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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.1

Date of Workbook Issue: October 2006
This worksheet has been produced in combination with the document 'Remedial Targets Methodclogy: Hydrogeological risk assessment for land contamination (
Environment Agency 2006). : ' :

Users of this worksheet should always refer to the User Manual to the Remedia! Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
Alt rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particutar facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty aboul the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will atways be free from defects, computer viruses, software locks or other similar code or thal the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name:
Site Address:

Travis Perkins Depot
Pier Road, Littlehampton, West Sussex

Completed by: Craig Bulga

Date: . 05-Nov-08 Version: 1.1
Contaminant Arsenic

Target Concentration (Cy) 0.025 mg/l Origin of Cy: EQS for Freshwaters

This worksheet can be used to determine remedial targets for soils (Worksheets Leve! 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells cotoured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background ‘

Itis recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

‘The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological

calculations.

Environment Agency Publication 20, Remedial Targets worksheet v3.1

04/12/2008, 15:54
Arsenic.xIsintroduction



ARUN DISTRICT COUNCIL:LU/354/08/DOC 11/12/200

Remedial Targets Worksheet , Release 3.1

Level 1 - Soil

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu
below
User specified value for partition coefficient

Contaminant Arsenic |
Target concentration Cy 0.025 mg/l
]
Input Parameters variable Value Unit Source of parameter value
Standard entry 7
Water filled soil porosity O 240E-01  lfraction CLEA UK Default for Sandy Soils This sheel calculates the Fevel 1 remed@l target for §01!s(mg{kg) based ona )
. . . selected target concentration and theoretical calculation of soil water partitioning.
Air filled soil porosity 0a 3.00E-01  ifraction CLEA UK Defautt for Sandy Soils Three options are included for determining the partition coefficient.

Bulk density of soil zone material o 1.60E+00  |g/em? CLEA UK Defauit for Sandy Soils The measured soil concentration as mg/kg should be compared with the Level 1 .

Henry's Law constant H 0.00E+00  |gimensioniess |n/a remedial target to determine the need for further action.

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd _ LITE+02 g Consim Files '

Entry for.non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc fraction

Organic carbon pariition coefficient Koc Ikg
Entry for ionic organic chemicals (option)

Sorption coefficient for neutrat species Koen kg

Sorption coefficient for ionised species Koei I/kg

pH value pH pH units

Acid dissociation constant pKa

Fraction of organic carbon (in soil} foc fraction i

Soil water partition coefficient used in Level Assessment Kd 1.17E+02 ilkg Specified value

Level 1 Remedial Target
Level 1 Remedial Target - 2.93E+00 - mg/kg  |(for comparison with soil analyses)
I E or ., :._,’-"'v“"~ .
0.025 mg/l {for comparison with leachate test results) i
i
Remedial targets worksheet v3,1 04/12/2008, 15:54
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Remedial Targets Worksheet , Release 3.1

" Level 2 - Soil

Contaminant [Arsenic }from Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mgf).

Target concentration Cy | 0.025 ] mgll  from Level 1 .

The measured soil concentration as mg/kg or pore water concentration shoufd be compared with the Leve! 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for fand contamiantion’
(Environment Agency 2006)

N input Parameters Variable Value Unit  Source of parameter value
! Standard entry
Infiltration Inf 4.90E-06 m/d Met Office Data
Area of contaminant source A 2.50E+02 m? Site Measurement Not used in calculation
Entry for groundwater flow below site ‘i
Length of contaminant source in direction of groundwater flow L 2.50E+01 m Site Measurement : b
Saturated aquifer thickness da 3.11E+00 m Site Measurement
Hydraulic Conductivity of aquifer in which dilution occurs K 2.33E-01 m/d Site Measurement
Hydraulic gradient of water table i 2.42E-02 fraction Site Measurement
Width of contaminant source perpendicular to groundwater flow w 1.00E+01 m Site Measurement Not used in calculation
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mgA Site Measurement
Define mixing zone depth by specifying or calculating depth (using pull down list) Calculate
Enter mixing zone thickness Mz m ]

Calculated mixing zone thickness Mz 2.67E+00 m

Calculated Parameters

e S L Ditution Factor DF © 1.24E+02 .
i _ Level 2 Remedial Target .. 3.0E+00 mgi/l  |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra H

-- s oL i or !

3.63E+02 mg/kg [For comparison with measured soil concentration. This assumes Leve! 1 H

Remedial Target calculated from soil-water i

Additional option
Caiculation of impact on receptor

Concentration of contaminant in contaminated discharge (entering receptor) Cc ] 0.00E+00 mgh [ ]

Calculated concentration within receptor (dilution only) 0.00E+00 mgh O

Remedial targets worksheet v3.1 04/12/2008.15:54
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Remedial Targets Worksheet , Release 3.1

Level 3 - Soil See Note
Input Parameters Variable Valve Unit  Source Enter method of defining partition co-efficient {using putl down list} . e e . B
User s lue for partition coefMcient ‘ [ Catculated {relative) concentrations for
Contaminant [Arsenic Jromtbevett U soeor | distance concentration graph
Target Concentraton Cr from tevet 1 R X
Dition Factor  DF 24E+07 from Level 2 B RLT H
Entry it specify partition coofficient (option) | § secor I Ogata Banks
Setect analytical solution (click on brown cell betow, then on pull-down meny Sor water partmon coefhiciert L] Mvg i E e t From calcutation sheet
Ogata Banks in MRA publi Entry for non-pofar organic chiemicats (option) i g eone ) . Distance ::":::::uhm Concentration
Fraction of orgeme tarbon m sguder toe traction 1 E e | (No units) mgn
Select nature of decay rate {click on brown cell below, then on pull-down menu) Orqanic carbon partition coelficent Koc g ! HELA ; [4 1.0E+00 207E0)
Approach for simuiating degradation of potutants Aéﬁli dEraﬂauon rate to dissolved poliutants only } Entry for tonie argenic chemicats (option) ¢ © e { 28 9.98E.01 206E03
Sorpton coefficiem for retated specres Kew 1% 20¢-00 . s0 9.74E01 201€03
Variable Value Unit  Source of parameter velue Sorptran coaflicient lor ionined species Kert % ! ° * = v “ b " 78 9.30E-01 197E.0) r
Enter source concentration Soll concentration a3 mg/k oH volue pH - L Dromem o ) 10.0 879501 182€.03 i
Enter sod concentration 30 mgkg Acid drsochabon constant PKa 125 8.22€-01 171€0)
Hall lfe for degradation of contaminant in water  lip 9 00E+59 daye | | Feaction of orgam carbon in squiter foc temction Note “Relative concentration’ is the ratio of calcutated conzentation &t 3 given 15.0 7.80E-01 161€.03
Calkutated decay rate %, 7 70E-108 days'  catouiated paston compared (o the source concentraton The cakufations stiume piume 17.8 7.ME01 182609
WWidh of plume m aquiter at source 2 TO0E 01 m tomLevet2 Sod water partiion coofficent xd 1ER g dhoperses tiom the (09 of ibe aquffer An aficrnative satulon atsumng the 200 6.93E.01 143603
centre of the chime 1 located ot the mid-depth of the aquifer s presented m the
Pume ihickness m souitet at source Sy 267€+00 m  trom Level 2 ealcutation sheets 28 8.55E-01 135E-03
Butk densty of squfer matena 1 60E 00 g'em’ [CLEA UK Detau® for Sandy Solfs 1 250 8.20£01 1.26E01
Elfectve porosty of aguiter  n 3 00E-01 fraction [EA recommended vahse 278 $.89E-01 1.22€.03
Hydraule gradent i 2 44E02 fraction from Leve! 2 (adiustea) 30.0 $.60E-01 1.16E0)
Mydrauhe conductity of saturated aawter K 23IE01 ™ liomLever2 228 $3IEDY 1.10£.03
Distance fo compliance pownt X 5 0OE+01 m Cak value Xu & Ecksien 380 5.09601 105E.03
Distance (tatera) to comptiance pomt perpendicular 1o flow dvection 2 m { {Longitudinat dlsperatvity a 378 487E0L 101603
Orstance (derth) to comphiance pomt perpendicutar to fiow drection  y m | | Transvarse dinpersivity az 400 467€01 9 64E.04
Time since pollutart entered groundwater  { days  tima venant opoons anty Vertica dlxpetalvity »y a8 448501 § 25604
Paramaters vatues determned from opfons Note vatires of dispersivity must be > 0 450 430€-01 889E D4
Parttion coeficient  Kd 117E202 g seeopmone 418 4.14E01 8 56E.04
Longtudinat disoersety gy 5000 m seeoptons Xu & Eckatein (1995) report 813 0 83log.ox)’ *'*, 22 = ax10, sy * 5100 are ateumed 0.0 3.99E.01 825604
Tranwverse diapersivty a2 0500 m seeorrons Thin sheet cakcutates the Levet 3 remedial target for soflstmgAe) or for pore water (mgA,
Vertical dispersnity 12 0 050 m see ootions based on the drstance to the receptor o complance lozated down hydrauie gracent of the
Paramater values shoutd be checked sqsinst Leve! 1 and 7 snurce Theee solution methods are included, the preferred option s Ogata Banks By seftmg a
Hote long Uravel time te g DES9) # wifl give the steady state solution, which should atways be used
Calculated Parameters Varlable This workshee! thould be used If poflutant trarsoon and when caicutating remedial Largets
:tou:alm 16 best descrined by » n;: order reaction The memsured eod concentration B8 mg*g or pore water concentration should be compared
*233h0n r best dentbad by an electron kmaed
Groundwater flow velecty } 9002 e dogradaton sixn s Pty by ©;, HO,. 50, etc than an R e Leved 3 remedltarget to determine the need for further acton
Retardavon factor R 6256:02 fraction ANetnatve soluon shoutd be Used
Decay tate used 5 123€.103 a' Note it contarmnant s not subiect to first order degradation. then et hatf lite s 9 OE+99
Hvdrautic gradiert used m sguifer flow down.gradient i 244£-02 fraztion
Rate of contaminant Naw dire [o retardation v J04E05 mid +
Ritio of Compliance Pont to Sewnze Concentration  CenCo 3 99E-01 traction i
Attenuation factor (Co/Ced  AF 2506400 fraction !
Calettated sof ieachate concentraton  Co 2 55601 me '
Remedial Targets
Level 3 Remadia! Terget . 7.76E400 mght  1For comparison with measured pore vater concentration .
© OgaaBaie - or This assumes Leve! 1 Remedial Targed m based on Target Concentration i
9.98E+02 kg JFor with meatuted sod concentraton The
Distance to compllance point 30 m assumes Level | Remedisl Target calcutated from sod-water
panioning equation
Ratic of Compllance Point to Source Concentration  Cyn/Cs 3.98E01  fraction Ogata Banks

