McCracken, Chuck

From: Donng Kriss <donna kniss@epa state oh us>
Sent: Thursday, August 05, 2010 332 PM

To: Chuck MoCracken

Subject: Fwid: Proper Testing of wastewster rom of and g
Attachments: Proper Testing of wastewater from oil and gas &
FY1

Donna J. Knisg

Ohio Environmentsl Protection Agency
Division of Surface Water

Hortheast District Office

2110 East Aurora Road

Twinsburg, Ohio 43087

330-963-1285

fax 3304870759

> Ryan Laake B/4/2010 1

124 AM 55>

Ohio Environmental Protection Agency Unless ctherwise provided by law,
this communication and any response to it constitutes a public record.

| Environmental e : :
Protuction Agenty e - - . P




McCracken, Chuck

From: Kar Matsko <kstimatsko@boimal com>
Sent: Monday, August 02, 2010 318 PM

To: ryan laske@eps state oh.us

Ce: BYESON aifepa.gov

Subject; Proper Testing of wastewster from ol and gas faciities

Helio Ryan

Please advise whether the EPA B
including but
Ohio from
“Seme of th

washsliter

requests have been for the discharge of

dressing all possible known reported

shale (described by the industry as less than 50,000 mg/! ttal dissol

the discharge of higher 5

FROM PA DEP 12/08

inity brines and wastewater.”

Frac Water Chemicals Chemical Components (From MEDSY

sraminants via GO/MS and other testy
b limited to radium 226, 278, and those jisted below with regard to processing ol and gas wastewater in

lower safinity "fow back” water from the hydraulic fracturing of the
Ived solids (TDS)), while other requests have been for
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Kari Matsko

Director, NEOGAP - Chio
440-579-5314
WWY.NE0ga.0rg




McCracken, Chuck

From: Donng Kriss <donna kniss@eps state ob us>
Sent: ! nesday. August 04, 2010 7.37 AM

To: Chuck McCracken

Subject: «d: Marcelius Brine Disposal

Chuck:

I'm going through my e-mail to set up a ¢d for the Patriot/warren test fle, and 1 came across this e-mailed fink. You
may have already seens it, but | thought T'd pass ¥ on in case you hadn't.

Donna

> > Brign Nickel 6/28/2010 9:05 AM >35>

Donng,

P've worked with Federal Facilities down here in Southwest District Office and been involved in raciclogical ssues. |
recently became aware of the proposed disposal of the Marcelius brine in Ohio WWTPs angd the Warren Water
Treatment Plant pilot project. [ spoke with Keith Riley and he suggested [ contact you, Through my work with
ASTSWMO Radiation Focus Group, I've heard & little bit about the radiclogical issues associated with the brine, Radium
226 and 228 have been found at very high levels. The links below discuss/contain the data New York developed, |
apoiogize If this is ail old news but [ was surprised with the elevated levels of radium In the brine and wanted to leam
more,

Has GDH completed their review the pilot project? | have calls into my contacts at ODM. [ am interested in any
conclusions of concerns they may have regarding the disposal or reuse of the WWTP sludge after treatrment of the
brine. Alse, can you email me copy of the report?

vy tingagasiease o

Appendix 13
NYS Marcelius Radiclogical Data
From Production Brine

jsaisapn L.pdf

Call me at 537-285-6468 if you have any questions.

Thanks
Brian Nickel

Ohio Environmental Protection Agency Unless otherwise provided by law,
this communication and any rasponse to it constitutes a public record.

;Envimﬂrmhl : T
| Protaction Agency . = Wt a3




McCracken, Chuck

From: Hopking, Mike <Mike H pa state ohug>
Sent: Friday, July 28, 2011 128

To: ‘ritupardisgg

fexoil com’, bl {}835&‘5%5{;‘;{:{}2{3{!‘5’;
dibrarmmer com’, '
c,z:r*m’ ‘:n am“em s:sm" ‘M‘ _;}gfcx »a

Stewart@ ez}rg 38{3:333 Rs&eﬁffmr‘ Epbricker comy; r!a}zess Witiam i}

Lhris. Parmfg&ér\ state ottus’, "Heidi Hets '-Eafafss, Husted, John F

isch@idrr state ch us’, 'mike mecormac@dnr siste och us’,

ers@dnr.state.oh.u foziergdnr state.oh.us”

‘thomas tugenddBdry state oh us'| o tomastkiBder state.oh us', Shear, Aaron: Hall, Brian:
e, Chuck; Nygsard, Eric; Goicoches, Jog, Weiss, Kristopher, Burkleca, Lee; Taliaferro,
dsay, Baker, Mike; Eggert, Michael; Laake, Ryan; Freeman, Tracy, Harcank, To

Kmsﬁ 3{:&;*}3 Underwood, Dan; Adams, Eric; Gomes, Erm; §

ey David Lipp; ézm&zzeg& (./hfig‘ @s&mﬁs@er;ﬁ rT Si!“y arg; Thorp, Jed; Bouder,
ichard; Ahern, Mike; Russell, Gregory D, (CDRusseliglvorys com), J’sam Adarn; Charles,
Cindy; Fasko, Ed; Budge, Mark, Weinberg, Bruce; Schnesider, T¢ Brad Milerd@hamilion-
0. Q«gi ‘bhasenyager@schd, "‘fg ’*éz;x»sfg@aasﬂwheasth,c?g“ ‘Laura Mirscle', Osbome,
Craig, David Hearne, ‘marsesjs@rapca.org’; Granata, Karen
(KAREN GRANATAGI0Iadn oh govh, sfcdi@rapea org, D
Subject: G & Gas Well Site 5:; aft for Comment General Permit - Cox
Attachments: Michael £ MHopking P E wef

uane Lallair
snents Due by Friday, August 12,

To: Any interested party,

On July 29, 2011, Ohio EPA issued for comment draft Qualifying Criteria and draft Model General Permit
terms and conditions for natural gas weil site operations. See the bottom of the wob page:

spx for links to these materials, Comments
y EPA deve op an appropriate General Permit. The official General
Pamm 30-day comment period will occur at a later date.

s are being

Comments should be sent to me at the below address

Please let me know if you have any questions.

Michae! £ Hopking, PE.
Assistant Chief, Permitting
Ohio EPA, DARC

50 W, Town Street, Suite 700
Columbus, Chio 43215
£14-544-3611 [w)
614-644-3681 {Fax)

Environmental
Protection Agency



chael £, Hopkins, PE

This message wes secured by ZixCorg™.



McCracken, Chuck

From:

Sent:

To:

Subject: ceifus Shals

Attachments: Shale Meeting- Final Agenda doc

Michael Snee
Ohio Department of Health
Bureau of Radiation Protection

Fror: RBobert Owen

Sent: Wednesday, July 14, 2010 1130 a8
Yo Michael Snee
Subject: FW: Marg

i Shale

Mike, are you available for a 2:00 conference call with Craig today? Where are we at In genearating our TENGARM rule?
Tharks.

Robert £, Owen, Chief
Bureau of Radiation Protection

From: Cralg Butter Imalito:Craig Butler@epa state ohous)

Sent: Wednesday, July 14, 2010 8:32 aMm

To: Bob Knipmayer; lim Sferra; Laurie Stevenson: Bobert Owen
Subject: Marcellus Shale

Bob:

Hi Bob. It's been a while and | wanted to check in and also ask for your help and extend an invite to a meeting that Ohio
EPA and ODNR have been working to pult together. The meeting agenda is attached for your review.

