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Abstract
Wenchuan, China, earthquake (M8.0) created another large 

disaster in 2008. About 70,000 people are confirmed to have 
been killed, 380,000 were injured, and 20,000 are still miss-
ing. The total economic loss is estimated to have exceeded 
US$110 billion. Although earthquakes can not be prevented 
and are difficult to predict, disasters caused by them can be 
mitigated. The purpose of this paper is to summarize some 
lessons on seismic hazard mitigation 
learned from preliminary observations 
of fault rupture, ground motion, building 
damage, and other manifestations of the 
Wenchuan earthquake. This earthquake 
demonstrates that more effort needs to 
be spent on strengthening buildings and 
mitigating potential induced hazards in 
order to save life. This earthquake also 
demonstrates that there is a need for 
geologists to provide better information 
on seismic hazard such as potential sites 
of surface rupture and induced slope 
failure. 

Introduction
The M8.0 Wenchuan earthquake 

occurred at 06:28:01 on May 12, 2008 
(UTC) and caused great damage in 
Sichuan, Gansu, and Shaanxi Provinces 
of China. The epicenter was located 
at 30.989° N /103.329° E (Fig. 1) in 
Wenchuan County of Sichuan Province. 
The highest recorded peak ground accel-
eration (PGA) was about 1.00g (Li and 
others, 2008). More than 30 aftershocks 
of magnitude 5.0 or greater were recorded 
within two months following the main 
shock (Fig. 1), with the largest being 
M6.5. The Wenchuan earthquake and 
some of its large aftershocks triggered 
massive landslides and rockfalls. About 
70,000 people are confirmed to have been 
killed, 380,000 were injured, and 20,000 

are still missing. The total economic loss is estimated to have 
exceeded US$110 billion. 

The Wenchuan earthquake occurred along the Longmen 
Shan thrust fault belt, which forms the boundary between the 
Qinghai-Tibet Plateau and the Sichuan Basin (Burchfiel and oth-
ers, 2008). The Longmen Shan thrust belt consists primarily of 
three faults: the frontal fault (Guanxian-Jiangyou-Guangyuan), 
the central fault (Yingxiu-Beichuan-Chaba-Linansi), and the 

Preliminary Observations of 
the Faulting and Damage 
Pattern of M8.0 Wenchuan, 
China, Earthquake

Furen Xie, Zhenming Wang, Yi Du, 
and Xiaoliang Zhang

Figure 1. Main event and aftershocks of the Wenchuan M8.0 earthquake and Longmen Shan 
thrust faults.
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back fault (Wenchuan-Maoxian-Qingchuan) 
(Fig. 1). As delineated by the aftershock 
distribution (Fig. 1), the total rupture length 
of the Wenchuan earthquake is about 300 
km. Surface rupture was observed along the 
Yingxiu-Beichuan segment of the central fault 
and the Guanxian-Jiangyou segment of the 
frontal fault (Fig. 1). No surface rupture was 
observed along the back fault. 

Surface Rupture
The observed surface rupture along the 

Yingxiu-Beichuan segment was about 210 
km and the vertical offset varied along the 
Yingxiu-Beichuan segment from about 1.0–2.0 
m near its southern end, to about 5.0 m in its 
center part (south of Beichuan), and to about 
1.0–2.0 m near its northern end. A vertical 
offset of about 2 m and a right-lateral offset of 
about 0.5 m (photo location a in Fig. 1) is appar-
ent in Yingxiu Town of Wenchuan County, near 
the southern end (Fig. 2). Collapsed buildings 
can be seen on the hanging wall in Fig. 2a. 
Figure 2b shows 6.5 m right-lateral and 5.6 
m vertical offsets in Leigu Town of Beichuan 
County (photo location b in Fig. 1) near the cen-
ter of the segment. Vertical and right-lateral 
offsets of about 2.0 and 1.9 m, respectively, 
were found in Pintong Town of Pinwu County 
(photo location c in Fig. 1) near the northern 
end of the segment (Fig. 2c). 

A nearly 70 km long surface rupture was also 
observed between Wafeng Town of Dujiangyan 
and Hanwang Town of Mianzhu along the 
Guanxian-Jiangyou segment (Fig. 1). Vertical 
and right-lateral offsets of about 1.0 and 
0.5 m, respectively, were observed along the 
Guanxia-Jiangyu segment. Figure 3 shows a 
1.0 m vertical offset and 0.4 m right-lateral 
offset near Hanwang town of Mainzhu (photo 
location d in Fig. 1).

The distribution of the observed ground 
motion is closely related to surface rupture. 
The PGA (E-W) contour map of the Wenchuan 
earthquake was posted on China Earthquake 
Administration [CEA] website www.cea.gov.
cn:99 (last accessed on July 29, 2008). As shown 
on the website, the higher PGA on the hanging 
wall side and along the direction of the rupture 
(i.e., from southwest to northeast) were record-
ed. The area of the highest PGA is coincident 
with the area of the largest rupture offset near 
Beichuan (Fig. 1). The southwest corner of the 
foot wall, including the City of Chengdu, expe-
rienced a lower PGA. The combination of the 
rupture direction and foot wall effects resulted 
in lower ground motion in Chengdu area which 
may be the reason that Chengdu did not suffer 
major damage.

Figure 2. Surface ruptures along the Yingxiu-Beichuan fault segment. (a) Surface 
rupture in Yingxiu; (b) surface rupture in Leigu; and (c) surface rupture in Pintong. 

a

b

c

PEER REVIEWED ARTICLE



www.aipg.org JULY/AUG 2009 • TPG 5

Damage Pattern
There was a close correlation between the 

pattern of the ground motion distribution, the 
surface ruptures, and the damage pattern. 
The main event and the aftershocks also trig-
gered massive landslides and rockfalls (Stone, 
2008). These induced hazards also killed many 
people and destroyed buildings, highways, and 
bridges. The landslides and rockfalls were also 
concentrated along the surface rupture zones 
(Fig. 3). We have observed the following char-
acteristics of the damage pattern:
1. Most of the damage was concentrated 

along surface ruptures. For example, the 
completely destroyed buildings in Yingxiu 
Town of Wenchuan County (Fig. 2a) and 
Pintong Town of Pinwu County (Fig. 2c) 
were situated on the trace of the surface 
rupture. 

2. Near the surface rupture, the damage 
was more severe on the hanging wall 
than on the foot wall. Figure 4 shows the 
dramatic contrast in damage between the 
hanging wall (right side) and the foot wall 

in Pintong Town of Pinwu County. Large landslides can 
also be seen in this photo (Fig. 4).

3. The damage was more severe in the direction of the fault 
rupture, i.e. higher damage area in the northeast, because 
of ground motion directivity effect. 

4. Although Chengdu is only about 80 km from the fault 
rupture, minor or no damage in the city was observed 
because 1) the city sits on the foot wall and 2) the fault 
ruptured away from the city (i.e., the rupture directivity 
effect).  

5. The severity of building damage was related to the age of 
the building. Although there are many exceptions, build-
ings built in the 1980’s generally suffered more severe 
damage than those built in the 1990’s, while the ones 
built in the 1990’s generally suffered more severe damage 

than those built in the 2000’s. This pattern appears to 
be related to both seismic design consideration and the 
quality of construction. Generally, older buildings tend 
to have less stringent seismic design and poorer quality 
of construction. Figure 5 shows the collapse of a house 
that was built in the 1980’s with little seismic design 
consideration but minor damage to houses that were built 
more recently and with improved seismic design.
6. Mitigation efforts, including retrofitting of existing 
building, for strengthening structure to withstand seismic 
force have paid off. Figure 6 shows apartment buildings 
that were retrofitted with exterior concrete beam and 
column after the 1976 Songpan-Pingwu earthquake 
(M7.0), in Wudu Town of Jiangyou. No obvious damage 
was observed on these buildings although they were only 
about 15 km from the main rupture. 

Conclusion
The following preliminary conclusions can be drawn 

from the field observations:
1. The Longmen Shan fault is the origin of the 
Wenchuan M8.0 earthquake of May 12, 2008. The total 
rupture length is about 300 km with a surface rupture 
of about 210 km along the Yingxiu-Beichuan segment of 
the central fault, and about 70 km along the Guanxian-
Jiangyou segment of the frontal fault. The vertical and 
right-lateral offsets are about 1 to 5 m and 1 to 3 m along 
the central fault rupture, and about 1 to 3 m and 0.5 m 
along the frontal fault rupture, respectively. 

2. The pattern of strong ground motion is closely related to 
the fault rupture as is the damage pattern. 

a. Most of the damage was concentrated along surface 
ruptures.

b. Near the surface rupture, there was more severe 
damage on the hanging wall than on the foot wall.

c. Damage is also related to the rupture directivity.
3. The city of Chengdu was spared from more severe damage 

due to the combination of the rupture directivity and foot 

Figure 3. Surface rupture near Hanwang.

PEER REVIEWED ARTICLE

Figure 4. Damage along the fault rupture (dashed line) in Pintong.
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wall effects.
4. Induced hazards, landslides and rockfalls in particular, 

also caused significant damage.
5. Building damage was related to its age: the younger the 

building, the less damage and vice versa. Generally, older 
building had less seismic design consideration and poorer 
quality of construction.

6. The building collapse and other induced hazards, such as 
landslide and rockfall, were responsible for deaths and 
injuries from the earthquake. Therefore, more effort needs 
to be spent on strengthening buildings and mitigating 
potential induced hazards. 

7. Mitigation efforts, such as a simple tie or connection 
between walls, beams, and columns, saved lives. These 
efforts can be rather cost effective.
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Figure 5.  Different building damages in Hongkou.

Figure 6. No obvious damage was observed in these retrofitted apart-
ment buildings in Wudu Town of Jiangyou.
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Alaska Section, 
Spring 2009

The spring weather brings us all 
outside again to welcome the warmth 
and the sunlight. We were lucky to 
have two excellent technical presenta-
tions at our Spring Section meeting 
in April in Fairbanks. Peter Hickman 
and Tom Heinrichs of the Geographic 
Information Network of Alaska (GINA) 
at the University of Alaska Fairbanks 
showed us ways to access maps and 
images hosted by GINA (http://www.
gina.alaska.edu/data). They coached us 
through Google Earth® and ArcMap® 
applications using the data we accessed. 
There’s a richness of information avail-
able to us through mapping databases 
on the World Wide Web, making almost 
any mapping goal achievable. 

Dr. Jessica Larsen, volcanologist 
with the Alaska Volcano Observatory 
(AVO) in Fairbanks (http://www.avo.
alaska.edu), gave us our second excel-
lent presentation. Her first-hand field-
observations during and after the 2008 
explosive eruptions of Okmok Volcano 
were astounding. The surprising energy 
of the multiple eruptions in July and 
August broke historical patterns, solv-
ing some puzzles, but presenting even 
more. How does the explosive nature of 
the phreatomagmatic eruptions sustain 
itself when past recorded eruptions were 
land-based flow eruptions? How did the 
new cone-building structures migrate so 
far from the previous active-cone area, 
and why? What is the role of the lakes 
in the system, and what can be expected 
in the future? The vast expanse of the 
Aleutian Island Chain make this a dif-
ficult locale to study, but Dr. Larsen may 
just beat the odds on that account. Her 
dedication is obvious; we will all benefit 
from her and her colleagues’ continued 
studies of Alaska’s many active volca-
noes.

We welcome new Section officers this 
year. Mark Lockwood as President, Chris 
Locke Vice-President, Jim Deininger, 
Jr., Secretary, and Peter Grey is our 
Treasurer. Welcome to our new team of 
leaders. We look forward to their vision 
and energy to lead us through an active 
2009.

Susan G. Browne, CPG
Outgoing AK Section Secretary

Arizona Section
AIPG Fall 2009 Field Trip – Sonora, 

Mexico [currently scheduled for 
November 13 and 14, 2009 – but may 
change]. 

La Herradura Mine
A weekend field trip to northwestern 

Sonora is proposed for our fall field 
trip. The first day would be a visit to 
the world–class gold mine operated by 
Fresnillo plc. We will have a tour of the 
mine and possibly the new mine con-
struction at Soledad–Dipolos. All visitors 
to the mine will be required to bring their 
own steel–toed boots. No children are 
allowed; however, should anyone wish to 
skip the mine tour, a day at the beach is a 
great alternative. The second day would 
be a visit to various world–class petro-
glyphs near Caborca. There will be some 
walking and hill–climbing, but no long 
hikes are anticipated. Overnight accom-
modations will be at Puerto Peñasco (aka 
Rocky Point). The mine is about one 

hour’s drive from Puerto Peñasco. Most 
of the drive is on state highway, but the 
last 15 minutes is on a graded (well-
maintained) unpaved road maintained 
by the mine. The petroglyphs are within 
a 2 hour drive. There are likely to be dirt 
roads encountered during day 2, also. La 
Herradura Mine and Soledad–Dipolos 
Project La Herradura Mine is an open 
pit, heap leach gold mine that com-
menced operations in January 1998 as a 
joint venture between Fresnillo plc and 
Newmont Mining Company (Newmont) 
under the Mexican subsidiary, Penmont. 
The planned production is an average 
of 40,000 tonnes per year of ore mined 
expected for the remaining life of mine. 
The current mine plan anticipates that 
production will end in 2018. Fresnillo’s 
Soledad–Dipolos project, located about 
10 kilometers away, will be an open pit 
gold mine with an average ore grade 
similar to Herradura. Construction is to 
be completed by the end of 2009 and oper-
ations will begin in 2010 with a project 
mine life of 11.5 years. It is expected to 
produce at a peak rate of approximately 
100,000 ounces of gold annually.

La Herradura Mine is located with-
in the basement rocks of the Caborca 
Terrain of northern Mexico. These units 
are overlain by thrusted sediments and 
cut by intrusives emplaced during the 
development of the Continental Jurassic 
Arc. The ore body formed by mesothermal 
mineralisation associated with high–
angle structural zones oriented N30°W, 
along the Jurassic Mojave–Sonora 
Mega–Shear. The gold mineralisation 
occurs within broad shear zones contain-
ing dilational quartz veins emplaced into 
biotite and quartzofeldspathic–biotite 
gneiss. Typically, the mineralised veins 
have relatively shallow dips, ranging 
between 60° and 45° eastward. Gold 
occurs in native form and as electrum.

Petroglyphs
The area around Caborca is considered 

to be “the best of the best” by petroglyph 
afficionados. In the small hills around 
town there are hundreds of petroglyphs 
dating from 800–1200AD. Hundreds 
of rocks are carved with anthropomor-
phic, zoomorphic and geometric designs, 
some very elaborate and complex. The 
Mogollon peoples inhabited the area 
from approximately 600 B.C. to 1400 
A.D. Other native inhabitants included 
the Anasazi (100 B.C. to 1450 A.D.) and 
the Hohokam (300 B.C. to 1400 A.D.). 
One prized area is the Cerro Calera, 
which is a small area where the carvings 

SECTION NEWS 

Mark 
Lockwood, 

Alaska 
Section 

Incoming 
President.

Okmok Volcano: Before and 
after eruption.

Okmok Volcano on July 20, 2008.
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are in large masses all over the hill, even 
king–sized murals.

Logisitics
The trip will likely be scheduled for 

November 13 and 14, 2009. Possible 
plan for field trip: Friday night – arrive 
and stay in Puerto Penasco, Saturday 
/ Saturday night – mine tour, stay in 
Caborca, Sunday – petroglyph tour and 
return to home. Staying in Caborca 
reduces travel time, but it may not be 
as nice as by the ocean. Plus, if there 
are people who want to skip the mine 
tour, then they’ll want to hang out at 
the beach. Some people may prefer to 
skip the petroglyph tour. Please let us 
know your accommodation preferences 
(Puerto Penasco or Caborca)

Please note that the mine tour will 
require steel–toed boots.

** New Federal travel rules require a 
valid US passport when re-entering the 
US from Mexico. ** Participants should 
obtain passports or get them renewed in 
time to attend the field trip **

David Palmer, CPG
Arizona Section Secretary

California Section
Vapor Intrusion Mitigation Work. 

California geologists were excluded from 
the practice in the area of work defined in 
the original Vapor Intrusion Mitigation 
Advisory document dated April 2009. The 
Vapor Intrusion Mitigation Advisory list-
ed engineers as being the only ones able 
to practice in this area. Mr. Paul King, 
P.G. and I worked on this, and the Board 
of Geologists and Geophysicists with 
Mr. George Dunfield, P.G. and possibly 
others helped to update the language 
of this important Department of Toxic 
Substances Control (DTSC) document 
to include geologists in section 6.3.4. The 
updated document can be seen: http://
www.dtsc.ca.gov/SiteCleanup/upload/
VI_Mitigation_Advisory_Apr09r.pdf

Comments from section members: 
Rarely does anyone in the section ever 
comment on the work we do. Below are 
two responses that I got related to the 
email that Wendy sent out on the chang-
ing of the vapor intrusion regulations 
allowing geologists to participate in the 
work. It obviously highlights the activi-
ties that many AIPG members want us to 
do.  Someone notified me of the issue, and 
due to our annual Sacramento Drive-Ins 
and contacts at the boards, I could make 
a quick call to the right person and follow 
up with an email, and the entire pro-
cess of adding geologists into the vapor 

intrusion projects took less than 1 week. 
Interestingly, the omission of geologists 
was unintentional, as one of the authors 
of the vapor intrusion report was a geolo-
gist.  The unintended consequence of the 
original vapor intrusion report was that 
the engineers were listed as the ones to 
be able to perform vapor intrusion work, 
and geologists were left out. Fortunately, 
we corrected that omission in a rapid 
manner.

Jim- I got an email from AIPG stat-
ing that you and others got the DTSC 
to insert language allowing PGs to do 
the soil vapor mitigation work described 
in that advisory. I am grateful for the 
work that you did in getting that lan-
guage included into the DTSC document. 
Thank you for your efforts.

Walt Hamann, CPG

Dear Jim:
I want to thank you for the hard work 

to get geologists added into the DTSC 
guidelines. This is a real help to our 
profession.

Bob Sydnor, CPG

Jim, 
Thank you for your effort to get the PG 

into the Licensure Requirements in the 
Advisory. I see that two of the authors 
are PGs... sigh.

Applied Environmental Technologies 
Inc. performs soil gas surveys, installs 
monitoring points, monitors soil gas and 
indoor air, and provides input soil gas 
data for Johnson & Ettinger risking. We 
are a small firm with two PGs and a PhD 
Chemical Engineer, but no PEs, so your 
effort is greatly appreciated.

Wally Jensky, CPG

June 1, 2009 10th Annual CCGO 
Sacramento Drive-In. The California 
Council of Geoscience Organizations 
(CCGO; www.ccgo.org), held the 10th 
annual Sacramento Drive-In for May 28, 
2009. CCGO represents dozens of geol-
ogy societies with thousands of members 
as well as numerous business members. 
The California Section of AIPG is active 
in CCGO.

The delegation included Jim Jacobs, 
President of CCGO, Rhea Graham, a for-
mer Director of the U.S. Bureau of Mines, 
Stephen Baker of Groundwater Watch 
and a consultant, Jim Arnold, an envi-
ronmental attorney and representative 
of CORE Foundation and Ross Jacobs, 
a student. The delegation had a day in 
Sacramento packed with meetings. 

Early in the morning, CCGO visited 
Stephen Testa, Executive Officer, State 
Mining and Geology Board, to discuss 
mining issues, mine waste reclamation, 
permits for mines and other environ-
mental and economic topics. Later, the 
delegation met with John Parrish, State 
Geologist and leader of the California 
Geological Survey who spoke to the 
delegation about the various active geo-
logical projects as well as the funding 
needs of the survey. By noon, the group 
walked over to the California Capitol 
to view the gardens and grounds of the 
Capitol of California. We joined Rick 
Remple and George Dunfield of Board 
of Geologists and Geophysicists (BGG) 
for lunch in the Capitol cafeteria. After 
lunch, the legislative meetings started. 
We met with staff from Senators Joe 
Simitian, Loni Hancock, Mark Leno, and 
Carol Liu. We also met with staff from 
Assemblypersons Sam Blakeslee and 
Jared Huffman. The highlight of the day 
was a brief meeting with Assemblyman 
Sam Blakeslee, the new minority leader 
in the Assembly, who is the only geo-
scientist in the house. He has a PhD 
in geophysics and in his office, he had 
earthquake hazard maps. After a brief 
chat with him, the delegation had a 
photo-op in his office.

Topics discussed during the legislative 
meetings included the USTCF Financial 
Crisis (and 0.6¢ increase per gallon). All 
the people we met said they would sup-
port the fee increase to help with case clo-
sure of fuel tank sites.  We also discussed 
the importance of geologists regarding 
groundwater, global climate issues, envi-
ronmental concerns, earthquake haz-
ards and other geology-related issues. 
The CCGO delegation also noted that the 
integrity of the licensure for geologists 
was important to CCGO, regardless of 
the name of the administrative agency. 
There is currently a plan by Governor 
Schwarzenegger to move the BGG to the 
SMGB. Although CCGO would prefer to 
keep the BGG independent, economic 
forces too large to fight will likely make 
major changes in the boards and state 
government. Although the BGG is self 
sustaining based on the license fees, the 
changes may occur anyway.

After a good day in the Capitol, 
the CCGO delegation met with Kathy 
Snelson of Nossaman, LLP who is the 
Executive Director of CCGO.  The meet-
ing was concluded after the priorities for 
CCGO for 2009 were established. After 
a long day in Sacramento, we all went 
our separate ways.

SECTION NEWS 
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James A. Jacobs, CPG
California Section President

Kentucky Section
AIPG 2009 Spring Field Trip and 

Awards Banquet. After almost a week 
of dismal weather, Saturday proved 
to be an outstanding day for the field 
trip. And what a field trip it was!!! As 
always, we would like to thank the 
following sponsors for their generous 
contributions toward this event: The 
Allen Company, Environmental Science 
Corporation Laboratory Services, 
Geoscience Consultants Inc., Regenesis, 
Republic Waste Services, and Spade 
Corporation.

Of course, the field trip was a success 
due to outstanding leadership and efforts 
of the people who put this together: 
Frank R. Ettensohn, R. Thomas Lierman, 
and Charles E. Mason, with contribu-
tions by Sarah Heal, Niall Paterson, 
Cortland Eble, Robbie Goodhue, Nina 
Larsson, Geoff Clayton, Alan Dennis, 
Eric Anderson, and D. Brent Wilhelm.

Also many thanks to the KY-AIPG for 
making it possible to allow students to 
attend the field trip at no expense.

That evening we had a buffet din-
ner at the Carter Caves State Resort 
Park, Louis Caveland Lodge. Our guest 
speaker was Carter Caves State Park 
Naturalist Sam Plummer, whose presen-
tation was on the enormous population 
of various bats that inhabit the park’s 
20 twisting caverns. Because white nose 
disease is spreading throughout the bat 
population and has no known cure and 
is starting to affect bats in eastern West 
Virginia, all tours in this area have been 
suspended.

After the presentation the Kentucky 
section awarded two outstanding stu-

dents in geology with a citation and a 
$500 scholarship check.

That evening we had a buffet din-
ner at the Carter Caves State Resort 
Park, Louis Caveland Lodge. Our guest 
speaker was Carter Caves State Park 
Naturalist Sam Plummer, whose presen-
tation was on the enormous population 
of various bats that inhabit the park’s 
20 twisting caverns. After the presenta-
tion the Kentucky section awarded two 
outstanding students in geology with a 

citation and a $500 scholar-
ship check.

Richard Smath, MEM
Kentucky Section 

Editor

Minnesota 
Section

Student receives Grant. 
Cabin Ross a student at 
the University of St.Thomas 
in Saint Paul is the 2009 
receiptient of the Minnesota 
Section’s $1,000 student 
grant. She will be graduat-
ing in May with a Bachelor 
of Science degree in Geology 
and a Bachelor of Arts degree 

in Applied Mathematics. She will be 
working toward her Master’s degree in 
Geology at the University of Minnesota 
Duluth starting this fall. Cabin is pursu-
ing a career in mineral exploration with 
an emphasis in structural geology.

Her interests in structure come from 
the Bitter Spring Quadrangle map-
ping project started by Drs. Lisa Lamb 
and Tom Hickson of the UST Geology 
Department! She is one of many students 
at UST who has developed an under-
graduate research project in this area. 

Keith Rapp, CPG
Minnesota Section President

AIPG Calendar

NCSL July 20-24, 2009 
 Phildelphia, Pennsylvania

Annual Meeting October 3-7, 2009
 Grand Junction, Colorado

GSA October 18-21, 2009
 Portland, Oregon

Volunteers are needed for the booth at 
GSA. If you are interested in being a 
volunteer at GSA, contact Vickie Hill 
at aipg@aipg.org.