Care shoutd be used when calculating rernedist targets Uting the time vanan ootions as this may tesutt in an averestimate of the remediat taret
The recommended vatuzo for time when ¢aicutating the remechal larget it 9 9E +99
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R&D Publication 20 Remedial Targets Worksheet, Release 3.1

Level 3 - Groundwater See Noto
input Parameters (using puil down menu) Variable Value Unit  Source Select Method fot derlving Partition Co-efficient (using pull down menu) N e o -
User s;lﬁed ue for énmon coefficlent ] peeor ‘( Calcutated concentrations for
Contammant [Arsente—— Tnemtevany roFor . distance concentration geaph
Terget Concentaton Cr | 2.50E02 | mgn  hom Level t Entry It specity partition coetMetent foption} -
Son water panition coefhciont k¢ [117€:07 g B e Casta Banke
Entry for mon-polar organlc chmicals option) i From cakcutation theet |
Sefect analyticat solution (click on brown cell below, then on pull-down menu Fraction of organic carbon m squfer toc trection I3 fad Oirtarce Concentration
I_ T 1
Ogata Banks in WRA Organk carbon partion coofrciert Koe ing 1 ; soeer | nan
Entry for tontc organic chamicas (option) [ — H 0 7.2€.02
- Approsch for simulating vertical dispersion Stmulate verticat dispersion in § direction Sorption cocficmnt for rlatad specms Ker n g § 2.5 TA9E02
Sorption coeflicrent for onised specses [ vy j = 50 7.02E02
Sefect nature of decay rate {click on brown cell below, then on pull-down menu} oH value pH [ ) 15 871E.02
Approach for simutating degradatvon of poltutants: {Apply Gegradatton rate (o dissoived poliutants onty, 2cig grssociation constant K i 100 8.36E.02
Source of parametet valuw Fraction of organic catbon in aqufer toc haction Qoe-m 125 8.02£02
Init:al comammant concantrabon in groundwater st plume core o 7 2002 mon  [Se Measuremerr | o w0 » » © P © 15.0 $.70E02
Ha¥ e for degradation of contarmnant inwater iz S 00E-09 days Sod water parttion cosficient Xd 1178002 ) Orstancy (m) 17.8 5.40E.02 "
Calcutsted decayrats 5. 7 TOE-10% d’ - . S 200 513602 ’!
Width of pdutme m squifer 2t soutce fperpendicutar to fiow) Sz 100E+01 m  {Sde Messuement 225 4.87E02 ’
Plume thickness at source Sy J01E+00 m  {Ste Messurement Note granh assumes pluma disperses verhcatly in one direction only An afternative sotution 250 4.64E.02
Saturated aquiter thickness  da 3.11E+00 m  [Site Measurement Define di assuming the cortie of the plume is located at the mid-depth of tho aquret  presonted m 218 442602
Bute densty of aguer materialy 1 60E+00 oem® [CLEA UK Detavt fhe catcutztion sheets 30.0 422602
Efoctive poresity of sauifer 1 3 00E-01 haction [E4 reommendad vatue 328 4.04E02
Hydrnde gradiart i 2 42E02 fraction | Site Atessurement Calz value Xu & Echitem m 590 LB7E 02
Hydrautic conduetnty of squder K 2501 e [Sae Messurement Longitudinst dieper sivty - Note s 271E02
Custonce to comphanes poimt X S 00E <01 m Transverse diroeraivity a 400 1.57€02
Orstance {latoral) ta comatiance poirt parpendicular ta fiow drrection z 0 00E+00 m Vertical dispersivity y This sheal caltuintes the Leve) 3 remediat target for groundwater, bised on the drstance to 423 l43E02
Distance (derth) to compliance powt perpendieulat to fiow drection ¥ 0 00E+00 m Note values of dispersivity must be » 0 the 1acaptor or comphance located down hydraubc gradient of the sourze Thiee solution 450 JNED2
Time sinco pafhutant ertered groundwater | 1 0OE+ 100 days  fime vanant ophons oty For cakiutsted vilus sasumesar=01°s, a2=001 *v, oy = 0001 ‘s rethods ate inchuded. the preferred opton o Ogata Banis ars 319E.02
Paramoters vahes determined from ootions Xu & Eckstein (1995) report ax = 0 83(log ] Uz wax')0, ay = 2x/100 a1e ss3uUmed By setting 3 tong 1ravel time # wall give the steady state sohution, which should be used to 500 108E02 ;!
Paftton coothcient  Kd 1176402 kg see ontions calcutate remedal targets H
Lonattudinat dispersivty 8 S 00E+00 m  see ophons The measured groundweter concentration should be compared
Transverse dispersivity 82 5 00E-01 m  see oprons with the Level 3 temediat faraet 10 Geterrmine the need for Rrther petion
Verticat divpersnity 8y S 00E-07 m  ses conons Note f contaminant is rol surbrect to frst order dearadation, then set hat ife o3 8 OF 409
B Calculated Parameters Variable Thes worksheet shoutd be uaed # poatant Transoort and degradation is beit deserbed by s
frst ordet repction  [f deqradation s best dwsribed by an elactron krted degradation wuch
& tor Row velozty v 18802 e #3 ondation by 02, NO3. SO4 eic than an sfemative sofution sheusd be used
Retardation fecter  RY 8256407 traciion
Decay rate usad » 1 22€-103 a*
Rate of comammnant flow due to rotardation 301E08 ma
Contaminant concentration st distance 3, assummg sne-way vetical dsparsion  Ceo 3 08E-02 mg1
Attenuation factor {one way vertieal disperrion, COCED)  AF 2348400 '
Remedial Targets
[ Remadtal Target $E8202 mgA_Jrer compamon with measured groundwater concentration
Ogata Banks
Distance to compllance point 50 m
[ of at point Gye/C, 3.08E.02 man  Ogats Banks
after 1.0E+100 days
Cate $houtd be used when calculating remedial targets usg the trrs vanant options ss this may result in an overectimate of the remedial target
The recommended vatua for time when calcyiating the remedial target s § 9E +99 i
n
p
- [

Remediat targets worksheet v3 t 04122008 1S54
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.1
Date of Workbook Issue: October 2006

This worksheet has been produced in combination with the document ‘Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (

Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedia! Targets Methodology and to relevant guidance on UK legislation and

policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.

All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the cormpetent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any pan of the worksheet. We do not promise that the media will always be free from defects. computer viruses, software locks or other similar code or that the operation of the worksheet will

be uninterrupted or error free. You should carry out all necessary virus checks prior {o installing on your compuling system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Travis Perkins Depot

Site Address: Pier Road, Littlehampton, West Sussex

Completed by: Craig Bulga

Date: 05-Nov-08 Version: 1.1

Contaminant Aromatic C10-C12

Target Concentration (Cy) 0.0125 mg/l Origin of Cy: 1/4 SWAD - Dissolved and Emulsified Hydrocarbons

ARUN DISTRICT COUNCIL:LU/354/08/DOC 11/12/200

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are

calculated as either mg/kg (for comparision with soil measurements) or mgfi (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a puli-down menus. Data entry are identified as blue background.
Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

Itis recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological

calcutations. '

Environment Agency Publication 20, Remedial Targets worksheet v3.1

04/12/2008, 15:55
Aromatic C10-C12 - Naphthaiene.xIsIntroduction
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Remedial Targets Worksheet , Release 3.1

Level 1 - Soil

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu
below

Calculate for non-polar organic chemicals ]

Contaminant Aromatic C10-C12

Target concentration Cy 0.0125 ’mgll

Input Parameters Variable Value Unit Source of parameter value

Standard entry
Waler filled soil porosity Ow 2.40E-01 fraction CLEA UK Defautt for Sandy Soils This sheet calculates the L'evel 1 remed:a_l target for §orls(mg/_kg) based on a )
selected target concentration and theoretical calculation of soil water partitioning.

Air filled soil porosity fa 3.00E-01  |fraction CLEA UK Defautt for Sandy Soils ) Three options are included for determining the partition coefficient.
Bulk density of soif zone material P 1.60E+00 g/cm3 CLEA UK Default for Sandy Soils The measured soit concentration as mg/kg should be compared with the Level 1
Henry's Law constant H 6.10E-03  |dimensiontess | TPH CWG Volume 3 remedial targel to determine the need for further action.
Entry if specify partition coefficient (option)

Soil water partition coefficient _ukg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) 2.00E-03 _ [fraction Consim Files

Organic carbon partition coefficient 1.29E+03  li’kg TPH CWG Volume 3
Entry for jonic organic chemicals (option)

Sorption coefficient for neutral species \/kg

Sorption coefficient for ionised species i I/kg

pH value pH units
Acid dissociation constant

Fraction of organic carbon (in soil) fraction

Soil water partition coefficient used in Level Assessment . 2.58E+00 kg Calculated vaive

Level 1 Remedial Target
! : R "~ Level 1 Remedial Target . .. 3.41E-02 mg/kg  |(for comparison with soil analyses)
o T e g0128 " mg/l _[(for comparison with leachate test results)

Remedial targets worksheet v3.1 04/12/2008. 15:55
Aromatic C10-C12 - Naphthalene.xisLevel1 Soil




Remedial Targets Worksheet , Release 3.1

Level 2 - Soil

Contaminant

[Aromatic C10-C12

]

from Level 1 This sheet calculates the Level 2 remediat target for soils (mg/kg) or for pore water (mgA).

from Level 1

The measured soil concentration as mgrkg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeotogical risk assessment for land contamiantion’

(Environment Agency 2006)
Source of parameter value

Met Office Data

Site Measurement Not used in calculation

Site Measurement

Site Measurement

Sité Measurement

Site Measurement

Site Measurement Not used in calculation

Site Measurement

For comparison with measured soil concentration. This assumes Level 1

Target concentration Cy 0.0125 [ man
Input Parameters Variable Value Unit
Standard entry
Infiltration Inf 4.90E-06 mid
Area of contaminant source A 2.50E+02 m
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.50E+01 m
Saturated aquifer thickness da 3.11E+00 m
Hydraulic Conductivity of aquifer in which difution occurs K 2.33E-01 m/d
Hydraulic gradient of water table i 2.42E-02 fraction
Width of contaminant source perpendicular to groundwater flow w 1.00E+01 m
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mgh
Define mixing zone depth by specifying or calculating depth (using pull down list) Calculate
Enter mixing zone thickness Mz C m
Calculated mixing zone thickness Mz 2.67E+00 m
Calculated Parameters
Dilution Factor - DF 1.24E402
R B
. *Level 2 Remedial Target 1,55E+00 mglt
) . ot L : . or
' 4.23E+00 malkg
Additional option
Calcufation of impact on receptor
Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mght I
Calculated concentration within receptor (dilution only) 0.00E+00 mgf

