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H.R. 1753, THE METHANE HYDRATE RE-
SEARCH AND DEVELOPMENT ACT OF 1999,
TO PROMOTE THE RESEARCH, IDENTIFICA-
TION, ASSESSMENT, EXPLORATION, AND DE-
VELOPMENT OF METHANE HYDRATE RE-
SOURCES, AND FOR OTHER PURPOSES

S. 330, THE METHANE HYDRATE RESEARCH
AND DEVELOPMENT ACT OF 1999, TO PRO-
MOTE THE RESEARCH, IDENTIFICATION,
ASSESSMENT, EXPLORATION, AND DEVEL-
OPMENT OF METHANE HYDRATE RE-
SOURCES, AND FOR OTHER PURPOSES

TUESDAY, MAY 25, 1999

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON ENERGY
AND MINERAL RESOURCES,
COMMITTEE ON RESOURCES,
Washington, DC.

The Subcommittee met, pursuant to notice, at 2:04 p.m., in Room
1324, Longworth House Office Building, Hon. Barbara Cubin
[chairwoman of the Subcommittee] presiding.

STATEMENT OF HON. BARBARA CUBIN, A REPRESENTATIVE
IN CONGRESS FROM THE STATE OF WYOMING

Mrs. CUBIN. The Subcommittee will please to come to order. Such
a huge attendance here.

Forgive me for being a few minutes late.

The Subcommittee on Energy and Minerals meets today to take
testimony on two similar bills concerning Federal research and de-
velopment efforts on gas hydrates—a class of mineral which is a
chemical mixture of water and methane gas that can exist in a sta-
ble, crystalline form. Other gases, such as propane, are also found
in hydrate form, but the predominant gas is methane.

The hydrate chemical structure is conducive to the storage of
large volumes of gas. A cubic foot of gas hydrate, when heated and
depressurized, can release up to 160 cubic feet of methane. Con-
sequently, any assessment of our domestic natural gas resource is
incomplete and woefully understated without reference to methane
hydrates. Indeed, the U.S. Geological Survey, together with the
Minerals Management Service, estimate the mean undiscovered
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methane hydrate resource potential to be over 100 times greater
than is estimated for conventional natural gas.

Much of this resource lies at the edge of the outer continental
shelf and slope in deep water, but significant quantities appear to
exist within the permafrost regions at depths as shallow as 200
meters. However, gas hydrates are merely resources, not reserves,
because their exploitation is sub-economic at this time, which isn’t
I guess unlike a lot of conventional gas today because of depressed
prices, but that is for another hearing.

The Subcommittee’s interest stems from the future potential for
leasing of gas hydrates on Federal mineral estate under the OCS
Lands Act and onshore in Alaska under the Mineral Leasing Act.

And, if we can convince the Congressional Budget Office to score
the revenue potential from such leasing while I am still here in
Congress, then I will have some of my very own offsets, and I will
share some with you, too.

[Laughter.]

Furthermore, the Federal R&D program envisioned in the bills
before us include participation by the U.S. Geological Survey, an
agency which is also within our jurisdiction. Both bills modify the
charter of the marine mineral research centers established by Pub-
lic Law 104-325, by way of legislation from this Subcommittee.

I want to welcome our witnesses since they have come from far
flung outposts—Honolulu, Hawaii, and Fairbanks, Alaska—well,
actually, Fairbanks, Alaska, by way of Kaycee, Wyoming, I have to
point out—as well as from Denver, Oxford, Mississippi, and Wash-
ington, DC.

Your testimony summarizes the current state of scientific knowl-
edge on the origin, occurrence, and potential for utilization of meth-
ane hydrates to help meet America’s energy needs and to under-
stand past impacts upon global climate from uncontrolled release
of methane from gas hydrates. Also, Congressman Mike Doyle, of
Pittsburgh, a member of the House Science Committee which
shares jurisdiction over these bills, has asked to testify before us
about his sponsorship of H.R. 1753.

I look forward to hearing from all of you about the need for au-
thorizing this important Federal program.

[The prepared statement of Mrs. Cubin follows:]

STATEMENT OF HON. BARBARA CUBIN, A REPRESENTATIVE IN CONGRESS FROM THE
STATE OF WYOMING

The Subcommittee on Energy and Minerals meets today to take testimony on two
similar bills concerning Federal research and development efforts on gas hydrates—
a class of mineral which is a chemical mixture of water and methane gas that can
exist in a stable, crystalline (ice) form. Other gases, such as propane, are also found
in hydrate form, but the predominant gas is methane. The hydrate chemical struc-
ture is conducive to the storage of large volumes of gas. A cubic foot of gas hydrate,
when heated and depressurized, can release up to 160 cubic feet of methane. Con-
sequently, any assessment of our domestic natural gas resource is incomplete and
woefully understated without reference to methane hydrates. Indeed, the U.S. Geo-
logical Survey, together with the Minerals Management Service, estimated the
mean undiscovered methane hydrate resource potential to be over one hundred
times greater than is estimated for conventional natural gas!

Much of this resource lies at the edge of the outer continental shelf and slope in
deep water, but significant quantities appear to exist within permafrost regions at
depths as shallow as 200 meters. However, gas hydrates are merely resources, not
reserves, because their exploitation is sub-economic at this time.
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The Subcommittee’s interest stems from the future potential for leasing of gas hy-
drates on Federal mineral estate under the OCS Lands Act and onshore in Alaska
under the Mineral Leasing Act. Furthermore, the Federal R & D program envi-
sioned in the bills before us include participation by the U.S. Geological Survey, an
agency within our jurisdiction. Also, both bills modify the charter of the marine min-
eral research centers established by Public Law 104-325, via legislation from this
Subcommittee.

I want to welcome our witnesses from far flung outposts—Honolulu, Hawaii and
Fairbanks, Alaska as well as from Denver, Oxford, Mississippi and Washington DC.
Your testimony summarizes the current state of scientific knowledge on the origin,
occurrence, and potential for utilization of methane hydrates to help meet America’s
energy needs, and to understand past impacts upon global climate from uncontrolled
release of methane from gas hydrates. Also, Congressman Mike Doyle of Pittsburgh,
a member of the House Science Committee which shares jurisdiction over these
bills, has asked to testify before us about his sponsorship of H.R. 1753. I look for-
ward to hearing from all of you about the need for authorizing this important Fed-
eral program.

Mrs. CUBIN. And now I recognize our Ranking Member, Mr.
Underwood, for any opening statement he might have.

STATEMENT OF HON. ROBERT A. UNDERWOOD, A DELEGATE
IN CONGRESS FROM THE TERRITORY OF GUAM

Mr. UNDERWOOD. I thank the Chair, and I thank her for her gen-
erosity with the offset.

[Laughter.]

Mrs. CUBIN. Oh, you don’t get half.

Mr. UNDERWOOD. Okay.

[Laughter.]

Mrs. CUBIN. Yes, you do.

Mr. UNDERWOOD. I am pleased to join my colleagues on the Sub-
committee today as we meet to hear testimony on H.R. 1753 and
S. 330, the Methane Hydrate Research and Development Act of
1999.

H.R. 1753 was introduced on May 11, by our colleague, Rep-
resentative Mike Doyle, of Pennsylvania, who is here this afternoon
to explain his bill. H.R. 1753 is a companion measure to S. 330
which has already passed the Senate under unanimous consent on
April 19.

I note that we share jurisdiction on this bill with the House
Science Committee. The Science Subcommittee on Energy and the
Environment held a hearing and reported favorably both bills, as
amended, on May 12.

The primary purpose of these bills is to promote the research,
identification, assessment, exploration, and development of meth-
ane hydrate resources. This is important because one of our most
important sources of clean, efficient energy is natural gas. Today,
natural gas comes primarily from geological formations in which
methane molecules—the primary component of natural gas—exist
in the form of gas.

Methane also exists in ice-like formations called hydrates. Hy-
drates trap methane molecules inside a cage of frozen water. Hy-
drates are generally found on or under seabeds and under perma-
frost. While we do not know the extent or amount of methane
trapped in hydrates, scientists—some of whom will be testifying
today—believe we are talking about an enormous resource.

According to the U.S. Geological Survey, worldwide estimates of
the natural gas potential of methane hydrates approach 400 mil-
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lion trillion cubic feet—as compared to the mere 5,000 trillion cubic
feet that is known to make up the world’s gas reserves. This huge
potential illustrates the interest in advanced technologies that may
reliably and cost-effectively detect and produce natural gas from
methane hydrates.

However, figuring out how to cost-effectively produce energy from
hydrates has been problematic, given the adverse and hostile condi-
tions in which they exist. But if methods can be devised to extract
methane from these deposits profitably, they may become impor-
tant sources of fuel in the future.

On a cautionary note, we should be mindful of the fact that, al-
though methane is relatively clean burning, it is still a fossil fuel.
So removing it from its safe haven on the ocean floor and burning
it will release carbon in the form of carbon dioxide into the atmos-
phere, which could contribute to greenhouse gas accumulations.

Methane hydrates near offshore oil drilling rigs also pose a
threat through subsidence on the ocean floor. For instance, if a
drilling rig were hit by shifting or depressurization of the methane
hydrates underneath it, the impact on the rig and the workers
aboard could be disastrous.

Therefore, it is appropriate that Congress looks carefully at legis-
lation which would promote the research, identification, assess-
ment, exploration, and development of methane hydrates resources.

And I look forward to hearing the testimony of our witnesses
today, especially that of our colleague.

[The prepared statement of Mr. Underwood follows:]

STATEMENT OF HON. ROBERT A. UNDERWOOD, A DELEGATE IN CONGRESS FROM THE
STATE OF GUAM

I am pleased to join my colleagues on the Subcommittee today as we meet to hear
testimony on H.R. 1753 and S. 330, the Methane Hydrate Research and Develop-
ment Act of 1999. H.R. 1753 was introduced on May 11, by our colleague Rep. Mike
Doyle, of Pennsylvania, who is here to explain his bill to us.

H.R. 1753 is a companion bill to S. 330 which has already passed the Senate
under Unanimous Consent on April 19. I note that we share jurisdiction on this bill
with the House Science Committee. The Science Subcommittee on Energy and the
Environment held a hearing and reported favorably both bills, as amended on May
12.

The primary purpose of these bills is to promote the research, identification, as-
sessment, exploration and development of methane hydrate resources. This is impor-
tant because one of our most important sources of clean, efficient energy is natural
gas. Today, natural gas comes primarily from geological formations in which meth-
ane molecules—the primary component of natural gas—exist in the form of gas.

Methane also exists in ice-like formations called hydrates. Hydrates trap methane
molecules inside a cage of frozen water. Hydrates are generally found on or under
seabeds and under permafrost. While we do not know the extent or amount of meth-
ane trapped in hydrates, scientists, some of whom will be testifying today, believe
we are talking about an enormous resource. According to the United States Geologi-
cal Survey, worldwide estimates of the natural gas potential of methane hydrates
approach four hundred million trillion cubic feet—as compared to the mere five
thousand trillion cubic feet that make up the world’s known gas reserves. This huge
potential illustrates the interest in advanced technologies that may reliably and
cost-effectively detect and produce natural gas from methane hydrates.

However, figuring out how to cost-effectively produce energy from hydrates has
been problematic given the adverse and hostile conditions in which they exist. But
if methods can be devised to extract methane from these deposits profitably, they
may become important sources of fuel in the future.

On a cautionary note, we should be mindful of the fact that although methane
is relatively clean burning, it is a fossil fuel. So removing it from its safe haven on
the ocean floor and burning it, will release carbon, in the form of carbon dioxide
into the atmosphere, which would contribute to greenhouse gas accumulations.
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Methane hydrates near offshore oil drilling rigs also pose a threat, through sub-
sidence on the ocean floor. For instance, if a drilling rig were hit by shifting or de-
pressurization of the methane hydrates underneath it, the impact on the rig and
the workers aboard could be disastrous.

Therefore, it is appropriate that the Congress looks carefully at legislation which
would promote the research, identification, assessment, exploration and develop-
ment of methane hydrate resources.

I look forward to hearing the testimony of our witnesses today.

[The text of the bills follows:]
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e H. R, 1753

To promote the research, identification, assessment, exploration, and
development of methane hydrate resources, and for other purposes.

IN THE HOUSE OF REPRESENTATIVES

Mav 11, 1999

DoyLE (for himself, Mr. CALVERT, and Mr. COSTELLO) introduced the
following bill; which was referred to the Committee on Science, and in
addition to the Committee on Resources, for a period to be subsequently
determined by the Speaker, in each case for consideration of such provi-
sions as fall within the jurisdiction of the committee concerned

A BILL

promote the research, identification, assessment, explo-
ration, and development of methane hydrate resources,
and for other purposes.

Be it enacted by the Senate and House of Representa-
tives of the United States of America in Congress assembled,
SECTION 1. SHORT TITLE.

This Act may be cited as the “Methane Hydrate Re-
search and Development Aet of 1999,

SEC. 2. DEFINITIONS.

In this Act:
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(1) CONTRACT.—The term ‘“‘contract” means a
procurement contract within the meaning of section
6303 of title 31, United States Code.

(2) COOPERATIVE AGREEMENT.—The term ‘‘co-
operative agreement”’ means a cooperative agree-
ment within the meaning of section 6305 of title 31,
United States Code.

(3) DIRECTOR.—The term “Director’” means
the Director of the National Science Foundation.

(4) GRANT.—The term ‘“‘grant’” means a grant
awarded under a grant agreement, within the mean-
ing of section 6304 of title 31, United States Code.

(5) INSTITUTION OF HIGHER EDUCATION.—The
term “institution of higher education” means an in-
stitution of higher education, within the meaning of
section 1201(a) of the Higher Education Act of
1965 (20 U.S.C. 1141(a)).

(6) METHANE HYDRATE.—The term ‘“‘methane
hydrate” means a methane clathrate that—

(A) is in the form of a methane-water ice-
like crystalline material; and
(B) is stable and occurs naturally in deep-

ocean and permafrost areas.

*HR 1753 IH
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(7) SECRETARY.—The term “Secretary” means
the Secretary of Energy, acting through the Assist-
ant Secretary for Fossil Energy.

(8) SECRETARY OF DEFENSE.—The term “Sec-

retary of Defense’” means the Secretary of Defense,
acting through the Secretary of the Navy.

(9) SECRETARY OF THE INTERIOR.—The term
“Secretary of the Interior’” means the Secretary of
the Interior, acting through the Director of the
United States Geological Survey.

3. METHANE HYDRATE RESEARCH AND DEVELOP-
MENT PROGRAM.
(a) IN GENERAL.—

(1) COMMENCEMENT OF PROGRAM.—Not later
than 180 days after the date of enactment of this
Act, the Secretary, in consultation with the Sec-
retary of Defense, the Secretary of the Interior, and
the Director, shall commence a program of methane
hydrate research and development.

(2) DESIGNATIONS.

The Secretary, the Sec-
retary of Defense, the Secretary of the Interior, and
the Director shall designate individuals to carry out
this section.

(3) MEETINGS.

The individuals designated

under paragraph (2) shall meet not later than 120

*HR 1753 TH
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4
days after the date on which all such individuals are
designated and not less frequently than every 120
days thereafter to—
(A) review the progress of the program
under paragraph (1); and
(B) make recommendations on future ac-
tivities to occur subsequent to the meeting.
(b) GRANTS, CONTRACTS, COOPERATIVE AGREE-
MENTS, INTERAGENCY FUNDS TRANSFER AGREEMENTS,

AND FIELD WORK PROPOSALS.

(1) ASSISTANCE AND COORDINATION.—The
Secretary may award grants or contracts to, or enter
into cooperative agreements with, institutions of
higher education and industrial enterprises to—

(A) conduct basic and applied research to
identify, explore, assess, and develop methane
hydrate as a source of energy;

(B) assist in developing technologies re-
quired for efficient and environmentally sound
development of methane hydrate resources;

(C) undertake research programs to pro-
vide safe means of transport and storage of

methane produced from methane hydrates;

HR 1753 ITH
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(D) promote education and training in
methane hydrate resource research and re-
source development;

(E) conduct basic and applied research to
assess and mitigate the environmental impacts
of hydrate degassing (including both natural
degassing and degassing associated with com-
mercial development); and

(F) develop technologies to reduce the
risks of drilling through methane hydrates.

(2) COMPETITIVE MERIT-BASED REVIEW.—
Funds made available under paragraph (1) shall be
made available based on a competitive merit-based
process.

(¢) CONSULTATION.—The Secretary may establish an
advisory panel consisting of experts from industry, institu-
tions of higher education, and Federal agencies to—

(1) advise the Secretary on potential applica-
tions of methane hydrate; and

(2) assist in developing recommendations and
priorities for the methane hydrate research and de-
velopment program carried out under subsection
(a)(1).

(d) LIMITATIONS.

<HR 1753 TH
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(1) ADMINISTRATIVE EXPENSES.—Not more

than 5 percent of the amount made available to
carry out this section for a fiscal year may be used
by the Secretary for expenses associated with the ad-
ministration of the program carried out under sub-
section (a)(1).

(2) CONSTRUCTION COSTS.—None of the funds

made available to carry out this section may be used
for the construction of a new building or the acquisi-
tion, expansion, remodeling, or alteration of an exist-
ing building (including site grading and improve-
ment and architect fees).

(e) RESPONSIBILITIES OF THE SECRETARY.—In car-

rying out subsection (b)(1), the Secretary shall—

(1) facilitate and develop partnerships among
government, industry, and institutions of higher edu-
cation to research, identify, assess, and explore
methane hydrate resources;

(2) undertake programs to develop basic infor-
mation necessary for promoting long-term interest in
methane hydrate resources as an energy source;

(3) ensure that the data and information devel-
oped through the program are accessible and widely

disseminated as needed and appropriate;

«HR 1753 TH
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7
(4) promote cooperation among agencies that
are developing technologies that may hold promise
for methane hydrate resource development; and
(5) report annually to Congress on accomplish-

ments under this section.

SEC. 4. AMENDMENTS TO THE MINING AND MINERALS POL.-

ICY ACT OF 1970.

Section 201 of the Mining and Minerals Policy Act

of 1970 (30 U.S.C. 1901) is amended—

(1) in paragraph (6)—

(A) in subparagraph (F), by striking
“and” at the end;

(B) by redesignating subparagraph (G) as
subparagraph (H); and

(C) by inserting after subparagraph (F)
the following:

“(@) for purposes of this section and sec-
tions 202 through 205 only, methane hydrate;
and”’;

(2) by redesignating paragraph (7) as para-
graph (8); and

(3) by inserting after paragraph (6) the fol-
lowing:

“(7) The term ‘methane hydrate’ means a

methane clathrate that—

«HR 1753 TH
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“(A) is 1n the form of a methane-water ice-
like erystalline material; and
“(B) is stable and occurs naturally in
deep-ocean and permafrost areas.”.
SEC. 5. AUTHORIZATION OF APPROPRIATIONS.
There are authorized to be appropriated to the Sec-
retary of Energy to earry out this Act—
(1) $5,000,000 for fiscal year 2000;

O 00 NN N W e N

(2) $7,500,000 for fiscal year 2001;

—_
=)

(3) $10,000,000 for fiscal year 2002;

=
[y

(4) $10,000,000 for fiscal year 2003; and

12 (5) $10,000,000 for fiscal year 2004.

13 Amounts authorized under this section shall remain avail-
14 able until expended.

15 SEC. 6. SUNSET.

16 Section 3 of this Act shall cease to be effective after

17 the end of fiscal year 2004.
O

*HR 1753 TH
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106TH CONGRESS
nRSS, 330

IN THE HOUSE OF REPRESENTATIVES

APRIL 27, 1999

Referred to the Committee on Science, and in addition to the Committee on
Resources, for a period to be subsequently determined by the Speaker,
in each ecase for consideration of such provisions as fall within the juris-
dietion of the committee concerned

AN ACT

To promote the research, identification, assessment, explo-
ration, and development of methane hydrate resources,
and for other purposes.

1 Be it enacted by the Senate and House of Representa-
tives of the United States of America in Congress assembled,
SECTION 1. SHORT TITLE.

This Act may be cited as ‘the “Methane Hydrate Re-

(% -

search and Development Act of 1999,
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1 SEC. 2. DEFINITIONS.
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In this Act:

3

{1) ConTRACT.~—The term ‘“‘contract” means a
procurement contract within the meaning of section
6303 of title 31, United States Code.

(2) COOPERATIVE AGREEMENT.—The term “co-
operative agreement” means a cooperative agree-
ment within the meaning of section 6305 of title 31,
United States Code.

(3) GraNT.~—The term “grant’”’ means a grant
awarded under a grant agreement, within the mean-
ing of section 6304 of title 31, United States Code.

(4) INSTITL;TION OF HIGHEi{ EDUCATION.—The
term “institution of higher education’” means an in-
stitution of higher- education, within the meaxﬁné of
section 102(a)(1) of the Higher Education Act of
1965.

(5) METHANE HYDRATE.—The term “methane
hydrate” means a methane clathrate that—

{A) is in the form of a methane-water ice-
like erystalline material; and

(B) is stable and occurs naturally in deep-
ocean and permafrost areas.

(6) SECRETARY.—The term “Secretary’ means

the Secretary of Energy.

S 330 RFH
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(7) SECRETARY OF DEFENSE.—The term “Sec-
retary of Defense” means the Secretary of Defense,
acting through the Secretary of the Navy.

(8) SECRETARY OF THE INTERIOR.—The term
“Secretary of the Interior” means. the Secretary of
the Interior, acting through the Director of the
United States Geological Survey. .

(9) DIReCTOR.—The term “Director” means
the Director of the National Science Fouridation.
3. METHANE HYDRATE RESEARCH AND DEVELOP-
MENT PROGRAM.
(a) IN GENERAL.—

(1) COMMENCEMENT OF PROGRAM.—Not later
than 180 days after the date of enactment of this
Act, the Secretary, in consultation with the See-
retary of Defense, the Secretary of the Interior, and
the Director, shall commence a program of me’ghane
hydrate research and development.

(2) DESIGNATIONS.—The Secretary, the Sec-
retary of Defense, the Secretary of the Interior, and
the Director shall designate individuals to carry out
this section.

(3) MEETINGS.—The individuals designated
under paragraph (2) shall meet not later than 120

days after the date on which all such individuals are

S 330 RFH
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designated and not less frequently than every 120
days thereafter to—
(A) review the progress of the program
under paragraph (1); and
(B) make recommendations on future ac-
tivities to oceur subsequent to the meeting.

(b} GRANTS, CONTRACTS, AND COOPERATIVE

AGREEMENTS.—

(1) ASSISTANCE AND COORDINATION.—The

Seeretary may award grants or contracts to, or enter

" into cooperative agreements with, institutions of

higher education and industrial enterprises to—

(A) conduct basic and applied research to
identify, explore, assess, and develop methane
hydrate as a source of energy;

(B) assist in developing technologies re-
quired for efficient and enviromx}entaHy sound
development of methane hydrate resources;

(C) undertake research programs to pro-
videl safe means of transport and storage of
methane produced from methane hydrates;

(D) promote education and traiming in
methane hydrate resource research and re-

source development;

S 330 RFH
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(E) conduct basic and applied research to
assess and mitigate the environmental impacts
of hydrate degassing (including both natural
degassing and degassing associated with com-
mereial development); and

(F) develop technologies to reduce the
risks of drilling through methane hydrates.

{2) CONSULTATION.—The Secretary may estab-
lish an advisory‘ panel consisting of experts from in-
dustry, institutions of higher education, and Federal
agencies to—

{A) advise the Secretary on potential appli-
cations of methane hydrate; and

(B) assist. in developing recommendations
and priorities for the methane hydrate research
and development program carried out under

subsection (a)(1).

{e) LIMITATIONS.—

(1) ADMINISTRATIVE EXPENSES.—Not more
than 5 percent of the amount made available to
carry out this section for -a fiscal year may be used
by the Secretary for expenses associated with the ad-
ministration of the program carried out under sub-

seetion (a)(1).
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None of the funds

(2) CONSTRUCTION COSTS.
made available to carry out this section may be used
for the construction of a new building or the acquisi-
tion, expansion, remodeling, or alteration of an exist-
ing building (including site grading and improve-
ment and architeet fees).

(d) RESPONSIBILITIES OF THE SECRETARY.—In car-

rying out subsection (b)(1), the Secretary shall—

(1) facilitate and dévelop partnerships among‘
government, industry, and institutions of higher edu-
cation to research, identify, assess, and explore
methane hydrate resources; \

(2) undertake programs to develop basic infor-
mation necessary for promoting long-term interest in
methane hydrate resources as an energy source;

(3) ensure that the data and information devel-
oped through the program are gccessible and widely
disseminated as needed and appropriate; |

(4) promote cooperation among agencies that
are developing technologies that may hold promise
for methane hydrate resource development; and

(5) report anmually to Congress on accomplish-

ments under this section.

S 330 RFH
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1 SEC. 4. AMENDMENT TO THE MINING AND MINERALS POL-

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

ICY ACT OF 1970.

Seetion 201 of the Mining and Minerals Policy Act

of 1970 (30 U.5.C. 1901) is amended—

(1) by redesignating paragraphs (6) and (7) as
paragraphs (7) and (8), respectively;
(2) by inserting after paragraph (5) the fol-
lowing:
“(6) The term ‘methane hydrate’ means a
methane clathrate that—
“(A) is in t‘he form of a methane-water ice-
like erystalline material; and
“(B) is stable and occurs naturally in
deep-ocean and permafrost areas.”; and
(3) in paragraph (7) (as redesignated by para-
graph (1))—
{A) in subparagraph (F), by striking
“and” at the end; ‘
(B) by redesignating subparagraph (G) as
subparagraph (H); and
(C) by inserting after subparagraph (F)
the following:;
“(G) methane hydrate; and”.

S 330 RFH
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1 SEC. 5. AUTHORIZATION OF APPROPRIATIONS.
2 There ar  thorized to be appropriated such sums
3 as are necessary to carry out this Act.
Passed the Senate April 19, 1999,

Attest: GARY SISCO,
" S eretary.

§ 330 RFH.
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Mrs. CUBIN. Thank you, Mr. Underwood.

And I guess I have to admit it is really easy to share those off-
sets when we will probably both die of old age before the CBO
gives us a score on that.

I would like introduce our first witness, the Honorable Michael
F. Doyle from Pennsylvania.

Welcome.

STATEMENT OF HON. MICHAEL F. DOYLE, A REPRESENTATIVE
IN CONGRESS FROM THE STATE OF PENNSYLVANIA

Mr. DoYLE. Thank you very much, Madam Chairman, and Rank-
ing Member Mr. Underwood, and all of my colleagues on the Com-
mittee, for holding this important hearing today.

I know that for some of my colleagues, as I have worked on this
issue in the Science Committee, methane hydrates must have
seemed like a very obscure subject, and I would like to commend
your Committee for seeing beyond that and giving this esoteric
issue the attention it deserves.

