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r nomore hardcopy

Tos S.FRESTWICH (DOEL10QO20)

Tos M.REED (DOE4418)

Tos FoWRIGHT (DOE447355)

Tos 5.8TIGER (DOE4467)

Ces J. RENNER (DOE4437)

From: J o RENNER (DOE443E7) Delivered: Thu 17-5ep-287 14:12 EDT Sys 1&4

)
Subject: CECI Crater Lake status
Mail Id: IFM—- 1464870917~ 127830235
Acknowledgment Sent

——More—--—

The Department of the Interior Office of the Regional Solicitor in
Fortland, hegon has received the Appellant’'s Statement of Reasons in the
Sierra Club, et al appeal of the FONSI 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 1587.

The Bolictor has thirty days to respond to the statement and will be able
to request an extension if needed. The Solictor expects that the Sierra
Club, et al will request thirty days to respond to the Seolicitor’'s brief.

- At that point the Interior Board of Land Appeals (IBLA) will begin to
review the case. IBLA geneﬁally takes from twelve to eighteen months to
render & decision. Hence, 1t is likely that drilling will not be possible
during the 1988 field season even if IBLA renders a decision favorable to
BL.M and CELI. 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.

S



Disposition: el

To: H.FPRESTWICH (DOELQZO

To:  F.WRIGHT (DOE44EE)

Ta:  J.RENNER (DOEA4ET)

Ta: S5.8TIGER (DOE44&7

Ceo: MoREED (DOE4418; .

Froms M. REED (DOE4418) Delivered: Fri 18-8ep~-87 10:09 EDT Sys 164 (25

Subject: CRATER LAKE CASE
Mail Id: IFM=-164~-870218-092143043536

Dear Joel, Sue, Sue, Mike:

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. Flease be circumspect in your inquiries or contacts with
the Department of Interior Solicitor or with the IBLA itself. The Department
af Energy and its geothermal contractors will not assist the Solicitor in this
case unless a request for assistance is approved at the assistant secretary
level in DOE. We will of cowse assist the BLM and UBFS with anvthing they
request Rf we can, but all legal contact shouwld be between them and the
Solicitor!

DOE Headguarters (GTD) and IDO have stated to Cal Energy that they have our
full support and continuing interest in the drilling of the core hole. I+ the
dereilling activity is allowed to continue, we will participate as we have
agreed. The decision to resume drilling will be up to CECI if they get IBLA
approval.,

Feep your ear to the ground, and don’'t stick your neck out.

Yours,
Marshall

Disposition: d

Tos S.FRESTWICH (DOEL1O20)

Tos M. REED (DOE4418)

Tos FoWRIGHT (DRE443ET)

Tos J. RENNEF (DOE44Z7)

Tos S.8TIGER (DUOE4447) o

Freams Ja RENNER (DOE44TE7Y Delivered: Frei 18-8ep~-87 14:29 EDT Sys 164 (&5

)]
Sub ject: work statement
Mail Ids IFM—164~-870918-150360995
Acknowledgment Sent

Marshal ls :
Here is the remainder of the work statement. It more or less
‘paraphrases & statement of work on the Cascades which Mike already sent vou.

Mike:
If this causes grief, give PMarshall a call.
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"CALDERA RESERVOIR INVESTIGATIONS

UURI will provide technical assistance as requested by DOE and ftrack 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
are missing. They will write a case history of each coring and data
acquisition project.

UURT will synthesize the data generated by the Cascades project and
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.

LRI will characterize, through mineralogical and physical property
studies in the laboratory, both high-temperature and low-temperature
alteration suites in Cascades rocks using available drill core samples.
They will also utilize core and chip samples from the Valles Caldera, Long
Valley, and Los Azufres. By measuring the physical properties of these
raocks, particularly their slectrical properties, UURI hopes to determine
differences betwesn the high- and low-temperature suites which can be
differentiated geophysically. '

INEL will review the literature available on the fracture geometry of .
geathermal 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
LUURT will wtilize 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.

COOFERATIVE RESEARCH / GEOTHERMAL TECHNOLOGY ORGANIZATION (GTOD)

INEL. will manage a program of cooperative technological development with
the GT0O, an organization composed of members of the geothermal industry.
Fesearch will have a high probability of yielding near-term benefits.

INEL will advise DOE on the appropriateness of research suggested by 6TO,
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 BAM. ..t eetenereeesoessecosssencassecaasasenasasns Registration
9:00—9:15 ....... @ttt te ettt Al Waibel, Columbia Geoscience
9:15-9:45 . Lttt it ittt ear e ettt nacascaccnnnn S C. Bacon, U.S.G.S.
9:45-10:45 . it i ittt i ettt i e ce e J. LaFleur, Calif. Energy Co.
10:45-11:00..cccuceeceecencecens rsecaretecterstascarecnnens .... Break
11:00-11:30..ccuccececcecccncnnnasans e ceencscans D. Williams, U.S.G;S.
11:30—12:00..........................; .......... .D. Blackwell, S.M.U.
12:00=1:30 PM.uuieeeeeensoaoeeecancoesocnnnscsnnoocscennca Luﬁch, hosted
1:3Q-2:45 ..................................... M. Nathenson, U.S.G.S.
2:45-3:15. ..ttt tt it eeccaas s casastenasnnes R H. Nelson, U.S.G;S.
T T T {0 Break
3:30-4:00. .0 ccecieccccnancans et ecsesssecnasns '{ ..... A. Joﬁnson, P.S.U.
4:00—4:30..;..................t ............. ;..1. M. Cuymings,_PﬁS;U.

Wednesday, February 25th

9:00-9:30 AM. ...t iiteennnannnn e eieeeaean D. Larson, Army Corp. Eng. .
9:30-10:30...... feeveresassacscanaccaanas eeeeenas R. Collier, 0.S5.U.
10:30-11:30. . eeeecceccsacscasceceansonconoocnsocss - I. Barns, U.S5.G.S.
112302200 PMuunsssneeeeeeeseeinnnneeeeennnenaeeeanns Lunch, no host

1:00-3:00. . ceeeeeecennannnnas R Round-Table discussion
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DEPARTMENT OF THE INTERIOR
National Park Service

Significant Thermal 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 list 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
-Congress in April 1887. 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, develop,
produce, or use geothermal resources
surrounding the listed features are
“likely to result in significant adverse
effects” on the listed features.

" The NPS welcomes a thorough review
of the proposed listed features and the
information serving as the bases for
determining listed features as
significant. 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 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 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,
angd supporting comments must be
received on or before March 186, 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 Intérior 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 § 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,
California;

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 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, California;

Hawaii Volcanoes Natmnal Park,
Hawaii;

Lake Mead Natlonal 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, Hawalii: and,

Crater Lake National Park, Oregon.

The NPS has been designated by the
Department as the lead agency for
preparation and publication of the list of
significant thermal features. In making
an overall determination of significance,
the Act specifically requires four criteria
to be applied to 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 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 #1, it is
identified as unique to the unit, the
Region, the Nation, or, in some cases.
the World.

(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 information
that can assist in the final
determnnahoné for these features.

All thermal features initially
determmed 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 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 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
- leasirg 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 determine 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 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 consider
the effects on the listed thermal features

when determmmg whether to consent to.
geothermal leases on national forest.
lands or any other lands, under the
jurisdiction of the Department 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 appplications that
are likely to result in significant adverse
impacts to listed features must 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 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 J
adverse effect on significant thermal

features” listed, among other things, all -

actmty on the lease must be suspended,
“temporarily or permanently” until the
significant adverse effect is eliminated.
As previously mentioned, the Act
specificaily requires the Secretary of the
Interior and the Secretary.of Agriculture
to determine the effects of proposed
geathermal leases and future operations
on 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 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 i 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, California, 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 of the specified park units:

SUMMARY TABLE

NPSRegi rk units N“':'be' 1 xegstiﬁeda’_"
oM. PAark uni! eatur qualr
?vaiuaged ’m’:’ as significant
fied under the Act
Pacific Northwest Region:
_ Mount Rainier National Park 1l Yes
(Washington).
Crater Lake National Park 1] Yes.
{Oregon).
Otympic National Park 21 1=Yes | =No
(Washington). .
Rocky Mountain Region:
Yellowstone National Park 11 Yes.
Montara).
Grand Teton National Park 51 No -
{Wyoming). :
John D. Rockefeller, Jr. Me- - 11 No
morial Parkway (Wyoming).
Alaska Region:
Bering Land Bndge, Natonal t | Yes.
Preserve. l
Gates of the Arctic, National 11 Yas
Park and Preserve. !
Yukon-Charley Rivers, Ne- None ;| Not ApphcaDie
tional Preserve. ’
Katmai National Park................ ‘
Aniakchak National Mony-
mont and Prasarve.
Wrangeil-St. Elas, Natonal 2 1 Yas
{Park and Preserve. i
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Summary TABLE—Continued

M| s,
NPSRegon. pars umis features .
ovaiared. m"':' es significant
fiod under the Act
Glacier Bay Nauonal Park | None | Not Applicable.
and Preserve
Denal Natong! Perk and None | Not Applicabie.
Praserve. IBE
Lake Clark National Park 2 | Yes.
and Preserve.
Southwest Region:
Hot Springs National Park 1| Yes
(Arkansas).
Bg Bend Navonal Park 3 | Yes
(Texas).
Westemn Region:
tgssen Voicanic National 1 | Yes.
. Park (Califorma).
. Sequowa National Park (Cab- 2 | Yes.
forra). :
Hawai ‘voicanoes Nationat 10 | Yes.
Park (Hawai).
Hateakala Natonal Park 1| Yes.
{Hawai). .
Lake Mead National Recrea- 3| Yes.
tion Area (Anzona and
Nevada).

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 Lhe 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 88104

Rocky Mountain Regional Office, National
Park Service, (Attn: Cecil Lewis), 855 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
875040728

Western Regional Office, National Park
Service. (Attn: Ray Murray), 450 Golden
Gate Avenve. San Francisco, California
84102.

The NPS proposes to list 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} units
of the 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 Thermal
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, 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, 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: Mount 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 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 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 feature
remains in a natural, undisturbed
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 1898 to preserve this
feature. (18 U.S.C. 81)

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 ite
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 mvesugate 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.Ss.C.121)

Olympic National Park
Feature: Sol Duc Hot Springs

NPS determines that this feature is
marginally significant, mainly because
of the lack of scientific interest or
significance to the unit 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 unit
was created. 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 Duc 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
thermal system within the confines of
the Olympic Mountains.

2. Scientific and geologic
significance—Sol Duc Hot Springs,
located on the inactive €alawah 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 accammodate
commercial development, which is now

. Mountain Quandrang

a major concession offering all the
facilities of a spa. The'development of
Sol Duc 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 1938, 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 Duc 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.
(18 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 onie hundred
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 X
les.

{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 spnngs 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) 18 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

- .autharized 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 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

" remain in a natural, undisturbed
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 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 leglslanon (16 U.S.C.
410hh)

Gates of the Arctic National Park and
Preserve

Feature: Reed River Hot S.prings

Significance Criteria: 1. Size—
Complex of springs approxlmately 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 namral
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 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 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-~1})

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 “maintain 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. 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 geologxc
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 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 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 18,390 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




Povd 8 A

Federal Register / Vol. 52, No.'30 / F;iday. February 13, 1987 / Notices

St ’ =

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 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 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)

Lake Clark National Park and Preserve
Feature: Redoubt Volcano

Significance 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 stratovalcano.

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

stratovolcano which. exhibits areas of
steam ventmg and sulftir 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

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. Significance 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™. {18 U.S.C.
410hh)

Feature: lliamna Volcano

‘Significance Criteria: 1. Size—33,800
acres.

Extent—Thermal activity consists of
two small sulphur vents located at about
9,000 feet near the summit on the eéastern
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 lliamna Volcano
offers ‘6pportunities 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 purposespf 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)

Hot Springs National Park
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 aleng 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 lcgislation 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 endangered species
Gambusia gaigerl.

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 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. (18 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 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 Lasgsen
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 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 500~800 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 geologic
significance—The Lassen thermal
system constitutes the only known
extensive vapor-dominated thermal
system in the Cascade Range. Only one
other vapor-domlnated system of equal

. thermal energy is known in the Western

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

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 from injury or spoilation 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 thermal
system and its surface manifestations
are a significant part of the continuing
volcanic activity in the area. (18 us.C.

" 201)

Sequoia National Park

Both of the identified therma) 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 lightly 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 in 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: Kern Hot Springs

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

Umqueness—-—Kem Hot Springs is the
only spring in the park with
temperatures aver 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
remains in & natural, undisturbed
condition—Kern 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 geologlc
significance of this feature is unknown,
Kern Hot Springs is considered a natural
curiosnty of the unit as it is the only
spring in the park representing active

“subsurface thermal activity. (16 U.S.C.
41)

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 geologic
significance—Unknown.

3. The extent to which 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-80° 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 U.S.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

w

established as part of Hawaii National
Park in;1916 and later, redesxgnated 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 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—leauea 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 extentto which 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 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 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 Y2 mile wide).

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

2. Scientilic 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—% 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 the integrity of
the active thermal activity which
characterizes the unit and the region.

Feature: Steammg Bluff and Sulphur
Banks

Sngmﬁcance 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 Y2 mile wide.
Uniqueness—Cooling lava pond.
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2. Scientific and geologic
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 ig 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 magmatnc
activity.

3. The 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 recently in the 1970's.

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
Extent—4 square miles (4 miles long by
1 mile wide).

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

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

3. The extent to which 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 (2% miles by 7% 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 subsequently 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 not
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
pregerve 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 Y 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 feature 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. Public 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. 460n)

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 recreational
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—Small spring located in the
Nevada portion of the NRA at the
junction of two faults near Mississippian
limestone.
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Uniqueness—The dnscharge 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
availability 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 natural, undisturbed
condition—The channels have been
altered for commercial and recreanonal
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 manner 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
extengively by the public, with recorded
vigits to Blue Point Spring and Rogers
Spring (listed below) estimated at 5,000
annually. As thig feature is 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'’ dxscharge rate i
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 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. Picknicking
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
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 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
peningula’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
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

tod_ay by the public for recreation, these
springs are not considered as a
significant thermal feature within the
unit. (18 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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°Fahrenheit. The waters from these

- springs are slightly radicactive 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—These springs have been
highly altered and were developed into
a public swimming pool facility in the
early 1960's. The facility 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. Significance of the feature to the
authorized purposes for which the unit
was created-—This identified feature
-was rot used as rationale for the
establishment of the unit and is not
recognized as & significant thermel
featuve within the unit.

Grand Teton National Park
Fea'ue: Steamboat Mountain Euunawle

Significance Criteria: 1. Size and
Extent—This fumarole is a small
thermal vert near the summit of
Steambeat Mcauntain.

Uniqueness—This feature is not
unique because the activity of the
fumarole has been declining for many
years. Therm=! chiaracteristics are
percepteble oniy in vrinter months.

2. Ecientifiz and Geologic
Significance--The Steamboat Mountain
Fumarole bi2g such little remaining
activity tiiat it can be considered
essentially extinct and has little to rio
significance at this time.

3. The extent to which the feature
remains in a natural, undisturbed
condition~-The feature is relatively
unmedified bui ia almost extinct.