Remedial targets worksheet v3.1

Remedial Target calculated from soil-water

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra

04/12/2008,15:55
Aromatic C10-C12 - Naphthalene.xisLevel2 Soil



Remedial Targets Worksheet , Release 3.1

Level 3 - Soil See Note
Input Paremeters variable Vatue Unit  Source Enter method of defining partition co-efficlent {using pull down fist)
ar lc chemical
Contaminast {Aromatic c10c12 from Level 1
Tarpet Concentration  Cr mon  trom Level 1
Oitution Factor  OF from Level 2
Entry it snectly pertition cosfMicisnt (option)
Select analytical solution {click on brown cell below, then on pult-down menu) Sotl water partttion coefficiert _Itu
Ogats Banks In HRA Entry for non-polar organic chemicals foption)
Fracton of ergantc carbon in anuifer toc [ 200E-03 |rracton
Select nature of decay rate (click on brown cell befow, then on pull-down meny) Organie carbon partion cocticnt koe [_120E403 Jivg
Appreach for simulating degradation of pofitants | A radation rate to dissolved poliutants onl Entry for lonic arganic chemicals (aption)
Sorption coetlicient for refated species Ko g
Variabte Value Unit__ Source of paramatec valve Sorption coefficient for ionreed toccs Koy "
Enter sorce { Sofl concentration a3 mg/k oH vatue pH
Enter soB concentration 12 mgg Acid drszociation comstant pKa
Half fite for degradation of contaminant in water by 2 58€402 days  [Howard {Fraction of orgame catbon in squifer foc fraction
Catcutated decay rate 5. 2659603 days' cateuiated
Width of plume in agunfer 1 source Sz 100E+01 m  lomLevel2 Soil water pariton coefficient kd 2586400 g
Plume thickness in squifer at source Sy 267E+00 m  fomievel2
Bulk densty of aqulfer materiahs 1 60E+00 grem’
Eflective porosity of aquiter 1 300E01 fraction |EA recommended vatug Define {click brown celt and use pull down lisl|
Hydrautc gradient | 244E-02 Iraction  from Level 2 (adusted) Ofspersivities 10%, $%. of Emwli lenilh
Hydrautic conductivity of saturated aquifer K 2 33E-01 mid  fromievet2
Disfance to comptance point  x 5 00E +01 m . Enter value  Cale value Xu & Eckaten
Distance {iateral) to compliance poim perpendicular to flow duection 2 L 10 a
Drstance (depth) to comphance pommt perpendrutar 1o flow direction  y m J¥tanaverse disperswvity "
Time since pofidant entered groundwater 1 Says  time vanant coniom onty Vertical dispersivity ay
Parametecs vahas daterrined fom options Notw vstues of dispersivity must be > 0
Panton coethciermt  Hd 258600 g ses ontons
Longitudinal dspersvty gy 5 000 m sen ootons Xu 8 Eckstein (1995) report av = 0 83(log o0’ ™, a2 = ax'10, ey £ 81/100 are essumed
Transverse dispersivity 37 050 m $88 optns
Vertical deoersivity  av 0050 m 584 options
Parometer values should be checked sosinst Level { and 2
Hiote
Calcutated Parameters Variable This workthes! $houtd be used # poiltant transpont and
dogradation 18 best described by @ first order reacbon 1t
radation is best desnbed by an stectron hmited
Sroudate fowvexty v 1EQ e g aton e 3 vt 3 O WOy S0t an
- . . ° aNernstive soiuton shouid be uted
Décayrateused % 182E.04 ¢
Hygrautic gradient used in squiter flow down-gradiem i 20E02 fracton
Rate of contaminant flow due 1o refardation  u 1 29€.03 md
Ratio of Comphance Poini to Saurce Concentration  Cer/Co 33303 fraction
Atlenuation factor (Co/Cep) A 3.01E+02 traction
Cakulated soit teachate concertration  Co 4 40E+00 mat
Remedial Tarpets
. Level $ Remediat Target . 4.86E402 mgA  |For compariton with measured pore water concentration
. . Ogeis Bans - - or This astumes Level 1 Remedial Target is based on Target Concentration
1.27€003 mhkg |For with measured soi This
Oistance to complance point 50 M astumes Level t Romedial Terget cateutatod from sod-weler
oarttioning equation
Ratio of Compliance Point to Source Concentration  C.w/C,y 333603 fractfon Ogats Banke

Care ehould be used when calcutating remediat 1170ets Uting the fme variant ootions % this may resul in B overestmate of the remedial farget
The recommended value for tims when caicutating Ihve rermedial taraet Is § GE +99

Remedial targets worksheet v3 1
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e 1 ¢ {retative) 3 for

o eoeor i distanceconcentration graph

: g LE -4 I

N ELT] i

! g coeon i Ogata Banks

§ seew | From cateutation sheet

is i Relative

[ § e H Distance  concentration Concentration

i g e § (No units) gt

i jooo ! 0 1.0E400 388602

| E: ~ 1 28 7.86E-01 279802

| Gc€-; = i 50 9.04E-01 2.94E02

i ) 7.8 4.S4EDS 161E02

i, o 100 3.38€.01 120£.02
128 2.50E-01 B88E0)

Note ‘Retative concentration is the retio of caiculated concentation ot # given 150 1.85E-01 & 50203

DOstion £ompared 10 the source concentration The cakcylations assume phime 1.8 137601 48RE03

draperses from the op of the aqurter An afternative totulion sssumng the

e ofthe pme  ocated A e 4ot o s st s eeserted o no  1oest 15203

cateutaton sheets - - -

. - 280 $.66E-02 201803

ns 4.23E.02 1.50E.0)
0.0 3.47€.02 112803
3238 237€.02 943604
3.0 1.78€.02 833804
ns 1.4E.02 417E00
0.0 1.01E.02 3 60€0¢
as 7.65E-03 272800
450 8.79€-03 208804
ars 4.38E.01 156608
50.0 1.23E03 118604

Thre sheet catcutates the Level 3 remedial target for anite(mg ¥ g) o for pore water (mg 1),
based on the drstance to the receptor or comphiance lacated down hydraube gradient of the
source Three soluton methods ere meluded [he referied option m Ogata Banks By settmg »
tong trgved time (¢ 9 SED9) & will give the steady state solution, wich should stways be used
when cakcuiatmg remedial targets.

The measired soi concentratron a8 mg g or pore water concertration should be cormpared
with the Levet 3 remedal tarpet to determme the need for further achon

Note if contammant it not sublect 1o fret order degradaton. Men sef hatf e 21 § §E+99

D412/2008 15 55
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R&D Publication 20 Remedial Targets Worksheet, Release 3.1

Level 3 - Groundwater See Note
Input Parameters {using pull down menu} vartsble™ Value Unit  Source Select Method for deriving Partition Co-efficient (using pult down menu) e e e
Calculate fot non-polar orgenic chemicals i o0 | Calculated concenteations for
Contaminam fom Level 1 | distance.concentration graph
Tagei Concontrton  Cr | 1.25E82 | mpl  fomLeveld Entry if specify partition coefctent (option] _ oo
St vty parttion contteient xd NS ? Oasts Banks
Entry for non.pofar organie chemiesls (option) T axor { Erom eatcutation sheet
Select analytical solution (cfick on brown cell betow, then on putl-down menu) Fraction of organee carbon i squiter e {__200E0 taction H { Distance  Concentration
P PR A sy =
Entry for lonic orpanic chemicats foption) [ { ] 4.9€.02
Apbroach for smmutating ventkcal drpersion’ Simulate vertical disparsion In 1 direction Sorption coeficiem for sefated specres Kovn ™ i } zerez | 28 3.05€.02
Sorption coefficient for ionised specros Krt g i ; H 5.0 295€02
Select nature of decay rate (elick on brown cell below. then on putl-down menu) . oH valun oH ¢ 0 reeor ) s 2.22E-02
Approsch for simutating degradation of pofiutants  [Apply degradation rate to dissolved pofiutants onty Jacud dvsaziation comstamt pKa H H 10.0 1.65€.02
Source of parameter vaiue Fraction of organic carbon in saufer tor tracton ooe-on L ; 128 1.2)E02
Initial contamnant eoncantration In groundwater f plume cers Cg [E mgt # o 10 ™ » ® 0 ol 150 9.15€.03
Hal Ite For dogrodation of comtaminent in water 2 S8E*02 days  [Howard Sofl water partition coofficient Ké 258E400 g Oetance [m) [ 17.5 8.81E.03
Calzuiated docay rate I3 2 69E-03 dayy ! T oo s LTI - 200 5.08E0)
WidTh of pluma in aquifar 31 source {perpendieutar to fiow) Sz 100E+0t m  [Site Mezsurement 2.3 3.75E-03
Plume thickness of source Sy 301€+00 m | Site Measuroment Note graph sssumes plumae drsperses vorically in one drection only An akemative salution 250 2.84E.03
Saturated aguier thickness  da 3t1€-00 m | Site Messuroment Defina dis {¢fick brown cel ute pufl down st} 233uming the centre of the plume  ocated ot the mrd-gepth of Ihe sauor 13 presanted m ns 2.13E03
Bulk domsity of aqufer materiafs 1508100 gem’ [CLEA UK Dotaut Dispersivities 10%, 1%, 0.1% of pathway fength e catcutshon sheets 300 1.80E.03 '
Efoctive porosty of squifer 1 3 00E-01 traction [EA value, 323 1.20E03
. Hydrautic gragrent ¢ 242602 fraction | Site Messurement Entet vatme Cak value Xu 8 Ecksten m 380 9.03€-04
Hydrauhic conductivity of squiter K 2E0 md | Sde Messurement Longitudinal disperalvity " Mote s 6.81E04
Oictance to comptiance pornt ¥ 5 00E+01 m Teansverse dinperarvity - 400 S.14E04
Distancs flateral) to compliana pomt perpandiculsr to fow direction 7 0 0OE-00 m Vartical disper y ay This theet calcuintes the L evel 3 remedial target for greundwater. based on the distance to 4258 J.89E.04
Distance (dopth} to comphance point pependicutat to fow dection 0 00 +00 m Note vatues of dispersivity must be > 0 the receptor of compliance focated down hydraube gradient of the source Three sohtion 450 295E 04
Tirhe smes poltutent smered groundwater VO00E+100 days e varent ootons only For eateutated vaiue, assumes su s 015, 52 001 * v, oy » 0001 *x mothods ate mctuded. the preferred opion & Ogata Banky as 22304
Paramuters valyos determmed from apbons Xu & Eckstem (1995) repon ax » 0 B30og.x)* *'*; az = ax/10, 3y » 21100 are sssumad By senting » long travel time @ will give the steady state solution. which showd be usad to 50.0 1.70E04 [
Parttion coefcrert  Kd 250€.00 Mg ses optoas calcutate remedat targets
Lonadudingl dispershity  ax 5 O0E+00 m s»9 sotons The measutod aroundwator concentration sheuld be comeared
Transverse dizoorsivity az 500E01 m See onnons with the Level J remodhal 13100t 10 detrrmme the need for further scton 1
Verical dispersnity Ay S00E07 m  see oorons Note # comaminant is ot sutwect 10 first vder docradation, then set half (o w3 § 0E+89
Caiculated Parameters Vanatie This worrsheet shoutd e ised # pofiutant anspont and degradation 1s best descrited by 3
Rrst erder reachon 1 dogradation s best dasnbed by an elnctron mded degradaton such
Grovmwater fow velocty v yese.02 i 51 omdation by 02, NO3. S04 st than an shesmative sohitron shoutd bo ued
Rota:daton tacter  RI 1 47€-01 fraction
Decsy rote used 5 182604 LN
Rate of contaminant ficw e to ratardafion U 128603 ma
Contaminant concontration at distance v, assuming sna-way vercal disporson Crp 170804 mon
Attenuation tactor (one way vertical dispertion, COICED)  AF 2898402
1
Remedial Targets
Remedial Target 1.85E+00 mMaN ] For companson with messurad groundwater concentration
Ogata Ranks
Distance to compliance potnt 50 m
C of ] point €,C, 1.70E04 maft  Ogata Banks
aner 1.0€+100 days

