APPENDIX B

Groundwater Flow Evaluation



= Subject: Groundwater flow Evaluation
A% Job No. 063-349CA By: CW  IDate 7T 112007

Ref. Kestrel Pmewood LF, 5C ::iid: g:g Sheet

OBJECTIVE

Evaluate the potential for Groundwater flow into each Cell, based on the construction as-bullt information and groundwater levels avalable.

APPROACH

|. Obtamn the average elevation of the top of the Iner (primary or secondary if one was built) from construction/design information available.
Obtan groundwater elevations (use last 5 years) from wells screened (below each Cell) in the upper aquifer (Transitional Lang Sine) or water
beaning umit (Opaiine Clay) located near each Cell from the Groundwater Detention Monitoring Reports.

2. Use Darcy’s Law of Flow to estimate the quantity of groundwater flow through each Cell.

GROUNDWATER INFORMATION
See summary of groundwater elevations on Groundwater Reference Tables, sheet 5 of 5.

Water Levels from Uppermost
h Water Bearng Zone (OC or
I Water Table Wells) Average Water level
m the cell

Water Levels from 18t m,
Aquiter (MW - T1S well 5}

CALCULATIONS

The following calculation 15 an example of how Darcy's Law 15 used in this calculation package to estimate grovndwater flow into the Celis and
the time this may take.

coefhicient of permeability of the Iner system (see attached

s k=
Darcy Flow equivalent permeability calculation).
Q=kxixA. V= (h)- hol. where h, and h, are the elevations of the GW from the aquifer and at
Q = rate of flow (cm3/sec) the top of the Cell.
A= flow Area (Cell area)

The flow path L, in the equation above, 15 the thickness of the liner for that respective Cell (ether 3 or 5 feet). Water levels in the Opaline
Clay are only avallable around Section 1, therefore it 1s assumed that the water levels in the TLS wells are representative of the water levels
m the Opaline clay for Sections Il and Iit

Example of Calculation (see table for calculation at each Cell)

For a 5 foot thick liner (assume A h = 3 feet), the following dlustrates the calculation performed:

Qion= KA = 9.53E-09 cmysec x 3/5 A = 5.72E-09 cnysec*A
4.94E-04 cmyday*A
I.62E-05 ftiday"A
For | acre (43560 sq. ft.) Quow= 0.7 #3/day or 5.28 gallons per acre per day (gapd)
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Subject: Groundwater flow Evaluation

Cell ID(1) (éc" Base o M e | & Max. Min. GW | Max. GW | Referenced
(average) Elevation @ Flevation® flow Rate flow Rate GW Wells
) ® ® @opd) gaped)
A, IP 89 95 1C5 10.6 28.2 oCcl13
A, 2P 89 24 {04 8.8 26.4 oci2
1A, 3P 89 24 104 8.8 26.4 oci2
1A, 4F 89 23 103 7.0 24 oCc3
B, IP 89 28 103 15.0 23.8 oCl4
1B, 2P 89 o8 101 15.4 2.6 OCi14/0C! |
1B, 3F B89 28 100 15.8 19.4 ocl!
1C, IP &9 108 110 32.¢ 37.0 ocis
ic, 2P 89 103 105 24.2 28.2 OCIS/OCtH!}
IC, 3P &9 28 100 15.8 19.4 oCl)
iD, P 88 108 110 34.3 38.7 acls
iD, 2P 88 103 105 26.0 29.2 MWI3IT/IOCIO
1D, 3P 88 28 100 17.6 21.1 oCcI0
IE, IP 88 103 Pt 26.4 39.¢ ocie
IE, 2P 88 23 28 8.8 17.6 ace
IE, 3P 88 23 28 8.8 17.6 oce

Liner hydr. Conductivity k =

Caleulation table (Section 2A and 2B, pnmary Cells):

Tob No.  OC3-349CA By: W pate PR 2607
Ref. Chikd: cmm Sheet
Kestrel Pinewood LF, 5C Rev: GHC
Caleulation table (Section | Cells):
Liner hydr. Conductmity k = 9.53E-09 cnysec - see equiv. Iiner calculation for 5 foot thick liner
L= Liner thickness = 5.00 ft
Area = 43,560.00 sq. ft. Sump Elevation 15 approximately floor elevation minus