The field trip focused on Upper Devonian–Lower Mississippian 
clastic rocks that are exposed on I-64 between the Licking 

River and Kentucky Highway 799.

President Faith Fiene presenting Boyd 
Gray, from Morehead State University, an 

Outstanding Student Award.

Dr. Frank Ettensohn presenting Rachel 
Hatch, from the University of Kentucky, an 

Outstanding Student Award.

President Faith Fiene presenting Dr. 
William M. Andrews Jr. the Geologist of 

the Year Award.

President Faith Fiene presenting Dr. Frank R. 
Ettensohn the Lifetime Achievement Award.

SECTION NEWS 
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Laainam Chaipornkaew, 
SA-1507

A little girl’s presentation
A little girl started scurrying with her bulky backpack 

through a big crowd of students, all of them wearing white 
shirts and bright red skirts. Ever since she got out of the 
car and her feet touched the ground, she felt as if she were 
competing in a national running race. She had a wide smile 
and her reddish cheeks glittered with sweat, demonstrating 
her excitement. She had waited so long-since the day before, 
through all that night, and in the heavy traffic on the way to 
school. She had to find someone to talk to! As she entered the 
main building, she had to stop as several students sitting on 
the ground in groups blocked her path. They were studying 
until the very last minute before the exams. Dodging left and 
right, the girl found her way to the end of the hallway. She 
sat down next to her friends, said hi, and asked a question 
which would never appear on the test that day. “Does any-
one know how mountains are formed?” She got no response 
from her little friends, but they curiously turned their faces 
in her direction. She grinned, as if she had a huge secret to 
share. The bulky backpack and all her books were left behind.
********************************************************

I love to discover the ‘why’ behind life’s big questions. As a 
little girl, I have always asked questions like “Mommy, why 
is the sky blue?” and “Why are mountains so huge?” At the 
age of 10, I watched a television program describing mountain 
formations and plate tectonics on the Discovery Channel. I 
fell in love with the graphics, explanations, and the science 
behind the birth of the majestic mountains. I felt as if I knew 
everything about the nature of this world. I could not wait 
to tell the world of my discovery. My childish presentation 
was proudly given that following day. Starting with a small 
group of friends, the audience grew to half of the students in 
the crowded hall. It delighted me to know that everyone was 
closely paying attention. We all shared an appreciation of the 

origin of mountains. Their stunned, yet enlightened faces were 
engraved into my memory. That day I decided to keep finding 
more answers to the ‘why’ questions of this world. I hope that 
someday I will be able to discover and unravel the answer to 
those ‘why’ questions with my own hard work.

Three years ago, I had to make the most influential deci-
sion in my life so far. I initially received no support from my 
family or friends in my choice to leave Thailand and come to 
America to pursue my study in geophysics. In Thailand, the 
country where I am from, most people do not really know 
what geologists do. My parents never met a geophysicist in 
their life. At the same time, they worried that I would have 
to go far away from home and that I would have a rough time 
working as a geophysicist in the middle of the nowhere. On 
top of that, I was concerned that as a small-sized woman (I am 
4’9”), it would be difficult for me to work with more seasoned 
and larger geophysicists. I finally gave up a chance to study in 
one of the best medical schools in Thailand, and came all the 
way to America to study in Geosciences at Caltech. I wanted 
to make the little girl’s dream come true.

Day after day, the questions I am curious about become more 
intricate. When I watched that TV show, the world suddenly 
became completely understandable. However, I now realize 
that there are so many more questions out there that neither 
I, nor any geologist, can answer. Nevertheless, I am on my 
way to achieve my dream. Good geoscientists need to have a 
combination of a strong basis of scientific theory, good imagi-
native sense in the field, and most importantly, endurance 
and patience. As an undergraduate, I constantly try my best 
to learn more about this complex earth. It has not been easy; 
however, it has been really challenging and fun. Moreover, 
there is always a plus to being a geosciences student, as I 
always, get to go on field trips all over California, and even as 
far as Mexico. Sometimes it is hard to believe the facts inside 
the textbook until I can see them with my own eyes, quenching 
my scientific thirst. I love traveling, seeing more of this world 
and at the same time understanding it more. I’m pleased with 
the decision I made 3 years ago, or actually, almost 10 years 
ago on that day.

The AIPG Executive Committee is pleased to announce the awardees for the 2009 AIPG Student Scholarships. Due to 
the record number of applications, seven scholarships were awarded this year. The recipients were Laainam Chaipornkaew, 
California Institute of Technology, Pasadena California; Stephanie Jarvis, The College of Wooster, Wooster, Ohio; Jamie Kern, 
Montana State University, Bozeman, Montana; Andrea McHugh, Georgia Southern University, Statesboro, Georgia; Anna 
Perry, University of Nevada, Reno, Nevada; Daniel Slane, State University of New York at Potsdam, Potsdam, New York; 
and Mark Spindler, University of Alaska Anchorage, Eagle River, Alaska.

The scholarships are made possible by the support of the AIPG Foundation and the 
AIPG members voluntary contributions.
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Stephanie Jarvis, SA-1495

Gertrude and the Gorge: The beginnings 
of a Geologist

It might have been the imprint of a leaf on a small rock I 
found among millions of pieces of gravel on my elementary 
school playground. Or my habit of sitting behind my house 
and picking up pretty pebbles to keep. Maybe it was the small 
creek I would beg my mom to go explore, or the Derby party 
I spent looking for frogs and crawdads and collecting mussel 
shells. It could have been my pet rock (Gertrude?) that my 
swim coach gave me when I was about 8, or the lucky one I 
kept in my soccer bag that had a really strange red hole in it, 
or possibly the black speckled one I picked up on the shore of 
Lake Superior, after sticking my feet in to see just how cold 
it really was. Most likely, it was all of those trips to the Red 
River Gorge with my parents, such as the one when I discovered 
the view from the very tiptop of Double Arch, when I felt like 
I was the only person in the whole world.

It might have been the first time I understood what exactly 
mountaintop removal was, or when I realized just how depen-
dant my state was on coal. Maybe it was hearing about people 
living on the Kentucky River not being able to eat too much 
of the fish or let their kids go for a swim. It could have been 
all the talk about drilling in the ANWR, or Edward Abbey’s 
outrage about the Glen Canyon Dam in Desert Solitaire, Down 
the River, and The Monkey Wrench Gang. Wendell Berry, 
David Dick, and Silas House probably had something to do 
with it, too.

Truth be told, I feel like I have been a ‘geologist’ all of my 
life. I have always been observant, and the land around me, 
the earth, was something that caught my interest early on. 
Studying it, therefore, came naturally.

The difference in my studies now and when I was young is 
that I am being given the tools to understand what I observe 
and to think critically about it. I am learning not just that 
dams, while providing valuable power and safety, destroy 
the natural beauty of a wild, free-flowing river, but that they 
forever disrupt the sediment transport of that river, so valu-
able to life and the natural processes of the land downstream. 
I knew why Lake Superior is so cold, but can now relate that to 
how that rock actually got there, deposited by a huge glacier so 

long ago. And 
I know how 
Double Arch 
formed, by the 
patient wear-
ing of the wind 
over millenia 
a carving that 
took a lot lon-
ger than that 
of the steps I 
climbed to get 
to the top.

There are 
two main 
reasons that 
I want to 
become a geol-

ogist. The one most basic to my being is simply that I want to 
know everything. I know this is unrealistic and impossible, 
but I would still like to try. The second is that I want to be 
able to fix what we have done. I want to ensure that water 
is clean, that topsoil stays where it is, that the land, which 
provides us with life, is not destroyed by us using it. I want to 
understand how what I do as an individual affects the natural 
processes of the earth, and I want to be able to educate others 
on the same. And, honestly, I want to be able to live on the 
Kentucky and go for a swim.

Jamie Kern, SA-1509

The Beauty of Time: My Inspiration for 
Studying Geology

Every summer for the past seven years, I’ve packed my 
gear and left civilization to do paleontology fieldwork in the 
badlands of Montana. Spending all of this time surrounded 
by millions of years of fossil bearing strata weathering under 
the hot sun gave me an immense appreciation of what geology 
encompasses. Geology is not test tubes bubbling or microscopes 
humming electronically under the fluorescent lights of a labo-
ratory. While microscopes are an integral part of geology, the 
essence of geology is in the field. There is something thrilling 
about looking at a sequence of sandstones and mudstones and 
realizing that you are seeing the transgression and regres-
sion of an ancient seaway, or that you’re standing on a beach 
face from the age of dinosaurs (Jurassic Park could never 
convey that feeling). I feel an eerie chill when I see raindrop 
impressions in sandstone, knowing that I am probably view-
ing an afternoon thunderstorm rolling in across a broad river 
plain, with dark thunderheads rumbling in the distance and 
lightning illuminating the still horizon as the river meanders 
unperturbed.

Geology encompasses beauty on the scale of time; ages long 
past are preserved as rock. There are no history books that 
allow you to touch a moment in time as geology does. Grander 
still is that the more we know, the higher the resolution of 
time becomes. We are constantly moving from a pixelation to a 

majestic painting of time 
on Earth, and contribu-
tions from every field 
of geology increase the 
magnitude of beauty.

I’ve chosen to make 
my contribution to this 
painting through pale-
ontology and evolution, 
looking at the animals 
that dot the landscape 
and exploring what the 
rock record tells us about 

Jamie and her
 horse Legs.
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past life. Drawing from all fields of science (it is incredible 
how multidisciplinary geology is), I intend to interpret past 
ecosystems to gain a better understanding of how life changes 
through the scope of time, and how that applies to the species 
living today. My love for paleontology stems from my passion 
for science and exploring the secrets of time. I am an historian 
on an epic scale, an explorer of the depths, and an interpreter 
of the past.

Andrea McHugh, SA-1484

Why I’m meant for a career in Geology
After taking two geology classes, I reconnected with my 

passion for rocks and minerals and gladly switched majors. I 
immediately plugged in to the department becoming one of the 
tutors for Physical and Environmental Geology students, join-
ing our GeoClub and taking almost every upper level geology 
class offered. At times my course load was overwhelming, being 
enrolled in multiple upper-level classes a semester includ-
ing mineralogy, petrology, structural geology, hydrogeology, 
advanced hydrogeology, and economic mineralogy. I have a 
broad but deep interest in geology as every single class I have 
taken has been enjoyable and successful. In fact my hardest 
decision for the next step of my life will be which field I should 
pursue as a career. My senior thesis project has ignited an 
affinity for geologic mapping and structural geology; however, 
industrial minerals and hydrogeology aren’t far behind. As per 
the requirements for a Bachelor of Science degree in Geology, 
I am required to complete a senior thesis project in which I 
work with an advisor in their field of research and formally 
present a thesis defense to the department. My research is a 
field-based project in which I’m mapping the trace of faults in 
the Blue Ridge thrust complex of the southern Appalachians 
in order to decipher complex structural relationships in an 
area subjected to multiple orogenic events. My research proj-
ect has proven beneficial in a variety of ways thus far. I have 
gained proficiency in mapping techniques, preparation of thin 
sections, and learning how to confront an outcrop. All of these 
are practical skills which I intend to use to complete a Masters 
degree and find a job in the industry.

Geology appeals to me as it affects many aspects of human 
life though many do not realize it. As my economic mineral-
ogy professor frequently reminded our class, “If it’s not grown, 
it’s mined.” It is an under appreciated discipline as people 
don’t realize that it pertains to one’s water supply, everyday 
household products, construction, natural hazard prevention 
and economically viable resources. I hope to bring that mes-
sage home to the average person and help them to understand 
the importance of conserving resources as our world popula-
tion grows exponentially. Studying geology opened my eyes 
allowing me to see the world from a new perspective even 
changing my perception of time. It never occurred to me how 
tiny a blip human history in the span of Earth’s existence and 
I now appreciate how unique and ever changing our planet 
is. It never ceases to amaze me how well geology applies the 
other disciplines of science such as chemistry and physics tying 
them all together. Most of all, geology fascinates me because 
it records such a long history and provides clues as to how our 

Earth has evolved to become the planet we know today. From 
the anoxic early Archean Earth to the first signs of life, ice 
ages and impact events, this planet has seen extremes almost 
incomprehensible to us living in such a mild time period. My 
hunger for geological knowledge grows the more I understand 
and my primary goal is to learn all that I can and retain a 
broad knowledge base. After living in the Southeast my entire 
life, I want to spend time in a region that is more geologically 
active to find what types of research the region has to offer. My 
goal is to begin a career in a position requiring an extensive 
amount of fieldwork to appreciate the outdoors, travel, and 
continue to build my working knowledge of geology. I have 
found that the best way to learn is to immerse yourself in the 
subject and I cannot think of a better way than to work in the 
field and experience the geology firsthand.

Anna Perry, SA-1340
A chilly November wind seemingly cut through my well-

worn blue jeans, patched in a few places from past encounters 
with barbed wire fences. Swinging a hammer in one hand, 
I followed my parents as they climbed up a strangely situ-
ated outcrop, the only topography for miles in the desolate 
Nevada valley. We stopped upon finding a layer of collapse 
breccia within the bedded jasperoid, and then each of us did 
a little hand-waving. Yes, I was home for Thanksgiving 2008, 
celebrated Perry family-style.

Although my family has partaken in adventures like these 
all my life, it was during my internship this past summer 
that I learned to love field geology and was further convinced 
that I wanted to pursue it as a career. After twenty years of 
spending time outside fishing, hunting and exploring ghost 
towns, and armed with the new knowledge I had learned in 
the classroom at the University of Nevada, Reno, I was chal-
lenged to look at Nevada landscapes with a new purpose: to 
learn about the regional geology of an area by identifying rock 
types and formations. My new experiences not only showed me 
the fun side of geology and made my parents a little easier to 
understand while on our family “geologic” outings, but they 
also convinced me of the importance of becoming a competent 
field geologist.

To further advance my education in geology and develop 
strong field skills, I have set a number of academic goals. This 
summer I plan to attend a geological field camp for six weeks 
to learn important skills like rock identification and geologic 
mapping, even though field camp is not required for my major. 
In order to take geology courses not offered at my university, 
in July of 2009, I will start my studies in an applied geology 
program in Australia for a one-year student exchange. While 
I am there, I intend to take courses and go on field trips to 
see the geology of another continent first-hand.

In addition to my academic goals, I have also made a num-
ber of career goals to help me prepare for a future in geology. 
While I am still studying at the University of Nevada, Reno, 
I plan to continue interning like I did last summer to gain 
professional experience before graduating. In particular, I am 
hoping to get the chance to intern and do field work while I am 
studying in Australia, during the Australian summer. After I 
graduate with a B.S. in geological engineering, I plan to work 
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for an engineering geology firm or a natural resource company 
and may eventually look into a graduate degree.

Now that I have set goals to gain the education and experi-
ence needed for a career in geology, I realize that I still have 
a great deal hard of work and career challenges ahead of me 
before they can be achieved. However, I know that if I never 
turn away from these ambitions, value the opportunities 
around me, work my hardest, use my strengths, and learn as 
much as I can in the classroom, at work, and even from my 
parents while in the field, I will rise to challenge.

Daniel Slane, SA-1492
My interest in geology has its origins in the gorges and creek 

beds around my old house in southern Colorado when I was 
child. It was here where I explored the sedimentary rocks and 
fossils and studied them. One of the more interesting things 
I found in the rock strata there, was a fish fossil. This fossil 
both fascinated and perplexed me, as clearly it was evidence 
that the environment was different, at some point, in the past, 
at the same location, that was at that time a semi-arid desert. 
My meanderings through these areas spurred my interest in 
learning more about not only current environments and how 
they form, but also about paleoenviornments. I want to become 
a geologist for a number of reasons, but the longest lasting 
and most important one is my love of studying the ancient 
environment; how it formed, what it means, and how we can 
use that information to our advantage in the present.

Another reason I am pursuing a career in geology is because 
I enjoy conducting research and investigating the unknown. 
Geology affords many opportunities for this, and the research 
that one can conduct is nearly limitless and will most definitely 
be applicable to modern problems.

The field of geology has always drawn me because it is one 
of the few fields of science that integrates many other scientific 
disciplines. Chemistry, physics, biology, and mathematics all 
have applications in the field of geology and information from 
these disciplines is routinely used by both field geologists and 
researchers alike. The application of these fields to geology 
makes a geologist a well rounded scientist with knowledge of 
many branches of science.

A characteristic of geology that has been of profound influ-
ence to me in my continued enjoyment and dedication to the 
field is the fundamental need for geologists. Whether it is locat-
ing coal, oil, natural gas, water, or the assessment of geologic 
hazards for a company that is about to build a factory, geology 
is an all-encompassing field that draws on many disciplines to 
provide part of the basic needs of modern society.

It is these attributes that make me continually interested 
in becoming a geologist. I know of few other fields with such 
exciting research that will most likely benefit modern society 
in such a tangible way. The integration of various scientific 
disciplines, the vast opportunities for research, the immense 
practicality of the field, combined with my life long love of 
studying the earth has resulted in a career choice that I am 
happy to pursue, and will always enjoy.

Mark Spindler, SA-1211

Why I want to become a geologist
I classify myself as  a geological scientist in training. I gather 

and analyze information about rocks, their field relationships 
and structural incongruences among Alaska’s diverse land-
scapes, while becoming a pioneering member of my community. 
Alaska harbors a great wealth of unique opportunities that 
enable me to test and hone my skills as part of the next gen-
eration of scientists in diverse geologic environments.

I am inspired by my studies in optical mineralogy and 
igneous/metamorphic petrology to relate magma generation, 
tectonic processes and historical evidence to present day 
geologic issues. Environmental remediation and assessment 
investigates liabilities related to economic geology, which are 
of great concern in this state.

I spent my younger days exploring out of doors for nothing 
but personal gain, arbitrary and imaginary. Those experi-
ences inspired a thirst to employ stewardship fundamentals 
into my daily life and long term goals. I recognized that the 
natural environment was created with variables that begged 
for a closer look. Three young children and a full family life 
dictated a steady paycheck and stability at home. Educational 
dreams and desires translated to my children; they would 
benefit more from the natural world interpretation that I 
could share than studying for long hours away from them. My 
family grew older and changed. It was time for me to pursue 
a professional career after 11 years as the home parent and 
part-time tradesman.

At the University of Alaska - Anchorage, I work as a 
laboratory teaching assistant, where my previous teaching 
experience (children) is applied daily. I connect with other 
students, postulating about current assignments, learning 
from our mistakes and rejoicing in our accomplishments. I 
maintain an overall grade point average of 3.65 (OPA), which 
is higher when considering only geology courses. I formulate 
my class choices to incorporate at least one geology course 
into each semester. This will keep my scientific mind fresh 
and present recurring application of previous knowledge to 
subsequent classes.

A burgeoning need for environmental education and 
application, even during slow economic times, encourages 
my decision to become a geologist. The moment for personal 
education is now, and I could not be more fervent about my 
choice of career.

START AN AIPG STUDENT 
CHAPTER TODAY!

The AIPG Student Chapter Manual is 
available on the

AIPG National Website at 
www.aipg.org or contact 
National Headquarters at 

(303) 412-6205
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EDITOR’S CORNER

Robert A. Stewart, CPG-08332

The Conceptual 
Site Model Hits the 
Newspapers, and Some 
Thoughts on AIPG’s 
Emblems

Geologic cross-sections are rarely pub-
lished by the mainstream print media, 
particularly newspapers. Most often any 
discussion of geology focuses on a natural 
disaster, such as an earthquake, and the 
accompanying graphic may simply show 
an epicenter and a fault line, or less 
frequently a simplified depiction of the 
plate tectonic setting, with a subducting 
plate shown as the earthquake trigger. 
While reading a recent Sunday edition 
(6/14/09) of the Hartford Courant I was 
surprised to see a simple cross-section 
through a Hamden, CT neighborhood 
that had been extensively filled prior 
to residential development. From bot-
tom to top the cross-section depicted 
the local bedrock, till, sand, waste fill 
and disturbed soil fill. Presumably the 
illustration was prepared from regula-
tory agency files, and was the sort of 
generalized drawing that could be used 
to introduce a conceptual site model of 
a contaminated site. In this case, the 
site is the Newhall Street neighborhood, 
which includes 200 homeowners who 
are understandably concerned by the 
14 identified dump areas underlying the 
neighborhood. 

The focus of the article was the 
industrial contamination in the fill, 
notably arsenic, lead and polyaromatic 
hydrocarbons. Historically the Newhall 
Street neighborhood was swamp and 
farmland, and filling was encouraged by 
public health officials beginning in the 
late 18th century because of concerns 
about malaria from mosquitoes breeding 
in the area. Filling continued through 
the 1950s, after which the neighbor-
hood was developed with private homes, 
a school, and community center. Soil 
testing in conjunction with a planned 
school expansion in 2000 revealed the 
extent and severity of contamination 

in the fill and local groundwater. Since 
then, Connecticut has reached an agree-
ment with certain responsible parties to 
fund a neighborhood-wide soil removal 
to strip contaminated fill to a depth of 
four feet, the state’s vertical limit for 
what is considering accessible soil in 
unpaved areas. Additionally, about 24 
homes will be razed due to structural 
damage from settling in the fill, as well 
as other factors. Neighborhood residents 
have challenged the state’s decision to 
excavate no further than four feet, as the 
fill is much thicker at many points. The 
school and community center were closed 
in response to the investigations.

Much of my training and experience is 
in geomorphology and glacial geology, so 
I’m always pleasantly surprised to see any 
reference to till in popular media, although 
in the Newhall Street story probably only a 
few readers recognized the meaning of the 
term and its significance as a local restric-
tive layer between the sand (ice-contact 
stratified drift) and bedrock. 

AIPG is approaching its 50th anniver-
sary in 2013, and several members have 
suggested to me that a redesign of our 
color emblem and other branding graph-
ics is in order to help commemorate the 
occasion. Coincidentally, in anticipation 
of Flag Day on June 14, another recent 
Hartford Courant article (6/12/09) dis-
cussed a change for the Connecticut state 
flag, and the reasons given by aspiring 
vexillologists are amusingly similar to 
the comments I’ve heard from members 
favoring a change for AIPG: “ugly and 
ordinary”; “symbolism is obscure”; “drea-
ry, uninspiring design”; “looks like many 
other state flags” – apparently the color 
scheme and layout is similar for nearly 
half of the state flags. At least the three 
cornerstone tenets of AIPG (competence, 
integrity, ethics) are straightforward as 

compared to Connecticut’s state motto, 
“Qui Transtulit Sustinet” or “He Who 
Transplants Still Sustains”. William 
Weir, who wrote the article, chose to 
save a discussion of the motto for a later 
occasion. Certainly if the flag layout is 
obscure, the state motto is no less so.

I have planned an article for a forth-
coming issue to show the membership a 
few of the preliminary suggestions for 
re-designed emblems, and I invite our 
readers to contribute their thoughts 
and alternative designs. This initia-
tive reminds me of my childhood in 
Canada, when, in the early 1960s, the 
Canadian government invited a compe-
tition for a new national flag to replace 
the Canadian Red Ensign that reflected 
Canada’s dominion status in respect 
to the British Parliament, a relation-
ship that was finally terminated by the 
Canada Act in 1982. A reported 2,600 
designs were submitted to the Canadian 
Parliament, and included just about 
every conceivable national icon – hockey 
sticks, polar bear, beaver, moose, cari-
bou, loon, maple leaf, Canada goose, lake 
trout, arctic char, etc. Public opinion was 
spirited as the options were narrowed, 
until finally the successful (present) 
design was accepted and raised for the 
first time in Ottawa on February 15, 
1965.  One critic promptly dubbed the 
new flag “Pearson’s Beer Label” after 
Lester Pearson, Canada’s prime minis-
ter at the time. 

Re-designing AIPG’s emblems is an 
opportunity to reinvigorate the symbols, 
and in a sense re-brand the organiza-
tion. AIPG’s golden anniversary is also 
a challenge for the membership to invest 
their individual and collective creativity 
in advancing the goals of the organiza-
tion through our various personal and 
professional activities.

 1 .Accessible at www.courant.com, edition of June 14, 2009.
2. Accessible at www.courant.com, edition of June 12, 2009.
3. Those who study flags – had I not read the article I never would have known.
4. For a brief history, see www.geocities.com/ouravonlea/canada-flag-hist.gif.
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Unfortunately, despite the talk, 
oaths, pledges, attention, and obsession 
with professional ethics, the practice 
of hydrology has not been without its 
scams. I recount here a few exam-
ples from my professional career as a 
program manager under the Resource 
Conservation and Recovery Act (RCRA), 
and the Comprehensive Environmental 
Response, Compensation, Liability and 
Recovery Act (CERCLA), better known 
as “Superfund”.

When Is An Aquifer Not 
An Aquifer?

