R&D Publication20 Remedial Targets Worksheet, Release 2.2a

Tier 3 - Groundwater

input Parameters {using pull down menu) Variable  Vatue Unit  Source

Contaminant
Target Concentration

[ 2 methyinapthatene ]
€ [ 100E0 | mot

Select analytical solution (click on brown cell below, then on

ull-down menu

Enter "1’ to simulate vertical dispersion in one direction, 2 for two directions (pull down menu)

Enter ‘1" ¥ biodegradation rate is for the substance in water,
0 if rate is for decay in field conditions {i.e. field data from aquifer) (puft down men

Initiat contaminant concentration in groundwater at plume core
Halt ife for degradation of contarninant in water

Cakulated decay rate

Width of plurme in aquifer at source (petpendicular to flow)
Plume thickness at source

Saturated aquifer thickness
Bulk density of aquifer materials
Effective porosity of aquifer
Hydraulic gradient
Hydraufic conductivity of aquifer wd
Distance to compliance point m
Diztance (lateraf) to compiiance point perpendicular to flow dizection m
Distance (depth) to compitance point perpendicutar to flow direction m i
Time since poliutant entered groundwater davs  time variant opf
Parameters values determined from options
Partition coefficent  Kd | 7246400 | kg  see options
Longttudinal dispershity  ax 13.510 m  ses options
Transverse dispersivity a2 1.351 m  see options
Vertical dispersivity  ay 0.135 m  seo options
Calculated Parameters Variabls
Groundwater flow velocity v 3TTEN mid
Retardation factor ~ Rf  6.87E+01  fraction
Decayrateused 2 269603  d'
Rate of contaminant flow due fo retardation U 549E-03  mvd
Contaminant concentration at distance X, assuming one-way vertical dispersion  Cep  2.09E-108  mgil
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cep  1.08E-108  mghl,
Altenuation factor (one way vertical dispersion, Co/Cen) ~ AF 4.78E+102
Attenuation faclor (two way vertical dispersion, Co/Cen) ~ AF 9.2TE+102
Remedial Targets
e T T aiaok.
Ogata Banks
Distance to compliance point 1500 m
c of at point Cp/C0 2.09E-10¢ mgfl Ogata Banks
after 9.9E+93  days

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

Equations in RAD Pub. 20

=
tions only

A
oooéé\

Care shouki be used when calkulating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 8.9€+99.

For cakulated value, sssumes 3x = 0.1 *x.az =0.01 * x. ay = 0.001 *, 10’

Select Method for de

Entry if specity pantition cosfficient foption)

Soll water partition coefficient Kd
Entry for non-polar organic chemicals (option)
Fraction of organi cafbon in aquifer foc
Organic carbon partition coefficient Koo
Entry for ionic organic chemicals (option)
Sorption coefficiant for related species Ko
Sorption coefficient for lonised species Ker:

pH value pH
acid dissociation constant

Soil water partition coefficient Kd 7.24E400 ¥xg
Disperaivity
Caiculate dependant on distance to compiiance point (0)
specify dispersivity (1), of calc sfter Xu & Eckstein (2) 7

Entes value Calc value Xu & Eckstein

Longitudinal dispersivity ax 1356401 |m
Transverse dispersivity [ 1356200 |m

Vertical dispersivity ay [ 135601 |m

%u & Eckstein {1995) report ax = 0.83{log,0 " ; 02 = ax/10, ay 100 are assumed

ENVIRONMENT

AGENCY
0800 Caleulated concantrations for
70800 distance-concentration araph
g
g Ogata Banks
? :ﬁ From calculation sheet
T Distance Concentration
§A.0Em mahl
Sroes 760  7.6E-08
H 1500  6.3E-14
proeee 2260 3.7E19
S 3000 27E-24
1080 3760  1.9€-29
0.0E«00
0 200 400 600 800 1000 1200 1400 18 4500 14E-3
Distanca (m) 6000 7.4E4S
6760 6.4E-60
7600  4.0E-86
Note graph assumes piume disperses vertically in one direction only. An 8260 2.9E40
altemative solution assuming the centre of the plume is located at the mid-
Gepth of the aquifer is presented in the caiculation sheets. 000 18698
10500 1.2E76
11260  8.9E-81
12000 6.7E-86
This sheet calculates the Tier3 remedal target for groundwater, based on the 12560 S.GE-94
distance to the receptor or compliance ocated down hydraulic gradient of the 14260 2.8E101
source Three solution methods are included, the preferred option is Ogata 15000 2.1E-106

By setting a long travel time it will give the steady state solution, which shouid

be used to calculate remadial targets.

The measured groundwater concentration shoukd be compared

with the Tier 3 rernedial target to determine the need for further action.

Note i contaminant is not sublect to first order dearadation. then set hall ifs as 9.0E+99.

sessed. Bless Area ) Res
A
24112005

Version i

29/11/2008, 16:59

Ver 11Tier3

EPA Export 25-07-2013:17:59:46



R&D Publication20 Remedial Targets Worksheet, Release 2.2a

Tier 3- Groundwater
Input Parameters {using pull down menu) Variable

Contaminant
Target Cancentration

Select anatytical solution {¢lick o brawn cell belaw, then on

Enter 1 to simulate vertical dispersion in one direction, 2’ for two directions (pull down menu)

Enter *¥" if biodegradation rate is for the substanca in water,
0" if rate is for decay in field conditions (i.e. field data from aquifer) (pull down men:

Intial contaminant concentration in groundwater at plume core  Cq
HaX Ife for degradation of contaminant in water &,y
Cakulated decay rate &
Width of plume in aquifer at source (perpendicular to flow) Sz
Piume thickness st source Sy
Saturated aquifer thickness da
Bulk density of aquifer materiak  p
Effective porosity of aquifer
Hydraulic gradient i
Hydraulic conductivity of aquiter K
Distance to compliance point X
Distance (lateral) to compliance point perpendicular to flow direction z
Distance (depth) to compliance point perpendicular to fiow direction  y
Time sinca poliutant entered groundwater t
Parameters values determined from options

Value

Partition coefficient Kd 5.13E+01
Lengitudi L it ax 13510
Transverse dispersivity 2z 1.351
Vertical di v ay 0.135
Calculated Parameters Variable
‘Groundwater flow velocity v 377E01
Retardation factor Rt 4.80E+02
Decayrateused A 7.53E-04
Rate of contaminant flow due to retardation u 7.85E-04
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cgp  2.30+153
Contaminant concentration at distanca x, assuming two-way vertical dispersion  Crp  119E-153
Attenuation factor (one way vertical dispersion, Co/Cep) ~ AF  4.35E¢151
Attenuation factor (two way vertical dispertion, Co/Ceo) AF BAIE+1S1

Remodial Targets
S

Ogata Banks
Distance to complianos point

of at point c./co
after

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedal target.

The recommended value for time when calculating the remedial target is 5.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

1500

2.30E-183
9.9E+99

Unit

[ Anthracens ]
o [T

mgil  Ogata Banks

days

Source

Equations in RAD Pub. 20

Entry if spectfy partition coefficient (option}
Soit water partition coefficient

Entry for non-polar organic chemicals (option}
foc

Fraction of organic carbon in agquifer

Organk carbon partition coefficient
Entry for lonic organic chemicals (option)
‘Sorption coefficient for refated species
Sarption coeflicient fof lonised species

pH value

acid dissociation constant

Soil water partition coefficient

Dispersivity

Cakculate dependant on distance to compiiance point (0),

Longitudinal dispersivity

or comparison with measured grou

Vertical

dispersivity

For calculated value, assumes ax = 0.1 *x,

Kd

specify dispersivity (1), or cak; after Xu & Eckstein (2) ?

ax
az

1‘1~Iv=l).001ﬂ'x0

pull down menu)

5.138+01 kg

Enter value _ Calc vatue Xu & Eckstein

1.356+01

1.35E+00

D

= ax/10, 8) 100 ate assumed
N

($)

ENVIRONMENT

AGENCY
I0E09 - Calculated concentrations for
distance-concentration graph
25600
H Ogata Banks
‘@00 From caiculation shest
£ Distance Concentration
§|v5£m mght
g 75.0 2.7E-09
Broeoe 1600 6.8E-17
3 2260 1.7E.24
Ss.0e-10 1000  4.3E-32
376.0 1.1E-3%
0.05+00 4 450.0 2.3E47
° 200 400 800 800 1000 1200 1400 6250 7.4E-66
Distanca (m} 600.0  1.9E-62
§76.0 5.0E-70
IM.O  13E-77
Nofe graph assumes plume disperses vertically in one direction only. An 8250 3.5E-86
alternative solution assuming the centre of the plume is located at the mid- 8000 9.2E-93
depth of the acuifer is presented in the caiculation chaets. 0160 2.4E-100
1050.0 6.4E-108
11280 1.7E-118
1200.0 4.6E-123
12160 1.2E-130
This theet calculates the Tier3 remedial target for groundwater, based on the 13500 3.2E-138
distance to the receptor of compliance located down hydraulic gradient of the 14260 B.GE-148
source Three solution methods are included, the preferred option is Ogata 15000 2.3E-153

By setting a long travel time it will give the steady state solution, which should

be used to calculate remedial targets,

The measured groundwater concentration shoukd be compared

with the Tier 3 remedial target to determine the need for further action. ‘
Note if contaminant is not sublect to first order degradation, then set half [fe as 9.0E+99.

Site being assessed  Siess Awa 1 Res

Completed by

Date 24112005
Version 11

29/11/2005, 16:59
P20 Anthracene Ver 11 Tier3 Groundwater

EPA Export 25-07-2013:17:59:46



R&D Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3 -Groundwater

Input Parameters (using pulldown menu) Variabis  Valus

Contaminant
Target Concentration

Select analytical solution (click on brown call below, then on

Enter "1 to simulate vertical disperaion in one direction, 2 for two directions (pull down menu)

Enter '1" ¥ biodegradation rate is for the substance in water,

0’ # rate is for decay in field conditions (i.e. field data from aquifer) (pull down men:

Initial contaminant concentration in groundwater at plume core
Half e for degradation of contaminant in water

Ce

[ Aromatic ce-c10 ]

Unit

mgl

ull-down menu

Calculated decay rate 2
‘Width of plume in aquifer at source (perpendicular to flow) Sz
Plume thickness at source Sy
Saturated aquifer thickness  da
Bulk density of aquifer materials  p
Effective porosity of aquifer  n
Hydraukic gradient i
Hydraulic conductivity of aquifer K
Distance to compliance point ~ x
Distance (lateral} to compiiance point perpendicular to flow direction ~ z
Distance (depth) to compliance point perpendicular to flow direction Y
Time since pollutant entered groundwater ¢
Parameters valuos determined from options
Partition coefficient  Kd | 5.75€+00
Longitudinal d ax 13510
Transverse dispersivity  az 1351
Vertical dispersivity  ay 0.135
Calculated Parameters Variable
Groundwater flow velocity v 377601
Retardation factor ~ Rf  5.47E+01
Decayrateused 3. 3.80E-04
Rate of contaminant flow due to retardation 8.89E-03
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cgp  3.30E-123
Contaminant concentration at distance x, assuming two-way vertical dispersion  Crp  1.70€-123
Attenuation factor (one way vertical dispersion, Co/Cen) ~ AF 3.00E+24
Attenuation factor (two way vertical dispersion, Co/Ce) ~ AF 8.82E+24

Remedial Targets
ORI
Ogata Banks
Distance to compiiance polnt 1500
C of at point Cy/CO 3.30E-123
after 9.9E+99

mgh
days

Sourcs

Equations in R&D Pub. 2¢

Entry if apecify partition cosfficient (option)

Soil water partition coefficient K4
Entry for nen-polar organic chemicals (option)
Fraction of organic carbon in aquifer foc
Organic carban partition coefficiont Koc
Entry for lanic organic chemicals (option)
Sorption coefficient for related species [
Sorption coefficient for ionised species Koe
pH value pH
acid dissociation constant pKa

Soil water partition coefficient Kd

Dispersivity

Calculate dependant on distance to compliance point
specify dispersivity (1), or calc after Xu & Eckstein (2)

Longitudinal dispersivity

Vertical dispersivity

| For calculated valua, assumes ax= 0.1 *x,

&

Ogata Banks QO

Care should be used when calculating remedial targets using the time variant options as this may resuft in an overestimats of the remediat target.
The recommended value for time when calculating the remedial target is 9.9E+99,

Enviranment Agency Publication 20, Remedial Targets worksheet v2.2a

Xu & Eckstein (1995) report ax = 0.83(log,ox)’

&
<O
& &
S8
) OQQ, <

S75E+00 kg

o BT
7

Enter valus _ Calc value Xu & Eckstein
[ 1.356401 ]

ENVIRONMENT
AGENCY
706100 Caloutated concentrations for
distance-concentration graph
o100
H Ogata Banks
Soete Fromealculation shest
Boem Distance Concentration
3 L
;5'5 o 760  BAE-100
1500 3.6E-101
?E " 2260 2.06-102
B og.100 3000 1.2E4103
1760 6.7E-108
o0 4500 4.0E-108
o 0 a0 ®0 &0 100 1200 1e0 1800 6260 2.3E-107
Distanca {m) 5000 1.4E-108
$750  B.3E10
7500 6.0E-111
Note graph assumes phume disperses vertically in one direction only. An 8260 3.0E-112
alternative solution assurming the centre of the plume s located at the mid- 9000 1.8E-113
depth of the aquifer s presented in the cakutation sheets. 0760 14E114
1060.0 6.8E-118
11260 4.0E-117
12000 2.4E-118
12750 1.6E-119
This sheet calculates the Tier3 remedial target for groundwater, based on the
distance o the receptor or compliance located down hydraulic gradient of the 13280 S.8E22
source Three solution methods are included, the preferred option is Ogata 1600.0 3.3E-123

By setting a long travel time it will give the steady state solution, which shoukd

be used to calcutats remedial targets.

The measured groundwater concentration shoukd be compared

with the Tier 3 remedial target to determine the need for further action.

Note #f contaminant is not subiect to first order deqradation, then set half ife as 9.0E+89.

Stte being assessed  Bloss Arca 1 Res
Completed by, A

2411 2005
13

29/11/2005, 16 59

P20 Aromatic C8-C10 Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:46



R&D Publication20 Remedial Targets Worksheet, Release 2.2a
Tier 3- Groundwater

input Parameters {using pull down menu) Variable Value Unit  Source

Contaminant Aromatic C10-C12
Target Concentration  C; | TJ4ED4 | mgn

Select analytical solution (click on brown cell below, then en pull-down

Equations in R&D Pub. 20

Enter 1" to simulate vertica) dispersion in one direction, '2' for two directions (pull down menu}

Enter "1 I biodegradation rate is for the substance in water,
"W ¥ rate i for decay in field concitions (1. field data from aquiter) (pull down

Initial contaminant concentration in groundwater st plume core
Half [fe for degradation of contaminant in water
Calcutated decay rate
Width of plume in aquifer at source (perpendicular to flow)
Plume thickness at source
Saturated aquifer thickness
Bulk density of aquifer materials
Effective porosity of aquifer
Hydraufic gradient
Hydrautic conductivity of aquifer
Distance to compliance point
Distance (fateral) to point ficutar to flow L
Distanca (depth) to ince point ficular to flow
Time since poliutant entered groundwater
Pacamaters vaiites datermined from aptions
Partition coefficient
Longitudinal dispersivity
Transverse dispersivi
Vertical

time variant options only

5.12E+00 o0 options
see options
see options
see options

1.351
0.135

raction
mid
m
m
m G
days
Vkg
m
m
m

Kd
ax 13.510
az
ay

Calculated Parameters Varisble

Groundwater flow velocity
Retardation factor

Decay rate used

Rata of contaminant flow due to retardation

Contaminant concentration at distarice x, assuming one-way vertical dispersion  Ceo
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cep
Aftenuation factor (one way vertical dispersion, Co/Cen)  AF

Attenuation factor (two way vertical dispersion, Co/Cen) ~ AF

37701 mid
8.62E+01  fraction
3.80E-04 d*
4.37E-03 mid
1.26E-132 mgh
6.48E-133 mgi
7.87E+33
1.53E+34

c~R<

Remedial Targets

“|Longitudinal dispersivity
Z{Transverse

4| For calculated value, assumes ax = 0.1 *x. a2 = 0.01 " x.

Select Method f

Entry H specify partition cosfficient (option}
Soll water partifion coefficient

Entry for non-polar organic chemicals (option)
Fraction of organic carbon in aquifer foc

Organk: carbon partition coefficient Xoe
Entry for lonic organic chemicals (option)
Sorption coefficient for related species

Sorption coefficient for knised species Kot
pH value pH
acid dissociation constant pKa

Soll water partition coefficient Kd

9.12E400 kg

Dispersivity
Calculate dependant on distance to compfiance point (0)
specify dispersivity (1), or calc after Xu & Eckstein (2) ?

Enter value _Calc value Xu & Eckstein

[_1.35€s01_[m
T3SEX00_|m
[ 135601 |m

persivity
Vestical dispersivity

5%
NS

001
Xu & Eckstein (1995) report ax = 0.83(log,ex)* (‘0 00 are assumed
X

§)
)
Sy

£
Ogata Banks X\
(\
Distance to compliance point 1600 m ‘Q&
of at polnt Cgp/C0 1.28E4432 mgAl  Ogata Banks CJO
after 9.9E+89  days

Care should be used when calcutating remedial targets using the time variant options as this may result in an overestimate of the remedial target,
The recommended value for time when calkeulating the remedial target is 8.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

ull down menu)

ENVIRONMENT

AGENCY
256100 tor
distance-concentration araph
208100
2 Ogata Banks
e From calculation shest
Bse100 Distance Concentration
H
H mgh
B.0e-100 760 218100
i 1600  4.08-102
F 2260 7.7E-104
Fown 3M.0  1.6E106
ITEL 3.0E-07
008400 4500  5.9E-109
0 20 40 S0 80 1000 1200 40 1600 6260 1.2E-110
Distancs (m)
6060 R4E-112
760.0 9.7E-11%
Note graph assumes plume disperses veitically in one direction only. An 906.0
alternativa solution assurming the centre of the plume is located at the mid- 40E-119
depth of the aquifer is presented in the calculation sheets. 976.0 B.2E121
10880 3.3E-122
12000 7.0E-128
12760 1.4E-127
This sheet cakulates the Tier3 remedial target for groundwater, based on the 13600 3.0E-129
distance to the receptor of compliance located down hydrautic gradiert of the 14260 8.4E-131
source Three solution methods ars inchuded, the preferred option is Ogata 16WO 1.3E-132

By setting 2 long travel time A will give the steady state 3ohution, which shouki
be used to calculate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target o determine the need for further action.

Note if contaminant is not subject to first order degradation, then set half life as 9.0E+99

Site being assessed

rea 1 Res

24 11-2005
11

2911172005, 16:59

P20 Aromatic C10-C12 Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:46
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Simple hydrogeological calculations
(These are not specific to, or required in, the Remedial Targets Methodology)

Parameter symbol
Hydraulic conductivity K

Hydraulic gradient i
Effective porosity of aquifer n

justification

Thickness of saturated aquifer

Width of aquifer perpendicularto flow
Distance to receptor

Density of stratum

Soil-water partition co-efficient
Retardationfactor of pollutant

2911112005, 17:00
Environment Agency Publication 20, Remedial Targets worksheet v2.2a P20 Lead Ver 11Simple calcs

EPA Export 25-07-2013:17:59:46



R&D Publication20 Remedial Targets Worksheet, Release2.2a

Tier 3 - Groundwater
Valus

Input Parameters {(using pulldown menu) Vartabls

Contaminant
Target Concentration

Seiect analy!lc’al solution (click on brown cell below, then on
o7

ull-dow
2

Enter '1" to simulate vertical dispersion in one direction, '2' for twa directions (pull down menu) |

Enter 1" # biodegradation rate is for the substance in water,
0° ¥ rate is for decay in fleld conddions (i.e. fiekd data from aquier) (pull dawn men)

3 ATELZ:
[i1:83E+03]

Initial contaminant concentration In groundwater at plume core
Halt life for degradation of contaminant in water

Calculated decay rate
Width of plume in aquifer at source (perpendicular to flow)
Plume thickness at source
Saturated aguifer thickness
Bulk density of aquifer materials - TOEF00:
Effective porosity of aguifer 828015
Hydraulic gradient
Hydraukic conductivity of aquifer
Distance to complance point

Distance (ateraf) to compliance point perpendicutar to flow direction
Distance (depth) to compliance point perpendicular to flow direction
Time since polktant entered groundwater

Perameters vaies defermined from options

n meny

Partition coefficient Kd 1.82E+01

LongH L L ax 13.510

Transverse dispersivity a2 1.351

Vertical dispersivity  ay 0.135

Calculated Parameters Variable
Groundwater flow velocity v ATEN
Retardation factor Rf 1.71E+02
Decayrateused A 3.80E04 -

Rate of contaminant flow due to retardation u 2.21E03
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cep  5.74E-56
Contaminant concentration st distance x, assuming two-way vertical dispersion  Cep  2.96E-58
Attenuation factor (one way vertical dispersion, Co/Cep) 8.05E+53
Attenuation factor (two way vertical dispersion, Co/Cep) ~ AF 1.1TE+54

Remedial Targets
B N A A
Ogata Banks
Distance to compliance point 1600
of at point Cp/CO0  6.74E-56
after 9.9E+89

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 8.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet 2.2

Unit

Source

Aromatic C12:C16
S [7.14B04 [ rgn

md
m
m
m
dave
Vkg 506 options
m  see options
m  see opfions
m  see options
md
fraction
pis
mwd
mg
g

maN  Ogata Banks

davs

Equations in RED Pub. 20

Seloct Method for der

Entry if specify pantition cosfficient (option)

Soll water parttion coefficient

Entry for non-polar organic chemicals (option)
Fraction of organic carbon in aquifer foc
Organic carbon pastition coefficient Koc

Entry for ionic organic chemicals (option)

Sorption coefficient for retated species Keen
Sorption coefficient for lonised species Kot
pH value pH
acid dissociation constant pKa
Soll water partiion coefficient Kd

Dispersivity

time variant options only

ity (1), of calc after Xu & Eckstein (2)

Longitudina) disparsivity
Transverse dispersivity
Vartical dispersivity

Bt For comparison with measured mu»@m ‘concentration.

&

QO

Calculate depandant on distance to compliance point (0)

R
[ T00E#007] fraction
kg

Vg
Vg

1826401 Whg

?
Calc value Xu & Eckstein
1356401 Jm
| 1.35E+00 |

m

Enter valus

ENVIRONMENT

AGENCY
A Calculated concentrations for
70605 distance-concentration graph
Boes Ogata Banks
F From caleulation shast

SeoE0s
H
0E0s 76.0
g‘ 160.0
Boees 226.0
3 300.0
10605 760
0.0€+00 450.0
° 200 400 600 200 1000 1200 1400 1600 526.0
Distanca (m) 600.0
976.0
760.0
Note graph assumes plume disperses vertically in one direction only. At 826.0
aernative solution assurming the centre of the plume is located at the mid- $00.0
depth of the aquifer is presented in the calculation sheets. 176.0
1060.0
1126.0
1200.0
1276.0
This sheet caiculates the Tier3 remedial target for groundwater, based on the 1380.0
distance to the receptor or compliance kocated down hydrautic gradient of the 14260
sourca Threa solution methods are included, the preferred option is Ogata 16W.0

By setting a long travel time it will give the steady stats solution, which shoukd

be used to calculate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for further action.

Note i contaminant is not subject to first order degradation, then set half life as 5.0E+99.

Sie beng assessed: Bless Area 1 Res

Completed by &

2411 2005
11

Distance Concentration

mgh
7.3808
14807
2BE-10
5.6E13
1.1E15
22648
4SE-21
9.3E-24
19E-26
39E-29
80E2
16834
34E27
T4E40
1.5E42
3.0E46
$.3E48
1.3E60
27E-53
6.7E56

28/11/2005, 17:00

P20 Asomatic C12-C16 Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:46
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Simple hydrogeological calculations
(These are not specific to, or required in, the Remedial Targets Methodology)

Parameter symbol unit justification
Hydraulic conductivity K -
Hydraulicgradient i
Effective porosity of aquifer n

Thickness of saturated aquifer
Width of aquifer perpendicular to flow
Distanceto receptor

Soil-water partition co-efficient

b
w
X
Density of stratum p
Kd
Retardationfactor of pollutant R

O
A
Contaminantflow velocity] v(contam) 19 4.36E-06 |m

by

Time for contaminantto reach receptorl t(co’ntanﬁzo 3.44E+08 - |second§

29/11/2005, 17:00
Environment Agency Publication 20, Remedial Targets worksheet v2.2a P20 Sulphide Ver 11Simple calcs

EPA Export 25-07-2013:17:59:46



R&D Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3- Groundwater
Input Parameters (using pull down menu)

Contaminant
Target Concentration

Select analytical solution (click on brown cell balow, then on

Enter 1*to simulate vertical dispersion in one direction, ‘2’ for two directions (pull down menu) [

Enter *1' if biodegradation rate is for the substance in water,

0" rate is for decay in field conditions (1. fiekd data from aquifer) (pull down menZEZ 07 )

Initial contaminant concentration in groundwater at plume core
Half lite for degradation of contaminant in water

Cakulated decay rate

Width of plume in aquiter at source (perpendicutar to flow)

Ptume thickness at source

Saturated aquiter thickness

Bulk density of aquifer materiats

Effective porosity of aquifer

Hydraulic gradient

Hydraufic conductivity of aquifer

Distance to compliance point

Distance (lateral) to compliance paint perpendicular to flow direction
Distance (depth) to compiiance point perpendicular to flow direction
Time since pollutant sntered groundwater

Parameters values detsrmined from options

Partition coefficient

Longitudinal dispersivity

Transverse dispersivity

Vertical dispersivity

Calculated Parameters

Groundwater flow velocity
Retardation factor

Decay rate used

Rate of contaminant flow due to retardation

Contaminant concentration at distance x, assuming one-way vertical dispersion
Contaminant concentration at distance ¥, assuming two-way vertical dispersion
Adtenuation factor (one way vertical dispertion, Co/Cen)

Aftenuation factor (two way vertical diapersion, Co/Cen)

Remedial Targets

Ogata Banks

Distance to compllance point
of at point
after

Variable

Gy

Value

ull-down menu

Kd | 575€+01
ax 13510
az
ay 0135
Variable
v 377601
Rf  5.388+02
% 1.90E-04
u 7.00E-04
Cep  ST7E74
Cep  2.9BE-74
AF 801EWT1
AF 1ATE+T2

[

6.77E-74
9.9E499

Unit

Aromatic C18-C21

mgh

mgll
days

Source

Equations 1n RED Pub. 20

Vertical dispersivity ay

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

Entry i specily partition coefficient {option)

Soil water partition coefficient xd N o
Entry for non-polar organic chamicala {option)

Fraction of organic carbon in aquifer foc

Organic carbon partition coefficient Koc

Entry for lonic organic chemicals option)

Sorption coefficient for refated species Koem Vi
Sorption coefficient for ionfsed species Koot e
pH vaiue pH

acid dissociation constant pka

Soil water partition coefficient K 5756401 Vkg

Dispersivity

Calculate dependant on distance to compliance point {0).

Enter value _ Caic value Xu & Eckstein
m
[ 13SE¢00" | m
| 135607 |m

Longitudinal dispersivity a
Transverse dispersivity a

D

of calculated value, assumes ax = 0.1 *x, az = 0.01 *x, ay = 0.001 'ao

‘with measured

Xu & Eckstein (1995) report ax = 0.83(logi0)**"*; az = ax/10, -(i\ 00 are assumed
5

($)

o
S
. OQQ, <

Ogata Banks

&

QO

Care should be used when caiculating remediial targets using the time variant options as this may result in an overestimate of the remedial target.

The value for time when calculati

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

the remedial target is 9.9E+99.

10605

90808
goe0s
Eoeoe
g
Foeos
oeos
Baog08
Boeos
20e08
10808

0.08400

° 200 40 800 K00 1000 1200 1400 1600

Distance {m}

Note graph assumes plume disperses verically in one direction only. A
altermative solution assuming the centre of the phume is located at the mid-
depth of the aguifer is presented in the calcutation sheets.

This sheet calculates the Tier3 remedial target for groundwater, based on the
distance to the receptor or complance located down hydraulic gradient of the
source Thres solution methods are included, the preferred option is Ogata
By setting a long travel time it will give the steady state solution, which shoutd
be used to calculate remedial targets,

The measured groundwater concantration shouid be compared

with the Tier 3 remedial target to detenmina the need for further action.

ENVIRONMENT
AGENCY

Calculated concentrations for
distance-concentration araph

Ogata Banks
From calculation shest
Distance Concentration

76.0

676.0

825.0
900.0

976.0
1050.0
1126.0
1200.0
1176.0
1350.0
1426.0
16W.0

Note if contaminant is not subject o first order degradation, then set half life as 9.0E+99.

Site being assessed Bless Area 1 Res

Complated by AJ

24112005
11

mgll
9.2E-06
23809
5.8E-13
1.4E-18
3.5E-20
8.0E-24
23827
6.9E-31
1.5E-34
3.88-38
1.0E41
2.8E-45
6.8E-49
1.8E62
4.8E-58
1.26-89
3.2E63
8.4E-67
2.2E.70
8.8E-74

29/11/2005, 17:00

P20 Aromatic C16-C21 Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:47



R&D Publication20 Remedial Targets Worksheet, Release 2.2a

Tier 3 -Groundwater

Input Parameters (using pull down menu} Variable  Value Unit  Souree Select Method for deriving Partition Co-efficient (using pull down menu)
T
i Calg for non o
Contaminant
Target Concentration  Cp mgh Entry If specify partition coefficiont (option)

Soil water partition coefficient kd
Entry for non-polar organic chemicals option}
Fraction of organic carbon in aquifer foc

Equations in R&D Pub. 20 Organic carbon partition coefficient Koo

Entry for jonic organic chemicais (option)

Enter 1" to simutate vertical dispersion in ona direction, ‘2" for two directions (pull down menu) F22 7 €128 Sorption coefficient for related species Kacn
Sorption coefficient fof ionised species Kot

Enter 1" f biodegradation rate is fof the substance in water, PH value oH

0 # rate s for decay in fiek conditions (i.e. fiek] data from aguifer) (pull down menEEDR ] acid dissociation constant pKa

Initial contaminant concentration in groundwater at plume core Co
Half I for degradation of contaminant in water 1,

BATE-02:
13.85E+403

Soil water partition coefficient Xd 4.57E+02 Vg

Distance to compliance point
Distance (ateraf) to compliance point perpendicular to flow direction
Distance (depth) to compance point perpendicular to flow direction
Time since poliutant entered groundwater

For calculated vahue, assumes ax = 0.1 %, a2 = 0.01 *x,ay = 0.001 320"
Xu & Eckatein (1995) report 2

83(00guX)**"; az = 410, -((-\@mo are axsumed

Cakulated decayrate & Dispersivity
Width of plume in aquifer at source (perpendicular to flow) 52 ] Calcutate dependant on distance to compliance point (0).
Ptume thickness at source Sy specity dispersiviy (1), of calc after Xu & Eckstein (2) 7
Saturated aguifer thickness  da Enter vahie _ Calc value Xu & Eckstein
Bulk density of aquifer materials  p | Longitudinal disper
Effectiva porotity of aquifer 1 Transverse dispersivity
Hydraulic gradient | Vartical dispersivity
Hydraufic conductivity of aquifer K %
x
z
¥y
t

Parsmeters vatues determined from options Q, . *
Partition coefficlent  Kd | 457Es02 | kg  ses options Q\ r§
Longitudinal dispersivity  ax 13510 m  see options O A
Transverse dispersivity  az 1351 m  soe ootions ‘\0
Vertical dispersivity  ay 0,135 m see options &

O
Calculated Parameters Variable Q&Q \}\’\

Groundwater flow velocity v 3.77E01 md Q .
Retardation factor 4276403 iraction O S
Decayrateused X 190604 o 2> &
Rate of contaminant flow due to retardation u B8.83E05 md éJ S

Contaminant concentration at distance x, assuming one-way vertical dispersion ~ Cgp  1.266238  mgh (& Q
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cpo  6.49E-240  mgl \Q\ \{)\\

Aftenuation factor (one way vertical dispersion, Co/Ceq) ~ AF  2.76E4237 L '\Q

Attenuation factor (two way vertical dispersion, Co/Ces) ~ AF  5.35E+237 QO 4’&

For comparison with measured nmuné\mr concentration.

Distancs to complance peint 1600 m Qcé\
c of = polnt C/C0 1.26E-23 mgil Ogata Banks C}O
after 9.9E*98  days

Care shoukd be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when caiculating the remedial target is 9. 9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

BNIVIDONMENT
A AGENCY
BoEW Calctlated concentrations for
distance-concentration araph
SOE-14
€
2z Ougata Banks
e From ealculation sheet
i Distance Concentration
? 0€-14 mgh
H 760  4.8E-14
Feoens 1500  6.2E-26
3 2260  7.9E-38
Sioe 300.0  1.0E49
3760  1.4E61
008400 4500 1.8E.73
O 20 40 B0 80 1000 120 M0 160 §26.0 24E-85
Distance {m) 600.0  3.2E-97
673.0 4.3E-109
160.0 $.85-121
Note graph assumes plume disperses vertically in one direction only. An 826.0 7.8E-133
afternative solution assuming the centre of the plume i located at the mid- 200.0 1.1E-144
depth of the aquifer is presented in the cakutation sheets, 9750 1.4E-166
1050.0 1.3E-188
11250 26E-180
12000 3.8E-192
12160 4.8E-204
This sheet calculates the Tier3 remedial target for groundwater, based on the 13500 6.7E-216
distance to the receptor of compliance located down hydraulic gradient of the 1425.0 9.2E-228
source Three solution methods are included, the preferred option is Ogata 1600.0 1.3E-239

By setting  long travel time it will give the steady state solution, which should

be used to calcutate remedial targets.

The measured groundwater concentration shoukd be compared

with the Tier 3 remedial target to determine the need for further action.

Note if contaminant is not sublect to first order dearadation. then set half ife as 9.0E+99.

Site being assessed” Bless Area 1 Res

Comsleted by, AJ

2411 2005
11

29/1172005, 17:00

P20 Aromatic C21-C35 Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:47
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R&D Publication 20 Remedial Targets Worksheet, Release2.2a ENVIRONMENT

Tier 3 - Groundwater AGENCY
Input Parameters {using pull down menu) Variabis  Value Unit  Source ul) dewn menu)
25822 Calculated concentrations for
C i Chrysene } distance-concentration graph
Target Concentration  Cr | 6.25E-08 | mpA Entry if specify partition coefficient (option) qoen
Soil water partition coefficient Ke ; Ogata Banks
Entry for non-polar organic chemicals (option) e . From calcutation sheet
Select analytical solution (click on brown cell below, then on pull-down meny Fraction of erganic carbon in aquifer foc §| SE22 Distance Concentration
Equations in RED Pub. 20 Organic carban partiion coefficient § mall
Entry for ionic organic chemicals (option) Suez2 760 23E-22
Enter 'V’ to simulate vertical dispersion in one directlon, ‘2 for two directions {pull down menu) [ Sorption coefficient for related species Koen } 1600 24E43
Sorption coefficient fof lonised pecies Kot Z 2250 26E64
Enter 1" i blodegradation rate is for the substance in water, PH value pH Rt 3000 2.8E-85
0 rate s Tor decay in field condiions (L.e. field data from aquifer) (pull dovn men: acid dissociation constant pKa 3750 3.0E-108
0.0€400 4500 3.2E-127
Initial contaminant concentration in groundwater at plume core  Cq mgh Soll water partition coefficient Kd 724E402 g 0 20 400 &0 800 100 1200 0 1600 5250 J.GE-148
Half Iife for degradation of contarninant in water  t,, days Distance (m) 600.0  3.9E-169
Caleutated decay rate % days” Dispersivity 676.0 4.3E-190
Width of piume in aguifer at source {perpendicuar to flow) Sz m 7] Catculate dependant on distance to compiiance point (0, 7500  4.8E-211
Plume thickness at source Sy m specity dispersivity (1), of calc after Xu & Eckstein (2) ? Note graph assumes plume disperses vertically in one direction only. An 8260 6AE-232
Saturated aquifer thickness  da m Enter value _ Cak value Xu & Eckstein aftemative sojution assuming the centre of the plume is located at the mid- 9000 8.0E-263
Bulk density of aquifer materials ~ o gom® Longitudinal dispersivity ax [ 1356201 |m depth of the aquifer Is presented in the calculation sheets. 976.0 G.7E-274
Effective porosity of aquifer 1 traction Transverse disparsivity az [ 1356400 |m 1050.0  ENUMI
Hydraufic gradient i fraction % Ivertical disparsivity ay [ 135601 |m 11260  #NUM!
Hydraulic conductivity of aquifer K mid 3 5/ - 1200.0  #NUM!
Distance to compliance point X m For calculated vaiue, assumes ax = 0.1 ¢, 32 0.01 * x. av = 0.001 3 X 12760  #NUMI
Distance (tatera) to compliance point perpendicutar to flow direction 2 m Xu & Eckatein (1995) report ax = 0.83(0g,ox)**™* ; az = 410, ay @100 are assumed This sheet calculates the Tier3 remedial target for groundwatsr, based on the 1350.0  #NUMI
Distance (depth) to compllance point perpendicular o flow direction y ™ : 5 \‘g\ distance to the receptor of compliance located down hydraulic gradient of the 14250 #NUMI
Time since poliutant entered groundwater days  time vaniant options only $) saurce Three solution methods are included, the preferred option is Ogata 1500.0  #NUM!
Parameters values determined from options Q, . * By setting a long travel time & wil give the steady state solution, which should
Patiion coefficient  Kd | 724E+02] Vkg  soe optins S » be used to calculate remedia) targets.
Longitudinal dispersivity  ax 13510 m s options O A The measured groundwater concentration should be compared
Transverse dispersidty  az 1.351 m  see ontions ‘\0 with the Tier 3 remecial target to determine the need for further action.
Vettical av 0135 m  see ootions S & Note if contaminant is not sublect to first order desradation. then set haf ife as 9.0E+99.
Calculated Parameters Variable &Q \}\’\
Groundwater flow velocity v ATIEM e QQ . \&\
Retardation factor ~ Rf  6.776+03  fraction - O S
Decayratoused A 3.47E-04 da X N
Rate of contaminant flow due fo retardation ~ u SSTE0S  mid é’ S
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cgp  ENUMI  mg/l (& O
Contaminant concentration at distance x, assuming two-way vertical dispertion ~ Cep  SNUMI  mg/l \(\ s{\\ Site bemng assessed Bless Area 1 Res
Attenuation factor (one way vertical dispersion, Co/Cro)  AF UM S \Q Completed by Al
Attenuation factor (two way vertical dispersion, Co/Cer) ~ AF #NUML <<0 A’)& 22 112005
11
Remedial Targets O
e 3 : For comparison with measured mounglw concentration.
Ggata Banks x
Distance to compliance polnt 1500 m é\
of at point C,/C0  #NUMI  mgfl  Ogata Banks QOQ
after 9.9E*93  days

Care should be used when calcutating remedial targets using the time variant options as this may result in an overestimate of the remedial target,
The recommended value for time when caiculating the remedial target is 9.9E+99.