4. Significance «f the feature te the
authorized purposes for which the unit
was created--Grand Teton National
Park was estal:lished by Congress in
1929 with the expressed purpose of
setting apari the lands within the

boundaries “2s & public park or pleasuss.

ground fo7 the benefit and enjoymient of
the peophe of ilie United States”. These
springs have nat baen the site of
recreation by the public and do not
exhibit any unique characteristics
related to the euilorized purposes for
which the unit was ¢reated. (16 U.S.C.
406d)

Feature: Jackssn Lake Warmsprings

Significanc2 Criteria: 1. Size and
Extent—Thic feature is a series of
springs alorng the northwest shorelme of
Jackson Lake.

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

2. Scientific and geologic
significance—This 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 eltered
and is often under water.

4. Significance of the feature to the
authorized purposes for which the unit
was created—These springs have not
been ueed nor are they currently being
used by the public and do mot exhibit
any uniqm characteristics relsted to the
purposes for wviiich the unit W) created.
(16 1J.8.C. 406d) ‘

Featura: Kelly Warmsprings

gnificance Criteria: 1. Size and
Extent=This feature is a large spring
lozated one mile north of Kelly,
Wryorsing. .

Umique"umec—vNone

. Scientific £nd geologis

slgmﬁcance-x Yu.lly Sprixigs has been
highly modified to incrrase its flow for-

irrigation and stock wateving. Ite curceny

flow is estimated betwean five and
seven million gallons pe: dey with
temperatures measused at 75
*Fahrenheit. Both temperature and
water chemistry date euggest this spring
may be associatzd with the samse
geologic structures ag Teion Villey
anch Wasmropeings and Abersrombie

- Warmsprings identified beiow. Thie

spring coniiging dense populationa of
native and exotic fish but hae noi been
identified as inving soient iy
geologic significancs to the region.

3. The extent to which the feature
remair:s in a natural, undisturbed
condition—This thermal feature has
been extensively modified for irrigation,
stock watering, end public zacreation. -

4, Sianificance of the featuse to the
aninorized purpeses for which the unit
wag creRiet=——"1hese springs have been
highly madified for recreation and fior
stic sovrces of water and wers not
25 rationale for establiching the
unit. These springs do noet exhibit eny
anigue cheracteristics related to the
purpnzes for which the unit was created.
(18 U.L.C. 408d)

Feature: Teton Vaﬂey 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—This feature is not used
for recreation and was not used as
rationale for the establishment of the
unit. These springs do not exhibit any
unique ciigracteristics related to the
purposes for which the unit was created.
(16 U.S.C. 4058d)

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
1840'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
remains in a natural, undisturbed
condition—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. {18 U.S.C. 4064d).
Dated: February 9. 1967.
Signed:

william P. Hom,

Assistant Secretary for Fish and Wildlife and
Parks.

{FR Dac. 87-3064 Filed 2-12-87; 8:45 am]
HILLING CODE €310-70-44
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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 analyses. 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. 1If 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
1380 mW/mz. 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 constltluents in Crater Lake water lndlcate 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.



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 ER

field measurements of the spring water pH were made with non- bleedlng,
low-ionic~-strength, pH-indicating dyes (E. M. Colorphast pH strips Xy, .
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
samples 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 uym 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 mL 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 spectrophotometrlcally 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 (0.05N). 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.

A Sulfate was determlned by a turbldlmetrlc proceaure usxng BaCl, to
precipitate BaSO,. The 1983 samples of lake water were determlned 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 HCO3 - CO4 eluent and conductivity detection (Dionex

* Brand names used are for information purposes only and do not constitute a

recommendation by the U.S. Geological Survey.

p. 2



model 16), and d) an automated AgNO3 titration (Brinkman, model 682).
Results of the various chloride analyses are reported in table 2.

Fluoride was determined by an Orion ionvspecific electrode; TISAB 1I 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).

Oxygen-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 1la. )

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 1a). 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 SiO, in the cold-spring waters (C. R. Bacon, oral
communication, 1987). ' :

In general, spring waters discharging above the surface elevation of
Crater Lake are remarkably 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 8D, the spring on Hamaker Creek (Spring 84-11 on Figure 1, with Cl = 4.2
mg/L, &D = -90 °/00) 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 8D - 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 1b) as an example, the concentrations of Si0;, 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 identical 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
$i0, values of Salinas and others (1984) for 1983 samples contained lower
8i0, 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 SiO,. The corrected values are
reported in table 1b; 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 Si0O, values are '

similar to those reported by Larson (1984) and the 1984 samples of the lake
water (table 1b).

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



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. : o

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, S04, HCO5, Ca,

Mg, Na, Li, and B concentrations (table la and 1b). 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 Si0, 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 Si0O; 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 1014. 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/L-<

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: 1ion
chromatography, an automated AgNO3 titration, and a manual Hg(NO3),
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 AgNO4 titration, a = .545. Using
the mean values, the Hg(NO4), titration has good overall precision, but
the worst intercept, a = 2.08. The method of choice seems to be the automated
AgNO3 titration because it is easy, rapid, and accurate. The Cl
concentrations reported in table 1b for Crater Lake water samples collected
since 1982 were determined using the automated AgNO5 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 AgNOg 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, 1977, 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 the 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. 1If 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 C1l/B ratioc for identifying thermal components in the lake waters.

The Cl/Li ratio appears to be more diagnostic. In cold-sbriﬁg waters the
Cl/Li ranges from 540 to 4600, and in Crater Lake the ratio ranges from 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
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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, S04 and HCO3, S04

- can arise from biogenic oxidation of sulfur and sulfides (Schoen, 1969; Schoen
and Rye, 1970; and Brock and Mosser, 1975), and atmospheric CO, can also
dissolve in the lake. - We do not have the requisite isotopic data to determine
the fraction of HCO45 and S0, 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 H,S 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 HS, which generates sulfuric acid, also would tend to make the lake
acidic. Thus, Nat 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 Si0O, discussed
earlier suggests transport of Si0Oy in water because little Si0O; 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, S04, and B.
Additionally, the 4D and 8180 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, 4&D and 6180 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 8D - 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 8i0,, Cl, Na, Li, SO4, and B do not vary
significantly as a function of depth. The 4D and 5180 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 l-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 1la 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, S04, and B concentpations. With the present data it is not possible to
assess a) the amount of, b) the temperature of, or ¢) the composition of this
inferred thermal water.
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Table la. Chemical Analyses of Springs in the Vicinity of Mount Mazama
Sample Cond. MWater T.
Numbers Name or Locality Date 1 pH Si0p  Ca Mq Na K Li HCO3 S04 c1 F B (uMHOS) c s180 sD
< in mg/L
1981 Samples
JCL-B81-1  Annie Spring 8 Aug 81 7.2 38 2.9 1.0 . 2.6 0.8 <0.01 15 4 0.4 0.17 0. 144 [ -13.89 -99.4
JCL-B81-2  Diamond Lake, S End 9 Aug 81 7.3 .3.6 1.7 1.0 3.2 0.8 <0.01 30 1 0.2 0.13 0.1 121 22.5 -10.85 -83.2
JCL-81-3  Boundary Springs 9aug8l 7.6 34 ° 4.3 2.4 3.3 5 <0.01 25 3 0.2 0.15 <0.1 120 5 -13.76  -98.1
JCL-81-4 Lightning Springs 9 Aug B1 7.1 26 1.7 25 L5 .8 <0.01 12 1 0.2 0.13 0.1 84 4 -14.23  -96.6
JCL-81-5  Lodgepole Picnic area 9 Aug Bl 7.2 36 1.9 .48 2.8 1.5 «<0.01 17 <0.5 0.3 0.14 <0.1 102 5 - -
JCL-81-6 Maklaks Spring 10 Aug 81 6.9 24 1.8 .41 1.8 .8 <0.01 12 1 0.2 0.14 <0.1 105 10.5 - -
JCL-81-7  Headwater of Lost Creek 10 Aug 81 7.2 32 1.8 .61 1.9 4 <0.01 22 1 0.3 0.15 <0.1] 109 7.5 - -
JCL-81-8  Vidae Falls 10 Aug 81 7.1 34 2.1 J0 2.0 .8 <0.01 16 <0.5 0.2 0.15 0.2 117 9 - -
JCL-81-9  Thousand Springs 11 Aug 81 7.3 34 4.8 2.5 2.5 1.1 «0.01 27 2 0.2 0.16 <0.1 129 5 -13.70 -99.2
JCL-81-10 Source of Wood River 11 Avg 81 7.3 40 5.6 2.7 6.1 1.0 .01 34 5 3.2 0.18 .2 132 9.5 -14.87 -107.6
JCL-81-11 Steel Bay, C.L. 13 Aug B8l 7.0 26 A 30 1.9 4 <«.01 14 2 0.3 0.18 <0.1 105 18 -13.75 -101.7
JCL-81-12 N. 'Pumice Castle’ C.L. 13 Aug 81 8.6 36 1.6 .83 2.5 .6 01 18 <0.5 0.3 0.24 <0.1 102 9 - --
JCL-81-13 S. 'Pumice Castle' C.L. 13 Aug 81 8.2 40 1.6 1.1 2.7 1.0 <0.01 27 1 0.4 0.19 <0.1 110 6.5 -15.45 -110.5
JCL-81-14 ‘Chaski Slide-E', C.L. 13 Aug 81 7.06 26 4.9 1.7 2.0 .9 <0.01 19 12 0.1 0.19 <0.1 125 12 - -
JCL-81-15 ‘'Chaski Slide-W',6 C.L. 13 Aug 8l 6.2 22 10.1 3.2 3.3 4 <«0.01 20 26 6.2 0.20 <0.1 145 9.5 -13.88 -105.2
JCL-81-16 ‘The Watchman Spring' 13 Aug 81 6.6 34 1.6 42 2.1 1.0 <0.01 16 <0.5 0.2 0.15 <0.1 110 5 . - -
JCL-81-17 Dutton Cliff " 13 Aug8 7.8 36 1.1 .92 4.2 6 <0.01 21 1 0.2 0.16 <0.1 115 14 - -
JCL-81-24 Spring near C. L. Lodge 17 Aug 81 6.3 30 2.0 .29 1.9 .7 «<0.,01 24 <0.5 0.3 0.17 0.2 107 6 -— -
1982 Samples
JCL-82-1 Cascade Spring .31 Aug 82 7.06 40.5 2.5 90 2.9 1.4 <0.01 37 <«0.2 0.2 0.03 0.4 — 3.5 -15.11 -108.4
JCL-82-2  Cattle Crossing Rest. "1 Sep 82 7.15 40.0 2.7 2.9 10.8 .7 <0.01 63 <0.2 0.2 0.13 1.1 - “COLD -14.04 -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 3 Aug 84 5.39 40.5 2.0 1.4 3.0 2.2 <0.01 30 <1 1.2 0.7 0.2 44 3 -13.9 -99.5
JCL-84-2  Tecumseh Spring 3 Aug 84 7.88 34.2 7.46 1.8 12.5 1.4 <0.01 58 3.4 4.9 0.17 0.2 95.5 11 -14.7 -106.8
JCL-84-3  Source of Crooked Crk 3 Aug 84 7.90 36.3 8.03 2.3 15.6 1.9 <0.01 53 6.2 8.4 0.16 0.4 126 11 -14,7 -108.0
JCL-84-4  Source of Wood River 3 Aug 84 6,74 45.8 2.09 2.4 6.6 1.9 <0.01 47 1.8 2.8 0.10 0.2 50 12 -15.1  -105.5
JCL-84-5 Reservation Spring 3 Aug 84 7.58 39.5 .15.7 1.9 10.8 2.1 .01 5 4.6 5.8 0.14 0.1 103 8 -14.6 -106.
JCL-84-6  Source of Spring Crk 3 Aug 84 7.51 40.8 3.22 1.8 8.5 1.3 <0.01 46 2.4 3.3 0.12 0.1 60 6 -14.3  -105
JCL-84-7  Annie Creek at boundary 3 Aug 84 N.R. 39.8 6.43 1.1 3. 41.6 <0.,01 32 1.8 0.5 <.l 0.2 50.3 10 -14.2 -98
JCL-84-8  Pothole Spring 4 Aug B4 6.68 42.7 2.68 0.90 2.9 1.7 <0.01 29 0.2 0.5 <. 0.1 30 3 -15.1  -110
JCL-84-9  Unnamed spring nr road . 4 Aug B4 6.79 45.4 2.99 1.3 3.6 2.1 <0.01 34 0.1 0.5 <.l 0.1 47 4 -15.2 -108
JCL-84-10 Unnamed spring, source 4 Aug 84 6.94 31.4 17.8 0.53 2.4 1.4 <0.01 21 0.4 0.5 <.l 0.2 29 6 -15.0 -103
of Crk 1/4 mi S of Scott Crk . . .
JCL-B4-11 Vnnamed spring on 4 Aug B4 N.R. 98.6 23.7 5.1 89 9.7 .03 417 0.8 4.2 0.12 0.2 320 10 -13.2 -90.
Hamaker Creek nr Soda spring : ’
JCL-84-12 Mare's Egg Spring 5 Aug 84 7,70 34.8 10.8 9.0 4.2 1.5 <0.01 56 0.3 0.5 0.05 0.2 17 4 -14.4  -101.
JCL-84-13 Four-mile Spring 5 Aug 84 7.96 31.7 6.01 2.4 - 4,415 <0.01 54 0.5 1.4 <.1 6.2 74 5 -14.1 -98.
JCL-B4-14 Ranger Spring 5 Ang 84 N.R, 38,9 14.2 1.0 3.0 2.0 <0.01 34 <0.1 0.9 <.l 0.2 47 2 -13.6 -95, -
JCL-B4-15 Cedar Springs 5 Aug 84 6.37 39.2 11.6 1.2 3.4 1.6 <0,01 44 <0.1 0.5 <.l <.l 60 7 -13.4 -l101.
JCL-B4-16 Geyser Spring 6 Aug 84 N.R. 30.7 7.52 2.7 3.3 1.2 <0.01 57 0.1 0.5 <.l 0.2 75 5 -12.9 -91
1985 Sample ‘
JCL—85—7 Soda Spq on Hamaker Cr 6 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
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Table 1b. Chemical Analyses of Crater Lake Waters

Specific
Sample . Cond. Water T.
Numbers Name or Locality Date f pH Si0p Ca Mg Na K Li HCO3 S04 ci F B (uMHOS) C s180 D
D in mg/L - —
1981 Samples
JCcL-81-18 E'Basin, surface, C.L. 14 Aug 81 6.0 18.2 6.4 2.8 9.1 1.2 0.04 30 10 9.6 0.19 0.2 155 18 -9.40 -79.4
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 3n 8 9.6 0.22 0.3 154 - -9.59 -79.6
JCL-81-20 SW Basin, 448 m, C.L. 14 AugBl 86 178 7.8 2.8 9.5 1.1 0.04 ° 34 8 9.9 0.20 0.3 156 - -9.55 -78.2
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 7 9.6 0.21 0.2 157 - -9.53  -79.9
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 8 9.4 0.21 0.2 140 - -9.67 -79.9
JCL-81-23 SW Basin, 468 m, C.L. 16 Aug 81 7.0 19.6 7.6 2.8 9.9 .1.7 0.04 33 5 9.4 0.22 0.2 155 - -9.49 _79.6
1983 Samples