We're planing this to be an informal state agency discussion on the tapic of Marcellus Shale drifling, its possible effects
to human health and the environment, and how Chio agencies can and should prepare to meet the challenges and
issues this drifling will present.

In addition to having you or other staff attend the meeting, | think there are a few issues ODH may be working on that
would fit nicely into the agenda. Namely, | think the TENORM issues related to driff cuttings management in Ohio solid
waste landfills and in Frac water that is/may be diluted through municipal wastewater treatment plants and discharged
to Ohio rivers. | belleve ODH was involved with the Warren Chio project and this may be good information to share with
the group.

Please take a look at the agenda and give me a call to discuss the issue.

Sincerely,



Cratg Butler, Chief

Ohio Environmental Protection Agency
Southeast District Office

{740} 380-5207 - Ulrect

(7403} 385-8501 - Recoption

Obio Environmentai Protaction Agsncy
Unless otherwiss provided by law,
this communication and any response to it constitutes a public record.




Marcellus Shale Meeting
CEPA/ODNR/ODH

August 3, 2010
10:00 a.m. - 1:00 p.m.
Ohio EPA, Center for Excellence, 6" Floor

AGENDA

Marcellus Shale Drilling

s How/where 5 it done

*  Potential for drilling in Ohio?

*  Water usage and management of wastewater from drifling

¢ Other alternatives - recycling, class 2 injection, road salt production, ete.
Environmental impacts

«  Wastewater disposal

*  Drinking water/potential impacts from drilling/disposal

* Other impacts
Regulatory/Policy Discussion

+ Current OEPA/ODNR regulations/policy for Marcelius Shale drilling

* Additional decisions necessary to minimize environmental impact
Long-term water quality impacts for dischargers (TDS)

Next Steps



McCracken, Chuck

From: <gd <Brian NicksifBepa state ohus>

Sent: sday, June 29, 2010 218 PM

To: Chuck MoCracken

Subject: Fwah RE) Rad Focus Group Call ) TENORM Whitspapsr - M8 nsent
Attachments: PANORM Cil+Gas-Sites-Study_1981 pdf, PA-Geology-Maegazine Voi38-Nol

_DUNR_Spr2008.pdf M5-Gas cas_;xé?sw &i@-?é?é@&%‘%?.ge;;tésnﬁ—ﬁi‘}%{}?§ doc

Attached i Dave's sun oy and other ¥ vou may be interestad in.

Have fun!

>» “Allard, David" < B/I8/I0I0 628 PM 55>

Hi Charles,

Good to taik to you and others today... TENORM white paper is shaping up.

Attached is 3 small section of text regarding the Marcelius Shale TENORM issue to insert at the end of the "Oif and Gas
Production” section (bottorn of pg 32 in my Iatest version). I'm open to edits.

Also, may have passed these along In previcusly, but f've attached the references and/or given URL links in the write-