Care shouid e used when caleutsting remedial fargets uaing the time variant optons #3 this may resutt in an overestimate of the remediat target
The recommendod valus for lime when calcutating the remedial target is § 9F 499

Remedinl targets worksheet v3.1 041127008, 18 55
Aromanc C10-C12 - Napthalens stsLovetd Groundwator
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet, Release 3.1

Date of Workbook Issue: October 2006
This worksheet has been produced in combination with the document ‘Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (

Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remédia! Targets Methodology and to relevant guidance on UK legisiation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet. ’ ’

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any pan of the worksheet. We da not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to instaliing on your computing system.

ARUN DISTRICT COUNCIL:LU/354/08/DOC 11/12/2008

»

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Travis Perkins Depot
Pier Road, Littlehampton, West Sussex

Site Name:
Site Address:

Craig Bulga
05-Nov-08

Completed by: . .
Date: Version: 1.1
Aromatic C12-C16
0.0125

Contaminant
Target Concentration (Cy)

mg/l Origin of Cy: 1/4 SWAD - Dissolved and Emulsified Hydrocarbons

This worksheet can be used to determine remedial targets for soils (Worksheets Leve! 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3

Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are

calculated as either mg/kg (for comparision with soil measurements) or mg/t (for comparison with leaching tests or pore water concentrations).
Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

Environment Agency Publication 20, Remedial Targets worksheet v3.1 -

04/12/2008, 15:56
Aromatic C12-C16 - Acenaphthene. xIsIntroduction
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Remedial Targets Worksheet , Release 3.1 % Forvirom e it

. B0y
Level 1 - Soil ‘

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu
' below h
Calculate for non-polar organic chemicals

Contaminant Aromatic C12-C16
Target concentration Cr 0.0125 mg/l il
. . i
Input Parameters Variable Value Unit Source of parameter value
Standard entry . )
Water filled soil porosity B 240E-01  graction CLEA UK Defaull for Sandy Soils This sheet calculates the ltevel 1 remedua_l target for §o|ls(mg{kg) based ona.
. . . - selected target concentration and theoretical calculation of soil water partitioning.
Air filled soil porosity fa 3.00E-01  ifraction CLEA UK Default for Sandy Soils Three options are included for determining the partition coefficient.
Bulk density of soii zone material p 1.60E+00  [g/em?® CLEA UK Default for Sandy Soils The measured soil concentration as mg/kg should be compared with the Leve! 1
Henry's Law constant H 3.21E-03  |gimensionless | TPH CWG Volume 3 remedial target to determine the need for further action.

Entry if specify partition coefficient (option)

Soit water partition coefficient Kd _

Entry for non-polar organic chemicals (option)

ikg

Fraction of organic carbon (in soil) foc 2.00E-03 fraction Consim Files
Organic carbon partition coefficient Koc 7.08E+03 |Ikg TPH CWG Volume 3
Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc.n kg i

Sorplion coefficient for ionised species Koes Ikg

pH value pH pH units

Acid dissociation constant pKa i;
Fraction of organic carbon (in soil) foc fraction

Soil water partition coefficient used in Level Assessment Kd 1.426+01 Ifkg Calculated value ‘

4

i

Level 1 Remedial Target
' . Level 1 Remedial Target ot e -179E-01 .- mglkg (for comparison with soll analyses)
s o . ) v or ‘ .
B ) ' . U 0.0125 " - mg/l (for comparison with leachate test results)

Remedial targets worksheet v3.1 04/12/2008, 15:56
: - Aromatic C12-C 16 - Acenaphthene.xIsLevel1 Soil
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Level 2 - Soil

Contaminant

ARUN DISTRICT COUNCIL:LU/354/08/DOC 11/12/2008

[Aromatic C12-C16

Jfrom Levet 1

from Level 1

O

AR

This sheet calculates the Level 2 remedial target for soils (ma/kg) or for pore water (mgA).

The measured scit concentration as mg/kg or pore water concentration should be compared with the Levei 2 remedial target
to determine the need for further action. Equations presented in "Hydrogeological risk assessment for land contamiantion’

(Environment Agency 2006)
Source of parameter value

Met Office Data
Site Measurement

Not used in calculation

Site Measurement
= Site Measurement
Site Measurement
Site Measurement
Site Measurement
Site Measurement

Not used in cafculation

For comparison with measured soil concentration. This assumes Level 1

Target concentration Cs 0.0125 [ magn
Input Parameters  Variable Value Unit
Standard entry .
Infiltration Inf 4.90E-06 m/d
Area of contaminant source A 2.50E+02 m?
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2.50E+01 m
, Saturated aquifer thickness da 3.11E+00 m
Hydraulic Conductivity of aquifer in which dilution occurs K 2.33E-01 m/d
Hydraulic gradient of water tabte i 2.42E-02 fraction
Width of contaminant source perpendicular to groundwater flow w 1.00E+01 m
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mgh
Define mixing zone depth by specifying or calculating depth (using pult down list) Calculate
Enter mixing zone thickness Mz m
- Calculated mixing zone thickness Mz 2.67E+00 m
Calculated Parameters
. . Dilution Factor 1.24E+02
" Level 2 Remedial Target " 1.55E400 T mgl
T O O PR P or . o
2.22E+01 mg/kg
Additional option
Calculation of impact on receptor
Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/t
Calculated concentration within receptor (dilution only) 0.00E+00 mgh

Remedial targets worksheet v3.1

Remedial Target calculated from soil-water

L J

0

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra

04/12/2008,15:56
Aromatic C12-C 16 - Acenaphthene xIsLevel2 Soil



Remedial Targets Worksheet, Release 3.1
Level 3 - Soil
Input Parameters

Contaminant
L Tagetc

Sec Hote

Varlable

Cr

Value

Aromatic C12C16
0.0125

Drhution Factor

OF

1.24E402

Select analytica! solution {¢lick on brown cell betow, then on pull-down rmenu}

Select nature of decay rate {click on brown cell below, then on pull-down menu)

Appreach for sitnulating degredation of pofdants,

uUnh Source
from Level 1

mal  from Lewel 1
from Level 2

Enter method of defining partition co-efficient {using pull down list)
Cafcutate for non-polar orgsnic chemicats

Entry If specity partition cosfficient {option)
Sodl water partiron coelficient xd

Entry for non-potar organtc chemicals (option)

Ognata Banks in HRA i _
Fraction ol orgarve carban m aquiter foc [ 20003 waction
Organk carban panton coetficient Koc I1%g
ly degradation rate to dissolved poilutants onl Entry for tonic organic chemicats foption)

Serption coethiciert for retated epocres.

g -
Variable Vatue Unit _ Source of parametec vatue ___ Sorption coefficrent for wonised species Kt g
Enter source Sofl concentration as mg'ki PH vatue oH
Enter 404 concentration 12 mag Acid dissceistion cometent oKa
Halt Ife for degradation of contaminant i water  tin 2 04E +D2 days  [Howard | Fraction of organic carbon m aguiter foc fraction
Cakeutsted decay rate 7. 34OE-03 diys”’  calcuiated
Width of plume in aquifer st source Sz 100E+01 mo fromlevet o Soil wates parttion coefficient Kd 1 42€+01 thg
Plyme thickness in aquifer at source Sy 267E-00 m  tromievel2
Bulk densdy of aquiter materas 1 60E+00 g'em’ [CLEA UK Defaut for Sardy Sods
Effective porotdy of aguiter n 300E-01 fraction |£EA racommended vaiue
Hydrautic gragient 1 24402 fracton  from Level 2 (adwsted}
Hydraute conductivity of ssturated aquiter K 23301 mid  trom Level 2
Oustance to comphance point x & OOE +01 - 1 Enter valie
Drstance ftateral) to comphance point perpandieutar fo flow direction 2 m | [Longitudtanl dispersiwity a 5 00E <00
Drstance (Septh) to complance point perpandrcular 1o flow direction  y m | transverse dispersivity a
Time since poftant entered groundwater ¢ days  ime vaniant optons only Vertical drspersivity »”y
Parameters values determined from opfions Note vatues of dispersivity musi be > 0
Paniition coefficient  Kd 1.42E<01 Wxg  ses optons
- Longrudinat dispersrety  ay 5090 m  seaoptions ¥4 & Eckstein (19951 report ax = 0 83ffog.px)* """, k2 = 9110, By & 0100 are assumed
Transverse disprrsivity  az 0500 m  seeopnons
! Verbeat duvetsity Y 0050, m  ses ootons
Paramoter values should be checked sasinst Level 1 end 2
Hote
Calcutated Parameters Varistle This workehoet shoutd be used it pofiutant tranapor end
degradation s best descrited by  first order reaction It
radation 1s best desribed by an election brted
+ Groundwater flow velocay v 1 B0E.02 md ::.aamm u:h‘ P o.m‘m"'{,y oe.fﬁn'o, SO, etc than an
Retaraaon factor Rt 765E+01 fraction ’
s . shernative coluton should be uted
Decay rate used I3 4 44E-05 d
Hvdraufic gradient used in auifer fow down-aradient P 2 44E02 tractron
Rate of contaminent flow due to retardation 248E-04 e
Ratio of Compiance Pomt to Source Concentration  Cen/Co 13303 fraction
Attenuation fsctor (Co/Cre) AF 7.50E+02 traction
Calcutated soil keachate concentration  Co 839E-01 mat
Remedlai Targets
: + Level 3 Remedlal Target 1.16E403 mgA | For companson with measured pore water concentration
Lo . Opsta Banks -, & - o . This assumes Level 1 Remedial Target s based on Target Concontration
' 1.68E+04 kg |For with measured soi This
Distance to compltance point 50 m___ assumes Level 1 Remedial Target caleulated rom sort-water
Sarntomng eguation,
Ratlo of Complisnce Polint to Source Concentration  C,/C, 13303 fraction Ogata Banks