. ) 29/11/2005, t7W
Environment Agency Publication 20, Remedial Targets worksheet v2.2s P20 Chrysene Ver 11Tier3 Groundwater
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R&D Publication 20 Remedial Targets Worksheet, Release2.2a
Tier 3-Groundwater

Input Parameters {using pull down menu) Variable  Value Unit  Source

Contaminant [ Fiuoranthene ]
Target Concentration  Cr | 1.008-03 | mgh

Select analytical solution {click on brown ceil below, then on pull-down meny

Enter 1 to simutate vertical dispersion in one direction, "2' for two directions (pull down menu)

Enter *1"if biodegradation rate is for the substance in water,
0 if rate is for decay in iek conditions (1.¢. field data from aquiter) (pult down mentfi 70

Initial contaminant concentration in groundwater at plume core  Co.
Half ife for degradation of contaminant in water  ty,
Cakulatod decayrate 1

Equations in R&D Pub, 20

Select Method for derivin Pamtlon Co-dﬂclant using pull down menu)
S

Entry if specify partition coefficlent (opﬂen)
Soil water partition coefficient

Entry for non-polar orgenic chemicals (opl‘lun)
Fraction of organic carbon in aquifer

Organic carbon partition coefficient Koc
Entry for lonic organie chemicals (option) -
Sorption coefficient for retated species

Sorption coefficient fof ionised species Kot
PH value Py
acid dissociation constant PKa

Soil water partition coefficient Kd 1.38E+02 kg

Width of plume in aquifer at source (perpendicular to flow) Sz

Plume thickness at source Sy
Saturated aguifer thickness
Bulk density of aquifer materiats

a
)

B

Effective porosity of aquifer
Hydraulic gradient
Hydraulic conductivity of aguifer

Distance to compliance point
Distance (tateraf) to compliance point perpendicular to flow direction
Distance (depth) to compliance point perpendicular to flow direction
Time since pollutant entered groundwater

Paramoters values determined front options

Partition coefficient

Longhudinal dispersivity

Transversa dispersivity

Vertical dispersivity

< NX R-3 O

EEEY gasagig

LA

Calculated Parameters Variable

Groundwater flow velocity v 3.77E-01 wd
Retardation factor Rf 1.29E+03 Irld‘ien
d’

Decayrateused A 7.88E.0¢
Rate of confaminant flow due to retardation 292804 md
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cep  #NUMI  mgll

Contaminant concentration st distance x, assuming two-way vertical dispersion  Cep  #NUM!  mol
Attenuation factor (one way vertical dispersion, Co/Ces) ~ AF #NUM!
Attenuation factor (two way vertical dispersion, Co/Cep) ~ AF #NUM!

Remedial T:

Ogata Banks.
Distance to compllance point 1600 m
of at point C,/C0 #NUM!  mgl  Ogata Banks
after D.9E+99  days

Care should be used when calculating remedial targets using the time variant options as this mav result in an overestimate of the remedial target.

The recommended value for time when calculating the remediai target is 9.9E+99,

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

pecity dispersivity (1), or calc after X & Eckstein (2) 7

Longitudina) dispersivity
dispersivity

For cakulated value, assumes ax= 0.1 *x, az = 0.01 *x, ay = 0.001 1x
Xu & Eckstein (1995) report ax = 0.83(log,o0) "™ ; az = ax/10, q((\ 100 are assumed

&

For comparison with measured woun@ar ‘concentration.

&
&

Enter value _Cale value Xu & Eckstein
[ 1356001 ]

ENVIRO}
AGENCY
prn tor
dmmmmbn araph
g Ogata Banks
E From calculation shaet
Froea Distance Concentration
£ mgfl
810514 760  LOE-14
H 1600 7.26-28
% P 225.0 2.6E-41
& 3000 98E-55
3760 3.6E-88
008400 4500  1.3E-81
o 200 400 60 00 1060 1200 1400 1600 6260 5.1E-96
Distance {m}) 6W.0 1.9E-108
676.0 T.3E-122
7600 2.8E-138
Note graph assumes plume disperses vertically in ona divection only. An 8250 1.1E-148
alternative solution assuming the centre of the plume is located at the mid- 800.0 4.1E-162
depth of the aquifer is presented in the cakculation sheets. 8760 1.8EA76
10600 8.1E-189
1125.0 2.48-202
12000 $9.1E-218
1275.0 3.6E-220
This sheet calculates the Tier3 remedial target for groundwater, based on the 1360.0 1.4E-242
distance to the raceptor or compiiance located down hydraulic gradient of the 1426.0 8.3E-268
source Three solution methods are included, the preferred option is Ogata 16W.0  #RUMI

By setting a long travel time 1t will Give the steady state solution, which should

be used to calculate remedial targets.

The measured groundwater concentration shouild be compared

with the Tier 3 remedial target to determine the need for further action.

Nota i contaminant is not sublect to first order denradation, then set hal life ax 9.0E+98

Stte being assessed
Comploted by.

29/1112005, 17:00
P20 Fluoranthene Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:47



R&D Publication20 Remedial Targets Worksheet, Release 2.2a

Tier 3 -Groundwater

input Parameters (using pull down menu) Variable

Value

Unit

Source

[ Fioorene ]

Target Concentration

Select analytical solution (click on brown cell below, then on

Enter '1' to simulate verticai dispertion in one direction, "2* for twa directions (pull down menu)

Enter 1" if biodegradation rate is for the substance in water,

0 1f rate is for decay i fiekd conditions (i.e. fiek datn from aquifer) (pull down mendTEE05 7]

Initial contaminant concentration in groundwater at plumne core

Half e for degradation of contaminant in water

Calculated decay rate

With of plume in aquifer at source (perpendicular to flow)

Plume thickness at source

Saturated aquifer thickness

Bulk density of aquifer materials

Effective parosity of aquifer

Hydraulic gradient

Hydraulic conductivity of aquifer

Distance to compliance point

Distance (lateral) to compliance point perpendicular to flow diraction
Distance (depth) to compliance point perpendicutar to flow direction
Time since pollutant entered groundwater

Parameters values determined from options.

o [easEee | man

uli-down menu)

Partition coefficient  Kd | 2.63E+01
Longitudinat di ax 13,510

Transverse dispersivity ~ az 1.351 -
Vertical i ay 0.135

Calculated Parameters Variable

Groundwater flow velocty v 3.77€01

Retardation factor ~ Rf  2.47E+02

Decayrateused % 5.78E-03

Rate of contaminant flow due fo retardation 1.53E:03
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cep NUM!
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cep #NUME
Attenuation factor (one way vertical dispersion, Co/Cep) AP #NUM!
Attenuation factor (two way vertical dispersion, Co/Cen)  AF #NUMI

Ogata Banks

Distance to compliance point

C of at

point
after

CeofC0

1500

#NUMI
9,9E+99

mgfl
days

Equations in R&D Pub. 20

time variant options only

see options
sae options
see options.
see options

For comparison with measured grount

&

QO

Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimata of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99.

Envirenment Agency Publication 20, Remedial Targets worksheet v2 2a

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

Entry If specify partition coefficient {option)
Soil water partition coefficient Xd
Entry for non-polar organic chemicals (option)

For calculated vaiue, assumes ax = 0.1 *x. 8z = 0.01 * x. ay = 0.001 :x\)
Xu & Eckstein (1995) report ax = 0.83(log,eX) "™ ; az = ax/10, a -@«

8‘”’ concentration.

Fraction of organic carbon in aquffer foe

Organic carbon partition coefficient Koc

Entry for lonic organic chemicals (option)

Sorption coefficient for related epecies Kocn

Sorption coefficient for ionised species Kaet

pH vatue oH

acid dissociation constant pKa

Soil water partition coefficient e 263401 Wg

Dispersivity
| Caicutate dependant on distance to compiance point (0).

specity dispersivity (1), o calc after Xu & Eckstein (2) 7

Entes value _ Calc vaiue Xu & Eckstein

‘| Longitudinal dispersivity ax [ 1356401 |m
i Transverse dispersivity az [ 1356400 (m
Z|Vertical dispersivity ay | 135801 |m

ENVIRONMENT
AGENCY
30817 for
distance-concentration araph
2567
H Ogata Banks
R20E07 From ealeutation sheet
% Distance Cancertration
groe gl
E 76.0 2.8E47
g OE-17 1800  2.0E-33
3 2260 1.5E49
35.06-18
3000 9RE-68
0.0E+00 450.0 7.7E.98
° 200 400 800 800 1000 1200 1400 1600 625.0 G.2E-114
Distance {m} 600,6  6.0E-130
6760 4.1E-148
760.0 336462
Note graph assumes piume disperses vertically in ane direction only. An 8260 2.7E-178
alternative sofution assuming the centre of the plume is located at the mid- 800.0  2.2E-194
depth of the aquifer is presented in the calculation sheets. 8760 1.8E-210
1080.0  1.5E-228
1200.0 1.0E-258
This sheet caiculates the Tier3 remedial target for groundwater, based on the 12660 #NUM!
distance to the receptor or compliance Jocated down hydrautic gradient of the 14250 #NUMI
source Three solution methods are included, the preferred option is Ogata 15000  #NUM|

By setting a long travel time # will give the steady state sohution, which should
be used to calculate remedial targets.

The measured groundwater concantration shouid be compared

with the Tier 3 remacial target fo determine the need for further action.

Note f contaminant ks not sublect to first order degradation. then set half ife as 8.0E+99.

Site being assessed

Bless Area 1 Res
A

247112005

i

e

29/11/2005, 17:00
P20 Flucrene Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:48



RBD Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3 - Groundwater
tnput Parameters {using pull down menu) Va

Contaminant
Target Concentration

Enter 1" to simulate vertical dispersion in one direction, "2 for two directions (pull down menu) [

Enter ‘1" if biodegradation rate is for the substance in water,

Initial contaminant concentration in groundwater at plume core
Half ife for degradation of contaminant in water

Calculated decay rate

Width of plume in aquifer at source (perpendicutar to flow)

Plume thickness at source

Saturated aquifer thickness

Bulk density of aquifer materials

Effective porosity of aquifer

Hydraulic gradient

Hydraulic conductivity of aguifer

Distance to compliance point

Distance (tatera) to compiiance point perpendicular to flow difection
Distance {depth) to compliance point perpendicular to flow direction
Time since poliutant entered groundwater

Parameters values detsrmined from options

Partition coefficient
Longitudinal disparsivity

Transverse dispersivity
Vertical dispersivity

Calculated Parameters va

Groundwater flow velocity
Retardation factor

Rate of contaminant flow due to retardation
Contaminant concentration at distance x, sssuming one-way vertical dispersion

v
Rt
Decay rate used ks
u
Ceo

Contaminant concentration at distance x, assuming two-way vertical dispersion Cen

Adtenuation factor (one way vertical dispersion, Co/Ceo)
Attenuation factor (two way vertical dispersion, Co/Ceo)

Distance to compilance point

of at
after

Care shoukd be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

riable Valve

[ Phenanthrene ]
o o

Select analytical solution {click on brown cell below, then en

ull-down menu
i

Kd
ax 13510
az

5.13E+01

3.77E01
4.80E+02
1.73E-03
7.85E-04
2.31E-241
1.18E-241
AF 5.83E+240
AF 1.09E+241

point Cp/c0  2.31E-241

9.9E+99

The recommended value for time when calculating the remedial target is 9.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

Unit

mgh
days

Source

Equations in R&D Pub. 20

time variant options only

see options
see options
ses options
sae options

2| For calculated valus. assumes ax = 0.1 *x, az =
Xu & Eckstein (1995) report ax = 0.83(log,oX "

Salad Meothod for deriving Partition Co-efficient {using pull down menu}

Entry if specity partition coefficient (option)
Soil water partiion coefficient
Entry for non-polar organic chemicals (option)

Fraction of organic carbon in aquifer foc
Organk: carbon partition coefficient Koe
Entry for lonic organic chemicals {option)
Sorption coefficient for refated species Kern
Sorption coefficlent for ionised species Ko
pH value pH
acid dissociation constant pKa
Soil water partifion coefficient Kd
Dispersivity

?|Calutate dependant on distance to compliance point (0)
speciy dispersivity (1), of calc after Xu & Eckstein (2) 7

Ogata Banks

LU

5.13E401

Enter value

.01 * x. av = 0.001 '7‘0
;az=ax10, ay = 00 are assumed
S
§)

Cale vaiue Xu & Eckatein

%

ENVIRONMENT

AGENCY
14612 for
distance-concentration graph
12812
B o
2 ce. gata Banks
_:J e From calculation shest
fs.os.u Distanca Cencantration
Boen 750  1ABA2
3 1600 1.15-24
Ba0€13 ’ .
3 260  9.6E37
Soen 3000  BAE<9
375.0 7.8E81
0.06+00 450.0 8.BE-T3
© 0 w0 S0 80 1000 120 10 1600 6260  6.26-86
Distanc (m) €000  5.7E7
8750 6.2E-109
760.0  4.8E-121
Note graph assumes plume disperses vertically in one direction only. An 3260 4.4E133
alternative sofution assuming the centre of the plume is located at the mid- 900.0 4.1E-145
depth of the aqufer is presented in the calulation sheets. 0760 3 8E-1E7
10600 3.6E-189
1250 32E181
12000 3.0-193
. 12760 2.8E-205
This sheet calculates the Tier3 remedial target for groundwater, based on the. 1350.0 2.8E-217
distance to the receptor or compiliance located down hydraulic gradient of the 1426.0 2.5E.228
source Three solution methods are included, the preferred option is Ogata 1500.0 2.3E-241

By setting a ong travel time #t will give the steady state solution, which should

be used to cakculate remadial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for further action.

Note i contarninant is not sublect to first order degradation, then set half [ffe as 9.0E+99

Site being assessed: Bless Area 1 Res
Completes by Al

Date 24112005
Version 11

29/1172005, 17:00
P20 PhenanthreneVer 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:48
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R&D Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3 -Groundwater

Input Parameters (using pull down menu) Variable  Vaiue Unit  Sours.

Contaminant
Target Concentration

Select analytical solution {click on brewn cell below, then on

Enter *1' to simulate vertical dispersion in one direction, "2’ for two directions (pull down menu)

Enter "1" If biodegradation rate is for the substance in water,

0 i rate is for decay in fiekd conditions {i.¢. fiekd data from aquifer) (pull down ment::

Initial contaminant concentration in groundwater at plume core
Half Iife for degradation of contaminant in water

Calcutated decay rate

Width of plume in aquifer at sourcs (perpendicutar to flow)

Plume thickness at source

Saturated aquifer thickness

Bulk density of aquifer materials

Effective porosity of aquifer

Hydraulic gradient

Hydrautic conductivity of aquifer

Distance to complianca point

Distance (lateral) to compliance point perpendicutar to flow direction
Distance (depth) to compliance point perpendicular to flow direction
Time since pollutant entered groundwater

Parameters values detsrmined from options

Partition coefficient

Longitudinal dispersivity

Transverse dispersivity
Vertical dispersivity

Calculated Parameters

Groundwater flow velocity

Retardation factor

Decay rate used

Rate of contaminant flow due to retardation

Contaminant concentration at distance x, assuming one-way vertical dispersion
Contaminant concentration at distance x, assuming two-way vertical dispersion
Attenuation factor (one way vertical dispersion, Co/Ceo)

Attenuation factor (two way vertical dispersion, Co/Ceo)

a1
Ogata Banks.
Distance to compilance polnt
of at point
after

Select Method for

[ Phosphorss ]
. i sty oitn st otor
Soil water partition coefficient Kd

t
Entry for non-polar organic chemicaia (option)

ull-down menu Fraction of organic carbon in agulfer foc
g 2
S Equations in R&D Pub. 20 Organik: carbon partition coefficient Koe
Entry for lonic organic chemicais (option)
Sorption coefficient for related species Karn
Sorption coefficient for ionised species Kot
PH value pH
= acid dissociation constant pKa

il water partion coefficient xd

Dispersivity
"] Cakutato dependant on distance to compliance point (0).
specify dispersivity (1), of cak after Xu & Eckstein (2) 7

Longitudinal dispersivity
Transverse dispersivity 2z
Vertical dispersivity ay

For cakculated value. assumes ax = 0.1 °x. az = 0.01 *x. av =
Xu & Eckstein (1995 report ax = 0.83(logsex)

N
F28
QO . \&
Variable 0\ @\\}\
v 377601 md QQ A\
Rf  1.00E+00 fraction '\0 &
A 70001 é’J\ &
u 377E0N md N
Ceo 33901 mg (,9 \O
Ceo 175801 mgn N N
3.04E400 O\ \\Q
AF 5.30E400 Q A’
N
. o O
For with messured sroundhi
1500 m Qé\
C/CO  3.33E01  mgll  Ogata Banks QO

9.9E499  davs

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when caiculating the remedial target is 8.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

ing Partition Co-efficient {using pull down menu}

0.00E+00 kg

Enter value _ Caic vaiue Xu & Eckstein

S
0.001 4x

@m are assumed
S

126400

ENVIRONMENT
AGENCY

%
H

4
H
&

Gpleulatyd concyntratiop (mh)
& B
5 &

13
&

H
H

00 400 600 800 1000 1200 1400 1600
Distance (m)

Note graph assurmes plume disperses vertically in one direction only. An
alternative solution assuming the centre of the plume is located at the mid-
depth of the aguifer is presented in the calculation sheets.

This sheet calculates the Tier3 remedial target for groundwater, based on the
distance to the receptor of compliance located down hydrautic gradient of the
source Three solution methods are included, the preferred option is Ogata
By setting a long travel time # will give the steady state solution, which should
be used to calcutate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target 1o determine the need for further action.

for
distance-concantration graph

Ogata Bank:
From caleulation sheet
Distance Concentration

76.0

Note if contaminant is not sublect to first order deqradation, then set half life as 9.0E+89.

Site being assessed Bless Arca 1 Res
Completed by

Date. 24112005
Version 11

mgll
1.0E+00
9.1E.01
8.2E-01
7.6E-01
7.0E-01
§.8E-01
8.1E-01
6.7E-01
SAEQ1
6.1E-01
4.3E-01
47E-01
4.5E01
43E-01
41E-01
3.9E-01
3.8E-01
3.8E-01
3.8E-01
3.4E:01

28/11/2005, 17:00
P20 Phosphorus Ver 11Tier3d Groundwater

EPA Export 25-07-2013:17:59:48



R&D Publication 20 Remedial Targets Worksheet, Release 2.2a

Tier 3« Groundwater

Input Parameters (using pull down menu)

Variabie Value

Unit  Source

c i Pytene
Target Concentration Cy 6.25E-06 mofl

Select analytical solution (click on brown cell below, then on

Enter "1 to simulate vertical dispersion in one direction, *2' for two directions (pull down menu)

Enter '1" if biodegradation rate is for the substance in water,

01 rate is for decay In field conditions (i.e. field data from aquiter) (pull down menEETR0T =]

Intial contaminant concentration in groundwater at plume core
Half ife for degradation of contaminant in water

Cakulated decay rate

Width of plume in squifer at source (perpendicular to flow)

Plume thickness at source

Saturated aguifer thickness

Bulk density of aquifer materials

Effective porosity of aquifer

Hydrauiic gradient

Hydrauic conductivity of aquifer

Distance to complance point

Distarce (tateral) to compliance point perpendicutar to flaw direction
Distance (depth) to compliance point perpendicular to flow direction
Time since poliutant entered groundwater

Paramoters vakuss detsrmined from options

Partition coefficient ~ Kd  { 1.38E+02
Longitudi L ax 13510
Transverse dispersivity  az 1.351
Vertical d: L ay 0.135
Calculated Parameters Variable
Groundwater flow velocity v 3TEM
Retardation factor ~ Rf  1.20E+03
Decayrate used A 1.82E-04
Rate of contaminant flow due to retardation  u 2.92E-04
Contaminant concentration at distance x, sssuming one-way vertical dispersion ~ Ceo  2.00E-119
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cgp  1.03E-119
Attenuation factor (one way vertical dispersion, Co/Ce) ~ AF 3.00E+118
Attenuation factor {two way vertical dispersion, Co/Ce) ~ AF 5.82E+118

Remedial Targets

Ogata Banks

Distance to compliance point

of at point
after

1600

Cio/CO  2.00E-118
8.9E+98

#] Equations in R&D Pub. 20

Entry If apecify partition coefficient (option)

Soil water partition coefficient kd [ -
Entry for non-polar organic chemicals option)

Fraction of organic carbon in aquifer foc

Organic carbon partition coefficient Ko

Entry for ionic organic chemicals (opticn)

Sotption coefficient for related species Ko kg
Sorption coefficient for ionised species Koe \ka
pH vatue oH

acid dissociation constant pKa

Soll water partition coefficient Kd

Dispersivity
Calculate dependant on distance to compliance point (0).
specity dispersivity (1), o cal after Xu & Eckstein (2) ?

Longitudinal dispersivity ax

Vkg  ses options
m  see options
m see options
m  see options
mid

fraction

&

mid

mght

mgl

Vertical di ay

For calculated value. assumes ax= 0.1 %, az = 0.01*
Xu & Eckstein (1895) report ax = 0.83(0gy)*™ ;

For
m
mgfl  Ogata Banks
days

&

QO

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+89.

Environment Agency Publication 20, Remedial Targets worksheet v2.23

pull down menu)

UI QE-D7
0.0E+00
o 200 400 800 800 1000 1200 1400 1800
Distance [m}
Note graph assumes plume disperses vertically in one direction only. An

alternative sofution assuming the centre of the plume is located at the mid-
depth of the aquifer is presented in the calculation shests.

This sheet calculates the Tier3 remedial target for groundwater, based on the
distance to the receptor or compliance ocated down hydrauic gradient of the
source Three solution methods afe included, the prefefred option is Ogata
By setting a long travel time it will give the steady state solution, which should
be used to cakculate remecial targets.

The measured groundwater concentration should be compared

with tha Tier 3 remedial target to determine the need for furthar action.

ENVIRONMENT
AGENCY

Caleulated conoentrations for
distance-concentration graph

Ogata Banks
Fram caiculation shest
Distance Concentration

780
150.0
225.0
300.0
3760
450.0
626.0
100.0
875.0
760.0
826.0
900.0
976.0

1050.0
1126.0
1200.0
1276.0
1350.0
1425.0
16W.0

Note if contaminant is not subject to first order deqradation, then sat half Ife as 9.0E+99.

Sie heing assessea

less Arca 1 Res

11°2005

Version

mgil
TAEQ7
8.4E-13
9.6E-19
11824
13630
1.6E38
1.8E42
21E48
25854
3.0E-60
16688
43872
5.2E.78
.3E-84
7.6E-%0
$.2E-86
1.4E101
14E-107
1.66-113
2.08119

201112005, 17T W
P20 Pyrene Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:48
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R&D Publication 20 Remedial Targets Worksheet, Release2.2a

ENVIRONMENT
Tier 3-Groundwater AGENCY
Input Parameters{using cull down menu) Variable  Value Unit  Source pull down menu)
25603y Calculated concentrations for
Contaminant [ Sotenium ] distance-concentration araph
Target Concentration Gy mgh Entry if spectly partition coefficient (option} .
Soil water parttion coefficient kd R v H Ogata Banks
Entry for non-polar organic chemicals (option) H From caleulation shest
Select analytical solution {click on brown cell below, then on pull-down menu] Fraction of erganic carbon in aquifer foc. FoEO Distance Concentration
Organic carbon partition coefficient Kee ] mg/l
Entry for ionic organic chemicals foption) S10800 760  1.9E43
Enter 1 to simulate vertical dispersion in one direction, "2 for two directions (pull down menu} Serption coefficient for related spacios Keen § 1600 1.8E-03
Sorption coefficient for ionised species Ko A, 2260 1.6E03
Enter '1" ¥ blodegradation rate ks for the substance in water, pH vatue pH S 3W0  1.5E03
0 # rate is for decay in field conditions (i. field data from aquifer) (pull down menu B} acid dissociation constant pKa 3760  1.4E-03
. : 0.0g400 1 4500  1.3E03
Intial contaminant concentration in groundwater at plume core ol water partiion coefficient Kd 955E+00 kg O 20 400 80 800 1000 1200 1430 1600 5280 1.2E.03
Halt ife for degradation of contaminant in water Distance (m} 6000 11603
Cakulated decay rate Dispersivity 1760  1.1E93
Width of phime in aquifer at source (perpendicutar to flow) Cakutats dependant on distance to compiance point (0). 7600  1.0E-03
Plume thickness st source specify dispersivity (1), or cak: after Xu & Ecksisin (2) 7 Note grapt assumes plume disperses vertically in one direction only. An 826.0 9.5E-04
Saturated aquifer thickness Enter value _ Caic value Xu & Eckstein altarnative solution assuming the centre of the plume is located at the mid- 9000 S.1E04
Bulk density of aquifer materials Longitudinal dispersivity depth of the aquifer is presented in the calculation sheets. 976.0 B.7E-04
Effective porosity of aquifer T i 10500 8.3E-04
Hydraulic gradient | B gon [ Vertical dispersivity 11250 7.9E-04
Hydraulic conductivity of aquifer 5 ; S 1200.0  7.6E-04
Distance to comphiance point X B B 0 ]For catoutated vaiue, assumes mx= 0.1 %, az = 0.01 *x. av = 0.001 12D 12760 7.3E-04
Distance (lateral) to compliance point perpendicular to flow direction 4 EXEL R | Xu & Eckstein (1995) report ax = 0.83(log,p)“ ' ; a2 = ax/10, ay =@«w are assumed This sheet calculates the Tier3 remedial target for groundwater, based on the 13800 7.E-M
Distance (depth) to compiiance point perpendicular to flow dirction i distance to the receptor or compliance located dawn hydraulic gradient of the
Time since pollutant entered groundwater source Thres solution methods ara inchided, the preferred option fs Ogata 16250 G.8E-04
Parsmeters vakies determined from options Q’ . § By setting a long travel time i will give the steady state solution, which should
Partition coefficient  Kd 9.55E+00 Vkg  see options Q\ r§ be used to calculate remedial targets.
Longitudinal dispersivity  ax 13510 m  see options O A The measured groundwater concentration should be compared
Transverse dispersivity 2z 1.351 m  see options (ﬁ ‘\0 with the Tier 3 remedial target to determine the need for further action.
Vertical dispersivty  av 0.135 m  seo options S & . Note i contaminant is ot sublect to first order degradation, then set haff [fe as 9.0E+99.
Calculated Parameters Variable O‘KQ \}\,\
Groundwater flow vekocity v 377E-M mid QQ . \&\
Retardation factor ~ Rf  9.02E+01 fraction \O S
Decayrateused A 7.00E-101 o é’J\ &
Rate of contaminant flow due to refardation U 418E03 W S
Contaminant concentration at distance x, assuming one-way vertical dispersion  Crp ~ 6.58E-04  mg! (& O
Contaminant concentration at distance x, assuming two-way vertical dispersion ~ Cep  3.39E-04  moh RN \()\\ Sitc being assessed  Bless Area 1 Res
Attenuation factor (one way vertical dispersion, Co/Cer) ~ AF 3.04E+00 L '\Q E A
Aftenuation factor (two way vertical dispersion, Co/Cep) ~ AF $,.30E+00 <<0 4’\ 24112005
1
Remedial Targets (,O
; z = S P P W K Lo K B Y B ] For is0n with measured 2
Ogata Banks \’U
Distance to compliance point 1500 m é\
of &t point €, /0 6.68E04 mgh Ogata Banks QOQ
after 9.9E+99  davs
Care shoukd be used when calculating remedial targets using the time variant options as this mav result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial taraet is 9.9E+85.
Environment Agency Publication 20, Remedial Targets worksheet v2.2a Bninoes. Tn

P20 Selenium Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:48



R&D Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3 - Groundwater

Input Parameters {using pull down menu) Variable

Contaminant
Target Concentration

Select analytical solution (click on brown cell below, thel

Initial contaminant concentration in groundwater at piume core
Half life for degradation of contaminant in water
Calkeulated decay rate
‘Width of plume in aquifer at source (perpendicular to flow}
Ptume thickness at source
Saturated aquifer thickness
Bulk density of aquifer materials
Effective porosity of aguifer
Hydraulic gradient
Hydraubic conductivity of aguifer
Distance to compliance point
Distance (iatera] to compliance point pefpendicular to flow direction
Distance (depth) to compliance paint pefpendicular to flow direction
“Time since pollutant entered groundwater
Parsmeters values determined from options
Partition coefficient
Longitudinal dispersivity
7, o

Cr

li-down menu]

Valie  Unit  Source
[ Strontum ]
mal

Equations in R&D Pub. 20

Entry if spechy partition coefficient (option)

Soil watar parttion coeflicient Kd

Entry for non-polar orgenic chemicals (option)

Fraction of organic carbon in aquifer foe

Organic carbon partition coefficient Koc

Entry for lonic organic chemicals {option)

Sorption coefficient for related species Ko Vka
Sorption coefficient for ionised species Kor Vka
pH vatue pH

acid dissociation constant pKa

7] Soil water partiion coefficient Kd 000E+00 kg
Dispersivity

7] Calcutate dependant on distance ta compliance paint (0 EER 0]
spocity dispersivity (1), of caic after Xu & Eckstein (2) 7

Enter value  Calc value Xu & Eckstein

Longitudinat dispersivity ax
az
Vertical disparsivity ay

see aptions
see options

Vertical dispersivity
Calculated Parameters

Groundwater flow velocity
Retadation factor

Decay rate used

Rate of contaminant flow due to retardation

Contaminant concentration at distance x, assuming one-way vertical dispersion
Contaminant concentration at distance x, assuming two-way vertical dispersion
Aftenuation factor (ore way vertical dispersion, Co/Ceo)

Attenuation factor (two way verticsl dispersion, Co/Cen)

Remedial Targets

Yay
Ogata Banks

Distanca to compliance point

of at

after

2RBZ

Variable

point CyoiC0

IITE0N owd
1.00E+00
TOOE-101 o'
ATEO  mid
161E01  mo!
831E02  mgh
3.04E400

$.90E+00

1500 m
1.61E-01 mg/t  Ogata Banks
9.9E+8%  days

“tme variant opions only

For calcutated value. assumes ax= 0.4 *x, az = 0.01 * x. av = 0.
Xu & Eckstein (1995) report ax = 0.83(logy)* "' ; az = ax/10,

)
£
&

For comparisan with measured muncéer concentration.

&
000&

Care should be used when calculating ramediat targets using the time variant aptions as this may result in an overestimate of the remedial target.
Tha rmnammnn:

Aard sraliin fnr birmm sian ~aleilatinn tha ramadisl

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

tarnat ie 0 GF40Q

2
&

Cateutatyg concpptratiog (mgf)
2 2 %
& &

H
H

O 00 40 60 800 1000 120 1400 1600
Distance (m)

Note graph assumes piume disperses verticall in one direction only. An
alternative solution assuming the centre of the phume is located at the mid-
depth of the aquifer is presented in the calculation sheets.

This sheet cakculates the Tier3 remedial target for groundwater, based on the
distance o the receptor or compiance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata
By setting a Jong travel time # will give the cteady state sclution, which shoukt
be used o calculate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 femedial target to detesmine the need for further action.

ENVIRONMENT
AGENCY

Calculated concentrations for
distance-concentration graph

Ogata Banks
From calcutation shest
Distance Concertration

180

150.0
225.0
300.0
375.0
450.0
525.0

ov6.0
760.0
2080

978.0
1026.0

1200.0
1276.0
1350.0
1426.0
Iw.0o

Note if contaminant ks not sublect to first order degradation, then set hall life as 9.0E+499.

Site being assessed: Bless Area 1 Res
Completed by, A

24112005
11

mgh
ABEDY
43601
3.9E-01
3.6E-01
33601
31E01
2.8E-01

23801
2.4E-01

2.2E-01
2.1E-01
2.0E-0%

1.9E-01
1.8E-01
1.7E-01
1.7E-01
1.6E-01

29/11/2005, 17:00
P20 Strontium Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:48



R&D Publication 20 Remedial Targets Worksheet, Release 2.2a

Tier 3- Groundwater

Input Parameters {using pull down menu) Variable

Contaminant
Target Concentration

Enter 1" f biodegradation rate is for the substance in water,

Initial contaminant concentration In groundwater at plume core

Half iife for degradation of contaminant in water

Cakulated decay rate

Width of plume in aquifer at source (perpendiculat to flow)

Plume thickness st cource

Saturated aquifer thickness

Buik density of aquifer materials

EMfective porosity of aquifer

Hydraubc gradient

Hydraulic conductivity of aguifer

Distance to compliance point

Distance (lateral) fo compliance point perpendicular to flow direction
Distance (depth) to compliance point perpendicular to flow direction
Time since poliutant entered groundwater

Paramoters vaiues determined from options

Partition coefficient
Longitudinal dispersivity
Transverse dispersivity
Vertical dispersivity

Calculated Parameters

Groundwater flow vekocity
Retardation factor

Decay rate used

Rate of contarinant flow due to retarcation

Contaminant concentration at distance x, assuming one-way vedtical dispersion
Contaminant concentration at distance x, assuming two-way vertical dispersion
Atenuation factor (ohe way vertical dispersion, Co/Ceo)

Attenuation factor (two way vertical dispersion, Co/Cen)

Remedial Targets

T2

Ogata Banks

Distance to compliance point

ot at point
after

(—Suiphe ]
o FmelT

Select analytical sclution (click on brown cell below, then on

Variabls

v
RE
s
u

Cep

Cep

CplC0

Value

O if cate is for decay in fiekd conditions (i.e. field data from aquiter) (pull down memfZE 0, =

Source

Select Method for deriving Partition Co-efficient {using pull down menu)
W(%Mm 0 ch-}nm

Entry if specify partition coefficient (option)

Soil water partition coefficient «d [N =

Enuy for non-polar organic chemicals (option)

Fraction of organic carbon in aguifer foc traction
Equations in RAD Pub. 20 Organic carban partition coefficient Koc ]

Entry for lonle organic chemicais (cption}

377E01
1.00E+00
7.00E-101
377601
1.38E+01
7.12€+00
3.04E+00
S5.90E+00

1500

1.38E401
9.9E+99

Sorption coefficient for related species Kaen kg
Sorption coefficient for ionised species. Kot vk
PH value pH
acid dissociation constant pKa
Soil water partition coefficient Kd 0.00E+00 kg
Dispersivity
= |Calcutate dependant on distance to compliance peint {0),
pecity di (1), or calc after Xu & Eckstein (2) 7
Enter value  Calc value Xu & Eckstein
#| Longitudinal dispersivity ax 1.35E401
az | 135E400 |
Vartical dispersivity ay

2| For calculated value. assumes ax= 0.1 . az = 0.01 *x. av =
Xu & Eckstein (1995) report ax = 0.83(0g,0)**™* : az = ax10,

For comparison with measured ﬂrbull@er concentration.

(‘\\.
CPQ&

Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

ENVIRONMENT

AGENCY
A SE.01 € fol
40801 distance-concentration araph
FeEn Ogata Banks
B 0E+01 From calculation sheet
i Distance Concentration
2 SE«G1
Boeear mgn
g 760  4.1EH01
Bseonn 1500  3.7E+01
Foeen 2250 3.4E+01
3 3000  34E+01
soE0 3750 2.8E+01
00E+0 4500  2.7E%01
0 M0 a0 O 800 1000 100 1400 1600 6260 2.5E401
Distance {m) 6000 23E+01
§75.0 22E+01
7600  24E401
Note graph assumes plume disperses vertically in one direction only. An 8250 2.0E+01
alternative solution assuming the centre of the plume is located at the mid- 9000 1.9E401
depth of the aquifer is presented in the calculation sheets. 976.0 1.8ES01
1050.0 1.7E+01
1260 1.7E¢01
12000 1.6E4M
12760 1.5E401
This sheet calculates the Tier3 remedial target for groundwater, based on the 1350.0 1.5E+01
distance to the receptor of compliance located down hydraulic gradient of the 14250 1.4E+01
source Three solution methods are included, the preferred option is Ogata 15000 1.4E+01

By setting a long trave time # will give the steady state solution, which should

be used to calculate remedial targets.

The measured groundwater concentration shoukd be compared

with the Tier 3 remedial target o determine the need for further action.

Note if contaminant is not sublect to first order degradation. then set hall fe as 9.0E+99.

Site being assessed.
Completed by

Date

Version

28/1172005, t7TW
P20 Sulphate Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:49



R&D Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3 -Groundwater

Input Parameters {using pull down menu) Variable  Value Unit  Source

[ tert Butyibarzens ]
o EET

Select analytical solution (click on brown cell below, then on

Contaminant
Target Concentration

Enter *1* to simutate vertical dispersion in one direction, 2 for two directions (pull down menu)

Enter "1’ ¥ blodegradation rate is for the substance in water,
‘O’ f rate is for decay in fiek conditions {1.¢. field data from aquifer) (pull down men

Initial contaminant concentration in groundwater at plume cors
Half iife for degradation of contaminant in water

Calculated decay rate

Width of phume in aquifer at source (perpendicular to flow)

Piumne thickness at source

Saturated aquifer thickness

Bulk density of aquifer materials

Effective porosity of aquifer

Hydraulic gradient

Hydraulic conductivity of aquifer

Distance to compliance point

Distance (lateral) to compliance point perpendicular o flow direction
Distance (depth) to complance point perpendicular to flow direction
Time since poliutant entered groundwater

Parametors values determined from options

Partition coefficient
Longitudinal dispersivity
Transverse dispersivity
Vertical dispersivity

Calcutated Parameters Variable

Groundwater flow vekcity v
Retardation factor R
Decay rate used

3.77EN md
3.00E+00 fraction
6.84E-101 g

Rate of contaminant flow due fo retardation  u 126E01  wd

Contaminant concentration at distance x, assuming one-way vertical dispersion  Cep ~ 3.26E69  mght

Contaminant concentration at distance x, assuming two-way vertical dispersion  Cep  1.68E99  mgil
Aftenuation factor {one way vertical dispersion, Co/C) ~ AF 3.04E400
Attanuation factor (two way vertical dispersion, Co/Ceo) ~ AF 5.80E+00

Remedial

Targets

Ogata Banks
Distance to compliance point 1500 m
of at point C,/CO  3.26E-99 mgfl  Ogata Banks
after 9.9E499  days

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

' {Equations in R&D Pub. 20

.
7} Xu & Eckstein (1995) report ax = 0.83(og,

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

Entry if speciy partition coefficient (option)
Soil water partition coefficient
Entry for non-polar organic chemicals (optlon}

Fraction of organic carbon in aquiter foc
Organic carbon partition coefficient Ko
Entry for lonlc organic chemicals (option)
Sorption coefficient for related species Koo
Sorption coefficient for ionised species Kot
PH value pH
acid dissociation constant pKa

Soil water partition coefficient Kd

Dispersivity

Longitudinal dispersivity ax
Transverse dispersivity az
Vertical dispersivity ay

For calculated value, assumes ax= 0.’

Cakulate dependant on distance to compliance point (0).
specity dispersivity (1), of calc after Xu & Eckstein (2) 7

2.14E-01

vxg

Enter value _ Caic value Xu & Eckstein

%

[_135E+01 Im
1356900 | m
| 135601 ]

m

.01 x, ay = 0.001 ',x\>

az = ax/10, -q\@too are assumed
&

3
8

H]
&

8

fplulatyd concgntratiap (mg)
§ 8 B
3 &

®
H

&
H

[} 200 400 B0 800 1000 1200 1400 1500
Distance {m}

Note graph assumes plume disperses vertically in one direction only. An
alternative solution assuming the centre of the plume is located at the mid-
depth of the aquifer is presented in the calculation sheets.

This sheet calculates the Tier3 remedial target for groundwater, based on the
distance to the receptor or complance located down hydraufic gradient of the
source Three solution methods are inchuded, the preferred option Is Ogata
By setting a fong travel tima i will give the steady state solution, which shoukd
be used to calculate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for further action.

ENVIRONMENT
AGENCY

Caloulated concentrations for
distance-concentration yraph

Ogata Banks
Fromealculation sheet
Distance Concentration

76.0
Iw.0
225.0
300.0
376.0
450.0
626.0

538.0
760.0
8256.0
3000
876.0
1050.0
1126.0
1200.0
1275.0
1350.0
1426.0
1500.0

Note if contaminant is not subject to first order degradation, then set half ife as 9.0E+99.