R R R e L T

David 1. Allard, CHP, Director

PA Dept. of Environmental Protection
Bureau of Radiation Protection

.0 Box 8469

Harrishurg, PA 17105-8489

Tel: 717-787-248¢
Fax: 717-783-3965

A A A e N T L I

The information transmitted is intended only for the person or entity 1o which it is addressed and may contain
confidential and/or privileged material. Any review, ratransmission, dissemination or other use of, or taking of any
action in reliance upon, this information by persons or entities other than the intended recipient is prohibited. if you
recelved this in error, please contact the sender and delete the material from any computer.

~~~~~ Original Message-— -
From: Dale Rector [mailto:Dale Rector @tn.gov)
Sent: Friday, June 25, 2010 11:14 Am



. David Iones@deq.idaho gov; MSandhu@dtsc.ca gov; Brian Nickel@epastate ohus;
kdheks gov; jay.hyland@maine gov; leonifer oplla@state co.us; millie garcia~

serranci@state ma.us bobby loper@statenmous; Adlard, David

Co: daniar@as < org, Clerence Smith@iilinols gov

Sublect: Rad Focus Group Call

s charlesrig@asts
jimitche@gw. dec state.ny.us; dwhitfi
H ¥

b4

Dear Foous Group
| have inoked over the draft TENORM paper and believe once Charles accepts the changes, it will be nearly Allle ready. 1t
tooks like Mary and Dania had some comments, 5o we might want to pick out those and discuss them today. We still
ssed 3 conclusion f we want one. Units and measures, and conversions are prone to error and a last check of those
white Allie is editin bt be appropriate.

Bobby and Mohinder, can give us a general summary of their edits so we ait undarstand the Snal product.

Alzo the Mumber 3 below, | think we agreed could be a lessons learned about Liberty Radex. Ermphasis on disposition of
solid waste fram RDD or IND, other big radiclogical incident. Incarporating the use of the DDDST of £PA and 5o forth, as
appropriste. Uncie Dave would kick start it since he was at Radix. Ohiertive being to inform Solid Wasts Managment
Officials of contingen reguired for solid rad wasts dispossl
| have not done a good job of following the Tritium Ruling, DU
group discuss all up.

Cale

Hey everyone - call information for Friday:

fhal 866-502-8312

Code: 811706

Thanks,

Charles

Charles Reyes

Federst Facilities Staff Associate

Association of State and Territorial Solid Waste Management Officlals (ASTSWMO)
444 North Capitol Street, N, Suite 315 Washington, D.C, 20001

{202} 624-7882 - tel

{2032} B24-7875 - fax

g, Blending Ruling, or Mixed Waste, etc. 50 a short

Ohio Environmaental Protection Agency
Uniess otherwise provided by faw,




NORM Survey Summary '

"d fike to update you on the status of surveys we have been conducting to determine
levels of Naturally Occurring Radicactive Materials {(NORM) at oil and gas sites in
Pennsylvania.

Since 1991, the Bureau of Oil and Gas Management and Bureau of Radiation Protection
have been conducting surveys and collecting samples at wells sites and related facilities in 26
counties.

Facilities surveyed include over 400 oil and gas well sites, nine pipe yards, and about 500
miles of dirt road that were sprayed with brine for dust suppression.

About sixty percent of the well sites had readings at or below background levels. Thirty
four percent had readings within 10 microroentgens per hour (microR/hr) of background, three
percent were in the range of 11-20 microR/hr above background, and two percent were 21-54
microR/hr above background. One site was 193 microR/hr above background.

To put this in perspective, several states have adopted regulations which include action
levels for contamination. Louisiana has adopted 23 microR/hr and is in the process of changing
to 50 microR/hr. Texas, Arkansas and Michigan set levels at 50 microR/hr. Mississippi set its
level at 25 microR/hr.

From the more than 400 sites tested, we found two samples, at 54 and 195 microR/hr that
would be of concern in states with regulations,

Sludge and soil collected at well sites were generally at or below the level of 5 picocuries
per gram (pCi/g). Louisiana, Texas and Mississippi have adopted levels of 30 pCi/g and
Arkansas adopted a level of 5 pCi/g

No significant radiation levels were seen at pipe yards from pipe taken from
Pennsylvania wells. One elevated reading was found from pipe from another state,

Several brine treatment facilities surveyed had radiation levels above background, but
were not sufficiently elevated to require controls for the protection of the general public.

Road surveys for gamma radiation were generally at or below background levels. All
areas with elevated readings are attributed to shale outcroppings.

In summary, our survey results indicate that NORM isnot a problem at oil and gas well
sites in Pennsylvania. Consequently, development of regulations to address this issue is a low

priority.

We will probably continue to elevate brines and sludges to expand our database and for
future consideration,

(' This article was prepared in April 1995 for the JOGA NEWS. The attached NORM Survey
Summary was prepared September 1, 1992.)



NORM SURVEY

From February to October 1991, The Department conductad a survey to
determine the levels of naturally occurring radicactive materials
(NORM) associated with oil and gas wells and related facilities. The
survey was conducted in three phases. Thls project was conducted by
the Western Arsa Health Physicist, the Bureau of Radiation Protection,
tha il and Gas Field Operations and the Bursau of Oil and Gas
Management. The Bureau of Laboratories conducted the laboratory
analysis.

Phasze ons of the NORM survey began in Pebruary and ended in September
1991. The cobijective of the survey was to obtaln samples of brine and
brine pit or tank sludge from well sites across the state for
laboratory analysis. The samples were tested for radium-226 and
radium~228 and ars reportad in pCi/l for liquids and pCi/kg for solids.
tn addition, brines and bottom sediments were taken from brine
treatment plants and disposal well sites for analysis of combined
radiwn., In this phase, thers were 48 sltes surveyed.

In Phase II, nine pipevards wers surveyed in seven countles using a low
level radiation detection meter. If a plipe showed above background, a
sample of scale insids the pipe was taken and sent to the laboratory
for analysis. wone of the facilities surveyed conducted pipe cleanin
operations as described in Louisiana.

From July to Cctober 1591, the Department conducted Phase III by
surveying oil and gas well sites using low level detection meters to
determine the exposure to low level radiocactivity resulting from NORM.
Surveys were also conducted at brine treatment plants, municipal
treatment plants which accept brine, disposal wells, gas storage
fields, and recad spreading operations.

OIL AND GAS WELLS

There were 413 oll and gas well sites surveyed. Aabout 374 of the sites
wera surveved using the field meters and 39 werse surveyed by taking
samples of the liquids or solids for laboratory analysis.

At the well sites surveyed with the fisld meter, readings were taken of
background, the well head, pits and tanks, pipes, and other equipment
that was present using a low level radiation detection meter. The
results were reported in uR/h. At the other well sites, samples of
brine or tank sludge was collected for analysis by the DER laboratory.
At one site, samples of drill cuttings were collected from one
formation that was suspectad to be a problem. The samples were
analyzed for radium-226, radium-228, specific conductance, total
dissolved solids, chloride, sulfates, calcium, strontium and barium.
The results for radium-226 and radium-228 ars in pCi/l for liquids and



pCi/kg for solids.

Of the 374 sites surveyed with the field metsr, 50.5% {228) of the
sites had readings at or below background. Another 34.2% {128) of the
sites had readings within 10 uR/h of background, and 3.2% (12} of the
sites had readings within 20 uR/h. The remaining 2.1% (8) of the sitas
had readings that ranged from 21 to 54 uR/h above background, with one
site at 155 uR/h above background.

Of the 374 wells surveyed, 254 were gas wells and 110 were oll wells.
The county distribution is shown below. The sites surveyed were also
tracked by target formation. This distribution is also shown balow,

COUNTY DISTRIBUTION OF SITES SURVEYED

gounty QIL GA3 g Q1L GAS
Allegheny 1 4 Fayette 0 11
Armstrong 2 15 Porest 12 [
Baaver 5 g Grasne & 4
Butler 4 4 Indiana g 24
Cambria g 3 Jefferson 0 16
