UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

REGION 10
)
IN THE MATTER OF: )
) COMPLAINANT’S REBUTTAL
) PREHEARING EXCHANGE
)
Special Interest Auto Works, Inc. and ) Docket No. CWA-10-2013-0123
Troy Peterson, an Individual )
)
Kent, WA )
)
Respondents. )
)

Pursuant to 40 C.F.R. § 22.19, and the Presiding Officer’s Order of January 17, 2014,
Complainant Environmental Protection Agency (“Complainant” or “EPA”) submits its Rebuttal
Prehearing Exchange. For purposes of this Rebuttal Prehearing Exchange, “Site” refers to the
property located at 25923 78" Avenue South, Kent, WA, 98032 on which Respondents operate
an auto salvage yard.

. COMPLAINANT’S WITNESSES AND SUPPLEMENTAL BRIEF NARRATIVE
SUMMARY OF EXPECTED TESTIMONY

Complainant provided a list of proposed fact and expert witnesses in Complainant’s Initial
Prehearing Exchange. Complainant has identified an additional witness:

Sandra Brozusky (fact witness): Ms. Brozusky has 6 years of experience as an

Environmental Protection Specialist in the Inspection and Enforcement Management Unit in

EPA Region 10’s Seattle, Washington Office, where she specializes in multi-media

inspections conducted under the Clean Water Act, NPDES and the Clean Air Act. She has

conducted roughly 140 inspections during this time, of which approximately one-third

included water sampling. Prior to the EPA, she had 2 years of experience as an inspector for
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the Northwest Clean Air Agency. Ms. Brozusky visited the Special Interest Site on two
occasions. She will testify regarding her observations of the Site during the inspection, her
activities related to the collection of water samples, the procedures for collecting samples and
transmitting the samples to the laboratory, and the consistency of her sampling effort with
generally accepted protocols for water sampling.

Additionally, Complainant wishes to supplement the brief narrative summary of the
following witnesses. These supplemental summaries are responsive to Respondent’s Prehearing
Exchange.

1. Ms. Laurie Mann (fact witness): In addition to the matters described in the brief narrative
summary of Ms. Mann’s testimony as part of Complainant’s Initial Prehearing Exchange,
Ms. Mann will testify regarding the EPA approved water quality standards and designated
uses for the Green River-Duwamish watershed, including the designation of salmonid
spawning for that portion of the Green River adjacent to the Special Interest Site. Ms. Mann
will also explain the CWA § 303(d) requirement to identify pollution sources, and to
consider the cumulative impacts of multiple pollutant sources on impaired waters. Ms. Mann
will describe what is known about the nature and extent of impaired waters in the Green
River and Duwamish watershed, and will testify that all sources of metal contamination in
the Green River need to be reduced in order to improve water quality in the Lower
Duwamish River.

Ms. Mann will further testify that Ecology’s water quality standards are designed to
protect the Green River for salmon migration and rearing and that just west of the Special

Interest Site, Ecology’s “use” designations for the Lower Green River expand to include the
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rearing of juvenile salmon, including salmon that are designated as “threatened” under the
Endangered Species Act.

Ms. Mann will testify that the Lower Duwamish Waterway is located 20 miles
downstream of the Site, and is identified as being impaired by over 60 different pollutants,
including each of the pollutants detected at the Site. She will testify as to EPA’s findings that
the cumulative impact of pollution from the Green River, including metal contamination, is
contributing to sediment and fish tissue impairments in the Lower Duwamish River.

2. Mr. Burt Shephard (expert witness): In addition to the matters described in the brief
narrative summary of Mr. Shephard’s testimony as part of Complainant’s Initial Prehearing
Exchange, Mr. Shephard will testify that both individual chemicals and chemical mixtures
can adversely affect fish and other aquatic and aquatic-dependent species in both the
immediate vicinity of and downstream from Special Interest Auto.

Mr. Shephard will testify that multiple types of contaminants, including metals,
petroleum products, and other organic chemicals such as those found in antifreeze/engine
coolants and air conditioning refrigerants can all be released from automobile wrecking
facilities. All of these chemicals can be toxic to fish and other aquatic and aquatic-dependent
species. EPA established and has maintained since 1981 an extensive database of chemical
concentrations known to elicit toxicity to aquatic species. This database, called ECOTOX

(www.epa.gov/ecotox) currently contains more than 400,000 test records covering 5,900

aquatic and terrestrial species and 8,400 chemicals, and includes references allowing the user
to find the original publications from which the toxicity data were obtained. Based on the
available toxicity information, Mr. Shephard will discuss the likelihood that contaminants

released from the facility may have adverse effects on the survival, reproduction and growth
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of the aquatic and aquatic-dependent species present in the vicinity of Special Interest Auto
Works. He will also discuss the process by which contaminant exposure and contaminant
toxicity information are integrated to evaluate and identify contaminant effects on aquatic
and aquatic dependent species.

Mr. Shephard will testify that metals such as those found in the sample taken at the
facility can be toxic to fish, aquatic plants, and other aquatic life. He will also testify that
metals associated with solid particulates can settle to bottom sediments of water bodies and
destroy bottom-dwelling invertebrates, plants, or incubating fish eggs via chemical toxicity,
physical toxicity, or a combination of both toxicity routes.

1. COMPLAINANT’S REBUTTAL DOCUMENTS AND EXHIBITS

CX -39 Map of Potentiometric Surface in the Qva Aquifer and Water Levels in the
Qal Aquifer South King County Groundwater Management Area
(Department of Natural Resources, February 2000)

CX-40 EPA Stormwater Phase 11 Final Rule Conditional No Exposure for Industrial
Activity Fact Sheet (January 2000 — revised December 2005)

CX-41 EPA ECO Update/Ground Water Forum Issue Paper — Evaluating Ground-
Water/Surface-Water Transition Zones in Ecological Risk Assessments
Report (July 2008)

CX-42 EPA Guidance on the Development, Evaluation, and Application of
Environmental Models Report (March 2009)

CX-143 Effect of Urban Soil Compaction on Infiltration Rate (Journal of Soil and
Water Conservation; May/June 2006; ProQuest Research Library pg. 117)

CX-44 Excerpt from Soil and Water Physical Principles and Processes Book (Daniel
Hillel)

CX-45 EPA Generic Quality Assurance Project Plan for the Industrial Stormwater

Inspections Report (November 2011)

CX-146 Assessment of Current Water Quantity Conditions in the Green River Basin
Report (Northwest Hydraulics Consultants, Inc. September 2005)
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CX -47 EPA Industrial Stormwater Fact Sheet Series Sector M: Automobile Salvage
Yards (December 2006)

CX-48 Photo (Specialty Interest Auto Works, Inc. April 2013)
CX-49 Excerpt from Groundwater Hydrology Second Edition (David Keith Todd)

CX-50 Ground Water and Surface Water - A Single Resource (U.S. Geological
Survey Circular 1139 1998)

CX-51 Ecology Economic Impact Analysis National Pollutant Discharge Elimination
System (NPDES) Wastewater Discharge General Permit (May 2009)

CX-52 Western Washington Hydrology Model Version 3.0 User Manual

(August 2006)

CX-53 Soil Science Society of America Proceedings Journal - Hydrologic and
Morphologic Implications of Anisotropy and Infiltration in Soil Profile
Development (1969)

CX-54 Puget Sound Salmon Recovery Plan (January 2007)

CX-55 Ecology Industrial Stormwater Gross Revenue Information (Fiscal
Year 2013

CX-56 Chain of Custody
CX-57 Sampling Field Notes
Il. COMPLAINANT’S REBUTTAL TO THE FACTUAL AND LEGAL BASIS FOR

THE ALLEGATIONS DENIED AND FOR ASSERTED AFFIRMATIVE
DEFENSES

The Prehearing Order requires Complainant to submit as part of its Rebuttal Prehearing
Exchange ““a statement and/or any documents in response to Respondent’s Prehearing
Exchange.” Order, p. 4. Respondent’s Prehearing Exchange presents its arguments related to

the issues set forth below.
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A. Respondents Were Required to Obtain Permit Coverage

Respondents claim they operated under the “reasonable belief” that all stormwater on the
Site infiltrated vertically into groundwater and that no permit was required for discharges of
stormwater into the Green River. The federal regulations in 40 C.F.R. 8122.26(b)(14)(i)-(xi)
identify eleven categories of stormwater discharges associated with industrial activity that are
required to obtain coverage under an NPDES permit unless otherwise excluded. This means
that, regardless of Respondents’ belief with respect to a discharge, Respondents were required by
law to obtain a permit by virtue of the fact that they fall within one of the specific industrial
categories covered by stormwater regulations.

There is a conditional exclusion for discharges of stormwater associated with industrial
activity if there is “no exposure” of industrial materials and activities to rain, snow, snowmelt
and/or runoff and all industrial materials and activities are protected by a storm resistant shelter.
40 C.F.R. 122.26(g). “No exposure” means that all industrial materials and activities are
protected by a storm resistant shelter to prevent exposure to rain, snow, snowmelt, and/or runoff.
40 C.F.R. 122.26(g). Industrial materials or activities include, but are not limited to, material
handling equipment or activities, industrial machinery, raw materials, intermediate products, by-
products, final products, or waste products. EPA will introduce testimony and evidence that Site
conditions exposed stormwater to pollutants from industrial activities. Examples of the evidence
Complainant will introduce to show that industrial activities and equipment were exposed to
stormwater at the Site are EPA’s inspection reports. These reports document EPA’s observations
that there were numerous oil and gas spills throughout the Site that were being carried via
stormwater to ponded areas along the northern boundary of the Site, which is on the bank of the

Green River and along the south west fence of the facility. There were pools of spilled antifreeze
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and transmission fluid on the ground and no pollution prevention measures were in place in the
vicinity of the vehicle crusher. Containers of automobile fluids, oily car parts, radiators, and
other parts were exposed to the elements. There were heavy petroleum fumes in the storage
area/garage near the partially covered processing area. See, CX-05, CX-06. Under these
conditions, industrial equipment and activities were fully exposed to the rain and other weather
conditions. As a result, Respondents would not qualify for the “no exposure” exclusion for
discharges of stormwater associated with industrial activity. In addition, there is no evidence
that Respondents submitted a certification that there are no discharges of stormwater
contaminated by exposure to industrial materials and activities from the entire facility.

Ample public information is readily available to auto salvage yard owners and operators
of the regulatory requirements that apply to their industry. Given the public outreach conducted
to educate auto salvage yards of their legal obligations with respect to stormwater, Respondents’
erroneous belief that they were not required to apply for permit coverage was not reasonable.
See, CX 40 and CX 47.

Finally, the regulatory provisions of the CWA were written without regard to
intentionality, making the person responsible for the discharge of any pollutant strictly liable. 33
U.S.C. 81311. As stated by the Court in U.S. v. Earth Sciences, the CWA would be severely
weakened if only intentional acts were proscribed. U.S. v. Earth Sciences, Inc., 599 F.2d 368,
374 (1979). Therefore, Respondents’ beliefs, whether reasonable or unreasonable, are irrelevant
to its liability under the CWA.

B. Complainant’s Hydrologic Modeling Accurately Represents Discharges from the
Site

Respondents claim that Complainant’s hydrological modeling does not accurately predict

stormwater discharges from the Site. Respondents’ Initial Prehearing Exchange, p. 14.
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Complainant will provide evidence at trial through the testimony of Dr. Marshalonis and Mr.
Beyerlein that use of hydrologic modeling to simulate stormwater runoff from sites such as
Respondents’ Site is widely accepted by the scientific community and is a reliable means of
calculating predicted runoff events for a designated time period. Observations of Site conditions
were used to corroborate the model’s inputs and findings. Complainant’s witnesses will
demonstrate that the calibrations and assumptions used in the model are accurate and result in a
scientifically sound and reasonably accurate assessment of the number of discharges of
stormwater from the Site. Further, courts have upheld the use of hydrologic modeling as a basis
for determining the number of discharges from facilities in stormwater cases. See, In Re Leed
Foundry, Inc., Docket No. CWA-03-2004-006 (April 24, 2007) (EPA’s use of modeling to
extrapolate multiple discharges accepted by the Court); See also, In re Service Oil Co., Docket
No. CWA-08-2005-0010 (August 3, 2007) (expert testimony regarding stormwater runoff from
construction site that was based on computer modeling held to be reliable evidence of discharge).

C. Stormwater Discharges to the Green River

Respondents asserted that EPA “has no proof, based on physical evidence that
stormwater emanating from the Site actually reached and flowed into the Green River.”
Respondents’ Prehearing Exchange p. 10. Complainant will present testimony and evidence that
the Site is located on the banks of the Green River, and that the Green River surrounds the Site
on three sides. Complainant’s experts will testify that basic principles of hydrology, as well as
site-specific conditions support the conclusion, with scientific certainty, that stormwater flows

directly to the Green River.
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IV. SPECIFICATION OF PROPOSED PENALTY

A. CWA Penalty Assessment Authority
In accordance with Section 22.14 of the Part 22 Rules, 40 C.F.R. § 22.14(a)(4)(ii), the

Complaint in this matter did not specify a penalty demand. Rather, Complainant decided to
consider fully the information provided through the prehearing exchange process before
proposing a specific penalty. Having done so, and in accordance with Section 22.19(a)(4) of the
Part 22 Rules, 40 C.F.R. § 22.19(a)(4), and the Presiding Officer’s Order of January 17, 2014,
Complainant hereby proposes that Respondents be assessed a penalty of $177,500 for the
violations identified in the Complaint.

CWA Section 309(g), 33 U.S.C. § 1319(g), authorizes the assessment of a Class Il
administrative civil penalty for a violation of CWA Section 301, 33 U.S.C. § 1311, up to $10,000
per day for each day the violation continues, with a maximum penalty of $125,000. Pursuant to
the Debt Collection Improvement Act of 1996, 31 U.S.C. § 3701, the statutory maximum
administrative penalty amounts have been increased to $11,000 per day, with a maximum
penalty of $157,500. The Civil Monetary Penalty Inflation Adjustment Rule increased the
administrative penalty from $11,000 per day of violation to $16,000 for violations occurring
after January 12, 2009, Federal Register Volume 73 Number 239, pages 75340-75346, with a
maximum penalty of $177,500. 40 C.F.R. § 19.4, Table 1.

B. Statutory Penalty Factors

The Consolidated Rules of Practice at 40 C.F.R. Part 22 require the Presiding Officer to
assess a penalty based on the evidence in the record, the penalty criteria set forth in the relevant
statute, and any civil penalty guidelines issued under the Act. The Act’s statutory penalty

criteria include;
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[T]he nature, circumstances, extent and gravity of the violation, or violations, and,

with respect to the violator, ability to pay, any prior history of such violations, the

degree of culpability, economic benefit or savings (if any) resulting from the

violation, and such other matters as justice may require. 33 U.S.C. § 1319(g)(3).

There is no precise formula by which these factors must be computed. In re Service Qil, Inc.,
2008 EPA App. LEXIS 35, 39 (ALJ 2008); In re Larry Richner, 10 E.A.D. 617 (EAB July 22,
2002); In re Britton Construction, 8 E.A.D. 261, 278 (EAB 1999). EPA has never issued a
penalty policy for use by Presiding Officers in determining penalties under the Act.
Consequently, Presiding Officers rely on the wording of the statutory penalty criteria provided
above. The Supreme Court has indicated that highly discretionary calculations are necessary in
assessing penalties under the Act. Tull v. United States, 481 U.S. 412, 427 (1987).

The evidence in this matter will show that between August 1, 2008 and October 4, 2012,
Respondents discharged pollutants into the Green River on 989 days without coverage under the
ISGP, in violation of CWA Section 301. Complainant’s Initial Prehearing Exchange at pg 10;
see CX — 05, 06, 07, and 30. Based on the applicable administrative maximum penalty per day
of violation (i.e., $11,000 for violations occurring on or before January 12, 2009, and $16,000 for
violations occurring after January 12, 2009), Respondents are liable for over $15 million. By
virtue of the fact that EPA decided to pursue this matter administratively, rather than judicially,
the penalty Complainant is seeking is capped at $177,500 - an amount that represents less than

$180 per violation of the CWA.! Given the evidence to be presented at trial supporting

Complainant’s evaluation of the statutory penalty factors, this number underestimates the per

11t should be noted that had EPA elected to pursue this matter judicially rather than administratively, Respondents
would have been subject to a statutory maximum civil penalty of more than $36 million. See 33 U.S.C. § 1319(d)
(authorizing civil penalties “not to exceed $25,000 per day for each violation”); 40 C.F.R. § 19.4, Table 1 (adjusting
the statutory maximum civil judicial penalty to $37,500).
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violation value of the violations. It should be noted that had EPA elected to pursue this matter
judicially rather than administratively, Respondents would have been subject to a statutory
maximum civil penalty of more than $36 million. See 33 U.S.C. § 1319(d) (authorizing civil
penalties “not to exceed $25,000 per day for each violation); 40 C.F.R. § 19.4, Table 1
(adjusting the statutory maximum civil judicial penalty to $37,500).

The proposed penalty of $177,500 is based on CWA Section 309(g)(3), which identifies
the statutory penalty factors applicable to this case. These factors are “[1] the nature,
circumstances, extent, and gravity of the violation, or violations, and, with respect to the violator,
[2] ability to pay, [3] any prior history of such violations, [4] the degree of culpability, [5]
economic benefit or savings (if any) resulting from the violation, and [6] such other matters as
justice may require.” 33 U.S.C. § 1319(g)(3). The following discussion outlines the legal and
factual framework employed in proposing this specific penalty amount, elaborates on the penalty
discussion contained in Complainant’s Initial Prehearing Information Exchange, and provides a
rebuttal to issues raised in Respondents’ Prehearing Exchange.

C. Nature, Circumstances, Extent, and Gravity of the Violation

The nature, circumstances, extent, and gravity of the violation reflect the “seriousness” of
the violation. See, In re Urban Drainage and Flood Control District, et al., Docket No. CWA-
VI11-94-20-P11, 1998 EPA ALJ Lexis 42, at *56 (Initial Decision, June 24, 1998). The
seriousness of a particular violation depends primarily on the actual or potential harm to the
environment resulting from the violation, as well as the importance of the violated requirement
to the regulatory scheme. See id.

The evidence in this matter indicates that the nature, circumstances, extent, and gravity of

Respondents’ violations are significant and justify a substantial penalty. Complainant’s expert’s
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hydrologic modeling demonstrates that hundreds of discharges of stormwater occurred over an
extended period of time. Contrary to Respondents’ contention that “[t]here is no evidence to
support any claim that Respondents discharged stormwater to the Green River,” Respondents’
Prehearing Exchange at 18, Complainant has substantial evidence that Respondents discharged
stormwater from industrial activities to the Green River over 900 times. See In re Robert Wallin,
10 E.A.D. 18, 32-33 (EAB 2001) (assessing the gravity of the violations and finding that
circumstantial evidence in the record supports a conclusion that the Presiding Officer erred in
finding it highly improbable that discharges from the respondent’s dairy reached waters of the
United States); Concerned Area Residents for the Environment v. Southview Farm, 34 F.3d 114
(2d. Cir. 1994) (holding that evidence of discharge to a navigable water from a point source may
be proved by circumstantial evidence). Complainant’s expert witnesses, Dr. Marshalonis and
Mr. Beyerlein, will present scientific evidence that the facility’s location on the bank of the
Green River, the type of soil and industrial activities at the facility, site hydrology, topography,
and the precipitation in the area combine to make it a scientific certainty that stormwater at the
Site is flowing directly to the Green River.

In addition, analysis of stormwater samples taken during EPA’s second inspection
confirmed the presence of harmful pollutants that Respondents would have been required to
monitor under the ISGP, including petroleum, zinc, copper, and lead. Sampling results show that
ISGP benchmarks for copper, zinc, total petroleum hydrocarbon (TPH) were exceeded in the
discharge leaving the Site during the second inspection. In addition, visible oil sheen was

observed at the Site by EPA inspectors, which is also in violation of ISGP benchmarks. CX-25 —

27.
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There is significant potential for environmental harm in this case, and Complainant need
not prove actual harm to justify a substantial penalty. See United States v. Municipal Authority of
Union Township, 929 F. Supp. 800, 807 (M.D. Pa. 1996) (“It must be emphasized, however, that
because actual harm to the environment is by nature more difficult and sometimes impossible to
demonstrate, it need not be proven to establish that substantial penalties are appropriate in a
Clean Water Act case.”), aff’d 150 F.3d 259 (3d Cir. 1998); Urban Drainage, 1998 EPA ALJ
Lexis 42, at *65 (“A significant penalty may be imposed on the basis of potential environmental
risk without necessarily demonstrating actual adverse effects”) (citing United States v. Smithfield
Foods, Inc. 972 F. Supp. 338, 344 (E.D. Va. 1997), aff’d, 191 F.3d 516 (4" Cir. 1999)); United
States v. Gulf Park Water Company, Inc., 14 F. Supp. 2d 854, 860 (S.D. Miss. 1998) (“The
United States is not required to establish that environmental harm resulted from the defendants’
discharges or that the public health has been impacted due to the discharges, in order for this
Court to find the discharges ‘serious’. . . . Under the law, the United States does not have the
burden of quantifying the harm caused to the environment by the defendants™).

The evidence in this matter will establish that the pollutants emanating from
Respondents’ Site enter sensitive receiving waters. As required by the Clean Water Act, the
State of Washington has designated the uses of all rivers, streams, lakes and marine waters in
Washington and has developed water quality standards that support those “uses.” Designated
uses for the Green River include boating, swimming, and protection of aquatic life, such as
salmon.

Testimony from Ms. Mann will provide evidence that the Green River is natural habitat
for salmon, including salmon that are identified by the Endangered Species Act as being

“threatened”. CX-54. She will testify that Ecology’s water quality standards are designed to
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protect the Green River for salmon migration and rearing and that, just west of the Special
Interest site, Ecology’s “use” designations for the Lower Green River expand to include the
rearing of juvenile salmon, including salmon that are designated as “threatened” under the
Endangered Species Act. Evidence will be presented that the Lower Duwamish Waterway is
located 20 miles downstream of the site, and is identified as being impaired by over 60 different
pollutants, including each of the pollutants detected at the Site. Ms. Mann will testify as to
EPA’s findings that the cumulative impact of pollution from the Green River, including metal
contamination, is contributing to sediment and fish tissue impairments in the Lower Duwamish
River.

The Puget Sound Salmon Recovery Plan (draft 2005) includes a specific plan for
restoring salmon to the Green — Duwamish watershed. CX-54. One of the salmon recovery
projects recommended in the plan is the purchase and removal of the “auto wrecking yard”
between river miles 24.3 and 25.1, which is the general location of Special Interest Auto Works,
Inc, Site. CX-54 at pg. 7-61. Clearly this stretch of the Green River is important for salmon
habitat and there are adverse environmental impacts associated with auto salvage operations.

Complainant will provide evidence that contaminants released from the facility may have
adverse effects on the survival, reproduction and growth of the aquatic and aquatic-dependent
species present in the vicinity of Special Interest Auto Works. Metals such as those found in the
sample taken at the facility can be toxic to fish, aquatic plants, and other aquatic life. Metals
associated with solid particulates can settle to bottom sediments of water bodies and destroy
bottom-dwelling invertebrates, plants, or incubating fish eggs via chemical toxicity, physical

toxicity, or a combination of both toxicity routes.
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Any unpermitted discharge into waters of the United States is a serious violation which
significantly undermines the CWA’s regulatory scheme. See United States v. Pozsgai, 999 F.2d
719, 725 (3" Cir. 1993) (noting that “[u]npermitted discharge is the archetypal Clean Water Act
violation, and subjects the discharger to strict liability™).

For all of these reasons, Complainant believes that the violations at issue in this case are
serious and warrant a substantial civil penalty. Complainant believes the penalty proposed today
would serve as a deterrent without being disproportionate to the seriousness of the violations.

D. Ability to Pay
In its 1994 New Waterbury, Ltd. decision, the Environmental Appeals Board (“EAB”) set

forth a now well-established process for considering and proving in the context of an
administrative hearing a violator’s ability to pay a civil penalty.

Where ability to pay is at issue going into a hearing, the Region will need to
present some evidence to show that it considered the respondent’s ability to pay a
penalty. The Region need not present any specific evidence to show that the
respondent can pay or obtain funds to pay the assessed penalty, but can simply
rely on some general financial information regarding the respondent’s financial
status which can support the inference that the penalty assessment need not be
reduced. Once the respondent has presented specific evidence to show that despite
its sales volume or apparent solvency it cannot pay any penalty, the Region as
part of its burden of proof in demonstrating the “appropriateness” of the penalty
must respond either with the introduction of additional evidence to rebut the
respondent’s claim or through cross examination it must discredit the
respondent’s contentions.

In re New Waterbury, Ltd., 5 E.A.D. 529, 542-430 (EAB 1994) (emphasis in original); see also
In re Chempace Corp., 9 E.A.D. 119, 132-33 (EAB 2000). Accordingly, while the Region has
the initial burden of production to establish that the respondent has the ability to pay the
proposed penalty, “[t]he burden of production then shifts to the respondent to establish with

specific information that the proposed penalty assessment is excessive or incorrect.” Chempace

COMPLAINANT’S REBUTTAL USEPA REGION 10
PREHEARING EXCHANGE 1200 SI1XTH AVE, SUITE 900
DockEeT No. CWA 10-2013-0123 ORC-158

PAGE 15 SEATTLE, WASHINGTON 98101



Corp. at 133. Failure by a respondent to provide specific evidence substantiating a claimed
inability to pay results in waiver of that claim. In re Spitzer Great Lakes Ltd., 9 E.A.D. 302, 321
(EAB 2000).

In Respondents’ Amended Answer, Affirmative Defenses and Request for Hearing,
Respondents claimed that they do not have the ability to pay any civil penalties and that they
were able to present information demonstrating an inability to pay a substantial penalty.
Amended Answer at 11-13. In Complainant’s Initial Prehearing Exchange, Complainant stated
that it would consider any information regarding income, assets, debts, or liabilities in proposing
a specific penalty amount. Complainant’s Initial Prehearing Exchange at 12. Respondent
reported gross revenue in the range of $1 million to $2.5 million to the Department of Ecology
on the Industrial Stormwater Gross Revenue Information form for fiscal year 2013. CX-55.
This information combined with the Respondents’ tax returns provided in their prehearing
exchange indicate that Respondents have the ability to pay a penalty. RX-8 and 9.

The proposed penalty does not include any reduction to reflect Respondents’ claimed
inability to pay, and Complainant believes that any downward adjustment based on this factor
would be inappropriate at this time. Complainant will file a motion for additional discovery
seeking the specific information Respondents may have that supports a claim of inability to pay.
At any hearing in this matter, Complainant will demonstrate that it has considered Respondents’
ability to pay in proposing a civil penalty and will, at a minimum, present general financial
information about Respondents that shows that they are financially solvent.

E. Prior History of Violation

Complainant is unaware of Respondents having any prior history of violations of the

CWA, and therefore has not increased or reduced the proposed penalty based on this factor.
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F. Degree of Culpability

In other CWA enforcement cases, presiding officers have noted “the respondent’s willful
disregard of the permit process or Clean Water Act requirements” as supporting the assessment of
the maximum penalty allowed by statute. See, e.g., In re Urban Drainage, Initial Decision (June
24,1998). In this case, Respondents’ disregard of CWA requirements is manifested in their failure
to obtain a discharge permit over the course of several years. First, information is readily available
to the public that sets forth permit requirements for the auto salvage industry. CX 47 and CX-40.
Respondents were informed of permit requirements multiple times prior to the date on which they
submitted a Notice of Intent to apply for permit coverage. In November of 2011 EPA conducted
a broad outreach to auto salvage businesses in order to notify them of Washington Department of
Ecology’s permit requirements and the potential consequence to auto salvage yard operators if
they failed to comply with such requirements. CX-04. Respondents deny receipt of EPA’s
mailing. However, even if Respondents did not receive the mailing, they had ample notification
of the need to apply for a permit. Subsequent to EPA’s broad outreach mailing, EPA
communicated directly with Respondents during EPA’s two inspections of the facility in March
and February 2012 about the need to obtain permit coverage. EPA sent a Notice of Violation to
Respondents in July, 2012. CX-05, 06. Despite these warnings, Respondents did not apply for
permit coverage until October 4, 2012, over a year from the date EPA mailed information to

Respondents informing them of permit requirements.? Even after Respondents obtained permit

2 There is some confusion over the exact date that Respondents applied for coverage under the ISGP. Complainant
acknowledges Respondent’s claim in its Prehearing Exchange that it applied for coverage under the ISGP in April of
2012. However, information in CX-09 indicates that Ecology did not receive the application for coverage until
October 4, 2012. Further confusing the matter is the fact that Respondent’s signature on the application is dated
August 28, 2012. In any event, it is clear that Respondents did not immediately apply for coverage after EPA’s
inspections and notices.
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coverage, on May 10, 2013, the Department of Ecology issued a warning of non-compliance to
Respondents for failure to comply with the conditions of the permit. CX-11, 12.

G. Economic Benefit

Complainant believes that Respondents have realized an economic benefit as a result of the
violations described above. Removing a violator's economic benefit is crucial in order to dampen
incentives for noncompliance and eliminate any competitive advantage that the violator gains
through its illegal activities. See In re B.J. Carney Indus., Inc., 7 E.A.D. 171, 207-08 (EAB 1997),
appeal dismissed as untimely, 192 F.3d 917 (9th Cir. 1999), vacated pursuant to settlement, 200
F.3d 1222 (2000). The exact economic benefit a polluter has gained by violating the CWA may
be difficult to prove, so a reasonable approximation of the economic benefit is appropriate. United
States v. Smithfield Foods, Inc., 191 F.3d 516, 529 (4th Cir. 1999), cert. denied, 531 U.S. 813
(2000).