Care should be used when catcutating remedial targets uxing the Hime variant ootions #e thra may resut in an overestimate of the remedial tarael
The recommended value for ime when calculating the remedhal taroet s § 9 +99

Remediat torgeta workshest v3 1

Cak vatue %u £ Ecksten

ARUN DISTRICT COUNCIL:LU/354/08/DOC 11/12/2008

i eem Calcutated (relative) concentrations for .
| L. 9rFor distanceconcentration graph "
1§ e I
IREELLd
i E eon 0 Ogata Banks :
[ From cateutation shret i
i Relative
§ oo Distance  concentration Concentration '
? (No units) man N
t § o 1.0E+00 §17E0) iy
i 28 7.51E-01 §08E03 .
l 50 $.81E01 I173E0)
@ » © 7.5 3.95E-01 268803
| ] 100 2.81€01 1.50E 03 i
o T 12.8 1.09E-01 135€.03
Note "Retative concentration’ is the rate of cakutated concentation 2t a gven 15.0 1.41E-0Y 953ED4
posion :o’mw'z:;t;ome'::n:;;w:mn;m :ht ::::“M’m nfuﬂ;ﬂm 1.5 9.98E-02 & 15604 f
drsperses from of the aguter An afiesnative sofution essuming the
centre of the phume 1 located at the mid-depth of the sauiter is presented m the 200 7.08E-02 479800
Cateutation sheets 223 5.03E-02 340E04
250 3.58E02 242608
18 2.56E02 173604
300 183802 1.24E04
328 131802 8 B6E05
5.0 9.41€03 836E.08
7S~ BTEED 452E085
a0 487603 3.30E.08
as 3.52€-03 238608
450 2.84E03 172608
ars 1.84E 03 124E08 k|
50.0 133603 902E.08

This sheet cakutates the Level 3 remedial tarpet for sortsimg Q) or for pore water (mg1),

based on fhe drstance to the receptor or comphance tocated down hydrauhe gragient of the

source Three sofution methods are mluded, the preferred option 1s Ogata Banks By teiting » 1
fong travel trme te ¢ SEI9) it wil give the sready state sohution, wivch shouid aiways be used

when caiculating remedial tacgets

The measured sofl concentration as My or fore water Concentranon should be compared

with the Level 3 remedial target to deterrmine the need for funher action "

Note if comaminant i not autrect [0 first order degradatron. then set half be as 0 9€+00

04/1217008 15 58
Aroenatic C12-C16 - Acenaphthene iy
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Level 3 - Groundwater

tnput Parameters (using pull down menu) Varistie

Contaminant
Target Concentration

See Note

Cr

Value

Unit

mg1

Source

trom Level 1

Aromatic €12L18 from Level |

Select Method for dertving Partition Co-efficlent (using pull down menu)
Calculate for lar organic chemicals

Entry If specity pertition coeMcient foption)
Sor water panition coefficent
Entry tor non-potar organic ehamicals (oation}

SRR

Select analytical solution {click on brown cell below, then on pufl-down menu) Fractwn of ergame carbon m sawrfer e [ 200603 Inaction
[ Cumsbants  Jeaumom mumacomienon oo crn sten oo o T

Entry for fanic organic chemicals foption)

Approsch for simulsting vertical dispersion Stmutate vertical disperaton In 1 direction Sorption coetlicient for relatod specres Keen g

ARUN DISTRICT COUNCIL:LU/354/08/DOC 11/12

(113

< concentrations for
distanceconcentration graph

From calculation sheel

i
reecT i
= reec |
§ e i Oastn Banks
3 eeeos !
i ! Outance
g soeor i
{ ccor |
¢ | 0
g seer i 28
- i 50
§ roren
© 7.8
tecer ! 100
core ' 125
° © » B © o 150
Obrtance [m) 17.5
- e = — - - 200
228
Note graph nssumes plume drserses vertically m one direction only AN sRemative sefution 250
383umimg the centre of the piume 15 focsted at the med-depth of the aqufes i3 presented in 278
the catcutaton shoets
00
328
350
Nete s
4090
This thest caicutates the Lavel 3 ramedial t2rget for groundhvater, Based on v distance to 423
the receptor 61 compliance loc3ted down hyarauhe gradient of the source Three solution 450
Mmethods sre mchuded, the preferred ortion i Doata Banks s
By 361tmg § long travel brne # will grve the steady state solution, winch shoutd be used to 50.0

cateutate rameshat targets

The messured greundwater concentraton thould ba compered
viith the Level J romedcral tarmol 10 Grtormme the need for hrther action
Note f contarminant I8 nef subiect to hrst order dvoradation, then set hatf tie 31 9 0E+99

This worksheot should be used 4 poftant transtod and degradation iy best descnbed by 3
15t orde 1rocton I eqradation s best desribed By 2 elction kmted Oagradation sush
8 oridation by O2. NOJ, SO4 otc than an siternative solubon should be used

Concentration

mgft
B4E02
6.30E02
481E.02
INEDZ
2.36E.02
1.67E.02
1.18E-02
8.4¢E.0)
6.03E-03
4.30E03
307ED)
2.20E 03
1.58E03
1.13E03
$.14E04
$.86E-04
4.23E04
30%€.04
2.21E04
1.60E.04
1.16E 04

Sorphion cooflicient for tonised 1oecrey Ko, g
Select nature of decay rate (click on brown cefl below, then on pull-down menu) P value pH
Approach for $imutating degradation of poliutants AEEIE upgndntnn fate to poliutants only Jacet Arsancistion conatant pXa
! Source of patameter vatue Fraction of orgamie curbon in squder toe Haetion
initinl comaminant conceitratan in groundwoter sf plume cors e 8 40E-03 man mﬁ!m;—] .
Ha¥ Ide for degradation of contammant in water iz 204E+02 days  [Howerd |50 water parttion coecrent X 1426401 g
Calcutated docay rate 3 3 40E-03 dwys
Width of plurne in equtfer ¢t soures (perpendrmutar to flow) S22 1.00E 01 m | Site Meazurement
Plump thickness o1 soutes Sy 303E+00 m | Ste Maasurement
Saturated 2oufer thickness  da 311E400 ™ [Ste Measurement Define d ity fctick brown cefl and uve puft down list)
Bulk deasty of aaufer matecigls t 60E+00 oem’ [CLEA UK Detaur Dis pursivities 10%, 1%, 0.1% of pathway length
Effoctive porosty of aquifer N 3 00E-01 fraction [EA recommended value
Hydrautic gradient 1§ 247602 fraction {Site Measurement Enter valuo Calc vatve Yu & Echstom m
Hydrahe conductrty of squder K 23601 ma | Sie Measurement Longhudinal dixpersivity »
. Distance 1o comptiance pot ¥ 5 00E +01 m Transverne diperaivity »”
Orstanco fistaral) to compliance point parpandiculsr to flow drection 2 0 00E <00 m Verticat disperalvity »y
Distance (depth) to complmnce porm perpendicutar Lo flow direction Y 0 00E+00 m Hote values of dispersivity mirst be > 0
Turie since pofiutant erored groundwater 1 1 00E+100 days e vanam optrons only For coteutatod vatue, svsumes ax » 0 1 “s, x2 » 001
Porameters values detammned from conons YU 8 Eckatom {1995 repon ax = 0 83ag,ox
Pantttion cooferomt  Kd 1426401 kg see optoas
Lonanudinal dispersmty 3% 5 00€-00 m  seeoonons
Transverse dispersvity a2 5 0E.0) m  see conony
Vertical disostanty v S 00E-02 m s8¢ ootions
Calculated Parameters variabte
Groundwater fow velochy v 188E-02 vd
Petardaton factor  Ri 7 65€01 fraction
Oreay rate uscd » 444E-05 a'
Rate of comeminant flow due to retardation u 2 45€-0¢ md
Contaminznt concentration o ditance ¥ P3turmINg OnRe-way vertics! disperyson Cre 1 I6EQ4 mg1
Aftenuation factor (one way vertical divpersion, CO/CED)  AF 7298402
Remedial Targets
Remedial Target $.06E+00 mgn_]For companson with messuted groundwater concentrotron
Ogata Banks
Distance to compifance point 50 m
[ of at point ¢,C, 116E04 mgh  Ogots Banks.
after 1.0E+100 days

Care should be tned whan caltulating ramazial targets wing the time variam options 23 this may resul in sn overertimete of the remedial target
The recommanded vatue for ime when aalcutaiing the remods) target m § 9E499.

Remedial torgets workshost v3.4

0411212008 15 %5
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Hydrogeological risk assessment for land contamination |

Remedial Targets Worksheet , Release 3.1

Date of Workbook Issue: October 2006

This worksheet has been produced in comblnatlon with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination (
Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 20086. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
All rights reserved. You will not modify, reverse compile or otherwise dis-assembie the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet. We do not promise that the media will atways be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: Travis Perkins Depot

Site Address: - Pier Road, Littlehampton, West Sussex

Completed by: . Craig Bulga

Date: 05-Nov-08 Version: 1.1

Contaminant Aromatic C16-C21

Target Concentration (Cy) 0.0125 mg/l Origin of C;: 1/4 SWAD - Dissolved and Emulsified Hydrocarbons

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for sail or groundwater. For soil, remedial targets are
calculated as either mg/kg (for comparision with soit measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

Itis recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calcutation worksheet and a worksheet that performs some simple hydrogeotogical
calculations.

' 04/12/2008, 15:56
Environment Agency Publication 20, Remedial Targets worksheet v3.1 Aromatic C16-C21 - Benzo(a)pyrene xIsIntroduction




Remedial Targets Worksheet , Release 3.1

Level 1 - Soil

Contaminant

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu

below

Calculate for non-polar organic chemicals

Aromatic C16-C21

Target concentration Cr 0.0125
Input Parameters  Variable Value
Standard entry
Water filled soil porosity Ow 2.40E-01
Air filled soil porosity 0a 3.00€-01
Bulk density of soil zone material p 1.60E+00
Henry's Law constant H 4.66E-05
Entry if specify partition coefficient {option)
Soil water partition coefficient Kd -
Entry for non-polar organic chemicgals (option}
Fraction of organic carbon (in soil) foc 2.00E-03
. Organic carbon partition coefficient Koc 1.02E+06

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koen
Sorption coefficient for ionised species Kocs
pHvalue  pH

Acid dissociation constant. pKa

mg/l

Unit

fraction
fraction
glem®

dimensionless

ikg

fraction
kg

kg
kg
pH units

Source of parameter value

CLEA UK Default for Sandy Soils

ARUN DISTRICT COUNCIL:LU/354/08/DOC 11/12/2008

f/?wg nwitonme
W58 Apeny

This sheet calcutates the Level 1 remedial target for soils(mg/kg) based on a

CLEA UK Default for Sandy Soils

CLEA UK Default for Sandy Soils

TPH CWG Volume 3

f

Cansim Fites

TPH CWG Volume 3

Calculated value

Fraction of organic carbon (in soi) foc fraction
Soil water partition coefficient used in Level Assessment Kd 2.05E+03 kg
Level 1 Remedial Target
N Level 1 Remedial Target: 2.56E+01 - mglkg
. i . or -
L 0.0125 mgfl

Remedial targets worksheet v3.1

(for comparison with soil analyses)

{for comparison with leachate test resuits)

selecled target concentration and {heoretical catculation of soil walter partitioning.
Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1
remedial target to determine the need for further action.