Cameron 0 4 McKean 139 14
Centrs 0 9 Hercer 3 8
Clarion 4 8 Potter 7 3
Clasarfield i} 11 Somerset 0 10
Clinteon 0 8 Venango 3 11
Crawford 3 10 Warren 186 15
Blk 7 12 Washington 11 4
Erie 2 27 Westmoreland 0 15
FORMATION OISTRIBUTION OF SITES SURVEYED
FORMATION OIL GAS F N oI GAS
Bald Eagle 0 2 Missisaippi 1 4
Bass Island 2 1 Murrysville g 2
Bois Blanc g 1 Ohioc Shala 0 [
Bradford 53 59 Onondaga o] 4
Bralier g 3 Oriskany 0 54
Elk 1 10 Oswago 0 1
Helderberyg b} 4 Pennsylvania o) 1
Huntersville G 18 Ridgseley 0 5
Lock Haven ) 12 Salina o 3
Lockport g 3 Tuscorora g 4
Marcellus 0 3 Unknown 21 4
Medina ] 41 Venango 32 21

Samples for laboratory analysis were obtained at 39 sites. Brine
samples were obtalned at 37 sites (25 gas, 10 oil and 1 combination)
and sludge samples weras obtained at thres oil well sites. In addition,
samples of drill cuttings from a formations belleved to be a problenm



were cbtained at one gas well site.

The radium~226 in the brine samples ranged from 3.2% pCi/l to 2,375
pCi/1l with one at 4,685 pCi/l. The averags was 742 pCi/l. Radium~-228
in tha brine samples ranged from 7.17 pCi/l to 2,186 pCi/l. The
average was 675 pCi/l. Following is a tisting of the results by well

type.

Radium 226 (pCi/1) Radium 228 (pCi/l)
Well Tyos # AV, High low Avg. Hish Low
All 38 742 4,683 8,34 676 2,136  12.06
Deep Gas 3 1,243 4,685 203 1,475 2,110 499
Shallow Gas 17 346 2,575 20 665 2,186 13
Shallow 0Ll 12 86 275  8.34 34 436 12.06

Thers were thrse samples of sludge from the pits at oil wells. Two
sites wers in Warren County and one was in Venango County. The Radium
226 and Radium 228 results ars asg follows:

County Radium~226 (oCi/kg) Radium-228 (pCi/kg)
Venango Co. 162 165
Warren Co. 153 296
Warren Co. 12.9 7,988

At a gas well being drilled in Venango County, drill cuttings from the
wall wers taken at intervals of 10 feet starting at a depth of 3,953
feet to 3,979 fest. The target formation for these samples was the

Tioga-Matabentonite. Shown below are the resulta of the analysis on
those drill cuttings.
Depth (£ft) Radium-226 (pCi/kal Radium-228 (pCi/kg!}
3959 1.85 1,031
3989 1.48 740.35
3373 1.52 649.97

BRINE TREATMENT FACILITIES

All six of the operating brine treatment facilities and cne of the
industrial facilities that accepts brine were surveyed. These
facilities were surveyed using field meters., Samples of the brine and
sludges were collected and sent to the laboratory for analysis.
Readings from the facilities varied considerably. Field meter
reoadings ranged from less than 5 uR/h at one facility to 125 uR/h at
another facility (activated charcoal filter was 300 uR/hj. The brine
or effluent from the six facilities had radium-226 of 3.29 to 2,083
pCi/l and radium-228 of 7.17 to 1,555 pCi/l. At four of thes
facilities, the sludges had radium-226 of 1,274 to 186,333 pCi/kyg.



Tha JJ Bucher facility in Potter County treats brine from oil wells.
Readings at the facility were less than 5 uR/h. Tha laboratory
analysis of the brine from the storage tanks showed radium-226 of 14.52
pCi/l and radium-228 of 14.26 pCi/l.

The Minard Run 0il Company’s Flood 4,5,8,F,Lewls Run i3 a discharge
from an oil waterflood operation in McKean County. The laboratory
analysis of brine discharge showed radium-3228 at 3.29 pCi/l and radium-
228 at 7.17 pCi/1.

The Petrc Tech Treatment Facility in Venango County alsc treats brins
from oil wells. Readings at the facility rangs from 5 to 10 ur/h
{background) at the wet well, to 50 to 80 at the first four holding
tanks. Other readings at the sita were: othar twe holding tanks - 10
to 15 uR/h; 12 settling tanks - 10 to 20 uR/h; and the sludge storage
tank ~ 20 to 25 uf/h. The laboratory analysis of the effluent showed
a radium-226 of 1,143 pCi/l and radium-238 of 385 pCi/i. The sludge
fre? the facility had radium-326 of 1,274 pCi/kg and radium-228 of 434
pCi/kyg.

The Castle Gas Treatment Facility in Indiana County treats brine from
shallow gas and oil wells in Tndiana and Westmorleand Counties, Sludge
is shipped to Chio for disposal. Readings at the facility were at
background or in the 5 to 15 range. The oll separation chamber had the
highest reading of 40 uR/h at the bottom and 20 uR/h on the side.

Other readings were: brins recelving tanks - up to 15 uR/h; holding
tanks - up to 5 uR/h; other tanks - background; dumpster - background
except for hot spot in center at 5 uR/h; treatment tanks - background;
polymer feed tank - 5 uR/h; and other tanks and piping - background.
The laboratory analysis of the brine from tha storage tanks showed
radium-225 of 2,069 pCi/l and radium-228 of 1,555 pCi/l.

The Hart Chemical Treatment Facility treats brine from shallow gas
wells from Armstrong, Indian, and Jefferson Counties. Sludgs is
shipped to the B.F.I. landfill in Brockway. Readings at the facility
ranged from background to 100 uR/h at the two collection tanks,
Readings of samples taken from the large tanks were 10, 6, and 2 uR/h.
The sludge in the trough which connascts the collection tank and the
treatment tank had a reading of 120 uR/h {Note - reported to be left-
over AMD sludge). The laboratory analysis of the brine from tha
stoiage tanks showed radium-226 of 287 pCi/1 and radium-228 of 89
pCi/l.

Readings at the EDC Brine Treatment facility in Warren County wera in
the 5 to 15 uR/h rangs with background at 5 uR/h. The reading at the
sludge trailer was 10 to 15 uR/h while a previous survey of the
facility reported a reading of 40 uR/h around the trailer. Tha sludge
is shipped to the BFI‘s Greentree Landfill in Kersey, Pa. The
laboratory analysis of the affluent from tha facility showed radium-225
of 411 pCi/l and radium-228 of 604 pCi/l. An analysisg of the sludgs
showed radium-226 of 13,267 pCi/1l and radium-228 of 16,323 pCi/l.



The ConGas Division 5 Srine Treatment Facility is in Jefferson County.
Moat of the brine comes from shallow wells, while about 5% comes from
deep Oriskany wells. The readings at the three impoundments were in
the normal 3 to 7 uR/h range. The sludge in the second impoundment
had readings up to 123 uR/h. The sand filter had readings of 35 and 1%
uR/h while the charcoal filter had readings of 300 and 80 uk/h., The
laboratory analysis of the effluent was reported at radium~226 of 1,177
pCi/1 and radium-228 of 137 pCi/l. The laboratory rasults of the
sludges for the three impoundments are as follows:

impoundment Radium-226 [oCi/kqg) dium~228 [(pCi/k
1 - Bottom Sludge 4,128 1,893
2 - Bottom Sludge 11,384 5,837
2 -~ Top Sludge 186,633 65,815
3 - Bottom Sludge 3,858 1,822

At the Franklin Brine Treatment plant, readings ranged from a
background of 5 to 7 ukR/h to 90 pCi/l. The readings for the thres
sludge storage bins wers: 20 to 30 uR/h; 20 to 40 uR/h; and 30 to 60
uR/h. gther readings at the facility are: Brine storage tanks - 15
to 20 uR/h and 30 to 60 uR/h; nautralization tank - 30 uR/hy
flocculation tank - 40 aR/h; sludge decanters - 20 uR/h and 15 uR/hj
two solids accumulation tanks - 20 uR/h; effluent monitoring tank ~ 20
to 30 uR/hy and the lime storage tank - 5 to 7 uR/h., The laboratory
analysis of the effluent was reported as radium~226 of 352 pCi/l and
radium-228 of 153 pCi/l. The sludge was reported at radium-228 of
57,527 pCi/kg and radium-228 of 354,363 pCi/kg.

MUNICIPAL TREATMENT PLANTS

Three municipal sewage trsatment plants that accept brine or drilling
fluids were surveyed. Radiation levels wers near, or at background.

The Moshannon Valley Sewage Treatment Plant in Centre County accepts
frac water from gas drilling operations. It does not accept brines.
The frac water is mixed with the sewage in the wet well and is pumped
to the activated sludge unit. Readings were less than 5 to 10 uR/h.

The Clsarfield Municipal Authority Treatment Plant tresats about 15,000
gal./da. of brine. Readings at the brine storage tanks were around 5
uR/h while the sludge was at background (less than 5 uR/h).

The Ballefonte Wastewater Treatment Plant accepts frac water and no
brines. The brine is mixed with the sewage and run through the plant.
Readings at the facility did not sxceed 5 uR/h.



DISPOSAL WELLS

Four of the seven brine dispesal wells in the state were surveyed, ons
operator did not participatse in thas survey. The facilities wers
surveyed using fleld survey meters. Samples of brine at two of ths
facilities wers collected for laboratory analysia,

At the Dando disposal well in Armstrong County, the two storags tanks
had areas with readings at 30 uR/h above background, while the rest of