Generally, estimates of Respondents’ delayed and avoided costs are based a non-
compliance period beginning on August 1, 2008 (the first full month Respondents operated the
Site) and ending on October 9, 2012 (the date Respondents received coverage under the ISGP).
CX-09. In Respondents Prehearing Exchange, they argue that the evidence does not support an
inference that Respondents have enjoyed an economic benefit over an extended period of time.
Respondents’ Prehearing Exchange at 23-24. In support, they cite In re Robert Wallin, 10 E.A.D.
18 (EAB 2001), a case in which the EAB issued a fine of $5,500 for a single alleged unauthorized
discharge of pollutants into waters of the United States. In that case, the EAB would not infer
based on a single, documented violation that the respondents were out of compliance over a much
longer period of time, where the record did not contain evidence that discharges were likely to

reach a navigable water during the extended time frame or that respondents were even subject to
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regulation under the CWA during the extended time frame. Id. at 24-25. Here, in contrast to In
re Robert Wallin, Complainant has substantial evidence of Respondents’ extended noncompliance,
including two inspections and modeling data that shows over 900 days of discharges of stormwater
offsite. See CX — 05, 06, and 30.

Respondents’ economic benefit includes the delayed or avoided compliance costs
associated with Respondents’ failure to: 1) apply for, obtain and annually retain coverage under
the applicable ISGP; 2) develop an adequate stormwater pollution prevention plan (SWPPP); 3)
conduct inspections on a regular basis; and 4) conduct sampling of stormwater discharges offsite.

1. Avoided Costs of Obtaining and Retaining ISGP Coverage

Facilities conducting industrial activities that discharge stormwater to a water body are
required to apply and obtain and retain coverage under the ISGP on an annual basis. The
economic benefit for failing to obtain and retain coverage of the applicable ISGP was calculated
as an avoided and recurring cost. For coverage under the ISGP, the Washington State
Department of Ecology charged Respondents a fee of $1,157 for fiscal year 2014. This fee was
based on the gross revenue reported by Special Interest Auto Works, Inc. of more than $2.5
million and less than $5 million.

The economic benefit was calculated as avoided recurring cost for failing to obtain and
retain permit coverage using BEN version 5.4.0. (BEN). Using a non-compliance date of August
1, 2008 and a compliance date of October 9, 2012 (the date Respondent obtained coverage for
the Site under the ISGP, the Respondent received an economic benefit of $4,074.

2. Delayed Costs of Developing a SWPPP

Under the ISGP, Respondents should have developed a SWPPP. A SWPPP must include:

a detailed description of the BMPs necessary to prevent, control, and treat stormwater pollution,
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and prevent a violation of water quality standards; proper selection and use of stormwater
management manuals; a site map; a detailed assessment of the facility, including activities and
equipment that contribute or have the potential to contribute pollution to stormwater;
identification of a pollution prevention team; and a sampling plan. Based on typical costs for
SWPPP development in the automobile salvage sector and Respondents’ invoices for preparation
of SWPPP, RX-10, the total estimated cost for preparing a SWPPP is $5,000.

The economic benefit derived from this cost is calculated using EPA’s economic model,
BEN version 5.4.0. (BEN) as a delayed one-time, non-depreciable cost, as Respondents have
received coverage under the ISGP and prepared a SWPPP for the Site. Using a non-compliance
date of August 1, 2008, and compliance date of October 9, 2012, Respondent received an
economic benefit for delaying preparation of a SWPPP of $1,578.

3. Avoided Costs of Conducting Visual Inspections

Under the ISGP, the Respondents should have conducted and documented visual
inspections of the Site each month. Based on conditions of the Site, EPA estimates that visual
inspections of the Site will take approximately one half hour. Using Ecology’s Economic Impact
Analysis, NPDES Wastewater Discharge General Permit: Industrial Stormwater General
Permit, Table 10 (May 2009) (hereinafter “Economic Impact Analysis for the ISGP”), the
estimated costs for visual inspections is $564.

The economic benefit for the avoided inspections and inspection reports is calculated
using BEN version 5.4.0 as an avoided recurring cost. The non-compliance date used in BEN is
August 1, 2008, and the date of compliance will be October 9, 2012. The economic benefit
received by the Respondents for avoided cost of conducting inspections of the Site is $537.

4. Avoided Costs of Conducting Stormwater Sampling
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Under the ISGP, the Respondents should have conducted quarterly sampling of their
stormwater discharges offsite. Specifically, Respondents are engaged in automobile salvage and
scrap recycling (SIC 5015 to 5093), should have sampled stormwater discharges for turbidity,
pH, oil sheen, copper, zinc, lead, and total petroleum hydrocarbons. Costs associated with
quarterly sampling include sample collections and recording keeping. For purposes of
calculating these costs, EPA assumed Respondents’ staff would conduct the sample collection.
Using Ecology’s Economic Impact Analysis of the ISGP, Table 7, the estimated cost for sample
collections and recording keeping is $1,900. Additionally, there are costs associated with sample
analysis, including laboratory fees and sampling equipment (e.g., pH sampling equipment, which
is conducted on site). Using sampling costs from EPA’s Manchester Laboratory in Port Orchard,
Washington, the estimated cost for sample analysis is $3,213.

The economic benefit for the avoided stormwater sampling is calculated using BEN
version 5.4.0. as an avoided recurring cost. The non-compliance date used in BEN is August 1,
2008, and the date of compliance will be October 9, 2012. The economic benefit received by the
Respondents for avoided cost of conducting sampling of the Site is $4,433.

Total Economic Benefit

Based on the available information, the economic benefit associated with Respondents’
failure to apply for, obtain and retain coverage under the ISGP, develop a SWPPP, conduct
monthly visual inspections, and conduct quarterly stormwater sampling is $10,622.

H. Other Matters as Justice May Require

After reviewing information in Respondents’ Prehearing Exchange, Complainant does
not believe there are facts in this matter that would dictate a reduction the proposed penalty

based on this factor.
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For all of the foregoing reasons, Complainant proposes that Respondents be assessed a
civil penalty of $177,500. Such a penalty would be appropriate and would properly reflect the
considerations enumerated in Section 309(g) of the CWA.

V. REBUTTAL TO REQUEST FOR DISCOVERY

Respondents have requested additional discovery in order to obtain specific documents
related to sampling and to depose four of EPA’s expert witnesses. The Consolidated Rules of
Practice Governing the Administrative Assessment of Civil Penalties (Part 22 regulations), 40
C.F.R. 22.19(e)(1), require a party seeking additional discovery beyond the prehearing exchange
to file a motion seeking such additional discovery. Despite the fact that Respondents have not
filed a motion, Complainant responds to the request for discovery as follows. First, Complainant
has included in this rebuttal prehearing exchange field notes (CX-57), chain of custody forms
(CX-56), testing results (CX-07), and the Quality Assurance Project Plan (CX-45) in response to
Respondents’ discovery request. Complainant’s expert witness, Ms. Sandra Brozusky, will
testify as to the field sample techniques used.

Complainant objects to the request to depose Mr. Beyerlein, Ms. Mann, Mr. Shephard,
and Mr. Oatis. The preamble to the Part 22 regulations evaluates the principles on which the
prehearing exchange procedures are based in administrative practice and determines that the
administrative practice is specifically designed to be a more streamlined process that the judicial
process, in which large expenditures of resources are invested in a lengthy discovery process
which typically includes depositions. Under the Part 22 regulations, other discovery has always
been limited in comparison to the extensive and time-consuming discovery typical in the Federal
courts, and designed to discourage dilatory tactics and unnecessary and time consuming motion

practice. 64 Fed. Reg. 40138, 40160 (July 23, 1999).
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Complainant specifically chose to pursue this matter administratively, rather than
judicially, because administrative actions are more efficient, Agency resources are particularly
limited at this time, and the Agency is mindful of burdening a small business such as Special
Interest Auto Works, Inc. with the time and expense involved in a judicial proceeding. Granting
a motion to conduct depositions places far more of a burden on both parties in the evidentiary
process.

Pursuant to 40 C.F.R. 822.19(e), additional discovery may only be granted by the
Presiding Officer if such discovery: (i) Will neither unreasonably delay the proceeding nor
unreasonably burden the non-moving party; (ii) Seeks information that is most reasonably
obtained from the non-moving party, and which the non-moving party has refused to provide
voluntarily; and (iii) Seeks information that has significant probative value on a disputed issue of
material fact relevant to liability or the relief sought. As discussed in the previous paragraph,
Complainant believes that the request for depositions will unreasonably delay the proceedings
and burden Complainant. With respect to the second criteria, Complainant has voluntarily
augmented the summary of Ms. Mann’s and Mr. Shephard’s expert testimony in this Rebuttal
Prehearing Exchange in order to provide additional detail about the expected testimony of its
witnesses. Complainant firmly believes that the narrative summaries of its witnesses’ expected
testimony combined with the supporting evidence in this Rebuttal Prehearing Exchange and its
Initial Prehearing Exchange are sufficient and that no further discovery is needed.
RESPECTFULLY SUBMITTED this 4" day of April, 2014.

Is/
Elizabeth McKenna
Assistant Regional Counsel

(206) 553-0016
mckenna.elizabeth@epa.gov
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Certificate of Service

The undersigned certifies that the attached Complainant’s Rebuttal Prehearing
Exchange, dated April 7, 2014, In the Matter of Special Interest Auto Works, Inc. and Troy
Peterson, Docket No. CWA-10-2013-0123, was filed with the Office of Administrative Law
Judges and Respondents’ counsel, Dennis Reynolds, Esq. via email at the following email
addresses:

Sybil Anderson, EPA Headquarters Hearing Clerk: OALJfiling@epa.gov

Dennis Reynolds, Esquire: dennis@ddrlaw.com

DATED this 4™ Day of April, 2014.

/sl

Elizabeth McKenna
Assistant Regional Counsel
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Why Is the Phase I No Exposure Exclusion Addressed in the Phase II Final
Rule?

he 1990 stormwater regulations for Phase I of the Federal stormwater program identify
Televen categories of industrial activities that must obtain a National Pollutant Discharge
Elimination System (NPDES ) permit. Operators of certain facilities within category eleven (xi),
commonly referred to as “light industry,” were exempted from the definition of “stormwater
discharge associated with industrial activity,” and the subsequent requirement to obtain
an NPDES permit, provided their industrial materials or activities were not “exposed” to
stormwater. This Phase I exemption from permitting was limited to those facilities identified in
category (xi), and did not require category (xi) facility operators to submit any information
supporting their no exposure claim.

In 1992, the Ninth Circuit court remanded to EPA for further rulemaking the no exposure
exemption for light industry after making a determination that the exemption was arbitrary

and capricious for two reasons. First, the court found that EPA had not established a record

to support its assumption that light industrial activity that is not exposed to stormwater (as
opposed to all other regulated industrial activity not exposed) is not a “stormwater discharge
associated with industrial activity.” Second, the court concluded that the exemption
impermissibly relied on the unsubstantiated judgment of the light industrial facility operator to
determine the applicability of the exemption. These findings resulted in a revised conditional no
exposure exclusion, the changes to which are described in this fact sheet.

Who is Eligible to Claim No Exposure?

ﬁ s revised in the Phase II Final Rule, the conditional no exposure exclusion applies to ALL
industrial categories listed in the 1990 stormwater regulations, except for construction
activities disturbing 5 or more acres (category (x)).

What Is The Regulatory Definition of “No Exposure”?

The intent of the no exposure provision is to provide facilities with industrial materials and
activities that are entirely sheltered from stormwater a simplified way of complying with the
stormwater permitting provisions of the Clean Water Act (CWA). This includes facilities that are
located within a larger office building, or facilities at which the only items permanently exposed
to precipitation are roofs, parking lots, vegetated areas, and other non-industrial areas

or activities. The Phase II regulatory definition of “no exposure” follows.

No exposure is defined as all industrial materials and activities are protected by a storm resistant
shelter to prevent exposure to rain, snow, snowmelt, and/or runoff. Industrial materials or activities

include, but are not limited to, material handling equipment or activities, industrial machinery, raw
materials, intermediate products, by-products, final products, or waste products.
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A storm-resistant shelter is not required for the following
industrial materials and activities:

[ Drums, barrels, tanks, and similar containers that are
tightly sealed, provided those containers are not
deteriorated and do not leak. “Sealed” means banded
or otherwise secured and without operational taps or
valves;

(1 Adequately maintained vehicles used in materials
handling; and

[ Final products, other than products that would be
mobilized in stormwater discharges (e.g., rock salt).

The term “storm-resistant shelter,” as used in the no exposure
definition, includes completely roofed and walled buildings or
structures, as well as structures with only a top cover but no
side coverings, provided material under the structure is not
otherwise subject to any run-on and subsequent runoff of
stormwater. While the intent of the no exposure provision is
to promote a condition of permanent no exposure, EPA
understands certain vehicles could become temporarily
exposed to rain and snow while passing between buildings.
Adequately maintained mobile equipment (e.g., trucks,
automobiles, forklifts, trailers, or other such general purpose
vehicles found at the industrial site that are not industrial
machinery, and that are not leaking contaminants or are not
otherwise a source of industrial pollutants) can be exposed to
precipitation or runoff. Such activities alone would not
prevent a facility from certifying to no exposure. Similarly,
trucks or other vehicles awaiting maintenance at vehicle
maintenance facilities that are not leaking contaminants or are
not otherwise a source of industrial pollutants, are not
considered “exposed.”

In addition, EPA recognizes that there are circumstances
where permanent no exposure of industrial activities or
materials is not possible and, therefore, under such conditions,
materials and activities can be sheltered with temporary
covers (e.g., tarps) between periods of permanent enclosure.
The no exposure provision does not specify every such
situation, but NPDES permitting authorities can address this
issue on a case-by-case basis.

The Phase II Final Rule also addresses particulate matter
emissions from roof stacks/vents that are regulated by, and in
compliance with, other environmental protection programs
(i.e., air quality control programs) and that do not cause
stormwater contamination are considered not exposed.
Particulate matter or visible deposits of residuals from roof
stacks and/or vents not otherwise regulated (i.e., under an air
quality control program) and evident in stormwater outflow
are considered exposed. Likewise, visible “track out” (i.e.,
pollutants carried on the tires of vehicles) or windblown raw
materials is considered exposed. Leaking pipes containing
contaminants exposed to stormwater are deemed exposed,

as are past sources of stormwater contamination that remain
onsite. General refuse and trash, not of an industrial nature, is

not considered exposed as long as the container is completely
covered and nothing can drain out holes in the bottom, or is
lost in loading onto a garbage truck. Industrial refuse and
trash that is left uncovered, however, is considered exposed.

What is Required Under the No Exposure
Provision?

he Phase II Final Rule represents a significant expansion
Tin the scope of the original no exposure provision in terms
of eligibility (as noted above) and responsibilities for facilities
claiming the exclusion. Under the original no exposure
provision, a light industry operator was expected to make an
independent determination of whether there was “exposure”
of industrial materials and activities to stormwater and, if not,
simply not submit a permit application. An operator seeking
to qualify for the revised conditional no exposure exclusion,
including light industry operators (i.e., category (xi)
facilities), must:

[ Submit written certification that the facility meets the
definition of “no exposure” to the NPDES permitting
authority once every 5 years.

* The Phase II Final Rule includes a four-page
No Exposure Certification form that uses a series
of yes/no questions to aid facility operators in
determining whether they have a condition of
no exposure. It also serves as the necessary
certification of no exposure provided the operator
is able to answer all the questions in the negative.
EPA’s Certification is for use only by operators of
industrial activity located in areas where EPA is the
NPDES permitting authority.

* A copy of the Certification can be obtained from the
EPA stormwater Web site
(http://www.epa.gov/npdes/stormwater), the
Stormwater Phase II Final Rule published in the
Federal Register (Appendix 4), or by contacting the
appropriate NPDES permitting authority.

[ Submit a copy, upon request, of the Certification to the
municipality in which the facility is located.

[ Allow the NPDES permitting authority or, if
discharging into a municipal separate storm sewer
system, the operator of the system, to: (1) inspect the
facility; and (2) make such inspection reports publicly
available upon request.


http://www.epa.gov/npdes/stormwater
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Regulated industrial operators need to either apply for a
permit or submit a no exposure certification form to be in
compliance with the NPDES stormwater regulations. Any
permit held becomes null and void once a certification form is
submitted.

Even when an industrial operator certifies to no exposure,

the NPDES permitting authority still retains the authority to
require the operator to apply for an individual or general
permit if the NPDES permitting authority has determined that
the discharge is contributing to the violation of, or interfering
with the attainment or maintenance of, water quality
standards, including designated uses.

Are There Any Concerns Related to Water
Quality Standards?

es. An operator certifying that its facility qualifies for the
Yconditional no exposure exclusion may, nonetheless, be
required by the NPDES permitting authority to obtain permit
authorization. Such a requirement would follow
the permitting authority’s determination that the discharge
causes, has a reasonable potential to cause, or contributes to
a violation of an applicable water quality standard, including
designated uses. Designated uses can include use as a drinking
water supply or for recreational purposes.

Many efforts to achieve no exposure can employ simple

good housekeeping and contaminant cleanup activities such as
moving materials and activities indoors into existing buildings
or structures. In limited cases, however, industrial operators
may make major changes at a site to achieve no exposure.
These efforts may include constructing a new building or
cover to eliminate exposure or constructing structures to
prevent run-on and stormwater contact with industrial
materials and activities. Major changes undertaken to achieve
no exposure, however, can increase the impervious area of the
site, such as when a building with a smooth roof is placed in a
formerly vegetated area. Increased impervious area can lead
to an increase in the volume and velocity of stormwater

runoff, which, in turn, can result in a higher concentration of
pollutants in the discharge, since fewer pollutants are
naturally filtered out.

The concern of increased impervious area is addressed in one
of the questions on the Certification form, which asks, “Have
you paved or roofed over a formerly exposed, pervious area in
order to qualify for the no exposure exclusion? If yes, please
indicate approximately how much area was paved or roofed
over.” This question has no affect on an operator’s eligibility
for the exclusion. It is intended only to aid the NPDES
permitting authority in assessing the likelihood of such actions
interfering with water quality standards. Where this is a
concern, the facility operator and its NPDES permitting
authority should take appropriate actions to ensure that water
quality standards can be achieved.

What Happens if the Condition of No Exposure
Is Not Maintained?

nder the Phase II Final Rule, the no exposure exclusion is
Uconditional and not an outright exemption. Therefore, if
there is a change in circumstances that causes exposure of
industrial activities or materials to stormwater, the operator is
required to comply immediately with all the requirements of
the NPDES Stormwater Program, including applying for and
obtaining a permit.

Failure to maintain the condition of no exposure or obtain
coverage under an NPDES stormwater permit can lead to

the unauthorized discharge of pollutants to waters of the
United States, resulting in penalties under the CWA. Where a
facility operator determines that exposure is likely to occur in
the future due to some anticipated change at the facility, the
operator should submit an application and acquire stormwater
permit coverage prior to the exposed discharge to avoid such
penalties.
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For Additional Information

Contacts

I U.S. EPA Office of Wastewater Management
http://www.epa.gov/npdes/stormwater
Phone: 202-564-9545

I Your NPDES Permitting Authority. Most States and
Territories are authorized to administer the NPDES
Program, except the following, for which EPA is the
permitting authority:

Alaska Guam

District of Columbia  Johnston Atoll

Idaho Midway and Wake Islands
Massachusetts Northern Mariana Islands
New Hampshire Puerto Rico

New Mexico Trust Territories

American Samoa

I A list of names and telephone numbers for each EPA
Region and State is located at http://www.epa.gov/
npdes/stormwater (click on “Contacts™).

Reference Documents

" EPA’s Stormwater Web Site

http://www.epa.gov/npdes/stormwater

¢ Stormwater Phase II Final Rule Fact Sheet Series

» Stormwater Phase II Final Rule (64 FR 68722)

+ National Menu of Best Management Practices for
Stormwater Phase 11

* Measurable Goals Guidance for Phase II Small
MS4s

» Stormwater Case Studies

* And many others
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1. Introduction

1.1 Purpose of This Joint ECO Update/
Ground Water Forum Issue Paper

Currently, there is a common perception that
the discharge of contaminated ground-water to a
surface-water body does not pose an ecological
risk if contaminant concentrations in surface-water
samples are below analytical detection limits or at
very low concentrations. The transition zone
represents a unigue and important ecosystem that




exists between surface-water and the underlying
ground-water, receiving water from both of these
sources. Biota inhabiting, or otherwise dependent
on, the transition zone may be adversely impacted
by contaminated ground-water discharging
through the transition zone into overlying surface-
waters. Ecological Risk Assessments (ERA)
addressing contaminated ground-water discharge
to surface-waters typicaly have not evauated
potential contaminant effects to biota in the
transition zone. However, NUMerous
hydrogeological and ecological methods and tools
are available for delineating ground-water
discharge areas in a rapid and cost-effective
manner, and for evaluating the effects of
contaminant exposure on transition zone biota.
These tools and approaches, which are commonly
used in hydrogeologicak and ecological
investigations, can be readily employed within the
existing EPA framework for conducting
screening- and baseline-level ERAs in Superfund
(U.S. EPA 1997) to identify and characterize the
current and potential threats to the environment
from a hazardous substance release.

This document was initialy prepared as an
ECO Update/Ground Water Forum Issue Paper to
highlight the need to treat the discharge of ground-
water to surface-water not as a two-dimensional
area with static boundary conditions, but as three-
dimensional volumes with dynamic transition
zones. This ECO Update applies equaly to
recharge zones and can be used to evauate
advancing plumes that have not yet reached the
transition zone. This document encourages project
managers, ecological risk assessors, and
hydrogeologists to expand their focus beyond
shoreline wells and surface sediments and define
and characterize the actual fate of contaminants as
they move from a strictly ground-water
environment (i.e., the commonly used “upland
monitoring well nearest the shoreling”) through
the transition zone and into awholly surface-water
environment. The approach is presented to help
users identify and evaluate potential exposures and
effects to relevant ecological receptors within the
zone where ground-water and surface-water mix.
The transition zone data collected for the ERA
may also supplement data collected for the
evaluation of potential human health risks
associated with the discharge of contaminated
ground-water. Should ground-water remediation

be warranted (as a result of the risk assessment),
the locational, geochemical, and biological aspects
of the transition zone can be considered when
identifying and evaluating remedial options.

This ECO Update builds on the standard
approach to ERA (U.S. EPA 1997), by providing a
framework for incorporating ground-
water/surface-water (GW/SW) interactions into
existing ERASs (see U.S. EPA 1997 and 2001a for
an introduction to ecological risk assessment). The
purpose of the ERA within the risk assessment
processisto:

a ldentify and characterize the current and
potential threats to the environment from a
hazardous substance release;

b. Evauate the ecological impacts of alternative
remediation strategies; and

c. Establish cleanup levels in the selected
remedy that will protect those natural
resources at risk (U.S. EPA 1994a).

This ECO Update focuses on the first of these
by illustrating how one might consider GW/SW
interactions when designing and conducting an
ERA, both in terms of characterizing the
physicochemical environment of the transition
zone and evaluating potential ecological risks that
may be incurred by receptors in the transition
zone. The discharge of contaminated ground-
water to a surface-water body through the
underlying sediments is the principal focus of the
document but other sources of ground-water
contamination are also included that may be
contributing potential risks to the biota of the
transition zone and the overlying surface-waters
(e.g., ground-water moving through contaminated
sediment, NAPL discharge to sediment or surface-
water, the role of downward vertical gradients).
This document also identifies a suite of tools that
can be used by al members of a site team
(especially ecologists and hydrogeologists) to (1)
determine the locations of contaminated ground-
water discharging to surface-water; (2) estimate
exposure point concentrations at these areas for
use in evaluating potential ecological risks; and (3)
evaluate actual and/or potential ecological effects
of contaminants as they discharge to surface-
water. Throughout this document, ecologica
resources means habitats, species, populations, and
communities that occur at or utilize the ground-
water discharge areas and the associated transition




zones, sediments, and surface-waters, as well as
the ecological functions of these entities (e.g.,
productivity, benthic respiration, biodegradation).

1.2 The Ground-Water/Surface-Water
Transition Zone

1.2.1 Definition of the Transition Zone

The GWI/SW transition zone represents a
region beneath the bottom of a surface-water body
where conditions change from a ground-water
dominated to surface-water dominated system
within the substrate. It is a region that includes
both the interface between ground-water and
surface-water as well as the broader region in the
substrate (and, on occasion, up into the surface-
water body) where ground-water and surface-
water mix. Transition zones occur in stream, river,
estuarine, marine, lake, and wetland settings, and
may include the mixing of cold and warm waters,
fresh and marine waters, or waters having other
physical or chemica differences. The transition
zone is not only an area where surface and ground-
water mix, but aso an ecologically active area
beneath the sediment/water interface where a
variety of important ecological and
physicochemical conditions and processes may
occur. Transition zones beneath streams and rivers
may be termed hyporheic zones (White 1993) and
those beneath lakes and wetlands termed
hypolentic zones. A new discipline that studies
ground-water relationships to surficial ecological
systems is referred to as “ecohydrology” (Wassen
and Grootjans, 1996) and has been the subject of
recent study (Hayashi and Rosenberry 2002).

The existing and potential ecological effects of
contaminated ground-water in the transition zone
can be important considerations in site
characterization and ecological risk assessment. In
the past, ground-water and surface-water were
typically viewed as separate compartments of an
aguatic  ecosystem, connected a  the
sediment/surface-water boundary. This paradigm
ignored (1) the ecosystem that occurs within the
transition zone, (2) the important geochemical and
biological roles this zone may have in the local
ecosystem (i.e.,, Gibert et a. 1994), and (3) the
dynamic nature of this zone that results from the
highly variable flow conditions in ground-water

and surface-water. The new paradigm in this ECO
Update/lssue Paper explicitly includes
consideration of the transition zone as a vita
habitat that is interconnected with, and supports
the surface-water ecosystem (Valiela et a. 1990;
Williams 1999).

1.2.2 Spatial and Temporal Variations of
Transition Zones

The locations and characteristics of transition
zones and associated ground-water discharge areas
vary both spatially and temporally. These spatial
and temporal variations will affect the occurrence
and distribution of habitats dependent on ground-
water discharge, and influence the ecological roles
that the transition zone may have in maintaining
local biotic communities. Not al areas of a
surface-water  body  receive  ground-water
discharge.

The gpatial distribution and the rate and
direction of water flow within transition zones will
be influenced by the type of water body into which
the discharge is occurring, the elevation of
surface-water relative to that of ground-water, and
the underlying geological conditions. The rate of
ground-water discharge may vary among the
multiple discharges in direct response to hydraulic
conditions and the varied geological
characteristics in the discharge areas (Fetter 2000;
Winter 1998). When there are large variations
within a transition zone, a few preferentia
discharge areas may account for the majority of
the discharge. Ground-water discharge rates aso
may vary temporally at individual discharge aress,
reflecting seasonal changes in hydrogeologic
conditions. Precipitation events, surface-water
releases at dams or locks, and tidal fluctuations
(including the reversal of water flow in the
transition zone) also affect the rate of ground-
water discharge to surface-water (Tobias et al.
2001).

1.2.3 Ecological Role of the Transition
Zone

The understanding of the role that transition
zones have in ecosystems directly influenced by
ground-water discharges is increasing (Danielopol
et al, 2003). Benthic and epibenthic communities




(particularly invertebrate larvae, worms, bivalves,
and fish) are major components of the transition
zone ecosystem and many of these organisms
spend part or al of their life cycle in contact with
the sediments and ground-water that comprise this
zone. These communities are well-known, valued
for their ecological roles, and commonly assessed
in ERAs. Typically, ERAs evaluate the effects of
contaminated sediments on these benthic and
epibenthic organisms because they are linked to
upper-level trophic organisms via the food chain.
However, as discussed in the examples below,
other ground-water-influenced habitats within the
transition zone as well as other transition zone
organisms are ecologically important and therefore
may appropriately be considered in the ERA. This
document provides a framework to allow an ERA
to better evaluate the existing and potential effects
of contaminated ground-water on benthic
ecosystems.

Although water may flow in either direction in
atransition zone (i.e., both ground-water discharge
to surface-water and surface-water recharge to
ground-water), the transport of contaminants by
ground-water discharging to surface-water is the
subject of this document. In some aquatic systems,
areas of ground-water discharge provide important
habitats for a variety of aquatic biota and create
thermal refugia for fish by supplying cooler, well-
oxygenated waters during summer months or
maintaining ice-free habitats in colder climate
streams (Power et al. 1999).

Areas of ground-water discharge can create
conditions capable of supporting spawning,
feeding, and nursery habitats (Dahm and Valett
1996). For example, Geist and Dauble (1998)
showed how nest site selection by salmonids is
strongly influenced by the location of ground-
water discharge zones in streams and estuaries.
Ground-water discharge areas in streams may also
provide important refugia for fish and
invertebrates during the dry phase of intermittent
streams and during stream flood events (Stanford
and Ward 1993; Power et a. 1999). Alga
community structure and recovery following
disturbance have been shown to be influenced by
ground-water discharge to the surface-water
(Grimm 1996). Because of the important
ecological role of the ground-water discharge
areas, the discharge of contaminated ground-water
may result in adverse ecological impacts to biota

utilizing those areas (Carls et al, 2003).

In addition to the habitats at the
sediment/surface-water interface, transition zones
in these discharge areas have been shown to
provide direct habitat for a variety of insect and
fish larvae (Hayashi and Rosenberry 2002). For
example, studies of freshwater hyporheic
ecosystems have shown that some invertebrates
utilizing the transition zone as a refuge may
descend meters into the transition zone on a daily
or seasonal basis.