In short, methane hydrates are little-known, but have a huge po-
tential as a new energy resource. Methane hydrates are defined as
methane in a crystalline, highly-pressurized form, and are found
both on the ocean floor and in some ares of the Arctic permafrost.
As a potential energy source, methane hydrates are present on
Earth in more than double the quantities of existing fossil energy
supplies worldwide.

At the same time, methane hydrates pose a threat to us as well,
for their potential to depressurize and enter the atmosphere, con-
tributing to greenhouse gas accumulations.

Methane hydrates located on the sea floor underneath offshore
oil drilling rigs could pose an even greater, near-term threat. If an
oil drilling rig were hit by a massive shifting or depressurization
of the methane hydrates in the sediment at the bottom of the ocean
underneath it, the impact on the rig and the workers aboard could
be disastrous.

For all of these reasons, methane hydrates definitely deserves
further study at this time.

My staff and I have had the pleasure of working a little bit with
the chairman’s staff on my bill, H.R. 1753. This legislation would
further define and extend the current interagency program for re-
search into methane hydrates.

My bill follows, for the most part, on Senator Akaka’s bill, S. 330,
with a few changes, primarily the institution of merit review of re-
search proposals.

In the Science Committee, I have been pleased to be able to work
with members from both sides of the aisle on this issue, including
my friend, Chairman of the Science Energy and Environment Sub-
committee, Ken Calvert, who I believe previously served as Chair-
man of the Energy and Mineral Resources Subcommittee. And I
would like to continue that unbroken string of cooperation across
the aisle. As your Committee continues consideration of methane
hydrates, I would like, at some point, to resume the discussions I
have had with the Committee staff about changes to the text, if
necessary, and any other way I might enlist your support.
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In the Science Committee, I was pleased to see the bill receive
a favorable report from the subcommittee on May 12. And along
with my colleagues on both sides of the aisle, I am looking forward
to a full committee mark at some point soon.

Just this morning on the Science Committee, I was assured by
Jim Sensenbrenner, chairman of the committee, that reporting my
bill from the full committee and moving it to the floor on the sus-
pension calendar is one of the options he is looking at, as we work
to complete consideration of this issue.

The research program is run by the Department of Energy, spe-
cifically the Federal Energy Technology Center. The FETC, as it is
called, has convened working groups to develop “straw-man” pro-
posals that outline a methane hydrates research program, and pro-
gram management staff at the center plans to enter work agree-
ments with scientists at USGS, the Naval Research Lab, the DOE
national labs, marine mineral researchers in Mississippi, Hawaii,
Alaska, and other States, and other agencies, academic centers,
and companies with relevant expertise.

For this reason, appropriated funds are expected to be directed
to DOE, though I understand there may be some ambiguity on this
question that we can clear up as the bill moves closer to floor con-
sideration.

As I mentioned before, this is a rather esoteric subject. Bob
Kripowicz, whom I have worked with for a long time, and other
witnesses here today, are far more expert than I am on this sub-
ject. But if you have any questions that I can answer specific to my
legislation, or the differences between it and Senator Akaka’s bill,
I would be happy to hear them.

I also have one further thing to add to my testimony, as sub-
mitted.

With methane and other gas hydrates located in the Arctic per-
mafrost, throughout the oceans, and particularly at the bottom of
such ocean features as the Marianas Trench, which is located near
Guam, and with the Japanese planning to drill for hydrates this
year in a similar trench, the Nankei Trough, off the southeast of
Japan, a field hearing on methane hydrates might well be in order.

I understand that there is some interest in the Committee in a
field hearing on the subject of manganese nodules on the ocean
floor, and I would certainly lend my support and work to make a
field hearing on that subject and methane hydrates a success.

With that, I conclude my testimony, and I am happy to answer
any questions the Committee have.

And thank you very much, Madam Chairman.

[The prepared statement of Mr. Doyle follows:]

STATEMENT OF HON. MIKE DOYLE, A REPRESENTATIVE IN CONGRESS FROM THE STATE
OF PENNSYLVANIA

I would like to thank Madam Chairman Cubin, the Ranking Member, Mr. Under-
wood, and my colleagues on the Committee for holding this important hearing
today. I know for some of my colleagues, as I've worked this issue on the Science
Committee, “methane hydrates” must have seemed like a very obscure subject, and
I would like to commend your Committee for seeing beyond that, and giving this
esoteric issue the attention it deserves.

In short, methane hydrates are little-known, but have a huge potential as a new
energy resource. Methane hydrates are defined as methane in a crystalline, highly
pressurized form, and are found both on the ocean floor and in some areas of the
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Arctic permafrost. As a potential energy source, methane hydrates are present on
eagth in more than double the quantities of existing fossil energy supplies world-
wide.

At the same time, methane hydrates pose a threat to us as well, for their poten-
tial to depressurize and enter the atmosphere, contributing to greenhouse gas accu-
mulations.

Methane hydrates located on the sea floor underneath offshore oil drilling rigs
could pose an even greater, near-term threat. If an oil drilling rig were hit by a mas-
sive shifting or depressurization of the methane hydrates in the sediment at the bot-
tom of the ocean underneath it, the impact on the rig and the workers aboard could
be disastrous.

For all these reasons, methane hydrates definitely deserve further study at this
time.

My staff and I have had the pleasure of working a little bit with the Chairman’s
staft on my bill, H.R. 1753. This legislation would further define and extend the cur-
rent inter-agency program for research into methane hydrates. My bill follows for
the most part on Senator Akaka’s bill, S. 330, with a few changes, primarily the
institution of merit review of research proposals.

In the Science Committee I have been pleased to be able to work with Members
from both sides of the aisle on this issue, including my friend the Chairman of the
Science Energy and Environment Subcommittee, Ken Calvert, who I believe has
previously served as the Chairman of the Energy and Mineral Resources Sub-
committee. I'd like to continue this unbroken string of cooperation across the aisle.
As your Committee continues consideration of methane hydrates, I would like at
some point to resume the discussions I had with the Committee’s staff about
changes to the text, if necessary, and any other way I might enlist your support.
In the Science Committee I was pleased to see the bill receive a favorable report
from the subcommittee on May 12, and along with my colleagues on both sides of
the aisle. I'm looking forward to a full Committee mark at some point soon.

The research program is run by the Department of Energy, specifically the Fed-
eral Energy Technology Center. The FETC, as it’s called, has convened working
groups to develop “straw-man” proposals that outline a methane hydrates research
program, and program management staff at the Center plan to enter work agree-
ments with scientists at USGS, the Naval Research Lab, the DOE national labs,
marine minerals researchers in Mississippi, Hawaii, Alaska, and other states, and
other agencies, academic centers, and companies with relevant expertise. For this
reason, appropriated funds are expected to be directed to DOE, though I understand
there may be some ambiguity on this question that we can clear up as the bill
moves closer to floor consideration.

As I mentioned before, this is a rather esoteric subject. Bob Kripowicz, whom I've
worked with for a long time, and the other witnesses here today are far more expert
than I am on this subject. But if you have any questions I can answer specific to
myhlegislﬁltion, or the differences between it and Senator Akaka’s bill, I'd be happy
to hear them.

Mrs. CUBIN. Thank you, Congressman.

I don’t have any questions of the Congressman.

Mr. Underwood?

Mr. UNDERWOOD. Well, thank you very much, and now that you
have clarified that there is the potential for methane hydrates
being near Guam, I am for this legislation.

[Laughter.]

Mrs. CUBIN. It does make a difference, doesn’t it?

Mr. UNDERWOOD. Does make a difference.

[Laughter.]

Thank you.

Mr. DOYLE. I think a field hearing in Guam is in order.
er. UNDERWOOD. I think that field hearing in Guam is a great
idea.

[Laughter.]

Along with a manganese nodule.

[Laughter.]

Mrs. CUBIN. Thank you very much for your testimony.

Mr. UNDERWOOD. Thank you.
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Mrs. CUBIN. Thank you for being here.

Now I will introduce our first panel of witnesses—Mr. Robert
Kripowicz, with the U.S. Department of Energy; Dr. Timothy S.
Collett, with the U.S. Geological Survey; Dr. Bilal U. Haq, with the
National Science Foundation—and I probably didn’t say that cor-
rectly. I did?

I would like to call on Mr. Robert Kripowicz to begin the testi-
mony.

STATEMENT OF ROBERT S. KRIPOWICZ, PRINCIPAL DEPUTY
ASSISTANT SECRETARY FOR FOSSIL ENERGY, U.S. DEPART-
MENT OF ENERGY

Mr. Kripowicz. Madam Chairman, members of the Sub-
committee, I appreciate the opportunity to present the views of the
Department of Energy, and I have submitted a formal statement
that I would like to be made a part of the record.

Mrs. CUBIN. Without objection.

Mr. Kripowicz. I have described in my formal statement the
chemical and physical makeup of methane hydrates and a little of
the history behind their discovery and our renewed interest in
them.

Suffice to say, I would hope that from my testimony and from
others on the panel, the Subcommittee will recognize the signifi-
cant potential of this resource. The energy content is not only many
times—but many hundreds of times—larger than the world’s cur-
rently known gas reserves.

This huge potential alone, we believe, warrants a new look at ad-
vanced technologies that might one day detect and produce natural
gas from hydrates reliably and cost effectively.

I might also mention that aside from the enormous energy poten-
tial, we believe a research effort in gas hydrates is important from
the perspective of safety. As I have described in my statement, the
existence or formation of hydrates in petroleum operations can cre-
ate safety problems for well operators.

As a result of the new interest in methane hydrates, in Fiscal
Year 1998, the Office of Fossil Energy at the Department of Energy
revived research into this resource, albeit at a very limited scale.
In Fiscal Year 2000, we have proposed a budget of approximately
$2 million to begin carrying out initial exploratory efforts.

Our new initiative will build on research conducted by the De-
partment from 1982 to 1992. During that initial effort, we devel-
oped a foundation of basic knowledge about the location and ther-
modynamic properties of hydrates.

Since 1992, work has continued at relatively small scales, pri-
marily through the Ocean Drilling Program, and the U.S. Geologi-
cal Survey, and in other laboratories, including some work in
Japan.

Our new effort in hydrates largely stems from the recommenda-
tion of the Energy Research and Development Panel of the Presi-
dent’s Committee of Advisors on Science and Technology, or
PCAST. Following the PCAST report, the Department hosted two
public workshops last year to obtain industry and academic input
into developing a coordinated, multi-agency program.
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The planning efforts resulted in this document, “A Strategy for
Methane Hydrates Research and Development,” which we pub-
lished last August, and we have provided copies for the Committee
members and staff. An electronic version of the document can be
downloaded from the Fossil Energy Internet website.

I should point out that we are in the final stages of preparing
a more detailed program plan that will begin addressing the spe-
cific research needs identified in the strategy document.

The research program is intended to answer four specific ques-
tions.

Number one, how much? The huge range in estimates of hydrate
volume underscores the lack of detailed understanding of the as-
pects of hydrate deposits. Our efforts in resource characterization
will give us much information on the location and nature of meth-
ane hydrates.

Second is how to produce the resource. Except in one Russian
field, there is no documented commercial gas production associated
with hydrates. Much more work is needed in depressurization,
thermal processes, and solvent injection to understand how best to
produce the resource.

Third is how to assess the impact. Virtually nothing is known
about the stability of gas hydrates, especially those along the sea
floor, in a period of potential global climate change. For example,
we don’t know whether warming of the sea water could affect
outcrops of methane hydrates at or near the sea floor and lead to
significant releases of methane, a gas which is 20 times more po-
tent than carbon dioxide as a greenhouse gas.

And, lastly is how to ensure safety. This is one of the highest pri-
orities at this time for industry. Arctic and marine hydrates are
known to cause drilling problems, blowouts, casing collapse, and
well-site subsidence in conventional drilling and production. Re-
search is needed to accurately document drilling and production
problems caused by gas hydrates and to develop techniques to
avoid or mitigate hazards. We also need to study the long-term im-
pacts on sea floor stability.

The two bills, S. 330 and H.R. 1753, provide a solid congressional
endorsement of the research effort we proposed in this strategy,
and the Department supports the legislation.

We are particularly pleased to see Congress emphasize the need
to develop partnerships among the government, industry, and aca-
demia in future hydrate R&D. This concept of public/private part-
nerships, with shared responsibilities and resources, is funda-
mental to our fossil energy R&D program.

We are also pleased that the Congress has recognized the impor-
tance of cooperation among Federal agencies in developing hydrate
technologies. As I said earlier, we would not be nearly as well posi-
tioned to begin a new, intensified examination of hydrate potential
had it not been for the excellent work of the USGS and the Naval
Research Laboratory.

The coordinated involvement of these organizations and others,
such as the Minerals Management Service and the National
Science Foundation, will be essential in carrying out a productive
and effectively managed R&D program.
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And that concludes my opening statement.
Thank you.
[The prepared statement of Mr. Kripowicz follows:]
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Statement of
Robert S. Kripowicz
Principal Deputy Assistant Secretary
for Fossil Energy
U.S. Department of Energy
Before the
Subcommittee on Energy and Mineral Resources
Committee on Resources
U.S. House of Representatives
May 25, 1999

Mr. Chairman and Members of the Subcommittee:

I am pleased to represent the Department of Energy and to present our views on the
potential for methane hydrates as a future source of natural gas and more specifically, to review
the progress we are making in preparing a multi-agency coordinated research plan for this
potentially vast energy resource. I will also discuss our position on H.R. 1753, the Methane

Hydrate Research and Development Act of 1999,

What Are Methane Hydrates?

Simply put, a methane hydrate is a cage-like
lattice of ice, inside of which are trapped molecules of
methane {the chief constituent of natural gas). In fact,
the name for its parent class of compounds, “clathrates,”
comes from the Latin word meaning “to enclose with ‘

»

bars.

Methane hydrates form in generally two types A poriion of a methane hydrate core recovered
off the coast of Guatemala.

of geologic settings: (1) on land in permafrost regions
where cold temperatures persist in shallow sediments, and (2) beneath the ocean floor at water
depths greater than about 500 meters where high pressures dominate. The hydrate deposits
themselves may be several hundred meters thick.

Scientists have known about methane hydrates for a century or more. French scientists
studied hydrates in 1890. In the 1930s, as natural gas pipelines were extended into colder

climates, engineers discovered that hydrates, rather than ice, would form in the lines, often
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plugging the flow of gas. These crystals, although unmistakably a combination of both water
and natural gas, would often form at temperatures well above the freezing point of ordinary ice.
Yet, for the next three decades, methane hydrates were considered only a nuisance, or at best, a
laboratory oddity.

That viewpoint changed in 1964. In a northern Siberian gas field named Messoyakha, a
Russian drilling crew discovered natural gas in the “frozen state,” or in other words, methane
hydrates occurring naturally. Subsequent reports of potentially vast deposits of “solid” natural
gas in the former Soviet Union intensified interest and sent geologists worldwide on a search for
how -- and where else -- methane hydrates might occur in nature. In the 1970s, hydrates were
found in ocean sediments.

In late 1981, the drilling vessel Glomar Challenger, assigned by the National Science
Foundation to explore off the coast of Guatemala, unexpectedly bored into 2 methane hydrate
deposit. Unlike previous drilling operations which had encountered evidence of hydrates,
researchers onboard the Challenger were able to recover a sample intact.

Today, methane hydrates have been detected around most continental margins. Around
the United States, large deposits have been identified and studied in Alaska, the west coast from
California to Washington, the east coast, including the Blake Ridge offshore of the Carolinas,
and in the Gulf of Mexico.

In 1995, the U.S. Geological Survey (USGS) completed its most detailed assessment of
U.S. gas hydrate resources. The USGS study estimated the in-place gas resource within the gas
hydrates of the United States to range from 112,000 trillion cubic feet to 676,000 trillion cubic
feet, with a mean value of 320,000 trillion cubic feet of gas.

Subsequent refinements of the data in 1997 using information from the Ocean Drilling
Program have suggested that the mean should be adjusted slightly downward, to around 200,000
trillion cubic feet - still larger by several orders of magnitude than previously thought and
dwarfing the estimated 1,400 trillion cubic feet of conventional recovered gas resources and

reserves in the United States.
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‘Worldwide, estimates of the natural gas potential of methane hydrates approach 400
million trillion cubic feet -- a staggering figure compared to the 5,000 trillion cubic feet that
make up the world’s currently known gas reserves.

This huge potential, alone, warrants a new look at advanced technologies that might one

day reliably and cost-effectively detect and produce natural gas from methane hydrates.

‘Why the New Interest in Hydrates?

I only 1 percent of the methane
hydrate resource could be made technically
and economically recoverable, the United
States could more than double ifs domestic
natural gas resource base.

The United States will consume
increasing volumes of natural gas well into
the 21st century. 1.8. gas consumption is
expected to increase from almost 22 trillion

cubic feet in 1997 to more than 32 trillion

1970 ' } 2030

cubic feet in 2020 -- a projected increase of .
Beyond 2015, as conventional and new gas

40 percent. resources {shales, tight sands, deep gas, etc.) begin
to decline, the U.S. may need to turn increasingly to
Natural gas is expected to take ona hydrates to meet rising demand for natural gas.

greater role in power generation, largely because
of increasing pressure for clean fuels and the relatively low capital costs of building new natural
gas-fired power equipment. Also, gas demand is expected to grow because of its expanded use
as a transportation fuel and potentially, in the longer-term, as a source of alternative liquid fuels
{gas-to-liquids conversion) and hydrogen for fuel cells. Should the nation move to reduce carbon
dioxide emissions, as part of our commitment to greenhouse gas reduction, the use natural gas
potentially could increase even more.

Given the growing demand for natural gas, the development of new, cost-effective

supplies can play a major role in moderating price increases and assuring consumer confidence in
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the long-term availability of reliable, affordable fuel. Yet, today, the potential to extract
commercially-relevant quantities of natural gas from hydrates is speculative at best. With no
immediate economic payoff, the private sector is not vigorously pursuing research that could
make methane hydrates technically and economically viable. Therefore, federal R&D is the
primary way the United States can begin exploring the future viability of a high-risk resource

whose long-range possibilities might one day dramatically change the world’s energy portfolio.

A Vast New Source of Energy or a Safety and Environmental Hazard?

Methane hydrates represent a tantalizing energy prospect; yet, at the same time, there are
significant safety and environmental issues. The hydrate structure encases methane at very high
concentrations. A single unit of hydrate, when heated and depressurized, can release 160 times
its volume in gas.

Computer simulations indicate that thermal recovery methods, such as the use of hot
water or steam flooding, could make hydrates a technically recoverable resource. Alternatively,
methods that dissociate the gas by reducing the reservoir pressure may be possible. Chemical
injection to decrease the stability of the hydrate lattice could be another approach.

This potential for large volumes of methane to be released due to destabilization of the
hydrate formation can also create safety problems, however. Offshore operators are increasingly
reporting problems of drilling through hydrates. Normal-speed drilling generates sufficient heat
to decompose surrounding hydrates, resulting in high-gas-content mud that can contribute to loss
of well control. Hydrates also can form either in the well bore or in connecting lines, plugging
the flow. Also, as hydrates decompose, particularly at or near the sea floor, subsidence can
occur, potentially causing a loss of foundation support for offshore platforms or possibly
damaging underwater cables.

Research into methane hydrates, therefore, could benefit conventional oil and gas
operations by developing improved methods to anticipate and diagnose the presence of these
formations. As producers move increasingly into regions where hydrates are likely to be found,
the federal R&D program could provide important information to mitigate safety and

environmental hazards.
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DOE’s Previous R&D Program

The Glomar Challenger’s retrieval of a 3-foot long hydrate core in 1981 -- the only one at
that time known to exist in the Western Hemisphere -- intensified interest in methane hydrates.
The core was shipped to the Colorado School of Mines, which asked several organizations for
proposals on how they would study the sample. Six organizations were chosen to carry out the
analyses, including the Department of Energy’s Morgantown Energy Technology Center, now
part of the Federal Energy Teéhnology Center. (The others were the USGS at Menlo Park, CA;
the National Bureau of Standards in Boulder, CO; the University of California at Los Angeles;
Texas A&M University; and the Sohio Research Center in Cleveland, OH.)

The core studies kicked off a new effort by the DOE Office of Fossil Energy to study the
physical and chemical properties of hydrates, the mechanisms for their formation and
dissociation, and the geological characteristics of marine and Arctic hydrate formations.

From 1982-1992, DOE’s methane hydrate program spent $8 million in developing a
foundation of basic knowledge about the location and thermodynamic properties of gas hydrates.
The DOE-supported program:

established the existence of hydrates in the Kuparuk Field on the north slope of Alaska;
completed studies of 15 offshore hydrate basins;

developed production models for depressurizing and heating hydrates to release gas,
developed preliminary estimates of gas-in-place for hydrate deposits, and

built the Gas Hydrate and Sediment Test Lab Instrument, a device that can form hydrates
within sediments in a laboratory chamber that simulates deep-sea conditions.

“. " s s

DOE’s initial methane hydrate research ended as priorities shifted to more near-term
exploration and production R&D. Work continued at relatively small scales at the USGS,
universities, other laboratories, and overseas, Studies of the Blake Ridge formation offshore of
the Carolinas in 1995 (part of the USGS Ocean Drilling Program Leg 164) contributed
significantly to our understanding of hydrates and a refinement of potential resource estimates.

InFY 1997 and FY 1998, DOE provided a small amount of funding from its Natural Gas
Supply Program to support activities in preparation for a more definitive program proposed for
FY 1999. We participated in the testing and sample analysis of a 1,200-meter deep well in the
Mackenzie Delta of Canada drilled by Japan National Oil Company. We also began processing
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and evaluating seismic data from the hydrate regions of the Gulf of Mexico, and began designing
a global database of gas hydrates and related gas deposits. The Department also began
participating in the Colorado School of Mines gas hydrate university/industry consortium which

is studying the problem of hydrate plugging in conventional wells and handling facilities.

The Development of a New Gas Hydrate R&D Initiative

In its 1997 report, the Energy Research and Development Panel of the President’s
Committee of Advisors on Science and Technology (PCAST) recommended “a major initiative
Jfor DOE to work with USGS, the Naval Research Lab, Mineral Management Service, and the
industry to evaluate the production potential of methane hydrates in U.S. coastal waters and
world wide.” PCAST also called attention to the possibility that studies of methane hydrates
could lead to possible sequestering of carbon dioxide in CO2 hydrates.

On January 21-22, 1998, DOE hosted a workshop in Denver on the “Future of Methane
Hydrate Research and Resource Development.” The objective was to take the first step in
developing, jointly with the Department of the Interior and the Department of Defense (Naval
Research Laboratory), a new R&D program for methane hydrates.

On May 12, 1998, a second workshop was held in Washington, DC, specifically to
review a “strawman” Methane Hydrates Program Plan.

From this workshops and other planning activities carried out cooperatively with the U.S.
Geological Survey, the Naval Research Laboratory, the National Science Foundation, the
Minerals Management Service and industrial and academic experts, the Department of Energy
published a “Strategy for Methane Hydrates Research & Development” in August 1998.

The strategy outlines a multidisciplinary program that will begin in FY 2000. If
successful, this planned 10-year national program will produce the knowledge and products
necessary for the private sector to begin the commercial viability of methane production from
hydrates by 2015. The program will also address associated environmental and safety issues that
could benefit offshore producers operating in suspected hydrate regions.

Our methane hydrates program has four goals:
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. Resource Characterization - Determine the location, sedimentary relationships, and
physical characteristics of methane hydrate resources to assess their potential as a
domestic and global fuel resource. Planned RD&D activities include: collection and
analysis of geophysical data; oceanographic and arctic sample collection and analysis;

geologic and geochernical studies; and database development.

. Production - Develop the knowledge and technology necessary for ccmmercial
production of methane from oceanic and permafrost hydrate systems by 2015. Planned
RD&D activities include: laboratory studies and modeling of hydrate dissociation; and

production testing in a well-of-opportunity.

. Global Carbon Cycle - Develop an understanding of the dynamics and distribution of
oceanic and permafrost methane hydrate systems sufficient to quantify their role in the
global carbon cycle and climate change. Planned RD&D activities include:
microbiological and chemical studies of the fate of methane in the ocean and atmosphere;

and monitoring seafloor hydrate sites.

. Safety and Seafloor Stability - Develop an understanding of the hydrates system in
nearseafloor sediments and sedimentary processes, including sediment mass movement
and methane release, so that safe standardized procedures for hydrocarbon production and
ocean engineering can be assured. Planned RD&D activities include: documentation of
historic slump and collapse sites; and seismic and well log evaluation of subset hydrate

zone structure and strength.

To effectively address this technological complexity, the program will marshal the resources of
the petroleum industry, academia, National Laboratories, and a broad base of government
programs with concurrent interests in methene hydrates. These groups will comprise a
Management Steering Committee that will monitor program progress, assure interagency

coordination, and coordinate international exchanges.
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Descriptions of several ongoing methane hydrates projects follow:

- DOE is working with the USGS to
provide preliminary seismic profile
data and necessary laboratory
information to assess gas hydrate
accumulations in regions of the Gulf
of Mexico. The work includes
processing and interpretation of Gulf
of Mexico seismic profiling data
collected in the gas hydrates area of
Garden Banks/ Keithley Canyon.
Laboratory measurements will be
made on the acoustic velocity and
resistivity for purposes of improving

interpretation of gas hydrate

Permafrost Hydrate Samples

In March 1998, the Japan National Of Company
(JNOC), the Geological Survey of Canada (GSC),
and the USGS, with support from DOE, drilled a
1,150 foot well to investigate gas hydrates in a
permafrost setting. Core samples collected from
the Mallik well are the first documented natural
gas hydrate samples from beneath permafrost
collected in the world. The Geological Survey of
Canada will coordinate, with JNOC and other
collaborators, an extensive post-field research
program that will integrate the field surveys with
fundamental studies of hydrate characteristics.
Preliminary research results were presented at a

special conference in Japan in October 1998

signatures in seismic profiles. USGS has developed instrumentation to evaluate gas

hydrate characterization with their GHASTLI system (Gas Hydrate and Sediment Test
Laboratory Instrument), which DOE helped develop.

DOE is supporting research activity at the USGS to assess the availability and potential
production of gas hydrates in the Arctic. Recent field studies in Canada are being used to
develop gas hydrate computer production models that will enable DOE to assess the
production potential of natural gas hydrates in this region. In 1999 and 2000, USGS will
work with industry to characterize Arctic sites and conduct production tests to assess the
volume of gas, recoverability, and production characteristics of the gas hydrate

accumulations in northern Alaska.

DOE is supporting the Department of Defense Naval Research Laboratory studies of gas
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hydrate deposits located in deep sea regions. The Naval Research Laboratory is
developing a prototype global EMap, which is an electronic relational database for gas
hydrate locations and related information. This effort will also include assessment of
methods for determining the 3-D distribution and volume of gas hydrates. This data will
be applicable to studies of sea floor stability and safety, production, global carbon cycle
and the earth-atmosphere system, and environmental benefits of methane from hydrates

as a fuel.