In the early 1980s, while employed in 
Houston, I managed a water-resources 
consulting group. I was also a proj-
ect manager/senior hydrogeologist for 
hazardous waste site investigations 
and cleanups for projects in the U.S. 
Gulf Coast and South Central States. 
The projects brought me to industri-
al and abandoned industrial sites in 
Alabama, Arkansas, the Carolinas, 
Georgia, Kansas, Louisiana, Mississippi, 
Oklahoma, and Texas. This work was 
driven by the desire of clients to conform 
to the Clean Water Act (CWA), National 
Environmental Policy Act (NEPA), as 
well as RCRA and CERCLA. RCRA 
required sampling and characterization 
of waste; groundwater monitoring in 
wells constructed in the aquifer around 
hazardous waste treatment, storage, and 
disposal (TSD) facilities; hydrogeological 
assessments; Part A and B Permits; and 
in some cases agency negotiations, public 
meetings, risk assessments, remedial-
investigation and feasibility studies (RI/
FS), and site restoration. There were 
numerous scams, of course, to avoid or 
delay the cost and unfavorable publicity 
of RCRA’s cradle-to-grave waste man-
agement tracking and public disclosure 
requirements.

In one state, an eminent professor 
was for hire to certify that groundwater 

beneath specific industrial sites was 
not suitable as a drinking-water source 
either because of its poor quality or 
because of its restrictive hydrogeologic 
environment. Under these circumstanc-
es, the professor did not consider these 
water-bearing materials to constitute 
an aquifer, and so certified there was no 
aquifer to monitor under RCRA. Many 
industrial facilities in that state would 
file such a certification from this profes-
sor to the fledgling state environmental 
department as a RCRA exemption. This 
practice endured for several years before 
the state finally hired hydrogeologists 
and public health officials who ultimate-
ly read these RCRA exemption petitions 
and saw through this distortion, to be 
kind, or hoax, to be unkind. When you get 
unqualified technical staff in positions 
of regulatory oversight or enforcement, 
unscrupulous businesses may seize the 
opportunity to perpetrate fraud at worse, 
or, at best, compliance through scientifi-
cally problematic means. 

Years later, I met this same eminent 
professor at one of those annual confer-
ences dealing with hazardous materials, 
and I asked him about this business of 
water-bearing material not being an 
aquifer. He said he had no problem 
with it because EPA defined aquifer sev-
eral different ways. He said because the 
agency had several different definitions, 
he felt it was fine to use the definitions to 
the advantage of his paying customers.

Are These Samples Really 
These Samples?

Another RCRA and CWA scam was for 
facility water samples to be collected by 
engineering firms, but delivered to the 
analytical testing laboratory by facil-
ity personnel. More often than not, 
these facility-personnel samples were 
reported by the laboratory as below 
the analytical detection limits for the 
chemical constituents of concern; that 

is, “not detected,” or ND. If you lose 
the chain-of-custody, you may lose the 
samples to ringers or bottled drinking 
water. A variation of this is when the 
facility submits water samples which 
are marked as from monitoring wells 
or from the waste-effluent processing 
stream, but are actually from the drink-
ing water tap or bottled water drum. 
Several facility operations received large 
fines for this practice under the CWA; 
I used to cite them from the Freedom 
of Information Act (FOIA) reports to 
encourage my out-of-compliance clients 
to get into compliance. I wonder if the 
fined facilities ever paid up.

Of course, a good environmental audi-
tor might uncover that samples analyzed 
were not the samples collected, as I did 
on an assignment once. I was audit-
ing a wastewater treatment plant and 
observed black and smelly wastewater 
effluent leaving the plant as stabilized 
water. It obviously wasn’t treated. I 
asked the site manager about it, and he 
told me he had no wastewater treatment 
training, education, or experience. He 
said he was submitting bottled water 
samples to the regulatory agency, but 
marking it as treated effluent. He said 
he thought it was a good idea because 
it saved treatment costs, back-flushing 
downtime, and all that wasted money 
in monitoring water quality throughout 
the wastewater-treatment stream. The 
site manager said he didn’t want to 
embarrass his brother-in-law who gave 
him the job.

Switch My List, Please
Still another scam was the switch-

ing of the parameter testing list. In 
this scenario, a reputable engineering 
firm collected the facility water samples 
and delivered them to the laboratory, 
with trip blank and duplicate samples. 
However, the facility manager called 
the laboratory and gave the facility’s 

Selected Hydrology Scams 
from RCRA and CERCLA 
Practice

Barney P. Popkin, CPG-06547
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SELECTED HYDROLOGY SCAMS

preferred parameter testing list to the 
laboratory. In this way, for example, a 
facility producing organic solvent wastes 
and storing such in a TSD would have 
an outside firm collect the water samples 
from its monitoring wells, but would 
instruct the laboratory to analyze them 
only for heavy metals, which were not in 
the facility waste stream. The laboratory 
would perform the tests as instructed, 
and report that the metals concentra-
tions were below regulatory action levels 
or even ND. The facility would report 
to the state environmental agency that 
the quarterly monitoring samples did 
not detect contaminants above the level 
of concern.

Amazingly, it took years before state 
regulatory agencies got around to audit-
ing and uncovering these practices. Or 
course, a good environmental auditor 
might uncover this the switched param-
eter list, as I did on an assignment once. 
I asked the site manager about it. He told 
me he didn’t want to embarrass his boss 
so he switched the parameter list.

Revenge of Abandoned… 
Gravel Quarries

Here is another case from a memorable 
project site in a state with a long history 
of such skullduggery and practice, I am 
afraid. The pictureseque, pine-forested 
Gulf Coast site contained abandoned 
gravel quarries. Over decades, the spent 
quarries had been filled in with toxic, 
raw industrial wastes – mostly spent 
acids, pickling, and heavy metals wastes. 
Over the years, the quarry pits had 
largely filled up and some shrubs took 
root. The area became a popular recre-
ation and camping area, but sickness 
was traced to it from sampling springs, 
and the area became classified as an 
abandoned hazardous waste site under 
CERCLA. CERCLA was draconian in 
several aspects: it was retroactive; it 
had joint and several liability; and the 
USEPA could sue the potentially respon-
sible party (PRP) even if a minor player 
but still solvent, for triple damages if the 
feds had to investigate and clean it up.

Although infested with abandoned 
gravel pits, the site had a year-round 
resident family living on it as caretakers. 
Although the groundwater monitoring 
wells at the site were carefully locked 
and warning signs were posted, ground-
water-sampling crews frequently found 
that the locks were broken and missing. 
The caretaker family had no piped-in 
drinking water supply. They were very 

happy to have access to a reliable, sus-
tainable groundwater supply. The family 
was siphoning off water contaminated 
with hazardous waste from the moni-
toring wells for domestic use, including 
drinking. They didn’t think a thing was 
wrong with this practice.

What Site Workers Know 
Can Really Hurt You

Another case from a memorable proj-
ect site in the same state as the previous 
example involved a refinery adjacent to 
a major port, city, and ship channel. The 
tunnel under the ship channel had to be 
closed from time-to-time because toxic 
fumes would randomly appear and irri-
tate motorists. The fumes were identified 
as benzene and toluene at concentrations 
way too high to have originated from 
vehicle motors in the tunnel. A construc-
tion contractor had installed the RCRA 
monitoring wells at the refinery, but the 
white, six-inch diameter polyvinyl chlo-
ride casings and slotted pipe were not 
grouted in and would easily rotate and 
even rise. The casings and slotted pipe 
were not even standard well materials, 
but PVC used more commonly for water-
utility pipelines. These “loose wells” 
were obviously the product of a low-cost 
pipeline contractor trying to expand its 
business into groundwater monitoring 
but with little or no technical expertise. 
Moreover, quarterly groundwater sam-
pling showed a very wide variation in 
the types of parameters detected and 
their concentrations between wells, and 
from one sampling event to the next. The 
contractor’s quarterly report presented 
the analytical results with no explana-
tion or evaluation as they did not have a 
hydrogeologist on staff or on call. Finally, 
after several sampling quarters, the 
refinery management replaced the con-
tractor with my team of hydrogeologists, 
geologists, and technicians.

We immediately laid out a ground-
water monitoring scheme and hired a 
driller to install and develop a proper 
monitoring well network. We also decid-
ed to get as much information as we 
could from the existing loose wells, as 
there were no drilling logs or data other 
than water-level measurements, which 
of course made no sense as the top of 
casing elevations floated, plus labora-
tory analyses that also made no sense.. 
In fact, some of the analyses included 
high levels of chemicals that were not 
even from processes in the refinery, 
nor were the chemicals by-products of 
refinery wastes. For example, high con-

centrations of chromium and cadmium 
typified some sampling events, with the 
concentrations of the same metals falling 
to NDs in the same wells when sampled 
a few months latter. On my first day out 
on the site after we had negotiated the 
contract, I was there to run some geo-
physical logs in the loose wells, using a 
portable logger, to see if we could identify 
and map the stratigraphy.

A workman came out of a machine 
shop carrying a five-gallon bucket. He 
walked up to one of the six-inch diam-
eter PVC casing caps. He removed the 
cap. He poured the bucket of machine 
shop waste down the monitoring well. 
I asked him what he thought he was 
doing. He told me that the shop fore-
man told him to get rid of the liquid 
wastes, and it was the routine practice 
for him or any of several workers to pour 
the wastes down the monitoring wells, 
which they assumed were dry wells. I 
had this worker accompany me to the 
plant manager. I explained what I saw. 
The worker confirmed it as a matter of 
fact, just a normal routine practice, no 
big deal. The plant manager appeared 
shocked. I never knew if it was real shock 
or an act. Soon after this meeting, the 
fumes in the ship-channel tunnel were 
no longer an issue.

Unfortunately, in pre-RCRA days, 
it was not uncommon for industrial 
facilities to have dry wells, or wells which 
ended in the vadose or unsaturated 
zone; some plant managers in those 
days thought it was a fine practice to 
dispose of industrial waste by pouring 
them down these dry wells. This was 
in the days when “away” meant “out of 
sight.” No more!

Mr. Popkin is a California Professional 
Geologist and Registered Environmental 
Assessor, and former USGS Hydrologist 
and USAID Foreign Service Officer. 
He has over 40 years of experience in 
water, sanitation, wastewater, and solid 
and hazardous waste management, and 
environmental assessment and mitiga-
tion in the U.S., Asia, Latin America 
and the Caribbean, Middle East, and 
North Africa. Mr. Popkin has over 100 
publications in these technical areas. 
He has taught at U.S. universities and 
colleges, and, since 2003, trained over 
2,000 U.S., host-country, and foreign-
agency staff in environmental engineer-
ing for USAID. Mr. Popkin is currently 
a consultant and may be contacted at 
barney@popkin.biz.t
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……..of Science, Religion 
and Politics

Sam Gowan, CPG-07284

Perhaps it is not wise to mix science 
with religion and politics, but our politi-
cal and religious leaders do not see it that 
way, and I am not one to shy away from 
the risk. After all, religion and politics 
have a great influence on our profession 
both positively and negatively. Politics, 
and the economic ramifications of policy, 
drive the viability of all aspects of our 
profession, while religion influences the 
training of budding scientists and affects 
the perception of the public when profes-
sionals relay scientific concepts to the 
public. Religion also influences public 
policy in areas of science.

I was inspired, in part, to write this 
article to celebrate some milestones 
and to urge us onward in our efforts to 
educate others in the matters of profes-
sional geology and related sciences. You 
should all be aware that the exoneration 
of Galileo was completed by the Vati-
can in March of 2008, 375 years after 
confinement by house arrest for his 
heliocentric theories. This event was 
preceded by a statement from Pope John 
Paul II, in 1992, in which the church 
officially conceded that the earth is not 
stationary and that the whole Galilean 
affair was handled poorly by the church1. 
The importance of this action is not so 
much to do with the facts of the matter, 
but rather the forward looking changes 
occurring within the Catholic Church 
with regards to matters of science. This 
was underscored in March of 2009, 
when the Vatican hosted a conference on 
Charles Darwin to show that the Vatican 
is not opposed to science and evolution-
ary theory and to distance the Vatican 
from creationism or intelligent design2. 

This position by the church shows that 
perseverance of the scientific commu-
nity pays off; however, the challenge is 
still present as illustrated by Executive 
Director Bill Siok’s call to action to 
encourage the Texas State Board of 
Education to implement an earth science 
curriculum that is free from the non-
scientific elements that were proposed in 
January, 2009. The efforts by AIPG, and 
more than 50 other scientific and educa-
tional groups, weakened the creationist 
language in the amendment, but did not 
fully eradicate non-scientific elements in 
the Texas science standards3.

This persistence of the anti-science 
movement in religion and politics is 
troubling despite the clear victory of the 
separation of church and state in the 
Dover, Pennsylvania intelligent design 
case (Kitzmiller v. Dover Area School 
District) that was tried in Federal Court 
in 2005. The Dover case involved an 
attempt by the Dover Board of Education 
to insert intelligent design into the biol-
ogy curriculum. One of their motives for 
this was a sense by some of the Board 
members that the lack of religion in 
education is causing an erosion of ethics 
and integrity in our culture4. The irony 
of this was not lost on the court when it 
became apparent that a Board member 
and another citizen promoting intel-
ligent design vandalized property and 
lied under oath. This irony is certainly 
not lost on AIPG.

The political overtone of the Dover 
case can not be overlooked. Presiding 
Federal Judge Jones was appointed by 
the previous administration. The judge 
showed his independence and knowledge 

of the value of science when he ruled 
against the School Board and expressed 
his opinion that past and future break-
throughs in medicine and other fields of 
scientific research depend on teaching 
good science in our public institutions.

Political influence on science is not 
restricted to evolution or the past admin-
istration. The current administration is 
addressing the issue of climate change, 
which carries with it serious pitfalls if 
society does not act in a rational man-
ner. The administration is considering 
significant regulations, such as cap and 
trade, to control CO2 emissions, and 
radical technologies, such as shooting 
pollution particles in the upper atmo-
sphere, to stop global warming5. These 
contemplated actions potentially could 
have significant economic and environ-
mental ramifications that need to be 
well-considered before implementation, 
particularly since the current data from 
NASA show a short-term, multi-year, 
cooling trend6 that was not forecasted by 
the models that are the basis for project-
ing future climate change.

The actions contemplated to address 
climate change appear to be predicated 
on the opinion that there is a scientific 
consensus on the anthropogenic causes 
and that we are approaching a tip-
ping point that will yield great global 
disasters. It became readily evident to 
AIPG, derived from our climate change 
questionnaire and the deliberations of 
the AIPG Ad Hoc Committee on Climate 
Change in 2008, that there is no consen-
sus on climate change within our mem-
bership. This lack of consensus extends 

1. New Scientist, 1992, see www.newscientist.com/article/mg13618460.600-vatican-admits-galileo-was-right-.html
2. The Daily Gazette, 2009 – The Daily Gazette-March 4, 2009, World/National Section of the Schenectady Gazette, Page A2-Vatican no 

opposed to evolution theory, or see daily.swarthmore.edu/2009/2/19/gilbert-vatican
3. National Center for Science Education, 2009 – see ncseweb.org/news/2009/04/setback-science-education-texas-004710.
4. See NOVA program “Judgment Day – Intelligent Design on Trial”, PBS.org.
5. See msnbc.com, 2009 – msnbc.msn.com/id/30112396.
6. See http://data.giss.nasa.gov/gistemp/2008/.
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well beyond the scientific community 
represented by AIPG.

It is paramount for AIPG to persist in 
our outreach to the political leadership. 
This is not an easy task due to the appar-
ent fact that our politicians are guided 
more by those that surround them than 
by input from outside sources like AIPG. 
Our efforts are further threatened by an 
attitude in some non-scientific circles 
that science is better explained by non-
scientists. I read in an article in the 
magazine “Miller-McCune” (June/July 
2008) that “whether the target of ordi-
nary misunderstanding, political rheto-
ric, industry-funded manipulation or all 
of the above, science – with its insistence 
on acknowledging even the smallest 
doubt in qualifying even the most likely 
finding – is ill-equipped to speak for itself 
in public.” I began to receive unsolicited 
copies of this magazine soon after we 
started the work on the AIPG Climate 
Change position statement. Despite 
my recoil from the implication of the 
“Miller-McCune” statement, it offers an 
important issue that we must address. 
Our challenge is to not only reach out 
to those in charge of public policy, but 
to offer information in a form that will 
be heard. The ability to reach our politi-

cal leadership is not enough. We must 
be able to speak with wisdom when we 
get there. Our first and fundamental 
step in that process is through the dis-
semination of high quality information 
to our membership through technical 
conferences and publications. The next 
step is to gain access to those that guide 
our political leadership. We have a great 
challenge before us.

Sam Gowan is President of Alpha 
Geological Services, Inc. (Alpha 
Geoscience) in Clifton Park, New York. 
He has been working as a consult-
ing geologist for 29 years on a variety 
of projects related to surface water, 
ground water, minerals and energy. He 
is a Past-President and co-founder of the 
Hudson Mohawk Professional Geologists 
Association. Sam is a director and also 
a Past-President of the New York State 
Council of Professional Geologists, which 
is promoting the development and licens-
ing of geologists in New York State. He 
is currently a licensed/registered geolo-
gist in Pennsylvania, Texas, Illinois and 
Missouri. Sam is on the current ballot for 
AIPG National President-Elect.
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Robert G. Font, CPG-03953

Answers on Pages 36

TEST YOUR KNOWLEDGE

1. This type of curved “sand dune” typically develops around a “blowout” with “horns” pointing upwind. These dunes require 
abundant sand supply and may be found near beaches with “horns” anchored by vegetation:

 a) “barchan” dunes
 b) “transverse” dunes
 c) “parabolic” dunes

2. The terms ‘mountain flax”, “mountain leather”, “mountain cork” and “mountain paper” best refer to this mineral group:                                                                                 

 a) asbestos
 b) iron sulfides
 c) vanadates

3. You wish to study the geology and ecology of coral reefs. In general, which of the following terms describes an area to do 
just that?

 a) Moulin
 b) Motu
 c) Bolson

4. A strength test is conducted on 
a sample of earth material. The 
sample is compressed until failure, 
whereupon shear fractures develop. 
The major principal stress (P1) is 4.95 
kg/cm2, the deviatoric stress is 3.02 
kg/cm2 and the angle between the 
minor principal stress (P3) direction 
and the shear fractures is measured 
right at 60 degrees. Assume that 
the intermediate principal stress 
(P2) is equivalent to P3. If we con-
struct a Mohr circle of stress for this 
test, what values of maximum shear 
stress (τmax) and shear stress at 
failure (τ) apply? 

 a) τmax = 1.51 and (τ) = 1.31.
 b) τmax = 3.21 and (τ) = 3.02.
 c) τmax = 0.31 and (τ) = 0.11.

www.geodm.com or
www.aipg.org
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PRESIDENT’S MESSAGE

John L. Bognar, CPG-08341

The Federal Government’s 
Role in Our Lives-When 
Science is Politicized, 
Society and Your 
Profession Will Suffer

President Thomas Jefferson was irate 
at preceding President Adams for swell-
ing the employment roles of the entire 
federal government to 82 employees. 
None-the-less, Jefferson having great 
interest and being well learned in natu-
ral philosophy (now called science) knew 
the value of unbiased science to society 
and dedicated federal funds to scientific 
discovery. Jefferson was a technically 
informed President with great inter-
est in gaining more and more scien-
tific knowledge, so much so that he sent 
Lewis and Clark to explore the interior 
of the continent. The scientific discov-
eries within and about the land of the 
Louisiana Purchase were employed for 
the greater good as private sector capital-
ism later developed and made the most of 
the land and its vast natural resources. 
Jefferson simply presented the informa-
tion gained in the great expedition to the 
public sector, which in turn, independent 
of the government and unencumbered by 
government regulation, built on these 
lands the vast breadbasket of the world. 
I wonder how many billions of people 
have benefited from this great American 
success. That was then. Fast forward 
to today. Make no mistake, in this the 
greatest nation; the proper view is the 
glass remains half full, but it is our duty 
as Americans to be vigilant. 

Two months have passed since AIPG 
sent letters offering our position and 
assistance regarding climate change 
and the debate on carbon cap and 
trade legislation to; President Obama, 
Secretary of Energy Chu, Speaker Nancy 
Pelosi, House Republican Leader John 
Beohner, Senate Majority Leader Harry 
Reid, and Senate Minority Leader Mitch 
McConnell. There has been no response, 
not even a courtesy reply saying thanks 
but no thanks. Of course I realized 

before I sent those letters that AIPG 
is not on the radar of people like those 
mentioned above. No matter how impor-
tant we geologists think or know we are 
to society, as a single “political” voice 
geologists are inconsequential at best to 
those possessing political power at the 
federal level. Even though geologists do 
not yield political power on the federal 
stage, throughout our land there are 
many highly talented and much needed 
federally employed and state employed 
geologists doing great work for our soci-
ety. The work and opinions of those gov-
ernment geologists is significant enough 
in the eyes of the federal budget writers 
to be funded every year, and that is a good 
thing. Conversely though, the indepen-
dent private sector geologic community 
is not typically included in the political 
process, as we are too meager in numbers 
and finances to force ourselves onto the 
political scene in a meaningful way. For 
example, when it comes to something 
as important as carbon cap and trade or 
carbon tax legislation, we do not see the 
current administration or those in the 
majority in the Congress listening to all 
points of view and it seems they do not 
want to hear from independent groups 
of the technically informed. 

Economists say carbon cap and trade 
is a tax on energy that will amount to an 
increase of $70 – $100 
per month in electric 
alone for an average 
home (whatever that 
is). And the tax will add 
at least $1.00 to a gallon 
of gasoline. Those who 
heat with natural gas or 
oil will be in for a very 
rude awakening as well. 
The yet to be quantified 
added cost of energy 

increases to industry, of course will be 
passed on to the consumer as well. There 
is hidden cost to the American way of life. 
Once the price of domestically produced 
products and services goes too high due 
to a carbon tax, the doors are opened even 
wider for the importation of foreign goods 
and services and the export of American 
jobs. Given this significant financial tax 
on energy users, as unpopular as this 
may be with some geologists, I believe 
the debate on anthropogenic climate 
change should continue, but I doubt that 
will happen, for the Congress controls 
the agenda, and the scientific commu-
nity does not. You have heard those in 
the incumbent party say “The science is 
in, the debate is over”. Whether right or 
wrong, those who doubt climate change 
and the anthropogenic causes of climate 
change are not having their opinions 
heard in Washington DC. It is probable 
that carbon cap and trade or a direct 
carbon tax will pass this year with some 
of the science regarding global climate 
change being completely ignored by the 
politically powerful. 

While I am complaining about the 
government, I might as well complain 
about its unrestricted growth and its 
bent toward  extreme environmentalism. 
As the federal government bureaucracy 
grows larger and as it becomes friendlier 
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to the powerful environmentalist lob-
bies; metals mining, aggregate mining, 
oil production, coal use, even water pro-
duction and land development, etc., are 
more and more viewed as odious. What 
an outrage! These are the very things 
we need not only to maintain our unique 
American lifestyle and economy won 
with the blood of countless thousands of 
American military dead, but these are 
needed for our very existence. 

Maybe not tomorrow, maybe not next 
year but certainly within a generation, if 
the current political trend of nationaliza-
tion of industries, high corporate taxes 
and government support of extremist 
environmentalism continues, indepen-
dent private sector geology jobs will be in 
jeopardy. Not going to happen?  Banks, 
automobile companies and insurance 
companies have been essentially nation-
alized, and with more and more burden-
some regulation added to boot.

What industry is next? Congress-
ional Representative Maxine Waters, 
Democrat of California, seized on the 
profit of ExxonMobil in 2007. She pound-
ed on Senior Vice President, J. Stephen 

Simon, demanding to know if gas prices 
would be lower if the company earned 
a few billion dollars less. While Waters 
was irate at ExxonMobil’s 40 billion 
dollar profit, she was unaware that 
ExxonMobil paid 27 billion in corporate 
taxes, not to mention that shareholders 
paid capital gains tax as well. Waters 
recommended that the American oil 
industry should be nationalized if large 
profits and high gasoline prices contin-
ued. Nationalizing the oil industry would 
eliminate jobs of private sector petro-
leum geologists and geophysicists. How 
myopic! Eliminating the private sector 
in petroleum exploration and production 
would reduce the domestic production 
of oil and gas drastically, because that 
would eliminate creative thinking and 
technical advancement made necessary 
by the competitive spirit of the industri-
ous private sector.