Sl

QL

04/1212008. 15:56
Aromatic C16-C21 - Benzo(a)pyrene.xIsLevel1 Soil
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Remedial Targets Worksheet , Release 3.1 VRO ’
. (SR Y
Level 2 - Soil .
Contaminant [Aromatic C16-C21 Jfrom Level 1 This sheet calculates the Level 2 remedial target for soils (mg/kg).or for pore water (mgf).

Target concentration Cy 0.0125 ma/l  fromLevel

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target .
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’ 0
(Environment Agency 2006) ‘

y Input Parameters Variable Value Unit  Source of parameter value
Standard entry \
- Infiltration Inf 4.90E-06 m/d Met Office Data
' Area of contaminant source A 2.50E+02 m? Site Measurement Not used in calculation i
i
Entry for groundwater flow below site
Length of contaminant source in direction of groundwater flow L 2,50E+01 m Site Measurement
Saturated aquifer thickness da 3.11E+00 m Site Measurement
" Hydraulic Conductivity of aquifer in which dilution occurs K 2.33E-01 m/d Site Measurement
Hydraulic gradient of water table i 2.42E-02 fraction Site Measurement
Widih of contaminant source perpendicular to groundwater flow w 1.00E+01 m Site Measurement Not used in calculation '
Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mgA Site Measurement )
Define mixing zone depth by specifying or calculating depth (using pull down list) Calculate
" Enter mixing zone thickness Mz : m | !

Calculated mixing zone thickness Mz 2.67E+00 m [f

Calculated Parameters :
i

.., Dilution Factor- - DF 1.24E+02 )

T ' . I

Lo - Level 2 Remedial Target © - 1.B5E+00 " mgll * |For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra \

: - : 3.17E+03  mg/kg |For comparison with measured soil concentration. This assumes Level 1 ,
Remedial Target calculated from soil-water

Additional option
Calculation of impact on receptor

Concentration 6f contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mgn | ]

Calculated concentration within receptor (dilution only) 0.00E+00 mgh O

i
Remedial targets worksheet v3.1 : 04/12/2008.15:56
Aromatic C16-C21 - Benzo(a)pyrene.xisLeveiZ Soil -




Remedial Targets Worksheet , Release 3.1

Level 3 - Soil Sce Note

Input Parameters Variabte Value Unit  Source Enter method of defining partition co-efficient {using ou!l down list) . . R
| ] Calcutated (reative] concentrations for
|
|
i
1
i
i
i
i
i

Contammant Aromatic C16L21 from Leved t

Target Concertration  Cy mad  from Lovel 1
Oon Factor  OF [ 1248402 ] from tevel 2

distance-concentration graph

Entry if specity partition coeficient foption}

Select analyticat solution {click on brown cell betow, then on pull-down menu) Sod water parttion coefficiert « [~
o h
Ogata Banks . . Entry for non-polsr erganic chemicats foption)

Fraztion of organic carbon in squifer [ 200E-03 |traction
Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon parivion coefficrent g
Approach for simulabing degradation of poMuants: [Apply degradation rate to dissolved poliutants onl Entry for fonic organic chemicals foption} 28 9.26E0% 234E.04
Sorption cortfiment for rotated species g $.0 8.39E-01 212E0¢
hd »n <« k] 0«

Variable Vatoe Unit _ Source of parameter value Sorotion coetficient for omucd specits xg ° 18 TAED 187€.04
Enter scurce concentration Soll concentration as moikg M vatve : . [ A S - 10.0 8.526-01 164604
Enter sod concertration myg Acid dissocialion conctam 128 $.69E-01 1.44E.04

64
Half tite for degradation of comarninant mwater  tn 1 05E-03 days  [Howsrd | Fraction of organic carbon kn squater fraction Note ‘Retative concentration is the mtic of cakulsted concentation 1 3 gven 4.97E01 1.26E.04
Calcutsted decayrate 7, 6 54E.04 days’  calcutated postion compared fo the source concentration The cakulations assume phrme 435601 1.10E 04
Width of plume in aquiter at source 1 00E-01 m tromLevel2 ' So water parttion coefficient 205E.03 I :::f;‘;'&";l‘,::'f i&:’ﬂﬁm‘ﬁiﬁﬁﬂmmﬁ.ﬂ”ﬂ?n e 3.80E.01 9 60E-05
Plume thicknees m squrter ot source 2676400 m  fomievel2 calcutation sheots 3.M4ED B.A2E08
Bulk densily of aauifer materals 1 60E-00 g'em’  [CLEA UK Defautt for Sandy Soits ] 2.93E0t 7.40E.08
Effectve porosity of aqufer  n 300E-01 traction {EA rocommended vatue Define dixperstyity {click brown cetl and use pull down | 2.58€01 651EQS
; Hydravte gragrent 2 44E-02 fraction lrom Level 2 (adjusted) msgmu 1%, 0. of Enrw i IEm ] 2.28E-01 57SE08
Hydraute conductivity of saturated aquiter 23301 ma  fromtevei2 2.01€-01 5 08E-08
Distance to comphance point 5 00E +01 m Enter vale  Cake vahue Xu & Ecksten 1.78E.01 4 50E.05
Distance iateral) to comphance porit perpendicutar to fiow drection m | |0 ¥ 1.58E-01 4 00E 0%
Drstance (depth) to comolance pot perpendicutar 1o fiow drection m o Jrransverse dispersivity 141E01 355608
Time since poltutant entered groundwater days  time variant options onty Vertical dispersivity 1.25601 3 96E.05
Paremetors vates determined from options Note vatues of dispersivity must be » 0 112601 282E05
. Parttion coeflierent 2.05€+03 I%q  see options 9.98€-02 25208
Longtudingt drsperemtty 5 000 m see optrons Xu & Echstein (1995) report ax £ 0 83(log.ov) ', a7 = 89110, sy = 3/100 are aseumed X B.92E-02 2.25€0%
Transverse disperswity a7 0500 m  sse ontions This sheet cateulates the Levet 3 remwdial target for sof(mg?rgh o for pore water {mg),
Vercal dspersmty sy 0050 m  sesoptons based on the dritfance to the receptor or comphance focated down hydrauhe gradiert of the
Parameter vales should be checked saainst Level  and 2 source Three solution methods are meluded, the preferred option 1 Ogata Banks By setiing a
' Nete forg travel fime te ¢ SS9} & will give the eteady stalc sohstion, whnch thoud Bways be used
Calculated Parameters varlabte Thi workshee! thottd be used i poMutand transport and when caicutanng remedial trgets
:W'nzﬂm n :r' ::C::d tya '":;‘"Wh:"-;‘m ) The measured soit concentration as mg™p or pore water concentration shoukd be compared
ngtadation i best desribed by an efectron kute: With the Level 3 remedrat target 1o determine the need for furthet achon
G’”’“::::"‘:’m"’:: e " 3;::“’; ’n"c‘:f’m degradation such o8 ondation by Oy, NO,, SO, efc than an vt

ernative sofution shovid be used
Decay rate used % 5 99£-08 q e - e Hote Hf contaminant s not sublect to first order dearadation. then tet hatt fite as 9 9E 400

Hvdrauhe aradiem used in seunfer flow down-aradient P 244E02 fraction
Rate of contaminant fiow due fo retardation  u 174€-06 mid
Ratio of Compliance Pemt to Source Concentration  Cen/Cy 6 92E.02 fraction
Attenuation factos (Co/Cee)  AF 1.128401 fraction
Calcutated eorl leachate concentration Co 312802 man

Ogata Banke
From calcutation sheet
Retative
Distance  concentration Concentration
{No units} mght
0 1.0E+00 282€04

Remedlal Tarpets

Level 3 Remedlal Target . 1.74E+01 mgN  |For compariton with meatured pore water concentration
Otz Banias * o or Thia assumes Level t Remedinl Target is baned on Target Concentration
. 1.8SE-04 For 180N with measured tod ion, Thrs.
Oistance to compliance point 50 M stsumcs Level 1 Remedinl Target eascutated from sofwater
orrttioning equetion
Ratio of Compfiance Point to Source Concentration  C,/Cy 8.92E-02 fraction Ogata Banis

Care should be used when calculating remedial targets using the ime variant options #s this may resuft In an everestimate of The remedral target
The recommended vatue for trme when caleufating the remediat taraet is 9 9E+99

0471272008 15 56
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R&D Publication 20 Remedlal Targets Worksheet, Release 3.1

Level 3 - Groundwater
input Parameters {using pull down menu}

Contaminant
Terget Concentration

See Note

Variable

Valure

Unit  Source

Aromatic C18C21 from Level 1
Cr [ _125€02 | mat  homievelt

Seloct analytical solution (click on brown cell below. then on pull-down menu)

Ogata Banks

Equstions in HRA publication

Select Method for deriving Partition Co-efficient (using pull down menu)

Caiculate for nan-potar organic chemicals
Entry i spwcity pertition costicient foption)

Soil wats pantmhen confMcrert *d
Entry for non-poter organic ehemicals foption)
Fraction of orpanic catbon m squrfer foc

T o
[~ TR Jructon

m“&

Organic carbon partition cosfeiem Kee
Entry for fonlc ormantc chemicas {option)