JCL-83-2  SM Basin, surface - 8 Aug 83 7.24 20.5 6.48 2.4 9.4 l.6 0.03 39 10 10.0 0.11 0.4 - 14.5 - 9.84 -78.4
JCL-83-3  SW Basin, 50 m 8 Aug 83 7.77 18.8 6.72 2.4 9.2 1.6 (.03 42 10 10.1 0.10 0.4 - 11 -9.68 -79.1
JCL-83-4  SW Basin, 100 m 8 Aug 83 7.73 21.5 7.08 2.3 9.3 1.6 0.03 45 10 10.1 0.11 0.5 - 9 ~9.74 -79.3
JCL-83-5  SW Basin, 150 m 8 Aug 83 7.65 19.1 6.75 2.3 9.2 1.6 0.03 42 10 10.1 0.12 0.4 - 10 -9.62 -78.9
JCL-B3-6  SW Basin, 200 m 8 Aug 83 7.60 19.8 7.15 2.6 9.2 1.6 0.03 45 10 9.8 0.12 0.4 - 10 -9.86 -78.7
JCL-83-7  SW Basin, 250 m 8 Aug 83 7.57 24.4? 9.45 2.6 9.2 1.5 0.03 45 10 10.1 0.12 0.6 - 7 -9.67 -77.3
JCL-83-8  SW Basin, 300 m B'Aug 83 7.66 20.0 7.52 2.6 9.0 1.6 0.03 31 10 9.8 0.11 0.6 - 7 -9.76 -78.6
JCL-83-15 € Basin, surface 8 Aug 83 7.55 19.3 5.49 3.7 9.3 1.7 0.08 47 10 10.4 0.10 0.6 - 16 -9.74 -78.2
JCL-83-11 E Basin, 50 m 8 Aug 83 7.82 17.8 5.58 3.7 9.3 1.8 0.03 37 10 10.3 0.12 0.4 - 9 -9.69 -78.3
JCL-83-12 E Basin, 100 m 8 Aug 83 7.77 18.5 5.98 3.7 9.2 1.7 0.03 32 10 10.1 0.11 0.4 -- 8 -9.65 -78.3
JCL-83-9 E Basin, 150 m 8 Aug 83 7.64 18.3 6.99 2.6 9.2 1.8 0.03 39 10 9.9 0.12 0.5 - 8 -9.71 -71.6
JCL-83-10 E Basin, 200 m 8 Aug 83 7.82 179 7.09 2.5 9.1 1.6 0.04 47 10 10.2 0.11 0.5 - 8 -9.76 -78.0
JCL-83-13 E Basin, 250 m 8 Aug 83 7.68 18.5 5.91 3.8 9.3 1.7 0.03 39 10 10.2 0.12 0.4 - 8 -9.73  -77.9
JCL-83-14 E Basin, 300 m 8 Aug 83 7.57 20.3 6.40 3.8 9.3 1.6 0.04 42 10 10.0 0.11 0.3 -- 8 -9.73  -77.9

' 1984 Samples '
JCL-84-17 SW Basin, surface 7 Aug 84 7.12 18.8 5.77 2.3 10.4. 1.7 0.05 - 41 8 10.0 0.1 0.4 - - -9.6 ;79.
JCL-84-22 SW Basin, SO m 7 Aug 84 N.R. 19.6 6.49 2.4 10.2 1.5 0.05 38 8 10.0 0.1 0.5 - - -9.8 -79.
JCL-84-21 SW Basin, 200 m 7 Aug 84 7,01 18.5 6.57 2.2 10.9 1.7 '0.05 a1 8 9.8 0.1 0.4 -- - -9.8.  -79.
JCL-84-20 SW Basin, 300 m 7 Aug 84 6.66 18.9 5.49 2.2 10.2 1.5 0.05 42 8 10.0 0.1 0.5 -- - -9,7 -79.
JCL.-84-19 SW Basin, 400 m 7 Aug 84 6.65 19.2 10.1 2.4 10.4 1.7 0.05 42 8 10.1 0.1 0.6 -- - -10.0 ~80.
JCL-84-18 SW Basin, 500 m 7 Aug B4 6,72 19,7 13.8 2.6 10.6 1.8 0.05 42 8. 10.6 0.1 0.5 -- -- -9.8 -79.




- Table 2. Chloride Analyses of Crater Lake Waters
: {(Conc. in mg/L)
Sample Date of
Numbers Name or Locality Collection cl cl cl Ccl
‘ AgNO4 Hg(NO3), I.C.  Fe(scN)2*
Analysis - Analysis Analysis Analysis
date date date date
1981 Samples
29 Mar 87 - - 25 Aug 81
JCL-81-18 E Basin, surface,C.L. 14 Aug 81 - - - 9.6
JCL-81-19 E Basin, 579 m, C.L. 14 Aug 81 10.6 - - 9.6
JCL-81-20 SW Basin, 448 m, C.L. 14 Aug 81 11.4 - — 9.9
JCL-81-21 SW Basin, 489 m, C.L. 15 Aug 81 10.8 - - 9.6
© JCL-81-22 SW Basin, 448 m, C.L. 16 Aug 81 11.0 —- - 9.4
JCL-81-23  SW Basin, 468 m, C.L. 16 Aug 81 10.2 _— — 9.4
1983 Samples
29 Mar 87 20 Jul 87 10 Aug 83
"JCL-83-2 SW Basin, surface ° 8 Aug 83 9.9 ‘9.2 8.6 -
JCL-83-3 SW Basin, 50 m 8 Aug 83 10.1 9.5 8.4 —
JCL-83-4 SW Basin, 100 m 8 Aug 83 10.1 9.2 8.9 -
JCL-83-5 SW Basin, 150 m 8 Aug 83 10.1 9.9 9.2 -
JCL-83-6 SW Basin, 200 m 8 Aug 83 9.8 9.6 8.9 -
JCL-83-7 SW Basin, 250 m 8 Aug 83 10.1 9.2 8.8 -
JCL~-83-8 SW Basin, 300 m 8 Aug 83 9.8 - 9.2 ——
JCL-83-15 E Basin, surface 8 Aug 83 - 10.4 9.9 9.7 -
JCL-83-11 E Basin, 50 m 8 Aug 83 10.3 9.6 9.4 —
JCL-83-12 E Basin, 100 m 8 Aug 83  10.1 9.2 9.4 -
JCL-83-9 E Basin, 150 m "8 Aug 83 9.9 9.6 9.1 --
JCL~83-10 E Basin, 200 m 8 Aug 83 10.2 9.6 9.0 -
JCL-~-83-13 E Basin, 250 m 8 Aug 83 10.2 9.2 9.4 -
JCL~83-14 E Basin, 300 m 8 Aug 83 10.0 9.9 9.7 -
1984 Samples - :
: 29 Mar 87 26 Feb 87 —- Jan 85
JCL~84-17 SW Basin, surface 7 Aug 84 10.0 8.7 - 7.1
JCL~-84-22 SW Basin, 50 m 7 Aug 84 10.0 9.4 - 1.2
JCL~84-21 SW Basin, 200 m 7 Aug 84 9.8 9.7 - 6.9
JCL~84-20  SW Basin, 300 m 7 Aug 84 10.0 10.0 -- 7.1
JCL-84-19  SW Basin, 400 m 7 Aug 84 10.1 9.7 —- 7.2
JCL-84-18 SW Basin, 500 m 7 Aug 84 10.6 9.7 - 7.3




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

Concentration in mg/L .
5 ‘ 10 15 B 20

Hg(NO3), visual titration (concentrations)

11.8 15.6 20.1

aliquot A 6.4
aliquot B 7.1 10.8 15.9 21.0
aliquot C - 6.4 11.3 16.1 : 20.1
mean 6.6 11.3 15.9 20.4 -
RSD (percent) 6.0% 4.6% 1.6%: 2.0%
relative error 33% 13% 6% 2%

AgNO4 automatic potentiometeric titration (concentrations)

aliquot A 5.50 9.96 15.12 19.41

" aliquot B 5.44 9.83 14.85 : 20.02
aliquot C 5.16 10.15 15.12 19.43
mean 5.37 9.98 15.03 19.62

RSD (percent) 3.3% 1.6% 1.0% 1.8%
relative error 8% 0.2% 0.2% 1.9%

Ion Chromatograph (peak heights)

aliquot A 0.53 . 1.17 1.68 2.04
aliquot B 0.48 , 1.18 2.09 2.25
aliquot C . 0.51 1.15 - 1.70 , 2.34
mean 0.51 1.17 ) 1.82 2.21
s dev ’ .025 . .015 .231 .154
RSD (percent) 5.0 1.3 13. 7.0




V‘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. 8. Hot Springs

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

Cold Spring Waters

Mare's Egg Spring 0.18 0.0016

5 1.1 6.1 690
Fourmile Spring 12 0.9 .10 .0006 9.0 560
Tecumseh Spring 9.5 4.4 .21 .0029 21. 1500
Crooked Creek 10 11.1 .34 .0044 33 4600
Wood River 7 8.4 .37 .0130 23 650
Reservation Spring 8 6.4 .37 .0079 17 810
Castle Craig Spring 3 0.8 .14 .0008 6 1000
Annie Spring 2.5 . 1.2 .04 .0022 30 550.°
Crater Lake Waters
Crater Lake, E Basin, surface - 9.5 .46 041 - 21 230
100 m - 10.0 .49 .042 20 230
200 m - 11.4 .46 - .041 25 280
300 m - 9.9 .58  .043 17 230
400 m - 10.0 .54 .043 18 230
500 m - 9.7 .51 .043 19 230
590 m - 10.3 .45 . 043 23 240
Crater Lake, SW Basin, surface - 9.5 .42 .037 - 23 260
100 m - 9.8 .42 .043 23 230
200 m - 9.8 .42 .043 23 - 230
300 m - 9.9 .59 - .045 17 220
400 m = -~ 11.1 .36 .040 31 280
500 m - 11.6 .53 .046 22 260
Typical Thermal Waters
Growler Hot Spring, Lassen N.F! a5 2430 71 7.7 . 34 320
Loowit Hot Springs, Mt St Helens? - 84 395 2.0 .97 197 410
Geyser Spring, Seigler Hot Spg? 43 294 15 1.6 20 180
Long Valley, unnamed?® 60 250 13 2.5 19 100
Ear Spring, YellowstoneS 93 414 4.2 5.1 99 81
Gamma Hot Springs, Mt Baker® 65 755 9.0 2.8 84 270
Ohanapecosh Hot Spring, Mt Rain® 48 880 12 2.9 73 300
Baker Hot Springs, Mt Baker® - 44 110 2.7 .36 41 310
1Thompson, 1985 “Mariner and Willey, 1976
2unpublished, data of Thompson . SThompson and Yadav, 1979

3Thompson, Goff and Donnelly-Nolan, 1981 ®Mariner, Presser and Evans, 1982
' p. 16
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Figure 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 Lzke are last two digits of sample
number series JCL 8l-. : :
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Figure 2. Chloride concentrations (mg/L) in spring waters from the
Crater Lake area. : :
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Figure 3. Values for deuterium versus oxygen 18 isotopes for Crater Lake
(average of 1983 values) and Diamond Lake and nearby cold springs.
Springs above the elevation of the surface of Crater Lake shown as
triangles; springs below the surface elevation shown as squares. Crater
Spring shown by filled square. Meteoric water line is & = 8 18 +
12 9/o0, which has a slightly different intercept than the meteoric
water line of Craig (1961). The evaporation trend line has a slope of 5,
which is similar to results for other lakes (Craig, 1961).
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Figure 4. Deuterium versus chloride concentration for Crater Lake (average of
1983 values) and nearby cold springs. Springs above the elevation of the
surface of Crater Lake shown as triangles; springs below the surface
elevation shown as squares. Crater Spring shown by filled square. Lines
shown are for mixing Crater Lake water with the available range of
deuterium isotopes in cold-spring waters.
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Figure 5. TIsotope 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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ated for the purposes of acquisition as
rized in section fa/. .
In addition to the'sums made atv

subsection (d)(1), there is au

unde
to be a

tton.

fes The }?{:etaw of the
transfer administrative Ju_
Iy 1 gere. known as the
the Secretary of the Pepartment in which
¥ ~operaling., who shall
zary\gf the Interor, sub-
]?ct to such reseptations.“terms, and condi-
necessary )‘or Coast Guard
inistralive }unsdzctmn over
roperty, consistini of approri-

rorkshop, storage, and seasonal hous:
i i ni tion
protection of the Fort Sumter National
onument.

[Sec. 115, (1) The primary term of any geo-
thermul lease in effect as of July 27, 1984,
issued pursuanl to the Geothermal Act of
1970 (Public Law 91-581, 84 Stat. 1566, 30
U.S.C. 1001-10235) is hereby extended to De-
cember 31. 1988, if the Secretary of the Inte-
rior finds that—

fa/ a bona fide sale of the geothennal re-
source. from a well capable of production,
far delivery to or utilization by a facility or
facilities, has not been completed (1) due ta
administrative delays by government enti-
ties, beyond the control of the lessee, or (2)
such sale would be uneconomic;

(b) substantial investment in the develop-
ment of or for the benefit of the lease has
been made; and

lc) the lease would otherwise expire prior
to December 31, 1988,

12;fa) The Secretary of the Inlerior fhere-
inafter in this section rcferred 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;

Ycllowstone National Park;

Bering Land Bridge National Preserve;

Gates of the Arctic National Park and Pre-
serve;

Yukon-Charley Rivers National Preserve;

Katmai National Park: )

Aniakchak National Monument and Pre-
serve!

Wrangell-St. Elias National Park and Pre-
serve;

' Glacier Bay National Park and Preserve;

Denali National Park and Preserve;

Lake Clark Nationat Park and Preserve;

Hot Springs National Park;

Sequoia National Park;

Hawaii Volcanoes National Park:

Lake Mead National Recrealion Area;

Big Bend National Parks

Olympic National Park;

Grand Teton National Park;

John D. Rockefeller. Jr. Memorial Puark-
way,

Haleakala National Park; and

Crater Lake National Patk.

The Secretary shall include with such list
the basis for his determination with respect
to each thermal feature on the list. Based on
public comment on such list, the Secretary is
authorized to make additions to or deletions
Sfrom the list. Not.later than the 60th day
from the date on which 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

CONGRESSIONAL RECORD — HOUSE

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 Sécretary shall consider
the following crileria’in determinming the sig-

- nificance of thermal features:

(1) size. extent, and uniqueness,

(2) scientific and geologic significance:!

{3) the extent to which such features
remain in a natural, undisturbed condition.
and

(4/) 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 (Public Law 91-581, 84 Stat 1566),

as amended. until such time as the Secrétary

has transmitted the list to the Committees of
Congress as provided tn this section.

(b The Secretary shall maintain @ moni-.

toring program for those significant thermal
Sfeatures listed pursuant to subsection ta) of
this section.

fc) Upon receipt of an application for a
geathermal lease the Secretary shall deter-
mine on the basis of scientisic evidence if
erploration, development, or utilization of
the lands subject to the geothermal lease ap-
plication is reasonably likely to result in a
significant adverse effect on a significant
thermal feature listed pursuant to subsec-
tion ra) of this section. Such determination
shall be subject to notice and public com-
ment. If the Secretary determines on the
basis of scientific evidence that the erplora-
tion, development, or utilization of the land

subject to the geothermal lease application

is reasonably likely to result in a significant

adverse effect on a significant thermal fea- '

ture listed pursuant to subsection (a/ 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
i3 reasonably likely to result, based on the
Secretary’s determinalion, in a significant
adverse effect on a significant thermal fea-
ture listed pursuant to subsection (a’ of this
section.

