin, 
SW Basin, 
SW Basin, 
SW Basin, 
SW Basin, 
SW Basin, 

surface 
50 m 
200 m 
300 m 
400 m 
500 m 

7 Aug 84 
7 Aug 84 
7 Aug 84 
7 Aug 84 
7 Aug 84 
7 Aug 84 

10.0 
10.0 
9.8 
10.0 
10.1 
10.6 

8.7 
9.4 
9.7 
10.0 
9.7 
9.7 

p. 14 



Table 3. Comparison of mercuric nitrate and silver nitrate 
titrations and ion chromatography determinations for chloride 

Concentration in mg/L 
10 15 20 

Hg(N03)2 visual titration (concentrations) 

aliquot A 
aliquot B 
aliquot C 

mean 
RSD (percer It) 
relative error 

6.4 
7.1 
6.4 
6.6 
6.0% 

33% 

11.8 
10.8 
11.3 
11.3 
4.6% 

13% 

15.6 
15.9 
16.1 
15.9 
1.6% 

6% 

20.1 
21.0 
20.1 
20.4 
2.0% 

2% 

AgN03 automatic potentiometeric titration (concentrations) 

aliquot A 
aliquot B 
aliquot C 

mean 
RSD (percent) 
relative error 

5.50 
5.44 
5.16 
5.37 
3.3% 
8% 

9.96 
9.83 
10.15 
9.98 
1.6% 
0.2% 

15.12 
14.85 
15.12 
15.03 
1.0% 
0.2% 

19.41 
20.02 
19.43 
19.62 
1.8% 
1.9% 

Ion Chromatograph (peak heights) 

aliquot A 
aliquot B 
aliquot C 

mean 
s dev 

RSD (percent) 

0.53 
0.48 
0.51 
0.51 
.025 

5.0 

1.17 
1.18 
1.15 
1.17 
.015 

1.3 

1.68 
2.09 
1.70 
1.82 
.231 

13. 

2.04 
2.25 
2.34 
2.21 
.154 

7.0 

p. 15 



Table 4. Analyses of B and Li in partially evaporated samples of lake water 
collected in 1985, recalculated to original concentrations, and 
values for other western U. S. Hot Springs 

Source Temp. Cl B Li Cl/B Cl/Li 
(mg/L) weight ratio 

Cold Spring Waters 

Mare's Egg Spring 
Fourmile Spring 
Tecimiseh Spring 
Crooked Creek 
Wood River 
Reservation Spring 
Castle Craig Spring 
Annie Spring 

5 
12 
9.5 

10 
7 
8 
3 
2.5 

1.1 
0.9 
4.4 
11.1 
8.4 
6.4 
0.8 
1.2 

0.18 
.10 
.21 
.34 
.37 
.37 
.14 
.04 

0.0016 
.0006 
.0029 
.0044 
.0130 
.0079 
.0008 
.0022 

6. 
9. 

21. 
33 
23 
17 
6 
30 

,1 
0 

690 
560 

1500 
4600 
650 
810 
1000 
550 

Crater Lake Waters 

Crater Lake, 

Crater Lake, 

E Basin, 

SW Basin, 

surface 
100 m 
200 m 
300 m 
400 m 
500 m 
590 m 
surface 
100 m 
200 m 
300 m 
400 m 
500 m 

9.5 
10.0 
11.4 
9.9 
10.0 
9.7 

10.3 
9.5 
9.8 
9.8 
9.9 
11.1 
11.6 

.46 

.49 

.46 

.58 

.54 

.51 

.45 

.42 

.42 

.42 

.59 

.36 

.53 

.041 

.042 

.041 

.043 

.043 

.043 

.043 

.037 

.043 

.043 

.045 

.040 

.046 

21 
20 
25 
17 
18 
19 
23 
23 
23 
23 
17 
31 
22 

230 
230 
280 
230 
230 
230 
240 
260 
230 
230 
220 
280 
260 

Typical Thermal Waters 

Growler Hot Spring, Lassen M.F-"-
Loowit Hot Springs, Mt St Helens^ 
Geyser Spring, Seigler Hot Spg^ 
Long Valley, unnamed" 
Ear Spring, Yellowstone^ 
Gamma Hot Springs, Mt Baker* 
Ohanapecosh Hot Spring, Mt Rain* 
Baker Hot Springs, Mt Baker* 

95 
84 
43 
60 
93 
65. 
48 
44 

2430 
395 
294 
250 
414 
755 
880 
110 

71 
2.0 

15 
13 
4.2 
9.0 
12 
2.7 

7.7 
.97 

1.6 
2.5 
5.1 
2.8 
2.9 
.36 

. 34 
19 7 
20 
19 
99 
84 
73 
41 

320 
410 
180 
100 
81 
270 
300 
310 

^Thompson, 1985 
^unpublished, data of Thompson 
^Thompson, Goff and Donnelly-Nolan, 1981 

p. 16 

•"Mariner and Willey, 1976 
'Thompson and Yadav, 1979 
^Mariner, Presser and Evans, 1982 
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'igure 1. Locations of spring samples in the Crater Lake- area. Large dots 
show spring locations that are higher in altitude than the surface of 
Crater Lake. Numbers around Crater Lake are last two digits of sample 
number series JCL 81-. 
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Figure 2. Chloride concentrations (mg/L) in spring waters from the 
Crater Lake area. 



- 7 5 

H 

Ld 
I -

LU 

- 8 5 

- 9 5 -

- 1 0 5 -

- 1 1 5 

-

-

-

/ 

1 • 

D 
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elevation shown as squares. Crater Spring shown by filled square. Lines 
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Figure 5. Isotope and chemical data for Crater Lake for surface and total 
depth samples in 1981 in the east and southwest basins. 
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Figure 6. Profile of isotope and chemical data for Crater Lake for the east 
basin in 1983. Silica values shown were redetermined in 1987, and the 
variation is not necessarily real. 
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Figure 7. Profile of isotope and chemical data for Crater Lake for the 
southwest basin in 1983. Silica values shown were redetermined in 1987, 
and the variation is not necessarily real. 
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Figure 8. Profile of isotope and chemical data for Crater Lake for the 
southwest basin in 1984. 
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H10678 CONGRESSIONAL RECORD — HOUSE October 15, 19S6 
mted for the purposes 0/ acqiiiiilion as 
(rtoriiprf in sectio-n lal. 
- <iijn addition to Ihe-'sums made avq/lable 
unde\subsection id/HJ. there is auyorized 
10 be ahoropnated such sums as mm be nec
essary to^carry out the purposes/Of this sec
tion. . \ / " , 

lel The Secretary of theynter ior shall 
transfer admimstraliie jutyZuction over the 
Federal propert-y^cpnsistiyg of approximate-
III 1 acre, known is. t h e y road Street site, to 
the Secretary of thi-.Bepartmenl in which 
the Coast Guard y-qperating. who shall 
transfer to the Sccytary^qf the Interior, sub
ject to such reseyations.Herms. and condi
tions as may bZ necessary'for Coast Guard 
purposes, adminislralive Jurisdiction over 
the Federai/vroperly, consislin'^,of approxi
mately Iycre located near Fort Moultrie on 
Sullivays Island for purposes 0/ <i\mainle-
nanceZcorkshop, storage, and season)i{hoii3-
ing Zn connection with the administmtion 

protection of the Fort Sumter National 
uihenL 

- j ^ ) SEC. 115. Ill The primary term 0/ any geo-
thermal lease in effect as of July 27. 1984. 
issued pursuant to the Geothermal Act of 
1970 /Public Law 91-581, 84 StaL 1566, 30 
U.S.C. 1001-10251 is hereby extended to De-

I ceniber.31. 19SS. if the Secretary of the Inte
rior finds that— 

tal a bona fide sale of the geothermai re
source, from a well capable of production, 
for delivery to or utilization by a facility or 
.facilities, has not been completed il l due to 
administrative delays by government enti
ties, beyond the control of the lessee, or 12) 
such sale would be uneconomic; 

(bl substantial investment in the develop
ment of or for the benefit of the lease has 
been made: and 

to. the lease would otherwise expire prior 
lo December 31, 1988. 

'2><at The Secretary of the InteriOT there
inafter in this section referred to as "the 
Secretary" shall publish for public comment 
in the Federal Register within 120 days after 
the date of enactment of this section a pro
posed list of significant thermal features 
within the following units of the 'National 
Park System: 

Mount Rainier National Park; 
Lassen Volcanic National Park; 
Yellowstone National Park; 
Bering Land Bridge National Preserve; 
Gates ofthe Arctic National Park and Pre

serve: 
Yukon-Charley Rii-ers National Preserve; 
Katmai National Park: 
Aniakchak National Monument and Pre

serve: 
Wrangell-SL Elias National Park and frc-

sert'e; 
Glacier Bay National Park and Preserve: 
Denali National Park and Preserve; 
Lake Clark National Park and f^eserve; 
Hot Springs National F^rk: 
SeQuoia National Park; 
Hawaii Volcanoes National Park; 
Lake Mead National Recreation Area; 
Big Bend National P a r k 
Olympic National Park: 
Grand Teton National Park; 
John D. Rockefeller, Jr. Memorial Park

way; 
Haleakala National Park; and 
Crater Lake National Park. 

The Secretary shall include with such list 
the basis for his determination ujith respect 
to each thermal feature on the list Based on 
public comment on such list, the Secretary is 
a uihortied lo make additions to or deletions 
from the list Not.later than the 60th day 
from the date on iphich the proposed list was 
published in the Federal Register, the Secre
tary shall transmit the list to the Committee 
on Energy and Natural Resources of the 
Senate and the Committee on Interior and 

Insular Affairs of the House of Representa
tives together with copies of all public com
ments which he has received and indicating 
any additions to or deletions from the list 
with a statement of the reasons therefor and 
the basis for inclusion of each thermal .fea
ture on the list. The Secretary shall consider 
the following criteria in determining the sig
nificance of thermal features: 

IU size, extent, and uniqueness: 
121 scientific and geologic significance: 
13) the extent to which such .features 

remain in a natural, undisturbed condition: 
and 

HI significance of thermal features to the 
authorized purposes for which the National 
Park System unit was created. 
The Secretary shall not issue any geothermal 
lease pursuant to the Geothermal Steam Act 
of 1970 IPublic Law 91-581. 84 StaL 15661. 
as amended, until such time as the Secretary 
has transmitted the list to the Committees of 
Congress as provided in this section. 

/bl The Secretary shall maintain a moni-. 
toring program for those significant thermal 
features listed pursuant to subsection /a) of 
this section. 

lc) Upon receipt of an application for a 
geothermal lease the Secretary shall deter
mine on the basis of scientific evidence if 
exploration, development, or utilization of 
the lands subject to the geothermal lease ap
plication is reasonably likely to res-ult in a 
significant adverse effect on a significant 
thermal feature listed pursuant to subsec
tion la) of this section. Such dete-rmination 
shall be subject to notice and public com
ment. If the Secretary determines on the 
basis of scientific evidence that the explora
tion, development or utilization of the land 
subject to the geothermal lease application 
is reasonably likely to result in a 3ign\/icanf 
adverse effect on a significant thermal fea- ' 
ture listed pursuant to subsection lal of this 
section, the Secretary shall not issue such 
geothermal lease. In addition, the Secretary 
shall withdraw from leasing under the Geo^ 
thermal Steam Act of 1970. as amended, 
those lands, or portion thereof, subject to the 
application for geothermal lease, the explo
ration, development, or utilization of which 
is reasonably likely to result, based on the 
Secretary's determination, in a significant 
adverse effect on a significant thermal fea
ture listed pursuant to subsection la) of this 
section. 

Idl With respect to all geothermal leases 
issued after the date of enactment of this 
section the Secretary shall include stipula
tions in leases necessary to protect signifi
cant thermal features listed pursuant to sub
section la) of this section where a determi
nation is made based on scientific evidence 
that the exploration, development, or utili
zation of the lands subject to the tease is rea
sonably likely to adversely affect such signif
icant features. Such stipulations shall in
clude, but are not limited to: 

fl) requiring the lessee to reinject geother
mal fluids into the rock formations from 
which they originate; 

12) requiring the lessee to report annually 
to the Secretary on its activities; 

/31 requiring the lessee to continuously 
monitor geothermal production and injec
tion wells: arid 

14) requiring the lessee to susjyend activity, 
temporarily or permanently, on the lease if 
the Secretary determines that ongoing eiplo-
ration, development, or utilization activi
ties are having a significant adverse effect 
on significant thermal features listed pursu
ant to subsection la) of this section until 
such time as the significant adverse effect is 
eliminated. 

le) The Secretary of Agriculture shall con
sider the effects on significant thermal fea
tures of those units of the National Park 

System identified in subsection lal of this 
section in determining whether to consent 
to leasing under the Geothermal Stcayn Act 
of 1971J. as amended, on nati-jncl .-'orcst or 
other la '̂.iis ad^nini^tcrrd bv-tke D>'pa'-;'nfn( 
of Agriculture available ..'or leasin'j -ind-.'/ 
the Geotherm.al Steam Act of 1370. -:is 
am.„ndcd. including public. u-i:.̂ u!rr.-u--i. and 
acquired lands. 

lfl Nothing contained in this sa^ ic i -ihsll 
affect the ban on leasing unde,- the Geother
mal Steam Act of 1970. as amended, xith re
spect to the Island Park Known Geothermal 
Resources Area, as provided for in Public 
Law 98-473 193 Slat. 18371 and Public Lau: 
99-190 i99Stat. 1267). 

igl Except as provided herein, nothing 
contained in this section shall affect or 
modify the authorities or responsibilities of 
the Secretary under the Geother-mal Steam 
Act of 1970. as amended, or any other provi 
sion of law. 

Ih) The provisions of this section shall 
r.emain in effect until Congress determines 
otherwise. 

-1 
SSec. 116. la) Section 11021a) ofthe Nation-

ai,Parks and Recreation Act of 1978 iPubliJ 
LliiD 95-625) is amended by inserting the fof-
loiking after the second sentence: "In addi
tion^ the Secretary may acquire by any Iof 
the 'foregoing methods not to exceed ken 
acresioutside the boundaries of the natiinal 
river\for an administrative headquarters 

d funds appropriated for land dcqui-
be.available for the acquisition 

ministrative headquarters site.". 
Hon 1112 of Public Law 91-625 ix 

I sinking "$500,000" anfi insert-
ooo': 

jrganizations ap-
hall establish the 
I funds. 
evolutionary War 

is iuthorized to estob-
iral land in the Dis-

site, 
sition 
ofthe 

l b ) I 
amendei 
ing "S3, 

Sgc. 117\ll) The Women in Mililary Serv
ice for America Memorial Foundajtion is au
thorized to\stablish a memoriallon Federal 
land in the JHstrict of Columbia and its en
virons to honor women who have served in 
the Armed Fosces of the United States. Such 
memorial shaUibe established In accordance 
with the provisions of H.iy 4378, as ap
proved by the S«nat« on September 10, 1986 
IS. Rpt 99-421). ' 

12) The organi^t ion or i 
proved by the Searetary 
memorial with nonrFeder 

SEC. 118. II) The klackf 
Patriots Foundation 
lish a memorial on 
trict of Columbia a n i Its environs to honor 
the estimated five thousand courageous 
slaves and free black persons who served as 
soldiers and sailors irjirovided ctuttian as
sistance during the American Revolution 
and to honor (hi coiintless black men, 
women, and children wnp ran away from 
slavery or filed Jetitions\with courts and 
legislatures seekiAg their freedom. Such me
morial shall be I establishea. in accordance 
icith the provifions of H.R. 4378. as ap
proved by the House of Rep\esentalivies on 
September 29. 1986. 

12) The BlaJk Revolutionary\War Patriots 
Foundation /shall establish t\e memorial 
with non-Federal funds. 

SEC. 119.1 The Secretary of the Interior 
shall'designate the visitor centerito be asso
ciated ui j r the headquarters of the Illinois 
and Michigan.Canal National Hentage Cor. 
ridor asj the "George M. O'Sricil Visitor 
Center"hn recognition of the leaderihip and 
contribfitions of Representative Gesrge M. 
O Brien with respect to the creation find es-
tablisf.ment of tliis national heritage\corri-
dor. 

SEA 120. Notwithstanding any other\pro-
visipns of the Land and Water ConserviMon 
Fufd Act of 1965, Public Law 88-57s\as 
ariended, or other law. Land and Woler 
Cpnservation Fund assisted land in Berii 
ley. Illinois, assisted under project No. If 

f.L ^^-tr^/ /of3olsi, 
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OEPARTMENT OF THE INTERIOR 

National Park iService 

Significant Thiermal Features Within 
Units of the National Park System 

AGENCY: National Park Service/U.S. 
Department of the hiterior. 
ACTION: Notice of proposed list of 
significant thermal features within units 
of the National Park System. 

SUMMARY: hi accordance with section 
115 of the Department of the Interior and 
Related Agencies Appropriations Act , 
for;1987, Pub. L. 99-591, the National 
Park Service (NPS) is publishing for 
public review and comment a proposed 
list of significant thermal features within 
twenty^two (22) units of the.National 
Park System. This listlmay be revised 
after public comments are.received in 
response to this Notice or as new 
information becomes available. A final . 
list, including all public comments and 
rationale for additions to or deletions, 
from the proposed list, will be sent to 
Congress in April 1987; No geothermal 
leases may be issued by the Secretary of 
the Interior until the final list is 

. transmitted to Congress. Also, future 
geothermal leasing, pursuant to the 
Geothermal Steam Act of 1970, as 
amended, is dependent on 
determinations of whether or not 
"proposals to. explore for, deyelop, 
produce, or use geothennal resources 
surrounding the listed features are 
"likely to result in signiflcaht adverse 
effects" on.the hstedfeatures. • 

The NPS welcomes a thorough review 
of theproposed listed features and the 
infoririation serving as the bases for 
determining listed features as 
significant. The NFS seeks data or 
information that can assist in preparing 
a Hnal list of significant thermal features 
within the specified units of the National 
Park System. NPS is also interested in -
receiving nominations for listing 
additional thermal features or 
recommendations for deleting thermal 
features, as proposed. All nominations 
for listing additional areas of significant 
thermal features and recommendations 
for deleting areas from the proposed list 
should be accompanied'by background 
infonnation on the thermal feature 
discussed and a supporting rationale for 
the recommended action; 

After transmitting the final list of . 
significant thermal features within units 
of the National Park System to the 
Congress, the NPS will publish the same 
list assent to Congress in the Federal' 
Register as a Final Notice. Copies of 
public comments received, in response to 

. this Notice Will also be available for 

public review according to the ' 
specifications of'the Final Notice. 
DATES: Nominations, recommendations,, 
and supporting coniinents must be 
received on or before March 16,1987, to 
be assured of receiving consideration. 
ADDRESS: Mail conunents, 
recommendations, and nominations to 
Director, NPS, ATTN: Energy, Mining 
and Minerals Division (WASO 480, 
Room 3223, Main Interior Building), 
National Park Service, P.O. Box 37127,. 
Washirigtoh, DC.20pi3-7127.. 
FOR FURTHER INFORMATION CONTACT: 
Ms. Pam Matthes, Energy, Mining and 
Minerals Division (Room 3223 Main 
Interior Building), National Park Service, 
P.O. Box 37127, Washington, DC 20013-
7127, (202) 343-4639. 
SUPPLEMENTARY INFORMATION: The 
Department of the Interior and Related 
Agencies Appropriations Act, Pub. L. -
99-591, (hereinafter referred to as the 
Act) was passed by Congress and 
signed into law October 30,1986. 
. Paragraph 2(a) of § 115 of the General 
Provisions for the Act,-directs the 
Secretary to collect and publish in the 
Federal Register, within 120 days, a 
proposed list bf significant thermal 
features in the following twenty-two (22) 
units of the National Park System: 
Mount Rainier National Park, 

Washington; 
Lassen Volcanic National Park, 

Califomia; 
Yellowstone National Park, Wyoming, 

Montana, and Idaho; ' 
Bering Land Bridge National Preserve, -

Alaska; 
Gatesof the Arctic National Park and 

Preserve, Alaska; 
Yukon-Charley Rivers National 

Preserve, Alaska; 
Katmai National Park, Alaska; 
Aniakchak National Monument and 

Preserve, Alaska; • • 
Wrangell-St. Elias National Park and 

Preserve, Alaska; 
Glacier Bay National Park and Preserve, 

Alaska; 
Denali National Park and Preserve, 

Alaska; 
Lake Clark National Park and Preserve, 

Alaska; 
Hot Springs National Park, Arkansas; 
Sequoia National Park, Califomia; , 
Hawaii Volcanoes National Park, 

Hawaii; 
Lake Mead National Recreation Area, 

Arizona and Nevada; • 
Big Bend National Park, Texas;-
Olympic National Park, Washington; 
Grand Teton National Park, Wyoming; 
John D. Rockefeller, jr. Memorial 

Parkway, Wyoming; -
Haleakala National Park, Hawaii; and, 
Crater Lake National Park,'Gregori. . 

