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EXECUTIVE SUMMARY

There are now a number of protocols for the application of Monitored Natural Attenuation
(MNA). The aim of this project was to benchmark three methods of assessing MNA using
data from an existing site at which MNA had been shown to be an effective remedial strategy.

The three MNA assessment methods chosen for inclusion in this exercise were:

e the recently published Agency MNA guidelines (Agency R & D Publication 95).

e the American Society for Testing and Materials (ASTM) guidelines (Standard Guide for
Remediation of Groundwater by natural Attenuation at Petroleum Release Sites, ASTM
Standard Guide E1943-98).

e the Network for Industrial Contaminated Land in Europe (NICOLE) — TNO (Netherlands
Organisation for Applied Scientific Research) draft MNA Protocol.

Each of these three decision support systems (DSS) was applied to data obtained from a site
at which MNA had been previously shown to be an effective remedial strategy. Each of the
DSSs was then compared and subjectively ranked using variables based on the following
evaluation criteria chosen after discussion between the project team and the Agency.

° Ease of Use
° Transparency of decision making
° Robustness of conclusions

An accurate comparison between the Agency and ASTM DSS and the Dutch system was
compromised by the lack of a complete translation of the Dutch into English. Integral to each
of the DSSs was the establishment of clear lines of evidence indicating natural attenuation
was occurring. Of the three DSS, only the ASTM allowed a remediation based upon MNA to
proceed based solely on plume dynamics. Both the Agency and Dutch guidelines required
further site investigation and assessment of geochemical and redox data before deciding
whether to proceed with MNA. Moreover, both also required regulatory guidance as to
whether or not MNA was the appropriate remedial strategy. The ASTM procedure required
little consultation with the regulator. For large and complex sites, using plume dynamics
alone as an indicator of the applicability of MNA, without recourse to regulatory guidance,
may prove to be unsuccessful and may lead to mistakes in decision making. As such, the
reliance on plume stability data was seen as a disadvantage of the ASTM DSS.

Of the three DSSs, only the Dutch DSS required the use of a solute fate and transport model
prior to making a decision. However, using a recommended model, plume collapse was
predicted to be more rapid than that observed from the field data. Given both the time taken
to apply the model and the subsequent uncertainty that use of the model introduced, the
necessity of applying the model was seen as a disadvantage of the Dutch guidelines.

Overall the Agency DSS compared favourably with the ASTM and Dutch systems, proving
itself superior to both on some criteria. In part because of the tiered system of lines of
evidence, the ASTM guidelines proved to be the easiest to apply and were the most
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transparent. However the Agency DSS also provided for transparent decision making, did not
require application of a model if evidence of MNA was considered decisive, and was more
defensible than the ASTM system. Moreover, because of the requirement for regular
regulatory monitoring, the Agency DSS had the least potential for accidental delay and could
therefore prove to be more cost effective than the ASTM system. It should be noted,
however, that the potential for bottlenecks does exist when applying the Agency DSS. In
particular, the requirement for regular regulatory involvement in decision making may
potentially result in resource implications for the regulatory bodies. To offset this, clear
procedures should be established for the submission of MNA ‘case’ information with clear
systems also set up for data review once utilisation of MNA has been agreed.

KEY WORDS: Fo-be completed

KEY-WORDS-—Monitored Natural Attenuation————r : Decision Support
Systems: Benchmarking
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1 INTRODUCTION

Natural attenuation has been deﬁned as %hepfeeess—b%eh—&a&wa%eeem%mg—pfeeesses—m

st&b&s&ﬁeﬁ—e%dest&}eﬁeﬂ—eﬁeeﬂ%amm“the effect of naturally occurring phys1ca1
chemical and biological processes. or any combination of those parameters to reduces the

load, concentration, flux or toxicity of polluting substances in water” (Agency R&D
Publication, No. 95). These processes-Fhese-processes- occur naturally on many

contaminated sites and can be harnessed to mitigate risks to human health and the
environment associated with the contamination. Monitoring such transformations, and
modelling their long -term performance can be a cost-effective alternative remedial tool
especially when compared with more traditional engineered solutions. This approach has been
termed “monitored natural attenuation” (MNA) and has been effective for a range of sites
particularly in North America.

In this report we compare the performance of the Agency’s new guidelines for MNA (The
Agency R &D publication 95 (1)) with other existing MNA assessment procedures, namely
the United States ASTM guidelines (2) and the Dutch guidelines recently published by
NOBIS/SKB (3). This activity has been conducted by-the-SIREN-team-in order to help
promote a wider understanding of MNA in the UK.- and to set the Agency’s guidance in the

context of m%efaﬁﬁenahnternatlonal norms. Wﬁh—th%%ee&t—pabheaﬂe&ef—k%gmde}mes

u.. 1 d

pﬂbl-rshed—by—NQBlS#SKB—(%)—The U—K—Agency S guldehnes havebeeﬁwere developed in
response to the government’s drive to redevelop contaminated sites and arets consistentinline

with the principles of risk assessment and risk management-adepted-under Part Ha-of the
Em%e&mea%a%?re%eeﬁea—AeF@Q@—&haHe%%ﬁfeeP&pAp%ﬂ%@@@, _(ﬂ). T—h%ArH}%HGaﬁ—&Hd

d#fepem—tceaseﬂs—The ASTM Dec151on Support System (DSS) was ﬁrst estabhshed in 1994
as the production of a-collaboration between regulators, industry and environmental groups.
It has been used as a template for individual American-Sstates to -ereateregulations-and-to
screen sites that potentially may be suitable for remediation by using-meniteredfornataral
attenuation MIN Aeptionfeasibility. Mereover;In addition, the ASTM guidelines have been
used widely abroad by American-multinationalsUS companies in the absence of formal
guidance, and as such were chosen for this comparison exercise. The NOBIS/SKB DSS was
prepared morereeenthyin 1998 under the NOBIS framework by a consortium of consultants
(TNO, IWACO and TAUW) and was one of the first published decision tools in Europe
+998)-. It is not a regulatory prescribed guideline but a tool for making sound decisions on
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natural attenuation. The NOBIS/SKB guidelines were seen by the SIREN project team and
the Agency to be sufficiently well developed as to be-provide a useful European benchmark
for comparison with the other twe-procedures. It should be noted that this DSS has thus far
only been developed for application to chlorinated solvent contamination. H;-however, a
methodology for its application to BTEX contamination is under evalationdevelopment and
a summary of this methodology was available to the project team.

R&D TECHNICAL REPORT P*#£2-208/TR/1 2




1.1 Framework FOR-For Benchmarking MNA Protocols

During Phase 1 of the SIREN project (Environment Agency Technical Report No. P358), a
site in the UK was identified where MNA had already been successfully demonstrated by the
site owner. Following discussions with the owners, the monitoring data collated in a
consultants report was made available to the project. This case study contained groundwater
monitoring data from 1992 to 1998, (Appendix 1), however only data from the latter four
years of the analysis (1994-1998) proved consistent enough for this analysis.

To provide insight into how straightforward and easy to use the different Decision Support
Systems (DSSs) BSS-are for the non-expert, sSuitable-Staff were selected from Shell Global
Solutions and AEA Technology takenfrom-the-companies-and-organisations-contributingto
thisreseareh-who had some contaminated land experience but limited knowledge of MNA.
Moreover, they had no prior knowledge of the site weneminated-that was chosen for the

benchmarking exercise nor did they know what remedial treatment was actuallv selected at
the study site.

Herein is presented a benchmarking exercise comparing the performance of the three different

DSSS using the data from the consultants report for this 51te leh%eemp&mes—ﬂwe#ed—m—thﬂ

R&D TECHNICAL REPORT P*#%2-208/TR/1 3




Thisreportsummarises-Tthe site history, hydrology, geology, monitoring and investigation
history are summarised (Section 2) and useds this-nformation-to explore the application of

the three MNA DSS protocols-te-a-site MINA: in generie-ways{Section 3.

The performance of the DSSs were assessed against general category headings as follows:

e Ease of Use: how easy it would be for a recently qualified graduate to complete the
process;

e Transparency of Decision Making: how clear the process would be to an external
auditor and/or other stakeholder (e.g. general public); and

e  Robustness of Conclusions: how the procedure helps to minimise the risks associated
with the decision making process through, e.g., the provision of contingency plans.

In order to assess the performance of each of the DSS against each category, the project team
prepared a series of specific questions which are shown in Table 4.1 (a-¢). The project team
then ranked each DSS against these questions (1 for the best DSS, 3 for the worst). These
rankings were used to give an indication of overall performance in each of the categories. On
completion of the review, the project team used the rankings to assess each DSS for the time
taken and the relative cost effectiveness, i.e. the time taken and likely relative cost for each
DSS to be completed.

§)

-Finally conclusions are presentedwere-draws as to the performance of each of the three
systems (Section 5).

R&D TECHNICAL REPORT P*#%2-208/TR/1 4
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2 2-SUMMARY OF SITE INFORMATION

24— Introduction

The-Ssite report data was obtained for a which-provided-the-nformationfor-this-exereise

eonecerns-a-petroleum distribution depot located in central England. The site covered s-anan
area of approximately 4.5 hectares and consistsed of 24 above ground petroleum storage tanks
of varying sizes separated into two distinct areas.

To the north the site wais bound by a redundant railway line, to the east by a road, to the |
south by a small industrial estate and to the west and southwest by open farmland. The site
wasts located 72 — 76 m Above Ordnance Datum (AOD) with the closest surface water |
feature being a local stream 500 m to the south.

Prior to its purchase and development as an oil depot in 1959, the site was greenfield.
Operations continued until 1991, over which time the site was developed a further three times
(1964,1969 and 1972). Operations undertaken at the site included the storage and distribution
of petroleum products. Product was bought in by train, off-loaded, stored, and then pumped
to road tanker. Annual throughput was approximately 100 million litres.