(d) With respect to all geothermal leases
issued after the date of enactment of this
section the Secretary shall include stipula-
tiong in leases necessary to protect signifi-

- cant thermal features listed pursuant to sub-

section fa) of Lhis section where a determi-

" nation is made based on scientific evidence

that the erploration, development, or utili-
zation of the lands subject to the lease is rea-
sonably likely to adversely affect such signi/f-

" icant features. Such stipulations shall in-

clude, but are not limited to:

(1) requiring the lessee to reinject geother-
mal fluids into the rock formations from
which they originate:

r2) requiring the lessee to report annually
to the Secretary on its activities;

13) requiring the lessee to continuously
monitor geothermal production ‘and injec-
tion wells; and

(4) requiring the lessee to suspend activity,
temporarily or permanently, on the lease if
the Secretary defermines that ongoing explo-
ration, development, or utilization activi-
ties are having a significant adverse effect
on significant thermal features listed pursu-
ant to subsection ra’ of this section until
such time as the significant adverse effect is
eliminated.

fe} The Secrelary of Agriculture shall con-
sider the effects on significant thermal fea-
tures of those units of the National Park

49—6’?/ 70/30/8¢,

October 15, 1985

System identified in subsection fa) of this
section in determining whether to consent
to lrasing under the Geothermal Steam Act
of 1970. as amcended. on natiencl forest nr

“ather [ands ad:minisiored by-the Department

of dgriculture available Jor leasing wndor
the Geothermal Steam Act of (9 . as
amended, including public, withdrawn, and
acguired lands.

171 Nothing contained in this sc.’icn shall
arrect the ban on leasing under the Geother
mal Steam Act of 1970. as amended. «with re.

spect to the Island Park Known Geothermal
Resources Area, as provided sor in Public
Luw 98-173 /98 Stat. 1837/ and Public Law
99-190 (99 Stat. 1267).

tg) Ercept as provided hercin, nothing
contained in this section shall affect or
modify the authorities or responsibilities of
the Secretary under the Geothermal Steam
Act of 1370, as amended, or any other provi-
sion of law.

th) The provisions of this section shall
remain in effect until Congress determines
otherwise.

'Lal{z{AQS-BZSI is amended by inserting the fol-

‘women, and child

Sec. 116. ra) Section 1102(a) of the Nation-
al Parks and Recreation Act of 1978 1 Publig

lowing after the second sentence: "In addi-
tion, the Secretary may acquire by anyfof
the ‘foregoing methods not lo erceed flen
acred\ outside the boundaries of the natipnal
nver or an admmzstratwe headqug ters

with the prov
proved by the
S. Rpt. 99-421).

12) The organi

Rf 4378, as ap-
ember 10, 1988

sistance during ¢
and to honor thd

slavery or filed g emzons with courts and
legisiatures seekifg their flgedom. Such me-
morial shall befestablished in accordance
with the provifions of HR. 4378 as ap-
proved by the House of Rep esentatwea on
September 29, f986. :
(2) The Blagk Revolutionary\War Patriots
Foundation fshall establish the memorial
with non-Federal funds.
Sec. 119.f The Secretary of the Interior
shall desigfiate the visitor center\to be asso-

Vt.ntor
ship and

visipns of the Land and Water Conservation
Fufid Act of 1965, Public Law 88-578,\as
arpended, or other law, Land and Waler
Chnservation Fund assisted land in Berke-
1Py, Illinois, assisted under project No. 1
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DEPARTMENT OF THE INTERIOR
. Natlonal Park Service o

Significant Thermal 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
for1987, 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 list: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
Congress in April 1987; No geothermal

‘leases may be igsued by the Secretary of -

_the Interior until the final listis .-

. 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 geothermal resources
surrounding the listéd features are
“likely to result in significant adverse
effects” on the listed features. -

The NPS welcomes a thorough revxew_
of the proposed listed features and the
information serving as the bases for

. determining listed features as -
significant. 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 aecompanied-by background

- information on the thermal feature

discussed and a supporting ratmnale for '

the recommended action:

. After transmitting the final list of
sngmflcant 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 tesponse ta
. this Notice will also be available for

- Crater Lake National Park, Oregon. '

public review according to the * - -
specifications of'the Final Notice.’
DATES: Nominations, recommendatrons,
and supporiing comiments mustbe . |
received on or before March 18, 1987, to’

- be asgured of receiving considération. -

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 § 115 of the General

Provisions for the Act,; directsthe = -

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;

B Lassen Volcanic National Park

California; o

Yellowstone National Park, Wyommg.
Moritana, and Idaho;

Bering Land Bridge Natlonal Preserve. -
Alaska; ‘

Gates of the ‘Arctic National Park and s
" Preserve, Alaska;

Yukon-Charley Rivers Nahonal

- Preserve,-Alaska;

- Katmai National Park, Alaska;

Aniakchak National Monument and
Presefve, Alaska;®

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

Glacier Bay Nahonal 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, California;- . - ~

Hawaii Volcanoes Natlonal Park
Hawalii;

‘Lake Mead’ Netlonal Recreatlon Area,-

Arizona and Nevada; - o
Big Bend National Park, Texas;-* > .~
Olympic National Park, Washington; -
Grand Teton National Park, Wyoming;
JohnD. Rockefeller, r. Memarial

Parkway, Wyoming; . s
Haleakala National Park, Hawaii; and,

- :Congress (e.g., Lake Mead Natlonal
-Recreation-Area):

- The NPS has been designated by the L
Department as the lead agency for
preparation and publication-of the list of
significant thermal features. In  making.

"“an overall determination of significance,
.the Act specifically requires four criteria.

to be applied to 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 as "significant” under each
crlterlon :

(1) Size, extent, and umqueness——NPS .
establishes neither lower nor upper .+ .. -
limits on the size or extent of a feature.

- Each feature is.identified accordingto
its existing surface dimensions.
However, for a feature to be consxdered
significant under criterion-#1,itis . -

" idertified ds unique to_the unit, the -
Region, the Nation, or, in some cases, -

the World.. ..
(2) Scientific and geologlc

) ,slgmﬁcance—-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 Reglon, or

-. -the Nation.

(3) The extent to which such features

'remam 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 16 .
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 . Lo

- gignificant. N

Thus, NPS has listed thermal features Lo~
that were the basis for establishing the
unit in the first instance (e.g.,

- Yellowstone National Park]) and thermal -
» features that now significantly. - S
. contribute to the statutory purposes for

which-the afea-was set aside by

In most every case, each feature hsted
as significant-within this Notice héds met -

“all of the significance criteria,

unequivocably. However, there area - -

-few features proposed for listing where
-one or more of the significance criteria

are met margmally 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 mformatlon :

that can assist in the final
determinations for these features.
All thermal features injtially - -

.. determined to be or proposed as - :-
o sxgmflcant 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 must transmit to Congress a
final list together with copiés.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,

.The. Act dlrects that the Secretary of

rthe 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 w1thm Ainits.

of the National Park System is ..,
transmitted to Congress. . ,
Paragraph 2(b) of the Act dlrects the

"Secretary of the Interior to establish and
* maintain a monitoring program for each
‘of the significant thermal featires .

included on the final list transmxtted to

‘Congress. The existirig data,
.characterizing each listed thermal

feature and any data collected asa.
result of the monitoring program will

'serve as baseline data upon which the
potential effécts of future geothermal

leasing and development on the hsted
features will be assessed.
The Act requires that, "Upon recelpt

* of an application for a geothermal lease
the Secretary shall deterniine ont the'

basis of scientific evidence'if -
exploration, development, or utilization -

_of the lands subject to the geothermal

lease apphcatlon is reasonably likely to.
result in a significant adverse effect on a
significant thermal feature listed.” All -
such determiriations “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 consider -
'the effects on the listed thermal features

.~activities are having a: srgmflcant
“adverse effect-on significant thermal® - ™
features” listéd, among other things, _all :
activity on the lease'must'be suspended; _
. *temporarily or permanently" until the -
: sxgmﬁcant adverse effect is eliminated.

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 géothermal 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'resultin a significant adverse effect - -
on a listed thermal feature” [emphasxs =
- added). In addition, the areas within
such proposed lease appphcatrons that "
are likely to result in significant adverse -
_impacts to listed features must be -
- withdrawn from leasing under the

Geothermal Steam Act. -

Future proposals to explore for,
develop, produce, or use geothermal
resour(:es 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 in¢liude stipulations in -

- . leases necessary to protect slgmflcant
. recommendations for deletion from, or --
nominations for adding thermal features .
" to the proposed list be supported by a.

. rationale and specific information that

" ,f,-addresses each of the above sxgmﬁcance :

_-criteria. .

thermal features:”If, in these areas, the-

. Secretary later. “determmes that ongoing

exploration, development; or utrhzatlon

"As prevxously mentioned, the Act -

. specrf;cally 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 thermal -
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

Agrxculture must be made available for

‘public review and comment on a case-
. by—case basis. In response to this .-

reqmrement 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 piblic 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

“Stearn Act without i imposing the case- -

by-case public revrew provmons of the

: Act

“The States contammg the spemfled

. 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

" proximiity 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 bé evaluated under the” v
_ provisions of the Geothermal Steam Act

as well as under the explicit pubhc

review requirements of the Act: Alaska,* '
* : Arizona, Arkansas, California, Hawaii,: ‘

‘Idaho, Montana, Nevada, Oregon;
Texas, Utah, Washmgton, and

Wyommg o
The provisions of the Act are designed
to protect significant thermal features;
within units of the National Park System- . .
from the potential adverse effects of - '

'explorahon. development or, utlhzahon
. of geothermal resources and will remain
_in effect until Congress specrflcally
' .dxrects otherwise. Therefore, it is.

1mportant that the following proposed
list be given- the benefit of a thorough

‘review so that.information to - )
“supplement, refine, or further dehneate .
. _significant features presented in. this. -y v u e,
- Natice can be added to the data that s -
a transmrtted to Congress

Summary Analysrs of Thermal Features soli
; .»Tm Units. of the Nahonal Park System

" The twenty—two (22] units of the:
Natlonal Park System specified by
Congress in the Act are locdted within < -

five (5) NPS Reglons The followmg

table-summarizes the information *

.collected by the'NPS'on thermal‘features
. w1thm each of the speclﬁed park umts

SUMMARY TABLE
: NPSR o N"'"be' . ldermhed“y
. fon; pa unts “features quali
ee%alua?ed : '?;;:’tfs " as scgmacant
. fied under the Act

Pacific Northwest Region:’ ’

%, Mount Rginier National-Park |.* * “1 | Yes.'
(Washington). Lo L R
Crater Lake National Perk .1 Yes. . .
(Oregon).’ : o

7 Olympic . : National Park . 2 1=Yes/t=No.
(Washmgton) L ) . . .

* Rocky Mountain Region: )
* VYellowstone National' ‘Park TV |'Yesr
(Wyoming, Idaho, and o
Montana). * . 3
Grand -Teton. Natlonal Park | - 5 ['No.

(Wyomm : B
John D. F\ockatetler . Me- . 1 | No.
. morial Parkway (Wyoming). -

Alaska’ Region: .

Bering Land Bridge, Nattonal . 1] Yes.
Preserve. . ' o
Gates of the-Arctic, Nationat - - .- 1| Yes. : -

. -Park and Preserve. I A
.+ Yukon-Charley 'Rivers, Na-‘ None | Not Applicable,
" tional Preserve.. R P
Katmal Natlonal ParK...covcerrrrasn] T 14 Yes.
Anigkchak ~‘National Monu-{. -.".1|Yes.
- - . ment and Preserve. DR
- Wrangell-St.’ Elias, Natlonal .. 2|Yes. -
" Paik and Proserve. i : H
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Maps showing the locatlon 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 Dmsion.
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 89503 s
Southwest Regional Office, National Park
Service, Public Affairs Office, 1100-0ld
-Santa Fe Trail, Santa Fe New Mexico
87504-0728

Western Regional Office, National Park
Service, (Attn: Ray Murray), 450 Golden

. Gate Avenue, San Francisco, Cahforma
94102.

The NPS:proposes to list 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 cntena
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 notlisted either

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, fumaroles. and steammg

- ground.

Volcanic thermal actmty 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, steam, mud, and

. gases are heated by the molten rock’

below the earth’s surface and then

_ gjected 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
. act1v1ty :

The followmg features are proposéd
as “significant” thermal features to be
forwarded to Congress in April 1987.

SummaRY TaBLE—Continued because no thermal features are Mount Rainier National Park-
identified or because those features o -
- NPSRegion: m'ums Number - 'eal‘gg:sm'egw identified do not meet the significance Featurg. Mount Rainier
’ eg/a!uap:d - | featutes } g sgnifcant ~ Criteria of the Act. Thé subsection Significance criteria: 1. Size—
fied | UnderteAct - ‘eptitled “Specified Units Within the Approximately 176,000 acres. .
T - . _ National Park System With No Extent—Mountain area of volcanic
Glacier By \atonal Park | None | NotAppicable. Gjgnificant Thermal Features” explains  origin.
Denali National Park and | None | Not Applicable.  the rationale for each of the six (6) units Umqueness——Mount Ralmer is the
La';fs"é"a‘; ‘National Park| 2 ves. of the National Park System that are not  largest Northern American -
and Preserve. - proposed for inclusion on the list of stratovolcano south of Alaska that
Southwest Region: : significant thermal features to be - containg an active thermal system and
- Hot § National Park v . ; ;
(M::s'ﬁ; ? - o transmltted to Congress. is the largest and highest (14,410')
Big Bend Nationat -Park .31 Yes 3 .
" sTex:‘sy - ] ' Proposed List of Significant Thermal vo;ca;;(;ﬁ t?ﬁi g:(sicga;ioel:gail:ge. . N
estern Region: | . . :
Lassen (Z:':r‘m National | 1| Yes. g;::::nes In Units of the Nanonal Park significance—This feature is an ideal .
Sequoia National Park (Cal- | - 2] Yes. example of a large stratovolcano and
i forma)vm Nationdl 10| ves The thermal features identified in this - the thermal features at the summit and
o (Ha,,f;f,'m : Notice are named from terms describing  the upper slopes above 10,000 feet
Haleakala ~National Park | .. 1| Yes. - the surface manifestations of subsurface  provide excellent study opportunities. J
L ational Recréa- | 3 | Yes. thermal activity. Heat within the earth is Mount Rainier is part of whatis
tion Area (Arizona' and . manifested at the earth’s surface as a commonly referred to as the Pacific Rim
Nevada). . result of different types of thermal 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 feature_
Temains in a natural, undisturbed

" ‘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
_-guthorized 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. (18 U.S.C. 91)

Crater Lake National Park
Feature: Crater Lake '

Significance Criteria; 1. Slze—48 e
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
mgmficance—Studles 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 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 quahly (16
U.S.C.121)

Olympic National Park

" Feature: Sol Duc Hot Springs

NPS determines that this feature is

. marginally significant, mainly because
_of the lack of scientific interest or

significance to the unit 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 unit
was created. 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 Duc Springs are a series
of seeps occurring next to the Soleduck
River.

Unlqueness—’l‘he'spnngs 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 ofa
thermal system within the confines of
the Olympic Mountains.

2. Scientific and geologic
significance—Sol Duc 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
commercial development which is now

a major concession offering all the
facilities of a spa. The development of
Sol Duc 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 1938, 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 Duc Hot
Springs-existed as a commercial resort
at the time the unit was considered for
establishment by Congress. The resort

has since been developed extensivelyto

accommodate increased visitor use as a
spa. The NPS recognizes the

recreational significance of this feature

and its thermal flow remains mgmﬁcant
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 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 sprmgs 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, Shashone

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 spnngs 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) Quadrangles.
Uniqueness—The Yellowstone
thermal system is the world's greatest
hydrothermal system and geyser area
and is recognized as arn outstanding -

‘ natural feature of the world..