The NPS has been designated by the 
Department as the lead agency for 
preparation and'publication.of theJlst of 
significa.nt,thermal features. In making, 
an overaiil determination of significance, 
. the Act specifically requires four criteria 
to be applied tb each thermal feature 
identified within the twenty-two (22) 
units of the National Park System. These 
four criteria are listed below, along with 
a brief discussion of the factors 
contributing to the determination of 
whether or not the identified feature(s) 
qualify âs "significant" under each 
criterion: 

(1) Size, extent, and uniqueness—NPS 
establishes neither lower nor upper •• - ' 
limits on the size or extent of a feature. 
Each feature isidentified according to 
its existing surface dimensions. 
However, for a feature to be considered 
significant under criterion'#l,it is , ,. 
identified as unique to.the unit, the • 
Region, the Nation, or, in some cases, 
the World.. 

(2) Scientific and geologic 
. significanccr-Under this criterion, a 
feature qualifies as. "significant".when 
the feature has been identified as 
contributing to scientific or geologic 
data, to the understanding of thennal 
regimes, or to the history or origin of the 
feature within the unit, the Region, or 
the Nation. 

(3) The extent to which such features 
remainin a natural, undisturbed 
condition—Under this criterion, NPS 
reports pn the existing condition of 
identified features. Where applicable, . 
NPS addresses whether distm-barices or 
developments, if any, have affected the 
subsurface thermal regime. 

(4) Significance of thermal features to 
the authorized purposes for which the • 
National Park System unit was 
created^-Features specifically identified 
within the enabling legislation for the 
unit or features used in a manner 
consistent with the stated-purposes for 
which the unit was created are 
significant. 

Thus, NPS has listed thermal features 
that were the basis for establishing the 
unit in the first instance (e.g., 
Yellowstone National Park) and thermal 

• features that now significantly 
. contribute to the statutory purposes for 
which the area-was set aside by 
Congress (e.g.. Lake Mead National 
Recreation" Area). 

In most every case, each feature listed 
as significant within this Notice has met 
all of the significance criteria, 
unequivocably. However, there are a 
few features proposed for listing where 
•one or more of the significance criteria 
are met marginally or where the 

' significance is not known at this time; 
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Such features are clearly identified in an 
introductory paragraph preceding the 
discussion of the significance criteria. 
Specific discussions for each of these 
features explain the rationale behind 
proposing these features as significant. 
NPS welcomes additional information 
that can assist in the final 
determinations for these features. 

All thermal features initially-
determined to be or proposed.as ; 
siignificant by the NPS under, these 
criteria are listed within this Notice. The 
Act authorizes the Secretary to make 
additions to or deletions frdrii the list • 
based on public coniments received in 
.response,to this Proposed Notice. 
Fiirther, the Act reqiiires that within 60 
days of publishing the proposed list, the 
Secretary must transmit to Congress a 
final list together with copies of all • 
public comments received. The . 
transmittal to Congress will indicate any 
additions to or deleting from the 
proposed list, including a statement of 
the reasons for the action. Therefore, the 
NPS requests that any cominehts, 
recpniinendations for deletion firpm, or - -
nominations for adding thermal features 
to the proposed list be supported by a 
rationale and specific, information that 
addiresses each ofthe above significance 

.-criteria. ,••., .. •:•;..,•; . - , , ,>>. 

, Tlie Act directs that the Secretary of 
.the Interior sliiall not issue .̂ ny .- . 
geothermal leases under the Geothermal, 
Steam Act of 1970, as aimended (30 
U.S.C. 1001 j , until after the list of . , 
significant thermal features within units, 
of the National Park System is 
transmitted to Congress. 

Paragraph 2(b) of the Act directs the 
Secretary of the Interior to establish and 
maintain a monitoring program for each 
of the significant thermal features 
included on the final list trahsmitted to 
Congress. The existing data, 
characterizing each listed thermal 
feature and any data collected as a. 
result of the monitoring program will 
serve as baseline data upon which the 
potential effects of future geothennal 
leasing and development on the listed 
features will be assessed. 

The Act requires that,."Upon receipt 
• of an application for a geothermal lease 
the Secretary shall detemiine on the 
basis of scientific evidence if 
exploration, development, or utilization 
of the lands subject tb the geothermal 
lease application is reasonably likely to 
result iri a significant adverse effect on a 
significant thermal feature listed." All 
such determinations "shall be subject to 
notice and public comment",-and will be 
published in the Federal Register for 
public review and comment. Also, the 
Secretary of Agriculture must conisider 
the effects on the listed thermal features 

when determining whether to corisent to 
geothermal leases on national forest 
lands or any other lands urider the 
jurisdiction of the Departriierit of 
Agriculture. No geothermal lease can be 
issued, if the Secretary determines that 
the exploration, development, or 
utilization of the land subject to the 
lease application is "reasonably likely 
to result in a significant adverse effect 
on a listed thermal feature" (emphasis 
added). In addition, the areas within 
such proposed lease apppUcations that 
are likely to result in significant adverse 
impacts to listed features inust be 
withdrawn from leasing under the 
Geothermal Steam Act. ^ 

Future proposals to explore for, 
develop, produce, or use geothermal 
resources that are determined as 
"reasonably 'likely to adversely affect 
such significant;features",(emphasis 
added) within units ofthe National Park 
System, may be considered for leasing. 
If leases are issued in such areas, the 
."Secretary shall include stipulations in 
leases hecessary to protect significant 
thermal.featuresi" If, iri these'areas, the 
Secretary later"determiries that pngoing 
exploration, developriient,' or utilization 
activities are having a significant 
adverseeffectonsigftiflcaritthenriaV • ' 
features" listed, among other things, all; 
activity on the lease mu^t;be suspended, 
".temporarily prpenrianently" until ;the 
significant adverse effect is eliminated. 

As previously.mentioned, the Act 
specifically requires the Secretary ofthe 
Interior and the Secretary of Agriculture 
to determine the effects of proposed 
geotherinai leases and future operations 

, pn each of the listed significant thermal . 
features in units of the National Park 
System. The Act further requires that 
such determinations on lands under the 
jurisdiction pf the Department of the 
Interior and/or the Department of 
Agriculture must be made available for 
public review and comment on a case-
by-case basis. In response to this . . 
requirement of the Ac.t and tp assist in 
clarifying where future geothermal 
leasing may be considered, the 
Department of the Interior proposes to. 
identify the affected States in which , 
geothermal leasing proposals will be . 
evaluated on a case-by-case basis under 
the public review requirements of the 
Act. The purpose of this proposal also is 
to obtain public comment for the 
balance of Federal lands not coritained 
withiri the list bf affected States sp that 
geothermalleasing can proceed under 
the requiremerits of the Geothermal 
Stearii Act withoiit imposing the case-
by-case public review provisions of the 
Act. . 

The States containing the specified 
units of the National Park System, as 

listed within this Notice, comprise the 
list of affected States. In addition, the 
NPS proposes to list the State of Utah as 

'an affected'State because of its, 
prpxiriiity tp Lake Mead I^ational 
Recreation Area, in which the NPS 
pi"bp6ses to list thermal features as 
significant. Therefore, applications for 
geothernial leases in the following 
States will bb evaluated under the . 
prpyisions.pf the Geothermai Steam Act , 
as well as under the explicit public 
review requirements of the Act: Alaska,, • 

-Arizona, Arkarisas, California, Hawaii,... 
Idahp, Montana, Nevada, Oregon, 
Texas, Utah, .Washington, and 
Wyoming. 

The provisions of the Act are designed 
to protect significant thermal features: 
within units of the f^ational Park System 
from the potential adverse effects of. 
exploration, development, pr. utilization, 
of geothermal resources and will remain 
in effect until Congress specifically 
directs pthervvise. Therefore, it is 
importarit that the followirig proposed 
list be given the benefit of a thoroughi. . . 

.review so that .information.to 
supplement, refine, or further delineate . 
sigriificant features presented in this 
Notice can be added to the data that is 
transmitted tp Congress. 

Summary Analysis of Thennal Features 
L in Units of the National Park Systerii 

, The twenty-two (22) units of the • 
National Park System specified by 
Congress in the Act are located within 
five (5) NPS Regions. The following 
table sumriiarizes^ the informatibn '• 
collected by the NPS oh thermalieatures 
within each of the specified park'units:' 

Sut^MARY T A B L E 

NPSRegion. parti unite. 
evaluated 

Pacific Northwest Region:' 
Mount Rainier National Park 

(Washington). 
Crater Uke National Park 

(Oregon):' 
Olympic . National Park 

(Washington). . . . . 
Rocky Mountain Region: 

Yellowstone National Park 
(VVyoming. Idaho, and 
Montana). 

Grand Teton. National Park 
(Wyoming). 

John D. Rockefeller. Jr. Me-
. mortal Parkway (Wyoming). 

Alaska Region: 
Beririg Und Bridge, National 

Presen/B. , 
Gates of the Arctic, National 

Park and Preseree. 
Yukon-Charley Rivers, Na

tional FYoservo. 
Katmai National Park" 
Aniakchak ' National Monu

ment and Preserve. 
Wrangell-St. Ellas, National 

Park and Presenre. 

Number 
, , of 
features 
kienti-
fied 

. • • " 1 

, 1 

2 

1 

•• S 

l ' 

1 

- . 1 

None 

,1 
. ' . • , , 1 

2 

Identified 
-features quality 

as significani 
under the Act 

. : ' • • • • ; ' . . • • : , ^ 

Yes.' 

Yes. , , 
• 

1=Yes/1=No. 

Yes.' 

No. 

No. ' ' 

Yes. 

Yes. ---

Not Applicable. 

Yes. 
Yes. 

Yes. ' 
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SUMMARY TABLE—Continued 

. NPSRegion: park units 
evaluated 

Glacier Bay Nattonal Park 
. and Preserve. 
Denali Natkinal Park and 

Preserve. 
Uke. Clark National Park 

and Preserve. 
Southwest Region: 

Hot Springs Natkinal Park 
(Arkansas). 

Big Bend National Park 
(Texas). 

Westem Region: 
Ussen Volcanc Nattonal 

Park (Califomia). 
Sequoia Natbnal Park (Cali-

- fornia). 
Hawaii Volcanoes Nattonal 

Park (Havraii). 
Haleakala National Park 

(Hawaii). 
Lake Mead National Recrea

tion Area (Arizona arid 
Nevada). 

Number 
of 

features 
identi
fied 

None 

None 

2 

1 

.3 

1 

2 

10 

1 

3 

IdentHied 
features qualify 
as sigriificant 
under the Act 

Noi Applicable. 

Not Applk^ble. 

Yes. 

Yes. 

Yes. 

Yes. 

Yes. 

Yes. 

Yes. 

Yes. 

Maps showing the location of 
identified thermal features (if any) 
within all imits are available for public' 
inspection in Washington, DC at the 
following address: 

Energy, Mining and Minerals Division, 
National Park Service, Room 3223, Main 

. Interior Building, 18th and C Streets NW., 
Wasliington, DC 20240 

Maps of units showing the location of 
identified thermal features (if any) are 
available for public inspection at each 
of the NPS Regional Offices responsible 
for administering the unit of interest at 
the following addresses: 

Pacific Northwest Regional Office, National 
Park Service, 83 South King Street, Library, 
Seattle, Washington 98104 

Rocky Mountain Regional Office, National 
Park Service, (Attn: Cecil Lewis], 655 Parfet. 
Street, Denver, Colorado 80225 

Alaska Regional Office, National Park 
•Service, 2525 Gambell Street, Room 107, 
Anchorage, Alaska 99503 

Southwest Regional Office, National Park 
Service, Public Affairs Office, 1100 Old 
Santa Fe Trail, Santa Fe, New Mexico 
87504r0728 

Westem Regional Office, National Park 
Service, (Attn: Ray Murray), 450 Golden 
Gate Avenue, San Francisco, Califomia 
94102. 

The NPS proposes (to list features as 
significant within seventeen (17) units. 
The following subsection entitled 
"Proposed List df Significant Thermal 
Features in Units of the National Park 
System" describes each ofthe thermal ' 
features identified within each unit and 
provides information that addresses 
each of the four significance criteria 
identified by theAct. 

Further, the NPS proposes to list no 
thennal features as "significarit" within 
six (6) ofthe twenty-two (22) specified 
units. Features are not listed either 

because no thermal features are 
identified or because those features 
identified do not meet the significance 
criteria of the Act. The subsection 
entitled "Specified Units Within the 
National Park System With No 
Significarit Thernial Features" explains 
the ratioriale for each of the six (6) units 
of the Natiorial Park System that are not 
proposed for inclusion on the list of 
significant thermal features to be 
transmitted to Congress. 

Proposed List of Significant Thermal 
Features in Units of the National Park 
System 

The thernial features identified in this 
Notice are named from terms describing 
the surface manifestations of subsurface 
thermal activity. Heat within the earth is 
manifested at the earth's surface as a ' 
result of different types of thermal 
activity. Any or all of the surface 
features described may be expressions 
of a thermal system or thermal feature. 

Hydrothermal systems are the 
anomalous concentrations of high 
temperatures at shallow depths caused 
by the upward movement of water and/ 
or steam. In addition to convective heat 
transfer by moving fluids, soriie 
hydrothermal systems also involve an 
anomalously shallow heat source 
caused either by a volcanic system that 
has moved niagma to a shallow level br 
by high regional heat flow. Surface 
manifestations of hydrothermal systems 
are geysers, hot springs, warm springs; 
riiud.pots, fumaroles, and steaming • 
ground. 

Volcanic thermal activity may be 
expressed on the surface in the form of 
molten rock (magma or lava), ash, or 
thermal .fluids such as water (steam), 
mud, and gas. Geysers, hot springs, 
warm springs, gas vents, and fumaroles 
result when water, steain, mud, and 
gases are heated by the molten rock 
below the earth's surface and then 
ejected at the surface. Volcanoes,_ • 

- craters, and calderas are formed on the 
surface from the eruption of molten rock 
and associated gases and ash. The 
conical shape of volcanoes is produced 

, by the ejected material. Craters are a 
rimmed structure, similar to a basin, 
usually at the summit of a volcariic cone. 
A caldera is a large basin-shaped 
feature formed by one or more volcanic 
vents. Volcanoes, craters, and calderas, 
as surface manifestations of either 
active or dormant heat sources, are 

. indications of active subsurface thermal 

. activity. 
T h e following features are proposed 

as "significant" thermal features to be 
forwarded to Congress in April 1987. 

Mount Rainier National Park 

Feahire: Mount Rainier 

Significance criteria: 1. Size-^ 
Approximately 176,000 acres. 

Extent—Mountain area of volcanic 
origin. 

Uniqueness—Mount Rainier is the 
largest Northem American 
stratovolcano south of Alaska that 
contains an active thermal system and 
is the largest and highest (14,410') 
volcano in the Cascade Range. 

2. Scientific and geologic 
significance—^This feature is an ideal . 
example of a large stratovolcano and 

' the thermal features at the siunmit and 
the upper slopes above 10,000 feet 
provide excellent study opportunities. 
Mount Rainier is part of what is , 
commonly referred to as the Pacific Rim 
of Fire. Ohanapecosh and Longmire 
thermal springs exist on the flanks of 
Mount Rainier and their presence are 
indicators of subsurface thernial 
activity. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The volcano itself is 
pririiarily undisturbed. Loiigmire and 

.Ohanapecosh Springs are significantly 
altered by development that occurred 
prior tp the estabhshment of the park. 
There are other disturbances to the 
flanks of the volcano froni the' 
construction of roads and visitor 
facilities; however, these developments 
do not alter the thermal feature. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created-T-Mount Rainier, the 
yolcano, is the central feature of the 
park and Mount Rainier National Park 
was established in 1899 to preserve this 
feahire. (16 U.S.C. 91) 

Crater Lake National Park 

Feature: Crater Lake 

Significance Criteria: 1. Size—48 
square kilometers. 

Extent—Hydrothermal vents are 
located on the south central floor of the 
basin of Crater Lake at approximately 
1500 feet depth, 30-150 liters per second 
inflow of thermal water is estimated to 
enter Crater Lake. 

Uniqueness—Crater Lake is among 
the highest, largest, arid deepest caldera 
lakes in the world. It is known for its 
blue color, nearly pure optical 
properties, and extreme water clarity. 

2. Scientific and geologic 
significance—Studies indicate that 
thermal springs feed the lake from the 
vents located on the floor of the basin. 
Bathymetric and temperature surveys 
are needed to characterize the 
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contribution of these vents to the lake's 
water quality. Crater Lake resembles the 
primitive ocean. It is ideal for 
limnological studies and is a prime 
example of a caldera lake. It is an 
isolated system which approximates a 
closed system and provides a laboratory 
to investigate environmental 
disturbances from outside infliiences, 
such as atmospheric fallout. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—^The feature is in a natural, 
undisturbed condition. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—Crater Lake National Park 
was established in 1902 to preserve the 
caldera lake and to assure the retention 
of the lake's superb water quality. (16' 
U.S.C. 121) 

Olympic National Park 

Feature: Sol Due Hot Springs 

NPS determines that this feature is 
marginally significant, mainly because 
of the lack of scientific interest or 
significance to the unit or fo the Region. 

However, these springs are 
extensively used by the public for 
recreational purposes as a spa. The NPS 
recognizes the recreational significance 
of this feature and has assisted in 
developments to accommodate 
increased •visitor use. The value of its 
current recreational use is dependent 
upon the thermal flow of the springs. 
Recreational use is consisterit with the 
authorized purpose for which the unit 
was created. Thus, NPS propPses to list 
this feature as a significant thennal 
feature within Olympic National Park. 