Furthermore, a healthy, diverse flora and fauna
in the transition zone is beneficial to basic aguatic
ecosystem functioning. The wide array of
organisms within the transition zone are critical to
nutrient, carbon, and energy cycling in aguatic
food webs (Storey et a., 1999; Hayashi and
Rosenberry 2002). For example, up to 65 % of
invertebrate production in a sandy stream was
reported to occur in the hyporheic zone (Smock, et
a. 1992; Boulton 2000). The thickness of the
transition zone directly affects the amount of
habitat available for these organisms. A potential
for adverse impacts exists where contaminants,
degradation  by-products, and/or  secondary
stressors (such as low dissolved oxygen [DOJ)
associated with the ground-water come in contact
with these biotain transition zone habitats.

The microbial community of the transition zone—
viatheir function in carbon and nutrient cycling—
has been shown to play an important, potentially
beneficia role at some sites in the biodegradation
and attenuation of ground-water contaminants
(Lorah et al. 1997; Ford 2005). For example, at a
site in Angus, Ontario, a detailed hydrogeological
study indicated microbia activity in the thin
transition zone of the Pine River to be responsible
for significant attenuation of a chlorinated solvent
plume (Conant et al. 2004). Microorganisms are
often responsible for the very sharp oxidation-
reduction (redox) gradients that frequently occur
across the transition zone (Fenchel et al. 1988;
Wetzel 2001). These biochemical changes may aid
the degradation and attenuation of organic
contaminants, or may release chemicas (eg.,
naturally occurring iron and manganese,
degradation products of the organic contaminants)
from the transition zone sediments; and these in
turn can affect aquatic biota Ground-water
discharge may alter microbial activity in the




transition zone, reducing DO levels to the point
where habitat quality and biota are adversely
affected (Morse, 1995; Pardue and Patrick, 1995).

1.3 Ground-Water and Contaminant
Discharges in Transition Zones

Critical to the proper evaluation of ecological
risks in the transition zone is an accurate
determination of the location of contaminated
ground-water discharge, which is expected to
occur within  a broader discharge zone.
Determining contaminant discharge locations may
be relatively straightforward or quite complicated,
depending on the location of the source(s) of
ground-water contamination with respect to a
surface-water body, the hydrogeologic complexity
of the flow system, the tempora variability in
water table and surface-water levels, and the size
(both vertically and horizontally) of the plume
relative to the general ground-water flow paths.
Plumes of contaminants will flow from
contaminant source areas to points of discharge
aong pathways governed by the permeability of
materials, the configuration of the hydraulic
gradient, and density differential with respect to
the surface-water body. One should not assume
that a contaminant plume will discharge at a
location that represents the shortest distance from
a ground-water contaminant source area to the
surface-water (Woessner 2000; Conant 2004). For
example, contaminants originating from a source
located in an upland area adjacent to a highly
permeable stream corridor may be transported by
ground-water for some distance downgradient
(Figure 1, location A), sometimes following
ancient paleochannels in the geology, before
eventually discharging to the stream.

In contrast, ground-water contamination from a
site located directly upgradient and generally in
direct line with the stream channel and ground-
water flow may be transported to the nearest point
in the stream where it may discharge completely
(Figure 1, location B). In some cases, ground-
water transport of some contaminants may
continue on to the next meander, with additional
discharge of these contaminants occurring farther
downstream. A contaminated ground-water plume
may aso partially discharge at one location

(Figure 1, location C1), with the remainder of the
plume discharging at yet another downgradient
location (Figure 1, location C2), or the plume may
pass under the surface-water body without
discharge. Similarly, a any of the discharge
locations several different GW/SW exchange
conditions are possible that could affect the
vertical transport of contaminated ground-water
into overlying waters (Figure 2).

Patterns of ground-water discharge and other
ground-water/surface-water interactions vary over
time. Stream reaches and lakes may change from
being locations of ground-water discharge to
places of surface-water recharge to the underlying
deposits when water levels in the surface-water
body suddenly rise or the water table in the
adjacent deposits decline below the surface-water
level. Daily reversals in flow direction in the
transition zone can occur in tidaly influenced
areas. Annual erosion and deposition of sediments
aong a riverbed can alter patterns of discharge
(such as those shown in Figure 2) by rearranging
the configuration of low and high permeability
deposits.  Even the implementation of remedial
actions can adter ground-water/surface-water
interactions if they change ground-water levels.
For example, pump and treat remedies could cause
drawdown of the water table and change ground-
water discharge zone in an adjacent surface-water
body into areas of induced infiltration (recharge of
surface-water into the subsurface). Ground-
water/surface-water interactions are dynamic but
the transition zone is defined to encompass this
full range of temporal and spatial variability.

1.4 Transport and Fate of Contaminated
Ground-Water in Transition Zones

Many factors influence the transport and fate of
contaminated ground-water as it travels though the
subsurface prior to discharging to a surface-water
body. Conant (2000) summarizes some of the
most important factors in the context of
contaminant plumes that discharge to surface-
water:

- Physical and chemical characteristics of the
contaminants,

- Geometry and tempora variations in the
contaminant source zone (release area);

- Transport mechanisms (advection and




dispersion); and
- Reactions (destructive and non-destructive).

The complexity and dynamic conditions of the
transition zone can considerably ater the plumes
passing through the zone. For example, Conant et
al. (2004) found that a tetrachloroethene (PCE)
ground-water plume changed its size, shape, and
composition as it passed through the transition
zone. Biodegradation in the top 2.5 m of the
transition zone aso reduced the PCE
concentrations but created high concentrations of
seven different transformation products thereby
changing the toxicity of the plume. The
biodegradation was spatially variable and
concentrations in the streambed varied by a factor
of 1 to 5000 over distances of less than 4 m
horizontally and 2 m verticaly. Widely ranging
concentrations of volatile organic contaminants
have also been observed in plumes discharging to
lakes (Savoie et al, 2000) and wetlands (Lorah et
a , 1997). These studies not only demonstrate the
gpatial variability of contaminant concentrationsin
the transition zone, but also suggest that aquatic
life within the zone can be exposed to relatively
high concentrations when the contamination has
not yet been diluted by surface-water.

Concentrations in contaminant plume discharges
can change over time. Previous discharges may
have acted as sources of contamination to the
transition zone thus loading the associated
sediment with metals or hydrophobic organic
compounds. Moreover, the pattern of ground-
water flow and contaminated discharge might have
been different in the past such that contaminantsin
those sediments may not be at the locations that
current ground-water flow paths would predict.
Direct sampling of the transition zone can help
identify such suspected conditions. It isimportant
to note that transport and fate factors other than
ground-water flow (e.g., sorption, reaction time)
need to be considered in the conceptual site model
as areas of high ground-water discharge flow may
not necessarily be areas where the highest
concentrations will be found in the transition zone.
Conant et a., (2004) observed that interdtitial
water having the highest concentrations of organic
contaminants and degradation products occurred
in low discharge areas of the streambed. This
finding likely reflected sorbed, retarded, or slowly
advecting plume remnants of past high-

concentration discharges that had yet to get all the
way through the lower permeability, organic
carbon-enriched deposits (Conant et al., 2004).
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FIGURE 1 Plan View of Ground-Water Flow, Contaminant
Transport, and Ground-Water Discharge Areas along a
Hypothetical Stream Channel (Modified from Woessner
2000).
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FIGURE 2 Conceptual Model of Different Types of GW/SW
Exchange Conditions at the bed of a Surface-Water Body
That may Affect the Transport of Contaminated Ground-
Water into the Overlying Water (Modified from Conant
2004). (The arrows point in the direction of GW flow, and
the arrow size depicts the relative rate of flow.).

2. Framework for Including the
Transition Zone in Ecological Risk
Assessments




2.1 The Ecological Risk
Assessment Process and the
Integrated Team

The ERA Guidance identifies an 8-step
framework for designing and conducting
ecological risk assessments for the Superfund
Program (Text Box 1; U.S. EPA 1997). This
framework describes the steps and activities
needed to design and conduct scientifically
defensible risk assessments that will support
management decisons regarding site cleanup
leading to a Record of Decision. Critical aspects of
the framework are problem formulation and the
associated development of a conceptual site model
(CSM). Problem formulation establishes the goals
and focus of the risk assessment, i.e, the
ecological components and processes that are
potentially harmed or at risk, as well as the
assessment  endpoints  (specific  processes, or
populations/communities of organisms to be
protected). The CSM  characterizes the
toxicological relationships  between  the
contaminants and the assessment endpoints, as
well as the exposure pathways by which the two
are potentially linked (i.e., contaminant migration
pathways, chemica aterations, and organism life
histories; see ERA Guidance Steps 1 and 3). The
CSM may aso develop the risk questions to be
addressed by the assessment (ERA Guidance Step
3), and identify the endpoints that will be
measured (measurement endpoints) in order to
provide the data necessary to address the risk
questions. Because contaminants will partition
among water, sediment, and organisms, a holistic
CSM that includes all relevant compartments will
be the most useful to guide the ERA and help
determine how the partitioning has occurred or is
occurring within the transition zone. This should
help project managers with decisions about source
control, which media to remediate, the influence
of remedia work on contaminant fate and
transport, and the potential for partitioning to alter
the effectiveness of a proposed remedy (such as a
sediment cap).

In the design and conduct of an ERA that
includes transition zones and areas of ground-
water discharge, it is critical that the project
manager assemble a risk assessment team that is
interdisciplinary and includes ecological risk

assessors and hydrogeologists at a minimum. For
practicality in this paper the term “hydrogeol ogist”
is used to generically include al the team
members who work mostly on the physical,
hydrologic, and hydrogeologic aspects of site
characterization (i.e, hydrologists,
hydrogeologists,, etc.). Similarly, the term
“ecologist” is used to generically include al the
members who work mostly with the biological
aspects (risk assessors, biologists, benthic
ecologists, ichthyologists, zoologists, botanists,
malacologists, limnologists, microbiologists, etc.).
These disciplines should work closely together
starting as early in the ERA process as possible.
To adequately characterize the hydrogeological
setting of a site, the hydrogeologists need to
understand the local ecosystem, the habitats, the
ecological endpoints to be protected from the
adverse effects of ground-water-associated
contaminants, and the exposure pathways that link
the contamination and the endpoints. Similarly, it
is critica for the ecological risk assessors to
understand the spatial and tempora variability in
the transition zone locations and the potential
mechanisms for transport of contaminants by
ground-water to surface-water. It is important to
remember that the ground-water plume may not
have reached the surface-water at the time of the
assessment, but if it is likely to discharge to the
surface-water in the future, there still is a risk of
release that needs evaluation. Because, the spatia
and temporal variability in ecological systems can
be quite different from the hydrogeological
system, the integrated team will insure data will be
collected on scales useful for al disciplines. This
interdisciplinary focus is most effective when
initiated during problem formulation (U.S. EPA
Guidance Steps 1 and 3). At this stage, the
integrated assessment team will address: (1) the
hydrologic regime of the site and its context in the
watershed, (2) where and when ecologica
exposures may be occurring, (3) which organisms
(and ecosystem functions) may be exposed to
contaminants in the ground-water at the transition
zone and associated ground-water discharge area,
(4) which processes are affecting contaminants
during transport (e.g., abiotic transformations,
biodegradation, dispersion, diffusion, adsorption,
dissolution, volatilization), (5) what additional
data may be needed to support the risk assessment,
and (6) the appropriate scope to fit project needs.




Text Box 1: The 8-Step Ecological Risk

Assessment Process for Superfund (U.S.

EPA 1997)

Step 1. Screening-Level Problem Formulation
and Ecological Effects Evaluation

Step 2: Screening-Level Exposure  Estimate

and Risk Calculation
Step 3: Baseline Risk Assessment Problem
Formulation

Step4: Study Design and Data Quality
Objectives Process

Step 5: Field Verification of Sampling Design

Step 6: Site Investigation and Analysis Phase

Step 7: Risk Characterization

Step 8: Risk Management

2.2 Including the Transition Zone in
Designing and Conducting
Ecological Risk Assessments

It is often difficult to describe complete exposure
pathways when contaminants move among
multiple environmental media and habitats. In
aquatic systems, it is critica to recognize the
static, dynamic, and interactive aspects of different
media and their associated habitats. Currently,
with ERAs that have ground-water and surface-
water interactions, problem formulation and the
CSM typicaly identify the contaminant source
area, the ground-water flow paths from the
contaminant source area, the surface-waters that
receive discharge of contaminated ground-water,
the media that may be contaminated (e.g., ground-
water, surface-water, and sediment), and the
habitats and ecological receptors that occur in
those surface-waters. While these ERAs often
include some aspects of the transition zone in the
CSM, they more often do not specifically consider
the ecological importance of the transition zone
nor the relationships and interactions among
ground-water flow, surface-water hydrology,
sediment dynamics, and the transition zone biota.
Rather, these ERASs typically evaluate only the
biota associated directly with the sediment/water
interface and/or with the overlying water column
for adverse ecological impacts. In such ERAS,
there is no explicit consideration of a transition
zone, only a boundary line that separates ground-
water and surface-water that is assumed to be the
sediment/surface-water interface. Hence, the biota

and ecological processes associated with this zone
may not be appropriately considered during
problem formulation. Appropriate consideration of
the transition zone means that exposure, pathways,
and potential effects are evaluated in a manner
sufficient to meet the purpose of the ERA set forth
in EPA guidance asindicated in Section 1.1 above.
An effective approach to developing a CSM is
illustrated in Figure 3. This can be adapted to
accommodate a variety of different ground-
water/surface-water settings such as wetlands
(Lorah et al. 1997) and estuaries (Fetter 2000).

Sround Water Fiow and
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FIGURE 3 Conceptual Site Model Depicting Contaminant
Transport via Ground-Water Flow, Followed by Discharge
Through the Bedded Sediments in the Transition Zone into
Overlying Surface-Water

2.2.1 Framework for Incorporating the
Transition Zone into Problem
Formulation

Consideration of the transition zone should
begin as early as possible in the 8-step ERA
process, preferably during problem formulation
and CSM development. It cannot be
overemphasized that problem formulation and the
CSM should be based on the combined knowledge
of the interdisciplinary team approach which
includes hydrogeologists and ecologists on the
team, at a minimum, and preferably should include
the critical review of other team members, such as
the project manager and a toxicologist. The
following 5-step framework has been designed to
incorporate the transition zone into problem
formulation of the ERA process and to help
develop a comprehensive ground-water/transition
zone/surface-water CSM  for any aquatic
ecosystem.




Step 1 Review available site-related chemistry
data to identify known or potentia
contamination

Identify the hydrogeological regime and
potential fate and transport mechanisms
for ground-water contaminants,
including (a) identification of areas of
contaminated ground-water discharge
and (b) the spatia and tempord
variability in the magnitude and location
of the discharges.

Identify ecological resources at areas of
ground-water  discharge, including
associated transition zones.
Identify  ecologica  endpoints
surrogate receptors.

Develop adynamic CSM and associated
risk hypotheses and questions.

Step 2

Step 3

Step 4 and

Step 5

The activities in these steps usualy take place
during the design and conduct of an ERA, and thus
do not necessarily identify activities that would be
in addition to those normally developed when
following the U.S. EPA 8-step process for an ERA
(Text Box 1). In addition, due to the relationship
between the CSM and ecological endpoints, the
risk assessment team may find it useful to revisit
these steps as they refine both the CSM and
selection of endpoints.

Step 1 Review available site-related chemistry
data to identify known or potential
contamination. In this step, the team determines
if there is a potential for the ground-water to be
contaminated, and, if so, whether the contaminants
could be transported through the transition zone
into overlying surface-water. Specifically, the
team will focus on the question: Is there known or
potential (1) ground-water contamination and/or
(2) sediment or surface-water contamination
related to ground-water, and, (3) if so, by what
contaminants? The answer to this question will be
based on a review of the historical site-related
chemistry data regarding the source (i.e, the
nature of the release and the known or suspected
contaminants), potential contaminant migration
pathways, and the affected environmental media
(i.e., evidence of contamination in soil, ground-
water, sediment, biota, and/or surface-water,
including  transformation  products).  This
information will also be used to determine which
contaminants may be encountered by ecological

resources associated with the site. If it is
determined that contamination is present or likely,
the extent of contamination in discharging ground-
water will need to be characterized.

Step 2 ldentify the hydrogeological regime and
potential fate and transport mechanisms for
ground-water contaminants, including (a)
identification of areas of contaminated ground-
water discharge and (b) spatial and temporal
variability in the magnitude and location of
ground-water discharge. The nature and extent of
GW/SW interactions at a site and the specific
locations of ground-water discharge areas are
important in the determination of potentia
exposure points for ecological receptors. In this
step, the hydrogeologist and ecological risk
assessor delineate contaminated areas and identify
areas of contaminated ground-water discharge
(and associated transition zones). The focus of this
step is to address the question: Where is the
contamination and where is contaminated ground-
water reaching the transition zone and then
discharging to the surface? Potentially
contaminated ground-water discharge areas can be
identified on the basis of:

- Available chemical and hydrologic data from
site wells and shoreline work in the area (e.g.,
ground-water chemistry, NAPL presence,
aquifer extent, preferential pathways, hydraulic
conductivity, hydraulic gradients and flow
directions [vertical and horizontal], water table
elevation, and seasonal precipitation patterns);

- Physical features indicative of a ground-water
discharge area may be identified during a site
visit including seeps, pools in streams, and
plant species that prefer ground-water
discharge;

- Direct investigations during the site visit to
locate and delineate ground-water discharges
(e.g., usng simple measurement techniques
such as temperature or conductivity probes,
minipiezometers ~ with manometers  or
differential pressure gauges, or seepage meters,
observations of certain plant species, areas of
mineral precipitation, or areas with sheens;
geophysics to map and track plumes);

- Direct investigations of contamination in the
transition zone (e.g., sampling interstitial water
using minipiezometers, miniprofilers, passive
diffusion samplers), including tempora
variability.
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Step 3 Identify ecological resources in areas
of ground-water discharge, including
associated transition zones. As areas of
ground-water discharge are identified, the
ecological risk assessors will evauate the
conditions at these locations and in the
overlying surface-water to identify the types of
ecological resources that occur (or could occur)
and be exposed to the ground-water-associated
contaminants. The focus of this step is to
address the question: What are the ecological
resources at risk from exposure to ground-
water contamination at thislocation? Therisk
assessors will make this determination on the
basis of observations made during a site visit
and through a review of available ecological
data for the site. Ecological resources may
include habitats, species, populations, and
communities that occur at or utilize the ground-
water discharge areas, the associated transition
zones and sediments, and the surrounding
surface-waters. These resources may be
exposed directly or indirectly through the food
web.

Step 4  Identify ecological endpoints and
surrogate receptors. The habitats that will be
associated with areas of ground-water discharge
may support a wide variety and diversity of biota
that could be exposed to contaminants in the
ground-water. However, it is not feasible or
practicable to directly evaluate al of these biota
Instead, a few assessment endpoints (Text Box 2)
are selected to represent risks to al of the
individual components of the ecosystem (U.S.
EPA 1992; 1997). In this step, the ecologica risk
assessors will identify appropriate assessment
endpoints on the basis of:

- Contaminants and their concentrations,

- Potentially complete exposure pathways linking
the contaminants with the endpoints,

- Mechanisms of toxicity of the contaminants
and knowledge of the potential susceptibility of
the endpoints to the contaminants, and

- Ecological relevance of the endpoint.

Detailed guidance on selecting assessment
endpoints and linking them to risk determinations
may be found in U.S. EPA (1997).

Text Box 2: Endpoints and Surrogate
Receptors

Assessment Endpoint: an explicit expression of the
environmental value(s) to be protected. Individual
assessment endpoints typically encompass a group
of species or populations with some common
characteristic, such as a specific exposure route or
contaminant sensitivity, or the typical structure and
function of biological communities or ecosystems
associated with the site (U.S. EPA 1992, 1997).

Measurement Endpoint: a measurable ecological
characteristic that is related to the valued
characteristic chosen as the assessment endpoint.
The measurement endpoint provides measures of
exposure and/or effects (U.S. EPA 1992, 1997).

Surrogate Species. a species that is considered to
be representative of the assessment endpoint and
for which measurement endpoints may be selected
and on which the risk characterization will focus.

Assessment endpoints for the transition zone
will focus on the protection of (1) the biota that
live within or utilize the transition zone or the
ground-water discharge area (including interstitial
water, sediment, and surface-water), (2) other
biota that may be exposed to the ground-water
contaminants either through direct contact or
indirectly through ingestion of food or sediment
contaminated by the ground-water, and (3) the
ecological functions of these biota (e.g.,
productivity, benthic respiration, biodegradation).
For example, transition zone assessment endpoints
may include the maintenance and sustainability of
the infaunal community of the transition zone,
maintenance and sustainability of conditions that
support fish and other surface-water species that
seek out ground-water discharge zones as habitat
or refugia, or maintenance of the epifaunal
community inhabiting the ground-water discharge
areas. For such assessment endpoints, surrogate
receptors (Text Box 2) for the transition zone may
include microbia functions; infaunal organisms or
communities (e.g., meiofauna, or macrobenthic
invertebrates). Other surrogates may include
epifaunal organisms such as plants and bottom
fish, aswell aslife stages of various organisms
such as incubating fish eggs.
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In the case of a baseline ERA, one or more
measurement endpoints (Text Box 2) will be
selected to evaluate each assessment endpoint.
These measurement endpoints could include
benthic  macroinvertebrate  abundance  and
diversity; the survival, growth, or reproduction of
the surrogate receptors as measured by laboratory
and in Situ toxicity tests or microcosms,; the
concentration of contaminants in the tissues of
surrogate species (as a result of bioaccumulation
or bioconcentration); sediment or ground-water
concentrations; or concentrations in diffusion
samplers. Because there are currently no methods
available to risk assessors that allow for decision-
based interpretations of changesin transition zone-
associated organisms (especially with regard to the
microbial community), the choice of surrogate
receptors and associated measurement endpoints
used to address the assessment endpoints for the
transition zone may be limited to species and
measurement endpoints for which methods are
available.

Step 5 Develop a CSM and associated risk
hypotheses and questions. In this step, the
information and results of the preceding steps will
be used to develop a CSM that identifies the
known or assumed relationships among the
contaminant source, the environmental fate and
transport of the contaminants in the ground-water,
and the assessment endpoints that may be exposed
to the contaminants (Figure 3). The CSM should
also identify the potential effects that the
assessment endpoints may incur from the
exposure. These relationships represent working
hypotheses of how the ground-water contaminants
are moving or will move through the environment
(i.e, moving through the trangition zone
discharging to overlying surface-waters) and
affecting the assessment endpoints (associated
with the transition zone and overlying sediments
and surface-waters). The CSM thus helps to
conceptualize  the  relationships  between
contaminants and assessment endpoints, frames
the questions that need to be addressed by the risk
assessment, and aids in identifying data gaps for
which the collection of environmental data may be
necessary.

Risk questions about the relationships between
the assessment endpoints and their predicted
responses when exposed to contaminated ground-

water discharges can be developed along with the
CSM. These risk questions provide additiona
bases for the selection of appropriate measurement
endpoints and study designs. Some examples of
risk questions for the transition zone include (1)
Does contaminant exposure exist at ground-water
discharge points, and, if so, do the exposure
concentrations exceed levels considered “ safe” for
the assessment endpoints? (2) Are exposures to
contaminants at ground-water discharge points
associated with deleterious effects to the
assessment endpoints? (3) Does the exposure to
contaminated ground-water pose unacceptable
risks to transition zone, benthic, and/or surface-
water assessment endpoints?

2.2.2 Hydrologic Regime and Contaminant
Fate and Transport Considerations during
Problem Formulation

As in any ground-water setting, the transport
and fate of contaminants will be a function of the
characteristics of the geologic materials through
which ground-water is passing, the chemical and
physical characteristics of the native ground-water,
and the physical and chemical characteristics of
the contaminants. In the transition zone, the
mixing of surface- and ground-waters can create
steep gradients (large changes over relatively short
distances) in water quality parameters such as DO
concentration,  salinity/conductivity, oxidation-
reduction potential (ORP), pH or temperature
which can be measured in the field, and hardness,
solids, and Acid Volatile Sulfides which can be
measured in the lab. The characteristics of the
substrate (especially sediments) such as mineral
content, grain size, porosity, and TOC in the
transition zone may also change abruptly over
relatively short distances. Each of these
characteristics can strongly influence contaminant
mobility. Contaminants that have traveled
considerable distances in ground-water with little
alteration may, upon entering and passing through
a transition zone, show rapid attenuation in this
zone due to the dynamic physical and chemical
characteristics of the zone. These changing
conditions, as contaminants move from the
ground-water environment to the transition zone,
can facilitate attenuation processes such as
adsorption, microbial degradation of chlorinated
solvents, and precipitation of some dissolved
metals.
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On the basis of these characteristics of the
transition zone, two key hydrogeologic questions
to consider in problem formulation are (1) How
close to the ecological resources are the
contaminants or  their  degradation  or
oxidation/reduction products? and (2) What are the
trangport and attenuation processes controlling the
mobilization, movement, flux, mass loading, and
observed distribution of contaminants? In
considering these questions in  problem
formulation it may be beneficial to understand the
role of smaller scale changes in permeability,
mobilization (such as ground-water moving
through contaminated sediment, etc.), movement
of contaminants in whatever form they are found
(such as dissolved, NAPL, colloid-bound, etc.),
and where the contaminants ultimately come to
reside.

Various GW/SW exchange conditions are
possible at the bed of any surface-water body
(Figure 2) (Conant 2001, 2004). There may be
situations where no ground-water discharges into
surface-water because the hydraulic gradient is
horizontal (Figure 2, No. 4), the hydraulic gradient
is away from the surface-water body (eg.,
downward vertical gradient; Figure 2, No. 5), or a
geologic barrier is present that prevents discharge
(Figure 2, No. 4). Alternatively, ground-water
discharge may occur at a low rate due to a low
hydraulic gradient and/or the presence of low to
moderate permeability materials that act to slow
the ground-water flow (Figure 2, No. 3).

In contrast to the above exchange conditions,
the presence of a strong hydraulic gradient and/or
highly permeable substrate may result in a
condition where the ground-water is able to
rapidly discharge with little opportunity for
attenuation. In this instance, contaminants come in
contact with organisms that not only live within
the sediment but also live on or use the sediment
surface or overlying surface-water or even
preferentially seek out these areas for spawning or
as thermal refugia (Figure 2, No. 2). Ground-
water discharge areas exhibiting this last exchange
condition may be viewed ether as geologic
windows that are easily detected (Figure 2, No. 2)
or as small “short circuits’ in otherwise no- or
low-inflow zones (Figure 2, No. 1) (Conant 2004).
The overall density and distribution of such short
circuits may be key factorsin determining whether
or not they drive a significant ecological risk. It is
important to remember that in any setting, ground-

water flow rate and direction are controlled by
hydrologic conditions. These conditions can be
highly variable, and multiple sampling events
conducted over time, or other tools that integrate
exposure or effects over time, may be needed to
characterize the transition zone.

3. Tools for Characterizing the
Hydrogeology and Ecology of the
Transition Zone

A variety of tools are available that can be used
to help locate and characterize areas of
contaminated ground-water discharge and
associated transition zones (EPA 2000; see Table
1 for some site-specific examples). Similarly, there
are anumber of tools and approaches available for
characterizing the ecological resources of the
transition zone and for evaluating the exposure of,
and effects on, those resources exposed to
contaminated ground-water. The choice of tools
will depend on the environment, the selected
assessment and measurement endpoints, and use
of the Data Quality Objectives Processwill help
the site team avoid sampling method bias. While
Tables 2 and 3 highlight commonly used tools for
characterizing the hydrogeology and ecology of
the transition zone, additional tools are identified
in A Compendium of Chemical, Physical and
Biological Methods for Assessing and Monitoring
the Remediation of Contaminated Sediment Stes
(U.S. EPA, 2003).

3.1 Hydrogeological Characterization

The identification and characterization of
contaminated ground-water may occur during the
screening ERA (Steps 1 and 2 of the 5-step
transition zone framework) and continue during
the baseline ERA. During the screening ERA, this
hydrological characterization may be based, in
part, on

Examination of existing maps of surficial and
bedrock geology and the local hydrology;
Examination of water chemistry data from
existing wells, piezometers, and surface-water;
Examination of boring logs and other geologic
data;

Evaluation of ground-water migration and
preferential pathways;

Collection and examination of remotely sensed
thermal data;
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TABLE 1 Examples of Case Studies Where Ground-Water and Surface-Water Investigations Were
Employed to Answer Site-Specific Questions Regarding Ground-Water Contaminant Exposure, Risks,

and Management

Site

Environmental Setting/lssue

Ground-Water Contaminant
Concern/Question

Nature of Ground-Water/Surface-Water
Investigation

ASARCO Tacoma
Smelter, Tacoma, WA

Metal smelting with arsenic in
ground-water adjacent to Puget
Sound.

Isthe arsenic, in parts per
thousand, in ground-water
discharges to the shoreline and
subtidal zones likely to cause an
adverse impact.

Arsenic speciation and electron probe analysis
show pH and redox increase when ground-water
goes through the transition zone results in
precipitation and the arsenic does not enter the
marine environment

Eagle Harbor, WA

Marine habitat, Puget Sound.

Identify zones of discharge to
harbor floor.

Towed temperature and conductivity probe linked
ground-water in the uplands with dischargesto
harbor sediment.

Eastland Woolen Mill,
East Sebasticook River,
ME

River system impacted by
chlorinated solvents from
former woolen mill.

Is contaminated ground-water
contributing to sediment toxicity?

In situ and laboratory toxicity tests, nested
multilevel minipiezometers demonstrated spatial
pattern of chlorobenzene transport and toxicity
(Greenberg et al.,2002). Microbial and meiofaunal
analyses documented changesin those
communities.

Leviathan Mine, CA

Open-pit sulfur mine at 7,000 ft
in Sierra Nevada Mountains,
with acidic discharge into
Leviathan Creek.

In highly mineralized geologic
setting, what isrelative
contribution of acid mine
drainage and natural acidic
discharge to water quality of the
watershed?

