
The diverse organizations involved in developing New Mexico's first 
geothermal power plant are a utility, an oil company and the government. 
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The Baca Pro jec t : 
high moun ta in geo thermal 

As New Mexico electric generating 
faci l i t ies go, the Baca Geo therma l 
Demonstrat ion project is peanuts. The 
recently f i red-up third unit at the San 
Juan Generating Station near Farmington 
wil l deliver about 480 megawatts of power 
to customers of Public Service Company 
of New Mexico and Tucson Gas and 
Electric. The four units at San Juanw i l l 
provide more than 1,500 megawatts when 
the project is complete, compared to the 
Baca project's init ial 50 megawatts wi th 
expansion possible to 400 megawatts. 
And the Baca project's cost, an estimated 
$125 m i l l i o n , shrivels next to the 
estimated $1.1 bi l l ion required for the 
four San Juan units. 

Even the Baca's conve rs i on of 
geothermal energy—the heat of the 
earth's co re—in to e lectr ic i ty is not 
unique. Un ion Geothermal Company of 
New Mexico, a partner wi th PNM in the 
Baca project, is a subsidiary of Un ion O i l 
of Cal i forn ia , wh ich operates The 
Geysers, the world's largest geothermal 
project. And the hot water beneath the 
Valles Caldera, site of the power plant, 
contains relatively few minerals, wh ich 
means that the technology of del iver ing 
the steam to PNM for power generation 
remains straightforward. Though The 
Geysers' geothermal resource is steam, 
rather than water. Union's experience 
with a water resource consists of nine 
years of dr i l l ing on the Baca location and 
the development of a very similar water 
resource in the Philippines. 

The project's uniqueness is a funct ion 
of location—few power plants are built at 
an 8,800-foot elevation in high mountains 
with cold, snowy winters—and f rom the 
third partner—the Department of Energy 
which is provid ing 45% of the project's 
$125 mi l l ion cost. Union is cont r ibut ing 

34% and PNM 21%. The organizations are 
d i f fe ren t , w i t h d i f fe ren t , somet imes 
confl ict ing approaches to their jobs and 
wi th different goals. 

The project's site is at the edge of one of 
New Mexico's most beautiful spots, the 
Valles Caldera. The Valle Grande, the 
Caldera's largest grassy meadow, lies 
about 12 miles due west of Los Alamos. 
The Valles Caldera is on the original Baca 
Location No. 1 Land Grant that is today 
96% owned by The Baca Land and Cattle 
Company and Dunigan Enterprises, 
private companies control led by the late 
Pat Dunigan, who died in February 1980. 
The Valles Caldera was created wi th the 
explosion of a large volcano. Essentially, 
the top of the mountain blew off. 

The power plant's location wil l be in 
Redondo Canyon, in the Caldera's 
southwest quadrant, and wi l l be hidden 
f rom publ ic view by forest-covered 
m o u n t a i n s i n c l u d i n g 1 1 , 2 5 4 - f o o t 
Redondo Peak. The operat ion of the 
project requires dr i l l ing for the hot water, 
gathering the f low f rom several wells to 
satellite separators where the water wi l l 
be " f l ashed" (rapidly converted) into 
saturated steam which wil l be sent to the 
power plant and then used to turn 
turbines, producing electricity. The end 
product , the electricity, wi l l be sent to a 
substation in Los Alamos and plugged 
into the PNM system. Most of the 
electricity wi l l be used in Los Alamos. 