The site layout is presented in Figure 2.11 with benzene, toluene, ethylbenzene, and xylene
(BTEX) contamination concentrations in the soil shown in Table 2.1as-they-were-in
Neovember1994. The eastern tank farm containeds lighter distillates and it is frem-tthis area

that may be the source of the groundwater contamination-appearsed-te-be-eriginating.

2.1 23— LocalOCAL Geology and& Hydrogeology

The site was-ties to the south of an area of fluvial sands (i.e. the WhiteehurehWhitchurch
Sands) and gravels (River Terrace Deposits) with Portland and Purbeck Beds and Corallian
hmestone also present %&s&%s—net—keea%edabev&l:ewee@%ee&sa&%eh—m

There wer-are no potable water supplies in the area (within 3 km) althouthehe three prlvate
agricultural water abstractions were located at considerable distancee to the east and south of

the site takeground-waterfrom-the Lower Greensand-(no distance or volume provided in

original documentation). Two potential receptors, namely surface water and a local brook,
vore loenied —heemee s ol e b e e bl il e Denes e Lo
contaminationfrom-the-site—The-nearest-surface-wateris-500 m to the south -of the site
(downstream), and -and-altecal-brook-is-1.5 km away from the site to the north west
(upstream); respectively.

The site geology consisted ofwais primarily man-made fill with occasional concreted areas |
overlying predominantly sand and gravel with brick and concrete fragments. A clay layer was
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encountered beneath the made ground, extending typically 1-2 m below ground level, across
the site but this was penetrated by foundation structures.-
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Figure 2.1: Base map compiled from plans provided by the owner (1971-1991)-dated
e
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2.2 2.5—Site Hydrogeology

The site investigation detected water in all the deep wells across the site (2.7.m — 5.2 m)
indicating the presence of groundwater in the WhiteehurehWhitchurch Sand Formation. The
groundwater levelseonteurs indicated a northeast to southwest flow across the site with no
perched groundwater. Vertical infiltration flow may have been impeded by the presence of
the clay layer but this had not been quantified. The hydraulic properties of the fine and silty
WhiteehurehWhitchurch Sand combined to allow an estimated flow velocity of 20 to 40 m
per year._The nearest potential receptor was the surface water located 500 m south of-frem
the site.

2.3 2-6—Monitoring History

Te-dateT-the investigation of the sitee-has involved soil gas, soil and groundwater monitoring.
Information regarding the groundwater chemistry and environmental conditions was deriveds
from a total of 13 sampling visits between December 1992 to October 1998. A-sus total of 30
boreholes existwere present across the site (deep, shallow or both). Data from 17 boreholes
wereas available for the period prior to November 1994. After November 1994 data was-were
collected from a different set of monitoring wells and includeding 5 new wells placed in the
area of the contaminant plume.

The concentrations of Greundwater-was-analysed-for BTEX, volatile organic compounds
(VOC), polycyclic aromatic hydrocarbons (PAH), total petroleum hydrocarbons (TPH),

gasoline range organics (GRO), hydrocarbonfingerprints- ICRCL metals and methane in the
groundwater were quantified. Indicators of setk-environmental conditions provided in the
report include hydraulic conductivity, alkalinity, biological oxygen demand (BOD), chemical
oxygen demand (COD), pH, sulphur, sulphide, total nitrogen, nitrate, nitrite, ammoniacal
nitrogen, iron, calcium, manganese, phosphate and sulphate. Field analysiis results given
included dissolved oxygen, temperature, redox potential and conductivity.

. o ivestication ki

To determine whether natural attenuation was a significant process at this site, changes in the
contaminant concentratiion.ens-and and changes in plume size and plume
migration/mevement-evertine were monitored over time. The major contaminants of
concern within the site were identified as BTEX, of which benzene was found in the highest
concentrations. Other contaminants detected included TPH, low concentrations of 1,2
dichloroethane (DCE) and various Semi Volatile Organic -Carbon -Cempeunds(SVOCs).
Table 2.1 shows a list of the major contaminants in the groundwater in 1994. Appendix 1
details the full list of contaminants.

[t was decided that to Fhe-use ef-every contaminant of concern in sedeling-determining
plume changes over time would be unnecessarilyeverly complex. Consequently a
contaminant indicator, benzene, was chosen to gain an appreciation of the plume’s movement,
contaminant concentrations and interactions with several- environmental variables (e.g. pH,
dissolved oxygen, electron acceptors etc). Benzene was chosen because it was the
contaminant thatwhieh posed the greatest risk to human health and the wider environment the

R&D TECHNICAL REPORT P*#£2-208/TR/1 9
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prime-contaminantof eoneern-due to its carcinogenicity and mobility relative to the other

chemical species present. It was also present at higher eoncentratiensconcentrations than the
other contaminants.

Table 2.1: Selection of Boreholes and Contaminant Concentrations fromesr-at November

1994 (Appendix1-helds-the full resultslist)

Borehole Benzene Toluene Ethylbenzene Xylene
(ng ¥ (ug AL+ (ug AL+ (ug AL+

BH-A (S) 0.01 <0.01 <0.01 <0.01
BH- A (D) <0.01 <0.01 <0.01 0.03
BH-B <0.01 0.0547 0.014 0.0656
BH-C 0.133 0.0655 0.05+ 0.07
BH-E <0.01 0.02+6 <0.01 0.02+5
BH-F (S) <0.01 0.0329 0.0328 0.054¢
BH-F (D) 0.04+ 0.044 0.032 0.16099
BH-G <0.01 <0.01 0.01+- <0.01
BH-H <0.01 <0.01 <0.01 0.02+9
BH-1 <0.01 <0.01 <0.01 <0.01
BH-1J <0.01 <0.01 0.02+6 0.034
BH-K 11.6599 0.012 0.02 0.053
BH-L (S) 0.0325 0.01+ <0.005 0.0327
BH-L (D) 0.01+ <0.01 <0.01 <0.01
BH-M <0.01 0.0327 0.02+5 0.032
BH-N(S) <0.01 <0.01 <0.01 0.01+H
BH - N (D) <0.01 <0.01 Not Found <0.01
BH-0O 0.0325 0.092 0.043 0.0877
BH-P <0.01 <0.01 <0.01 0.013
BH-Q(S) 0.113 0.0655 0.02+9 0.03+
BH-Q (D) 0.02+6 0.02+9 0.01+ 0.0325
BH—-R (S) 0.2166 0.879 0.82 0.319
BH-R (D) 0.022 0.022 0.0325 0.0437
BH - S (S) 0.1328 0.1438 0.051 1.5494

Note 1: BH= borehole, S= shallow, D = deep.

Erom-interpretation-oftheData from November 1994 suggested thatdata the plume was
observed-to-be-originateding from the eastern tank farm. The smal-areaofhich BTEX

concentration was greatest in this area (>10,000;000-+ pg-uLl ") ; taken-torepresentworst

a-ppfe*}ma%el—y—zé)—mg—l_}The only observed free phase was n shallow well R;

although there may have been more floating undetected because of a rising water level, and
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because the slotted sections of boreholes may have been-being below the water table.
Benzene concentration decreased within 10 — 20 m of the suspected is-source area to below<
100 pgg 1L to the east north and west, upstream of the source. Following the groundwater

flow direction to the south and south west, a plume containing between 100 - 1000 pipg L1
BTEX extended approximately 250 m, almost to the site boundary.

Monitoring results from April 1997 indicated that the highest benzene levels had a-slight

shifted south_(downstream) and migrated laterally. This-efthe-centre-ofthe-hich-benzene

eeﬁeeﬂfmﬁeiwea—&s—w%H—&s—a—La{ePahﬁ}gfaﬂe&eﬁeef&ammaﬂts resultedirng in benzene
levelseoneentrations of >10,000 ppg L1 expanding to the east and west €10 — 20 m from the

new centre point) (Figure 2.2). The area of benzene concentration between 1000 - 10,000 Lt
g L hads also spread eut-again-predominantly to the south -altheusht The —Fheregion
containing between 100 - 1000 ppg L1 benzene appeared-to-havereceded somewhat within
the site boundary.
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Figure 2.2: Contour (isolinear) diagram of contaminant plume change between 1994 and
1997.
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1999

Compared to the April 1997 survey, results from October 1998 indicated a substantial change
in plume location and benzene concentration (Figure 2.3). The surface area of -groundwater
containing >~10,000 Lig L' benzene Was redueedsmaller. Such concentrations were only
found in I-t—eﬁhga a eoveredingan-5-10 m” areaarea to the south of the Eeast Ttank Ffarm-of
only-5—10-m”. The area of the plume containing benzene at between 1000 - 10,000 g 1L

had also shrunk-with-the-change-oceurringin-the southernperimeter and had ;asiftheplume
shifted south slightly. Moreover Jathis-area the decreasereduetion in benzene concentration

to below 100 ptg 1L occurred within 3 — 5 m of the
-16;000 ppg Ll'l isobar. These data indicated that the plume was no longer expanding. and in
fact was collapsing.