- DOE and the DeepStar consortium are building a "flow assurance” test loop at the Rocky
Mountain Oilfield Testing Center. Testing will include gas hydrate formation in pipelines

and blockage removal techniques.

Because future program activities were still in the formative stage, DOE requested only a
minimal level of R&D funding ($500,000) in its fiscal year 1999 budget submission to Congress.
In FY 2000, to initiate the multidisciplinary program strategy, the Department has requested an

increase in funding to $2.0 million.

The Department’s Views on H.R. 1753 , the Methane Hydrate Research and Development
Act of 1999 .

H.R. 1753 and its Senate-passed companion bill, S. 330, would promote the research,
identification, assessment, exploration, and development of methane hydrate resources. Both
bills provide a clear endorsement from Congress of federal research efforts to better understand
the true energy potential of methane hydrates. Both are consistent with the goals we have
established for the federal hydrates R&D program; therefore, the Department can support both
the House and Senate versions.

We are particularly pleased to see the Congress emphasize the need to facilitate and
develop partnerships among government, industry and academia in future hydrate R&D. This
concept of a public-private partnership, with shared responsibilities and resources, is

fundamental to our fossil energy R&D program. 1t is particularly important that the private



37

10

sector, which will ultimately be responsible for converting R&D results into commercially-viable
production methods, be part of the project team early in the R&D process. We expect to see
substantial industry cost-sharing in those activities that have significance for current drilling
practices, such as the studies of hydrate mechanical properties and ocean engineering. As other
longer-term technologies mature, we expect the proportion of industry cost-sharing in these areas
increase to significant levels. We also will seek a wide range of private sector and academic
partners. This will expedite significantly the transfer of technology that evolves from this effort.

We also applaud the Congressional direction to “ensure that data and information
developed through the program are accessible and widely disseminated....” Working with the
International Centre for Gas Technology Information, we are exploring mechanisms, such as the
use of the Internet, that will enhance information dissemination among the world’s community of
hydrate researchers and technology users, as well as obtain continuing stakeholder input.

We are also pleased that the Congress has recognized the importance of cooperation
among Federal agencies in developing potentially promising hydrate technologies. We would
not be nearly as well positioned to begin a new, intensified examination of the hydrate potential
had it not been for the excellent work of the USGS and the Naval Research Laboratory. The
coordinated involvement of these organizations, along with others such as the National Science
Foundation, the Minerals Management Service, and the Gas Research Institute, will be essential
in carrying out a productive and effectively managed R&D program.

This concludes my prepared statement. I will be pleased to answer any questions you or

Members of the Subcommittee may have.
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Mrs. CUBIN. Thank you very much.
Next, I would like to recognize Dr. Timothy S. Collett, for his tes-
timony.

STATEMENT OF DR. TIMOTHY S. COLLETT, RESEARCH GEOLO-
GIST, U.S. GEOLOGICAL SURVEY, U.S. DEPARTMENT OF EN-
ERGY

Dr. COLLETT. Thank you.

Mr. Chairman, and members, I am Timothy S. Collett, research
geologist with the U.S. Geological Survey.

In this testimony, I will discuss the USGS assessment of natural
gas hydrate resources and examine the technology that would be
necessary to safely and economically produce gas hydrates.

The primary objectives of the existing USGS gas hydrate re-
search studies are: one, to document the geological parameters that
control the occurrence and stability of gas hydrates; two, to assess
the volume of natural gas stored within gas hydrate accumulations;
and, three, to identify and predict natural sediment destabilization
caused by gas hydrates; and finally, four, to analyze the effects of
gas hydrate on drilling safety.

The USGS, in 1995, made the first systematic assessment of the
in-place natural gas hydrate resources of the United States. This
study shows that the amount of gas in hydrate accumulations in
the United States is dramatic.

Even though gas hydrates are known to occur in numerous ma-
rine and Arctic settings, little is known about the geologic controls
on their distribution. The presence of gas hydrates in offshore con-
tinental margins have been inferred mainly from anomalous seis-
mic reflectors that coincide with the base of the gas hydrate sta-
bility zone. This reflector, commonly called the “bottom simulator
reflector” or “BSR” has been mapped at depths ranging from 0 to
1,100 meters below the sea floor. Gas hydrates have also been re-
covered by scientific drilling along the Atlantic, Gulf of Mexico, and
Pacific coasts of the United States.

Onshore gas hydrates have been found in Arctic regions of per-
mafrost. Gas hydrates associated with the permafrost have been
documented on the North Slope of Alaska and Canada, and in
northern Russia. Combined information from Arctic gas hydrate
studies show that, in permafrost regions, gas hydrates may exist
at subsurface depths ranging from 130 to 2,000 meters.

The USGS 1995 National Assessment of United States’ Oil and
Gas Resources focused on assessing the undiscovered conventional
and unconventional resources of crude oil and natural gas in the
United States. This assessment included, for the first time, a sys-
tematic appraisal of the in-place natural gas hydrate resources in
the United States in both onshore and offshore environments. That
study indicates that the in-place gas hydrate resources of the
United States are estimated to range from 113,000 to 676,000 tril-
lion cubic feet of gas. Although this range of values shows a high
degree of uncertainty, it does indicate the potential for enormous
quantities of gas stored as gas hydrates. However, this assessment
does not address the problem of gas hydrate recoverability.

Proposed methods of gas recovery from hydrates usually deal
with disassociating or melting gas hydrates by heating the res-
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ervoir, or by decreasing the reservoir pressure, or by injecting an
inhibitor such as methanol into the formation. Among the various
techniques for production of natural gas from gas hydrates, the
most economically promising method is considered to be depressuri-
zation. The Messoyakha gas field in northern Russia is often used
as an example of a hydrocarbon accumulation from which gas has
been produced from hydrates by reservoir depressurization.

Seismic-acoustic imaging to identify gas hydrates is an essential
component of the USGS marine studies since 1990. USGS has also
conducted extensive geochemical surveys and established a special-
ized laboratory facility to study the formation and disassociation of
gas hydrates in nature and also under simulated sea floor condi-
tions. These efforts have also involved core drilling of gas hydrate-
bearing samples in cooperation with the Ocean Drilling Program of
the National Science Foundation, and, most recently, a cooperative
drilling program onshore in northern Canada.

Sea floor stability and safety are two important issues related to
gas hydrates. Sea floor stability refers to the susceptibility of the
sea floor to collapse and slide as a result of gas hydrate disassocia-
tion. Safety issue refers to petroleum drilling and production haz-
ards that may occur in association with gas hydrates.

In regards to sea floor stability, it is possible that both natural
and human induced changes contribute to in-situ gas hydrate de-
stabilization which may convert hydrate-bearing sediments to
gassy, water-rich fluids, triggering sea floor subsidence and cata-
strophic landslides. Evidence implicating gas hydrates in triggering
sea floor landslides has been found along the Atlantic Ocean mar-
gin of the United States. However, the mechanisms controlling gas
hydrate induced sea floor subsidence and landslides are not well
known or documented.

In regards to safety, oil and gas operators have described numer-
ous drilling and production problems attributed to the presence of
gas hydrates, including uncontrolled gas releases during drilling,
collapse of wellbore casings, and gas leakages to the surface. Again,
the mechanism controlling gas hydrate induced safety problems is
not well known.

In conclusion, our knowledge of natural-occurring gas hydrates is
limited. Nevertheless, a growing body of evidence suggests that a
huge volume of natural gas is stored in gas hydrates; the produc-
tion of natural gas from gas hydrates may be technically feasible;
gas hydrates hold the potential for natural hazards associated with
sea floor stability and release of methane to the oceans and the at-
mosphere; and gas hydrates disturbed during drilling and petro-
leum production pose a potential safety problem.

The USGS welcomes the opportunity to collaborate with other
domestic and international scientific organizations to further our
collaborative understanding of these important geologic materials.

I would like to thank the Committee for this opportunity and I
would refer the Committee to my written testimony for additional
information on natural gas hydrates.

Thank you.

[The prepared statement of Dr. Collett follows:]
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STATEMENT OF TIMOTHY S. COLLETT, RESEARCH GEOLOGIST, U.S. GEOLOGICAL
SURVEY

Mr. Chairman and Members:

I am Timothy S. Collett, Research Geologist with the U.S. Geological Survey
(USGS). In this testimony I will discuss the USGS assessment of natural gas hy-
drate resources and examine the technology that would be necessary to safely and
economically produce gas hydrates.

I. Summary

The primary objectives of USGS gas hydrate research are to document the geo-
logic parameters that control the occurrence and stability of gas hydrates, to assess
the volume of natural gas stored within gas hydrate accumulations, to identify and
predict natural sediment destabilization caused by gas hydrate, and to analyze the
effects of gas hydrate on drilling safety. The USGS in 1995 made the first system-
atic assessment of the in-place natural gas hydrate resources of the United States.
That study shows that the amount of gas in the hydrate accumulations of the
United States greatly exceeds the volume of known conventional domestic gas re-
sources. However, gas hydrates represent both a scientific and technologic frontier
and much remains to be learned about their characteristics and possible economic
recovery.

II. Gas Hydrate Occurrence and Characterization

Gas hydrates are naturally occurring crystalline substances composed of water
and gas, in which a solid water-lattice holds gas molecules in a cage-like structure.
Gas hydrates are widespread in permafrost regions and beneath the sea in sedi-
ments of the outer continental margins. While methane, propane, and other gases
are included in the hydrate structure, methane hydrates appear to be the most com-
mon. The amount of methane contained in the world’s gas hydrate accumulations
is enormous, but estimates of the amounts are speculative and range over three or-
ders-of-magnitude from about 100,000 to 270,000,000 trillion cubic feet of gas. De-
spite the enormous range of these estimates, gas hydrates seem to be a much great-
er resource of natural gas than conventional accumulations.

Even though gas hydrates are known to occur in numerous marine and Arctic set-
tings, little is known about the geologic controls on their distribution. The presence
of gas hydrates in offshore continental margins has been inferred mainly from
anomalous seismic reflectors that coincide with the base of the gas-hydrate stability
zone. This reflector is commonly called a bottom-simulating reflector or BSR. BSRs
have been mapped at depths ranging from about 0 to 1,100 in below the sea floor.
Gas hydrates have been recovered by scientific drilling along the Atlantic, Gulf of
Mexico, and Pacific coasts of the United States, as well as at many international
locations.

To date, onshore gas hydrates have been found in Arctic regions of permafrost and
in deep lakes such as Lake Baikal in Russia. Gas hydrates associated with perma-
frost have been documented on the North Slope of Alaska and Canada and in north-
ern Russia. Direct evidence for gas hydrates on the North Slope of Alaska comes
from cores and petroleum industry well logs which suggest the presence of numer-
ous gas hydrate layers in the area of the Prudhoe Bay and Kuparuk River oil fields.
Combined information from Arctic gas-hydrate studies shows that, in permafrost re-
gions, gas hydrates may exist at subsurface depths ranging from about 130 to 2,000
meters.

The USGS 1995 National Assessment of United States Oil and Gas Resources fo-
cused on assessing the undiscovered conventional and unconventional resources of
crude oil and natural gas in the United States. This assessment included for the
first time a systematic appraisal of the in-place natural gas hydrate resources of the
United States, both onshore and offshore. Eleven gas-hydrate plays were identified
within four offshore and one onshore gas hydrate provinces. The offshore provinces
lie within the U.S. 200 mile Exclusive Economic Zone adjacent to the lower 48
States and Alaska. The only onshore province assessed was the North Slope of Alas-
ka. In-place gas hydrate resources of the United States are estimated to range from
113,000 to 676,000 trillion cubic feet of gas, at the 0.95 and 0.05 probability levels,
respectively. Although this range of values shows a high degree of uncertainty, it
does indicate the potential for enormous quantities of gas stored as gas hydrates.
The mean (expected value) in-place gas hydrate resource for the entire United
States is estimated to be 320,000 trillion cubic feet of gas. This assessment does not
address the problem of gas hydrate recoverability.

Seismic-acoustic imaging to identify gas hydrate and its effects on sediment sta-
bility has been an important part of USGS marine studies since 1990. USGS has
also conducted extensive geochemical surveys and established a specialized labora-
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tory facility to study the formation and disassociation of gas hydrate in nature and
also under simulated deep-sea conditions. Gas hydrate distribution in Arctic wells
and in the deep sea has been studied intensively using geophysical well logs. These
efforts have also involved core drilling of gas-hydrate-bearing sediments in coopera-
tion with the Ocean Drilling Program (ODP) of the National Science Foundation,
and, most recently a cooperative drilling program onshore in northern Canada.

II1. Gas Hydrate Production

Gas recovery from hydrates is hindered because the gas is in a solid form and
because hydrates are usually widely dispersed in hostile Arctic and deep marine en-
vironments. Proposed methods of gas recovery from hydrates usually deal with dis-
associating or “melting” in-situ gas hydrates by (1) heating the reservoir beyond the
temperature of hydrate formation, (2) decreasing the reservoir pressure below hy-
drate equilibrium, or (3) injecting an inhibitor, such as methanol, into the reservoir
to decrease hydrate stability conditions. Computer models have been developed to
evaluate hydrate gas production from hot water and steam injection, and these mod-
els suggest that gas can be produced from hydrates at sufficient rates to make gas
hydrates a technically recoverable resource. Similarly, the use of gas hydrate inhibi-
tors in the production of gas from hydrates has been shown to be technically fea-
sible, however, the use of large volumes of chemicals comes with a high economic
and potential environmental cost. Among the various techniques for production of
natural gas from in-situ gas hydrates, the most economically promising method is
considered to be depressurization. The Messoyakha gas field in northern Russia is
often used as an example of a hydrocarbon accumulation from which gas has been
produced from hydrates by simple reservoir depressurization. Moreover the produc-
tion history of the Messoyakha field possibly demonstrates that gas hydrates are an
immediate producible source of natural gas and that production can be started and
maintained by “conventional” methods.

IV. Safety and Seafloor Stability

Seafloor stability and safety are two important issues related to gas hydrates.
Seafloor stability refers to the susceptibility of the seafloor to collapse and slide as
the result of gas hydrate disassociation. The safety issue refers to petroleum drilling
and production hazards that may occur in association with gas hydrates in both off-
shore and onshore environments.

Seafloor Stability

Along most ocean margins the depth to the base of the gas hydrate stability zone
becomes shallower as water depth decreases; the base of the stability zone intersects
the seafloor at about 500 m. It is possible that both natural and human induced
changes can contribute to in-situ gas hydrate destabilization which may convert a
hydrate-bearing sediment to a gassy water-rich fluid, triggering seafloor subsidence
and catastrophic landslides. Evidence implicating gas hydrates in triggering seafloor
landslides has been found along the Atlantic Ocean margin of the United States.
The mechanisms controlling gas hydrate induced seafloor subsidence and landslides
are not well known, however these processes may release large volumes of methane
to the Earth’s oceans and atmosphere.

Safety

Throughout the world, oil and gas drilling is moving into regions where safety
problems related to gas hydrates may be anticipated. Oil and gas operators have
described numerous drilling and production problems attributed to the presence of
gas hydrates, including uncontrolled gas releases during drilling, collapse of
wellbore casings, and gas leakage to the surface. In the marine environment, gas
leakage to the surface around the outside of the wellbore casing may result in local
seafloor subsidence and the loss of support for foundations of drilling platforms.
These problems are generally caused by the disassociation of gas hydrate due to
heating by either warm drilling fluids or from the production of hot hydrocarbons
from depth during conventional oil and gas production. The same problems of desta-
b@liz?d gas hydrates by warming and loss of seafloor support may also affect subsea
pipelines.

V. Conclusions

Our knowledge of naturally occurring gas hydrates is limited. Nevertheless, a
growing body of evidence suggests that (1) a huge volume of natural gas is stored
in gas hydrates, (2) production of natural gas from gas hydrates may be technically
feasible, (3) gas hydrates hold the potential for natural hazards associated with
seafloor stability and release of methane to the oceans and atmosphere, and (4) gas
hydrates disturbed during drilling and petroleum production pose a potential safety
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problem. The USGS welcomes the opportunity to collaborate with domestic and
international scientific organizations to further our collective understanding of these
important geologic materials.

Mr. WALDEN. [presiding] Thank you, Dr. Collett.
Dr. Haq.

STATEMENT OF BILAL U. HAQ, DIVISION OF OCEAN SCIENCES,
NATIONAL SCIENCE FOUNDATION

Dr. HAQ. Thank you, Mr. Chairman, for giving me the oppor-
tunity to present the Subcommittee the outline of the state of our
knowledge on natural gas hydrates.

I have submitted a formal statement that I would like to be
made a part of the record.

For several decades, we have known gas hydrates exist within
the sediments of the continental slope and in the permafrost on
land. While it was only during the last decade that the pace of re-
search has picked up, and especially in the last three or four years.
Research efforts in several countries had been focused at learning
more about the viability of gas hydrate as an energy resource. In
addition, their role in slope instability and global climate change is
also of considerable interest to the research community and has ob-
vious societal relevance.

In marine sediments, hydrates are commonly detected remotely
by the presence of acoustic reflectors known as “bottom simulating
reflectors” or “BSR’s.” Now, BSR’s are known from many conti-
nental margins of the world, but hydrates have only been rarely
sampled through drilling. This lack of direct sampling means that
estimating the volumes of methane trapped in the hydrates and
the free gas below the hydrate remain largely speculative.

One of the few places in the world where hydrates have been
drilled and directly sampled is on the Blake Ridge, a topographic
feature off the coast of the Carolinas, Georgia, and Florida. Here
it was observed that the BSR is present only where there is a sig-
nificant amount of free gas below the hydrate zone, whereas hy-
drate was present even where there was no BSR. Thus, if our esti-
mates are calculated purely on the basis of observed BSR’s, it may
lead to underestimation of the lateral extent of the hydrate fields
and the total volume of the contained methane.

At present, even the relatively conservative estimates con-
template as much methane in hydrates as double the amount of oil
and known fossil fuels. Whether or not these large estimates can
be translated into viable energy resource is a crucial question that
has been the focus of researchers in many countries in the world.

Scientists theorize that when large slumps that occur when gas
hydrates disassociate on the continental slope, they can release
large amounts of methane into the atmosphere triggering green-
house warming over the longer term.

Of more immediate concern, however, is the response of the
methane trapped in the permafrost hydrates. If the summer tem-
peratures in the higher latitudes were to rise by even a few de-
grees, it could lead to increased emission of methane from the per-
mafrost, thereby adding to the greenhouse effect and further rais-
ing global temperature. The actual response of both the permafrost
and the ice fields on Greenland and Antarctica to the global warm-
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ing remains largely unknown at the present time due to lack of re-
search in this area.

Although the hydrocarbon industry has had a longstanding inter-
est in the hydrates, but they have been slow to respond to the need
of gas hydrate research as an energy resource. This stems from
several factors. Many of the industry believe that the widely cited
large estimates of methane in gas hydrates on the continental mar-
gins may be overstated. Moreover, if this hydrate is thinly dis-
persed in the sediment, rather than concentrated, it may not be
easily recoverable and, thus, not cost effective.

And now, some of our research needs in this area. Much of the
uncertainty concerning the value of hydrate as a resource for the
future, their role in slope instability and climate change stems from
the fact that we know very little about the nature of the gas hy-
drate reservoir. Understanding the characteristics of the reservoir,
finding ways to image and evaluate its contents remotely may be
the two most important challenges in gas hydrate R&D for the
near future.

We need to know where exactly on land and on the sea floor gas
hydrates occur, and how extensive is their distribution. We need to
be able to discern how they are distributed. Are they distributed
mostly thinly dispersed in sediments or in substantial local con-
centration? Only then will we be able to come up with a meaning-
ful estimate of their national and global distribution.

We also need a better understanding of how hydrates form and
how they get to where they are stabilized. This means learning
more about the biological activity and organic matter decay that
generates the methane gas for the hydrates, their plumbing sys-
tem, migration pathways, and hydrate thermodynamics. To under-
stand the role of gas hydrates in slope instability, research will be
needed into their physical properties and their response to changes
in pressure temperature regimes.

To appreciate their role in global climate change, we need to
have a better grasp of how much of the hydrates on the ocean mar-
gins and in the permafrost is actually susceptible to oceanic and at-
mospheric temperature fluctuations. More importantly, we must
understand the fate of the methane released from a hydrate source
into the water column and the atmosphere.

Once the efficacy of natural gas hydrates as a resource have been
ascertained, new technologies will be needed to develop for their
meaningful exploitation. This includes new techniques for detec-
tion, drilling, and recovery of solid hydrate and free gas below.
Such technologies are lacking at the present time.

Mr. Chairman, once again, thank you very much for providing
me the opportunity to testify. And I will be happy to answer any
questions that I am able.

[The prepared statement of Dr. Haq follows:]

STATEMENT OF BILAL U. HAQ, DIVISION OF OCEAN SCIENCES, NATIONAL SCIENCE
FOUNDATION

Thank you, Madam Chairman and members of the Subcommittee for giving me
the opportunity to present an outline of the state of our knowledge of natural gas
hydrates and the future research needs in this area.

Natural gas hydrates have been known to exist within the continental margin
sediments for several decades now, however, it is only during the last decade that
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the pace of research into their distribution and nature has picked up, and especially
in the last three or four years. The research effort in several countries has been fo-
cused at learning more about their efficacy as an alternative energy resource. In ad-
dition, their role in slope instability and global climate change is also of considerable
interest to the research community and has obvious societal relevance.

Gas hydrates consist of a mixture of methane and water and are frozen in place
in marine sediments on the continental slope and rise. To be stable the hydrates
require high pressure and low bottom temperature and thus they occur mostly at
the depths of the continental slope (generally below 1,500 feet depth). Due to the
very low temperatures in the Arctic, hydrates also occur on land associated with
permafrost, and at shallower submarine depths of about 600 feet. Methane gas that
forms the hydrate is mostly derived from the decay of organic material trapped in
the sediments.

Methane is a clean burning fuel. Because the methane molecule contains more hy-
drogen atoms for every carbon atom, its ignition produces less carbon dioxide than
other, heavier, hydrocarbons. In addition, the hydrate concentrates 160 times more
methane in the same space as free gas at atmospheric pressure at sea level. Thus,
natural gas hydrates are considered by many to represent an immense, environ-
mentally friendly, and viable, though as yet unproven resource of methane.

In marine sediments, hydrates are commonly detected by the presence of acoustic
reflectors, know as bottom simulating reflectors, or BSRs. However, to produce a
boundary that reflects acoustic energy, a significant quantity of free gas needs to
be present below the hydrate to induce the contrast that causes the reflector. BSRs
are known from many continental margins of the world, but hydrates have only
rarely been sampled through drilling. Moreover, the presence or absence of BSR
does not always correlate with the presence of hydrate nor provide information
about the quantity of hydrate present. The general lack of direct sampling means
that estimating the volumes of methane trapped in hydrates, or the associated free
gas beneath the hydrate stability zone, remain largely speculative.

One of the few places in the world where hydrates have been drilled and directly
sampled is on the Blake Ridge, a topographic feature off the coast of the Carolinas,
Georgia and Florida. Here it was observed that the BSR is present only where there
is significant amount of free gas below the hydrate, whereas hydrate was present
even where there was no BSR recorded on acoustic profiles. Thus, if our estimates
are calculated purely on the basis of observed BSRs, it may lead to underestimation
of t{lle lateral extent of the hydrate fields and the total volume of the contained
methane.

Estimates of how much methane might be trapped in the hydrates in the near-
shore sediments therefore remain conjectural at the present, but even the relatively
conservative estimates contemplate as much as double the amount of all known fos-
sil fuel sources. Whether or not these large estimates can be translated into a viable
energy resource is a crucial question that has been the focus of researchers in many
countries. In the past petroleum industry in the U.S. and elsewhere has been less
interested in methane hydrates as a resource because of the difficulties in esti-
mating and extracting the gas and distributing it to consumers as a cost-effective
resource.

Since gas hydrates in marine sediments largely occur on the continental slope,
they may also be implicated in massive slumps and slides when hydrates break
down due to increased bottom temperature or reduced hydrostatic pressure. Local
earth tremors may also cause hydrates to slump along zones of weakness. When a
hydrate dissociates, its bottom layer changes from solid “icy” substance to a “slushy”
mixture of sediment, water and gas. This change in the mechanical strength of the
hydrate occurs first near the base because the temperature in the sediment in-
creases with depth and thus the bottom part of the hydrate stability zone is most
vulnerable to subtle changes in temperature and pressure. This encourages massive
slope failure along low-angle detachment faults. Such slumps can be a considerable
hazard to petroleum exploration structures such as drilling rigs and to undersea ca-
bles. In addition, extensive slope failures can conceivably release large amounts of
methane gas into the seawater and atmosphere.

Scientists studying the recent geological past theorize that gas-hydrate dissocia-
tion during the last glacial period (some 18,000 years ago) may have been respon-
sible for the rapid termination of the glacial episode. During the glacial period the
sea level fell by more than 300 feet, which lowered the hydrostatic pressure, leading
to massive slumping that may have liberated significant amount of methane. Meth-
ane being a potent greenhouse gas (considered to be ten times as potent as carbon
dioxide by weight), a large release from hydrate sources could have triggered green-
house warming. As the frequency of slumping and methane release increased, a
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threshold was eventually reached where ice melting began, leading to a rapid
deglaciation.

At present, however, the response of the methane trapped in the permafrost as
hydrate is of greater concern. If the summer temperatures in the higher latitudes
were to rise by even a few degrees, it could lead to increased emission of methane
from the permafrost, thereby adding to the greenhouse effect and further raising the
global temperatures. These increases in global mean temperature may also lead to
further melting of high-latitude ice fields on Greenland and Antarctica. The re-
sponse of both the permafrost and the ice fields to increased temperature, however,
remains largely unknown at the present time.

Direct measurements of methane in hydrated sediments and the free gas below
made during drilling on the Blake Ridge by the Ocean Drilling Program, supported
largely by the National Science Foundation, show that large quantities of methane
may be stored in this gas-hydrate field, and even more as free gas below the hy-
drate. In the hydrate stability zone the volume of the gas hydrate based on direct
measurements was estimated to be between 5 percent and 9 percent of the pore
space. Though the hydrate occurs mostly finely disseminated in the sediment, rel-
atively pure hydrate bodies up to 30 cm thick also occur intermittently. Below the
hydrate stability pore spaces are saturated with free gas. From the point of view
of recoverability, the free gas below the hydrate stability zone, if it occurs in suffi-
cient quantities, could be recovered first. Eventually, the gas hydrate may itself be
dissociated artificially and recovered through injection of hot water or through de-
pressurization.

Although the hydrocarbon industry has had a long-standing interest in hydrates
(largely because of their nuisance value in clogging up gas pipelines in colder high
latitudes and in seafloor instability for rig structures), their slowness in responding
to the need for gas-hydrate research as an energy resource stems from several fac-
tors. Many in the industry believe that the widely cited large estimates of methane
in gas hydrates on the continental margins may be overstated. Moreover, if the hy-
drate is thinly dispersed in the sediment rather than concentrated, it may not be
easily recoverable, and thus not cost-effective to exploit.