I pray I am wrong about this, but 
if the role of the private sector geolo-
gists is eventually marginalized by our 
increasingly statist government, work by 
and opinions of the private sector geolo-
gist will further dwindle in importance, 

especially to those in political power. We 
geologists know without doubt our ser-
vices and knowledge are needed for our 
society to thrive or even exist. Geologists 
also know that healthy, truthful techni-
cal debate is a vital component of the 
scientific process. But if the federal 
government continues its pace of growth, 
eventually more and more geology will 
be done only by government geologists. 
I am not suggesting that corruption 
exists in the geologic arena of the federal 
government sector, however funding of 
work done by the government is provided 
by the government and reported to the 
government. If science is politicized, 
a question of whether truly unbiased 
work can always be done by the govern-
ment sector geologist if his job becomes 
jeopardized by findings unfriendly to 
the political winds. Therein is the value 
of the opinion of private sector geolo-
gists and the caution we must exclaim 
toward too much and certain brands of 
government.

Have you received an email from AIPG Headquarters recently? If the answer to this question is NO, then you need to 
contact AIPG Headquart-ers and update your email. You may contact us at aipg@aipg.org. You may also login to the 
website (www.aipg.org)  and update your information. You may also contact your section officers with your email update.

AIPG sends out notices on seminars, conferences, scholarship information, and section newsletters. Headquarters receives 
several hundred return emails due to incorrect information in our database. 

If you do not have aipg@aipg.org on your approved senders list, then you need to. Please add this email to your approved 
list of senders. So please update your email. You might be missing out on some very important information.

AIPG Section 
Websites

AIPG Section Website links 
are on the AIPG National 
Website at www.aipg.org. 
Click on the top right drop 
down menu and click on 

Section Websites. If your sec-
tion does not have a website 
contact AIPG Headquarters 

to get one setup (wjd@aipg.
org). AIPG Headquarters will 
maintain a website for your 

section. Several sections 
(AZ, CA, CO, FL, GA, HI, IL 
Chapter, MI, MO, NM, OK, 
PA, and TN) are examples 
of websites hosted by AIPG 

National.
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The Future of 
Geosocieties

Surveys suggest that the total popu-
lation of practicing geoscientists in the 
USA is between 100,000 and 150,000. 
Geologic societies number in the hun-
dreds. The ability of our profession to be 
heard and exert an impact upon society 
is jeopardized by our small numbers and 
by the disproportionately large number 
of geosocieties either competing or try-
ing to accomplish the same objective 
independently.

Consider that other professionals 
outnumber the geoscience community 
by very large numbers. Estimates are 
that 2-3 million engineers (of every dis-
cipline) are employed in the USA. The 
AMA (American Medical Association) 
records about 650,000 practitioners, the 
ABA about 400,000. All are aware of 
and exert their clout on the state and 
national level. The geoscience profession 
can’t match it. 

Geosocieties must make concerted 
efforts to cooperate more completely and 

on a permanent basis. Each geoscience 
organization would like to devote more 
financial resources to accomplishing 
their respective missions. Some societies 
are barely holding on and some societ-
ies are losing relevancy. Cooperation is 
the essential ingredient to survival and 
reassertion of relevancy.

As a profession it is imperative for 
geoscience to cease the inward gazing, 
and through new cooperation among 
professional associations, direct full 
attention to the world outside our own. 
Geoscientists can make an impact only if 
they work more diligently toward a con-
solidation of efforts. This doesn’t mean 
sister societies need put aside respec-
tive missions, only that these missions 
be complimented by a greater mission, 
namely the assurance of a future for 
our chosen profession. An aspect of the 
future may even be a greater effort on 
the part of the geoscience community to 

address the larger scientific issues facing 
the world.

What if the geoscience profession took 
a few steps to assure a viable future for 
the geosciences? For example:

Eliminate duplicative missions. Many 
member societies engage (more should 
engage) in advocacy work at the state or 
national level, support student activities, 
and publish news letters or news jour-
nals. Why not cooperate even more close-
ly, say through the AGI Congressional 
Visits day? The voice of the geosciences 
can be louder and more effective through 
routine cooperation.

Cooperate in Educational Programs. 
Geoscience societies must redouble 
efforts cooperate in efforts to alert law-
makers to the role of geoscience and geo-
scientists in relationship to regional and 
national interests. Geoscience societies 
should collaborate in work of this nature, 
since is a low cost means of reaching a 
large number of decision makers.

Continual assessment of the status 
of respective societies is called for, and 
honest efforts made to collaborate on 
significant issues.

www.geodm.com or
www.aipg.org

Join us in 
Grand Junction 
for a field trip to 
The Grand Valley 

Winery
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Should We All Be Using 
Social Networking Sites 
for Business Networking? 

Professional networking, establishing 
contacts, and maintaining relationships 
with others in our profession that extend 
beyond those with whom we regularly 
work, has been an important part of 
personal professional development for 
as long as professions have existed. 
Going to local, regional, and national 
professional society meetings, becoming 
active in one or more of these organiza-
tions, and keeping in touch with former 
classmates, co-workers, and others we’ve 
met have been the traditional network-
ing methods. These networking methods 
are easier for those of us located in cities 
with a lot of other geoscientists. Those 
living in more remote communities have 
to work at making connections and 
maintaining them because of geography. 
The widespread use of e-mail has made 
a huge difference in the ability to keep 
track of professional contacts regardless 
of geography. 

Additional forms of electronic net-
working are evolving. Having not grown 
up with computers and their instant 
electronic connections, I have not paid 
much attention to MySpace, Facebook, 
Linkedin, and other networking sites. 
I’ve never used instant messaging or 
phone texting (what’s wrong with call-
ing or e-mail?) and don’t see the point 
of Twitter. But I am becoming aware of 
the importance of such sites in the lives 
of younger professionals. 

I recently received an invitation from 
a young colleague requesting that I join 
her Linkedin.com network. I’ve also seen 
TV and newspaper articles about the 
dos and don’ts of participating in social 
networking sites such as MySpace and 
Facebook. Social networking websites 
are very popular with those who grew 
up with computers and such sites are 
increasingly visited by those reviewing 

job applications. These searches have 
led to the news stories warning about 
the pitfalls resulting from postings of 
photos from parties, spring break adven-
tures, etc. that are not part of what one 
wants in one’s professional profile. While 
MySpace and Facebook are very popular 
social networking sites, Linkedin is a 
site specifically designed for professional 
networking. 

I’ll be the first to admit to general 
ignorance of such sites, so I requested 
the help of AIPG’s younger and student 
members and other younger professional 
colleagues, asking them to contribute 
their thoughts on the importance of such 
sites. What do you use them for? How 
much time do you spend reviewing them? 
Are they important to your professional 
life? How? Their responses follow.

Erik Ronald wrote, “You’re inquiry 
is well timed. In the past two weeks I’ve 
set up my Facebook profile and just yes-
terday had a lengthy discussion with the 
SME Young Leaders group on the role of 
Facebook (and other sites). Personally, I 
think these social networking sites are 
more a waste of time than anything else 
but that they do allow people to keep in 
constant contact with each other and 
share a lot of information. SME has 
recently set up a Facebook profile to 
keep people connected and encourage 
discussion. I think it is mostly geared to 
obtaining and retaining younger mem-
bers. Also, the SME Young Leaders set 
up a Yahoo Group web page about a year 
ago for us to discuss items and post docu-
ments, which has proved very helpful. 

“I guess constantly checking these 
various web sites, email, and phone (text 
and voice) just becomes second nature to 
a lot of young people. I think we’re seeing 
more and more organizations trying to 
tap into this need to be connected with 
various degrees of success. I’m forc-
ing myself to check the Young Leader 
Yahoo group site about once a week and 
haven’t really dived into Facebook as an 

avenue for professional connection or 
networking but it seems to be going in 
that direction. 

Jeannette McGill noted, “I’d be very 
interested to see what other profession-
als are making of this [discussion]. My 
impression is that as a generalization, 
most geologists aren’t the most techno-
logically friendly of folk and it’s hard to 
replace face time over a beer. I’m sure 
as more and more younger profession-
als find themselves caged in cubicles 
and glued to the computer all day (and 
night) we’ll see things such as Facebook 
gain in popularity.

“Firstly, to be honest it has been 
with reluctance that I have joined the 
sites you refer too but…the need to 
keep abreast led me to it and I have no 
regrets so far.

“Therefore second, my views on each 
site I belong to are:
• Facebook: for connections to current 

and past school friends
• MySpace: mostly friends associated 

with, and who are, music bands
• Linkedin: professional network of 

present and past colleagues, profes-
sors, mentors, and conference net-
works
“I am a new member to Linkedin—it 

was suggested to me as ‘the’ way to go 
by 2 CEOs at the PDAC in response to 
a request for suggestions to advancing 
one’s career. For professional reasons I 
do recommend Linkedin—the interest 
groups do contain interesting informa-
tion, and the potential network access 
is tremendous.

“All these sites inform you of any 
messages, etc. in your email anyway so 
I monitor each site via emails only. (You 
can read full messages in your email 
too.) I actually login to the sites with 
varying regularity. Linkedin presently is 
daily, Facebook is weekly and MySpace 
is monthly. However certain friends 
refer to such things as being addicted to 
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checking the sites, but as I do not own a 
‘CrackBerry,’ I do not have the problem 
of forever being on the sites! Or maybe 
it’s a function of how much other stuff 
I’m doing or my age?!

“Do any of the sites provide anything 
that a phone call or email cannot do? 
Probably not. However, the opportunity 
to expand one’s professional network 
via Linkedin is definitely a driver for 
signing up.”

Jessica Hansen, MEM-1552, 
described the changes in her networking 
habits after going from college to profes-
sional life. “I grew up with computers and 
was heavily involved in social network-
ing in college. First, it was MySpace but 
when that became the general public’s 
playground Facebook was the new ‘it’ 
site. Then it was for college kids only 
and maintained it exclusivity but now 
that anyone can get an account (and I’ve 
become a part of the Professional crowd) 
Linkedin is definitely the site. Now 
I’ve left college and my 24/7 computer-
hitched life, but still see huge advantages 
to an electronic professional community. 
With so many people losing their jobs and 
landing at new firms I’ve found it to be 
a great way to keep up with clients and 
friends moving around. Twitter is for the 
birds—I still don’t know what that’s all 
about, but I found out about it from Fox 
News (uggh to admit that), so what do I 
know about what’s hot this season?”

Alysen Pedersen, Student, contrib-
uted the following comments on the 
importance of social networking, par-
ticularly for those who move to a new 
city. “As a young geologist who just 
relocated to another city, websites such 
as Facebook helped me tremendously to 
deal with the whole move. It’s hard to 
leave a life behind, and many people do 
not apply for jobs because of this reason. 
Social networking websites offer a way 
to feel like you are still part of the group 
you left behind. At the same time, you 
can use Facebook to find people similar 

to you in your area, so Facebook can act 
as a way to meet new people.

“The ability to post pictures of cur-
rent activities (unrelated to the job) that 
you’ve done, and post blogs about those 
activities is very helpful, both for the 
writer and the reader. My mother, who 
lives states away from me, loves to read 
my updates on my blog site. It helps her 
see what I’m up to, and the pictures add 
depth to the whole thing. My brother also 
has a blog site, so I can see how he and 
his children are doing, as well as print 
updated pictures of them for my home.

“On average, I update my blog site 
twice a month. I check my brother’s site 
about once a month. Facebook, on the 
other hand, I check daily, because it 
allows me to see what my friends are up 
to, and allows them to see what I’m up to, 
or when I’ll be coming into town next.

“I am not a member of Linkedin, so I 
cannot comment on that site. As for the 
importance of these sites with respect 
to my professional life, they help to ease 
me in to living in another area, so I will 
be more willing to apply to places out of 
state, or out of country.

“As a rule of thumb, I never mention 
anything work-related on my blog site or 
social networking sites.”

Chris Mabbett, MEM-0828, com-
mented on the communication efficiency 
he achieves using Facebook. “These 
online groups, i.e., Facebook, Linkedin, 
etc. are more of a keeping in touch tool. 
I still believe that a good phone call is 
the way to catch up with business associ-
ates and friends. Facebook and Linkedin 
provide a pathway to search for long 
lost friends, keep in touch with people 
across the oceans, and keep in touch with 
people who you just don’t have the time 
or desire to call on the phone. I spend on 
average 30 minutes a day on Facebook. 
The one thing I will say is that I contact 
more people in that 30 minutes than I 
would ever get to on the phone. As for the 
business aspect, I have not received any 
business by using Facebook. I do not feel 
they are important in my professional 
life at all. I feel that people use Facebook 
either to keep in touch with friends or to 
brag on how good/bad their life is.”

Candice Adkins, SA-1259, reported, 
“I’m currently a graduate student in 
hydrology at the University of Arizona. 
My generation has grown up on comput-
ers and I would say that these network-
ing websites started just for keeping in 
touch with friends and have done a great 
job at helping us to do so. They have also 

opened an ugly door of people revealing 
way too much without realizing just how 
many people can see their posted infor-
mation. However, as I’ve gotten older, 
professional networking websites such 
as LinkedIn have served me to reconnect 
with alumni from my academic programs 
and people who have similar research 
interests to me.

“Specifically, these websites can pro-
vide us with the opportunity to network 
when meeting face to face is impossible. 
For instance, I’m trying to move back to 
Colorado after school and LinkedIn has 
helped me to fine some companies I may 
want to apply for a position with as well 
as helped me to identify where people 
with similar research interests work. My 
advice: stick to professional networking 
websites to help you meet people you may 
not meet or see in person. Otherwise, 
having your social life posted on the 
internet is somewhat hazardous.”

Nick Swiger, CPG-11237, admitted 
that he is not a user of networking web-
sites. He cautioned, “One of the biggest 
downfalls that I foresee with these forms 
of communication is the lessened ability 
to deal with issues and confrontation—
it’s all too easy to write a scathing email 
or posting rather than meeting/calling 
and discussing.”

Derek Pizarro, MEM-0818, 
described his e-networking as follows, 
“I have found that the majority of young 
professionals in the engineering, envi-
ronmental, and consulting fields main-
tain a Facebook account. This holds 
true for most industries from what I 
have seen. There are also those that 
are absolutely in love with Twitter as a 
form of communication; however, most 
engineers and scientists I work with 
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do not maintain an account because 
‘tweets’ (twitter bloggings) are usually so 
short and meaningless, no real depth to 
the information provided. The contents 
in most tweets are usually similar to 
Facebook or LinkedIn ‘status’ or wall 
postings anyway, plus listings on these 
networks allow the user to do so much 
more than a tweet. While not as informal 
as MySpace, Facebook does not make for 
a good place to meet serious professional 
candidates and acquaintances because of 
its highly informal atmosphere (our HR 
has contacted a few candidates for job 
openings with Facebook that did work 
out, but they have had much better suc-
cess through professional networking 
via phone and LinkedIn). 

“Lately, a lot of young professionals 
have started creating LinkedIn accounts 
for the reasons you outlined in your email; 
they want separate social networks for 
work and free time, determining that 
free time actions could be detrimental to 
work or professional interests for various 
reasons, such as employment, hiring, 
and client interaction. 

“I haven’t had the need to use LinkedIn 
for job listings, thankfully; however, sev-
eral colleagues and friends have utilized 
the networks they have created to get 
hired or hire for their firm. I have used 
LinkedIn to keep in touch with former 
bosses and coworkers; I even found 
contacts from my first job interviews 
while still enrolled in college. LinkedIn 
provides room to list job experience, 
current projects, personal and corporate 
specialties, and even resumes. There 
is great potential for both the young 
and the young at heart in the business 
world to utilize social networking sites, 
minding that they do it in a professional 
matter.  

“Personally, I probably update my 
Facebook page and log onto my LinkedIn 
page every 2-4 days. “I am not as avid a 
Facebook user as a lot of my friends or 
relatives that change their profiles or 
Facebook ‘status’ multiple times a day. 
As for LinkedIn, I search for coworkers 
and clients a few times a week. I believe 
that down the road, as I progress in 
my career, sites like LinkedIn will be 
valuable in finding job candidates and 
expanding partnering and career oppor-
tunities.”

Vanessa Bateman, CPG-11016, 
provided the following comment about 
Linkedin.com, “Like a lot of social net-
working sites you can waste too much 
time with it. However, it let me recom-
mend a fellow geologist to a potential 

employer very easily. I’ve also gotten 
some interesting input from putting in 
information in the ‘what are you doing’ 
column. I’m still a pretty new user but I 
think I’ll keep up with this one.”

I created Facebook and Linkedin 
accounts to gain some personal experi-
ence with these electronic networking 
sites. Facebook is clearly a social net-
work. Most of the people I connected 
with were relatives, particularly young-
er ones. Some of them have photos and 
video clips I suspect they’d remove if they 
thought potential employers might look 
at them, although none of the pictures I 
saw were all that bad. Linkedin is clearly 
aimed at professional networking. While 
there are a number of groups of interest 
to geoscientists, this clearly is a devel-
oping site whose utility may increase in 
the future. I also spoke with a Twitter 
fan who raved about Twitter’s ability to 
let you find out about what those people 
and topics you’re interested in are doing 
at the moment. However, Twitter’s 140 
characters per message limit restricts 
the detail that can be provided. One can 
clearly spend a lot of time on these sites 
if you want to. The foregoing comments 
suggest that most users don’t spend that 
much time on the sites.

Professional Competence: 
Overlap between 
Hydrology and 
Engineering

I received a query from a PE concern-
ing the overlap between engineering and 
geology. The matter concerned the pub-
lished work of a geologist specializing 
in fluvial hydrology and sedimentation 
who is teaching at a university and is 
using a Corps of Engineers HEC-RAS 
hydraulic program and a hydraulic engi-
neering statistical analysis program to 
perform engineering studies. The con-

cerned PE believes that the geologist 
has not received formal training in the 
use of the programs and has not taken 
any engineering courses. The geologist 
has published a number of papers over 
several years and, although a number of 
papers and reviews from several sources 
have severely criticized the geologist’s 
work and pointed out problems and inac-
curacies, the geologist has ignored this 
information and continues with what 
the PE believes to be incorrect use of 
the programs and publishing inaccurate 
conclusions. The PE did note that the 
geologist has prepared no design draw-
ings or specifications. Apparently some 
of the geologist’s conclusions are being 
relied on by others. The PE is consid-
ering whether the geologist has been 
practicing engineering without a license 
and whether the state professional engi-
neer’s board should bring a case.

There are two aspects of this situation, 
a general aspect and a specific aspect. 
The general aspect concerns the overlap 
between geology and engineering, which 
in this case involves sediment deposi-
tion, scouring, etc. in fluvial systems. 
The specific aspect concerns whether or 
not the geologist in question has been 
competently using the programs, reach-
ing valid conclusions, and the alleged 
lack of response to criticizing papers. I 
received insufficient information to com-
ment on the specific issue of the geolo-
gist’s professional competence. But the 
general aspect of the case may become 
of great concern to the geoscience profes-
sion if it becomes a bad case resulting 
in bad law.

Assume that the complaining PE 
brings the matter before the state engi-
neering board, which determines, with 
good evidence, that the geologist has 
indeed been misusing the programs, has 
reached unsupportable conclusions, and 
has ignored the previous criticisms of 
his work, thus demonstrating a flagrant 
disregard of the informal peer-review 
process. Further assume that competent 
sedimentologists and fluvial hydrolo-
gists review the findings and concur that 
the geologist was acting incompetently. 
As a result, the state engineering board 
not only finds that the geologist has been 
practicing engineering without an engi-
neering license but, as a result, publishes 
additional rules restricting the ability 
of geologists to do work on active sedi-
mentary systems. Such a ruling would 
seriously encroach on an area that all 
of us have received at least some basic 
education about so that we can under-
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Geologic Ethics 
& Professional 

Practices
is now available on 

CD
This CD is a collection of articles, 

columns, letters to the editor, and 
other material addressing profes-
sional ethics and general issues of 
professional geologic practice that 
were printed in The Professional 
Geologist. It includes an electron-
ic version of the now out-of-print 
Geologic Ethics and Professional 
Practices 1987-1997, AIPG Reprint 
Series #1. The intent of this CD 
is collection of this material in a 
single place so that the issues and 
questions raised by the material 
may be more conveniently studied. 
The intended ‘students’ of this CD 
include everyone interested in the 
topic, from the new student of geol-
ogy to professors emeritus, working 
geologists, retired geologists, and 
those interested in the geologic 
profession.

AIPG members will be able to 
update their copy of this CD by 
regularly downloading the pe&p 
index.xls file from the www.aipg.
org under “Ethics” and by down-
loading the electronic version of 
The Professional Geologist from 
the members only area of the AIPG 
website.

The cost of the CD is $25 for 
members, $35 for non-members, 
$15 for student members and $18 
for non-member students, plus ship-
ping and handling. To order go to 
www.aipg.org. Five dollars from 
every CD sold will be donated to the 
AIPG Foundation.

stand sedimentary rocks. This would be 
the bad case making bad law.

AIPG’s subdivision into state-bound-
ed Sections is designed to allow each 
Section to monitor such activity within 
the state(s) covered by the section and to 
bring the geoscience community’s posi-
tion and interest to bear when new laws 
and regulations are proposed that will 
affect our ability to practice. Although 
I’ve made a number of assumptions 
about what may or may not happen in 
the case cited above, it is a fact that vari-
ous state engineering boards have from 
time to time attempted and sometimes 
succeeded in curtailing the ability of 
geoscientists to practice their profession. 
In some cases, AIPG Sections have suc-
cessfully blocked attempts to curb pro-
fessional practice. But in order to do so, 
each Section must be monitoring what 
is going on in the state legislature and 
in state regulatory bodies, of which the 
state engineering board is only one, and 
be ready to take effective action when 
required. Does your Section have an 
active legislative and regulatory affairs 
committee?

On the national level, AIPG has 
been working with AEG and the Geo-
Institute of the ASCE on a Joint Task 
Force on Areas of Practice. The result-
ing “Engineering and Geology Practice 
Guidelines” document is nearing comple-
tion and should be available later this 
year.

Topical Index-Table of 
Contents to the Professional 

Ethics and Practices Columns
A topically based Index-Table of 

Contents, “pe&p index.xls” cov ering col-
umns, articles, and letters to the editor 
that have been referred to in the PE&P 
columns in Excel format is on the AIPG 
web site in the Ethics section. This Index-
Table of Contents is updated as each 
issue of the TPG is published. You can 
use it to find those items addressing a 
particular area of concern. Suggestions 
for improvements should be sent to 
David Abbott, dmageol@msn.com

INSURANCE 
PROGRAMS

Available to
AIPG MEMBERS

GeoCare Benefits Program
For information:

Life and Health Insurance
GeoCare Benefits 

Insurance Plan
http://www.geocarebenefits.com/

Phone: 800-337-3140 or 
805-566-9191

Liberty Mutual Insurance 
Auto and Home Insurance
http://www.libertymutual.com/lm/

aipg 
Phone: 1-800-524-9400
Please mention client 

#111397 when you contact 
Liberty Mutual.

AFLAC
Supplemental Insurance

http://www.aflac.com 
Phone: 303-674-1808

Please identify yourself as 
an AIPG Member to receive 

the AIPG Association 
discounted prices. 

Representative: Carol 
Streicher

The Wright Group
Professional Liability Insurance
General Liability Insurance
http://www.thewrightgroupinc.com

Phone: 303-863-7788

Financial Services
The Consulting Group at 
RBC Wealth Management

David Rhode, Senior 
Investment Management 

Specialist/Financial Advisor
http://rbcfc.com/david.rhode/

dave.rhode@rbc.com
Phone: 1-800-365-3246 

Fax: 303-488-3636
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Martin J. Andrejko, CPG-08512, 
665 Norwood Road, Downingtown, PA 19335, 
mjandrejko62@gmail.com, (484) 888-6747

UNDERGROUND 
UTILITIES

As I was thinking of a topic for this 
issue’s article, it came to my atten-
tion that May is Underground Damage 
Prevention Month in the State of New 
Jersey. In doing some further research 
the State of Washington declared May 
to be Utility Damage Prevention Month 
and that April was declared National 
Safe Digging Month by the Common 
Ground Alliance (CGA) (www.common-
groundalliance.com). The CGA, accord-
ing to their website, “is a member-driven 
association dedicated to ensuring public 
safety, environmental protection, and 
the integrity of services by promoting 
effective damage prevention practices.” 
In 2007, CGA was behind the creation 
of “Call811” which is a national num-
ber you can call in order to confirm the 
location of underground utilities. This 
national number eliminates the need 
to know which of 62 call centers in the 
United States is applicable to the area 
you are working. These local call centers 
go by different names like Miss Dig, One 
Call and my favorite, Oklahoma’s “Call 
OKIE”. Now just call 811 and they will 
connect you with the proper call center.