Significance Criteria: 1. Size— 
Approximately one acre. 

Extent—Sol Due Springs are a series 
of seeps occurring next to the Soleduck 
River. 

Uniqueness—The springs are unique 
in that hot springs are rarely found on 
the Olympic Peninsula and is one of two 
springs found within the unil. These hot 
springs inciicates the presence of a 
thermal system within the confines of 
the Olympic Mountains. 

2. Scientific and geologic 
significance—Sol Due Hot Springs, 
located on the inactive Calawah fault 
zone, have not been identified as an 
area of scientific interest and is 
significant to the geology of the unit in 
that they serve as an indicator of a 
subsurface thermal regime. 

, 3. The extent to which the feature 
remains in a natural, undisturbed 
condition—None of the seeps exist in a 
natural state as the springs have been 
extensively altered to accommodate 
coirimercial developmerit, which is now 

a major concessiori offering all the 
facilities of a spa. The development of 
Sol Due Hot Springs into a commercial 
spa is used extensively by the public for 
recreation and therapeutic purposes. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—^In 1936, Congress 
established the Olympic National Park. 
The enabling legislation states that the 
lands within the unit were "set apart as 
a public park for the benefit and 
enjoyment of the people of the United 
States". Although not recognized within 
the enabling legislation, the Sol Due Hot 
Springs existed as a commercial resort 
at the time the unit was considered for 
establishment by Congress. The resort 
has since been developed extensively to . 
accommodate increased visitor use as a 
spa. The NPS recognizes the 
recreational significance of this feature 
and its thermal flow remains significant, 
to the public's enjoyment of the springs. 
(16 U.S.C. 251) 

Yellowstone National Park 

Old Faithful and approximately 10,000 
geysers and hot springs make 
Yellowstone National Park the world's . 
greatest thermal area. NPS proposes to 
list the entire hydrothermal system 
within Yellowstone National Park as 
one significant thermal feature 
comprised of the identified one hundred 
fourteen (114) hot springs and seven (7) 
gas vents. Each of the features listed are 
part of and iri total comprise the 
Yellowstone hydrothermal system 
within the boundaries of the park. The 
following significance criteria have been 
analyzed for each feature Usted and 
have been found to be applicable to 
every feature within the Yellowstone 
thermal system. 

Feature: Yellowstone National Park 

Significance Criteria: 1. Size— 
Approximately 2,220,000 acres. 

Extent—(a) 10 travertine hot springs 
in Mt. Holmes, Mammoth, Tower 
Junction, Abiathar, Madison Junction, 
Firehole Lake, arid Huckleberry 
Mountain Quadrangles. 

(b) 41 acid-sulfate hot springs in 
Obsidian Lake, Mt. Washburn, • 
Amethyst Mountain, Madison Jiinction, 
Nonis Junction, Solfatara Plateau, 
Canyon Village, Ponuntpa Springs, 
Pelican Cone, Juniper Creek, Beach 
Lake, Lake Junction, Steamboat Point, 
Buffalo Lake, Summit Lake, Shoshone 
Geyser Basin and Huckleberry 

-Mountain Quandrangles. 
(c) 18 neutral-chloride hot springs in 

Norris Junction, Ponuntpa Springs, 
Firehole Lake, Buffalo Lake, Warm River 
Butte, Old Faithful, Ragged Falls, and 
Lewis Lake West Quadrangles. "This 

feature includes the Upper and Lower 
Geyser Basins. 

(d) 1 neutral-dilute spring in Warm 
River Butte Quadrangle. 

(e) 6 neutral-alkaline dilute springs in 
Lewis Lake West, Grassy Lake 
Reservoir, Huckleberry Mountain, and 
Mt. Hancock Quadrangles. 

(f) 21 springs having a mixture of the 
above types in the following 
quadrangles: Obsidian Lake, Amethyst 
Mountain, Madison Junction, Norris 
Junction, Canyon Village, Pelican Cone, 
Firehole Lake, Juniper Creek, Steamboat 
Point, Old Faithful, West Thumb, 
Shoshone Geyser Basin, and Lewis Lake 
East. 

(g) 1 Bicarbonate spring located in the 
Obsidian Lake Quadrangle. . 

(h) 16 springs of undetermined 
dominate chemistry located in Amethyst 
Mountain, Madison Junction, Norris 
Junction, Solfatara Plateau, Canyon 
Village, Ponuntpa Springs, Pelican Cone, 
Juniper Creek, Steamboat Point, and 
Lewis Lake West Quadrangles. 

(i) 7 gas vents located in Amethyst 
Mountain, Abiathar Peak, Solfatara, 
Pelican Cone, and Eagle Peak 
(Brimstone Basin) Quadremgles. 

Uniqueness—The Yellowstone 
thennal system is the world's greatest 
hydrothermal system and geyser area 
and is recognized as ari outstanding 
natural feature of the world. 

2. Scientific and geologic 
significance—Yellowstone contains 
thousands of thermal features and the 
park is widely known as the preeminent 
hydrothermal area of the world. The 
entire Yellowstone hydrothermal system 
provides numerous opportunities to 
study and characterize a large, 
undisturbed geyser system. 

3. The extent to which the features 
remain in a natural, undisturbed 
condition—^The feature is in a natural, 
undisturbed condition. 

4. Significance of the features to the 
authorized purposes for which the unit 
was created—'Yellowstone National 
Park was created in 1872 to preserve 
arid protect all rialural curiosities or 
wonders within the park and to retain 
each of the features in their natural 
condition. The thermal features of the 
park are one of the natural wonders of 
the park and.comprise the preeminent 
hydrothermal area of the world. (16 
U.S.C. 21) 

Bering Land Bridge National Preserve 

Feature: Serpentine Hot Springs 

Significance Criteria: 1. Size— 
Approximately 0.5 square miles. 

Extent—Serpentine Hot Springs is a 
group of hot springs providing the only 
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indication of thermal regime within the 
unit. 

Uniqueness—These springs are the 
warmest springs in the region and is the 
only indicator of thermal activity in the 
Preserve. 

2. Scientific and geologic 
significance—As the warmest springs in 
the region. Serpentine Hot Springs are 
the only indicator of thermal activity in 
the Preserve. 

3. The extent to which the feature 
remaui in a natural, imdisturbed 
condition—The main pool has 
undergone some disturbance. Bath and 
bunk houses have been moved to the 
site to facilitate public visits and water 
has been piped to the bathing pool. 
These surface disturbances have not 
altered the thermal regime of the 
feature, 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—'The Bering Land Bridge 
National Preserve was established to 
protect and interpret volcariic lava 
flows, ash explosions, coastal 
formations and other geologic processes. 
Also, the recreational significance of the 
Serpentine Hot Springs was recognized 
in the enabling legislation. (16 U.S.C. 
410hh) 

Gates ofthe Arctic National Park and 
Preserve 

Feature: Reed River Hot Springs 

Significance Criteria: 1. S i z e ^ 
Complex of springs approximately 0.25 
miles in length. 

Extent—0.25 mile section along the 
east side of Reed River. 

Uniqueness—Reed River Hot Springs 
is the largest known thermal feature in 
the park and is one of the few large hot 
springs in the region. 

2. Scientific and geologic 
significance—As one of the few large 
warm springs in the Brooks Range of 
Alaska, Reed River Hot Springs has 
been proposed for listirig in the National 
Register of Natural Landmarks and for 
designation as a State Ecological 
Preserve. 

3. The extent to which the feature 
remains in a.natural, undisturbed 
condition—The feature is in a natural, 
undisturbed condition. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—^The Alaska National 
Interest Lands Conservation Act of 1980 
(ANILCA) established Gates of the 
Arctic National Park and Preserve as a 
new park unit within the National Park 
System. ANILCA states that the purpose 
of the unit is to "preserve unrivaled 
scenic and geologic values" with the 
mandate to manage the unit "to 

maintain the wild arid undeveloped' 
character of the area" and its 
"ecological integrity" (16 U.S.C. 410hh). 
The natural, undisturbed character of 
the one of the few warm springs in the. 
Brooks Range, as found in the Reed 
River Hot Springs, is a significant 
thermal feature for this unit. 

Katmai National Park and Preserve 

Feature: Novarupta and vicinity 

Significance Criteria: 1. Size—800 
square miles. 

Extent—Six volcanoes, all in the 
vicinity of Novarupta, are east of the 
Bruin Bay fault and between Mount ' 
Martin and coast of Kamishak Bay, 
north of Mount Douglas. 

Uniqueness—The volcanoes, active 
since 1912, have only erupted once and, 
consequently, has a simple structure 
conducive to study. There is no other 
site in the world where an ash eruption 
of comparable size has occurred at a 
terrestrial, rather than marine, site and 
where the ejects are accessible.' 

2. Scientific and geologic 
significance—The structure beneath 
Novarupta, including the magma body, 
is of major scientific interest and 
significance. It is hypothesized that the 
proximity and relative locations of the 
six active volcanoes may have created 
heat so intense that the earth's rhyolitic 
crust, in addition to the mantle, was 
melted. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The feature is in a natural, 
undisturbed condition. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—^Katmai National 
Monument was established originally to 
protect the volcanism that created the 
identified thermal features. ANILCA 
further expanded the unit to protect,. 
among other features, the existing 
geological features, which include the 
volcanoes within the unit. (16 U.S.C. 
410hh-l) 

Aniakchak National Monument and . 
Preserve ' 

Feature: Aniakchak Caldera 

Significance Criteria: 1. Size— 
Approximately 28 square miles. 
' Extent—The caldera is a volcanically 
active, flat-floored, ash-filled bowl that 
is 2,500 feet deep. 

Uniqueness—^The Aniakchak caldera 
is one of the largest calderas in Alaska, 
exhibits recent volcanic activity, and is 
essentially dry-bottomed. , 

2. Scientific and geologic 
significance—The area is acclaimed as 
one of the largest and most accessible 

ice-free calderas on the Alaska 
Peninsula. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—The, feature is in a natural, 
undisturbed condition. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—Aniakchak's enabling 
legislation states the unit must be 
managed to "mairitain the caldera and 
its associated volcanic features and 
landscapes in their natural state." 
Therefore, the identified feature is a 
significant feature serving, as the basis 
for the unit's creation. (16 U.S.C. 4lO) 

Wrangell-St. Elias National Park and 
Preserve 

Feature: Mineral Springs (mud 
volcanoes) 

Significance Criteria: 1. Size—^The 
three springs occupy approximately 310 
acres. 

Extent—^This feature is comprised of 
three widely spaced thermal areas 
located on the flanks of Mt. Drum. One 
of the sites has no appreciable water 
flow arid largely vegetated. Another site 
consists of a spring of approximately 10 
acres. The third site is approximately 
300acres. 

Uniqueness—The three identified 
springs are mineral springs, which is an 
unusual phenomenon in Alaska. 

2. Scientific and geologic 
significance—^The unique thermal 
activity associated with these springs 
provides opportunities for scientific 
investigations.-

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—^The feature is in a natural, 
undisturbed condition. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—ANILCA identifies the 
general purpose for which various 
Alaska imits were established as one 
"to preserve unrivaled scenic and 
geological values associated with 
natural landscapes." The mud volcanoes 
identified are unique and are of 
significarit geologic value within the unit 
and to the geology of the region. (16 
U.S.C. 410hh) 

Feature: Wrangell Volcanoes 

Significance Criteria: 1. Size—Mt. 
Wrangell 14,153 feet; Mt. Drum 12,010 
feet; Mt. Sanford 16,237 feet; and Mt. 
Blackburn 16,390 feet. 

Extent—The four volcanoes are 
central features of the park. 

Uniqueness—The four active 
volcanoes are prominent within the park 
which includes the greatest assemblage 



Federa l Register / Vol. 52, No. 30 / Friday, February 13, 1987 / Notices 4705 

of mountain peaks in any park in the 
Nation. 

2. Scientific and geologic' 
significance—The Wrangells are 
collectively referred to as a group of 
large shield and composite volcanoes. 
Geologically, they are relatively young 
and have had major eruptions as 
recently as 1,500 years ago. Their size, 
recent eruptions, and current activity 
provide significant opportunities for 
scientific investigations, including 
glaciological and volcanic studies. A 
long-term monitoririg program of Mt. 
Wrangell has been ongoing for over 15 
years. The Wrangells are one of the 
greatest assemblages of mountain peaks 
in the Nation, some of which are 

. volcanoes, both active and inactive. The 
Wrangells are the origin for some of the 
longest glaciers on the North American-
continent. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition-r-The foothills and lowlands 
that form the outer fringe of this -
mountain range have been the sites for a 
few small mining operations. The mining 
operations with developed access routes 
have created some disturbances to these 
areas; however, disturbances to the 
lower surrounding mountains is 
minimal. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—^ANILCA identifies the 
general purpose for which various 
Alaska units were established as one of 
preserving unrivaled scenic and 
geological values associated with 
natural landscapes. The primary . 
purposes of Wrangell-St. Elias National 
Park and Preserve are to maintain 
unimpaired the scenic beauty and 
quality of high mountain peaks, foothills, 
glacial,system, lakes, and streams in 
their natural state and to provide 

. reasonable access for mountain 
climbing, mountaineering, and other 
wilderness recreational activities. These 
high peaks are significant features . 
serving as the basis for the creation of 
the unit: (16 U-S.C. 410hh) 

stratovolcano which exhibits areas of 
steam venting and sulfur vents. The 
feature is marked by erosion from 
glaciers and other processes exposing 
cross-sections of the volcano. Exposures 
illustrate the relationships of various 
lava flows and pyroclastic rooks of 
which the stratovolcano is composed. -

3. The extent' to which the feature 
remains in a natural, undisturbed 
condition—^The feature is in a natural, 

" undisturbed condition. 
4. Significarice of the feature to the 

authorized purposes for which the unit 
was created—'The enabling legslation 
for Lake Clark National Park and 
Preserve states that the purposes of the 
unit are, among others, to "maintain 
unimpaired the scenic beauty and 
quality of portions of the Alaska Range, 
including active volcanoes". (16 U.S.C. 
410hh) 

Feature: Iliamna Volcano 

. Significance Criteria: 1. Size—33,900 
acres. 

Extent—Thermal activity consists of 
two'small sulphur vents located at about 
9,000 feet near the summit on the eastern 
face of the volcano. 

Uniqueness—Iliamna Volcano is a 
broad cone-shaped active volcano 
deeply dissected by erosional processes. 

2. Scientific and geologic 
significance—The composition and 
appearance of the Iliamna Volcano 
offers opportunities to study its unique 
history. 

3. The extent to which such features 
remain in a natural, undisturbed 
condition—^The feature is in a natural, 
undisturbed condition. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—^The enabling legislation 
for Lake Clark National Park and 
Preserve states that the purppses of the 
unit are, among others, to "maintain 
unimpaired the scenic beauty and 
quality of portions of the Alaska Rarige, 
including active volcanoes". (16 U.S.C. 
410hh) 

Lake Clark National Park and Preserve . ^ ° ^ Springs National Park 

Feature: Redoubt Volcano 

Significarice Criteria: 1. Size—38,000 
acres. 

Extent—The small vents in the cone 
of Redoubt Volcano. 

Uniqueness—Redoubt Volcano is the 
second highest of the 76 volcanoes of 
the Alaska Peninsula and Aleutian 
Islands and is an active, heavily 
glaciated stratovolcano. 

2. Scientific and Geologic 
Significance—Redoubt Volcano is an 
excellent example of a classic 

Feature: Hot Springs 

Significance Criteria: 1. Size—0.3 mile 
long section of the southwest base of 
Hot Springs Mountain. 

Extent—^These springs are comprised 
of 47 individual springs along the 
southwest toe of Hot Springs Mountain. 

Uniqueness—The average 
temperature of 143 °F ofthe spring 
waters are unique and the combined 
flow of 23 of the monitored springs is 
600,000 gallons per day. These springs 
are credited with advancing the 

bathhouse health spa ethic in this region 
of the United States. 

2. Scientific and geologic 
significance—The springs have been 
studied to differing levels of 
sophistication over the past 150 years. 
Monitoring equipment to be installed 
will provide base information to monitor 
temperatures and flow as a measure of 
adverse effects and hydrologic changes. 
Studies are being conducted to affirm 
the subsurface geology and the 
groundwater flow network. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—^The natural environment of 
the springs has been extensively altered 
with the construction of bathhouses and 
the city's Central Avenue business 
district. The springsthemselves have 
been walled in and capped to prevent 
surface-bome contamination. Twenty-
three (23) of the springs have had 
plumbing installed to collect and 
distribute the waters to a central 
reservoir. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—The Act of April 20,1832, 
initially set aside this area, including the 
Hot Springs, as a Federal reserve in the 
Territory of Arkansas. Since the initial 
Act, there have been over 50 additional 
Federal statutes specifically addressing 
the management of the Hot Springs. NPS 
recognizes the cultural significance of 
the evolution of the bathing regime into 
the elegant bathhouses and the thermal 
flows remain of primary significance to -
Hot Springs National Park. (16 U.S.C. 
361) 

Big Bend National Park 

Feature: Spring No. 1 

Significance Criteria: 1. Size and 
Extent—Small developed hot spruig 
along the Rio Grande River. 

Uniquenessr—Approximately 7-9 
gallons per minute are being pumped to 
supply water for the endangered fish 
species Gambusia gaigei. 

2. Scientific and geologic 
significance^Spring No. 1 along the Rio 
Grande River is the water supply for an 
endangered fish species and is an 
important source for water samples to ' 
make temperature measurements for 
monitoring hydrologic changes. 

3. The extent to which the feature 
remains in a natural, undisturbed 
coridition—The spring has been 
enclosed and a pumphouse has been 
installed. -

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—Big Bend National Park 
was established in 1935 primarily "as a ' 
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public park for the benefit and 
enjoyment of the people". Also, the, 
enabling legislation provides for.the 
administration and protection of the 
park to be exercised under the 
provisions of the Organic Act of the 
National Park Service of August 25, 
1916. The Organic Act provides for the 
National Park Service to promote and 
regulate the use of Federal lands within 
the National Park System in a manner to 
conserve natural objects and wildlife 
thereiri(16.U.S.C.l). Although this . . 
spring is not used for the purpose of 
public recreation, its primary use is for • 
the maintenance of an endangered 
wildlife species. Thus, the purposes for 
establishing Big Bend National Park 
include preservation of endangered 
species. (16 U.S.C. 156). 

Feature: Sjpring No. 4 

Significance Criteria: 1. Size and 
Extent—Developed hot spring along the 
Rio Grande River. 

Uniqueness^^The spring has a flow of 
approximately 75 gallons per minute. 
The. spring supplies potable water for 
Rio Grande Village and serves as a 
water source for the endangered species 
Gambusia gaigei. 

2. Scieritific and geologic 
significance—Spring No. 4 along the Rio 
Grande River serves as a Water source 
for an endangered fish species and is an 
important source for water samples and 
to take temperature measurements for 

. monitortng water temperature and flow 
as a measure of hydrologic changes. 