2. Scientific and geologic ]
significance—Yellowstone containg
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’
wag 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. (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 w1thm the

‘unit.

Umquen_ess—These springs are the
warmest springs in the region and is the
only indicator of thermal act1v1ty in the
Preserve.

2. Scientific and geologlc
significance—As the warmest sprmgs in
the region, Serpentine Hot Springs are
the only indicator of thermal act1v1ty 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 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 volcanic lava
flows, ash explosions, coastal

formations and other geologic processes.

Also, the recreational significance of the
Serpentme Hot Springs was recognized
_in the enabling leglslatlon (16 US.C.
*"410hh)

Gates of the Arctw Natzona] Park and
" Preserve

Feature: Reed River Hot Springs

Slgmflcance 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 Sprmgs
- 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
sxgmfxcance—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 Ecologlcal
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 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 sxmple 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-1)

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- fllled 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

7

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 “maintain 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. 410)

‘ Wrangell-St. Elias National Park and

Preserve

Feature: Mineral Sprmgs (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 geologlc
significance—The unique thermal
activity associated with these springs
provides opportunities for smentlﬁc
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 thé unit
was created—ANILCA identifies the
general purpose for which 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 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 186,390 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. o

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 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 whnch the feature
remains in a natural, undisturbed
condition—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

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)

Lake Clark National Park and Preserve .

Feature: Redoubt Volcano

Significance Criteria: 1. Size_—f38.000
acres.
Extent—The small vents in the cone

v of Redoubt Volcano.

Uniqueness—Redoubt Volcanoe 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 Volcana is an

excellent example of a classic

stratovolcano which exhibits areas of
steam venting and sulfur vents. The
féature is marked by erosion from
glacierg and other processes exposing
cross-sections of the volcano. Exposures
illustrate the relationships of various
lava flows and pyroclastic rocks of -
which the stratovolcano is composed. -
- 8. 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 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

Slgmﬁcance Cmtena 1. Size—33 900
acres.

Extent—Thermal activity consists of
two small sulphur vents located at about
8,000 feet near the summit on the eastern
face of the volcano.

Uniqueness—Iliamna Volcanoisa
broad cone-shaped active volcano
deeply dissected by erosional processes.

2. Scientific and geologic
significance—The composition and
appearance of the Iliamna Volcano

- offers opportumtles to study xts 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 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 US.C.
410hh) -

Hot Springs National Park

‘Feature: Hot Springs

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

Extent—These springs are compnsed
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 i3 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
corndition—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—Bxg Bend National Park

was establlshed 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 4 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 éndangered
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 sprmg along the
Rio Grande River.

Uniqueness—The spring has a flow of |

approx1mately 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. Scientific and geologlc

significance—Spring No. 4 aloné 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 featuré to the
authorlzed 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 spr_mg supphes 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, ngmflcance 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.5.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 for each feature listed and
have been found to be applicable to

every feature w1thm the Lassen thermal

system.
Feature Lassen thermal System . -

Slgmfxcance Criteria: 1. Size—10 to 70
square kilometers.
. Extent—Bumpass Hell, Little Hot
Springs Valley, Sulphur Warks, 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 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 Western

United States (the Geysersin = .
California). -

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’ Volcamc National
Park was established in 1916 asa
“public park and pleasuring ground for
the bénefit of the people of the United
States" and to be managed “for the
preservation from injury or spoilation 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 outstandmg example of
Cascade volcanism and the thermal
system and its surface manifestations
are a significant part of the continuing
volcanic activity in the area. (16 U.S.C.
201)

Sequoza Nauonal Park

Both of the identified thermal features.
within Sequoia National Park are
determined as marginally sxgmflcant.
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 rémain in a natural condition. One
spring is located in a heavily used area
and the other in a lightly 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 in 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: Kern Hot Springs

Significance Criteria: 1. Size and
Extent—Kern Hot Sprmgs is an

.extremely small spring approxunately 2

meters in diameter. )
Umqueness—l(em 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

‘remains in a natural, undisturbed -

condition—Kern Hot Springs is in a

- - heavily used area of the backcountry,
. and the spring itself appears to be ina

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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boundarles of the park require the

curiosities and wonders of the park to .

* be retained in théir natural condition.

Although the scientific.and geologlc .

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 représenting active -

su})surface thermal actrvrty (16 US.C.

41

Feature: Wlutney Warm Sprmgs ’
Slgmflcance Criteria: 1. Size and

Extent—'I‘lus 8spring is approxrmately 10 :

--meters in diameter.
Umqueness—Whltney Warm Sprmgs
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 & biotic community
dependent on the thermal :
. characteristics of the feature that are -
different from other-park waters:
-2. Scientific and geologic ~ -~
significance~Unknown. - -
3. The extent.to which the. feature
remains in a natural, undisturbed
. condmon—-Whltney 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
authonzed 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 ...
¢ . condltlon—The feature is in'a natural

_und1sturbed condmon

to preserve "from injury of all .

. natural-curiosities or wonders wrthr_n'

said park”. Also, subsequent-Acts of -
Congress: that-expand the boundaries of -
the park require the curiositiesor - -
wonders of the-park to-be retained in
their natural condition. Even though the -
scientific-and geologlc significance of .
this thermal feature is unknown, :
Whltney Warm Springs is considered a
natural cunosxty of the unit as it is- the
only spring in the park with -
temperatures-in the mid-80° Fahrenheit -
range that could support biotic .
‘communities. Until more information is -
available on:the srgmflcance of this -

". feature, it is proposed for listing as a"

significant thermal feature within
Sequoia National Park. (16 U.S.C. 41)

-Hawaii Volcanoes Nat10na] Park -

The NPS proposes to’ lrst the followmg
ten (10) thermal features as'significant -
within the Hawaii Volcanoes National
Park. Slgmfrcance criteria #4 requires.
analysis of the significance of the
feature_to the authorized purposes for -
which the unit was created Hawaii .
Volcanoes Natjonal Park was

* established as part of Hawaii National °

Park in 1916 and later redes1gnated'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 ag =~ ,'

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 regron. NPS'

has determined that each feature is a

natural wonder of the unit. Many of the -

identified features are narmed-as.

-. features for which the unit was oreated

and as such are significant thermal

 features for this unit (16 U.S.C. '391).
" Criteria #4 ig fully met'and is applicable " -
“to-each listed feature within the park

Feature: Kilatiea Caldera and
Halemaumau . -

" Significance Criteria: 1. ‘Size and.

-Extent—3 square miles (3 mrles long by

1 mile wide).
Umqueness——l(rlauea Caldera and

Halemaumau is the world's most actrve '

volcano.

2. Scientific.and geologic. :
significance—As the world’s most active
volcano, this feature offers extensive
opportunrtes 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

Feature Cham of Craters b

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

Unigiieness—This chain of craters 1s a

very active thermal-zone.
‘2. Scientific and geologlc i

_significance—This feature is an active

intrusive zone with many collapse’
caldera features or pit craters and .

AAsteammg ground. .

3. ‘The extent to which the feature
remams in a natural, undisturbed"

.condition—The feature is in a natural,~ - -
-undisturbed condition.

Feature: East Rift Zone
Slgmflcance Criteria: 1. S1ze and

- Extent—Approximately 20 square mrles

(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 geologlc -
s1gmfrcance—Thrs feature is the world'
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—Approxrmately 10 square miles

-(20 miles long by ¥2 mile wide).

Umqueness—~Ma]or fault area of
Kilauea is‘an artifact and indicator. of o
active thermal activity. N

'2. Scientific and geologrc

v srgmflcance——Thls feature is the ma]or
- fault structural feature of Kilauea, which
.- is an indicator of active thermal activity -
" and offers opportunities for sc1ent1f1c -
"and geologic investigation. o

3. The extent to ‘which the feature

" remains in a natural, undisturbed

condition—The feature is in a natural

’ undlsturbed condition.

g Feature Thurston Lava: Tube

Slgmﬁcance Criteria: 1. Size and -

- - Extent—% mile long by 100 yards w1de

’ Umqueness-—-Volcamc lava tube
which-is an-easily accessible artrfact of

- volcanic activity. -

2.’ Scientific and geologrc
srgmflcance—Thrs 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
S developed visitor trail; however, these -
" ... trails have not altered-the integrity of

the:active thermal activity which- -

- .characterizes the unit and the region. .

‘Feature: Steamrng Bluff and Sulphur

Banks ,

" Significance Cnterla 1. Size and
Extent—Approximately 2 square mrles .
{two miles long by one mile wide).",

Umqueness—-Actlve steammg o
fumaroles

2. Scientific.and geologrc

-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 Krlauea 'Iki Crater
Slgmfrcance Crrterra 1, Size. and.

Extent—1- mile long by % ‘mile wrde
Umqueness—Cnolmg lava pond. .-

- 4767
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~2./Scieritific and-gedlogic - -
‘significance—THis feature’is thesite.of -
currentilava:pondicoeling rate studies.
3. Therextentitowlhich-the feature
remainsiin a natural ~undlstui'bed

undisturbed condmon
Feature: Pun:Do

:Significance’Critefia:1.:8ize.and
' Extent—2:sguareimiles (Zmlles longtby
1 milewide).
Uniqueness—Continuously-active
"volcanic vent.

2. Scientific- andlgeologxc .
significance—This areasisiunder study
for:activity of ‘a continuously.active
volcanic vent.and.its ‘resultant«magmatlc
activity.

" 3.'The extent.to which the feature
remains:in:a.natural, undisturbed -
condition—The feature’is.in a natural,
undisturbed. condition.

Feature: Mauna Ulu

SignificanceCriteria:1.:Size.and
Extent—4 square miles {two-miles long
by two miles widé).'Unigueness—-
Continuously active volcariic vent. -

.2..Scientific'and geologic . -
significance—Major-active volcaric
feature formed recently 'in‘the 1970's.

3. The extentto which‘thefeature

-remdins‘in ‘a-natural, undisturbed
condition—Thefedture is in‘anatural,
undisturbed condition.

Feature:iMokuaweoweoCaldera |

SignificanceCriteria: 1.'Size-and
Extent—4- square‘mllesf(4imlles*long by
1 mile wide).

Umqueness~Thlsffeatureus'the ‘major
caldera ¢f'Mauno Loa.

2.'Sciertific:and geoloegic
significance—Thisfeatureiathe 491te wof
significant caldera studies.

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

Haleakala Natlona].ParI«:
- Feature:Haleakala'Crater

Significance Crltena 1. Size—17,130 -
acres.
Extent—HaleakalaCrater and

. adjacent-outer-slopes-around ‘the summit-

. of the crater. -
Uniqueness—Haleakala‘Crateriis-
between 5000 and 6,000 feet:deep and'is
part of the'Hawaiian“*hotspot”."The
summit:of‘the crater-and-a‘great'many
siteswithin are‘consideredito be‘sacred
by Native Hawaiians-and-contdins
many sites of archeological value,
including royal burial sites:
: 2. Scientific'and-geclogic .
- significance——The 'entire'Haleakala
Crater{2%: mllesiby”7 Y2 miiles)is‘one -

. large thermalfeature-contsining'many’

smaller‘thermal features. The-crater-is-a
huge erosignal scar‘carved-out‘of the
heart«ofthevdlcano'by water-which has

‘beensubsequentlyrefilled by half'with
- new'lavaflows and‘tepped-offswith

numérous'multi-colored:cinder:cones.
The crater-and-its:adjacent-areas‘have
been‘the site-of*volcanic:and geologic
studies. _ A

3. The:extent'to-which ‘the feature

_remadins‘in-a naturdl, wundisturbed

condition—The featureis‘in-anatural -
condition except for-very few:roads,
trails, -and‘buildings provided-to serve
the-public, These developments’have not
altered the initegrity of the'them}al
fedture.

4, Sigriificance ofithe Teature to the
authorized purposes for-which the usit

‘was created—The legidlative history

supporting the: Act of August 10, 1916,
which createdithe:Haleakala National . -

Park as an isolated extensioniof Hawaii

Volcanoes.National Park, emphasizes
that the craters within the.propesed
boundaries are among the most
remarkable of.natural wonders .and
among thelargest and.most.spectacular
in fhe world. Scientificdlly and
popularly, these volcanoes.area
national ratherithan alocal asset and

Congress recognized that legislation was

necessary to protect these and.other

~ cufiosities that were being damaged 4t

the time the’legislation was'béing
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 havetheir:sourceiin+a four-

_ mile stretch ofitheriver.

.Exterit—Three-of the five-springsflow

. from theiNevadarside, ‘the othertwo
- springs flowfrom‘the Arizona:side+of
_ the river.

Urniqueness—The temperatures-of the
springs‘have'beenrecorded as'high-as
124°Fahrenheit."Two of the fivethot
springs - discharge a‘volume-of water

- sufficient to maintain+a flow.onithe

surface for approximately % 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 forthe: endangered Dev1ls‘Hole
Pupfish. :

2. Scientific'andgeologic
sigriificance—The ‘waters.from-one of
the springs‘serve-as‘habitat for-an
endangered flsh'spemes ‘Much ofithe
geology ‘in‘this:area‘is volcanic’in ‘origin
from‘the'bottom of :side ‘canyans to‘the
Colorado River. Also,'Black’ Canyon ‘has
been‘identified by’ the NPS-inits
General'Management'Plan for‘the-unit
as an outstanding natural feature for its
geologlc beauty and the exxstencemftthe
unique hot springs.

3. The extent to which the feature
remadins 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 thefeature 1o the
authorized purposes.for which:the unit .
was.created—Lake Mead National -
Recreation.Area was.established forithe
primary purpese-of preserving.and -
enhancing publicirecreation
opportunities within theunit. These
springs ‘arewsed:extensively by hikers
and:boaters-onaregular-basis-for
recreational -and therapeuticpurposes.
Poolsiare created:by stackingrocks:and
sand:allowing-visitors todmmerse

themselves;in theipoels.Publicwisitsito .

the Black CanyonMHotsprings:are
estimated at 7,000 annually. Also,
protection:ofiendangered:species:is
consisternit withithe authorized :purposes
for which the unit was established.:(16
U.8:C.-460n) '
‘Thesremainingitworof the three

_identified featureswiithin:L:ake'Mead

National Recredtion /Area:are:connected
to the'same regional flow:system, but
otherwise ‘their:geologic:sigrificance :are
not known:at thisitime. In:spiteof‘their
unknown gedlogic:sigrificance, the INPS
proposes!to listithe'BluePoint'Spring
and the'Rogers!Spring-asssignificant
thermal featurestbecauseof:theirvalue
to'thepubliciforirecreational'purposes.
The'primarypurpese of LakeMead
National Recreation /Areafisito:provide
for:and-enhance public:recreational
opportumtles'wnhmtltstboundames As
" these: sprmgs are*used extensively by
the public'as*‘spas":and‘as the valuewf
theirwuseiis :dependerit-on the‘thermal

."qualities+ofithessprings, ithesefeatures

are proposed as significantithermal
features within Lake:Mead.National
Recreation Area.