By the t ime this article appears, the 

DOE •. V\ i lbur .ind Llnion s I ngebretsen: 
" . . . p roud of our status as the number one geothermal producer . 
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PNM's Maddox : 
" . . . add fuel source diversity . . . " 

project may have approval f rom the 
Departnrient of Energy. The project needs 
a "Record of Decis ion" f rom DOE, an 
expl ic i t statement to proceed. The 
earliest possible issuance of the decision 
was February 19, 30 days after the first 
availability of the Environmental Impact 
Statement (EIS). A decision was hoped for 
by the end of March. The delay results 
f rom DOE's need to consider the 
project's "unquant i f iab le in f r ingement" 
on the religious f reedom of Pueblo 
Ind ians in the area. ( D o c u m e n t s 
supplement ing the EIS show vehement 
Pueblo opposit ion to the project.) The 
best guess of those involved in the project 

" G e o t h e r m a l as an energy 
o p t i o n is re lat ively ben ign . It 
de f in i te l y has less 
e n v i r o n m e n t a l impac t 
associated w i t h i t than most 
o the r fue l sources. A n y t h i n g 
that a lmost anyone does has 
e n v i r o n m e n t a l impac t 
associated w i t h i t . " 

was that DOE wou ld approve the project 
by the end of March . 

The " w r i n k l e " of the Native American 
R e l i g i o u s F r e e d o m A c t b e c a m e 
somewhat more jumb led in mid-March. 
Paul Tafoya, governor of Santa Clara 
Pueblo, 12 miles f rom the project, said his 
people wou ld appeal to the ^slew Mexico 
Legislature and, if necessary, to the 
courts, to block the project. " I t 's survival 
of our peop le , " Tafoya said. " W e have to 
have something for our grandchi ldren 
and great-grandchi ldren." 

Because of the dif ferent nature of the 
three organizations involved in the 
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blend into that ONE 
moment when ail is right... 
all is ready. 

This is such a year at the 
Albuquerque Inn. 
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truly exquisite cuisine-
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The result wi l l be a major 
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project, the- Business Journal asked 
representatives of each to talk about each 
organization's project objectives, why 
each got involved and how well their 
original assumptions have worked to 
date. 
• Simply stated, PNM serves as the overall 
project manager and wil l bui ld the power 
plant and produce the electricity. Union's 
role is to take the hot water f rom the 
g round and sell it to PNM. DOE's role is 
f i n a n c i a l and i n f o r m a t i o n a l . Data 
gathered f rom the project wi l l be 
available to developers of other potential 
geothermal resources. 

Jack Maddox , the overall project 
manage r , r e p r e s e n t e d P N M . D ick 
Engebretsen, area manager, represented 
Un ion Geothermal and Art Wi lbur, DOE's 
p r o j e c t m a n a g e r , represen ted t h e 
government . Al l three are engineers. 
Maddox wo rked wi th private industrial 
companies before jo in ing PNM five years 
a g o . W i l b u r a lso had i n d u s t r i a l 
experience before jo ining NASA and 
DOE. Engebretsen's experience lies in the 
private sector. 

To Business Journal editor Harold 
M o r g a n , it was evident the three men 
k n e w each o t h e r very w e l l . The 
conversation took place February 27 in 
the conference room of Union's off ice in 
Rio Rancho. 

BJ: Please descr ibe the ro le your 
organizat ion plays in this project and 

please touch upon any organizational 
philosophies that might be unique to 
your company. 

M a d d o x / P N M : Public Service Company 
of New Mexico's role in the jaroject is to 
construct a power plant and transmission 
facilities for the generation of electricity. 
In addi t ion, PNM has the role of project 
manager on the project. 

PNM's organizational phi losophy on 
the project is what is called a matrix 
project organization. We have key task 

"We' re very proud of our 
status as the number one 
geothermal producer in the 
wor ld. We are a private 
enterprise and a furnisher of 
fuels to a consumer.** 
m a n a g e r s — w e ca l l t h e m p r o j e c t 
personnel—assigned to the project. We 
rely upon them to identify the resources 
that are needed and then to draw upon 
the resources of depar tments and 
companies wi th in PNM and Union to 
accomplish the project. These key people 
report only functionally to the project, 
but not administratively, as w i th , for 
instance, personnel matters. 