3. The extent to which the feature 
remains in a natural, undisturbed-
condition—^The spring has been . 
enclosed and pumphouses installed. A 4 
inch pipe is used to produce water flow 
that simulates:natural floW for 
endangered species. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—^As stated previously for 
Spring No. 1, this feature's use is 
primarily for maintaining an endangered 
wildlife species. The purposes for which 
Big Bend National Park was established 
include preservation of endangered 
species. (16 U.S.C. 156) . 

Feature: Hot Springs 

Significance Criteria: 1. Size and. 
Extent—Developed hot.spring along the 
Rio Grande River. 

Uniqueness—^The spring supplies a 
bathhouse that is used by park visitors. 

2. Scientific and geologic 
significance—^The Hot Springs is a site 
contributing to Regional studies being 
conducted to monitor temperature and 
flow as a measure of hydrologic 
changes. 

3. The extent to which the feature 
remains in a natural. Undisturbed ' 
condition—The spring has been altered 
by development of a bathhouse built in 
1910. The walls of the bathhouse still 
remain. 

4. Significance of the feature to the-
authorized purposes for which the unit 
was created-^Hot Springs, historically 
and cunently, serves as a therapeutic 
hot spring. The spring is the focal point 
of Hot Springs National Register 
Historic District and is used by the 
public for recreational purposes. Thus, 
its use is of significance to the purposes 
for which the unit was created. (16 
U.S.C. 156) 

Lassen Volcanic National Park 

There are six areas within Lassen 
National Volcanic Park that contain 
surface manifestations of a single 
thermal system. As all of these areas are 
connected to a single thermal system, 
NPS proposes to list the Lassen thermal 
system as one significant feature. The 
following significance criteria have been 
analyzed fbr each feature listed and 
have been found to be applicable to 
every feature within the Lassen thermal 
system. 

Feature: Lassen thermal System 

Significarice Criteria: 1. Size^-10 to 70 
square kilometers. 

Extent—Bumpass Hell, Little Hot 
Springs Valley, Sulphur Works, Devils. 
Kitchen, Boiling Springs Lake— 
Drakesbad Hot Springs, and Terminal 
Geyser are the six features comprising 
the Lassen thermal system. The system 
is a two-phase, vapor dominated system 
approxiriiately 500-600 nieters thick. 
Surficial expression varies fi'om 
superheated fumaroles at Bumpass Hall 
to acid-sulfate springs and mudpots at 
Sulfur Works and Devils Kitchen. 

2. Scientific and geologic 
significance—The Lassen thermal 
system constitutes the only known ' 
extensive vapor-dominated thermal 
system in the Cascade Range. Only one 
other vapor-dominated system of equal 
thermal energy is known in the Westerri 
United States (the Geysers in . 
California). 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—^Except for one well" sited at 
Termirial Geyser, the system has not 
been tapped by deep drilling activity 
and there has been no depletion of 
thermal energy. Surface features at 
Bumpass Hell, Sulphur Works, and 
Devils Kitchen have been only slightly 
altered by the installation of trails and 
boardwalks for the safety of visitors. 

4. Significance ofthe feature to the 
authorized purposes for which the unit 

was created—Lassen Vol'canicNatiorial 
Park was established in 1916 as a 
"public park arid pleasuring ground for 
the benefit df the people pf the United 
States" and to be managed "for the 
preservation frorii injury or spoiliation of 
all timber, mineral deposits, and natural 
curiosities or wonders within said park 
and their retention in a natural . 
condition". 

The thermal features in-the park 
represents an outstanding example of 
Cascade volcanism and the thennal 
system and its surface manifestations 
are a significant part of the continuing 
volcanic activity in the area. (16 U.S.C. 
201) 

Sequoia National Park 

Both ofthe identified thermal features 
within Sequoia National Park are 
determined as marginally significant, 
mainly because the scientific and 
geologic, significance of these features 
are unknown at this time. These springs 
represent surface manifestations of 
active subsurface thermal activity and 
both remain in a natural cpndition. One 
spring is located in a hea'vily used area 
and the other in a lightly used area of 
the backcountry withui the unit. 
Combined-visitation frequency is not 
kiiown. These features are considered 
as natural curiosities within the unit and 
as such must be retained in their natural 
condition. Iri spite of their unknown 
geologic or scientific significance, these 
features are proposed by the NPS as 
significant thermal features within 
Sequoia National Park. 

Feature: Kem Hot Springs 

Significarice Criteria: 1. Size and 
Extent—^Kem Hot Springs is an 
extremely small spring approximately 2 
meters in diameter. 

Uniqueness-^Kem Hot Springs is the 
only spring in the park with 
temperatures over 100" Fahrenheit and 
its presence serves as an indicator of 
active subsurface thermal activity. 

2. Scientific and geologic 
significance—Unknown. 

3. The extent to which the feature 
remairis iri a riatural, undisturbed 
condition—Kem Hot Springs is in a 

• heavily used area of the backcountry, 
, and the spring itself appears to be in a 

natural condition. 
4. Significance of the feature ,t6 the 

authorized purposes for which the unit 
was created—Sequoia National Park . 
was established by ari Act of Corigress 
in 1890 and has as its purposes, among 
others, to preserve "from injury of all 
. . . natural curiosities or wonders 
within said park". Also, subsequent 
Acts of Congress that expand the 
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boundaries of the park require the 
curiosities and wonders of the park to 
be retained iri their natural condition. . 
Although the scientific.and geologic 
significance, of this feature.is unknown, . 
Kern Hot Springs is considered a natural 
curiosity of the unit as it is the only 
springiri the park representing active i 
subsurface thermal activity. (16 U.S.C. 
41) 

Feature: Whitney Warm Springs 

; Significance,Criteria:l. Size and 
Extent-:-'rhis spring is approximately 10 
•meters in diameter. 

Uniqueness—Whitney Warm Springs 
is the only spring in the park with 
temperature rariging in the mid-80° 
Fahreriheit and as such is an indicator of 
active subsurface thenrial activity; It 
could have a biotic commuriity 
dependent on the thermal 
characteristics of the feature that are -
different from other-park- waters.-

2. Scientific and geologic ' 
jignificance-^Unknown. 

3. The extent to which the feature 
remains in a riatural, undisturbed 
condition—^Whitney Warm Springs is in 
a lightly used'area of the backcountry 
arid the spring itself appears to be;, iri a 
natural condition. The only intrusion is 
an occasiorial wader and several rocks 
have been arranged'around the shore of 
the springs.' 

4. Significance of the featiire to the 
authorized'purposiBS for Which the unit .• 
Was "created—Sequoia National Park ' 
was created by an Act of Congress in 
1890 and its purposes, among others, are 
to preserve "from injury of a l l . . . 
natural curiosities or wonders within 
said park". Also, subsequent Acts of 
Congress that-expand the boundaries of 
the park require the curiosities or 
wonders of the-park to be retained in 
their natural conditipn. Even though the 
scieritific and geologic significance of 
this thermal feature is unknown, 
Whitney Warm Springs is considered a 
natural curiosity pf thie unit as it is. the 
only spring iri the park with 
temperatures in the mid-80'' Fahrenheit 
range that could supportbiotic • 
communities. Until more information is.' 
available bn= the significance of this-
feature, it is proppsedfpr listing as a 
significant thermal feature within 
Sequoia National Park. (16 U.S.C. 41) 

Hawaii Volcanoes National Park 

The NPS proposes to list the following 
ten (10) thermal features as significant v 
within the Hawaii Volcanoes National 
Park. Significance .criteria #4 risquires 
analysis of the'significance of the 
feature-to the authorized purposes for 
vyhich the unit was created. Hawaii 
Volcanoes National Park was 

established as part of Hawaii National " 
Park in 1916 and later redesignated as ,, 
Hawaii Volcanoes National Park in ^ 
1961. The enabling legislation for this 
unit states that the purpose of the unit is 
to "provide for the preservation from 
injury of a l l . . . natural curiosities and 
wonders within said park, and their 
retention in their natural conditipn as 
nearly as possible". As the identified 
features within Hawaii Volcanoes 
National Park are unique natural 
thermal features of known scieritific and 
geologic sigriificance to the region, NPS 
has determined that each feature is a '' 
nat'urarwonder of the unit. Many pf the 
identified features are named a s . . . 
features for which the, unit was created . 
and as such are significant thermal 
features for this unit (16 U.S.C. 391). 
Criteria #4 is fully met'and is applicable 
to each listed feature within the park. 

Feature: kilauea Caldera and 
Halemaumau 

Significance Criteria: 1. Size and 
Extent—3 square miles (3 miles long by,, 
1 mile wide). 

Uniqueness—Kilauea,Caldera.and 
Halemaumaiu is the world's most active ' 
volcano. 

2. Scientificandgeologic, •• 
significance—As the world's most active 
volcano, this feature pffers extensive 
opportunites for scientific and geologic 
investigations of the active thermal, 
activity manifested in steaming ground. 

3. The extent to which the feature - , 
. remains in a natural, undisturbed . 
condition—^The feature is in a riatural, 

; undisturbed condition. 

Feature: Chain of Craters ' ' 

Significance Criteria: 1. Size and , , 
Extent—^Approxiriiately 12 square miles 
(12 miles.long by 1 mile wide). 

Uniqiieness^-This chain of craters is a 
very active thermal zone. • 

2. Scientific and geologic 
significance—This feature is an active 
intrusive zone with many collapse" 
caldera features or pit craters and -. 
steaming ground.. 

3. The extent to which.the feature -
remains in a natural, uridisturbed 
condition—^The feature is in a natural, • 
undisturbed condition. 

Feature: East Rift Zone 

Sigriificance Criteria: 1/Size arid . 
Extent—Approximately 20 square miles 
(13 miles long by 1.5 miles wide). 

Uniqueness—^The East Rift Zone is the 
world's most active volcanic rift zone 
and exhibits steaming ground. 
- ,2- Scientific and geologic . , 
significance—This feature is the world's ; 
most active volcanic rift zone and as 

such offers opportunities for scientific 
and geologic investigation. ... 

3. The extent to which the,fea ture , • -
remains in a natural, undisturbed -
condition-T^The feature is in a natural,.; • 
undisturbed condition.-

Feature: Great Crack and Southwest Rift 

, Sigriificance Criteria: 1. Size and 
Extent—Approximately 10 square miles 
(20 miles long by Vz mile wide). 

Uniqueness—Major fault area of: 
Kilauea is an artifact and indicator of • 
active thermal activity. 

2. Scientific and geologic 
significance—This feature is the major ' 
fault structural feature of Kilauea, which 
is an indicator of active thermal activity 
and offers opportunities for scientific 
and geologic investigation. 

3. The extent to which the feature 
remains in a natural, undisturbed 
cpndition—The feature is in a natural, , 
undisturbed condition. 

Feature: Thurston Lava Tube 

Significance Criteria: 1. Size arid • ' 
Extent—V^ mile long by 100 yards wide. 

Uniqueness—Volcanic lava tube 
which is art easily accessible artifact of 
volcanic activity. 

2. Scientific and geologic 
significarice-—This feature is pne of the. . 
few accessible lava tubes formed by a , 
volcano, and is the site of a popular • .. 
visitor trail. This feature, because of its • 
accessibility offers opportunities for - •• 
investigation of its volcanic history., 

-3.'The'extent to which the feature • 
remains in a riatural, undisturbed 

. condition—The area is the site of a 
developed visitor trail; however, these 

, trails have not aUered the integrity of 
the active thermal activity which 
characterizes the unit and the region. 

Feature: Steariiing Bluff and Sulphur 
Banks 

Significance Criteria: 1. Size and 
Extent—Approximately 2 square miles , 
(two miles long by one mile wide).-

Uniqueness—Active steaming 
fumaroles.. , 

2. Scientific and geologic - , -
significance—This feature is tiie' site -
where the active steaming fumaroles. . 
may easily be viewed. 

3. The extent to which the feature 
remains in a.natural, undisturbed 
cpndition—The area is the site of, 
developed visitor trails; however,'these 
trails ha've npt altered the integrity of 
the thermal feature. . , ••_, 

Feature: Kilauea Iki Crater 

, . Significance Criteria: 1. Size and 
Extent—1 mile long by Va mile wide. 

Uniqueness-Pooling lava pond. ' 
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2.-Scientific and'gedlogic 
significance—This 'feature as >the site of 
currerit ilava ••pond'coo'ling'rate 'studies. 

3. Thefexteritito^wKich^the.Jeature 
remains Jin a natural, ^undisturbed 
condition—The featureiisiiri;a'ha'tural, 
undisturbed condition. . 

Feature: ,Puu:Do 

jSignificance'Criteria: ;1. :Size .and 
Extent—2isquareiimiles (2aniles longtby 
1 mile wide). 

Uniqueness—SContinuously .-active 
volcanic vent. 

2. Scientific-andigeolo^ic 
significance—^This .area as'.under study 
for;activity lof'a continuously •active 
volcanic vent.andits.resultant-magmatic 
activity.. 

3. The extent .to iwhich ,the 'feature 
remainsiin ra.natural, .undisturbed ' 
condition—^The.featureis.in a natural, 
undisturbed condition. 

Feature: Mauna Ulu 

SignificancetCriteria;3l..Sizeiand 
Extent—4 square miles4(two miles long 
byttwo m'iles wide).'Uniqueness— 
Continuously active volcanic vent. 

.2. Scientific and.geblqgic-, 
significance—-Ma'jor'active volcariic 
feature formed recently in'the'1970'8. 

3. The exterittovvHich'.the'feature 
•remains'in'a-natural, undisturbed 
condition—^Theffea'ture is in-ana'tiu-al, 
undisturbed condition. 

Feature:jMokuaweoweoCaldera 

Sigriificance'Cfiteria: l.'^Size'and 
Extent—4square'miles'(4'niiles*longby 
1 mile wide). 

Uniqueness—^Th'isJfeature'is-the'.major 
caldera o'f'Mauno Loa. 

2.;Scieritific:and geologic 
signif icance—^This'.feature as tthe (site fdf 
significant caldera studies. 

3. The extent tb-which .the.feature 
remains'in a natural, undisturbed 
condition^—The feature is in a natural, 
undisturbed'condifion. 

Haleaka'la:NationdlJ?ark 

Feature: JHaleakala Crater 

Significance Criteria: 1. Size—47,130 
acres. 

Extent—iHa'leaikalaCrater and 
adjacent'outer'slopesaround'the-summit 
of the crater. 

Uniqueness—HefleakalafCrater'is 
between'5)000 and>6i000 feet<deep'and'is 
part of the'Hawa'iian"'hotspot". The 
summit'df'the crater-and''a;great'many 
sites'-within'are'considered'^to be-sacred 
by Native Hawaiians'arid'corita'ins 
many sites of archeological-value, 
including royalburial sites.-

; 2. Scientific'and'gedlogic 
significance—^The'entire Haleaka'la 
Crater'(2%;m"ilestby'7%'mile^)is'one 

large ithermal'feature'corita'ining'many' 
smaller'therma'l-features."The'crater>is-a 
huge eros'ipnal'scar''c'arved'OUt'o'f'the 
heart'df-thc^vdlcano -by water-which has 
been'su'bsequeritly'refilled hy half'with 
new'lava ?lows and -topped'off with 
numerous'miilti-'cdlored'cinder'cones. 
The crater'anfliits'adjacerit'areas'have 
beenJthe-site'df'vdlcariicand geologic 
studies. 

3. The:exterit'to-which'the'feature 
remains-'in'a natural,'.undistufbed 
coridition—The feature-'is'inanatural 
condition -excejit forve^'fe-w-roads, 
trails, andhiiildings provided to serve 
the'public.'Thesedevelojpmerits'have'no't 
altered the integrity df'the'therniail 
feriture. 

4. Sigriificance dflthe feature to the 
authorized purposes.for-which the unit 
was created—^'Thelegi^lative.history 
supporting the Act df August 10,1916, 
which createdtthesHalieakala National, 
Park as an isolated extensionsof Hawaii 
Volcanoes.National.Eark, emphasizes 
that the craters twithin .the .proposed 
boundaries are among the most 
remarkable of;natural iwonders and 
among .'the largest and.most.spectaciilar 
in the world. Scieritifically and •-
popularly, these volcanoes are a 
national ratherithan a ilocal asset and 
Congress recogriized'.fhatlegislation was 
necessary to .protect these and.other 
curiosities that were being damaged at 
the time the legislation was'heing 
cons'idered. The .purposes of Haleakala 
National'Park are, among others, to 
preserve the area's volcanoes and other 

.wonders and curiosities'for .public 
enjoyment and scieritific study. (16 
U.S.C. 3g6b) 

Lake Mead.'NationdL'RecreationyArea 

Fea'ture:'Black.'Canybn;Hptsprings 

Significance (Criteria: 1. Size-4Eive !(5) 
hotsprings have ttheir ;source iin 'a (four-
mile stretch ofitheiriver. 

Extent—^Threc'df the five-springs flow 
from the'Nevada's'ide,'the other-two 
springs>flow'from'the Arizona's'ide'df 
the river. 

Uriiqueness^—The temperatures 'df the 
springs 'have%eeri recorded as'high as 
124°'Fahrenheit. Two of'the five^'hot 
springs- discharge a'vdlume-o'f water 
sufficient to maintain'a'flow-.onithe 
surface for approximately Vi mile. The 
area is'unique inthat'fhese springs are 
theorilyones that'flow-water <at the 
surface aftemperaturesih'igher'than 100° 
Fahreriheit within'the unit."Their 
presence -serve 'as 'indicators -of active 
thermal activity. 'Also,-waters -from one 
ofthe springis'is used'.to'support-a 
refugium Ifor'-the-endangered'Devils'Hole 
Pupfish. 

2. Sc'ieritificana'geologic 
significance—TheTva'tersfromone'df 
the 'springs 'serve as 'habitat 'for an 
endangered'jfish'spedies.IMuch of»the 
geology "iri'this -area 'is volcariic 'in origin 
from 'the "bottom -offside canyons 'to 'the 
Colorado "River. Also,'Black Canyoii has 
been ideritified by'theJNPSin -its 
General 'Management 'Plan'^for f he unit 
as an outstanding natural feature for its 
geologicibeauty.and.theiexistenceiofithe 
unique hot springs. 

3..The exteiit.to which Ithe.feaiture 
remains'in a na'tura'l, undisturbed 
condition—The areas .surrounding Jhe 
springsihave.'m'inorfalterations.and 
impacts-from.recreational .use;.ho.wever, 
the .springs ithemselves .remain iin .a 
natural.condition. 