Investigation of Leviathan Creek using a hand-
held combined conductivity, pH, and temperature
meter revealed a single small natural seep,
compared to large inputs from the mine.

McCormick & Baxter
Creosoting Co.,
Portland, OR
http://www.deq.state.or.
us/nwr/mecormick.htm

Site adjacent to Willamette
River. Site used creosote,
pentachlorophenol, and metals
for wood treatment.

|'s there seepage of creosote or
other contaminants to the river
via ground-water?

Working with divers collecting sediment samples
and installing minipiezometers and seepage meters
within river, documented non-aqueous phase
liquid (NAPL) discharges from just below
sediment surface and ground-water discharge at
the shoreline and deeper in theriver.

St Joseph, M

Chlorinated solvent ground-
water plume migrating toward
Lake Michigan.

Isnatural attenuation sufficient to
keep contaminants from reaching
the lake?

Geoprobes with dotted screens were used to
identify an offshore solvent plume discharge zone,
demonstrating that natural attenuation was not
completely effective at thissite (Lendvay et .
1998). In 1999, pore water sampling of the near
shore sediments identified the main plume
discharge (MDEQ 2005).

Treasure Island Naval
Station, San Francisco,
CA

Chlorinated solvent plume
migrating toward/into San
Francisco Bay.

Location of ground-water control
monitoring points(water column
measurements or wells and
location of wells, if chosen).

The Navy agreed to place monitoring wells at
locations where a study of tidal mixing in the
ground-water revealed a 20% influence of
seawater; this made the GW/SW transition zone
the remedial compliance point.

Western Processing,
Kent, WA

Small stream (Mill Creek)
along site boundary.
Contaminated ground-water
discharging to stream.

Are stream sediments
contaminated with solvents and
metals, and, if so, what isthe
source of the contamination?
Could asimple removal of the
contaminated sediments address
the ecological risks?

Standpipes in the creek indicated artesian flow.
Solvent contamination was found to originate from
surface input, while the metals contamination was
due to the discharge of contaminated ground-
water.

Chevron Mining Inc.
(CMI) (formerly
Molycorp, Inc.),
Questa, NM

Molybdenum mine near the
Red River which isatributary
to the Rio Grande. Metal and
low pH loads to the river
system from ground-water

upwelling.

Do the concentrations of COPCs
in discharging ground-water,
surface water, and/or sediments
in upwelling exposure areas pose
unacceptable risks to aguatic life?

Laboratory and in situ toxicity tests, multilevel
minipiezometers, exposure chemistry, benthic and
fish community analyses were used to identify two
specific discharge points along the study area as
requiring evaluation during the Feasibility Study.

14




Site walkovers for visible signs of discharge
(such as areas of differing sediment grain size
and structure or obvious seeps observable
under the low-river stage or tide conditions);
and

Site walkovers using portable (hand-held)
monitoring instruments such as
salinity/conductivity, pH, DO meters, and/or
temperature probes;

Geophysical  survey to characterize the
underlying geology and directly or indirectly
detect contaminated ground-water.

The use of “standard” monitoring wells and
piezometers to characterize conditions within the
transition zone may not be feasible, as these tools
will typically be too large to use in a transition
zone environment. A number of relatively
inexpensive and simple portable instruments are
available that may be used to locate areas of
contaminated ground-water discharge. These
instruments include:

Passive Diffusion Samplers
Peepers,

Miniprofilers,

Pushpoint pore-water samplers,
Minipoint samplers,

Sippers,
Hydraulic potentiomanometers
Seepage meters.

For the basaline ERA, additional

hydrogeological characterization data may be
needed to evaluate the assessment and
measurement endpoints and address the risk
hypotheses and questions (see Step 4 of the
transition zone CSM framework). Portable
instruments can be used to (1) rapidly and
inexpensively identify and characterize ground-
water discharge areas, (2) support a screening-
level risk assessment, and (3) yield quantitative
contaminant data of sufficient quality to support
the needs of a baseline ERA. The instruments that
could be implemented at a specific site will be
based on the CSM and the capabilities and metrics
of the individual tools. Because different tools
may have quite different metrics, site
characterization will benefit greatly from early
consideration of how the data will be evaluated,
interpreted, and integrated. When tools cannot
effectively sample the zone of primary interest,

consideration can be given to sampling in adjacent
zones, provided agreements are reached how the

data will be interpreted in the ERA. Brief
descriptions of  tools for  hydrologica
characterization are presented in Table 2.

Additional information regarding the sampling of
ground-water and interstitial water can be found
at:

« http://clu-in.org/techdrct/,
« http://www.epa.gov/tio/tsp/issue.htm
* http://www.ert.org/.

3.2 Characterization of Ecological
Resources, Their Exposures, and
Resulting Effects

Numerous tools and approaches are available
for characterizing the ecological resources of a
transition zone and for evaluating the effects of
exposure to  ground-water  contamination
(Williams 1999). These include survey protocols
using avariety of devicesto sample and/or analyze
periphyton, benthic invertebrates, and fish (e.g.,
Barbour et al. 1999) and the microbial community
(e.g., Adamus 1995; Hendricks et a. 1996;
Williams 1999) (Table 3). These tools may be
used to identify the types and abundances of
species, characterize the structure of the ecological
communities, and evaluate microbial processes of
the transition zone and associated ground-water
discharge areas.

Exposure of transition zone biota may be
inferred from survey data by spatialy linking
survey habitats with the presence of contaminated
ground-water (as determined using the previously
described hydrogeological characterization tools).
Uptake of ground-water contamination by biota
may be estimated, and exposures characterized,
using in situ approaches such as the direct analysis
of ground-water-associated contaminants in biota
that inhabit the transition zone and associated
areas, or through the chemical analysis of test
organisms following controlled exposure in areas
of contaminated ground-water. Exposure of
transition zone biota may be estimated using
semipermeable membrane devices (SPMDs) to
estimate potential uptake of ground-water
contamination by exposed biota (limitations can be
minimized by field calibration at the site of
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interest—see Section 4.2). Exposure levels may
also be inferred through the use of contaminant
uptake factors (such as bioconcentration factors
[BCFg]) that are avalable in the scientific
literature for many chemicals. Effects can be
inferred from traditional tools applied to the
transition zone (e.g., in-situ toxicity tests,
comparison  with  criteria  or  risk-based
concentrations for various media).

4. Evaluating Ecological Risks in the
Transition Zone and Associated
Ground-water Discharge Areas

Ecological risks to most biota in the transition
zone and discharge area from exposure to
contaminated ground-water can be effectively
predicted by (1) evaluating ground-water
chemistry at the transition zone and (2) estimating
the resulting direct and indirect ecological effects
from that exposure. Other approaches can be very
useful when needed to reduce uncertainty
regarding effects on the selected assessment
endpoints. These evaluations may be directly
incorporated into the 8-step process for designing
and conducting ERAs (U.S. EPA 1997; see
Section 2.1). Decisions regarding risk
acceptability and subsequent risk-management
decisions can be made based on the outcomes of
these evaluations. Figure 4 presents an example of
a decision tree for assessing ecologica risks
associated with the discharge of contaminated
ground-water through the transition zone. If
unacceptable risks are identified and remediation
is appropriate, the ERA should ultimately provide
risk-based preliminary remediation goals (PRGS)
and will assist in the identification and evaluation
of remedia alternatives and in the evaluation of
remedial success (U.S. EPA 19944, 1997).

4.1 Evaluation of Ground-water and
Transition Zone Water Chemistry

The concentrations of chemicals in the ground-
water and transition zone waters can be evaluated
in the screening and baseline ERAs (Figure 4).
These evauations compare measured chemical
concentrations to benchmark values that represent
water concentrations considered protective of
exposed aguatic biota. Chemicals present at
concentrations below the benchmark values are

assumed to pose acceptable risks to the transition
zone biota. The baseline ERA may also employ
evaluations of exposure and effects to support a
risk characterization.

4.1.1 Evaluating Ground-Water Chemistry
in the Screening-Level Risk
Assessment

In the screening-level ERA, the maximum
chemical concentration detected in ground-water
is compared to applicable benchmark values (Step
2 of the Superfund ERA process [U.S. EPA
1997]). Use of maximum detected concentrations
of the contaminants is consistent with the use of
conservative assumptions in the screening-level
ERA. The benchmark values used in the screening
ERA are the Ambient Water Quality Criteria
(AWQC) (U.S. EPA 2002a), which identify
concentrations of selected chemicas that are
considered protective of aquatic biota under
chronic exposures in fresh and marine waters (see
Text Box 3). Because the AWQC are considered
protective of benthic organisms, they are suitable
for evaluating transition zone organisms. When an
AWQC is not available for a specific chemical
(eg., many volatile organic compounds), an
aternative screening value may be selected (U.S.
EPA 1997), or the chemical is carried forward into
the baseline ERA for further analysis by another
approach. The ground-water concentrations should
be compared with the lowest appropriate chronic
criteria. In brackish systems, both freshwater and
marine chronic criteria should be considered. The
assumptions regarding the applicability of AWQC
or other benchmarks for evaluating potential
ecological risks to transition zone biota should be
discussed in the uncertainty analysis that is part of
the risk assessment (U.S. EPA 1997).

Chemicals with maximum ground-water
concentrations below the AWQC are assumed to
pose negligible ecological risk and that chemical-
specific ground-water pathway can be removed
from further consideration in the ERA (Figure 4),
while those with concentrations exceeding
benchmark levels are further evaluated in the
baseline ERA. Depending on the potentialy
complete exposure pathways identified in the
CSM, chemicals may need to be evaluated in other
media such a sediment or  tissue
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TABLE 2 Tools That May Aid in the Identification and Characterization of Areas of Contaminated
Ground-Water Discharge

Tool

Description

Direct Push Technology

Vibracores and Geoprobes are examples of direct push sampling tools that can be used in the sediments to obtain
sediment cores and samples, and, with adaptations, to obtain water samples at depth below the sediment surface.

Geologic and
maps

topographic

Surficia and, in some settings, bedrock geologic maps of the stream and near-stream environment may indicate which
zones are most likely to have significant interchange between ground-water and surface-water.

Hydraulic potentiomanometer

Winter et a. (1988) present a device that consists of a stainless steel probe with a screened section near the tip that is
connected by atube to amanometer whose other tube can be placed within a surface-water to measure the head difference
between ground and surface-water at a sampling station. The device can also be used to obtain ground-water samples by
detaching the probe from the manometer and withdrawing a sample with a hand pump.

Minipoint sampler

Duff et al. (1998) present a sampler that has six small-diameter stainless steel tubes set in a 10-cm-diameter array preset
to drive depths of 2.5, 5.0. 7.5, 10.0, 12.5, and 15.0 cm. Ground-water samples from all depths are withdrawn
simultaneously by a peristaltic pump.

“Mini” Profiler

Conanat et al. (2004) modified a soil vapor probe by Hughes et al. (1992), creating a miniature hand-driven version of a
profiler that can be used to recover interstitial water samples from multiple depths in the same hole to a depth of 1.5m.
The mini Profiler is a thin-walled tube (0.64 mm OD) with a drive point that contains small-screened ports. Pumping
distilled water down the device and through the ports during driving keeps the ports free of material. In sampling mode, a
pump purges the device of distilled water and draws a formation water sample up to the surface. The full-size Waterloo
Profiler can be used to depths of 10s of meters (Pitkin et al., 1999).

Passive diffusion sampler
(PDS)

Vroblesky and Hyde (1997) and Vroblesky et al. (1996, 1999) present development of an inexpensive sampler that
collects volatile organic compounds (VOCs) by diffusion and has been successfully used at a number of sites to detect
where VOC plumes are discharging to surface-water. Results provide an estimate of average concentration in the
sampled water. Independent data are needed to determine flow direction past the sampler (i.e., if the sampler is collecting
ground-water or surface-water). For additional information, see: http://mawater.usgs.gov/publications/wrir/
wri024186/report.ntm. PDSs have been developed for other contaminants (e.g. metals).

Peepers

Hesdlein (1976) and Mayer (1976) first developed diffusive equilibration samplers in which the sampler consists of a
vertical array of deionized water-filled chambers separated from interstitial water by a dialysis membrane. A number of
modifications to this basic sampler now exist (USEPA 2001b; Burton et al. 2005). Results and limitations are similar to
those encountered with PDSs above.

PushPoint
sampler

interstitial  water

MDEQ (2006, in review) presents a sampler that consists of a thin-walled metal tube with a chisel-pointed tip and a4-cm
screened interval abovethistip. A retractable stainless-steel plug prevents clogging of the screen during driving into the
sediment. At the desired depth, an interstitial water sample can be removed by a syringe or peristaltic pump attached to
the top of the device. For additional information on push-point sampling, see Zimmerman et al. (2005).

Radiologic analyses

Krest and Harvey (2003) describe a method using radioactive tracers (which can be quantified much more precisely than
most organic chemicals), best used in areas with very low hydraulic gradient without the potential confounding factors
such as salinity change.

Remotely sensed thermal data

Airborne forward-looking infrared radiometry (FLIR) thermal-imagery equipment. Helicopter-mounted FLIR equipment
takes infrared photographs of the rivers to provide visual images of surface-water temperatures. Areas of ground-water
discharge may be indicated if there is sufficient temperature contrast between the discharging ground-water and
surrounding surface-water temperatures. For additional information, go to: http://geopubs.wr.usgs.gov/open-file/ of02-
367/0f02-367.pdf and http://www.ecy.wa.gov/pubs/0110041.pdf.

Sediment probe

Lee (1985) developed a sediment probe that is towed in contact with bottom sediments and detects zones of plume
discharge by detection of conductivity anomalies. Other researchers have also used conductivity or resistivity
measurements successfully but with more traditional, labor-intensive devices

Seepage meter

Unlike the devices discussed above, the seepage meter can give a discharge rate and flow direction through a stream bed.
The basic seepage meter design originally presented by Lee (1977) and Lee and Cherry (1978), consists of the top section
of a steel drum with a plastic bag attached as a sample collector. A variation on this design is the UltraSeep, system
which is instrumented to monitor conductivity, temperature and fluid seepage rate (http://clu-
in.org/programs/21m2/navytools/gsw/). A basic seepage device is driven into the sediment, and natura seepage is
alowed to fill the sample bag. The volume obtained during deployment can be sampled for analysis as well as used to
calculate a seepage rate. If it is known that seepage is into the streambed, the bag can be pre-filled with a known volume
of water to allow seepage into the sediment and calculation of the seepage rate. While there are a number of uncertainties
associated with the use of seepage meters, these meters can provide a measure of what is coming through the sediment
and into surface-water that no other device can provide.

Sippers

Zimmerman et al. (1978) and Montgomery et a. (1979) present a sampler that consists of a hollow PVC stake with a
porous Teflon® collar. The device has a sampling tube that runs its full length and a gas port at the top. The device is
driven into the sediment and evacuated with a hand pump. Interstitial water then seeps into the device. The sample is
removed by displacement with argon gas pumped in through the gas port. The initia filling of the device through
application of avacuum may limit its utility in sampling VOCs.

Site walkovers with handheld
meters

Wading a shallow site with appropriate field sampling devices (e.g., temperature, pH, or conductivity meters) may be
useful to preliminarily delineate some contaminant plumes. This may be especialy useful in settings with ground-water
discharge through discrete seeps where the measured parameters have steep gradients.
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TABLE 3 Tools That May Aid in the Characterization of Ecological Resources of the Transition Zone and
in the Evaluation of the Effects of Exposure of Those Resources to Contaminated Ground-Water

Tool

Description

Invertebrate community
survey protocols

These protocols may include sampling devices such as sediment cores and colonization samplers (e.g., rock
baskets, trays of sediment) to collect invertebrates of the infaunal communities at the ground-water
discharge area. The transition zone community can be considered a simple extension of the infaunal
communities. Sediment core samples are taken from the biologically active zone, which may be fairly deep
(ca. 1 m) or fairly shallow (afew cm), or targeted to reach specific macroinvertebrates such as burrowing
shrimp or bivalves (perhaps >1 m). Colonization samplers can be placed on the bottom of awater body as a
means of collecting macroinvertebrate fauna. Following sampling, the collected biota can be analyzed using
well-established bioassessment methods (e.g., as described in Barbour et a. 1999). The use of invertebrate
surveys has proven effective in evaluating contaminated ground-water (Malard et al. 1996). When compared
to uncontaminated sites, the results can reveal whether the invertebrate community has been affected by the
exposure.

Laboratory interstitial
water and sediment
toxicity tests

These are traditional toxicity tests (U.S. EPA 1994b,e) that can be conducted on samples obtained from
various locations in the transition zone. However, care must be taken to maintain the chemistry (redox, pH)
and physical structure of the sample, and to prevent volatilization of contaminants.

Microbia community
survey protocols

There are well-established methods for investigating microbial communities at the GW/SW transition zone
(e.g., Hendricks 1996). The results of the survey may be useful to show whether there are differences
between the microbial communities in contaminated and uncontaminated ground-water discharge zones.

Tissue analysis of resident
biota (bioaccumulation
measures)

Biota are collected from the transition zone and/or areas of ground-water discharge and associated surface-
waters and analyzed for the ground-water contaminants.
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FIGURE 4 An Example Decision Tree for Evaluating Ecological Risks Associated with
the Discharge of Contaminated Ground-Water through the Transition Zone.
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Text Box 3: Using AWQC in GW/SW
ERAs

As done for any ecological risk assessment, the
assessor should determine whether the specific
AWQC are appropriately protective of benthic
infaunal and epifaunal organisms exposed to
discharging contaminants. This determination,
athough difficult if AWQC are not available
for certain contaminants, may be important
where volatile contaminants are discharged. In
these cases, reviewing the derivation of the
AWQC may help determine an appropriate site-
specific  screening  level, help  select
investigatory tools in the baseline ERA, or help
with the uncertainty analysis.

Typicaly, screening-level ERAs rely on
previously available data. Thus, the equipment and
methods used to provide the ground-water data
(see Table 2) may have been sdected and
implemented prior to the involvement of the
ecological risk assessor. In some cases, the
available ground-water data may be from wells
screened below the aquifer that is discharging to
surface-water. Therefore, the risk assessor should
confirm that the ground-water data are acceptable
and that the samples are appropriately
representative for their intended use in the
screening-level  risk  assessment.  Additional
infformation on ground-water sampling is
presented in a Ground Water Forum |ssue Paper
(U.S. EPA 2002b). The ecologica risk assessor
should also determine whether the detection limits
for the ground-water data will support a
meaningful comparison to the benchmark values
(e.g., whether the detection limits are at or below
the screening values). If the ground-water data are
not appropriate with regard to sampling issues and
detection limits, they may have reduced value for
the screening ERA.

4.1.2 Evaluating Transition Zone Water
Chemistry in the Baseline Risk
Assessment

In the baseline ERA (U.S. EPA 1997),
chemical concentrations in ground-water at the
transition zone are compared to AWQC (U.S. EPA
2002a) or other benchmark values for protection
of aguatic life, but using more realistic exposure-

point concentrations than those evaluated in the
screening ERA. These new comparisons will not
use maximum detected ground-water
concentrations as in the screening ERA, but rather
use exposure-point concentrations that are
reasonably anticipated or expected to exist or
occur at a site (the reasonable maximum
exposure). Reasonable exposure point
concentrations can be determined, in consultation
with the site hydrogeol ogist, from a particular well
or set of wells aong the flow path(s) from the
source to the discharge zone in the surface-water.
However, it may be preferable to determine this
more realistic exposure-point concentration from
available or new data from transition zone
samples. When new data are to be collected, the
risk assessment team should jointly develop the
sampling design. Similarly, if there are concerns
for human health impacts, usually from foodweb
magnification, then the sampling design should
also be coordinated with the appropriate human
health risk assessors.

Sampling-design considerations for the baseline
ERA should include both hydrogeologic and
ecological factors. Hydrogeologic factors may
include ground-water and surface-water dynamics
and seasona variability, water table elevation,
surface-water level and flow rates, bed material,
locations of paleochannels, preferential ground-
water flow paths, and contaminant concentrations
in interstitial water from the transition zone.
Ecological factors may include the types and
distributions of biota associated with the transition
zone and ground-water discharge areas, their
contribution to the food web, and life history
aspects of the biota such as seasona occurrence
and the vertical distribution and movement of the
biota within the sediment. The collection of new
ground-water data for use in the ERA may utilize
one or more of the sampling tools identified in
Table 2 for characterizing hydrologic conditions.
Generally, these sampling tools fall into two broad
categories. (1) tools that actively collect a sample
a a gspecific time period (e.g., piezometers,
pushpoint samplers) for instantaneous
concentrations and (2) tools that passively collect
samples over time (e.g., peepers, seepage meters,
and PDSs) for more integrated concentrations or
contaminant mass.
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4.2 Evaluating Biota Exposure and
Effects

Baseline ERAs of other ecosystems typically
employ evaluations of exposure and effects to
provide multiple lines of evidence for
characterizing risks. The methods typicaly
employed in evaluating exposure and effects to
benthic biota can be readily extended to transition
zone biota exposed to contaminated ground-water
discharges. These methods include benthic
community analyses, toxicity testing, and
bioaccumulation evauations. In selecting these
methods to evaluate exposure and effects to
transition zone biota, the risk assessor must
consider the same issues that are typicaly
addressed during benthic ecosystem  risk
assessments. These issues include, but may not be
limited to, the use of reference sites to address
natural variability and background conditions
(U.S. EPA 1994d), confounding factors that could
affect toxicity results, toxicity testing using media
collected along contamination gradients in order to
develop  doseresponse  relationships, and
uncertainties associated with many of the input
parameters of uptake models. These issues are
typically addressed during the problem
formulation and study design portions of ERA
development (Steps 3 and 4, respectively, of the
Superfund ERA process).

Community analysis of transition zone organisms
can be used to identify differences in community
structure, biomass, species richness and density,
relative abundance, and other parameters (U.S.
EPA 1994c), and a variety of methods are
available for sampling and evauating transition
zone biota (i.e., Hendricks 1996; Williams 1999).
However, evaluating alterations in transition zone
communities is challenging, and shares exactly the
same issues and considerations as benthic
community analyses or other field studies. These
issues include natural variability (e.g., associated
with ground-water discharge/recharge), the need
for concurrent community analyses at appropriate
reference sites (see Barbour et a. 1999), and the
overarching need for synoptic sampling of
exposures and effects.

Toxicity testing and  bioaccumulation
evauations have been used at severa sites to

evaluate the effects of ground-water contamination
on transition zone biota. Toxicity testing, which
involves the exposure of organisms to
contaminated media, provides direct evidence of
contaminant effects on transition zone biota (U.S.
EPA 1994¢€). A wide variety of toxicity tests have
been developed for use in ecologica risk
assessments (U.S. EPA 1994b), and many of these
may be directly applicable to evauating
contaminant effects on transition zone biota.
While these types of studies are often conducted in
the laboratory using media collected from the site,
in situ studies have also been used and may be
preferable because they provide more redlistic
exposures than do laboratory studies (U.S. EPA
1994e; Greenberg et a. 2002; Burton et al. 2005).

Bioaccumulation evaluations examine the uptake
of contaminants by exposed biota and can be used
to infer potential effects to transition zone biota
when concentrations exceed tissue levels
considered adverse to the organisms or their
predators. Bioaccumulation may be measured by
(1) tissue analysis of indigenous biota, (2) analysis
of cultured test organisms (eg., fish,
macroinvertebrates) exposed in situ (US EPA
2004), (3) the use of SPMDs, and (4) the use of
contaminant-uptake models. Tissue analysis
provides a direct estimate of contaminant uptake
and  bioaccumulation  under  site-specific
conditions. Semipermeable membrane devices
may also provide a sSite-specific estimate of
passive uptake and bioaccumulation. However,
because SPMDs serve as surrogates for biota and
involve no sampling or analysis of biota, their use
for estimating bioaccumulation should be
approached with caution. Unless a quantitative
relationship has been established between the
bioaccumulation estimated by the SPMD and that
measured in biota exposed at the site, the use of
SPMDs is not recommended for evaluating
bioaccumulation. These devices may, however, be
useful for delineating areas of contaminated
ground-water discharge (as in Step 2 of the
transition zone problem formulation framework)
or monitoring these areas (Huckins et al. 1993).
Because contaminants partition among water,
sediment, and organisms (recall that partitioning
will have been evaluated during problem
formulation and CSM development), sediment
analysis may be necessary to interpret
bioaccumulation results for decision-making.
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While there currently are no examples of
guantitative contaminant uptake models for
transition zone biota, existing approaches used to
estimate contaminant uptake by aquatic biota may
be applicable for wuse in transition zone
ecosystems. For aguatic biota, contaminant uptake
models employing laboratory-derived BCFs or
field-derived bioaccumulation factors (BAFs) are
commonly used to estimate biota tissue
concentrations from contaminant concentrations
measured in aquatic media (e.g., see Suter et al.
2000). While such models may be used for
estimating tissue concentrations in transition zone
biota, the risk assessor should address many of the
typical modeling issues (such as nonlinearity
between BCFs and ambient contaminant
concentrations when selecting a BCF; and the
potential for deviations from equilibrium
assumptions) in the interpretation of model results.

4.3 Characterizing Risks

Ecological risks to the transition zone are
characterized after the collection and analysis of
physical, chemical, and ecological data have been
completed (Figure 4). The risks can be
characterized using the lines-of -evidence approach
commonly used in ecological risk assessments
(U.S. EPA 1997, 1998). The characterization
includes uncertainty analysis to assist in risk
management.  Incorporating the transition zone
leads to improved decision-making in the overall
ERA by reducing uncertainty in the conclusions of
which  receptors/assessment  endpoints  are
significantly  impacted, determining  which
stressors dominate, and from which compartments
(e.g., surface-water, bedded sediments, upwelling
ground-water) those stressors originate.

5. Summary

The transition zone represents a unique and
important ecosystem that exists between surface-
water and the underlying ground-water, receiving
water from both of these sources. Biota inhabiting,
or otherwise dependent on, the transition zone may
be adversely impacted by contaminated ground-
water discharging through the transition zone into
overlying surface-waters. ERAs addressing
contaminated ground-water discharge to surface-
waters typicaly have not evaluated potentia
contaminant effects to biota in the transition zone.

However, numerous hydrogeologicad and
ecological methods and tools are available for
delineating ground-water discharge areas in a
rapid and cost-effective manner, and for
evaluating the effects of contaminant exposure on
transition zone biota. These tools and approaches,
which are commonly used in hydrogeological and
ecological investigations, can be readily employed
within the existing EPA framework for conducting
screening- and baseline-level ERAs in Superfund
(U.S. EPA 1997) and satisfy the requirement to
identify and characterize the current and potential
threats to the environment from a hazardous
substance release.

6. Glossary

Abiotic: Characterized by absence of life; abiotic
materials include the nonliving portions of
environmentah media (e.g., water, air, soil,
sediment), including light, temperature, pH,
humidity, current velocity, and other physical and
chemical parameters. Abiotic chemica reactions
are not biologically mediated (i.e., do not involve
microbes).

Acute: Having a sudden onset or lasting a short
time. An acute stimulus to a contaminant is severe
enough to induce a rapid response. With regard to
ground-water contamination, the term acute can be
used to define either exposure to a chemical (short
term) or the response to such an exposure (effect).

Aquifer: A body of geologica materials such as
sand and gravel or sandstone, that is sufficiently
permeable to transmit ground-water and yield
economically significant quantities of water to
wells or springs

Assessment Endpoint: An explicit expression of
the environmental value that is to be protected,
such as gpecific ecological processes, or
populations/communities of organisms to be
protected (e.g., a sustainable population of insect
larvae important as fish food)

Baseline Ecological Risk Assessment: An
ecological risk assessment that evaluates the
exposure and effects of a contaminant to
ecological resources under site-specific exposure
scenarios and using site-specific  physical,
chemical, and biological data.
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Benchmark Value: In ecological risk assessment,
a media-specific environmental concentration or a
receptor-specific ~ dose  concentration  that
represents a threshold for adverse ecological
effects (a maximum “safe” chemical concentration
or dose). Media or dose concentrations at or below
a benchmark value are considered unlikely to
cause adverse ecological effects.

Benthos. The community of organisms (plants,
invertebrates, and vertebrates) dwelling on the
bottom of a body of surface-water (e.g., pond,
lake, stream, river, wetland, estuary, ocean).

Bioaccumulation: The process by which
chemicals are taken up and incorporated by an
organism either directly from exposure to a
contaminated medium or by consumption of food
or water containing the contaminant.

Bioaccumulation Factor (BAF): The ratio of the
concentration of a contaminant in an organism to
the concentration in the ambient environment at
steady state, where the organisms can take in the
contaminant through ingestion with its food and
water aswell asthrough direct contact.

Bioconcentration: The process by which there is
net accumulation of a chemical directly from an
exposure medium into an organism.

Bioconcentration Factor (BCF): The ratio of the
concentration of a contaminant in an organism to
the concentration in the exposure medium, where
the organisms can take in the contaminant through
direct contact with the medium.

Biodegradation: The process by which chemical
compounds are degraded into more elementary
compounds by the action of living organisms;
usually refers to microorganisms such as bacteria.

Biomass: Any quantitative estimate of the total
mass of organisms comprising al or part of a
population or any other specified unit, or within a
given area at a given time; typically measured as a
volume or mass (weight).

Biome: A biogeographical region or formation; a
major regional ecological community
characterized by distinctive life forms and
principal plant or animal species.

Biotic: The living portion of the environment;
pertaining to life or living organisms; caused by,
produced by, or comprising living organisms.

Chronic: Involving a stimulus that is lingering or
continues for a long time; often signifies periods
of time associated with the reproductive life cycle
of a species. Can be used to define either exposure
to a chemical or the response to such an exposure
(effect). Chronic exposures to chemicals typically
induce a biological response of relatively slow
progress and long duration.