One suggested scenario for the exploitation of such a dispersed resource is exca-
vation, which is environmentally a less acceptable option than drilling. And finally,
if recovering methane from hydrate becomes feasible, it may have important impli-
cations for slope stability. Since most hydrates occur on the continental slope, ex-
tracting the hydrate or recovering the free gas below the stability zone could cause
slope instabilities of major proportions that may not be acceptable to coastal commu-
nities. Producing gas from gas hydrates locked up in the permafrost has so far met
with considerable difficulties, as the Russian efforts to do so in Siberia in the 1960s
and 70s would imply.

The occurrence and stability of gas hydrates at oceanic depths of the slope and
rise has also led to the notion that we may be able dispose off excess green-house
gases, especially carbon dioxide, in the deep ocean as artificial hydrates. Although
permanent sequestration of carbon dioxide may not be realistic since the hydrate
on the seafloor would eventually be dissolved and dispersed in seawater, the isola-
tion of carbon dioxide in the form of solid hydrate that remains stable for relatively
long periods of time may be plausible. The long time scales of ocean circulation, the
large size of the oceanic reservoir and the buffering effect of carbonate sediments
all speak in favor of this potentiality. These notions, however, need considerable
measure of research, both in the laboratory and the field, before they can be re-
garded as practical.

Research Needs

Much of the uncertainty concerning the value of gas hydrates as a resource for
the future, their role in slope instability and their potential as agents for future cli-
mate change, stems from the fact that we have little knowledge of the nature of the
gas-hydrate reservoir. Understanding the characteristics of the reservoir and finding
ways to image and evaluate its contents remotely may be the two most important
challenges in gas-hydrate R & D for the near future.

We need to know where on land and the continental margins gas hydrates occur
and how extensive is their distribution? We need to be able to discern how they are
distributed, mostly thinly dispersed in sediments or in substantial local concentra-
tions. Only then will we be able to come up with meaningful estimates of their total
volume on the U.S. continental margins and in higher latitudes, as well their global
distribution.

We also need a better understanding of how hydrates form and how they get to
where they are stabilized. This effort encompasses learning more about the biologi-
cal activity and organic-matter decay that generates methane for hydrates, their
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plumbing systems, migration pathways and the hydrate thermodynamics, and it will
require laboratory experimentation, field observations and modeling.

To understand the role of gas hydrates in slope instability, research will be need-
ed to learn more about their physical properties and their response to changes in
pressure-temperature regimes. Both laboratory experimentation and invitu moni-
toring will be necessary. Gas hydrates in the Arctic, Gulf of Mexico and off the U.S.
East Ci)last represent extensive natural laboratories for all aspects of gas hydrate
research.

To appreciate the role of gas hydrates in global climate change, we need to have
a better grasp of how much of the hydrate in the continental margins and the per-
mafrost is actually susceptible to oceanic and atmospheric temperature fluctuations.
More importantly, we must understand the fate of the methane released from a hy-
drate source into the water column and the atmosphere. Studies of the geological
records of past hydrate fields can also provide clues to their behavior and role in
climate change.

Once the efficacy of natural gas hydrate as a resource has been proven, new tech-
nologies will have to be developed for their meaningful exploitation. This includes
new methodologies for detection, drilling, and recovery of the solid hydrate and the
free gas below. Such technologies are lacking at the present time.

Madam Chairman, once again thank you for giving me the opportunity to testify
and I will be happy to answer any questions from the members of the Subcommittee
that I am able to.

Mr. WALDEN. Thank you, Mr. Haq; I appreciate your testimony.

I might start with some questions for Mr. Kripowicz. Thank you
for outlining the Department of Energy’s role as the programmatic
lead for a Federal R&D program for methane hydrates.

I realize both the House and the Senate bill put the Secretary
of Energy in the driver’s seat for steering the appropriated dollars
to fulfill the program’s goals. Perhaps DOE is the logical home for
it. However, I am concerned that while both bills contemplate in-
volvement by the USGS, National Science Foundation, and Office
of Naval Research, neither bill requires the Secretary to establish
the advisory panel made up of representatives from those agencies
and academia. Nor does the Secretary have to listen to them if he
does create the panel.

Given the inevitable squeeze under the budget caps agreed to by
President Clinton in 1997, it is fair to believe that DOE may try
to keep appropriated dollars in-house for the Federal Energy Tech-
nology Center or the national labs.

What assurances can you give the Subcommittee that the USGS
and the marine minerals research institutions under our jurisdic-
tion will be given a meaningful place at the table?

Mr. Kripowicz. Mr. Chairman, the assurance that I can give you
is that we have been working cooperatively with those organiza-
tions from the very beginning on this program.

At the outset, before legislation was contemplated, we believed
that we needed to get buy-in from all of the other organizations
that had an interest in methane hydrates in order to present a ra-
tional program.

And the way we have also set up the potential organization is
that we will have a management steering committee which in-
cludes, not only the Department of Energy, but the USGS and the
National Science Foundation, MMS, NRL, the Ocean Drilling Pro-
gram, and several industrial organizations.

And we have worked through the original strategy document and
the beginnings of the program plan in close cooperation with these
organizations and have provided a tremendous amount of interplay
and public comment on our plans in this area.
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Mr. WALDEN. Okay. Given the concerns the panelists have stated
about disassociation of gas hydrates on the continental slope, lead-
ing to instability of drilling environments, do you believe the Min-
erals Management Service, which regulates drilling operations on
the outer-continental shelf, should be programmatically involved,
either directly or via the Center for Marine Research and Environ-
mental Technology at the University of Mississippi, which is one of
the centers established by Public Law 104-325, out of this Sub-
committee?

Mr. Kripowicz. Yes, sir. MMS is one of the people that is on the
Management Steering Committee, and we have a working relation-
ship with MMS and would expect them to be closely involved in
this research, including possibly some of their own funding, as well
as funding from this money.

Mr. WALDEN. Okay.

And our full Committee chairman is interested in this program,
in part, because of the potential to bring gas to remote native vil-
lages in the Arctic which are starved for affordable fuels.

Will DOE ensure that gas hydrate studies in permafrost regions
be given an equal place at the research table?

Mr. Kripowicz. Yes, sir. As a matter of fact, probably the first
experiments—production experiments—would mostly likely be in
permafrost areas because there would be cheaper areas in which to
drill to establish the characteristics of the resource and get the
background information needed to decide whether it can actually
be made into a recoverable reserve. So we would expect, you know,
a lot of work to go on in the Arctic and permafrost regions.

Mr. WALDEN. Okay.

H.R. 1753 prescribes that the Secretary of Energy create an advi-
sory committee that would solicit proposals for hydrate research
which would then undergo a peer review process.

Would the peer review process be enlisted for the review of indi-
vidual research proposals submitted to the program, or only with
respect to the entire gas hydrate program, in general? And could
you explain to me how you expect this process to operate?

Mr. Krirowicz. We would assume that there would be more than
one way to allocate the funding. For example, research within the
government, that portion of it would be determined by the steering
committee on it which most of the agencies sit. Then for univer-
sities and for industry, there would be an allocation of money
which would be available on a competitive peer-reviewed basis.

Mr. WALDEN. Testimony from Dr. Woolsey on the next panel im-
plies the administration is pledging more support to this effort
than was outlined in the President’s Science Advisors’ report sev-
eral years ago.

Is the Department of Energy satisfied that a viable R&D pro-
gram for the methane hydrates can be performed under the author-
ization caps in H.R. 17537

Mr. Kripowicz. Yes, sir. The cap for Fiscal Year 2000 is $5 mil-
lion; our budget request is $2 million. And the cap for the suc-
ceeding years is $10 million. And what I have testified to pre-
viously is that it is clear, that in a long-term program, you need
more than $2 million a year. The $2 million is a starting figure to
establish the program, but in future years, a program of substan-
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tial size would be needed in order to finally get to a decision as to
whether this is a producible reserve. And the numbers of $10 mil-
lion appear to be a reasonable figure, although as you get further
into the program, it may or may not be true. But we, at this point,
feel we can live with those allocations.

Mr. WALDEN. All right. Thank you.

Turn now to Mr. Underwood.

Mr. UNDERWOOD. Thank you, Mr. Chairman.

This is a question that is related to the length of time that we
are imagining, or we are perhaps projecting it would take to actu-
ally—and this question is for any one of the panelists. What is the
anticipated timeline that actually we would see the technology
available, that would actually be able to access and produce gas
from these methane hydrates?

Mr. Kripowicz. I would say that that is probably a very fuzzy
date, but we would believe that if you financed the program at
somewhere near the $10-million range over a considerable period
of time, that no sooner than the year 2010, I think you could iden-
tify whether this is really an exploitable resource. So it is a long-
term program.

Mr. UNDERWOOD. Okay. Would the other two members of the
panel agree with that?

Dr. COLLETT. From our perspective, a part of our program is very
focused on the Alaska accumulations onshore in the oil and gas
areas. Hydrates there are drilled almost on a daily basis in the
field areas, and this is an area where we are proceeding with coop-
erative work with industry to actually develop tests of hydrate ac-
cumulations, for the main purpose of engineering reservoir mainte-
nance of conventional reservoirs and, ultimately, to feed maybe a
gas-to-liquids program or LNG-type program. So what we perceive
is within a five-year timeframe, we will see a very significant test
with industry components on the North Slope of Alaska where the
interstructure is already present.

I would certainly agree with Mr. Kripowicz, in that for longer-
term, large-scale production, we are at least looking 10 to 15 years
out. And even in that situation, it will be in isolated areas with
very specific motivations to go after the resource.

Mr. UNDERWOOD. Dr. Haq?

Dr. HAQ. I don’t have anything to add to that.

Mr. UNDERWOOD. Okay.

In terms of, then, we are really anticipating that the government
will invest about $100 million in this enterprise before we see it ac-
tually bear fruit.

How much is that going to—well how much do you think private
industry is going to be putting into this? Is there a sense of how
much private industry will be putting into this during this time-
frame?

Mr. Kripowicz. Mr. Underwood, as you get closer toward really
showing that this is a producible resource, you will get more and
more industrial participation. At the very beginning of this, I would
expect that you would get some industrial participation, but not a
great deal. You might particularly get participation in areas that
affect safety because that effects existing and planned operations
on the industrial sites that we would expect to see, you know, more
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participation by industry there than you would in some of the other
areas.

But as a general rule, in our research, when you actually get to
the demonstration phases of technology, you talk about at least 50
percent cost-sharing from the industry, but I don’t believe you
would see that kind of cost-sharing for some time in this area.

Mr. UNDERWOOD. Okay. I understand that the deep seabed min-
ing, that the technology—what is the connection between the tech-
nology that would be used to actually begin deep seabed mining
and actually access some of the methane hydrates that are on the
ocean floor?

I understand that the Japanese are planning to dril somewhere
in the Nanki Trough later on this year. What is the ostensible con-
nection between the technology used for this purpose and deep sea-
bed mining? And where are we, as a country, in relationship to
that technology, as compared to Japan?

Mr. KriPOwICZ. I can’t speak to that in any detail except to say
that we, on very preliminary looks at this, would say that deep sea-
bed methods would probably be among the most expensive way to
recover a diverse resource like methane hydrates.

Dr. COLLETT. From our perspective, we come with a cooperative
relationship that is five years old now with the Japanese National
Oil Company and the Geological Survey of Canada, in which we ac-
tually conducted a drilling program with the Geological Survey of
Canada in Canada to look at the producibility of Arctic gas hy-
drates. Just last year, we completed a well in Canada.

Our experience, and I think we have good insight into the Japa-
nese program, we are mainly looking at conventional-style borehole
production associated with conventional methods. We would per-
ceive most of the production methodology would probably evolve
initially out of conventional oil and gas production technology. But
mining is one of the proposed and perceived methods to look at hy-
drates, mainly for reasons such as the in the Gulf of Mexico, hy-
drates occur right at the sea floor, so you have this opportunity.

But most certainly, the technology is evolutionary. We are only
venturing into those water depths in the last five years, so the type
of technology we are discussing now is on the cutting edge.

Mr. UNDERWOOD. I am just, you know, thinking out loud because
I am trying to get a sense of how the two intersect. And then, also,
in addition, we are not really participants of the law of the sea.
And in the meantime, there is a lot of this kind of activity will
occur in the ocean floor. And it seems to me that while we are mov-
ing ahead in one sense, in terms of developing and encouraging the
science which would lead to accessing this source of energy, the
policy-end of it, in terms of participation in the law of the sea, and
also the technological end of it.

And from what I understand—and I could be mistaken; I could
be not fully informed—I have gotten the sense that the Japanese
are proceeding with all deliberate speed, in terms of their own
technology for deep seabed mining. And that is, obviously, a source
of concern for people I represent, and I think people who anticipate
that there may be this mineral source as well as this energy source
nearby.
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Dr. COLLETT. When we look, particularly, at this issue from the
U.S. perspective, what our group is largely responsible for in the
USGS is the assessment of oil and gas resources and hydrate as-
sessment is limited to the exclusive economic zone of the U.S. That
is an EEZ assessment, so our gas hydrate assessment numbers are
limited to that. So there is one issue about law and mineral rights
that are very clear.

But most certainly, when we look at it, for the lack of a better
term, a competitive sense, the Japanese are investing a large sum
of money. They have motivations to do that because they import
most of their hydrocarbon resources. Ninety five percent of their re-
sources are imported. So their commitment to this has been histori-
cally much greater.

And what we are seeing now in the world that the technology
may be catching up to the point to start exploiting some of these
resources.

Mr. UNDERWOOD. Okay. We will have to deal with the policy
issue

Dr. COLLETT. Yes.

Mr. UNDERWOOD. [continuing] to remaining of whether the EEZ
resources belong to the territories or to the Federal Government.

Dr. COLLETT. Yes.

[Laughter.]

Mr. UNDERWOOD. Thank you.

Dr. COLLETT. We will go with it.

Mr. WALDEN. I want to go back to Mr. Kripowicz.

I understand that methane hydrates may occur off the Oregon
Coast. Would there be an opportunity for the University of Oregon
or OSU, Oregon State University, to be involved in some of the re-
search there and get grants from DOE for the program?

Mr. KrirOowICZ. Yes, sir. As a matter of fact, Oregon State Uni-
versity has participated in the workshops that we have had in es-
tablishing this program, and I believe has done some methane hy-
drates research, and is doing some right now.

Mr. WALDEN. Okay.

Dr. COLLETT. Excuse me.

Mr. WALDEN. Yes; go ahead.

Dr. COLLETT. They have played a leading role. Particularly, with
a cooperative research relationship with the Geological Survey of
Germany, a number of research cruises have been led by Oregon
State, which dealt with sampling gas hydrates offshore of Oregon.
It is one of the more established hydrate sites, and, also, it was the
focus of a dedicated leg of the Ocean Drilling Program, under NSF,
Leg 146.

So that margin, the Oregon coastal area, is often looked at as one
of the critical experimental areas.

And there are also proposals at present in ODP to actually go
back to the Oregon coast.

Mr. WALDEN. Okay.

Yes?

Dr. HAQ. I was just going to add to that——

Mr. WALDEN. Dr. Haq?

Dr. HaQ. [continuing] that NSF has—that is, the Division of
Ocean Sciences at NSF has just committed to fund a cruise led by
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Oregon scientists to the tune of about $600,000 to image the hy-
drates, as well as to sample the hydrates with a newly-developed
sea floor coring system. That is essentially

Mr. WALDEN. Okay.

Dr. HAQ. [continuing] going to be funded in this fiscal year.

Mr. WALDEN. Okay.

Let me go back to you. What is the status of current geologic
models and understanding in predicting the occurrence of hydrate
deposits?

Status of the current models in predicting deposits? Either?

Dr. COLLETT. I can reflect back to 1995; in that when we con-
ducted the assessment, the U.S. gas hydrate resource assessment
was based on a play model concept where we risked 18 geologic fac-
tors that control the occurrence the hydrates—the availability of
gas, water, and migration of fluids.

We actually went systematically through all of the continental
margins in the U.S. and did a scientific review of the favorability
of these factors leading to the accumulation of hydrates. So, basi-
cally, that is the model. We assume we understand how hydrates
occur.

The problem with our model, however, is the lack of direct infor-
mation about known accumulations. Other than the Blake Ridge
accumulation on the Atlantic margin of the U.S., limited seismic in-
ferred gas hydrates on the Cascadia margin, and on the North
Slope of Alaska, we still know very little about any detailed aspects
of hydrate accumulations.

So to understand the accumulation of gas hydrate before we can
project it into a model for gas formation is a very difficult step, but
really the basic research hasn’t been done.

Mr. WALDEN. Okay.

Dr. Haq, am I correct to understand the National Science Foun-
dation receives Federal appropriation in its own right for peer-re-
viewed research grants to academia in many subject matter areas,
including methane hydrate research?

Dr. HAQ. Yes. The funding, of course, is extremely competitive,
and it is entirely based on the best science, which has to be not
only competitive, but also cost effective. And the community has to
agree that, yes, this is their high priority. At this time, gas hy-
drates are being funded because of that reason, because it is a
issue that is high priority for the community. And it is also of great
scientific value and, therefore, there have been several proposals
that have been funded very competitively.

Mr. WALDEN. How would the centralization of the Federal R&D
for methane hydrate at the Department of Energy affect the Na-
tional Science Foundation?

And do you envision that the peer review contemplated in H.R.
1753 will allow NSF’s grant proposals process to continue to func-
tion as they always have?

Dr. HAQ. NSF will continue to fund proposals in gas hydrates,
as long as they are competitive, and as long as the funds are avail-
able. But there are no separate earmarked funds for gas-hydrate
research at NSF.

One of the effects of DOE funding would be that since we can
only fund limited number of projects, the academic community will




52

have another source of funding and, therefore, I think—collabora-
tion between DOE and NSF could actually get you better bang for
the bucks, so to speak, if that were to happen.

Mr. WALDEN. Okay.

I just have two other questions for Dr. Collett.

What area of the United States, for example, the coastal waters
off the Atlantic coast or the Gulf of Mexico, or onshore in the North
Slope of Alaska would be the most profitable—or probable can-
didate, I should say—for a pilot project to begin producing natural
gas from hydrates?

Where do you think are the most probable?

Dr. COLLETT. We feel very strongly about the fact it would be the
North Slope of Alaska, particularly the areas in the western part
of the Prudhoe Bay oil field region.

The reason for this is that it is, one, an area of the most highly
concentrated hydrate accumulations in the world, so it gives you
the ability to focus on a sweet spot of hydrate accumulation.

You also have existing industry activity, these are accumulations
that are drilled for deeper targets on a regular basis. So you have
a catalyst of already in-place resources for the industry to use and
to develop the hydrate resources.

And also there is a direct need for gas that is not often spoke
about on the North Slope, it is for existing reservoir maintenance
of conventional reservoirs and producing of heavy oil; gas is a very
important commodity on the North Slope without coming off the
slope. So I would see these areas now to pose an immediate de-
mand and synergy of events.

Mr. WALDEN. Okay. I just have one other question for you.

USGS Director Groat testified before this Committee earlier this
year during the Budget Oversight hearing. The part of the USGS
mission includes helping with the scientific needs of sister-DOI
agencies. I believe the programmer initiative was called Integrated
Science.

Does the USGS have plans for a cooperative marine science ini-
tiatives with the MMS in regard to sub-sea slope stability and
other marine geology problems related to methane resources and
their exploitation?

Dr. COLLETT. On the formal nature of where these agreements
exist, I am not aware of. We can get back to you. But in the prac-
tical sense, we are already conducted relationships or joint cruises
with the University of Mississippi—what may come up later in the
testimony today.

We have also looked at the opportunities of working with MMS.
We have been approached by individuals such as Jesse Hunt in-
volved with the Gulf of Mexico safety panels of MMS.

So we see a number of opportunities, but most of them have not
been formalized.

Mr. WALDEN. At this point, we are going to go ahead—Mr.
Underwood has no further questions nor do I, so we will excuse
this panel and then we will recess until we are done voting, which
is probably 20 minutes, and then we will resume with panel two.

So the Committee will stand in recess.

[Recess.]
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Mr. WALDEN. Okay, if we could come back to—if we could come
back to order. And if the staff is ready, I will reconvene the hear-
ing.

And I will just tell the witnesses in advance that we are having
a number of amendments on the House floor, which we anticipate
will interrupt our business, probably well into the night, every 15
minutes. So, having said that, we will try and proceed as orderly
as we can.

And I would like to welcome Dr. Trent, the dean of School of
Mineral Engineering, University of Alaska Fairbanks, and I would
tell you as a—ahead of your testimony, I am probably the only
other one in this room who ever attended the University of Alaska
Fairbanks, and I did so my freshman year in college, so—oh, there
is somebody else in the back.

[Laughter.]

Two, I know. Three—and another one.

[Laughter.]

Here we are. I can’t sing the song, but I lived in Moore Hall.
[Laughter.]

Yes, we got half the student body.
Welcome; good afternoon.

STATEMENT OF ROBERT H. TRENT, P.E., PH.D., DEAN, SCHOOL
OF MINERAL ENGINEERING, UNIVERSITY OF ALASKA FAIR-
BANKS

Dr. TRENT. Thank you, Mr. Chairman.

First of all, I would like to explain my attire. In Alaska we call
it “na-nuk,” and today it is courtesy of Northwest Airlines giving
my luggage extra frequent flier miles somewhere.

[Laughter.]

Mr. WALDEN. Not a problem.

Dr. TRENT. I will keep mine short. I will not speak to the trillions
of cubic feet of gas that is out there. I think we all know that.

However, in Prudhoe Bay and Kuparuk River fields, it is pretty
well proven that there is approximately 35 to 45 trillion cubic feet
of gas in those fields, one of the largest accumulations in the world.
Also, our permafrost gas hydrates are in higher concentrations and
have excellent quality.

We are working closely with two of the oil companies at this
time, developing new cementing methods for bonding casing
through permafrost gas hydrates. As noted previously, one of the
advantages of the Alaska North Slope is the infrastructure that is
available with the oil companies in there. In fact, Japan Oil Cor-
poration, it was there first choice to drill the well that they did
eventually put on the McKenzie Delta. It wasn’t the fact that we
didn’t have the infrastructure. It was the fact that it took the attor-
neys too long to get the job done.

Another advantage to Alaska, particularly—well, all the northern
areas, the circum polar northern areas—is that the availability of
natural gas from hydrates will be very useful to the Native villages
in developing other natural resources throughout the State, Sibe-
ria, and northern Canada.

Energy in Alaska villages right now can be as high as 50 cents
per kilowatt hour. If we can develop a source of natural gas from
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hydrates, we could lower that considerably down, hopefully, even to
the 5 cents per hour range. In addition, we can use it for home
space heat, waste reformation, and, as a I say——

[Laughter.]

[continuing] the warehouse of minerals that we have in the north
could be open with a source of natural energy.

Thank you.

[The prepared statement of Dr. Trent follows:]

STATEMENT OF ROBERT H. TRENT P.E., PH.D., DEAN, SCHOOL OF MINERAL ENGI-
NEERING, UNIVERSITY OF ALASKA FAIRBANKS, BROOKS BUILDING, UNIVERSITY OF
ALASKA FAIRBANKS, FAIRBANKS, ALASKA

This statement is respectfully submitted in support of H.R. 1753 and S. 330. Re-
cent studies have shown that gas hydrates are widespread along the coastline of the
continental United States, onshore areas of Alaska and the possibly in deep marine
environments of the Pacific Islands of the United States and other countries. The
amount of gas in hydrate reservoirs of the United States greatly exceeds the volume
of known conventional gas reserves. The gas hydrate accumulations in the area of
the Prudhoe Bay and Kuparuk River oil fields in northern Alaska are best known
and documented gas hydrate occurrences in the world. Recently completed domestic
gas hydrate assessments suggest that the North Slope of Alaska may contain as
much as 590 trillion cubic feet of gas in hydrate form and the offshore areas of Alas-
ka may contain an additional 168 trillion cubic feet of gas in hydrates. The Prudhoe
Bay-Kuparuk River gas hydrate accumulation is estimated to contain approximately
35 to 45 trillion cubic feet of gas, which is one of the largest gas accumulations in
North America. Unlike most marine gas hydrate accumulations, such as those along
the eastern continental margin of the United States or in the Gulf of Mexico, the
permafrost associated gas hydrate accumulation in northern Alaska occur in high
concentrations and are underlain by large conventional free-gas accumulations.

The occurrence of concentrated gas hydrate accumulations and associated conven-
tional free-gas accumulations are thought to be critical for the successful economic
production of gas hydrates. An additional comparison reveals that onshore perma-
frost associated gas hydrates, relative to marine gas hydrate accumulations, often
occur in higher quality reservoir rocks which should also contribute to the economic
production of this vast energy resource. It should also be noted that the known gas
hydrate accumulations in northern Alaska are found within an area of very active
industry exploration and development operations. The existing oil and gas industry
infrastructure in northern Alaska will certainly contribute to the eventual economic
development of the North Slope gas hydrate resources. This infrastructure and
known hydrate reserves were the reason that this area as the first choice for testing
by the Japan National Oil Corporation last year. We believe that the cost of devel-
oping gas hydrate exploration and production technology will be considerably less
on if developed on land rather than at sea.

The first gas hydrate accumulations to be produced may have unique characteris-
tics, such as location, that may make them technically and economically viable. For
example, gas associated with conventional oil fields on the North Slope of Alaska
is used to generate electricity in support of local field operations, for miscible gas
floods, gas lift operations in producing oil wells and re-injected to maintain reservoir
pressures in producing fields. In the future, gas may be used to generate steam that
may be needed to produce the known vast quantities of heavy o1l and more recently
the production of a clean diesel fuel by gas to liquid conversion. Existing and emerg-
ing operational needs for natural gas on the North Slope are outpacing the discovery
of new conventional resources and at least one of the operators in Alaska is looking
at gas hydrates as a potential source of gas for field operations. The North Slope
of Alaska contains vast, highly concentrated gas hydrate accumulations that may
be exploited because of a unique local need for natural gas.

In addition to the above, and even more important is the possibility of utilizing
hydrate gas for space heat and the generation of energy in Alaska’s Native villages.
The current cost of electrical power in the villages in on an average of $0.50 per
kilowatt hour. If hydrate gas can be produced it will be possible to utilize fuel cells
or other power generating technology to reduce this cost while providing power that
can be utilized for home space heat, waste reformation, mineral and other natural
resource development. Rural Alaska is a vast warehouse of natural resources just
waiting for an economical energy resource to make them viable. By developing nat-
ural resources, much needed jobs will be created.
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I urge the Committee to support H.R. 1753 and S 330, “Methane Hydrate Re-
search and Development Act of 1999.”

Mr. WALDEN. All right.
Dr. Woolsey.