Feature:iBluePoint.Spring

. Significance‘Criteria:"1.‘Size—

Approximately’0:3'mile'long.
Extent-—Small-spring‘located in‘the

Nevada’portion of ‘the NRA ‘at the

‘junction-of‘twe faults near stsxsmppmn

limestone.
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. approximately 400 gallons per minute’
. with temperatures at the spring source

" limestone at an elevation of 1580 feet
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Umqueness—The discharge rate is

measuring around 85° Fahrenheit. The
presence of these warm springs are
indicators of a subsurface thermal
regime.

2. Scientific and Geologlc
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

. availability 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 natural, undisturbed -
condition—The channels have been
altered for commermal and recreational

" uses.

4. Slgmficance 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 recreatlon. 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, 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

' extensgively by the public, with recorded
_.-visits to Blue Point Spring and Rogers
“Spring (listed below) estimated at 5,000 -

anrnually. As this feature:is 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 Spriu‘g :
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

and is in the same general vmmty 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 significance 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. Picknicking

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
the unit. (16 U.S.C. 460n)

Specified Units Within the National Park
System With No Slgmficant 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 Rwers Natzona]
Preserve;

Glacier Bay Nat10na[ 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 Bouider
Creek. -

Umqueness—Olymplc Hot Sprmgs 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
around these springs no longer exist.
None of the seeps exist in a natural
state. -

4. ngmflcance 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. Memonal

Parkway
Feature: Huekleberry Hotsprings

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

Umqueness—Thls feature is not
unique and is in fact relatively
commonplace for the area.

- 2. Scientific and geologic :
Slgmflcance—The combined flow of this

" feature is estimated at 350,000 gallons -

per day with temperatures over 100
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. °Fahreriheit. The watersﬁﬁ:omithese
springs:are slightlyradieactive andhave
not beenidentified:as having:amy
scientific orgeologic:significance.

3. The extent towhich the feature

. o/ B . -

remains in a natural, undisturbed
condition—Thesesprings:have been
highly altered:and were.developed into
a public swimming:poal facility in the
early 1960:s. The facility wasabandoned
in 1984. Extensive.rehabilitation.is
planned for the areato restore.it to.more
natural.conditions..However, alterations
to'the thermal feature:may .notbe
reparable.

4. Significance.of the feature to zthe

" - authorized purposes for which the unit

was.created—This:identified feature
was not.used.as.rationale for the
establishment of the unit.and.is:not
recognized.as.a significant.thermal

- feature within fhe unit.

Grand Teton National'Park
‘Feature:.Steamboat.Mountain . Fumarole

Significance:Criteria:1.‘Size:and

Exterit—Thisfumardle’is a:small
* thermal vernit'near thesummit-of
Steaniboat'Nountain.

"Yriiqueness—This featureis.not .
unique'because the activity-of'the
fumarole‘has been:decliningformany
'years."Thermal characteristics-are
perceptablecenlyin winter'months.

2. Scientific and‘Geologic
Significance—The Steamboat Mouritdin -
Fumarole has such.itfle remaining
activity‘that'it can'be considered
essentially extinct:and ‘has littletono
significance 4t 'this'time. )

3. The extent to .which the feature
remains in.a natural, undistarbed
condition—The feature’is-relatively -
unmodified but is.dlmost-exfinct.

4. Significance.of the feature to the
authorized .purposes.for which the unit
was created—Grand TetonNational
Parkwas-established .by'Congress in
1929 with.the expressed purpose of
setting apart the.lands within the

_ boundaries “‘as a public park:or;pleasure
ground for the benefit and enjoyment of-
the peoplesofithe United States”. These
springs have not been the site of
recreation by the;public:and.domat
exhibit any unique characteristics
relatedito the-authortized purposesfor
whichithe iunitvwas created. (16U S‘C
~ 406d)

Feature: ;IaCkson;Lake Warmsprings
Significance:Criteria: 1. Sizeand
Extent—This fedturefis a-serieswof
springs alongithe'notthwestshoreline-of
JacksonLake. .

- ~ Uniqueness—Used Atolbescompletely

inundated by Jackson Lake:and:not -
congidered-unique.
2.'Scientific:and-geologic
srgmflcance—'l‘hls feature used to‘be
completely submerged by ‘the
enlargemenit of Jackson Lake/in 1910, but
are now above water due‘toithe .
temporary restriction-of the lake level.
This areahas.not been‘identified as.an
area of scientific or.geologic.interest;
however, therelis very. little information
available onithese:springs.
3."The.extent to -which the feature

_remainsdin.amatural, undisturbed

condition—This feature has.been altered
and iswften under water. .

4. Sigriificance of the feature itothe
authorized purpeses for which the unit
was-created—These springs have not
been used'nerare ithey-curreritly‘being

o use(‘i'-by‘fhe‘pub'lic‘and-ao;ndt'eaéhi'lfiit

any'unique-characteristics relatedto:the
purposes forwhich the-unit was created.

. (18 U.5.C.406d)

Feature: Kelly Warmsprmgs

Sigrificance Criteria: 1.:Size-and
Extent—THis featureis alarge spmng
located one mile north.of Kelly,
Wyoming.

Unigueness—None.

2. Scientific:and:geologic
significance—Kelly:Springsthasibeen
highlyimedified toiincrease its\flowifor.
irrigationtand stock watering. Its.currerit-
flow:isestimated between five and
sevenimillion:gallons perday with
temperatures measured &t 75
‘Eahrenheit. Both temperature-and:

- water-chemistry.datasuggest thisspring

may be associated with'the same
geologic.structures.as Teton Valley
Ranch Warmsprings.and.Abercrombie
Warmsprings identified below. This
spring contains .dense populations of
native-and-exotic’fish but‘has'not'been
identified :as’having scientific or
geologic significance 'to ‘the region.

3. The extent to which the feature
remains.in a natural, undisturbed
condition—This thermal feature:has

been extensively modified for.irrigation, -

stock watering,-and publicirecreation.
4. :Significance of the feature to ithe

- authorized purpesesfor-whichthewnit

was created—These springsthavebeen
highly modified for recreation:and for
domestic:sourcesofwadter:and were.not
used as rationale forwestablishingtthe
unit. These springssdonot exhibit-any
unique ‘characteristics rélated to'the
purposes for which ithe unit'was:created.
(18 I!S4C.-406d)

Feature: Teton V. alleyJRanch
Warmsprings

Significance ‘Criteria:1.'Size and
Extent—This fedtureis a group of small’
springs located north-of the Gros ‘Ventre
River, which'is east of Kelly, Wyomniing.

Uniqueness—Relatively small and
commonplace.

:2.'Scientific and geologxc ‘
significance—These springs create a
marshy area onthe floodplain:which is
heavily‘grazed by livestock. No flow or
water quality data are available from
these springs. These springs havenot
been‘identified as having-any scientific
or,geologic sigrificance.

-3."The extent’to which the feature
remains’in ‘a‘natural, undisturbed
condition—This feature may:have been

modified by past’irrigation development.

‘3.'Significance of the feature 'to’the
authorized purposes for which ‘the unit
was created—This feature is not used
for.recreation and was not used.as

“rationdle for the establishmenit of the

unit.’These springs-do net exhibit any
unique characteristics related to the

‘purposes for-which the unit was created.

(18 U'S.C. 406d)
Feature: Abercrombie W.armsprings

Significance ‘Criteria: 1.'Size and
Extenit—This feature‘is a relatively
small.gpring located.near the south
boundary of the unit.

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

2. Scxentlfxc.and,geologlc
sigriificance—THis feature-was
developed as a swimmiing pool.inthe
1940’s and 'has since‘been.removed. The

" gpring'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,geologlc
significance ‘to'the region.

3."The extent to-which ‘the feature
remdins‘in a natural, undisturbed
condition—The area‘hasbeenhighly
modified with former development and
subsequent partial.réhabilitation.

4. 'Significance of the feature 1o the
authorized purposes for-which the unit
was created—This fedture.is not-used
for publicirecreation and'was not.used
as rationale for the establishment of the
unit. {18 US(C. 406d). -

Dated: February 9, 1987.

. Signed: .

William P. Horn, ~

. Assistant'Secretary Jor'Fishand Wildlifeand

quks.
[FR'Doc."87-3064 Eiled 2-12-87;8:45 'ami)]
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United States Department of the Interior

GEOLOGICAL SURVEY

Branch of Igneous and Geothermal Processes
345 Middlefield Road, Menlo Park, California 94025

05 March 1987

MEMORANDUM

To: Partitipants in the Geothermal Resources Council Meeting on
Crater Lake

From: Manuel Nathenson W W

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. 1In
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 ggcg = O starting in 1912)
as shown in the top figure on the last page.
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Taken from paper submltted for the 1987 GRC Annual Meeting, Sparks NV October
11-14, 1987.. _

An Analysis of the Hydrologic Effects
of Proposed Test Drilling in the Winema
National Forest Near Crater Lake, Oregon

Edward A. Sammel* and Sally Benson**

*Consulting Hydrologist
456 Benvenue Avenue
Los Altos, California 94022

- **Earth Sciences Division
Lawrence Berkeley Laboratory
University of California

‘Berkeley, California 94720

Abstlja.ct

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 dnllmg mud would migrate away from the borehole if drilling pro-
ceeded without drilling ﬂuld 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 drllhng without returns will not pollute

Crater Lake, nor will it affect the hydrologxc regime in the immediate vicinity of the
Crater Lake Caldera. :



CONCLUSIONS

1. _"Two ‘major driving forces are able toestablish 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'opera.te 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 potentih.l differences (hydraulic head differences)
between tl;e 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 nAoti 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 preseﬁce 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. ‘



The fundamental nature of the flow Sys m appearé 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 proposeéd drilling
areas. Nevertheless, the analysis of impacts from the inj'ection 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.

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 to Crater Lake or in any way affect the hydrologlc system in the
immediate v1cm1ty of the Crater Lake caldera.
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Attorneys for Appellants

In Re Appeal of
.Sierra Club, Inc., et al. IBLA No. 87-735

APPELLANTS’ STATEMENT OF
REASONS '

Sierra Club,Inc. (Sierra Club), Oregon Na;gpal Resources
Council (ONRC), and National Parks and Conservation Association
(NPCA) (collectively, "appellants") submit this Statement of
Reasonsrin support of their appeal of the decision dated July 1,
1987 to permit continued temperature graaient drilling in the
Winema National Forest by California Energy Corporation, Inc.
(CEC) without addressing potential impaéts of the drilling
project -- and proposed modifications to the project -- in an
Environmental Iﬁpact Statément (EIS); By their decision, the
responsible federal agencies (the Bureau of Land Management and
the Férest Service) (collectively, BLM) approved CEC’s
mod;fication of its drilling regimen to permit drilling without
circulation, and to a‘depth increased from 4,000 to 5,500 feet,
Ag explained below, the central issue raised by this abpeal is

the continued complete ‘failure of the responsible federal

APPELLANTS’ STATEMENT OF REASONS : 1



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
.ofganized in 1892 under the laws of tﬁe,state of California, with
its principal place of business in San Francisco, Califérnia'and
other offices located throughout the nation.. The Sierra Club is
a national conservatién organization with over 390,000 members.
The stated corporate purposes of the Sierfa Club include:.
ces 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.

Mémbers of the Sierra Club live, work and recreate throughout the
United States, including in Oreéon. Club members visit aﬁd use
for a variety of purposes the pﬁblic lands of the Winema National
Forést and Crater Lake National Park. The Sierra Club and its
members have a direct and profound interest in the proper
management of the public 1lands in the United States, in
protecting the natural resources of those lands, and in ensuring
that applicable environmental 1laws afe enforced and 'obeyed. by
public agencies. |
Orégon Natural ﬁesources Council (ONRC) is a nonprofit
association of more than 90 local and statewide conservation,
sportsmen, educatiohal; business and outdoor recreationai

organizations, as well as over 2,500 individual members. ONRC

coordinates public involvement in Oregon’s. natural resource

APPELLANTS’ STATEMENT OF REASONS 2



managemqu issges at the administrative, legal aﬁd legislative
levéls. The Council provides_information'and assistance to its
members and other citizens concérned ébout the use of Oregdn's
lands, waters and natural resources.

The:Nationai Parks and Conserﬁation Association (NPCA) is aﬁ
in&ependent conservation group established in 1919. NPCA is
dedicated to the protection and preservation of the country’s
magnificent national parks. NPCA has appfoximatély 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'participafes in public decisionmaking with
implications for public lands, including by public education and
testimony before legislatiVe pbodies. As just one example, NPCA
has testified before Congress recentlyvconcerning the Geothermal‘
Steam Act Amendments, H.R. 2794, specifically addréssing the
potential impacts of geothermal development on national parks,
including Crater Lake National Park. |
II.. FACTUAL SUMMARY

CEC currently holds geothermal leases on approximatély
76,515 acres.of federal land in the Winema National Forest. 1In
’ 1984, CEC_appiied to the'Oregon State Office of the Bureau of
Land Managemeht (which administers the subsurface resources
related to geothe:mal_leases) for permission to drill up to 24
temperature gradient ~holes on the leases. = BLM prebared an

Environmental Assessment (EA) on the proposed drilling, 'and
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ultimately appréved a Finding of No Significaﬁt 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 BLﬁ’s failure to disclose and
analyze potential risks that inhere'in geothermal drilling in é

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 erfors in
understanding poténtial'adverse impacts -- even if the

risks of such uninfended conéequences 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.

fhe unigue  ecological character of Crater Lake and the

hydrothermal systems that surround it are well recognized,1 but

the National Park Service recently summarized 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
renown [sic] as a scientific field research laboratory for
oceanographic, 1limnological and most "recently geothermal

&

processes." Hrcry b e

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
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."

APPELLANTS’ STATEMENT CF REASONS 4



' podrly'ugderstood. Crater Lake National Park was established in
1902 as "an area ... set apart forever as a publicv.park or
pleasure ground for the benefit of .the people of the United -
States." Iﬁv1974, 122,600,acrés of the park were recomméhded for
official"wilderness designation. In 1979 Cfater Lake was
recommended és a scientific benchmark for limnologiqal research.
In 1982, Crater Lake National Park was identified as a potential
Ihternationai_Biosphere Reserve. ' In September bf 1982, PL 97-250

instructed the Secretary of Interi?r to "... immediately

implement such actions as méy be necessary to assure the
retention of the.Iake's pristine water qualitf." As Orégon's
only national park and the deétination of.over 506,000 national
and international visitors annualiy,the significance of Crater

Lake National Park on a world scale cannot be overstated and

Qﬁ 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
A treasure, that if -there is any risk to the hydrothermai system
(N>)L/ - that supports it all such risks should_at a minimumﬁbe fully and
,rpxépw carefully analyzed and explored before a decisibn to proceed with
the projeét is made. BLM’s vicé' in this case is its
ééknowledgement that éuch risks-exiét;.buﬁ its complete failure

even to attempt to delineate their natﬁre 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; thé .1984 EA failed entirely to address the
 potentially catastrophic effects of an uncontrolled blowout from
one or-more of the proposed drillihg. Indeed, BLM specifically
took the position fhat coﬁsideration 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 hoie between aquifefé with different
‘ pres$ure heads, and the possibility Qf subsurfacev inﬁerzonél
migration of fluids that could affect aquifers and nearby lakes
and streams. Howevef, tﬁe ﬁbnitoring plan approved .for‘ the
drilling specifically required ménitoring of mud pit levels (uéed
for circulation‘in the drilling), and provided that if drilling
pfoblems such as lost circulation were encountered, the lessee
will be required to seal the zone of fluid inflbw or fluia loss.
o Third, in‘l984 the Nationél Park Sérvice expfessed concern
vabout potential impacts on Crater Lake, pointing out that tﬁe
temperature gradient holes drilied to 4600 feet would be 2,000 to
4,000 feet below the lake bottom,'and expressing fear'thafvthe_
drillingvofgthese holes could affect the geothermal‘ihpﬁt to the
1ake and fherefore the 1imnologicél processeS‘-of the 1lake.
(éommehts on Environmental Assessment, cémment.l.) In allaying
this concern, BLMVpointed out that thé minimum depth to the top
of the gepthermal’aquifer underlying Crater Lake was likely 5,000

to 6,500 feet below the bottom of the 1lake: "This places the

bottom of the wells at least 1,000 feet above the top of the
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geothermqj aquifer." (Response to Comments;-Appenaix C at 1.)
| 2. The 1987 Project Modification.
vIn 1987, CEC requested t&o majer modifications to the
'parameters of its‘driliing. First, CEC requested permission to
drill‘to a maximum depth of 5,500efeet. Second, CEC reéuested
permission to drill even where the‘drillinglloses circulation.
The decision to modify the project and to continue the
exploratory drilling was highly controversiai( énd for good
reason. Oregon.newspapers ran several editorials, all of which
opposed. continued drilling because of fears regerding'possible
impacts on Craﬁer Lake. The EA failed entirely even to meption
this controversy. (Copies of a number of these editorials are
attached as Exhibit A.) |
| Comments on the 1987 draft EA raised questidns concerning
the impects 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 Sierfa Club commented that
"A loss of circulation eould increase the risk of
blowout. Would this lead to fluid interchange betweéen
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 qfvsubsurface fiuids»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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wiﬁhout qirculation.