Site being assessed: Bless Area 1 Res

29/11/2005, 17:00

P20 tert Butylbenzene Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:49



R&D Publication20 Remedial Targets Worksheet, Release 2.2a ENVIRONMENT

Tier 3- Groundwater AGENCY

Input Parameters (using pull down menu} Varisble  Value Unit  Source pull down menu)

9e07 Calculated concentrations for
Contaminant 806107 distance-concentration araph
Target Concentration ~ Cr | 7.14E04 | mohl Entry if speciy partition coefficlent {option) -
Soit water partition coefficient x¢ - Foetor Ogata Banks
£ntry for non-polar erganic chemicals rﬂnﬂ") ‘BoE-107 DistarcaleConcentiatidn
Select analytical solution (click on brown cell below, then on Fraction of organic carbon in aquifer imm
Equations in RED Pub. 20 Organic carbon partition coefficient Koc § oE07 mgfl
Entry for lonic organic chemicals (option) g 760  7.9E-107
Enter "3 to simulate vertical disperzion in ohe ditection, 2 for two directions (pull down menu) Sorption coefficient for related species Kaen Via Foeaor 1600 6.8E-115
Sorption coefficient for ionised spacies Koes Vg Boeor 225.0 4.3E123
Enter 1" biodegradation rate is for the substancs in water, pH valve pH 3 3000 3.2E-131
0" rate is for decay in field condtions (L. fleld data from aguifer) (pull down menu[ 5 87 4] acid dissociation constant pKa 1oE-07 3760 24E-39
So p 00E+00 4500 1.8E-147
Initial contaminant concentration in groundwater at plume core Sol water partition coefficient Xd 1156402 Vg 0 0 40 60 800 1000 1200 1400 1600 5260 1.4E-155
Half lfe for degradation of contaminant in water 3 Distance () €00.0 1.1E-183
Cakulated decay rate Disperaivity 676.0 B.3E-172
Width of plurme in aquifer at source (perpendicutar to fiow) Calcutate dependant on distance to compliance point (0), 5 760.0 8.4E-180
Plume thickness at source specity dispersivity (1), of cak after Xu & Ecatein (2) 7 Note graph assumes plume disperses vertically in one direction onty. An 8260 5.0E-188
Saturated aquifer thickness E Enter value _Calc vatue Xu & Eckstein alternative solution assuming the centre of the plume is located at the mid- 9000 3.3E19%
Bulk density of aquifer materials L a [ 1356401 |m depth of the aguifer is presented in the calcutation sheets. 1760 3.0E-204
Effective porosity of aquifer az m 10600 2.3E-212
Hydraulic gradient 2% |Vertical dispersivity ay m 11250 1.8E-220
Hydraulic conductivity of aquifer 1200.0 1.4E-228
Distance to compliance point For cakculated vae, sssurmes ax=0.1 *x, az = 0.01 *x, ay = 0,001 $x°0" 12760 1.1E-238
Distance (lateral) to compliance point perpendicular to flow direction _ Xu & Eckstein (1995) report ax = 0.83(logy)*"™ ; a2 = ax/10, 8y =®uoo are assumed This sheet cakculates the Tier3 remedial target for groundwater, based on the 11600 8.8E-248
Distance (depth) to compliance point perperidicular to flow direction \ distance to the receptor of compiiance located down hydraulic gradient of the 14260 7.0E-263
Time since polfutant entered groundwater Q source Thres solution methods are included, the preferred option is Ogata 1500.0 6.5E-261
Parametors valus detarmined from options . * By setting a long travei time # will giva the steady state solution, which should
Parttion coefficient ~ Kd | 1.15E+02 Q\A) r§ be used to calculate remedial targets.
Longitudinal dispersivity  ax 13510 O A The measured groundwater concentration should be compared
Transverse dispersivity  az 1.351 (ﬁ s\o with the Tier 3 remedial target to determine the need for further action.
Vertical dispersivity  ay 0.135 S & Note if contaminant is not sublect to first order dearadation. then set half ife as 9.0E+99.
Calculated Parameters Variabie &Q \}\’\
Groundwater flow velocty v ITTEN wid QQ \@\
Retardation factor ~ Rf  1.07Es03 fraction XS ®
Decay rate used r 3.80E-04 da* X {\
Rate of contasninant flow due to retardation U ISIE04 mid é’ $
Contaminant concentration at distance X, assuming one-way vertical dispersion  Cgo  5.47E-261  mght (& O
Contaminant concentration at distance x, assuming two-way vertical dispersion ~ Cep  2.82E261  mghl \(\ s{’\\ Site being assessed  Bloss Arca 1 Res
Attenuation factor (one way vertical dispersion, Co/Ceo) ~ AF 1.81E+162 L ~\Q Completed by. A
Aftenuation factor (two way vertical dispersion, Co/Ced) ~ AF  3.51E+182 QO A’)& Date 24112005
Version 11
Remedial Targets Q)
T 5 Yaraet TAAE TRt 7] For comparison with measured mun&m ‘concentration.
Ogata Banks S
Distance to compiiance point 1500 m é\
of at point Ch/C0 5.47E-261 mgh  Ogata Banks QOQ
after 9.9E+99  days

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedal target.
The recommended value for time when calculating the remedial target is 9.9E+99.

29/1112005, 17:00

Environment Agency Publication 20, Remedial Targets worksheet v2 22 P20 Aliphatic C8-C10 Ver 11Tier3 Groundwater
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R&D Publication20 Remedial Targets Worksheet, Release2.2a ENVIRONMENT

Tier 3- Groundwater AGENCY
InputParameters (using pull down Manu) Variable  Value Unit  Source Select Method for deriving Partition Co-effici using pull down menu)
186423 Calculated concentrations for
Contaminant [Caliphatic c10c12_] 188123 distance-concentration araph
Target Concentraion ~ C; | _7.14E-04 | Entry if speciy partition coefficient (option) _
Soil water partition costficient ke N s e Ogata Banks
. Entry for non-polar organic chemicals (option} Faea . From calculation shest
Select analytical solution (click on brown cel) below, then on pull-down men: Fraction of organic carbon in aquifer foc traction ins - Distance Concentration
Equations in R&D Pub. 20 Organic carbon parttion coefficient Kot vkg g,,s_',. mgll
Entry for lonic orgenic chemicals (option) 4 750 1.6E123
Enter '1° o aimulate vertical dispersion in one direction, ‘2’ for two directions (pull down menu) Sarption coefficient for related species Keen vka § O8-124 150.0 2.4E-148
Sorption coefficient for jonised species Koe Vka Boerz 2260  3.5E973
Enter 1" i biodegradation rate is for the substance in water, PH value pH 3 3000 5.2E19¢
0" rate is for decay in fiek conditions (i.e. field data from aquifer) (pull down menu 20 acid dissociation constant pKa 2oBA24 176.0 7.8E.223
Source of p 006400 4500 1.26-247
Initial contaminant concentration in groundwater at piume core  Cy Soil water partition coefficient Kd 9426402  Vkg O 20 40 60 &0 000 1200 0 1620 6260 1.9E-272
Half e for degradation of contaminant in water  tyy : Distance () 600.0  2.9E-297
Calculated decay rate A Dispersivity 676.0 O.0E+00
Width of phume in aquifer at source (perpendicutar to flow) Sz Cakeulate dependant on distance to compliance point (0). 7600  0.DE+00
Plume thickness at source Sy pecity di (1), of cal after Xu & Eckstein (2) ? Note graph assumes piume disperses vertically in one direction only. An 8260  0.0E+00
Saturated aquifer thickness  da B . Enter value _Calc vatue Xu & Eckateln alternative solution assuming the centre of the plume is located at the mid- 2000  ENUM!
Bulk density of aquifer materials T Ziiia | Longitudinal dispersivity [ 3.35E+01_] depth of the aquifer is presented in the calculation sheets. $75.0  SNUM!
Effectiva porosity of aquifer 1 raction Transverse dispersivity 10600  ANUM!
Hydraulic gradient i raction |0 B Vertical dispersivity 11260  ANUM!
Hydraulic conductivity of aquifer K mid 1200.0  #NUM!
Distance to compliance point X m [Z : For calculatad valus, assumes ax= 0.1 %, a2 = 0.01 *x, av= 0,001 10" 12760 #NUML
Distance (fateral) to compiiance point perpendicular to flow direction ~ Z m [ | Ku & Eckstein (1995) report ax = 0.83(0g,0)" ™™ ; a2 = /10, ay 2% 00 ara assumed This sheet caiculates the Tier3 remedial target for groundwater, based on the 13600 #wuMI
Distance (depth) to compliance point perpendicutar to flow direction y m \XS\ distance to the receptor or compliance located down hydraulic gradient of the 1126.0 #MUM!
Time since poliutant entered groundwater  t dave  time variant options only §) source Three solution methods are included, the preferred option is Ogata 15000 SNUM!
Parameters valus determined from options Q, . ﬁ By setling a fong travel time it wil give the steady state sofution, which shoukl
Partiion coefficient  Kd 9.12E+02 Vkg  see options Q\ f§ be used 1o cakoulate remedial targets.
Longitud i ax 13510 m  ses options O A The measured groundwater concentration shoukd be compared
Transverse dispersivity  az 1.351 m  se0 options (ﬁ ‘\0 with the Tier 3 remedial target to determine the need for further action.
Vertical dispersivity  av 0.135 m  see options S & Note ¥ contaminant is not subiect to first order degradation, then set half ife as 9.0E+99.
Calculated Parametors Vvariable &Q \}\.\
Groundwater flow velocty v 377E-01 mid QQ . &&
Retardation factor ~ Rf  B.52E+03 fraction O S
Decayrateused A 380E04 o' é’} &
Rate of contaminant flow due to refardation  u 443805 md $
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cep NUM! g (& \O
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cro NUME g/t & R Site being assessed  Bless Arca 1 Res
Attenuation factor (one way vertical dispersion, Co/Crp)  AF 2NUM! O\ '\Q Completed by: A
Attenuation factor (two way vertical dispersion, Co/Cec)  AF aNuMt Q QA"\ 24112005
il
Remedial T: (,Q
3 For comparison with measured wnun&]el concentration.
Ogata Banks
Distancs to compilance point 1500 m Qé\
of o point C,/CO  ANUMI  mgh  Ogats Banks QO
after 9.9E49%  davs
Care chould be used when caloutating remedial targets using the time variant ostions as this may result in an overestimate of the remedial tarast.
The recommended value for time when calculating the remedial target is 8.9E+99.
291172005, 17 00
Environment Agency Publication 20, Remedial Targets worksheet v2.2a

P20 Aliphatic C10-C12 Ver 11Tier3 Groundwater
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R&D Publication 20 Remedial Targets Worksheet, Release 2.2a

Tier 3 -Groundwater

Input Parameters (using pull down menu) Variable

Contaminant
Target Concentration

Select analytical solution {click on brown cell belt;w, then on

Enter *1' to simulate vertieal dispersion in one direction, °2*for two directions. (pull down men)

Enter ‘1" if biodegradation rate is for the substance in water,

Initial contaminant concentration in groundwater at phumne core
Half lfe for degradation of contaminant in water

Cakutated decay rate

Width of phume in aguifer at source (perpendicular to flow)

Plume thickness at source

Saturated aquifer thickness

Bulk density of aquifer materials

Effective porosity of aquifer

Hydraulic gradient

Hydraulic conductivity of aquifer

Distance to compliance point

Distance (tateral) to compliance point perpendicutar to flow direction
Distance (depth) to compiiance point perpendicular to flow direction
Time since pollutant entered groundwater

Parameters vaiues determined from options

Partition coefficient

Longitudinal dispersivity

Transverse di ivil

value  Lmit  Source
[ Aliphatic €16-C21 ]
¢ [7.14E04 ] Entry i specify partition cosfficient (option)

Soil water partition coefficient
Entry for non-polar organie chemie.

ull-down menu Fraction of organic carbon i aquifer

Equations in RAD Pub. 20

Organi carbon partition coefficient

als

Kd

foption)
oc

Koc

Entry for lonfe organic chemicals (option)

Sorption coefficient for ralated species

Sorption coefficient for ionised species.

H value
acid dissociation constant

Soil water partition coefficient

Dispersivity

| Longitudinat dispersivity

Vertical dispersivity

2.20E+06

1.351

Vertical di

Kd
ax 13510
az
ay

0.135

Calculated Parameters

Groundwater flow velocty
Retardation factor

Decay rate used

Rate of contaminant flow due to retardation

Contaminant concentration at distance X, assuming one-way vertical dispersion
Contaminant concentration at distance x, assuming two-way vertical dispersion
Aftenuation factor (one way vertical dispersion, Co/Ceo)

Attenuation factor (two way vertical dispersion, Co/Ceo)

Remodial ts
S i
Ogata Banks
Distance to compilance polnt
of at point
after

Variable R )
v 377E01 mid (\Q \&\

ColCt

Rf  2.04E%07 fracton O
3 180E04 o § (\é
u  176E08 N
Ceo ENUM! mg & Q
Co  NUML mgd \(\ \()\\'
AF ENUM! s '\Q
AF aNumt QO A\
N

For comparison with measured alcun@er concentration.

(‘\\.
CPQ&

#NUM!
9.9E+99

mgh  Ogata Banks
days

Care should be used when caleuating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
‘The recommended vatua for time when cakulating the remedial tarcet is 9 9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

Caiculate dependant on distance to compliance point (0).
specity dispersivity (1), or calc after Xu & Eckstein (2) 7

01°% a2=0.01 *x. av=

229E+08 g

Enter value _ Calc vaiue Xu & Eckstein

1.35E401

001 *x

ull down menu)

108400

#0E01
0e01
K3
Eogon
Boeor
$s.0e01
5
)
%s 0E01
Broe01
S
1.0E:01

00E+00

° 200 400 B0 500 1000 1200 W00 1600

Distance (m)

Note graph assumes plume disperses vertically in one direction only. An
alternative solution assuming the centre of the piume is kocated at the mid-
depth of the aquifer is presentad in the calcutation sheets.

This sheet calculates the Tier3 remedial target for groundwater, based on the
distance to the receplor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata
By setting a long travel time it will give the steady state sohution, which should
be used to calculata remedial targets.

The measured groundwater concentration shoukl be compared

with the Tier 3 remedial target to determine the need for further action.

ENVIRONMENT
GENCY

Caleulated concentrations for
distance-concentration graph

Ogata Banks
From calculation shest
Distance Concentration

mgh

7650 ANUMI
1500  #NUMI
2260  #NUMI
3000  #NUMI
3760  #NUMI
4500 #NUMI
§250  #NUMI
5000  #NUMI
6750  #NUM!
7600 #NUMI
8260  #NUM!
200.0  #NUM!
9760  #NUMI
1050.0  #NUML
11260 #NUM!
12000 #NUMI
12750 #RUMI
13500 #NUME
14260 ANUML
16000  #NUMI

Note f contaminant Is not subiect o first order degradation, then set half lite as 9.0E+99.

Sie beng assessed  Bless Arca 1 Res

Compieted by. A

Date 24112005

Version 11

28/11/2008, 17.00
P20 Aliphatic C18-C21 Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:49



R&D Publication 20 Remedial Targets Worksheet, Release 2.2a

Tier 3 - Groundwater

Input Parameters (using pull down menu) Variable

Contaminant
Target Concantration

Select analytical solution (click on brown cell below, the!

Value

Enter 1" to simulate vertical dispersion in one direction, "2’ for two directions (pull down menu)

Enter "1" if biodegradation rate is for the substance in water,

0’ rate ia for decay in fiekd conditions (L. field data from aquifer) (pull down menfZZEnB ]

initial contaminant concentration in groundwater at plume core

Half life for degradation of contaminant in water

Calcutated decay rate

Width of plume in aquifer at source (perpendicutar to fiow)

Plume thickness at source

Saturated aguifer thickness

Bulk density of aguifer materialy

Effective porosity of aquifer

Hydraulic gradient

Hydraulic conductivity of aquifer

Distance to complianca point

Distance (lateral) to compliance point perpendicutar to flow direction
Distance {depth) to compiiance polrit pefpendicutar to flow direction
Time since pollutant entered groundwater

Parsmoeters values determined from options

Partition coefficient

Longitudinal dispersivity

Co
te
s
Sz
Sy
da
]

n
i
K
x
z
Y
t

Vertical

Kd
ax
az
ay

Calculated Parameters Variable

Groundwater flow velocity
Retardation factor

Decay rats used

Rate of contaminant flow due to retardation

Contaminartt concentration at distance x, assurning one-way vertical dispersion
Contaminant concentration at distance x, assuming two-way vertical dispersion
Attenuation faclor (one way vertical dispersion, Co/Ceo)

Attenuation factor (two way vertical dispersion, Co/Ceo)

Remedial Tart

Ogata Banks
Distance to compliancs potnt
of at

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+98.

Environment Agency Publication 20, Remedia! Targets worksheet v2.2a

v
Rf
2
u
Cen
Ce
AF
AF

polnt Cyp/co

1500

f#RUM!
8.9E+99

Unit

mgit
davs

Source

Equations in R&D Pub. 20

AR a
time variant options onfy

s00 options
s00 ontions
soe options
soe options

Select Method for derivi

Entry if specify partition coefficient (option)
Soli water partition coefficient
Entry, for non-polar organic chemicals (option)

Fraction of organic carbon in aquifer foc
Organic carbon partition coefficient Koe
Entry for ionic organic chemicals (option)
Sorption coefficient for related species Kon
Sarption coefficient for ionized species Kot
PH value pH
acid dissociation constant pKa

Soil water partition coefficient Kd

2.29E+06

Dispersivity

“)Calculate dependant on distance to compliance point (Vg ]

specify dispersivity (1), or calc after Xu & Eckstein (2) ?

Enter
Longitudinal dispersivity
Transverse dispersivity

Vertical dispersivity

&

Ogata Banks (JO

Partition Co-efficient {using pull down menu)

kg

108400

20801
Qo0
Lo
Py
$
Fo0EDY
&.0e01
H
StoE
§; oE01
H
R0e01
s
10801

00 80 300 1000 1200 1400 1800
Distanca ()

Note graph assumes plume disperses vertically in one direction only. An
alternative sohution assuming the centre of the plume is located at the mid-
depth of the aquifer is presented in the cakculation sheets.

This sheet calculates the Tier3 remedial target for groundwater, based on the
distance to the receptor of compliance located down hydraulic gradient of the
source Three soktion methods are included, the prefetred option it Ogata
By satting a long travel time # will give the steady state solution, which should
be used to caleutate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for further action.

ENVIRONMENT
AGENCY

Caloulated concentrations for
distanca-concentration graph

Ogata Banks
From calculation sheet
Distance Concentration

750
150.¢
2250
300.0
ko

450.0

508.0
676.0

885.0
900.0
976.0

10280
1200.0
1276.0

1366.0
1500.0

Note if contaminant is not subject to first order degradation, then set half life a3 9.0E+99.

Site peing assessed; Bless Area 1 Res
A

24712005
11

mgfl
#NUM!
#NUM!
#XUM!
#Numt
sunan

#NUMY
#NUM

#NUM
#NUM!
#NUM!

ANUMY
#NUMY

29/11/2008, 17:00
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R&D Publication 20 Remedial Targets Worksheet, Release 2.2a
Tier 3 - Groundwater

Input Parameters {(using pull down menu) Variable  Value Unit  Source

Contaminant
Target Concentration  Cr

[ 120601 [ mgn

Select analytical solution (ctick on brown cell below, then on pull-down

Equations in R&D Fub. 20

Enter ‘4" to simulate vertical dispersion in one direction, 2' for two directions (pull down menu)

Enter 1" biodegradation rate is for the substance in water,
"0’ i rate is for decay in fieid conditions (L. fiekl data from aquifer) (pull down men

Initial contaminant concentration in groundwater at plume cora  Cp
Hal ife for degradation of contaminant In water  ty;

Calculated decay rate %
Width of plume in aquifer at source (perpendicular to fowy Sz
Plume thickness at sourcs Sy

Saturated aquifer thickness  da

Bulk density of aquiter materials I3

Effective porosity of aquifer

2] Sail water partition coefficient Kd
“%|Calculate dependant on distance to comptiance point (C)

7| Longitudinal dispersivity ax

Select Method for d

pull down menu)

Entry if specify partition coeffictent (option)
Soll water parttion coefficient

Entry for non-poler srganic chericats (sption)

Fraction of organic carbon in aquifer foc

Organic carbon partition coefficient Koe

Entry for lonic organie chemicals (option)

Sorption coefficient fof related spacies Ko ke
Sorption coefficient for ionised species Ko Vka
pH vatue pH

wcid dissociation constant pKa
500E-01  Vkg

Dispersivity

specity disperaivity (1), or calc sftar Xu & Eckstein (2) 7

n
Hydraulic gradient i
Hydraulic conductivity of aquifer K

Distance to compliance point

Distance (tatera) to compliance point perpendicular to flow direction 2
Distance (depth) to compianca point perpendicular to flow drection ¥
Tire since pollutant entered groundwater

Parameters values determined from cptions

mwd

m

m

™ — -
days  time variant options only
xg

m

m

m

Partition coefficient Kd S.00E-01 see options
Longitudinal dispersivity ax 13510 see options
T i az 1351 see options
Vertical av 0135 see options

Calculated Parameters Variabls

Groundwater flow velocity v 3.77E01 md

Retardation factor ~ Rf  5.67E+00 fraction
Decayrate used 1 347604 &
Rate of contaminant flow due fo refardation  u 665E02  mid
Contaminant concentration at distance x, assuming one-way vertical dispersion  Crp  2.51E-03  mghl
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cpp  1.20E-03  mgll
Attenuation factor (one way vertical dispersion, Co/Cec) ~ AF 2558403
Attenuation factor (wo way vertical dispersion, Co/Cep) ~ AF 4.86E+03

Remedial Targets

Distance to compiiance point 1600 m

Ci of at

point C,/C0  2.51E03 mg/l  Ogata Banks C}O
attar 2.9E489  days

Care should be used when calculating remedial targets using the time variant options a3 this mav result in an overestimate of the remedial target.
The recommended value for time when calculating the remediai target is 9.9E+99,

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

az
Vertical dispersivity ay

For calcutated vakue, assumes ax= 0.1 °, a2 = 0.01 *x, ay = 0.001 5\
Xu & Eckstein (1995) report ax = 0.83(og,eX) "™ ; az = ax/10, ay =é1oo are assumed

7Z}For comparison with measured mung@r concentration.

&
&

=

ENVIRONMENT

AGENCY
S.0E+00 for
458400 distance.concentration graph
g.oeoou "
Coataiiekiation sheet
Ssee00
PoE+00 Distance Concentration
Fsew0 mgh
o0 750  ASE+00
Fseem 1500  2.9E+00
3 2250 1.9E+00
goee 3000  1.2E400
S0E01 750 81E01
0.0E200 4500  5.4E-01
0 0 40 €0 80 1000 1200 400 1600 5250 |SEOL
Distance {m} €00.0 24E-01
6750  1.6EM1
7500 1.1EM
Nots graph assumes plume disperses vertically in ona direction only. An 8260  7.6E-02
alternative sokution assuming the centre of the plume is located at the mid- 9000 6.4E-02
depth of the aquifer la presented in the calculation sheets. 9750  3.5E-02

This sheet caloulates the Tier3 remedial target for groundwater, based on the
distance o the receptor of compliance located down hydraulic gradient of the
soutce Threa solution methods are inchided, the preferred option is Ogata
By setting a long travel time i will give the steady state solution, which should
be used to calculate remedial targets.

The measured groundwater concantration shoukd ba compared

with the Tier 3 remedial target to determine the need for further action.

10500 2.4E-02
11250 18E-02
12000 1.1E02
12750 7.7E03
13800 6.3E-03
14260 3.8E-03
16W.0  2.5E-03

Note If contaminant is not subject to first order degradation, then set half life a1 9.0E+59.

Site being assessed
Completed by:

Date

Version:

28/11/2005, 17:00
P20 Ammaniacal Nitrogen as N Ver 11Tierd Groundwater

EPA Export 25—07—2013:17:59:49
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RBD Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3-Groundwater

Input Parameters {using pull down menu) Vasisble  Value

Contaminant
Target Concentration

Select analytical solution (click on brown cell below, then on

Enter 1" to simutate vertical dispersion in one direction, ‘2° for two directions (puill down menu)

Enter 1" f biodegradation rate s for the substance in water,

D' ¥ rate s for decay in field conditions (i.e. field data from aquiter) (pull down men:

Gy

ull-down menu]
7 =

Initial contaminant concentration in groundwater at plume core Co
Half ife for degradation of contaminant in water  ty,
Cakculated decayrate )
Width of plume in aquifer at source (perpendicular to flow) Sz
Plume thickness at source Sy
Saturated nquifer thickness  da
Bulk density of aquifer materias  p
Effectiva porosity of aquifer  n
Hydraulic gradient i
Hydraufic conductivity of aquifer K
Distance to compliance point X
Distance (lateral) to compiiance point perpendicutar o flow direction 2
Distance (depth) to compliance point perpendicular to flow drection  y
Time since poliutant entered groundwater ¢
Parameters valuss determined from options
Partition coefficient  Kd 2.29E+06
Longttudinal dispersivity  ax 14.075
Transverse dispersivty  az 1.407
Vertical i ay 0.141
Calculated Parameters Variable
Groundwater flow veloclty v 3.92E-01
Retardation factor ~ Rf  2.14E+07
Decayrateused 1 1.90E-04
Rate of contaminant flow due to retardation  u 1.83E-08
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cp NUM!
Contaminant concentration at distance x, assuming two-way vertical dispersion ~ Cep ENUNI
Atenuation factor (one way vertical dispersion, Co/Ce) ~ AF #RUMI
Altenuation factor (wo way vertical dispersion, Co/Ceo)  AF ANUM!

Remedial Tar gots
R
Ogata Banks
Distance to compliance point
[ of at point
after

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended vaiue for ime when calcutating the remedial target is 8.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

[

1700

#NUM!
9.9E+99

Unit

g

mid
fraction
&

mid
mgh

mgh
davs

Source

Eguations in R&D Pub. 20

time. vlrkm opdrms only

sse options
2ee options
3ee options
200 options

Entry i specify partition coefficient (option)
Soil water partition coefficient
Entry for non-polar organic chemicals (option)

Fraction of organic carbon in aquifer foc
Organic carbon partition coefficient Koc
Entry for jonic organic chemicals foption)
Sorption coefficiant fof retated species Koen
Sorption coefficient for ionised species Kot
H vatue pH

acid dissociation constant pKa
Soil water partition coefficient d

DI-p-rlMty

2.29E+08

kg

106400

50601
goe01
Eroear

g

H
Poeor
Ss.0e09
S1oE01
001

H
H2.0€01
10E:01

0.06+00
© 200 400 600 800 5000 1200 1400 1600 1300
Distance (m)

Note graph assumes plume disperses vertically in one direction only. An
alternative solution assuming the centre of the plume i located at the mid-
depth of the aquifer is presented in the calculation sheets.

This sheet caicufates the Ther3 remedial target for groundwater, based on the
distance to the receptor or comphance located down hydrautic gradient of the
source Three solution methods are included, the preferred option is Ogata
By setting » long trave time it wil whn the steady state olution, which should
be Used to cakulate remedial targets.

The measured groundwater concentration shoud ba compared

with the Tier 3 remedial target to determine the need for further action.

ENVIRONMENT
AGENCY

Calculated concentrations for
distance-concentration graph

Ogata Banks
From calculation shest
Distance Concentration

mglt

850  #NUM!
1700 aaumt
266.0 #NUM!
3400  #NUM!
4250 #NUM!
610.0  #NUM!
5965.0 #NUMI
680.0 #NUMI
7860  #NUMI
850.0  #NUM!
235.0  ANUM!
10200 #NUM!
1106.0 #NUMI
11900 #NUM!
12760 #NUM!
1360.0  #NUM!
1445.0  #NUM!
1830.0 SNUMI
1616.0 #NUM!
1700.0 #NUMI

Note if contaminant is not sublect to first order deqradation, then set half life as 9.0E+93.

Site bemg assessed: Bless Area 4 Res
A)

24112005
Version 11

29/11/2005, 17:26
P20 Aliphatic C18-C21 Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:49



R&D Publication 20 Remadial Targets Worksheet, Release 2.2a

Tier 3 - Groundwater
Input Parameters (using pull down menu) Variable  Vatue Unit

Contaminant
Target Concentration

Source

[ Aliphatic £21C35 ]
Cr [TMED4 ] mot

Enter *1° to simutate vertical dispersion In one direction, 2’ for two directions (pull down menu)

Enter 1"  biodegradation rate ia for the substance in water,
‘0' H rate is for decay in field conditions (1. fiek! data from aquifer) (pull down mentfs

Initial contaminant concentration in groundwatet at pume core  Co
Half life for degradation of contaminant in water 1y,

Cakulated decay rate
Width of plume in aguifer at source (perpendicutar to flow} Sz
Plume thickness at source Sy
Saturated aguifer thickness  da

Bulk density of aquifer materials [

Effective porosity of aquifer 1

Hydraulic gradient i

Hydraulic conductivity of aquifer K

Distance to compliance point

Distance (lateral) to compliance point pefpendiculat to flow direction 2
Distance (depth) to compliance point pespendicular to flow direction ¥

Time since pollutant entered groundwater  t

Parametors vakues determined from options

Partition coefficient Kd 2.29E+06 kg
Longi L ax 14.075 m
Transverse disperzivity az 1.407 m
Vertical dispersivity  av 0.141 m

Calculated Parameters Variable

see options
see options
see options
soe options

time variant options onty

with measured gr

Partition Co-efficient pull down menu)

T

Entry if specify partition coefficient (option)

Soll water partition coefficient

Entry for non-polar organic chemicals (option)

Fraction of arganic carbon in aquifer foc

Organic carbon partition coefticient Koc

Entry for ianie organic chemicels (option)

Sorption coefficient for related species Ko vk
Sorption coefficient for ionised species [ Vka
pH vatue pH

acid dissociation constant pKa

Soil water partition coefficient Kd 229E406 Vig
Dispersivity

Calcutate dependant on distance to compliancs point (01 [F
specity dispersivity (1), or cake after Xu & Eckatein (2) 7

Enter vahie  Calc value Xu & Eckstein
Longitudinal dispersivity ) ax m
Transverse dispersivity az | 1ATE+00 |m
Vertical dispersivity ay |__141E01_|m

v

*| For calcutated vatue, xssumes ax= 0.1 % a2 = 0.01 * x, ay = 0.001 * x

| Xu & Eckstein (1995) report ax = 0.83(log,00° *** ; az = ax/10, ay = w’w are assumed

Groundwater flow velocity v 392601 mvd
Retardation factor ~ Rf  2.14E+07 fraction
Decayrateused X 1.90E04
Rate of contaminant fiow due to fetardation U 183608  mid
Contaminant concentration st distance x, assuming one-way vertical dispersion  Cgp #NUMI mght
Contaminant concentration at distarice x, assuming two-way vertical dispersion ~ Cp #NUMI mgh
Attenuation factor (one way vertical dispersion, Co/Ces)  AF ENUMI
Altenuation factor (two way vertical dispersion, Co/Cr)  AF #NUMI
Remedial Targets
Ogata Banks
Distance to compilance point 1700 m
ot at point C./C0  #NUM!I  mgl  Ogata Banks
after 9.9E+99  days

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 8.9E+98.

Environment Agency Publication 20, Remedial Targets worksheet v2.22

&

QO

ENVIRUNMEN1
AGENCY
Rl Caloulated soncentrations for
90E01 distance-concentration graph
0501
E Ogata Banks
g From caleuiation sheet
FoE0 Distance Concentration
QE-01
gﬁ mgh
Sa0e01 850  #NUMI
_§. e0n 1700 #KuMI
H 2660  #NUMI
g 3400 WNUM
10601 4260  #NUMI
00800 5100 #NUM!
° 200 400 600 800 1000 1200 1400 1500  1BOC 5950 #NUM!
Distancs {m} 680.0  #MUM!
7660  #NUMI
850.0  BNUM!
Note graph assumes plume disperses vertically in one direction only. An
alternative solution assuming the centre of the plume is located at the mid- R0 SNUM!
depth of the aquifer is presented in the cakulation sheets. 11060  #NUMI
1190.0  #NUM!
1276.0 #ANUM!
11600 #NUMI
1450 ENUML
This sheet calculates the Tier3 remedial target for groundwater, based on the 16300 #NUME
distance to the receptor o compfiance located down hydraulic gradient of the 16150 #NUMI
source Thiee solution methods are included, the preferred option s Ogata 17000 #NUMI

By setting a long travel time it will give the steady state solution, which should

be used to calculate remedial targets.

The measured groundwater concentration shoukd ba compared

with the Tier 3 remedial target to determine the need for further action.

Note if contaminant is not sublect to first order degradation, then set haf ifa as 9.0E+99.

Sie being assessed, Bless Arca 4 Res
Completed by: A

24 11°2005

11

29/11/2005, 17:26
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R&D Publication 20 Remedial Targets Worksheet, Release2.2a ENVIRONMENT

Tier 3- Groundwater W&/ AGENCY
input Parameters (using pull down menu) Variable  Value Unit  Source Select Method for deriving Partition Cc-.ﬂlclant using pull down monu)
S h 40E+01 ey for
Contaminant [rmeniacal Nitrogen ad 38Ew01 distance-conoentration araph
Target Concentration ~ Cy | 1.20E-01 | mg Entry if specify partition coefficient (option} =
Soil water partition coefficient ] 2o Boataciickiation sheet
. . Entry for non-polar organic chemicals (upﬂun) :
Select analytical solution (click on brown cell below, then on pull-down menu] Fraction of organk: carbon in aguifer SEs0) Distance Concentration
“12%| Equations in R&D Pub. 20 Organic carbon partition coefficlent Koc §°“°‘ mgit
Entry for fonlc organic chemicals (option) 8 se00 850  3.3E+01
Enter "1’ to simutate vertical dispersion in one direction, 2" for two directions (pull down menu) Sorption coefficient for related species Korn Vka
Sorption coefficient for ionised species Keet Vka 3 0E+01 1000 2.5E+01
Enter 1" if biodegradation rate is for the substance in water, PH value pH & oercn 3400 9.9E400
0 #f rate is for decay in fiekd conditions (e, field data from aguiter) (pull down ment acid dissociation constant pKka 4260 8.3E400
0.08+00 6100 4.0E+00
Initial contaminant concentration in groundwater at plume core  Co Soil water partition coefficient Kd 5.00E-01  Ukg o 20 40 B0 80 1000 1200 1400 1600 1800 595.0  2.5E400
Half ife for degradation of contaminant in water 1y, Distance (m) 6800 1.6E40D
Cakulated decayrate & Dispersivity
Width of plume in aquifer at source (perpendicular to flow) Sz Cakulate dependant on distance to compiiance point (0) [EEE 210 7 8660  SAEWY
Plume thickness atsource Sy ] apecity dispersivity (1), of calc after Xu & Eckstein (2) 7 Note graph assumes plume disperses vertically in one direction only. An 9350 44501
Saturated aquifer thickness  da Enter value_ Calc value Xu & Eckstein alternative solution assuming the centre of the plume is located at the mid- 10200 2.9ED1
Bulk density of aquifer materialt  p i Longitudinal dispersivity ax m depth of the aquifer is presented in the calculation sheets. 11060 1.9E-01
Effective porosity of aquifer 1 a m
Hydraulic gradient i Varticat dispersivity ay [ 141E01 |m 12500  8.2E-02
Hydraulic conductivity of aguifer K 5 11600 6.4E-02
Distance to compliance point X For calculated value, atsumes ax= 0.1 %, az % 0,01 *x,ay = 0.001 *x, D" 14450 36E02
Distance (latera) to compliance point perpendicular to flow direction  Z 7] Xu & Eckstein (1995) report ax = 0.83(log,x)**™ ; az = ax/10, ay = -@o are assumed This sheet calculates the Tier3 remedial target for groundwater, based on the 15300 24E-02
Distance (depth) to compliance point perpendicular to flow direction ¥ \ distance to the receptor or compliance located dawn hydrauic gradient of the 1616.0 1.6E-02
Time sincs poltutant entered groundwater  t tme variant options only §) soutce Three solution methods are Included, the preferred option is Ogata 17000 1.0E-02
Parametors values determined from options Q’ . * By sefting a long travel time & will give the steady state solution, which should
Partition coefficient ~ Kd 5.00E-01 Vkg  see options Q\ r§ be used to cakeulate remedial targets.
Longitudinal dispersivity  ax 14.075 m e options O A The measured groundwater concentration should be compared
Transverse dispersivity &z 1.407 m  sea optians ‘\0 with the Tier 3 remedial target to determine the need for further action.
Vertical di v 0.141 m  see options S & Note if contaminant is not sublect to first arder degradation, then set half ife a1 9 OE+99
Calculated Parameters Variabls &Q \}\,\
Groundwater flow velocity v 3.92E-01 mid QQ . \&\
Retardation factor ~ Rf  5.67E*00 fraction \O S
Decayratoused ). 347604 d' > &
Rate of contaminant flow due to retardation ~ u  6.92E-02 i é’ S
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cep  1.04E-02  mgl (,9 O
Contaminant concentration at distance x, sssuming two-way vertical dispersion  Cry  5.80E-03  mg/ RN \()\\ Sie being asscsscd  Bless Arca & Res
Attanuation factor {ons way vertical dispersion, Co/Cez) AP 5.28E+03 O\ '\Q Completed by A
Attenuation factor (two way vertical dispersion, Co/Ces) ~ AF 9.49E403 << 4}
N
= . < O
RTRE with measured
Ogata Banks O
Distanos to compilance point 1700 m Qé\
o at POl CppCO  1.04EQ2  mgll  Ogata Banks QO
after 9.9E+99  days
Care should be used when calcutating remadial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99.
) ) 2971112005, 17:26
Environment Agency Publication 20, Remedial Targets worksheet v2.28

P20 Ammoniacal Nitrogen as N Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:49



¢ . ¢ )

Tier 3 Groundwater

Site Name:

Distance to compliance point (m) 1700

Groundwater velocity (m/d) 0.51153846

Groundwater travel time (d) 3323.30827 . : _

Maximum Acceptable

groundwater concentration Tier 3

concentration at  |(screening) water |Retardation |Contaminant Contaminant {Contaminant travel time Attenuation Factor|{ Tier 3 Groundwater |Groundwater
Contaminant source (mg/)>  |(ma/l) factor velocity (m/d) ltravel time (d) |(yr) Half life (d)  |(AF) RTV (mg/) Hazard Index
Total Cyanide 0.01} 7.4195E+10{  6.89447E-12| 2.46575E+14|  675546,576,317.69] 29.1666667|  #NUM! #NUM! #NUM!
Flouride 1 1| 0511538462| 3323.308271 9.10]  99E+99|  3.452683033 3.45E+00|  0.00E+00
Sulphide 0.00025 1| 0s511538462| 3323.308271 9.10]  99E+99|  3.452683033 8.63E-04|  0.00E+00
Ammoniacal Nitrogen as N 0.12| 5.67032067{ 0.090213178| 18844.25340| 51.63 2190 1027.70665 1.23E+02|  0.00E+00
Arsenic 0.01| 1098.43178|  0.000465699 3650427.42\2@\\\"‘7 10,001.17|  9.9E+99|  3.452683033 3.45E-02|  0.00E+00
Nickel 0.02 1| 0.511538462| 3323.308251 9.10]  9.9E+99]  3.452683033 6.91E-02|  0.00E+00
Strontium 1 1] 0511538462] 333 308371 9.10]  9.9E+99|  3.452683033 3.45E+00|  0.00E+00
Aliphatic C8-C10 0.000714| 1073.22063]  0.000476639} 3586642.991 9,771.62 1825  8.5485E+151 6.10E+148|  0.00E+00
Aliphatic C10-C12 00007141 8517.951191 6 oos42\§>§%i‘\§283077z7 64l 77.585.56 1825 #NUM! #NUM! #NUMI
Aliphatic C12-C16 0.0007141 1699365181 3.010176,06 564751434.11 1.547.264.20 1825 #NUMI #NUM! #NUM!
|Aliphatic C16-C21 | 0.0007141 21393615.11 _30D8E-08| 710075781221 194.787.885.27 aes0l  #NUMmI #NUMI #NUM!
Aliphatic C21-C35 0.000714] 21393615,11 " 280108E-08] 71007578122 194,787,885.27 3650 #NUMI #NUM! #NUMI
Aromatic C8-C10 0.000714| 54738329115 0.00934516| 181912.3417 498.39 1825  7.41809E+21 5.30E+18|  0.00E+00
Aromatic C10-C12 0.000714] 86.1695448] 0.005036421| 286367.8516 784.57 1825 3.7638E+30 269E+27|  0.00E+00
Aromatic C12-C16 0.000714| 170:685518|  0.002092581| 568071.4191 1,556.36 1825  1.46421E+49 1.05E+46|  0.0DE+00
Aromatic C16-C21 0.000714| 538.383201) 0.000950138| 1789213.643 4,901.96 3650 1.3141E+66 9.38E+62|  0.00E+00
Aromatic C21-C35 0.000714] 4269.58721|  0.00011981| 14189154.48 38,874.40 3650]  2.8902E+223 2.06E+220]  0.00E+00

3.26278E+79 1.63E+76|  0.00E+00

EPA Export 25-07-2013:17:59:49



R&D Publication20 Remedial Targets Worksheet, Release2.2a

Tier 3-Groundwater
Input Parameters (using pull down menu) Variable

Contaminant
Target Concentration

Select analytical solution (click on brown cell below, then on
T

Enter '1° to simutate vertical dispersion in one direction, 2 for two directions (pull down menu) {245

Enter 1" if biodegradation rate is for the substance in water,

'O’ i rate is for decay in fiekd conditions (l.e. field data from aquifer) (pull down mend 5B

Initial contaminant concentration in groundwater at plume core
Half ife fot degradation of contaminant in water

Caiculated decay rate

Width of plume in aquifer at source (perpendicutar to flow)

Plume thickness at source

Saturated aquifer thickness

Bulk density of aquifer materials

Effective porosity of aquifer

Hydraufic gradient

Hydraufic conductivity of aguifer

Distance to compliance point

Distance (iateral) to complance point perpendicutar to flow direction
Distance {depth} to compliance point perpendicular to flow direction
Time since poliutant entered groundwater

Parameters vaiues determined from options
Partition coefficiant Kd

Longitudinal dispersivity  ax

Transverse dispersivity  az

Vertical dispersivity  ay

Calculated Parameters

Groundwater flow velocty v

Retardation factor  Rf

Decayrateused A

Rate of contaminant flow due to retardation U
Contaminant concentration at distance x, assuming one-way vertica dispersion ~ Cp
Contaminant concentration at distance x, assuming two-way vertical dispersion
Atenuation factor (one way vertical dispersion, Co/Cen)
Attentsation factor (two way vertical disparsion, Co/Cea)

Remedial Targets

SRR
Ogata Banks
Distance to compilance point

[ of at point ¢,/C0
after

" [CAromatic c8C30
G { T.14E04 [ mgt

Soli water partition coefficient Kd
Entry for non-polar organic chemicals (option}
ull-down menu] Fraction of organic carbon in aquifer foc

Value Unit  Source pull down menu)

Entry if specify partition casflicient (option}

Equations in R&D Pub. 20 Organic carbon partition coefficient Koc
Entry for lonic organic chemicals (option)
Sorption coefficient for related species Koo
Sorption coefficient for ionised species Kot

PH value pH
acid dissociation constant

5.75E+00

Soll water partition coefficient Kd kg
Dispersivity
Cakculate dependant on distance to combBance point (0)
specify dispersivity (1), or cak: after Xu & Eckstein (2) 7

1 2 10E+01,
R Enter value _ Calke value Xu & Eckstein

17/

5 Longitudinal dispersivity =" m
fraction ispersivi az [ 141E+00 im
fraction Verticat dispersivity ay m

7.00E+ md
m For calculated value, assumes ax= 0.1 % 42=0.01 *x, ay = 0,001 * 5 O
m Xu & Eckstein (1995) repart ax = 0.83(logio)* ™' ; az = ax/10, ay = 3/}00 are assumed
m &
= O
575Es00 | tkg  see opfions Q\A) r@
14,075 m  see options O A
1.407 m  see ootions (ﬁ \0
0141 m  see options &

3.92E-01 wd

5.47E+0%  fraction . S
3.80E-04 q X N
747603 md é’ N
247E125  mgh (& O
1216125 gl \(\ \{)\\
456428 $ '\Q
0.19E+26 QO A’)\

N

For with measured )
O

1700 m é\
247E126 OQ
17E- mgfl  Ogata Banks c

9.9E+89  days

Care should be used when calculating remedial targets using the tima variant options as this may resuft in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9€+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

ENVIRONMENT

AGENCY
806100 Calculated concentrations for
distance-concentration araph
DE-100
Ogata Banks

2
H

Catculatasl concantration (mghle,
&
8

88.0

o&-to0 170.0

255.0

OE-100 400

4260

0.0E+00 610.0

© 200 0 80 800 1000 1200 OO 1600 1800 696.0

Distance (m) ea0.0

766.0

£50.0

Nota graph assumes plume disperset vertically in one direction only. An 956.0
alternative sohstion assuming the centre of the plume Is located at the mid- 10200
depth of the aquifer is presented in the cakulation sheets. 1106.0
1w.o
1275.0
1360.0
1445.0
This sheet caicutates the Tier3 remedial target for groundwater, based on the 15830.0
distance to the receptor or compliance located down hydraulic gradient of the 1016.0
source Three sohution methods are included, the preferrad option is Ogata 1700.0

By setting a long travel time i will give the steady state solution, which should

be used 1o calculate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for further action,

Note I contaminant is not sublect to first order degradation, than set half ifa as 9.0E+99.