Community: Any group of organisms comprising
a number of different species that co-occur in the
same habitat or area and interact through trophic
and spatial relationships.

Community Analysiss An andysis of a
community within a specified location and time.
Community analyses may focus on the number of
different species present, the types of species
present, or the relative abundance of the species
that are present in the community.

Community Structure: Refers to the species
composition and abundance and the relationships
between species in acommunity.

Conceptual Site Model: Describes a series of
working hypotheses of how a stressor (chemical
contaminant) might reach and affect a biological
assessment  endpoint; describes the assessment
endpoint potentialy at risk from exposure to a
chemical, the exposure scenario for the receptor,
and the relationship between the assessment and
measurement  endpoints and the exposure
scenarios.

Diffusion: The process by which both ionic and
molecular species dissolved in water move from
areas of higher concentration to areas of lower
concentration.

DNAPL : dissolved non-aqueous phase liquid

Downwelling: The movement of surface-water
down into or through the underlying porous media
(e.g., recharge to ground-water).

Ecohydrology: An emerging discipline linking
ecology with hydrology through the entire water
cycle over scales ranging from plant community
relationships with ground-water to watershed-level
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processes.

Ecological Risk Assessment: The process that
evaluates the likelihood that adverse ecological
effects may occur as a result of exposure to one or
more Stressors.

Ecosystem: The biotic and abiotic environment
within a specified location and time, including the
physical, chemical, and biological relationships
among the biotic and abiotic components.

Ecotone: The boundary or transition zone between
adjacent communities or biomes.

Electrical Conductivity: A measure of the ability
of a solution to carry an electrical current.
Conductivity is dependent on the tota
concentration of ions dissolved in the water

Environmental Value: (See  Assessment
Endpoint). Environmental values include specific
ecological processes or populations/communities
of organisms to be protected (e.g., a sustainable
population of insect larvae important as fish food).

Epifauna: Biota that live on the surface of
sediment, as distinguished from infauna, which
live in the sediment.

Exposure Pathway: The course a chemica or
physical agent takes from a source to an exposed
organism. Each exposure pathway includes a
source or release from a source, an exposure point,
and an exposure route (including respiration [e.g.
via gills], ingestion, etc.). If the exposure point
|ocation differs from the source,
transport/exposure media (i.e., air, water) are also
included.

Exposure Poaint Concentration: The
concentration of a contaminant a an exposure
point.

Food Web: The pattern of interconnected energy
(food) transport among plants and animals in an
ecosystem, where energy is transferred from plants
to herbivores and then to carnivores by feeding.

Ground-Water Discharge Zone: An area where
ground-water exits the subsurface as a spring or a
seep, as baseflow into a stream, or directly into an
overlying surface-water body (pond, lake, ocean).

Ground-Water/Surface-Water Interface. The
boundary between ground-water and surface-water
that occurs in the substrate beneath the surface-
water body. It isusually defined by examining and
mapping interstitial water quality to determine the
origin of the water. It may be very diffuse and
dynamic and difficult to define (compare with:
Transition Zone).

Habitat: The local environment occupied by an
organism with characteristics beneficial to the
organism. The habitat may be used only during a
certain life stage or season

Hydraulic Conductivity: The capacity of a rock
to transmit water. It is expressed as the volume of
water at the existing kinematic viscosity that will
move in unit time under a unit hydraulic gradient
through a unit area measured at right angles to the
direction of flow.

Hydraulic Gradient: The change of hydraulic
head per unit of distance in a given direction.

Hydraulic head: The height of the free surface of
a body of water above a given point beneath the
surface.

Hypolentic Zone: The zone of ground-water and
surface-water mixing that occurs in the sediments
beneath a lake or wetlands (not beneath moving
waters, see Hyporheic Zone).

Hyporheic Zone: Latticework of underground
habitats through the sediments associated with the
interstitial waters in the substrate beneasth and
adjacent to moving surface-waters. The hyporheos
is the community of organisms adapted to living in
this zone. The zone is defined based on biological,
hydrological, and chemical characteristics.

Infauna: Biotathat live within or burrow through
the substrate (sediment), as distinguished from
epifauna, which live upon the substrate

Infiltration: Process by which water moves from
the earth’s surface or from surface-water down
into the ground-water system.

In Situ: Refers to a condition or investigation
(such as a toxicity test) in the environment (in the
field at asite).
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Interstitial Water: The water filling the spaces
between grains of sediment. Often used
interchangeably with “pore water.” The term
indicates only the presence of water, not its origin.

Macroinvertebrate: An invertebrate animal large
enough to be seen without magnification and
retained by a 0.595-mm (U.S. #30) screen.

Measurement  Endpoint: A measurable
ecological characteristic that is related to the
valued characteristic chosen as the assessment
endpoint; often expressed as the statistical or
arithmetic summaries of observations that make up
the measurement.

Meiofauna: The small biota (<1 mm diameter)
that inhabit the interstitial spacesin sediment.

Natural Attenuation: The natural dilution,
dispersion, (bio)degradation, irreversible sorption,
and/or radioactive decay of contaminants in soils
and ground-water.

Periphyton: Attached microflora growing on the
bottom of a water body, or on other submerged
substrates, including higher plants.

Permeability: The capacity of a rock for
transmitting a fluid; a measure of the relative ease
with which a porous medium can transmit aliquid.

Piezometer: A small-diameter, nonpumping tube,
pipe, or well used to measure the elevation of the
water table or potentiometric surface. A
piezometer may aso be used to collect ground-
water samples.

Pore Water: The water filling the spaces between
grains of sediment. Often used interchangeably
with “interstitial water.”

Potentiometric Surface: A surface that represents
the level to which water will rise in tightly cased
wells. The water table is the potentiometric surface
of an unconfined, or the uppermost, aquifer.

Problem Formulation: Problem formulation
establishes the goals, breadth, and focus for an
assessment. In a basdine ecological risk
assessment, problem formulation establishes the
assessment  endpoints, identifies  exposure
pathways and routes, and develops a conceptual
site model with working hypotheses and questions

that the site investigation will address.

Productivity: (1) The rate of formation of new
tissue or organisms, or energy use, by one or more
organisms. (2) Capacity or ability of an
environmental unit to produce organic material.

(3) Recruitment ability of a population from
natural reproduction.

Refuge (refugia): An area to which an organism
may escape to avoid a physical (e.g., temperature,
water current), chemical (e.g., low dissolved
oxygen, a high contaminant concentration), or
biologic stressor (e.g., a predator).

Risk: The expected frequency or probability of
undesirable effects resulting from known or
expected exposure to a contaminant.

Risk Characterization: A phase of an ecological
risk assessment in which the results of the
assessment  are integrated to evaluate the
likelihood of adverse ecological effects associated
with exposure to a contaminant.

Risk Question: Questions developed during the
problem formulation phase of a baseline risk
assessment, about the relationships among the
assessment endpoints, exposure pathways, and
potential effects of the exposure. These questions
provide the basis for developing the risk
assessment study design and the subsequent
evaluation of the results.

Screening Ecological Risk Assessment: An
ecological risk assessment that evaluates the
potential for adverse ecologica effects to
ecological resources under very conservative site-
specific exposure scenarios (e.g., maximum
documented exposure concentrations) and using
screening benchmark values.

Species Richness: The absolute number of species
in acommunity.

Stressor: Any physical, chemical, or biologica
entity that can induce an adverse ecological
response (e.g., reduced reproduction, increased
mortality, habitat avoidance).

Surrogate Species: A species selected to be
representative of an assessment endpoint and on
which arisk characterization will focus.
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Total Organic Carbon (TOC): Estimated
concentration of the sum of al organic carbon
compounds in a water or sediment sample by
various methods. It can influence bioavailability
because some contaminants adsorb to organic
carbon.

Toxicity Test: An evaluation of the toxicity of a
chemical or other test material (environmental
media) conducted by exposing atest organism to a
specific level of the chemica or environmental
media and measuring the degree of response
(mortality, reduced growth, reduced egg
production) associated with the specific exposure
level.

Transition Zone: The zone of transition from a
ground-water dominated system to a surface-water
dominated system. It includes, but is not limited to
the zone where the ground-water and surface-
water mix as well as any Ground-Water/Surface-
Water Interface that may be present.

Unconfined Aquifer: An aquifer in which there
are no confining beds between the zone of
saturation and the surface.

Upwelling: The movement of water in an
underlying porous medium up into the surface-
water (e.g., ground-water discharge).

Water table: The elevation of the water surface
in a well screened in the uppermost zone of
saturation (ground-water), i.e., in an unconfined
aquifer.

7. References

Adamus, P.R. 1995. Bioindicators for Assessing

Ecological Integrity of Prairie Wetlands.
EPA/600/R-96/082.
U.S. Environmental Protection ~ Agency,

Environmental Research Laboratory, Corvalis,
Ore. www.epa.gov/owow/wetlands/wqual/

ppaindex.html.

Barbour, M.T., J. Gerritsen, B.D. Snyder, and J.B.
Stribling. 1999. Rapid Bioassessment Protocols
for Use in Streams and Wadeable Rivers:
Periphyton, Benthic Macroinvertebrates and Fish,
Second Edition. EPA 841-B-99-002. U.S.
Environmental Protection Agency, Office of
Water, Washington, D.C.  www.epa.gov/
OWOW/monitoring/techmon.html

Boulton, A. 2000. The subsurface macrofauna. In:
Streams and Groundwater. (Eds.: J. Jones, J. and
P. Mulholland). Academic Press, San Diego. pp.
337-361.

Burton G.A. J, M.S. Greenberg, C.D. Rowland,
C.A. Irvine, D.R. Lavoie, J.A. Brooker, L. Moore,
D.F.N. Raymer, and R.A. McWilliam . 2005. In
situ exposures using caged organisms. a multi-
compartment approach to detect aguatic toxicity
and bioaccumulation. Environmental Pollution
134:133-144.

Carls, M.G., REE. Thomas, M.R. Lilly and S.D.
Rice. 2003. Mechanism for transport of oil-
contaminated groundwater into pink salmon
redds. Marine Ecology Progress Series 248:245-
255.

Conant Jr., B., 2000. Ground water plume
behavior near the ground water/surface water
interface of ariver. In: Proceedings of the Ground
Water/SQurface Water Interactions Workshop,
Denver Colorado, January 26-28, 1999.
EPA/542/R-00/007, p. 23-30.

Conant, Jr., B. 2001. A PCE Plume Discharging to
a River: Investigations of Flux, Geochemistry, and
Biodegradation in the Sreambed, Ph.D. Thesis.
Department of Earth Sciences, University of
Waterloo, Waterloo, Ontario, Canada. 543 pp.
Www.science.uwaterl 0o.ca/earth/theses/abstracts/c
onant_brewst er.html.

26



Conant, Jr., B. 2004. Delineating and Quantifying
Ground Water Discharge Zones Using Streambed
Temperatures. Ground Water 42(2):243-257.

Conant, Jr., B., JA. Cherry, and RW. Gillham.
2004. A PCE Groundwater Plume Discharging to
a River: Influence of the Sreambed and Near-
River Zone on Contaminant Distributions. Journal
of Contaminant Hydrology 73:249-279.

Dahm, C.N., and H.M. Valett. 1996. Hyporheic
Zones. In: F.R. Hauer and G.A. Lamberti (eds.),
Methods in Sream Ecology. Academic Press, San
Diego. pp. 107-119.

Danielopal, D.L, Griebler, C., Gunatilaka, A., and
J. Notenboom, 2003. Present state and future
prospects  for groundwater ecosystems.
Environmental Conservation 30 (2): 104-130

Duff, JH., F. Murphy, C.C. Fuller, and F.J. Triska.
1998. A Mini Drivepoint Sampler for Measuring
Pore Water Solute Concentrations in the
Hyporheic Zone of Sand Bottom Sreans.
Limnology and Oceanography 43(6):1378-1383.

Fenchel, T., G.M. King, and T.H. Blackburn.
1988. Bacterial Biogeochemistry: The
Ecophysiology of Mineral Cycling, 2nd Ed.
Academic Press, San Diego. 307 pp.

Fetter, C.W. 2000. Applied Hydrogeology, 4th Ed.
Prentice Hall Inc., Upper Saddle River, New
Jersey. 598 pp.

Ford, R. G. The Impact of Ground Water-Surface
Water Interactions on Contaminant Transport with
Application to an Arsenic Contaminated Site, EPA

Environmental Research Brief, EPA/600/S-
05/002. Cincinnati, OH: U.S. Environmentd
Protection Agency, 2005.

http://www.epa.gov/ada/downl oad/briefs/epa_600
_s05_002.pdf

Geist, D.R., and D.D. Dauble. 1998a. Redd Ste
Slection and Spawning Habitat Use by Fall
Chinook Salmon: the Importance of Geomorphic
Features in Large Rivers. Environmenta
Management 22:655-669. [ Check text entries.]

Gibert, J., D.L. Danielopol, and JA. Stanford.
1994. Groundwater Ecology. Academic Press, San
Diego.

Greenberg, M.S., G.A. Burton, J., and C.D.
Rowland. 2002. Optimizing Interpretation of in
Stu Effects of Riverine Pollutants: Impacts of
Upwelling and Downwelling. Environmenta
Toxicology and Chemistry 21(2):289-297.

Grimm, N.B. 1996.
Interactionsin Streams. In:
F.F. Hauer and G.A. Lamberti (eds.), Methods in
Stream Ecology. Academic Press, San Diego. pp.
625-646.

Surface-Subsurface

Hayashi, M., and D.O. Rosenberry. 2002. Effects
of Groundwater Exchange on the Hydrology and
Ecology of Surface Water. Ground Water
40(3):309-316.

Hendricks, S.P. 1996. Bacterial Biomass, Activity,
and Production within the Hyporheic Zone of a
North-Temperate Sream. Archiv flr
Hydrobiologie 135:467-487.

Henry, M.A. 2000. MHE Push Point Sampling
Tools, Appendix D. In: Proceedings of the Ground
Water/Qurface Water Interactions Workshop.
EPA/542/R-00/007. pp. 191-200.
Ewww.epa.gov/tio/tsp/issue.htm#GWF and www-
personal. engin.umich.edu/~markhen/index.htm.

Hesslein, R.H. 1976. An in-Stu Sampler for Close
Interval Pore Water Sudies. Limnology and
Oceanography 21:912-914.

Huckins, JN., G.K. Manuweera, J.D. Petty, D.
Mackay, and JA. Lebo. 1993. Lipid-Containing
Semipermeable Membrane Devices for Monitoring
Organic Contaminants in Water. Environmental
Science and Technology 27:2489-2496.

Hughes, B.M., R.D. McCldlan, and R.W.
Gillham. 1992. Application of Soil-Gas Sampling
Technology to the Studies of Trichloroethylene
Vapor Transport in the Unsaturated Zone. In:
Lesage, S. and R.E. Jackson (eds.), Ground Water
Contamination and Analysis at Waste Stes.
Marcel Dekker, Inc., New York. pp. 121-146.

Krest, JM and J W. Harvey. 2003. Usng
natural distributions of short-lived radium
isotopes to quantify groundwater discharge and
recharge. Limnology and Oceanography
48(1):290-298.

27



Lee, D.R. 1977. A Device for Measuring Seepage
Flux in Lakes and Estuaries. Limnology and
Oceanography 21(2):140-147.

Lee, D.R., and JA. Cherry. 1978. A field exercise
on groundwater flow using seepage meters and
mini-piezometers.  Journal  of  Geological
Education 27: 6-10.

Lee, D.R. 1985. Method for Locating Sediment
Anomalies in Lake Beds That Can Be Caused by
Ground Water Flow. Journal of Hydrology
79:187-193.

Lendvay, JM., W.A. Sauck, M.L.
McCormick, M.J. Barcelona, D.H. Kampbell,
JT. Wilson, and P. Adriaens. 1998.
Geophysical Characterization, Redox
Zonation, and Contaminant Distribution at a
Groundwater/Surface Water Interface. Water
Resources Research 34(12):3545-3559.

Lorah, M.M., L.D. Olsen, B.L. Smith, W.B.
Johnson, and W.B. Fleck. 1997. Natural
Attenuation of Chlorinated Volatile Organic
Compounds in a Freshwater Tidal Wetland,
Aberdeen Proving Ground, Maryland. U.S.
Geologic Survey Water Resources Investigations
Report 97-4171. U.S. Geologic Survey, Baltimore,
Md.

Malard, F., S. Plenet, and J. Gilbert. 1996. The
Use of Invertebratesin Ground Water Monitoring:
A Rising Research Field. Groundwater Monitoring
& Remediation 16(1):103-113.

Mayer, L.M. 1976. Chemical Water Sampling in
Lakes and Sediments with Dialysis Bags.
Limnology and Oceanography 21:912-914.

MDEQ (Michigan Dept. of Environmental
Quality) 2006Technical Memorandum: Bendix
Superfund Site, , in review

Montgomery, JR., C.F. Zimmerman, and M.T.
Price. 1979. The Collection, Analysis, and
Variation of Nutrients in Estuarine Pore Water.
Estuarine and Coastal Marine Science 9:203-214.

Morse, JW. 1995. Dynamics of Trace Metal
Interactions with Authigenic Sulfide Minerals in
Anoxic Sediments. In Metal Contaminated Aquatic

Sediments. H.E. Allen, editor. Ann Arbor Press.
Pgs. 175-185.

Pardue, JH. and W. H. Patrick, J. 1995.
Changes in Metal Speciation Following Alteration
of Sediment Redox Satus. In Metal Contaminated
Aquatic Sediments. H.E. Allen, editor. Ann
Arbor Press. Pgs. 175-185.

Pitkin, SE., JA. Chery, R.A. Ingelton, and M.
Broholm. 1999. Field demonstrations using the
Waterloo ground-water profiler. Ground Water
Monitoring and Remediation 19, no. 2: 122-131.

Power, G., R.S. Brown, and J.G. Imhof. 1999.
Groundwater and Fish — Insights from Northern
North America. Hydrological Processes 13:401-
422.

Savoie, J. G., LeBlanc, D. R., Blackwood, D. S.,
McCobb, T. D., Rendigs, R. R., and Clifford, S.,
2000, Délineation of discharge areas of two
contaminant plumes by use of diffusion samplers,
Johns Pond, Cape Cod, Massachusetts, 1998:
Northborough, Massachusetts, U.S. Geological
Survey, U.S Geological Survey Water-Resources
I nvestigations Report 00-4017.

Smock, L, J. Gladden, J. Riekenberg, L. Smith,
and C. Black. 1992. Lotic macroinvertebrate
production in three dimensions. channel surface,
hyporheic, and floodplain environments. Ecol 73:
876-886.

Stanford, JA., and J.V. Ward. 1993. An Ecosystem
Perspective of Alluvial Rivers. Connectivity and
the Hyporheic Corridor.

JN. Am. Benthol. Soc. 12:48-60.

Storey, R.G., Fulthorpe, R.R., and D.D. Williams,
1999.  Perspectives and predictions on the
microbial ecology of the hyporheic zone.
Freshwater Biology, v 41, no 1., 119-130.

Suter, G.W., R.A. Efroymson, B.E. Sample, and
D.S. Jones. 2000. Ecological Risk Assessment for
Contaminated Stes. Lewis Publishers, CRC Press
LLC, Boca Raton, Fla

Tobias, C.R., JW. Harvey, and |.C. Anderson.
2001. Quantifying Groundwater Discharge
through Fringing Wetlands to Estuaries. Seasonal
Variability, Methods ~ Comparison, and

28



Implications for Wetland-estuary Exchange.
Limnology and Oceanography. 46(3) 604-615.

U.S. EPA. 1992. Framework for Ecological Risk
Assessment. Washington, D.C. Risk Assessment
Forum. EPA/630/R-92/001.

U.S. EPA. 1994a. Role of the Ecological Risk
Assessment in the Baseline Risk Assessment.
OSWER Directive No. 9285.7-17. Office of Solid
Waste and Emergency Response, Washington,
D.C. Aug. 12.

U.S. EPA. 1994h. Catalogue of Standard Toxicity
Tests for Ecological Risk Assessment. ECO
Update, Interim Bulletin, Volume 2, Number 2.
Washington, D.C. Office of Emergency and
Remedial Response, Hazardous Site Evaluation
Division. Publication 93450-05l. EPA/540/F-
94/013. NTIS PB94-963304.
www.epa.gov/oerrpage/superfund/
programs/risk/ecoup/v2no2.pdf.

U.S. EPA. 1994c. Field Sudies for Ecological
Risk Assessment. ECO Update, Interim Bulletin,
Volume 2, Number 3. Washington, D.C. Office of
Emergency and Remedial Response, Hazardous
Site Evaluation Division. Publication 9345.05I.
EPA/540/F-94/014. NTIS PB94-963305.
www.epa.gov/oerrpage/superfund/programs/
risk/ecoup/v2no3.pdf.

U.S. EPA. 1994d. Sdlecting and Using Reference
Information in Superfund Risk Assessments. ECO
Update, Interim Bulletin, Volume 2, Number 4.
Washington, D.C. Office of Emergency and
Remedial Response, Hazardous Site Evaluation
Division. Publication 9345.10. EPA/540/F-94/050.
NTIS PB94-963319.

U.S. EPA. 1994e. Using Toxicity Tests in
Ecological Risk Assessment. ECO Update, Interim
Bulletin, Volume 2, Number 1. Washington, D.C.
Office of Emergency and Remedia Response,
Hazardous Site Evaluation Division. Publication
9345.05I. EPA/540/F-94/012. NTIS PB9-
963303. www.epa.gov/oerrpage/
superfund/programs/risk/ ecoup/v2nol.pdf.

U.S. EPA. 1997. Ecological Risk Assessment
Guidance for SQuperfund, Process for Designing
and Conducting Ecological Risk Assessments,

Interim Final. EPA 540-R-97-006. OSWER
Directive No. 9285.7-25.
www.epa.gov/superfund/programs/risk/
ecorisk/ecorisk.htm..

U.S. EPA. 1998. Guidelines for Ecological Risk
Assessment, Final. EPA/630/R95/002F. Risk
Assessment Forum, Washington,

D.C. Published May 14. Federal Register
63(93):26846-26924).
www.epa.gov/ncea/ecorsk.htm.

U. S. Environmental Protection Agency (EPA).
2000. Proceedings of the Ground Water/Surface
Water Interactions Workshop. Office of Solid
Waste and Emergency Response: Washington,
DC, EPA 542/R-00/007. http://www.clu-
in.org/s.focus/c/pub/i/600/

U.S. EPA. 2001a. The Role of Screening-Level
Risk Assessments and Refining Contaminants of
Concern in Baseline Ecological Risk Assessments.
ECO Update, Intermittent Bulletin. Washington,
D.C. Office of Solid Waste and Emergency
Response. Publication 9345.0-14. EPA 540/F-
01/014. June.

U.S. EPA. 2001b. Methodsfor Collection, Storage
and Manipulation of Sediments for Chemica and
Toxicologica Anayses: Technica Manual.
Office of Water. EPA-823-B-01-002.

USGS.

Http://geopubs.wr.usgs.gov/open-file/of 02-
367/0f02-367.pdf

U.S. EPA. 2002a. National Recommended Water
Quality Criteriaz 2002. EPA-822-R-02-047.
Office of Water, Office of Science and
Technology, Washington, D.C. Nov.

U.S. EPA. 2002b. Ground Water Sampling
Guidelines for Superfund and RCRA Project
Managers. EPA 542-5-02-001. May.
Www.epa.gov/tio/tsp/issue.htm.

U.S. EPA. 2003. A Compendium of Chemical,
Physical and Biological Methods for Assessing
and Monitoring the Remediation of Contaminated
Sediment Stes. EPA 600-R-04-108.

US EPA. 2004. Five-Year Review Report for the
Sangamo  Weston/Twelve  Mile  Creek/Lake

29



Hartwell PCB Contamination Superfund Ste —
Operable Unit Two, Pickens, South Carolina.
Executive Summary, 21 pgs.

USGS.
Http://ma.water.usgs.gov/publications/wrir/wri024
186/report.htm.

Vaida, |., J. Costa, K. Foreman, JM. Ted, B.
Howes, and D. Aubrey. 1990. Transport of
Ground Water-borne Nutrients from Watersheds
and their Effects on Coastal Waters.
Biogeochemistry 10, 177-197.

Vroblesky, D.A., L.C. Rhodes, J.F. Robertson, and
JA. Harrigan. 1996. Locating VOC
Contamination in a Fractured-Rock Aquifer at the
Ground Water/Surface Water Interface Using
Passive Vapor Collectors. Ground Water
34(2):223-230.

Vroblesky, D.A., and W.T. Hyde. 1997. Diffusion
Samplers as an Inexpensive Approach to
Monitoring VOCs in Ground Water.

Ground Water Monitoring and Remediation
16(3):177-184.

Vroblesky, D.A., C.T. Nietch, JF. Robertson,
P.M. Bradley,

J. Coates, and JT. Morris. 1999. Natural
Attenuation Potential of Chlorinated Volatile
Organic Compounds in Ground Water, TNX
Floodplain, Savannah River Ste, South Carolina.
U.S. Geological Survey. Water Resources
Investigations Report 99-4071. 43 pp.

Washington  State  Dept. of  Ecology.
Http://www.ecy.wa.qov/pubs/0110041. pdf.

Wassen, M.J, and A.P. Grootjans. 1996.
Ecohydrology: An Interdisciplinary approach for
wetland management and restoration. Vegetatio
126, 1-4.

Wetzel, R.G. 2001. Limnology: Lake and River
Ecosystems, 3rd Ed. Academic Press, San Diego.
1006 pp.

White, D.S. 1993. Perspectives on defining and
delineating hyporheic zones. Journal of the North
American Benthological Society 12, no. 1: 61-69.

Williams, D.D. 1999. Field Technology and
Ecological Characterisation of the Hyporheic

Zone. In:  Proceedings of the Ground
Water/Surface Water Interactions
WorkshopDenver Colorado, January 26-28, 1999.
EPA/542/R-00/007, p. 39-44.

Winter, T.C., JW. LaBaugh, and D.O.
Rosenberry. 1988. The Design and Use of a
Hydraulic  Potentiomanaometer for  Direct
Measurement of Differences in Hydraulic Head
between Groundwater and Surface Water.
Limnology and Oceanography 33(5):1209-1214.

Winter, T. C., Harvey, J. W., Franke, O. L., Alley,
W. M. 1998. Ground water and surface water: a
single resource. U.S. Geological Survey Circular
1139, 79 pp.,
http://water.usgs.gov/pubs/circ/circ1139/pdf/circl
139.pdf

Woessner, W.W. 2000. Stream and Fluvial Plain
Ground Water Interactions: Rescaling
Hydrogeologic Thought. Ground Water 38(3):423-
429.

Zimmerman, C. F., M.T. Price, and JR.
Montgomery. 1978. A Comparison of Ceramic
and Teflon in Stu Samplers for Nutrient Pore
Water Determinations. Estuarine and Coastal
Marine Science 7:93-97.

Zimmerman, M.J.,, Massey, A.J., Campo, K.W.,
2005, Pushpoint Sampling for Defining Spatial
and Temporal Variations in Contaminant
Concentrations in Sediment Pore Water near the
Ground Water/Surface Water Interface. U.S.
Geologica Survey Scientific Investigations Report
2005-5036, 70 p.

30



¢ ) EPA/100/K-09/003 | March 2009
\" www.epa.gov/crem

United States
Environmental Protection
Agency

Guidance on the Development,
Evaluation, and Application of
Environmental Models

\

\
!
A
:

¢
dn
RN
hol

Office of the Science Advisor
Council for Regulatory Environmental Modeling




EPA/100/K-09/003
March 2009

Office of the Science Advisor

Guidance on the Development, Evaluation, and
Application of Environmental Models

Council for Regulatory Environmental Modeling
U.S. Environmental Protection Agency
Washington, DC 20460



Preface

This Guidance on the Development, Evaluation, and Application of Environmental Models was prepared in
response to a request by the U.S. Environmental Protection Agency (EPA) Administrator that EPA’s
Council for Regulatory Environmental Modeling (CREM) help continue to strengthen the Agency's
development, evaluation, and use of models (http://www.epa.gov/osp/crem/library/whitman.PDF).

A draft version of this document (http://cfpub.epa.gov/crem/crem_sab.cfm) was reviewed by an
independent panel of experts established by EPA's Science Advisory Board and revised by CREM in
response to the panel's comments.

This final document is available in printed and electronic form. The electronic version provides direct links
to the references identified in the document.

Disclaimer

This document provides guidance to those who develop, evaluate, and apply environmental models. It
does not impose legally binding requirements; depending on the circumstances, it may not apply to a
particular situation. The U.S. Environmental Protection Agency (EPA) retains the discretion to adopt, on a
case-hy-case basis, approaches that differ from this guidance.
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Executive Summary

In pursuing its mission to protect human health and to safeguard the natural environment, the U.S.
Environmental Protection Agency often relies on environmental models. In this guidance, a model is
defined as a “simplification of reality that is constructed to gain insights into select attributes of a particular
physical, biological, economic, or social system.”

This guidance provides recommendations for the effective development, evaluation, and use of models in
environmental decision making once an environmental issue has been identified. These
recommendations are drawn from Agency white papers, EPA Science Advisory Board reports, the
National Research Council's Models in Environmental Regulatory Decision Making, and peer-reviewed
literature. For organizational simplicity, the recommendations are categorized into three sections: model/
development, model evaluation, and model application.

Model development can be viewed as a process with three main steps: (a) specify the environmental
problem (or set of issues) the model is intended to address and develop the conceptual model, (b)
evaluate or develop the model framework (develop the mathematical model), and (c) parameterize the
model to develop the application tool.