The seriousness of this concern is .demonstrated by the’
comﬁent‘of John K. Dean, attached hereto as Exhibit B. Mr. Dean
was a petroleum engineer for 15 years,‘ and was "either
responsiblelfor or participated in the decisionmaking process on,
literally, hundreds of wells".  He states ‘flatly that BLM’s
decision to allow wells to be drilled with total or even part1a1
lost circulation "seems very strange and also very risky.... The
fluids that circulate are very important in. preventing blowouts
and in allowing the drillhpipe to [be] moved up and down the
hole."? | | | o

' Nor‘can BLM properly contend that risks of unintended but
dncontrolled consequences of the drilling do'net exist or are
minimal. BILM - itself acknowledges that blowouts and interzonal

ﬁigrations of fluids are '"possible,", but minimizes the

likelihood of their occurrence. In addition, BIM artificially

2 fThe importance of maintaining circulation rests on a
variety of reasons. First, mud returns remove cuttings from the
drill hole, thus allowing drllllng to proceed

Second, ana1y51s of returns tells the geologlst where he is,
what formation he’s drilling through. This is 1mportant from a
drllllng engineering and geologist’s viewpoint. The various
casing strings must be below problem formations, so the driller
needs good drllllng cuttlng analysis to keep track of formatlons
that have been passed .

Most 1mportant1y, 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 0il

(Feb. 1979) at 69-70; A. Woodyard, "Determining Blowout Risks for
Producing Wells”, World 0il (April 1981) at 87-90; S. Sherwood,
Business Insurance (February 22, 1982), at 3 et seq.
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vk

reduces t§¢ range of poséible consequences by assﬁming that any
blowout .or interiopal contamination would Ee quickly controlled.
But blowouts at thelGeyser fields in:Northern California have
been blowing out - uncontrolled -- for  two decades. BLM
p;ovides no reasonable assurances.that'teﬁperatureAgradient wells
cannot blow out; indeed,>to thé cdntrary, BIM states that there
are "no guarantees“:that such events wiil 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'enviéion. First, a blowout of any

substantial duration would create substantial 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 ,thel pdssibility that pressure
feduétion in the hydrothermal system that feeds Crater lLake is
entirely possible: |

Given 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 ILake would be’
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_affected.
(sée Exhibit C at 5.)

| Finally, several comments,'including those of the National
Park Service, ihdicated that lake contamination is a distinct
\J P possibility. While the BLM haS~pro§ided a‘computeriéimulation
‘fﬁfy \§\~ indicating the likelihood of such contamination is extremely low,
§§J$<\ Of)the fact remains that, as BLM admits, the natures of thg geo- and
v d’ hydrothermal systems' underlying Crater VLake. and the Winema
Uiilb National Forest remains largely ﬁnknown, and‘it cannot be said

vi§9 | with certainty that contamination could not oécur.

Finally, concerns about possible impacts on Crater léke’s_
hyd;othermal syétem are - heightened by the confirmation this
summer -- aftér.preparation of the EA and BIM’s adoption of the
FONSI -- that hydrothermalAvents exist in the lake bottom. BLM,
howe&er, has never addressedvthis significant new information,
nor indicated how, if at all,lit might affect its analysis of the
hazards posed by the,pfoposed drilling activity;

Any of the potential consequence of CEC’s temperature

ﬁgradient drilling would ob§iously represent’ an ecologica:l
:;&ﬁ‘ .disaster of immense nmgniﬁude; - Yet BLM has neither provided 
'\3;y) assurances that they cannot occur, nbr provided a basis for
reasoned decisiohmaking that takes theArisks of -such disasters.

into account.
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111, VIOLATIONS OF OBLIGATIONS IMPOSED BY LAW

A}' National Environmental Policy Act

1. Failure to Analyze Risks |

BLM ie required\te comply,with the National EnVirqnmental
Policy Act (NEPA), 42 U.S.C. § 4332(2)(C) in approving geothermal
.1ease activities such as the one at issue in this case. See,
e.g., Idaho Natural Resources Legal Foundatien,‘Inc., 96 IBLA1l9,
23 (1987). Unless a project'is categorically‘eﬁempt, Vhich 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
llssues, as»opposed to setting forth bald conc1u51ons, identifyb
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 1;5,Q141 (1985) ;. .Sierra
é;gp, 57 IBLA 79,,85 (1981). If‘a salient aspect of a program or
project has not been assessed, and that aspect is ‘withini the

Board’s jurisdiction, it may not be implemented until an adequate

analysis of all relevant factors has been'prepared. SOCATS (On
.- Recbnsideratien)-‘ 72 IBIA 9. (1983) |

In this case, BILM has candldly admltted that 1t did not even
attempt to analyze the risks associated with elther a blowout or
the potentlal for water flow1ng within a hole between aqulfers
with different pressure.heads. In its briefing paper on the 1984
EA, BLM stated: |

Two drilling uncertalntles are associated w1th any
drilling alternative: the potential for water flowing -
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within a hole between aquifers with different pressuré
. " 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
OCCUT ...

With respect to the uncertainty of a blowout, the EA
did not discuss in detail the risks associated with
such an event. A Dblowout 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 (Metrcopolitan 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 genefélly require federal agencies to'analyze in an
EIS all '"reasonably foreseeable" significant impaéts, 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,
Epecifically érovides 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 1is relevant to

APPELLANTS’ STATEMENT OF REASONS 12



evaluating the reasonably foreseeable significant

Tadverse impacts on the human environment, and (4) the
agency’s evaluation of such impacts based wupon:
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 BIM’s position. Indeed, in Metropolitan'Edisbn Co. v.
People Against Nuclear Enerqy, 75 L.Ed.2d 534 (i983), the Supreme-
Court merely held that thejpsychological'harﬁ of an accident need
not be considered an environmental effect under NEPA unless
connected to an impact on fhe éhysical eﬁvironment. Invconfrast
to BIM’s erroneous characterization of the éase, ‘the Supfeme
‘Court indicated that environmental risks are énvironmental
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).3

3. see also, Save Our Ten Acres v. Kreger, 472 F.2d 463, 467
(5th cir. 1973), in which the court stated:

[Wlhere 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

APPELLANTS’ STATEMENT OF REASONS 13



2. Failure to Addréss Public Contfoversy

In defining "significantly" for ‘purposes of determining’
whether potential environmental.ihpactg warrant pfeparation of an
EIS, CEQ has.provided that federal agencies must éonSide: "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»dver any
potential impact on. Crater Lake is highly controversial. This
controveréy Qarfénts‘preparatioh of an EIS. |

3. Failure to Address Site Specific Cbhcefns.

It is well-established that NEPA requires a hard look at the
site-specific impacts of proposed fedefal actions. In this case,
some of  the pfoposed drill sites are located right next to the-
ﬁational Park boundaries, wﬁilé others are located farther away.
Yef BIM 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. 1In
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
arquably- will have an adverse environmental impact.")

APPELLANTS'_STATEMENTAOF REASONS - 14



‘discussion for all 24 potential drill sites. Because BLM has not

D

Y

0

indidated which sites will receive the remaining two-drill holes,
it is impossible to determine pofentinl impacts. These includé
(for example), down ‘valley groundwater contamination. In
gddition, while the EAs assert the dfilling sites are all-"pre-
disturbed", the truth is that any prior disturbance rests
entirely on the surface.' - Yet the drilling will be Ain
previously) undisturbed subsurface areas. |
4. Failure to address new information.

CEQ regulations require that new information‘be addressed in

supplemental EISs. Although there has been significanf new

information concerning the existence of significant thermal

features in Crater Lake, BIM 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 Congreés 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 pufsuant to the Geothermal Steam Act of 1970

(Public Law 91-581, 84 Stat. 1566) ‘... until such time as the

‘Secretary has transmitted the list to the Committees of Congress

In addition, Public Law 97-250, September 1982, directs the

Secretary of the Interior "... to immediately implement such

APPELLANTS’. STATEMENT OF REASONS . 15



actions as may be necegsarv to assure the retentioﬁ of the lake’s
natural pristine'waterbqualityﬂ"

Oon June .30, 1987, SecretaronfAfhe Interior anald Hodel
transmitted a report to Congress_annoﬁncing the'iifting of the
general moratorium on new geothermal leases imposed by Public Law
99-591. However, with respect to potential geothermal features
‘of Crater Lake,vthe Secretary resérved possible ihclusion on ;he
list until further studies are completed in_thé Fall 1987. The
Secretary stated flatly: | |
| "No geothermal leases will be issued for lands surrounding
Crater Lake National Park until such time as»a determinatiéﬁ has
been made and forwarded to [Congresﬁ]."

The next'déy, however, BLM announced approval of the lease
modifications at issuel in this appeal, on 1land immediately
adjoining Crater Lake National Park. As explained above,lthe
'ﬁodification permits the’leséor,.California Energy Corporation,
tb increase the depth of its drilling by 1/3, and removes a
significant lease condition =-- that "circulation" be maintained.
Public Law 99 581 is 'meahingless unlesé the term "geothermal‘
leases" includes} aldhg with entirely:new leases, materially new
leasing deciéions; Because ‘it’ constitutes just such a new
leasiné,decision, this action violates PL 994581 and, especially
‘inilight of DOI’s repfesentation 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 dlrected to prepare an EIS

concerning the proposed project.

,»VDATED: September 11, 1987

| Respectfully‘submitted,

Vlctor M. Sher
Todd D. True
Attorneys for Appellants
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"‘.311ng for geothermal sources

PAGE 4—HERALDANDNEWS Klamath Falls, Oregon Sunday, August 16,1987 |

Edrtorlals

‘Don’t take any chancesé'

omts

W|th Crater. Lake purity -

.cant chance.it could endanger
‘Crater Lake’s purity.

:should go to the lake. Its water ©

1

'_ ;:quahty is nothing to take chances
e thh A T

~“~That should be the long and the _
. short of it. The benefit of the doubt

. W i ‘}
,.-' H Don t dnll if there’s any sxgmﬁ- +7+ . «National Park Semce personnel

and others have expressed con-

* cern drilling might have an impact |

“on Crater Lake’s water quality.
There have been indications that,
- over.time, the lake’s remarkably

e “clear, blue waters*have become”

“more cloudy, though that ap-:

Opponents of exploratory dnl -.'parently started before the Cal-

R

ln any serious con- A

flict over.the dril-
- ling’s impact, give

the benefit of the

~ doubt to the lake.

*shouldn’t have to prove drilling’s a -
the drillers, -

threat; rather,
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.

Energy operation.: .
‘Last _ week, _scientists sent a

' ——-— e srnal] remotely operated camera
' e vehlcle on a dive in the 1,932-foot- .
: deep lake and found a hot spring at

- the 1,500-foot level.

" geologist,

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 mvolved with: a
. geothermal heat project. s
Cal- Energy ‘
said vents could be °
. recirculating lake water, but he

- Joe LaFleur,

doesn’t believe there could be a -

connection outside. g
That may be true, but let's not
forget Crater Lake is a national

masterpiece.
When the tests are done and the

.treasure, a one-of-a-kind geologic

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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a, we can't be

Service in Septem-
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ational meeting of the

eir prelininary findings
al Union and the Ameri-

nt at Oregon State, Robert Col-

and a colleague from the oceanog-
ajoint n

“Without the temperature dat
" he said.

A partial report on the (

sented to the National Park

ber.

Dymond

technical problems have l¢ft rescarchers with
raphy departine

some doubts.
can Society of Limnology a1

lier, plan to present th
American Geo-Physic

in January to

sure,

, Jack

“I'm convinced we have some
fluenced by

an Oregon State
here’s a region (of the
d to scan the lake’s
needed {o prove the
Dymond said. The

al evidence and the recorded

used to stop drill

Both the visu
temperature changes were

vents had been located,

One of the researchers,
University oceanography professor

Dymond, said:

He said the vehicle use
bottom recorded what looked like vents, but

another device used to record temperature

lake bottom) that's strongly in
changes malfunctioned.

venting (of hot gases). T
venting.”

I

., of San-

which is planning to market thermal-

generated power.

. Mile-

1d have geother-

e

the fifth and final day of the lake
researchers encountered some

Milestone said park officials hoped to use
last week’s findings to stpp drilling just out-

© “Within five years they cou
* mal power plants kall_fov_er the place

On Friday,

James Milestone, natural resources specialist
bottom survey,

for Crater Lake National Park.
side the park by California-Energy Co

ta Rosa,
equipment problems.

stone said.”

rater Lake findings may be

CRATER LAKE (AP) — Data collected in a
the region, according to a National Park

GONIAN, MONDAY, AUGUST 17, 1987'
rrvice official.

ke may be used to stop geothermal drilling:
Scientists using a remote-controlled under-
ater camera to survey the lake bottom were
ywn off the extinct volcano’s caldera Satur-
iy, confident they had located vents that are
The park service believes there is a connec-
on between the drilling and hydrothermal
nts apparently located on th_e lake floor, said

e-day exploration of the bottomn of Crater
_ arming the lake’s deep, clear waters.

b Y
4

// ”V»//'/

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

: ) ) ° |.....‘.
-'.... -'\. )

be to “‘produce a well” and see what
it does to the lake.

Both instances show an msensmv-
ity to a growing and valid 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
2 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

SClentlﬂc mseAnsmvnty

development‘ on Crater Lake would.

/ S 7

federal approval would have delayed
his experiment 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 killing
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 Strobel’s actions are
any guide, public pressure where
there is dispute should be for the
department to err on the 51de of con-
servatism.
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Edltorlals

Crater Lake dnllmg

' ‘rf- ﬂ Temptlng the forces of nature is

- -‘":.

Ty
PEVEL

e e

. ' Lake is foolhardy and should not be’ :
".‘ condoned or tolerated by thinking people. .
What we need now are thinking people:

. good breakfast cereal, throughout Oregon.
_‘to the east that flank the Willamette Valley.