Site being assessed
Completed by

Date
Version

From calculation sheet
Distance Concentration

mght
4.8E-100
23E101
1.0E-102
4.8E-104
2.1E-108
9,4E-107
4.3E-102
2.0E.109
9.0E-111
4.2E-112
1.9E-113
9,0E-116
4.2E-118
2.0E.117
9.2E-119
4.3E-120
2.0E121
9.7E-123
4.8E-124
2.2E-128

2911172005, 17:27

P20 Aromatic C8-C10 Ver 11Tier3 Groundwates
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R8D Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3- Groundwater
input Parameters {using pull down menu)

Contaminant
Target Concentration

Enter "1' if biodegradation rats is for the substance in water,
0" rate s for decay in fiekd conditions (i.e. fiekl data from aquifer) (pull down menu = 07T

Initial contaminant concentration in groundwater at plume core
Half lfo for degradation of contaminant in water

Cakulated decay rate

Width of piume in aquier at source (perpendicular to flow)

Plume thickness at source.

Saturated aguifer thickness

Bulk density of aquiter materials

EMective porosity of aguifer

Hydraulic gradient

Hydraulic conductivity of aquifer

Distance to compliance point

Distance (tateral) to compliance point perpendicular to flow dirsction
Distance {depth) to compliance point perpendicular o flow direction
Time since pollutant entered groundwater

Parameters veiues datermined from options

Variable

Cr

e N X=20BLRNEO

Partition coefficient  Kd
Longitudinal disperaivity  ax

Transverse dispensivity  az

Vertical dispersivity  ay

Calculated Parameters Variable

Groundwater flow velocity v
Retardation factor Rf

Decayratoused A

Rate of contaminant flow due o retardation  u
Contaminant concentration at distance x, assuming one-way vertical dsparsion  Ceo
Contaminant concentration at distance x, assuming two-way vertical dispersion  Ceo
Attenuation factor (one way vertical dispersion, Co/Cer) ~ AF
factor (two way ion, Co/Ceo)  AF

Remedial Targets
Target LK
Ogata Banks

Distance to compilance point
of at

after

point C./c0 1.21E-135

Value Unit  Source

[Aromatic ¢10-612_]
7.14E-04 mg

Soil water partition coefficient
Entry for non-polar organic chemicals (option}

“|Equations in R&D Pub. 20

Fraction of organic carbon in aquifer

Organic carbon partition coefficient
Entry for lonic organic chemicals (option)
Sorption coefficient for retated cpecies

Sorption coefficient for ionised species

pH value

acid dissociation constant

] So# water partition cocfficiant

Dispersivity

Entry if apechy partition eoefficient (optien)

Kd

9.12E+00

Cakuiate dependant on distance to compliance point (0) [T & 72]
specity dispersivity (1), or cal after Xu & Eckstein (2) 7

rg

Enter vatue _ Calc value Xu & Eckstein

1*x.32=0.01 *x, ay = 0.001 '}0

v

1.41E¢01_]m
[ 141E+00 m

[_LAE0T |m

Longitudinal dispersivity ax
ctio Transverse dispersivity az
ctio Vertical disparsivity ay

wd
m 7i| For calculated vatue. assumes ax
m Xu & Eckstein (1995) report ax = 0.83(log,x)**'™* ; az = ax/10, ay = @100 are assumed
m -
davs
9.126/00 | Vxg  soe options Q\A)
14.075 m  seeoptions O A
1.407 m  seeoptions (ﬁ \0
0141 m oo options &
P
S

392601 md

8.62E401  fraction . ()Q @'\K

380E04 d X &

455603 mid é’ N

121E435  wgh (& O

676E-136  mgh \Q\ \<\\

8.95E+36 XS

1476437

‘with measured

&

QO

1700 m

mgA  Ogata Banks

9.9E+99  davs

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9£+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.23

ENVIRONMENT
AGENCY
18E-100 tor
14E100 distance-concentration graph
§"E"°° Ogata Banks
€ BistarcalcCancentiution
Foewo
g"‘"“‘ 860 1.609400
DE-101
1700  2.4E-102
Foeter 2660 3.0E-104
3 e o U400 4IE-106
’ 4260 6.7EA08
0.0E400 5100 7.3E-110
) 200 400 €00 800 1000 1200 1400 1800 1800 §95.0 1.1E111
Dixtance {m) 6800 1.6E-113
766.0 2.2E-116
850.0 3.1E4117
Note graph assumes plume dispersas vertically in one direction only. An 9360 44E19
alternative solution assuming the centre of the phime is located at the mid- 10200 6.3€-121
depth of the aguifer is presented in the calculation sheets. 11060 9.1E-123 -
12960 1.96-126
1380.0 2.7E-428
1445.0 4.0E-130
This sheet calcutates the Tier3 remedial target for groundwater, based on the 1630.0 6.7E-132
distance to the receplor or compliance located down hydraufic gradient of the 18160 8.3E-134
source Three solution methods are included, the preferred option is Ogata 17000 1.2E-136

By setting a long travel time # will give the steady state solution, which should
be used to cakculate remedial targets.

The measured groundwater concentration should be compared

‘with the Tier 3 remedial target o determine the need for further action.

Note if contaminant is not subject o first order degradation, then set half ife as 5.0E+89.

Site being assessed

2911172005, 17:27

P20 Aromatic C10-C12 Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:50



R&D Publication20 Remedial Targets Worksheet, Release2.2a

Tier 3 -Groundwater
Input Parameters {using pulldown menu) Variable  Value

Contaminant
Target Concentration

Select analytical solution (click on brown ceil below, then on

Enter *1" to simutate vertical dispersion in one direction, "2’ for two directions (pull down menu)

Enter 1" I biodegradation rate s for the substancs in water,
0 rate is for decay in fiekd conditions (i, fiekd data from aquifer) (pull down mend B 2

9.90E-89

Initial contaminant concentration in groundwatar at plume core
Half lite for degradation of contaminant in water

Calculated decay rate

Width of plume in aquifer at source (perpendicular to flow)
Plume thickness at source

~
°
EH
£

ZRinle
bl it
O§g
HE
BlEi3[2

Saturated aquifer thickness
Bulk density of aquifer materials
Eftective poroshty of aquifer 182017
Hydraulic gradient
Hydraulic conductivity of aquifer

Distance to compliance point

Distance (tateral) to complianca point perpendicular to flow direction
Distanica {depth) to compliance point perpendicular to flow direction
Time since polfutant entered groundwater

Paramoters values determined from options

B iR
31515
Blglzin

B
8
o

B

Partition coefficient Kd 7.94E+09
Longitud i L ax 14.075
Transverse dispersivity  az 1.407
Vertical dispersivity  av 0141
Calculated Parameters Variable
Groundwater flow velocity v 3.92E-01
Retardation factor Rf T742E+10
Decayrate used A 2.38E-02
Rate of contaminant flow due to retardation u 5.29€-12
C ion at distance x, ing y vertical dispersion  Ceo #NUM!
Contaminant concentration at distance x, assuming two-way vertical dispersion  Ceo ANUM!
Attenuation factor (one way vertical dispersion, Co/Crp) ~ AF ENUM!
Attenuation factor (two way vertical dispersion, Co/Cep)  AF #NUm

Ogata Banks

Distance to compliance point 1700
of at point C,/C0  #NUM!
after 9.9E+99

Unit

[ Totai Cyanide ]
¢ [100E02 [ mon

mid
fraction
7
mid
gl
mgh

mgh
days

Source

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd

For cakculated valus, assumes ax= 0.1 *x, az =
Xu & Eckstein (1995) report ax = 0.83(logyex)* "

time variant options only

so0 options Q
sos options 0 \
o &
S
N @\}\
O

RSB
S
A

For comparison with measured nmun&é{l&mnwﬁmﬁnn.

&

QO

Ogata Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial tarpet.

The recommended value for time when calcutating the remedial target is 9.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

Entry for non-polar organic chemicals (option)
Fraction of organic carbon in aquifer foc
Equations in RAD Pub. 20 Organic carbon partition coefficient

Entry for lanic organic chemicals (option} .
Sorption coefficient for related species Kaen
Sorption coefficient for ionised species Ko
pH value pH
ackd dissoclation constant pKa

TO4E Vg

Enter vaius _ Calc value Xu & Ecks!

218|2F
5

01 x,8v= 0.001 * X\
822 23110, 2y = G100 are sssumed

333

10E400
9060
o0
5l
Eroen
gt
H
Poer
Soeos
Beoen
Len
20501
)
10601

0.0E+00

20 40 S0 00 1000 1400 1600 1800

Distanca (m)

1200

Note graph assumes plume disperses vertically in one direction only. An
afternative solution assuming the centre of the plume is located at the mid-
depth of the agquifer is presented in the calcutation sheets.

This sheet calculates the Tier3 remedial target for groundwater, based on the
distance to the receptor or compliance jocated down hydrauiic gradient of the
source Three solution methods are included, the preferred option is Ogata

By setting a long travel time it wil give the steady state solution, which should
be used to cajculate remedal targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for further action.

ENVIRONMENT
GENCY

Caloulated concentrations for
distance-concentration graph

Ogata Banks
From calculation shest
Distance Concentration

85.0
170.0
255.0
0.0
4250
510.0
595.0
630.0
765.0
850.0
935.0
1020.0
11080
11%0.0
1275.0
1360.0
1445.0
15300
16€15.0
1700.0

Note ¥f contaminant is not subject to first order degradation, then set half ife as 9.0E+99.

Site baing assessed: Bless Arca 4 Res

Completed by Al

Date: 2411 2005

Varsion 11

mgh
HNUML
ANUML
#NUM!

#Num
anum
anum
#num
#num
ANUM!
#Num
WU
anum
NUM
UM
UM
#NUM!
#NUMI
UM
axum
enUM

2811112005, 17:27
P20 Total Cyanide Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:50



R&D Publication 20 Remedial Targets Worksheet, Release 2.2a

Tier 3- Groundwater

tnput Parameters (using pull down menu) Varisbls  Value Unit  Source

Contaminant Aromatic C12.016
Target Concentration ~ Cy | _7.14E04 | moh Entry if specify partition coefficient (npuon)

Soil water partition coefficient
Entry for non-polar organic chemicals {opllwn)

Select analytical solution {(click on brown cell below, then on Fraction of organic carbon in aquifer

Equations in R&D Pub. 20 ‘Organic carbon partition coefficient

Entry for lonle organic chemicats (optian)

Enter 1" to simulate vertical dispersion in one direction, 2 for two directions (pull down menu) Sorption coefficient for related species Koo
Sorption coefficient for ionised species Koy

Enter 1" f blodagradation rate is for the substancs in water, PH vatue pH

0" rate is for decay In fiekd conditions (.. fiekd data from aquifer) (pul down men 0 acid dissociation canstant pKa

Initia) contaminant concentration in groundwater at plume core
Half ite for degradation of contaminant in water
Cakulated decay rate

Soil water partition coefficient ]

Dispersivity

1.82E+01

pull down menu)

Uxg

Width of plume in aquifer at soutce (perpendicular to flow) m | Caleutate dependant on distance to compliance paint (0)
Plume thickness at source m speckty dispersivity (1), of cak: after Xu & Eckstein (2) 7
Saturated aquifer thickness
Bulk densty of aquifer materiak gom’ Longitudinal dispersivity ax
Effective porosity of aquifer fraction Transverse dispersivity w2
Hydraulic gradient | traction — Vartical dispersivity ay
Hydraulic conductivity of aquifer md —
Distance to compliance point m  [EE | For calulated value, assumes axx 0.1 %%, a2 = 0.01 *x, ay = 0.001 * x O
Distance (tateral) to compiiance point perpendicular to flow direction m — Xu & Eckstoin (1995) report ax = 0.83(0og,p0**"* ; az = ax/10, ay = @zoo are assumed
Distance (depth) to compliance point perpendicular to flow direction m N
Time since pollutant entered groundwater davs Q
Paramoters vaies determined from options . *
Partition coefficient  Kd | 182E+01 | Vkg  see options Q\A) r§
L i ity ax 14075 ™ see options O A
Transverse dispersivty @z 1.407 m  see options (ﬁ \0
Vertical dispersivty  ay 0141 m  see optons § &
Calculated Parameters Variabie &Q \}\’\
Groundwater flowvelocty v 39260 mvd QQ \&
Retarcation factor ~ Rf  1.71E+02  fraction IXS) @
Decayratoused A 380E04  d° X N
Rate of contaminant flow due fo fetardaion ~ u  2.30E-03  mvd é’ N
Contaminant concartration at distance x, assuming one-way vertical dispersion  Cgp  2.76E-157  mgl (,9 o
Contaminant concentration at distance x, assuming two-way vertical dispersion ~ Crp  1.53E-157  mgn \{\ s{\\
Adtenustion factor (onre way vertical dispersion, Co/Cen) ~ AF 3.55E+58 S ~\q
Attanustion facor (two way vertical dispersion, Co/Cr) ~ AF G.48E+58 <<O 4’&
Remedial Targets ()OQ
ey AFor with measured s
Ogata Banks (&)
Distance to compliance point 1700 m

oo&é\

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remecial target.
The recommended value for time when cakulating the remedial target is 8.9E+89.

of at

point Cop/CO  2.76E-157
after 9.9E+88

mgl  Ogata Banks
days

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

ENVIRONMENT

AGENCY
HE Caloulated concertrations for
distance-concentration graph
128401
g
H Ogata Banks
e From cateulation sheet
B Distance Concentration
H
5“‘"” 850 1.2E-101
170.0 1.6E104
Bosz
F] 2680 1.7E-107
B ok-102 3400 13E-110
4260  2.2E413
00Ee00 §10.0 2.5E-118
0 20 40 0 M0 1000 100 40 1800 1800 £96.0  2.9E-119
Distancu {m} 6300 3.4E.122
7160 4.0E126
2800 6.6E131

Note graph assumes plume disperses vertically in one direction only. An
alternative solution assurming the cantre of the plume is located f the mid-
depth of the aquifer ia presentad in the caiculation sheets.

1020.0 §.5E-134

11880 9.2E-140
12760 1.1E-142
1380.0 1.3E-145
1445.0 1.GE-148
This sheet cakcuiates the Tier3 remedial target for groundwater, based on the 1630.0 1.9E-161
distance to the receptor or compliance ocated down hydraulic gradient of the
source Three sohution methods are included, the preferred option is Ogata 1606.0 2.8E-188

By setting 2 long travel time it wil give the steady state colution, which should
be used to cakulate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target fo determine the naed for further action.

Note if contaminant is not subject to first order deqradation, then set half ide as 9.0E+99.

Ste being assessed Bless Arca 4 Res

Completed by AJ

Date 24112005
Version 11

28/11/2008, 1727
P20 Aromatic C12-C16 Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:50



R&D Publication20 Remedial Targets Worksheet, Release2.2a ENVIRONMENT

Tier 3- Groundwater AGENCY
Input Parameters (using pull down menu) Variable  Vaiue Unit  Source
1402 Calculated concentrations for
Contaminant I distance-concsntration araph
Target Concentration ~ ©; | 7.14E-04 | mgn Entry if specify partition cosfficient (option)
Soil water partiion coefficient Kd Boci Ogata Banks
. Entry for non-polar organic chemicals (option) T From caleulation sheat
Select analyticat solution {click on brown cell below, then on puil-down menu] Fraction of organic carbon in aquifer foc ﬁos.w: Distance Concentration
7 S
‘Banka: i/ Equations in R&D Pub. 20 Organic carbon partition coefficient Koc § mgil
Entry for lonic organic chemicals (option) Boses 8.0 1.3E-102
Enter 7' to simulate verticat dispersion in one direction, '2' for two directions (pull down menu) Sorption coefficient for related species Koo ko Zoen 1700  1.5E-106
Sorption coefficient for ionised species Kocs ke 3 2560 1.9E-110
Entes ‘1"  biodegradation rate is for the substance in water, pH valure pH G o108 3400 2.3E-114
‘0’ W rate is for decay In fiekl conditions (i.e. field data from aquifer) (pull down men: acid dissociation constant pKa 4260 2.8E-118
0.0E+00 5100 3.4€122
Initial contaminant concentration In groundwater at plume core  Cq il water partition coefficient Xd 575E+01  Ixg O 20 40 600 00 00 1200 1400 1600 1800 6960 4.1E-12¢
Half ife for degradation of contaminant in water  typ Distanca (m} §80.0  6.0E-130
Cakufated decayrate % Dispersivity 7650 6.1E-134
Width of plume in squifer at source (perpendicular to flow) Sz Cakutate dependant on distance to compliance paint (0)

Pume thickness at source Sy 7% | specify dispersivity (1), or cak after Xu & Eckstein (2) 7 Note graph assumes plume disperses vertically in one direction only. An 8360 B.8E-13R

Saturated aquifer thickness  da
Bulk denshty of aquifer materials
Effective porosity of aquiler

altsrnative solution assuming the centra of the plume is located at the mid-
depth of the aquifer & presented in the calculation sheets.

Enter value  Calc value Xu & Eckstein 1020.0 1.2E-148
11060 1.4E-149

1180.0 1.8E-153

Longitudinal dispersivity ax
Transverse dispersivity az

n
Hydraulic gradient i Vertical dispersivity ay 12760 2.26-167
Hydraulic conductivity of aquifer K
Distance fo compliance point X For caloulated value, assumes ax= 0.1 ¥, az = 0.01 *x, ay = 0.001 “x " 18680 3.3E4488
Distance (laters) to compiiance point perpendicutar to flow direction  Z X & Eckstein (1995) report ax = 0.83(oge)* ™™ az = a0, ay = @410 are assumed This sheet cakculates the Tier3 remedial target for groundwater, based on the 1630.0 4.5E-16%
Distance (depth) to compliancs point perpendicular to flow direction EETETT distance to the receptor or compliance ocated down hydraulic gradient of the 16150 6.6E173
(cept) Time :::a :mm entered groundwater { time variant options only O\' source Three solution methods are included, the preferred option is Ogata 17000 7AEATT
Paramoters vakses determined from options \Q, . * By setting a long travel time it will give the steady state solution, which should
Partition coefficient  Kd [ 5.75E+01 | Vkg  see options {§ be used to calculate remedial targets.
ftudinal dispersivity  ax 14.075 m  see options QQ L The measured groundwater concentration should be compared
Transverse cispershity 2z 1.407 m  sea options s\o with the Tier 3 remedial target to determine the need for further action.
Vertical dispersivity  av 0141 m  ses ootions S Jb Note  contaminant is nat sublect to first order deqradation, then set haf lfe as 9.0E+99.
Calculated Parametars Variable &Q \}\’\
Groundwater flow velocty v 392601 mwd QQ . \é
Retardationfactor ~ Rf  538E+02 fraction ~\Q S
Decayrateused ). 190E04 ' > &
Rate of contaminant flow due to retardation u 729604  mvd éJ S
Contaminant concentration at distance X, sssuming one-way vertical dispersion  Ces  7.11E-177  mgh (,? O
Contaminant concentration at distance x, assuming two-way vertical dispersion  Ceo  3.96E-177  mght \(\ \(’\\ Stte being assessed. Sicss Arca 4 Res
Attenuation factor (one way vertical dispersion, Co/Ceo) ~ AF 1.39E+78 L '\Q ple
Attenuation factor (two way vertical dispersion, Cg/Co) ~ AF 2.80E78 QO A’)\ D: 112008

with measured

&

point C./c0 711E-177 mg  Ogata Banks QO
after 9.9E499  davs

Ogata Banks

Distance to compliance point 1700 m
of at

Care should be used when calculating remedial targets using the time variant options as this mav result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+89.

£20 Aromatic C16-C21 Ver 11 ZR¢BIGOURNRET
Environment Agency Publication 20, Remedial Targets worksheet v2.2a

EPA Export 25-07-2013:17:59:50



R&D Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3 -Groundwater

Input Parameters {using pull down menu) Variable

Contaminant
Target Concentration

Select analytical solution (click on brown celt betow, then on

Enter | to simulate vertical dispersion in one direction, ‘2 for two directions (pull down menu)

Enter "1" #f biodegradation rate is for the substance in water,

Value Unit  Sours.

Aromatic C21.G35
R EXTTTE e

uli-down men

0 1 rata is for decay in fiekd conditions (i.e. fieid data from aquier) (pull down mend 7 0 022

Equations in RED Pub. 20

Initial contaminant concentration in groundwater at pume core  Co
Half life for degradation of contaminant in water
Calculated decayrate %
Width of pume in aquifer at source (perpendicular to flow) Sz
Ptume thickness atsource Sy
Saturated aquifer thickness  da
Bulk density of aquifer materias  p  [1:70EN00:| o
Effective porosity of squifer  n fraction
Hydraulic gradient | fraction
Hydraulic conductivity of aquifer K. mwd
Distance to compliance paint X m
Distancs (tateral) to compliance point perpendicular to flow direction z m
Distarics (depth) o compkance point perpendicular to flow drection ~ y  [000E«00] m
since pollutant entered groundwater  t  [I9.90E+891] dave
Parametors values determined from options
Partition coefficlent  Kd [ 457E+02 | vkg  see options
Longh ispersiviy  ax 14,075 m  see options
Transverse dispersivity  az 1.407 m  see options
Vertical dispersivity  av 0.141 m  see options
Calculated Parameters Variable
Groundwater flow velocity 392601 md
Retardation factor 427E+03  fraction
Decay rate used 1.80E04 O

Rate of contaminant flow due to retardation
Contaminant concentration at distance x, assuming one-way vertical dispersion
Contaminant concentration at distance X, assuming two-way vertical dispersion
Attenuation factor (one way vertical dispersion, Co/Ceo)
Aftenuation factor (two way vertical dispersion, Co/Ceo)

9.19E-05 mid

2P Pec~B<

muM mgn
ENUM! A
#NUM!
#NUM!

Remedial T:

3 For
Ogata Banks
Distance to compliance point 1700 m
of at point Co/C0  #NUMI  mgfl  Ogata Banks
after 9.9E498  davs

Entry it specify partition coefficient (option)

Soil water partition coefficient Kd
Entry for non-polar organic chemicais {option)
Fraction of organic carbon in aquifer foc
Organic carbon parttion coefficient Koo
Entry for lonic organic chemicals (option)
Sorption coefficient for refated species Koo
Sorption coefficient for ionised species Ko
pH value pH
acid dissoclation constant pKa
7] Soll water partition coefficient Kd

Dispersivity

Cakuiate dependant on distance to compliance point (0)
% | specify dispersivity (1), or calc after Xu & Eckstein (2) ?

Longitudinal dispersivity
Transverse dispersivity
Vertical dispersivity ay

tine variant options only

&

QO

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 8.9E+989.

Environment Agancy Publication 20, Remedial Targets worksheet v2.2a

For calculated vae, assumes ax= 0.1 %, 22.= 0.01 * . ay = 0.001 * X\
Xu & Eckatein (1995) report ax = 0.83(og“"™ ; 22 = ax/10, ay = w100 are sssumed

4.57E+02 Vkg

Enter valus _ Calc value Xu & Eckstein

141E+01_m
[ 141E+00 ]

m

v

14E111

12811
g
s
Soem
H

Boern

D 20 400 600 200 1000 120 1400 1600 1800
Oistance {m)

Note graph assumes plume disperses vertically in one direction only. An
alternative sotution assuming the centre of the plume is located at the mid-
depth of the aquifer is prasented in the calculation sheets.

This sheet calcutates the Tier3 remedial target for groundwater, based on the
distance to the receptor of compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata

By setting a long travel time 1t will give the steady state solution, which should

be used to calcutate remedial targets.
The measured groundwater concentration shoukd be compared
with the Tier 3 remedial target to determine the need for further action.

ENVIRONMENT
AGENCY

Calculated concentrations for
distance-concentration graph

Ogata Banks
From calculation sheet

Distance

Concentration

mgil
1.2E-111
1.5E124
1.7€137
2.0E-180
2.3E-163
2.7E476
3.2E-189
3.88-202

1445.0
1830.0

1615.0
1700.0

Note if contaminant is not sublect to first order degradation, then set half life as 8.0E+99.

Stte being assessed  Bless Arca 4 Res
Completed by AJ

Date 24112008
11

Version:

2911172005, 17:27

P20 Aromatic €21-C35 Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:50
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R&D Publication 20 Remedial Targets Worksheet, Release 2.2a

Date of Workbook Issue: April 2002

This worksheet has been produced in combination with the document 'Methodology for the Derivation of Remedial Targets for Soil and Groundwater to
Protect Water Resources' - EnvironmentAgency R&D Publication 20, (1999).

Users of this worksheet should always refer to the User Manual, to R&D Publication 20 and to relevantguidance on UK legislation and policy,
in order to understand how this procedure should be applied in an appropriate context.

© EnvironmentAgency, 2002. (Produced by the Agency's National Groundwater and Contaminated Land Centre and Enviros Aspinwall)

This calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on beh@of the NGWCLC.
All rightsreserved. You will not modify, reverse compile or otherwise dis-assemblethe worksheet.

N ?@
Liability: The Environment Agency does not promise that the worksheetwill provide any particular facilities or func ‘K&l mustensure that the worksheet meets your needs and you
remain solely responsiblefor the competent use of the worksheet. You are entirely responsiblefor the conseque ly use of the worksheet and the Agency provides no warranty
about the fitness for purposeor performanceof any partof the worksheet. We do not promise that the medla 3 s be free from defects computer viruses, software locks or other
r computlng system

Details to be completed for each assessment

Site Name: Bless Area 4 Res -
Site Address: ) G T e

Completed by: A s U
Date: 24/1112005 ~ ) Version:
Contaminant Fluoride

Target Concentration (C+) mg/l Originof C;:  EPA:2003

This worksheet can be used to determine remedialtargets for soils (WorksheetsTier 1 Soil, Tier 2 Soil and Tier 3 Soil) or to determine remedial targets for
groundwater (Tier 3 Groundwater). For Tier 3, parametervalues 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/| (for comparisonwith leachingtests or pore water concentrations).
Site details entered on this page are automatically copiedto Tier 1, 2 and 3 Worksheets.

Worksheet options are identified by brown backgroundand employ a pull-downmenu or require a "0", "1" or "2" to be entered. Data entry are identified as blue backgrc
Data origin/ justification should be noted in cells coloured yellow and fully documentedin subsequent reports.

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

The worksheet also calculates a number of frequently used hydrogeological equations.

29/11/2005, 17:27

Environment Agency Publication 20, Remedial Targets worksheet v2.2a P20 Fluoride Ver 11Introduction

EPA Export 25-07-2013:17:59:50



R&D Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3-Groundwater
Input Parameters (using pull down menu)} Vasiable

Contaminant
Target Concentration

Select analytical solution {click on brown cell below, then on

Enter 1" if blodegradation rats s for the substancs In water,

0" f rate Is for decay in field conditions (1. fiekd data from aquiter) (pul down mend R0 71

Initial contaminant concentration in groundwater at piume core
Hal ife for degradation of contaminant in water

Calkulated decay rate

Wiith of plurne in aquifer at source (perpendicular to flow)

Plume thickness at source

Saturated aquifer thickness

Bulk density of aquifer materials

Effective porosity of aquifer

Hydraulic gradient

Hydraulic conductivity of aquifer

Distance to compliance point

Distance (tateral) to compliance point perpendicular to flow direction
Distance (depth) to compliance point perpendicular to flow direction
Time since pofutant entered groundwater

Parameters values determined from options

Partition coefficient
Longitudinal dizpersivity
Transverse dispersivity

Vertical di

Value

uli-down meny]
i

Calculated Parameters variable

Groundwater flow velocty v

Retardation factor  Rf

Decay rate used s

Rate of contaminant flow due o retardation U
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cep
Contaminant concantration at distance x, assuming two-way vertical dispersion  Cep
Attenuation factor (one way vertical dispersion, Co/Cer)  AF
Attenuation factor (two way vertical dispersion, Co/Cen) AR

Remedial Targets

Ogata Banks
Distance to compliance point

of at point Cgprco
after

Care shouid be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recormended value for time when caiculating the remedial target is 8.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

3.92E-01
1.00E+00
7.00£-101
3.926-01
1.74E-03
9.67E-04
3.45E+00
6.21E+00

1700

1.74E03
9.9E+99

Unit  Source

[ WNieka 1]
=S

mg/l  Ogata Banks

days

Equations in RAD Pub. 20

tima variant options only

380 options
ses options
soe options
300 ootions

with measured

Entry H# specify partition cosfficient (option)
Soil water partition coefficient Kd
Entry for non-poiar organic chemicals (option)

oc

Fraction of organic carbon in aquifer f
Organic carbon partition coefficient

Entry for lonic organic chemicals (option)
Sorption coefficient for refated species .
Sotption coafficient for fonised species Kort
PH value pH
acid dissociation constant pKa

Soil water partition coefficient Kd

O.00E+00 UKy

Dispersivity

‘|Calcutate dependant on distance to compliance point (0),

specify dispersivity (1), or cak after Xu & Eckstein (2) 7
Enter value  Calc value Xu & Eckstein

Longitudinal dispersivity [ 1436401 ]

Transverss dispersivity

Varticat dispersivity

For calculater value, assumes ax= 0.1 %, 62 = 0.07 " x, #v = 6,001 * x \O°

T | Xu & Eckstain (1995) report ax = 0.83(logyox) ™" ; az = ax/10, ay = @mo are assumed

o
S
. OQQ, <

&

QO

ENVIRONMENT

AGENCY
70808 Calculated concentrations for
istance-conce!
60503 d ntratlon graph
=
& Ogata Banks
e From calculation sheet
Fioeos Distance Concentration
H
H mgit
foem 850 6.9E03
Lo 1700  5.6E-03
3 2860  5.1E-03
-, U0 4T7E03
4260  4.3E-03
0.0E+00 H 5100  3.9E-02
° 200 400 600 800 1000 1200 1400 1800 1800 6960 3.6E-03
Distance (m} 630.0 3.3E03
. 288.0  29E.03
Nots graph assumes plume disperses vertically in one direction only. An 9360 2.7E-03
alternative solution assuming the centre of the plume is located at the mid- 10060 2.8E-03
depth of the aquifer is presented in the calculation sheets.
11800 2.3E-03
12780 2.2E-W
13000 2.1E.03
14450  2.0E-03
This sheet calculates the Tier3 remedial target for grounchwater, based on the 1830.0  1.9E-03
distance to the receptor or compliance locatsd down hydraukic gradient of the 16160 1.8E03
source Three solution methods are included, the preferred option is Ogata 17000 1.7E-W

By setting a long travel time it will give the steady state solution, which should

be used 1o calculate remedial targets.

The measured groundwater concentration shoukd be compared

with the Tier 3 remedial target to detarmine the need for further action.

Note # contaminant is not sublect to first order degradation, then set haif ife as 9.0E+99.

Site being assessed: Bless Area 4 Res
Completed by: AJ

Date 2411 2005
11

Version

29/11/2005, 17:27
P20 Nickei Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:50



R&D Publication 20 Remedial Targets Worksheet, Release 2.2a
Tier 3- Groundwater

tnput Parameters{using pull down menu) Variabls  Value Unit  Sours.

Contami Phenel
Target Concentration ~ Cy | _5.00E04 | mgnl

Seloct analytical solution (click on brown cell below, then on pull-down menu
s '
Enter 1" to simulate vertical dispersion in ana direction, ‘Z' for two directions (pull down menu)

Enter 1" if biodegradation rate s for the subctance in water,
0 rate s for decay in fiekd conditions {i.e. fieki data from aquifer) (pull down menE 2 T8

Initial contaminant concentration in groundwater at plume core Co
Hatf fife for degradation of contaminant in water  t,,

Calkculated decay rate A
Width of plume in aquifer st source (perpendicular toflow) Sz
Plume thickness at source Sy
Saturated aquifer thickness  da

Bulk density of aquifer materials o
Effective porosity of aquifer 1
Mydraukic gradient
Hydraulic conductivity of aquiter K
Distance to compliance point
Distance (latera) fo comphanice point perpendicular to flow direction ~ Z
Distance (depth) to compliance point perpendicular to flow direction ¥
Time since poliutant entered groundwater ¢
Paremotors values defermined from options

Partion coefficient  Kd [ 1.05€01 | ko

Longitudinal dispersivity  ax 14.075 m

Transverse dispersidty 8z 1.407 m

Vertical d av 0.141 m

Calculated Patameters Variable

Groundwater flow veloclty v
Retardation factor ~ RY

Decayrateused A

Rate of contaminant flow due to retardation U
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cep
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cep
Adtenuation factor {one way vertical dispersion, Co/Ceo)  AF

Attenuation factor (two way vartical dispersion, Co/Cen)  AF

392601 vd
1.9BE+00  fraction
693802 '
198E-01  mid
268E-192  mgN
1496182 mgh
370E483
6.65E+83

Remedial Targets

Equations in R&D Pub. 20

Entry if specify partition coefficient (option}

Soil water partition coefficient Kd
Entry for non-polar organic chemicals {option)
Fraction of ofganic carbon i aquifer foc
Organic carbon partition coefficient Koc
Entry for lonic organic chemicals (option)
Sorption coefficient for refated species Keen
Sorption coefficient for ionised species Kons
pH value pH
acid dissociation constant pKa

Soil water partition coefficient Kd

Dispersivity

i {Calculate dependant on distance to compliance point (0)
specify dispersivity (1), or cak after Xu & Eckstein (2) 2

Longitudinal dispersivity ax

Vertical dispersivity ay

Xu & Eckstein (1995) raport ax = D.83(logyp)* "

&
<O
& &
S8
) OQQ, <

Distance to compllance point 1700 m

of at
after 9.9E+9%  davs

&

polnt Co/CO 2.68E192 mgfl  Ogata Banks

Care should be used when calculating remediat targets using the time variant options as this may sesult in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+89.