Model evaluation is the process for generating information over the life cycle of the project that helps
determine whether a model and its analytical results are of sufficient quality to serve as the basis for a
decision. Model quality is an attribute that is meaningful only within the context of a specific model
application. In simple terms, model evaluation provides information to help answer the following
guestions: (a) How have the principles of sound science been addressed during model development? (b)
How is the choice of model supported by the quantity and quality of available data? (c) How closely does
the model approximate the real system of interest? (d) How well does the model perform the specified
task while meeting the objectives set by quality assurance project planning?

Model application (i.e., model-based decision making) is strengthened when the science underlying the
model is transparent. The elements of transparency emphasized in this guidance are (a) comprehensive
documentation of all aspects of a modeling project (suggested as a list of elements relevant to any
modeling project) and (b) effective communication between modelers, analysts, and decision makers.
This approach ensures that there is a clear rationale for using a model for a specific regulatory
application.

This guidance recommends best practices to help determine when a model, despite its uncertainties, can
be appropriately used to inform a decision. Specifically, it recommends that model developers and users:
(a) subject their model to credible, objective peer review; (b) assess the quality of the data they use; (c)
corroborate their model by evaluating the degree to which it corresponds to the system being modeled;
and (d) perform sensitivity and uncertainty analyses. Sensitivity analysis evaluates the effect of changes
in input values or assumptions on a model's results. Uncertainty analysis investigates the effects of lack
of knowledge and other potential sources of error in the model (e.g., the “uncertainty” associated with
model parameter values). When conducted in combination, sensitivity and uncertainty analysis allow
model users to be more informed about the confidence that can be placed in model results. A model’s
quality to support a decision becomes better known when information is available to assess these factors.

Vii



1. Introduction

1.1 Purpose and Scope of This Document

The U.S. Environmental Protection Agency (EPA) uses a wide range of models to inform decisions that
support its mission of protecting human health and safeguarding the natural environment — air, water,
and land — upon which life depends. These models include atmospheric and indoor air models, ground
water and surface water models, multimedia models, chemical equilibrium models, exposure models,
toxicokinetic models, risk assessment models, and economic models. These models range from simple to
complex and may employ a combination of scientific, economic, socio-economic, or other types of data.

As stated in the National Research Council (NRC) report Models in Environmental Regulatory Decision
Making, models are critical to regulatory decision making because the spatial and temporal scales linking
environmental controls and environmental quality generally do not allow for an observational approach to
understand the relationship between economic activity and environmental quality (NRC 2007). Models
have a long history of helping to explain scientific phenomena and predict outcomes and behavior in
settings where empirical observations are limited or not available.

This guidance uses the NRC report’s definition of a model:

A simplification of reality that is constructed to gain insights into select attributes of
a particular physical, biological, economic, or social system.

In particular, this guidance focuses on the subset of all models termed “computational models” by the
NRC. These are models that use measurable variables, numerical inputs, and mathematical relationships
to produce quantitative outputs. (Note that all terms underlined in this document are defined in the
Glossary, Appendix A).

As models become increasingly significant in decision making, it is important that the model development
and evaluation processes conform to protocols or standards that help ensure the utility, scientific
soundness, and defensibility of the models and their outputs for decision making. It is also increasingly
important to plan and manage the process of using models to inform decision making (Manno et al.
2008). This guidance document aims to facilitate a widespread understanding of the processes for model
development, evaluation, and application and thereby promote their appropriate application to support
informed decision making.  Recognizing the diversity of modeling applications throughout the Agency,
the principles and practices described in the guidance apply generally to all models used to inform
Agency decisions, regardless of domain, mode, conceptual basis, form, or rigor level (i.e., varying from
screening-level applications to complex analyses) (EPA 2001). The principles presented in this guidance
are also applicable to models not used for regulatory purposes as experience has shown that models
developed for research and development have often found useful applications in environmental
management purposes.

This guidance presents recommendations drawn from Agency white papers on environmental modeling,
EPA Science Advisory Board (SAB) reports, NRC's Models in Environmental Regulatory Decision
Making, and the peer-reviewed literature. It provides an overview of best practices for ensuring and
evaluating the guality of environmental models.



These practices complement the systematic QA planning process for modeling projects outlined in
existing guidance (EPA 2002b). These QA processes produce documentation supporting the quality of
the model development and application process (Appendix C, Box C1: Background on EPA Quality
System). For example, QA plans should contain performance criteria (“specifications”) for a model in the
context of its intended use, and these criteria should be developed at the onset of each project. During
the model evaluation process, these criteria are subjected to a series of tests of model quality (“checks”).
Documentation of these specifications and the evaluation results provides a record of how well a model
meets its intended use and the basis for a decision on model acceptability.

The primary purpose of this guidance is to provide specific advice on how to best perform these “checks”
during model development, evaluation, and application. Following the best practices emphasized in this
document, together with well-documented QA project plans, will help ensure that results of modeling
projects and the decisions informed by them heed the principles of the Agency’s Information Quality
Guidelines (EPA 2002a).

1.2 Intended Audience

This document is intended for a wide range of audiences, including model developers, computer
programmers, model users, policy makers who work with models, and affected stakeholders. Model
users include those who generate model output (i.e., who set up, parameterize, and run models) and
managers who use model outputs.

1.3 Organizational Framework

The main body of this document provides an overview of principles of good modeling for all users. The
appendices present technical information and examples that may be more appropriate for specific user
groups. For organizational simplicity, the main body of this guidance has separate chapters on the three
key topics: model development, model evaluation, and model application. However, it is important to note
that these three topics are not strictly sequential, For example, the process of evaluating a model and its
input data to ensure their quality should be undertaken and documented during all stages of model
development and application.

Chapter 1 serves as a general introduction and outlines the scope of this guidance. Chapter 2 discusses
the role of models in environmental decision making. Figure 1 at the end of Chapter 2 shows the steps in
the model development and application process and the role that models play in the public policy
process. Chapters 3 and 4 provide guidance on model development (including problem specification)
and model evaluation, respectively. Finally, Chapter 5 recommends practices for most effectively
incorporating information from environmental models into the Agency’s policy or regulatory decisions.

Several appendices present more detailed technical information and examples that complement the
chapters. Appendix A provides definitions for all underlined terms in this guidance, and Appendix B
summarizes the categories of models that are integral to environmental regulation. Appendix C presents
additional background information on the QA program and other relevant topics. Appendix D presents
an overview of best practices that may be used to evaluate models, including more detailed information
on the peer review process for models and specific technical guidance on tools for model evaluation.



1.4 Appropriate Implementation of This Document

The principles and practices described in this guidance are designed to apply generally to all types of
models; however, EPA program and regional offices may modify the recommendations, as appropriate
and necessary to the specific modeling project and application. Each EPA office is responsible for
implementing the best practices described in a manner appropriate to meet its needs.

As indicated by the use of non-mandatory language such as “may,” “should,” and “can,” this document
provides recommendations and suggestions and does not create legal rights or impose legally binding
requirements on EPA or the public.

The Council for Regulatory Environmental Modeling has also developed the Models Knowledge Base —
a Web-based inventory of information on models used in EPA — as a companion product to complement
this document. This inventory provides convenient access to standardized documentation on the models’
development, scientific basis, user requirements, evaluation studies, and application examples.



2. Modeling for Environmental Decision Support

2.1 Why Are Models Important?

This guidance defines a model as “a simplification of reality that is constructed to gain insights into
select attributes of a particular physical, biological, economic, or social system.” A model
developer sets boundary conditions and determines which aspects of the system are to be modeled,
which processes are important, how these processes may be represented mathematically, and what
computational methods to use in implementing the mathematics. Thus, models are based on simplifying
assumptions and cannot completely replicate the complexity inherent in environmental systems. Despite
these limitations, models are essential for a variety of purposes in the environmental field. These
purposes tend to fall into two categories:

= To diagnose (i.e., assess what happened) and examine causes and precursor conditions (i.e., why it
happened) of events that have taken place.
= To forecast outcomes and future events (i.e., what will happen).

Whether applied to current conditions or envisioned future circumstances, models play an important role
in environmental management. They are an important tool to analyze environmental and human health
guestions and characterize systems that are too complex to be addressed solely through empirical
means.

Models can be classified in various ways (see Appendix B) — for example, based on their conceptual
basis and mathematical solution, the purpose for which they were developed and are applied, the domain
or discipline to which they apply, and the level of resolution and complexity at which they operate. Three
categories of regulatory models have been identified based on their purpose or application (CREM 2001):

= Policy analysis. The results of policy analysis models affect national policy decisions. These models
are used to set policy for large, multi-year programs or concepts — for example national policy on
acid rain and phosphorus reduction in the Great Lakes.

= National regulatory decision making. These models inform national regulatory decision making
after overall policy has been established. Examples include the use of a model to assist in
determining federal regulation of a specific pesticide or to aid in establishing national effluent
limitations.

= Implementation applications. These models are used in situations where policies and regulations
have already been made. Their development and use may be driven by court-ordered schedules and
the need for local action.

Environmental models are one source of information for Agency decision makers who need to consider
many competing objectives. A number of EPA programs make decisions based on information from
environmental modeling applications. Within the Agency:

= Models are used to simulate many different processes, including natural (chemical, physical, and
biological) systems, economic phenomena, and decision processes.

= Many types of models are employed, including economic, behavioral, physical, engineering design,
health, ecological, and fate/transport models.



= The geographic scale of the problems addressed by a model can vary from national scale to an
individual site. Examples of different scales include:
= National air quality models used in decisions about emission requirements.
=  Watershed-scale water quality models used in decisions about permit limits for point sources.
= Site-scale human health risk models used in decisions about hazardous waste cleanup
measures.

Box 1: Examples of EPA Web Sites Containing Model Descriptions for Individual Programs

National Environmental Research Laboratory Models: http://www.epa.gov/nerl/topics/models.html
Atmospheric Sciences Modeling Division: http://www.epa.gov/asmdnerl/index.html

Office of Water's Water Quality Modeling: http://www.epa.gov/waterscience/wgm

Center for Subsurface Modeling Support: http://www.epa.gov/ada/csmos.html

National Center for Computational Toxicology: http://www.epa.gov/ncct
Support Center for Regulatory Atmospheric Modeling: http://www.epa.gov/scram001/agmindex.htm

Models also have useful applications outside the regulatory context. For example, because models
include explicit mathematical statements about system mechanics, they serve as research tools for
exploring new scientific issues and screening tools for simplifying and/or refining existing scientific
paradigms or software (SAB 1993a, 1989). Models can also help users study the behavior of ecological
systems, design field studies, interpret data, and generalize results.

2.2 The Modeling Life-Cycle

The process of developing and applying a model to address a specific decision making need generally
follows the iterative progression described in Box 2 and depicted in Figure 1. Models are used to address
real or perceived environmental problems. Therefore, a modeling process (i.e., model development,
evaluation, and application described in chapters 3, 4, and 5, respectively) is initiated after the Agency
has identified an environmental problem and determined that model results could provide useful input for
an Agency decision.

Problem identification will be most successful if it involves all parties who would be involved in model
development and use (i.e., model developers, intended users, and decision makers). At a minimum, the
Agency should develop a relatively simple, plain English problem identification statement.



http://www.epa.gov/nerl/topics/models.html�
http://www.epa.gov/asmdnerl/index.html�
http://www.epa.gov/waterscience/wqm�
http://www.epa.gov/ada/csmos.html�
http://www.epa.gov/ncct�
http://www.epa.gov/scram001/aqmindex.htm�

Box 2: Basic Steps in the Process of Modeling for Environmental Decision Making

(modified from Box 3-1, NRC Report on Models in Regulatory Environmental Decision Making)

Step

Modeling Issues

Problem identification
and specification:

to determine the right
decision-relevant questions
and establish modeling
objectives

Definition of model
purpose

Goal
Decisions to be supported
Predictions to be made

Specification of
modeling context

Scale (spatial and temporal)
Application domain

User community

Required inputs

Desired output

Evaluation criteria

Model development: to
develop the conceptual
model that reflects the
underlying science of the
processes being modeled,
and develop the
mathematical
representation of that
science and encode these
mathematical expressions
in a computer program

Conceptual model

Assumptions (dynamic, static, stochastic, deterministic)

formulation = State variables represented
= Level of process detail necessary
=  Scientific foundations
Computational = Algorithms

model development

Mathematical/computational methods

Inputs

Hardware platforms and software infrastructure
User interface

Calibration/parameter determination
Documentation

Model evaluation: to test

Model testing and

Theoretical corroboration

that the model expressions | revision =  Model components verification

have been encoded =  Corroboration (independent data)

correctly into the computer = Sensitivity analysis

program and test the model = Uncertainty analysis

outputs by comparing them = Robustness determination

with empirical data =  Comparison to evaluation criteria set during formulation
Model application: Model use =  Analysis of scenarios

running the model and
analyzing its outputs to
inform a decision

Predictions evaluation
Regulations assessment
Policy analysis and evaluation
Model post-auditing
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3. Model Development

Summary of Recommendations for Model Development

= Communication between model developers and model users is crucial during model development.

= Each element of the conceptual model should be clearly described (in words, functional expressions,
diagrams, and graphs, as necessary), and the science behind each element should be clearly
documented.

= When possible, simple competing conceptual models/hypotheses should be tested.

=  Sensitivity analysis should be used early and often.

= The optimal level of model complexity should be determined by making appropriate tradeoffs among
competing objectives.

= Where possible, model parameters should be characterized using direct measurements of sample
populations.

= All input data should meet data quality acceptance criteria in the QA project plan for modeling.

3.1 Introduction

Model development begins after problem identification — i.e., after the Agency has identified an
environmental problem it needs to address and has determined that models may provide useful input for
the Agency decision making needed to address the problem (see Section 2.2). In this guidance, model
development comprises the steps involved in (1) confirming whether a model is, in fact, a useful tool to
address the problem; what type of model would be most useful; and whether an existing model can be
used for this purpose; as well as (2) developing an appropriate model if one does not already exist. Model
development sets the stage for model evaluation (covered in chapter 3), an ongoing process in which the
Agency evaluates the appropriateness of the existing or new model to help address the environmental
problem.

Model development can be viewed as a process with three main steps: (a) specify the environmental
problem (or set of issues) the model is intended to address and develop the conceptual model, (b)
evaluate or develop the model framework (develop the mathematical model), and (c) parameterize the
model to develop the application tool. Sections 3.2, 3.3, and 3.4 of this chapter, respectively, describe
the various aspects and considerations involved in implementing each of these steps.

As described below, model development is a collaborative effort involving model developers, intended
users, and decision makers (the “project team”). The perspective and skills of each group are important to
develop a model that will provide an appropriate, credible, and defensible basis for addressing the
environmental issue of concern.

A “graded approach” should be used throughout the model development process. This involves repeated
examination of the scope, rigor, and complexity of the modeling analysis in light of the intended use of
results, degree of confidence needed in the results and Agency resource constraints.




3.2 Problem Specification and Conceptual Model Development

Problem specification, culminating in development of the conceptual model, involves an iterative,
collaborative effort among model developers, intended users, and decision makers (the project team) to
specify all aspects of the problem that will inform subsequent selection or development of a model
framework. Communication between model developers and model users is crucial to clearly establish the
objectives of the modeling process; ambiguity at this stage can undermine the chances for success
(Manno et al. 2008).

During problem specification, the project team defines the regulatory or research objectives, the type and
scope of model best suited to meet those objectives, the data criteria, the model’'s domain of applicability,
and any programmatic constraints. These considerations provide the basis for developing a conceptual
model, which depicts or describes the most important behaviors of the system, object, or process relevant
to the problem of interest. Problem specification and the resulting conceptual model define the modeling
needs sufficiently that the project team can then determine whether an existing model can be used to
meet those needs or whether a new model should be developed.

3.2.1 Define the Objectives

The first step in problem specification is to define the regulatory or research objectives (i.e., what
guestions the model needs to answer). To do so, the team should develop a written statement of
modeling objectives that includes the state variables of concern, the stressors driving those state
variables, appropriate temporal and spatial scales, and the degree of model accuracy and precision
needed.

3.2.2 Determine the Type and Scope of Model Needed

Many different types of models are available, including empirical vs. mechanistic, static vs. dynamic,
simulation vs. optimization, deterministic vs. stochastic, and lumped vs. distributed. The project team
should discuss and compare alternatives with respect to their ability to meet the objectives in order to
determine the most appropriate type of model for addressing the problem.

The scope (i.e., spatial, temporal and process detail) of models that can be used for a particular
application can range from very simple to very complex depending on the problem specification and data
availability, among other factors. When different types of models may be appropriate for solving different
problems, a graded approach should be used to select or develop models that will provide the scope,
rigor, and complexity appropriate to the intended use of and confidence needed in the results. Section
3.3.1 provides more information on considerations regarding model complexity.

3.2.3 Determine Data Criteria

This step includes developing data quality objectives (DQQOs) and specifying the acceptable range of
uncertainty. DQOs (EPA 2000a) provide specifications for model quality and associated checks (see
Appendix C, Box C1: Background on EPA Quality System). Well-defined DQOs guide the design of
monitoring plans and the model development process (e.g., calibration and verification). The DQOs
provide guidance on how to state data needs when limiting decision errors (false positives or false




negatives) relative to a given decision.* The DQOs should include a statement about the acceptable level
of total uncertainty that will still enable model results to be used for the intended purpose (Appendix C,
Box C2: Configuration Tests Specified in the QA Program). Uncertainty describes the lack of knowledge
about models, parameters, constants, data, and beliefs. Defining the ranges of acceptable uncertainty —
either qualitatively or quantitatively — helps project planners generate “specifications” for quality
assurance planning and partially determines the appropriate boundary conditions and complexity for the
model being developed.

3.2.4 Determine the Model’s Domain of Applicability

To select an appropriate model, the project team must understand the model’'s domain of applicability —
i.e., the set of conditions under which use of the model is scientifically defensible and the relevant
characteristics of the system to be modeled. This involves identifying the environmental domain to be
modeled and then specifying the processes and conditions within that domain, including the transport and
transformation processes relevant to the policy/management/research objectives, the important time and
space scales inherent in transport and transformation processes within that domain in comparison to the
time and space scales of the problem objectives, and any peculiar conditions of the domain that will affect
model selection or new model construction.

3.2.5 Discuss Programmatic Constraints

At this stage, the project team also needs to consider any factors that could constrain the modeling
process. This discussion should include considerations of time and budget, available data or resources to
acquire more data, legal and institutional factors, computer resource constraints, and the experience and
expertise of the modeling staff.

3.2.6 Develop the Conceptual Model

A conceptual model depicts or describes the most important behaviors of the system, object, or process
relevant to the problem of interest. In developing the conceptual model, the model developer may
consider literature, fieldwork, applicable anecdotal evidence, and relevant historical modeling projects.
The developer should clearly describe (in words, functional expressions, diagrams, and/or graphs) each
element of the conceptual model and should document the science behind each element (e.g., laboratory
experiments, mechanistic evidence, empirical data supporting the hypothesis, peer-reviewed literature) in
mathematical form, when possible. To the extent feasible, the modeler should also provide information
on assumptions, scale, feedback mechanisms, and static/dynamic behaviors. When relevant, the
strengths and weaknesses of each constituent hypothesis should be described.

! False rejection decision errors (false positives) occur when the null hypothesis (or baseline condition) is incorrectly
rejected based on the sample data. The decision is made assuming the alternate condition or hypothesis to be true
when in reality it is false. False acceptance decision errors (false negatives) occur when the null hypothesis (or
baseline condition) cannot be rejected based on the available sample data. The decision is made assuming the
baseline condition is true when in reality it is false.

10



3.3 Model Framework Selection or Development

Once the team has specified the problem and type of model needed to address the problem, the next
step is to identify or develop a model framework that meets those specifications. A model framework is a
formal mathematical specification of the concepts, procedures, and behaviors underlying the system,
object, or process relevant to the problem of interest, usually translated into computer software.

For mechanistic modeling of common environmental problems, one or more suitable model frameworks
may exist. Many existing model frameworks in the public domain can be used in environmental
assessments. Several institutions, including EPA, develop and maintain these model frameworks on an
ongoing basis. Ideally, more than one model framework will meet the project needs, and the project team
can select the best model for the specified problem. Questions to consider when evaluating existing
model frameworks are described below.

Sometimes no model frameworks are appropriate to the task, and EPA will develop a new model
framework or modify an existing framework to include the additional capabilities needed to address the
project needs.

Some assessments require linking multiple model frameworks, such that the output from one model is
used as input data to another model. For example, air quality modeling often links meteorological,
emissions, and air chemistry/transport models. When employing linked models, the project team should
evaluate each component model, as well as the full system of integrated models, at each stage of the
model development and evaluation process.

In all cases, the documentation for the selected model should clearly state why and how the model can
and will be used.

As potential model frameworks are identified or developed for addressing the problem, the project team
will need to consider several issues, including:

= Does sound science (including peer-reviewed theory and equations) support the underlying
hypothesis?

» Is the model's complexity appropriate for the problem at hand?

= Do the quality and quantity of data support the choice of model?

= Does the model structure reflect all the relevant inputs described in the conceptual model?

= Has the model code been developed? If so, has it been verified?

It is recommended that the evaluation process apply the principles of scientific hypothesis testing (Platt
1964) using an iterative approach (Hilborn and Mangel 1997). If the team is evaluating multiple model
frameworks, it may be useful to statistically compare the performance of these competing models with
observational, field, or laboratory data (Chapter 4).

Box 3: Example of Model Selection Considerations: Arsenic in Drinking Water
(from Box 5-3 of NRC’s Models in Environmental Regulatory Decision Making)

A major challenge for regulatory model applications is which model to use to inform the decision making process. In
this example, several models were available to estimate the cancer incidence associated with different levels of
arsenic in drinking water. These models differed according to how age and exposure were incorporated (Morales et
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al. 2000). All the models assumed that the number of cancers observed in a specific age group of a particular village
followed a Poisson model with parameters, depending on the age and village exposure level. Linear, log, polynomial,
and spline models for age and exposure were considered.

These various models differed substantially in their fitted values, especially in the critical low-dose area, which is so
important for establishing the benchmark dose (BMD) that is used to set a reference dose (RfD). The fitted-dose
response model was also strongly affected by whether Taiwanese population data were included as a baseline
comparison group. Depending on the particular modeling assumptions used, the estimates of the BMD and
associated lower limit (BMDL) varied by over an order of magnitude.

Several strategies are available for choosing among multiple models. One strategy is to pick the “best” model — for
example, use one of the popular statistical goodness of fit measures, such as the Akieke (sic) information criterion
(AIC) or the Bayesian information criterion (BIC). These approaches correspond to picking the model that maximizes
log-likelihood, subject to a penalty function reflecting the number of model parameters, thus effectively forcing a
trade-off between improving model fit by adding addition model parameters versus having a parsimonious
description. In the case of the arsenic risk assessment, however, the noisiness of the data meant that many of the
models explored by Morales et al. (2000) were relatively similar in terms of statistical goodness-of-fit criteria. In a
follow-up paper, Morales et al. (2006) argued that it was important to address and account for the model uncertainty,
because ignoring it would underestimate the true variability of the estimated model fit and, in turn, overestimate
confidence in the resulting BMD and lead to “risky decisions” (Volinsky et al. 1997).

Morales et al. suggested using Bayesian model averaging (BMA) as a tool to avoid picking one particular model.
BMA combines over a class of suitable models. In practice, estimates based on a BMA approach tend to approximate
a weighted average of estimates based on individual models, with the weights reflecting how well each individual
model fits the observed data. More precisely, these weights can be interpreted as the probability that a particular
model is the true model, given the observed data. Figure 2 shows the results of applying a BMA procedure to the
arsenic data:

=  Figure 2(a) plots individual fitted models, with the width of each plotted line reflecting the weights.

=  Figure 2(b) shows the estimated overall dose-response curve (solid line) fitted via BMA. The shaded area shows
the upper and lower limits (2.5% and 97.5% tiles) based on the BMA procedure. The dotted lines show upper
and lower limits based on the best fitting models.

Figure 2(b) (L30) effectively illustrates the inadequacy of standard statistical confidence intervals in characterizing
uncertainty in settings where there is substantial model uncertainty. The BMA limits coincide closely with the
individual curves at the upper level of the dose-response curve where all the individual models tend to give similar
results.
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Figure 2. (a) Individual dose-response models, and (b) overall dose-response model fitted using the Bayesian model
averaging approach. Source: Morales et al. 2000.

3.3.1 Model Complexity
During the problem specification stage, the project team will have considered the degree of complexity

desired for the model (see Section 3.2.2). As described below, model complexity influences uncertainty.
Models tend to uncertainty as they become increasingly simple or increasingly complex. Thus complexity
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is an important parameter to consider when choosing among competing model frameworks or
determining the suitability of the existing model framework to the problem of concern. For the reasons
described below, the optimal choice generally is a model that is no more complicated than necessary to
inform the regulatory decision. For the same reasons, model complexity is an essential parameter to
consider when developing a new model framework.

Uncertainty exists when knowledge about specific factors, parameters (inputs), or models is incomplete.
Models have two fundamental types of uncertainty:

= Model framework uncertainty, which is a function of the soundness of the model’s underlying scientific
foundations.

» Data uncertainty, which arises from measurement errors, analytical imprecision, and limited sample
size during collection and treatment of the data used to characterize the model parameters.

These two types of uncertainty have a reciprocal relationship, with one increasing as the other decreases.
Thus, as illustrated in Figure 3, an optimal level of complexity (the “point of minimum uncertainty”) exists
for every model.
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Figure 3. Relationship between model framework uncertainty and data uncertainty, and their

combined effect on total model uncertainty.
(Adapted from Hanna 1988).

For example, air quality modelers must sometimes compromise when choosing among the physical
processes that will be treated explicitly in the model. If the objective is to estimate the pattern of pollutant
concentration values near one (or several) source(s), then chemistry is typically of little importance
because the distances between the pollutant source and receptor are generally too short for chemical
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formation and destruction to greatly affect pollutant concentrations. However, in such situations, other
factors tend to have a significant effect and must be properly accounted for in the model. These may
include building wakes, initial characterization of source release conditions and size, rates of diffusion of
pollutants released as they are transported downwind, and land use effects on plume transport.
Conversely, when the objective is to estimate pollutant concentrations further from the source, chemistry
becomes more important because there is more time for chemical reactions to take place, and initial
source release effects become less important because the pollutants become well-mixed as they travel
through the atmosphere. To date, attempts to model both near-field dispersion effects and chemistry have
been inefficient and slow on desktop computers.

Because of these competing objectives, parsimony (economy or simplicity of assumptions) is desirable in
a model. As Figure 3 illustrates, as models become more complex to treat more physical processes, their
performance tends to degrade because they require more input variables, leading to greater data
uncertainty. Because different models contain different types and ranges of uncertainty, it can useful to
conduct sensitivity analysis early in the model development phase to identify the relative importance of
model parameters. Sensitivity analysis is the process of determining how changes in the model input
values or assumptions (including boundaries and model functional form) affect the model outputs
(Morgan and Henrion 1990).

Model complexity can be constrained by eliminating parameters when sensitivity analyses (Chapter
4/Appendix D) show that they do not significantly affect the outputs and when there is no process-based
rationale for including them. However, a variable of little significance in one application of a model may be
more important in a different application. In past reviews of Agency models, the SAB has supported the
general guiding principle of simplifying complex models, where possible, for the sake of transparency
(SAB 1988), but has emphasized that care should be taken not to eliminate important parameters from
process-based models simply because data are unavailable or difficult to obtain (SAB 1989). In any
case, the quality and resolution of available data will ultimately constrain the type of model that can be
applied. Hence, it is important to identify the existing data and and/or field collection efforts that are
needed to adequately parameterize the model framework and support the application of a model. The
NRC Committee on Models in the Regulatory Decision Process recommended that models used in the
regulatory process should be no more complicated than is necessary to inform regulatory decision and
that it is often preferable to omit capabilities that do not substantially improve model performance (NRC
2007).

3.3.2 Model Coding and Verification

Model coding translates the mathematical equations that constitute the model framework into functioning
computer code. Code verification ascertains that the computer code has no inherent numerical problems
with obtaining a solution. Code verification tests whether the code performs according to its design
specifications. It should include an examination of the numerical technique in the computer code for
consistency with the conceptual model and governing equations (Beck et al. 1994). Independent testing of
the code once it is fully developed can be useful as an additional check of integrity and quality.

Several early steps can help minimize later programming errors and facilitate the code verification
process. For example:
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= Using “comment” lines to describe the purpose of each component within the code during
development makes future revisions and improvements by different modelers and programmers more
efficient.

= Using a flow chart when the conceptual model is developed and before coding begins helps
show the overall structure of the model program. This provides a simplified description of the
calculations that will be performed in each step of the model.

Breaking the program/model into component parts or modules is also useful for careful consideration
of model behavior in an encapsulated way. This allows the modeler to test the behavior of each sub-
component separately, expediting testing and increasing confidence in the program. A module is an
independent piece of software that forms part of one or more larger programs. Breaking large models
into discrete modules facilitates testing and debugging (locating/correcting errors) compared to large
programs. The approach also makes it easier to re-use relevant modules in future modeling projects, or
to update, add, or remove sections of the model without altering the overall program structure.

Use of generic algorithms for common tasks can often save time and resources, allowing efforts to
focus on developing and improving the original aspects of a new model. An algorithm is a precise rule (or
set of rules) for solving some problem. Commonly used algorithms are often published as “recipes” with
publicly available code (e.g., Press 1992). Developers should review existing Agency models and code
to minimize duplication of effort. The CREM models knowledge base, which will contain a Web-
accessible inventory of models, will provide a resource model developers can use for this purpose.

Software engineering has evolved rapidly in recent years and continues to advance rapidly with changes
in technology and user platforms. For example, some of the general recommendations for developing
computer code given above do not apply to models that are developed using object-oriented platforms.
Object-oriented platform model systems use a collection of cooperating “objects.” These objects are
treated as instances of a class within a class hierarchy, where a class is a set of objects that share a
common structure and behavior. The structure of a class is determined by the class variables, which
represent the state of an object of that class; the behavior is given by the set of methods associated with
the class (Booch 1994). When models are developed with object-oriented platforms, the user should print
out the actual mathematical relationships the platform generates and review them as part of the code
validation process.