In summary, following the first characterisation in 1994 the plume appeared to have-spread
eutby1996initially andbuthad then redueed-decreased in area by 1998.
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3 EVALUATION OF SITE DATA WITH EACH PROCEDURE

The following section introduces and describes each of the three Monitored Natural
Attenuation Deetstonr MNA Suppert-Systems{DDecision Support Systems (DSS) in more
detail. Following the-each description, the DSS is then }-and-applieds them-tto the site

outlined in Section 2 and Appendlx lﬂsmg—t-h%data—pmﬂded

3.1 34-The Agency’s MNA Decision Support Systemenvirenment
ageney

Adms. Intent and Background to the procedure

The recently published Environment-Ageney s Natural Attenuation Agency Deeiston-Suppert
System-pProcedure (1) isis based-upen-a multi -stage process involving structured decision

making, iterative data collection and analysis. The DSS compriseshas fourthree stages;
sScreening, dBemonstration of current attenuation, a~Assessment of longer term attenuation
capability and ifmplementation (performance monitoring). Given the detail provided in the

Agency’s DSS (1), only brief summaries of the four stages will be included herein. However,
the ﬂow chart from the DSS is 1ncluded ( Fﬁgure 3 l)

3.1.1 Screening
The screening stage considered the viability of natural attenuation based upon a preliminary

assessment of technical, practical, legal and economic constraints. The process wais designed
for use with limited data in order to obtain where-enlyan initial indication of the potential for
natural attenuation at the siteisseught. Utilised correctly, the process should highlight the
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practical, technical, legal or economic constraints that may preclude application of MNA as a
remedial strategy. By including a screening stage, unnecessary detailed characterisation
should be avoided where MNA wais not a viable option. The screening stage assumeds that a
site investigation and risk assessment have been completed.

The methodology required throughout the screening stage includeds:

1. areview of site information for the purpose of MNA assessment including a risk
assessment and refinement of a conceptual site model (CSM);

2. the identification of technical, regulatory and practicability constraints to NA including
further refinement of the CSM;

3. the evaluation of constraints to determine viability of MNA including initial quantitative
risk assessment for MNA and constraints analysis.

Minimum data requirements at this stage included contaminant properties (e.g. concentration,
delineation of plume, nature of contaminant including phase (i.e. is the contaminant adsorbed,
gaseous, liquid etc, and identification of source). Data regarding aquifer characteristics
wereis also required (e.g. aquifer status, source protection zone, direction of groundwater
flow and velocity), as were data onis the identification and location of possible receptors.
During this review priority wais given to determining any imminent risks that would warrant
urgent action or pre-empt MNA.

The next stage of the screening procedure requireds consideration of the technical reliability
of MNA, practicability, economic viability and regulatory acceptability and /institutional
controls. Technical screening factors weare divided into contaminant properties and
environmental characteristics and, taken together, determined the fate and behaviour of
contaminants in &
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Figure 3.1: The Agency’s MNA Decision Support System Flowchart (1).
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"' CLR 11: Model procedures for the management of contaminated land
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aquifer systems. Practicability screening factors included, for example, migration of
contaminants off site, and suitability of the time frame for NA to occur. Economic
considerations included the finance of long term monitoring, the requirement for a detailed
site characterisation, and the cost of any contingency plans. Finally, regulatory and
institutional pressures were also may-be important in determining whether MNA is an
appropriate strategy.

3.1.2 Demonstration

The demonstration stage and-assessmentstages-addresseds attenuation in greater detail with
the aim of establishing demenstratine quantitatively that NA wais occurring at a rate that
couldwl! achieve the remediation objectives in a reasonable time frame. To achieve this end,

the DSS proposed that sufﬁc1ent eﬁpfewdmg—se}eﬂ%}ﬁeawdefeﬁskbl%%dene%te%&ppemts
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collection was completed se-as-to callbrate—lﬁesai%mg—rn—eal-rbitaﬁeia—ef—t the CSM and

directsuch-thateuidanceisachievedfor any further-additional site characterisation. The
additional destgn-ofthe-site investigation should also- shewld-establish “lines of evidence”
forprovide-data-to-demonstrate NA, alongthe lines-efevidenceappreach-and sheuld-providee
sufficient site specific input-data to forecast the future behaviour of the contamination
usingwia solute fate and transport models.
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As many as Fthree “lines of evidence” weare required-avaitable to demonstrate NA:<

e Primary-historical contaminant data to demonstrate contamination reductionwasis

e Secondary-measurement of change in chemical and geochemical data to prove a loss of
contaminant mass and identify the mechanism.

e Tertiary-use of laboratory microbiological tests to show the presence of an indigenous
contaminant--degrading microbial community. This line of evidence wasts only required
when the primary and secondary evidence proveds inconclusive.

Where appropriate, analytical models were recommendedmay-beused to complement the
lines of evidence.

3.1.3 Assessment

Thets third stage in the Agency’s DSS required an assessment of the ability of s-evidencete
the-effeetthat NA processes willto continue to eentinue-to-protect the identified receptors,;
and -reduce thethat future migration of the contaminant plume (and therebywill-net
restrictingwtin significant additional pollution of groundwater). Moreover,; remediation by
MNA must be completed over a reasonable and-thatthe-timeframe-everwhich-contamination
isreducedisreasonable. - The aAssessment should be based relies-upon a combination of
comprehensive site characterisation and evaluation of natural attenuation to confirm its
current effectiveness, where necessary followed by predictive modelling to estimate future
contaminant fate and transport in groundwater.

In-summaryThus the major steps in the assessment stage weare as follows:

1) dBefinition ofe objectives for the assessment;

2) selection of appropriate model to predict long term effectiveness of MNA;

3) definition of the parameter values for model;

4) model validation;

5) model prediction;

6) sensitivity analysis;

7) assessment of model predictions;

8) consideration of other factors (for example:inek change in land use, presence of
breakdown products, assimilative capacity of the aquifer, and rRemobilisation of

contaminants).

During this assessment phase, consultation with agreement-with-the Agency was-wil-thenbe
cncouraged-reguired-such-that MINAsdentifiedas-an-cffeetive remedial solutionin
protectingidentifiedreceptors. Where NA could not be adequately demonstrated from
sufficient field observations, Fthe DSS -required-also recommended use of a fate and solute

transport model to predlct the effectlveness of MNA. %h&t—aﬁ—&pafeﬁﬂa%%%se—eh%tﬂﬁ%ffame

3.14 Implementation

The implementation stage specifiedeewvess the long term monitoring requirements necessary
to demonstrate that MNA was remediating the plumetheremedial-objectivesa re-achieved-in
line with the predictions made during the assessment.
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MN Aperformance monitorine weare-summarised as follows:

e dDBefinition of thee objective for MNA;

e consultation-and-agree with Agency;

e preparation ofe a monitoring plan (including: monitoring points, borehole locations,
groundwater sampling strategy. frequency and duration of monitoring, contingency
measures);

consultation-and-agree with Agency;

construction or modification ofy monitoring boreholes;

commencement of monitoring;

review of meniteringresults and revision of thee scheme if appropriate;

when MNA objectives have been met, consultation with the Agency:;
attoncessation ofe monitoring.

3.1.5 Application of the Agency’s DSS

Screening (risk assessment and CSM)

The site investigation data were reviewed and the following information gathered. A
conceptual site model (CSM) was constructed. This enabled visualisation and assessment of
contaminant-pathway-receptor linkages and, therefore, potential risks including:

e impact to discrete off site receptors: and
e expansion of the plume into uncontaminated groundwater.

The salient points from the contaminant site data that were used to construct the CSM were
as follows:

e activity at the site ceased in 1991;

e no major spill incidents had been reported at the site with the most likely cause of
contamination werebeingidentified as minor spills and leaks during transfer activities;

e the major contaminant was identified as BTEX (fremlichtend-fuels);

e a contour plot of the plume wasfer-hasbeen produced and supplied as part of the case
study information (Aappendix 1):

e soil vapour data showed low levels of VOCs indicating aged contamination or
contamination with semi-volatile or non-volatile hydrocarbons;

e free product was observed in test pit T-17 and in shallow well R but not in any other
borehole.

Groundwater flow velocity was estimated to be ~ 20-40 —m y"'. The groundwater contours
suggested flow in a south westerly direction, with the flow mechanism in the Whitchurch
sands determined to be inter-granular.

The closest putative receptor was identified as the open water 500 m downstream from the
plume. It would take the contamination between 12.5-25 years to reach this receptor at a flow
rate of 20 40 m V'l. The closest potable water was ~3 km from the site. It would take the
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contamination ~70 vears to reach this potable supply. Given that BTEX compounds were well
known to be readily biodegradable and there was no significant free product, the putative
receptors were not regarded as being under imminent threat from the contamination.

Following the initial review of the SI data, it was decided that no urgent action was required
and it was therefore appropriate to proceed to the next stage of the DSS. This decision would
have been taken in consultation with the regulator (in the case of a special site, the Agency,
otherwise the local authority).

Screening (identification of technical, regulatory and practicability constraints)

The results of the assessment of the contaminant properties and environmental characteristics

were as follows:

e the contaminants were highly volatile and soluble;

e BTEX is known to be moderately sorbed with the degree of sorption dependent on
organic carbon content of the aquifer);

e pH was in the range of 6.5-6.9, within the range which is acceptable for microbial activity
usually occurs (5-9);

e DO ranged between <0.15-5 mg L. Field measurement of <12 mg: L™ are generally
taken to be anoxic;

e sulphate and iron were the other principal electron acceptors, both at low concentrations
in the presence of significant amounts of BTEX.

BTEX components are generally regarded as biodegradable with more rapid degradation
occurring in aerobic conditions. In this case DO was detected at a range of concentrations in
the shallow and deep wells indicative of environments suitable for both aerobic and anaerobic
degradation. Alternative electron acceptors were present atdata-was-highly variable
concentrations. However, the data suggested that there may have been some relationship
between sulphate and benzene levels i.e. low sulphate levels tended to be found where
benzene was present in higher concentrations. As such, taken together these factors indicated

that contaminant degradation was occurring in the groundwaters-may-beremediated by NA.

For this site, sufficient evidence was available from the initial SI to suggest that MNA cwould
be a viable remedial option. At this stage in the process, the DSS requires that the
practicability of MNA for the site be determined through consultation between the problem
owner and the regulatory body. For the purposes of this report, it is assumed that such
negotiations were successful and the investigation proceeded to the next stage.