4. iSignificance of (thejfeature -to .the 
authorized purposesior .which >the .unit 
was^created—rLake Mead National 
Recreation-Area iwas lestabUshed -for sthe 
primary purposeofjpreservingjand 
enhancing publicfrecreation 
opportunities'Within stheiunit. JFhese 
springs 'are 'usediextensively iby ihikers 
aridtboaters'onmxegularbasiS'for 
recreational rand (therapeutic (purposes. 
Pools <are created iby stacking rocks rand 
sandjallovving visitors to limmerse 
themseives.linAeipools.^Rubhc^visits'lto 
the (Black iCanyontHotsprings iare 
estimated at 7,000 annually. Also, 
protec'tion(ofiendangered;species;is 
consisterit (With'theiauthorized.purposes 
for which ithe iuriit was estabhshed. :(16 
U.S!G.'460n') 

'iFheiremairiingitwo'Of'the'-three 
identified fea'tureswithin^LakeiMead 
National'Recreation'Area are connected 
to the'same regional'flowsystem, (but 
otherwise :their!geologic=sigriificance'are 
not knowniatthisi'time.'In epite'df-their 
unknown <gedlogic?s'igriificance, -Ihe 'NPS 
proposesito list thelBlueiPdirit'Spring 
andithe:Roger8!Spring''asi8'igriificarit 
thermal featurestbecause<df-their value 
to tthe ipiiblic iforirecrea'tionahpurposes. 
The'-pririiary'purpose of LriketMead 
National Recreation/Area iis-to'provide 
for-andserihance-publicTecreational 

,opportuniHes"withiniit8iboundaries. As 
these springs:are»U8ed-exten8ively by 
the public'a8'^^''8pa8"'and'a8 the-value'o'f 
their-useiisdependerit'onthesthermal 
qualities 'df «the 'springs, 'these ffea'tures 
are proposed as .significant ^thermal 
features .within.Lake'Mead<National 
Recreation Area. 

Feature: (Blue (Point Spring 

Sigriificance'Griteria:'l.'Size— 
Approximately'O.^'m'ilelong; 

Extents-Small-springloca'ted in'the 
Nevadaportlori df ' the^lA-at the 
junction o'f'two feiilts near'Mississippiari 
Hmestone. 

http://Volcanoes.National.Eark
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Uniqueness—The discharge rate is 
approximately 400 gallons per minute' 
with temperatures at the spring source 
measuring around 85° Fahrenheit. The 
presence of these warm springs are 
indicators of a subsurface thermal 
regime. 

2. Scientific and Geologic 
Significance—^This spring, at one time, 
was being considered as a refugium for 
the endangered Moapa coriacez. Upon 
investigation of the chemical properties 
of the waters, it was found that, 
although the Spring is in the same 
regional flow system as Moapa River 
headwaters springs (where the 
endangered species occur naturally), the 
ionic constituents of the waters of the 
spring make the area unsuitable as a 
refugium. "The waters discharging at the . 
spring are part of a regiorial flow system 
and represent a combination of deep 
and shallow water circulation in the 
recharge area where moisture 
availability is rated as intermediate. The 
bedrock is relatively permeable. Even 
though the area has beeri the site of 
scientific interest and study, the geologic 
significance of the area is unknown. 
. 3. The exterit to which the feature 

remairis in a natural, undisturbed 
condition—The channels have been 
altered for commercial and recreational 
uses. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—Lake Mead,-formed by 
Hoover Dam and Lake Mohave, and by 
Davis Dam on the Colorado River 
comprise this first national recreation 
area established by an Act of Congress 
iri 1964. The enabling legislation states 
that the NRA "shall be 
administered . . -. for general purposes 
of public recreation, benefit, and use, 
and in a manner that will preserve, 
develop, and enhance ;-. . the 
recreational potential, and in a manner 
that will preserve the scenic, historic, 
scientific, arid other important features 
of the area". Blue Point Spring is a part 
of the regional flow system that serves 
as'a major recreation facility used 
extensively by the public, with recorded 

_ visits to Blue Point Spring and Rogers 
Spring (fisted beloW) estiniated at 5,000 
anriually. As this featureis of major 
recreational value .to the unit, the NPS' 
proposes this feature as a significant -
thermal feature within the NRA. (16' 
U.S.C. 460n) 

Feature: Rogers Spring 

Significance Criteria: 1. Size— 
Approximately 0.75 miles long. 

Extent—Rogers Spring is located in 
the Nevada portion of the NRA at the 
junction of two faults near Mississippian 
limestone at an elevation of 1580 feet 

and is in the same general-vicinity as 
Blue Point Springs. 

Uniqueness—The discharge rate is 
approximately three second feet and 
temperature at the source is measured at 
87° Fahrenheit. The presence of the 
warm springs is an indicator of active 
subsurface thermal activity.. 

2. Scientific and geologic 
significance—Waters discharging at -
Rogers Spring are part of the same 
regional flow system as those of Blue 
Point Spring. The discharge goes directly 
into a man-made pond that is used by 
the recreating public as a swimming 
area. The geologic sigriificance of the 
area is unknown. ' 

3. The extent to which.the feature 
remains in a natural, undisturbed 
condition—The channels of Rogers 
Spring have been altered: over the years 
for either commercial purposes or 
recreational enhancement. Picknieking 
facilities have been developed adjacent 
to the spring for recreational use. 
Neither the discharge point nor. 
underground system of the springs have 
been altered. 

4. Significance of the feature to the. 
authorized purposes fo'r which the unit . 
was created—As stated above for Blue 
Point Springs, Lake Mead National 
Recreation Area was established for the 
expressed purpose of preserving and 
enhancing public recreation ' 
opportunities within the unit. Public 
visits toboth Rogers Spring, and Blue 
Point Spring is estimated at 5,000 
annually, with the heaviest public use 
centering around Rogers Spring. NPS 
recognizes the recreational significance 
of Rogers Spring and proposes its listing 
as a significant thermal features within 
the unit, (16 U.S.C. 460n) 

Specified Units Within the National Park 
System With No Significant Thermal 
Features 

The NPS has identified no known 
thermal features within the followirig 
three units of the National Park System 
located in Alaska: 

Yukon-Charley Rivers National 
Preserve; '' " 
' Glacier Bay National Park and 
Preserve; and, 

Denali National Park and Preserve. 
Thus, deterininations of "significance" 

are not applicable and the three units 
listed above are not proposed for 
inclusion on the final list of significant 
thermal features to be forwarded to 
Congress in April 1987. 

Thermal features were identified 
within the boundaries of the following 
three units of the National Park System; 
however, none of the features identified 
have been determined as "significant" 
by the NPS under the criteria of the Act. 

Thus, the features listed below are not 
proposed for inclusion on the final list of 
significant thermal features to be 
forwarded to Congress in April 1987. 

Olympic National Park 

Feature: Olympic Hot Springs 

Significance Criteria: 1. Size— 
Approximately two (2) acres. 

Extent—These springs consist of 
twenty-one (21) seeps along Boulder 
Creek. 

Uniqueness—Olympic Hot Springs are 
unique because hot springs are rarely 
found on the Olympic Peninsula. 

2. Scientific and geologic 
significance—Olympic Hot Springs has . 
no apparent relationship with the area's 
volcanic history and has not been 
identified as significant in terms of the 
peninsula's geology. The mineral content 
of the waters varies little with that of ' 
surface waters and the scientific 
significance of the area is unknown. 

3. The extent to which the feature 
remains in a natural, undisturbed 
condition—^The Olympic Hot Springs 
have been extensively altered to 
accommodate commercial operations 
and many have been formed into pools 
that have been used for bathing. The 
impounded water frequently fails to 
meet water quality standards. The resort 
aroimd these springs no longer exist. 
None of the seeps exist in a natural 
state. 

4. Significance of the feature to the 
authorized purposes for which the unit 
was created—Olympic National Park . 
was established in 1938 as a public park 
for the benefit and enjoyment of the 
people of the United States; The 
Olympic Hot Springs do not attract 
extensive visitor use and are not 
considered a major public recreational' 
resource within the unit. Also, as these 
springs were not used as rationale for 
establishing the unit and are not used 
today by the public for recreation, these 
springs are not considered as a 
significant thermal feature within the 
unit. (16.U.S.C. 251) 

John D. Rockefeller, Jr. Memorial 
Parkway 

Feature: Huckleberry Hotsprings 

Significance Criteria: 1. Size and 
Extent—This feature consists of several -
springs located one mile west of Flagg 
Ranch. 

Uniqueness—This feature is not 
unique and is in fact relatively 
commonplace for the area. 
' 2. Scientific and geologic 
Significance—The combined flow of this 
feature is estimated at 350,000 gallons 
per day with temperatures over 100 . , 
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°Fahreiihei1. Tdie wszalersjfrom-ithese 
springsiare sUghtlyiradiQactiive andihawe 
not beeniidentrfiediasihaivingi'any 
scieritific ortgeologicrsignificance. 

3. The exterit tovwhich.the feature 
remains in a natural, undisturbed 
condition—^TShese-Bpringshave-been 
highly alteredmnd .were developed .into 
a public swimmuigtpodl.facility.inthe 
early 1960:8. ,The.facility .was.abandoned 
in 19B4. Extens'i.ve.rehabilitation.is 
planned for the area'to restore it to.more 
nat ural(Condition8..However, .alterations 
to the fhermai;feature:may.notl)e 
reparable. 

4. Significance.of .the.feature.tQithe 
authorized.purposes ',ioT which,the unit 
wasxreated—^Thisrideritified.feature 
was not.used.as.rationaleior.the 
establishment of the.unit.andis-not 
recqgnized.as.a significant-thermal 
feature .within .the lUnit. 

Grand Teton National iPai^ 

Feature:.Steamboat,MountainJvumarole 

Significance'Criteria:'-l.'Size'and 
Extent—^This 'fumarole 'is a -smaill 
thermal-verit'near the-sunmiit of 
Steaniboa'tiMourita'in. 

'Uniqueness—^This'leature-'is.not, 
unique'becausethe'acti vity'df'the 
fumarole'hasbeen'decliriing'for-many 
years. Thermal'dharacteriktics-are 
perceptable <orily 4n winter moriths. 

2. Scieritific and'Geologic 
Significance—The Steamboat Mountain 
Fumarole has suchlitfleTemaining 
acfivity'that it can'be considered 
essentially extirict arid has 'Uttie to no 
sigriificance at'this time. 

3. The exterit "to which Ithe.'feature 
remains in.a na'tural, iindistufbed 
condition—^Thelfe.ature.'isrrelatively 
unmodified but is.almost extinct 

4. ̂ Sigriificance <bl .the ifeature .to .the 
authorized .purposesior iwhich :the ainit 
was .created—Crand FEetoniNational 
Rcirk'Was established.by'Congress in 
1929 w'ith.the expressed .purpose df 
setting apart Jhe.landsAvithin the 
boundaries""as a piiblicpark-.oripleasure 
ground for the benefit and enjoyment of 
the peoplei.of'<the'United-States". These 
springs have not beeri the site of 
recreation hy.thejpubhciand.domat 
exhibit any unique characteristics 
related'to fhe-arithorizedpurposes-for 
vvhichtflie'ririitTvas created.'(16'U:S;G. 
4063) 

Feature: jJackson.Lake Warmsprings 

Significance'Gr-iteria:"l. Size^and 
Exterit—This feature>is a-series(o'f 
springs along ithe 'northwes't fshoreline 'of 
iJacksontLake. 

- Uniqueness—iUseditoibeicompletely 
inundated by Jackson Lake-and not 
considered-'Unique. 

2.'Scieritrficrandgedlogic 
sigriificance—-This featureused to ibe 
comj)le'tely submerged'by'the 
enlargement of Jadkson'La"ke.'in'1910, 'but 
are now above water due 'to ithe 
temporary .restfrc'tion-pf;fhelakelevel. 
This arealiasjiot "beenIdentified as .an 
area of;scierifific or geolpgic.'interest; 
however, .there i s veryilitfle infonnation 
available on tthese isprings, 

3. Theiextentito whichithe.feature 
. remains iin<amaitural, lundisturbed 
condition—This feature.hasibeen altered 
and is foften under water. 

4. Significance of the leatureito'»the 
authorized'purposes 'for -which -the -unit 
was'created—^These springs have not 
been used'nor <are tthey'currently-being 
used 'by 'the 'pubHc -and do -not 'ejchib'it 
anyuriique'dharacteris'ticsTelated'tothe 
purposes 'for'which theuriit .was created. 
(16 U.S.C.'406d) 

Feature: Kelly Warmsprings 

Sigriificance'Criteria: l.lSizeand 
Exterit—^This.'feature'is alarge spring' 
located one rriile .noiifh ,df Kelly, 
Wyoming. 

Uriigueness—rNone. 
2. Scientificiandrgeologic 

significance—rKelly;Sp]ftngsiha8 ibeen 
highly {modified tto iiricreaBeits)flowifor 
irrigation'fand stock-.wa'tering. tits icurrerit 
flowiisiestima'tedibetweentfive and 
seveniniilliongallonsperidaywath 
temperatures measured 'at 75 
'(Fahreriheit. 'Both ftemperature -and 
water-cheiriistiy-dataiBuggest'thisispring 
may be associated'With*the-same 
geologicstnuctures.as Jilieton Valley 
Ranch Warmsprangs.and.Abercrombie , 
Warmsprings identified below. This 
spring contains .dense populations of 
native'and exotic'fish'buthas-ndt'beeri 
ideritifiedras'iiaving scientific or 
geologic .significance 'to the region. 

3. The extent to .which .the feature 
remains in a natural, undisturbed 
condition—This thermal Jeaturelias 
been extensively niodified foriirrigation, 
stock <watering,-and ,public'>recreation. 

'4.Sigriificance of (the leatrae ito ithe 
audiQri2edpurpo8es;forwhichttheiuntt 
was creatted-^JDhese jsprings (have ibeen 
highly anodified fer recreation ;and'ior 
dome^ic isources idf'vwrfter 'and <were not 
used as rationale •forses'tablishingtthe 
unit. These'springs'do'not exhibit any 
unique dharac'teristics -reldted to -the 
purposes >foT which the uriit^was'crea'ted. 
(16iUIS.fG.40ed) 

Feature:'Teton Valley iRanch 
Warmsprings 

Sigriificance'Criteria:!.'Size and 
Exterit^-This 'feature 'is a,group of small 
springs located north ofthe Gros Ventre 
River, whidh'iseas't o'f'Kelly, Wyoniing. 

Uniqueness—Relatively small and 
commonplace. 

-2.'Scientific and geologic 
sigiiificance—^These springs create a 
marshy area on'theJfloodplain which is 
heavily'grazed'hy'livestock. No.'flowor 
water quality data are available from 
these springs.These springs haveno't 
beeriideritifled as having any scieritific 
or,geologic significarice. 

•3.'The extent'to Which the feature 
remains'in a-na'tural,"undistufbed 
condition—^Th'is'feature mayihave been 
modified 'by past'irrigation develppmeri't. 

'4. "Sigriificance df'the feature'to'the 
authorizedpurposes for .which'the uriit 
was created—^is 'feature is not used 
for.recreatiori and was ndt used.as 
rationale'forthe establishmerit of'the 
unit. These springs'do not exhibit any 
unique dharac'teristics related to ithe 
purposes'for-which the uriit was created. 
(16 U:S.G. '406d) 

Feature:/Abercrombie Warmsprings 

Signlficance'Criteria:l.'Size and 
Extent—-This feature'is aTelatively 
small.spring located.near the south 
boundary of'the uriit. 

'Uriigueness—^This ffeature ds 
considered commoniilace, rather •fhan 
unique. 

2. Scieritific;and,gedlpgic 
sigriificance—^This'feature was 
developed as a Bvvinuriingpodljn'the 
1940'8andha8 since been.removed.The 
spring's flow is estimated at 60;000 
gallonsper day -with'tempera'tures 
measured at"75'°,Fa'hreriheit.'Inl986, 'fhe 
area has lieen'partially rehabilitated. 
The area has,no scientific origeo'lpg'ic 
sigriificance'to'the region. 

3.'The exterit "towrh'ich 'the 'feature 
remains'in ana'tural,-imdisturbed 
condition—The area 'has ;been''highly 
modified vvifh 'former development and 
subsequeHtpar'tiaLre'ha'bilitation. 

'4. Sigriificance df'the 'feature '.to the 
authorizedpurposes Jor which the unit 
was created—^Th'is feature .is not uised 
forpiiblicirecrea'tion and-was ndt.used 
as rafionsQe for the estal)lishment of the 
unit.peTJ.'SJC.^Oed). • 

Dated: February 9,1987. 
. Signed: 

William P. Horn, 
AssistantSecT^tapyJor-FiBh'and'WiWife'and 
Parks. 
[FR'13oc.'87r:3064Eiteda-I2-^7;'8-."45'ani] 
BILLING CODE '4310^0^M 
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M E M O R A N D U M 

To: 

From! 

Participants in the Geothermal Resources Council Meeting on 
Crater Lake 

Manuel Nathenson 

Subject: Calculations on the time evolution of chloride 

At the meeting, there was considerable discussion of my calculation of the 
evolution of chloride with time if there were no longer any input of 
higher-chloride (thermal) water into Crater Lake after some time. Because 
this calculation has not been presented previously, it was difficult for 
people to evaluate the assumptions and methodology in an oral presentation. 
There really is not time for me to write a formal discussion of this work 
before the public comment period for the list of thermal features has passed. 
In order to make the work more widely available, however, I have decided to 
distribute copies of the slides that concern this calculation to the 
participants. If you need to discuss the work further, please feel free to 
call me at (415)323-8111 X-4196. 

One point that was raised at the meeting is whether all of the chloride 
data were on the slide or not. I plotted only the literature data and the 
surface sample for 1981 obtained by Michael Thompson. I have enclosed a new 
figure that has all of his data for 1981 and 1983 and some of the data for 
1984 samples (surface and deep samples). Chloride values of 7 mg/L and 8 mg/L 
were mentioned at the Portland meeting as being measured by Thompson. I was 
not aware of any such values in working with his basic data sheets. In 
reviewing materials that had been presented at poster sessions, Thompson and I 
found that a table used in his 1985 presentation at the American Geophysical 
Union contained several errors. The table of names and chloride 
concentrations that was posted (but not given in the abstract) contained the 
data for sulfate rather than chloride for Crater Lake, and some of the values 
for cold springs were listed for the wrong springs. Unfortunately, these 
incorrect numbers were copied down by those attending the AGU meeting. Mike 
and I regret the confusion that this may have caused. 

I did some further research on chloride data for Crater Lake and found 
that the Water Resources Division of the USGS has measured chloride on a large 
number of samples over the last 21 years. I have included a plot with their 
data and the same theoretical curve (assuming QgCg = 0 starting in 1912) 
as shown in the top figure on the last page. 
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Taken from paper submitted for the 1987 GRC Annual Meeting, Sparks, NV, October 
11-14, 1987. 

A n Analysis of t h e Hydrologic Effects 
of P roposed Tes t Drilling in t h e W i n e m a 

Na t iona l Fores t Near C r a t e r Lake , Oregon 

Edward A. Sarnmd* and Sally Benson** 

•Consulting Hydrologist 
456 Benvenue Avenue 

Los Altos, California 94022 

**Earth Sciences Division 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, California ,94720 

A b s t r a c t 

The paper describes the results of a preliminary study on the hydrologic regime 
underlying the Crater Lake Caldera, Oregon. The study was performed to provide a 
basis for evaluating the potential for polluting Crater Lake by drilling exploratory 
boreholes on the flanks of the mountain. A simple conceptual model of the hydrologic 
regime was developed by synthesizing the data from the region surrounding the Caldera. 
Based on the conceptual model, a series of numerical simulations aimed at establishing 
the basic groundwater flow patterns under and surrounding the lake were performed. In 
addition to the numerical simulations, we used simple volumetric techniques for estimat
ing the distance that drilling mud would migrate away from the borehole if drilling pro
ceeded without drilling fluid returns. ^ 

Based on our calculations that show the regional flow of groundwater will oppose 
the flow of drilling mud toward the lake, and based on our volumetric estimate of dril
ling mud migration, our study concludes that drilling without returns will not pollute 
Crater Lake, nor will it affect the hydrologic regime in the immediate vicinity of the 
Crater Lake Caldera. 