Many references on programming style and conventions provide specific, technical suggestions for
developing and testing computer code (e.g., The Elements of Programming Style [Kernigham and
Plaugher 1988]). In addition, the Guidance for Quality Assurance Project Plans for Modeling (EPA
2002b) suggests a number of practices during code verification to “check” how well it follows the
“specifications” laid out during QA planning (Appendix C, Box C2: Configuration Tests Specified in the QA
Program).

3.4 Application Tool Development
Once a model framework has been selected or developed, the modeler populates the framework with the
specific system characteristics needed to address the problem, including geographic boundaries of the

model domain, boundary conditions, pollution source inputs, and model parameters. In this manner, the
generic computational capabilities of the model framework are converted into an application tool to
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assess a specific problem occurring at a specific location. Model parameters are terms in the model that
are fixed during a model run or simulation but can be changed in different runs, either to conduct
sensitivity analysis or to perform an uncertainty analysis when probabilistic distributions are selected to
model parameters or achieve calibration (defined below) goals. Parameters can be quantities estimated
from sample data that characterize statistical populations or they can be constants such as the speed of
light and gravitational force. Other activities at this stage of model development include creating a user
guide for the model, assembling datasets for model input parameters, and determining hardware
requirements.

3.4.1 Input Data

As mentioned above, the accuracy, variability, and precision of input data used in the model is a major
source of uncertainty:

= Accuracy refers to the closeness of a measured or computed value to its “true” value (the value
obtained with perfect information). Due to the natural heterogeneity and random variability
(stochasticity) of many environmental systems, this “true” value exists as a distribution rather than a
discrete value.

= Variability refers to differences attributable to true heterogeneity or diversity in model parameters.
Because of variability, the “true” value of model parameters is often a function of the degree of spatial
and temporal aggregation.

= Precision refers to the quality of being reproducible in outcome or performance. With models and
other forms of quantitative information, precision often refers to the number of decimal places to
which a number is computed. This is a measure of the “preciseness” or “exactness” of the model.

Modelers should always select the most appropriate data — as defined by QA protocols for field
sampling, data collection, and analysis (EPA 2002c, 2002d, 2000b) — for use in modeling analyses.
Whenever possible, all parameters should be directly measured in the system of interest.

Box 4: Comprehensive Everglades Restoration Plan: An Example of the Interdependence of Models and

(from NRC’s Models in Environmental Regulatory Decision Making)

The restoration of the Florida Everglades is the largest ecosystem restoration ever planned in terms of geographical
extent and number of individual components. The NRC Committee on Restoration of the Greater Everglades
Ecosystem, which was charged with providing scientific advice on this effort, describes the role that modeling and
measurements should play in implementing an adaptive approach to restoration (NRC 2003). Under the committee’s
vision, monitoring of hydrological and ecological performance measures should be integrated with mechanistic
modeling and experimentation to better understand how the Everglades function and how the system will respond to
management practices and external stresses. Because individual components of the restoration plan will be
staggered in time, the early components can provide scientific feedback to guide and refine implementation of later
components of the plan.

The NRC Committee on Models in the Regulatory Decision Process recommends that: “...using adapting
strategies to coordinate data collection and modeling should be a priority for decision makers and those
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responsible for regulatory model development and application. The interdependence of measurements
and modeling needs to be fully considered as early as the conceptual model development phase.”

3.4.2 Model Calibration

Some models are “calibrated” to set parameters. Appendix C provides guidance on model calibration as
a QA project plan element (see Box C3: Quality Assurance Planning Suggestions for Model Calibration
Activities). In this guidance, calibration is defined as the process of adjusting model parameters within
physically defensible ranges until the resulting predictions give the best possible fit to the observed data
(EPA 1994b). In some disciplines, calibration is also referred to as parameter estimation (Beck et al.
1994).

Most process-oriented environmental models are under-determined; that is, they contain more uncertain
parameters than state variables that can be used to perform a calibration. Sensitivity analysis can be
used to identify key processes influencing the state variables. Sometimes the rate constant for a key
process can be measured directly — for example, measuring the rate of photosynthesis (a process) in a
lake in addition to the phytoplankton biomass (a state variable). Direct measurement of rate parameters
can reduce model uncertainty.

When a calibration database has been developed and improved over time, the initial adjustments and
estimates may need period recalibration. When data for quantifying one or more parameter values are
limited, calibration exercises can be used to find solutions that result in the "best fit” of the model.
However, these solutions will not provide meaningful information unless they are based on measured
physically defensible ranges. Therefore, this type of calibration should be undertaken with caution.

Because of these concerns, the use of calibration to improve model performance varies among EPA
offices and regions. For a particular model, the appropriateness of calibration may be a function of the
modeling activities undertaken. For example, the Office of Water’'s standard practice is to calibrate well-
established model frameworks such as CE-QUAL-W?2 (a model for predicting temperature fluctuations in
rivers) to a specific system (e.g., the Snake River). This calibration generates a site-specific tool (e.g., the
“Snake River Temperature” model). In contrast, the Office of Air and Radiation (OAR) more commonly
uses model frameworks and models that do not need site-specific adjustments. For example, certain
types of air models (e.g., gaussian plume) are parameterized for a range of meteorological conditions,
and thus do not need to be “recalibrated” for different geographic locations (assuming the range of
conditions is appropriate for the model). OAR also seeks to avoid artificial improvements in model
performance by adjusting model inputs outside the ranges supported by the empirical databases. These
practices prompted OAR to issue the following statement on model calibration in their Guideline on Air
Quality Models (EPA 2003b):

Calibration of models is not common practice and is subject to much error and
misunderstanding. There have been attempts by some to compare model estimates and
measurements on an event-by-event basis and then calibrate a model with results of that
comparison. This approach is severely limited by uncertainties in both source and
meteorological data and therefore it is difficult to precisely estimate the concentration at
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an exact location for a specific increment of time. Such uncertainties make calibration of
models of questionable benefit. Therefore, model calibration is unacceptable.

In general, however, models benefit from thoughtful adaptation that will enable them to respond
adequately to the specifics of each regulatory problem to which they are applied.
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4.

Model Evaluation

Summary of Recommendations for Model Evaluation

appropriately used to inform a decision.

Model evaluation addresses the soundness of the science underlying a model, the quality and
guantity of available data, the degree of correspondence with observed conditions, and the
appropriateness of a model for a given application.

Recommended components of the evaluation process include: (a) credible, objective peer review; (b)
QA project planning and data quality assessment; (c) qualitative and/or quantitative model
corroboration; and (d) sensitivity and uncertainty analyses.

Quality is an attribute of models that is meaningful only within the context of a specific model
application. Determining whether a model serves its intended purpose involves in-depth discussions
between model developers and the users responsible for applying for the model to a particular
problem.

Information gathered during model evaluation allows the decision maker to be better positioned to
formulate decisions and policies that take into account all relevant issues and concerns.

4.1

Introduction

Models will always be constrained by computational limitations, assumptions and knowledge
gaps. They can best be viewed as tools to help inform decisions rather than as machines to
generate truth or make decisions. Scientific advances will never make it possible to build a
perfect model that accounts for every aspect of reality or to prove that a given model is correct in
all aspects for a particular regulatory application. These characteristics...suggest that model
evaluation be viewed as an integral and ongoing part of the life cycle of a model, from problem
formulation and model conceptualization to the development and application of a computational
tool.

— NRC Committee on Models in the Regulatory Decision Process (NRC 2007)

The natural complexity of environmental systems makes it difficult to mathematically describe all relevant
processes, including all the intrinsic mechanisms that govern their behavior. Thus, policy makers often
rely on models as tools to approximate reality when making decisions that affect environmental systems.
The challenge facing model developers and users is determining when a model, despite its uncertainties,
can be appropriately used to inform a decision. Model evaluation is the process used to make this
determination. In this guidance, model evaluation is defined as the process used to generate information
to determine whether a model and its analytical results are of a quality sufficient to serve as the basis for
a decision. Model evaluation is conducted over the life cycle of the project, from development through
application.
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Box 5: Model Evaluation Versus Validation Versus Verification

Model evaluation should not be confused with model validation. Different disciplines assign different meanings to
these terms and they are often confused. For example, Suter (1993) found that among models used for risk
assessments, misconception often arises in the form of the question “Is the model valid?” and statements such as
“No model should be used unless it has been validated.” Suter further points out that “validated” in this context means
(a) proven to correspond exactly to reality or (b) demonstrated through experimental tests to make consistently
accurate predictions.

Because every model contains simplifications, predictions derived from a model can never be completely accurate
and a model can never correspond exactly to reality. In addition, “validated models” (e.g., those that have been
shown to correspond to field data) do not necessarily generate accurate predictions of reality for multiple applications
(Beck 2002a). Thus, some researchers assert that no model is ever truly “validated”; models can only be invalidated
for a specific application (Oreskes et al. 1994). Accordingly, this guidance focuses on process and techniques for
model evaluation rather than model validation or invalidation.

“Verification” is another term commonly applied to the evaluation process. However, in this guidance and elsewhere,
model verification typically refers to model code verification as defined in the model development section. For
example, the NRC Committee on Models in the Regulatory Decision Process (NRC 2007) provides the following
definition:

Verification refers to activities that are designed to confirm that the mathematical framework
embodied in the module is correct and that the computer code for a module is operating according
to its intended design so that the results obtained compare favorably with those obtained using
known analytical solutions or numerical solutions from simulators based on similar or identical
mathematical frameworks.

In simple terms, model evaluation provides information to help answer four main questions (Beck 2002b):

How have the principles of sound science been addressed during model development?

How is the choice of model supported by the quantity and quality of available data?

How closely does the model approximate the real system of interest?

How does the model perform the specified task while meeting the objectives set by QA project
planning?

pownNPE

These four factors address two aspects of model quality. The first factor focuses on the intrinsic
mechanisms and generic properties of a model, regardless of the particular task to which it is applied. In
contrast, the latter three factors are evaluated in the context of the use of a model within a specific set of
conditions. Hence, it follows that model quality is an attribute that is meaningful only within the context of
a specific model application. A model's quality to support a decision becomes known when information is
available to assess these factors.

The NRC committee recommends that evaluation of a regulatory model continue throughout the life of a
model and that an evaluation plan could:

= Describe the model and its intended uses.
= Describe the relationship of the model to data, including the data for both inputs and corroboration.
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= Describe how such data and other sources of information will be used to assess the ability of the
model to meet its intended task.

= Describe all the elements of the evaluation plan by using an outline or diagram that shows how the
elements relate to the model’s life cycle.

= Describe the factors or events that might trigger the need for major model revisions or the
circumstances that might prompt users to seek an alternative model. These can be fairly broad and
qualitative.

= Identify the responsibilities, accountabilities, and resources needed to ensure implementation of the
evaluation plan.

As stated above, the goal of model evaluation is to ensure model quality. At EPA, quality is defined by the
Information Quality Guidelines (IQGs) (EPA 2002a). The IQGs apply to all information that EPA
disseminates, including models, information from models, and input data (see Appendix C, Box C4:
Definition of Quality). According to the 1QGs, quality has three major components: integrity, utility, and
objectivity. This chapter focuses on addressing the four questions listed above by evaluating the third
component, objectivity — specifically, how to ensure the objectivity of information from models by
considering their accuracy, bias, and reliability.

= Accuracy, as described in Section 2.4, is the closeness of a measured or computed value to its “true”
value, where the “true” value is obtained with perfect information.

» Bias describes any systematic deviation between a measured (i.e., observed) or computed value and
its “true” value. Bias is affected by faulty instrument calibration and other measurement errors,
systematic errors during data collection, and sampling errors such as incomplete spatial
randomization during the design of sampling programs.

= Reliability is the confidence that (potential) users have in a model and its outputs such that they are
willing to use the model and accept its results (Sargent 2000). Specifically, reliability is a function of
the model’'s performance record and its conformance to best available, practicable science.

This chapter describes principles, tools, and considerations for model evaluation throughout all stages of
development and application. Section 4.2 presents a variety of qualitative and quantitative best practices
for evaluating models. Section 4.3 discusses special considerations for evaluating proprietary models.
Section 4.4 explains why retrospective analysis of models, conducted after a model has been applied,
can be important to improve individual models and regulatory policies and to systematically enhance the
overall modeling field. Finally, Section 4.5 describes how the evaluation process culminates in a decision
whether to apply the model to decision making. Section 4.6 reviews the key recommendations from this
chapter.

4.2 Best Practices for Model Evaluation

The four questions listed above address the soundness of the science underlying a model, the quality and
guantity of available data, the degree of correspondence with observed conditions, and the
appropriateness of a model for a given application. This guidance describes several “tools” or best
practices to address these questions: peer review of models; QA project planning, including data quality
assessment; model corroboration (qualitative and/or quantitative evaluation of a model's accuracy and
predictive capabilities); and sensitivity and uncertainty analysis. These tools and practices include both
gualitative and quantitative techniques:
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= Qualitative assessments: Some of the uncertainty in model predictions may arise from sources
whose uncertainty cannot be quantified. Examples are uncertainties about the theory underlying the
model, the manner in which that theory is mathematically expressed to represent the environmental
components, and the theory being modeled. Subjective evaluation of experts may be needed to
determine appropriate values for model parameters and inputs that cannot be directly observed or
measured (e.g., air emissions estimates). Qualitative assessments are needed for these sources of
uncertainty. These assessments may involve expert elicitation regarding the system’s behavior and
comparison with model forecasts.

»  Quantitative assessments: The uncertainty in some sources — such as some model parameters and
some input data — can be estimated through quantitative assessments involving statistical
uncertainty and sensitivity analyses. These types of analyses can also be used to quantitatively
describe how model estimates of current conditions may be expected to differ from comparable field
observations. However, since model predictions are not directly observed, special care is needed
when quantitatively comparing model predictions with field data.

As discussed previously, model evaluation is an iterative process. Hence, these tools and techniques
may be effectively applied throughout model development, testing, and application and should not be
interpreted as sequential steps for model evaluation.

Model evaluation should always be conducted using a graded approach that is adequate and appropriate
to the decision at hand (EPA 2001, 2002b). This approach recognizes that model evaluation can be
modified to the circumstances of the problem at hand and that programmatic requirements are varied.
For example, a screening model (a type of model designed to provide a “conservative” or risk-averse
answer) that is used for risk management should undergo rigorous evaluation to avoid false negatives,
while still not imposing unreasonable data-generation burdens (false positives) on the regulated
community. Ideally, decision makers and modeling staff work together at the onset of new projects to
identify the appropriate degree of model evaluation (see Section 3.1).

External circumstances can affect the rigor required in model evaluation. For example, when the likely
result of modeling will be costly control strategies and associated controversy, more detailed model
evaluation may be necessary. In these cases, many aspects of the modeling may come under close
scrutiny, and the modeler must document the findings of the model evaluation process and be prepared
to answer questions that will arise about the model. A deeper level of model evaluation may also be
appropriate when modeling unique or extreme situations that have not been previously encountered.

Finally, as noted earlier, some assessments require the use of multiple, linked models. This linkage has
implications for assessing uncertainty and applying the system of models. Each component model as well
as the full system of integrated models must be evaluated.

Sections 4.2.1 and 4.2.2, on peer review of models and quality assurance protocols for input data,
respectively, are drawn from existing guidance. Section 4.2.3, on model corroboration activities and the
use of sensitivity and uncertainty analysis, provides new guidance for model evaluation (along with
Appendix D).
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Box 6: Examples of Life Cycle Model Evaluation

The value in evaluating a model from the conceptual stage through the use stage is illustrated in a multi-year project
conducted by the Organization for Economic Cooperation and Development (OECD). The project sought to develop a
screening model that could be used to assess the persistence and long-range transport potential of chemicals. To
ensure its effectiveness, the screening model needed to be a consensus model that had been evaluated against a
broad set of available models and data.

This project began at a 2001 workshop to set model performance and evaluation goals that would provide the
foundation for subsequent model selection and development (OECD 2002). OECD then established an expert group
in 2002. This group began its work by developing and publishing a guidance document on using multimedia models
to estimate environmental persistence and long-range transport. From 2003 to 2004, the group compared and
assessed the performance of nine available multimedia fate and transport models (Fenner et al. 2005; Klasmeier et
al. 2006). The group then developed a parsimonious consensus model representing the minimum set of key
components identified in the model comparison. They convened three international workshops to disseminate this
consensus model and provide an ongoing model evaluation forum (Scheringer et al. 2006).

In this example, more than half the total effort was invested in the conceptual and model formulation stages, and
much of the effort focused on performance evaluation. The group recognized that each model’s life cycle is different,
but noted that attention should be given to developing consensus-based approaches in the model concept and
formulation stages. Conducting concurrent evaluations at these stages in this setting resulted in a high degree of buy-
in from the various modeling groups.

4.2.1 Scientific Peer Review

Peer review provides the main mechanism for independent evaluation and review of environmental
models used by the Agency. Peer review provides an independent, expert review of the evaluation in
Section 4.1; therefore, its purpose is two-fold:

= To evaluate whether the assumptions, methods, and conclusions derived from environmental models
are based on sound scientific principles.

= To check the scientific appropriateness of a model for informing a specific regulatory decision. (The
latter objective is particularly important for secondary applications of existing models.)

Information from peer reviews is also helpful for choosing among multiple competing models for a specific
regulatory application. Finally, peer review is useful to identify the limitations of existing models. Peer
review is not a mechanism to comment on the regulatory decisions or policies that are informed by
models (EPA 2000c).

Peer review charge questions and corresponding records for peer reviewers to answer those questions
should be incorporated into the quality assurance project plan, developed during assessment planning
(see Section 4.2.2, below). For example, peer reviews may focus on whether a model meets the
objectives or specifications that were set as part of the quality assurance plan (see EPA 2002b) (see
Section 3.1).
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All models that inform significant® regulatory decisions are candidates for peer review (EPA 2000c, 1993)
for several reasons:

= Model results will be used as a basis for major regulatory or policy/guidance decision making.
= These decisions likely involve significant investment of Agency resources.
= These decisions may have inter-Agency or cross-agency implications/applicability.

Existing guidance recommends that a new model should be scientifically peer-reviewed prior to its first
application; for subsequent applications, the program manager should consider the scientific/technical
complexity and/or the novelty of the particular circumstances to determine whether additional peer review
is needed (EPA 1993). To conserve resources, peer review of “similar” applications should be avoided.

Models used for secondary applications (existing EPA models or proprietary models) will generally
undergo a different type of evaluation than those developed with a specific regulatory information need in
mind. Specifically, these reviews may deal more with uncertainty about the appropriate application of a
model to a specific set of conditions than with the science underlying the model framework. For example,
a project team decides to assess a water quality problem using WASP, a well-established water quality
model framework. The project team determines that peer review of the model framework itself is not
necessary, and the team instead conducts a peer review on their specific application of the WASP
framework.

The following aspects of a model should be peer-reviewed to establish scientific credibility (SAB 1993a,
EPA 1993):

= Appropriateness of input data.

=  Appropriateness of boundary condition specifications.

= Documentation of inputs and assumptions.

=  Applicability and appropriateness of selected parameter values.

= Documentation and justification for adjusting model inputs to improve model performance
(calibration).

= Model application with respect to the range of its validity.

=  Supporting empirical data that strengthen or contradict the conclusions that are based on model
results.

To be most effective and maximize its value, external peer review should begin as early in the model
development phase as possible (EPA 2000b). Because peer review involves significant time and
resources, these allocations must be incorporated into components of the project planning and any

2 Executive Order 12866 (58 FR 51735) requires federal agencies to determine whether a regulatory action is
“significant” and therefore, subject to the requirements of the Executive Order, including review by the Office of
Management and Budget. The Order defines “significant regulatory action” as one “that is likely to result in a rule
that may: (1) Have an annual effect on the economy of $100 million or more or adversely affect in a material way
the economy, a sector of the economy, productivity, competition, jobs, the environment, public health or safety, or
State, local, or tribal governments or communities; (2) Create a serious inconsistency or otherwise interfere with an
action taken or planned by another agency; (3) Materially alter the budgetary impacts of entitlements, grants, user
fees, or loan programs or the rights and obligations of recipients thereof; or (4) Raise novel legal or policy issues
arising out of legal mandates, the President’s priorities, or the principles set forth in [the] Order.” Section 2(f).
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related contracts. Peer review in the early stages of model development can help evaluate the
conceptual basis of models and potentially save time by redirecting misguided initiatives, identifying
alternative approaches, or providing strong technical support for a potentially controversial position (SAB
1993a, EPA 1993). Peer review in the later stages of model development is useful as an independent
external review of model code (i.e., model verification). External peer review of the applicability of a
model to a particular set of conditions should be considered well in advance of any decision making, as it
helps avoid inappropriate applications of a model for specific regulatory purposes (EPA 1993).

The peer review logistics are left to the discretion of the managers responsible for applying the model
results to decision making. Mechanisms for accomplishing external peer review include (but are not
limited to):

= Using an ad hoc panel of scientists.>
= Using an established external peer review mechanism such as the SAB
* Holding a technical workshop.*

Several sources provide guidance for determining the qualifications and number of reviewers needed for
a given modeling project (SAB 1993a; EPA 2000c, 1993, 1994a). Key aspects are summarized in
Appendix D of this guidance.

4.2.2 Quality Assurance Project Planning and Data Quality Assessment

Like peer review, data quality assessment addresses whether a model has been developed according to
the principles of sound science. While some variability in data is unavoidable (see Section 4.2.3.1),
adhering to the tenets of data quality assessment described in other Agency guidance® (Appendix D, Box
D2: Quality Assurance Planning and Data Acceptance Criteria) helps minimize data uncertainty.

Well-executed QA project planning also helps ensure that a model performs the specified task, which
addresses the fourth model evaluation question posed in Section 4.1. As discussed above, evaluating
the degree to which a modeling project has met QA objectives is often a function of the external peer
review process. The Guidance for Quality Assurance Project Plans for Modeling (EPA 2002b) provides
general information about how to document quality assurance planning for modeling (e.g., specifications

® The formation and use of an ad hoc panel of peer reviewers may be subject to the Federal Advisory Committee Act
(FACA). Compliance with FACA’s requirements is summarized in Chapter Two of the Peer Review Handbook,
“Planning a Peer Review” (EPA 2000c). Guidance on compliance with FACA may be sought from the Office of
Cooperative Environmental Management. Legal questions regarding FACA may be addressed to the Cross-Cutting
Issues Law Office in the Office of General Counsel.
* Note that a technical workshop held for peer review purposes is not subject to FACA if the reviewers provide
individual opinions. [Note that there is no “one time meeting” exemption from FACA. The courts have held that
even a single meeting can be subject to FACA.] An attempt to obtain group advice, whether it be consensus or
majority-minority views, likely would trigger FACA requirements.
> Other guidance that can help ensure the quality of data used in modeling projects includes:
e Guidance for the Data Quality Objectives Process, a systematic planning process for environmental data
collection (EPA 2000a).
e Guidance on Choosing a Sampling Design for Environmental Data Collection, on applying statistical
sampling designs to environmental applications (EPA 2002c).
e Guidance for Data Quality Assessment: Practical Methods for Data Analysis, to evaluate the extent to
which data can be used for a specific purpose (EPA 2000b).
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or assessment criteria development, assessments of various stages of the modeling process; reports to
management as feedback for corrective action; and finally the process for acceptance, rejection, or
qualification of the output for use) to conform with EPA policy and acquisition regulations. Data quality
assessments are a key component of the QA plan for models.

Both the quality and quantity (representativeness) of supporting data used to parameterize and (when
available) corroborate models should be assessed during all relevant stages of a modeling project. Such
assessments are needed to evaluate whether the available data are sufficient to support the choice of the
model to be applied (question 2, Section 4.1), and to ensure that the data are sufficiently representative of
the true system being modeled to provide meaningful comparison to observational data (question 3,
Section 4.1).

4.2.3 Corroboration, Sensitivity Analysis, and Uncertainty Analysis

The question “How closely does the model approximate the real system of interest?” is unlikely to have a
simple answer. In general, answering this question is not simply a matter of comparing model results and
empirical data. As noted in Section 3.1, when developing and using an environmental model, modelers
and decision makers should consider what degree of uncertainty is acceptable within the context of a
specific model application. To do this, they will need to understand the uncertainties underlying the
model. This section discusses three approaches to gaining this understanding:

= Model corroboration (Section 4.2.3.2), which includes all quantitative and qualitative methods for
evaluating the degree to which a model corresponds to reality.

= Sensitivity analysis (Section 4.2.3.3), which involves studying how changes in a model’s input values
or assumptions affect its output or response.

= Uncertainty analysis (Section 4.2.3.3), which investigates how a model might be affected by the lack
of knowledge about a certain population or the real value of model parameters.

Where practical, the recommended analyses should be conducted and their results reported in the
documentation supporting the model. Section 4.2.3.1 describes and defines the various types of
uncertainty, and associated concepts, inherent in the modeling process that model corroboration and
sensitivity and uncertainty analysis can help assess.

4.2.3.1 Types of Uncertainty

Uncertainties are inherent in all aspects of the modeling process. Identifying those uncertainties that
significantly influence model outcomes (either qualitatively or quantitatively) and communicating their
importance is key to successfully integrating information from models into the decision making process.
As defined in Chapter 3, uncertainty is the term used in this guidance to describe incomplete knowledge
about specific factors, parameters (inputs), or models. For organizational simplicity, uncertainties that
affect model quality are categorized in this guidance as:

= Model framework uncertainty, resulting from incomplete knowledge about factors that control the

behavior of the system being modeled; limitations in spatial or temporal resolution; and simplifications
of the system.
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= Model input uncertainty, resulting from data measurement errors, inconsistencies between
measured values and those used by the model (e.g., in their level of aggregation/averaging), and
parameter value uncertainty.

= Model niche uncertainty, resulting from the use of a model outside the system for which it was
originally developed and/or developing a larger model from several existing models with different
spatial or temporal scales.

Box 7: Example of Model Input Uncertainty

The NRC’s Models in Environmental Regulatory Decision Making provides a detailed example, summarized below, of
the effect of model input uncertainty on policy decisions.

The formation of ozone in the lower atmosphere (troposphere) is an exceedingly complex chemical process that
involves the interaction of oxides of nitrogen (NOy), volatile organic compounds (VOCSs), sunlight, and dynamic
atmospheric processes. The basic chemistry of ozone formation was known in the early 1960s (Leighton 1961).
Reduction of ozone concentrations generally requires controlling either or both NOx and VOC emissions. Due to the
nonlinearity of atmospheric chemistry, selection of the emission-control strategy traditionally relied on air quality
models.

One of the first attempts to include the complexity of atmospheric ozone chemistry in the decision making process
was a simple observation-based model, the so-called Appendix J curve (36 Fed. Reg. 8166 [1971]). The curve was
used to indicate the percentage VOC emission reduction required to attain the ozone standard in an urban area
based on peak concentration of photochemical oxidants observed in that area. Reliable NOy data were virtually
nonexistent at the time; Appendix J was based on data from measurements of ozone and VOC concentrations from
six U.S. cities. The Appendix J curve was based on the hypothesis that reducing VOC emissions was the most
effective emission-control path, and this conceptual model helped define legislative mandates enacted by Congress
that emphasized controlling these emissions.

The choice in the 1970s to concentrate on VOC controls was supported by early results from models. Though new
results in the 1980s showed higher-than-expected biogenic VOC emissions, EPA continued to emphasize VOC
controls, in part because the schedule that Congress and EPA set for attaining the ozone ambient air quality
standards was not conducive to reflecting on the basic elements of the science (Dennis 2002).

VOC reductions from the early 1970s to the early 1990s had little effect on ozone concentrations. Regional ozone
models developed in the 1980s and 1990s suggested that controlling NOx emissions was necessary in addition to, or
instead of, controlling VOCs to reduce ozone concentrations (NRC 1991). The shift in the 1990s toward regulatory
activities focusing on NOy controls was partly due to the realization that historical estimates of emissions and the
effectiveness of various control strategies in reducing emissions were not accurate. In other words, ozone
concentrations had not been reduced as much as hoped over the past three decades, in part because emissions of
some pollutants were much higher than originally estimated.

Regulations may go forward before science and models are perfected because of the desire to mitigate the potential
harm from environmental hazards. In the case of ozone modeling, the model inputs (emissions inventories in this
case) are often more important than the model science (description of atmospheric transport and chemistry in this
case) and require as careful an evaluation as the evaluation of the model. These factors point to the potential
synergistic role that measurements play in model development and application.

In reality, all three categories are interrelated. Uncertainty in the underlying model structure or model
framework uncertainty is the result of incomplete scientific data or lack of knowledge about the factors
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that control the behavior of the system being modeled. Model framework uncertainty can also be the
result of simplifications needed to translate the conceptual model into mathematical terms as described in
Section 3.3. In the scientific literature, this type of uncertainty is also referred to as structural error (Beck
1987), conceptual errors (Konikow and Bredehoeft 1992), uncertainties in the conceptual model (Usunoff
et al. 1992), or model error/uncertainty (EPA 1997; Luis and McLaughlin 1992). Structural error relates to
the mathematical construction of the algorithms that make up a model, while the conceptual model refers
to the science underlying a model's governing equations. The terms “model error” and “model
uncertainty” are both generally synonymous with model framework uncertainty.

Many models are developed iteratively to update their underlying science and resolve existing model
framework uncertainty as new information becomes available. Models with long lives may undergo
important changes from version to version. The MOBILE model for estimating atmospheric vehicle
emissions, the CMAQ (Community Multi-scale Air Quality) model, and the QUAL2 water quality models
are examples of models that have had multiple versions and major scientific modifications and extensions
in over two decades of their existence (Scheffe and Morris 1993; Barnwell et al. 2004; EPA 1999c, as
cited in NRC 2007).