Environment Agency Publication 20, Remedial Targets worksheet v2.22

1.056-01

Enter value _ Caic value Xu & Ecks!

pull down menu)

kg

For cakulated value, assumes ax= 0.1 . a2 = 0.01 *x, av= 0,001 *x '
*; 82 = ax/10, ay = 3100 are assumed

ENVIRONMENT

AGENCY
2SE-103 for
distance-concentration graph
2 .0E-103
? Ogata Banks
s From calcutation shest
? SE-103 Distance Concentration
i 850  2.maMb3
908100
H 1700  4.6E-108 -
- 2560 9.4E-113
e 3400 1.9E-117
4260  3.9E-122
0.0E+00 4 6100 8.0E127
0 00 40 6D B0 X0 1200 MO 1800 1800 5850 1.6E-134
Distance (m) $80.0  3.4E-136
7060  7.0E-141
850.0  1.5E-145
Note graph assurnes plume disperses vertically in one direction only. An 9350 3.1E-160
aernative solution assuming the centre of the plume is located at the mid- 10200 6.4E-166
depth of the aquifer is presented in the calcuiation sheets. 11060 1.4E-169
11800 2.3E-164
12710 8.1E-189
13500 1.3E473
14450 2.7E-178
This sheet calcutates the Tier3 remedial target for groundwater, based on the 1630.0 5.9E-183
distance 1o the receptor of complianice ocated down hydraulic gradient of the 10110 1.3E-187
saurce Three solution methods are included, the preterred option is Ogata 17000 27E-192

By setting a long travel time it will give tha steady state solution, which should
be used to calcutate ramedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for further action.

Note if contaminant is not subject to first order deqradation, then set half iffe as 9.0E+29.

Site being assessed’ Bloss Arca 4 Res
Completed by: AJ

24312005
11

28/11/2008, 17 27
P20 Phenol Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:50



R&D Publication 20 Remedial Targets Worksheet, Release 2.2a

Tier 3+ Groundwater

Input Parameters fusing pull down menu) Variabla  Vaiue Unit  Source
Contaminant [CStrontium _"]
Target Concentration  Cp ! Entry it apecify partition coefficlent {option}
Soll water partition coefficient X4
Entry for non-polar orgenic chemicals (option)
Select analytical solution (click on brown cell below, then on Fraction of organic carbon in aquifer foc.
Equations in R&D Pub. 20 Organic carbon partition coefficient Koe
- Entry for fanic organic chemicals (option)
Enter 1 to simutate vertical dispersion in one direction, "2 for two directions (pull down menu) Sorption coefficient for refated species [ na
Sorption coefficient for ionised species Kot Vka
Enter 1" f biodegradation rate is for the substance in water, PH value pH
' ¥ rate is for decay in field conditions {i.e. field data from aquifer) (pull down men: acid dissoctation constant pKa

Initial contaminant concentration in groundwater at plume core Soil water partition coefficient Kd
Half ife for degradation of contaminart in water
Calulated decay rate

Width of plume in aquifer at source (perpendicular 1o flow)
Plume thickness at source

0.00E+00  Vkg

Dispersivity
Calculate dependant on distance to compliance point (0),
| specify dispersivity (1), of calc after Xu & Eckstein (2) 7

Saturated aquifer thickness Enter value  Calc vahue Xu & Eckatein
Bulk density of aquifer materials ax [ 1.41E201_|m
Effective porosity of aquifer az | 1416300 |m
Hydraullc gradient ay [ 141601 |m
Hydraulic conductivity of aquifer S

Distance to compliance point
Distance (iateral) to compliance point perpendicular to flow direction
Distance {depth) to compliance point perpendicutar to flow direction

Tirne since pollutant entered groundwater

= w10, e 00 are assumed
: - A
time variant options only 0

Parametors values detormined from options .
Partition coefficient s00 options Q\A’ ’@
Longitudi ivi see options O A
Transverse dispersivity see options ‘\0
Vertical di sve options &

o
Calculated Parameters Variable &Q \}\,\

Groundwater flow velocity v 3.92E-01 mid Q .
Retardation factor ~ Rf ~ 1.00E+00  fraction O S
Decayrataused % 7.00E-101 &’ é’}, &
Rate of contaminant flow due to retardation u 3.92E-01 mwd $

Contaminant concentration at distance x, assuming one-way vertical dispersion Ceo 1.65E-01 mgi & \’O
Contaminant concentration at distance x, assuming two-way vertical dispersion ~ Cgp ~ 8.18E02  mg \(\ R

Atenuation factor (one way vertical dispersion, Co/Ceg)  AF 3A45E+00 O\ '\Q

Aftenuation factor (two way vertical dispersion, Co/Ceo) ~ AF §.21E+00 {< 4’\

N
X O
with measured
Ogata Banks O
Distance to compliance point 1700 m Qcé\
of at point C,p/C0  1.66E01 mgil Ogata Banke QO
after 9.9E499  days

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimata of the remedial target.
The recommended valus for time when calculating the remedial target is 9.9E+89. .

Environment Agency Publication 20, Remedial Targets worksheet v2.2a
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Distancs (s}

Note graph assumes plume disperses vertically in one direction only. A
alternative solution assuming the centre of the plume is located at the mid-
depth of the aguifer is presented in the calculation sheets,

This theet calcutates the Tier3 remedial target for groundwater, based on the
distance to the receptor or compliance located down hydraulic gradient of the
source Threa solution methods are included, the preferred option is Ogata
By setting a Jong travel time it wil give the steady state sohstion, which should
be used to calcutate remedial targets.

The measured groundwater concentration shouid be compared

with the Tier 3 remedial target to determine the need for further action.

AGENCY
for
distance-concentration graph
Ogata Banks

From calculation sheet
Distance Concentration

88.0

285.0
340.0
426.0
610.0
895.0
680.0
706.0
350.0
HEED

1106.0
1296.0

1360.0
1445.0
1530.0
1815.0
1700.0

Note If contaminant is not subject to first order degradation, then set half iife as 8.0E+399,

Site being assessed  Sloss Area 4 Res
Completed by Ay

Date 24112005
i

Version

mail
S.8E-01

&.9E-01
4.4E-01
41E-01
3.7E-1
3.4E-01
3.2E-01
3.0E-01
2.8E-01
24E-01

2.36-01
22801

2.0E-01
1.9E-01
1.8E-01
1.7E-01
1.76-01

28/11/2005, 17:27
P20 Strontium Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:50



Simple hydrogeological calculations
(These are not specific to, or required in, the Remedial Targets Methodology)

Parameter svmbol
Hydraulic conductivity

Hydraulic gradient

Effective porosity of aquifer

Thickness of saturated aquifer

Width of aquifer perpendicularto flow
Distance to receptor

Density of stratum

Soil-water partition co-efficient
Retardationfactor of pollutant

2911112005, 17:27
Environment Agency Publication 20, Remedial Targets worksheet v2.2a P20 Sulphide Ver 11Simple calcs

EPA Export 25-07-2013:17:59:50



R&D Publication20 Remedial Targets Worksheet, Release2.2a

Tier 3- Groundwater

input Parameters (using pull down menu)} Variable

Contaminant
Target Concentration

Select analytical solution (click on brown cell below, then on

Enter *1' to simutate vertical disparsion in one direction, "2’ for two directions (pull down menu}

Enter '1' ¥ biodegradation rate is for the substance in water,

‘0" f rate is for decay in field conditions (i.e. field data from aquifer) (pull down men:

initial contaminant concentration in groundwater at piume core

Hal life for degradation of contaminant in water

Calculated decay rats

Wiith of plume in aquifer at source (perpendicutar to flow)

Plume thickness at source

Saturated aquifer thickness

Bulk density of aquifer materials

Effective porosity of aguifer

Hydraulic gradient

Hydraulic conductivity of aquifer

Distance to compliancs point

Distance (lateral) to compliance point perpendicular to flow direction
Distance (depth) to complianca poknt perpendicular to flow direction
Time since pollutant entered groundwater

oters velues determined from options
Partition coefficient

Longitudinal dispersivity

Transverse dispersivity
Vertical dispersivity

Pi

Calculated Parameters

Groundwater flow velocity
Retardation factor

Decay rate used

Rate of contaminant flow due o retardation

Contaminant concentration t distance x, assuming one-way vertical diapersion
Contaminant concentration at distance x, assuming two-way vertical dispersion
Attenuation faclor (one way vertical dispersion, Co/Cen)

Attenuation tactor (two way vertical dispersion, Co/Ceo)

medial Tal

Ogata Banks

Distance to compilance point
of at point
after

Gy

Value  Unit
[ Aliphatic C3-C10_]
[ 7.14E04 |

ull-down menu]

Co
tiz

*

Sz

Sy

da

'3

n

i

K

x

2z

¥

t

Kd 1.15E+402
ax 14075
az 1.407
av 0.141

Variable

v 3.82E-01
Rf 1.07E+03
s 3.80E-04
u 3.66E-04
Ceo 2.38E-275
Cen 1.32E-275
AF 4.16E+176
AF 7A48E+176

1700

Coo/C0  2.38E-275

9.9E+89

mgh
days

Source

Entry if specity partition coefficient (cption)

Soil water partition coefficient R
Entry for non-polar organic chemicals (option)
Fraction of organic carban in aquifer foc
Equations in RED Pub. 20 Organic carbon partition coefficient Koc
Entry for lonic organie chemicals (option)
Sorption coefficient for retated species Kocn
Sorption coefficient for ionised species Keet
pH value pH

acid dissociation constant pKa

Soil water partition coefficient Kd

1156402 Vkg

Dispersivity

Longitudinal disparsivity
Transverse dispersivity
Vertical dispersivity

i:| For calculated value, assumes ax = 0.1 *x. az = 0.0 * x, ay = 0.001 * x 0
| Xu & Eckstein (1995) report ax = 0.83(log,p)**™*; az = ax/10, IV\IQGQDD are assumed

&

time variant cptions only %
mo X
s08 options # s\O
owe cotors o Q?
R
So
) OQQ RN

For ison with measured

&

QO

Opata Banks

Care should be used when calculating remedial targets using the time variant options as this may sesult in an overestimate of the remedial target.
The recommended vahue for time when calculating the remedial target is 9. 8E+89.

Environment Agency Publication 20, Remedial Targets worksheet v2 22

pull down menu)

[ 1aies01 ]
141E¥00 |m
| Ta1E-o01 |

ENVIRO!
AGENCY
186107 for
1.8E-107 distance-concentration graph
o Ogata Banks
‘g0 BistarcalcConcentintin
%vne.m
§oog-108 mgll
g 640  1.5E-107
Focon 2600 3.3E-126
Goe108
] 2260 6.7E-143
206108
00800 §10.0 9.7E-152
0 200 400 600  B00 1000 1200 1400 1600 1200 695.0 1.4E-160
Distance {m) 680.0 2.0E-16%
7680 3.0E-178
SAE-185
Note graph assumes plume disperses vertically in one direction only. An 936.0
aiternative solution assuming the centre of the plume s jocated at the mid- 1020.0 9.5E-208
depth of the aquifer is presented in the calcutation sheets.
11860 2.1E.222
12760 3.1E-24
1360.0 4.7E-240
14460 7.0E-249
This sheet calculates the Tier3 remedial target for groundwater, based on the 1530.0 1.0E-257
distanca to the receptor or compliance located down hydraulic gradient of the 10160 1.6E-268
source Three solution methods are inchuded, the preferred option is Ogata 17000 2.4E-275

By wetting a long travel time R will give the steady state sohution, which should

be used to cakulate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for further action.

Note i contaminant is ot sublect to first order dearaciation, then sat hal fe as 5.0E+99

Stte being assesscd Bless Avea 4 Res
Completed by AJ

Date: 24112005
Version 11

25/11/2005,17:27

P20 Aliphatic C8-C10 Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:50



R&D Publication 20 Remedial Targets Worksheet, Release 2.2a

ENVIRONMENT

Tier 3 - Groundwater AGENCY
Input Parameters {using pull down menu} Variable  Value Unit  Sourca Select Method for deriving Partition Co-efficient (using pull down menu)
128128 Caloutated concentrations for
Contaminant Aliphatic €10-C12 distance-concentration graph
Target Concentration  Cy me Entry if specify partition coefficient (option) 1.0E-125
Soil water partition coefficient xd I o E Ogata Barks
Entry for non-polar organic chemicate (option) SoE28 From calculation sheet
Select analytical solution (click on brown cell below, then on puli-doewn menu| Fraction of organic carbon in aquifer foc '% Distance Concentration
T z
i nan quations in R&D Pub. 20 Organic carbon partition coefficient Koc Q“"“ mgh
Entry for lonic organic chemicals (option) 3 BSO  1.0E-125
Enter "1’ to simulate vertical dispersion in ane direction, ‘2" for two directions (pull down menu) Sorption coefficient for refated species Koo } 0E-128 1700 1.0E-182
Sorption coefficient for ionised species Kot 3 288.0 1.0E79
Enter '1" if biodegradation rate is for the substance in water, PH value pH Boe-126 3400 9.86E-207
0’ if rate is for decay in field conditions (i.e. field data from aquifer) (pult down men: acid dissociation constant pKa 4260 9.3E-234
B.0E+00 6100 WE-I61
Initial contaminant concentration in groundwater at plume core  Co S.12E+02 Vg O 20 40 S0 60 K0 1200 MO 1800 1800 696.0 8.7E-288
Half fie for degradation of contaminant in water  ty, Distance (m} €800 0.0E+00
Calculated decay rate 2 7860  0.0E+00
Width of plume in aquifer at source (perpendicular to flow) Sz 850.0  0.0E+00
Plume thickness at source Sy Note graph assumes plume disperses vertically in one direction only. An 935.0 RMUHI
Saturated aquifer thickness  da alternative solution assuming the centre of the pumne is located at the mid- 10200 #NUM!
Bulk density of aquifer materials  p [ Taie0r ] depth of the aquifer ia presented in the calcufation sheets. 11080  RMUHI
Effective porosity of aquier 1t m 11800 #NUMI
Hydraufic grachent i |_ta1E-01 | 12760  #NUML
Hydraulic conductivity of aquder K % 1360.0  #NUM!
Distance to compliance point X | For cakulated vatue, assumes ax= 0.1 % az = 0.01 . ay = 0.001 2" 14450 #NUMI
Distance (tateral) to compliance point perpendicular to flow direction  Z Xu & Eckatein (1995) report ax = 0.83(og,s)* ™ ; az = ax/10, ay = §4100 are assumed This sheet calcutates the Tiér3 remedial target for groundwater, based on the 16300  #NUM!
Distance (depth) to compliance point perpendicutar to flow direction y Q distance to the receptor of compiianca located down hydraulic gradient of the 1616.0 RMUHI
Time since pollutant entored groundwater  t §) source Three sofution methods are included, the preferred option is Ogata 17000  #NUM!
Parameters vaiues datermined from options Q, . ﬁ By setting a long trave! time it will give the steady state solution, which shoukd
Partiion coefficient  Kd [ 9.12E¢02 | kg  see optians Q\ r§ be used to calculate remedial targets.
ax 14.075 m  see oplions O A The measured groundwater concentration should be compared
Transverse dispersivity  az 1.407 m  see ootions (ﬁ ‘\0 ‘with the Tier 3 remedial target to determine the need for further action.
Vertical di ay 0.141 m  see ootions & Note if contaminant is not sublect to first order degradation, then set half ife as 9.0E+99,

o
Calculated Parameters Variable &Q \}\,\

Groundwater flow velocity v 3.92E-01 m/d
Rf

Retardation factor 852E403  fraction O S
Decayrateused . 3.80E04 . o é’} &
Rate of contaminant flow due to retardation 461E05  md S
Contaminant concentration at distance x, assuming one-way vertical dispersion  Crp  #NUM!  mgil (,9 \0
Contaminant concentration at distance x, assuming two-way vertical dspersion  Cgp  SNUMI  mg \(\ RN Sie being a Bloss Arca 4 Res
Atteruation factor (one way vertical dispersion, Co/Crp)  AF sNUM O\ '\Q Completed by A
Attenuation factor (two way vertical dispersion, Co/Cen) A #NUML {< QQ"\ Date 24112005
Version ik
Remedial Tal ()O
: £ ] For ison with measured %
Ogata Banks ,\U
Distance to compliance point 1700 m é
o at point Co/CO  ANUMI Opata Banks QO
after 9.9E+92  days

Care should be used when calculating remedial targets using the time variant options as this may result in an ovetestimate of the remedial target.
The recommended value for time when catculating the remedial target is 9.9E+99.

291172005, 17:27
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R&D Publication 20 Remedial Targets Worksheet, Release 2.2a
Tier 3 - Groundwater

input Parameters {using pull down menu} Variable  Value
Contaminant [Aiphatic c12-C15 ]
Target Concentration ~ Cp | _7.14E-04 |

ull-down menu]

Select analytical solution (click on brown cell below, then on

e

Enter 1 to simutate vertical dispersion in one direction, °2' for two directions (pull down menu) £

Enter 1" f blodegradation rate s for the substance in water,
0" rate s for decay in field conditions (1.e. field data from aquifer) (pull down men

Initial contaminant concentration in groundwater at plume core  Cy

Half ife for degradation of contaminant in water

Calculated decay rate

Width of plume in aquifer at source (pefpendicular to flow)

Ptume thickness at source

Saturated aguifer thickness

Bulk density of aquifer materials

Effective porosity of aquifer

Hydraulic gradient

Hydraulic conductivity of aquifer

Distance to compliance pofnt

Distance (laterai) to compiance point perpendicutar o flow direction
Distance (depth) to compliance point perpendicutar to flow direction
Time since poliutant entered groundwater

Parameters values determined from options

e NXX-308QE™

Partition coefficient  Kd | 1,82E+04 | Ukp
Longit ; ivid ax 14.075 m
Transverse dipersivity a2 1.407 m
Vertical dispersivi ay 0,141 m
Calculated Parameters Variable
Groundwater flow velocity v 3GE0T mid
Refardation factor ~ Rf  1.70E+05 fraction
Decayrateused X 380E-04 o'
Rate of contaminant flow due to refardation U 231608 mid
Contaminant concentration at distarice x, assuming one-way vertical dispersion  Ceo UM mght
Contaminant concentration at distance x, assuming two-way vertical dispersion  Crp #NUM! mgh
Aftenuation factor {one way vertical dispersion, Co/Cer)  AF #NUM!
Attenuation factor (two way vertical dispersion, Co/Cea)  AF #NUML
Remedial Targets
Ogata Banks
Distance to compliance point 1700 m
of at point C/Co UM mgn
after 9.9E+99  davs

Car
The recommended value for time when calculatina the remedial taraet is 9.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.22

Unit  Source

| Equations in R&D Pub. 20

time variant options only

soe options
see options
see options
see options

Select Method for di

Entry if specify partition coefficient (option)

Soil water partition coefficient

Kd

Entry for non-polar organic chemicals {option)
Fraction of organic carbon in aquifer

Organic carbon partition cosfficient
Entry for lonic organic chemicals (option)
Sorption cosfficient for refated species
Sorption coefficient for Jonised species

pH vakie
ackd dissociation constant

Soil water patition coefficient

Dispersivity

Longitudinal dispersivity

i | Transverse dispersivity

Vertical disparsivity

Xu & Eckstein (1995) report ax

Ogata Banks

hould be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remadial target.

foc

7] cakutate dependant on distance to compiiance point (0)
specify dispereivity (1), of cakc after Xu & Eckstein (2) 7

ax
az
ay

pull down menu)

1.82E+04

kg

Enter value _ Calc value Xu & Eckstein

e
For caiculated value, assumes ax= 0.1 °x. az = 0.01 * x, ay = 0.001 *x '
.83(ogyo)**" ; az = ax/10, ay = é«oo are assumed

&

ENVIRONMENT
AGENCY

Ve for
12E228 distance-concentration graph
o
) Ogata Banks
?*’m From caleutation shest
Bocaz Distance Concuntration
H
g mgh
g“"’" 850 126223
Bocon 1700  0.0E+00
] 2660  #NUMI
S oeze 3400  #NUMI
4260 #NUMI
00gs00 5100 #NUMI
0 2 40 0 0 00 200 UKD 10 1800 5360  #NUMI
Distanca (m} 6200  #NUM!
7160 #NUM!
8600  #NUMI
Note graph assumes plume disperses vertically in one direction only. An 250 #NUMI
alternativa solution assuming the centre of the plume is located at the mid- 10200  ANUML
depth of the aquifer is presented in the cakulation sheets. 11060  #NUMI
11800 #NUML
12760 #NUMI
13600  #MUMI
14450 #NUMI
This sheet calculates the Tier3 remedial target for groundwater, based on the 1530.0  #NUM
distance to the recepor of compliance locatad down hydrauikc gradient of the 16160 #xUMI
Source Threa solution methods are included, the preferred option is Ogata 17000 #XUM!

By setting a long travel time i will give the steady stata sotution, which should
be used to calculate remedial targets,

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for further action.

Note if contaminant is not sublect to first order degradation, then set half life as 9.0E+99.

Biess Arca 4 Res.
Completed by AJ

Date. 2411 2005
Version: 11

Site being assessed

29/11/2005, 17:27
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R&D Publication 20 Remedial Targets Worksheet, Release 2.2a

Tier 3 - Groundwater

1nput Parameters (using pull down menu) Varisble  Value Unit  Source Select Method for
aicutate FoF
Contaminant [Aliphatic c10-C12 ] )
Target Concentration  Cp | 7.14E:04 | Entry If specify partition coefficient (option)
Soll water partition coefficient xd

t
Entry for non-polar organic chemicals (option)

Select analytical solution {click on brown cell below, then on pull-down menu| Fraction of organic carbon in aguifer foc
Equations in RAD Pub. 20 Organic carbon partition coefficient Koc
Entry for lonic organic chemicals (option)
Enter 1" o simulate vertical dispersion in one direction, 2" for two directions (pul down menu) 2 Sorption coefficient for related species Ko kn
Sorption coefficient for loniaad species Koea vka
Enter *1" i biodegradation rate is for the substance in water, pH value ) pH
0" rate i for decay in field conditions (L. fiad data from aquiter) (pull down men{TZ BT #ckd dissociation constant pKa
Initial contaminant concentration in groundwater at plume core  Cy +:] Soil water partition coefficient Kd 9128402 Wy

Half life for degradation of contaminant in water  ty,
Calculated decayrate &

Width of piume in aquifer at source (perpendicular toflow) Sz

Phume thickness atsource Sy

Saturated aquifer thickness  da

Dispersivity

nter valus _ Cal vaiue Xu & Eckstein
Bulk density of aquifer materials P ax m
Effective porosity of aquifer  n azr m
Hydraulic gradient i ction : 3 ay m
Hydraulke: conductivty of aquifer K vd
Distance o compliance point X m For cakculated valus, assumes ax = 0.1 %, az = 0.01 *x,ay = 0.001 X"
Distance (tatera) to compliance point perpendicula; o flow direction 2 m [ E | Xu & Eckstein (1995) report ax = 0.83(10g,)“*'*; az = ax/10, ay = @A 00 are assumed
Distance (depth) to compliancs point perpendicular to flow direction ¥ m i ; RN
Time since polhutart entered groundwater davs  time varient optiens only Q
Perametors values determined from options Q, . *
8.12E+402| Vkg  seeoptions Q\ r§
11114 m  ses options O A
111 m  ses options ‘\0
Vertical dispersivity  av 0 m  see options S &
Calculated Parameters Variable &Q \}\»\
Groundwater flow veloclty v 26901 mid QQ . \&\
Retardation factor ~ Rf  B.52E+03 fraction ~\O S
Decayrateused A 380604 o > &
Rate of contaminant flow due to retardation U 346E05  md é’ S
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cep ~ #NUM!  mg (,9 O
Contaminant concentration at distance X, assuming two-way vertical dispersion  Cep ;UM mgh \(\ \{\\
Atenuation factor (one way vertical dispersion, Co/Ceo} ~ AF UM L '\Q
Attenuation factor (two way vertical dispersion, Co/Cro)  AF aNUM <<0 QA"\
()O

For comparison with measured urennggter concentration.

&

Distance to compliance point &80 m
of at point C,/C0  #NUMI  mg  Ogata Banks QO
after 9.9E+89  days

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended valus for time when cakculating the remedial target is 9.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

ENVIRONMENT

AGENCY
e Calculated concentrations for
9021 distance-concentration graph
2OEN
5 Ogata Banks
g . From calculation sheet
.0E-21 Distance Concentration
$oen
240821 426  B.8E21
HOE 85.0 3.7E39
-"31:&-2! 1276  1.6E-67
] 1700 6.2E-76
10821
0.0E+00 W6 oL
100 200 300 400 500 600 700 &0 900 2976 41E3
Distance {m) 3400 1.7E-149
3826 6.7E-188
4260 2.7E-186
Note graph assumes plume disperses vertically in one direction only. An 4575 1AE-204
aftermative solution assuming the centre of the piume ks located at the mid- 100 45E-223
depth of the aquifer is presented in the calculation sheets. 662.6 1.BE-241
696.0 7.4E-260
830.0
7226 #NUM!
This sheet calculates the Tier3 remedial target for groundwater, based on the 7850  ANUMI
distance to the receptor or compliance located down hydraulic gradient of the 207.5  ANUMI
source Three solution methods are included, the preferred option is Ogata B50.0  #NUMI

By setting a long travel time it wil give the steady state solution, which shoukd

be used to calculate remedil targets.

The measured groundwater cancentration shouid be compared

with the Tier 3 remedial target to determine the need for further action.

Note i contaminant is not sublect to first order dearadation. then set half ife as 9.0E+89.

Stte being assessed” Blessington arca 8
d by Anna Jetfcoat
23112005

13
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R&D Publication20 Remedial Targets Worksheet, Release 2.2a

Tier 3- Groundwater
Input Parameters (using pull down menu) Variable

Contaminant
Target Concentration  Cy

Select analytical solution (eliek on brown cell below, then an

Enter "1’ to simulate verticat dispersion in one direction, 2' for two directions {pull down menu)

Enter '1' ¥ biodegradation rate is for the substance in water,
'O i rate is for decay in fiekd conditions (i.. field data from aquifer) (pull down ment

Initial contaminant concentration in groundwater at pume core  Co
Half Ife for degradation of contaminant in water  tig
Cakulated decay rate
Width of plume in aquifer at source (perpendicular to flow) Sz
Plume thickness at source Sy
Saturated aquifer thickness  da
Bulk densty of aquifer materials  p
Effective porosity of aquiter
Hydraubc gradient i
Hydrautic conductivity of aquifer K
Distance to compliance point X
Distance (iateral to compliance point perpendicutar to flow direction 2
Oistarice (depth) to compliance point perpendicular to flow direction ¥
Time since poliutant entered groundwater
Parameters vakues determined from options

Value

ull-down menu]

Partition coefficient  Kd 1.82E+04
Longitudi i ax 11114
@ 11
Vertical ay 0111
Calculated Parameters Variable
Groundwater flow velocity v 2.69E-01
Retardation factor ~ Rf  1.70E+05
Decayrateused % 3.80E-04
Rate of contaminant flow due to retardation  u 1.58E-06
Contaminant concentration at distance x, assuming one-way vestical dispersion  Ceo #NUMY
Contaminant concentration at distance X, assuming two-way vertical dispersion  Cep #NUM!
Attenuation factor (one way vertical dispersion, Co/Cen}  AF UM
Attenuation factor (two way vertical dispersion, Co/Cep)  AF #NUM!

NiHemer ot
Ogata Banks

Distance to compilance point

of at point  Cp/CO
after

The value for time when

0 the remedial target is 9.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

#Num!
9.9E+99

Unit

[Atiphatic c12C18 ]

mgh

mg/l  Ogata Banks

days

Source

Equations InRAD Pub. 20

Langitudinal dispersivity ax
Transverse dispersivity a
Vertica) dispersivity ay

Soelect Method for di

pull down menu}

Entry it specity partition coefficlent (option)

Soll water partiion coefficient Xd
Entry for non-polar organic chemicals (option)
Fraction of arganic carbon in aquifer foc

Organic carbon partition coefficient
Entry for lonic organic chemicals (option)

Sorption coefficient for related spacies N kg
Sorption coefficient fof lonised species Keet vxa
pH value pH

acid dissociation constant pKa

Soll water partition coefficient Xd 1826404 Wkg

Dispenaivity
Calculata dependant on distance to compliance point (0),
specity dispersivity (1), or cale after Xu & Eckstein (2) ?

For caiculated value. assumes ax = 0.1 *x. 2= 0.01 *x, av = 0,001 * x\)"
Xu & Eckstein (1995) feport ax = 0.83(0g:p0)* "™ ; 82 = ax/10, ay= 100 are assumed

o~
S
O

&

Care should ba used when caleulating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

Enter value _ Cak: vatue Xu & Eckstein

ENVIRONMENT

AGENCY
3.0E87 tor
distance-concentration graph
E’ SE87
] Ogata Banks
‘@oe87 From calculation shest
] Distance Concentration
g
§| 5E-87 "‘“’I
g 425 27687
Froewr 660 34EAT2
1276 4.26-267
0E-88
7126 #NUMI
0000 2650 ANUM!
° 100 200 300 400 500 60D 700 800 900 257.6  #NUMI
Distancs (m} 3400  zNUMI
3826 aNUMI
Note graph assumes plume disperses vertically in one direction only. An aRe UM
alternative sohstion assuming the centre of the plume is located at the mid- S10.0  #NUM!
depth of the aquifer is presented in the calculation sheets. 5625  #NUMI
§35.0  anuMI
8375 MNUM!
680.0  ANUMI
7225 #NUMI
This sheet calculates the Tier3 remedial target for groundwater, based on the 76860 SNUMI
distance to the recsplor o compiance located down hydraulic gradient of the 8076  #NUMI
source Three sokution methods are inchuded, the preferred option is Ogata 850.0  #NUMI

By wetting a long travel time # wil give the steady state solution, which should

be used to calculate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for further action.

Note i contaminant is not sublect to first order degradation. then set half e as 9.0E+99.

Site peing assessea  Blessingion arca &
Completed by Aana Jefteoat

Date 23112005
51

Version

2511172005, 17:30
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R&D Publication 20 R dial Targets Worl t, Rel 2.2a
Tier 3 - Groundwater
Input Parameters {using pull down menu) Variable Value Unit  Source pull down menu)
Contaminant [ Aliphatic c16-C21 ]
Target Concentration  Cy | 7.14E-04 | Entry if specify partition cosfficient (option)

Enter 'Y’ to simuate vertical dispersion in ona direction, 2" for two directions (pull down menu) [

Enter 1" if biodegradation rate is for the substance in water,

0 i rate is for decay in fiekd conditions (1.0, fiekd data from aquifer) (pull down men

Initial contaminant concentration in groundwater at plume core
Halt ife for degradation of contaminant in water

Cakeulted decay rate

Width of plume in aquifer at source (perpendicufar to flow)

Plume thickness at source

Saturated aquifer thickness

Bulk density of aquifes materials

Effective porosity of agufer

Hydraullc gradient

Hydraufic conductivity of aquifer

Distance to compliance polnt

Distance (tateral) to compliance point perpendicular to fiow direction
Distance (depth) to compliance point perpendicutar to flow direction
Time since pollutant entered groundwater

Paramoters vaiues determined from options

2:12E-02;

J Y 2

Partition coefficient  Kd | 2.20E+06
Longitudinal di ax 11.114
ispersivity 8z 1t
Vertical dapersivily  av 0111
Calculated Parameters Variable
Groundwater flow velocity v 2.69E-01
Retardation factor ~ Rf  2.14E+07
Decay rate used A 1.90E-04
Rate of contaminant flow due to retardation  u 1.26E-08
Contaminant concentration at distarice x, assuming one-way vertical dispersion  Ceo #NUM!
Contaminant concentration st distance x, assuming two-way vertical dispersion  Ceo SNUM!
Attenuation factor fone way vertical dispersion, Co/Cer)  AF #NUM!
Aftenuation factor (two way vertical dispersion, Co/Cep)  AF UM

Ogata Banks
Distance to complianca point

of at point
after

#NUML
9.9E+99

Cuw/C0

Soil water partiion coefficient Kd
Entry for non-polar organic chemicals (option}

Fraction of organic carbon in aguifer foc
Organic carbon partiion coefficient Ko
Entry for Jenic organic chemicsls {option)
Sorption cosfficient for related species Koca vka
Sorption coefficient fof kanised species Ko Vka
pH value pH
acid dissociation constant pKa

Source of parameter value

Soit water partition coefficient Kd 2206406  Wig

Dispersivity
Caculate dependant on distance to compliance point (0,
pecily dispersivity (1), or calc after Xu & Eckstein (2) 7

Enter valus _Calc value Xu & Eckstein

Longitudinal dispersivity ~ [ 151E201_|m
‘Transvarsa dispersivity az | 119E+00 |m
i Vartical dispersivity ay 2 [ 111801 |m

For calculated value, axsumes ax= 0.1 % az= 0.01 *x,ay = 0001 * "
| Xu & Eckstein (1985) report ax = 0.83(0gyx)**™* ; az = ax10, a éoo
: $

md

h;t‘ion "\SO Q@\
o &S
i NS

For comparison with measured mounaém concentration.

&
m Q

- Y
m o O

Care should be used when calcufating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial tarpet is 9.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

ENVIRONMENT
AGENCY
10000
$0E01 distance-concentration graph
0501
; Ogata Banks
Fland From calculation shest
iuosm Distance Concentration
Ssoe0n el
S40E01 425 ANUM!
g, se0 850  #NUM!
%nem 127,86 #Numl
] 1700  #NUME
10801 2125 #NUML
0.0£+00 2660  #WUM!
° WO 200 300 400 500 600 700 800 500 2976  #NUM!
Distance () 3400 #ANUM!
362.6 #NUM!
4260  #RUM!
Note graph assumes plume disperses vertically in one direction only. An 4875 aNUMt
alternative solution assuming the centre of the plume is located at the mid- 610.0 H#NUM!
depth of the aquifer is presented in the calcutation sheets, 5625  HNUMI
696.0  #NUM!
B37.8  #NUM!
680.0  #NUM!
722.8 #RUM!
This sheet calculates the Tier3 remedial target for groundwater, based on the 716.0  sNUM!
distance to the receptor or compliance located down hydraulic gradient of the 107.6  #MUMI
source Thiee sohution methods are included, the prefarred option is Ogata 850.0  #NUMI

By setting a kong travel time it wil give tha steady state solution, which should

be used to calculate remedial targets.

The measured groundwater concentration shoukt be compared

with the Tier 3 remedial target to determine the need fot further action.

Note ¥ contaminant is not sublect to first order deqradation. then set half e as 9.0E+89.

Site being assessed
Completed by

Blessington arca 6
Anna Jeffeoat
23112005

11

9/11/2005, 17:30
P20 Aliphatic C16-C21 Vet 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:51



R&D Publication20 Remedial Targets Worksheet, Release 2.2a

Tier 3. Groundwater

input Parameters (using pull down menu) Variable

Contaminant
Target Concentration

Valve

Enter "1 to simulata vertical dispersion in one direction, '2*for two directions (pull down ment)

Enter '1" if biodegradation rate is for the substance in water,

0" rate is for decay in field conditions i.e. fiekd data from aquifer) (pull down mentl S0 0E]

Initial contaminant concentration in groundwater at plume core C, {22:126:0%
Half ife for degradation of contaminant in water  t,,
Calculated decay rate
Width of piume in aquifer st source (perpendicufar toflow) Sz
Ptume thickness at source Sy
Saturated aquifer thickness da
Bulk density of aquifer materials  p
Effective porosity of aquiter N
Hydraulic gracient i
Hydraulic conductivity of aquifer K
Distance to compliance point X
Distance (ateral) to compfance point perpendicutar to flow direction ~~ z
Distance (depth) to compFiance point perpendicular to flow direction ¥
Time since pollutant entered groundwater 1t
Parametors values detenmined from ootions
Partition coefficient ~ Kd | 1.45E401
Longitudinal dispersh ax 11.114
T az 1111
Vertical di ay 0111
Calculated Parametors Variable
Groundwater flow velocity v 2.69E-01
Retardation factor ~ Rf  1.36E+02
Decayrateused % 9.50E-04
Rate of contaminant flow due to retardation u 1.98E€-03
Contaminant concentration at distanca x, assuming one-way vertical dispersion.  Cep 191684
Contaminant concentration at distance x, assuming two-way vertical dispersion ~ Ceo  1.83E-84
Attenuation factor (one way vertical dispersion, Co/Cep) AP 1.11E+62
Attenuation factor {two way vertical dispersion, Co/Cen) ~ AF 1.16E442

Remedial Targets

Ogata Banks

Distance to compliance point
of at

point
after

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The the remedial target is 9.8E+99.

vahue for time when calculatir

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

Unit

mgll
days

Source

Equations in RAD Pub. 20

time variant options only

see options
S8 options
see oplions
see options

Seloct Method for derivi

Entry if specify partition cosfficient (option)

Soll water partition coefficient

Entry for nen-polar organic chemicals (optios

Fraction of organic carbon in aquifer

Organic carbon partition coefficient

Entry for ionic organic chemicats (aption)

Sorption coefficient for related species
Sorption coefficient for lonised species
PH value

acid dissociation constant

Disperaivity

Kd

n}
foc

1.45E+01

Calcutate depencant on distsnce to compilance point (0} A o)

Longitudinal dispersivity
“|transvarse dispersivity

Vertical dispersivity

5| specity dispersivity (1), or cak after Xu & Ecksten (2) 7

ax
az
ay

[ Xu & Eckstein (1995) report ax = 0.83(10g,)“™"" ; az = ax/10, ay =

For caiculated vatue, assumes ax = 0.1 *x, az = 0,01 * x, ay = 0.001 'E 0

&

S &
QQOQ\\

For comparison with measured wounoé« concentration.

&
&

Ogata Banks

§)
S
Sy

pull down menu)

Vkg

are assumed

18605

18E08
Saets
£
12805
Eioeas
SBO0E08
QE-DB
Seoece

8
20508

0.0E+00

0 10 200 30 400 S0 g0 700

Distanca {m)

)

Note graph assumes plume disperses vertically in one direction only. An
alterative sohution sssuming the centre of the plume is located at the mid-
depth of the aguiter is presented in the calculation shests.

This sheet calculates the Tier3 remedial target for groundwater, based on the
distance to the receptor or complance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata
By setting a long travel time it will give the steady state solution, which should
be used to cakulate remedial targets.

The measured groundwater concentration should be compared

With the Tier 3 remedial target to determine the need for further action.

ENVIRONMENT
AGENCY

Calculated concentrations lor
distance-concentration araph

Ogata Banks
From cajculation sheet
Distance Concentration

425

850

1276
1700
2126
266.0
2176
3400
2|25
4260
4878
610.0
662.6

L1 2]
880.0
722.6
7850
807.5
850.0

Note if contaminant is not sublect to first order degradation. then set half fife as 9.0E+99.

