
JOHN WAJHEE 

GOVERNOR OF HAWAII 
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STATE OF HAWAII 
DEPARTMENT OF HEALTH 

P. 0. BOX 3378 

HONOLULU, HAWAII 96801 

October 2, 1989 

The Honorable John Waihee, Governor of Hawaii 

Director of Health 

Correspondence with Donald Thomas, University of Hawaii 
Re: Geothermal Well Drilling Operations and Groundwater 
Contamination. 

JOHN C. LEWIN, M.D. 

DIRECTOR OF HEALTH 

In reply, please refer to: 

EPHSD 

We are enclosing copies of recent correspondence with Donald 
Thomas of the Hawaii Institute of Geophysics regarding potential impacts of 
geothermal well drilling operations and expressing his views on the viability 
of monitoring to determine the impacts of the well on existing aquifers. 
Because of your interest in geothermal work, we believe that you will find the 
information highly interesting and useful in your deliberations on the 
subject. 
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JOHN WI.!HEE 

G0V£R~R OF H.O.Wolll 

STATE OF HAWAII 
DEPARTMENT OF HEALTH 

Mr. Donald M. Thomas 
Geochemist 
Hawaii Institute of Geophysics 
University of Hawaii at Manoa 
2525 Correa Road 
Honolulu, Hawaii 

Dear Mr. Thomas: 

""96822 i \ 
\)r __ \(. V\ \~~·~v 

P. 0. BOX 3378 

HONOLULU. HAWAII 96801 

September 8, '989 

JOHN C. LEWIN, M.O. 

OIAECTOR OF HEA~TH 

ln reply, Please refer to: 
EPHSO 

Thank you for your letter of August 1, 1989, concerning the potential 
for ground~;ater contamination from geothermal drilling operations. Your 
letter has been shared >~ith the Environmental Permits amd Safe Drinking Water 
Branches and the Underground Injection Control program. The information you 
have providea has increased our kno>~ledge and understanding of geothermal ~;ell 

construction and will be used by the Department to render prudent decisions 
concerning geothermal development. 

Your expertise and assistance is greatly appreciated. We ~;elcome any 
future comments you may have concerning this topic. Thank you again for your 
timely information. i~ -~ 

' ~ I ""'.'. Ver~ truJ~ yours, 
)-cc:r __;_j -~, ~~ -;.-------,. , . , . I • 

•'- I JOHN C. LEWIN, M.D. 
JDirector of Health 



MEMORANDUM 

~·1erno To: 

Frorr.: 

Subject: 

University of Hawaii at Manoa 
Hawaii Institute of Geophysics 

Dr. Bruce Anderson 
Deputy Director 
Department of Health 
P. 0. Box 3378 
Honolulu, HI 96801 

August 1, 1989 

Donald Thomas ~--

P.ECEIVi::[) 
DRINKING Vt~TER PPOGRhM 

- i 

Potential for groundwater contamination from geothermal 
drilling operations 

Pursuant to our conversation of August l, 1989, I would like to 
offer the following comments regarding the potential for contamination of 
ground•ater supplies by geothermal drilling. 

With respect to the potential for contamination of groundwater by 
the drilling operations, and specifically from drilling mud lost to the 
formation, I don't believe that lost drilling fluids would pose a 
significant problem. The drilling fluids that will be used in the 
shallow portion of the geothermal wells on the East Rift Zone are 
composed of a gel-forming clay - ~ryorning Bentonite - and lime. The 
former acts as a lubricant for the drill bit and drill string and the 
latter helps maintain the density and viscosity characteristics of the 
clay and helps to reduce corrosion of the drill string. Neither of these 
substances are considered to be hazardous materials and, according to the 
best information that I have been able to acquire, they are routinely 
used in water well drilling operations. The ultimate fate of drilling 
muds lost to the formation will be that the clay portion of the mud will 
be deposited in the rock and the lime will gradually be leached out of 
the clay as calcium carbonate. On that basis, muds lost to the formation 
are unlikely to have an adverse effect on groundwater quality in the East 
Rift Zone. 