Demonstration of Natural Attenuation
To demonstrate that NA was occurring at a sufficient rate to achieve remedial objectives,
primary (1), secondary (2) and possibly tertiary lines of evidence were required.

1. Contaminant concentration data from 1997 and 1998 were compared. Compared to the
1997 survey, results from 1998 indicated a substantial change in plume location and
decrease in the benzene concentration. The total groundwater containing >10,000 pg L
benzene was reduced. The area of the plume containing benzene at between 1000 -
10,000 ug L' had also shrunk and had shifted south slightly. The reduction in benzene
concentration to below 100 ug L' occurred within 3 — 5 m of the 1,000 pug L™ isoline
contour. This was probably due to the rapid degradation of peripheral areas of low
contaminant concentration where there was a relative abundance of oxygen. Thus data
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from the site suggested that there was a primary line of evidence (plume collapse) in
favour of NA occurring at a sufficient rate.

2. Unfortunately there was no geochemical data available in 1994. Analysis of the 1997 and
1998 data suggested that oxygen, sulphate and iron were present in and upstream of the
plume. Electron acceptor levels were depleted in areas of high contaminant
concentration, suggesting that micro-organisms were degrading the contaminants, but that
degradation was limited by electron acceptor concentration. However, we were unable to
derive statistical trends between contaminants and the electron acceptor concentrations.

3. Given the conclusive data indicating plume collapse and the evidence suggesting electron
acceptor limitation of contaminant degradation, microbiological studies were not felt to be

ncecessary.

Taking into account the results of the demonstration stage., assessment of NA would then
proceed as follows.

Assessment of Natural Attenuation

The essential steps for the assessment of NA were applied to the data from the site. The site
was a considerable distance from the nearest receptor (surface water, 12.5 years). As such,
and especially considering the evidence of plume collapse, the risks associated with further
migration were deemed to be small. As plume collapse was evident from the field data from
1997 and 1998, application of a model was deemed to be unnecessary.

At this stage it was also necessary to conduct a cost/benefit analysis of MNA compared to
other risk management options (in this case other remedial options: Table 3.1).

Table 3.1: Cost analxsis for remedial methodologies

3

Technology Cost per m
Natural Attenuation iSl
Bioventing 10-50
Bioreactors 30-150%
InjectionandrecoveryPump and Treat 5-80*
Air sparging or biosparging 10-30

1. Large sites might be even cheaper than £1 per m’ , a more effective manner of costing
natural attenuation would be to consider the following range: £500-700 per borehole per

sample time.
> Land farmi 1 be el L oscisti f site faciliti .

23. The costs will be highly dependent on the type and volume of contamination. The
treatment of low volumes will be expensive.
34. Cost for groundwater treatment only.

Clearly, MNA could provide thee- lowestbest/eostbenefit cost of all the remedial options,
assuming there was sufficient time to complete the remediation. Moreover the use of MNA
would minimise the use of natural resources and therefore would be the most sustainable
approach. At this stage further consultation with the regulators would be required before
proceeding with the Implementation stage.

Implementation of natural attenuation
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from-theavatlable-dataln consultation with the regulators, a monitoring plan would be
devised. A suitable monitoring plan for this site would prebablyrequire might incorporate an
initial 6 monthly monitoring programme using the boreholes already in emplaced to
determine the success of ongoing NA at this site. If the plume changed direction or migrated
further towards possible receptors, a revised monitoring scheme would be required possibly
including placement of new monitoring wells. In the event of further plume shrinkage over
the first 2 years, monitoring cwould be continued on a yearly basis until a-firm-prediction-of
contaminant concentrations-could-be-made-andthe remedial objectives had been mettion-was
deemed-acceptable. Upon further consultation with the regulatory body to establish whether
or not MNA objectives had been met, monitoring would cease.

3.1.6 Conclusion

From the screening procedure, it was clear that MNA could be an appropriate remedial
strategy for this site. The subsequent demonstration through primary and secondary lines of
evidence and the assessment of plume status presented further strong proof that MNA would
be successful. Given that the evidence of plume collapse was strong, application of a solute
fate and transport model was not required. The cost/benefit analysis showed that MNA was
the least expensive remedial option and therefore following discussion with the regulator an
implementation plan could be developed. Through application of the Agency DSS, extremely

close communication would have to beis maintained with the regulators and, as such. the

possibility of unforeseen mistakes should be »ergtow.

3.2 Aamerican Ssociety for Ttesting and Mmaterial MNAmna
Pprotocol
Aims, Intent and Background to the procedurle

Fhe ASTM DSS procedure was intended as a screening procedure for the multitude of
contaminated sites in America or those sites world-wide that are dealt with by Asmerican
USmultinational based companies. The DSS is a single flowchart with a straight-forward,
logical sequence of stages and decision points (Figure 3.2). The main criteria for MNARNA
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decision making are the observations of contaminant plumes behaviour and, more
importantly, plume stability.

The primary line of evidence in the ASTMis tiered approach is whether the plume is
expanding or shrinking. A shrinking plume iswas taken as evidence that natural attenuation
processes were-are successfully remediating the plume. A stable plume wwas-is also taken to be
evidence of natural attenuation in that the attenuation rate is equalied to the rate of
contaminant migration. Primary lines of evidence are considered sufficient to demonstrate
MZRNA in sites with adequate historical data.

Secondary lines of evidence are required if the first line of evidence is inadequate or
inconclusive. Underthe ASTM-DSS-Ssecondary lines of evidence include measurement of
ing-the natural attenuation rate or geochemical data trends indicating naturally occurring
biodegradation. Fhe Ttertiary lines of evidence are optional when the primary and secondary
lines of evidence have failed to draw a conclusion. These include solute transport modelling,
assimilative capacity and microbiological studies.

This evaluation presented herein was carried out using the American Society for Testing and
Materials (ASTM) decision support system “Committee E-50 on Environmental Assessment”
(current edition published August 1998; 2). The literature is highly structured and detailed
covering the background of natural attenuation in the USA through to monitoring strategies
and indicators of natural attenuation. The appendices provided in detail the various natural
attenuation rate determining models from the simple mass balance approach to multi-
dimensional models. The appendix also provided a working example for illustration.

3.2.1 Initial response, site characterisation and CSM

Site characterisation was required to obtain sufficient information on which to formulate a
CSM and base a decision as to the suitability of the natural attenuation option and likely
remedial goals. By following the DSS documentation the following assessment stages were
undertaken:

1. As requested by the DSS. contaminant source was removed above ground and the relevant
local authority (Environment Agency/Local Authority) informed.

2. The ASTM DSS requires the use of a CSM to identify contaminant sources, pathways and
receptors and the environmental factors that affect them. The CSM is similar to the one
created during the application of the Agency’s DSS in that the contaminant source,
pathways and receptors were determined. The guidance required the CSM to be focussed
upon the specific features of the site that were relevant to the objectives. In the case of the
study site these features were taken to be as follows:

contaminant source area;

three dimensional distribution of the contaminants of concern;

distribution of constituents of concern and impacts to groundwater;

geologic units or structures that influence the migration of constituents of concern;
groundwater depth, flow and velocity;

location of potential receptors and migration pathways.

R&D TECHNICAL REPORT P*#%2-208/TR/1 29




DPRAETFREPORTIUNE2000

3. The CSM was constructed and the plume was determined to be shrinking. It was also
determined that the contamination would take 12.5 years to reach a potential receptor. As
required, the CSM was used to set remediation goals. In this case, the most precautionary
level was the UK drinking water standard for benzene.

As information was gained from documentation or analysis of the monitoring information
revealed the extent and behaviour of the contaminant plume, the CSM increased in clarity and
usefulness. At certain points the data provided was insufficiently robust for the reliable
identification of any trends (e.g. DO data).
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Figure 3.2: American ASTM Decision Support System Flowchart for Remediation by

Natural Attenuation (RNA, 2).
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3.2.2 Evaluation of Plume Status

Evaluation of plume status

No imminent threat was identified to anything other than the aquifer directly below the site.
From the data provided and the initial site interpretation isolinear diagrams (Figure 2.2 and
2.3Appendix2), the plume was determined to be shrinking with the plume centre moving
slowly nerthwardssouth. This confirmed that MNA had been justified from the primary line
of evidence. The ASTM approach does not require any further lines of evidence if the
primary line of evidence is realised with sufficient confidence as determined by the operator.
The shrinking of the plume wais deemed to be sufficient evidence to justify the primary line
of evidence although further monitoring was required to ensure complete collapse.

3.2.3 Comparison of estimated MRNA performance to remedial goals

With the primary line of evidence providing enough data to ascertain that MNA was justified,
the secondary and tertiary lines of evidence were not required.

Ala A1 aVatssd . ak?® s o ho Aan on = ’ ne-O exiiden

3.24 Comparison of MIRNA costs to other remedial options

The comparison of costs between MNA and a number of other remediation strategies is
shown in Table 3.1 (above, section 3.1.5). Given these cost comparisons, thThe cost of
monitoring the plume over the degradation period was deemed unlikely to exceed the cost of
any other remedial method.

Therefore, Fthe MRNA option seleeted-was selected because of the:

e greater ceost implications involved with other methods;

e lack of risk to -etherreceptors;

e evidence of natural attenuation already occurring, although further monitoring was
required to ensure verification of ongoing NA.

