
, -- - . - - . 

,y • , 'A'(' COP Y SHE E1S ; ;~: ;;,:' .'. ~'. :: ' - '" • ' ' ' C'.h t-:1 \:' _ '(\ {)() ~~ (; ",::: i~ 
' ~, ~~~~~-CH_A_RA~CT~E-R_I_Z_A_T_I_O_N~O-F~A~PO~T-E_N_T_IA___,LI UNbERGROUND COAL GASIFICATION SITE 

IN THE STA~E PF WASHINGTON* 
---------DISCLAIMER--------~ 

L. c. Bartel 1and T. L. Dobecki 
Sandia National Laboratories 

Albuquerque, NM 87185 

This book was prepared as an account of work sponsored by an agency of the United States Government. 
Neither the United S1ates Government nor any agency thereof. nor any of their employees, makes any 
warranty, express or Implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information. apparatus, pr0duc1. or process disclosed or 
represents that i1s use v.ould not infringe privately owned rights. Reference herein to any ~ific 
commercial product, process, or service by trade f'lilme, trademark, manufacturer, or otherwise, does 
not necessarily constitute or Imply its endorsement. recommendation, or favoring by the Uniied 
States Government or any agency thereof. The views and opinions of authors expressed herein do not 
necessarily state or reflect those of the United States Government Of any agency thereof. 

R~ Stone 
Lawrence Livermore National Laboratory 

Livermore, CA 94550 

Abstract 

Sandia Laboratories, Lawrence 
!Livermore Laboratory, and the Laramie 
!Energy Technology Center participated 
in a Department of Energy funded pro
gram to select and characterize a 
potential underground coal gasification 
test site in the State of Washington. 

,A site in the Centralia-Chehalis coal 
.,district, satisfying certain criteria, 
was selected for characterization. 

:The characterization proce~ures included 
isurface and borehole techniques and 

!
hydrology tests. Geologic structure 
and coal seam structure and continuity 

!were determined using surface geophysi
:cal prospecting (seismic and electro
lmagnetic surveys) and borehole geophys
l ical (logging and cross-borehole, 
lin-seam seismic) techniques. A complete 
suite of geophysical logs was taken in 
eight exploratory boreholes to determine 
lithology and properties of the coal 
and surrounding strata. Coal cores 
taken from four different exploratory 
boreholes were analyzed to determine 

!
coal quality. Results of the charac
terization show that the coal seam of 

Jinterest is approximately 47 ft t~ick 
at a depth of 570-600 ft at the site. 

!The seam is characterized by high ash 
1 content, relatively low overall heat

ing value, and a low permeability. 
!The $ite appears suitable for conduct
ing an underground coal yasif ication 

I test. 
I 

Introduction 

The underground coal gasification 
: (UCG) program contributes to basic 
: Department of Energy (DOE) policies by 
.developing technologies to produce 
synthetic fuels from coal deposits that 
are unsuitable for commercial exploita
tion by conventional surface and under
ground mining techniques. The highest 

.priority is to develop and demonstrate, 
in conjunction with industry, a commer-

i cially feasible process for underground 
:gasification of low-rank coal. The 
!amount of coal that can be recovered by 
l ucG has been estimated at 1.8 trillion 
: tons (in the lower 48 states), or 
: roughly four times the amount that is 
· exploitable through conventional mining. 1 

*This work was supported by the 
United States Department of Energy (DOE) 
under contract number DE-AC04-76DP00789. 
--·------- - -- ---····-------------

1 

i In underground gasification of 
j coal, two major areas strongly affect 
j the ultimate success of the process and 
gas quality. The first consists of all 
factors concerning quality connected 
with the coal itself. The second con
sists of factors relating to the geologic 

1 environrne~t of the coal seam to be 
i gasified. 