Site being assessea  Blessingion arca 6
Completed by

Anna Jeifcoat
23112005
i1

mgll
1,708
1.4E-08
1.4E-49
8.7E-15
6.8E-18
8.3E-21
4.2E-24
23627
2.6E-30
20632
18E-38
1,339
8.9E43

6.1E49
4.3E-82
J.3E-56
3.0E-58
24E-81
1.9E.64

29/11/2005, 17:30

P20 Aliphatics C6-C8 Ver 11Tierd Groundwater
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R&D Publication 20 Remedial Targets Worksheet, Release 2.2a

FNVIRONMENT
AGENCY
Tier 3 - Groundwater A
Input Parameters (using pull down menu} Variable  Value Unit  Source Select Method for deriving Partition Co-efficient {using pull down menu)
- Calculated concentrations tor
Contaminant fomoniacal Nitrogen ad] distance-concentration graph
Target Concentraton Gy Entry if specify partition coefficient (option} R
Soil water partition coefficient Kd E se01 Ogata Banks
. Entry for non-polar organic chemicata (uuon) s From calculation 5
Select analytical solution (click on brown cell below, then Fraction of organic carbon in aquifer H 0ED1 Distance Concentration
]

Organic carbon partition coefficient Koc E e mg/
Entry for ionic organic chemicals (option) 8 426 31E01
Enter 2" to simuiate vestical dispersion in one direction, 2" for two directions (pul down menu) EEZATT ) Sorption coefficient for related species Kocn Eocor 850 23E0
Sotption coefficient for lonised species Ko 3 1278 13501
Enter 1’ if biodegradation rate is for the substance in water, PH value pH S5 og02 1700 1.3E-0
0 i rate is for decay in fiekd conditions (.. fiek! data from aquifer) (pull down me acid dissociation constant pKa 2126 9.3E-02
D.0E+00 + < 2560 74EQ2
Initial i on in atpumecore  C, Soll water partition coefficient ] S00E01 g O W0 20 S0 40 50 600 70 0 %0 2076 6.5E02
Half Ie for degradation of contaminart in water  t,, Distance (m} U400 41E-02
Calculated decayrate & Dixpersivity 3826 21E-02
Width of plume in aquifer at soutce (perpendicular to flow) Sz Calcutate dependant on distance to compliance paint (0) 4250 23602
Plume thickness at source Sy spacify dispersivity (1), or calc after Xu & Eckstein (2) 7 Note graph assumes plume disperses vertically in one direction only. An 4675 1.7E02
Saturated aquifer thickness  da Enter valuie _Calc value Xu & Eckstein alternative solution assuming the centre of the plume is located at the mid- 5100  1.3E-02
Bulk density of aquifer materials o Longitudinal dispersivity depth of the aquifer is presented in the calculation sheets. 562.5  9.5E-03
Effective porosity of aquites  n Transverse dispersivity m €980 7.1E-03
Hydrautic gradient i Vertical dispersivity | 11101 | 637.5 64E03
Hydraulic conductivity of aquifer K €800 4.0E-03
Distance to compliance point X — For calculated value, assumes ax= 0.1 . az= 0.01 *x. ay = 0.001 * 7226 3.06-03
Distance (lateral) to compliance point perpendicutar to flow direction z B i | Xu & Eckstein (1995) report ax = 0.83(log,ex)* * 3010, ay = é”m are assumed This theet caiculates the Tier3 remedial target for groundwater, based on the 766.0 2.3E03
Distance (depth) to compliance point pespendicular to flow direction y distance to the receptor or compliance located down hydraulic gradient of the 807.5  1.7E-03
Tine since pollutant enterad groundwater t e varient options only sourcs Three sohution mathods are included, the preferred option is Ogata 8500 1.3E-03

Parameters vakies determined from options . % By setting & long travel time # wil give the steady state sofution, which shoutd
Partition coefficient  Kd so8 options \* ,§ be usad to calculate remedial targets.
Longitudinal dispersvity  ax se8 aptions O(\ '] The measured groundwater concentration should be compared
Transverse dispersiity  az so0e options ? s\O with the Tier 3 remedial target to determine the need for further action.
Vertical dispersivty  ay 304 options S @ Note i contaminant is not sublect to first order deqradation. then set half ife as 9.0E+99.
Calculated Parameters Variable \\Q §

Groundwater flow velocity v 2.69E-01 md

AN <
Retardation factor ~ Rf  5.67E+00  fraction . O\ é‘\
Decaymteused A 3ATED4 g EAN §
Rate of contaminant flow due fo retardation v 4.75E02  mid é’
Contaminant concentration st distance X, assuming one-way vertical dispersion  Cep  1.28E03  mgh & (¢
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cip 123603 mgh . (\ \(’\\, Site being assesscd Slossington aiea 6
Attenuation factor (ona way vertical dispersion, Co/Ces) ~ AF 3126402 O Compieted by Anina delfcoat
Attenustion factor (two way vertical dispersion, CgCeo) ~ AF 3.25E+02 <<O QO Date:
Version
Remadial Tai OQ

nedial Tacget' For comparison with measured groundviyter Concentration.
Ogata Banks
Distance to compliance point 850 m §
of at point c,/c0 1.28E03 mglt  Ogata Banks 00
after 9.9E499  days O

Care shoukd be used when calculating semedial targets using the time variant options as this may result in an overestimate of the remedial target.
The racammandad uvatus for fima when raleutating the tamadial tarcet i 9 9F+99

201172005, 1730
Environment Agency Publication 20, Remedial Targets worksheet v2.22 P20 Ammeniacal Nittogen 28 N Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:51



R&D Publication 20 Remedial Targets Worksheet, Release 2.2a ENVIRONMENT

Tier 3 - Groundwater AGENCY
input Parameters {using pull down menu) Variable  Value Unit  Source Select Method for d
. J0e02 Caleutated concentrations for
Contaminant [ Aromaticcr.cs ] distance-concentration araph
Target Concentration G mo Entry if apecity partition coefficlent (option) 25t
Soil water partition coefficient Kd H Ogata Banks
. Entry for non-polar organic chemicals (option} Seea From catculation shest
Select analytical solution {click on brown cell below, then on pull.down menu] Fraction of organic carbon in aquifer foc ﬁ Distance Concentration
Equations in RAD Pub. 20 Organic carbon partition coefficient Kee §‘ 0 mgh
Entry for ionic organic chemicals (option) 8 425 2.6E-02
Enter 1" to simulate vertical diepersion in one direction, ‘2" for twn directions (pull down manu) Sorption coefficient for related species. Ko vka Froen
Sorption coefficient for lonised species Kect a 2 BEE  BIE0I
Enter 1" f biodegradation rats s for the substance in water, pH valus PH Ssoeo
0" i rate s for decay in field condtions (.. fieid data from aquifer) (pull down menu /G T o] ackd disxociation constant pKa 2108 2.8E-04
p 0.0E+00
Initial contamnant concentration in groundwater at plume core  Co ] Soil water partition cosfficient xd 9.12E01  Wg o 10 0 0 40 500 60 0 800 900 2058 R.9E-08
Half e for degradation of contaminant in water 1, 3 Distance (m) 3400  9.4E-06
Cakulated decayrate Oisperaivity 3825  3.05-08
Width of plume in aquifer at source (perpendicular to flow) Sz Calulats dependant on distance to compliance point (0), 4260 9.7E07
Phume thickness at source Sy “{specity dispersivity (1), of cak after Xu & Eckstein (2) 7 Note graph assumes plume disperses vertically in one direction only. An 4875  34EQ7
Saturated aquifer thickness  da > Enter valie _Calc value Xu & Eckstein afternative solution assuming the centre of the plume is located at the mid- 6t0.0  1.0E07
Bulk density of aguifer materials  p Longitudinal dispersivity ax [ 1.11E+01 |m  depthof the aquifer is presented in the calcufation sheets.
Effective porosiy of aquiter Transverse disparsivity a m sepe 33t
Hydraufic gradient | B Vestical dispersivity ay [ 1HE01 jm U6 3.4E09
Hydraulic conductivity of aquifer K i mid ¥’
Distance to compliance poist X [¥880Esf2%] m For cakcutated value, asaumes ax= 0.1 * 822 001 *x,ay = 0.001 *x D" 8208  3.6E-00
Distanca (lateral) fo compliance point perpendicular to flow direction  Z m Xu & Eckstein (1995) report ax = 0.83(log,c)**™* ; az = ax/10, ay 00 are assumed This sheet calculates the Tier3 remecial targat for groundwater, based on the 166.0 1.ZE-10
Oistance (depth) to compliancs point perpendicular to flow direction ¥ m x(\(\ distance to the receptor or complianca located down hydraulic gradient of the 2078 3TEM
Time since poliutant entered groundwater  t days O source Three tolution methods are included, the preferred option is Ogata 8500 1.2E-11
Parameters vaiues determined from options \\ . ﬁ By setting 2 Jong trave) time it will give the steady state solution, which shoulkd
Partion coefficient ~ Kd [ 912601 | Vkg  see options Q\ r§ be used to calculate remedial targets.
L vty ax 11034 m  see options O A The measured groundwater concentration should be compared
Transverse dispersivity  az 1111 m  see options S\O with the Tier 3 remedial target 1o determine the need for further action.
Vertical dispersivity  ay 011 m  soe options S & Note if contaminant is not sublect to first order degradation, then set hall e as 9.0E+98.
Calculated Parameters Variable o\Q Q\\
Groundwater flow velocity v 269E-01  md QQ \é
Retardationfactor  Rf  9.52E+00 fraction O S
Decayrateused A 950804 o' é‘}. N
Rate of contaminant fiow due o retardation U 283602 i $
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cep  121E-11 gl & \0
Contaminant concentration at distance x, assuming two-way vertical dispersion ~ Cep  1.16E-31  mgl U Q Siz being assessed  Bessington
Attenuaticn factor (one way vertical dispersion, Co/Cys) ~ AF 6.34E+09 N '\Q ¥ A
factor (two way vertical dispersion, Co/Cen) ~ AF 6.62E+09 <<O \\\ ¥ 23112005
C: 11
Remedial Targets . OQ )
7 Fot comparison with measured mmnoéw concentration.
Ogata Banks %
Distance to complianae point 850 m Q§
of at poimt CoCo0 1.21E1  mgll  Ogata Banks QO
after 9.9E+93  davs
Care shoukd ba used when calculating remedial targets Using the time variant options as this may result in an overeatimate of the remedial target.
The recammended value for time when calculating the remedial tarcet is 9.9E+99.
A » 2971112008, 17:30
Environment Agancy Publication 20, Remedial Targets worksheet v2.2a

P20 Aromatic C7-CB Ver 11Tier3 Groundwater
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R&D Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3- Groundwater
Input Parameters (using pull down menu) Variabls

Contaminant
Target Concentration Gy

Select anal‘y!lcal solution (click on brown cell below, then on

Enter "1’ to skmulate vertical dispersion in one direction, ‘2' for two directions (pull down menu)

Enter 1" ¥ biodegradation rate is for the substance in water,

0 i rate is for decay in field conditions {i.¢. flekd data from aquiter) (pul down men\ 0 20

Initial contaminant concentration in groundwater at plumme core
Half ife for degradation of contaminant in water

Cakulated decay rate

Width of plume in aguifer at source (perpendicutar o flow)

Plume thickness at source

Saturated aguifer thickness

Bulk density of aquifer materials

Effective porosity of aquifer

Hydraulic gradient

Hydraulic conductivity of aquifer

Distance to compliance point

Distance (latera) to compliance point perpendicular to flow direction
Distance {depth) to compliance point pespendicutar o flow direction
since pollutant entered groundwater

Parametors values determined from options

Value

ull-down menuy

Partition coefficient Kd 5.75E+00
t s 1114
Transverse d az 1411
Vertical dispersh ay 0111
Calculated Parameters Variable

Groundwater flow velocty v 2.69E-01
Retardation factor 5.47E+01
Decay rate used 3.80E-04
Rate of contaminant flow due to retardation U 4.926-03
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cep  5.96E-21
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cep  5.71E-21
Aftenuation factor {one way vertical dispersion, Co/Cep) ~ AF 3.56E+18
Altenuation factor (two way vertical dispersion, Co/Cep) ~ AF 3.T1E#18

Ogata Banks
Distance to scompiiance point

of at point Cy,/C0
after

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimats of the remedial target.

The recommended value for time when cakculating the remedial target is 9.9E+99,

Environment Agency Pubfication 20, Remedial Targets worksheet v2.2a

850

5.98E-21
9.9E+99

Unit  Source

mh

mid
fraction
&

mid

m

mofl
davs

Equations in R&D Pub. 20

soe options
500 options
see options
se0 options

77 {Calculate dependant on distance to compliance point (0).

Select Method for d

Entry if specify partition cosfficient foption)
Soil water partition coefficient xd
_ Entry for non-polar organic chemicais (option)

Fraction of organic carbon in squiter foc
Organic carbon partition coefficient

Entry forfonic organic chemicats (option}
Sorption coefficient for related vpecies Keen
Sotption coefficlent for ionised species Kot
PH value oH
acid dissociation constant pKa

: | Soil water partition coefficient Kd 5.75E+00

Dispensivity

| specity dispersivity (1), or calc after Xu & Eckstein (2) 7
Enter value

ongitudinal dispersivity ax
| Transverss dispersivity a
ay

N
&\\0&9

For comparison with measured munaécl eoncentration.

&
&

Ogata Banks

QO

pull down menu)

Vkg

Calc value Xu & Eckstein

i1.56-03
8

lated cancentratio
8
2

Gpleal
Fd
2

8
3

°

Distance {m}

100 200 30 400 50 &0 700

00 900

Note graph assumes plume disperses vertically in one direction only. An
atternative sohution assuming the centre of the piurne is located at the mid-
depth of the aquifer is presented in the calculation sheets.

This sheet cakculates the Tier3 remedial target for groundwater, based on the
distance to the receptor or compliance Jocated down hydraulic gradient of the
source Three sokution methods are included., the preferred option is Ogata

By setting a kong travel time it will give the steady ctate sohition, which shoukd
be used to cakulate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for further action.
Note iIf contaminant is not sublect to first order degracation, then set half life as 9.0E+99.

Sie being assessed  Blessingion ar
Completed by Anna Jettcoat

Date 23112005
Version 11

ea

ENVIRONMENT
AGENCY

Caloulated concentrations for
distancs-concentration graph

Ogata Banks
From caleuiation sheet
Distance Concentration

4878
5100
6625

722.6
785.0
807.8
860.0

mgh
2.BE-03
31E-04
3.TE-Q
4.3E.08
§.1E07
§.0E-08

BQE-48
9.6E-11

1.3E12
1.8E.13
1.8E-14

28B4
3.6E-18
4.2E-19

§.0E-20
8.0E-21

29/11/2005, 17:30

P20 Aromatic C8-C10 Ver 11Tier3 Groundwater
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R&D Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3 - Groundwater

Input Parameters {using pull down menu) Variable  Value

Contaminant
Target Concentration

Select analytical solution (click on brown cell below, then on

Cy

uil-down menu]
7
W&%” Equations in R0 Pub. 20

Entes 1" to simulate vertical dispersion in one direction, ‘2" fof two directions (pull down menu)

Enter "1" f biodegradation rate is for the substance in water,

O ¥ rate is or decay in fiekd conditions (i.e. fieki data from aquifer) (pull down men s B2e )

Initial contaminant concentration in groundwater at plume core
Half Hfe for dagradation of contaminant in water

Co
tia

Cakulated decayrate 2
Width of plume in aquifer at source {perpendicular to flow) Sz
Plume thickness at source Sy
Saturated aquifes thickness  da
Bulk density of aquifer materials  p
Effective porosity of aquifer  n
Hydraulic gradient |
Hydraukic conductivity of aquifer K
Distance to compliance point x
Distance (jateral) to compliance point perpendicutar to flow direction 2
Distance (depth) to compance point perpendicufar to flow direction  y
Time since pollutant entered groundwater
Parameters vaiues determined from options
Partition coefficient  Kd [ 9.12E+00
Longd ispersivi ax 11914
Transverse dspersivity  az 1111
Vertical dispersivity sy 0111
Calculated Parameters variable
Groundwater flow velocity v 28960
Retardationfactor ~ Rf  8.62E+01
Decayrateused A 3,80E-04
Rate of contaminant flow due to retardation u 3.12E-03
Contaminant concentration at distance x, assuming one-way vertical dispersion ~ Cpp  5.18E:28
Contaminant concentration at distance x, assuming two-way vertical dispersion ~ Cep  4.96E-28
Attenuation factor (one way vertical dispersion, Co/Cep) ~ AF 4.10E+25
Attenuation factor (two way vertical dispersion, Co/Cea) ~ AF 4.27E428

Ogata Banks
Distance to compliance point
of at

after

Care should be used when calculating remediat targets using the time variant options as this may result m an overestimata of the remedial target.

point CCo

850

6.18E-28
9.9E+9%

The recommended value for tima when calculating the remedial tarcet is 9.9E+99.

Envifonment Agency Publication 20, Remedial Targets worksheet v2.22

Unit

meh

mgh  Ogata Banks

days

Vertical dispersivity ay

ull down menu}

Entry if spectly partition coefficient (option)
Soll water partition coefficient K4

Entry for non-polar organic chemicals (option)
Fraction of organic carbon in aquifer foc
Organic carbon partition coefiicient Koo
Entry for ionic organie chemicals (option)
Sorption coefficient for retated species Kor.o
Sorption coetficient for ionised species Keet
PH value pH
2cid dissociation constant pKa

Soil water partition coefficient Kd 9.12E+00 Vg

Dispersivity
Calculate dependant on distance to compiiance point (0

| specity diepersivity (1), of calc after Xu & Eckstein (2) 7

Longitudinal dispersivity ax
Transverse dispersivity az

Fot calculated value, assumes ax = 0.1, 82 0.01 * x, ay = 0.001 * X\
Xu & Eckstein (1995) report ax = 0.83(log,ox)“ """ ; a2 = ax/10, ay = éxoo are assumed

For comparison with meatured umun%qu ‘concentration.
Q

ENVIRONMENT
AGENCY
126403 for
distance-concantration graph
OE0Y
Ogata Banks
OE-04 From cateulation shest

alculatyd concyniratiop (myh)_
; s 2
2

w6
OE-D4

1276

OE-D4. 1700
2326

0.95%00 2660
0 W0 0 300 400 500 600 700 800 800 2376

Dixtance [m)

3.8

426.0

Note graph assumes plume disperses vertically in one direction only. An 4875
altermative solution assuming the centre of the plume is located at the mid- 6100
depth of the aquifer s presented in the calculation sheets. 5526
6960

8375

680.0

7226

This sheet cakcutates the Tier3 remedial target for groundwater, based on the 785.0
distance to the receptor or compiiance located down hydraulic gradient of the 507.8
source Three solution methods are included, the preferred option is Ogata 850.0

By setting a long travel time it wifl give the steady state solution, which should

be used to cakcutate remedial targets.

The measured groundwatar concentration should be compared

with the Tier 3 remedial target to determin the need for further action.

Note if contasminant is not sublect to first order degradation, then set hal ife as 9.0E+99.

Site being assessea Fessingion area §
Completed by

Anna Jettcoat
Date 23 11 2005

Version: 11

Distance Concentration

gt
61608

32808
1.7EQ7
8.7EQY
48E10
24E-11

S4E18
238416
17846
9.1E-12
47E49
25E-20
13824
s8828
BRE-24
1.9E-28
9.88-27
6.2E:28

291172005, 17:30
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R&D Publication20 Remedial Targets Worksheet, Release 2.2a @ ENVIRONMENT

Tier 3 - Groundwater AGENCY
Input Parameters (using pull down menu) Variable  Value unit Seurca
23E24 Calculzted conosntrations for
Contaminant distance-concentration graph
Target Concertration Gy mgh Entry if specify partition coefficient {option) goea] |
soatticin % H Brnrtudedintion sheet
Entry for non-polar organic chemicals (option) H
Select analytical solution (click on brown cell below, then on pull-down meny Fraction of organic carbon in aquifer foc FSE0 Distance Concentration
- |Equations in R&D Pub. 20 Organic carbon partition coefficient Koc £ 26 2meds
Entry for fonle organic chemicals (option) Sroe04
Enter *1" to simulate vertical dispersion in one direction, ‘2" for two directions (pull down menu) B % Sorption coefficient for related species Koen Vka § 96.0 2.0E08
Sorption cosfficient for ionised species Keet Vxa oeas
Enter 1" # biodegradation rate is for the substance in water, PH vatue pH 3 1706  1.8E-08
0 rate i for decay in fiekl conditions (1., fiekd data from aguifer) (pufl down ment T ZR0Z 2] acid dissociation constant pKa
00800 1 i 2888  1.8E-13
Initial contaminant concentration in groundwater at plume core Soil water partition coefficient Kd 1.82E+01 kg 0 WO WO 300 400 SO0 800 T00 800 %O 2976  1.6E-18
Half Ife for degradation of contaminant in water Distance{m) 3808 1.4E28
Calculated decay rate Dispersivity
Width of plurna in aquifer at source (perpendicular to flow) Cakutate dependant on distance to complance point (0) 4250  1.3E-22
Plume thickness at source specity dispersivity (1), or calc after Xu & Eckstein (2) 7 Note graph assumes plume disperses vertically in one direction anly. An 467.6  1.2E-24
Saturated aguifer thickness L5 £ ‘ Enter value _ Calc value Xu & Eckstein alternative solution assurring the centre of the piume is located at the mid- 6100 1.2E-26
Bulk density of aquifer materials Longitudinal dispersivity ax 1116901 |m  depth of the auifer is presented in the calculation sheets. 6626 1.1E-28
Effective porosity of aquifer i ractior W Z| Transvarse dispersivity az TIEA00 |m 6960 1.0E-30
Hydraulic gradient ractio Vertical dispersivity ay TATEDT |m
Hydrautic conductivity of aquifer md 680.0  9.3E36
Distance to compliance point m For calculated vaue, assumes ax= 0.1 *x, az = 0.01 * x, ay = 0.00 ¥ 7225 89637
Distance (lateral) to compliance point perpendicutar to flow direction m Xu & Eckstein {1995) report ax = 0.83(logy)”*™* ; az = ax10, This sheet calculates the Tier3 remedial target for groundwater, based on the 7650 8.6E-39
Distance (depth) to compliance point perpendicutat to flow direction m distance to the receplor or compliance located down hydrautic gradient of the 9076  B.1E-41
Time since poliutant ertered groundwater davs source Three sohtion methods ars included, the preferred option is Ogata 8500 7.7E-A3
Parametors vakies determined from options A . A’ By sefting & long travel time it will give the steady state solution, which shotsk!
Partion coefficient K4 | 1.82E901 | kg  soe options & r§\ be Used to calculate remedial targets.
L i ivi ax 11,114 m  see opfions O A The measured groundwaer concentration should be compared
az 1411 m  seeoptins S\O with the Tier 3 remedial target to determine the need for further action,
Vertical d ay 0111 m  seeootions S @ Note i contaminant is nof sublect to first order degradation. then set half Ife as 9.0E+9S.
Calculated Parameters Variabie \S&Q \}\\
Groundwater flow velocity v 2.69E-01 mid : (\Q \&\
Retardation factor ~ Rf  1.71E402 fraction - O é\
Decay rate used S 3.80E-04 da° X QO
Rate of contaminant flow due to retardation U 158E-03  mid é" S
Contaminant concentration at distance x, assuming one-way vertical dispersion ~ Cep ~ 7.69E-43  mg/ 09 O
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cep  7.37E43  mgll \(\ \(’\\' Site being assessea  Blessigion aica 6
Atenuation factor (one way vertical dispersion, Co/Cep) ~ AF  2.76E+40 8 '\Q Complated by An7a Jetfeoat
Attonuation factor (two way vertical dispersion, Co/Cep) AP 2.8TEw40 <<0 N Date 2311 2005
OQ Version 11
For comparison with measured woun%pt Concentration,
Ogata Banks X
Distance to compliance polnt 250 m ({g}(\
of at point Cyp/C0  7.69E43 mg  Ogata Banks C)O
after 9.9E+89  davs
Care should be used when calculating remedial targets Using the time variant options a3 this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99.
291472005, 17:30
Environment Agency Publication 20, Remedial Targets worksheet v2.28
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R&D Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3- Groundwater

Input Paramaters {using pull down menu) Variable  Value Unit  Source Select Method for deriving Partition Co-efficient (using pull down menu)
Contaminant [Arcmatic C16-c21 ]
Target Concentraion  Cr g Entry If speciy partition coefficient (option)

Soll watef parttion coefficient xd
Entry for non-polar organic chemicats (optian)
Select analytical solution {click on brown csli below, then on menu] Fraction of organic carbon in aquifer foc
: . JEquations In RAD Pub. 20 Organic carbon partiion coefficiert Koe
Entry for lonic arganic chemicals (option)
Enter 1" to simulate vertical dispersion in ane direction, *2' for twa directions (pufl down menu) Sorption coefficient for related species Koo
Sorption coefficient for ionised species Kot
Enter 1" & biodegradation rate is fof the aubstance in water, oH value pH
0 i rate i for Gacay in field condiions (.. fiekd data from aquiter} (pull down men[ B ) acid dissociation constant pKa

Initial contaminant concentration in groundwater at plume core ~ Cp
Half life for degradation of contaminant in water  typ

Calculated decay rate *
Width of plume in aguifer st source (perpendicular to flow) Sz
Phusma thickness at source Sy

Soil water partition coefficient Kd 5.75E+01 Vxg

Dispersivity
Cakuate dependant on distance to comelance point (0[5 7787 /00

specity dispersivity (1), or calc after Xu & Eckstein (2) 7

Saturated aquifer thickness  da
Bulk density of aquifer materials  p =] Longitudinal dispersivity ax
Effective porosity of squifer 1 Transverse dispersivity
Hydraukc gradient | Vartical dispersivity
Hydraulic conductivily of aquiter K
Distance o compkance point X For calcutated value. assumes ax=0.1 . az
Distance (fateral to compliance point perpendicular to flow diection Xu & Eckstein (1995) report ax = 0.83(log,ox)*
Distance (depth) to compliance point perpendicular to flow direction ¥
Time since pollutant entered groundwater
Parametors values determined from options . *
Partition coefficient  Kd | 5756401 | WUxg  soe cptions @\\ r§\
Longitudinal dispersivity  ax 11114 m  sewoptions Ot A
Transverso dispersivity  az 1111 m  sesoptons 5\0
Vertical dispersivity  ay a1 m  see options &
Calculated Parameters Variable
Groundwater flow velocty v 269601 mid Q
Retardationfactor ~ Rf  538E+02 fraction - O
Decay rateused 1 1.90E-04 a o) N\
Rate of contaminant flow due to retardation U 5.00E-04  mvd é" N
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cgy  3.26E:58  mg/l & §)
Contaninant concentration at distance x, sssuming wo-way vertical dispersion  Crp  3.12E-56  mo \{\ \{\\'
Attenustion factor (one way vertical dispersion, Co/Ce) AP 6.51E+53 L \Q
Attenuation factor (two way vertical dispersion, Co/Ces) AP 6.78E+53 QO N

of comparison with measured uroun@ev concentration.

Q
Distance to compllance point 860 m (g'\
of at point Co/C0 3.26E66 mgfl  Ogata Banks OOQ
after 0.0E498  davs

Care should bs used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.23

ENVIRONMENT

AGENCY
S0RD Calculated concentrations for
45E05 distance-concentration graph
g DEDS
Ogata Banks
e From calculation sheet
0E0S Distance Concentration
gz $e05 mafl
S0e0s 426  4AEDE
Srse05
20508 wmE 93600
& 1700 S.8E-13
5.0E-08
oomeae 250 T8EAS
° 0 200 300 400 500 s00 700 800 00 297.6  3.2E-21
Distance (m} 3400  GAE-24
3825 1.3E26
Note graph assumes plume disperses vertically in one direction only, An 450
alternative solution assuming the centre of the plume is located at the mid- 6100 1.
depth of the aquier is presented in the calculation sheets. §62.5 2.2E37
5850 4.5E-40
837.5  9.2E43
6800  1.8E-46
722.6 3.8E-48
This sheet calculates ths Tier3 remedial target for grouncwater, based on the 71.0 T8EH1
distance to the Teceptor or compliance located down hydraulic gradient of the 8075 1.6E53
source Three sohstion methods are included, the preferred option is Ogata 860.0 3.3E-56

By setting a long travel time 1 will give the steady state solution, which shoul

be used to calculate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for further action.

Note # contaninant is not sublect 1o first order degradation. then set half ife as 9.0E+99.

Sie peing assessed  Blessington area &
Completed by Anna Jeficoal_

Date 2311 2005/
Version. 11

2911172008, 1730
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R&D Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3 - Groundwater

Input Parameters (using pull down menu) Variable

Aromatic c21-c38 |
e [ 7ME04 [ mpt

Contaminant
Target Concentration

Enter “1"to simulate vertical dispersion in one direction, 2" for two directions (pul down menu) AL -]

Enter 1' f biodegradation rate is for the substance in water,

0 1 rate Is for decay in fiekd conditions (L. fieki data from aquifes) (pull down mendZZZ 0.1

Initia) contaminant concentration in groundwater at plume core
Half life for degradation of contaminant in water

Co
tie

Value

Calculated decayrate %
‘Width of plume in aquifer at source (perpendicular to flow} Sz
Ptume thickness at source Sy
Salurated aquifer thickness  da
Sulk density of aquifer materials  p
Effective porosity of aquifer N
Hydraulic gradient
Hydraulic conductivity of aquifer K
Distance to compliance point X
Distance (lateral) to compliance point perpendicular to flow direction 2
Distance (depth) to compéance point perpendicular to flow direction  y
Time since poliutant entered groundwater  t
Parsmeters values determined from options
Partition coefficient Kd 4.57E+02
inal dispersivi ax 11114
T az 1111
Vertical di a 0.111
Calculated Parameters Vasiable
Groundwater fiow velocy v 2.69E-01
Retardation factor ~ Rf  4.27E+03
Decayrateused & 1.90E-04
Rate of contaminant flow dua to retardation 8.31E-05
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cpp  7.31E:179
Contaminant concentration at distance x, assuming two-way vertical dispersion  Crp  7.01E-179
Attenuation factor (one way vertical dispersion, Co/Cen} ~ AF 2.00E+176
Attenuation factor (two way vertical dispersion, Co/Cep) ~ AF 3.02E4178

Distance to compllancs point

of at

after

250

point CpC0  T.S1E179

9.9E+93

Unit

Sourcs

Entry if apecify partition coefficient (option}
Kd

Soil water partition coefficient

Entry for non-polar organic chemicals (option)

ull down menu)

457Es2 g

Enter value Calc value Xu & Eckstein

XIS
[ T11E+00 |

Fraction of organic carbon in aquiter foc
| Equations in RD Pub. 20 Organic carbon partition coefficient Koe
Entry for fenkz organic chemicals (option)
Sorpion coefficient for refated species Koo
Sorption coefficient for jonised species Ko
PH value oH
ackd dissociation constant pKa
mg/t Soil water partition coefficient Kd
days
days” Dispersivity
m Calutate dependant on distance to compliance point (0) [E7Z8 7 ]
m 7| specify dispersivity (1), or calc after Xu & Eckstein (2) 7
m
gem? ax
fraction  Transverse dispersivity az
traction Vertical disparsivity
md
m For cakulated vaiue, stsumes ax= 0.1, a2 = 0.01 * x. av = 0.001 * X\
m Xu & Eckstein (1995) report 3k = 0.83(log,00**"
i
days  tme varient options onfy
Vg ses options \\\
m see options. OQ ’\
m  sos options oﬁ 5\0
m  Seeoptions &
O
\)KQ
e L&
fraction O &
d X 'S\
g &F &
mgh §)
~ DS

mght
days

A
000&

Ogats Banks

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

Tha rernmmended vatia far fima whan caleniating the ramadial taraet b A DF400

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

ENVIRONMENT

Nota graph assumes plume disperses vertically in one direction only. An
alternative solution assuming the centre of the plume is located at the mid-
depth of the squifer is presented in the caiculation sheets.

This shest calcutates the Tier3 remedial target for groundwater, based on the
distanca to the receptor or compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata

By sefting a long trave! time # will give the steady state sohtion, which shouk!
be used to caleulate remedial targets.

The measured groundwater concentration shoukd be compared

with the Tier 3 remedial target to determine the need for further action.

AGENCY
35E-11 for
listance-conce!
30E-11 d ntration graph
g SE1 Ogata Banks
H From calcutation sheet
Broen Distance Concentration
2
g mgh
£45E-
geen 425 33EN
§1.os-n 850 6.0E-20
3 12756 78E-29
5 0E.12 1700  11E37
2126 1.7E48
BOE00 2650  2.5E-56
o 100 200 300 400 500 GO0 700 800 800 2975 3.8E-84
Distance (m)

21E-162
785.0 3.2E-161
807.8 4.9E170
8500 7.3E-179

Note if contaminant is not sublect to first order degradation, then set half life as 9.0E+99.

Site being assessed
Completed by

Blessington

29/1112005, 17:30
P20 Aromatic C21-C35 Ver 11Tier3 Groundwater
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R&D Publication20 Remedial Targets Worksheet, Release2.2a

ENVIRONMENT

] AGENCY
Tier 3 - Groundwater
Input Parameters (using pull down menu) Variable  Value Unit  Source pull down menu) _
16602 - lor
[~ Arsenic 14E02 distance-concentration graph
Target Concentration ~ Cy ( 1.00602 | mgl Entry if specify partition coemiient (option) =
Soil water patition coefficient Kkd Bzxa Ogata Banks
Entry for nen-polsr organic chemicals (option) H DistarcacCancentintiin
Fraction of organic carbon in aquifer foc 3=
quations in R&D Pub. 20 Organkc carbon partition coefficient Koc §‘ oo L]
Entry for lonic organic chamicals foption) g,om 426 14802
Enter *1*to simulate vertical dispersion in one direction, 2 for twe directions (pull down menu) Sorption coeflicient fo related ypecies Ko H 850  14E-02
Sorption coefficient for ionised species Kor Foens
Enter 1 i blodegradation rate is for the substance in water, pH value pH 3 s 1200 14E02
0" ¥ rate is for decay in fiekd conditions (i, fiekl data from aquifer) (pull down men Az acid dissociation constant pKa 2126 138492
0.0£+00 4
Initial contaminant concentration In groundwater at plume core G i ... ]Sod water partition coefficient Kd 1178402 g ¢ e w0 w0 wo S0 0 70 20 2886 12602
Hal Ife for degradation of contaminant in water  typ L Distance (m) 3400 12802
Calculated decay rate ). I Disperaivity 3826 1.2102
Width of plume in aquifer st soufcs (erpendicular to flow) Sz [ 8.00E¥0Y Calculate dependant on distance fo compiance boint (0)
Plume thickness st source Sy specity dispersivity (1), or calc after Xu & Eckstein (2) 7 Note graph assumes plume disperses vertically in one direction only, An 4086 11802
Saturated squifer thickness ~ da Entef value Calc value Xu & Eckstein alternative solution assuming the centre of the plume is located at the mid- 6100 1.1E02
Bulk density of aquifer materials  p | 1.706400 Longitudinal dispersivity depth of the aquifer is presented in the cakculation sheets. 5625 10842
Effective porosity of aguifer 1 Transverse dispersivity az [ 11E+00 | §950  1.0E02
Hydraulic gradient i [A7.00E03% Vertical dispersivity ay €378  1.0E02
Hydraukic conductivity of aquifer K 6800  9.8E-03
Distance to compiiance point X For calculated value, assumes ax= 0.1 *x, az = 0.01 * x, ay = 0.001 * X\ 7226  9.5E-03
Distance (lateral) to compiance point perpendicular to flow direction 2 Xu & Eckstein (1255) report ax = 0.83(0g\ok)* "™ ; 2z = ax/10, ay = ézuo 2re as5umed This sheet caiculates the Tierd remedial target for groundwater, based on the 786.0 9A4EL03
Distance (depth) to compliance point perpendicular to flow direction y m [ distanice to the receptor or compiiance located down hydraulic gradient of the 807.6  9.2E-03
Time aince politant entered groundwater 1 [JO.00E4951] davs  time variant oafions oy source Thres solution methods are included, the preferred option is Ogata 8500  9.0E-03
Parametors vakies deformined from opfions . * By wetting 2 long travel time it will give the steady state solution, which shoukd
Partition coefficient ~ Kd | _1.17E+02] Vkg see options \ﬁ ,§ be used to caloutste remedial targets.
L inal disperst ™ 1114 ™ ses options o(\ ' The measured groundwater concentration should be compared
x 1111 m  see options ? s\O with the Tier 3 remedial target to determine the need for further action.
Vertical av [XEX] m  see options S @ Note i contaminant I8 not sublect to first order degradation, then set half ife as 9.0E+99
Calculated Parametars Variable &Q §
Grotndwater fowvelocity v 2.69E01  mid N '\&\
Retardation factor ~ Rf  1.10E+03 fraction . O é‘
Decayratoused % 7.00E-101 'S EAN X
Rate of contaminant flow due to retardation U 245604 md & N
Confaminant concentration at distance x, assuming one-way vertical dispersion  Ceo  S.00E03  mph & Q
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cgp ~ B.62E-03  mgh \Q ‘()\\' e being assessea  Blessingion area 6

Attenuation factor (one way vertical dispersion, Co/Cyo)
Attenuation factor (two way vertical dispersion, Co/Cro)

Remedial Targets

AF 1.56E+00 \
AF 1.62E+00

Completed by Anna Jeficoat
P

QO Date 234

Version 11

2005

S
<<OQ

For comparison with measured mounaé.{e:(éonunm-:.

Distance to compliancs point 850 m §
of at point C,/CO 2.00E03 mgfl  Ogata Banks Oo
alter 9.9E+99  davs C}

Tha rarnmmendan vatiia for fime when ealenlafinn tha rsmerdial farna i 8 GF .4

Care should be used when cakulating remedial targets using the time variant options as this may resulf in an overestimate of the remediai target.
aa

Environment Agency Publication 20, Remedial Targets worksheet v2.2a
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R&D Publication 20 Remedial Targets Worksheet, Release 2.2a

Tior 3 - Groundwater

input Parameters {using pull down menu) Variable

Contaminant
Target Concentration

Select analytical solution (click on brown cell below, then on

Enter 1" to simulate vertical dispersion in one direction, '2'for two directions (pull down menu)

Enter '1' f biodegradation rate is for the substance in water,

Value

0’ rate is for decay in fiekd conditions (i.e. fiekd data from aquifer) (pull down mem{Ti.

Initial contaminant concentration in groundwater at plume core
Half life Tor degradation of contaminant in watet

Caleulated decay rate A
Wiith of plume in aquifer at source {perpendicular to flow) Sz
Plume thickness at source Sy
Saturated aquifer thickness  da
Bulk density of squifer materials L]
Effective porosity of aquifer 1
Hydraufic gradient i
Hydraulic conductivity of aquiter K
Distance to compliance point X
Distance (lateral) to compliance point perpendicular to flow direction z
Ditance (depth) to compliancs point perpendicular fo flow direcion Y
Time since polutant entered groundwater  t
Parameters vaiues detarmined from options
Partition coefficient Kd 2.14E-0
Longitudi L ivit ax 11.114
Transverse az 1.111
Vertical di ay 0111
Calculated Parameters Variable
Groundwater flow welocity v 2,89E-01
Retardation factor ~ Rf 3.00E+00
Decay rate used s 9.63E-04
Rate of contaminant flow due to retardation u 8.98E-02
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cep 3.65E-05
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cen 3.50E-05
Attenuation factor (one way vertical dispersion, Co/Cee) ~ AF 5.80E+03
Aftenuation factor (two way vertical dispersion, Co/Cep) ~ AF B.0SE+03

Distance to compiiance point
of at point Cgp/CO
after

The recommended value for time when calculating the remedial target is 9 9E+99,

Environment Agency Publication 20, Remedial Targets worksheat v2.2a

3.66E-05
.9E+99

Unit

mgfl
davs

Source

] Equations in RAD Pub. 20

3me options
ses options
see options
see options

Select Method far doriving Partition Co-efficient {using pull down menu}

Entry Hf specify partition cosfficient {option}
Soil water partition coefficient

Entry for non-polar organic chemicals (option)
Fraction of organic carbon in aquifer foe

Organic carbon partition coefficient Koe
Entry for ionlc organic chemicsts (option)
Sorption coefficient for related species.

Sorption costficient for ionised species Kot
PH value pH
acid dissociation constant pKa

Soil water partition coefficient Kkd

Dispersivity
“|Calculate dependant on distance to compBianca point (D),
specify dispersivity (1), of calc after Xu & Eckstein (2) 7

ax
az

DN
SN
< OQ\\

For comparison with measured nmumS{er Zoncentration.