3.2.5 3.2.5—Continuation of a-RNA monitoring programme and remedial
goal _achievement

Given the changes in plume contamination concentration observed over the monitoring
period, it was decided that there was a strong possibility of natural attenuation continuing.
The rate of plume collapse is difficult to predict. However, regular monitoring would provide
the data required for such a prediction. Based on the data analysed thus far, it was decided
that an initial 6 monthly monitoring programme would be required to determine the success
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of ongoing NA. However, if the plume changed direction or migrated any further, new
monitoring wells would be required. In the event of further plume shrinkage over the first 2
years, monitoring would be continued on a yearly basis until a firm prediction of contaminant

concentrations could be made and remediation was deemed acceptable. Erom-the-data

3.2.6 3.2.6——Conclusions

From the low cost implications compared to other methods (Table 3.1), the lack of risk to
other receptors and evidence of natural attenuation already occurring, this site was deemed
acceptable for monitored natural attenuation. The eireumstantial-evidence from efthe initial

site investigation isolinear diagrams and-the-trend-towards-deereasing-concentrationin-the
Bmsereemmdehcesﬂ#&enabled predlctlon of eventual success of the memfeereéMNAﬂa%ufal

From the evidence collected from the site investigation MNA wasis felt to have-a-geod
chaneebe likely to succeed-efsueeess; with remedial goals are-expected to be reached at key
stages of the remedial strategy. With a predicted good chance of MNA from the analysis of
the primary data, suceess-shorteutsto-the secondary and tertiary lines of evidence were not

deemed necessary be-takenwhere-possiblein-the-applicationof the DSS;-thereby avoiding
what the DSS regards as unnecessaryexeess cost. However, c(-e-secondary-and-tertiary tine
efevidence-investigationis-notrequired)—Continual eheeking-monitoring as described above

of natural-attenuatienprogress-and the opportunity to loop back to an earlier assessment stage
if required are further-used as safeguards in the ASTM DSS. These Safeguards-also enable

the selection of alternative remedial options if natural attenuation is not found to be
sustainable.

33 -NICOLE REPORT-Report of the Draft NOBIS Procedure

33 33 AIMSTINTFENTFAND BACKGROUND- FO-TFHE
PROCEDURE
The Draft NOBIS DSS-guidanee

This evaluation haswas been-carried out based on a summary of the Dutch procedure that was
provided (FNO-MEP-R-99/3134). No English translation of the detailed procedure (3) is

currently available. -Attempts-to-get English-translation-haveso-far beenunsueeessful—The

procedure iwas based on a traffic light system with a decision at each traffic light to continue
towards the use of MNA as a remedial option or to use an alternative remedial system (Figure
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3.3). The system washas been-developed for chlorinated solvents and BTEX. Although the
chlorinated solvents section was complete, the first stage of the decision support system as it
applies to BTEX wais still under-evala development at the time of this study. Available
details of the individual traffic lights are presented below followed by the application of the
DSS to the sample dataset.ation-

See-Figure 3.36: ———Dutch NOBIS Decision Support System Floweharttraffic light
system (5).

1) Quick scan of 2) Modelling plume 3) Discussion between || 4) Monitoring
historical data behaviour authorities and owner plan

4 4 4 4
Alternative Alternative Alternative Alternative
3.3.1 Summary of 334 First-traffie lightTraffic Light System

The first traffic light Fhisstage-requiredd regular monitoring of BTEX contaminants to
confirm that NA was taking place. stadyefeConcentration trends over time and relationships
between BTEX and redox condltlons should be studled—l?cede;eeeﬁdmeﬁs—m—th}s—s&&&&e&

aeeeptefs—avaﬁ&bl%lf contamlnant concentratlon hashael decreased Wlth tlme ora
relationship with redox was determinedexisted, the Dutch DSS deemed that there weuld

bewas a chance of natural attenuation taking place. If not, then MNA was ruled out as a
remedial option.

At the second traffic light, the DSS required that a solute transport and fate model be applied
to determine the expected behaviour of the plume. Several models were suggested including
MODFLOW with RT3D, METROPOL, BIOSCREEN and VERA. The model should be
based on the field parameters and should show:

e The decrease in the amount of contaminant with time: and
e The change in position of the centre of the plume.
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By the third traffic light, this DSS required discussion between the authorities and the
problem owner as to whether MNA was the appropriate remedial option. The DSS gave no
guidelines for discussion and evaluation but stated that the following factors should be taken
into account:

e available time;
available space;
future use;
possibilities of other remedial options;
legal aspects; and
public opinion.

Finally.- by the forth traffic light, MNA should be implemented. A long term monitoring plan
should be prepared to enable evaluation of NA, the model used and to ensure protection of
possible receptors (through the positioning of extra monitoring wells between the plume and

receptors).

3.3.2 Application of Dutch DSS to sample data

3311 Initial review of the data
Using the data provided for this case study it was ascertained that:

1. contaminant (benzene) concentration decreasedé over time;

2. electron acceptors/donors concentrations changed, although there was little correlation

between the two-.

These results indicated that natural attenuation may have been taking place, thereby enabling
application of the DSS to proceed to the second traffic light.

Application of the solute fate and transport model3-3-2———Second-traffic icht

The application of the BIOSCREEN model (6) is shown in Appendix 2. The model output

presents graphs showing load over plume length. Given the incomplete field data provided,
some default values from the scientific literature were incorporated when applying the model.
Consequently, although plume collapse was predicted from the model output, this collapse
was faster than that observed from analysis of actual field data. As such, the BIOSCREEN
output was considered to be unreliable.
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Based on the analysis of graphs obtained through application of a model, the Dutch DSS Fhis
sys%em—pprowdesd a set of four potentlal end pomts as to the potentlal success of MNA, as;
: ! el are-as-follows:

e increase in load and increase in polluted area: No Chance of NA,

e increase load in stable area (unlikely scenario): Fair Chance of NA, dependsing upon
availability of space and time;

e decrease in load and increase in polluted area: Good chance of NA, dependingéds on

eonditions-like-availabitity-of space and time;
e decrease in load and decrease in polluted area: Good chance of NA -dependsing -upon
time scale.

With MNA sclected as a viable remedial option, the decision on actual implementation is
dependent on the criteria described in section 3.3.1 (third traffic light) and on discussions
between the problem owner and the local authority. In the sample data set, the closest
potential receptor was 500 m distant. However, through both application of a model and
analysis of the field data the plume was determined to be collapsing. Therefore, MNA was
deemed to be an appropriate choice of remedial option.

Preparatlon of the long term rnomtorlng planF&Pther—Hﬁﬁleme&taﬁeﬂref—th%na&mal—aﬁeﬁﬂaﬂeﬁ
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Atthis-stage-alongterm-monitoring planisprepared—In this case, as with the other two DSS,

the putative monitoring plan would include an initial 2 year sampling programme with 6
monthly sampling of monitoring wells. The DSS requires protection of possible receptors,
therefore the monitoring plan would include the positioning of extra monitoring wells (“alert
wells”), between the plume and the putative receptor. After the first two years. yearly
monitoring would be continued until contaminant load had decreased sufficiently. In the
event that contamination did not decrease sufficiently the DSS allows for a continuation of
monitoring or for the use of additional measures to achieve contaminant targets. -Fhis-plan-is

3.3.3 Conclusions

From interpretation of the technical and scientific data, monitored natural attenuation was
deemed to be a viable option at this site. However this remedial option could only be utilised
following discussion of other criteria including available-time;available space(diseussed
earhiery-future site use, possibilities for other remedial strategies, legal aspects and public
opinion._The length of time for application of MNA would depend on discussions held at the
third traffic light and upon the results of the monitoring plan described above.
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4 FINDINGS OF THE BENCHMARKING PROCESS

4.1 Comparison of Pprocedures

The preceding sections hasve reviewed the application of three DSS to the same site data.

Each DSS required a different number of decision points, with the EH<A gency -system having
the most, then-followed by the the-ASTM and finatly-the Dutch system. Beth-All three

DSSthe- Uand-ASTM-systems utilised -flowcharts of some kind.; Hhowever, the formats for
these dlffered cons1derably %&U—I@methedeleg{&%eﬂsm%s—ef—a—geneﬂede%eﬁ—mam*

The HAgency K-procedure-places-atarge emphasised en-the-usinge-of geochemistry in a
quantitative fashion as a second line of evidence te-assessfor MNA. Whilst this requirement
increases the level of confidence in the decision to use MNA makes-mere-sense-interms-of
aceuracy-of assessment-it may introduce additional costs or make assessments more eomplex
and-lengthy. Within plumes, the geochemistry is very-complex with competing
oxidation/reduction reactions occurring, both aerobic and anaerobic. To obtain a mass
balance from a field application is known to be very-difficult. The assimilative capacity
expression is based on the stoichiometry of several reactions for BTEX degradation, which
are assumed to go to equilibrium and not compete with each other.

RResearcheh has shown that these processes do compete and compounds can go through
many conversions along multiple degradation pathways (8). Thus, the mass balance based on
asmmﬂatwe capac1ty -‘r&mav not glve a whollv accurate plcture of in situ condltlons#re{

e#th%a&aemb*&degfad&&eﬁ—eeﬂ%ﬂbkmeﬂ—However it should be empha51sed that

geochemical analysesstry can provide qualitative and some useful quantitative information.;
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In contrast the ASTM DSS methodology utilises a single, smaller decision matrix which
makes no reference to regulatory interaction as yeu-one proceeds through the process. The
flowchart covers less of the practical detail of MNA than-dees the Agency’s HK-DSS, but
presents it in a more logical order with guidance for each decision point presented in the text.
The tiered approach is more pragmatic than the E&-Agency approach. If the plume couldan
be demonstrated to be shrinking or stable, then the geochemistry data wereare not required.
Geochemistry wais only recommended where plume monitoring wais inadequate to
demonstrate plume stability. This is likely to be necessary at complex sites where there are
multiple mixed plumes and significant heterogeneity.