As the wells are deepened and the down-hole temperatures increase, 
the mud compositions will have to be changed to maintain their 
lubrication and viscosity characteristics. Because of the relatively 
slow rate of temperature increase with depth in the rift zone, this phase 
of the drilling will occur well below the shallow water table and •ill 
almost certainly not begin before surface casing has been installed in 
the Ylell. The surface casing ""'ill extend from the ground surface to a 
depth of at least 1200 meters (4000 ft), to prevent loss of drilling 
fluids into the formation or the entry of shallow cold water into the 
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wellbore. Because the production casing is cemented into the rock 
formation to prevent inter-aquifer communication, there is virtually no 
possibility that the drilling muds used in the deeper portion of the hole 
could migrate upward in~o the shallow groundwater system. 

With respect to the circulation of deeper geothermal fluids up into 
the shallow groundv.:ater system, there are several points that need to be 
understood. ~Den a well is drilled, several strings of casing are 
cemented into the rock formation to stabilize the bore hole, anchor the 
well into the formation, and to prevent the movement of fluids f~om one 
aquifer to another (see attached figure). The first string anchors the 
v1ell into the surface rocks and extends only do\o.-rn to about 12 rreters 
(40 ft); the second string, v..~hich penetrates to a depth of a~ .. )ut 120 
meters, isolates the drill string from the highly fractured and ~ermeable 
rocks at the surface, it helps anchor the · ... :ell in near surf a. ·cks, and 
it .protects against blow-outs during the drilling of the intE ·1iate 
depth hole. 

The third string of casing (called the production casing), extends 
from the surface to a depth of at least 1200 meters and serves several 
functions. Its primary purpose is to prevent entry of cold \•."ater from 
the shallow formation into the well during production. The pressure in 
the well casing during steam production is usually very low - on the 
order of 100 psi to 200 psi at the wellhead - and increases at a rate of 
about 2.5 psi per hundred feet of depth; this compares with a 
hydrostatic pressure increase in the groundwater system of about 43 psi 
per hundred feet of depth. Hence, the pressure in the production casing 
is less than the hydrostatic pressure in the groundwater system from a 
depth of about 500 feet below the water table to the bottom of the 
casing. Because of this pressure differential, the probability of 
geothermal fluids migrating up into the shallow groundwater system 
through the hole annulus (between the casing and the walls of the bore 
hole) during steam production is virtually~ nil. 

When the well is not under production, the hydrostatic pressure 
inside the well casing should be very nearly equivalent to that outside 
since both are ultimately connected to the same groundwater system. In 
my experience, the only time that this is not the case is when there is a 
leak in the production casing that allows deep fluids to circulate inside 
the production casing up to a shallow level. ~~en this occurs, wellhead 
pressures can go as high as 800 psi and a gas cap develops at the 
wellhead. Leak rates of only two to three gallons per minute can 
generate this response in a well. 
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with respect to the utility of monitoring wells to detect leaks from 
a well field, it has been my impression that it will be very difficult to 
detect even substantial leaks from production wells through the use of 
monitoring wells. The reasons for this are as follows: 

l. All the groundwater wells that have been drilled into the 
Kilauea East Rift Zone have shown that the basal groundwater system is 
already heavily impacted by natural geothermal Qischarges - either the 
groundwaters have temperatures well above normal or they have much higher 
salinities than normally found in cold wells at an equivalent distance 
from the coast, or both. 

2. The Kilauea ERZ has a very high rate of rainfall recharge that 
varies substantially over seasonal and annual periods. Mixing of natural 
geothermal discharges with highly variable rates of rainfall will yield 
highly variable groundwater compositions making it very difficult to 
differentiate between recharge induced changes in groundwater chemistry 
and those that might be the result of a casing leak. 

3. The precise direction of natural groundwater flow is almost 
impossible to determine without performing extensive tracer studies using 
an array of monitoring wells. As a result, the preferred location of a 
moni~oring well to intercept basal groundwater that might be contaminated 
by t-.'ell leakages cannot be identified .9: priori. It is my understanding 
that current practice for monitoring point-source discharges is to have 
several monitoring wells around a point-source to ensure that the 
discharge plume can be detected. This protocol is \.Jorkable when the 
groundwater table is within a few meters of the surface but, on the 
Kilauea ERZ where the groundwater table is at a depth of about 200 meters 
to 500 meters and each monitoring well will cost on the order of $200,000 
to $500,000, the cost of such an approach would be prohibitive. 