In 2001, the State of Colorado was 
the first state in the country to leg-
islatively mandate the collection and 
reporting of all facility damage informa-
tion. Since then Connecticut is the only 
other state to require the reporting. Each 
year, Colorado generates a report that 
provides useful data on facility dam-
age due to excavation. Their current 
dataset includes seven years of data 
and notes that, since 2003, the data 
trend is showing a decreasing number 
and severity of facility damage within 
the State. The most recent available 
report (http://www.uncc2.org/web/
pdf/uncc_damage_data_report_2007.
pdf) provides data from 2007 and shows 

a 29% decrease in the number of facility 
damages from 8,947 in 2006 to 6,385 in 
2007. They attribute the decrease to the 
following factors:
1. the slowing down of residential 

construction activity in the state 
(permits down 21%)

2. the slowing state and national econ-
omy

3. the corresponding decrease in One-
Call incoming request activity (down 
10%),

4. an increase in the efforts and more 
effective programs by a number of 
industry stakeholders to increase 
public awareness of One Call (811) 
requirements and stakeholder dam-
age prevention education.

The study found that professional 
excavators were responsible for 91.3% 
of the damages. This value has ranged 
from 78% to 94% over the years of the 
study, so clearly these are the most 
likely folks to cause the damage. But the 
property owner/occupant is not immune 
as they are involved in 3.6% and the utili-
ties themselves were involved in 3.4% 
Backhoe and track hoe equipment were 
involved in 56.9% of damages while non-
invasive (hand tool, probe and vacuum) 
equipment behind 12.5% of damages. 
Utility work resulted in 51.3% and land-
scaping/fencing was part of 26.7%

Determining the root cause of these 
facility damages has proven difficult. 
In the most recent study, 50.5% of the 
owners did not report a root cause for the 
damage event. Of the remaining 49.5%, 
the owners reported 23.1% was from 
no locate being requested, 21.0% due to 
insufficient locating/marking practices, 
12.9% due to insufficient excavating 
practices and 43% due to another root 
cause not listed. Looking deeper into 

the root cause data shows that of the 
damages with a locate request but with 
insufficient locating/marking practice:

- 64% were not located by the facility 
owner/operator

- 20% were located but had insuf-
ficient marks

- 11% were not located because they 
could not be found by the locator

- 4% were not properly located 
because of incorrect mapping 
information

In the cases where a locate request 
was made but the excavation practices 
turned out to be insufficient:

- 26% were reported as insufficient 
excavation practices

- 25% indicated that 18” of clearance 
was not maintained by the excava-
tor

- 22% indicated that a hand tool 
not used by excavator within 18” 
of marks

- 14% indicated that the excavator 
did not properly maintain the 
marks

- 11% indicated that a test hole 
(potholing) not used by excavator 
when required

- 1% indicated that the facility was 
not properly supported during 
excavation

So what does all this mean? Well here 
are some tips
1. Make the call to 811. That first step 

can alleviate a significant amount 
of problems. If possible mark your 
excavation areas in white paint 
prior to making the call.

2. Look for external evidence of utili-
ties (i.e. manhole covers, access 
boxes, etc.)
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3. Review drawings of client-installed 
underground facilities.

4. Consider hand digging trial holes to 
confirm position of services.

5. After waiting the statutory number 
of days between the call to 811 and 
start of work, confirm that you have 
heard from or can see mark outs 
from all of the companies that the 
call center said would be contacted. 
If not, recontact 811 to inform them 
of an unresponsive utility. Do not 
start work until you have confirmed 
all utilities that were supposed to 
respond have actually responded.

6. If cables are exposed and have 
not been identified, treat as a live 
electric or gas pipe until positively 
confirmed.

7. If services are exposed and found to 
be damaged, identify and notify the 
owner of the services immediately.

8. If a utility is damaged:
 a. Do not attempt repairs
 b. Inform the utility supplier/

service owner as soon as 
possible.

 c. Report all damage, even if 
leaks or loss of power are 
not evident.

 d. Inform service users.

 e. Inform owners of adjacent 
services if there is a risk 
of gas or water ingress or 
contamination.

 f. Keep members of the pub-
lic away and post warning 
signs.

9. If a gas line is damaged:
 a. Evacuate workers and oth-

ers to a safe distance
 b. Call 911
 c. Warn local residents and 

businesses
 d. No smoking or open 

flames
 e. Keep vehicles and mem-

bers of the public away 
from the area.

 f. Warn service users if a 
service connection has 
been disturbed as this may 
result in a leak within the 
building.

 g. Co-operate with and assist 
gas supply company and 
emergency services person-
nel.

10. If an electric line is damaged:
 a. Avoid all contact.
 b. Do not try to disentan-

gle cables from excavator 

buckets or drilling augers.
 c. Do not attempt to leave the 

excavation equipment or 
the drilling platform unless 
assured that the cable is no 
longer live.

 d. Evacuate workers and oth-
ers to a safe distance.

 e. Keep vehicles and mem-
bers of the public way from 
the area.

 f. Contact service owner 
and emergency services as 
appropriate.

 g. Co-operate with and assist 
cable owner and emergency 
services.

Send comments to Martin J. Andrejko, 
665 Norwood Road, Downingtown, PA 
19335, mjandrejko@gmail.com, phone 
(484) 888-6747.
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Duane A. Carey, CPG-10305

Social Networking: 
Should You Care? 
(Part 2)

In the last issue, we explored the 
phenomenon of social media and dis-
cussed the utility of the networking 
sites Facebook and Linked-In, wonder-
ing if they would live up to their hype as 
marketing’s next great panacea. In this 
issue, we’ll look at two more, Twitter and 
YouTube, and discuss how they can be 
used in business.

Twitter 
(www.twitter.com)

Twitter is an egomaniac’s dream. 
Although it’s hard to understand why 
people would be interested in daily, 
hourly, and sometimes minute-to-min-
ute updates on the comings and goings 
of average individuals, millions of reg-
istered Twitter users do just that. So if 
you believe that people are interested 
in your daily musings, this is the forum 
for you.

Here’s how Titter works. A user 
accesses his Twitter page and answers 
the question “What are you doing?” As 
with a text message the answer must 
be kept to 140 characters or less. Other 
users, who have declared themselves 
“followers” of that user can then read the 
information on their computer or smart 
phone. Similarly, new Twitter posts, or 
“tweets”, can be added online or by text 
message.

As of June 7th, Oprah Winfrey had 
1,352,678 followers and was following 
14 others, including Shaquille O’Neil, 
Larry King, and George Stephanpoulos. 
Oprah’s tweets include such heavy-
hitting, society-advancing posts as this 
one from May 5th: “Got to hug Whoopi. 
Haven’t seen her since????! What a fun 
night.” Just imagine, 1.3 million people 
consciously chose to read that, taking 
time away from their jobs and family! 
Although it’s easy to poke fun at things 
like this, it is just another example of 
what makes Oprah the queen of all 
media and the keeper of all the money. 
She “connects” with people unlike any-

one else and they perceive her as a 
regular person. So when Oprah tweets on 
May 27th that she’s looking for a surefire 
remedy for ticks because she pulled eight 
of them off of one dog, her enthusiastic 
followers get to give advice to their idol. 
From a public relations standpoint, 
that’s pure genius. (for the record, fol-
lowers suggested she try Avon’s Skin 
So Soft – I wonder how many millions 
of bottles of that were sold after Oprah 
said she’d try it!).

The Oprah example is a good illus-
tration of the benefits of much of social 
media – these tools are a great way for 
mega brands to stay in touch with their 
most ardent fans. But what about small 
businesses, which make up the vast 
majority of our economy? I think there is 
certainly some benefit for these compa-
nies, but a Twitter presence is unlikely 
to attract a lot of followers and new 
clients; more likely, your followers will 
tend to be existing relationships, unless 
you happen to write about a unique topic 
for which people are actively searching. 
In that case, they might actually click 
through to your website after reading 
your Tweets.

A better use of Twitter is in opera-
tions, not marketing. Imagine you’re a 
busy project manager with three tech-
nicians in the field, all at different loca-
tions. With a tool such as Twitter, you 
can stay up-to-date, passively, rather 
than taking 20 phone calls throughout 
the day. As you monitor their posts, 
which they could update from their cell 
phones, you can stay informed with 
minimal effort. Because Twitter users 
can restrict who can follow them, you 
could include only yourself, the techni-
cian, and the client on a given project. 
A recent news story featured a similar 
example of an organ transplant team 
who tweeted during the surgery, keeping 
the recipient’s family informed about the 
progress of the operation.

YouTube
Regardless of age or job function, I’d 

bet that each of you has seen a YouTube 
video, even if you didn’t realize it. 
Anytime a funny video is forwarded by 
friends and family, it’s most likely on 
YouTube. Have you seen the Evolution 
of Dance? If not, go to www.youtube.com 
and search “evolution of dance”. This is 
the most downloaded video in the site’s 
history. Another very popular theme 
concerns the infamous Mentos mints in 
Diet Coke. The explosive result is very 
entertaining, and many amateur scien-
tists/video producers have tried plenty of 
interesting variations. Search “domino 
effect mentos coke” for an elaborate dem-
onstration of the power of pent-up CO2.

Although these examples are fun and 
entertaining, YouTube is one of the few 
social network sites with demonstrable 
marketing benefits. It has reached 100 
million viewers and its videos played 
14.8 billion times in January 2009 alone. 
Visitors use the site to research products 
and services and view demonstrations.

You can also place video advertising 
on YouTube, targeted by geography, 
interest area (topic), and demographic. 
So if your company needs to advertise, 
YouTube is a great place to find inter-
ested, engaged prospects that perfectly 
fit your target market.

Perhaps the greatest utility of You-
Tube is its free hosting of your video 
content. Using this tool, you can post 
video of just about any subject matter 
you desire. This is a great way for your 
company to demonstrate some aspect 
of what you do. Clients and prospective 
clients can view your content, learn 
more about what you do, and better 
understand your approach. There are 
thousands of videos of interest to geolo-
gists, for example, and they can all be 
found with a quick query in the search 
box. I found such diverse topics as radon 
testing for granite countertops, custom-
ized fabrication of a percussion drill bit, 
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and a demonstration of one of Golden 
Software’s programs for geophysical log-
ging of a borehole. Indeed, no matter the 
size of your company, it’s very advanta-
geous to post a video or two on YouTube, 
simply from a search-engine optimiza-
tion perspective. The site is so popular 
and well used, that a simple search of 
Google for a given term will often yield 
several YouTube videos that pertain to 
exactly that topic.

One of my clients is about to use this 
approach. As we upgrade the website 
for this well-establish residential and 
commercial title company, we’re going 
to tape a mock settlement and place it 
on YouTube. The settlement will target 
first-time home buyers with the hopes 
of putting them at ease regarding the 
voluminous and intimidating paperwork 
involved with a mortgage-loan closing. 
We’ll break the settlement up into seg-
ments, each focused on a different set 
of loan documents, and clearly explain 
what the forms are for (indeed, the 
majority of the paperwork is designed 
to ensure protections for the borrower, 
but many people don’t see it that way). 
An added benefit of this strategy, and 
actually the primary reason we’re doing 
it, is to provide a resource for the title 
company’s true clients – the real estate 

agents. Our hope is that the agents will 
direct nervous first-time buyers to the 
website where they can click on a link 
that plays the video. The video will 
not actually be hosted on my client’s 
site, taking up valuable bandwidth and 
causing the site to load slowly. Instead, 
the video will be hosted on the YouTube 
site, and will appear to be on the title 
company’s site.

This is a fairly slick application that 
will not cost the client a lot of money, but 
will use technology to their benefit.  If you 
are unsure about the utility of this appli-
cation, consider that in the time it took 
you to read this short article, approxi-
mately 7,200 minutes of new content 
was added by other users. And all you 
need to do is switch your digital camera 
setting from “photo” to “movie” and press 
record. You can’t get a better bang for 
your marketing buck than that.

Duane Carey is President of IMPACT 
Marketing & Public Relations in 
Columbia, Maryland. He was a consult-
ing hydrogeologist for 11 years prior to 
launching a marketing consulting firm 
in 2003. He earned his MBA at Johns 
Hopkins University (JHU), and is a 
Certified Professional Geologist (#10305) 
and past President of the Capitol Section 

of AIPG. In late 2005, he took over the 
helm of IMPACT, which was founded in 
1990 by one of his professors at JHU. 
He can be reached at 410-312-0081 or 
duane@MilkYourMarketing.com.

Have you received an email from 
AIPG Headquarters recently? If the 
answer to this question is NO, then 
you need to contact AIPG Headquart-
ers and update your email. You may 
contact us at aipg@aipg.org. You 
may also login to the website (www.
aipg.org)  and update your informa-
tion. You may also contact your sec-
tion officers with your email update.

AIPG sends out notices on semi-
nars, conferences, scholarship infor-
mation, and section newsletters. 
Headquarters receives several hun-
dred return emails due to incorrect 
information in our database. 

If you do not have aipg@aipg.org 
on your approved senders list, then 
you need to. Please add this email to 
your approved list of senders.

So please update your email. You 
might be missing out on some very 
important information.
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HYDROTHINK

What’s the Big Deal 
About Geology?
William J. Stone

Introduction to Well Logs and Log Analysis for New Hires
• A review of well logs in petroleum exploration and development.

-Prerequisites for finding commercial reserves.
-Exploration techniques.
-Integration of geophysical exploration records with log data.
-Calculating reserves and field size.
-Importance of economics and risk analysis.
-Drilling and logging.

• Lithologic and mud logs.
• Electric logs.
• Basic and specialized porosity logs.
• Other logs and log curves used in exploration and 

production work.
• Selecting log suite.
• Basic log analysis (recognizing pay zones). 
• Identification and classification of logs and well 

log data management.
A product of Geoscience Data Management, Inc.

Author: Robert Font, PhD, CPG, PG
Power Point slides with review and self assessment questions. 

 AIPG accredited 1 CEU (with exam) or 0.5 CEU (without exam). 
Reference CD available

To order the course or for more information go to www.aipg.org.

New On-line Course 
Now Available

FREE RESUME 
POSTING

POST AND VIEW 
RESUMES FOR
FREE ON THE

AIPG NATIONAL 
WEBSITE

VIEW JOB 
LISTINGS FOR 

FREE

www.aipg.org

Click on Job Target.

I created this column because I thought 
it would be a waste to not share three 
decades of on-the-job experience with 
those coming after. So, in each entry, I 
normally present a basic premise, give 
a humorous story of a less than ideal 
case history (keeping the perpetrators 
anonymous) or describe an unconven-
tional solution I found to a real problem. 
Since each carries a lesson, I summarize 
what readers should take away at the 
end. This month’s offering is a bit differ-
ent, but hope you’ll agree it’s still in the 
overall spirit of the column. 

Once I worked at a state geological sur-
vey, located on the campus of a university 
boasting a leading hydrology program. A 
number of us were adjuncts in the vari-
ous college departments. In addition to 
offering courses, we supervised thesis 
research of graduate students working 
on survey-funded assistantships. 

Most of the hydrology professors were 
engineers, with little or no training in 

(or feel for) geology. Thus, their students 
received no mentoring in that area and 
had little respect for the role of geology 
in hydrologic systems. As a result the 
students were not very good at character-
izing the geologic setting of their project 
areas. Things were being published with 
awkward or incorrect treatment of geo-
logic terms and concepts, even after their 
Profs had reviewed their papers. 

Sometimes I was asked to review the 
research of hydrology graduate students 
other than those with whom I worked. 
On one occasion I met with the head of 
the program, a very big name in hydrol-
ogy circles, to submit my comments on 
a report by one of his students. When I 
told him that overall the work was fine, 
but the geology was a bit garbled, he 
seemed annoyed and replied, “What’s the 
big deal about geology anyway? It’s just a 
lot of jargon and a little common sense.” I 
was apparently very sharp that day for I 
fired right back, “Well, which is it you’re 

short of?” He gave his famous sneering 
sort of smile and I laughed. Amazingly, 
the incident never came up again and we 
continued to interact effectively, despite 
my absurd suggestion that he was lack-
ing something. 

If you’re going for a hydrology degree, 
get all the geology training you can. If you 
are already on the job, but didn’t take 
any geology, get some exposure through 
evening classes. It’s nice to know about 
the water, but don’t forget the sponge. 
Tip: The big deal is, if your geology is 
shaky, people will wonder how good your 
hydrology is.

Dr. Stone has more than 30 years of 
experience in hydroscience and is the 
author of numerous professional papers 
as well as the book, Hydrogeology in 
Practice – a Guide to Characterizing 
Ground-Water Systems (Prentice Hall). 
Feel free to argue or agree with him via 
email: wstone04@gmail.com.
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ANSWERS TO QUESTIONS ON PAGE 23 

Answers:
1. The answer is equation “c” or “parabolic dunes”.  
 “Barchan” dunes are crescent-shaped with “horns” point-

ing downwind. For these dunes, sand supply is generally 
limited. “Barchan” dunes are generally separate from each 
other moving across bare-rock surfaces.  

 “Transverse” dunes develop where sand supply is rela-
tively abundant. They tend to be more or less straight and 
elongated, with the dune’s axis trending perpendicular to 
the wind direction. 

2. The answer is choice “a” or “asbestos.”
 Asbestos describes a group of silicate minerals with thin, 

fibrous crystals. Asbestos encompasses the fibrous variet-
ies of serpentines and amphiboles. “Chrysotile” or white 
asbestos [Mg3(Si2O5)(OH)4] is the chief source of asbestos 
belonging to the serpentine family. Asbestos minerals of 
the amphibole group include “tremolite” [Ca2Mg5(Si8O22)
(OH)2], “actinolite”  [Ca2(Mg,Fe)5(Si8O22)(OH)2] , “amosite” 
or brown asbestos [Fe7Si8O22(OH)2], “crocidolite” or blue 
asbestos [Na2Fe+2

3Fe+3
2Si8O22(OH)2] and “anthophyl-

lite.”
 “Mountain cork” is a white or gray variety of asbestos. The 

term also describes fibrous clay minerals such as “sepi-
olite” [Mg4(Si6O15)(OH)2 . 6H2O]. “Mountain flax” refers to 
a fine, silky variety of asbestos. “Mountain leather” is the 
term used to describe a tough type of asbestos in the form 
of flexible sheets or interlaced fibers. “Mountain paper” 
relates to asbestos occurring in thin, paper-like sheets.

 Iron sulfides include “pyrite” and “marcasite” [FeS2].  
Copper-iron sulfides include “chalcopyrite” [CuFeS2] and 
“bornite” [Cu5FeS4].

 “Vanadates” are mineral compounds that exhibit pen-
tavalent vanadium and oxygen in the anion. The mineral 
“vanadinite” [Pb5(VO4)3Cl] is an example. 

3. The answer is choice “b” or “motu.”  
 “Motu” is a Polynesian term that describes a coral island 

with some vegetation.  “Motu One”, for example, is the 
name given to two small sandy islands at the edge of a coral 
reef, defining the northernmost part of the “Marquesas 
Islands.”  The term also refers to an atoll on the Leeward 
group of the “Society Islands” located about 550 kilometers 
northwest of Tahiti.

 If you are hoping for warm-water diving, the “moulin” is 
not the place for you. The term “moulin” refers to a “glacial 
pothole” or a roughly cylindrical and nearly vertical hole 
in the glacial ice, scoured by swirling melt-water pouring 
down on the ice from the surface.

 A “bolson” is a “playa basin” or an extensive alluvium-filled 
depression developing in semi-arid regions. Drainage from 
the surrounding highlands flows centripetally over gentle 
gradients toward a central depression or “playa.”  

4. The answer is “a” or τmax = 1.51 and (τ) = 1.31. The proof 
follows.

 From the equations of equilibrium:
 P3 sin Ө – Pn sin Ө + τ cos Ө = 0  (1)
 P1 cos Ө – Pn cos Ө – τ sin Ө = 0 (2)
 Solving both (1) and (2) for Pn:
 Pn sin Ө =  P3 sin Ө + τ cos Ө
 Pn = P3 + τ cot Ө (3)
 Pn cos Ө = P1 cos Ө – τ sin Ө
 Pn = P1 – τ tan Ө  (4)
 Equating (3) and (4) and solving for τ:
 P1 – τ tan Ө = P3 + τ cot Ө
 P1 = P3 + τ (cot Ө + tan Ө)
 P1 = P3 + τ [(cos2 Ө + sin2 Ө)/(sin Ө cos Ө)]

P1 = P3 + τ [1/(sin Ө cos Ө)]
P1 = P3 + τ [1/(½ sin 2Ө)]
τ [1/(½ sin 2Ө)] = P1 – P3

τ = [(P1 – P3)/2][sin 2Ө] (5)
Equation (5) is that of the shear stress (τ) at failure.
Similarly, from (1) and (2) above, we can derive equation 

(6) depicting the normal stress (Pn) at failure:
Pn = (P1 + P3)/2 + [(P1 – P3)/2][ cos 2Ө] (6)
The maximum shear stress (τmax) in the Mohr circle of 

stress occurs when 2Ө  = 90 degrees or when Ө = 45 degrees and 
its magnitude is equivalent to the radius of the circle.  Thus:

τmax = (P1 – P3)/2 (7)

Then, from our problem:
P1 = 4.95 kg/cm2

P1 – P3 = deviatoric stress = 3.02 kg/cm2

P3 = 4.95 kg/cm2 – 3.02 kg/cm2 = 1.93 kg/cm2

From (5) and (7):
τ = [(4.95-1.93)/2][sin 120o] = 1.31 kg/cm2

τmax = [(4.95 – 1.93)/2][sin90o] = (4.95 – 1.93)/2 = 
1.51 kg/cm2 

Correction: In the May/June issue of TPG there was an equation error on the answer to question 2. The entire equation should read 
P1 =  P3 tan2(45o+Ø/2) + 2C tan(45o+Ø/2) (eq.2)

Looking Forward to 
Seeing YOU in Grand 
Junction, Colorado!
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Joseph J. Fiore, Jr., SA-01164

Geology and 
Renewables aren’t 
Mutually Exclusive

There’s an innocent bystander caught 
up in the debates over climate change 
and carbon emissions. As geologists, 
we’re solidly engaged in the action, and 
understandably bogged down. But as the 
oil industry takes hits and many argue 
for the importance of big picture perspec-
tive, we’re giving undue admonishment 
to one of the involved parties, which 
we’re really not at odds with. Or at least 
we shouldn’t be. 

Geologists have an especially tense 
position in this political climate as play-
ers with unique expert perspective and 
professional ties to both sides of the 
debate. As President Bognar noted in his 
letter to Congress, we are acutely knowl-
edgeable on climate change, and easily 
best suited to consider its historical con-
text, but that’s another story. We’re also 
tied in because of all the fingers point-
ing towards the traditional fruits of our 
labor, the bread and butter petroleum 
industry. So our interest is even more 
vested than would be prescribed by our 
status as expert commentators. 

As a result, there’s been a tendency 
to downplay the role renewable energy 
can play in our future, in part stem-
ming from the plethora of energy myths 
that have arisen over the past couple of 
years. Speculation in the many potential 
energy sources has ballooned like the 
dot.com bubble of the 1990s, putting the 
potential or even immediate production 
value of renewable sources at unrealis-
tic levels. Specifically, many hard-core 
advocates of wind, solar and geothermal 
energy will tell you all about the bound-
less opportunities but fail to mention or 
don’t understand the various limitations 
to each source. Don’t even get me started 
on the first and second generation biofuel 
advocates. 

Obviously, please feel free to point 
out any discrepancies in such an argu-
ment. It’s not in any way productive 
for people to have a totally whacked 
perception of the energy situation in 

this country. Likewise, plenty of people 
are under the impression that we’re 
sitting on a supply of oil capable of pow-
ering us into the next millennium. I’ve 
had plenty of conversations with those 
insisting that 6 trillion of barrels of oil 
are sitting un-tapped in the Williston 
Basin’s Bakken Formation of North 
Dakota, Montana, and Saskatchewan. 
The Bakken Formation is a sizeable 
deposit, however, there’s a big difference 
between energy independence and the 
more restrained reserve estimate of 3.65 
billion barrels provided by the USGS. 
That doesn’t solve any problems either; 
we’re still shipping money to the Middle 
East like it’s going out of style. 

While clearing up inflated assess-
ments of potential energy sources is 
important, some have taken that one step 
further and downplayed the potential for 
renewable energy. Again, this isn’t doing 
any good. We know the limitations of 
existing technology to exploit renew-
able energy and the difficulty in scaling 
up much of what exists. But regardless 
of whether we like it or not, renewable 
energy is being developed in the US 
and will continue to be. The bottom line 
is that geology and renewables are not 
mutually exclusive. Unilaterally refut-
ing the potential of renewable energy 
sources to play a bigger role in our energy 
budget has the potential of making us 
look backward and incapable of seeing 
beyond petroleum. That’s not good for 
geologists, never mind anybody else. 