the facility was at background. The brine had a radium~226 level of
1,895 pCi/l and a radium-228 level of 1,187 pCi/1.

The brine and oil tank at the TH Yuckenberg disposal well in Indiana
County had a reading of 20 uR/h at the bottom of the tank. The resst of
the facility was showaed readings at or below background. The brins had
a radium-226 level of 1,874 pCi/1 and a radium-228 level of 1,420
pCL/1.

The Spencer Land Company’s #2 salt water digposal well is in Clearfield
County. The readings at the site rangs from 5 to 15 uR/h with
background at 5 ur/h. No brine samples were collected.

The NEA Cross disposal well in Bris County did not have any rsadings
above background,

The Cottonwood Operating Company which operates the West Shanksville
disposal well in Somerset County did not want to participate in ths
survey.

GAS STORAGE FIELDS

Pour gas storage facilities were surveyed: the Blackhawk Storage Field
in Beaver County, the Leidy Station in Clinton County, the Ellisburg
Station in Potter County, and the Sabinsvilles Station in Tioga County.
Although thers were some elevated readings, no significant radiation
lavels were found.

At the Blackhawk Storage Field, readings at the well head, drip punmp,
and storage tank ranged from less than 5 uR/h to 15 to 20 uRr/h.

The Leidy Station conzists of wells for gas storage, three dehydrators
for drying the gas, and two brins storage tanks. Readings at the
equipment ranged from 5 uR/h to 10 to 15 uR/h. There was one hot spot
at one end of one of the storage tanks that showed readings of 20 to 22
uR/h.

The brine svaporation pond at the Ellisburg Station Storage Field in
Potter County was surveyed. The facility consisted of a covered and
roofed pond with several sludge tanks. Readings inside and around ths
perimeter were around background (200 to 250 cpm). The readings at the



three sludge holding tanks ranged from near background to 10 to 13
uR/h (500, 800, and 800 cpm}.

At the brine svaporation pond at the Sabbinsvills in Tioga County, only
background readings {(around 3 uR/h} throughout the facility were noted.

ROADSPREADING OPERATIONS

Routes 03045 and 03169 in Xiskiminetas Township, Armstrong County,
where brine has been spread for several ysars for dust control and road
stabilization, were surveyed. The readings at the edge of the road
ware in the minimum detectabls range, while all other areas were
indistinguishable from background.

PIPEYARDS

Nine pipevards were surveyed in ssven counties as followss Indiana {4);
Warren (1)}; Clarion (1); Crawford (1); Forest (1}; and McKean (1). The
pipe at the pipeyards was surveyed using a low lesvel radiation
detection meter. If a pipe showed above background, a sample of scale
inside the pipe was taken and sent to the laboratory for analysis.

The pipevards surveyed included five well pipe suppliers, and four were
pipe storage areas for oll or gas production companies. None of the
facilities surveyed conducted pips cleaning operations as described in
Louisiana.

At saven of the locations (Pool Well Service, Miller Supply, TW
Phillips Gas and 0il Company, HcCalls Supply Company, Cabot 01l and
Gas Company, Pennzoil, and Meridian BExploration}, readings were at
background, while in the other two cases, readings wers above
background.

At the McJunkin pipeyard in Indiana County soms six inch casing from a
well of unknown type in Kentucky showed readings of 15 uR/h. From tha
laboratory analysis, the scals from the casing measured 137,091 pCi/kg
of radium-226 and 7,656 pCi/kg of radium-228.

At tha North Penn Pipe and Supply Yard in Warren County, some two inch
production tubing (probably used in a shallow 0il well in New York ox
pPennsylvania) showed levels of 35 uR/h. Radiation levels in the soil
were high at the North Penn Pipe and Supply Yard which may have
interfered with a good reading. The results of the laboratory analysis
for the scale showed radium-226 at 1,361 pCi/kg and radium-228 at 1,055
pCi/kg.
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STATE GEOLOGIST'S EDITORIAL

Shale We Look For Gas?

Recently, you may have noticed articles in the popular press about
the abundant riches of gas beneath our teet in Pennsylvania, thanks
to the Marcelius shate. Although the Marcellus will probably not be
quite as productive as the hype suggests, there is not enough avail-
able information to fully evaluate its potential. We often are toid that
the United States has plenty of oit and gas if only pesky environmen-
tal restrictions could be removed and we could drilf in Alaska. But
peak petroleumn production for the United States is past. We can find
and produce more, but we are on the downward curve. Even coal,
which we have always been taught could keep us warm for hundreds
of years, is in shorter supply than we previously thought. The easy
stuff (thick beds of Pittsburgh coal) is quickly being mined. In addi-
tion, international demand is increasing.

Pennsylvania is, however, faced with another, different kind of op-
portunity. Rather than producing fossil fuels, we might be able to dis-
pose of waste CO, (the process of carbon sequestration}, because we
have even more capacity for storing waste gases than we do for pro-
viding the coal that produces the waste gases. The topic of carbon
sequestration was addressed in a previous issue of this magazine
(Pennsyivania Geology, v. 34, no. 2, p. 2-9). Mere at the Survey we
hope ta focus much of ocur energy in the next few years mapping the
carbon sequestration potential of the east-
ern portion of the state, as well as looking
at those all-important water resources. Ail
in ail, 1t should be a busy time for us. And
with oit at more than $100 per barret and
gold at around $1.000 per ounce, it is an
exciting time to be a geologist.

ok s

Jay B. Parrish
State Geologist




The Marcellus Shale—An Old “New”
Gas Reservoir in Pennsylvania

by John A, Harper
Buyraay of Topographic and Geologic Survey

AT'S ALL THE FUSS? Biack, organic-rich shales are commor
stiluents of sedimentary deposits formed throughout gaciogic
in Pennayvivania, black, organic-rich shales can be found In almost afl
of the Paleszoic systems, as wall as in the Triassic rocks of the New-
ark and Gattysburg basing in the southeast. Some of these shaies
are the sources of the crude oif and natural gas found in Pennsyiva-
mia's sandstone and carbonate reservoirs. One shate unit in particu-
tar. the Middie Devonian Marcelius Formation (see front cover), has
recently become a hot ftem with the nation’s oif and gas induslry, as
well gs with the news media. One would think, from ali the fuss about
the Marcellus, that it was a newly discovered gas reservolr contain-
ing enough gas to sustain Armerica’s needs for decades. in reality, the
Marcellus has been a known gas reservoit for more than 75 years.
What has mads it newsworthy, besides much hyperbole, Is that the
oif and gas industry has both new technology and price incentives that
make this otherwise difficult gas play sconomical,

pIRaT, SOME HISTORY, Natural gas has been part of our heritage
for more than 200 years. Gas, along with crude off, was found in nu-
merous wells dug or drifled for sait water in colonial times. The first
weill drilted specitically to produce natural gas in North America was
completed in Devonian shales. Citizens of Fredonia, N. Y., naticed
gas bubbling up through the bed of Canadaway Craek, and some-
one had the foresight to sink a well to collect the gas and use it 1o
tight the town in 1821, 38 years before Drake dril ed his famous ol
well at Titusville, Pa. The Fredonia well was only 27 feet deep, but it
produced encugh gas to provide the light equivalent of “two good
candies.” in 1850, the well was deepened to 70 feet and produced
enough gas to light 200 burners. In 1858, a second wall was drilled
to more than g(}(} foat, and the gas lasted another 30 to 35 years,
As a result of the Fredonia wells, a flurry of drilling activity come
menced along the Lake Erie shoreline, eventually reaching at ipast as
far as Sandusky, Ohlo. The gas came from black, organic-rich shales




m fractured shales and sitstones above and interbedded with
ck shales. Typically, the wells wers 1,000 faet deep o less,
and many were producing from as shallow as 25 or 30 faet. 8y the
beginning of the twentieth century, just about every backyard and
manufacturing plant within a mile of the Lake Erie shore in Pennsyl

syl
t isast one gas well that kept the house or business raa-
sonably well lighted and heated. The wells had unreiiable pressures