Approach for simulsting vertical dispersion Simuiate vertical dispersion tn 1 direction Sorpton confhicmnt for raiated species Korn ()
' Sorption coeficient for ionriad spacwes LS8 g
Select nature of decay rate {click on brown cell below, then on pull-down menu} PH vatve oH
Approach for'simulatmg degredation of pottutants: [Af degradation rate to dissolved pollutants onl acid dissociation constam pKe
Source of parameter vah Fraction of erganie carbon in squiter toc fraction
Initil contaminant concentration in groundwater st piyme cors  Co [ 410E02 | mon [Ste Measwement |
oMt ids for dogradateon of contaminant inwater  ti TOE+0) aove _sw water Barttion coecient e 2056403 o
' Culcutated decay rate 3. 6 S4E-0¢ dayn’
Width of chume in aquiter o1 Source (parpendicutar to fow) Sz 100E+01 m  [Site Measurement
Prume thickness ot source Sy J01E+00 m | Sre Measurement
Satursted aquiter thickness  da IT1E+00 m  [Site Measwroment Define dispersivity (click brawn cef and use pufl down isy
B Bufk densty of agurter matenaly [ 1 60E+00 g'em’ |CLEA UK Defaur Dllénlvmn 10 0. anﬂm iloniih
Eflectre porosty of squiar N 300£.08 taction [EA recommended valus
Hythaufic gradrent | 243607 fraction [Stte Measursment Enter yotun
Hydrautic conductrvty of aqurter K 233E.01 mwd s Longitudinal dispersivity ”
H Drstance to comptiance pomnt x 5 00E+01 m Transverse dispersivity a2
Distance {Iateraf} to compliance point perpandicutar to fow diraction 3 000E+0Q m Vertical dizpersivity ay
Oistance (depth) to comehsnce point perpendicutar o flow awection 0 00E+00 - Note values of dispersivity must be > ¢
Tira since pafiutant entered groundwater 1 1 0QE+ 100 dasys  time vanent optrons onty For caleutstod vatue, assumas sv =01 v, 220071 " v, oy = 0001 * ¢
Pardmeters vahsos derermined from oohons. ¥u & Echstom (1995) repon ax = 0 830eg.ex)’ *'*, Az » 37110, sy » 3x/100 are s3sumed
Pattion conficrent K 2056403 kg see optiona
Lonaruginat disparswity  ax S 00E=00 m  seecotons
Tramsverse discersivity Az 5 09601 m  ses conons
Vedical disporsvdy’ 8y 5 00E-02 m e oofions
Calcuylated Parameters Veriabte
Groundwater fow velocty v 128802 mrd
Retardston trctor BRI 1 09E+04 traction '
Decay tato used S 99E.08 o'
Pnto of contaminant flow due to retardation U 172608 me
Cantarmmant concentrotion Bt dratonca . assimmng cne-wdy vertical disparsion  Cop 38803 mg
Attenution factor (one way vertical dispersion, COICED)  AF 1.06E+09
Remedlal Targets
Remedlal Target 1.37€01 mgh |For with messured
' Ogats Banks
Distance to compliance polm 50 m
c of xn polmt C,p/Cy 388E.03 Mgl Ogats Barky
after 1.0E+100 days

Care shiouid b used when cateulsting remedist targets using the lime varizm optiont a3 this may resuft in 30 overestimate of the remedist hnrget

The tecommended value lor fime when caiculating the remedis!

Remedinl targets worksheot v3 1

arger is 9 9€ 499

Catc vatue Xu & Echstem m

ARUN DISTRICT COUNCIL:LU/354/08/DOC 11/1? 2008
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Note graph esstmves plume drsperses vertically i cne drivstion only An semative schiticn
assurmng the centre of the plume iz locatod #t the mid depth of the aqurer is presented m

tne catculaton sheets

Nate

This shent cateuiates the Lavel 3 romedal t3rget ke groundwater, batad on the ditance to
the rocaptor or compiante focated down hydrauhe gradient of the tource Three sonmon

mathods are maluded, the preterred option it Ogatz Banks.

By seftng 3 bong travel trme £ witl Give the stasdy state sohition, which should be used to

cakeviate remedial targets.

The me3suted aroundwater concentration should be compared
With the Level ) ramadidl tarast o determing the need for Ruther action

Note # contammant i5 not subeect 1o Arst order deavadation, then set haff ide 23 9 OE+99

Thrs workshee! should be used # pofiutant tramspor and degradation 13 best descrided by 8
Frat order reaction I degradation is best desrbed By 3n elnctron hmted degradation such

#3 ondatien by 02, NO3. SO4 #fc than an sftemative sohution thoud be uzed

Calculated concentrations for
distance concentration graph

Oasta Banks
From calculation yhest

Distance

25

75
00
128
150
17.8
200
225
2%0
s
300
328
350
s
40.0
as
450
475
500

Concentration

mgn
41E02

3.80E02
J4ED2
3.03E02
268E02
238E02
2.06€.02
181802
1.60E.02
141E02
1.24E.02
1.10€.02
9.72€0
8.62€.03
7.86€03
8.81€.0)
6.07E.03
$42€.0)
484E0)
4.33E03
3.88€0)

04'1272002 1555
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Hydrogeological risk assessment for land contamination

Remedial Targets Worksheet , Release 3.1

Date of Workbook Issue: October 2006
This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination ( ) i

Environment Agency 2006). \

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legisiation and
policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agendy, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.
Alt rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meels your needs and you remain solely
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or
performance of any part of the worksheet, We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet will
be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Too! Pak-VBA (to calculate error functions).

Details to be completed for each assessment

Site Name: : Travis Perkins Depot

Site Address: i Pier Road, Littlehampton, West Sussex

Completed by: N Craig Bulga

Date: ' 05-Nov-08 Version: . 1.1

Contaminant ) Aromatic C21-C35

Target Concentration (Cq) 0.0125 mg/l Origin of Cy:  1/4 SWAD - Dissolved and Emulsified Hydrocarbons

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Sail, Level 2 and Leve! 3 Soil) or to determine remedial targets for groundwater (Level 3
Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remediat targets are
calculated as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations).

Site details entered on this page are automatically copied to Level 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Data carried forward from an earlier worksheet are identified by a light green background

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are btank).

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological
calculations.

04/12/2008, 15:59
Environment Agency Publication 20, Remedial Targets worksheet v3.1 ) Aromatic C21-C35 - Benzo(ghi)perylene xisIntroduction
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Remedial Targets Worksheet , Release 3.1

Level 1 - Soil

Favironnc
X

RICNICY

Select the method of calculating the soil water
Partition Co-efficient by using the pull down menu
below

Calculate for non-polar organic chemicais 0

Contaminant Aromatic C21-C35 ’
Target concentration Cq 0.0125 mag/l 'i
[
Input Parameters Variable Value Unit Source of parameter value
Standard entry
Water filled soil porosity B 2.40E-01  [faction CLEA UK Default for Sandy Soils This sheet caliculates the ltevel 1 remedr;l target for §01l5(mg{kg) based ona.
i . i selecled target concentration and theoretical calculation of soil water partitioning.
Air filled soil porosity 6a 3.00E-01  |fraction CLEA UK Default for Sandy Soils Three options are included for determining the partition coefficient.
i Bulk density of soil zone material p 1.60E+00  [g/ecm? CLEA UK Default for Sandy Soils The measured soil concentration as mg/kg should be compared with the Level 1
: Henry's Law constant H 5.77E-06  |gimensionless | TPH CWG Volume 3 remedial target to determine the need for further action.

Entry if specify partition coefficient (option)
{

Soil water partition coefficient Kd _

Emry' for non-polar organic chemicals (option)

kg

Fraction of organic carbon (in soil} foc 2.00E-03 fraction Consim Files

Organic carbon partition coefficient Koc 1.586+06  |ikg TPH CWG Volume 3
Entry for lonic organic chemicals (option)

Sorption coefficient for neutral species Koen kg

Sorption coefficient for ionised species Koy kg

pH value pH pH units

Acid dissociation constant pKa
) Fraction of organic carbon (in soil) foc fraction
Soil water paftition coefficient used in Level Assessment Kd 3.16E+03 i/kg Calculated value

Level 1 Remedial Target

! v .- Level1Remedial Target : 3.95E+01 ~mglkg  |{for comparison with soil analyses)
5 R . R or © .
P L T 0.0125 mg/i {for comparison with leachate test results)
i
L
!
"
W
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Remedial Targets Worksheet , Release 3.1

Level 2 - Soil

Contaminant

[Aromatic C21-C35

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target
to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion’ i

Jfrom Level 1

- ARUN DISTRICT COUNCIL:LU/354/08/DOC 11/12/2

This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mgfl).

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentra

H
!

Not used in calculation

Not used in calcutation

For comparison with measured soil concentration. This assumes Level 1
L

' Target concentration Cy | 0.0125 mg/l  from Level 1
+
(Environment Agency 2006)
Input Parameters Vvariable Value Unit  Source of parameter value
Standard entry ’
Infittration Inf 4.90E-06 m/d Met Office Data
: Area of contaminant source A 2.50E+02 m? Site Measurement
Entry for groundwater ﬂoW below site .
Length of contaminant source in direction of groundwater flow L 2.50E+01 m Site Measurement
! Saturated aquifer thickness da 3.11E+00 m Site Measurement
Hydraulic Conductivity of aquifer in which dilution occurs K 2.33E-01 m/d Site Measurement
Hydraulic gradient of water table i 2.42E-02 fraction Site Measurement
Width of contaminant source perpendicular to groundwater flow w 1.00E+01 m Site Measurement
_ Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l Site Measurement
Define mixing zone depth by specifying or calculating depth (using pull down fist) Calculate
' Enter mixing zone thickness Mz i m ]
Calculated mixing zone thickness Mz 2.67E+00 m
!
] Calculated Parameters
' ¢ . DilutionFactor - DF~ 1.24E+02
. Level 2 Remedial Target - 1.65E+00 mgf
¥ "‘_‘» o or .
| 4.90E+03 mg/kg
Remedial Target calculated from soil-water
. i
Additional option '
. Calculation of impact on receptor
Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg L
0.00E+00 mgl O

{ Calculated concentration within receptor (dilution only)

1

¢

Remedial targets worksheet v3.1
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Aromatic C21-C35 - Benzo(ghi)perylene xisLevel2 Soil
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Remedial Targets Worksheét. Release 3.1