As James Burnell discussed in his 
March/April TPG article, increased 
demand for renewable energy infrastruc-
ture will require an increase in materials 
needed to produce them; especially in 
rare minerals. Emphasis placed on the 
need for expanding mining operations in 
this country to accommodate the mate-
rial needs of renewables is much more 
productive than downplaying the impor-
tance of the institution as a whole. 

In addition, some alternatives will 
require increased participation from 
geologists. We may not be sitting on a 
drill rig any more, but we will be involved 
in the planning and in some cases run-
ning the new systems. Hydroelectric 
and geothermal energy development, for 
example, will require the participation 
of geologists. Continued production of 
first generation biofuels may result in 
an increased need for geoscientists and 
soil scientists, notwithstanding the del-
eterious stress upon prime agricultural 
land from overplanting single crops (e.g. 
corn) in response to ethanol demand for 
gasoline. 

As I mentioned in a previous article, 
it makes sense on a number of levels for 
the petroleum industry to increase its 
investment in alternative energy portfo-
lios. This move will erode the impression 
that the petroleum industry is phobic of 
change, including the climate and pub-
lic sentiment, and this public relations 
boon may work towards securing future 
petroleum operations against potential 
legislation inspired by public dissidence 
and indignation. Furthermore it may 
help to combat any negative associations 
to oil which may be diverting geoscience 
students away from the industry or even 
from geoscience. 

It is unlikely that geologists will be 
quite so integral a part of alternative 
energy development as we are now in 
the petroleum industry. Nonetheless, 
alternative energy development still 
involves the planet and the forces of 
nature we’ve all spent our time study-
ing, and so we will play some role. There 
will always be work for geoscientists in 
other business sectors, from obtaining 
the raw materials needed for renewable 
infrastructure, to assisting industries 
with increasing environmental compli-
ance and the inevitable struggle down 
the road of coping with the limitations 
of our water resources as populations 
continue to boom globally. 
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Really, there is no reason for us to 
be opposed to increased development of 
alternative energy. Continue to dispel 
the myths you encounter regarding our 
energy situation, as the farther people’s 
knowledge of these problems is from the 
truth, the more likely it is that legislation 
guiding our solutions will be just as far 
from the mark. But remember, we still 
play a part in renewable development; 
nobody is cutting geologists out of the 
picture. Society isn’t picking renewable 
energy or geology. Instead, renewable 
energy development poses a new set of 
challenges to be overcome and a new set 
of roles for geologists to play. And in the 
end, the ability of geologists to adapt and 
take this institution in stride will help 
to close the perceived ideological gap 
between geology and the environment, 
which these measures are intended to 
benefit. 

Joey Fiore will be finishing his dou-
ble major in history and geology at 
Northeastern University this summer. 
He is a student of many interests. He 
started out as a political science major, 
however his childhood dream of being 
a paleontologist/archaeologist steered 
him towards geology and history in the 
end. His main interests lie in energy 
policy, and he hopes to gain a better 
understanding of the politics while in 
DC as an AGI Intern. Joey is currently 
writing a book on biofuels he hopes to 
have published in the future..
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AGI Publishes GeoRef 
Thesaurus, 11th Edition

Alexandria, VA - The American 
Geological Institute (AGI) has just 
released the latest edition of the GeoRef 
Thesaurus (ISBN 978-0-922152-82-7).

This essential guide to GeoRef data-
base terminology includes over 30,000 
controlled vocabulary terms and has 
been updated with 1,780 new terms.  
The GeoRef Thesaurus includes terms 
for rocks, soils, sediments, geologic struc-
tures, time periods and features, etc.  
Savvy database searchers use this indis-
pensable tool to view term relationships 
and usage notes and to construct queries.  
New and revised terms for the 11th 
edition include geographic locations, 
Integrated Ocean Drilling Program drill-
ing sites, and taxonomic changes for 
selected fossil groups.

This 832-page book, is available now 
from AGI. To learn more about this new 
publication or to order, visit http://
www.agiweb.org/pubs/pubdetail.
html?item=140337.

The GeoRef database, with more than 
3 million references, is the primary 
bibliographic service for the geosciences 
and covers North American publications 
dating from 1669 and the rest of the 
world since 1933.

Approximately 8000 new references 
are added each month.  For more infor-
mation on GeoRef visit http://www.
agiweb.org/georef/.

To see AGI’s full catalog of resource 
and general interest publications, please 
visit http://www.agiweb.org/pubs/
index.html.

The American Geological Institute is 
a nonprofit federation of 45 geoscientific 
and professional associations that rep-
resents more than 120,000 geologists, 
geophysicists and other earth scien-
tists. Founded in 1948, AGI provides 
information services to geoscientists, 
serves as a voice of shared interests 
in the profession, plays a major role in 
strengthening geoscience education, and 
strives to increase public awareness of 
the vital role the geosciences play in 
society’s use of resources, resiliency to 
natural hazards, and interaction with 
the environment.
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 PROFESSIONAL SERVICES DIRECTORY

This service is open to AIPG Members as well as non-
members. The Professional Services Directory is a one year 
listing offering experience and expertise in all phases of geol-
ogy. Prepayment required. Advertising rates are based on a 
3 3/8” x 1 3/4” space

ONE YEAR LISTING FOR ONLY:

AIPG Member $300.00
Non-Member $400.00
Space can be increased vertically by

doubling or tripling the size and also the rate.

HB Engineering Group
 Risk Analysis, Corporate Restructuring

 & Mine Appraisers

Kelvin J. Buchanan, P.E., M.B.A., 
President

Cell 775 786-4515 • Cell 416-845-4487
775-786-4515 • fax 775-786-4324 • email: summitcrk@aol.com
1665 Lakeside Drive • P.O. Box 2391 • Reno, NV 89505-2391

Serving the mining, legal, environmental and banking fields.

       David M. Abbott, Jr. 
      Consulting Geologist LLC
      AIPG CPG, FAusIMM, EurGeol, PG-TX, UT, WY

evaluating natural resources, disclosures about them,
reserve estimates, and geological ethics & practices

2266 Forest Street                Tel: 303-394-0321
Denver, CO 80207-3831         Fax: 303-394-0543

dmageol@msn.com or dmageol@aol.com
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ELLIS INTERNATIONAL SERVICES, INC.
Valuations • Geology • Economics

www.minevaluation.com

TREVOR R. ELLIS
Certified Minerals Appraiser-AIMA

Certified Professional Geologist-AIPG
Mineral Economist-MS

600 Gaylord Street • Geology Reports
Denver, Colorado 80206-3717, USA • Market Studies
Phone: 303 399 4361 • Economic Evaluation
Fax: 303 399 3151 • Property Valuation
e-mail: ellis@minevaluation.com

PROFESSIONAL SERVICES DIRECTORY

Want to purchase minerals and 
other oil/gas interests.

Send details to:
P.O. Box 13557, Denver, CO 80201.

Dr. Robert Font, CPG, PG, EurGeol                                             
President

Geoscience Data Management, Inc.
Our geological scientists specialize in the research, analysis and 
electronic data capture of geoscience data. 

Examples include unconventional hydrocarbon resources and oil & 
gas field studies.  

972-509-1522 (office)                           www.geodm.com
P. O. Box 864424, Plano, TX 75086

AIPG Corporate Member

AIPG MEMBER APPLICATION
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AIPG
Corporate Member

BCI
Engineers & Scientists, Inc.
2000 E. Edgewood Dr., Ste. 215

Lakeland, FL 33813
863-667-2345/863-667-2662 Fax

www.bcieng.com

HAVE YOU SIGNED UP A MEMBER 
LATELY?

REQUIREMENTS FOR GENERAL 

MEMBERSHIP

EDUCATION: 
30 semester or 45 quarter hours in geological sciences*

with a baccalaureate or higher degree 

SPONSORS:
 1 required from a CPG or Member

SIGN-UP FEE (prorated): 
Dec-Mar = $95;  Apr-Jun = $71.25

Jul-Sep = $47.50;   Oct-Nov = $23.75

ANNUAL DUES:  $95 plus Section dues

APPLICATION:  Available on website www.aipg.org*

As defined by the American Geological Institute, 
a geological science is any of the subdisciplinary 
specialties that are part of the science of geology, 

e.g., geophysics, geochemistry, paleontology, 
petrology, etc.
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Applicants for certification must meet 
AIPG’s standards as set forth in its Bylaws 
on education, experience, competence, 
and personal integrity. If any Member or 
board has any factual information as to 
any applicant’s qualifications in regard to 
these standards, whether that information 
might be positive or negative, please mail 
that information to Headquarters within 
thirty (30) days. This information will be cir-
culated only so far as necessary to process 
and make decisions on the applications. 
Negative information regarding an appli-
cant’s qualifications must be specific and 
supportable; persons who provide informa-
tion that leads to an application’s rejection 
may be called as a witness in any resulting 
appeal action.

*Due to the availability of AIPG’s online 
directory, new member address information 
will no longer be printed in TPG. If you need 
assistance locating this information please 
contact Headquarters.

Applicants for Certified 
Professional Geologist
CO-Richard R. Allison 
CO-Whitney N. Littleton 
CT-William K. Flick 
CT-Katharyn L. Lehnus 
MI-Uday K. Gollapudi 
NM-Timothy Fred Wawrzyniec 
NV-Thomas D. Rennebaum 
WA-Kathy Vanderwal Dube 
WY-Thomas J. Suchomel 

Applicants Upgrading to CPG
CO-Robin M. Dornfest MEM-1686

New Certified Professional 
Geologists
AK-William J. Burnett     CPG-11263
AK-Alan A. Roberts     CPG-11260
CO-David A. Gonzales     CPG-11266
CT-Hillol Guha     CPG-11264
CT-Lydia J. Key     CPG-11270
CT-Michael Manolakas     CPG-11268
MD-John O. Neighbours, III     CPG-11267
MI-Rebecca S. Hart     CPG-11227
MI-Helene M. Lukey     CPG-11265
MT-Richard N. Eliason     CPG-11261
MT-Gretchen E. Moore     CPG-11262

New Members
AL-Terry E. Osborne     MEM-1675
AZ-Michael J. Jaworski     MEM-1680
AZ-William C. Berridge     MEM-1656
AZ-Lawrence L. Casebolt     MEM-1662
CA-David E. Taff     MEM-1685
CA-Edmond G. Carlton     MEM-1689
CO-Roger L. Barker     MEM-1654
CO-Michael A. Cassio     MEM-1660
CO-Christopher R. Candee     MEM-1663
CO-Ronald G. Brown     MEM-1665
CO-Scott A. Effner     MEM-1666
CO-Lee J. Bongirno     MEM-1671 
CO-Thomas W. Doupe     MEM-1669 
CO-Michael F. McHugh     MEM-1673 

CO-David G. Majewski     MEM-1676
CO-Gerald J. Daub     MEM-1691
CO-Robin M. Dornfest     MEM-1686
FL-Kevin R. Hayes     MEM-1652
FL-Fermin Dela Camara     MEM-1659
FL-Jerry E. Kubal     MEM-1667
FL-David J. Brown     MEM-1025
FL-James P. Guida     MEM-1086
FL-Jeffery S. Northrup     MEM-1165
FL-Anthony Ray Morris     MEM-1649
FL-Roberto L. Sanchez     MEM-1674
FL-Tammie L. Gardner     MEM-1684
FL-George A. Schlutermann     MEM-1678
FL-Tracy C. Freiwald     MEM-1703
FL-Richard S. Freiwald     MEM-1704
GA-Susan Kite     MEM-1661
KY-Anthony D. Rainey     MEM-1655
KY-Walt B. Gaylord     MEM-1682
MI-Greg N. Miller     MEM-1700
MT-Joseph A. Scyphers, III     MEM-1677
MN-Christopher J. Braaten     MEM-1664
MN-Erin E Borgschatz     MEM-1657
NJ-Peter M. Niculescu     MEM-1653
NJ-James T. Skelcy     MEM-1650
NJ-Eric P. Kohlsaat     MEM-1670
NV-Chester S. Lide     MEM-1679
NV-David K. Eastwood     MEM-1705
OH-Daniel D. Weed     MEM-1701
OR-James L. Jakubiak     MEM-1681
TN-John T. Kizer, Jr.     MEM-1658
TX-Neil A Brown     MEM-1668
TX-John H. Marshall, Jr.     MEM-1687
TX-Marc E. Gentry     MEM-1651
TX-Thomas C. Kamin     MEM-1672
UT-William Eckerle     MEM-1688
VA-John W S. Davis, Jr.     MEM-1702
WV-Edward S. Custer, Jr.     MEM-1690
WY-Leonard K. Carter     MEM-1683

New Student Adjuncts
AK-Brian K. Perttu     SA-1578
AK-Steve J. Polkowski     SA-1526
AK-Garrett G. Speeter     SA-1527
AK-Stephanie A. Mrozek     SA-1528
CT-Joel Doyon     SA-1567
FL-Josue J. Gallegos     SA-1524
MA-Emerald Shirley     SA-1576
MA-Emily Estes     SA-1568
MA-Elizabeth LaPadula     SA-1572
ME-James C. Rea     SA-1575
NV-Andrew J. Riggsbee, Jr.     SA-1525
NY-Matthew Kissane     SA-1571
NY-Bryan Freeman     SA-1569
NY-Christopher Kakolewski     SA-1541
NY-Cody LaVack     SA-1573
NY-Alan Lermer     SA-1574
NY-Rebecca D. Tortortello     SA-1577
PA-Lauren Idleman     SA-1570

NEW APPLICANTS AND MEMBERS (4/13/09 - 6/10/09)

AIPG Membership Totals

AFLAC

Why Supplemental Insurance?
Even the best health insurance plan 
can leave you vulnerable to:

Unpaid medical bills... includ-
ing deductibles, co-payments, and
 out-of-network charges. 

Loss of income... if a serious illness 
or accident seriously reduces the 
total earning power of the afflicted 
employee and/or spouse. 

Out-of-pocket expenses... such as 
the cost of travel, lodging, meals, 
child care, home care, and spe-
cial equipment, as well as every-
day living expenses like mortgage/
rent, car, utilities, food, and
credit card balances. 

That’s why over 40 million people 
worldwide have turned to AFLAC. 
Our full range of guaranteed-renew-
able insurance policies includes:

Accident/Disability
 Short-Term Disability, Cancer,

Hospital Confinement Indemnity, 
Hospital Intensive Care,

Specified Health Event, Life,
Long-Term Care, Dental 
Most important, all of our

 policies pay cash benefits directly 
to you even if you have other

coverage. You decide where the 
money goes. It’s your choice!

AFLAC
http://www.aflac.com 

Carol Streicher, AFLAC Sales 
Associate

Phone: (303) 674-1808
Please identify yourself as an 

AIPG Member to receive the AIPG 
Association discounted prices.

 As of     As of
                        6/05/08         6/10/09               

CPG / Active     3,579 3,517
CPG/Non-Practicing 428 404
Member 877 908
Associate Mem. 21 18
Student Adjunct 323 276
Honorary 21 19
Corporate Member 3 3
TOTALS 5,252 5,145



www.aipg.org JULY/AUG 2009 • TPG 43

Overview of Cleanup Design 
Options and Treatability Testing 
for In Situ Remediation of Soil and 
Ground Water

James A. Jacobs, CPG-07760 
and Jacques Guertin

Treatability testing is an integral 
part of designing in-situ remediation 
of petroleum hydrocarbons, chlorinated 
solvents, “heavy” metals, and pH adjust-
ment. After a series of geologic charac-
terizations and an exposure pathway 
analysis have been performed, a detailed 
site conceptual model with boring logs, 
cross-sections, concentration maps, and 
mass calculations are typically devel-
oped. Following the preparation of a 
Corrective Action Plan (CAP) which 
summarizes the site conceptual model 
and reviews the various remediation 
options, treatability testing is the next 
logical step to define the best cleanup 
technologies using real laboratory data. 
Based on experience, if the treatment 
chemistry is not well understood or 
cannot be performed successfully under 
laboratory conditions using actual soil 
and ground water from the site, suc-
cess in the field may be unlikely. Even 
though treatability studies can provide 
significant information regardless of 
the contaminant or specific remediation 
process, the studies are also frequently 
overlooked, undervalued, and misun-
derstood.

Most geologists are familiar with 
the challenges of bringing the field 
scale down to the laboratory bench top. 
Faults, ground-water gradients, subtle 
horizontal and vertical lithologic and 
associated permeability variations can-
not be translated well into a treatability 
test setting. However, regardless of the 
contaminant, the specific chemical or 
biological reactions can be simulated 
quite well in the laboratory and the risks 

and uncertainties as to the site specific 
chemical reactions and rate of contami-
nant reductions can be tested under 
ideal conditions. The main purpose of 
treatability testing is to evaluate the 
degradation potential of the treatment 
chemicals with the target compounds 
found on the site. The second purpose 
is to evaluate the potential to mobilize 
metals. This can occur as a result of the 
oxidation chemistry or changes in pH 
which can solubilize and mobilize tran-
sition metals (most notably chromium). 
Under neutral or near-neutral pH, once 
the chemical oxidant is consumed, the 
oxidized, more soluble, and potential-
ly toxic Cr(VI) reverts back to Cr(III) 
and usually precipitates as chromium 
hydroxide [Cr(OH)3]. It is also possible 
to form some soluble Cr(OH)2

+.
In some cases, liquid treatment chemi-

cals not only remediate ground water but 
they also can desorb contaminants from 
the soil matrix, creating what appears to 
be increases in ground-water concentra-
tions while lowering soil concentrations. 
Treatability testing will help identify 
these issues prior to performing a pilot 
test in the field. In preparation for pilot 
testing and evaluation of the treatment 
chemical delivery methods in the field, 
treatability testing suggests the optimal 
chemistry and predicts the likelihood of 
field success.

Delivery of Treatment 
Chemicals

Delivery of the liquid treatment chem-
icals is accomplished by injection using 
pumps, or gravity feeding through exist-

ing and new monitoring wells at 40 psi to 
100 psi or through small diameter (about 
1-inch) probe rods at 100 psi to >3,000 
psi. Depending on the reaction time of 
the treatment chemicals (minutes to 
months), surface spacing of injection 
ports or wells must be evaluated based on 
ground-water flow velocity, permeabil-
ity, and other lithologic characteristics. 
Clays and silts, generally more challeng-
ing to remediate than higher porosity 
materials, typically require 0.91 m to 1.5 
m (3 ft to 5 ft) injection or well spacing, 
whereas injection ports or wells for clean 
sand and gravels can be placed at 3.0 m 
to 4.6 m (10 ft to 15 ft) spacing or further. 
In some cases where the reaction time of 
the treatment chemicals is on the order 
of months and the contaminant target 
zone is shallow, soaker hoses in trenches 
or filter galleries can be an effective 
delivery method. For all types of in-situ 
treatments methods, chemical compat-
ibility of the injection equipment, worker 
training, on-site supervision, personal 
protective equipment and safety pro-
cedures become critical with the injec-
tion of potentially dangerous chemicals 
including oxidizers, acids, bases, and 
other chemicals. Another consideration 
which can be evaluated in treatability 
testing is the effect and approximate 
volumes of gases that might be generated 
during the reaction. Reaction gas (such 
as oxygen or carbon dioxide, common in 
Fenton’s Reagent processes) may greatly 
affect hydraulic conductivity of an aqui-
fer, but usually only temporarily (Payne 
et al., 2008). Conductivity can also be 
reduced permanently with metal ion 
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precipitation, common among geochemi-
cal fixation processes. Observations of 
potential gas production or metal ion 
precipitation can be evaluated using 
treatability tests.

Dosage
Because many contaminants in soils 

are sorbed (both in the unsaturated zone 
and in the saturated zone) and owing 
to competing reactions that consume 
the treatment chemicals, higher stoi-
chiometric dosages of treatment chemi-
cals are generally required in the field. 
Treatability testing can help define the 
minimum treatment chemical dosage 
based on degradation rates per quantity 
of contaminant. Treatability testing is 
performed for a variety of processes.

Chemical Oxidizers
Chemical oxidation uses reagents 

to transform, degrade, or immobilize 
organic wastes. Chemical oxidizers have 
been used for decades in the waste-water 
industry for the treatment of carbon-
containing (organic) compounds, such 
as petroleum hydrocarbons and chlo-
rinated solvents, and numerous other 
contaminants. A summary of commonly 
used chemical oxidizers is presented in 
Table 1. 

The relative strength of various chem-
ical oxidizers is presented in Table 2. 
Refer to the reference list for documen-
tation of a variety of chemical oxida-
tion processes, most notably Suthersan 
(2002), Suthersan and Payne (2005), 

Payne et al. (2008), Watts et al. (1990, 
1991, 1992 and 1994), and Jacobs and 
Testa (2003).

In Situ Chemical 
Oxidation Injection

In Situ Chemical Oxidation (ISCO) 
remedial process involves injecting an 
oxidizing agent, such as hydrogen perox-
ide (H2O2), activated sodium persulfate 
(Na2S2O8), or other oxidant into the sub-
surface to destroy organic compounds. 
The by-products for complete mineral-
ization of carbon-based compounds by 
most chemical oxidizers include carbon 
dioxide (CO2), water (H2O), and oxygen 
(O2) as well as minor quantities of non-
toxic ions, salts, and acids.

Hydrogen Peroxide and Fenton’s 
Reagent

Hydrogen peroxide (H2O2) is one of 
the most powerful oxidizers known. A 
stronger oxidizer than chlorine (Cl2), 
hydrogen peroxide is also a natural 
metabolite of many organisms that use 
oxygen, a by-product of the decomposi-
tion of the low concentration hydrogen 
peroxide. The autodecomposition can be 
represented overall as follows: 2H2O2 
→ 2H2O + O2. Pure hydrogen peroxide 
and its aqueous solutions are clear liq-
uids resembling water. Unlike water, 
hydrogen peroxide has a slightly sharp 

and distinctive 
odor. Low con-
c e n t r a t i o n s 
(1% to 3%) of 
hydrogen per-
oxide are sold in 
drug stores as 
a mild antisep-
tic. Hydrogen 
peroxide is 
available com-
mercially at 
aqueous con-
centration as 
high as 80%.

In the pres-
ence of a tran-
sition metal 
such as iron or 
copper, hydro-
gen peroxide 
reacts much 
more vigorous-
ly and aggres-

sively than without the metal (acting as a 
catalyst). The reaction of iron-catalyzed 
hydrogen peroxide oxidation is called a 
“Fenton’s Reagent” after its discoverer 
H.J.H. Fenton in 1894. Even after over 
100 years of study and use in water 

treatment, in-situ remediation methods 
were slow to use Fenton’s Reagent, 
owing to safety concerns. For in-situ 
remediation applications, Leetham et 
al. (2002), describe gasoline and MTBE 
destruction using Fenton’s Reagent. For 
in situ remedial applications, naturally 
occurring iron in the soil or fill materi-
als dramatically increases the oxidative 
strength of hydrogen peroxide. This 
increase in oxidation power is attributed 
to the production of hydroxyl radicals 
(OH•). In addition, a chain reaction is 
initiated, forming more radicals, which 
are very reactive and destroy chemi-
cal bonds of organic compounds. The 
iron is not destroyed but rather cycles 
between the iron(II) and iron(III) oxida-
tion states, yielding the hydroxyl radi-
cal and other by-products (Suthersan, 
2002). Frequently, when natural concen-
trations of iron are too low in the field, 
iron salts such as iron(II) sulfate are 
added. Iron(III) also improves the oxidiz-
ing power of H2O2, albeit at a reduced 
rate. In addition, pH adjustment using a 
strong acid such as sulfuric acid (H2SO4) 
or hydrochloric acid (HCl) is common as 
reactions of classic Fenton’s Reagent is 
more rapid and efficient under low pH 
conditions (pH 2 to 4 is optimal).

In presence of typical soil, residual 
hydrogen peroxide not used in the oxida-
tive remediation process breaks down to 
water and oxygen in a matter of hours. In 
addition to the much simplified reaction 
described in Equation 1 there are also 
a large number of competing reactions 
including the free radical scavengers, 
most importantly, carbonate and hydro-
gen carbonate alkalinity that will greatly 
affect the overall reaction scheme. After 
the Fenton’s Reagent has been complete-
ly depleted, the breakdown products of 
the spent hydrogen peroxide can serve 
as an oxygen source for microbes in the 
subsurface to enhance biodegradation of 
contaminants.