The DOE is completing a program to 
select and characterize a site (or 

. sites) in the State of Washington suit
' able for the underground gasification 
10f coal. The specific goal of the 
j progiam, as it is presently defined 
I and funded, is to identify and thor-
1 oughly investigate at least one site 
I for underground coal gasification 
i (UCG) and design a relatively simple 
I UCG test which is to be carried out at 
I the site at some later time with other 
; funding. Emphasis is being placed on 
: identification of coal-bearing districts 
. whose demonstrated coal resources hold 
. the promise of supporting a commercial 

UCG development. Detailing potential 
problem areas for the UCG process 

· requires a thorough understanding of 
· these factors which is the primary 
objective of the site selection and 
characterization program carried out 
at a site near Centralia, WA. 

Sandia National Laboratories is 
set~ing as technical manager for this 
DOE program. Other DOE sponsored 
laboratories participating in this 

I activity are Lawrence Livermore National 
. Laboratory and the Laramie Energy 
Technology Center. The State of 
Washington Department of Natural 
Resources and the Department of Ecology 
provided valuable support. 

Selection of a Potential Site 

The following are some rather gen-
eral, desirable characteristics that 

: w~e sought in selecting coal-bearing 
I districts for further study in Washington. 
! {he order of presentation of 7he . c~ar-
1 acteristics has no intended significance. 
I 

1. Coal seam thickness should be in 
excess of 6 ft. Heat loss to base 
and cap rock during the UCG process 
decreases the thermal energy available 
to drive the endothermic gasification 
reactions and can resull .i.11 reduce d 
gas heating value. This heat loss 
becomes an unacceptable fraction of 

~--.... t~h...,e--a.va.i..labJ..e. thermal -energy in seams 
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less than 4 ft thiSk according to 
Soviet experience. 

Depth to coal should be at least 300 
ft and preferably no more than 1000 ft• 
By considering coal at depths in excess 
of 300 ft, containment is provided for , 
the UCG process and competition is i 
avoided for coal resources that may 
best be recoverable by surface mining 
techniques. The 1000-ft depth limit 
is imposed primarily for economic 
reasons in this characterization pro
gram and any subsequent test. 

A demonstrated .resource should be 
available for a commercial operation. 
Defined in terms of electric power 
generating station for a period of 
30-3S years. This will require a 
demonstrated resource of SO to 60 
million tons of subbituminous coal or 
40 to SO million tons of bituminous 
coal. A subbituminous coal resource 
is preferred because it shrinks 
upon heating which is a desirable 
characteristic. 

The structural geology should be 
relatively simple. It is desired to 
have areas free of major faulting 
and major structural folds in which 
the coal can be gasified. The 
faulting and folding need to be 
identified so that an appropriate 
gasification test can be designed. 

The coal seam(s) of interest should 
be overlain by thick (2 or 3 times 
seam thickness), relatively competent 
and impermeable strata. Seams directly 
overlain by ati aquifer should be 
avoided. The coal seams should be 
only moderately permeable (up to 
several hundred millidarcies) so 
that groundwater intrusion into a 

~gasification zone can be controlled 
with acceptable gas losses. The 
seam(s) of interest should be 
underlain by relatively impermeable 
strata. 

Good ground access is important. 
The district should be separated 
from major urban areas to avoid 
environmental problems, yet close 
enough to provide for gas markets. 

A point of departure in obtaining 
an overview of coal resources in Wash
:ington is the Beikm~n, Gowe~, ancl Ddlla 
;report. Some new information has been 
!obtained on the occurrence of coal in 
iwashington since publication of this 
1work, but little of it is in the public 
-domain. Review of information in 
Reference 4 reveals several districts 
iwith substantial coal resources suit-
1able for gasification. These districts 
are the Bellingham Field in Whatcom 
Co1mty, the Roslyn Field in Kittitas 
·County, and the Centralia-Chehalis dis-
trict in Lewis and Thurston Counties. 

... -·. -- _ .. ________________ _ 

These three districts seem to have 
large enough/resources to hold the 
promise for commercial UCG development. 
All other districts in Washington were 
reviewed, but none with known measured 
and indicated reserves of sufficiently 
thick coal seams met or approached the 
tonnage requirements save the three. 