Level 3 - Soil See Note
f Input Parameters Variable Value Unit  Source Enter method of defining partition co-efficient {using pull down list) _ — e e
. ulate for non It ic chem 10600 Calculated (relative} concentrations for *
i Contaminant Aromatic C21-C38 from Level { . BOROI distance-concentration graph ‘
: Target Concentranon Cr from Level 1 o i
Oihstion Factor  OF from Level 2 g Teeor .
! Entry if specify pertition cosefficient (option) g sof o 1 Ogata Banks i
Select analytical solution (click on brown cefl befow, then on pull-down menu) Sod water panttion coefficient « [ | § oo ! From calcutation sheel :
Relati
1 Ogata Banks I HRA Entry for non-polar organic chemicals {option} 5 e Distance  concentration Concentration u
Feaction of organic carbon in squfer foc [ J00E0) Jwacwon [ (No units) mgn
Select nature of decay rate (click on brown celt betow. then on pulldown menu) Organic carbon partion enctficrent Koe thg £ o . . : [ 1.0E+00 BATE 04 u
Acproach for simutating degradation of poftutarts. [Apply degradation rate to dissotved poltutants ont Entry for fonlc organic chamicals foption ® votor ) 25 9.38601 7.66E-0¢ 1
Sosption coefficsent for related species Kev n g o060 ; 5.0 8.60E-01 703604 :
' Varlable Vatue Unit__ Source of value Sorpton coeflicient for ionieed specres Ko g ° ° b x °© b =, 18 TNED 8 30E.0¢ i
« Enter source concentration Soil concentration a3 magfk, ot vanse H Oremmes b H 100 6.35E-01 8 60E-04
| Emer ot concentration 320 mavg Acid distociation conetant oK T T T T T - Tt T 128 6.06€01 495804
Haft ife for degradation of comtammnant inwater by 1 30E+03 days  |Foward |Fraction of organic carbon i aquier foc fraction Note ‘Relatve concentration’ fs the ratie of caleutated concentation t a given 15.0 $.36E01 43RE04 il
Cakcuiated decay rate 53IE04 das’  caleutaled posmon compared 1o the source concentration The calcutations assume plume 7.8 4.T4ED1 2BBE-04
Wih of plume m squiet at tourte Sz | 100E+OL m trombevet2 Soi water parttion coefficient kg 3168003 1ag ::;;’;m‘m::;‘;‘:"’: e the 200 420801 343604
Plume thckness in squifer st source Sy 267E:00 m  tomlevet2 . cakeuiaton theets. 228 1.73E.01 305E04
Bufk densny of equiter materisls  p 160€400 | w'em’ [CLEA UK Defauh for Sandy Soits | 25.0 3132E0 2T1E04
Effective porosty of aquiter n 300E-01 traction [E4 vale. Oefire dlsp y {ctick brown cel pult down list) as 2.96E.01 247604
Hydraulic gradient i 244E02 ftachon  from Level 2 (adusted) Disparslvitios 1 of pathway length . 30.0 285E-01 215604
Hydravhe conductivty of saturated sawrter K 2 33E01 md from Level 2 N 328 2.37E01 1.94E.04
Oistance to comphance pood ¥ 5 00E <01 o 1 £oter value  Cak valve Yu & Ecksten 38.0 2.126.01 174800
Distance (taterat) to compliance porht perpendscutar 1o ficw direction F3 m | 1t ity e 378 1.91E01 1 SEE04
Distance (depih) to compliance pornt petpendicular 1o flow drestion  y m | | Teanzverse dispersivity " 400 172601 1.40ED4
Time tince poftant entered groundwater days  time variant options onty Verticas dispersivity y 425 1.55E.01 127€.00
Parameters vatses deiermined fom oomons Note vatues of dispersivity must be > & 450 1.40E-01 1+ 14ED4
! Paridion coeficient  Kd 316E-03 Vkg  see options a8 1.26E-01 103€.04
Longdudmal dispersivty  ay 5000 m se0 options Xu & Eckstom (1995) repart av = 0 83(log,r)’ *'*: a2 = 81110, 3y = 2/100 are 2evsumed 50.0 1.14E0% 9.35E05
Transverse depersivity az 0500 m Saw oofONS This sheet calcuriates the Level 3 remedial larget for soils{mgkp) of for pore water (g,
Vereal aoersivty 2y 0050 M ses oohons : based on Ihe dretance fo the fecotor or complance located dovn hydraubc gradient of the 14
Parzmeter vaives should be checked against Level f and 2 source Thvee soluhon metheds are inchuded, the preterred option is Ogata Banks By sctting & .
i Mote tong trave time (e g SESS) & wall give the steady state sofution, which should shways be used
Calcutated Parameters Variable Trus workaheet shoutd be used if poftand transpon and when cakiulating remedial targets
. degradation m best ducxn bya lv;:' order m':«mm [ The measured kol concentration a1 mg kg or pore water concentration should be compared
! . dogradation 1 best desribed by an atectron fimted edh h .
G'“’""::‘::;’:M'::: ;' :s::f‘ ,;:(’m o::mm\ such as ondation by Oy, NO,. SO, eic than an win the Level3 31121Get fo determine the need for further acton
| Decayratevted & 316E-08 PR snematie olion shoud be used Note it contammant fs not sublect to firet order dearadation, then et hatf e e 9 9E.+99
Hvdrautic aradient uzed m aquiter fow down-gradient i 2 44€.02 frach
Rate of contarmnant flow due to retatdation '] 1126.08 md
Rato of Complisrce Point 10 Source Concentratioh  Ceo/Co 114£-01 fraction
Antenuation factor (Co/Cen)  BF 6736400 fraction
Cakcviated sorl leachate concentration o 10IE01 mat
Remedial Targets ; N
. Level 3 Remedla! Target - 1356401 mQR  |For comparicon with measuted pore water concantration
PR Ogats Baros - N or This assumes Level 1 Remecial Target is based on Target Concentration,
H N 3 4.28E004 fhg |For vith measured sod concentration Thre t
Distance to compliance point 30 m assumnes Leve! | Remedial Target caiculated from sord.water
\ oarntdoning eaustion
Rallo of Compflance Polnt to Source Concentration  C,o/C, 1.14E01  fraction Ogata Banks 1

Care thoutd be trsed when calcutating remedial tarets tama the time variant options 5 his may resut in an averestimate of the remedial taroet . “
The recommended value for time when caleutating the remedial farget s 9 9E +99

v
o
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R&D Publication zolRemedial Targets Worksheet, Release 3.1

Level 3 - Groundwater
i
Input Parameters {using pull down menu) Variatie Vatue

Ses Note

Contammant

Target Concontration Cr

Select anslyticat solution {click on brown cell betow, then on pull-down menu)

Ogata Banks

Unk  Source

Aromatic C21CI5 trom Lovel t

mgn  from Lavel 1

Equations in HRA publication

Select Method for derlving Partition Co-etficient (using puf) down menu}
Calcuiate for non organic chemicals

Entry it apecity partition coeMicient (option)

Sod water pantition evefficsont xd

Entry for non-poler arganic chemicals foption)
Fraction of orgeme carbon i sautter toc

[T Jrcren
T —— ke |_1sseon o

Entry for fonlc orgsnic ehemicals {option)

g

Approsch for shmutating vertical dispersion: Simutate vertical dispersion In 1 direction Setption cosfheinnt for 1at3ieg specrm Koo o g

Select nature of decay rate {click on brown ceit below, then on pull-down menu)

Sorption couiciont for onried specks K [T
pH vatve pH

Appronch for stmutating dogradation of pofhstants: AEEIE dgvldaﬂon rate to dissotved poliutants onty ocid dissotistion constent oKe
Source of parameter value Frachon of prganic carbon m aquer foc haction
mgt [Ste Measurement

tritisl contaminant concentration In groundwater st pume core  Co 9 70602
Half ife for degradation of contaminant m water by 1 30E+03 days  [Howerd | Soit wates parttion confficient Kkd 316E40Y Vg
Cakcustea docayrate > S 33E04 days”
Wik of phurne i aqurer at sourco tparpendeutar to o) Sz 1 00E <01 m  [Ske Measurement
Pluma thitkness st soures Sy 301E«00 m Site Messurement
| Satursted sauter thickness  da 3IE00 m [ Ste Measuroment Define dispersivity (click brown cefl and vy down list)
Buth densty of saurter matormals 1 ) 60E +00 9'cm’ {CLEA UK Defaut | Dispersiviiles 10%, 1 1 pathway longth
Effectrve porosty of squder n 300E-01 fraction |EA recammended vate
h Hydraube gradiem « 2 42E-02 fraction | Site Measuremont Entor vahum Cak vatue Xu 8 Eckatein m
Hydraute conductrvily of agunfer K 233E.0t mid Site Messurement Longitiding) ditpertivity a
Distance to ecmphance pomt x 5 00€E+01 m Transverse dispersivity ar
Drstance (isteral) to comehance paint perpendizutsr to Sow directron z D OCE+00 m Vertical ditperzivay sy
Drstance (dopthi to compliance point patpendicudat t flow diraction Y £ 00E+00 m Note vatues of dispersivity must be > 0
Time since pofiutant entersd ground.ater t 1 00E+100 days  tee vanant optroms ealy For calcutated vatuo, assumes ev = 01 "1, 222001 v oy = 0001 * v
Parametars velues determned from aptony Xu & Ecwstoin (1995) tepod ax = 0 83009, *'”, az v aU'10, ay » 4w 100 are sssumad
Patiton cocthoent  Kd 3 18E+03 Tvg  ree options
. Longitudinel disoersivity 8 S 00E+00 m see ootons
Tramsverso disoershity Az 5 0001 m seeonvons
Vertice! disoersny &y 5 00E.02 m  see cotions

Calculated Parameters varlable

Groundwater flow voincty v 188602 mrg
Retardation facter R 169E+04 #action
v Decay rate vsed 3108 08 LR
Rate of comaminant flow duse to tetardation u 112608 m'd
Contaminant concemration st distance 3. assuming one-way vertica! disparsion  Cep 118€.02 mgit
Antenustion factof (one way verticat dispersion, COCED) AF 8.2IE+00
Remediat Targets
- Remedial Target - T LOEH moht |[For with measured
i Ogota Banks
Distance to compilance point 50 m
C of L potmt c e, 1.18E-02 maf Ogats Banty
after 1.0E+100 days

i
Care should be used when calcutating remedial targets ting the time varlant options 2% this may resuft in an overestimate of the remedut target

The recommmendod vatue for time when catculating the remedr! terget is § 9€+99

Remediat targots worksheel v3.4 ¢

Cakcutated concentration (mya)
2
8

Distance (m)

Nofe graph gssumes plume drperses vertcafly in ono direchon only An aftemative sehution
assummg the centre of the pluma 15 locatod st the mid-derth of the aquder 1s presonted m
he calcutatron sheets.

Note

Thia shret caicutates the Leve! 3 remndiat taget for groumdwater, based on the distance to
the recepter or compliance located down hydrautic gradion of the source Three souton
iethods are included, the oreferred cotion ia Ogata Baniks

By sefting 2 long travel trme & will grve the stedy state tolution, which should be used to
caicuiate rermedial targots.

The mestured aroundvrator concentration should be comnred

with the Levet 3 temadral taret to determing the need for hurther action

Hote # contaminant @ not sublect to first order decradation, then set X tde a3 9 0E+99

This workshaot shoukt bo used # pofhutant transpert and degradation is best deserrbed by »
frst order teachon  Hf degradation it bast desnbed by an etectron hmited degradstron such
3 oridation by 02, NO3. S04 etc than an shemstive solubion showsd be used

Catculated concentrations for
distance-concentration graph

Oants Banks

From catculation sheet

Duttance

28
5.0

100
125
15,0
18
200
23
250
278
300
328
350
s
400
as
450
a8
s0.0

Concentration

mgh
9.7€.02
8.09E.02
8.34E 02
T48E 02
8.6TED2
$.93E-02
5.27€.02
4.69E-02
4.17€.02
3712602
3.33E02
298E02
2.67E02
2.40E02
2.18ED02
1.95E.02
1.78E-02
1.59£-02
1.44E02
1.30E.02
1.18E02
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