C O N C L U S I O N S 

1. Two major driving forces are able to establish the fundamental nature of the 

ground-water flow beneath the Crater Lake caldera. These forces are the hydraulic 

head imposed by the water level in Crater Lake and the high pressures generated at 

large depths beneath the lake by high-temperature rocks. Both of these forces tend 

to move ground-water radially outward under the flanks of the mountain. Each 

would operate in the way shown by this study independently of the other, although 

the vertical extent of mass flow from either is highly dependent on the vertical per

meability. 

2. Temperatures at depths of 2.5 km or more beneath the lake are probably high in 

view of the volcanic history of Mt. Mazama, which includes an eruption as recently 

as 4000 years B.P., and by analogy to Newberry Volcano, a Cascade Range volcano 

of similar size, characteristics, and eruptive history. 

3. On the basis of temperatures measured in the lake and the hydrologic evidence pro

vided by the models, the hydraulic head in the lake appears to be the dominant 

hydrologic force in the shallow (less than 1.5 km depth) ground-water regime. In 

the areas of concern for this report, the directions and magnitudes of ground-water 

flow are determined largely by the potential differences (hydraulic head differences) 

between the lake and the local base levels of the Klamath Marsh to the east and 

the upper Klamath Lake valley to the south of Crater Lake. Simply put, the upper

most ground water body is principally controlled by gravitational forces that cause 

it to flow from high elevations to lower elevations. 

4. The general direction of ground-water movement under the flanks of the mountain 

is not sensitive to assumptions of permeability and anisotropy in the models, 

although the magnitudes of flow and the details of flow directions are sensitive to 

these factors. The principal flow directions could not be reversed by the presence of 

rocks that differed from those modeled or by the existence of major structural 

features that were not modeled. The reason is simply the dominating effect of 

high-altitude recharge of water from precipitation and snow melt and the conse

quent seepage from the lake. 



>' 2" 

The fundamental.nature of the flow systein appears to be well established by the 

models, and it is clear that natural hydraulic forces in the flow system will oppose 

the flow of drilling fluids toward the lake at any point in the proposed drilling 

areas. Nevertheless, the analysis of impacts from the injection of drilling fluid does 

not depend only on the presence of radial outward ground-water flow. Calculations 

of volume displacement show that drilling fluid could not reach Crater Lake from 

proposed drilling sites even in the most extreme and unlikely cases considered. 

6. In view of the ground-water flow directions determined by the modeling, which 

would oppose the flow of drilling fluid toward the lake, and in view of calculations 

that show the volume of injected fluid to be too small to reach the lake by simple 

volume displacement, we conclude that the loss-of-circulation while drilling does not 

pose a threat tb Crater Lake or in any way affect the hydrologic system in the 

immediate vicinity of the Crater Lake caldera. 
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In Re Appeal of 

Sierra Club, Inc., et al IBLA No. 87-735 

APPELLANTS' STATEMENT OF 
REASONS 

Sierra Club,Inc. (Sierra Club), Oregon Natural Resources 

Council (ONRC), and National Parks and Conservation Association 

(NPCA) (collectively, "appellants") submit this Statement of 

Reasons in support of their appeal of the decision dated July 1, 

1987 to permit continued temperature gradient drilling in the 

Winema National Forest by California Energy Corporation, Inc. 

(CEC) without addressing potential impacts of the drilling 

project — and proposed modifications to the project — in an 

Environmental Impact Statement (EIS). By their decision, the 

responsible federal agencies (the Bureau of Land Management and 

the Forest Service) (collectively, BLM) approved CEC's 

modification of its drilling regimen to permit drilling without 

circulation, and to a depth increased from 4,000 to 5,500 feet. 

As explained below, the central issue raised by this appeal is 

the continued complete failure of the responsible federal 
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agencies_ to address the risks of potentially disastrous 

consequences of the drilling. 

I. PARTIES TO THE APPEAL 

Sierra Club, Inc. (Sierra Club) is a non-profit corporation 

organized in 1892 under the laws of the State of California, with 

its principal place of business in San Francisco, California and 

other offices located throughout the nation. The Sierra Club is 

a national conservation organization with over 390,000 members. 

The stated corporate purposes of the Sierra Club include: 

... to explore, enjoy and protect the wild places of the 
earth; to practice and promote the responsible use of the 
earth's ecosystems and resources; to educate and enlist 
humanity to protect and restore the quality of the natural 
and human environment; and to use all lawful means to carry 
out these objectives. 

Members of the Sierra Club live, work and recreate throughout the 

United States, including in Oregon. Club members visit and use 

for a variety of purposes the public lands of the Winema National 

Forest and Crater Lake National Park. The Sierra Club and its 

members have a direct and profound interest in the proper 

management of the public lands in the United States, in 

protecting the natural resources of those lands, and in ensuring 

that applicable environmental laws are enforced and obeyed by 

public agencies. 

Oregon Natural Resources Council (ONRC) is a nonprofit 

association of more than 90 local and statewide conservation, 

sportsmen, educational, business and outdoor recreational 

organizations, as well as over 2,500 individual members. ONRC 

coordinates public involvement in Oregon's natural resource 
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management issues at the administrative, legal and legislative 

levels. The Council provides information and assistance to its 

members and other citizens concerned about the use of Oregon's 

lands, waters and natural resources. 

The National Parks and Conservation Association (NPCA) is an 

independent conservation group established in 1919, NPCA is 

dedicated to the protection and preservation of the country's 

magnificent national parks. NPCA has approximately 55,000 

members nationwide, who regularly visit and use for a variety of 

recreational, aesthetic, and other purposes the national parks 

and other public lands throughout the United States. NPCA 

regularly and actively participates in public decisionmaking with 

implications for public lands, including by public education and 

testimony before legislative bodies. As just one example, NPCA 

has testified before Congress recently concerning the Geothermal 

Steam Act Amendments, H.R. 2794, specifically addressing the 

potential impacts of geothermal development on national parks, 

including Crater Lake National Park. 

II. FACTUAL SUMMARY 

CEC currently holds geothermal leases on approximately 

76,515 acres of federal land in the Winema National Forest. In 

1984, CEC applied to the Oregon Staite Office of the Bureau of 

Land Management (which administers the siibsurface resources 

related to geothermal leases) for permission to drill up to 24 

temperature gradient holes on the leases. BLM prepared an 

Environmental Assessment (EA) on the proposed drilling, and 
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ultimately approved a Finding of No Significant Impact (FONSI) 

for a modified project proposal that contemplated a plan of 

exploration for four (4) holes. Two holes have approved permits, 

and have been partially drilled. 

Appellants' concern lies with BLM's failure to disclose and 

analyze potential risks that inhere in geothermal drilling in a 

unique and largely unknown environment, and so close to Crater 

Lake. Some of the drill sites are as close as 2,000 feet from 

the Park's east boundary. The consequences of errors in 

understanding potential adverse impacts — even if the 

risks of such unintended consequences are remote •— could be 

disastrous for an irreplaceable ecological treasure. 

As the National Park Service has said: 

Our primary concern about the proposed project is 
potential impacts on the main resource of Crater Lake 
National Park — Crater Lake itself. 

The unique ecological character of Crater Lake and the 

^..jLOt^fx.,.-^ hydrothermal systems that surround it are well recognized,^ but 

yJT^ 
i'he National Park Service recently svumnarized Crater 

Lake National Park as "a unique and beautiful national treasure. 
The aesthetic value of the lake and the surrounding lands are 
priceless to the park visitor experience. The park is world 

A renown [sic] as a scientific field research laboratory for 
y^^ Qî '̂ '̂ ^̂  oceanographic, limnological and most recently geothermal 

(wA-> processes." yiyt-cO^loi.^ 

It cannot be seriously disputed that Crater Lake is unique. 
As the Park Service stated, "The only other lake in the world 
known to have geothermal hot spring input with a depth comparable 
to Crater Lake is Lake Tanganyika in Tanzania, Africa. According 
to Dymond, Crater Lake's geothermal manifestations are unique 
because of their location in a lake of the size and depth of 

y-yy Crater Lake. It is among the highest (6,179 ft ASL), largest (48 
"̂  sq km) and the deepest (589 m) caldera lake in the world." 
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poorly understood. Crater Lake National Park was established in 

1902 as "an area . . . set apart forever as a public park or 

pleasure ground for the benefit of the people of the United 

States." In 1974, 122,000 acres of the park were recommended for 

official wilderness designation. In 1979 Crater Lake was 

recommended as a scientific benchmark for limnological research. 

In 1982, Crater Lake National Park was identified as a potential 

International Biosphere Reserve. In September of 1982, PL 97-250 

instructed the Secretary of Interior to "... immediately 

implement such actions as may be necessary to assure the 

retention of the Lake's pristine water quality." As Oregon's 

only national park and the destination of over 500,000 national 

and international visitors annually,the significance of Crater 

Lake National Park on a world scale cannot be overstated and 

potential impacts on the park, its resources and visitors must be 

considered. (See Comment Letter #1, National Park Service, 1984 

EA.) 

Crater Lake is such an important national ecological 

treasure, that if there is any risk to the hydrothermal system 

that supports it all such risks should at a minimum be fully and 

carefully analyzed and explored before a decision to proceed with 

the project is made. BLM's vice in this case is its 

acknowledgement that such risks exist, but its complete failure 

even to attempt to delineate their nature and scope. 

1. The 84 EA. 

The following aspects of the 1984 EA and FONSI are 
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particularly significant with respect to the instant appeal: 

First, the 1984 EA failed entirely to address the 

potentially catastrophic effects of an uncontrolled blowout from 

one or more of the proposed drilling. Indeed, BLM specifically 

took the position that consideration of a blowout was "beyond the 

reach of NEPA". (Geothermal Exploration Briefing Paper.) 

Second, the 1984 EA also failed to address the potential for 

water flowing within a hole between aquifers with different 

pressure heads, and the possibility of subsurface interzonal 

migration of fluids that could affect aquifers and nearby lakes 

and streams. However, the monitoring plan approved for the 

drilling specifically required monitoring of mud pit levels (used 

for circulation in the drilling), and provided that if drilling 

problems such as lost circulation were encountered, the lessee 

will be required to seal the zone of fluid inflow or fluid loss. 

Third, in 1984 the National Park Service expressed concern 

about potential impacts on Crater Lake, pointing out that the 

temperature gradient holes drilled to 4000 feet would be 2,000 to 

4,000 feet below the lake bottom, and expressing fear' that the 

drilling of-these holes could affect the geothermal input to the 

lake and therefore the limnological processes of the lake. 

(Comments on Environmental Assessment, comment 1.) In allaying 

this concern, BLM pointed out that the minimum depth to the top 

of the geothermal aquifer underlying Crater Lake was likely 5,000 

to 6,500 feet below the bottom of the lake: "This places the 

bottom of the wells at least 1,000 feet above the top of the 
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geothermai aquifer." (Response to Comments, Appendix C at 1.) 

2. The 1987 Project Modification. 

In 1987, CEC requested two major modifications to the 

parameters of its drilling. First, CEC requested permission to 

drill to a maximum depth of 5,500 feet. Second, CEC requested 

permission to drill even where the drilling loses circulation. 

The decision to modify the project and to continue the 

exploratory drilling was highly controversial, and for good 

reason. Oregon newspapers ran several editorials, all of which 

opposed continued drilling because of fears regarding possible 

impacts on Crater Lake. The EA failed entirely even to mention 

this controversy. (Copies of a number of these editorials are 

attached as Exhibit A.) 

Comments on the 1987 draft EA raised questions concerning 

the impacts of these proposed modifications on risks of blowouts 

and interzonal migrations of fluids. BLM failed completely to 

address either of these concerns. 

For example, the Sierra Club commented that 

"A loss of circulation could increase the risk of 
blowout. Would this lead to fluid interchange between 
permeable formations? Would the blowout be stopped at 
the wellhead only to reach the surface with noise and 
effluent problems at another weak spot?" 

While BLM's response admitted that a blowout could lead to a 

"temporary fluid interchange between permeable formations," and 

that surfacing of sxobsurface fluids at some location other than 

the wellhead "is possible", BLM neglected entirely to address the 

issue of risk, increased or otherwise, resulting from drilling 
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without circulation. 

The seriousness of this concern is demonstrated by the 

comment of John K. Dean, attached hereto as Exhibit B. Mr. Dean 

was a petroleum engineer for 15 years, arid was "either 

responsible for or participated in the decisionmaking process on, 

literally, hundreds of wells". He states flatly that BLM's 

I ĵfĵ -7 decision to allow wells to be drilled with total or even partial 

lost circulation "seems very strange and also very risky.... The 

fluids that circulate are very important in. preventing blowouts 

and iri allowing the drill pipe to [be] moved up and down the 

hole."2 

Nor can BLM properly contend that risks of unintended but 

uncontrolled consequences of the drilling do not exist or are 

minimal. BLM itself acknowledges that blowouts and interzonal 

migrations of fluids are "possible,", but minimizes the 

likelihood of their occurrence. In addition, BLM artificially 

2 rpĵe importance of maintaining circulation rests on a 
variety of reasons. First, mud returns remove cuttings from the 
drill hole, thus allowing drilling to proceed. 

Second, analysis of returns tells the geologist where he is, 
what fonnation he's drilling through. This is important from a 
drilling engineering and geologist's viewpoint. The various 
casing strings must be below problem formations, so the driller 
needs good drilling cutting analysis to keep track of formations 
that have been passed. 

Most importantly, drilling muds keep the drill hole full of 
fluid, providing pressure that controls geothermal formation 
fluids, helping to -prevent blowouts. See generally, L. Capuano, 
"How Geysers Steam Wells Are Drilled And Equipped," World Oil 
(Feb. J.979) at 69-70; A. Woodyard, "Determining Blowout Risks for 
Producing Wells", World Oil (April 1981) at 87-90; S. Sherwood, 
Business Insurance (February 22, 1982), at 3 et seq. 
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reduces the range of possible consequences by assuming that any 

blowout or interzonal contamination would be quickly controlled. 

But blowouts at the Geyser fields in Northern California have 

y T p been blowing out — uncontrolled — for two decades. BLM 

provides no reasonable assurances that temperature gradient wells 

cannot blow out; indeed, to the contrary, BLM states that there 

are "no guarantees" that such events will not occur. See, e.g.. 

Briefing Paper on 1984 EA "Drilling Concerns". 

The implications of such a blowout in the vicinity of Crater 

Lake are not difficult to envision. First, a blowout of any 

substantial duration would create sxibstantial noise, dust, odors, 

and other disturbances. At the surface, such blowouts could 

result in degradation of the area's air quality, violating the 

federal Clean Air Act. BLM, however, never even mentions such a 

possibility. 

Even more alarming, the Coordinator of the USGS Geothermal 

Research Program has recognized the possibility that pressure 

reduction in the hydrothermal system that feeds Crater Lake is 

entirely possible: 

iSiven that a geothermal system is found in the 
Winema National Forest and that such a system is shown 
to be part of the same hydrothermal system that 
supplies Crater Lake with its thermal water, the 
production of geothermal fluids could affect the flow 
of thermal water into Crater Lake. ... [T]he nearest 
drill hole would be four miles from the lake and the 
farthest twelve miles. Assuming that the thermal water 
going into Crater Lake comes from a hydrothermal system 
that has a reservoir that is continuous with one found 
under the Winema National Forest. propagating a 
pressure reduction over a distance of four miles is 
quite easy to do. In such a worst-case scenario, the 
flow of thermal water into Crater Lake would be 
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_ affected. 

(See Exhibit C at_5.) 

Finally, several comments, including those of the National 

yj Park Service, indicated that lake contamination is a distinct . • ^ 

yi y Impossibility. While the BLM has provided a computer simulation 

^ \ 
« A indicating the likelihood of such contamination is extremely low, 

^ A ^the fact remains that, as BLM admits, the natures of the geo- and 

^ hydrothermal systems underlying Crater Lake and the Winema 

0 \ y ^ \ . \ i National Forest remains largely unknown, and it cannot be said 

T ^ with certainty that contamination could not occur. 

X Finally, concerns about possible impacts on Crater Lake's 

hydrothermal system are heightened by the confirmation this 

summer — after preparation of the EA and BLM's adoption of the 

FONSI — that hydrothermal vents exist in the lake bottom. BLM, 

however, has never addressed this significant new information, 

nor indicated how, if at all, it might affect its analysis of the 

hazards posed by the proposed drilling activity. 

Any of the potential consequence of CEC's temperature 

gradient drilling would obviously represent an ecological 

disaster of immense magnitude. Yet BLM has neither provided 

W*^ assurances that they cannot occur, nor provided a basis for 

reasoned decisionmaking that takes the risks of such disasters 

into account. 
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III. VIOLATIONS OF OBLIGATIONS IMPOSED BY LAW 

A. National Environmental Policy Act ^ 

1. Failure to Analyze Risks 

BLM is required to comply with the National Environmental 

Policy Act (NEPA), 42 U.S.C. § 4332(2)(C) in approving geothermal 

lease activities such as the one at issue in this case. See, 

e.g., Idaho Natural Resources Legal Foundation. Inc., 96 IBLA19, 

23 (1987). Unless a project is categorically exempt, which this 

one is not claimed to be, an EA must be prepared. 40 C.F.R. § 

1501.4(b). Such an assessment must take a hard look at the 

issues, as opposed to setting forth bald conclusions, identify 

the relevant areas of environmental concern, and make a 

convincing case that environmental impact is insignificant if its 

conclusion that an EIS is not required is to be upheld. Id; 

Glacier-Two Medicine Alliance. 88 IBLA 133, 141 (1985) ; Sierra 

Club, 57 IBLA 79, 83 (1981). If a salient aspect of a program or 

project has not been assessed, and that aspect is within the 

Board's jurisdiction, it may not be implemented until an adequate 

analysis of all relevant factors has been prepared. SOCATS (On 

Reconsideration), 72 IBLA 9 (1983). 

In this case, BLM has candidly admitted that it did not even 

attempt to analyze the risks associated with either a blowout or 

the potential for water flowing within a hole between aquifers 

with different pressure heads. In its briefing paper on the 1984 

EA, BLM stated: 

Two drilling uncertainties are associated with any 
drilling alternative: the potential for water flowing 
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within a hole between aquifers with different pressure 
"heads; and the potential for a blowout (uncontrolled 
emissions of fluids and/or gases from a well). 

There are no guarantees that either event would not 
occur .... 

With respect to the uncertainty of a blowout, the EA 
did not discuss in detail the risks associated with 
such an event. A blowout would be considered an 
accident, and the U.S. Supreme Court has determined 
that "a risk of an accident is not an effect on the 
physical environment," and is therefore beyond the 
reach of NEPA (Metropolitan Edison v. People Against 
Nuclear Energy et al., no. 81-2399, decision of April 
19, 1983). 