STATEMENT OF DR. J. ROBERT WOOLSEY, DIRECTOR, CENTER
FOR MARINE RESOURCES AND ENVIRONMENTAL TECH-
NOLOGY, CONTINENTAL SHELF DIVISION, UNIVERSITY OF
MISSISSIPPI

Dr. WooLsEY. Thank you, Mr. Chairman.

We certainly appreciate the opportunity to be here, even on a
busy and confused day as this. It certainly gives us an opportunity
to present testimony on a subject that the three of us are very keen
on.

My two colleagues and I are part of the Center for Marine Re-
sources and Environmental Technology. It is a program of applied
academic endeavors and serves as an arm of the Minerals Manage-
ment Service toward this extent. We have, together, worked on our
own separate areas of interest, but collectively work as one, and we
have enjoyed, you know, some very interesting programs amongst
ourselves. We all have particular expertise that we can bring to
bear on various problems that various of us have, within in our
own areas.

On the Gulf Coast now, we have been—in a way of background—
we started working with several industries that were experiencing
problems that were quite peculiar. At one time, gas hydrates were
nothing more than a curiosity, but in the last 10 years plus, as the
major oil companies have ventured out beyond 500 meters into the
deep, deep water production, they have encountered a series of
problems. And when we talk about the hazards that hydrates
present, sometimes we take the simplistic use of the term in the
occurrence of various amounts of hydrates that occur quite ubig-
uitously on the sea floor, within the hydrate stability zone, in water
depths greater than 500 meters. And these can be readily deter-
mined with conventional technology—sidescan-sonar and the like.

But the real problem—or the greater problem—is the more sub-
tle occurrence that hydrates present when they are buried at some
depth between what appears—or under what appears to be unsta-
ble sediments. And the problem becomes more confused when you
understand that industry, in their reporting of any types of prob-
lems with sea floor stability, they usually use a terminology that
is descriptive. In other words, you will hear things like “shallow
flows,” referring to the flow of sand under pressure. And this may
or may not be related to gas hydrates.

Well, within the last 10 years or so, the impact from let’s say ac-
cidents that have—related to these shallow flows are more in the
terms of billions of dollars—and just in the last year, in the hun-
dreds of millions. This is not to say that all shallow flows are gas
hydrates, but the more that we have gotten into this study, the
more that we see similarities and ties.

For instance, I had an opportunity to speak with the supervisor
for a deep water program of a major producer here a few months
back. This was after their latest problem with so-called shallow
flows. And I asked him—I said, “On how many occasions have your
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sensors picked up fresh water in these shallow flow sediments?”
And he looked at me straight in the eye and said, “On every occa-
sion.”

Well, how are you going to get fresh water in these marine sea-
water-saturated sediments, unless you had a model, whereby you
went with the disassociation of hydrates which exclude salt in their
process of formation? And so when they disassociate, they are
manifested as fresh water.

So I am just bringing this up to suggest that this hazard problem
could be much larger when we get to the bottom of it. And that is
one of the things we are doing in our program. And so we are—
I see my yellow light is on—but we have got two ongoing programs.

One is a mobile survey, and we are working with a major indus-
try in this regard toward developing high-resolution seismic tech-
niques. And we have had really good luck with this, being able to
discern the very fine structural characteristics that can identify
these shallow flows and/or hydrates as they occur. And so we are
well on the way with this, in a cooperative endeavor, with industry.

Then we have another program that deals with monitoring. And
this would be a subsea station. And I am very pleased to announce
that Conoco has very graciously provided us access to one of their
subsea platforms at their Marquette location, which is very ideally
suited for a subsea study. Now they are up on the brink of the
slope at about 600 feet, but within 2 miles over the edge is their
Juliette platform which is 1,800 feet at only 2 miles distance. And
there are a number of hydrate occurrences around there. So we can
put our sensors there. It will save us a tremendous amount of
money, just through their efforts to help us in this instance.

There was a mention in the—I think in one of the questions to
the first panel. Is industry helping in any way? Well, industry is
not putting up dollars, but if I were to put a tag on this, it would
be worth a half a million, easy, because it provides us with a base,
a power source, fiber optic communications, satellite uplink, the
whole works, that we can put our sensors out and work from. And
this is a collective, cooperative effort with the Navy Research Lab
at Stennis, ourselves, a number of universities in our region, par-
ticularly in Louisiana, and also some of our friends up at USGS at
the Woods Hole facility.

So we have a number of these projects that are ongoing, that are
cooperative efforts. And like I say, we all—the three of us—tie to-
gether and bank on each other’s expertise and assistance in all
these endeavors.

Thank you.

[The prepared statement of Dr. Woolsey follows:]
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This statement is respectfully submitted in support of HR. 1753 and 8. 330, and of the Center for
Marine Resources and Environmental Technology, Continental Shelf Division (CMRET / CSD),
formerly the Marine Minerals Technology Center, a research center of the Department of Interior,
administered by the Minerals Management Service, Office of Interpational Activities and Marine
Minerals. H.R. 1753 and S. 330, both titled the Methane Hydrate Research and Development Act of
1999, call for Congress to promote the research, identification, assessment, exploration, and development
of methane hydrate resources. For the past two years, the CMRET has been actively pursuing academic,
industry, and government collaborations for the study of methane hydrate resources. Requested funding
for the continuation of projects outlined below is $10 million per year, for each of the next five
years.

Certainly the topic of methane hydrates has been discussed within industry and academic circles
for years, but never so much as in the very recent past. Gas hydrate resource estimates range from
100,000 trillion cubic feet (tef) to well over 7,000,000 tef under U.S. jurisdiction alone. If you consider
that U.S, consumption of natural gas per year is only 23 tcf, gas hydrates represent a tremendous resource
for this country. Their production, however, remains very problematical. Perhaps at this point in time,
of more importance is the hazard they represent to the oil and gas industry. Prior to 1985, U.S. industry
rarely looked for conventional oil and gas prospects beyond the 1,500 foot bathymetric contour in the
Guif of Mexico. Today, leases have been obtained in 11,000 feet of water, more than 400 miles offshore.
The complexity and risk of despwater oil and gas production are very considerable and must be met with
an aggressive program of technologicaf research and development based on sound scieatific
understanding, all of which translate to higher cost. A typical shallow water well might cost between
$100 to $500 million; a deepwater development might be in the range of $1 to $3 billion. It is more
critical now than ever before that mistakes not be made,

In the way of emphasizing the importance of hydrate research to the understanding and
mitigation of related problems with sea floor stability, a number of recent incidences should be
mentioned. At an industry forum held in Houston last June, Michael A. Smith of Minerals Management
Service, New Orleans, noted that over the previous 14 years shatlow water flows (SWFE’s) have been
reported in about 60 lease blocks in the Gulf of Mexico, They typically occur in water depths exceeding
1700 feet and originate in sand deposits located 1,000-2,000 feet below the sea floor. Itisnota
phenomenon peculiar to the Gulf of Mexico. Members of a panel of experts at a deep water workshop
organized by the Society of Exploration Geophysicists in New Orleans last fall unanimously declared
that shallow water flows presented the greatest obstacle to deep water drilling worldwide. A number of
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internationally recognized geologists have stated publically that the flows are very possibly associated
with the dissociation of gas hydrates that had formed in the pore spaces of the sand bodies. The only
way to detect such sand bodies prior to drilling is through detailed geophysical/geotechnical surveys.
More research is critical to the development of reliable systems for the accurate identification of both gas
hydrate deposits and buried sand bodies that are potential sources of SWF’s.

Current Activities of the Center for Marine Resources and Environmental Technology:
During the past two years, the CMRET has been working on two pertinent projects: The first, and highest
priority, is the development of high resolution survey technologies capable of detecting buried sand
bodies and gas hydrate occurrences in offshore Mississippi/Louisiana. The most significant result to date
is the conclusion that it is not possible to obtain sufficient seismic resolution by surveying only from the
sea surface. A hybrid system is now being developed by which the seismic receiver (hydrophone) will
be towed at depth while the seismic source is towed at the surface. The primary advantages of this
arrangement are that 1) the hydrophone is deployed in a very quiet environment, away from the noise
typically generated at the surface by wave action and the survey ship; 2) the downward-traveling signal
received at the hydrophone constitutes a far-field source signature for each shot; and 3) this signature
may be used during processing to enhance the resolution of the reflected (upward-traveling) signal and
improve the estimates of sediment properties. Future development includes towing a high-resolution
impulsive source at depth aiso.

The second project began as a collaboration among the CMRET, the U.S. Naval Research
Laboratory (NRL) at Stennis Space Center and the U.S. Geological Survey (USGS) at Woods Hole,
Massachusetts, and now involves an international team of scientists (see attached list) with the NRL and
the USGS acting in an advisory capacity. The object of the project is to install a multisensor monitoring
station on the sea floor in the northern Gulf of Mexico. The purpose of the station is to remotely observe
physical and chemical changes of the water column and sea floor sediments in the vicinity of a gas
hydrate mound. These mounds form along the intersections of faults with the sea floor. They are
edifices constructed of water from the sea and hydrocarbon gases that have migrated up the faults from
buried reservoirs. In addition to hydrates, they usually incorporate various minerais deposited by
bacteria feeding on the hydrocarbons. The mounds are ephemeral, capable of changing greatly within a
matter of days. Formation or dissociation of the hydrate constituents are dictated by pressure,
temperature, gas chemistry and rate of gas flow. Variations in these can be triggered by water currents
and seismic activity. Variations in sediment stability can also occur and be indicated by changes in the
speeds at which compressional (P) and shear (S) waves propagate through sediments below the sea floor.
The monitoring station would be capable of monitoring all these parameters, as well as some others such
as heat flow and electrical conductivity, on a more-or-less continuous basis over an extended period of
time. Members of the offshore petroleum industry have expressed interest and are expected to play a
supportive role in making the station a reality. Conoco has offered access to their subsea facilities in the
Mississippi Canyon area which will greatly reduce our cost, particularly with regard to power supplies
and communication links.

Attached with this testimony are three relevant abstracts which have been submitted for
publication or have been published.

The Gulf of Mexico Hydrate Research Consortium (GMHRC): In its 1997 report to the
President, the Panel on Energy Research and Development of the President’s Committee of Advisors on
Science and Technology recommended that the Department of Energy (DOE) develop a science-based
program with industry, federal agencies, and the U.S. Navy to understand the potential of methane
hydrates worldwide, with a recommended funding level of $45 million over a period of 5 years,
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beginning in FY 1999. It is our understanding that this level has since been substantially expanded
upwards to $150-200 million for this period. Senate Bill S. 330 and H.R. 1753 would authorize such a
program. In response to this directive, the CMRET formed the Gulf of Mexico Hydrate Research
Consortium (GMHRC) in March, 1998. The GMHRC is comprised of a group of researchers from
academia, federal research institutions, and the U.S. Navy with varying but compatible interests in gas
hydrates research. Under the management of the CMRET, the Consortium was formed for the purpose of
promoting communication, coordination, and cooperation among interested researchers. The research
mission of the Consortium will be primarily focused on the chemical and physical characterization of gas
hydrate deposits, development and improvement of technologies for their recognition and mapping,
assessment of sediment mechanics, sea floor instability as related to natural and anthropogenic
events/activities of hydrate dissociation, engineering solutions for prevention/avoidance of instability and
failure, investigation and monitoring of gas discharges to the water column and atmosphere, and
scientific and technical research leading to the eventual production of methane hydrates.

The GMHRC would provide the DOE with a network of established, experienced, qualified
researchers who could provide the best and most efficient means through which to approach scientific
and engineering problems relating to gas hydrates (specifically those occurring within the Gulf of
Mexico region). Maximum cost efficiency for the research dollar would be attained through the pooling
of facilities, equipment and expertise. Ideally, the GMHRC will be guided by two Boards, an Industry
Review Board and a Scientific Advisory Board, which will collectively be responsible for identifying and
prioritizing research interests, and for issuing Requests for Proposais (RFP’s), reviewing research
proposals, and finally, for recommending funding. The CMRET, as head of the GMHRC, would be
responsibie for program administration, acting as liaison between the Boards and the consortium
members, and for coordinating educational activities, data management and dissemination, and
appropriate workshops, seminars, and annual research reviews.

DISCLOSURE OF FEDERAL FUNDS RECEIVED SINCE FY 1997

FY 1997 FY 1998 FY1999
Marine Minerals Technology Center
(now called Center for Marine Resources
and Environmental Technology) -0- 400,000 600,000
Nat’] Aeronautics & Space Admin. -0- -0- 100,000

Department of Energy -0- 11,604 18,000
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MONITORING STATION DEVELOPMENT ROSTER AS OF 20 MAY 1999

Director:

Technical Advisor:

Site Selection:

Acoustics:

Seismics:

Geoelectrics:

Spectroscopy:

Pore Water:

Heat Flow:

Russian Collab.:

Bob Woolsey, Center for Marine Resources and Environmental
Technology (CMRET), The University of Mississippi

Paul Higley (Speciality Devices Inc., Plano, Texas)

Tom McGee (CMRET)
Harry Roberts (Coastal Studies Inst., LSU, Baton Rouge)
Pete Simpkin (IKB Technologies Limited, Nova Scotia)
Vaughn Goebel (Lookout Geophysical Co., Dillon, Colorado)
fan Dinwoodie (Math. Dept., Tulane University, New Orleans)

Ross Chapman (School of Earth and Ocean Sci., U. of Victoria, B.C.)
Ralph Goodman (Applied Research Lab, Pennsylvania State Univ.)
Mary Rowe (High Tech, Inc., Gulfport, Mississippi)

Ingo Pecher (Institute for Geophysics, Univ. of Texas, Austin)
Angela Davis (School of Ocean Sci., U.of North Wales, Bangor)

Rob Evans (Woods Hole Oceanographic Institute)
Lawrie Law (Consultant, Sidney, B.C.)

John Noakes (Center for Applied Isotope Studies, U. of Georgia)
John Pope (Blue Sky Batteries Inc., Laramie, Wyoming)
Valdislov Pustovoit (Cen. Design Bur. for Unique Inst., Moscow)
unnamed postdoc (Detection Limit Inc., Laramie, Wyoming)

Jeff Chanton (Department of Oceanography, Florida State University,
Tallahassee, Florida.)

Earl Davis (Geological Survey of Canada, Sidney, B.C.)

Lev Utyakov (P. P. Shirshov Institute of Oceanology, Moscow)
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J. Robert Woolsey

220 Old Chemistry Building
University, MS 38677

Phone: 662-232-7320
Fax: 662-232-3625
email: inst@mmri.olemiss.edu

REPRESENTING: The Center for Marine Resources and Environmental Technology

Dr. Woolsey is a graduate of Mississippi State University and received his Ph.D. in Geology at
the University of Georgia. He served as a Naval Officer and aviator, working primarily with
anti-submarine warfare. Prior to joining the Department of Geology and Geological Engineering,
University of Mississippi, in 1980, Woolsey worked for six years with private industry and the
United Nations as an exploration and mining geologist, involved with the location and
development of alluvial tin, gold, and diamond deposits in coastal and offshore Southeast Asia,
Affica, and South America.

Since 1982, Woolsey has served as Director of the Mississippi Mineral Resources Institute
(MMRYI), devoted to the responsible development of State mineral resources and related
environmental technology. In 1988, Woolsey’s duties were eéxpanded as Director of the Marine
Minerals Technology Center (MMTC), a program established through the U.S. Department of
Interior for research in marine mining and environmental technology. Since that time, the
program has come under the administration of the Minerals Management Service (MMS) and the
name changed to the Center for Marine Resources and Environmental Technology (CMRET).
The program goals and functions continue to serve both industry and government agencies in
providing scientific and technical council and assistance to various resource and environmental
interests within the Exclusive Economic Zone (EEZ) of the United States.

A current major focus of the CMRET under Woolsey’s leadership is the establishment and
management of the Gulf of Mexico Hydrate Research Consortium (GMHRC). The GMHRC is a
cooperative applied research program made up of representatives from industry, pertinent
government agencies, and academia. It is unique to the extent that industry has the prerogative to
select and prioritize research projects.

The international scope of Woolsey’s work has more recently involved cooperative research
programs with the P.P. Shirshov Institute of Oceanology (SIO) and the Moscow State Mining
University (MSMU), Moscow, Russia, involving appropriate technologies for methane hydrate
research. Woolsey recently was awarded an honorary doctorate degree from the MSMU for
cooperation in the development of technologies important to marine mining.
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Abstract

srogram has been initiated to monitor outcrops of gas hydrates
on the continental siope of the northern Gulf of Mexico. This
will be done by means of a muitisensor station deployed on the
sea floor for significant periods of time. Sensors will be seismic,
acoustic, electromagnetic and spectroscopic. Data will be
digitized on site and transmitted by optic fiber cable to an
offshore platform from whence they will be relayed to a shore
facility via satellite.

Prefiminary tests of seismic techniques over gas hydrate
outcrops began in June, 1998, as part of a research cruise to
areas of Mississippi Canyon where hydrates are known to occur
at or near the sea floor. Further prefiminary work is being done
during fiscal year 1999-2000. It includes very-high-resolution
seismic profiling over possible station sites (this time in the
Viosca Knoll area), tests of three-component seismic detectors,
both seismometers and accelerometers, and deployment of a
vertical hydrophone array.

Introduction
The Center for Marine Resources and Environmental Technol-
ogy (CMRET, formerly the Marine Minerals Technology
Center, MMTC) of the University of Mississippi, the U.S. Naval
Research Laberatory at Stennis Space Center, Mississippi, and
the U. S. Geological Survey (USGS) at Woods Hole, Massachu-
setts, have initiated a program to install a multisensor monitoring
ion on the continental slope of the northern Gulf of Mexico.
e station will monitor physicat and chemica! parameters of the

water column and sea floor for the purpose of remotely observ-
ing transient changes to the water column and sea floor in the
vicinity of outcrops of gas hydrates. Rationale for the program
stems from a growing realization that the stability of the sea
tloor in the region may be influenced by the presence of gas
hydrates and instances of their sporadic disassociation.

The need for such observations was discussed at a meeting of
research scientists held at the Stennis Space Center on March 17,
1998. Harry Roberts of the Coastal Studies Institute, Louisiana
State University, reported observations from repeated manned
submersible visits to hydrate outcrops that "support a pattern of
episodic venting. Short-term episodes of venting are probably
reguiated by fault movement, perhaps controlled by local salt
adjustment. Destabilization of gas hydrates by oceanographic
processes also causes short-term episodic gas expulsion. These
events occur with inter-annual to intra-annual frequencies.” Ian
MacDonald of the Geochemical and Envir i Group,
Texas A&M, also reported physical changes to hydrate outcrops
that had been documented by repeatedly diving on the same
sites.

Water depth at the outcrops to be monitored is about 1600
meters. Tt would be difficult and costly to make direct observa-
tions of transient events at such depths. It is expected to be more
cost effective to design and deploy a remotely operated station
that will measure a number of physical and chemical parameters,
more-or-less continuously, over an extended period of time.

Studies preliminary to choosing a site for the station began in
June, 1998, during a research cruise in the Mississippi Canyon
area which was sponsored jointly by CMRET and USGS.
Comparison of several techniques of seismic data acquisition
were made over areas of known hydrate occurrence. The use of
a broadband surface source and a deep-tow receiver seemed to
be the most promising. During the 1999-2000 fiscal year, that
technique will be applied to obtain very-high-resolution seismic
profiling over potential station sites in the Viosca Knoll area.

The first studies leading to the design of the station have been
funded for fiscal 1999-2000. They include tests of three-
componentseismic detectors, both seismometers and accelerom-
eters, and deployment of a vertical hydrophone array.
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Abstract

A program has been initiated to install a system of acoustic
arrays and other sensors on the continental slope of the northern Guif
of Mexico. Both vertical arrays in the water column and horizontal
arrays on the sea floor will be deploved. The site environment will
be catibrated using known sound sources to establish the distribution
of the sound speed in the water and sediment columns. During
routine operations the arrays would depend on passing ships as their
primary sources of sound. Since the area of interest is subject to
frequent ship traffic, a near-constant stream of data is anticipated.
Inversion of that data would then provide a more-or-less continuous
monitoring of changes of oceanographic and geologic acoustic
parameters with time.

Although the system will be of potential use in various
types of studies, its first deployment will be in the vicinity of known
gas-hydrate outcrops to observe the effect of short-term changes of
water temperature on episodes of hydrate disassociation and related
sea-floor instability.

1. Introduction

The Marine Minerals Technology Center at the
University of Mississippi (an academic research support
program of the Department of Interior), the U.S. Naval
Research Laboratory, Stennis Space Center, MS, and the U.S.
Geological Survey, Woods Hole, MA, have embarked on a
program to establish an acoustic/seismic monitoring station on
the upper continental slope of the northern Gulf of Mexico
with the cooperation of major lease holders in the area.

Although the station potentially would be useful for
avariety of studies, its principal purpose will be to provide an
in-situ research facility for comprehensive investigation and
mouitoring of gas hydrates. The need for such research has
recently become urgent because serious stability problems are
being encountered as the oil and gas industry moves into
greater water depths. One of the more serious problems is the
destruction of sea-floor installations by sand flowing from
shallow depths below the sea floor. The fact that the sand is
accompanied by relatively fresh water possibly implies a link
with the disassociation, or "thawing", of gas hydrates because
chlorine is expelled during hydrate formation.

Since it is difficult and costly to monitor such
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transient events by means of shipboard observations, the best
approach to studying changes in the state of gas hydrate
occurrences is considered to be the installation of a remote
monitoring station.

11. Rationale

The rationale for depioying such a station developed
from the growing reafization that the stability of portions of the
continental slope in the northern Gulf of Mexico may be
influenced by the presence of gas hydrates. The possibility
was discussed at a meeting entitled "Monitoring and
Investigation of Gas Hydrate Qutcrops in the Northern Guif of
Mexico” that was held at the Stennis Space Center on March
17, 1998.

The (unpublished) proceedings of that meeting state
that "...direct observations at the sea floor support a pattern of
episodic venting. Short-term episodes of venting are probably
regulated by fault movement, pethaps controlled by local salt
adjustment. Destabilization of gas hydrates by oceanographic
processes also causes short-term episodic gas expulsion. These
events occur with inter-annual to intra-annual frequencies.”
(Harry Roberts, Coastal Studies [nstitute, Louisiana State
University)

A likely oceanographic cause is the so-called "counter
current" which is an eddy of warm water that separates
periodically from the Gulf Stream south of Florida and sweeps
westward through the northern Gulf of Mexico. This current
can form as often as a couple of times per year and increase
water temperatures enough for hydrates at or near the sea floor
to disassociate (Harry Roberts, pers.com.).

It is also possible that disassociation is triggered by
industrial activities. Activities such as ol well drilling could
bring hot fluids into contact with gas hydrates either in the
immediate vicinity of the drill hole or along failure planes into
which drilling fluids have intruded.

Regardless of the cause, free gas and fresh water are
refeased when gas hydrates disassociate. The observed flows
could be produced in cases where the hydrates had formed in
sands. Where they had formed in silts and clays, the cohesion
of the sediments could be reduced to the point of failure and
down-slope movement. Whatever the manifestation, it should
be accompanied by a change in the elastic properties of the
sediment and that change should be observable acoustically by
arrays of hydrophones in the water and/or seismicaily by arrays
of geophones on the sea floor.

Data acquired by such arrays can be anatyzed by means
of atechnique known as “match-field processing”. Analysis of
data acquired from known sound sources would caibrate the
station and determine the structure of its environment. After
that is complete, data from "sources of opportunity®, i.e. the
sound of passing ships, couid be used to detect changes in the
environment (Ross Chapman, pers.com.).
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A single-channel seismic reflection method for quantifying
lateral variations in BSR reflectivity

Thomas M. McGee
Marine Minerals Technology Center. University of Mississippi,
220 Old Chemistry Building, University, MS 38677, U. S. A.
tel: 1-601-232-7320, fax: 1-601-232-5625, e-mail: tmm/@mmri.olemiss.edu

Abstract

Results of seismic inversion techniques and logs of deep-sea bore holes indicate that bottom
simulating reflectors (BSRs) which exhibit high reflection amplitudes are underlain by a thin
layer of free gas. Often, however, BSRs exhibit relatively low amplitudes and display significant
lateral variability. In these cases the structure is not well understood and remains a topic of
research.

Waveform inversion has been used to investigate the distribution of propagation speeds
in the vicinity of BSRs but the technique is not practical in some situations because it requires
multi-channel data sets that include large offset distances between sources and receivers. Such
data are not available in many instances. so it has become attractive to consider other methods of
achieving the same end.

A method that is applicable to single-channel, short-offset data is discussed here. It was
originally developed to help characterize shallow submarine sediments for engineering and
environmental purposes. Of course, no single-channel method can provide information
concerning speeds of propagation such as is available from multi-channel methods. In this case
the single-channel method has an advantage, however, in that it is self-calibrating. That allows it
to provide, after correction for wave-front divergence, true reflection amplitudes without
considering source characteristics or referencing to a known, or inferred, propagation parameter
such as speed or density. These true amplitudes then yield reflection coefficients by correcting
for transmission losses.

Use of the method is illustrated with the help of synthetic data. It is demonstrated that the
accuracy of results is improved by using a rapid digitizing rate during data acquisition. The
method is then applied to a set of real data that previously had been analyzed by full-waveform
inversion. The results are noisy, largely due to the data having been digitized at a rather slow
rate and the length of recording being too short; average values of reflection coefficients at the
sea floor and the BSR compare well with average values obtained by the inversion procedure,
however. It is concluded that the single-channel method provides reasonable values for
reflection coefficients. This suggests that, with judicious constraints on density variations,
single-channel data could provide information on the structure of propagation speed in the
vicinity of BSRs. Moreover, it would involve substantially less effort than is required for full-
waveform inversion.

Keywords: gas hydrates, bottom simulating reflector, reflection coefficient, deconvolution
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Mr. WALDEN. Thank you, Dr. Woolsey.
Dr. Cruickshank.

STATEMENT OF MICHAEL J. CRUICKSHANK, DIRECTOR,
OCEAN BASINS DIVISION, UNIVERSITY OF HAWAII

Mr. CRUICKSHANK. Mr. Chairman, I am very glad to be here to
have the opportunity to testify in support of these bills.

As you now know, we are part of a three-legged stool, and we in
Hawaii, look after the ocean basins, primarily in the Pacific.

We heard a lot about big numbers this morning like thousands
of millions or trillions of cubic feet. My “gee, whiz” number or—it
is not exactly a number, but a factoid—is that in the Pacific Ocean,
the area of seabeds under the jurisdiction of the United States is
greater than the area of the terrestrial United States and almost
totally unexplored.

If you look at the potential for hydrates in this area, there are
many, many thousands of square miles of seabeds which have a po-
tential—anywhere where the sediment is over 1,000 meters thick,
and there has been some significant deposition of organic mate-
rials. So you are looking at a tremendous potential here right
across the Pacific Ocean to Guam and beyond. Hawaii being in the
middle of all this, has a prime location to work with all these is-
land areas—not only the U.S. jurisdiction, but others as well—and
we certainly feel that is important at this stage because of the glob-
al consequences. We not only have the resource, but the potential
for the addition of methane to the atmosphere affecting global cli-
mate change.