·The Centralia-Chehalis district was 
iranked as the primary area for further 
~study. It contains subbituminous coal, 
!which has been gasified several times 

land in several places in this country. 

!
There is a large resource present and 
a potential market (the Centralia 
Steam Plant) is available. There is 
complex and sharp structure ~n the 
Centralia-Chehalis district, but enough 
area of gentle to moderate structure 

;exists to provide for UCG sites. 

Within the Centralia-Chehalis coal 
;district, the site selected for charac
: terization is near the old townsite 
of Tona in Sections 20 and 21 of Town

, ship lSN ~ange lw. In this area the 
;Tono seam was mined by underground 
'methoas for a number of years: however, 
'there has been no active mining for 
.about 40 years. 

In the Tono area the Big Dirty 
:seam is the seam of primary interest 
;and lies at a depth of approximately 
:600 ft and ranges in thickness of 40-SO 
=ft with parting material. The Washing
,ton Irrigation and Development Company 

(WIDCO) operates a surface mine in this 
·district and owns (both surface and coal) 
the site which was characterized. 

Characterization of the Site 

The site characterization activi
ties consisted of using surface geo
physical techniques, borehole and 
cross-borehole geophysical techniques, 
taking and analyzing overburden and 
coal cores, and hydrological testigg. 
The surface geophysical techniques 
were used to delineate geologic struc-
l ture and determine coal seam continuity. 
!The borehole geophysical logs were 
\used to identify coal seams and their 
thicknesses, determine overburden and 

!coal quality, help determine lithology, 
:and used for stratigraphic correlation 
ibetween exploratory boreholes. The 
:cross-borehole, in-seam seismic wave 
'studies were used to determine coal 
;seam c.:u11Linuity. The eoal qu;;ility was 
ide;ermined from chemical analyses of 
coal cores. The hydrology tests were 

lysed to determine the permeability of 
!the overburden and coal seam and esti
:mate water influx rates. 

I · · fl t. \Seismic Re ec ion 

' 
i A high resolution, seismic reflec-
: tion survey was performed at the Tona 
site. The objective of this sui:vey 

•was to determine geologic structural 
'..net.ail . .and ..coal .seam ..continuity • 



'• ) 

!Preliminary analysis of these data has 
:yielded some interesting results. The 
!locations of survey lines, along with 
the locations of exploratory boreholes 

.DOE 1-7, are shown in Figure l. 

The structure of the Big Dirty 
seam as determined from the reflection 
data is shown in Figure l. The seam is 
displaced by a major east-west trending 
fault system in the southern part of 
the characterized area as shown. Cross 

:faults (the north-south trending faults) 
:were detected in the northern part of 
the site. Minor folding is also appar

:ent from the two-way transit time con
·tours. The area depicted in Figure l 
.comprises approximately 28 acres. 
·within this site an area of sufficient 
size exists on which to conduct a test. 
'It is noteworthy that additional seis
mic reflection data were obtained to 
the west of the site in Figure l; this 

:additional area comprises approximately 
34 acres. 

:Borehole Geophysical Logs 

A full suite of geophysical logs 
was taken in eiqht exploratory bore
holes in the characterized area. The 
locations of the exploratory boreholes, 
along with two hydrology test wells, 
are shown in Figure 1. 

' -... .._ 

-· . 

I 
11• 

·---·-- -· -·---·--·. 
l. Coal seams, when compared to adja-

~ cent strata, exhibit characteristics 
: that generally stand out clearly on 
-most logs. The logs used to identify 
. coal seams are: natural gamma (low 
, radioactivity compared to adjacent 
strata), density (bulk density usually 
less than 1.6 gm/cc), sonic (interval 
transit time higher than adjacent 

·strata), neutron porosity (porosity 
index high caused by the carbon), and 
electric (generally a higher resistiv
ity than adjacent strata). A strati
graphic section is shown in Figure 2. 