As a pub l i cu t i l i t yyou have towork wi th 
the various state and federal agencies. 
That involves certain amounts of delay 
and a certain amount of t ime and effort to 

prepare special reports and to fo l low all 
the regulations by the letter. I don' t think 
yoi i have nearly as much of that in the 
purely private company such as Un ion. 
The difference (between a uti l i ty and a 
private company), I've noted, is that it 
takes a lot more effort to get the same job 
d o n e . T h e r e a r e p e r m i t s a n d 
requirements the uti l i ty has to go 
t h r o u g h , where the str ict ly pr ivate 
c o m p a n y can take most a c t i o n s 
independently. 

I have noted a considerable dif ference 
between certain investor-owned utilities 
and PNM. I think the main difference is 
that PNM is still young and has a lot of 
drive, a lot of enthusiasm for doing the 
job better than anyone else does it. 
Particularly, I've not iced utilities on the 
East Coast seem to have given up to a 
certain extent in the battle. 

E n g e b r e t s e n / U n i o n : U n i o n ' s p r i m e 
funct ion is to produce dry steam by 
contract to the uti l i ty company. To do so 
we need to take the resource f rom 
storage in the reservoir by the dr i l l ing of 
wells, then into the product ion pipel ine 
system, the i n j e c t i o n system and 
separation system to the power plant. 

We're very proud of our status as the 
number one geothermal producer in the 
wor ld . We are a private enterprise and we 
are a furnisher of fuels to a consumer. 

Wi lbu r /DOE: The DOE objective is to 
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help stimulate geothermal development 
in this country. It is a resource that has a 
very large potential but has not seen 
development in accordance with that 
potential largely because of economic 
factors or apparent economic factors. 

Our objective is to help someone get 
started at (development of a hot water 
geothermal resource) and to use the 
in format ion that comes f rom this project 
to show economic viability and get any 
answers to technical problems. We are in 
a cooperative agreement, a cost-shared 
arrangement. The DOE participation is 
largely f inancial. The output for us is to 
get some power on line and to get 
in format ion we can spread among the 
communi ty that may wish to participate in 
geothermal energy development. 

We funct ion in a matrix modes imi la r to 

PNM. Administrat ively I report to the San 
Francisco operations off ice. Al l of the 
contract ing is done f rom there. The 
n e g o t i a t i o n o f t h e c o o p e r a t i v e 
agreement was handled f rom that office. 
Any assistance I need in personnel or 
procurement or f inance or any of the 
usual administrative functions comes 
f rom that off ice. 

" O u r o p i n i o n is that the 
u n k n o w n s are eng inee r i ng 
p rob lems a n d n o t t e c h n o l o 
gical o r sc ient i f ic p r o b l e m s . " 

One other report ing channel is to 
headquarters in Washington, D .C , to the 
Division of Geothermal Energy. That is 
the point of incept ion for projects such as 

this. I must keep them satisfied that the 
content of the program is what they were 
expecting f rom it. 

BJ: W h a t w e r e t h e reasons a n d 
motivations leading your organizations to 
become involved in this project and then 
to become involved together? 

M a d d o x / P N M : I think the mot ivat ion 
was to add fuel source diversity to the 
system and to assure long term resources 
for the company. Our involvement really 
d idn' t start unt i l about 1974 al though our 
first study of geothermal was done in 
1969. We d id a study of statewide 
geothermal resources and identi f ied the 
Baca resource as the resource that 
appeared the more promising in the state 
for development. Our recommendat ion 
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Danny Moore, VP. Marketing 
"After more than .10 years selling building 
materials in New Mexico and Southern Colorado, 
my successful sales image has been deeply rooted 
in simple service." 

Lavell Jones, President 
"Throughout the 70's my customers at 
Albuquerque Dryw/all have learned to trust me for 
two good reasons—qualify work at competitive 
prices." 

Sure, we're proud of our product . A Chief 
Metal Bu i ld ing is economica l , a f ford ing u p t o 
30% savings in total bui ld ing costs. Owners 
always can count upon fast cons t ruc t ion , 
modern appearance, colors and design 
f lexibi l i ty. 

More important to us, though , is your 
percept ion of the people behind the product . 
Our suppl ier backs us 100% before and after 
const ruc t ion. You can expect the same f rom 
usi 

to management was to cont inue to fo l low 
the Baca development and to pursue it at 
some later date. 