When an appropriate model framework has been developed, the model itself may still be highly uncertain
if the input data or database used to construct the application tool is not of sufficient quality. The quality
of empirical data used for both model parameterization and corroboration tests is affected by both
uncertainty and variability. This guidance uses the term “data uncertainty” to refer to the uncertainty
caused by measurement errors, analytical imprecision, and limited sample sizes during data collection
and treatment.

In contrast to data uncertainty, variability results from the inherent randomness of certain parameters,
which in turn results from the heterogeneity and diversity in environmental processes. Examples of
variability include fluctuations in ecological conditions, differences in habitat, and genetic variances
among populations (EPA 1997). Variability in model parameters is largely dependent on the extent to
which input data have been aggregated (both spatially and temporally). Data uncertainty is sometimes
referred to as reducible uncertainty because it can be minimized with further study (EPA 1997).
Accordingly, variability is referred to as irreducible because it can be better characterized and
represented but not reduced with further study (EPA 1997).

A model’'s application niche is the set of conditions under which use of the model is scientifically
defensible (EPA 1994b). Application niche uncertainty is therefore a function of the appropriateness of a
model for use under a specific set of conditions. Application niche uncertainty is particularly important
when (a) choosing among existing models for an application that lies outside the system for which the
models were originally developed and/or (b) developing a larger model from several existing models with
different spatial or temporal scales (Levins 1992).

The SAB'’s review of MMSOILS (Multimedia Contaminant Fate, Transport and Exposure Model) provides
a good example of application niche uncertainty. The SAB questioned the adequacy of using a screening-
level model to characterize situations where there is substantial subsurface heterogeneity or where non-
agueous phase contaminants are present (conditions differ from default values) (SAB 1993b). The SAB
considered the MMSOILS model acceptable within its original application niche, but unsuitable for more
heterogeneous conditions.
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4.2.3.2 Model Corroboration

The interdependence of models and measurements is complex and iterative for several reasons.
Measurements help to provide the conceptual basis of a model and inform model development,
including parameter estimation. Measurements are also a critical tool for corroborating model
results. Once developed, models can derive priorities for measurements that ultimately get used
in modifying existing models or in developing new ones. Measurement and model activities are
often conducted in isolation...Although environmental data systems serve a range of purposes,
including compliance assessment, monitoring of trends in indicators, and basic research
performance, the importance of models in the regulatory process requires measurements and
models to be better integrated. Adaptive strategies that rely on iterations of measurements and
modeling, such as those discussed in the 2003 NRC report titled Adaptive Monitoring and
Assessment for the Comprehensive Everglades Restoration Plan, provide examples of how
improved coordination might be achieved.

— NRC Committee on Models in the Regulatory Decision Process (NRC 2007)

Model corroboration includes all quantitative and qualitative methods for evaluating the degree to which a
model corresponds to reality. The rigor of these methods varies depending on the type and purpose of
the model application. Quantitative model corroboration uses statistics to estimate how closely the model
results match measurements made in the real system. Qualitative corroboration activities may include
expert elicitation to obtain beliefs about a system'’s behavior in a data-poor situation. These corroboration
activities may move model forecasts toward consensus.

For newly developed model frameworks or untested mathematical processes, formal corroboration
procedures may be appropriate. Formal corroboration may involve formulation of hypothesis tests for
model acceptance, tests on datasets independent of the calibration dataset, and quantitative testing
criteria. In many cases, collecting independent datasets for formal model corroboration is extremely
costly or otherwise unfeasible. In such circumstances, model evaluation may be appropriately conducted
using a combination of other evaluation tools discussed in this section.

Robustness is the capacity of a model to perform equally well across the full range of environmental
conditions for which it was designed (Reckhow 1994; Borsuk et al. 2002). The degree of similarity among
datasets available for calibration and corroboration provides insight into a model’'s robustness. For
example, if the dataset used to corroborate a model is identical or statistically similar to the dataset used
to calibrate the model, then the corroboration exercise has provided neither an independent measure of
the model's performance nor insight into the model’s robustness. Conversely, when corroboration data
are significantly different from calibration data, the corroboration exercise provides a measure of both
model performance and robustness.

Quantitative model corroboration methods are recommended for choosing among multiple models that
are available for the same application. In such cases, models may be ranked on the basis of their
statistical performance in comparison to the observational data (e.g., EPA 1992). EPA'’s Office of Air and
Radiation evaluates models in this manner. When a single model is found to perform better than others in
a given category, OAR recommends it in the Guidelines on Air Quality Models as a preferred model for
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application in that category (EPA 2003a). If models perform similarly, then the preferred model is selected
based on other factors, such as past use, public familiarity, cost or resource requirements, and
availability.

Box 8: Example: Comparing Results from Models of Varying Complexity
(From Box 5-4 in NRC’s Models in Environmental Regulatory Decision Making)

The Clean Air Mercury Rule® requires industry to reduce mercury emissions from coal-fired power plants. A potential
benefit is the reduced human exposure and related health impacts from methylmercury that may result from reduced
concentrations of this toxin in fish. Many challenges and uncertainties affect assessment of this benefit. In its
assessment of the benefits and costs of this rule, EPA used multiple models to examine how changes in atmospheric
deposition would affect mercury concentrations in fish, and applied the models to assess some of the uncertainties
associated with the model results (EPA 2005).

EPA based its national-scale benefits assessment on results from the mercury maps (MMaps) model. This model
assumes a linear, steady-state relationship between atmospheric deposition of mercury and mercury concentrations
in fish, and thus assumes that a 50% reduction in mercury deposition rates results in a 50% decrease in fish mercury
concentrations. In addition, MMaps assumes instantaneous adjustment of aquatic systems and their ecosystems to
changes in deposition — that is, no time lag in the conversion of mercury to methylmercury and its bioaccumulation in
fish. MMaps also does not deal with sources of mercury other than those from atmospheric deposition. Despite those
limitations, the Agency concluded that no other available model was capable of performing a national-scale
assessment.

To further investigate fish mercury concentrations and to assess the effects of MMaps’ assumptions, EPA applied
more detailed models, including the spreadsheet-based ecological risk assessment for the fate of mercury (SERAFM)
model, to five well-characterized ecosystems. Unlike the steady-state MMaps model, SERAFM is a dynamic model
which calculates the temporal response of mercury concentrations in fish tissues to changes in mercury loading. It
includes multiple land-use types for representing watershed loadings of mercury through soil erosion and runoff.
SERAFM partitions mercury among multiple compartments and phases, including aqueous phase, abiotic participles
(for example, silts), and biotic particles (for example, phytoplankton). Comparisons of SERAFM'’s predictions with
observed fish mercury concentrations for a single fish species in four ecosystems showed that the model under-
predicted mean concentrations for one water body, over-predicted mean concentrations for a second water body, and
accurately predicted mean concentrations for the other two. The error bars for the observed fish mercury
concentrations in these four ecosystems were large, making it difficult to assess the models’ accuracy. Modeling the
four ecosystems also showed how the assumed physical and chemical characteristics of the specific ecosystem
affected absolute fish mercury concentrations and the length of time before fish mercury concentrations reached
steady state.

Although EPA concluded that the best available science supports the assumption of a linear relationship between
atmospheric deposition and fish mercury concentrations for broad-scale use, the more detailed ecosystem modeling
demonstrated that individual ecosystems were highly sensitive to uncertainties in model parameters. The Agency
also noted that many of the model uncertainties could not be quantified. Although the case studies covered the bulk
of the key environmental characteristics, EPA found that extrapolating the individual ecosystem case studies to
account for the variability in ecosystems across the country indicated that those case studies might not represent
extreme conditions that could influence how atmospheric mercury deposition affected fish mercury concentrations in

® On February 8, 2008, the U.S. Court of Appeals for the District of Columbia Circuit vacated the Clean Air
Mercury Rule. The DC Circuit’s vacatur of this rule was unrelated to the modeling conducted in support of the rule.
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a water body.

This example illustrates the usefulness of investigating a variety of models at varying levels of complexity. A
hierarchical modeling approach, such as that used in the mercury analysis, can provide justification for simplified
model assumptions or potentially provide evidence for a consistent bias that would negate the assumption that a
simple model is appropriate for broad-scale application.

4.2.3.3 Sensitivity and Uncertainty Analysis

Sensitivity analysis is the study of how a model's response can be apportioned to changes in model
inputs (Saltelli et al. 2000a). Sensitivity analysis is recommended as the principal evaluation tool for
characterizing the most and least important sources of uncertainty in environmental models.

Uncertainty analysis investigates the lack of knowledge about a certain population or the real value of
model parameters. Uncertainty can sometimes be reduced through further study and by collecting
additional data. EPA guidance (e.g., EPA 1997) distinguishes uncertainty analysis from methods used to
account for variability in input data and model parameters. As mentioned earlier, variability in model
parameters and input data can be better characterized through further study but is usually not reducible
(EPA 1997).

Although sensitivity and uncertainty analysis are closely related, sensitivity is algorithm-specific with
respect to model “variables” and uncertainty is parameter-specific. Sensitivity analysis assesses the
“sensitivity” of the model to specific parameters and uncertainty analysis assesses the “uncertainty”
associated with parameter values. Both types of analyses are important to understand the degree of
confidence a user can place in the model results. Recommended techniques for conducting uncertainty
and sensitivity analysis are discussed in Appendix D.

The NRC committee pointed out that uncertainty analysis for regulatory environmental modeling involves
not only analyzing uncertainty, but also communicating the uncertainties to policy makers. To facilitate
communication of model uncertainty, the committee recommends using hybrid approaches in which
unknown quantities are treated probabilistically and explored in scenario-assessment mode by decision
makers through a range of plausible values. The committee further acknowledges (NRC 2007) that:

Effective uncertainty communication requires a high level of interaction with the relevant decision
makers to ensure that they have the necessary information about the nature and sources of
uncertainty and their consequences. Thus, performing uncertainty analysis for environmental
regulatory activities requires extensive discussion between analysts and decision makers.

4.3 Evaluating Proprietary Models
This guidance defines proprietary models as those computer models for which the source code is not
universally shared. To promote the transparency with which decisions are made, EPA prefers using non-

proprietary models when available. However, the Agency acknowledges there will be times when the use
of proprietary models provides the most reliable and best-accepted characterization of a system.
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When a proprietary model is used, its use should be accompanied by comprehensive, publicly available
documentation. This documentation should describe:

4.4

e The conceptual model and the theoretical basis (as described in Section 3.3.1) for the model.

e The techniques and procedures used to verify that the proprietary model is free from numerical
problems or “bugs” and that it truly represents the conceptual model (as described in Section
3.3.3).

e The process used to evaluate the model (as described in Section 4.2) and the basis for
concluding that the model and its analytical results are of a quality sufficient to serve as the basis
for a decision (as described in Section 4.1).

e To the extent practicable, access to input and output data such that third parties can replicate the
model results.

Learning From Prior Experiences — Retrospective Analyses of Models

The NRC Committee on Models in the Regulatory Decision Process emphasized that the final issue in
managing the model evaluation process is the learning that comes from examining prior modeling
experiences. Retrospective analysis of models is important to individual models and regulatory policies
and to systematically enhance the overall modeling field. The committee pointed out that retrospective
analyses can be considered from various perspectives:

They can investigate the systematic strengths and weaknesses that are characteristic of broad
classes of models — for example, models of ground water flow, surface water, air pollution, and
health risks assessment. For example, a researcher estimated that in 20 to 30 percent of ground
water modeling efforts, surprising occurrences indicated that the conceptual model underlying the
computer model was invalid (Bredehoeft 2003, 2005, in NRC 2007).

They can study the processes (for example, approaches to model development and evaluation) that
lead to successful model applications.

They can examine models that have been in use for years to determine how well they work. Ongoing
evaluation of the model against data, especially data taken under novel conditions, offers the best
chance to identify and correct conceptual errors. This type of analysis is referred to as a model “post-
audit” (see Section 5.5)

The results of retrospective evaluations of individual models and model classes can be used to identify
priorities for improving models.
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Box 9: Example of a Retrospective Model Analysis at EPA
(From Box 4-6 in NRC’s Models in Environmental Regulatory Decision Making)

EPA’s Model Evaluation and Applications Research Branch has been performing a retrospective analysis of the
CMAQ model’s ability to simulate the change in a pollutant associated with a known change in emissions (A. Gilliland,
EPA, personal commun., May 19, 2006 and March 5, 2007). This study, which EPA terms a “dynamic evaluation”
study, focuses on a rule issue by EPA in 1998 that required 22 states and the District of Columbia to submit State
Implementation Plans providing NOy emission reductions to mitigate ozone transport in the eastern United States.
This rule, known as the NOy SIP Call, requires emission reductions from the utility sector and large industrial boilers
in the eastern and midwestern United States by 2004. Since theses sources are equipped with continuous emission
monitoring systems, the NOy SIP call represents a special opportunity to directly measure the emission changes and
incorporate them into model simulations with reasonable confidence.

Air quality model simulations were developed for the summers of 2002 and 2004 using the CMAQ model, and the
resulting ozone predictions were compared to observed ozone concentrations. Two series of CMAQ simulations were
developed to test two different chemical mechanisms in CMAQ. This allowed an evaluation of the uncertainty
associated with the model's representation of chemistry. Since the model's prediction of the relative change in
pollutant concentrations provides input for regulatory decision making, this type of dynamic evaluations is particularly
relevant to how the model is used.

4.5 Documenting the Model Evaluation

In its Models in Environmental Regulatory Decision Making report, the NRC summarizes the key
elements of a model evaluation (NRC 2007). This list provides a useful framework for documenting the
results of model evaluation as the various elements are conducted during model development and
application:

= Scientific basis. The scientific theories that form the basis for models.

= Computational infrastructure. The mathematical algorithms and approaches used in executing the
model computations.

= Assumptions and limitations. The detailing of important assumptions used in developing or
applying a computational model, as well as the resulting limitations that will affect the model’s
applicability.

= Peer review. The documented critical review of a model or its application conducted by qualified
individuals who are independent of those who performed the work, but who collectively have at least
equivalent technical expertise to those who performed the original work. Peer review attempts to
ensure that the model is technically adequate, competently performed, properly documented, and
satisfies established quality requirements through the review of assumptions, calculations,
extrapolations, alternate interpretations, methodology, acceptance criteria, and/or conclusions
pertaining from a model or its application (modified from EPA 2006).

= Quality assurance and quality control (QA/QC). A system of management activities involving
planning, implementation, documentation, assessment, reporting, and improvement to ensure that a
model and its components are of the type needed and expected for its task and that they meet all
required performance standards.

= Data availability and quality. The availability and quality of monitoring and laboratory data that can
be used for both developing model input parameters and assessing model results.
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= Test cases. Basic model runs where an analytical solution is available or an empirical solution is
known with a high degree of confidence to ensure that algorithms and computational processes are
implemented correctly.

= Corroboration of model results with observations. Comparison of model results with data
collected in the field or laboratory to assess the model’s accuracy and improve its performance.

= Benchmarking against other models. Comparison of model results with other similar models.

= Sensitivity and uncertainty analysis. Investigation of the parameters or processes that drive model
results, as well as the effects of lack of knowledge and other potential sources of error in the model.

= Model resolution capabilities. The level of disaggregation of processes and results in the model
compared to the resolution needs from the problem statement or model application. The resolution
includes the level of spatial, temporal, demographic, or other types of disaggregation.

= Transparency. The need for individuals and groups outside modeling activities to comprehend either
the processes followed in evaluation or the essential workings of the model and its outputs.

4.6 Deciding Whether to Accept the Model for Use in Decision Making

The model development and evaluation process culminates in a decision to accept (or not accept) the
model for use in decision making. This decision is made by the program manager charged with making
regulatory decisions, in consultation with the model developers and project team. It should be informed
by good communication of the key findings of the model evaluation process, including the critical issue of
uncertainty. The project team should gain model acceptance before applying the model to decision
making to avoid confusion and potential re-work.
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5.  Model Application

5.1 Introduction

Once a model has been accepted for use by decision makers, it is applied to the problem that was
identified in the first stages of the modeling process. Model application commonly involves a shift from
the hindcasting (testing the model against past observed conditions) used in the model development and
evaluation phases to forecasting (predicting a future change) in the application phase. This may involve a
collaborative effort between modelers and program staff to devise management scenarios that represent
different regulatory alternatives. Some model applications may entail trial-and-error model simulations,
where model inputs are changed iteratively until a desired environmental condition is achieved.

Using a model in a proposed decision requires that the model application be transparently incorporated
into the public process. This is accomplished by providing written documentation of the model’s relevant
characteristics in a style and format accessible to the interested public, and by sharing specific model files
and data with external parties, such as technical consultants and university scientists, upon request. This
chapter presents best practices and other recommendations for integrating the results of environmental
models into Agency decisions. Section 5.2 describes how to achieve and document a transparent
modeling process, Section 5.3 reviews situations when use of multiple models may be appropriate, and
Section 5.4 discusses the use of post-audits to determine whether the actual system response concurs
with that predicted by the model.

Box 10: Examples of Major EPA Documents That Incorporate a Substantial Amount of Computational
Modeling Activities
(From Table 2-2 in NRC’s Models in Environmental Regulatory Decision Making)

Air Quality

Criteria Documents and Staff Paper for Establishing NAAQS

Summarize and assess exposures and health impacts for the criteria air pollutants (ozone, particulate matter, carbon
monoxide, lead, nitrogen dioxide, and sulfur dioxide). Criteria documents include results from exposure and health
modeling studies, focusing on describing exposure-response relationships. For example, the particulate matter

criteria document placed emphasis on epidemiological models of morbidity and mortality (EPA 2004c). The Staff
Paper takes this scientific foundation a step further by identifying the crucial health information and using exposure
modeling to characterize risks that serve as the basis for the staff recommendation of the standards to the EPA
Administrator. For example, models of the number of children exercising outdoors during those parts of the day when
ozone is elevated had a major influence on decisions about the 8-hour ozone national ambient air quality standard
(EPA 1996).

State Implementation Plan (SIP) Amendments

A detailed description of the scientific methods and emissions reduction programs a state will use to carry out its
responsibilities under the CAA for complying with NAAQS. A SIP typically relies on results from activity, emissions,
and air quality modeling. Model-generated emissions inventories serve as input to regional air quality models and are
used to test alternative emission-reduction schemes to see whether they will result in air quality standards being met
(e.g., ADEC 2001; TCEQ 2004). Regional-scale modeling has become part of developing state implementation plans
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for the new 8-hour ozone and fine particulate matter standards. States, local governments, and their consultants do
this analysis.
Regulatory Impact Assessments (RIAs) for Air Quality Rules

RIAs for air quality regulations document the costs and benefits of major emission control regulations. Recent RIAs
have included emissions, air quality, exposure, and health and economic impacts modeling results (e.g., EPA 2004b)

Water Regulations

Total Maximum Daily Load (TMDL) Determinations

For each impaired water body, a TMDL identifies (a) the water quality standard that is not being attained and the
pollutant causing the impairment (b) and the total loading of the pollutant that the water may receive and still meet the

water quality standard and (c) allocates that total loading among the point and nonpoint sources of the pollutant
discharging to the water. Establishment of TMDLs may utilize water quality and/or nutrient loading models. States
establish most TMDLs and therefore state and their consultants can be expected to do the majority of this modeling,
with EPA occasionally doing the modeling for particularly contentious TMDLs (EPA 2002b; George 2004; Shoemaker
2004; Wool 2004).

Leaking Underground Storage Tank Program

Assesses the potential risks associated with leaking underground gasoline storage tanks. At an initial screening
level, it may assess one-dimensional transport of a conservative contaminant using an analytical model (Weaver
2004).

Development of Maximum Contaminant Levels for Drinking Water

Assess drinking water standards for public water supply systems. Such assessments can include exposure,
epidemiology, and dose-response modeling (EPA 2002c; NRC 2001b, 2005b).

Pesticides and Toxic Substances Program
Pre-manufacturing Notice Decisions

Assess risks associated with new manufactured chemicals entering the market. Most chemicals are screened initially
as to their environmental and human health risks using structure-activity relationship models.
Pesticide Reassessments

Requires that all existing pesticides undergo a reassessment based on cumulative (from multiple pesticides) and
aggregate (exposure from multiple pathways) health risk. This includes the use of pesticide exposure models.

Solid and Hazardous Wastes Regulations

Superfund Site Decision Documents

Includes the remedial investigation, feasibility study, proposed plan, and record-of-decision documents that address
the characteristics and cleanup of Superfund sites. For many hazardous waste sites, a primary modeling task is

using groundwater modeling to assess movement of toxic substances through the substrate (Burden 2004). The
remedial investigation for a mining megasite might include water quality, environmental chemistry, human health risk,
and ecological risk assessment modeling (NRC 2005a).

Human Health Risk Assessment
Benchmark Dose (BMD) Technical Guidance Document

EPA relies on both laboratory animal and epidemiological studies to assess the noncancer effects of chronic
exposure to pollutants (that is, the reference dose [RfD] and the inhalation reference concentration, [RfC]). These
data are modeled to estimate the human dose-response. EPA recommends the use of BMD modeling, which
essentially fits the experimental data to use as much of the available data as possible (EPA 2000).
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Ecological Risk Assessment

The ecological risk assessment guidelines provide general principles and give examples to show how ecological risk
assessment can be applied to a wide range of systems, stressors, and biological, spatial, and temporal scales. They
describe the strengths and limitations of alternative approaches and emphasize processes and approaches for
analyzing data rather than specifying data collection techniques, methods or models (EPA 1998).

5.2 Transparency

The objective of transparency is to enable communication between modelers, decision makers, and the
public. Model transparency is achieved when the modeling processes are documented with clarity and
completeness at an appropriate level of detail. When models are transparent, they can be used
reasonably and effectively in a regulatory decision.

5.2.1 Documentation

Documentation enables decision makers and other model users to understand the process by which a
model was developed and used. During model development and use, many choices must be made and
options selected that may bias the model results. Documenting this process and its limitations and
uncertainties is essential to increase the utility and acceptability of the model outcomes. Modelers and
project teams should document all relevant information about the model to the extent practicable,
particularly when a controversial decision is involved. In legal proceedings, the quality and thoroughness
of the model’s written documentation and the Agency’s responses to peer review and public comments
on the model can affect the outcome of the legal challenge.

The documentation should include a clear explanation of the model’s relationship to the scenario of the
particular application. This explanation should describe the limitations of the available information when
applied to other scenarios. Disclosure about the state of science used in a model and future plans to
update the model can help establish a record of reasoned, evidence-based application to inform
decisions. For example, EPA successfully defended a challenge to a model used in its TMDL program
when it explained that it was basing its decision on the best available scientific information and that it
intended to refine its model as better information surfaced.’

When a court reviews EPA modeling decisions, they generally give some deference to EPA’s technical
expertise, unless it is without substantial basis in fact. As discussed in Section 4.2.3 regarding
corroboration, deviations from empirical observations are to be expected. In substantive legal disputes,
the courts generally examine the record supporting EPA’s decisions for justification as to why the model
was reasonable.® The record should contain not only model development, evaluation, and application but
also the Agency’s responses to comments on the model raised during peer review and the public
process. The organization of this guidance document offers a general outline for model documentation.
Box 11 provides a more detailed outline. These elements are adapted from EPA Region 10’s standard
practices for modeling projects.

" Natural Resources Defense Council v. Muszynski, 268 F.3d 91 (2d Cir. 2001).
& American Iron and Steel Inst. v. EPA, 115 F.3d 979 (D.C. Cir. 1997).
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Box 11: Recommended Elements for Model Documentation

. Management Objectives
Scope of problem
Technical objectives that result from management objectives
Level of analysis needed
Level of confidence needed

=R oE-

. Conceptual Model
System boundaries (spatial and temporal domain)
Important time and length scales
Key processes
System characteristics
Source description
Available data sources (quality and quantity)
Data gaps
Data collection programs (quality and quantity)
Mathematical model
Important assumptions

= E E E E ®E E EHE EH EH|N)

. Choice of Technical Approach
Rationale for approach in context of management objectives and conceptual model
Reliability and acceptability of approach
Important assumptions

= o= oE|W

4. Parameter Estimation

= Data used for parameter estimation

Rationale for estimates in the absence of data
Reliability of parameter estimates

. Uncertainty/Error
Error/uncertainty in inputs, initial conditions, and boundary conditions
Error/uncertainty in pollutant loadings
Error/uncertainty in specification of environment
Structural errors in methodology (e.qg., effects of aggregation or simplification)

= = = =]

. Results
Tables of all parameter values used for analysis
Tables or graphs of all results used in support of management objectives or conclusions
Accuracy of results

LI B W (o))

7. Conclusions of analysis in relationship to management objectives

8. Recommendations for additional analysis, if necessary

Note: The QA project plan for models (EPA 2002b) includes a documentation and records component that also
describes the types of records and level of detailed documentation to be kept depending on the scope and magnitude
of the project.

5.2.2 Effective Communication
The modeling process should effectively communicate uncertainty to anyone interested in the model
results. All technical information should be documented in a manner that decision makers and
stakeholders can readily interpret and understand. Recommendations for improving clarity, adapted from

the Risk Characterization Handbook (EPA 2000d), include the following:

= Be as brief as possible while still providing all necessary details.
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= Use plain language that modelers, policy makers, and the informed lay person can understand.

= Avoid jargon and excessively technical language. Define specialized terms upon first use.

= Provide the model equations.

= Use clear and appropriate methods to efficiently display mathematical relationships.

= Describe quantitative outputs clearly.

= Use understandable tables and graphics to present technical data (see Morgan and Henrion, 1990,
for suggestions).

The conclusions and other key points of the modeling project should be clearly communicated. The
challenge is to characterize these essentials for decision makers, while also providing them with more
detailed information about the modeling process and its limitations. Decision makers should have
sufficient insight into the model framework and its underlying assumptions to be able to apply model
results appropriately. This is consistent with QA planning practices that assert that all technical reports
must discuss the data quality and any limitations with respect to their intended use (EPA 2000e).

5.3 Application of Multiple Models

As mentioned in earlier chapters, multiple models sometimes apply to a certain decision making need; for
example, several air quality models, each with its own strengths and weaknesses, might be applied for
regulatory purposes. In other situations, stakeholders may use alternative models (developed by industry
and academic researchers) to produce alternative risk assessments (e.g., CARES pesticide exposure
model developed by industry). One approach to address this issue is to use multiple models of varying
complexities to simulate the same phenomena (NRC 2007). This may provide insight into how sensitive
the results are to different modeling choices and how much trust to put in the results from any one model.
Experience has shown that running multiple models can increase confidence in the model results (Manno
et al. 2008) (see Box 8 in Chapter 4 for an example). However, resource limitations or regulatory time
constraints may limit the capacity to fully evaluate all possible models.

5.4 Model Post-Audit

Due to time complexity, constraints, scarcity of resources, and/or lack of scientific understanding,
technical decisions are often based on incomplete information and imperfect models. Further, even if
model developers strive to use the best science available, scientific knowledge and understanding are
continually advancing. Given this reality, decision makers should use model results in the context of an
iterative, ever-improving process of continuous model refinement to demonstrate the accountability of
model-based decisions. This process includes conducting model post-audits to assess and improve a
model and its ability to provide valuable predictions for management decisions. Whereas corroboration
(discussed in Section 4.2.3.2) demonstrates the degree to which a model corresponds to past system
behavior, a model post-audit assesses its ability to model future conditions (Anderson and Woessner
1992).

A model post-audit involves monitoring the modeled system, after implementing a remedial or
management action, to determine whether the actual system response concurs with that predicted by the
model. Post-auditing of all models is not feasible due to resource constraints, but targeted audits of
commonly used models may provide valuable information for improving model frameworks and/or model
parameter estimates. In its review of the TMDL program, the NRC recommended that EPA implement
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this approach by selectively targeting “some post-implementation TMDL compliance monitoring for
verification data collection to assess model prediction error” (NRC 2001). The post-audit should also
evaluate how effectively the model development and use process engaged decision makers and other
stakeholders (Manno et al. 2008).
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Appendix A: Glossary of Frequently Used Terms

Accuracy: The closeness of a measured or computed value to its “true” value, where the “true” value is
obtained with perfect information. Due to the natural heterogeneity and stochasticity of many
environmental systems, this “true” value exists as a distribution rather than a discrete value. In these
cases, the “true” value will be a function of spatial and temporal aggregation.

Algorithm: A precise rule (or set of rules) for solving some problem.

Analytical model: A model that can be solved mathematically in terms of analytical functions. For
example, some models that are based on relatively simple differential equations can be solved
analytically by combinations of polynomials, exponential, trigonometric, or other familiar functions.

Applicability and utility: One of EPA’s five assessment factors (see definition) that describes the extent
to which the information is relevant for the Agency'’s intended use (EPA 2003b).

Application niche: The set of conditions under which the use of a model is scientifically defensible. The
identification of application niche is a key step during model development. Peer review should include an
evaluation of application niche. An explicit statement of application niche helps decision makers
understand the limitations of the scientific basis of the model (EPA 1993).

Application niche uncertainty: Uncertainty as to the appropriateness of a model for use under a
specific set of conditions (see “application niche”).

Assessment factors: Considerations recommended by EPA for evaluating the quality and relevance of
scientific and technical information. The five assessment factors are soundness, applicability and utility,
clarity and completeness, uncertainty and variability, and evaluation and review (EPA 2003b).

Bias: Systemic deviation between a measured (i.e., observed) or computed value and its “true” value.
Bias is affected by faulty instrument calibration and other measurement errors, systemic errors during
data collection, and sampling errors such as incomplete spatial randomization during the design of
sampling programs.

Boundaries: The spatial and temporal conditions and practical constraints under which environmental
data are collected. Boundaries specify the area or volume (spatial boundary) and the time period
(temporal boundary