The Dutch DSS methodology uses a decision matrix that provides the choice of another
remedial option at every decision point (or traffic light), although by taking this choice it
appears to-meanthat MNA may be prematurely-+s abandoned as an option. However, tFhe
Dutch DSS doesees not then include any provision for pregress-cheekingfurther monitoring
or any further-description of possible remedial alternatives that caoulds be used in
combination with natural attenuation. The DSS consistess of a simple decision structure with
only general references to the aspects of natural attenuation that need to be considered at each
stage. However, it must be noted that the Dutch DSS iswas only available in summary form
and important details regarding the decision matrix may well have been excluded.

To facilitate a comparison of the different deeision-suppertsystemsDecision Support Systems
a table has been compiled. The evaluation variables used for the comparison were based on
the evaluation criteria and were developed through a number of meetings of the project team
following an initial exercise of familiarisation with the site data and the various DSS
procedures.

_ Theefoecus-ofthe- Table 2 evaluation criteriavariables used were:

tease of use; how easy it would be for a recently qualified graduate to complete the

process;
e transparency of decision making: how clear the process would be to an external auditor

and/or other stakeholder (e.g. general public); and
e robustness of conclusions: how the procedure helps to minimise the risks associated with
the demsmn makmg process through e.g. the pr0v1510n of contlngency plans —reb&s%ness

The Eevaluation variables is-in Table 4.12;a-c -were chosen because as-each one was a
sufficiently discrete-variable, common to each DSS and concerned with at least one of five

threeef the Ew&emqqen{—zérgeﬂey—s—lceq&med-evaluatlon cr1ter1a Ln—eembmaﬁeﬂ—aﬂ—%he

Each evaluation variable was considered independent of the others when comparisons were
made. In assessing each BDSS-fer-each-evaluation variable -an objective approach was taken.
To assist in gauging the relative performance of a particular DSSs against a specific #
evaluation criteria a ranking eemparative-score was used. Once the relative DSS performance
against a specific evaluation criteria was complete a ranking score was applied (first (1),
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second (2) or third (3)). Where the performance of two DSS was the same and ranking was
not possible (i.e. on balance the DSS’s were just-asgood-as-each-otherequally good) the
ranking difference was split with the two matching DSS ranked as either 1.5 or 2.5
dependeant upon the rank of the remaining DSS. Once ranking had been applied to each DSS
for every evaluation criteria, the ranking score was totalled and averaged-fereachDSS.
Where all three DSS performed equally well against evaluation criteria no ranking score was
applied.

Table 24.1a-c includes a description of the strengths or weaknesses of a DSS that contribute
to the relative ranking given for each evaluation variable for a specific DSS. Subjective
ranking was deemed to be important as the entire exercise concerneds learning from the
impressions of these-individuals ws-with little experience of investigating MRNA-experience;

bbb L L
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Table 4.1a: Summary of Procedural Differences between the Agency, ASTM and Dutch Natural Attenuation Decision Support Systems
Categorv: Ease of Use

Assessment Agency DSS ASTM DSS Dutch DSS'
Variable
Quality of Information was provided covering all Information was provided in a Little guidance/background information
documentation: aspects of MNA: background, processes practical guidance layout. Further was presented, however, the summarised
Clarity and procedures. details were contained in appendices. information provided was not as
complete as that from the other two DSS.

Rank = 1.5 Rank =1.5 Rank =3
Quality of Alarge-amoeuntefrRelevant technical A-sufficient-volumeofrRelevant Little guidance/background information
documentation: supporting information was provided in  information was presented, but not in was presented in the summary document.
Technical content tabular form with appropriate backup in  as much detail as the Agency DSS.

the appendices. Information was Information was in tabular and

detailed and suitably referenced. textual format.

Rank =1 Rank =3

Rank =2
Coverage of MNA Covered all the processes in MNA in Covered MNA processes in tabular Covered the aerobic, anaerobic, and
processes brief or tabular form form and provided more explanatory redox interactions.
text than the Agency DSS.

Rank =2 Rank =1 Rank =3
Guidance on sample Focussing on borehole location strategy, Detailing locations and types of Not contained in summary.
strategy design and  considerations, sampling methods and boreholes, referenced sampling and
methods of in situ frequency of monitoring. field analytical methods, and a brief
determinant analysis summary of the potential use of the
and sample data.
preservation). Rank =2 Rank =1 Rank =3
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Assessment
Variable

Agency DSS

ASTM DSS

Dutch DSS'

Guidance on

obtaining and

analysing
geochemical data.

Provides an idea of the expected
monitoring suites that can be used and

Concentrates on a few typical
determinants and references

references sampling and analytical
procedures. Contains tables of methods,

laboratory analytical methods for
these determinants.

(Practical guidance

references and lowest detectable limits

for analysis and
interpretation of

sample data)

Guides the reader

for analysis. Covers a wide range of
determinants.
Rank =1

The Agency DSS provided a large

Rank =2

The flowchart/decision matrix was

Not contained in summary data.

Rank =3

The traffic light approach was

through an amount of backup information but was referenced at each decision point straightforward but for each stage there
application of the not as streamlined as the ASTM (i.e. not with corresponding explanatory text. was little supporting information.
MNA process. all decision points were clearly

Was there an

explained in the text).
Rank =2

Yes

illustrative example? Elk = Not Ranked

Guidance on
obtaining credible

Factors affecting biodegradation rates

Rank =1

Yes
Rank = Not Ranked

The DSS presented detailed guidance

Rank =3

None was provided in the summary.
Rank = Not Ranked

The summary DSS document does not

were discussed. However, other

biodegradation data

information provided to obtain credible

calculating degradation rates from
other parameters as well as

Guidance on the use

values was limited.
Rank =2

The DSS detailed both Domenico and

explanatory texts and references.
Rank =1

The Domineco model was described

mention any methods for determining
biodegradation rates.

Rank =3

Five currently available computer based

of predictive
modelling

physical process mathematical models.

in detail, as were simpler models of

predictive models were recommended

Ten available models were referenced.

mass balance and one-dimensional

(e.g. Bioscreen, Bioplume etc)

mathematical analysis models.
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Assessment Agency DSS ASTM DSS Dutch DSS'
Variable
Rank =1 Rank =2 Rank =3

References to External documentation was referenced

External documentation was

No alternative sources of information

external referenced were recommended in the summary.
documentation Rank = 1.5 Rank =1.5 Rank =3
Glossary of terms Yes Yes No
Rank = Not Ranked Rank = Not Ranked Rank = Not Ranked
Ranking Score 14 13 27
Totals
-1 ——Given that access to the full detailed procedure was not possible, satisfactory was generally the only possible ranking. This is less a

reflection of the Dutch DSS rather of the summary which was previded-available for analysis.-

Table 4.1b: Summary of Procedural Differences between the Agency, ASTM and Dutch Natural Attenuation Decision Support Systems

Categorx: Transparency of Decision Making

Assessment
Variable

Agency DSS

ASTM DSS

Dutch DSS'

Approach to lines of Highly detailed. The more information

Tiered. ASTM used a tiered

provided and criteria met, the greater
the confidence in the effectiveness of
MNA. Lines of evidence were defined

evidence for NA

approach with plume status as the
primary line of evidence. Indicators

Natural attenuation is deemed to be
acceptable as a viable remedial option
dependent upon the presence of oxygen,

of naturally occurring biodegradation

an observed decrease in contaminant

as:
1. primary: reduced concentrations of

comprised the secondary line of
evidence, only used if the plume

concentrations or appropriate redox
conditions. Later in the DSS, data
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Assessment Agency DSS ASTM DSS Dutch DSS'
Variable
contaminant. status was inconclusive. Tertiary regarding decrease in load and affected

Guidance on
obtaining lines of

2. secondary: evidence of contaminant

optional lines of evidence included

area from the predictive model output

mass reduction from chemical and

solute transport modelling,

geochemical data.

3. tertiary: microbiological study
evidence.

Solute Fate and Transport models were

assimilative capacity or
microbiological studies were used if
primary and secondary lines of
evidence were inconclusive.

recommended as additional evidence of
MNA.
Rank = Not Ranked

Focussed on what information was
required from the site, processes

evidence data. (The

involved, trends in determinants

requirements of the

indicating biodegradation and use of

initial site
investigation /
characterisation and

data necessary for a comprehensive
initial review. The Agency DSS gives

Rank = Not Ranked

Described the information required,

were the required lines of evidence.

Rank = Not Ranked

Not included in the summary document.

processes involved and implications
of variable changes all focussed on
the specific line of evidence being
addressed. The data requirements
listed to justify MNA are less than

details of many key parameters for

what to look for to

MNA identification and states at what

justify required lines

stage of the DSS they should be used.

of evidence).

Decision making

Rank =1

The decision was made based upon the

the Agency DSS.

Rank =2

Based upon the lines of evidence, a

Rank =3

The decision to progress with assessment

Process on initiating

amount of and the confidence in the

MNA

information available. Decisions were

decision could be made by whoever

of the potential for MNA lies with the

was undertaking the investigation,

made in ongoing consultation with the

free of regulatory consultation.

Agency. Decisions will be based largely

There was the possibility that the

upon the monitoring data, and not
exclusively on predictive modelling.

regulator may not accept the final
outcome. Regulation guidelines
were available.

investigators based upon criteria for the
first two traffic lights. Further decisions
were made in consultation with the
regulatory authorities and the problem
Oowner.
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Assessment Agency DSS ASTM DSS Dutch DSS'
Variable

Rank =1 Rank =2.5 Rank =2.5
Guidance on Presentation guidelines for different Presentation guidelines for The only presentation methods discussed
presentation of determinants were discussed although contaminants of concern were were those of the predictive model
analytical results. practical guidance on method use was detailed. Illustrations were included  output.

not included. regarding use of the stated methods.