that varied with changes in the weather—when a cold front came
through, it was time 1o break out the wood stove. However, the wells
seemed to last forever. Many of the backyard walls drilled in the
aarly part of the twentieth century are stilf providing gas 10 residents
of Erie County.

in the 1830s, the off and gas industry began finding large com-
marcial quantities of natural gas in the Lower Davonian Oriskany Sand-
stone In New York and Pennsylvania. As companies were drilling to
at, thair wells pensirated the black shales of the Marceilus
, situated a few tens to a few hundreds of feet above the
any. Just about every well had a strong flow of gas that shut
driliing for several days, The Marcellus fascinated the industry
until it became ciear that the gas occurred in “pockets” and that the
flows could not be sustained. These gas flows disd down quickly, and
the drilfers soon began to ignore them when they encountered them.
Everyone knew there was gas in the Marcslius, but the consensus
was that thare was not enough 1o make 3 well

Foliowing the energy crisis of 1973, the onset of energy short-
ages and the subsequent increase in natural gas prices spurred the
U.8. Department of Energy to fund a multistate cooperative program
called the Eastern Gas Shales Project (EGSP) that spannad the Ap-
palachian, llincis, and Michigan basing. The two purposes of the proj-
act were 10 determine the extent, thickness, structural complexity, and
strafigraphic equivalence of all Devonian organic-rich sha h-
out the basins; and to develop and implement new drifling, stimuia-
ton, and recovery tschnologies to increase production potential, Geo-
logical teams corrslated and mapped the rocks; geophysical teams
worked on naw technologies o locate fracturs systems and poten-
tial reservoirs: geochemical teams investigated ways o modify the
shale matrix to increase gas flow; engineering teams derived and
tested models of various fracturing technigues and directional drilling
procedures; and off and gas companies drilled and cored numerous
test wells in sach of the states involved in the prolect. Five wells
ware driffed in Pennsylvania (Figure 1), and cores were collected of




EAPLANATION

s Formation

the Devonian shales in each that provided a wealth of data about bed-
ding, minsralogy, fracture systems, and so forth.

1 was part of the Pennsylvania Geological Survey team that spent
several years doing basic mapping and correfation. The end prod-
uets included numerous cross sactions, maps, and technical reponts

{8.q., Pistrowski and Harper, 1879) showing formation thickness, net
fest of organic-rich shales, and net feet of clean sandstone through-
out the entire Middle and Upper Devonian sequence in western and
north-cantral Pernsylvania. We determined that the Devonian organic-
rich shales could be important gas reservolrs, at least in northwast-
e Pennsylvania where they were both thick and close to the sur-
face These shales were thought to have excellent potential to filt the
needs of users, especially if the expected development of better tech-
notogy for inducing and enhancing fracture systermns that i5 8¢ impor-
tant 1o sustain production in shale came about. The deeper shales,



particularly the Marcellus Formati
less attractive targets and would ra
and technology advanced enough to make
compstiive with more conventional targets. Neither ocourred untll
recently.

The furor aver the Devonian shales faded during the ea
» low gas prices and lack of sufficiently useful technologies for
ing the gas. The complete EGSP library, which has remained
retatively obsoure because of the lack terest, 5 quite exlensive
and includes a wealth of ghysical, chemical, geological, and engi-
neering information. Much of it can be found in the National Energy
Technology Laboratory's compendium of natural gas archives (Na-
tional Energy Technology Laboralory, 2007}, which is available at nc
cost frem the U.S, Department of Energy. In addition, summaries have
bean published over the years, such as that by Hoen and Kepferle
{1883}, which provide very useful information on the shales. Anyons
intgrested in finding out more about Devonian shales as gas reser-
volrs should consull thess publications,

Withiny the last three to four years, as a result of a combination
of higher prices, recent technological advances, and the develop-
mant of large gas resources from black shales in other parts of the
counlry, the interest in Pennsylvania’s organic-rich shales has risen
once again 10 a fever pitch within the state’s oif and gas industry.
This is particutarly true for the Marcellus Formation, which lies be-
neath much of Pennsylvania (Figure 1), Some companies are pay-
ing incredible fees for leases, whils others are spending enormaous
amounts of monay to drill Marcellus gas wells across the state, from
Greene County in the southwest to Wayne County in the northeast.
All of this activity has been exciting the press, landowners, and state
and municinal authoritiss, who ook upon the Marcslius as a major
econemic boon for Pennsylvania,

fy 1980s

A ROTEVEEY = e i ks 5. The oil and gas
industry uses a number of geophysical logging tools to characterize
the subsurface rocks. The most commonly run togging tool in the Ap-
palachian basin, the gamma-ray log, is a very sensitive Gelger counter
that measures the nalural fow-level radisactivity inherent in almost
ail sedimentary rocks. Most of the radiation emitted by these rocks
is due to the radicactive potassium isotope (potassium-40) found in
feldspars, micas, clay minerals, and other common and abundant
sificate minerals. On gamma-ray logs, shales can be differentiated




fram other rocks such as cisan sandstones and limestones because
shales have higher concentrations of potassium-40-bearing minerals,

Organic-rich shales have higher radicactivily responses than fypb
cal shaies because the organic matter tends to concentrate uranium
inns that otherwise would be scattered throughout the sediment (Adams
and Waaver, 1958; Schmoker, 1981}, As a result, many organic-rich
shales have wal and thorum contents that are greater than 10
parts per mition and that may approach 100 parts per million, which
wili show up on a gamma-ray log as higher-than-normal gamma
responses (Figure 2). Comparisons of gamma-ray logs with ol cute
tings show a fairly strong correlation between righer-than-normal 13-
dioactivity and black color in shales, derived ! e organic content,
To put it simply, black coloration generally correlates with organic rich-
ness, which correlates with high gamma-ray response.

The icing on the cake, s0 10 speak, was the number of studies
done during and after EGSP that indicated an empirical retationship
petween high gamma-ray response and both gas production and to-
tal gas content In organic-rich shales. In other words, higher-than-
normal gamme-ray response aiso equates to aas-production poten-
tial. The correlation might not be 100 percent, but itis very high. This
is a very important concept for those looking to produce shale gas.
Many companies would look for places where the antire formation is
thick, but they should actually be looking for where it is most rich in
organic matter. When we mapped the Devonian formations during
EGSP, we created maps showing the net feet of shale having higher-
than-normal radioactive signatures on gamma-ray ogs (equivalent to
net fest of organic-rich shale] (e.g., see back cover). itis my belief
that these maps are far more accurate for finding good sources of
natural gas than just mapping formation thickness.

PHE MEEK SHALE INH T OrHE FARTH. The Devonian shales in
Pennsylvania cocur at and near the base of & thick sequence of i
1ercalated marine, transitional, and continental rocks known as the
Catskifl clastic wedge. This sequence is more than 10,000 feet thick
in eastern Pennsylvania but thins to about 2,000 feet along the Lake
Erie shoreline (Colton, 1970). Pennsylvania’s thick sequence of De-
vonian shales can be divided into organic-rich black shale facies and
not-so-organic-rich gray shale and siltstone facies (Figure 2} This
sequence is capped by the sandstone-rich portion of the Upper De-
vonian that has been the “bread and butier” of the oif and gas indus-
try in this state for 150 years,
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The three most important organic-rich shales include the black
shale facies of the Middie Devortan Marcellus Formation and of the