Because of the above difficulties, I feel that the best ;cay to 
determine the presence of a leak in a geothermal well is to initially 
assure its integrity by pressure testing the production casing when it is 
first installed and then to require careful monitoring of its static and 
production characteristics after it is completed. Radical changes in 
surface pressure, the development of a gas cap, or major changes in a 
well's production characteristics (increase in water content, or cycling 
of the well pressure during production) often indicate a casing leak. 
These characteristics can show up \\.'ith even very small leaks through the 
casing wall and, in my opinion, are far more diagnostic of a leak than 
any indication that could be given by a monitoring well. I should also 
note that, if these symptoms do show up in a well, downhole tests - such 
as caliper logging, temperature logging or packer tests - can confirm the 
presence of a casing leak and determine its precise location and leak 
rate. 

I hope the above has answered your main questions; should you need 
additional information, please contact me at your convenience. 
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JOHN WAIHEE 

GO~~AH(JR Of HAVW-'111 

STATE OF HAWAII 
DEPARTMENT OF HEA~TH 

P. Q. BOX 3378 

HONOLULU, HAWAII 96101 

September 11, 1989 

MEMORANDUM 

TO: 

FROM: 

The Honorable John Waihee 
Governor of Hawaii 

Director of Health 

JOHN C. LEWIN. N1 D 

OIRfCTOR Of HEAlTH 

In reply, pleue refer to: 
EPHSOIHEER 

GOVERNOR·NG1 

SUBJECT: REQUESTING PERMISSION TO USE THE TITLE OF 
GOVERNOR'S CONFERENCE FOR OIL AND HAZARDOUS 
SUBSTANCES EMERGENCY RESPONSE FOR PUBLIC OFFICIALS 

In reference to an earlier memo dated August 15, 1989, 
(see attachment) requesting your participation in the above 
conference, I am requesting your permission to name the upcoming 
conference the "Governors Conference on Oil and Hazardous 
Substances Emergency Response." 

In June, 1990, the u.s. Coast Guard will be 
demobilizing their land-based first responder capability for oil 
and hazardous substances emergencies. The state of Hawaii will 
assume that added responsibility. If we are to successfully meet 
this new obligation, we need to educate and inform our government 
officials, and the public at large, of the realities of a 
potential oil or hazardous substance accident in Hawaii and the 
projected impact to Hawaii's environment. That is the purpose of 
the conference. 

The proposed list of speakers has been selected to 
educate, inform, and motivate our public officials to ensure 
chemical and oil emergency preparedness. Alaska's Commissioner 
of Environmental Conservation, Dennis Kelso, has experienced the 
Valdez tragedy first hand and has become a "media star" since the 
incident. He was recently on the McNeil-Lehrer News Hour 
debating with the CEO of Exxon. He will be the main speaker of 
the conference sharing with Hawaii what he would have done 
differently and the lessons we can learn from Alaska's 
experience. The second speaker is Anne Rocke, the Mayor pro tern 
of Simi Valley, a community of 100,000 in California. In January 
of this year, 12,000 people were evacuated from their homes and 
businesses when a large quantity of chlorine gas was released 
from a tank at a textile manufacturing plant. Chlorine gas is a 
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chemical used in water treatment plants, sewage treatment, and 
agricultural irrigation, throughout Hawaii. Her message should be 
relevant and impact the county officials. 

The short title of the conference, "It Can't Happen 
Here", is a play on words, when in fact it almost did as you know 
with the Exxon Houston. The goal of the conference is to educate 
state and county government officials and agencies regarding the 
necessity of supporting emergency response preparedness through 
legislation, ordinances, zoning and a commitment of resources. 
We are asking for your support and endorsement of this concept to 
invigorate the State's leadership and willingness to jointly work 
with the counties, so that what happened in Valdez does not 
happen in Honolulu. 

Thank you for 
Y~' 

JOHN C. LEWIN, M.D. 

Attachment 

bee: Major General Alexis T. Lum, Department of Defense 
William Paty, Department of Land and Natural Resources 
Susumo Dno. Geo Thermal Coordinator 
Charles Freedman, Office of the Governor 

request. 

Roger Ulveling, Department of Business and Economic Development 
Idward Y. Hirata, Department of Transportation 