Rank =1.5 Rank =1.5 Rank =3
Does the DSS The Agency DSS explained the Reference to legislatory concerns Although the need to consult the
explain the legislatively framework in detail with was minimal. legislative authority was mentioned at
legislative the initial screening decision matrix traffic light three, further detail of any
framework? predominantly concerned with framework was not provided in the

legislative constraints. summary document.

Rank =1 Rank = 2.5 Rank = 2.5
Guidance on setting Remedial targets were set using (6). Remedial goals were required to be There was no reference to the
remedial targets This provided guidance on the determined by application of the determination of remedial targets in the

derivation of remedial targets to protect ASTM Risk Based Corrective Action Dutch DSS summary.

groundwater and surface water methodology. Additional criteria

receptors. included source containment and

time frame.

Rank=1.5 Rank =1.5 Rank =3

Ranking Score 6 10 14

Totals

Table 4.1c: Summary of Procedural Differences between the Agency, ASTM and Dutch Natural Attenuation Decision Support Systems
Category: Robustness of Conclusions
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Assessment
Variable

Agency DSS

ASTM DSS

Dutch DSS'

Points at which

receptors were
considered

Ability to consider

Receptors were considered in the first

Receptors were considered early

step of the screening process.

Rank =1

Decision matrices provided

changing external

opportunities to choose alternative

factors

Guidance on
alternative remedial

remedial options.

Rank =3

There was little guidance included in
the DSS. The consideration of

solutions if MNA

alternative remediation technologies

was inappropriate

was included.

Guidance on relation

Rank = 2.5

There was no detail as to how any

between MNA and alternative remedial options would
other remedial integrate with MNA.
solutions. Rank = Not Ranked

Guidance on long

Upon positive determination of natural

following characterisation of the site

The receptors were considered later on
following predictive modelling.

and comparison with remedial goals.
Rank =2

A contingency plan was considered

Rank =3

Consideration of alternative remedial

important. Extensive periods of work

options could only be made at each traffid

weren’t required before discounting

light. It was unique in referring to public

NA and considering alternatives.
Rank =1.5

The DSS included names of specific

opinion as an influencing factor.
Rank =1.5

Limited documentation regarding

alternatives for consideration, either

alternative remedial options was provided

alone or in tandem with natural
attenuation.
Rank =1

There was no detail regarding
integration of methods or alternative

in the summary document.

Rank = 2.5

There was no detail as to how any
alternative remedial options would

remedial technologies with MNA.
Rank = Not Ranked

Guidance on long term monitoring

integrate with MNA.
Rank = Not Ranked

Very little detail was provided for the

term monitoring

attenuation, a section was dedicated to

was integrated as part of the decision

design and implementation of a long term|

long term monitoring. The decision
matrix gave practical advice on
borehole placement, checking and when
to implement a contingency plan. Time
scales in the text may be of concern to
problem holders (specifically BTEX

matrix, and was supported with
supplementary text.

monitoring plan. There was no guidance
as to borehole placement other than the
recommendation of placing “alert wells”
to check that migration is not affecting

the receptors.
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Assessment Agency DSS ASTM DSS Dutch DSS!
Variable

monitoring for 5 years).

Rank =1.5 Rank = 1.5 Rank =3

Guidance on
contingency
planning during
MNA monitoring

The DSS required a contingency plan

The contingency plan required by the

The Dutch DSS has no provision for a

for which it provided clear criteria as to

DSS detailed when it should be

when it should be activated. The DSS

activated and the potential actions

sugeested a plan for additional

Guidance on

necessity and
location of sentinel

measures in the event that NA failed.
No contingency plan options were
detailed.

Rank =2

The DSS strategy required sentinel
boreholes and provided guidance details

involved (e.g. source removal,
containment measures, consideration
of a remedial alternative etc.)

Rank =1

The use of sentinel boreholes in the

contingency plan.

Rank =3

Sentinel or “Alert” wells were required

DSS was optional. There was no

for location. The use of a suitable

wells.

Guidance on contact

pollutant fate and transport model was

specific guidance upon the
placement of such wells beyond the

and should be placed between the
receptor and the plume at a sufficient
distance to allow a suitable remedial

recommended when deciding sentinel

need for location between the plume

response should contamination be

borehole locations.
Rank =1

Contact with the regulator was expected

and a receptor.
Rank =3

Contact with the regulator was

with regulator. (NB

to be continuous throughout with all

Reflects the

legislative
environment of the

country of origin).

decisions made in consultation with the

expected to occur at the end of the
procedure with enquiries made from

detected.
Rank =2

Consultation with the regulatory
authority was expected to occur at traffic
light 3 based upon findings of the

Agency.

Rank =1

Guidance on
communication with

Liaison and negotiation were seen as
key considerations and the DSS detailed

time to time as to the Agency view

predictive modelling stage.

on certain aspects of NA.
Rank = 2.5

Some potentially interested parties

Rank = 2.5

Considered consultation with the

were considered in the glossary.

“problem holder” as a traffic light 3

other stakeholders a range of interested stakeholders. action and not an initial requirement.
Rank =1 Rank =3 Rank =2
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Assessment Agency DSS ASTM DSS Dutch DSS'
Variable

Guidance on The DSS listed three criteria for The ASTM DSS lists four key The Dutch DSS summary makes no
completion of MNA  completion: contaminant concentrations criteria for completion: there were no mention of any stop or no further action
reaching background levels: remedial existing/potential receptors; remedial ~ criteria.
targets being met; and a high degree of = goals have been met or there is
confidence existing in the observed evidence MNA will continue; plume
bioremediation trends such that was stable or shrinking; institutional
remedial targets would be achieved. controls are in place and maintained.
Completion agreed with regulator. Completion agreed with regulator.
Rank=1.5 Rank =1.5 Rank =3
Ranking Score 14.5 17 22.5
Totals
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4.2 EEase of UUse

Ease of use was defined as how easy it would be for a recently qualified graduate to complete
the process. Of the three DSSs assessed, the ASTM was the easiest to use (ranking score 13),
closely followed by the B&-Agency system (ranking score 14). In part because only a
summary document was available, the Dutch DSS proved the most difficult to use as is
reﬂected in the comparisons 1ncluded below ( ranklng score 27) —Geﬂseqaen%l—y—m—the

The structured nature of the documentation, the simple progression through the decision
matrix and the information support provided made the ASTM DSS easier to use than the Ji
Agency system. In comparison, the Hk-Agency DSS had a number of minor disadvantages
including the size of the decision support matrix, specifically the need for regulatory
consultation at each major decision point (the regulators position was taken to be
precautionary), and the quality of the tabular information backup. Regulator involvement was
taken to reduce the ease of use because of the assessors need to integrate and understand
regulator concerns (this may vary between individual assessors). Conversely Fthe strengths of
the B&-Agency DSS included the clarity of the decision support matrix, the detail in the text
as to what to consider and the quality of information presented in the tabular form.

4.3 4.3 TFransparency of DDecision MMaking

Transparency of decision making was defined as how clear the process would be to an
external auditor and/or other stakeholder (e.g. general public). The Agency system was seen
to be the most transparent (ranking score 6), while the ASTM (ranking score 10) and the
Dutch systems (ranking score 14) were less clearly structured. Again, because only a
summary document was available, the Dutch DSS proved the least transparent as was

indicated in its ranking.

The ASTM DSS decision criteria were clearly explained for each stage and sufficiently
supported with supplementary information for each decision point. Moreover, additional
information in the form of appendices was available when required. Sampling information
was given and specifically referenced in appendices. The decision points were backed up
with text on primary, secondary and tertiary lines of evidence only.

The H¥-Agency DSS had a very good level of technical and regulatory information and a
generally well structured format. However, it did not have a step-by-step guide which did

leave some unanswered questions. The decision matrices were comprehensive in defining all
the required stages, while the text detailed considerations to be made for each stage of DSS |
application. Data collection strategies and methods were either detailed or referenced in the
text. In addition, the text included sampling considerations and potential sources of error.
Primary, secondary and tertiary lines of evidence were discussed in detail but-enly-as part of |
an overall requirement to collect as much information as possible. Decisions were to be made
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based upon the direct sample evidence in consultation with the regulator. Such decisions
could have support from additional lines of evidence such as models and laboratory studies.

4.4 RRobustness of CConclusions

Robustness of conclusions was defined as
how the procedure helped to minimise the risks associated with the decision making process
through, e.g. the provision of contingency plans.

The Agency system was seen to be the most robust (ranking score 14.5), while the ASTM
(ranking score 17) and the Dutch systems (ranking score 22. 5) were ranked as bemg less

d1d not prov1de sufﬁment detall for a falr comparison with the Agencv and ASTM guidelines.

However, the Dutch DSS was unique in including a compulsory model application step, and
this is discussed below.

4.4.1 Agencytk DSS |

The Agency HK-DSS was the most robust of the three systems analysed. Given the extensive |
quantity of data required as lines of evidence of NA it was the most defensible approach. The
most important requirement was for primary, secondary and tertiary lines of evidence. The
degree to which regulatory involvement watis required throughout the process and at major
decision points wais seen as an additional reason why the Agencytk DSS was both robust
and defensible. Indeed, Aalthough the regulatory involvement may cause some delays prior
to implementation, it should also avoid preblems-due-te-backtrackinginuntoreseen
cireumstaneesconfusion and additional work if there is a disagreement. Moreover, such
regulation can also facilitate repeat analysis and consideration of all pertinent concerns
thereby and-demonstratinge an-opena transparent-and-honest approach. Application of the
DSS to the data provided, showed that because of the successful compliance (barring
regulator disagreement) with the first and second criteria (i.e. loss of concentration and mass),
MNA was identified as a highly feasible remedial option. This result was arrived at through

observation of the mitialsite sereening-data. ;netthreugh-appheationofthesolutefateand

transpertmodel{diseussed-Jater)—The result was supported by additional evidence specific
to the Uk-—government regulatory regime and practical application of remedial action.