Engebretsen/Union: M r . Dunigan chose 
to develop the steam resource and he 
dri l led four wells before Union became 
involved. I th ink he then began to realize 
the enormous expense and the length of 
t ime that mohey had to be t ied up before 
it could become a commercial endeavor. 

Union is not a uti l i ty company nor do 
we want to become one. Therefore, if you 
have a resource that.can be used as a fue l , 
you look for an out let for your fuel . In this 
case, PNM is a major power out let for the 
state and we chose to begin negotiations 
with them. 

M a d d o x / P N M : In 1974 we s tar ted 
discussions w i t h U n i o n on fu tu re 
development of the Baca resource. We 
held initial meetings to discuss how the 
first unit should be constructed and what 
the ult imate potential of the resource 
was. . 

BJ: W e u n d e r s t a n d t h a t D O E ' s 
involvement began wi th a Request for an 
Expression of Interest in this sort of 
project. Then a Program Oppor tun i ty 
Notice (PON) was issued in September 
1977. Why did you respond to the PON? 

M a d d o x / P N M : We had been explor ing 
at that t ime development of the first 50 
megawatt unit. Our objectives for this 
unit appeared consistent wi th DOE's as 
far as the size and t iming of the unit . 

Engebretsen/Union: We've got a large 
resource and we're the pioneer in 
developing it. It was advantageous (to 
pursue DOE involvenrient) because we 
had a considerable amount of money 
invested. You're going to get no return on 
investment unless you produce. DOE 
bridged the gap between what PNM 
could afford to pay for the steam as a fuel 
and what Un ion could afford to sell it for 
as a fuel . There was at that t ime a gap. 

W i l bu r /DOE: If the money were not 
needed, I th ink they wou ld not have 
responded to the PON. I don ' t th ink any 
private industry wi th companies as 
competi t ive and independent as these 
two companies likes to have the 
g o v e r n m e n t p a r t i c i p a t i n g because 
government part icipation means doing a 
lot of things that companies wou ld not 
normally do. 

BJ: The benefit of DOE's involvement is 
financial support for the project. What 
are the costs? 

M a d d o x / P N M : There is one (DOE) 
objective that is not consistent. That is the 
federal government's primary interest in 
s t imulat ing geothermal deve lopmen t 
throughout the Uni ted States. 
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Engebretsen/Union: I wou ld not say it's 
inconsistent—it's just not a common 
objective. Because our interest is prof i t 
mot ivated, as a separate company we 
wou ld not try to supply our compet i t ion 
with everything we know. But you've got 
to weigh the good and the bad. There are 
certain basics that even by provid ing 
knowledge to the publ ic and other 
industries, we're not hur t ing ourselves. If 
we had our choosing, we wou ld choose 
not to. But in this case, it's to the benefit of 
the who le and one of the requirements of 
gett ing DOE involved. 

BJ: A n d this requirement to make publ ic 
i n f o r m a t i o n abou t t h e p ro jec t is 
s o m e t h i n g y o u a l l c o m p l e t e l y 
understood going in? 

Engebretsen/Union: O h , yes! Our initial 
thoughts were that it was probably going 
to be an uncomfortable situation because 
it is contrary to the way Union operates 
wi th in itself. In the contract negotiations, 
PNM, Un ion and DOE tr ied to ease that 
discomfort as much as possible and still 
meet the needs of DOE. It's all been 
compromise. 

There are certain requirements that 
many levels of DOE wou ld love to have 
seen. W e were fortunate we could 
el iminate those. We have hadtoget more 
deeply involved than really we would 
want, but still less than the government 
wou ld l ike. There have been tradeoffs. 

BJ: Have there been any technological 
surprises? 

E n g e b r e t s e n / U n i o n : N o . A b s o l u t e l y 
none as far as I'm concerned. O n e th ing 
to keep in mind is that the only reason it is 
a demonstrat ion project is because of 
federal involvement. If the fuel pr ic ing 
gap did not exist and we d id not have the 
DOE involved, it wou ld be a standard 
commercial project. 