This position represents a significant error of law. CEQ 

regulations generally require federal agencies to analyze in an 

EIS all "reasonably foreseeable" significant impacts on the 

environment; these include all actions that "will or may have an 

effect on [the environment]." 40 C.F.R. section 1508.3. In 

addition, 40 C.F.R. section 1502.22, adopted in 1986, 

specifically provides that "reasonably foreseeable includes 

impacts which have catastrophic consequences, even if their 

probability of occurrence is low, provided that the analysis of 

the impacts is supported by credible scientific evidence, is not 

based on pure conjecture, and is within the rule of reason." 

With respect to such catastrophic consequences, the agency shall 

always make clear that it lacks complete information, and either 

must obtain the information or include within the EIS 

(1) A statement that such information is incomplete or 
unavailable; (2) a statement of the relevance of the 
incomplete or unavailable information to evaluating 
reasonably foreseeable significant adverse impacts on 
the human environment; (3) a summary of existing 
credible scientific evidence which is relevant to 
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evaluating the reasonably foreseeable significant 
"adverse impacts on the hiaman environment, and (4) the 
agency's evaluation of such impacts based upon 
theoretical approaches or research methods generally 
accepted in the scientific community. 

Nor does any conceivable interpretation of case law, 

including the Supreme Court decision cited by the BLM for the 

proposition that it need not address these impacts, in any way 

support BLM's position. Indeed, in Metropolitan Edison Co. v. 

People Against Nuclear Energv. 75 L.Ed.2d 534 (1983), the Supreme 

Court merely held that the psychological harm of an accident need 

not be considered an environmental effect under NEPA unless 

connected to an impact on the physical environment. In contrast 

to BLM's erroneous characterization of the case, the Supreme 

Court indicated that environmental risks are environmental 

effects that fall within NEPA. Other cases make this rule even 

clearer. See, e.g., City of New York v. United States Dept. of 

Transportation, 715 F.2d 732 )2d Cir. 1983), cert, denied. 79 L. 

Ed. 2d 730 (1984) (requiring risk analysis of possibility of 

accident while transporting radioactive materials through urban 

centers).^ 

^ See also, Save Our Ten Acres v. Kreger. 472 F.2d 463, 467 
(5th Cir. 1973), in which the court stated: 

[W]here substantial questions are raised as to whether 
a project will have significant adverse impacts it is 
hardly reasonable for an agency to conclude, prior to 
study, that an EIS is not required. Accordingly, an 
EIS must be prepared whenever a project "may cause a 
significant degradation of some human environmental 
factor." 

Accord, Minnesota Public Interest Research Group v. Butz. 498 
F.2d 1314 (8th Cir. 1974). (An initial decision not to prepare 
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2. Failure to Address Public Controversy 

In defining "significantly" for purposes of determining 

whether potential environmental impacts warrant preparation of an 

EIS, CEQ has provided that federal agencies must consider "The 

degree to which the effects on the quality of the human 

environment are likely to be highly controversial." 40 C.F.R. 

section 1508.27(b)(10); see, e.g.. Foundation for North American 

Wild Sheep v. USDA. 681 F.2d 1172 (9th Cir. 1982). As the 

newspaper articles in Exhibit make clear, concern over any 

potential impact on Crater Lake is highly controversial. This 

controversy warrants preparation of an EIS. 

3. Failure to Address Site Specific Concerns. 

It is well-established that NEPA requires a hard look at the 

site-specific impacts of proposed federal actions. In this case, 

some of the proposed drill sites are located right next to the 

National Park boundaries, while others are located farther away. 

Yet BLM has never discussed the site-specific impacts of CEC's 

proposed drilling; rather, the EAs merely provide a generic 

an EIS precludes the full consideration directed by Congress. In 
view of the concern for environmental disclosure present in NEPA, 
the agency's discretion as to whether an impact statement is 
required is properly exercised only within narrow bounds. Action 
which could have a significant effect on the environment should 
be covered by an impact statement.) SCRAP v. United States. 346 
F.Supp. 189, 200-201 (D.D.C. 1972) (J. Skelly Wright, J., for 
three-judge court) ("it should be obvious that the NEPA 
requirements cannot be circumvented by so transparent a ruse [as 
a simple assertion that . an agency's action would have no 
significant impact]. The main purpose of an impact statement is 
to force assessment of the environmental impact of the proposed 
action. Therefore, a statement is required whenever the action 
arguably will have an adverse environmental impact.") 
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discussion for all 24 potential drill sites. Because BLM has not 

indicated which sites will receive the remaining two drill holes, 

it is impossible to determine potential impacts. These include 

(for example), down valley groundwater contamination. In 

v»3oV^^*^^'^^-^°"' ^^^^® "̂ ®̂ ^^^ assert the drilling sites are all "pre-

disturbed", the truth is that any prior disturbance rests 

entirely on the surface. Yet the drilling will be in 

jJA vJVpreviously) undisturbed subsurface areas. 

Sl .Sl 4. Failure to address new information. 

CEQ regulations require that new information be addressed in 

supplemental EISs. Although there has been significant new 

information concerning the existence of significant thermal 

features in Crater Lake, BLM has failed to address this 

information. 

B. Violations of Public Law 99-591 

Section 115 of P.L. 99-591 (1986) requires the Secretary of 

the Interior to prepare and transmit to Congress a list of 

significant thermal features within specified units of the 

National Park System. Section 115 also provides that until such 

a list is submitted to Congress, DOI "shall not issue any 

geothermal lease pursuant to the Geothermal Steam Act of 1970 

(P\iblic Law 91-581, 84 Stat. 1566) ... until such time as the 

Secretary has transmitted the list to the Committees of Congress 

In addition, Pioblic Law 97-250, September 1982, directs the 

Secretary of the Interior " — to immediately implement such 
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actions as may be necessary to assure the retention of the lake's 

natural pristine water quality." 

On June 30, 1987, Secretary of the Interior Donald Hodel 

transmitted a report to Congress announcing the lifting of the 

general moratorium on new geothermal leases imposed by Public Law 

99-591. However, with respect to potential geothermal features 

of Crater Lake, the Secretary reserved possible inclusion on the 

list until further studies are completed in the Fall 1987. The 

Secretary stated flatly: 

"No geothermal leases will be issued for lands surrounding 

Crater Lake National Park until such time as a determination has 

been made and forwarded to [Congress]." 

The next day, however, BLM announced approval of the lease 

modifications at issue in this appeal, on land immediately 

adjoining Crater Lake National Park. As explained above, the 

modification permits the lessor, California Energy Corporation, 

to increase the depth of its drilling by 1/3, and removes a 

significant lease condition — that "circulation" be maintained. 

Public Law 99 581 is meaningless unless the term "geothermal 

leases" includes> along with entirely new leases, materially new 

leasing decisions. Because it constitutes just such a new 

leasing decision, this action violates PL 99-581 and, especially 

in light of DOI's representation to Congress, is arbitrary and 

capricious. 
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IV. CONCLUSION 

For all the above reasons, BLM's FONSI should be set aside, 

and the responsible agencies should be directed to prepare an EIS 

concerning the proposed project. 

DATED: September 11, 1987 

Respectfully submitted, 

lJxXxtO^^.^^JP^^/jcX^y^,^ 
Victor M. Sher 
Todd D. True 
Attorneys for Appellants 
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PAGE4—HERALD AND NEWS, Klamath Falls, Oregon " Sunday, August 16,1987 ,', 

Don't take any chances 
with Crater Lake purity 

• : - . ' - r i - - n : ' -

! • ; - - • • 

r--
>; .: 
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• ii Don't drill if there's any signifi
cant chance it could endanger 
Crater Lake's purity. ' -

.-'. • That should be the long and the 
I'.'ihort of it. The benefit of the doubt 

;r>hould go to the lake. Its water 
:;.:%iality is nothing to take chances 
•0 w i t h . ~y:-----y- ---•• •- • -" ' ' ' 

Opponents of exploratory dril-
iing for geotherraal sources 

In any serious con
flict over the dril
ling's impact, give 
the benefit of the 
doubt to the lake. 

shouldn't have to prove drilling's a 
threat; rather, the drillers, 
California Energy Co., should 
have to prove that it's safe. In
ability to do so should mean per
manent shutdown. 

Cal-Energy has been drilling 
near Mount Scott, just outside the 
park's eastern boundary, on 
Winema National Forest land. The 
operation currently is shut down, 
pending resolution of an appeal 
over the procedures used. 

yj'-- 'National Park Service personnel 
•̂ •and others' have expressed con-
• cern drilling might have an impact 
\on Crater Lake's water, quality. 

-̂"•"̂  There have been indications that, 
~'j.over time, the lake's remarkably 
,;^'clear, blue waters'have become 
".'more cloudy, though that ap-
. ;• parently started before the Cal-
v̂v Energy operation. . '• '*: • 
; '4-. -Last. week, . scientists sent "• a 

'̂•smaU, remotely operated camera 
' •" vehicle on a dive in the 1,932-foot-

.- deep lake and found a hot spring at 
• the 1,500-foot level. . 

; .̂  That, reinforces the possibility 
,'..' that it or other geothermal springs 
•";• might connect with geothermal 

aquifers outside the park which 
could cause deterioration of the 
water, quality if involved with a 
geothermal heat project. 

Joe LaFleur, Cal-Energy 
geologist, said vents could be 

. recirculating lake water, but he 
doesn't believe there could be a 
connection outside. 

That may be true, but let's not 
forget. Crater Lake is a national 

. treasure, a one-of-a-kind geologic 
masterpiece. 

When the tests are done and the 
study completed, if there's any 
significant disagreement among 
scientists about the potential 
hazard to the lake, drilling should 
be permanently ended. It's that 
simple. 
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Scientific insensitivity 
A couple of recent news reports 

are the kinds of items that give sci
ence a bad name.' 

In one case, a plant expert at Mon
tana State University said he deliber
ately ignored federal regulations he 
thought were "almost ludicrous" and 
released genetically altered bacteria 
into the environment. 

In another instance, a U.S. Geolo
gical Survey scientist was quoted as 
saying that the best way to deter
mine the effects of hydrothermal 
development on Crater Lake would 
be to "produce a weU" and see what 
it does to the lake. 

Both instances show an insensitiv
ity to a growing and vabd public con
cern about scientific research: that a 
new Frankenstein's monster — even 
one the size of an altered gene — 
might be unleashed by a researcher 
not paying enough attention to the 
potentially harmful effects of an 
experiment. Science has gotten too 
deadly — too potentially destructive 
— to tolerate a cavalier attitude of 
let's just do it and see what happens. 

Of the two cases, the action of 
Gary Strobel, a professor of plant 
pathology at Montana State Univer
sity, is the more alarming. Strobel 
injected genetically altered bacteria 
into 14 elm trees as part of an experi
ment to fight Dutch elm disease. 
Strobel, who is well-known in his 
field, said gaining the necessary 

federal approval would have delayed 
his exTperiment by a year. 

That kind of arrogance is likely to 
do more harm than good to scientists 
who feel federal regulations on 
release of genetically altered orga-

, nisms into the environment are too 
restrictive and need to be eased. If 
scientists cannot be relied on to fol
low existing regulations, can they be 
trusted to anticipate adequately the 
range of potential results from their 
experiments — to evaluate the worst-
case result? 

Potentially not. That's why a sys
tem of peer review and regulatory 
agency approval is needed to ensure 
that a researcher's zeal does not 
cause the release of organisms that 
could proliferate and end up kUling 
the wrong things. Efforts to develop 
biological controls are replete with 
examples of unintended side effects 
doing more harm than good. Killer 
bees are an example of research gone 
bad. 

Many scientists are concerned 
that U.S. regulations in this area are 
unnecessarily cumbersome. The U.S. 
Department of Agriculture is devel
oping guidelines for research under 
its jurisdiction. The guidelines 
shouldn't be more restrictive than 
necessary, but if Strot)ers actions are 
any guide, public pressure where 
there is dispute should be for the 
department to err on the side of con
servatism. 
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Editorials c-

Crater Lake drilling 

Scheme is an outpage 
Tempting the forces of nature is 

dangerous. To do so with malice at Crater : r. 
Lake is foolhardy and should not be 
condoned or tolerated by thinking people. 

What we need now are thinking people. 
The land snaps, crackles and pops," like a . 

good breakfast cereal, throughout Oregon. 
•Nowhere is this power more evident than 

in the High Cascades,-those pristine sentinels 
;to the east that flank the Willamette Valley. _ . 
Geologic forces more powerful than most of 
us thought possible until, perhaps, Mount St. 
•Helens self-destructed in 1980, cook and 
gurgle and brew.below the surface of the 
Pacific Northwest. 

The result of this magnificent witch's brew 
makes ourregion special. 

The Cascades are a marvelous example of 
' nature's engineering. Geologists describe the 
: area as a subduction zone, a spot where two 
ofthe many plates that form the earth's crust 
push and churn and thrash in constant 

; movement. In the.Pacific.off our shoreline, ^ 
• one of these plates is pushed beneath .V" -. 
• another; the resulting force moves molten 
' rock inland and then upward, creating a 
• volcanic mountain range. , ' . . . 
• We'know-these mountains by name: Hood, 
; Jefferson, -Washington, Three Fingered Jack, 
\ the^Sisters peaks, Bachelor, Scott. But the 
; gxeatesl of aU, perhaps, was a mountain that 
\ modern •scientists call Mazama: It is Crater 
; Lake today/-•.,. • _ 
; . More than 6,800 years ago — mere ticks of 
; the. geologic clock — Mazama shocked the 
; earth, rocked, and then blew. The peak was 
\ estimated at more than 12,000 feet, higher 
: and considerably thicker than Mount Hood. 
\ Wlien it finished spewing its insides across 
; the Northwest and into Canada, so much of 
; the mountain had Been pushed skyward that 
; what remained of the peak simply crashed 
; into itself, forming a great caldera. 
; So much of Mazama's core was expended, 
l̂ in fact, that the ash and rock from the blast, 
' if collected and stacked, would make almost 
I five Movmt Jeffersons. Geologists have found 
t Mazamian ash 18 inches thick in Alberta, 
\ Canada, and oh the southern.slope of Mount. • 
\ Rairiier in Washington. At least five inches of 
\ ash blanketed aU of Oregon, most.of the .- -. 
tNorthwest, and much ofthe westem 7--'l • 
J Canadian provinces. ^~" " . • • • . - ' • • 

• ' l iain and snowmelt accumulated in the :.-' ; 
_ x n * „ ; . „ • . : . , • A 

increasing in depth through the'centuries ' 
that followed. The lake today.feraains at a 
steady 1,932 feet ^ one of the deepest in the 
world. • "̂ u: /. '-70X'70f:-.777 

A couple thousand years aftef-Mazaina: 
erupted, another gasp from the'tickihg .̂ -•. 
volcano that hirks below the lake's surface • 
pushed up a cixidef.cohe that.wenow'call .'.• 
WizardJsland.'/ 07: ^077-00:^707^7:: .0.. 
'..-Mazama is by nq.'meam'thrpugh; like'sdl of 
the High Cascades,' it isja^Uve wire of'volcanic 
activity. Right now, it is ruinblmg and ;\. - --
gurgling and bubblingbelolwthe.placid;'-
surface of Crater Lake. Right how, the.; 
geologic forces that caused the mountain to 
blow 6,840 years ago are' at work. Right now, 
this active volcano is brewing some more 
geologic mischief; 7-'Z7'7x077:O^---

Right now, other mischief is'afoot iri". 
southem Oregon. - ./; ' 0 ' 7 Z 7 

, The Califomia Energy Co! of Santa Rosa 
; has obtained permits from the U.S. Bureau 
: pf Land Management to drill deep test holes 
outside the southeast comer of the National 
Park that is Crater Lake. Their intent is to 
tap into the geothermal energy that abounds 
within the'area. There is a fast biJck to be 
made, no doubt. . - - r -- -^y--. 

National Park Service officials are angry -
— rightfully so — arguing ttiat ho bne Can be 
certain whether the^ drilling might be harmful 
to Crater Lake, either by altering its" ~ 
geothermal features or by polluting the : .•. { 
water; :-• •>" ^ • ":'" '. ' ' 

Oregonians should be angry as well. In fact 
we should be outraged. : . . . - . . - • 

We should insist that aU drilling stop near 
Crater Lake. We should insist that those wh( 
allowed the drilling to begin should be 
required to enter another line of work — one 
where common sense is at least optional. An̂  
we surely should insist that the Califomia ;' 
Energy Co. return immediately to Califomia 
— or to some other such unfortunate place 
where people don't really care what happens 
around them. ' • , ". 

We care here in Oregon —^certainly ^ "• ..: 
enough to protect so valuable a wonder as'-•': 

^CraterLake. ^: r \ - .— - •-- ; -—:— 
• Tempting the forces of nature is • 

•dangerous; To do'so willingly r— and foolish] 
. X at Crater Lake'is"idiotic and should not b 
tolerated by tiunking people. : • 

;;r;JoLh:th¥ thinkers, please; and then ask a 
finorn̂  or''r)pi<rT-i'hor t.o do the same: 
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221 Sixth Street 
Lake Oswego, DR 97034 
27-05-87 

Mr. Lee Coonce 
Forest Supervisor • 
Winema National Forest 
2819 Dahlia St. 
Klamath Falls, OR 97&01 

Re: Your Supplement to EA OR-010-84-28, regarding geothermal 
drilling in the Winema National Forest. 

Dear Mr. Coonce 

I am a member of the Sierra Club and have been following the 
Geotherma.l drilling issue since 1984-85. Mr Fred Hirsh also a 
member of the Sierra Club, and our Chapter Geothermal Coordinator 
suggested I write to you directly regarding your decision to 
allow wells to be drilled with total or even partial lost 
c irculat ion. 

This decision seems very strange a;nd also very risky. My work 
experience, prior to moving to Oregon, was as Petroleum Engineer. 
During some 15 years of petroleum engineering I was either 
responsible for or participated in the decision making process 
on, literally, hundreds of wells. I do not remember a case where 
we planed to drill a well without circulation. The fluids that 
circulate are very, important in preventing blowouts and in 
allowing the drill pipe to moved up and down the hole. 

I think you should give great thought to reconsidering this 
decision as an accident next to one of great national parks would 
be a tremendous disaster. 

Sincerely yours, 

John K. Dean 

cc. Fred Hi8-€^5-^7 
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United States Department of the Interior 
GEOLOGICAL SURVEY 

Branch of Igneous and Geothermal Procesaea, MS-910 
345 Middlefield Road, Menlo Park, Califomia 94025 

Joseph G. LaFleur 
Senior Geologist, Exploration 
Califomia Energy Company 
3333 Mendocino Avenue 
Santa Rosa, CA 95401 

Dear Mr. LaFleur: 

31 July 1986 

This letter is in response to your letter of 06 June 1986 raising 
questions conceming the scientific conclusions of personnel of the U.S. 
Geological Survey with regard to geothermal systems. Your letter 
specifically requests a USGS response to the 24 April 1986 statement of 
Destry Jarvis before the Senate Subcommittee on Natural Resources 
Development and Production. In addition, you raise a number of points about 
USGS investigations at Crater Lake, stating that many of the scientific 
conclusions bf these investigations are speculation. 