4.4.2 ASTM DSS

The ASTM DSS methodology adopted a tlered approach to the 1dent1ﬁcat10n of V1able
RNAMNA. As with the AgencytK DSS, the ASTM DSS requireds three lines of evidence.
However, the secondary lines of evidence weare only required if the plume monitoring data
weare inadequate to conclusively demonstrate plume shrinkage or stability. The ASTM DSS
lines of evidence included the determination of site assimilative capacity, which was not
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mentioned in the H&-Agency DSS. Application of the DSS to the data showed that MNA
could be demonstrated through plume monrtorrng w1thout the need for any geochemistry.

Gdlseussed—}atel%— Identlﬁed trends were supported in the text w1th explanatlons as to their
possible meaning.

4.4.3 Seolute Fate and Transport ModelDutch DSS

Contrary to the Agency and ASTM DSS. the Dutch system required the use of a solute fate
and transport model and recommended the use of the Bioscreen model. The Bioscreenmeodel

was-apphedHowever -as-part-efthe Duteh-and ASTM-DSS—because of a lack of available
data, a number of variables were entered as default values with the rResult sthat the from-the

modelled plume collapse was more rapid than that observed from the field data.-didnet

conformto-the-observed-concentration-gradients. Consequently, inclusion of the model

resulted in further uncertalntv and therefore resulted in a less robust DSS in this case. frem

wﬁh—thedata—reqimed—toﬂﬂput—mtom%model—Nelther the ASTM or AgencyHK DSS 1nclude
a compulsory modelling step or recommend the Bioscreen model.-and-it-was-apphed-here

B e
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4.5 Ttime Ttaken and Ceost Eeffectiveness

The time taken and cost effectiveness of each of the DSSs were assessed following
completion of the ranking process for ease of use, transparency of decision making and
robustness of conclusions. In addition to the amount of time taken to apply the DSS, cost
effectiveness also includes the consideration of alternatives and the cost of any wrong
decisions based upon inadequate of misleading data or information. Because of the number
of stages in the decision matrix and the time taken to read and make sense of the literature,
application of the AgencytH« DSS was slower than that of the other 2 systems. It should be
noted, however, that the summarised Dutch DSS was not a detailed document and therefore it
could not fairly be compared with the other two DSS.

The ASTM DSS was simpler and had a more straightforward documentation and decision
matrix than did the B&-Agency system. A feature of the ASTM system was that
demonstration of plume collapse could be taken to be sufficient evidence for application of
MNA, avoiding the need for additional assessment of contaminated sites. As such,
apphcatlon of the ASTM system was faster than the U—IéAgency DSS. Beth-the- b and

thefeeeﬂmﬂendeei—plﬂeéememeéel— Thls does not necessarll}g mean that the ASTM DSS 1S

more or less cost effective than the B&-Agency DSS in the long term as the robustness of a
decision made under the Agency HIK-DSS may reap benefits in later stages. For example, }f
any decision regarding MNA comes under question at a later stage, as-there will be more

supporting evidence available using the Agency DSS than if the ASTM DSS was used.

The point at which the regulatory authorities arcare to be notified ists important as this may
cause the relevant project to incur costs in addition to those forecast. Regulatory involvement
in the ASTM DSS differs dependent upon the state within which the problem is located.
Generally however, consultation for compliance with regulator clean up requirements occurs
at the start of the project, with minor consultation throughout and final approval at the end of
the DSS application. In the Dutch DSS -consultation with the local authorities is required at
the third traffic light stage, that is after the initial review of data and application of the model.
Unlike the ASTM and Dutch DSS, the UK-Agency DSS requiress constant consultation with
the regulator, especially at major decision points. The constant monitoring required by the
regulator under the YA gency DSS may avoid any costly mistakes as they can be caught
early on. Tsthis isis not the case with the ASTM or Dutch DSSs where the regulator
generally expresses its opinion towards the end of the DSS application process. As such
Sshould the application of MNA be rejected the ASTM and Dutch DSSs are-is the BSS-most
likely to result in the greatest loss.
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5 5 — CONCLUSIONS

Given that only the summary document of the Dutch DSS was available in English, the only
fair conclusion that could be drawn was that it that it was-provided satisfactory guidelines for
the application of MNAa—satistactory—system. Detailed conclusions were not drawn
comparing the Dutch DSS to the ASTM and Agencytk procedures.

Of the systems utilised, the ASTM proved easiest to use;most-costeffeetive and had the most
transparent decision making system. The AgencytHk system, however, was the-mestmore
robust in that it was the most defensible of the three systems.; Mmoreover it had the least
potential for accidental delay.

One possible bottleneck with the Bi-Agency DSS could result from the;hewever;may-be

regulator-based-delay-with-the likelihoed-efa large number of MNA assessments being
submitted to the Envirenment-Agency as the regulator needs to be consulted regularly. This

may have resource implications for the Agency. To help offset this potential disadvantage,

the Uk-Agency DSS sheuld-could establish clear procedures and criteria for the submission
of a MNA ‘case’ for a site at spec1ﬁc stage of the apphcatlon preferably at the end of each

Other possible improvements to the Agency-Jk DSS could include streamlining with more
explanatory text, and not just legal reference (this could be done using the ASTM DSS as an
example).

_Guidance is required on what the range of models are available for use in both the Yk
Agency and and-ASTM systems, as well as detailed information on the data requirements of
any suggested models. _Such guidance is due to be published as an NGWCLC report later
this year. Overall the Agency DSS compared favourably with the other DSSs and on many
criteria was judged to be superior.
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APPENDIX 23.1 BioScreen Model Use |

Using the data provided for the sample dates of November 1994, April 1997 and October
1998, the Bioscreen model was applied to predict the concentrations at distances down the
plume. This site specific data was not sufficient to enable all the requirements of the
Bioscreen model to be fulfilled resulting in the use of default values or a range of values for
certain parameters. Certain assumption had to be made to attain information for the
Bioscreen model to be as representative as possible. A precautionary approach was adopted
in that wherever possible the worst case scenario was used (e.g. in measuring isolinear
graphs, selection of variables etc.). Appendix 3-1-Table 2.1 details the types of information |
required by the Bioscreen model and the source of information inputted. In comparison to the
observed trends in the initial site data interpretation, the Bioscreen model overrated the
capacity of the site soil microbial population and the physical processes to biodegrade or
dissolve, dilute and disperse the contaminant plume.

This calls into question either the quality of the data used to run the model, the default values
inputted or the model itself. From further investigation of the influence of varying
biodegradation rates upon the models outcome it could be seen that the Bioscreen model may
be overestimating the influence of the physical parameters upon the plume contaminant
concentrations. The presence of the no degradation line below the site data for comparison is
evidence of this. Biodegradation rates may be excessive although this cannot be substantiated.
The ability of the model to accurately predict either a potential time frame or a maximum
plume migration distance is unreliable. Sentinel boreholes placed according to the data
generated would be unrealistic in assessing risks from groundwater contamination.

The following table and figures are the input and output of the Bioscreen 4. The output tables

for each sampling period are based on the data given in Appendix 3-+Table 2.1 and where a |
variable is uncertain the worst case is taken so as to take the most precautionary approach.
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Appendix Table 2.ix3:1: Bioscreen data input details.

Model Data Value (units) Data Source and Justification

Requirement

Hydrogeology All data required for this section could be obtained or

Hydraulic 0.012 (cm/s)  simply calculated directly from the information

Conductivity 1:500 (0.002) provided.

Hydraulic Gradient 30 % (0.3)

Porosity

Dispersion The programme could estimate the dispersivity of the

Plume length Varies contaminant plume from the length of the plume. The
plume length value was changed for each sample date.

Adsorption There was no direct data in the information provided so

Soil Bulk Density ~ 1.7kg/l alternative sources had to be found. The soil bulk

Partition 38 (L/Kg) density data for silty sand was taken from the ASTM

Coefficient Risk Based Corrective Action model database, partition

Fraction of Organic  0.001 coefficient data and the fraction of organic carbon data

Carbon (Default) were taken from the Bioscreen users manual (default
values).

Biodegradation The initial site data interpretation resulted in graphs of

Ist Order decay 162 contaminant concentration over time. In theory it may

coefficient (Calculated)  be possible to determine a rate of biodegradation from a

4.6 (Default) regression analysis of this data. However, the
possibility of heterogeneous biodegradation rates over

Solute Half life Not required  the plume and the uncertainty as to what variables
contribute to the graph profiles mean that any
determined rate would be unreliable. As such, any data
taken from a concentration plot for just one borehole
over time may not be sufficient for a decision regarding
natural attenuation to be reached. Despite this, the
biodegradation rate determined from the graphs, the
default value provided in the literature and the default
value divided by ten were used to determine the
influence of the biodegradation rate variable upon
contaminant concentrations with distance.

General Site Data  Varies Measurement of the perimeters of the plume from the
isolinear graphs in the initial site investigation (worst
case).

Source Data The source thickness in the saturated zone could not be

Source thickness in ~ 53.5 ft determined from the information provided, therefore the

saturated zone. (16.3m) depth of the deepest borehole had to be used. The

Source zones. Varies source zones could be determined from the isolinear

Soluble Mass. 71 Kg graphs in the initial site interpretation. The soluble
mass of the contaminant spill could be approximated

S35 4 from the concentration in the soil back calculated from
SR the initial site investigation isolinear graphs.
Sl
g
Field Data For Varies Data obtained from the set of sampling records provided
Comparison exhibited the worst case scenario.
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