Fe2+ + H2O2 → OH• + OH– + Fe3+  
EQUATION 1

Where,
H2O2 = hydrogen peroxide
Fe2+ = iron(II) ion
Fe3+ = iron(III) ion
OH• = hydroxyl radical
OH– = hydroxide ion
Classic Fenton’s Reagent includes the 

use of a low to moderate concentration 
of hydrogen peroxide (1% to 30%), with 
iron addition at a pH of 2 to 4. Classic 
Fenton’s Reagent is exothermic and can 
increase temperatures of aquifers, as 

Oxidants commonly used for chemical oxidation processes

Liquids: Solids:

Hydrogen peroxide a source 
of hydroxyl radical

Note: solid peroxygens react with 
water (the O2

2– ion does not exist 
in water)

Peracetic acid Sodium/calcium persulfate

Sodium/calcium permanganate

Potassium permanganate

Gases: Sodium/calcium peroxide

Ozone Sodium perborate

Sodium percarbonate

Magnesium peroxide

Table 1.  Chemical Oxidation: Oxidizing Agents
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well as produce steam, reaction foam, 
and generate subsurface pressures in 
the treatment area capable of moving or 
cracking paved surfaces when used with 
hydrogen peroxide in the 10% to 12% 
concentration range. Deviation from the 
classic Fenton’s Reagent , referred to as 
“modified Fenton’s Reagent” includes 
the use of slurried solid peroxides and 
metallic or organo-metallic chelating 
catalysts, such as iron(II) EDTA to cre-
ate a Fenton’s Reagent at a neutral (pH 
7) or higher pH.

Persulfate with 
Hydrogen Peroxide

Persulfate oxidation commonly uses 
sodium persulfate (Na2S2O8) catalyzed 
by a chelated iron complex such as 

iron(II) EDTA at a neutral pH to produce 
sulfate radicals (SO4•–) that attack most 
petroleum hydrocarbons and selected 
chlorinated solvents. Liang et al. (2004) 
describe persulfate in situ remediation. 
The reaction mechanism (Equation 2) 
associated with the persulfate (S2O8

2–) 
process is shown as follows:

S2O8
2–  2SO4•– 

EQUATION 2
Where,
S2O8

2– = persulfate ion
SO4•– = sulfate radical
Heat, hydrogen peroxide (H2O2), and 

sodium hydroxide (NaOH) have also 
been used separately as activators for 
the persulfate. However, the by-product 

generated by injecting activated persul-
fate is long lasting sulfate (SO4

2–). There 
is a secondary drinking water standard 
for sulfates of 250 mg/L.

Potassium permanganate (KMnO4) 
lasts longer and can react in an environ-
ment with much higher pH compared to 
hydrogen peroxide. Permanganate has 
been well documented (Siegrist et al., 
2001) for destruction of trichloroethene 
(TCE; C2HCl3) and other chlorinated 
solvents, but it is generally not used 
for petroleum hydrocarbons or methyl 
tertiary-butyl ether (MTBE) (Jacobs et 
al. 2000). For field use, potassium per-
manganate is shipped as a powder and 
is mixed with water creating a deep 
purple liquid. The solubility of potassium 

Species Chemical Formula Standard 
REDOX 

Potential, Eo 
(Volt)

Oxidants commonly used in chemi-
cal oxidation remediation

Fluorine F2 3.0 No

Hydroxyl Radical OH• 2.8 Yes – with acid or iron catalyst

Sulfate Radical SO4•– 2.6 Yes – injected (persulfate)

Oxygen radical O2•– (superoxide radical) 2.4 No

Ozone O3 2.2 Yes – sparged

Persulfate anion S2O8
2– 2.1 Yes – injected

Hydrogen peroxide H2O2 1.8 Yes – see hydroxyl radical

Potassium Permanganate KMnO4 1.7 Yes – mixed with water and 
injected

Hydrochlorous acid HOCl 1.5 No

Chlorine dioxide ClO2 1.5 No

Chlorine Cl2 1.4 No

Oxygen O2 1.2 No

Bromine Br2 1.1 No

Iodine I2 0.8 No

ACTIVATED OXYGEN 
SPECIES

(Suthersan & Payne, 2005)

Formed by action of light on 
natural organic matter, per-
oxides or various inorganic 
catalysts

Singlet Oxygen 1O2

Protonated Superoxide HO2•

Hydrogen Peroxide H2O2

Hydroperoxide anion H2O2/HO2
–

Hydroxyl Radical OH•

Ozone O3

Note: Fenton’s Reagent Hydrogen peroxide with 
an iron catalyst forms the 
hydroxyl radical

Table 2.  Oxidizing Strength (Redox Potential) Of Various Oxidants
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permanganate is strongly influenced by 
temperature. At 30 oC, the solubility is 
more than 8%. The pH range is critical 
in being able to determine whether the 
oxidation reaction will be fast or slow. 
Equation 3 summarizes the permangan-
ate reaction:

2KMnO4 + C2HCl3 
→ 2CO2 + 2MnO2 

+ 2K+ + H+ +3Cl–

EQUATION 3
Ozone (O3) is a powerful gaseous oxi-

dizer that can be used to treat volatile 
organic compounds. Ozone is generated 
on-site because the gas is very difficult 
to store; therefore, all the ozone gas that 
is generated must be injected into the 
subsurface or destroyed using an ozone 
destruction unit on the ozone generator. 
The ozone gas can be bubbled into closely 
spaced injection ports that release the 
bubbles into the aquifer for remediation. 
The smaller the bubbles, the more sur-
face area and the faster they can travel 
through small pore spaces. Pumping the 
ozone gas through specially designed 
ozone diffusers can produce micro-bub-
bles. Advanced oxidation processes refer 
to when ozone is catalyzed or enhanced 
by ultraviolet (UV) light, hydrogen per-
oxide, or other oxidizers, to increase the 
power of the ozone by producing more 
hydroxyl radicals. Treatability testing 
in the laboratory can evaluate the cost 
benefit of the different ozone enhance-
ments prior to mobilizing into the field. 
Peroxone, a type of advanced oxidative 
process (AOP), uses hydrogen peroxide 
activated ozone to create the hydroxyl 
and perhydroxyl radicals (Equation 4). 
Ozone and hydrogen peroxide can min-
eralize most petroleum hydrocarbons 
and chlorinated solvents into water and 
carbon dioxide.

O3 +H2O2 → OH• + HO2• + O2
EQUATION 4

Where,
O3 = ozone 
OH• = hydroxyl radical
HO2• = perhydroxyl radical

Heavy Metals Treatment
According to Suthersan and Payne 

(2005), the mechanisms that reduce 
heavy metals dissolved in ground water 
are transformation and immobilization, 
which use both abiotic and biotic path-
ways. Abiotic pathways include oxida-
tion, reduction, hydration, sorption, and 
precipitation. Biotic pathways include 
oxidation, reduction, precipitation, bio-
sorption, bioaccumulation, organo-metal 
complexation, and phytoremediation. 

Precipitation is one of the most com-
mon in situ applications for treatment 
of soluble heavy metals in ground water 
or soil (Table 3). Dissolved heavy metals 
can be precipitated out of solutions to 
form insoluble sulfides, hydroxides, or 
carbonates. Suthersan and Payne (2005) 
note the following theoretical reactions 
(Equations 5 to 7) with a metal cation 
(Me2+):

Sulfide precipitation:
Me2+(aqueous) + S2–(aqueous) →

MeS (solid)
EQUATION 5

Hydroxide precipitation: 
Me2+(aqueous) + 2OH–(aqueous) → 

Me(OH)2 (solid) 
EQUATION 6

Carbonate precipitation: 
Me2+(aqueous) + CO3

2–(aqueous) 
→MeCO3 (solid) 
EQUATION 7

The solubility of a metal precipitate is 
a function of the pH of the water. Sulfide 
precipitation is particularly effective for 
copper [as Cu(I)], silver (Ag), mercury 
(Hg), cadmium (Cd), lead (Pb), and zinc 
(Zn). It is also important for the follow-
ing transition metals: copper [as Cu(II)], 

Species Chemical 
Formula

Metal 
Precipitate*

pH

Sulfur Compounds

Sodium sulfide Na2S sulfide Alkaline in solution

Sodium metabisulfite Na2S2O5 sulfide 4.3 (1% solution)

Iron(II) sulfate FeSO4 sulfide 3 to 5 (5% solution)

Calcium polysulfide CaS5 sulfide 11.5 to 11.8

Alkaline Solutions (metals and pH adjustments)

Calcium hydroxide 
(slaked lime)

Ca(OH)2 hydroxide 12.4 (saturated solu-
tion)

Potassium hydroxide 
Potash

KOH hydroxide 13.5 (0.1 molar solu-
tion)

Sodium hydroxide (lye 
or caustic soda)

NaOH hydroxide 13 to 14 (.05% solu-
tion)

Hydrogen or Hydrogen Producing Compounds (by fermentation)

Hydrogen gas H2 sulfide 7.0

Molasses C12H22O11 sulfide 5.0

Corn syrup C6H12O6 sulfide 5.0

Cheese whey C6H10O5 sulfide 6.0 to 8.0

Vegetable oils various sulfide Not water soluble**

Sodium lactate C3H5O3Na sulfide 6.5 to 8.5

Other Reducing Reactions

Elemental iron Fe0 sulfide 7.0

* Sulfide will precipitate if sufficient sulfur is available. Most “heavy” metals will 
insoluble form sulfides. However, Cr(VI) does not form insoluble sulfide but 
can form Cr(III) hydroxide.

** Vegetable oils are not soluble in water, so their pH can not be measured. Vegetable 
oils are typically very weak acids.

Table 3.  Selected “Heavy” Metals Treatment
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nickel [as Ni(I)], cobalt [as Co(II)], iron 
[as Fe(II)], and manganese [as Mn(II)]. 
With the exception of arsenic (As), most 
metal sulfide precipitates are much 
less soluble than the hydroxides (OH–) 
at the pH ranges encountered in most 
ground-water systems (Suthersan and 
Payne, 2005).

Geochemical stabilization of heavy 
metals can be performed easily in both 
soil and ground water. Some of the 
most common sulfur-based immobiliz-
ing agents include sodium metabisulfite 
(Na2S2O5), iron(II) sulfate (FeSO4), and 
calcium polysulfide (CaS5). Hydroxide-
based immobilizing agents include cal-
cium hydroxide [Ca(OH)2], commonly 
called slaked lime, and potassium 
hydroxide (KOH), commonly called pot-
ash, have also been used for geochemical 
stabilization projects.

Under reducing conditions, heavy 
metal cations can be removed from solu-
tion as sulfide precipitates, as long as suf-
ficient sulfur is available (Suthersan and 
Payne, 2005). Some in situ remediation 
specialists use fermentable compounds 
that produce hydrogen. These types of 
compounds are carbon-rich solutions 
such as molasses, edible vegetable oils, 
sodium lactate, cheese whey, and corn 
syrup. The carbon-rich solutions ferment 
in a biotic, reducing (anaerobic) environ-
ment and ultimately produce hydrogen, 
an electron donor, that can be used to 
reduce the oxidation-reduction potential 
(ORP) in the aquifer to the point where 
heavy metals come out of solution and 
precipitate as sulfides, hydroxides, and 
carbonates.

Many heavy metals, such as copper, 
silver, lead, zinc, nickel, and cadmium 
precipitate as sulfides. At the same pH, 
with few exceptions, sulfides are an 
order of magnitude less soluble than the 
hydroxide forms, consequently, sulfide 
precipitation is preferred. However, a 
few metals such as chromium (Cr) do 
not precipitate as sulfides. Chromium 
changes from the soluble and more toxic 
form of chromium, Cr(VI), to Cr(III) and 
precipitates out as chromium hydroxide 
(Cr(OH)3). Treatability testing using site 
specific soil and ground water allows for 
the testing of treatment chemicals and 
determining the length of time needed to 
complete the precipitation of the soluble 
metals. The number of pore volume 
flushings required for successful treat-
ment of metals can be performed using a 
soil column test. Modifications of pH and 
concentration of treatment chemicals 
can be evaluated using treatability tests 

to optimize site specific remediation 
options. Descriptions of various Cr(VI) 
treatability testing methods are includ-
ed in Guertin et al. (2005).

For above-ground treatment of soluble 
metals in a water stream, such as Cr(VI), 
there are several options to consider. 
For low concentrations of heavy metals 
(1 μg/L to 10 μg/L), the least expensive 
passive options include bone-char car-
bon and specialized composite sorbents 
which contain a modified clay mineral 
and a modified fibrous carbon material. 
These techniques require sampling ports 
between the 136 kg (300 lb) or larger 
containers, so breakthrough does not 
occur. Bone char can remove about 0.82 
kg (1.8 lb) of lead per 136 kg (300 lb) of 
bone char with about 1 minute of reten-
tion time. Treatability testing using soil 
columns with the proposed sorbents can 
be designed to determine the site-specific 
contaminant residence time required 
as well as the number of pore volumes 
of liquid that can be treated prior to 
breakthrough.

Other, more expensive, above-ground 
treatment options for soluble metals 
include various flocculating chemicals 
with mixing tanks, ion exchange resins, 
and reverse osmosis. As the technology 
becomes more complex, the price also 
increases significantly.

Anaerobic Treatments
A variety of carbon-rich compounds 

when fermented produce hydrogen as 
the end product. These compounds are 
used in situ to dehalogenate chlorinat-
ed solvents such as tetrachloroethene 
(PCE) and trichloroethene (TCE). This 
biotic fermenting process is also used 
for precipitating metals, such as chro-
mium. Hydrogen gas in solution acts 
as an immediate electron donor with-
out the fermenting stage. The chlo-
rinated solvents (PCE and TCE) are 
electron acceptors. Recent studies by 
Leigh (2007) suggest that a combination 
of carbon-sources to ferment with high 
concentrations of dissolved hydrogen in 
the recirculation waters increased deg-
radation of chlorinated ethenes. Other 
studies by Sheldon, et al. (2008) showed 
a 50% increase in PCE degradation when 
the edible micro-emulsion soy oil was 
combined with hydrogen gas infusion. 
All types of biological reactions (anaero-
bic, co-metabolic and aerobic) can be 
tested and optimized in the laboratory 
using microcosm studies to evaluate 
degradation pathways and biofeasibility 

evaluations to evaluate biogeochemical 
conditions.

pH Adjustment Chemicals
For the neutralization of industri-

al acid pits, pH adjustment chemicals 
include the strong bases such as sodium 
hydroxide (NaOH at pH 13.5). Other 
bases, such as calcium polysulfide (CaS5 
at pH 11.5 to 11.8) are worth consider-
ing, especially when soluble metals are 
present owing to the low pH. Treatability 
scale testing helps in determining dose 
and to evaluate whether certain metals 
will be released as a result of changing 
the pH.

Free Product Removal
Treatability testing can be used for 

modeling active removal of freeprod-
uct including, dense non-aqueous phase 
liquid (DNAPL) such as chlorinated 
solvents, or light non-aqueous phase 
liquid (LNAPL) such as fuel hydrocar-
bons. Active removal includes flushing 
with biosolvents, surfactants or dis-
solved carbon dioxide. These flushing 
methods lower the free product viscosity 
and increase mobility, where the vapors 
and free-product are removed using dual 
phase extraction equipment (Jacobs et 
al. 2008). Sand box models allow for 
easy viewing of the progress of the free-
product removal process. Passive free-
product removal using cloth sorbents or 
sphagnum moss in a steel, cloth, or plas-
tic cage or sock can likewise be evaluated 
in the laboratory using a treatability test 
to determine the optimal removal mate-
rial for the specific site.

Enhanced Bioremediation 
and Natural Attenuation

Bioremediation uses microorganisms 
to remove or reduce contaminants to 
effectively remediate a contaminated 
site. Some requirements for bioreme-
diation include specific contaminant 
degrading microbes, moisture, macro-
nutrients, appropriate pH, and a termi-
nal electron acceptor (TEA) for cellular 
respiration.

For aerobic microbes, oxygen is the 
TEA and usually the limiting factor for 
biodegradation process. For every 0.45 
kg (1 lb) of hydrocarbon that is degraded, 
about 1.4 kg (3 lb) of oxygen are required. 
This equation assumes that every mol-
ecule of oxygen present or infused into 
the aquifer is consumed in the degrada-
tion of the hydrocarbons. The theoretical 
amount of oxygen required to aerobically 
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biodegrade gasoline can be estimated. 
Since gasoline consists of thousands of 
compounds including benzene (C6H6), 
benzene is used in the example calcula-
tion. The equation (Equation 8) is:

benzene + oxygen →
carbon dioxide + water

C6H6 + (15/2)O2 → 6CO2 + 3H2O
EQUATION 8

For each mole of benzene, 7.5 moles 
of oxygen are required, or for every 78 
grams of carbon, 240 grams of oxygen 
are needed for complete mineraliza-
tion, which is a ratio of (240/78) or 3.08. 
Therefore, a little more than 1.4 kg (3 
lb) of oxygen are required to completely 
mineralize 0.45 kg (1 lb) of petroleum 
hydrocarbons. Owing to the complex geo-
chemistry in aquifers with both solid and 
soluble oxygen demand, the amount of 
oxygen required for the biodegradation 
of the petroleum hydrocarbon contami-
nant is significantly higher. Depending 
on the oxygen demand, the ratio of oxy-
gen to hydrocarbon consumed is more 
realistically 2.3 kg to more than 4.5 kg (5 
lb to more than 10 lb) of oxygen per 0.45 
kg (1 lb) of hydrocarbon destroyed.

For anaerobic microbes, nitrate, 
manganese(IV), iron(III), sulfate, and 
ultimately carbon dioxide are the TEAs. 
Biofeasibility treatability studies in the 
laboratory evaluate the types and con-
centrations of anaerobic microbes, often 
called bacterial enumeration. In addi-
tion, the presence and concentration of 
TEAs and macro-nutrients (measured 
as ortho-phosphate and ammonia as 
nitrogen) are evaluated. Other measure-
ments include dissolved oxygen (DO), 
oxidation-reduction potential (ORP), 
total inorganic carbon (TIC), total organ-
ic carbon (TOC), solid, chemical and bio-
logical oxygen demand (BOD), and other 
biochemical parameters (Table 4).

To verify the effectiveness of biore-
mediation for compounds other than 
well-understood gasoline, a laborato-
ry microcosm treatability study can 
be performed. Such a study would be 
contaminant-and-site specific. Effective 
microcosm studies can determine  

whether biodegradation is occurring as 
opposed to volatilization, adsorption, 
photodegradation, or leaching of the con-
taminants from the soil or ground water. 
Control samples are sometimes used for 
quality control and comparison tests.

Collection of 
Representative Samples

Representative 
soil and ground-
water samples are 
collected in the 
field. Typically 
0.94 m to 1.2 m (3 
ft to 4 ft) of 3.1 cm 
(2 in.) diameter soil 
tubes are enough 
for 3 case studies. 

Unsaturated zone treatments use only 
soil and deionized water. For saturated 
zone treatment, about 11.4 L (3 gal) 
of water are needed for about 3 case 
studies. The samples are frequently 
spiked (addition of known quantity of 
contaminant) in the laboratory with the 
contaminant at a known concentration 
so that degradation rates can be mea-
sured more easily.

Treatability Testing 
Apparatus

There are several different ways of 
performing treatability tests, including 
using specially designed soil and ground-
water test chambers which collect any 
gases produced during the reactions. In 
addition, soil column testing allows liq-
uid reagents to percolate or be pumped 
through the soil column. Soil column 
tests are used to evaluate the number 
of pore volumes and time required for a 
specific degradation rate or result. For 
larger scale treatability tests, modified 
aquariums or sand box models are used 
for contaminant degradation studies.

Challenges
The main issue with treatability scale 

testing is whether the soil or ground-
water samples collected from the field 
are representative of the site, given 
the frequent lithologic heterogeneity 
of many sites. For example, collecting 
at least 10 soil samples, and compos-
iting them in the laboratory is a way 
to eliminate specific collection biases. 
Sometimes it is better to focus the treat-
ability scale testing on the soil zones that 
are most likely to be remediated using 
the specific chemistry. But, if the con-
taminated soils are difficult to remediate 

(typically clays), they can be treated and 
optimized in the laboratory to improve 
the chance of successful scaling to the 
pilot scale test or full scale remediation. 
In this way, unknowns about the specific 
treatment chemistry can be reduced. For 
in situ remediation, the intrinsic perme-
ability (connected pores) of the soil or 
sediments should be greater than 9.3 x 
10–4 m2 (0.01 ft2 )and hydraulic conduc-
tivity (K) should be greater than 3 x 10–7 
m/s (10–6 ft/s) (US EPA, 2004).

The length of time for degradation of 
a particular contaminant can be difficult 
to assess by extrapolating from labora-
tory scale data into the field. Varying 
conditions in the subsurface (changes 
in temperature, pH, moisture content, 
etc.) also create discrepancies related to 
scaling problems between the treatabil-
ity scale test and the field scale treat-
ments. In situ treatments rely mostly on 
liquids, however gases (such as oxygen 
and hydrogen) and solids (magnesium 
peroxide and elemental iron) have been 
used successfully. Uniform delivery (ver-
tically and horizontally) of the treatment 
chemicals into the subsurface target 
zone is frequently a challenge that can 
be evaluated by selecting a large number 
of soil samples for the treatability tests. 
Variations in laboratory treatability test 
results frequently provide insights into 
problem zones in the field.

Example Projects
Treatability scale testing can reduce 

overall project costs by identifying the 
most cost-effective remedial option. 
One recent case involved the use of a 
sulfur-based immobilizing chemical to 
precipitate Cr(VI). Although significant 
safety precautions were taken in the 
field, treatability tests were used with 
higher concentration of reactants than 
were used in the field to prove that 
hydrogen sulfide (H2S) gas and sulfur 
dioxide (SO2) gas would not be generated 
in the reaction chamber headspace. By 
matching the geochemical conditions in 
the laboratory closely with the field, the 
case results effectively lowered the risk 
of worker exposure to toxic gases in the 
field, which reduced the required level 
of worker protection and consequently, 
costs. In another case study, some heavy 
metals did not go into solution during 
treatability scale testing and these met-
als were not required to be analyzed 
during and after full-scale treatment, 
saving the owner laboratory costs. Other 
treatability test case studies have been 
used to support proposed cleanup goals 

Benzene Oxygen Carbon 
Dioxide

Water

Moles 1 15/2 or 7.5 6 3

Mass (gram) 78 240 264 54

 After Kuo (1999).
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ANALYSIS METER/LAB ANALYSIS

Contaminant Laboratory analysis

General Geochemistry

Oxidation Reduction Potential (ORP) Meter

pH/temp/conductivity Meter

Conductivity, temperature Meter

Speciated alkalinity; CO2 Lab analysis

Total Organic Carbon (TOC) Lab analysis

Biological Assessment

Aerobic (or anaerobic) Heterotrophs Biological laboratory

Specific Degraders Biological laboratory

Common Terminal Electron Acceptors (TEAs)

Dissolved Oxygen (DO) Meter

Nitrate, manganese, and sulfate Lab analysis

Iron(II) (soluble), total iron (soluble) Field kit

Macro-Nutrients

Orthophosphate Lab analysis

Ammonia as nitrogen Lab analysis

Commonly Analyzed Heavy Metals

CAM 17 metals Lab analysis

Cr(VI), bromate, selenium Lab analysis

Carbon

Speciated alkalinity; CO2 Lab analysis

Total Organic Carbon (TOC) Lab analysis

Total Inorganic Carbon (TIC) Lab analysis

Total Solids

Total Dissolved Solids (TDS) Lab analysis

Total Suspended Solids (TSS) Lab analysis

Miscellaneous

General mineral Lab analysis

Soil moisture content Lab analysis

DNAPL presence Observation in field

Hydraulic conductivity Determined in field

Mass of contaminant Calculation

Oxygen Demand

Biological Oxygen Demand (BOD5) Lab analysis

Chemical Oxygen Demand (COD) Lab analysis

Solid Oxidant Demand, by persulfate; (persulfate SOD), 
permanganate, etc.

Lab analysis (other chemical oxidizers can 
be used in SOD analysis)

Table 4.  Summary Of Field And Laboratory Analysis For Enhanced Bioremediation And Chemical Oxidation Bench Tests
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or provide data for the regulatory accep-
tance of field screening methods such 
as the use of spectrophotometers for 
initial field soil or water confirmation. 
In some cases the feasibility of certain 
processes can be evaluated as to suc-
cess or failure, prior to performing pilot 
scale remediation projects, saving tens 
of thousands of dollars.