The density and resistivity geo-
: physical logs from the various explora
tory boreholes display qualitative 
features of the Big Dirty coal seam. 
Regions of lower density (< 1.6 gm/cc) 
and higher electrical resistivity 
indicate regioris of the better quality 
coal. The higher resistivity values 
are indicative of a lower ash content. 

The sonic logs taken in various 
boreholes indi9ate the phenomenon of 
cycle skipping in the upper portion 
of the Big Dirty coal seam. Cycle 
skipping is generally indicative of a 
fractured medium. Core log records 
indicate the coal is fractured. This 
apparent fracturing might be indicative 
of an increased permeability in the 

~00 FT 

• 
-~· FAUlf 

If.!'>' TWO-WAY 
- - - TRANSIT TIME 

CONTOURS 

~ SURVEY LINES 

•LI BOREHOLES 

Figure 1. Structure of the Big Dirty seam as determined from the reflection seismic 
survey. Locations are shown of the retlection seismic lines (1-6 and 10) 
and the exploratory boreholes (1-7) and hydrology test wells (Hl and H2). 
The two-way transit time contours and fault locations depict the structure. 
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.Figure 2. Stratigraphic crossection for 
DOE-6, -5, -7, -3. See Figure 1 
for borehole locations. 

. upper portion of the seam. However, 

. the incremental slug withdrawal hydrology 
: tests performed in DOE-H2 do not 
indicate a significant permeability 
variation throughout the seam. Any 

. future work must address determining 
the directional (horizontal and vertical) 

1permeability and the permeability 
idistribution throughout the seam. 

The mass fractions of carbon, ash, 
. and moisture can be determined from the 
density and sonic logs. The coal is 

· treated as consisting entirely of 
carbon, ash, and moisture. The per
centages of each are determined by 

. solving a set of ~imultaneous ~quations 
for the bulk volume fractions. Geo
physical log values for the density 

· · and transit time for carbon and ash 
used here were from sonic-density 
cros.splots for Illinois No. 6 coal. 8 

The mass fractions of carbon, ash, 
: and moisture determined from the den
•sity and sonic geophysical logs are 
: shown in Figure 3 for exploratory 
boreholes 4 and 5. The Big Dirty seam 
is characterized by numerous partings 
(smaller fractions of carbon), high 
ash content, uniform moisture through
out the seam, and the better quality 
coal is located in the upper portion 
of the seam. The dashed lines are 
reg i ons where core samples were taken 
for chemical analysis. 

· Seismic 8c~m Wave Te~t 

Prior results of refraction6 and 
reflection seismics and electrical 
surveys, as well as from the drilling 
and logging program, have shown that 
several faults have displaced the coal 
seams in 9 t~0 site area. Earlier field 
studies,

1
l 

12
as well as numerous model 

studies, ' have established the 
presence of a seam wave, or seismic 
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Figure 3. Hass fractions of carbon, ash, 
and moisture calculated from 
the density and sonic geophysical 
logs for the Big Dirty Seam in 
DOE-4 and 5. 

trapped wave when an explosive source 
is detonated within a low velocity coal 
seam and detected at another point with
in the same seam. The coal, bounded 
by higher velocity beds, acts as a wa ve 
guide, and, if the seam is wholly or 
partially continuous, the seam wave is 
transmitted with little attenuation. A 
disruption of the seam (e.g., a fault) 
will result in a diminished or absent 
seam wave if the source and detector 
are not located in the same fault bloc k . 
It was felt, then, that a seam wave 
study between the various pairs of 
borings at the site cou lo add to knowl
edge of the continuity of the coal 
seam between given pairs of holes. 

An in-seam seismic seam wave test 
was performed between various borehole s. 6 

Although conditions are not good for 
setting up a true seam wave (velocity 
contrast is small; seam very thick ), a 
curious, late arriving pulse is . recorded 
when no fault is suspected which is 
absent where the fault is believed t o 
exist. Whether or not this phase is a 
true seam wave is ques tionable . The 
f~ct that the wave is absent where 
faultin~ is suspec~ed lends conf ide n~e 
~o the interpretation chat the seam i s 
'significantly disrupted betwee n those 
boreholes. 