Ogata Banks

&

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

2M4E01 kg

Enter value

| For caleutated value, assumes ax= 0.1 *x, a2 = 0.01 *x. ay = 0.001
Xu & Eckatein (1995) report ax = 0.83(logy0)* ™™ ; az = ax/10, ay

in

N
= 2400 are assur
\{\%{ med

ENVIRONMENT

AGENCY
186401 for
14E04 distancs-concentration araph
Saen Ogate Banks
€ From calculation shest
groew Distance Cencentration
EG 0E-D;
g 2 mafl
0€-02 426  14E01
880  9.3E02
FeoEz 1276  ©4E02
[ 1700  .8E-02
DE02 2128  2.8E-02
00800 2660 1.8E-02
° 100 200 300 400 500 600 700 800 800
Distance (m} 408 GBED3
3206  A.3E03
Note graph axsumes plume disperses vertically in one direction only. An 4876  1.3E03
alternative solution assuming the centre of the plume is located at the mid- 6100 12EQI
depth of the aquifer is presented in the calculation sheets. 5626 7.6EM
6960 4.9E-04
8375 3.2E-04
680.0 2.1E-04
This sheet calculatas the Tier3 remedial target for groundwater, based on the 7226 8.8E08
distanice to the receptor or compliance located down hydraufic gradient of the 1076  6.8E05
source Three solution methods are included, the preferred option is Ogata 8500 1.7E.05

By wetting a Jong travel time it wil give the steady state soktion, which should
be used 1o calculate remedial targets.

The measured groundwater concentration shouk be compared

with the Tier 3 remedial target to determine the need for further action.

Note if contaminant is not subject to first order degradation. then set half life as 9.0E+89.

Site being assessed. Blessingion
A

23112005

11

29/11/2005, 17:30
P20 Benzene Ver 11Tier3 Groundwater
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R&D Publication20 Remedial Targets Worksheet, Release 2.2a
Tier 3 -Groundwater
Input Parametars {using pull down menu) Vartable  Vatue Unit  Source

Contaminant
Tatget Concentration ~ Cy | 1.00E+00 | mg

ull-down menuj

S

Enter 1" to simulate vertical disporsion in one direction, 2" for twy directions (pull down menu)

Enter '1' i biodegradation rate is for the substance in water,
‘0 if rate is for decay in field conditions (i.e. fiekd data from aquifer) (pull down mem

Initial contaminant concentration in groundwater at plume core  C,
Hal Iifa for degradation of contaminant in water  ty

Cakulated decay rate &
Width of plume in aquifer at ource (perpenicular to flow) Sz
Plume thickness at source Sy
Saturated aquifer thickness  da

Bulk density of aguifer materials  p

Effective porosity of aquifer

Hydraulic gradient

Hydraubic conductivity of aquifer

Distance to compiiance point

Distance (lateral) to compliance point perpendicular to flow direction
Distance (depth) to compiiance point perpendicular to flow direction
Time since poliutant entered groundwater

Parametors values determined from options

Partition coefficient
Longhtudinal dispersivity
Transverse
Vertical d

— N X - T

epez

Calculated Parameters Varisble

Groundwater flow velocty v 2.69E-01  mid
Retardation factor ~ Rf  1.00E+00 fraction
Decayrateused % 7.00E101 ¢

Rate of contaminant flow due fo retardation  u 269E01  mid

Contaminant concentration at distance x, assuming one-way vertical dispersion  Cep  1.73Es01 gl

ntaminant concentration at distance x, assuming two-way vertical ciapersion Gy 1.66E401  mghl
Attenuation factor (one way vertical dispersion, Co/Ceo) ~ AF 1.56E+00
Attenuation factor (two way vertical dispersion, Co/Cec) ~ AF 1.62E400

Ogata Banks
Distance to compliance point 850 m
of at point CpCO  1.73E401  mght  Ogata Banks
after 9.9E499  days

Care should be used when calculating remedial targets using the time variant options as this mav result in an overestimate of the remedial target.

The recommended value for time when caiculating the remedial target is 9.95+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

Equations in R&D Pub. 20

Select Method for derivi

Entry if specify partition cosfficient (option)
Soil water parttion coefficient Kd
Entry for non-polar organic chemicals (option)

Fraction of organic carbon in aquifer foc
Organic carbon partition coefficient Koo
Entry for ionic organic chemicals {option}
Sotption coefficient for retated species Kern
Sorption coefficient for lonised species Kot
pH valie pH
acid dissociation constant pKa

Soit water partition coefficient K

Dispersivity

Calculate dependant on distance to compliance point (0)
specify dispersivity (1), of cak after Xu & Eckstein (2) 7

Longitudinal dispersivity ax
Transverss dispersivity az

0.00E+00 Vg

Enter value _ Calc value Xu & Eckstein

m
[ 111Ex00 |m
AR

Xu & Eckstein (1895) report mx = 0.83og,e)**™ ; az = ax/10,

QIS
S
S

] For comparison with measured mnne@u concentration.

£
&

ok %4
For calculated value. assumes ax = 0.1 °x. az = 0.01 * x, ay = 0.001 * N
éwo are avsumed

S

m

ENVIRONMENT

AGENCY
208401 tor
distance-concentration araph
é 58401
g Ogata Banks
Enem From calculation sheet
] Distance Concentration
FEZH mah
H 426 27E+01
g 0401
Fi WEG  27E+01
3.0e+00 1700 28E+01
2126  2.5E+01
0.0E+00 265.0 2.4E401
9 10 200 30 A0 50 60 0 KO0 W0
Oistance (m) 3400 2.3E+01
3825 22401
425.0 2.2E+01
Note graph assumes plume disperses vertically in one difection only. An 4875 24E401
alternative solution assuming the cenire of the plume is located at the mid- 5100  24E+01
depth of the squifef is presented in the cakulation sheets. 5525  2.0E+01
596.0 2.0E+01
837.5 1.9E+M
820.6  1.9E+01
This sheet calculates the Tier3 remedial target for groundwater, bazed on the 7660 1.8E+01
distance fo the receptor or comptiancs located down hydraulic gradient of the 807.5  1.8E+01
source Three solution methods are included, the preferred option is Ogata 8500  1.7E+01

By setting a long travel time it will give the steady state solution, which shouid
be used o calculate remedia) targets.

The measured groundwater concantration shouid be compared

with the Tier 3 remedial target o determine the nead for further action.

Note if contaminant is not sublect to first order degradation. then set half iife a3 9.0E+989.

Site baing assessed
Completed by
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R&D Publication 20 Remedial Targets Worksheat, Release 2.2a

Tier 3 - Groundwater
Input Parameters {using pull down menu) Variable  Value Unit
Contaminant [_Chiorebenzsne_]
Target Concentration  Cp | _1.00E03 | mg

Select analytical solution (click on brown cell below, then on pull-down menu]
T =

Enter 4" to simulate vertical dispersion in ane direction, 2" for two directions (pull down menu)

Enter 'V’ f biodegradation rate is for the substance in water,
0" f rate is for decay in flekd conditions (.. fiekd data from aqulfer) (pul down men T 0T )

|
re

Initial contaminant concentration in groundwater at pume cors  Co
Half Efe for degradation of contaminant in water  ty,
Cakubted decayrate &
Width of plume it aquifer at source (perpendicular to flow) Sz
Phume thickness atsoutcs Sy
Saturated aqufer thickness  da
Bulk densiy of agufer materias  p
Effective porosity of aquifer  n
Hydraulic gradient i
Hydraukic conductivity of aquifer K
Distance to compliance point X
z
y
t

o fes oo | 0
)

kel
B
oy
o
2

Distance (lateral) to compliance point perpendicular to flow direction
Distance (depth) to compliance point pespendicular to flow direction
Time since poliutant entered groundwater

Parametors vatuos determined from options

Zelekil
BelepRER

50l

Partition coefficient Kd 7.94E-01 kg
Longitud v ax 11114 m
Transverse dispersivity  az 1111 m
Vertical dispersi av 0.111 m
Calculatad Parameters Variable
Groundwater flow velocity v 269601 md
Retardation factor ~ Rf  8.42E+00 fraction
Decay rate used s 231603 d'
Rate of contaminant flow due to retardation U 320602  mid
Contaminant concentration at distance x, assuming ane-way vertical dispersion  Cep ~ 7.11E20  mgh)
Contaminant concentration at distance x, assuming two-way vertical ditpersion ~ Cep ~ 6.81E-20  mgll
Attenuation factor (one way vertical dispersion, Co/Cen) ~ AF 4.84E417
Attenuation factor (two way vertical dispersion, Co/Cyp) ~ AF 4.85E417

Remedial Targets

Distance to compilance point 850
of at point C,/CO  7.11E-20
after 9.9E+99

value for time when

the remedial target is 9.9E+99.

Enviranment Agency Publication 20, Remedial Targets worksheet v2.2a

i Equations in RRD Pub. 20

mgfl  Ogata Banks
days

Seurce

time variant options only

see options
see options.
se0 options
see options

C)O

Care shouki be used when calkutating remedial targets using the time variant options as this may resuft in an overestimate of the remediat tarpet.
The .

Select Method for d rlvln Partition Co-efficient {usi

pull down menu)

Entry if spechly partition cosfficient foption)
Kd

Soil water partition coefficient

Entry for non-polar orgenic chemicals {opllon)

Fraction of organic carbon in aquifer

Organic carbon partition coefficient

Entry for ionic organic chemicals (option}

Sorption coefficient for related species
Sorption coetficient for onised species
PH value

acid dissociation constant

Soit watsr partition coefficient

Dispersivity

7.94E-01

Calculate dependant on distance to compfiance point (0)
specify disparsivity (1), of calc after Xu & Eckstein (2) ?

Longitudinal dispersivity
Transverse dispersivity
Vartical dispersivity

Z ] For comparison with measured mnno@l ncentration.
Q

ay

kg

Enter valus _ Calc vaue Xu & Eckstein

/3

m

1116400 |m

m

50603

45E-03
P
g
S50

$25603
Soe0s
Frseas
£i0c00
8
0504
aEv0

© 10 00 300 400 S0 800 700 800 WO

Distance (m)

Note graph assumes piume dispsrses vertically in one direction only. An
aternative solution assuming the centre of the plume is located at the mid-
depth of the aquifer is presented in the caiculation sheets.

This sheet cakculates the Tier3 remadial target for groundwater, based on the
distance o the receplor of comphiance located down hydraulic gradient of the
source Three solution methods are included, the prefesred option is Ogata

By setting  long travel time & will give the steady state solution, which should
be used to calculate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for fusther action.

ENVIRONMENT
AGENCY

Calculated concentrations for
distancs-concentration grash

Ogata Banks
From calculation sheet
Distance Concantration

426
85.0
1276
170.0
21258
256.0
2978
3400
3826
426.0
4678
610.0
662.6
595.0
837.8
880.0
7228
785.0
607.6
860.0

Note if contaminant is not sublect to first order degradation. then set half life as 9.0E+99.

Site being assessed: Ble:
Completed by AJ
2

sington

311 2005

mgn
44E03
5.9E-04
7.8E06
1.0E-05
1.3E0¢
178407
2.2E08
2.9E09
3.7810
43611
6.3E-12
83613
11613
14E-14
1.88-16
24E16
32847
41E18
54519
74820
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R&D Publication 20 Remedial Targets Worksheet, Release2.2a

Date of Workbook Issue: April 2002
This worksheet has been producedin combinationwith the document 'Methodology for the Derivation of Remedial Targets for Soil and Groundwater to
Protect Water Resources'- EnvironmentAgency R&D Publication 20, (1999).

Users of this worksheet should always refer to the User Manual, to R&D Publication 20 and to relevant guidance on UK legislationand policy,
in order to understand how this procedure should be applied inan appropriate context.

©® EnvironmentAgency, 2002. (Produced by the Agency's National Groundwaterand Contaminated Land Centre and Enviros Aspinwall)

This calculation of equationsin this worksheet has been independentlychecked by Entec (UK) Ltd on behg@of the NGWCLC.
All rights reserved. You will not modify, reverse compile or otherwise dis-assemblethe worksheet.

\\\ Q@
Liability: The EnvironmentAgency does not promise that the worksheetwill provide any particularfacilities or functzfﬁé must ensure that the worksheet meets your needs and you
remain solely responsiblefor the competent use of the worksheet. You are entirely responsiblefor the conseque ny use of the worksheet and the Agency providesno warranty

..

aboutthe fitness for purpose or performanceof any part of the worksheet. We do not promisethat the media ; Vs be free from defects, computer viruses, software locks or other

(Detailsto be completed for each assessment <<°\ \\'\\0)

. e N
Site Name: : Eo
Site Address: c¢\\ o

P S

Completed by: O S
Date: Version: R E K
Contaminant ’ ‘
Target Concentration (Cr) Origin of Cr:  from Benzene 98/83/EC

This worksheet can be used to determine remedialtargets for soils (Worksheets Tier 1 Soil, Tier 2 Soil and Tier 3 Soil) or to determine remedialtargets for
groundwater (Tier 3 Groundwater). For Tier 3, parametervalues 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 comparisonwith leachingtests or pore water concentrations).
Site details entered on this page are automatically copied to Tier 1, 2 and 3 Worksheets.

Worksheet options are identified by brown background and employ a pull-downmenu or requirea " 0, "1" or "2" to be entered. Data entry are identifiedas blue backgrc
Data origin / justification should be noted in cells coloured yellow and fully documented in subsequentreports.

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

The worksheet also calculates a number of frequently used hydrogeologicalequations.

29/11/2005, 17:30
EnvironmentAgency Publication 20, Remedial Targets worksheet v2.2a P20 Chloroethane Ver 11introduction
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R&D Publication20 Remedial Targets Worksheet, Release 2.2a ENVIRONMENT

Tier 3- Groundwater AGENCY
input Parameters (using pull down menu) Variable  Value Unit  Seurce
for icat s083 : : Caloutated concenirations for
Contaminant [Ethylberzene | BE0z distance-concentration graph
Target Concentraion  Cy | 1.00E-02 | mgh Entry f specity partition coefficlent (option) avoe0r
Soil water partition coefficient Kd E Ogata Banks
Entry for non-polar organic ehemicals {option) H SE02 From calculation shest
Select analytical solution {click on brown cell below, then on pull-dewn menu) Fraction of organic carben in aquifer foc o0 Distance Concentration
% Equations in RAD Pub. 20 Organic carbon partition cosfficient Xoe ? sE02 mgh
Entry for jonic organic chemicats (option) az~ns.n: 4285  A45E-02
Enter *1° to simulate vertical dispersion in one direction, 2" for two directions (pull down menu) Sorption coefficient for reiated species Keen §-.ss a2 850  15E-08
Sorption coefficient for ionised species Ker: 060 1276  5.0E-08
Enter *1' f bodegradation rate is for the substance in water, PH vaiue pH S 1700 1.7E08
0 it rate a for decay In flekd conditions (L.e. fiekd data from aguiter} (pul down menuf 0% 1] acid dissociation constant pKa soec 2125 64E-08
0.0E+00 2650 1.8E-09
Initial contaminant concentration in groundwater at plume core  Cq mgA Soil water partition coefficient Kd 132E400 kg o W0 MO 30 M0 50 &0 T 800 50 2976  §.8E-11
Half lfe for degradation of contaminant in water £, days Distance {m) 400  1.8E12
Calculated decay rate 3 daps” Dispersivity 3826 B.3E-14
Width of plume in aquifer at source (perpendicular to flow) Sz m Cakutate dependant on distanca to compliance point (0). 486 8.8E1E
Ptume thickness at source Sy m spacity dispersivity (1), or calc afier Xu & Eckstein (2) ? Note graph assumes plume disperses vertically in one direction only. An
Saturated aquifer thickness  da m altemative solution assuming the centre of the plume is kocated at the mid- 8100 22618
Bulk density of aquifer materials  p gom : Longitudinal dispersivity depth of the aquifer is presented in the calculation sheets. 562.5 7.4E-20
Effective porosity of aquifer 1 fraction  Transverae disparsivity | 117E«G0_] 6350 24E21
Hydraulic gradient | fraction P 7|Vartical dispersivity 017.6  B.0E-23
Hydraulic conductivity of aquifer K. /3 6800 LIE-24
Distance to compliance poit  x m 1 For calculated value. assumes ax = 0.1 *x. &2 IS 7225  B.BE-Z8
Distance (lateral) to compliance point porpendicular to flow direction  z m Xu & Eckstein (1995) report ax = 0.83(ogyp ™" : This sheet calculates the Tier3 remedial target for groundwater, based on the 7650  2.9E-27
Distanice (depth) to compiarice paint parpendicular to flow direction Y Hom [ = N distance to the receptor o compiiance focated down hydraulic gradient of the 807.5  9.0E-20
Time since poliutant entered groundwater t 9.90E+837] davs  Gime variant options only source Thee solution methods are included, the preferred option is Ogata 860.0 S.ZE-30
Parameters vaiues determined from options . % By setting & long travel time it will give the steady state solution, which shoukd
Partition coefficent  Kd 1.32E+00 | Vkg  see options \\\ ,-§\ be used to calculste remedial targets,
L i i L ax 11114 m see options OQ '\ The measured groundwater concentration shoulkd be compared
vty  az 1111 m  sos ontons oﬁ s\O with the Tier 3 remedial target to deterrmine the need for further action.
Vertical ay 0111 m  ses ontions & Note if contaminant is not sublect to first order degradation, then set half e as 9.0E+29.
P&
Calculated Parameters Variable Q&Q \}\
Groundwater flow veloclty v 268901 mAd (\Q \&\
Retardation factor ~ Rf  1.33E+01  fraction Xe) é‘
Decay rate used a 3.04E-03 g ENY 'S\
Rate of contaminant flow due to retardation 202602 mid é" @
Contaminant concentration at distance x, assuming one-way vertical disparsion  Cep  3.20E-30  mght Q
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cyp  3.07E:30  mg/l IR \(’\\ T e m—
Altenuation factor (one way vertical dispersion, Co/Cen) AP 4.12E+29 \\ e Comploted by A
Aftenuation factor (two way vertical dispersion, Co/Ce) ~ AF  4.30E429 QO \\\\ 23112005
11
Remedial Targets O
T T FERET ety Fot comparison with measured nmnnws&zmmmﬁon.
Ogata Banks Q
Q
Distanca to compliance point 880 m (g.\
of at point C/C0  3.20E30 mgh  Ogata Banks OQ
after 9.9E+89  days C)

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimats of the remedial target.
The recommended value for time when calculating the remedial target is 8.9E+99.

. o X 2573172005, 1730
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R&D Publication 20 Remedial Targets Worksheet, Release 2.2a ENVIRONMENT

Tier 3-Groundwater W AGENCY
input Parameters {(using pull down menu) Variable  Value Unit  Seurce Select Method for pull down menu)
- o1
Contaminant [ isopropyibenzane ] distance-concentration grah
TargetConcentration  Cy | 1.00E02 | mg Entry if speciy partition coefficient (option} =
Soll water fartition coefficient Kd Boeos \ Ogata Banks
Entry for non-polar organic chemicals (option) g From calculation shest
Fraction of organic carbon in aquifer foc Froen Distance Concentration
Equations in R&D Pub. 20 Organic: carbon partition coeflicient Koc s&u g2 mgh
Entry for lonic organic chemicals (optlon} g
Enter 1" to simulate vertical dispersion in one direction, 2" for twa directions (pull down menu) Sorption coafficient for related tpecies Korn %!Ei! 3.9E-02
Sorption coefficiant fof ionised species Kort 25802
Entes "1’ if biodegradation rate is for the substance in water, pH value pH ﬁag;ﬁ |.OE-02
0" # rate is for decay in fiekl conditions (.e. fiekd data from aquifer) (pull down mend 0] acid dissoctation constant pKa 1.1E02
0.0E+00 + H 6.8E-03
Initial contaminant concentration i groundwater st phume core  Cy Soil water partition coefficient Xd 2ME01 W o 10 20 30 400 50 60 70 0 B0 44E-03
Half lifa for degradation of contaminant in water Distanc {m} 2.8E-03
Cakufated decay rate Dispersivity 18603
Width of plume in aquifer at source (perpendicular to flow) Sz Cakulate dependant on distance to compliance point (0 1.2E03
Plume thickness at source Sy specify dispersivity (1), or calc after Xu & Eckstein (2) 7 Note graph assumes plume disperses vertically in one direction only. An 7.6E-M
Saturated aquifer thickness  da Enter value _ Cac vatue Xu & Ecksteir alternative sohstion assuming the centre of the pluma ia located at the mid- 4.8E-M
Bulk density of aquifer materialt  p Longitudinal dispersivity ax depth of the aquifer is presented in the calcutation sheets. 31E-04
Effective porosity of aquifer  n Transverss dispersivity az 2.0E04
Hydraubc gradient  § Vertical dispersivity ay 1LIE-M
Hydraulic conductivity of aqufer K mid 8.5E-08
Distance to compliance point m 001 * x E} 6.5EQ8
Distance (tateral) to comphanca point perpendicular o flow direction 2 m 7| Xu & Eckstein (1995) report ax = 0.83(ogho)**" ; az = ax/10, 2y = g\ sre assumed This sheet calcutates the Tier3 remedial target for groundwater, based on the 36E05
Distarice (depth) bo compiance point perpendicular to flow direction ¥ m : : N distance to the receptor or compliance located down hydraubc gradient of the 2.3E05
Time since poliutant ertered groundwater  t days 0\, source Three sokution methiods are included, the preferrad option is Ogata 1.56-65
Paramators vaiios determined from options . % By setting & long travel time & will give the steady state sokition, which shoukd
Partition coefficent  Kd 2.14E-01 Vkg  see options \ﬁ (§ be used to calculate remedial targets.
Longi ity ax | 11114 m  ses options 0(\ . The measured groundwater concentration shouki be compared
Transverse dispersh =z 111 m  seeontions . \Q with the Tier 3 remedial target to determine the need for further action.
Vertical d av 0.111 m  sesontions cf% @ Note if contaminant is not sublect to first order degradation, then set ha¥f ifa as 9.0E+99.
P&
Calculated Parameters variable Q&Q \>\
Groundwatet flow velocity v 2.69E01  mid &&‘
Retardationfactor  Rf  3.00E+00 fraction . OQ é‘
Decayrateused ). 9.63E04 & BN N\
Rate of contaminant flow due to retardation  u 898E-02  mvd @
Contaminant concantration at distance x, assuming one-way vertical dispersion ~ Cep 152605 mgAl Q)
Contaminant corcentration at distance x, assuming two-way vertical dispersion ~ Ceo  1.45E05  mgll & \(’\\, Site being assessed
Aftenuation factor (one way vertical dispersion, Co/Crn) ~ AF 5.80E+03 \\ Xe) Comploted by
Attenuation factor (two way vertical dispersion, Co/Cen) ~ AF 8.058403 <<0 O
Remedial Targets . Q
7 For comparison with measured mnnw{dwnamnﬁon.
Ogata Banks \'0
Distancs to compfiance point 850 m &f\\
of at point C,/c0 1.52E08 mgA Ogata Banks OQ
after 9.9E+9%  davs CJ
Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of tha remedial target.
The value for time when ina the remedial taraet is 9.9€+99.
2011172005, 17:30
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R&D Publication20 Remedial Targets Worksheet, Release 2.2a

Tier 3-Groundwater

ENVIRONMENT
AGENCY

Input Parameters (using pull down menu} Variable  Value Unit  Soutce
14E01 for
Contaminant [ n- butylbenzene ] distance-conoentration araph
TargetConcantration  ©; | _1.00E03 | mght Entry if apecify partition coefficient (option} 2
Sl water partition coefficient Bocor From@ichiution sheet
X Entry for non-polar organic chemicals {option) T
Select analytical solution (click on brown cell below, then on pull-down menu] Fraction of organic carbon in aquifer foc % oE02 Distance Concentration
/{Equations in R&D Pub. 20 Organic carbon partition coefficient Koc H mgn
Entry forlonfc organic chemicals (option} Poea 26 13801
Enter *1*to aimutate vertical dispersion in one direction, 2" for two diections (pull down ment) Sorption coefficient for related species e 8.0  1.3E-01
Sorption coefficient for ionised kpecies H 127.6  1.2E01
Enter 1" I biodegradation rate is for the substance in water, pH value ;0602 1700 12801
0 # rate s for decay in fiekd conditions (.. field data from aquifer) (pul down men {7 I0L 1) acid dissociation constant
00E+00 2686  4.2E44
Intial contaminant concentration in groundwater at plume core  C, Soil water partition coefficient Xd 8.91E+00 kg 0 100 200 300 400 500 606 700 800 #00 2976  L1ED1
Half Te for degradation of contaminant in water ., Distance (m) 3400 11E01
Calculated decay rate A Dispersivity 3826 11ED1
Width of plume in agulfer at source (perpendicular to flow) 5z Caleulate dependant on distance to campkiance point (0) 4250  1.0ED1
Plume thickness at source Sy specily dispersivity (1), of calc after Xu & Eckstein (2) ? Note graph assumes plume disperses vertically in one dirsction only. An 4876 1.0601
Saturated aquifer thickness  da Enter value _ Calc value Xu & Eckutein alternative solution assuming the centre of the plume is located at the mid- 510.0 9.TE02
Bulk density of aquifer materiay  p Longitudinal disparsivity m  depth of the aquifer is presentad in the calculation sheets. 5525  9.6E402
Effective porosity of aquifer n fraction Transverse dispersivity m
Hydraulic gradient i fraction Vertical dispersivity [ 111E01 |m 5658 9.3E02
Hydraulic conductivity of aquifer K mid 3 X 6800 8.88-02
. Distance to complance point m For cakulated valus, assumes ax= 0.1 %, 82 = 0.01 *x, ay= 0.001 3 " 7228 878402
Distance (ateral) to compliance point perpendicular to flow direction 2 m Xu & Eckstein (1985) report ax = 0.83(og,pd)* ™™ ; az = 2x/10, ay = -éoo are agsumed This sheet calculates the Tierd remedial target for groundwater, based on the 7650  8.6E02
Distance (depth) to compliance point perpendicufar to flow direction  y m distance to the receplor or compliance located down hydrauiic gradient of the 2606
“Time since polutant entered groundwater 1 days source Three sohdtion methods are inchided, the preferred option is Ogata 82602
Parametors vakies determined from options . ﬁ By setting a long travel time it wil give the steady state solution, which shouk
Partition coefficient  Kd | 891Es00 | Vkg  ses aptions Q\\\ r§ be used to calculate remedial targets.
! L 11114 m  sos options O A The measured groundwater concentration shouid be compared
Transverse dispersivty  az 1411 m  sesopthns o& S\O with the Tier 3 remedial target to determine the need for further action.
Vertical disperst av 0.111 m  ses aptions S & Note # contaminant is not subject to first order degradation, then set half e as 9.0E+99.
Calculated Parameters Variable \}&Q o\\
Groundwater flow veloclty v 2.68E01 mad QQ \é
Retardation factor ~ Rf  8.42E+01 fraction ~\O é\
Decayrateused & B.S4E-101  d' é‘}, &
Rate of contarinant flow due to retardation  u 320603 md $
Contaminant concentration at distance X, assuming one-way vertical dispersion  Ceo 81602 mgh & (§)
Contaminant concentration at distance x, sssuming two-way vertical dapersion  Cep  7.82E:02  mgl \(\ \(’\\' Site being assessed  Blessington
Altenuation factor (one way vertical dispersion, Co/Cep)  AF 1.56E+00 L '\Q Completed by A
Attenuation factar {two way vertical dispersion, Co/Ceg)  AF  1.62E+400 O &

Remedial Targets
=

<

D

23112005
11

o For comparison with measured munaéw Concentration.
Ogata Banks

v
Distance to compilance point 850 m Q§
of at poimt CC0 8.18ED2  mA  Ogata Banka QO
after 9.9E499  davs

Care should be used when cakulating remedial targets using the time variant options as this mav result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 8.9E+99.

N —_— 29/11720085, 17:30
Environment Agency Publication 20, Remedial Targets worksheet v2.22
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R&D Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3- Groundwater
Input Parameters {using pull down menu)

Contaminant
Target Concentration

Enter '1" if biodegradation rate i for the substance in water,

0 1 cato is for decay in fiekd condtions (1.e. field data trom aguitar) (pull down menENTBT 1]

Initial contaminant concentration in groundwater at plume core
Half ife for degradation of contaminant in water

Calculated decay rate

Width of plume in aquifer at source (perpendicular to flow)

Ptume thickness at source

Saturated aquifer thicknees

Bulk density of aquifer materials.

Effective porosity of aquifer

Hydraulic gradient

Hydraulic conductivity of aquifer

Distance to compiiance point

Distance (lateral) to compitance point perpendicular to flow direction
Distance (depth) to compliance point perpendicular to flow direction
Time since pollutant entered groundwater

Parsmoters vaiues determined from options

Partition coefficient

Longttudinal dispersivity

Transverse dispersivity

Vertical daspersivity

Calculated Parameters

Groundwater flow velocity

Retardation factor

Decay rate used

Rate of contaminant flow due to retardation

Contaminant eoncentration at distance x, assuming one-way vertical dispersion
Contaminant concentration at distance x, assuming two-way vertical dispersion
Adtenuation factor (one way verticai dispersion, Co/Cec)

Attenuation factor (two way vertical dispersion, Co/Ceo)

Remedial Targets

ot

Ogata Banke

Distance to compliance point

of at point
after

Variable

[ Wapthaiens |
o [T

Select analytical selution (click on brown cell betow, then on pull-down menu

tiz

Cpo/CO

Value

Unit

Seurce

Source of

quations in R&D Pub. 20

Entry if specity partition coefficient (option)
Soil water partition coefficient Xd
Entry for non-potar organic chemicals (optian)

7.24E+00
11.114

1111

o111

2.69E-01
6.87E+01
2.69E-03
3.92E-03
8.73E-78
8.36E-78
5.35E+76
5.50E+76

850

8.73E-78
9.9E+89

gl Ogata Banks

davs

Fraction of arganic carbon in aquifer foc

Organic carbon partition coefficient

Entry for lonic organic chemicals (option)

Sorption coefficient for related species [

Sorption cosfficient for ionised tpecies Kee:

pH value PH

acid dissociation constant pka
value

Soil water parttion coefficient Xd

Dispersivity
pecify dispersivity (1), o calc after Xu & Eckatein (2) 7

Longitudinal disparsivity
Z{ Transvarse dispersivity

s8¢ options
se0 options
see options
sse options

Vertical dispersivity ay

with measured
R
&

QO

Care shoukd be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The

value for time when

Enviranment Agancy Publication 20, Remedial Targets worksheet v2.28

the remedial target is 9.9E+89.

Calculate dependant on distance to compliance polnt (0),

pull down menu)

7.24E400

Vg

Enter value _ Calc vaiue Xu & Eckstein

For calcutated vave, assumes ax= 0.1 %, az=0.01 *x,ay = 0,001 *x "0
 Xu 8 Ecksiein (1995) report ax = 0.83(logyox)* " ; az = ax/10, 2y = .éoo

m

[ L1E00 |m
T1EDL |m

are sssumed

ENVIRONMENT

AGENCY
B.0E05 for
70805 distance-concentration graph
Boeos Ogata Banks
s From calculation shest
e Distance Concantration
0E-05
g‘ mgh
oEos 426  7.0E08
850  1.0E-08
o 1216 1.5E12
3 1700  2.2€16
1oeos 2126 3.2E20
0.08+00 2560 4.8E-24
o 100 200 300 400 500 500 700 200 200
Distance {m) 905 07628
3825 1.4E36
Nota graph assumes plume disperses vertically in one direction only. An 406 29640
alternative solution assuming the centre of the piume is located at the mid- §10.0  4.3E47
depth of the aquifer s presented i the caiculation sheets.
§689 G.0E-85
6376  1.3E-68
€800  1.9E62
7225  28E46
This sheet calculates the Tier3 remedial target for groundwater, based on the 7650 4.1E-70
distance to the receptor or comphiance located down hydraulic gradient of the = 807.6  6.0E-74
source Thres solution methods are included, the prefarred option is Ogata 8500 87E78

By setting a long travel time it will give the steady state sohstion, which should
be used to cakuiate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for further action.

Note If contaminant is not sublect to first order degradation, then set half fife as 9.0E+89.

29/11/2005, 17:30
P20 Napthalene Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:52
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R&D Publication20 Remedial Targets Worksheet, Release 2.2a ENVIRONMENT

Tier 3 - Groundwater GENCY
Input Parameters{using pull down menu) Variable  Value Unit  Source
4.0E-02 for
Contaminant [ Propylbenzene ] sz distance-concentration graph
Target Concentration ;| 1.00E-03 | moil Entry if specify partition coefficlent (optian) -
Soll water partition coefficient Kd DoEC2 Ogata Banks
Entry for non-polar organic chemicals (option) H From ealculation shest
Select analytical solution (click on brown cell below, then on pull-down menul Fraction of crganic carbon in aquifer foc f""’ Distance Concentration
Equations in RED Pub. 20 Organic carbon partiion coefficient Koc feoe2 mgh
Entry for lonic organic chemicals (option} 80 426  37E02
Sorption coefficient for relatad species Ko ] 85.0 2.6E-02
Sorption coefficient for ionised species Kot Froe 1276 1.8E-02
Enter "1* i biodegradation rate is for the substance in water, PH value PH S5 008
0 If rate s for decay in field conditions (i, fieid data from aquier) (pull down mend[ 28 7} acid dissociation constant pKa 2106 $.9E-03
00Ew0 266.0  4.3E-03
Initial contaminant concentration in groundwater at plume core =] Soil water partition coefficient Kd 2.14E-01 Vkg © 10 0 0 400 500 60 700 600 90 2576 28803
Halt ifs for degradation of contaminant in water Distance (m} 400 13E03
Calculated decay rate Dispersivity 3826 1.1E03
Width of plume in aquiter at source {perpendicular to flow} i|Cakutate dependant on distance to compance point (D). 4260 TAE04
Plume thickness at source specify dispersivity (1), or cak after Xu & Ecistein (2) 7 Note graph assumes piume disperses vertically in one direction onty. An 4616 ~ 4.BE-04
Saturated aquifer thickness Enter vaiue _ Calc vatue Xu & Eckstein alternative solution assuming the centre of the plume is located at the mid- 6100 3.1E-04
Bulk density of aquifer materials Longitudinal disparsivity [ 3.11E%01 ] depth of the aquifer is prasented in the calculation sheets. 5525  2.0E-04
Effective porosity of aquifer vity 6360 1.3E04
Hydraulic gradient
Mydraulic conduetivity of aquifer €00 8.4E08
Distance to compliance point For calculated value. assumes ax= 0.1 . az= 0.01 * x. ay 7225  3.6E06
Distance (lateral) to compiiance paint perpendicular to fiow direction Xu & Eckatein (1895) report ax = 0.83(0og,0)"*'*; @m This sheet cakulates the Tier3 remedial target for groundwater, based on the 7650 23808
Distance (depth) o compliance point perpendicular o flow direction : SR 3 distance to the receptor of complancs located down hydraulic gradsent of the 807.6 1.5E-08
Time since poliutant entered groundwater time variant options only source Three solution methods are included, the preferred option ix Ogata 850.0 9.7EL0S
Parameters values detsrmined from options . * By setting & long travel time 1t will give the steady state solution, which should
Partition coefficient soe options \* (§ ‘be used to calculate remedial targets.
Longitudinal dispersivity ss0 options OQ { The meastired groundwater concentration shoukd be compared
Transversa dispersivity so0 options cf% \O with the Tier 3 remedal target to determine the need for further action.
Vertical dispersivity see options @ Note  contaminant is not sublect to first order degradation, then set half lite as 9.0E+99
P&
Calculated Parameters Variable Q\Q \>\
Groundwater flow velocty v 2.69E01  mvd QQ &&\
Retardation factor ~ Rf  3.00E+00 fraction .0 é‘
Decayrateused X 063E04 XN X
Rate of contaminant flow due fo refardaion v 8.88E02  ™vd \$
Contaminant concentration at distance x, assuming one-way vertical dispersion ~ Ceg  9.65E-06  mgh o
Contaminant concentration at distance x, assuming two-way vertical dspersion ~ C, 925608 mgll \ﬁ\ \{\\- Site being assessed Biessingion
Attsnuation factor (one way vertical dispersion, Co/Ceo) ~ AF 5.80E+03 'Y ~\q Completed by
Altanuation factor (two way vertical dispersion, Co/Ceo) ~ AF B.0SE+03 (<0 K : 23112008
Remedial Targets OQ
eadial Yaig For comparison with measured muneggv Concentration.
Banks
Ogata f\\'
Distance to complilancs point 850 m @
of at point CpoiC0  9.65606 mgl  Ogata Banks OOQ
after 2.9E499  davs
Care ahould be used when cakculating remedial targets using the time variant options as this may fesult in an overestimats of the remedial taret.
Tha recnmmendad valua fof time when caleutating the remadial tarcet is 8.9E409.
2001172005, 17:30
Environment Agency Publication 20, Remedial Targets worksheet v2.2a

P20 Propyibenzene Ver 11Tier3 Groundwater
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R&D Publication20 Remedial Targets Worksheet, Release2.2a

Tier 3 - Groundwater

Input Parameters (using pull down manu) Variable

Value

Unit ~ Source

Contaminant [ sec butyibenzene ]
Target Concentriation Gy | 1.00E03 | mg

Enter ‘1 to simulate vertical dispersion in one direction, '2' for two directions (pull down menu)

Enter '1° ¥ blodegradation rate is for the substance in water,

Initial contaminant concentration in groundwater at plume core
Ha't Ife for degradation of contaminant in water

Cakutated decay rate

Width of plume in aquifer at source (perpendicular to flow)

Plume thicknass at source

Saturated aquifer thickness

Bulk density of aquifer materiats

Effective porosity of aquifer

Hydraulic gradient

Hydraulic conductivity of aquifer

Distance to comphiance point

Distance (lateral to compllance point perpendicular to flow direction
Distance (depth) to complianca point perpendicular to flow direction
Time since pollutant entered groundwater

Parematers vatus determined from options

i

Partition coefficient  Kd | 2.14E-01
Longitudinal d it ax 11,114
Transverse dispersity a2 1111
Vertical dispersivity  av 0.111
Calculated Parametars Variable

Groundwater flow velocty v 2.69E-01
Refarcation factor ~ Rf  3.00E+00
Decayrateused 9.63E-04
Rate of contaminant flow due o retardation 1 8.99E-02
Contaminant concentration at distance x, assuming one-way vertical dispersion  Crp ~ 1.54E-05
Contaminant concentration st distance x, assuming two-way vertical dispersion ~ Cep  1.47E-05
Altenuation factor (one way vertical dispersion, Co/Cep} 5.80E403
fion factor (two way vertical dispersion, Co/Cen) ~ AF 6.05E403

Tal

Ogata Banks
Distance to compilance point

of 3 point C,,/CO0
after

1.64E-05
9.9E+99

- /{Equations in R&D Pub. 20

Entry if specity partition coefficient (option)

pull down menu)

Soll water partition coefficient [ [
Entry for non-polar organic chemicals {option)

Fraction of organic carbon in aquifer foc

Organic carbon partition coefficient Koc

Entry for jonic organic chemicals (option)

Sorption coefficiant for retated species Koen

Sorption coefficient for ionised specles Keoes

PH value pH

acid dissociation constant pKa

Dispersivity

| Calcutate dependant on distance to compliance point (0)

time variant options only

kg see options
m see options
m seo options
m  see ootions

specify dispersivity (1), o calc after X & Eckstein (2) 7

Soil water partition coefficient Kd 2.14E-01 kg

Enter value

Vertical dispersivity

For calculated value, assumes ax= 0.1 *x, az= 0.01 *x, ay = 0,001 * 0

Xu & Eckstein (1995) report ax = 0.83(109,00“*"* ; 2 = ax/10, ay =

mgll  Ogata Banks
days

&

QO

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+09.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

1.11E-01

X
@400 are assumed

ENVIRONMENT

AGENCY
7.0€-02 for
soe02 distance-concentration graph
g
s Ogata Banks
?’"“” DistarealcQlaticensiatisn
Fooeo
H
H mgh
5"“‘“ 26 53E02
Lo 850  3.9E-02
3iea 1206 18802
0000 2666 6.9E-02
o 00 200 300 400 500 600 700 800 200
Distance (m) 3306 &4E-03
3826 13603
425.0  1.2E-03
Note graph assumes plume disperses vertically in one direction anty. An %76 7.0E-M
aternative solution assuming the cenire of the plume is located at the mid- 5100 43504
depth of the aquier is presented n the calculation sheets. 6626 3.2E04
§960 21E-04
8306 S.8E-08
7228 S.6E-05
This sheet calculates the Tier3 remedial target for groundwater, based on the 7850 3.8E-05
distance 1o the receptor or compliance located down hydratlic gradiert of the 8076 2.4E-06
source Three sofution methods are included, the preferred option is Ogata 8500 1.6E06

By setting a long travel time t will give the steady state solution, which shoutd
be used to calcutate remedial targets.