'^Union is not a uti l i ty 
company nor do we want to 
become one. Therefore, if 
you have a resource that can 
be used as a fuel, you look 
for an outlet for your fue l . " 

In producing the resource, there is 
nothing real magic. From a geothermal 
standpoint our f lu id is very clean and 
relatively easy to work w i th . W e don' t 
ant ic ipate any p rob lems f r o m the 
r e s o u r c e h a n d l i n g s t a n d p o i n t in 
supplying steam to the turb ine. 

M a d d o x / P N M : I wou ldn ' t consider this 
a research project at all. We ' re using 
existing technology. The fact that we're 
using equipment that has not been used 
before on this particular resource means 
there are some unknowns that may crop 
up. But our op in ion is that the unknowns 
are eng ineer ing prob lems and not 

technological or scientific problems. 

BJ: I d e d u c e that you a p p r o a c h 
engineering problems as being soluble. 

M a d d o x / P N M : Yes, absolutely! 

BJ: H a v e any s p e c i a l p r o b l e m s 
developed f rom the project's location in 
high mountains with heavy winter snows? 

M a d d o x / P N M : Certainly. When we d id 
our initial design, we d idn ' t f ind any data 
on the maximum snow loads in the area. 
So we used some data that was existing in 
Los Alamos (19 miles f rom the project 
site). 

Later we found the maximum snow 
loads to be three times what we projected 
wh ich requ i red us to considerably 
change the design of the bui ld ing. 
Instead of the standard f la t - roo fed 
industr ia l bu i l d i ng , wh i ch is much 
cheaper, we've gone to a pi tched roof. 

E n g e b r e t s e n / U n i o n : O u r (wea ther ) 
problems are a lot less than in Casper,-
Wyoming. You may learn that your 
condit ions are a litt le di f ferent f rom what 
has been assumed in the past. But once 
you f ind out what your condit ions are, 
you can design around them. There's 
nothing insurmountable about it. 

BJ: Has there been a need to rethink or 
renego t i a te the n o n - t e c h n i c a l — t h e 
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f inancial or organizational—port ions of 
this three-way partnership? 

Engebretsen/Union: I feel you've got 
the whole life of the program for 
cont inued renegotiation of all port ions of 
the contract to ease any real p rob lem 
areas that occur between all three of us. 
The avenues are always open. 

There has been some renegot iat ion of 
the contract as far as costs are concerned, 
b u t n o t as far as m a n a g e m e n t 
philosophies are concerned. 

W i l b u r / D O E : There has been o n e 
m o d i f i c a t i o n t o t h e c o o p e r a t i v e 
agreement brought on by circumstances 
the DOE caused with its delay in the 
Environmental Impact Statement (EIS). 
The cooperative agreement set out a date 
by which the EIS wou ld be done. It was 
not done on that date; it was several 
months later. 

T h i s c a u s e d s o m e s c h e d u l e 
complicat ions particularly for PNM in 
some long p rocurement terms. By 
modi fy ing the cooperative agreement, 
DOE has temporari ly assumed the costs of 
those long procurements unti l PNM has 
the permit it needs f rom the Public 
Service Commission. At that point the 
costs revert to PNM. 

M a d d o x / P N M : We were in a serious 
b i n d because of t he l o n g l ead 
procurement actions necessary for the 

power plant. You just don ' t go out and 
bui ld a turb ine generator the size of this 
office. You've got to order it and it has to 
be fabricated which takes well over one 
year. 

W e we re r u n n i n g i n t o ser ious 
prob lems main ta in ing the schedule 
because we could not cont inue that 
( p r o c u r e m e n t ) p r o g r a m w i t h t h e 
uncertainties of whether DOE was going 
to approve the project. DOE has assumed 
the financial risk. 