With regard to Mr. Jarvis' letter, I can comment on it only with regard 
to its accuracy in factual matters that fall within my expertise or 
experience. 
• p. 2, 1. 4-7: "Of the ten major geyser areas in the world, only three 

have beeitt left undisturbed, including Yellowstone National Park. The 
other seven have either been severely, adversely affetted or completely 
destroyed." True (White, 1979). 

• p. 2, PP. 2, 1. 1-5: "The most important determination to be made 
before the commencement of any geothermal development near any national 
park must be accurate and conclusive findings that n£ subterranean 
interconnection exist [sic] between the thermal features available for 
leasing and development outside park boundaries and those within the 
parks." This complex statement is Jarvis' opinion, not a statement of 
fact. If "accurate and conclusive findings" require a lOOZ guarantee, 
then geothermal development near a national park with thermal features 
is impossible. If "accurate and conclusive findings" are interpreted to 
mean something less rigorous, then geothermal development near a 
national park with thermal features might be possible. The U.S. 
Government has tussled with this question for many years; little 
consensus has been reached. 

• p. 3, PP. 1, 1. 1-2: "*•* the advent extent, and subsidence of 
geothermal phenomenon is still a very ill-researched process." I do not 
understand this garbled sentence, and accordingly cannot comment. 

• p. 3, PP. 1, 1. 3-4: "Though hypotheses exist, too little work has been 
completed to date to predict with any accuracy the likely effects of 
nearby geothermal drilling." To some extent, true. Without some direct 
exploration by drilling of the thermal structure and the hydrologic 
properties of the specific sites in question, it is ioposcible to 
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predict with accuracy the likely effects of nearby geothermal drilling. 
Without drilling, one is restricted to inferences from geophysics, 
geochemistry, geology, and surface hydrology. In ideal situations 
(e.g., Lassen) one can make some reasonable predictions about the effect 
of development outside the park on the thermal features within the 
park. But in most other situations, the pertinent drilling data simply 
do not exist. Clearly a conundrum. 

p. 3, PP. 1, 1. 4-6: "Even in Yellowstone National Park there is only a 
far from incomplete [sic] picture of the geothermal process." I think 
Jarvis means "far from complete." If so,. I would debate his 
conclusion. Years of detailed study of the thermal features of 
Yellowstone has given us a good picture of the thermal processes there, 
but the picture is admittedly not complete (indeed, can it ever be?). 
The question boils down to how far from complete is acceptable for what 
purpose. 
p. 3, PP. 1, 1. 6-10: "Within the past two weeks, for example, two 
brand new geysers have emerged in the Biscuit Basin area of the park,, 
one with a 50 foot plume. These are the first new geysers to appear in 
Yellowstone since the major earthquake in 1959, when several of the 
park's thermal features were altered." Change is the rule in thermal 
areas. They evolve by a variety of natural means, one of which is the 
disruption of geyser conduits by earthquakes. I fail to see how Jarvis' 
statements are relevant. 
p. 3, PP. 3, 1. 2-6: "One U.S.G.S. scientist has concluded, 'that 
natural discharge of water and heat is increased two-to-ten times by 
most exploitation programs (and), in general, we cannot exploit the 
geothermal energy of an area and also preserve its geysers.'" This 
summarises 'a statement made by Donald E. White and is true (White, 
1979). ' 

p. 3, PP. 4, 1. 3 to p. 4, PP. 1, 1. 4: "The Beowawe Geysers in Nevada 
(at one time second only to those of Yellowstone in North America) 
stopped flowing by 1961 after centuries of activity because wells were 
drilled nearby in the 19408 and 19508 and allowed to discliai'ge. 
Steamboat Springs, Nevada has also suffered due to geothermal activity 
in the 19508 and 19608." Mostly true. Wells yere drilled at Beowawe in 
the late 19508, not 19408. The geysers stopped flowing in 1961 (White, 
1979). . •; 
p. 4, PP. 2, 1. 7-10: "Two completed studies have not ruled out a 
potential structural link between the Yellowstone-Island Park Calderas; 
[and] have shown no evidence of structural barriers to fluid migration 
between the calderas ***." True, but on the other hand the studies have 
ahown no evidence of a structural link and have not precluded the 
existence of barriers. How one interprets the studies depends on the 
conclusion one wishes to reach. 
p. 4, PP. 3, 1. 4-8: "USGS studies still in progress, but reported in 
the Montana press have indicated evidence to support the belief that the 
water source for much of the Yellowstone geyser basins originates in the 
deep aquifers beneath the Gallatin National Forest." To some degree, 
this statement reflects lack of attention to inportant details in 
statements made to the press. Studies of oxygen isotopes do indicate 
that the Gallatin Range (which is only a part of the Gallatin National 
Forest) is likely to be the recharge area for waters that eventually 
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discharge in at least some.of the geyser basins. No data in this atudy 
indicate that there are deep aquifers containing large volumes of 
recharge water. 

* p. 7, PP. 2, 1. 1-3: "The thermal features of Lassen Volcanic National 
Park in Califomia could be seriously jeopardized as well including: 
Terminal geyser, Boiling Spring Lake, Devils Kitchen and Bumpass Hell," 
The U.S. Geological Survey has performed a study (Ingebritsen and Sorey, 
1985) that shows how various scenarios of geothermal. development south 
of Lassen Volcanic National Park might affect the fumaroles in the 
Park. Note, however, that the thermal features in Lassen Volcanic 
National Park do not include geysers.' Terminal Geyser is a misnomer; it 
is not a geyser, but is steam-heated surface water. 

• p. 8, PP. 1, 1. 2-5:. "At Crater Lake National Park, concern has been 
raised, since park research has indicated that one of the reasons why 
the lake is so clear and blue is that there is thermal input in the 
bottom of the lake, ***." The available data leave little doubt that 
there is thermal input in the bottom of the lake (see below), I know of 
no research or evidence that relates this thermal input to the clarity 
or color of the lake. 

I now shall try to address some of the points you raised in your letter 
with respect to Crater Lake specifically (These comments are supplementary 
to the enclosed copy of a letter from the Director of the U.S, Geological 
Survey to William Leave11, State Director, Oregon State Office, Bureau of 
Land Management. The Director's policy statement for the USGS conceming 

A potential Impacts of phase 2 of Califomia Energy's exploration program 
a very useful .summary of many of the more important questions): 

~ - • • , < 

1. The scientific evidence for flow of thermal water into the floor of 
Crater Lake appears to be very strong. Williams and Von Herten's (1983) 
study of heat flow in the sediments on the bottom of Crater Lake 
establishes unequivocally that there is an anomalous input of thermal 
energy into the lake. Based on an analogy to the work at oceanic 
spreading centers where similar anomalies have coincided with finding 
actual vents discharging hot spring water, they reasoned that Crater 
Lake must have vents discharging thermal fluid. This reasoning is 
strongly reinforced by (a) the thermal structure of the'lake and (b) the 
chloride concentration In Crater Lake of 10 ppm. Comparing chloride 
concentratlona of water found in other Cascade Lakes and in large-flow 
cold springs on the flanks of Mt, Masama, it Is unlikely that this 
concentration could be produced by leaching of material at low 
temperatures. The conclusion that there are vents discharging thermal 

, fluid in Crater Lake appears rather strong to me; It certainly la far 
beyond mere speculation, 

2. How much thermal water is coming into the Lake? Michael Sorey (1985) 
calculated that the flow is in the range 30 to 150 liter/sec. The basis 
for his calculation- is two-fold. A chloride balance of the lake 
requires that the seepage loss from the lake containing aa average 
concentration of 10 ppm chloride at a flow of 64,400 acre ft/yr (• 2500 
liter/sec) be balanced by an Inflow of thermal water at sorae unknown 
chloride concentration. This balance assumes that the lake is well 



mixed and that the flows of water and chemicals are in approximate 
steady state. Based on data for other thermal waters in the Cascades, 
the Input chloride concentration is likely to be in tha range of 200 to 
1000 ppm. This results in a flow of thermal water ranging from 125 to 
25 liter/sec. The second calculation compares the estimates of 
convective heat flow Into the lake to what flow of thermal water would 
be required to produce that heat flow. Williams and Von Bersen measured 
an average conductive heat flow per unit area of 3 HFU and estimated 
that the convective heat flow ranges from 13 to 30 HFU over the total 
area of the lake. Sorey used a more conservative range of 3 to 30 HFU 
for the convective heat flow. Balancing the convective heat flow of 3 
to 30 HFU over the area of the lake against the energy in the flow of 
thermal water and ass\jming that the thermal water is at 80*C, results in 
a calculated range of 20 to 200 liter/sec. Other assumptions concerning, 
the temperature of the thermal water are easily defended as long as they 
are reasonable. The point is that both analyses give similar numbers. 
No specific value can be defended, but the range seems reasonable, 

3. The flow of thermal water affects the circulation pattem of the 
lake. As explained by Williams and Von Herzen (1983), the increasing 
temperatures below a depth of 295 m, the thermal anomalies found in 
water at great depth, and the fairly uniform chemical concentrations as 
a function of depth are not what one would expect in a deep lake such as 
this unless conditions are different from those normally found in deep 
lakes. The upper 200 to 300 m of the lake operate In the normal manner 
of spring heating causing stable stratification and fall cooling 
breaking up the stratification causing mixing in the upper layer. No 
.evidence h#s been found that the lower portion of the lake turns over in 
the way found in many lakes, but the data support eont̂ -nuous convection 
caused by the input of heat into the lake. This turbulent convection is 
an efficient mechanism for distributing disolved chemicals and Isotopes 
of water in the lake aa found by Simpson (1970) and Sallnaa and others 
(1984). 

4. Any connection between the color of Crater Like and the input of 
thermal water is tenuous at best. The blue color of the lake is caused 
by light acattering in water with very low suspended particulate matter 
(e.g.. Smith and others, 1973). Particiilate matter can come into' the 
lake either as suspended solids in streams or be generated in the lake 
as. phytoplankton grow. Likely reasons for the low suspended solids are 
the large amount of Inflow that arrives directly as precipitation rather 
than through streams, the low amount of nutrients available, and the 
cold temperatures In the surface waters for much of the year. Possibly, 
the circulation pattem developed by the Input of thermal water enhances 
these factors, but no mechanism Is obvious. Lake Tahoe, which is 
unlikely to have any input of thermal water, has a color similar to 
Crater Lake, In summary, I see no connection whatsoever between the 
thermal water coming into Crater Lake and the clarity and color of the 
lake. However, my opinion should be taken in the context that I am a 
geologist, not a llmnologlst. 



5, Given that ~a geothermal system is found in tha Winema National 
Forest and that such a. system is shown to be part of the same 
hydrothermal system that supplies Crater Lake with its thermal water, 
the production of geothermal fluids could affect the flow of thermal 
water into Crater Lake. You point out that the nearest drill hole would 
be four miles from the lake and the farthest twelve miles. Assuming 
that the thermal water going into Crater Lake cooes from a hydrothermal 
system that has a reservoir that is continuous with one found under the 
Winema National Forest, propagating a pressure reduction over a distance 
of four miles Is quite easy to do. In such a worst-case scenario, the 
flow of thermal water into Crater Lake would be affected. But it seems 
to me that the thermal water flowing into the lake is Irrelevant to the 
clarity and color of the lake. Furthermore, it represents only a small 
fraction of the total water input to the lake, most of which is from 
precipitation. 

6. The possibility that the geothermal system at Klamath Falls- may be 
partly supplied by hot water from either Crater Lake or Medicine Lake 
Volcano. This idea that the geothermal system at Klamath Falls may be 
partly supplied by hot water from Medicine Lake was presented in an 
abstract by Julie Donnelly-Nolan (1983). It la based on an analysis of 
structural trends at Medicine Lake Volcano and Indeed was presented as 
speculation. Because it appears in an abstract, It Is lot more visible 
than it will be if the idea is presented in a subsequent publication. 
It is likely to be a small part in the conclusion section of a long 
report and will be in a better context than its appearance as one 
sentence out of about 12 in the abstract, I cannot find ahy published 
statement by-a member of the USGS stating that the geothermal system at 
Klamath Falls is supplied by water from Crater Lake. i 

I conclude that input of thermal water into Crater Lake has been 
established by accepted means of heat-flow measurement, the data and 
analysis are published in a definitive paper in a prestigious peer-reviewed 
scientific, journal, and the conclusion is far stronger than mere 
speculation. Furthermore, two methods of calculation give consistent ranges 
for the amount of hot water that is coming into thei bottom of the lake. In 
contrast, however, the connection between the color of Crater Lake and the 
input of thermal water appears to be tenuous at best. Even if production of 
geothermal resources outside of Crater Lake National Park reduced the input 
of thermal water into the lake, I cannot see how this could have a 
significant affect on the color and clarity of the lake. As you and I have 
discussed, anthropogenic material seems far more likely to affect the color 
and clarity of the lake. 

Sincerely, 

L. J. Patrick Mufflei 
Coordinator, GeotKemal Research Program 
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Regional Solicitor in F'or bland with the reasons for their appeal. The 
appellants requested an extension -for submittal o f their documentation and 
t r a n s m i 11 e d t h e i r S t a t e m e n t of F\ e a s o n s t o t he D e ps a r t m e n t o f the Int e i" i o r 
B o -a r d o -f L a n d A p peal s o n S3' e p t e m ber 11, 19 8 7. 

T h e R e g i o n a l S o 1 i c. i t o r i n P o r t land, wit h the a s s i s t a n c e of the? B u r e a u o f 
L.and Management and the IJ„ S„ Forest ServicE?, has prepared a. dra-ft of his 
response to the appeal and the Statement of F^'easons and the draft is beting 
reviewed by the SiJol ic i tor ' s Office in Washington. The Solicitor .generally 
has about 30 days to respond to the appellant's reasons. However, he 
r e q u e s t e d a d d i t i o n a 1 t i m e. 

CECI requested that the?y be allowed to intervene in this case and also 
that I EC A hold an evidentiary hearing. IBLA entered an order October 22 
allowing CEilCI to intervene and will consider at a later time conducting an 
evidentiary hearing. The order also allowed the Solicitor thirty days 
from receipt of the order (until November 26) to complete his response to 
the appellant's reasons for the appeal. C&ICI will be allowed until about 
DecG^mber 26 to file their evidence in the case. 

These time extensions presumably will allow some time for the Department 
of Einergy to enter the case, if they desire to do so. 

Typically, the appellants file a response to the Solicitor's arguments, 
IEU_A may request oral arguments or additional written statemejnts if new 
information has become availcible between filing of the writjten briefs and 
ILEA making a decision, IBLA generally takes from twelve to eighteen 
months to render a decision. Hence, it is likely that drilling will not 
be possible during the 1988 field season even if IBLA renders a decision 
favorable to EfLM and CECI. Sometimes the decision can be hastened if a 
C3ove-;rnment agency makes a request for an expedited decision,, 

rhe BLM is currently preparing a decision on a request by CECI that 
operations on the effected leases be suspended pending the outcome of the 
appeal. The BLM will in all likelihood agree to the suspension, but has 
not decided the appropriate dcxte to initiate the suspension. 



r nomore hardcopy 

To; M.REED (D0E44ie.i 
Tos F-'', WRIGHT (D0E4433) 
Ces J,RENNER (D0E4437) 

F"roms J, RENNER (D0E4437) Delivereds Wed 2S-"0ct--87 15s 32 EST Sys 164 (10 
1) 
Subjects chronology of CECI drilling decision aippeal at lEiLA 
Mail Ids IPM-164-871023"139930239 
Acknowledgment Sent 

— M o r e — 

Following is a more or less un~editorialised chronology of the attempt 
of CFECI to drill a thermal gradient with lost circulation and the ensuing 
appeal of the E-iLM decision to IBLAs 

The U. S. Department of EInergy entered into a cost-sharing agreement with 
California Einergy Company, Inc, (CECI) during August, 1986 for the 
drilling of a tho^rmal gradient hole near Crater Lake National Park, The 
hole is part of DOEI's continuing research aimed at understanding the? 
nature of the deep hydrothermal r e s o u r c e in the Cascades volcanic region 
of California, Oregon, and Washington, CIECI is engaged in geothermal 
exploration south and east of Crater Lake National Park and agreed to 
allow DOE access, for research purposes, to a thermal gradient hole 
planned .just to the east of the Park and about five miles from the nearest 
shore-? of Crater Lake, 

During the E-iureau of Land Management's (BLM) £̂ .pproval process for the 
proposed drilling of the cost-shared hole and other holes in CECI's 
drilling program near the National F-'ark, a stipulation wais attached to the 
d r i 11 ing p 1 an wh i ch requ i red CEICI to notify the EfLM whenever c i rcu 1 at i on 
was lost during drilling. As is common when drilling in a volcanic 
environment, circulation was lost October 10, 1986 and could not be 
regained. The drilling rig was moved off location October 29, 1986 with 
the hole at 1354 feet, pending approval by the BLM of drilling ahead 
w i t h o u t c i r c u 1 a t i o n . 

The BLM in conjunction with the U. S, Forest Service, surface manager at 
the hole location, decided that a supplemental environmental assessment 
wa\5 necessar.y before EiLM could issue approval for drilling without return 
circulation. Because of DOE's interest in the results of the drillhole," 
DOE provided £U_M with the assista^nce of reservoir model lin.g expertise at 
LBL in order to analyze the transport of drilling mud from the drillhole 
and to prepare a model of regionail groundwater flow in the vicinity of the 
CECI drillhole. The results of the study were presented to the BLM for 
their use in preparsition of the supjp lemental assessment and were ailso 
presented to the geothermal industry at the 1987 annual meeting of the 
Geothermal Resources Council (GRC), The calculations show that the 
reij ional flcjw of groundwater will oppose the flow of drilling mud toward 
thevlake and thaxt drilling without returns will not pollute Crater Lake, 
nor will it ^^ffect the hydrologic regime in the immediate vicinity of the 
Crater Lake Caldera, (A copy of the GRC paper is attached.) 

The Bureau of Land Management received comments from seven .groups on the 
supplemental environmental assessme;nt. The most significant comments were 
submitted by v.arious chapters of the Sierra Club, who" a r e still concerned 
thatt lost circulation will hiave a n eg ait ive effect on Crater La;ike, despite 



further drilling with lost circulation be aillrjwed this close to the laike 
since they consider the site unsuitable for de've lop ment. The Ê LM 
responded to these comments and in eaxrly July issued the FONSI and 
decision record recommending that CECI be allowed to comple?te their Mt. 
Majzama thermal gradient hole without return circulation , The public was 
allowed to file? appe?als of that decision through July 31. 

On July 31, Oregon Naturavl F-\esources Council, Sierra Club Legal Defense 
F" u n d , a n cl N ai t i p n a 1 F-' a r k s a ri d C o n s e r v -a t i o n A s s o c i a t ion filed a join t 
appeal 1 of the? BLM d e c i s i o n to ati low California^ EIne?rgy C o , , Inc, (CECI) to 
c o n t i n u e d r i 1 1 i n g a t h e r mal g r a d i e n t h o 1 e n e a r C r a t e i" L a k e N -a t i o n a 1 F=' a r- k , 
The? appe?llants haxd 3 0 datys f r o m the? daAte of atppeal to p r o v i d e the 
Dep a?, r tment of IntE?rior Board of Land Appeals (IBLA) and Interior's 