In terms of technology, you have heard already that we really
don’t know a lot about characterization of these methane hydrates.
To simplify it in our terms, we see a need to target, to go to look
for them, characterize them in all ways when we find them, and
then work on the recovery method.

I just got back from a technology conference last week. I believe
you mentioned manganese nodules. We have worked with those
things for 30-40 years now, and there is no question that the
United States still takes the lead in the technology for deep seabed
mining—not only for nodules, but for crust and for sulfide min-
erals. There is a lot of activity going on just now, in terms of catch-
up by other countries—dJapan, Korea, and China and we have close
association with these countries and their government research
groups.

But at the Offshore Technology Conference, it was very apparent
with the deep oil leasing in the Gulf at 3,000 meters, that the oil
companies are now developing a lot of the very critical technology
that we needed 20 years ago for the mining. It is now possible to
put down 50 megawatts of power to the bottom. It is quite possible
to put down 50 ton ROVs to roam around the bottom. It is quite
possible to put down a 5,000 meter pipeline from a reel, send it
down and bring it back up again, at 30 miles an hour. These things
are just mindboggling. And this is all through oil development. We
are going to be using this technology—and hydrates are a natural
for this.

The first thing we have to do, of course, is to find a target and
characterize it. And we have a very wide network of connections,



66

not only with the oil companies and through our other centers, but
through the international cooperation that we have had over the
years.

So we are looking with great interest on the pursuit of the par-
ticular efforts proposed in the bill.

And nobody mentioned the idea of natural sublimation of the hy-
drates. It sometimes happens with explosive force, creating tremen-
dous surges of gas, that has caused at least one, if not more drill-
ing rigs to have been lost. And it has also been suggested—and this
is another “gee, whiz” if you like—that the reason the Bermuda
Triangle is so dangerous, is because every now and then, the sea-
bed gets a burp as the warm Gulf stream sweeps around and re-
leases gas. It may not be true, but it would certainly be interesting
to find that out.

Thank you.

[The prepared statement of Mr. Cruickshank follows:]
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TESTIMONY OF

DR. MICHAKL J CRUICKSIIANK, C.Eng.
DIRECTOR, OCEAN BASINS DIVISION
CENTER FOR MARINE RESOURCES AND ENVIRONMENTAL TECHNOLOGY
UNIVERSITY OF HAWAN

Hawaii Natural Fnergy Tnstitute
2540 Dole Street, Holmes 246
Honolulu, HI 96822
Tel 808-956-6141, Fax 808-956-2335
email meruick@zol.com

before the

U.S.HOUSE OF REPRESENTATIVES
COMMITTEE ON RESOURCES
SUBCOMMITTEE ON ENERGY AND MINERAL RESOURCES
THE HONORABLE BARBARA CUBIN, CHAIR

at a legislative hearing on

H.R.1753 AND §. 330
MARINE HYDRATE RESEARCH AND DEVELOPMENT ACT OF 1999

on

Tuesday, May 25th, at 2.00 pm
in
Room 1234, Longworth House Office Building
Washington, DC

This teotimony is respectfally submitted in support of Llouse and Monnte Hitla HR 1753 and K330,
both entitled the “Methane Hydrate Research and Development Act of 1999”. Through these Bills
the Committee supports a major R&D effort that focuses in thiee principal regions of the U.S. and
its territories, representative of significant methane hydrate occurrences. These regions include the
Gulf of Mexico, Alaska, and the Pacific Basin and Rim, each of which fall within the purview of
the Center for Marine Resources and Environmental Technology (CMRET). The CMRET seyves
as an applied academic research arm of the Minerals Management Service authorized by the Marine
Mineral Resources Research Act of 1996, (PL 104-325). The CMRET has three divisions
representing distinct physiographic environments with vnigue mineral potential. The divisions are
multi-disciplinary and closely networked and include the Continental Shelf Division (CSD) at the
University of Mississippi which serves as program manager for the Gulf of Mexico Hydrate
Research Consortium; the Arctic Seas Division (ASD) at the University of Alaska in partnership
with the Petroleum Development Laboratory; and the Ocean Basins Division { OBD) at the
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Um‘verg'ty of Hawaii, a program within tha Hawnii Netural Encrgy Ingtitute GINET). Tha Comnrittos
authorizes the Secretary to provide $50 million to each of the three divisions of the CMRET to
undertake this comprehensive program during Fiscal Years 00, 01, 02, 03, and 04.

Background

Natural gas hydrates have been projected to occur ubiquitously in the deep oceans where conditions
are appropriate for their forrnation. These conditions inclnde sediment thicknecs of at least 1,000 m
with a history of significant deposition of organic materials, at least 450 m of overlying seawater,
a moderate temperature regime between 0 - 35° C and quite possibly a number of other natural
characteristics that have not yet been identified. No one to date has outlined an economic and safe
method for sustained recovery of methane from the newly discovered low-grade oceanic hydrate and
associated gas deposits. The potentinl rewards of unlocking the methane hydrate caerpy bank are
potentially very great. The prize is possibly centuries of energy independence for some industrial

states including the United States and Japan, and developing countries such as India, which appear
ta have congiderable deposits of methane hydrate immediatsly adjecent to their landmasses. A
number of nations, including the United States, have ostablished, vt wie establishing, national
hydrate research programs but little work on the hydrates has been done beyond the continental
shelves. The Exclusive Economic Zone under the jurisdiction of the United States includes the
greatest area of seubeds of any nation. Most of this area is in the Pacific Basin and Rim and much
of it in deep ocean basins where sediment accunulation has been significant Tropical Pacific islands
under U.S. jurisdiction or affiliation include Hawaii, Northern Mariana Islands, Federated States of
Micronesia, Guam, Republic of the Marshall Islands, Palau, American Samoa, Wake, J ohnston,
Palmyra, Jarvis, Howland, and Baker islands. Litle is yet known about the seabeds around these
islands and the potential for hydrate formation needs to be determined. Characterization of hydrate
deposits in ocean basins, and the search for targets are a priority in initiating any significant program
of research.

Cooperative Activities

The University of Hawaii CMRET/OBD and the HNEI have been closely involved with cooperative
rescarch and planning for a number of years and have ongoing programs with the other two divisivns
of CMRET, and with NRL and Battelle Pacific NW Division. On an international basis the, the
OBD has ongoing cooperative minerals research programs with Japan, Korea, China, the South
Pacific Geoscience Conunission (SOPAC), a consortiuin of 17 south Pacific countries, and Russia,
each of which has & strong interest in the development of marine gas hydrates. The potential for
enhanced cooperative work on hydrates at this time is very high in Russia on hazardous emissions
in the Sea of Okhotsk off the Kamchatka Peninsula, in Japan as a continuation of ongoing work on
decp occan gas absorption with MITIs Agency for Tndusttinl Scienoe and Techuology, und on
methods for economic gas recovery with the Geological Survey of Japan and Japan National Oil

Corporation.

Joint Research

A White Paper prepared by the NRL (Dr. Richard B. Coffin) for joint research with Batelle and the
University of Hawaii describes succinctly some of the problers to be addressed in understanding
hydrate formation and stability. “The total amount of methane gas trapped in hydrates is estimated
1o be at least a factor of two greater than the energy of the total conventional fossil fuel reserves.
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Coastal regions in oceans throughout the world are rich in these methane hydrates. This document
outlines a proposal for research designed to understand the spatial variation in the percent methane
that is contained in hydrates found in different regions of the world ocean floor. This work would
be accomplished through & multi-year, broad discipline effort that is organized in collaboration
among the Naval Research Laboratory (NRL}), Batteile Pacific Northwest Division (Battelle/PND}
and the University of Hawaii (UH). To accomplish tlis goal it is necessary to understand the
processes that controls the formation, stability, and fite of methane hydrates in the ocean. The focus
of the research is fo study how methane hydrates are influenced by biotic and abiotic geochemical
cycles in ocean sediments. This research will provide an understanding of the potential for the safe
and economical extraction of energy from oceanic methane hydrates. This white paper outlines
research focusing on the factors that control the percent methane that is contained in methane
hydrates, The following hypotheses address research questions that are required to understand
methane hydrate formation and stability.

Hypothesis [ Sources of methaoe in hydrates vary between ecosystems as a function of reduced
energy that support the chemosynthetic microbial population and the relative proportion of thermat
and biological methane,

Hypothesis I The stability of methane hydrates on the ocean floor is a function of biclogical and
geochemical cycling of organic matter that is trapped with the hydrates and the interstitial spaces
between the structures.

Hypothesis 31 There will be a variation of methane content in hydrates that is controlied by biogenic
cycles. ’

Hypothesis IV There will be a large difference in financial gains between sources of methane
hydrates that is related to the formation process.

The proposed teseerch project consists of a team of renowned scientists and engineers and brings
together the unique research capabilities resident at Battelle/PND, UH and NRL. Through the
proposed field and laboratory experiments, the research will advance our knowledge of an important
and yet poorly understood role which complex biological communities and methane hydrates play
in ocean carbon cycling, Also, the research will provide the fundamental scientific understanding
of hydrate stability needed for applications as varied as carbon dioxide sequestration and the safe
and economical extraction of the energy content of methane hydrates.”

1n addition to the need for resource development, the potential problem of natural relcase of hydrate
gases to the atmosphere resulting in effects on the global climatc arc of major gignificance which
will require concurrent studies and long term inopitoring at appropriate sites. Teaming of experts
throughout the Pacific region is a further responsibility which would be assumed by the C_MR‘rET,
utilizing the wide network of ocean and earth scientists and engineers already involved in these

studies.
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Justifieation for Funding

The combination of extended oceanic field operations in deep water involving geophysical,
geological, geochemical and biological characterization, including extensive bottom sampling, and
subsequent or accompanying laboratory analyses will be limited only by available funding. Other
cooperative activities with intermational programs in Japan and the Pacific will provide valuable
data on the technology for hydrate recovery and other problems at greatly reduced costs. Meet ngs
among cooperating personnel will be initiated at an early stage to provide the most economical and
effective programs to carry out the goals of sustainable production by 2015 and understanding of
the effects of gaseous hydrate release to the atmosphere. The CMRET/OBD is well placed to
provide the coordination and management required for this important program.

Amount and source of Federal monies awarded to the CMRI'E/OBD for Fiscal Years 97/98/99:

FY 1997 FY 1998 FY 1599

Minerals Management Service -0- $380,000 -0-
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The Hawaii Natural Energy Institute (HNEI)

HINEI has been a strong playcr in the research and development of rencwable and unconventional
energy sources since its founding after the oil crisis of 1973. It is staffed by a team of engineers and
scientists under Dr Patrick K. Takahashi, Director of the Institute and is an independent institute of
the School of Ocean and Earth Science (SOEST) at the University of Hawaii. Fourteen professional
staff form the nucleus of this institute which two major areas of expertise in Biomass and Fuels, and
Ocean Resources. Withia the Biomass and Fuels Is the Huawaii Lulsgsated Biofusls Research
Program, the Renewable Resources Research Laboratory, the Alternative Fuels Program, the
Biomass Gasifier Facility, and the Hydrogen Program. Within Ocean Resources is the Center for
Marine Resources and Environmental Technology (formerly the Marine Minerals Technology
Center) and the Program in Ocean Disposal of Carbon Dioxide, a cooperative prograr with Japan,
Staff members are well known in their fields both in the U.S. and Intemationally. The marine
minerals program staff bring a wide range of experience experience in mining systems engineering
and environmental mitigation: in deep seabed environments,

Present Senior Staff in HNEI include:

Michael J. Antal, Jr., Distinguished Professor of Renewable Energy Resources; biomass and
thermochemical processes

Michael J. Cruickshank, Direcror CMRET; marine mining systems technology

Charles M. Kinoshita, energy conversion, thermoscience

Patrick K. Takahashi, Director; renweable energy, ocear resources

Oskar R, Zaborsky, Williamson-Matsunaga FREE Fellow in Hydrogen Systems;marine
biotechnology, bioenergy, specialty bi products from marine resources, bioremediation

Stepen M. Masutani: thermochemical conversion of biomass, OTEC systems, carbon dioside
mitigation

Charles L. Morgan; marine mineral deposits, envionmental engineering

Richard B. Rochelcau: chemical engineering, thin film processing, hydrogen technology
development
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Extraction of Methane from Oceanic Hydrate System Deposits
Michael D. Max, Naval Research Laboratory, Washington DC 20375
Michael J. Cruickshank, Center for Ocean Resources, Univ. of Hawaii at Manoa, 2540 Dole street, Honolulu, Hl 96822

This paper was prepared for presentalion at the 1999 Offshore Tachnotogy Conference heid in
Houston, Texas, 3-8 May 1939,

This paper was sslscted for presentation by the OTC Program Gommittee foliowing review of
informatien contained in an abstract submitted by lhe author(s). Conlents of the paper. as
presented, have not been reviswed by the Offshore Technology Conference and are subject 1o
correction by the author(s). The material, as presented, daes not necessarily reflect any
position of the Otfshare Tachnalogy Conference or its officers. Electranic reproduction,
distribution, cr storage of any part of this paper for commercial purposes without the written
‘cansent of the Ofishore Techniology Canference is prohibited. Permission to reproduce in print
is esiricted to an abstract of not more than 300 words; llustrations may not be copied. Tha
abstract must comtain conspicuous acknowledgment of where and by whom the paper was
presented.

Abstract

No one to date has outlined an economic and safe
method for sustained recovery of methane from the newly
discovered low-grade oceanic hydrate and associated gas
deposits. The potential rewards of unlocking the methane
hydrate energy bank are potentially very great. The prize is
possibly centuries of energy independence for some industrial
states including the United States and Japan, and developing
countries such as India, which appear to have considerable
deposits of methane hydrate immediately adjacent to their
landmasses. A number of nations, including the United States,
have established, or are considering establishing, national
hydrate research programs.

Introduction
Oceanic hydrate system deposits, which include both

methane hydrate and associated methane gas, are very large,
but relatively low grade when compared with conventional
hydrocarbon deposits. They differ in character from
conventional hydrocarbon deposits in almost every respect
except that they encompass significant concentrations of
hydrocarbon. It is now not immediately obvious in detail
exactly how the methane from oceanic hydrate and related gas
deposits will be recovered. It is not even certain whether
hydrate or associated gas, or both, will be the preferred initial
and eventual best economic target.

‘We examine some of the emerging issues likely to govern
hydrate recovery and seafloor stability, and suggest geclogical
models for oceanic hydrate system exploitation.

Methane hydrate; its disposition and recognition
Methane hydrates [CH, * 6.1 (+0.1%)H:0] are found
in the low temperature- low pressure regimes of permafrost
regions and high pressure- moderate temperature (from just
below zero degrees C up to about 35 °C max) in ocean
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sediments. Methane hydrate is stable in seafloors below about
450 meters water depth in open ocean with an average
temperate hydrothermal profile that gives hydrate a w1de
pressure-temperature field of stability’. Methane molecules
are compressed closely tooether in the hydrate lattice. 1 m® of
hydrate ylelds about 160 m* CH, at STP and a residue of 0.87
H20 mj".

The hydrate forms in a zone of thermodynamic
equilibrium, the Hydrate Stability Zone (HSZ) that extends
downward from the seafloor to some depth determined by
increasing temperature (Fig. 1). The base of the HSZ is a
phase boundary. At constant geothermal gradients the
thickness of the hydrate stability zone increases with
increasing water depth and increased pressure. Where higher
molecular weight thermogenic gases, such as ethane, butane,
or propane occur, the hydrate stability field expands
considerably. 1% propane in the gas mixture, for instance, can
reduce the pressure at which the hydrate forms by nearly
40%'.
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Figure 1. Position of the HSZ with respect to the hydro- and

geothermal gradients and the methane hydrate phase boundary.



2 M.D. MAX & M.J. CRUICKSHANK

73

oG

Hydrate is now widely recognized on comtinental
slopes, where they are well developed, because of their
unique appearance on seismic reflection records’. Hydrate
formation can strengthen sediments through both pore filling
and cementation and retard compaction. The presence of
significant quantities of hydrate strongly affects the physical
properties and seismic response of the sediments in which they
occur, but not enough is known yet for commercial
quantification. Initial recovery from the less than 30 drill
holes from which hydrate has been recovered shows hydrate to
vary widely in development, form, concentration, and
sediment binding character. Naturally occusring hydrate has
been observed in disseminated, nodular, layered and massive
forms® and shows a strong vertical and lateral variability of the
relative amounts of hydrate even on the small scale®.

On passive margins, production of methane appears
to oceur in large masses of sediment. Methane migrates
toward and into the HSZ largely by its own buoyancy or
dissolved in pore fluids. Passive margin oceanic methane is
produced mainly from bacteriological decay of organic
material in the marine sediment. In contrast, both biogenic
and thermogenic methane, produced at deeper levels in
subduction complexs, ocour in collisional margins, especially
those underlain by subduction zones®,

Hydrate provides a mechanism for concentrating
methane both in hydrate itself and in associated trapped gas.
Hydrate can often seal the lower part of the HSZ and cause
gaseous methane below the HSZ to pond. Where there is a
contact between hydrate and gas, a strong impedance contrast
termed the bottom simulating reflector (BSR) forms. Presence
of BSR is commonly taken as proof of the presence of
hydrate, but hydrate is known to extend considerably beyond
BSR in large closures in the Blake Ridge off the U.S. SE
coast. Hydrzate not associated with subjacent BSR occurs in
concentrations comparable with those underlain by BSR®.

Qceanic hydrate deposits are near industrial
markets, and accessible

It is remarkable that many of the likely hydrate
deposits are located on the continental slopes not far distant
from major markets in industrialized countries, Substantial
volumes of hydrate system methane has been identified in the
Blake Ridge of the U.S. $E coast only about 300 km from the
nearest land™*°. This places at least the Blake Ridge hydrate
very close tathe U.S. east coast gas grid at Hs probable point
of coming ashore. The hydrate deposits that constitute the
first economic target of the Japanese hydrate program are
within 40 - 60 km of Tokyo Bay, a center of Japanese
industry. Hydrate along the northern coast of Alaska, which is
not near an industrial center, on the other hand, is close to the
terminus of existing hydrocarbon pipelines.

Oceanic hydrate system deposits are also easy of
access to relatively shallow deill penetration from the seabed.
On the Blake Ridge, for example, the base of the gas hydrate
stability zone is at about 400-500 m’ below the seafloor, in the
Lower Pliocene/Miocene. Technologically, the hydrate
economic target is also accessable. Much of the engineering
required to exploit oceanic hydrate appears to exist currently.
The present technological base appears to be adequate for
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developing exploration, extraction, and subsea tramsport
capabilities. The economic target is spatially predictable in
trany ways so that innovation shiould translate to a large
number of hydrate localities world-wide.

Methane recovery issues

There needs to be a workable geological model for
oceanic hydrate system depesits. Conventl arbor
deposits can be compared with ¢l 1 high grade mineral
deposits in that high values are concentrated in relatively small
volumes. Hydrates are fundamentally low grade deposits that
will require secondary recovery techniques from inception of
recovery. And we don't know what the recovery scenario will
consist of yet.

Hydrate and gas deposits associated with hydrate
have their individual production issues to surmount. In the
case of the gas deposits, concentrations of gas rise 1o only
about 5%, which may be too low 1o atlow the gas to flow
spontaneously and without some stimulation or interventian.
10% of concentration mey be a more likely dependable lower
limit for spontaneous gas flow °, “Sustained forced
dissociation of hydrate, on the other hand, will result in
strongly overpressured gas and pore fluid'™ 2, whose
migration may be difficult to control. Developing depandable
techniques to produce gas at specific rates in specific
localities, will probably be the key to methane recovery from
hydrate deposits. .

Like any large but dispersed resource, the locations
of greatest concentrations that are coincident with locat
reservoir and frap attributes favoring recovery must be
identified. No one has any real engineering pian for the
recovery of hydrate because no good geological model yst
exists that would allow for engineering. Like any mineral or
conventional hydrocarbon deposit, sweet spots, or those areas
that are ‘rich’ enough in methane to justify recovery, even
remain to be identified. Research should be focused on
identifying unequivocal physical property relationships from
which hydrate percentages and mode of formation
{cementation or pore fill, nodular or bedded, etc.) can be
inferred. Advanced processing of geophysical information
should then yield the same degree of certainty about sweet
spot location that 3- and 4-D seismic processing for
conventional hydrocarbon deposits has attained. Because of
the developments that have taken place within industry in the
acquisition and processing of seismic data, and the
develop of other techni principally electrical, a
broad technological base exists to be built upon. Because of
this, progress could be very rapid. The potential hydrate
resource must be quantified before real economic evaluation is
practicable.

Comparison with low grade but very large deposits
mineral metallic and non-metaliferous ore bodies may be
instructive in developing a commercial model for methane
recovery from hydrate. Methane hyd: can't pared 1o
the mining industry's low grade porphyry ore bodies tike
Bingham Canyon, where rock containing copper at about 3
tenths of one percent is mined at ths rate of 129,000 tons of
ore/day. In the early days, however the mine started out as an
underground operation, recovering ore that graded around 5%
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EXTRACTION OF METHANE FROM OCEANIC HYDRATE SYSTEN DEPOSITS 3

copper. It has taken some 80 years of nearly continuous
production for the mine to become as efficient as it is now,
and progress was a gradual process that depended in many
cases on the development of technology elsewhere that couid
be adapted o the mining efficiency problem. In the same
way, there is likely 1o be initial exploitation of high grade
deposits of stable methane hydrate, that develop into more
broad recovery operations as technology and experience
allow. Many of the currently existing hydrate and related gas
deposits are up to several hundreds of meters thick”, with
methane distribution not known with certainty. Although we
are not suggesting physical mining, there is an analogy to be
made. Methane hydrate system deposits could conveniently
be modeled as open pit analogue of conventional mineral
deposits,

a. The oceanic hydrate secondary recovery target

From the outser, recovery of methane from hydrate
will require application of secondary recovery techniques.
Hydrate is a solid that {irst has 1o be gasified; left alone it will
remain as solid hydrate. Even the associated gas deposits may
require intervention to promote controlled flow, Hydrate
rzcovery necessarily will involve forced dissociation.
Although hydrate is always either forming or dissociating,
depending on local temperature and pressure changes, rates of
dissociation mecessary fo produce methane from oceanic
hydrate will be much more rapid than those dissociating as a
response to changes in the natural environment., This ‘rue-
away' dissociation necessary for exomomic exploitation
introduces a significant demand for heat to keep the system
from freezing up with water-ice. Supplying and managing this
heat deficit and maintaining an artificial thermodynamic
balance that allows the controlled dissociation of hydrate and
the save recovery of methane will probably prove the key to
commercialization,

Although hydrate is widely dispersed, its natural
disposition favors the recovery of methane. Hydrate is most
stable (i the upper part of the HSZ and least stable near the
HSZ base. Coincidentally, the lower zone is where hydrate is
most concentrated.  The closer the pressure-temperature
position of the hydrate body is to the stabile phase boundary,
the less thermal energy needs to be introduced or the less
chemical inhibitor is required to cause dissociation.
Depressurization s feasible anywhere in the HSZ, but the least

table hydrate at the base of the HSZ may be the best place o
begin. Thus, potentially the most economic application of any
form of intervention will have an immediate effect. As
intervention continues and dissociation moves to more stable
regions within the HSZ, the economics of hydrate recovery
may be affecled.

Both hydrate 2nd the associated gas deposits of
methane may prove to be bl fer 3
Although it would appear that the gas deposits might be more
familiar to energy production companies in their geological
and engineering characteristics, they are significently different
in a number of respects from conventional gas deposits.
Hydrate system deposits are found in relatively shallow
seafloor sediments that are younger than most of the
conventional hydrocarbon fields, especially when the usually
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uncompated nature of the sediments is taken into
consideration. Most conventional hydrocarbon traps are
geologically strong, with the reservoir composed of a matrix
of grain-supported sediment detritus in which flow can be well
modeled hydraulically. Hydrate system deposits, in contrast,
are composed of fine grained, high porosity materials whose
internal flow characteristics are not well known. Bound water
in conventional deposits is refatively unimportant while it
would appear to constitute a large percentage of available
porosity in hydrate system deposits.

Secondary recovery inhibitor and thermal injection
are well understood by industry and will be effective in
dissociating hydrate. However, both are potentially
expensive. Depressurization, in theory, Is the most elegant
solution'™ ™ but no tests have ever been carried out in oceanic
hydrate. The usual case cited for successful production by the
depressurizatipn method is the Messoyakha field in Siberia. A
reexamination of the evidence suggests that methane
production from hydrates there has not begn as great as was
previously taought'®, Dissociation by pressure reduction
requires the same heat of fusion as dissociation by thermal
stimulation, and places a theoretically enormous demand for
thermal energy in the system. Although a large enough
interface between gas and hydrate at the base of hydrate phase
boundary could allow depressurization to operate alovg’’, this
would require substantially opet equilibration conditions
within the gas reservoir. It would seem that unless an external
source of even } heat is supp dissociation may
shift the local thermal environment info a water-icetgas fleld.
With even a small amount of ice in reservoir pores, there
would be a reduction of permeability and a continued heat
demand to melt the water-ice that could substantially inhibit
methane production.

b. Permeability and gas flow

A primary concern for methane recovery from
hydrate is permeability. Suitable primary porosity in grain-
supported sediment reserveirs is usually the key to the
recovery of conventional hydrocarbon deposits. Flow
modeling of the gas and the response of fluids can be taken
into consideration for different recovery scenarios of drill hele
receptor placement and draw-down rates, using well tested
engineering concepts. Many of the potential hydrate deposits,
however, are in sedimentary materials that have no easy
analog with conventional hydrocarbon deposits and much of
the existing reservoir engineering expertise may not be
directly applicable to recovery of methane from hydrate.
Briefly, the potential oceanic hydrate reservoirs, such as in the
Blake Ridge off the U.S. SE coast, are much mote fine grained
and higher porosity than conventional reservoirs that have
undergone considerable compaction, diagenesis, and
tithification. A

In addition to primary porosity, however, extensive
secondary porosity, in the form of faults, fractures, solution
veinworks, and volume changes owing to crystallization,
produce pathways for fluid and gas migration in rocks that are
otherwise too tight to allow significant internal ﬂgw,
Extensive faulting has been observed in gas hydrate b§anqg
strata in many aress, and the faulis show evidence of fiuid
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flow™”. The little high resolution reflection seismics available
show that a strongly fractured concentrated hydrate zone at the
base of the HSZ may prove to be more common than
unfaulted hydrate. Oil industry technology of fracking
conventional hydrocarbon reservoirs is very well developed.
Fracking may not be necessary, however, where high sediment
permeability allows gas flow without redistribution of
sediment that blocks permeability in hydrate deposits residual
sediment following dissociation. Where sediment does not
collapse, however, minor redistribution of the fine grained
sediment fraction could close porosity.