W i l bu r /DOE: I think we're going to have 
to do another one of those modif ications 
to cover increased costs due to the 
schedule problems DOE's EIS lateness has 
caused. That is to be negotiated. The 
c o o p e r a t i v e a g r e e m e n t cal ls f o r 
negotiations in good faith on such 
matters. That we wi l l do. 

BJ: We've seen some media coverage 
concerning the project's environmental 
impacts. Have these problems been 
resolved? 

M a d d o x / P N M : There has been a lot of 
press coverage concerning the problems. 
To a certain extent that was reasonable 
because everyone thought of geothermal 
as a resource that is renewable and has no 
environmental impact. There was quite a 
b i t of c o n c e r n d u r i n g t h e EIS 
d e v e l o p m e n t and a lot that was 
publ ic ized about the environmental 

impacts. 
Anything that almost anyone does has 

environmental impact associated wi th it. 
It's just different people's percept ion of 
w h a t is i m p o r t a n t a n d w h a t 
environmental impacts they view f rom 
their perspective as being of great 
concern to them. 

"The difference (between a 
public utility and a private 
company), I've noted, is that 
it takes a lot more effort to 
get the same job done. There 
are permits and requirements 
the utility has to go through, 
where the private company 
can take most actions 
independently." 

Geothermal as an energy opt ion is 
relatively benign. It def ini tely has less 
environmental impact associated wi th it 
than most other fuel sources. It surprised 
many people that we ran into so many 
problems. 

I think it wou ld also surprise a lot of 
people if they knew how many permits 
and how many agencies we had to deal 
wi th to bui ld a 50 M w geothermal power 
plant. (Ivladdox then named five federal 
agencies and s/'x slate agenc/es.j There are 
a number of others in the state. And of 
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course there are all the environmental 
groups that take interest in developments 
of this nature. Nineteen separate Indian 
Pueblos surround the project in the 
North Central nnountains of New Mexico. 
The individuals that live in the various 
communit ies have interest and are 
concerned about any k ind of industrial 
development. 

The only point I'm trying to make is that 
pepple were surprised we ran into so 
many problems. But I th ink if you put it 
into perspective, you cannot develop any 
project wi thout this type of p rob lem— 
since you have to deal w i th so many 
different agencies and governments and 
communit ies wi th di f ferent interests and 
different concerns. 

BJ: The target date for the project to 
produce commercial power is Apri l 1, 
1982. Even wi th all the delays, are you on 
schedule? 

M a d d o x / P N M : At this point I can say 
that f r om our and f rom Union 's 
standpoint in developing the resource, 
we can still meet the commercial date. 
But rapidly our testing t ime and float t ime 
is being gobbled up by government 
delays. I don ' t blame that on Art Wi lbur. It 
is Washington, D.C. 

BJ: Is this cost-shared project relatively 
unusual for DOE? 

Wi ibu r /DOE: It comes close to it. What 
we're doing here is more of an economic 
demonstrat ion than anything else. It is, in 
that sense, probably unique. 

The role of DOE in this is qui te different 
than in a normal DOE-sponsored, DOE-
paid project. In the usual k ind of project, 
one places a great deal of control and 
organization on top of whomever is 
doing the work to assure that the 
objectives are met w i th in cost and 
schedule. One of the remarkable things 
about this project is that the prof i t motive 
wi l l help keep the project on schedule 
and wi th in cost. The DOE cont r ibut ion 
has a ceil ing to it. W e are relying on the 
private sector to do the job they know 
how to do best. It's one of the best 
business arrangements the government 
could have—one I'd l ike to see promoted 
further. 

In consequence our organization is 
quite small. For a project of this size, it is 
qui te remarkable to have a project office 
that consists of three professionals.and a 
secretary. But I th ink that is all that is 
needed to accomplish the DOE objective. 

I have been impressed wi th the way it 
has been possible for these three 
o r g a n i z a t i o n s t o w o r k t o g e t h e r 
productively. The organization that has 
been set up between Un ion and PNM and 
DOE is such that if we do run in to 
problems we' have a mech'anisni for 
work ing them out. I anticipate the project 
wi l l be successful: 
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