Upper Devonian West Falls Formation and Ohio Shale (the Rhine-
street and Huron facies. respectively} (Figures 2 and 3). All have been
explored at one time or another as natural gas reservoirs. Three less



important units include the Uppsr Devonlan Harrell (and partially
equivalent Geneses), Sonyea, and Java Formations (Figure 2). All
of the organic-rich shales, plus the associated gray shales and siit-
stanes that overlie and infercalate with them, participate as the res-
ervoir for the shale-gas production along the margin of Lake Erle A
system of fractures in these shales constitutes the most important part
of the reservolr by providing porosity and permeabliiity that alfows the
gas o leak slowly from the rock,

s 1157 The Marcellus Formation underiies most
of Pennsylvania (Figure 1), but the organic-rich portion reaches its
maximum deveiopment in the northeastern part of the state {see back
cover, Despite the long history of gas shows in the Marcelius, it took
st recently for its potential as a commercial gas target to attract at-
tention.

By standard definition for mapping purposes, the Marcellus For-
mation in Pennsylvania typically is defined as the black shales at the
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sase of the Middle Davonian Hamilton Group; the upper part of the
group 18 ocoupied by gray and dark-gray shales, siltstones, and (to
the east) sandstones of the Mahantango For (Figure 2}, The
orgaric richness {Le., the black coloration) within the Hamilton Group
in the subsurface varissg from place 10 place so that the Marcsiius/
Mahantango boundary fuctuates. Piotrowski and Marper (18749, Plate
31 showed that the Hamilton Group as a whole thickens fairly regu-
larly from northwest to southeast. However, the nat fest of highar-
thar-normal radivactive shala in the Hamilton Group—the Marcelius
facies—has an interesting cordiguration (Piotrowski and Harper, 1979,
Plate 4). The Marcellus generally thickens 1o the sast, as expected,
but throughout the eastern half of the Appalachian Plateaus physio-
graphic province as far north as Tioga County, it also develops info
a serles of finsar thick areas situated on the crests of anticlines (s68
back cover). Some of this thickening can be explained by repetition
of the section through faulting, but close corrslation of logs along
and across the anticlines also indicatss that, for some rsason, more
of the Hamilton Group rock section becomes organic rich ovar these
structures,

Pennsylvania's Marcellus shale play began in 2003, when Range
Resources-Appalachia, LLC (formsrly Great Lakes Energy Partners,
LLC) drifted a weil to the Lower Silurian Rochester Shale in Washing-
ton County. The deep formations (such as the Oriskany Sandstone
and the Lockport Dolomite) did not ook favorable, but the Marcelius
shale had some promise. Range drilled some additional wells, and
through expsrimentation with drilling and hydraulic fracturing tech-
niques borrowed and revised from those used on the Mississippian
Barnett Shale gas play in Texas, began producing Marcsllus gas in
2005. Since then, the company has permitted more than 150 Marcei-
tus wells in Washington County alene. Other companies have joined
the fray with permitting and drilling in many areas of the Appalachian
Plateaus in Pennsyivania. As of the end of 2007, more than 375 sus-
pected Marcellus wells had been permitted in Pennsylvania. An ad-
diional 78 had been permitted as of this writing (end of February,
2008). Thersfore, it appears that the Marcelius gas play wil continue
untif and unless gas prices falt dramatically.

2L

g 5. Conventional gas reservoirs,
such as the Lower D iar Oriskany Sandstone, contain gas in pore
spaces between the sand grains. The gas migrated into the rock from
one or more source rocks during the Alleghanian orogeny about 250
miltion years ago. Organic-rich shales, however, are their own source
rocks, and gas molecules generated from the organic matter adsorb
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onto the organic matrix of the rock. Ovar time, with the development
ractures of all sizes and orsntations (Figure 1) due o a variely
of tectonic and hydraulic stresses, soms of the gas desorbed from
the matrix and migrated into thess fractures. It was these pockels of
gas that the early drillers tapped, Because desorption takes place
relatively siowly, the fractures could not be refilled quickly enough to
maintain a constant fow, so drilling continued past this potential res-
ervoir and commercial quantities were found in deeper conventional
ressrvolrs. The natural fractures are neither numerous nor sxtensive
srough to maintain production except in certain areas of Kentucky,
West Virginia, Ohie, and along the Lake Erie shore.

Since the early 1960s, Pennsylvania's ofl and gas industry has
used hydraulic fracturing (fracing, proncunced “fracking’) to enhance
the recovery of oil and natural gas. This involves pumping a fluid
such as water or kerosena and, usually, sand or some other granu-
lar matenal into the producing formation under high pressure until
the rock cracks. The process snhances the porosity and permeabil-
ity of the rock, and the granular material {tha propant) serves o prop
spen the newly created fractures. As a result, the surface area of the
rock increases, allowing gas to travel more readily from the pores to
the well bore.

Shales are different than conventicnal hydrocarbon reservoirs.
They have extremely low permeabiiities and do not accept frac obs
as readily. During EGSP, patroleurn engineers modeled many types
of frac jobs trying 1o find the right combination of fuids, propants, and
pressures to maximize production in shales. But it was not until de-
velopment of the Barnett Shale play in the 1990s that a technique
suitable tor fracing shales was developed. This technique is called a
“slick-water frac” and consists of sand and very large volumes of
trashwater that has been treated with a friction reducer such as a gel.
Stick-water fracs maximize the length of the fractures horizontally
while minimizing the vertical fracture height, resulting in greater gas
mobility and more efficient recovery of a larger voiume of the gas.

Another tachnique that has become useful in producing Marcel-
ius gas is horizontal drilling. The first horizontal well was drilied in
Texas in 1929, but it took untii the 1980s for the technology to be im-
proved enough o become a standard industry practice. The techriol-
ogy involves drifling a vertical hole to several hundrad fget above the
target reservolr, then directing the drill bit through an arc untit it iz it
erally drilling sideways instead of downward (Figure 4). This has sev-
sral advarntages: (1) it increases the amount of reservoir penatrated
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from perhaps a few tens of feet 1o as much as 3,000 or 4,000 fest:
(2) it increases the number of fractures penstrated: and iZritcan be
used to develop hydrocarbon resources beneath sensitive areas such
as wetlands and cities where a drilling rig cannot be set up. A slick-
water frac in a vertical Marcelius weil uses from 500,000 to mors than
1,000,000 gallons of water {a typical sandstone frac job uses only about



ater frac in a horizontal Marcellus

well will probably use several million galions of water. Based on in-

formation from the Barmett Shale play, a horizontal well completion

might use more than 3 million galions (so far, T have not seen well

record involving a horizontal shaie completion in Pennsylvarnia},
ALLY W

BUT 1% T HEA v 117 During EGSP, the U.S. Geological
Survey estimated that the Marcsllus contains about 286 triflion cubic
feat {Tef) of gas-in-place in the Appalachian basin {Charpantisr and
octhers, 1993}, Figuring a recovery of 310 5 percent, that means 8 to
15 Tef is recoverable throughout the basin, Briggs and Tatlook (1989)
sssessed Pennsylvania's natural gas resources and sstimated that
the Devonian shales could potentially produce 8.4 Tof within the state,
which is in line with the lower estimate of Charpentier and others
(1893}, A mors recent assessmant of the Devonian shales in the Ag
patachian basin (Milici and Swezey, 2008} determined that thase
shales contain 31.4 Tof of recoverable gas. Of course, none of these
sstimates ook into consideration today's prices and technologies.
One very recent estimate indicates that the Marcellus has more than
500 Tof of gas in place with about 50 Tof recoverabls ( Smeitz, 2008}