Controlled formation and management of secondary
porosity may be key to recovery of methane. Fracking in
sediments with concentrated hydrate should be a relatively
straight-forward problem for industry to resolve if necessary.
Sediment-hydrate mixtures world-wide will have a relatively
consistent range of ambient pressure depths, with the deposits
in shallower water probably more likely to be the initial
economic targets"”. Temperatures will vary in the reservoir by
no more that 10 °C - 20 °C. Mechanical properties of the
material will likely be much less than in conventional
hydrocarbon reservoirs and will also vary within a narrow
range depending on the nature of the marine sediment and the
amount and mode of formation of the hydrate.

¢. Drilling and recovery options

Forced dissociation of hydrate concentrations may
produce, “a muddy soup of methane and water"'®. This
situation would be unwelcome as it would create many
problems within a conventional hydrocarbon recovery
scenario. Drilling and maintaining the position of collector
pipes, particularly those which are placed horizontally', will
be difficult as they are very likely to fail structurally, The
pipes might either rise or fall in the fluidized sediment,
depending on their buoyancy. Maintaining the integrity of
sub-surface drill pipe might be very difficult where subjacent
sediment mass movement or strongly overpressured flow
horizons would be created as these may affect the seafloor,
Flexable, rather than rigid metal pipe might be called for or
some method of piling the pipes to allow them to hold position
may have to be developed. Blocking of collector pipe screens
is also likely to be a problem in this fluidized environment. I
the very fine sediment grains and authigenic clays flow toward
the collector pipe with the gas, the collector may become
packed in a fine grained, low porosity clay very quickly.

A number of options for recovery of methane from
the main economic target in the lower part of methane hydrate
deposits have been proposed'" ' " These include drilling
into the free gas layer to penetrate the deposits from the side
and below to avoid disturbing the more unstable uppermost
layers of the HSZ. In this scenario the removal of the
underlying gas reduces the pressure on the formation, causing
a continuous renewal of the gas by pressure-induced
dissociation from from near the base of the hydrate. This
method would appear to be most suited to those deposits
where widespread gas occurs in a closure below hydrate, such
as in the Blake Ridge'"”. The method is less likely to work
where hydrate deposits are not underlain by considerable gas.
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Other methods for recovering methane from the
oceanic methane flux are even less conventional. These
include the capping of gas seeps emanating from more deeply
seated deposits, fracturing of the hydrates to produce a
situation similar to that used in coal bed methane-type
production, and controlled in-situ oxidation for a local heat
source.

The actual mining of solid hydrate in the manner of
an open pit is unlikely. It is more likely to concieve of
dissociating the hydrate and transporting gas, after separation
because the problem of maintaining the gas hydrate as a
transportable solid along with its very large volumes of
sediment matrix would probably introduce intolerable
environmental and logistical effects. Seafloor hydrate,
however, could be pelletized in situ and transported to shallow
water where they would slowly decompose to yield fuel and
water. But large volumes of seafloor hydrate are not known to
occur. Alternatively, chemical engineers could perhaps design
additives to make hydrate more stable at lower pressures and
higher temperatures, which would facilitate its transport as a
solid.

It is likely that more intensive investigation will
confirm that the hydrate deposits have a variety of naturally
occurring characteristics and that many of these may be used
to advantage in developing unconventional methods for the
commercial recovery of methane. Until we reach that time,
there is an immediate need to characterize and quantify the
deposits in an economical way will be paramount. Improved
exploration tools being developed for conventional deep water
oil and gas will provide the technological springboard for
methane recovery from oceanic hydrate. The wide range of
options currently proposed for methane recovery from the
oceanic hydrate system illustrate the present lack of a coherent
strategy.

d. Potential energy benefit of methaune transport

For hydrate to be of commercial interest, the methane
has to be extracted and transported to markets. Although ships
could be used to transport the gas from marine moorings, it is
more likely that pipelines would be more economically and
environmentally satisfactory. Fixed installation is much more
likely to survive accidents or weather disruption than ship
transport. In addition, pipelines can be engineered to
minimize the environmental impact of accidents,

Deep sourced gas brought to shore by pipelines offers
other interesting possibilities for energy recovery. For
instance, it would be possible to use the gas flow to generate
electricity. The pressure drop from the field to shore in a
pipetine from the Blake Outer Ridge area, for instance, would
be over 40 mPa (megaPascals where 1 mPa = about 10
atmospheres total pressure). Although the primary energy
resource is the gas itself, a pipeline to a land based terminal
will have a large pressure gradient that could conveniently be
dealt with by stage decompression. The pipe-line transported
gas and fluids, used in driving electricity generating turbines,
would accomplish the dual goal of reducing flow velocity
through the transfer of kinetic energy while yielding electrical
current,



fsiin

76

EXTRACTION OF METHANE FROM OCEANIC HYDRATE SYSTEM DEPOSITS 5

e, Indirect economic effect of hydrate cycle activity?

Oceanic hydrate appears by its widespread presence
in continental slope sediments to be very persistent. One of
the questions that can be asked is, has hydrate also been
persistent temporily. That is, is there some indication in the
geological record of the one-time activity of the oceanic
hydrate system that might have economic significance beyond
the current possibility that methane might be recovered
economically from oceanic hydrate.

The superabundance of methane in pore fluids and
veins can alter local geochemical conditions. This has the
potential to affect solubility and precipitation of a number of
mineral species. Authigenic siderite {Fe carbonate) in the
Blake Ridge area, for instance, formed in a methane
fermentation zone in equilibrium with anomalously heavy
oxygen water from decomposed hydrate’. Deposition of
other tarbonates may also mark stratigraphic horizons
associated with either the one-time base of hydrate stability or
methane gas-fluid interfaces or other chemical zones related to
hydrate formation or dissociation. To our knowledge, no
examination of ic mineral g is, however, has
vet considered the diagenstic interaction of metals transported
in groundwater with the methane hydrate cycle of repeated
formation and dissociation.

Vein-hosted gold deposits in low- to medium-grade
metamorphic terrains, for instqance, are commanly associated
with Jow-salinity hydothersmal fluids rich in CO; and/or CH,”.
Ground d are Iy fine- to medium-
grained, carbon-rich, and many may well have a continental
slope affinity. In this situation they would have been passed
through the pressure-temperature range of hydrate stability.
The association of low salinity groundwater with high CO;
and/or CH, values is strongly reminiscent of the nverpressured
fluids produced by the hydrate dissociation reaction'’. The
veinworks themselves may have been formed by the forceful
passage of methane rich fluids’ that provided vents for
mobilized sediment and the strongly pumped fluids. We
suggest that reevalvation of existing sedimentary or
stratigraphically controlled gold (and possibly other deposits)
should be carried out with 2 view to assessing the likelihood
that strong variations in the presence of methane during
diagenesis could have been a critical factor in the
concentration and deposition of economic mineral deposits.
This could offer a new perspective to identification of mineral
deposits in mineraliferous terranes.

National responses to hydrate research

Why have methane hydrate system deposits not been
exploited? Firstly, energy prices have been falling as
awareness of the hydrate potential has grown. Secondly, 2li
energy research has suffered from an overall diminishment of
research resources. US Federal energy R&D budgets have
decreased 5-fold since the late 1970s. Private sector R&D
spending by the 112 lergest US electric utilities fell 38%
between 1995 and 1996 alone, Government funding for energy
R&D has also been falling in most other industrialized
countries, with the particularly notable exception of Japan.
President'’s Committes of Advisors on Science and
Technology”™ argued that this downward trend must be
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reversed to meet national and global economic development,
envir [, and security chatlenges.

Until receatly, consideration of hydrate system
deposits as 3 new energy source was retarded simply because
not enough was known. And very little is known now.
Enough is now known, however, that they are presently being
cansidered very serfously as potential energy sources. ifeven
what we know now about the extent of methane hydrates was
known at the time of the oil crises of 1973 and subsequently, it
is likely that considerabie attention to the recovery of methane
would have been rendered then by the major energy
companies, probably with government support. The current
fow prices of petroleum is presently ing commercial
consideration of hydrate as a major energy rescurce. But low
energy prices may continue to be 2 feature of the industrial
world, especially if methane from hydrate can be recoversd
economically.

Economics, of course, is the present reason why little
active consideration is being given 1o development of hydrate.
Hydrocarbon supplies are abundant and at historically near-
Iow costs, a situation that could persist for a number of years.
With no major distortions to world trade, gas and ofi prices are
likely to continue to remain low weil into the next century, A
short-term economic paradigm, however, may be a bad basis
for longer-term policy, on the order of hundreds of years, upon
which may rest economic and political stability.

Methane hydrate is often referred to as a potential
energy source that will be exploited only when the price of
petroleum oil and cunventional gas would rise substantially
owing, to the natural exhaustion of other hydrecarbons. But
no one knows what the cost of methane recovery from hydrate
recovery would be. Deep water drilling for conventional
deposits has become so technologically advanced that deposits
ence conceived of as prohibitively expensive to recover, are
now being exploited at production costs comparable to or even
less than, shallow water or land conventional hydrocarbon
resources. Hydrate deposits might prove to be commercial
even in a low cost entergy environment,

Large world hydrocarbon resources do not
necessarily mean that favorable projections based on their
eradual consumption alone will push development of methane
hydrate welt into the next century or beyond. It is possible
that there could be sudden and unpredicted demands for gas
fiydrate development to replace other gas and oil supplies.
The present apparent abundance of conveational hydrocarbor
deposits and their relatively low prices are dependent on a
veneer of world political stability. Ultimately, we will need
other unconventional sources of energy, and the creativity and
funding sources will be brought to bear. The energy question
will be resolved by the market and potitical considerations.
There may be enough energy in the various available sources:
- oil shales, tar sands, solar, wind, coal conversion, oceanic
system and permafrost hydrates, etc. to maintain an objective
of indefinite inexpensive energy supply. )

Oceanic hydrate is a very new topic in ocean seience
and as a potential candidate for energy resources. It has been
cnly a little over two short decades since hydrates were
recognized in the natural environment. It is thus not surprising
that little quantitative information about hydrate exists. As
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recently as the earliest 1960s, not only had hydrate not been
recognized in the oceans, but respected opinion was that no
significant amounts of hydrate could occur naturafly. In
1964,, however, hydrate was discovered associated with
permafrost in Siberia. Shortly afterwards, the presence of
oceanic hydrate was serendipitously identified on seismic
records in the late 1960°s in the course of seismic reflection
SUVEYS.

Hydrate in the natural environment has only been
recognized recently In 1969, the U.S. Geological Survey
assessed and mapped the global potential for deep water
petroleum™. A primary criterion for the presence of
hydmcarbons was the presence of at least [ km of

thosed marine sedi
the presence of nearby known hydrocarbon fields or recorded
seeps. were used in assessing the likelihood of petrcleum
occurrence. With the paucity of data available at that time the
assessments were highly specufative. No mention was made
of gas hydrates and all projected occurrences were confined to
shallow water in the continental margins. Deep water targets
of any sort were not then thought to be accessible
commercially.

Recognition of hydrate in permafrost regions
foliowed shortdy. In 1972, ARCO/EXXON first recovered a
pressurized specimen of naturally ccewrring gas hydrate from
a depth of about 6:)0m from a Prudhoe Bay, Alaska
exploration well™. 1996, 27 sites of gas hydrate sampling
had been catalocued" fn 1997 the ODP Blake Ridge drilling
of tiydrate, which was the first dritling campaign spcciﬁcal}y
designed for hydrate and related issues such as methane
generation and flux, mmensely increased the corporate
know dge of hydrate, R ion of hydrate as a potential
wmajor resource has only very recently spurred focused
programs,

The government of Japan was first to establish a
national hydrate research program. An exploratory five year
plan for hydrate research program was established in 1995 and
i 1998 the Japan National Ol Cerporation (JNOC) spousored
drilling tests of known hydrate deposits in McKenzie Delta of
Canada in consort with the Geological Survey of Canada, the
U.S. Geological Survey (partly funded by the U.8. Department
of Energy Federal Energy Technology Center, Morgantown,
WV) and contract university and research institutes. The
lapanese National Oil Corporation (JNOC) is conducting
extensive research of a potential hydrate resource off
Hokkaido Istand and is on target to drili test wells in two
locations in 1999. Commercial production is targeted for
2010, barely 10 years away. It is estimated that recovery of
only one tenth of Japan's estimated reserve would provide
Japan with methane for 100 years. The Japanese government
has authorized a second five year plan, headed by NEDO
{New Erergy and Industrial Technology Development
Organization, <http//www.nedo.go jp>), which is intended to
develop methane recovery engineering.

India, in 1996, was the second nation to establish a
gas hydrate research program. The Indian approach is
somewhat different from that of Japan, which can call on large
foreign currency reserves and already possesses a large, high~
technology industrial base. The Oil Industry Development

LD

Other criteria, such as °
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" Board of India, as part of its plan to boost natural gas

resources, earmarked $56 million for a program of methane
hydrates research. The main early research has been carried
out under the auspices of the Gas Authority of India, Ltd.
{GAIL). India is aiming at defining their national hydrate
resource, and encouraging industry to develop hydrate leases
through advantageous tax structure and other economic
enticements. Whereas the approach of Japan can be
maintained In the face of low world energy prices, the present
low energy price structure is retarding Indian activities.

Other nations are also conducting assessment of deep
water hydrocarbons, including hydrate. Canade, which closed
its offshore minerals program some years ago, is revitalizing
its program. The European Union has allocated funds for
development of methane sensors, specialized hydrate corfng
apparatus, and marine research 1o identify hydrate and
quantify methane in Europeas North Atlantic waters.

In the United States, the first National U.S. Gas
Hydrate Workshop® brought together government, industry,
and academic research interests and proposed that research
into hydrate should take place as a broad, integrated research
program. At that time, industrial representatives noted that the
major costs associated with development of the deep water
drilling capability envisaged as 2 i for exploiting
hydrate methane resources would not be carried out solely for
the problematical hydrate target. Now, however, industry is
exploring extensively in the deep water regions where hydrate
deposits occur, and drilling capability to the base of the
potential economic hydrate zone of about 3.5-4 m®, iy already
being buils for conventional hydrocarbon driliing. More than
deep 300 wells were planned for 1998 in depths of 1,000 to
2,000 m and deeper, exactly the depth range to explore for
hydrate deposits. Spin-off of this conventional operational
technology into hydrate recovery is inevitable now.

The President‘s Commitree of Advisors on Science
and Technoloﬂy recommended a mejor initiative by the
Department of Eneruv, the U.S. Geological Survey, the Naval
Research Ldboratoxy and industry to “evaluate the production
potential of methane E-ydrazes in U.S. coastal waters. In 1997,
Senators Akaka (D.HD™, Craig (R. 1D) and Landrien, (D. LA)
introduced a bill (51418) to promote the research,
identification, assessment, exploration, and developmem of
methane hydrate resources and for other purposes®’. Senator
Lott subsequently associated himsetf as a sponsor of the bill.
At hearings on the bill it was pointed out that other nations
including Japan, india and Canada were aggressively pursuing
methane hydrate development. The PCAST proposal was
incorporated in the biil for the Methane Hydrate Research and
Development Act of 1997 with a planned budget over the next
five years, (FY99 FYO03) of 5, 5, 11, 11, and 12 million
dollars respectxvly In carrying out the Act the Secretary of
Energy would, (1) Facx‘litate and develop pannerships among
government, industry, and academia to research, identify,
assess and explors methane hydrate resources; {2) undenake
programs to develop basic information necessary for
promoting long-term interest in methane hydrate resources as
an energy source; (3) ensure that the data and information
developed through the program are accessible and widely
disseminated as needed and appropriate; and promote
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coaperation among agencies that are developing technologies
that may hold promise for methane hydrate resource
development. A subsequent amendment incorpotated methane
hydrates as a defined marine mineral resource within the
Marine Mineral Resources Research Act (PL 104-325), giving
research autherity to the national Marine Mineral Research
Centers to work with the hydrates program ™. This inclusion
was limited to research and did not have any implication for
federal mineral policy or mineral leasing, Passage of the
Hydrate Act and funding for both hydrates and mineral
research is being sought for FY2000 and beyond.

Managing the resource, the MMS approach

Most of indusury's contact with gas hydrates to date
has been in the field of flow assurance. Hydrate creates an
economic nui in pipelines where it can sp wsly
form and constrict the internal diameter of the pipe, and thus
reduce flow. This can be a problem even at surface ambient
pressures and temperatures in the presence of higher density
hydrocarbons, but in the Guif of Mexico and around the
world, as exploration moves inlo increasing water depths,
constriction of pipes by hydrate will be a general problem
even if only methane is present.

Some initial concern was expressed following the
amendment of the Marine Mineral Resources Research Act,
that jurisdiction under the Department of Interior's oil and gas
tegulations might not be directly applicable to hydrate. MMS
was quick to assure the companies that there would be no
change, and that existng regularions would apply. It might
be, however, that special circumstances in recovery of
hydrates will call for special reaulatmns in the future. DOE in
testimony before the Senate recognized that intensive
research is required.

In addition to the energy issue, very little is known
about the history of stability of gas hydrates, especially those
dispersed along the sea floot, in a period of global climate
change, The fate of methane in seawater is also not well
established yet. A better understanding of the dynamics and
distribution of the oceanic methane hydrate system is needed
to quantify their role in the global carbon cycle and climate
change™".

There also appears to be the danger to persons and
equipment from destabilization of hydrate-bearing seabeds
that are disturbed by exploration and production activities of
conventional deep water oif and gas deposits. Marine hydrates
may be potential causes of drilling problems blowouts,
casing collapse, and well site subsldence in conventional
dnllmg and production’. Such problems need to be
accurately modeled and documemed and techniques
developed to avoid or mmgate hazards™. Because forced
dissociation of hydrate Is primarily 2 maﬁer of managing
thermal regimes in the vicinity of exploration and production
equipment, these problems almost certainly have relatively
straight-forward solutions. Long term impacts of sea floor
stability and safety owing to methane production, including
the likelihood of subsidence, must be investigated so that safe,
standardized procedures for hydrocarbon production and sea
floor enginesring can be assured. There is probably a need for
MMS to develop appropriate regulations beyond those for

i

‘conventional oil and gas.

In addition, recent knowledge of the permafrost
hydrate resource potential suggests that these may be
exploited first™. These deposits oceur on land, however, and
are part of a wider problem associated with the combined
water-ice and hydrate permafrost zone,

Future Research

Background information to the Methane Hydrate
Research and Development Act of 997 indicace a proposed
U.S. commercial demonstration well in operation by 2015,
Well before this time, other countries may have achieved
methane recovery from oceamc hvdrate If the countries
presently involyed in, or p arch and
development at the level of mtensxty claimed, there will be a
very good opportunity for technology transfer en an
international pasis, which would speed up the hydrate research
process and save considerable resources of individual
countries.

An opportunity exists for international cooperation to
develop and exploit the potential hydrate resource. Such an
effort could also be well justified from the point of view of
global environmental security. There is a strong implied
potential for marine methane hydrate, as an impertant part of
the global carbon flux, to affect the amount of methane in the
atmosphere and thus influence global warming.

Conclusions

Oceanic hydrate may be compared with low grade
mineral deposits, such as some strata-bound sulfides and
porphyry copper deposits that have to be mined in very large
volumes. |

Conceptually, the recovery of methane from the
oceanic hydrate system may be an analog for large scale open
pit mining, or other methods of high volume-low
concentration ‘mining’, in contrast to conventional
hydrocarbon deposits whese exploitiation mirrors more
concentrated mineral deposits.

Recavery of oceanic hydrate system deposits will be
achieved most likely using the dissociation reaction to produce
high pore volume, overpressured gas deposits and controlling
the developmeni of secondary porosity to manage gas

migration.
g

1 of metl hydrate
o major industrial countries wonld return 2 measure of eneray
independence to these countries and help stabilize the world
economy, which is now significantly integrated. Development
of hydrates thus may be construed as a security, as well.as a
purely energy issue.

A fully developed economic geological model for
oceanic hydrate deposits has not yer been established. Thus,
application of engineering and seismic interpretive methods
may not yield accurate numencal results,

Some new method is required to recover methane
from the as yet not well known geological environment in
which they occur in marine sediments on continental slopes.
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Mr. WALDEN. Thank you, sir. I appreciated your comments.

How will the research center which you run participate in hy-
drate research? Is there an opportunity for Guam-based operations
or from any other U.S. possessions to study the deep ocean trench
environment for hydrates?

Mr. CRUICKSHANK. Well, I believe so. It is obviously a ship min-
ing operation, and we do have a research fleet of our own in Ha-
waii. And we also work with other agencies to acquire ship time.

Guam is certainly the far-end of the regime. I think it would be
very appropriate to have some kind of presence there. We have
talked about it in previous times. We never had the capital to do
that, but it certainly makes a lot of sense

Mr. WALDEN. Okay.

Mr. CRUICKSHANK. [continuing] because that means that you
have got the whole coverage in between, the east and west Pacific.

We are working, also, very closely with Battelle and the Naval
Research Laboratory, with Dr. Coffin who is here now and has pre-
pared a white paper on the research to look at the characterization
of these hydrates and many of the scientific issues that are in-
volved in hydrate recovery.

Mr. WALDEN. Okay.

Do you believe, as with remote native villages in the Arctic, that
methane hydrates represent a potentially viable source of energy
for remote Pacific island communities?

Mr. CRUICKSHANK. That is possible; yes.

Mr. WALDEN. Possible?

Mr. CRUICKSHANK. The cost of deep water work is coming down,
as the oil companies take it, in their stride. These depths used to
be considered totally out of sight. Now, they are looking to be not
quite yet conventional, but cutting edge. In 10 years time, that will
be conventional.

Yes, a very strong possibility of these deposits putting a com-
pletely new face on the Pacific island resources.

Mr. WALDEN. Okay.

Dr. Woolsey, how soon do you estimate that we could have an
operational pilot project for gas production from hydrates in the
Gulf of Mexico, OCS?

Dr. WooLSEY. I think that, as was brought out earlier by my col-
league, Dr. Trent, that Alaska probably takes the lead, as far as
having the opportunity to produce the first resource derived from
gas hydrates. It is more of a natural there and we certainly under-
stand that logic.

We also know that a lot of the—working closely with the indus-
tries that are operating in the Gulf, their prime interest now is to
pursue the conventional resources. But they have apparently let
you know that they have the infrastructure to produce these hy-
drates. They want to know all there is to know about producing hy-
drates. So at an appropriate time, they can switch over. They
have—you know, they have all the big gathering facilities in the
Gulf that lead into the big pipelines that run up to the big user
areas of the Northeast. And so they look at production—eventual
production—of gas hydrates in the Gulf as a major industry. But
they are quick to remind you that they have got a lot of conven-
tional production for years to come.
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Their biggest concerns now are these hazards that represent a
tremendous risk, and that is why they are backing some of these
projects that we are involved with them in, to be able to identify
and really identify and assess the occurrence of these hazards be-
fore they go in and set up unknowingly and have the whole thing
turn to quicksand under their feet—and I think it was brought out
in the first session—that there are two areas of concern here.

One is the natural triggering of these hydrates, just by natural
phenomena—be it seismic, the water temperature changes, gas
chemistry, whatever. And then there is the anthropogenic, or man-
induced activities, when you actually go in there and try to drill or
establish a site that might trigger these, because one thing we do
know that these hydrates occur right on the phase boundary. If you
put up the phase diagram that we try to present to our students,
we are right on the edge there, and it doesn’t take much to kick
these things over into either a gaseous state if they are in the hy-
drate or vice versa. And so that is where this monitoring station
is going to come in, to better identify just what causes these chang-
ers so we will have a better understanding and establish safer pro-
cedures in their assessment.

But when the time comes, the majors in the Gulf are very keen
on letting you know that they want to be in the number one seat
to produce hydrates and to use the facilities that they have estab-
lished there.

Mr. WALDEN. Tell us more about the so-called hydrate mounds
offshore. Do they have exceptional potential for commercial meth-
ane production because of hydrate

Dr. WooOLSEY. The mounds are more of curiosities. They, more or
less, are the tip of the iceberg, let’s say. They are, in most cases,
you find these in the vicinity of a source of methane, which is typi-
cally associated with a salt dome. And in the case of salt domes,
there is a myriad of fractures that tend to characterize this—the
area around the salt domes. And gas, then—these fractures provide
conduits for the natural gas to migrate up to the surface. And then
when this gas that is probably in a rather warm state, moves into
this colder zones near the sea floor, with the pressures in the range
of 150 psi at about 500 meters and temperatures in the range of
about 4 degrees centigrade, they freeze up.

And so these are typically in the upper reaches, and so—also,
when they freeze, they become lighter than anything around them,
so they will actually work their way up toward the surface. And
they will actually breach the sea floor, very often on a submersible
or an undersea video, you can see an escarpment on the sides of
these mounds. And it will be just blue ice there, right there on the
surface.

And then maybe you will come back a week later and it is gone.
And where this large area was inhabited by this big mound of blue
ice, now you have got a big slump, a big subsidence. And very often
it is breached, and you will see an avalanche that had formed. If
you look and just do a survey of these types of occurrences, you will
see some mega occurrences that are measured in many tens of
miles.

Mr. WALDEN. Really?
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Dr. WoOLSEY. There is one off the coast of Norway, I think,
where the avalanche is measured some 160 miles in extent. So
some of these can be quite large.

And in our area, we have this almost catastrophic disassociation
along our slope off the Gulf Coast. And one of the peculiarities that
we have in the region are what we refer to as “loop currents.”
When you get real strong trades blowing into the Caribbean, and
we get a real strong jet of water coming up through the strait of
Yucatan, and a little push of loop current up close to our shore.
And these loop currents will maybe occupy the bottom area there
for maybe as much as six weeks or so. And so there is an oppor-
tunity for a warming of these sediments. And we will go from
maybe 4 degrees C up to 11 degrees C. And then all of a sudden,
we might see these various mounds dissociate rapidly. And these
mounds might be just all associated with a more common sub-
stratum of hydrates. And the whole thing could—and very often
does—give way. And if you are downstream of that, it can be quite
hazardous.

Mr. WALDEN. How high are those mounds from the sea floor?

Dr. WooLSEY. Usually a pretty good—an average height would
be maybe 5 meters, something like that.

Mr. WALDEN. Oh.

Dr. WOOLSEY. Say 3 to 5 meters. And maybe they would be
measured laterally by as much as 100 meters or so. And then you
see the smaller ones, but usually the ones that are more often stud-
ied are more in that realm.

And what you find with the larger or more typical type mounds,
the biologists often refer to them, from their perspective of interest,
as a chemosynthetic community, because you have such an abun-
dance of life—that profusion of life around them.

One problem that we have had in studying the shallower occur-
rences is that the deep troll shrimpers, after the imperial red
shrimp will go out as deep as 700 meters sometimes trying to pick
these things up. And so we have learned a lot from the shrimpers—
where not to put our expensive equipment. Now they are not sup-
posed to go in these regions. These areas are supposed to be pro-
tected by the Minerals Management Service, but they are quite
ubiquitous out on the slope below 500 meters.