Summary
Treatability scale testing provides a 

scientific basis for the selection of reme-
dial technology. The optimal concentra-
tions of the treatment chemistry should 
be tested using treatability scale studies 
prior to the field work or the purchase of 
chemicals or equipment. With so many 
choices for remediation of petroleum 
hydrocarbons, chlorinated solvents, and 
“heavy” metals, treatability scale studies 
provide a low-cost method for choosing 
the most efficient, site-specific degrada-
tion pathway. This bench-scale method 
can be used with a variety of treat-
ment process such as chemical oxidation, 
enhanced bioremediation, geochemical 
fixation, or pH adjustment. In sum, 
regardless of the contaminant, treat-
ability testing is an important part of 
successful in situ soil and ground-water 
remediation projects.
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Abstract
Agency or stakeholder urgency will more than likely be 

a key driver for timely and cost effective assessment and 
remediation. Utilizing a dynamic work plan for assessment 
and remediation can offer both time and cost savings ben-
efits. Dynamic work plans are designed to accelerate site 
characterization for the assessment and remediation of con-
taminated sites. The work plan draws from four industry stan-
dards: American Society for Testing and Materials (ASTM) 
Expedited Site Characterization (ESC); Department of Energy 
(DOE) Streamlined Approach for Environmental Restoration 
(SAFER); Environmental Protection Agency (EPA) Dynamic 
Field Activities; and Interstate Technology and Regulatory 
Council (ITRC) Triad Approach. 

The framework for a dynamic work plan to conduct acceler-
ated site characterizations have been defined by ASTM, DOE, 
EPA, and ITRC and share four common elements: upfront 
systematic planning; field mobilization; meeting project goals; 
and preparing a final report.

Three projects (presented as case studies where portions of 
dynamic work plans were used) were completed for the Florida 
Department of Environmental Protection (FDEP) Drycleaning 
Solvent Cleanup Program. The FDEP has encouraged its con-
tractors to utilize dynamic work plans due to the benefits that 
include time savings, cost savings, and reducing report review 
time frames. The three case studies include Lipham Cleaners 
(groundwater assessment), Former Penthouse Cleaners (soil 
assessment), and Nanak Cleaners (soil remediation). Each 
investigation contained elements of a dynamic work plan that 
were implemented with success to meet project goals.

Introduction
With today’s need for timely and cost effective site character-

ization, environmental professionals must choose between uti-
lizing a dynamic work plan or conducting a traditional phased 
assessment. This paper defines the framework of dynamic 
work plans for conducting accelerated characterization and 
remediation of contaminated sites. The dynamic work plan 
draws from four widely accepted and available industry stan-
dards: American Society for Testing and Materials (ASTM) 
Expedited Site Characterization (ESC); Department of Energy 
(DOE) Streamlined Approach for Environmental Restoration 
(SAFER); Environmental Protection Agency (EPA) Dynamic 

Field Activities; and Interstate Technology and Regulatory 
Council (ITRC) Triad Approach. Accelerated characterizations 
using dynamic work plans differ from traditional characteriza-
tions by using judgment-based sampling and evaluating real-
time data during field activities, as opposed to data evaluation 
after completing each field event (or stage) in the assessment 
or remedial activity.

Guidance documents from ASTM, DOE, EPA, and ITRC 
can be broadly summarized to provide a general description 
of similar components common to each approach. Case studies 
where portions of projects have utilized dynamic work plans 
and their associated benefits are discussed in greater detail 
below.

Dynamic Work Plan Framework
The framework for a dynamic work plan has been defined 

by ASTM, DOE, EPA, and ITRC. The EPA and DOE guidance 
documents were developed for the use of agency project manag-
ers. The ASTM and ITRC guidance documents were targeted 
for engineers and scientists, regulators, and stakeholders. 
Table 1 summarizes the general components of aforementioned 
industry standards.

The guidance documents listed on Table 1 are for creating 
a dynamic work plan share four common elements:
 1. upfront systematic planning
 2. field mobilization
 3. meeting project goals
 4. final report

Upfront Systematic Planning
The first step of creating a dynamic work plan is upfront 

systematic planning. This initial step includes establishing 
project goals, organizing a multi-disciplinary project team 
(including stakeholders and regulators); and developing a 
preliminary site conceptual model.

Once the project goals (such as points of compliance, cleanup 
target levels, or site-specific remediation levels) have been 
established, a multi-disciplinary project team is assembled 
based. For the purpose of definition, a “stakeholder” would 
include an entity who has a vested interest in the timely and 
cost effective completion of the project such as the owner or 
operator of the site, legal counsel, or an adjacent site owner 

Framework of Dynamic Work 
Plans for Environmental 
Assessment and Remediation 
at Contaminated Sites
Aaron Getchell, MEM-1446, and Michael N. Lodato
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whose property has been adversely impacted. A stakeholder’s 
role in the project may include input into establishing project 
goals or negotiation with regulators responsible for the site. 
Working with regulators (or a team of agency personnel respon-
sible for a site) prior to field implementation provides clear 
project goals. Such negotiations could include delineation of 
impacts to a certain regulatory cleanup standard, development 
of a site-specific standard, or remediation of contamination to 
a point of compliance. The project team will likely consist of a 
senior professional selected from the project team to serve as 
the technical lead, approve project goals, relay information to 
the stakeholders, and act as the point of contact for regula-
tors. Junior professionals (such as geologists, hydrogeologists, 
engineers, chemists, or risk assessors) are staffed based on 
the project goals to assist in decision making, data collec-
tion, data evaluation, and relaying technical information to 
the senior professional. The multi-disciplinary team will also 
consist of companies that will assist in data collection based 
on the project goals such as direct push technology (DPT) 
and/or membrane interface probe (MIP) operators, drilling 
contractors (rotosonic, hollow stem auger, air rotary, etc.), 
geophysical sensing service provider, or a mobile and/or fixed-
based laboratory. 

After specific project goals are identified and agreed upon, 
the multi-disciplinary team will develop a preliminary site 
conceptual model. The site conceptual model includes cur-
rently available information regarding site specific conditions. 
The geologic and hydrogeologic information could include soil/
rock type, depth to bedrock, geologic and sedimentary struc-
tures (e.g. primary and secondary porosity), geologic contacts/
formations, seasonal depth to groundwater, groundwater flow 

direction(s), groundwater flow velocity, identification of aqui-
fers and confining zones, and geochemical groundwater qual-
ity characteristics. Contaminant pathways identified could 
include leaching through soil, migration along utility corridors, 
groundwater migration, surface water flow, or airborne dust/
sediment/vapor settling. Potential human/ecological receptors 
are also evaluated. These may include potable water wells, 
irrigation wells, springs, seeps, and surface water bodies 
(which may be used for recreation or potable water), or even 
the land surface. Onsite structures should be described such as 
utility corridors, surface water impoundments for storm water 
drainage, storage tank locations (above and underground), 
chemical management areas (including storage and usage), 
and areas of manufacturing operations (including equipment 
cleanout and wash down). The currently available data may 
include data from previously completed environmental or 
geotechnical reports; regulatory information from facility 
inspection reports, discharge notifications, or waste shipping 
manifests; and use of publicly available information from 
the United States Geological Survey (USGS), state or county 
geologic maps, borehole logs, or aquifer characteristics/water 
quality data from Water Management Districts. As discussed 
later, the preliminary site conceptual model provides flexibility 
for later refinement based on data collection during the field 
mobilization until the project goals are met.

Field Mobilization
The purpose of the field mobilization is to collect data and 

refine the preliminary site conceptual model until the project 
goals are met. Real-time data that is evaluated in the field is 

Table 1
Referenced Guidance Document Outlines

Guidance Document General Components

ASTM ESC (1) initiate ESC process
(2) establish ESC project team
(3) develop ESC program
(4) develop dynamic work plan
(5) Phase I investigation
(6) Phase II investigation
(7) Project completion

DOE SAFER (1) Defining and using a conceptual model  to provide a foundation for      
remedial planning and action

(2) planning and conducting assessment, remedy selection, and remedial 
action on a “learn-as-you-go” basis

(3) recognizing the management of uncertainty as a key to conducting each 
phase of the remedial process

(4) recognizing the role and contributions of stakeholders

EPA Dynamic Field Activities (1) using a systematic planning process
(2) preparing a dynamic work plan that documents an on-site decision-        

making strategy
(3) conducting a dynamic field activity
(4) writing a final report

ITRC Triad (1) systematic project planning
(2) dynamic work strategies
(3) real-time measurement technologies

Note: References for each guidance document are provided in the References section of this paper.
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a crucial aspect the framework of a dynamic work plan. Data 
evaluation in the field promotes judgment-based sampling and 
avoids the need for multiple (costly) mobilizations common in 
traditional phased site assessments. Application of existing 
technology and development of new methods and technologies 
have made accelerated site characterization possible in a cost-
effective manner. Table 2 draws from the referenced guidance 
documents listed in Table 1 to illustrate a variety of examples 
of real-time data collection technologies and methods that 
support site assessment and remediation efforts.

Real-time data collection methods should be presented 
for regulatory approval prior to scheduled field mobilization 
(usually as part of upfront systematic planning). Regulators 
are generally open and accepting of new technologies that 
will enhance the site assessment and make assessment/
remediation more cost effective.

Data collected in the field can be immediately evaluated by 
the multidisciplinary team who make observations and form 
judgments regarding additional sampling locations or areas of 
further remediation during the current mobilization, saving 
both time and budget. Examples could include: (i) based on 
DPT groundwater sampling data from a mobile laboratory, 
a monitoring well network can be more effectively placed 
for delineation; (ii) soil borings can be advanced in areas to 
evaluate if cleanup goals have been met; or (iii) breakthrough 
for a carbon vessel can be evaluated using field screening 
techniques. Stakeholder/regulatory authority are frequently 

updated on progress at regular intervals so they are involved 
in the decision on when project goals are met.

Meeting Project Goals
Project goals established during upfront systematic plan-

ning should stress real-time data collection and field evalua-
tion by the multidisciplinary team to meet project goals. This 
team must be prepared and competent to use judgment-based 
sampling to choose additional sampling locations. Should the 
team assert that the site conceptual model (with its refine-
ments) has met or exceeded project goals, then subsequent 
sampling efforts can be eliminated.

A key aspect of judgment-based sampling is the competence 
of the project team that has been authorized for decision 
making. Judgment based sampling does not empower a mul-
tidisciplinary team to conduct assessment or remediation “as 
they see fit”; rather, it is a decision making process to manage 
uncertainty and to meet project goals. Once the project team 
has determined that the project goals have been met, the 
stakeholder/regulatory point of contact should be consulted 
and briefed prior to any demobilization.

Final Report
Preparation of a final report is the final element of the 

framework for a dynamic work plan. Often, production of the 
final report is a streamlined process that involves finalizing 
data interpretation and describing the elements/decisions that 
were used to develop and finalize the conceptual site model 

Table 2
Examples of Real-time Data Collection Methods and Technologies

Method or Technology Application

Global Positioning System (GPS) and 
Geographic Information System (GIS)

Contaminant mapping and mapping of sampling locations, potential 
receptors, etc.

Portable Gas Chromatographs (GC) Volatile Organic Compounds (VOCs) including chlorinated solvents and 
petroleum products including diesel fuel, gasoline, and waste oil

Immunoassay Methods Chlorinated pesticides, Polychlorinated Biphenyls (PCBs), Polynuclear 
Aromatic Hydrocarbons (PAHs)

X-Ray Florescence (XRF) Spectroscopy Certain metals including lead and arsenic

Field Test Kits (including colorimetric 
detection tubes)

Total recoverable petroleum hydrocarbons (TRPH), chlorinated solvents, 
explosives

Membrane Interface Probe (MIP) VOCs including petroleum products and chlorinated solvents.

Fuel Fluorescence Detector (FFD) VOCs

Cone Penetrometer Test (CPT) Soil type, lithologic characterization, and advancing MIP, FFD.

Direct Sampling Ion Trap Mass 
Spectrometer (DSITMS)

VOCs

Electromagnetic Surveys Mapping buried waste, identifying subsurface structures such as tanks, 
vaults, pits, utilities, and  identifying geologic contacts

Direct Push Technology (DPT) Soil and groundwater sampling; useful in difficult access locations 
(inside buildings, wooded areas, etc.); also used for advancing screening 
technologies such as MIP.

Photo Ionization Detector (PID) VOCs

GC equipped with an Electron Capture 
Detector (ECD)

PCBs, chlorinated pesticides

Note: Some of the above-listed field methods may require regulatory approval which could include feasibility 
tests or pilot studies.
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because the data were compiled, tabulated, validated, and 
evaluated in the field.

The final report is submitted to the stakeholders and 
the regulatory authority for review and approval. Review 
comments may arise that will need to be addressed by the 
multidisciplinary team. However, since the stakeholders and 
the regulatory agency were regularly updated with progress 
reports from the real-time data collection, minimal technical 
comments should arise.

Case Studies Of Dynamic Work Plans
The framework for dynamic work plans can be implemented 

at any point in a project from assessment to remediation, and 
often, portions of a project will have elements of a dynamic 
work plan. Geosyntec Consultants, Inc. (Geosyntec) has 
completed dynamic work plans for portions of the three fol-
lowing case studies completed for the Florida Department 
of Environmental Protection (FDEP) Drycleaning Solvent 
Cleanup Program. The FDEP has encouraged its’ contrac-
tors to utilize dynamic work plans due to the benefits that 
include time savings (reduced number of mobilizations), cost 
savings (using judgment-based sampling to optimize selected 
sampling locations), and reducing report review time frames 
(reviewing one complete report is more efficient than review-
ing a preliminary report and additional addendums). The 
three projects listed below, Lipham Cleaners (groundwater 
assessment), Former Penthouse Cleaners (soil assessment), 
and Nanak Cleaners (soil remediation) contained elements of 
a dynamic work plan that were implemented with success to 
meet project goals.

Lipham Cleaners
Geosyntec conducted an assessment utilizing portions 

of a dynamic work plan at Lipham Cleaners site located in 
Orlando, Florida (Figure 1). Cost savings were realized by 
implementing upfront systematic planning and real-time data 
collection technologies that reduced required mobilizations 
to the site for assessment and remediation and streamlined 
report preparation.

Upfront systematic planning included preparation of a work 
plan for FDEP regulatory approval and obtaining access from 
offsite property owners. Real-time data collection was complet-
ed using DPT groundwater sampling with mobile laboratory 
analysis during initial assessment activities. Judgment-based 
sampling was used to identify concentrations indicative of 
dense non-aqueous phase liquid (DNAPL) in a source area and 
delineate a dissolved plume of chlorinated solvents in shallow 
and deeper groundwater aquifers. The contaminant plume 
had an aerial extent of about 5.4 acres affecting numerous 
downgradient offsite properties.

Additional assessment to characterize the source area for 
remedial action was performed utilizing MIP sampling to 
profile contaminant concentrations in the previously identified 
source area, identify contaminant migration pathways, and 
confirm the presence of DNAPL at the site. GPS technology 
was used to log each sample collection point and geo-reference 
that point on an aerial photograph.

Former Penthouse Cleaners
Geosyntec conducted an assessment utilizing a dynamic 

work plan at the former Penthouse Cleaners site located in 
Orange City, Florida (Figure 2). Implementing upfront sys-
tematic planning and real-time data collection technologies 
reduced required mobilizations for the site assessment which 
saved cost and allowed for a timely transition to remedial 
action.

 Upfront systematic planning included preparation of a work 
plan for regulatory approval and receiving approval from the 
property owner, property manager, and tenants of the shop-
ping plaza to advance soil borings in different areas to achieve 
delineation (the project objective). Real-time data collection 
was completed using DPT soil sampling with mobile laboratory 
analysis during initial assessment activities. Judgment-based 
sampling was used to identify an area of chlorinated solvent 
contamination in vadose zone soil located beneath the slab 
of the building and beneath a driveway located behind the 
building. Delineation of impacted soil was achieved in one 
field mobilization lasting less than one week.

Geosyntec transitioned smoothly into interim remedial 
action that included a limited soil excavation and SVE-

 Figure 1:  A GIS image outlining a plume of tetrachloroethene-impacted groundwater exceeding regulatory criteria as identified in the field by 
using DPT groundwater sampling and a mobile laboratory.
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chamber installation by evaluating the soil sampling data and 
lithologic characterization in the field and plotting the mobile-
laboratory data on a geo-referenced aerial photograph.

Nanak Cleaners
Geosyntec conducted active remediation (soil excavation) 

utilizing portions of a dynamic work plan at the Nanak 
Cleaners site located in Winter Park, Florida (Figure 2). Cost 
saving benefits were realized by conducting extensive upfront 
systematic planning for remedial action by addressing site 
operational issues to manage scheduling delays and proac-
tively prepare for removal of additional impacted material.

Upfront systematic planning included preparation of a work 
plan for regulatory approval and conducting a meeting with 
the stakeholders. During the meeting, the operator of the 
drycleaning facility indicated that his drive-through window 
(located on the east side of the building) was crucial to his 
business and a propane tank located south of the building 
(and the proposed excavation area) must remain attached 
for the business to remain operational. To accommodate the 
operator, Geosyntec identified an alternate area for equipment 
staging allowing customer access to the drive-through window 
and connected a portable utility line to the propane tank that 
prevented disruption to the operator’s normal drycleaning 
business. Geosyntec also received additional manifests from 
the subcontractor upfront to allow for additional disposal of 
excavated impacted soil, if required.

A soil excavation was conducted at the site to remove 
shallow chlorinated solvent-impacted soil that was adversely 
affecting groundwater. Once a base depth for the excavation 

was achieved, a grid was applied to the excavation and used a 
real-time data collection method (a PID) to identify areas for 
additional soil removal. Due to lower than average water table 
conditions, Geosyntec was able to remove additional impacted 
soil and accommodate the logistics (manifesting, disposal, cost, 
etc.) of removing the additional soil in one field mobilization.

Benefits Of Dynamic Work Plans
Agency or stakeholder urgency will likely be a key driver 

for timely and cost effective site assessment and remediation. 
Utilizing a dynamic work plan for assessment and remediation 
can provide both time and cost savings benefits. EPA has 
tracked project performance by comparing a traditional 
“phased” approach to using a dynamic work plan. Based on this 
comparison, EPA found that by using a dynamic work plan, 
projects could be completed between 33% and 60% faster and 
15% to 45% more cost effective.  These time and cost savings 
benefits of implementing a dynamic work plan can be realized 
by the following:
• Fewer scheduling delays caused by contractor availability 

for multiple mobilizations
• Improved quality control through real-time data evaluation 

and more representative sampling strategies
• More effective/complete delineation of contamination as a 

result of judgment-based sampling
• Better defined site conceptual model with fewer uncertain-

ties
• Budget savings due to real-time data collection when com-

pared to expedited laboratory turnaround time

Figure 2: A GIS map that shows an area of tetrachloroethene-impacted shallow soil about 130 ft wide by 95 ft long beneath a strip mall 
building (occupied by numerous tenant spaces) and a driveway.
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• Reduced iterations of reports and addendums to reports by 
completing data collection in less mobilizations

• Reduced final report review time because of increased up-
front stakeholder and regulator involvement

• More focused/efficient remedial action due to improved site 
characterization

• Reduced field mobilizations
• Improved communication with the stakeholder and regula-

tory authority
• Improved overall efficiency of conducting assessment/

remediation projects
• Less final report preparation/review time due to upfront 

systematic planning, clearly identified project goals, and 
improved communication between the multidisciplinary 
team, stakeholders, and regulators
The advantages of utilizing a dynamic work plan (or even 

a portion of a dynamic work plan) versus a traditional staged 
site assessment include the benefits of faster and a more cost-
effective completion of the site assessment and remediation.

Conclusions
ASTM, DOE, EPA, and ITRC provide guidance documents 

for the framework of a dynamic work plan for conducting 
accelerated site characterization and remediation. These four 
guidance documents can be summarized and generalized as 

containing four basic steps to creating a framework for a 
dynamic work plan: upfront systematic planning, field mobi-
lization, meeting project goals, and preparing a final report.

Successful projects completed by Geosyntec for the FDEP 
Drycleaning Solvent Cleanup Program have utilized por-
tions of the dynamic work plan framework. Accelerated site 
characterizations using portions of dynamic work plans were 
implemented for site assessment projects at Lipham Cleaners 
and Former Penthouse Cleaners and a remediation project 
at Nanak Cleaners. Benefits from using the framework for a 
dynamic work plan for portions of these three projects have 
included clearly defined project goals, timely completion, 
reduced mobilizations, and more thorough assessment and 
remediation. These benefits resulted in conducting more cost-
effective assessment and remediation efforts at these sites by 
Geosyntec for FDEP.

Two major benefits of utilizing dynamic work plans include 
reduced overall time required to complete a project and total 
project cost saving (as tracked by EPA comparing a traditional 
“phased” assessment to a project using a dynamic work plan). 
These two major benefits can be realized due to the following 
factors.
• More defined and specific project goals
• Reduced field mobilizations
• More refined site conceptual model due to higher sample 

representativeness 

Figure 3: The limits of the excavation from shallow (shown in blue) to intermediate (shown in green) to deepest (shown in orange) were identi-
fied in the field based on PID readings.

PEER REVIEWED ARTICLE



• More focused remedial action due to improved site charac-
terization

• Less final report preparation/review due to improved 
upfront planning with the multidisciplinary team
In summary, using the framework for a dynamic work plan 

for the assessment and remediation of contaminated sites has 
been shown to be more timely, thorough, and cost effective 
than a traditional staged site assessment and remediation 
approaches.
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AIPG President John L. Bognar, presents a commemorative plaque to IGI President Kevin T. Cullen, 
during the IGI 10th Anniversary Celebration in Dublin on May 15th. The text on the plaque reads: 
On this Auspicious Occasion of the 10th Anniversary of the Institute of Geologists of Ireland, the 
Executive Committee and members of the American Institute of Professional Geologists extend 

heartfelt congratulations and best wishes for a long and prosperous future.
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Book to purchase from the AIPG store.

Geology Underfoot in Northern Arizona

Member Price: $12.00
Non-Member Price: $ 18.00

Learn about the Geology 
of Northern Arizona with 
maps, photos and expert 
descriptions! This 6”x9” 
paperback has 321 pages 
that are packed with 
detailed information about 
Northern Arizona Geology. 
Limited stock available.  

Author: Lon Abbott and Terri 
Cook Publisher: Mountain Press 
Publishing Company, ISBN Number: 
978-0-87842-528-0 



DENIM OR KHAKI LONG-SLEEVE 
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tuck-in tail, button-down collar, horn tone 
buttons, patch pocket. and adjustable cuffs. 
Embroidered AIPG spelled out with pick and 
gavel. Sizes: XS-4XL. Prices: $22.50 (XS-XL) 
/ $24.00 (2XL) / $25.50 (3XL) / $27.00 (4XL)

AIPG STORE (also available online at www.aipg.org)

SWEATSHIRT - Hanes Ultimate Cotton 
Crewneck Pullover, 90/10 cotton/polyester fl eece. 

AIPG embroidered 
lettering. Colors: Red, 
Gray, Navy, Light blue, 
and Gold. Sizes: L-XL-
XXL Price: $22.50 (L-XL) 
/ $24.00 (XXL)

TRAVEL MUGS 
Translucent Blue 
16 oz. Price: $7.50
Stainless Steel
16 oz. Price: $9.50

CHECK OUT OTHER GREAT ITEMS
AVAILABLE AT WWW.AIPG.ORG

CAP - Velcro closure. Embroidered AIPG 
spelled out with pick and gavel.
Colors: black, tan, royal blue, and
white with blue bill. Price: $12.75

ORDER 
ONLINE AT

www.aipg.org

POLAR FLEECE VEST - Elastic waist, 2 
zippered front pockets, embroidered AIPG 
lettering with pick and gavel. Choose from 
Black, Navy, Royal, Charcoal, Burgundy,
Forest or Khaki. Sizes XS - 6X, Tall Sizes 
LT - 3XLT. Tall sizes available in black and 
navy. (If ordering size 2X and up, please call 
the National AIPG offi ce for special ordering 
at (303) 412-6205. An additional $1.50 will 
be added to sizes 2X and up). Price: $25.50

POLAR FLEECE 1/4 ZIP PULLOVER 
Elastic waist and cuffs, contrast collar, 
embroidered AIPG lettering with pick 
and gavel. Colors:   Black, Navy, Royal, 
Charcoal, Burgundy, Forest, Khaki. 
Sizes XS - L. Price: $27.00

Promotional Items
Briefcase and   Blue Travel Mug 

Price: $33.50 SAVE $5.00!

GNEISS T-SHIRT - Fruit of the Loom 
100% Cotton, preshrunk. Front left 
breast has AIPG logo and back has 
text “Geologists are Gneiss, Tuff, and 
a Little Wacke”. Colors: black or gray. 
Sizes: S - XL - $16.50 and
Sizes: 2XL and 3XL - $18.00

T-shirt

NEW! Briefcase

Fleece Pull-OverFleece Vest

AIPG Expandable Briefcase has the AIPG pick 
and gavel logo, durable 600 denier polyester 
fabric and a large main zippered compartment. 
Created with several pockets and pouches 
for optimum organization.   Available Colors: 
Black, Hunter, Navy, Red, Royal 
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