The measured groundwater concentration should be compared

‘with the Tier 3 remedial target to determine the need for further action.

Note if contaminant is not sublect to first order degradation, then set half ife as 9.0E+99.

Sie being assessed: Blessington
Completed by Al

23 112005
17

2971172005, 17:30

P20 sec butylbenzene Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:52



Simple hydrogeological calculations
(These are not specific to, or required in, the Remedial Targets Methodology)

Parameter symbol
Hydraulic conductivity

Hydraulic gradient

Effective porosity of aquifer

justification

Thickness of saturated aquifer

Width of aquifer perpendicularto flow
Distance to receptor

Density of stratum

Soil-water partition co-efficient
Retardation factor of pollutant

()

. A
Contaminant flow velocity| vicontam) 1.5°3.45E-08 |m/s
lim e for contaminant'to reachreceptor] t(contam)©| 248E#10 |séconds

29/1112005,17:30

Environment Agency Publication 20, Remedial Targets worksheet v2.2a P20 Selenium Ver 11Simple calcs

EPA Export 25-07-2013:17:59:52



@ | @

Simple hydrogeological calculations
(These are not specific to, or required in, the Remedial Targets Methodology)

Parameter symbol unit Justification
Hydraulic conductivity ) mils S

Hydraulic gradient {unitless

Effective porosity of aquifer ~ Ifraction

Thickness of saturated aquifer

Width of aquifer perpendicularto flow
Distance to receptor

Density of stratum

Soil-water partition co-efficient
Retardationfactor of pollutant

2.69E-01 wm/day 8828+

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

29/11/2005, 17:30
P20 Strontium Ver 11Simple calcs

EPA Export 25-07-2013:17:59:52



R&D Publication20 Remedial Targets Worksheet, Release2.2a

Tier 3-Groundwater

Input Parameters (using pulld am menu) Variable

Value

Unit

contami
Target Concentration  Gr | S.00E-02 | mgh

Select analytical solution {click on brown cell below, the

Enter 1' to simulate verticai dispersion in one direction, "2’ for two directions (puli down menu)

Enter "1’ # biodegradation rate & for the substance in water,
'O # rate is for decay in field condltions (i.

field data from aquifer) (pull down men

Initial contaminant concentration in groundwater at plume core Cq
Half Kfe for degradation of contaminant in water te
Chkulated decay rate &
Width of plume in aquifer 3t source {perpendicutar to flow) 8z
Plume thickness st source Sy
Saturated aquifer thickness da
Bulk density of aquifer materials ?
Effective porosity of aquifer 1
Hydraufic gradient i
Hydraulic conductivity of aquifer K
Distance to compiiance point x
Distance (tateral) to compliance point perpendicutar to flow direction 2
Distance (depth) to compliance point perpendicular to flow direction y
Time since poltutant entered groundwatsr t
Parsmuters values determined from options
Partition coefficient Kd
Lonoi - ax
i ar
Vertical dispersivity  av
Calculated Parameters Variable
Groundwater flow velocity Vv 2.69E-01
Retardation factor ~ Rf 4.43E+01
Decay rate used s 3.30£-03
Rate of contaminant flow due to retardation u 6.07E-03
Contaminant concentration at distance x, assuming one-way vertical dispersion Ce 5.89E-88
Contaminant concentration at distance x, assuming two-waly vertical dispersion Ceo 5.84€-88
Altenuation factor (one way vertical dispersion, Co/Cep) AP 7.83E+66
Attenuation factor (two way vertical dispersion, Co/Cer) AP BATE+GS

Remedial Targets

of

The vahue for time when

Environment Agency Publication 20, Remedial Targets worksheet v2 22

Cuto

the remedial taraet is 8.9E+99.

850

6.89E-88

9.9E+99

mgh
davs

/+}Equations in RAD Pub. 20

For comparison with measured grous
é >

Care shoukd be used when calcutating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

Entry if specify partiion coefficiant (option)
x4

Soil water partition coefficient

Entry for non-polar organic chemicals (optio

Fraction of organic carbon in aguifer

Organic carbon parttion coefficient

Entry for fonic organic chemicals (option}

Sorption coefficient for related apecies
Sorption coefficient for ianised pecies
PH value

acid dissociation constant

Soil water partiion coefficient

Disperatvity

| Longitudina dispersivity

Transverse dispersivity
Vartical dispersivity

For calculated value. assumes ax= 0.1 *x.
Xu & Ecksteln (1995) report ax = 0.83 (g,

T concentration.

O

n)
foc

ax
az
ay

4.64E+00

Caiculate dependant on distance to compliance point (0),

xpecify dispersivity (1), or cal after Xu & Eckstein (2) 7
: Entet vatus _ Cal value Xu & Eckstein

[1.116e01 ]

.01 * x, av = 0.001
az=ax10,ay=

N

S

&

N

using pulld am menu)

kg

25604

| - ]
EE %

E
&

Cyjguiated eoncentration (mgf}

008900 4
© 100 200 300 400 500 800 700

Distance (m)

Note graph assumes piume disperaes vertically in one direction only. An
atternative solution assuming the centre of the plume is located at the mid-
depth of the aquifer is presented in the calculation sheets.

This sheet calctitates the Tier3 remedial target for groundwater, based on the
distance 1o the receptor of compliance kcated down hydraulic gradient of the
source Thres solution methods are included, the preferred option is Ogata

By setting  long travel time 1t wil give the steady state soktion, which shouk!
be used to calcutats remedial targets.

The measured groundwater concentration shoukd be compared

with the Tier 3 remedial target to determine the need for further action.

ENVIRONMENT
AGENCY

Calculated concentrations for
distance-concentration graph

Ogata Banks
Fromcalculation sheat
Distance Concentration

425

850

120.6
2126
285.0
2976
340.0
382.5

Note if contaminant is not subject to first order degradation, then set half life as 9.0E+99.

Sie beng assessed  Blessingon
Completed by,

2mgha
8.8E-08

4.8E-14
9.1E-18
41E.21

1.8E-24
8.2E-28
3.7E-31

1.7E-34
7.6E-38
34E4

1.5E-44
$.8E-48
31E-61
14E-54
6.3E-58
2.9E-81

1.3E-84
59E88

29/11/2005, 17:30
P20 Styrene Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:52



Simple hydrogeological calculations
(These are not specific to, or required in, the Remedial Targets Methodology)

Parameter

unit justification
m/s e
unitless
|fraction

Hydraulic conductivity
Hydraulic gradient
Effective porosity of aquifer n

Thickness of saturated aquifer

Width of aquifer perpendicularto flow
Distanceto receptor

Density of stratum

Soil-water partition co-efficient
Retardationfactor of pollutant

B

X,
*Contaminantlow velocity] v(contam): 1% 3.12E-06 |m/s
sz Time for contaminant to reach receptor] t(contar)”| 2.73E+08 [second

29/11/2005, 17:31
Environment Agency Publication20, Remedial Targets worksheetv2.2a P20 Sulphide Ver 11Simple calcs

EPA Export 25-07-2013:17:59:52



R&D Publication 20 Remedial Targets Worksheet, Release 2.2a

Tier 3 - Groundwater
Input Parameters {using pull down menu)

Contaminant
Target Concentration

Variabie

[ foribufyibenzre ]
o T

Select analytical solution {click on brown cel} below, then on

Enter '1" to simulate vertical dispersion in one direction, ‘2" for two directions (pull down menu)

Enter *1' if blodegracation rate is for the substance in water,

0" rata is for decay in field conditions (1. field data from aquiter) (pull down men /85 7]

Value

ull-down meny

4

Initial contaminant concentration in groundwater at plume core Co
Half ite for degradation of contaminant in water
Cakulated decayrate &
Width of plume in aquifer at source (perpendicular to flow) 52
Plume thickness at source Sy
Saturated aquifer thickness da
Bulk density of aquifer materials o
Effective porosity of aguifer N
Hydraulic gradient i
Hydraulic conductivity of aquifer K
Distance to compliance point X
Distanca (fateral) to compiance point perpendicular to flow direction 2
Distance (depth) to compliance point perpendicular to flow direction ¥
Time since polutant entered groundwater
Parametors valuss determined from options
Partition coefficient Kd 2.14E-01
L i it ax 11114
Transverse di az 1111
Vertical di av 0111
Calculated Parameters Variable
Groundwater fiow veloclty Vv 2.69E-01
Retardation factor Rf 3.00E+00
Decay rate used s 6.84E-101
Rate of contaminant flow due to retardation u B.99E-02
Contaminant concentration at distance x, assuming one-way vertical dispersion Cro 6.17E-02
Contaminant concentration at distance x, assuming two-way vertical dispersion Ceo 5.91E-02
Adtenuation factor {one way vertical dispersion, Co/Cep) AF 1.56E+00
Attenuation factor (two way vertical dispersion, Co/Cep) AF 1.82E+00

Remedial Targets

T

Ogata Banks
Distance to compiiance point

of at point
after

[

BATE-D2
B.9E+9%

Unit  Source

m

mg  Ogata Banks

days

Equations in RAD Pub. 20

Entry if specify partition cosfficlent (option)

Soll watar partition coefficient Xd
Entry for non-polar organic chemicals foption)
Fraction of organic carbon in aquifer foe
Organic carbon partition coefficient Koc
Entry forlonic organtc chemicala (option)
Sorption coafficient for related species Koca
Sorption coefficient for ionised species Kot
pH value pH
acid dissociation constant pKa
Soil water partition coefficient Kd

Dispersivity

QO

Care should be used when calkculating remedial targets using the time variant options as this may result in an overestimate of the remedial tarnet.
“The recommended value for time when calculating the remedial target is 9.9E+99.

Environment Agency Publication 20, Remedial Targets workeheet v2.28

Longitudinal disparsivity ax
™
Vertical dispersivity ay

] For comparison with measured ﬁvounaéu concentration.

N
&

Caiculate dependant on distance to comphance point (0).
specity dispersivity (1), of cak after Xu & Eckstein (2) 7

21

4E-01

For calulated vakue, assumes ax= 0.1 %, a2 = 0.01 *x. ay = 0.001 * 0"
Xu & Eckstein (1995) report ax = 0.83(og,ox)*'* ;2 = ax/10, ay = néoo

Vkg

are assumed

ENVIRONMENT

AGENCY
- Calcuiated concentrations for
distance-concentration araph
Ogata Banks
BistamadcConcentinssin
mgit
426 9.8E-02
BHE H4ELD2
1100 8.2E-02
2126 8.0E-02
0.08+00 4 { 266.0 B8.7E-02
100 20 300 40 50 B0 0 800 WO 2976  8.4E-02
Distance {m) 3400 8.2E-02
3825 B.0E-02
4260 7.7E-02
Note graph assumes plume disperses vertically in one dirsction only. An 4676  7.6E-02
aMternative solution assuming the centre of the plume is located at the mid- 510.0 7.3E-02
depth of the aquifer is presented in the calculation sheets. 6626  T.2E02
8950 |.0E-02
8375 8.8E-02
106 &.FE-02
This sheet calcutates the Tier3 remediai target for groundwater, based on the 766.0 6.4E-02
distanca to the receptor or compliance located down hydraulic gradient of the 807.8 0JE-02
tource Three solution methods. are included, the preferred option is Ogata 2500 8.2E-02

By setting a long trave! time it will give the steady state sohstion, which should

be used to calcutate remedial targets.

The measured groundwater concentration shoukd be compared

with the Tier 3 remediai target to determine the need for further action.

Note if contaminant is not sublect to first order deqradation, then set half life as 9.0E+99.

Stte being assessed

29/11/2005, 17:31
P20 tert butylbenzne Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:52



R&D Publication20 Remedial Targets Worksheet, Release 2.2a

Tier 3 - Groundwater

Input Parameters (using pull down MeNU) Variable  Vaiue Unit
Contaminant
Target Concentration

Select analytical solution (click on brown cell below, then on pull-down meny
7 =

Enter *1*to simulate vertical dispersion in one direction, 2" fot two directions (pull down menu)

Enter "1 ¥ biodegradation rate is for the substance in water,
0 rate is for decay in fieid conditions (ie. fieid data from aquifer) (pul down men T Br]

Initial contaminant concentration in groundwater at pluma core Co mg/t
Halt Iffe for degradation of contaminant n water 1, days
Calcufated decayrate ). days”
Width of phume in agquifer at source {perpendicular to flow) Sz m
Plume thickness atsource Sy m
Saturated aguifer thickness  da m
Bulk density of aquifer materials  p glem®
Effactive porosity of aquifer  n fraction
Hydraulic gradient  § fraction
Hydraufic conductivity of aguifer X mid
Distance to compiiance point x m
Distance (fateral) to compliance point perpendicuiar to flow direction  Z m
Distance (depth) to compliance point perpendicular to flow direction  y m
Time since poflutant entered groundwater ¢ days
Paramotors values dtermined from options
Purttion coefficent ~ Kd | 9.80E00 | wig
Longtudinal d ax 11114 m
Transverse d az 1111 m
Vertical dispersivity  ay 0411 m

Calculated Parameters Variable

Groundwater flow velocty v 269600 mid
Retardation factor ~ Rf  9.35E+01 fraction
Decayrate used A 23802 o
Rate of contaminant flow due to retardation  u 288E03  mvd
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cgp #NUM! mg
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cyp #NUM! mg
Attenuation factor (one way vertical dispersion, Co/Cep) AF #NUM!
Altenuation factor (two way vertical dispersion, Co/Cep) AF #NUM!
Remedial Targets
7 ¥
QOgata Banks
Distance to compilance point 850 m
of at point C,/C0  #NUM!  mgn
after 9.8E+9%  days

[ Total Cyanide ]
o [edaTr

Source

:]Equations in R&D Pub. 20

Entry it spectty partition coefficient (option)
Kd

Soll water partition coefficient

Entry for non-polar organic chemicals {option)
Fraction of argani: carbon in aquifer for
Otganic carbon partition coefficient Koc

Entry for fonic organic chemicats foption)

Sorption coefficient for related species. Koen
Sorption coefficient for ionised species Kot
PH value pH
acid dissociation constant pKa
Soil water partition coefficient Kd

Dispersivity
Caicutate dependant on distance to compliance point (0)
il specity dispersivity (1), or calc after Xu & Eckstein (2) 7

Longitudinal dispersivity

5 R
timo variant opthons only

C)O

| Vertical dispersivity

see options.
see options
see oplions
soe optlons
O
O
X
&
R
8
QO\Q N
R | For comparison with measured mounoé‘hggﬂeemhm
Q
: &
Ogata Banks

Care should be used when cakulating remedial targets using the time variant options as this may result in an overestimata of the remedial target.

The recommended value for time when calkculatina the remedial tarcet is 9.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

990E+00  Wip

Enter value _ Calc value Xu & Eckstein

ENVIRONMENT

AGENCY
13818 Caloutated concentrations for
distance-concentration graph
oE-18
Ogata Banks
0ET Fram caleulation shest

Gplcutstyd concgptration, img)
¥ g
&

Distance Concentration

428 1MeAs
o7 850  8.0E-32
1276  7.2647
0817 $.4EB2
2106
0.0E+00 2550  3.4E-92
0 100 200 300 400 500 600 700 800 900 2976 2.7E-107
Distance (m} 3400 21E122
3826 1.8E137
4260 1.3E-152
Note graph assumes plume disperses vectically in one direction only. An 4575 1.0E-167
ahternative solution assuming the centre of the plume ix located at the mid- 6100 7.8E-183
depth of the aquifer is presented in the calcutation sheets. 6626 6.2E-1938
£95.0 4.8E-213
637.6 3.8E-228
880.0 3.0E-243
7226  2.4E-288
This cheet calculates the Tier3 remedial target for groundwater, based on the 7680  1.9E-273
distance to the receptor or compliance located down hydrautic gradient of the 807.6 #NUML
source Three solution methods are included, the preferred option is Ogata 8600 #NUM!

By setting a long travel time it will give the steady state solution, which should

be Used to calculate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for further action.

Note f contaminant is not stiblect to first order degradation. then set half ife as 9.0€+99.

Site being assessea
Completed oy

Blessington arca 6
Anna Jeffcoat

23112005
31

29/1172005, 17:31
P20 Total Cyanide Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:52



R&D Publication20 Remedial Targets Worksheet, Release2.2a

Tier 3 -Groundwater

Input Parameters {using pull down menu) Variable

Value Unit

Source pull down menu)

€ - Zine
Target Concentration ~ ©; [ 1.00E01 | mg!

Enter "4 1o simulats vertical dispersion in one direction, ' for two directions (pull down menu)

Enter{' f biodegradation rate is for the substance i water,

0 rate is for decay in fie! conditions (L. fiekd data from aquifer) (pull down mend T 07 1]

Initial contaminart concentration in groundwater at phume core
Hal life for degradation of contaminant in water

Calculated decay rate

Width of plume In aguifer at source (perpendicular to flow)

Plurme thickness ot source

Saturated aguifer thickness

Bulk density of aquifer materiats

Effective porosty of aquifer

Hydraulic gradient

Hydraulic conductivity of aguifer

Distance to compliance point

Distancs (ateral) 1o compliance point perpendicutar to flow direction
Distance (depth) to compliance point perpendicular to flow direction
Time since poliutant entered groundwater

Parametsrs vakies determinad from options

Partition coetficient
Longi A

Vertical di

Calculated Parameters Va

Groundwater fiow velocity
Retardation factor

Decay rate used

Rate of contaminant flow due to retardation

Contaminant concentration at distance x, assuming one-way vertical dispersion
Contaminant concantration at distance X, atsuming two-way vertical dispersion
Attenuation factor {one way vertical dispersion, Co/Ceo)

Attenuation factor (two way vertical dispersion, Co/Cen)

Distance to comptlance point
ot at point Cpp/CO
after

2.69E-01 md
1.00E+00  fraction
7.00E-101 '
2.69E-01 mid

167601  mg
1.60E01  mgh
1.56E+00
1.62E+00

850 m
167E01  mgh
9.9E+99  days

Entry i apecity pantition coefficient (option)
Soil water partition coefficient

Entry for non-polar onyanic chemicals (option)
Fraction of organic carbon in aquifer foc

Equations in RA&D Pub. 20

Organic carbon partition coefficient Koe
Entry for lonic organic chemicals (option)

Sorption coefficient for related specias Koen

Sarption coefficient for ionised species. Kot

pH value pH

2cid dissociation constant pKa

Soll water partition coefficient Kd 0.00E+00  Ukg

Dispersivity
Calculate dependant on distance to compliance point (0},
pecify dispersivity (1), of calc after Xu & Eckstein (2) ?

Enter value  Calc value Xu & Eckatein
Longitudinat dispersivity
Transverse dispersivity
[ vertical dispersivity

For calcutated vahie, assumes ax = 0.1, az = 0.01 * x, ay = 0,001 *x\F
| Xu & Eckatein (1995) report ax = 0.83(og\0)* " ; a2 = ax'10, ay @qm are aasumed

time variant options only

see optons N 3
ZE A0
S

] For comparison with measured nroum&gu “concentration.

A
OQ@Q
O

Ogata Banks

Care should be used when calcutating remedial targets Using the time variant options as this mav result in an overestimate of the remedial target.

Tha recsmmandad valie for fime when caiculating the remedial tarnet is 9 9E+89

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

ENVIRONMENT

AGENCY
20601 for
distance-concentration graph
25E.0%
E Eeortacimiintion sheet
20801
i Distance Concentration
froeor 26 2mam
H
§| OE01 880  28E-01
Fi 1276  28E01
Ssoe02 1700  2.5E01
2126 24E01
0.0E+00 2660  24E01
° 100 200 200 400 500 800 700 00 200
Distanca (m} 0.8 23601
ae.6 22EM
Note graph assumes plume disperses verticall In one direction only. An U7.6 20601
alternative solution assurming the centre of the plume is located at the mid- 6100  2.0E-01
depth of the aquifer is presented in the calculation sheets. 6626 1.9E-01
6960  1.9E-01
637.5  1.9E-01
6800 1.8E-M
7226  1.8E-01
Thia sheet calculates the Tier3 remedial target for groundwater, based on the 7650  1.7E01
distance to the receplor or compkianca located down hydraulic gradient of the 6076 1.76-01
source Three solution methods are included, the preferred option is Ogata 8600 1.7E-01

By setting & long travel time it will giva the steady state solution, which should

be used to calculate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remedial target to determine the need for further action.

Note If contaminant is not sublect 1o first order deqradation, then set half ife as 9.0E+93

Site being assessed
Completed by

sington aica 6
na Jeftcoat
11-2008

28/11/2005, 17:31
P20 Zinc Ver 11Tier3 Groundwater

EPA Export 25-07-2013:17:59:52



R&D Publication 20 Remedial Targets Worksheet, Release2.2a
Tier 3+ Groundwater
Input Parameters (using pull down menu) Variable  Vaiue Unit o—

Contaminant [1:24 trimethylbenzend]
Target Concentration Gy mg

Select analytical solution (click on brown cell below, then on

ull-down menu]

7

Enter '1" to simulate vertical ditpertion in one direction, ‘2’ for two directions (pull down menu) f

Enter 4" f biodegradation rate ix for the substance in water,
0 cate i for decay in field conditions (.. fiekd data from aqulfer) (pul down menu[Z 0%

Initial contaminant concentration i gfoundwater at plume core  Co
Half ife for degradation of contaminant in water 1,
Cakulated decayrate 1
Width of plume in agufer at source (perpendicular to flow) Sz
Plume thickness at source Sy
Saturated aguifer thickness  da
Bulk density of aquifer materials  p
Effective porosity of aquifer

“JEquations in R&D Pub. 20

Entry If spectly partition cosfficlent (option)

Soil water partition coefficient

Entry for non-polar organic chemicala (option)

Fraction of organic carbon in aquifer foc

Organic carbon partition coefficient Koe

Entry for ionic organic chemicals {option)

Sorption coefficient for refatsd species Karn Vka
Sarption coefficient for lonised species Kt ka
PpH value pH

acid dissociation conatant pKa

Soil water partition coefficient Kd 2956401 Wikg

Dispersivity

%] Calculate dependant on distance to compliance point (0) R 8]

specity disperuivity (1), or calc after Xu & Eckstein (2) 7

Longitudinal dispersivity ax

n
Hydraulic gradient |
Hydraufic conductivity of aquifer K
Distance fo compliance point X
Distance (tateral) to compliance point perpendicular to flow direction  Z
Distance (depth) to compliance point perpendicular to flow direction ¥
Time tince poliutant entered groundwater  t
Parametars values determined from options

Partition coefficert ~ Kd [ 2.65E+01
Longi ax 11194
oy az
ay

see options
see options.
soe options
ses options

1114
0111

Vertical di

Calculated Parameters Variable

Groundwater flow valocity v 269801 md
Retardation factor Rt 2.776+02 fraction
Decayrateused A 163803 4

Rate of contaminant flow due fo retardation 97304  mid

Contaminant concentration at distanca x, assuming one-way vertical dispersion  Cep  8.47E-142  mgl

Contaminant concantration at distance x, sssuming two-way vertical dispersion  Ceo  8.20E-142  mg/t
Attenuation factor (one way verticat dispersion, Co/Cee) AP 1.61E+140
Attanuation factor (two way vertical dispersion, Co/Cep) ~ AF 1.6BE+140

edial Ta
Ogata Banks
Distancs to compliancs polnt 850 m
€ ot at point Co/CO G.ATE-142 mghl  Ogata Banks
after 9.9E+99  davs

Care should be used when calculating remedial tarqets using the time variant options aa this may result in an overestimate of the remedial target.

The recommended value fof time when calculating the remedial target is 8.9E+99,

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

For comparison with measured grous

T
Vertical dispersivity ay

2| For calculated value, assumes ax = 0.1 *x. 82 = 0.01 *x, ay = 0.001 *

Xu & Eckstein (1995) report ax = 0.83(log,0* ™" : az = ax/10, ay -e’uoo are assumed

pull down menu}

ENVIRONMENT

B B
i1

Galcutrtyd concgptratiop (mgh)_

2
2

3
:

100 200 300 400 S00 60 700 30 900

Distance (m)

Enter vatue _ Cak value Xu & E

[ 111€001 ]
a T1ER0 |m

Note graph sssumes plume disperses vertically in one direction only. An
atternative sohution assuming the centre of the plume i located at the mid-
depth of the aquifer is presented in the calculation sheets.

This sheet calculates the Tierd remedial target for groundwater, based on the
distance to the receptor of compliance located down hydraulic gradient of the
source Three solution methods are included, the preferred option is Ogata
By setting & Jong travel time it wil give the steady state sokution, which should
be ured o calculats remedial targets.

The measured groundwater concentration shoukd be compared

with the Tler 3 remedial target to determine the need for further action.

Note if contaminant is not sublect to first order degradation, then set half life as 9.0E+99.

Stte being assessed’ Slessingion
Completed by AJ

Date: 23112005
Version 11

AGENCY
for
distance-concantration graph
Ogata Banks
From calculation sheet
Distance Concentration
mgh

426 1.0E-08

850  1.0E-18

1206  %.0E-38

2125  9.6E37

265.0 9.3E-44

297.6  9.0E-61

40D  8.8E-88

3826  B.5E-8

426.0 8.3E-T2

437.5  B.0E.79

6100 7.8E-28

562.8 7.6E-93

8958 T7AE1A

6800 71E-114

7886 G.9E-128

8076 6.8E-135

850.0 G.5E-142

2911172008, 17:31

P20 12 4 tri Ver 11Tier3

EPA Export 25-07-2013:17:59:52



R&D Publication20 Remedial Targets Worksheet, Release2.2a

Tier 3 - Groundwater

Input Parameters (using pull down menu)

Contaminant
Target Concentration

Select analytical solution (click on brown cell below, then on pull-down meny
T
Bm&l%

Enter ‘1 to simulate vertical dispersion In ane direction, 2 for two directions (pull down menu)

Enter *1' f biodegradation rate is for the substance in water,

0’ rate is for decay in field condiions (.. fieid data from aquifer) (pull down men

Initial contaminant concentration in groundwater at phime core
Half Hfe for degradation of contaminant in water

Varlable

Value

Unit

Source

[{36 trimethyibenzend
o Eamyn

ta

Cakulated decayrate X
Width of plume in aquifer at source (perpendicular to flow) Sz [118.00E#
Plume thickness atsourcs Sy
Saturated aquifer thickness da
Bulk density of aquifer materias  p
Effective porosity of aquifer 1
Hydeaulic gradient i
Hydraulic conductivity of aquifer K
Distance to compiance point X
Distance (iateral) to compliance point perpendicular o flow direction ~ Z
Distance (depth) to compliance point perpendicutar to flow direction ¥
Time since poliutant entered groundwater  t
Paramoters values determined from options
Partition coefficient ~ Kd | 2.95€+01
Longi ispersh ax 11,114
az 1111
Vertical di ay 0.1
Calculated Parameters Variable
Groundwater flow velocity Vv 2.69E-01
Retardation factor ~ Rf  2.77E+02
Decayrateused ) 1.92€-03
Rate of contaminant flow due to retardation 9.73E-04
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cep  1.49E-141
Contaminant concentration at distance x, assuming two-way vertical dispersion  Cyo 1 42E-141
Attenuation factor (one way vertical dispersion, Co/Cer) ~ AF 1 61E+140
Attenuation factor (two way vertical dispersion, Co/Cen) ~ AF 1.88E+140

Remedial T

Ogata Banks
Distance to compltance point
of at

after

point Cp/C0  1.43E-141

B.9E+99

_§§3332§§

333§ gasaag

mgn
davs

Equations in R&D Pub. 20

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

Entry if apecity pertition coefficient (option)
Soll water partition coefficient
Entry for non-polar organic chemicafs (option)

- Fraction of organic carbon in aquiter foc
Organic carbon partition coefficient Koc
Entry for ionic organic chemicals (option)
Sorption coefficient fof related species Keen
Sorption coefficient for lonised species Keei
PH valus pH
acid dissociation constant pKa

Xd

| Vartical dispersivity ay

B % ] For calculated value, assumes ax=0.1 "x, az=0.01 *x. ay=
& Eckatin (1998) report  * 08300900 a2 = 10,
time variant options only O\'
208 optians Q\A’ ’ (@

588 options. O \

s00 options: &

Ogata Banks

QO

Care should be used when cakulating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+89.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

Dispersivity

f|Calculats dependant on distance to compliance point (0},
specity dispersivity (1), or calc after Xu & Eckstein (2} ?

Longitudinal dispersivity ax
ansverse disparsivity az

For comparison with measured wounSQm concantration.

&

2.85E+01

kg

Enter vahie  Calk value Xu & Eckstein

111401 ]m
|_111Ev00 |

]
2

ENVIRONMENT

tated concantration (Mg,
g 8 & &

Gheu
]
8

%
&

0 wWe 0 0 400 500 8OO 700
Distanca (m}

Note graph assumes plume disperses vertically in one direction only. An
alternative solution assumming the centre of the plume is located at the mid-
depth of the aguifer is presentad in the calcuation cheets. -

This sheet cakutates the Tier3 remedial target for groundwater, based on the

. distance to the receptor or compiiance located down hydraulic gradient of the

source Three solution methods are included, the preferred option it Ogata
By setting a long travel tima it will give the steady state solution, which should
be used 1o calculate ramedial targets.

The measured groundwater concentration shoukd be compared

with the Tier 3 remedial target to determine the need for further action.

AGENCY
for
distance-concentration araph
Ogata Banks

From calculation sheet
Distance Concentration

1116
1700
2128
265.0
2976
3400
382.5

wEe
810.0
662.8
595.0
§37.6
(100
722.6
785.0
860.8

Note if contaminant is not sublect to first order degradation, then set hatf life as 8.0E+99.

Site being assessed

P20 135 trk

mgh
24E-15
LIE-22
2.3E-29
22E-3
29E43
24E60
20867
2.0E-84

1.8E-78
1.8E-85
1.7E-82
1.7E-99
1.78-108
1.6E-113
1.8E-120
1.66127

1.6E184

29/1172008, 17:31
Ver 117ies3
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R&D Publication 20 Remedial Targets Worksheet, Release 2.2a

Tier 3-Groundwater
Input Parameters {using pull down menu)

Contaminant
Target Concentration

EMU'1' to simulate vertical dispersion in one direction, '2' for two directions (pull down menu)

Enter "' if biodegradation rate is for the substance in water,

0 rate i for decay in fiekd condiions (.. field data from aquifer} {pull down mend 2 0 B}

Initial contaminant concentration in groundwater at pluma core
Halt ifa for degradation of contarninant in water

Cakulated decay rate

Widih of plume In aquifer at source (perpendicular to flow)

Plume thickness at source

Saturated aquifer thickness

Bulk density of aquifer materials

Effective porosity of aquifer

Hydraulic gradient

Hydraulic conductivity of aquifer

Distance to compliance point

Distance (latera) to compliance point perpendicutar to flow direction
Distance (depth) to compliance point perpendicular to flow direction
Time sinca poltutant entered groundwater

Paramotors vakias determined from options

Variable

[1.4 Dichiorebenzene |
Gy [ 100802 | mgn

Value

Partition coefficient Kd 7.76E+00
Longi kY 11114
Transverse dispersivity  az 1414
Vertical dispersivity  av o111
Calculated Parameters variable

Groundwater flow velocity v 2.69E-01
Retardation factor ~ Rf  7.35€+01
Decayrateused 1.936-03
Rate of contaminant flow due fo retardation U 3.66E-03
Contaminant concentration at distance x, assuming one-way vertical dispersion  Cpy  5.77E-67
Contaminant concentration at distance x, assuming two-way vertical dspersion  Cep  5.53E-67
Attenuation factor (one way vertical dispersion, Co/Cer) ~ AF  3.B4E+65
Aftenuation factor (two way vertical dispersion, Co/Ceg) ~ AF 3.TBE+ES

Remedial Targets

Ogata Banks

Distance to compliance point

potnt
after

C of at

CrlCO

880

S.7TE8T
9.9E+99

Unit  Source

mwd
m
m
m
davs
Vkg  see options
m  see ootions
m  see ootions
m  see options
md
fraction
P
wd
mg/
mg

mg/l  Ogata Banks
davs

Equations in R&D Pub. 20

Entry i specify partition coefficient {option}

Soil water partition coefficient Kd
Entry for non-polar organic chemicals (option)
Fraction of organic carbon in aquifer toc
Organk: carbon partition coefficient Koc
Entry for ionic organic chemicals {option)
Sorption coefficient for related species Kocn
Sorption coefficient fof ionised species Kees
pH value pH
acid dissociation constant pKa
Soil water partition coefficient Xd

Dispersivity

specify dispersivity (1), or calc after Xu & Eckstein (2)

ii | Longitudinal dispersivity ax
az

&

QO

Care should be used when cakculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

Transversa dispersivity
Vertical dispersivity ay

puil down menu)

7.76E+00

?

For calcutated value, assumes ax = 0.1 *x, az = 0.01 * x, ay = 0.001

N
&
NS
Qo.@6
S

O

For comparison with measured uouwéetsiv concentration.

Xu & Eckstein (1995) report ax = 0.83(og)* " ; 8z = a10, -y-éz%

&

Vxg

1.11E+01
[ 1.11E+00 |

ENVIRONMENT

AGENCY
""""""" Calculated concantrations for
distance-concentration araph
gloE
z Opata Banks
‘28,0605 From calculation sheet
i Distance Concentration
=?.os-ns P
3 426 11604
Jroess 850 6.1E48
2 1276 3281
&*45 1100 1.7E-14
2126  8,9E-18
0.0E~00 4 266.0 4.7E-21
0 100 200 300 400 500 600 700 80 900
Distance (m} e 13E27
3286 G.5E-34
Note graph assumes plume disperses vertically in one direction only, An 4816 1.8837
alternative sofution assuming the centre of the plume is located at the mid- §10.0 9.7E-41
depth of the aquifer is presented in the calculation sheets. 55256 5.1E44
695.0 2.7E47
837.6 1.4E-80
680.0 74E-S4
7226 3SE-67
This sheet calculates the Tier3 remedial target for groundwater, based on the 706.0 2.1E-60
distance to the receptor or compliance located down hydraufic gradient of the 807.6 1.4E43
tource Three solution methods are included, the preferred option s Ogata 8500 5.8ES7

By setting a kong travel time it wil give the steady state sotution, which shoukl

bo used to cakulate remedial targets.

The measured groundwater concantration should be compared

with the Tier 3 remedial target to determina the need for further action.

Note if contaminant is not sublect to first order degradation. then set half ife as 9.0E+89.

Site being assessed  Biessington

Completed by al

Date: 23512005
Version 11

P20 1 4 Dichlorobenzene Ver 11 2ZRYBIGOOSAZEGT
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R&D Publication 20 Remedial Targets Worksheet, Release2.2a

Tier 3 -Groundwater

Input Parameters {using pull down menu) Variabie

[ Aliphatic 810 ]
o e

Select analytical solution (click on brown cell below, then on

Contaminant
‘Target Concentration

Enter "1’ to simulate vertical dispersion in one direction, ‘2" for two directions (pull down menu) |

Enter "1* if biodegradation rate is for the substance in water,

0" i rate Is for decay in fiekd conditions (i.e. fiekl data from aguifer) (pull down men

Initial contaminant concentration in groundwater at plume core

Half ffe for degradation of contaminant in water  ty

ull-down menu]

Value Unit

Cakulated decay rate
Wiith of plume in aquifer at source (perpendicular to flow)
Ptume thickness at source
Saturated aquifer thickness ta
Bulk density of aquifer materials  p
Effective porosity of aguifer 1
Hydraulic gradient i
Hydraulic conductivity of aquifer K wd
Distance o compfiance point X m
Distance (fateraf) to compliance paint perpendicutar to flow direction 2 m
Distance (depth) to compliance point perpendicular to flow direction m
Time since poliutant entered groundwater ¢ G.90E+09T] cave
Parametors vakses determined from opticns
Partiton coefficlent  Kd | 1.156+02 | kg
Longitudinal dispersh ax 11114 m
az 1111 m
Vertical di ay 0111 m
Calculated Parameters Variable
Groundwater flow velocity v 269E01  md
Retardation factor ~ Rf  1.07E+03  fraction
Decay rats used A 3.80E-04 qt
Rate of contaminant flow due to retardation ~ u 251604  mid
Contaminant concentration at distance x, assuming one-way vertical dispersion Cep  3.05E-123  mg/l
Contaminant concentration at distance x, assuming two-way vertical dispersion ~ Cp  2.92E-123  mg)
Aftenuation factor (one way vertical diapersion, Co/Ceo) ~ AF 6.95E4120
Attenuation factor {two way vertical dispersion, Co/Cer) ~ AF  7.25E+120

Remedial Targets

Ogata Banks

Distance to compllance point
of at

after

Care should be used when cakeutating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+89.

Environment Agency Publication 20, Remedial Targets worksheet v2.2a

poimt Coyco  3.06E-123

89.9E+89  davs

Source

Select Methed for deriving Partition Co-efficient {using pull down menu)

Entry if apecify partition coefficient (option)

Soil water partition coefficient

Entry for non-polar crganic chemicals {upﬂun)

Fraction of organic carbon in aquifer

Organic carbon partition coefficient

Entry for ionic organic chemicals (optiol
Sorption coefficient for related species
Sorption coefficient fof fonised spucies

PH value

acid dissociation constant

Soil water partiion coefficient

Disperaivity

| Longitudinal dispersivity

Transverse dispersivity
Verticat disparsivity

_ For calculated value. assu

mgNl  Ogata Banks

n)

i|Calcutate dependant on distance to compliance point (0),
specity dispersivity (1), or calc after Xu & Eckstein (2) 7

1.15E+02

.01 *x, ay =0.001*

kg

mes X az=
Xu & Eckstein (1995) report ax = 0. aanog.,x)“" az = ax10, ay® émo are assumed

ENVIRONMENT

AGENCY
2S5E-08 for
distance-concentration graph
g Ogata Banks
e DistarcalcConcentistitn
é‘ SE-08
§ mgil
S10508 42.5 2.0E08
3 850  1.8E-14
H 1276  1.7E-20
Foeo . 1700 1.6E:26
2126  1.4E-32
0.05+00 2650 1.2E-38
© 100 200 300 400 500 80 70 800 900 2976  1.1E-44
Distance (m) 3400 1.0€-50
3826 9.0E-67
4260 B.1E$3
Note graph assumes plume disperses vertically in one direction only. An 4876 T.3E%S
ahernative sokution assuming the centre of the plume is located at the mid- 610.0  8.SE-7§
dapth of the aquifer is presented in the calculation sheets. §62.6 6.0E81
696.0 S4E-87
837.5  4.9E-93
680.0 4.5E-59
7225  4.1E-108
This sheet calcutates the Tier3 remedial target for groundwater, based on the 7160 3.7E111
distance to the receplor or compliance Jocated down hydraulic gradient of the 807.5  34E-117
source Three solution methods are included, the preferred option is Ogata 860.0 3.4E-123

By setting a long travel time it wil give the steady state solution, which should

be used to calculate remedial targets.

The measured groundwater concentration should be compared

with the Tier 3 remediial target to determine the need for further action.

Note if contaminant is not sublect to first order degradation, then set half ife as 9.0E+89

Site baing assessed” Blessingtan arca 6
Compoleted by Anna oal

23112005

1

9/11/2005, 17:31
P20 Aliphatic C8-C10 Ver 11Tier3 Groundwater
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