Mr. WALDEN. Okay. Thank you, Dr. Woolsey.

Dr. Tent, based on your testimony, are you suggesting that Alas-
ka would be the best location for a pilot development of hydrate re-
source because the on-land permafrost deposits could probably be
extracted with the least potential for catastrophic impact?

Dr. TRENT. Potential for what now?

Mr. WALDEN. That doing the development in the permafrost, you
could extract it there with the least potential for catastrophic im-
pacts. Is that better than out in the ocean?

Dr. TRENT. Well, I believe we know far more about it, with all
the wells that have been drilled in Prudhoe Bay area.

There is still some problems that exist in having good bonding
between the casing and the permafrost as we go through it, but not
a serious problem.

The other thing, of course, we have the infrastructure, the roads.
There has been—with Dr. Collett and the Japanese, we have iden-
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tified at least two existing pads that we can put a new winter ice
road to and drive a rig right to them, and that would save a consid-
erable amount of money when it comes to doing basic research.

Mr. WALDEN. Okay. So from your experience, what are the rel-
ative drilling costs for, say, a 1,500 feet well in the Arctic perma-
frost region versus, say, a well at the same depth offshore in, say,
2,000 feet of water.

Dr. TRENT. I am going to look across my shoulder at Dr. Collett,
but I think we would probably be looking in the neighborhood of
$3 to $4 million.

Mr. WALDEN. For onshore?

Is that right, Dr. Collett?

Could you speak into the microphone?

Dr. COLLETT. It depends a great deal on the——

Mr. WALDEN. Right.

Dr. CoLLETT. This is Tim Collett, I am with the U.S. Geological
Survey.

It depends a great deal on the configuration of the well. But in
an industry development mode, you are probably looking at around
$2 million to $4 million, depending on what you are actually going
to do in the well.

In a marine environment, we would estimate about two to three
times more.

Mr. WALDEN. Dr. Woolsey, would you agree with that—in a ma-
rine environment?

Dr. WooOLSEY. Yes. I think that would—and that would probably
be a little cheaper than we could do this in the Gulf.

They do have—another thing that Dr. Collett mentioned earlier
was that there has been a tremendous amount of expertise devel-
oped by the Russians. Here a few weeks ago, we had a workshop
down on the Gulf Coast, and we had a contingent of eight Russian
researchers that were experts in gas hydrates. And they are work-
ing very cooperatively with us and have for some time. We have
had a cooperative program with this group for about 10 years now,
and so they have been very open to share with us information on
a lot of their work in some of the Siberian fields. And so I think
that it would be very appropriate to utilize some of this expertise
in Alaska as well.

Now, the Russians are no better off than we are when it comes
to subsea production of hydrates. We have learned a lot from them
on using various technologies to identify and assess these re-
sources, but they are back to square one, just as we are, in

Mr. WALDEN. Yes.

Dr. WOOLSEY. [continuing] through the process of doing a
subsea——

Mr. WALDEN. Yes.

Dr. WOOLSEY. [continuing] completion.

Mr. WALDEN. As long as you are not sharing nuclear secrets, we
will probably be okay.

[Laughter.]

Mr. WALDEN. So, the research dollar for actual field studies, Dr.
Trent, rather than laboratory studies, you would say goes much
farther onshore as opposed to off?
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Dr. TRENT. Yes, and I think another thing that onshore, you can
go year to year to year, where offshore, you would have to maintain
your platform. Onshore, your costs of maintenance would be much
less.

Mr. WALDEN. And one final question for each of you to answer
briefly if you would.

Do you believe the program could provide discernible benefits at
the $42.5-million level over 5 years that is sought after in the bill?

Dr. Trent, do you want to start?

Dr. TRENT. I believe that that would be adequate, especially with
industry support.

Mr. WALDEN. Okay.

Dr. TRENT. Cost sharing in a lot of cases.

Mr. WALDEN. All right.

Dr. Woolsey?

Dr. WoOOLSEY. In the Gulf, I would certainly like to see this ele-
vated. I think you referred earlier to something in my written
statement where I have been hearing—and very pleased to hear
that—from a number of experts in government and industry sug-
gesting that a figure somewhere between $150 and $200 million
over a 10-year period would be much more appropriate. And we
need to look at a 10-year, more than we do a 5-year. And also—
then, this was two different groups that had arrived at these fig-
ures separately, but from their own perspectives. And so I was very
heartened to see this.

Just in my own area, just talking about working offshore with
this subsea monitoring program, one of the tools that we would be
using would be an autonomous vehicle. Well, those don’t come
cheap in themselves, but we would have this docked remotely, and
when we would see one of these warm currents coming in through
satellite imagery, we could launch this remotely to go out to these
pre-located sites, where it could make these readings remotely, and
then come back and dock and download. But we are talking about
a vehicle that, for openers, is going to run around $1.5 million.

So, when you start talking about these types of technologies and
tools—but when you look at that against a background of just this
last year, several $100 million lost because of our lack of knowledge
of hydrates and associated problems—not even talking about, you
know, the eventual payoff in production and the problems with
greenhouse gases—just looking at the hazards, alone, then that
puts it all in perspective.

And I think there is a certain urgency there, in trying to address
these problems that are represented by the hazards.

Mr. WALDEN. Okay.

Dr. Cruickshank?

Mr. CRUICKSHANK. I am inclined to agree with Dr. Woolsey, that
long term is more appropriate. And also, as you get into the deep
water, costs go up commensurately.

There is no question that the oil companies are now looking at
deep water wells. They are very expensive. The latest drilling ves-
sels to be built may cost about $230,000 a day, which relates to
what has been stated previously. Nevertheless, over the long-term,
these costs are going to be unavoidable. It will be in the later part
of the program that these very high costs will occur, when it is nec-
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essary to drill and even put down systems for hydrate production—
I don’t think you should start off big and stay flat. It should
progress appropriately, as new knowledge is attained.

Thus what you were mentioning before, about $10 million a year,
at the beginning, would be adequate. But the anticipation, it would
definitely go up, as we learn more.

Mr. WALDEN. Okay, that is it for questions from the Committee.

[Laughter.]

I appreciate all your testimony; it has been very enlightening for
mylslelf, and I know for the staff, and for having it in the record as
well.

We will keep the record open for two weeks for additional testi-
mony and comments from the public.

And, unless there is anything else, to come before the Com-
mittee, I will

Yes, Mr. Cruickshank?

Mr. CRUICKSHANK. I just have a couple of things I would like to
have for the record

Mr. WALDEN. Okay.

Mr. CRUICKSHANK. [continuing] for the Committee.

Mr. WALDEN. Yes; just submit those to the staff. We will be
happy to include those as part of the public record.

[The information follows:]

Mr. CRUICKSHANK. Thank you, Mr. Chairman.

Mr. WALDEN. Thank you, gentlemen, for your testimony.

The Committee stands adjourned.

[Whereupon, at 4:20 p.m., the Subcommittee was adjourned.]

[Additional material submitted for the record follows.]
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LETTER TO MRS. CUBIN FROM DR. HAQ

NATIONAL SCIENCE FOUNDATION,
4201 WILSON BOULEVARD,
ARLINGTON, VIRGINIA 22230.
June 8, 1999
Hon. BARBARA CUBIN,
Chairman, Subcommittee on Energy
and Mineral Resources,
U.S. House of Representatives,
Washington, DC 20515
Dear Ms. Cubin:

I am responding to your request of May 28, 1999, for additional information on
methane hydrates as follow-up to my testimony before the House Resources Sub-
committee on Energy and Natural Resources.

1. What is the chemical purity of methane hydrates?

Gas hydrates in nature are relatively pure, composed of methane and water.
Rarely, heavier hydrocarbons (e.g., propane, butane) may also occur in trace
quantities (<1%).

2. Are there any contaminants contained within, such as heavy metals, organic
chemicals, or other waste products such that refining or separation would be nec-
essary, and waste products would then have to be disposed of in order for hydrates
to be utilized as an energy resource?

During the formation of the hydrate under high pressure and low temperature
conditions, the methane molecule is captured inside a cage of water molecules
and chilled to form a solid, while at the same time expelling salts that occur
dissolved in pore waters where the hydrate is forming. Since the hydrates occur
more commonly dispersed in the sediment, the sediment itself can be considered
as “waste product” if the hydrate is to be exploited. In fact, sediment may be
a “co-product” of production from hydrates, which the industry is well equipped
to handle. If the hydrate occurs more concentrated locally, it may still contain
smaller amounts of sediments associated with it. Sediments generally contain
particles of sand, silt and/or clay, as well as organic materials and trace ele-
ments.

Please contact me should you need additional information.

Sincerely,
BiLAL U. Haq,
Program Director,
Marine Geology and Geophysics



HHEI

Brmraa bes | Rt 0 P bl T8
Eimpaiit L willd i e vecs v iy
R e DL e by

el el WP B

o W ey gy b

87

Hawaii Natural

Energy Institute——

THEL T 14 ST s
Fai | Naard 1
il sy
LR B et 1devh P

ey ad e e M m e
A e ey wans e rdend s

i med it ksl

gk mmer rmmar pessal A s

Pastha T
BEDHAST AND RIGFUELS

Bermas o Pl bk -k
BT S [
[ T ] e I P N

st e ol e e

sarmuti rtigeitind Edafuel
Benmarch Fiogidm

Ma Bimil inepesd Bowshy Rrewrd
Pl crgbood b o e of st
e 120 e
P o Eaerpr | 130
Prmgh i Rl

Frmrmaiir brormey lam

T prem

v hra aml ap

A

L
ke o Lt
and i o
pmrne ol bl Farb,
o S S
gy P el
ool i, Thes ol b o
= TR
shaanaws w ol n
B edoraE = B
Laiabel bodmas Fased
gy o § B
lslng e by wEvEn
e doy hem
[
mid, ALl 1 Ty e
deil 6 | echermcll e

ks pRIECTEE [ w1
e e T LT I v g ]
il s o W Laskad e myt gl o)
oy I e B U ERTEAE o
dem rwab Uil Tl File e

mad i biaad g el e i
oy, did ek dwrEes e

o s PR T B o Ly
oligriy Ee s v vkl [
Pt wewayw o repmd bl
waad pw i 1l Bmremp e LSmw
bagras oo s Uedsky w mideir ooy
redaron dm s e crrviey e min
raEn wrdcd g Ce e o
ety g 1
.

Twrmwbm b et el e b
P By by s ey
s ey il aid eope iy
o b s e —— e
e [ I S Y
er oo mpre ek el s CETOT
idads milalsg
peaindden ik el i bkl
s, e o ohala S e o rErRe
R T L o S T S T
darey il ot oL BCRG bwike gTE
ol pur i el et s e sl e
o whok beis Sy PR sec
gl ol doaTmarg e pes =
wibck alad srpord cB o e me s
s b Wil e e crmarand

L AL e T

ik ANl

i B v e
T TR T prrarieg bread
L

1
P r-lri—'! Breanh mivims ban
e b, 1 B on o il sl
prrvani el mew m bk o calaboe
TR T P R PR R Ty TR
barris, el i e w s i ks K
e A e  ap Gl s S
e e . ol e s o P Tl
dorars, e vl | o brdrodor i Padres



Rersag e Besoagicis Resaaich
| pRETATErY

T Rowsalic Bownicd Frsomk Lil-
iy (0L b proileced soma o orasia
Lol T I R o e T
o k. o b e The lehoumar
gy b AN o e 2 ol
Fegeoriy.
Mgl By ommed el = .
s, fepamsadr, whch | sl moded o
Terwmpiny s amg kb oo
perond bl vy oumel splnn Deiias.
ke s b o e, s e s b
kel wailiy el o] oorwn thn oTEE
el e pmernal, Thew precdasi bam miv
@ prarml pppiEEEcEs R @y baing e
o in ool S T AT
el prvew yrmpmen Wi WTRN LK DE
sepimg @ pin play = wane e
Sepmsrl prEre. g 1= e il
1 e [armryach Trenons
Hpdmer prdstes Yor rgreeds
e Lo b TR

88

T o bbb Lbadd i sk
Dersbpmam fe il BaTe ra e
bt il b Pk bl

b e i "

sumbrt
b EF W el P kG
dnd el b b om w Dviied (e e
e i by magie

Alleratied funls

T [hwid durna by imb liSsaw
Freguum srdinated di i die i plisl B
thr 1'% Do mant o {nargs Tl i les o
= preeEs P - dmalis B e of die
BEE e i s lak & mid
o ot b i e R el
P e o il By i Pl e ol m
s

T W e (Gl ] oo D
o petais beid ki b bl
bt ~ehatchin F Pk | i b oo

i F L i

o b

e P
e b pu Fem e b 1
s o ey baph moemy imwel Tha

"

L P
iy el s —a00 C gl HE G

eprrer—and et 6 sl
ey 3 O peewmin o b

[ [ Pge Ty TR -
[ IR RTINS ) mpeey

s ek, e e o e ey
el e W T o e sme, vl e
R kR

i ]
illaii

T rerwcten ben reeplock el s
ma b kobaas, adelig e
impomt, srwwgr pupet sledpa and Bold
mewi e dpabel s @l @ o

hhﬁpt_ﬂrll—.lq i
ot b P iy Ths Taat: 8 g
‘it by EMETS Epleapan wam kaws
e Reagioes P pragras | dosribesd
bt i

Al Rpsbe § sl nEEd ew
singguel, owrnenl 188 el = b
dhammail pctivsiod raher el s o b
rmra | berad b bevn proshaced B & -
iy o b iymbodi moh w0 sl e
o P b e raceda i
oo g bl Tkl o el chascral b
rw vy g rwry iyt o o
Sy s, | hgh pedncien b 6 bt
s ey rrwrom 1y Wik P brsien
¥ et 2 gy o] 7w e B (DG o
i e e s e e Ul

P bl LS G e il mie--

o pcipanicn b il P ol
& rrms Ty ke i idmin -

ki il k.

Eimias Gaiifer Facility
AVE et o Balaii o o s
vaked oyt ol Dokl Lok

L S




arn i ol
e Caatiis sd tEld LT
R o i ol el T Ak W
gy The lediny b beomod k
Fai. ki sl w4 g ey oo
i (R

Sty wrwg 4 b ey mhery
[T PR PTE
s pgen b e w g

all M. The

ik
T
4 TR e e W e
oy wishe 0 gt
foord roars, v Pl

e

ir

P = A e i s

= 4 e Bun s P
S g T P
e @ e paher i b

s s = P

EOR |
wud wral mann o pews bk

srw mum

s ot o o

itk o o covwleed-ouki i

skl e ain el o
arsal ek o biem . plissiod B
e Thid i Tl s Sl ool

donom o b i LRk
d ] - T
iiad Al i i
il e Bkl wove W T
ia | WY s L

Hytrsgen

Feowgem bas bosg o sl e mia
BT I | e b b s
e e LY
e ol el rwa e g

i g b el e ey ek
o eem v e gy el ol
B L T
wrw m by raadi

mezd w

e, k@ by

bt e wsd e e e

T e s bt b -
al s i B md o el

ahlity ol T, G
v

Tiw @EF] b Now Benrerile
Rt FEfieE . Bow 6 81003 pasr o
Faidery with Pa USEIL b ahdcsary sk
wdla bl B R B al nchmpdapies: b
v il prcdeos o bwlege el e
aripas rge o e poamai d4
ey AN 955 pargmm i b
ey doad e @ do mde ek
o riwrn A rehnEw ps s e

Fr mas o

A Biwd | Ml DS EEREE ST

89

wrTe W

. oy
kgl paenm m
g wrrsenl i e

g R e T 1L
wmnl el Br i Seniak [fdE

el Brhgi e i s e file on
nem drviy o g it
LIl e LR ]
e gHriprh dniser sein s
g mrpper [T by
Lty Brlskm

wlaak ar
d elwA

1adlirs

el o

dhad 1 i
dal bk

1T e el sl @ iaouesdd om sy
[T I Ty e —
e e -alboon V8- il el

e g T T T
Leam and o bilrr sy Sighs 1
T W, Wl b e e a
il ooy TR o puata |l e b
e g wwcoen o b F mia ek and
= ro e depea e cmrva derigwd
2 1)L e o ey wot e

a1 smrwrrmn rhoreue i Ban §
e gy oy nacke el ), el e

s gt | el e vt il
“am trre brremusred Lamile g

iy e dey

+ i s o

e s mw ke dhanke

i b
]

Enfaarion v des il b i wecin ol
e e ddi e o B L
bl i W o gl
i e ol Sl T i PR R,
madaken tedimmi,. Lify ok slrscd hup &
el cliis @ cahemac ol aisieg
weadan sl dhoaredl] orad oo vl
[l a Sy e e
o lcriens = g &
arar v T

frea s B e o pw el

1 Z ey mpd v e

P .

dimsi [ ol caiflemy

wommske For geds o W bl
ke w drmmsid
prafe deen o rorde s Swdiass

sreey brrdidmbs - - Flad

rather sk 4 s e
bk, miloes O b el o
selil il O ENE
LT B T
walk walds pary ba
o g sl o U AT
] PR L e
b ol e Pk o beomsed
oot g toed v it woao i @
E] s am

e
Feshas CATAET FS
o e
Frixkiolngy Thr gl & im
Pe Alyskger [grwn o o pere buie s
s ey ey it sk ey i P

i

e i amm—— b
parkm b i |
B e e e
rEmde g, e, we b

gl ba = e v ake an wa

i1l wmaat ey e sas b
hewrm b e el il B
e

e e N e A P
bl o e e | e il ol
Mhma Alisa's ialmnedy i B Liberem of
sl The i Bol CmERing o
[ILTE PSSR e A e
et b B s o WL I OF Leew
s b gebered Sww @ Mieids ol i
i B ot 6 S e B e e
S o Ui ooadd ST 1 i ey o e,
W b i v el Esal Bre




Tem s ey saliocwe, gy weed v e T peral Fr g prgarres . e ek s v e
ofagend mirprshmiy e bovs peaod B el deciopieg “mw e g vy, v porsesng |V o
i b T o o | 2

it s | BN @ sirapr wevimen The mresbew of w—" T i 1 rapm d

Tor vellorimn o g bmaed D canbe bl e e balag g pmaae didesis ik nllsdond o

Marser Hode by e, bsaind @i e T b dwaled i, o, el Vi gty ard 71 B

gl ... L ' F i (SO . A —

i | el . B b it Lo | il i el WAL il il i, s, el
e e o ] o Uit o ik = dumrrees mcidm bk i i il ek e

ol and el il i e, il el o PR g S L N e el i ki Lal

el Sy of (o B

kel P e borsern. Te e
i rpench e s @

ol TR T CAFEE. BT s copinn vk mepeee] gl e
iy vty il i vl UL slarg wik o sohobry g koo e charr
Pt o PR, T bs vk b g mc 8 byl m
Ik B ity = e ¥

ol o wrwle G oomer My b o g ke e g phyves crl
Pilgrmem. Bldnm IFEL bbm m Pl wiy e pecvs mm o i i)
e e The FUTE | by m Brwenadie oh d b ey pm=y

ey brgmrriops g e el bs o s will Bl b o by e e lrw
el o rvviperes d ewmabie ey sy e @ P rrde by
vl . e ol ol b opielore and drmorids oot and ome
e b % vt e A Mbmmge, wh s ke rriead o ke vt el

e o e il
:.l.'.._-lu I.h.u'.'-.'ﬂu woamsgs  DOCEAM RESOURCES

e o e vl e vl il s

Harisw Hinarals Tesheology
Eaiilar

Thet Crvindy of | st s i Mowik
EeSmchay Uil il I ooainpan @ i
Lrere & blaeaop o =% @b oman

e e LA H
aTrae Mprd Lemmn Freewn Hean
=l

P L

]
e o e bl M

TR el Ty e e e e
i e e Ernde g e g syl b ke e v . g
m gl v pda o g e ey ke Tursmds s o chrwerren Frareare wshan Ay rrebai i

P ey L i s o il i ol gl et st
‘mel gn g il ey Sk e d g e b ek o o el o e Sy ke o Wi
sk, et g e i S v i bl my b mimy P s
I P gl st b bt (1 b b vk PR
g, b crmrrmiensd meial bpdede s mr, wehar, wod e e deeiopree sl DT SR DDA e 10k
gl ek ke b el il ] il b il gl Sl ekl Wty Dl mo el

g aloml o ay e e b s e b d s e ol -lﬂﬁ'qh'_.lll'H_-lhud
o . amE b ks b e b el Lomod [l pllavea o Gl

LY (e —




- i b ran bl wrar thapial 2l wrson deohis
b SR TR T P i i T s T s B
. dags ATy i s i
Sawgrry e ey G L Tk i i ]
? il - focas: BT (Pl i Sl e R i g i il
o F b e il i i s i el
R o ] ul L i -
T s - Ty i rrl ik T
M- 5 e i f " ¥
ey —— e = g
i Ty .
el pilie H
: i il i |
™ w Y ari.
i r men ke ey ' :
hal o i il kb -t I p——
, racia s ot o, Nl T Tty il
i i i Ml e i
45 . i s T
) - Ll of ]
iy | T i il 1] P L -
T ok L t i
. - IRl =
- ren par b 7 i
i .k % prinies 1
it b pid o et b il Pkl
i i phass Pl ey g preva e b e e

et thrwn, miwt s @ v e - . d Vol i v @ e w ek i
o A e ey, . by wed iy Vi = a s WA b 3 i 1 i o iy ma

Furadas e bersd v b Ged Uy S ' e k. ma ek wid helarp . g depe
iy o dagmey e o B i % a e o ol i

mran | PRele be Bub [Rms EbFerily R [ R et LIS i L e L

ek e il e iading sk ] i el gl
v i bl b B pr el s ol s o il ke st ard 5 e
Hubeedn el T b e dim i oty of d :
wirgaln e gwvivewerisl deia T

MM s drenbgingg i L i
el B el R
& R J ik ik

nrnd w | ey larEs



James P. Szyper

92

Richard Shomura

JUNIOR RESEARCHERS

Evelyn F. Cox
Coralref ecologyfbiobogs

Nurney H. Richman HI
Fish endocrinology

RESEARCH AFFILIATES

John Stimson

Associae Professor, Dep.of Zoology
Marine ecology

EMERITUS FACULTY

Philip Helfrich

Director Emeritus
Aquaculture, f

Richard E. Rocheleau
Chemical cagincering,tein il
processing hydrogen technology

S —

ASSISTANT RESEARCHERS

Kathleen K. Baker
Marine biotechnology

Bor Yann Liaw

Whitlow Au POST-DOCTORAL FELLOWS
Chif Scientis, Marine Mammal i
Research Program Miko Iwasa
> mmal physiol
sconsic capabilties

Joseph Distefano
Profeson Uriversity of Californin at
Los ngeles
Fish endocrinology

David Greenfield
Dept.of

Christopher Kelley
Fish reproduction, hotmones,
aquacilune

POST-DOCTORAL RESEARCHERS

Jianguang Qin

Systematics and ecology of ish

Kevin D. Hopkins
ssociare Prfessor,
Gniersity of Hawaii t o

David Itano
Pelagic fsheries rseasch,reproduc-
tive biology

Robert Kinzie
Asociae Prfescr

Dept. of Zoology
Coral reefbilogy and reproduction

VISITING FACULTY
Clifford Hearn

conversion devices

Anupam K. Misra
Hydcogen production, photoelectric
Stemistey, thin s, novel sem

Joint Institute for
Marine and
Atmospheric
Research

PROFESSORS, RESEARCHERS,
AND SPECIALISTS

Roger Lukas
Douglas Luther o

Dennis W. Moore °

high Tc superconciuciors

Scott Q. Tum
Biomass energy systemms: esouzce
assessrient, fuel processing, con-
version lechnologies, environmen-
tahaspects

Ragaiy Zidan

JUNIOR RESEARCHER

Stephen G. Allen

SPEC e or researeh, edca

Hawaii Natural
Energy Institute

PROFESSORS, RESEARCHERS,
AND SPECIALISTS

David Krupp .

Instructon,Biolgical Scence Michael J. Antal, Jr.

Coral biology Distinguished Professor of

Renewable Energy Resources (Coral
Chhorn Lim Tndustres Chae)
SDAAR
Perasies Research Laboratery processes
Aquaculture

Piamsak Menasveta
Profesor, Chudalonghorn University
Aguactiltuze

Paul Nachtigall
Director Marine Mammal Research
Frogram

Michael J. Cruickshank
i hiok

Yukihiko Matsumura
Biomass and shermochemical
processes

Hawaii Undersea

Research
Laboratory

PROFESSORS AND SPECIALISTS

Alexander Malahoff °
Director

Keith AW. Craok

Charles M. Kinoshita
Encrgy comersion, hermoscience

Patrick K. Takahashi
Director

md
acoustic capabilties

Peter K. T. Pang
Brofessor, University of Alberta

John Randalt
ichthyolagis,Biskap Museum
Hawaiian reef ishes

Ernst Reese
Professr, Dep.of Zoology
Fish behasior ecoogy, eonserva-
tion

Robert H. Richmond
Professor, Universty of Guam

Oskar R. Zaborsky

Sedimentology and tectonics of
convecgent plate margins

ASSOCIATE SPECIALISTS
AND RESEARCHERS.

Edith H. Chave
Darine bioogy, ictbyology

Thomas Loudat
Marine minerals developme;
econormics, mine talings
f

spect s
sesources, bioremediation

ASSOCIATE RESEARCHERS

Stephen M. Masutani
Thermochemical conversion of bio-
mass, OTEC systems, carbon diox-

de mitigation

Charles L. Morgan
Marine minecal deposits,
envimnmental engineering

John . Wiltshire
Associate Diector
Geochemistry of atine minecals

JUNIOR SPECIALIST

Kevin M. Kelly
Remotdly operated vehicles

John Sibert %7

Bin Wang "
ASSOCIATE PROFESSORS
Richard Brill 0
Steven Businger "7
Eric Firing o

Thomas A. Schroeder 7
Acting Director, JIMIAR

ASSISTANT RESEARCHER

Sabine Stocker
Pelagic fisheries modeling

JUNIOR RESEARCHER

June Firing
General circulation, circulation in
the Hawaiian waters

EMERITII FACULTY

Takio Murakami %

Colin Ramage "

Klaus Wyrtki °=

AFFILIATE AND VISITING
FACULTY

Rudolf Kloosterziel 7
Visiing Scientist

Hichael Laurs

Director, NMFS

Fishery; oceanograpisatellte
octanography, tuna ecology

Jeffrey Polovina
Cief nudar Tnestigations, KOFS
Larvalrecuicme, population
dynamics, statistics

SOEST 1995-96 Report 75



		Superintendent of Documents
	2023-02-14T19:19:54-0500
	Government Publishing Office, Washington, DC 20401
	Government Publishing Office
	Government Publishing Office attests that this document has not been altered since it was disseminated by Government Publishing Office