Whether any of these sstimates is reasonable remains (o be seen.

Tha true value of the Marcelius organic-rnich shale 8s a gas reser-
voir hias vet to be determinad. Cabot Ol and Gas Corporation, which
is lmasing and driling in northeastern Pennsylvania, has been quoted
as saying its wells are testing between 800,000 and 1,000,000 cubic
fset per day (IHS, 2008, p. 1), Based on the limited production infor-
mation that has been recelved by the state so far, the averags daily
production from a Marcefius well in Pannsylvania is about 45 thou-
sand cubic fest of gas per day, which is considered marginal at best.
it shouid be noted that this average is based on only two years’ data
from relatively few vertical wells. We still do not have any details from
horizontal shale wells, Only time (and more data) will determine just
how productive and lucrative the Marcellus play is. itis possible that
the Marcelius will ultimately turn out to be the great gas resemvoir every-
one is fugsing about.

5,000 to 50,000 gallons). A shich
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Meet the Staff—Part 6

in Part 8 of "Maet the Statl)” we fearn about the GIS Services
area of the Survey. One of the staff members, John Barnes, also
works in Laboratory and Geochemical Services and was p avicusly
introduced in Part 4 of this series (see Pennsylvania Geology, v. 37,
no. 2, p. 16-18). The other staff are introduced below,

£45 ¢ 5. The GIS Services section was created in 2001 to
mtegraie me expanding capabilities of geographic information sys-
tems (GIS) and companion digital technoiogies, such as global po-
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sitioning systems (GPS), into the daily operations of the agency. In
addition to providing cartographic support to other geologic staff, the
GIS Services staff also use the analytical capabilities of GIS technol-
ogy to present camplax geologic relationships more clearly. Studies
within the state have included such topics as the occurrence of acid-
producing minerals, density of karst teatures, and defineation of phys-
iographic units.

Looking to the future, the statewide imagery and fidar-derived
elevation data being generated by the PAMAP program will be used
in GIS projects to bettar define the topography and geology of Penn-
sylvania. Initially, the level of detail in these data will require that GIS
Services staff redefine many fundamental datasets, such as water-
shed boundaries and stream reaches across the state.

Michael E. Moore. Aftar receiving
his B.S. degree in geological sciences in
1875, Mike spent most of the next 1t
years working as a consuitant for the bitu-
minous coal industry and as a staff geolo-
Qist for coal-mining companies.

in June of 1886, he began his tenure
at the Survey as a hydrogeologist, working
on water-resource investigations. in 1989,
Mike was promoted to Chief of the Ground-
water Geology Section (now Groundwater
Services) and theraby assumed respon- Mike Moore
sibifity for supervising water research and
policy programs. Eventually, he also administered the Survey's water-
well driters licensing and records programs. Under Mike's watch,
the web applications for the collection of data for new wells and access
to data for existing wells were created.

As a consequence of a bureau reorganization in 2001, Mike ac-
cepted the challange of supervising the newly created GIS Services
section, where he was provided with the opportunity to implement his
career-long interest in the application of digital technology in the earth
sciences. Since then, Mike and his staff have provided carntographic,
spatal analysis, and database services to individuals both inside and
outside the Department of Conservation and Natural Resources (DCNR).

Victoria V. Neboga. Victoria Neboga is a native of Kiev, Ukraine,
where she sarned a master’s degree in hydrogeology and engineering
geolagy in 1985. Her first job was as a geologist in the Institute for
Projecting Enterprises. Bureau of Geologic Investigations. assisting
the Ukrainian sugar industry. Victoria's career with the commonwealth
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started in December 2002 in the Depart-
ment of Labor and Industry, Center for
Waorkforce information and Analysis,
where she produced statistical reponts.

Victoria joined the Survey in May
2005, and her first task was to leam GIS
software and principles. Now, as a Geo-
logic Scientist, she creates both digital
and hard-copy cartographic products that
characterize the natural resources of
Pennsylvania. Her assignmaents include
working in cooperation with other staff ge-
ologists to produce geologic maps and
reiated GIS datasets that are released
as Survey open-file reports. Most of these projects are pan of the
STATEMAP companent of the U.S. Geological Survey's National Co-
operative Geologic Mapping Program.

As time permits, Victoria also works on a GIS database that will
define more than 500 fandforms within Pennsylvania. This project
benefits from high-resolution imagery as well as lidar-derived eleva-
tion data from the PAMAP program. Most recently, Victoria used her
GIS skills to create a sophisticated interactive index map that helps
DCNR employees identity which of more than 13.000 PAMAP tiles
are relevant to their project areas.

Stuart O. Reese. Stuart, a Senior Geologic Scientist, arrived at
the Survey in March 2002. Prior to that and after receiving his M.S.
degree in geology in 1986, he spent several years working as a hydro-
geologist. first at Wright-Patterson Air Force Base in Dayton, Ohio,
and then at a Camp Hill, Pa., consulting firm. He went on to serve 10
years with the Pennsyivania Department %S
of Environmentai Protection (DEP) in their
groundwater protection prograrn. While
at DEP. Stuart acquired a strong interest
in a newly emerging tool—GIS. When a
position opened at the Survey, he ap-
plied and was hired to work in the GIS
Services area.

As part of his bureau duties. Stuart
utitizes GIS software not only to make
digital maps (such as the STATEMAP
products), but also 1o analyze data asso-
ciated with concerns ranging from envi- Steart Revse
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ronmental hazards to the DUNR TreeVitalize programs. Some of his
work on environmental hazards resulted in the online reports Map 68
and Map 70, which he coauthored with fetiow staft geoclogist Bl
Kochanov. These maps use gradational colors 1o show the concen-
tration of karst features (mostly sinkholes and closed depressions).

Part of Stuart’s time is spent on waork outside of GIS Services.
He was responsible for the Survey's web site for a few years and still
maintains several web pages. And although he is not formally assigned
to Groundwater Services, Stuart often assists in that area.

Thomas G. Whitfisid. Tom has a B.S. in geology and did gradu-
ate work in mining technology and borehole geophysics. He started
nis career as a well-log analyst and completion consultant for twa geo-
physical weli-logging companies in the oil and gas fields of western
Pennsylvania. He then worked for U.S. Steel Corporation as coman-
ager of their micwestern field office, doing coal-exploration projects
for nearly 6 years. in 1988, Tom joined the DEP Bureau of Oil and
(3as Management, where he heiped implement the program to plug
orphaned and abandoned weils.

Tom started with the Geologic Mapping Division of the Survey in
March 1991, After about a year, he voluriteered to try a new technology
calied “GIS." tn the fall of 1992, Tom became the first full-time GIS
person in the Survey and soon after set to work as a key member of
the team digitizing the 1:250,000-scale Geologic Map of Pennsylva-
nia and compiling the Bedrock Geology of Pennsylvania dataset. As
a Senior Geologic Scientist in GIS Services, Torn works on various
GIS projects, including the previousty mentioned STATEMAP prod-
ucts. He aiso works with the technical aspects of PAMAP imagery
and lidar-derived digital elevation modeis. He recently developed a
raster-seam conflation tool that repairs seam lings in raster mosaics.

—— Tom also has an unusual

o J 4 hobby. He is a certifled emer-

9 gency medical technician

l (EMT) with 28 years of expe-

rience, and he voluntears with
a local ambulance service. The
Survey benefits from Tom's
expertise in this area, as he
chairs our “Fira and Panic
Committes” and educates the
staff on how best to handle
Fom Whitficld fite-threatening ermergencies.
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