Seam waves were observed betwe e n 
boreholes 1-5, 1-4, and 6A-7 indica t ing 
seam continuity. Seam wav es are a bsen t 
between boreholes 3-5, 2-3, 2-5, and 
1-2 indicating a dis r uption i n th e seams. 
The d'ata are inconclusive f or seam 
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continuity (or discontinuity) between 
boreholes 3-4 and 4-5. The fault 
system shown in Figure 1 is supported 
by the seam wave data with the excpetion 
of the 1-4 data. The discrepancy 
remains unresolved. 

;stratigraphic Sections 

Stratigraphic correlations between 
\boreholes were primarily made using the 
,

1

·single point resistance log and to a 
lesser extent the natural gamma and 

!density logs. By comparing the logs 
1taken from various·boreholes, strata 
!missing in a particular borehole indi-

l
'cates a normal fault (strata added 
would indicate a reverse angle fault). 

1
All the missing log sections are re-

! ferred to DOE-1. It is noteworthy that 
!coal seams in this area tend to be 
1lenticular; several of the seams appar
:ently display this characteristic. A 
stratigraphic section along the DOE 

16-5-7-3 line is shown in Figure 2. 
!The fault apparently passes through 
iDOE-7 at the level of the Big Dirty 
\seam. The structure shown in Figure 2 
\is consistent with the seismic reflec
;tion. data shown in Figure 1. 
; 

' )Hydrology Testing 

, Two hydrology test wells, DOE-Hl 
;and H2, were drilled and completed to 
'assess the hydrological characteristics 
iof the proposed UCG site. The hydro-
: logical findings are summarized below. 
JooE-Hl was drilled, cased, and cemented 
!to approximately 20 ft above the Big 
!Dirty seam to determine the hydrologic 
:character of the near overburden. 

_:After completion, a 10 ft open hole was 
'drilled out the bottom of the well 
'using fresh water so as not to •plug" 
the ~ormation. Following a slug with
drawal of a known volume of water, the 
rate of water recovery was measured, 
and the permeability is determined to 
be less than 1 millidarcy. DOE-H2 was 
drilled, cased, ana cemente~ to approx-

' imately 5 ft above the Big Dirty. An 
·open hole was drilled out the bottom 
·of the well, again with fresh water, to 
the bottom of the Big Dirty in five 

. segments. For each segment a slug.of 
'water was withdrawn, and the rate of 
'water recovery was measured. The 
overall permeability of the Big Dirty 
SP.am is determined to be less th!;\!'l 20 

:millidarcies, and the overall rate of 
!water recovery from the Big Dirty is 
:d~~coxlrndl~ly 0.006 cubic feet per 
,minute in a 5-7/8 in borehole. 

Because of the slow rate of water 
recovery, the permeabilities were 
measured before static equilibrium had 
been established; thus the permeabil
ities measured are.maximum values. 
The two hydrology test wells have 
well-screens, have been fitted with 
well-heads, and will remain open for 
.further .t.es.ting •. 

5 

Conclusions 

The proper selection and charac
terization of UCG sites is important 
to insure a successful process. A 
program is outlined which addresses 
identifying geologic and hydrogeologic 
features which will impact the UCG 
process for a commercial operation. 
From this characterization work, the 
pre-test conditions can be compared 
with any subsequent test results. This 
comparison will allow the establishment 
and validation of selection criteria 
and characterization procedures. 

A site selection and characterization 
program was conducted in the State of Wash
ington for a potential commercial applica
tion of UCG. The site selected and charac
terized is near the old town site of Tono, 
WA. To date nothing has been uncovered 
that would preclude a gasification 
test, and this site appears suitable 
to conduct an UCG test. 

As part of the characterization 
program environmental and subsidence 
studies are being conducted. The results 

i of these studies do not detract from 
the suitability of this site. I~efi 
results are reported 'elsewhere. ' 
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