Geologlc 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. -

‘makes our-region special.

B
k"
-
- L‘ The Cascades are a marvelous example of

=~ nature’s engineering. Geologists describe the
“area as a subduction zone, a spot where two

push and churn and thrash in constant -

" one of these plates is pushed beneath'

"I+ another; the resulting force moves molten’
3|+ rock- inland and then upward creatrng a

> volcanic mountain range. .

We know-these mountams by name: Hood

« Jefferson, Washington, Three Fingered J ack

o the-'Srsters peaks, Bachelor, Scott. But the

est of all; perhaps, was a mountain that

> modern’ scxentlsts call Mazama: It is Crater
Lake today

the “geologic clock — Mazama shocked the
earth, rocked, and then blew. The peak was
' estrmated at more than 12,000 feet, higher
:and considerably thicker than Mount Hood.
When it finished spewing its insides across
the Northwest and mto ‘Canada, so much of

> » the mountain had been pushed skyward that

. 'j; + what remained-of the peak simply crashed

- into itself, forming a great caldera.

So much of Mazama’s core was expended,
<in fact, that the ash and rock from the blast,
<if collected and stacked, would make almost

' ;-x. Mazamian ash'18 inches thick in Alberta,
" 1" Canada;, and on the southern slope of Mount .

il 4Raxmer in Washington. At least five inches of
~ i< ash' blanketed all of Oregon, most.of the: .-

s Northwest, and much of the westem ,'
Canadran provinces.

Ram and snowmelt accumulated in the

I dangerous. To do so with malice at Crater .

The land snaps, crackles and pops, like'a

Nowhere is this power more evident than .
‘in the ngh Cascades, those pristine sentmels

. The result of this magmﬁcent Wrtch s brew

‘geologic mischief.

of the many plates that form the earth’s crust

‘movement. In the Pacific off our shorehne, B

“More'than 6, 800 years ago — mere ticks of

= five Mount Jeffersons. Geologrsts have found .
-enough-to protect so valuable & wonder as -

Scheme s an outrage

increasing in depth through the centunes T
that followed. The lake today remains at a-
stealdﬁl 1,932 feet — one of the'deepest in the
WOT . R .

erupted anothér gasp from the..tlckm
volcano that lurks below’lthe lake s surface -
£ o

gh;
the ngh Cascades 1t is. ashve wire of volcamc
activity. Right now, it is rumbhng andit -

- gurgling and bubblmg below the placrd : R
- surface of Crater Lake. Right now; the.

geologic forces that caused the’ mountam to
blow 6,840 years ago are at work Right now,
this active volcano i is brewmg some more

Right now, other nrrachref is otrn ":
southern Oregon e LT

The California Energy ( Co'of Sunta Rosa

*';_«.v-has obtained perniits from the U.S. Bureau
Cof Land Management to drill deep test holes
“outsidé the southeast corner 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 bick to be
made no doubt. - . -5
Natxonal Park Service ofﬁcrals are angry--

~ e S

o rightfully so — arguirig that 7o oné can be
- certain whether the drilling might be harmful

to Crater Lake, either by altering its . -

_ geothermal features or by pollutmg the: .
‘water!

Oregomans should be angry as well In fact

" we'should be outraged

We should insist that all dnllmg stop near
Crater Lake. We should insist that those whi
allowed the drilling to begin should be -
required to enter another line of work — one
where common sense is at least optlonal An
‘we surely should insist that the California™’
Energy Co. return immediately to California
— or to some other such unfortunate place
where people don’t really care what happens
aroundthem. " - .

We care here in Oregon — certamly

, s S e

Crater Lake. * 077w
~Tempting the forces of nature is B

. ~'-,4-_dangerous To do'so willingly — and foohsh
o il at'Crater Laké' isidiotic and should not b
’tolerated by thinking people. - -

- Join the thinkers, please; ancl then ask a

Cpraind ar neichhor to do the same:-
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221 Sixth Street

" Lake Oswego, OR 97034

27-05-87

Mr. Lee Coocnce
Forest Supervisor .

Winema National Forest

2817 Dahlia St.
blamath Falls, OF 97601

Fe: Your Supplement to EA OR- U’U 84—/8 regarding genothermal
dr1111na in the wlnema Natlﬁnal Forest. ST :

Dear Mr. Coonce

I am a member of the Sierra Club -and have  been following the
Geothetmal 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 ycur decision tw=

allow wells to be drilled with tctal or even: partial lost
circulation. ' .

This decision seems very strange dand also very risky. My work
experience, prior to moving to Oregon, was as Petrcleum Engineer.
During some 15 years of petroleum engineering 1 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 circulatiocn. The fluids that

circulate are very. impcrtant in preventing blcwouts and in
allowing the drill pipe to moved up and down the hole.

I think you should give great thought .to -retonsidéring this
decision as an accident next to one of great national parks would

"be a tremendous d1sa5ter.

Sincerely yours,

John K. Déén

cc. Fred H18—@5d87

- _ e . - —— i - —



TYPeaL Losr Orcveasiow

BLoLu (_)ur

(/.,_w\u& ?uv—-s\?l q)vuuw Yoo DMM?\\\{

Dokl Prgd | |
| Shea— o e Drull Lo Ao
‘ @nm)nu-( '

- t ,'
rMva Exits Woee Lesr CQIRCICATIEN :

Wagh  Tarssyad

Evlens FHed& -V)ecu’se_rf
JoJ éA/U + LQ$T_C,L}\OJL}'¢M

éj—f‘%‘l’l M"& S

Lew?

Prras

DD
Those s



United States Department of the Interior
‘ GEOLOGICAL SURVEY |

Branch of Igneous and Geothermal Processes, MS-910 |
345 Middlefield Road, Menlo Park, California 94025

31 July 1986

Joseph G. LaFleur

Senior Geologist, Exploration
California Energy Company
3333 Mendocino Avenue

Santa Rosa, CA 95401

Dear Mr. LaFleur:

‘This letter is in response to your letter of 06 June 1986 raising
questions concerning 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 wmany of the scientific
conclusions of 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. - . o
* p. 2, 1, 4=7: "Of the ten major geyser areas in the world, only three

have been left undisturbed, including Yellowstone National Park. The

other seven have either been severely, adversely affected 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 no 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. 1If “"accurate and conclusive findings' require a 100% guarantee,
then geothermal development near a national park with thermal features
is impossible. If "accurate and conclusive findings'" are interpreted to
mean something 1less 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; '"¥k* 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 impoacible to
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predxct with accuracy the 11ke17 effects of nearby geothermal drxlling.'
Without drilling, one is restricted to 1inferences 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 withia the
park. But in most other situations, the pertlnent drzllxng data simply
do not exist. Clearly a conundrum.
p. 3, PP. 1, 1. 4-6: "Even in Yellowstone Natxonal Park there is only a
far from incomplete [sic] picture of the geothérmal process." I think
~ Jarvis means "far from complete." 'If 8o, 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. , : o 4 :
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
summarizes a statement made by Donald E., White and is true (White,
1979). i
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 1940s and 1950s and allowed to discharge.
Steamboat Springs, Nevada has also suffered due to .geothermal activity
in the 19508 and 1960s." Mostly true. Wells were drilled at Beowawe in
the late 19508, not 19408, The geysers etopped flowing in 1961 (White,
1979). , : . : oL
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
shovn no evidence of a structural 1link 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 Porest." To some degree,
this statement —reflects lack of attention to important 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 ctddy

s atalitabytitisflot s et ST SR

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 California 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 ulsnamer, 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 reaearch has indicated that ome of the reasons why
the lake is 8o 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 Leavell,-State Director, Oregon State Office, Bureau of
Land Management. The Director's policy statement for the USGS concerning

 potential impacts of phase 2 of California Energy's exploration program
& very useful ,summary of many of the more important questxona)

1. The scientific evidence for flow of thermal vater 1nto the floor of
Crater Lake appears to be very strong. Williams and Von Herzen'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
concentrations of water found in other Cascade Lakes and in large-flow
cold springs on the flanks of Mt., Mazama, 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 certaxnly is far
’ beyond mere speculatlon.

. 2. How much thermal vater'ié coming into the Lake? Michael Sorey (1985)
calculated that the flow is in the range 30 to 150 liter/sec. The basis
- for his ecalculation- is two-fold. A chloride balance of the lake

‘requires that the seepage loss from the 1lake containing an 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 some unknown
chloride concentration. - This balance assumes that the lake is well

-
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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 the range of 200 to
1000 ppm. - This results in a flow of thermal water ranging from 125 to
25 1liter/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 Berzen 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 assuming 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 t:hermal water affect:s the circulation pattern 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 onme 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 ecooling
breaking up the stratification causing mixing in the upper layer. No

evidence has been found that the lower portion of the lake turns over in --

the way found in many lakes, but the data support continuous convection
caused by the input of heat into the lake. This turbulent convection is
an efficient méchanism for distributing disolved chemicals and isotopes
c(>f wa;:er in the lake as found by Sxmpson (1970) and Sahnas and others
1984 .

4, Any connection between the color of Crater Like and the input of
thermal water is tenuous at best. The blue ¢olor of the lake is caused
by light scattering in water with very low suspended particulate matter
(e.g., Smith and others, 1973). Particulate 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 pattern 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, 1 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
geolog:.at, not a limnologist. '
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S. Given 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. 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 comes from a hydrothermal
system that has a reservoir that is continuous with one found under the
Winema National Forest, propagatzng a pressure reduction over a digtance
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 is 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 visgible
than it will be if the idea is preaented 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 atty published

 statement by-a member of the USGS stating that the geothermal system at -

Klamath Falls is supplzed by water from Crater Lake. i

I conclude chat 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 the.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
digscussed, anthropogenic material seems far more 11ke1y to affect the color
and clarxty of the lake.

-

Sincerely,

i W

L. J. Patrick Muffle . . .
- Coordinator, GeotKermal Research Program
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I am a citizen of the Unitéd States’and a resident of.ﬁhe
District of Columbia. I am over'lB years of age and not a
bparty to this action. My business address is 1531 P Street,
'N.W., Suite 200, Washington, D.C., 20005. | '

On September 11, 1987 I served a true copy of Appellants’
Statement of Reasons on the pérSon listed below by placing said
copy in a sealed envelope with postage full prepaid, in a
United States Postal Service mail box in Washington, D.C.,
addressed as foilows:

Regional Solicitor

Pacific Northwest Region

U.S. Department of the Interior

Lloyd 500 Building, Suite 607

500 N.E. Multnomah Street

Portland, Oregon 97232

'i, Dallas Motlagh, declare under penalty of perjury that
the foregoing is true and correct. ‘

Executed on this 1lth day of Septembei, 1987 at Washington}

D.C..

Dallas Motlagh % _



Regional Solicitor in Fortland with the reasons for their appeal. The
ApPE I tad an extension for submittal of their documentation and
transmitted @i Statement of Reasons o the Department of the Interior
PBoard of Land fAppeals on Ssptember 11, 1787, :

The Fegiconal Solicitor in Fortland, with the assistance of the Bureau of
Land Management and the U. 8. Forest Service, has prepared a draft of his
response to the appeal and the Dtatement of Feasons and the draft is being
reviewsd by the Solicitor’s Office in Washington. The Solicitor generally
has about 30 davs to respond to the appellant’'s reasons. However, he

CECT requested that they be allowsd to intervens in this case and also
that TBELA hold an evidentiary hearing. IBLA entered an order October 22
allowing CECI to intervens and will consider at a later time conducting an
avidentiary hearing. The order also allowed the Solicitor thirty days
from recelipt of the order (until November 26) to complete his response to
the appellant’' s reasons for the appeal. CECI will be allowed until about
December 26 to file their evidence in the case.

These time extensions presumably will allow some time for the Department
of Energy to enter the case, 1+ they desire to do so. :

Typically, the appellants file a response to the Solicitor’'s arguments.
TERLA may request oral argumsnts or additional written statements 1if new
information has become available between filing of the written briefs and
TLEA making a decision. ITBlA generally takes from twelve to eighteen
months to render a decision. Hence, it is likely that drilling will not
be possible during the 1788 field season even if IBLA renders a decision
favorable to BLM and CTECI. Sometimes the decision can be hastened if a
Government agency makes a request for an expedited decision.

The BLM is currently preparing a decision on a request by CECL that
oparations 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 date to initiate the suspension.



r nomore hardoopy :

To:  M.REED (DOE4418)

Toe  FOWRIGHT (DOE447355)

Co: J.RENNER (DOE447E7)
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)
Subrjects chronology of CECI drilling derl ion appeal at IBLA
Mail Id: IFM-144-871028-139930239 ’
Acknowledgment Sent

—=More-—-

Following is a more or less un-editorialized chronology of the attempt
of CECI to drill a thermal gradient with lost circulation and the ensuing
appeal of the BLM decision to IBELA:

The U. 8. Department of Energy entered into a cost-sharing agreement with
California Energy Company, Inc. {(CECD) during August, 1986 for the
drilling of a thermal gradient hole near Crater Lake National Fark. The
hole is part of DOE's continuwing research aimed at understanding the
nature of the deep hydrothermal resource in the Cascades volcanic region
of Californmia, Oregon, and Washington. CECI is engaged in geothermal
puploration south and east of Crater Lake National Fark and agreed to
allow DUOE 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 lLake.

During the Bureau of L.and Management s (BLM) approval process for the
proposed drilling of the cost-shared hole and other holes in CECI s
crilling program near the NMational Park, & stipulation was attached to the
drilling plan which required CECI to notify the BLM whenever circulation
was lost during drilling. As is common when drilling in & volocanic
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
without circulation.

The BLM in conjunotion with the U. 5. Forest Service, surface manager at
the hole location, decided that a supplemental environmental assessment
was necessary bhefore BLM could issue approval for drilling without return
circulation. Because of DOE’'s interest in the results of the drillhole;
DOE provided BLM with the aszistance of reservoir modelling expertise at
LEL in order to analyze the transport of drilling mud from the drillbhole
and to prepare a model of regional groundwater flow in the vicinity of the
CECI drillhole. The results of the study were presented to the BLM for
their use in preparation of the supplemental assessment and were also
presanted to the geothermal industry at the 1987 annual meeting of the
Geothermal Resouwrces Council (GRO). The caloculations show that the
raglional flow of groundwater will oppose the flow of drilling mud toward
the lake and that drilling without returns will not peollute Crater Lake,
mor will it affect the hydrologic regime in the immediats vicinity of the
Crater Lake Caldera. (A copy of the GRC paper is attached.)

The Bureauw of Land Managemsnt received comments from seven groups on the
gupplemental enviromnmental assessment. The most significant comments were
submitted by various chapters of the Sierra Club, who are still concerned

that lost circulation will have a negative effect on CPdtDl lake, despite
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further drilling with lost circulation be allowed this close to the lake
since they consider the site unsuitable for development. Fhe BILM
responded to these comments and in early July issued the FONST and
decision record recommending that CECI be allowed to complete their Mt
Mazama thermal gradient hole without return circulation . The public was
allowsed to Ffile appeals of that decision through July 31.

O July 21, Oregon Natuweral Resources Council, Sierra Club Legal Defense
Furd, and Mational Parks and Conservaltion Association fFiled & joint

appeal of the BLM decision to allow California Energy Co., Inc. (CECIY to
continue drilling a thermal gradient hole near Crater Lake National Park.
The appellants had 30 davs from the date of appesl to provide the '
Department of Interior Board of Land &Sppeals (IBLA) and Inbterior’'s