0.67

4.29E-02 cmisec - see equiv. hner calculation for 5 toot thick ner (but ad)st for 80 mi HDPE)

L= 500 #
Area = 43,560.00 sq. ft. Sump Elevation 1o approximately floor elevation minvs 4
) Base .
Cell ID(1) CeIE] tion G Ml;"_L G MT'_A Min. GW Max. GW | Referenced
(average) Flevation @ Elevation™® flow Rate flow Rate GW Wells
(il &) ®) lapad) (gpad)
A, 1P 24 82 105 NA 8.7 MW 9A"
(1A, 2P 95 89 100 NA 4.0 MW20A
IIA, 3P 28 85 20 NA NA Mw547F
B, 1P 94 91 11 NA 13.5 MWSOT
B, 2P 95 89 100 NA 4.0 MW20A
B, 3P 28 88 20 NA NA MWS4T
sechate 1218 g e and »_em_jgna1s
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Subject: Groundwater flow Evaluation

Cell ID(1) (éldc::h:: Gromvater | Gromawaser | M OW | Mot GW | o o well
(avm) Flevation® mm flow Rate flow Rate
@) ®) ) (gpad) {apad)
ne, s 20 97 108 6.7 16.8 MW48TR
ic, 25 90 95 10} 4.3 10.8 MWA48TR/27BTR
fIc, 3% 20 22 25 1.2 4.8 MW27BTR
D, 1S 101 102 107 1.0 5.7 océ
ID,25 101 102 107 i.0 5.7 ocs
1D,3% 101 102 107 i.0 5.7 ocs
HE, 1S 95 20 99 NA 3.4 OC8TMWSEIT
Ng.2S 25 80 29 NA 3.4 oC8TMWSEST
IIE, 35 91 20 29 NA 7.2 OC8TMWEST
WF, 1S 92 20 29 NA 6.2 OC8TMWSEST
IF,25 82z 80 99 NA 6.2 oC8T/IMWE3T
IF,35 88 20 o9 1.2 101 OC8TMWSEIT
G.1S 88 108 110 12.2 21,1 MwW8IT
1G,25 82 78 20 NA 1.0 Mw89ST
16,35 86 78 20 NA 3.8 MwaB2T

L= Liner thickness
Cell bottom Area

]

Calculation table (Section 3 Secondary Cells):
Liner hydr. Conductivity k =

3.11E-02 cm/sec - see equw. hner calculation for 3 f thick liner

3

ft

43,560.00 sq,. ft.

Sump Elevation 15 approximately floor elevation mnus

Cell Base M.
Cell D(1) | Elevation | Growduater | G M?—‘m ;:::;Z x&z nge':/“:“?
(average) Elevation Elevation
) ) (2] (apad) (grad)
A, 1S &6 79 20 12.4 23.0 MWIQIT
IHA, 25 G4 78 20 13.4 24.9 MwWaoT
HIA,3S 70 78 20 7.7 19.2 MW8IT
ne,1s 73 792 20 5.7 16.3 MWIOIT
HIB,25 59 72 20 19.2 22.7 MWI0O I_T
HBX, 35 8 78 20 9.1 21.1 MWI 6T
HIC, 15 83 79 20 6.7 MWIOIT
HC, 25 70 72 20 8.6 19.2 MWIOIT

(2) Last 5 years mimmum and maximum groundwater elevations near each specific Cell.

(1) Cell IDs follows the Cell where it 1 located. P designates a primary Cell and S designates a Secondary Cell

JobNo.  OG3 349GA By CW _ |Date T 12007
Ref. Kestrel Pmewood LF, 5C ::fd é:g Sheet
Calculation table (Section 2C to 2G Secondary Cells):
Liner hydr. Conductmty k = 3.1 1E-02 cmfsec - see equw. Imer calculation for 3 # thick liner
L= Liner thickness = 3.00 ft
Cell bottom Area = 43,560.00 sq. ft. Sump Elevation 15 approximately floor elevation minus 4

onit volume_em_jgn. )08
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= Subject: Groundwater flow Evaluation
Ag%s JobNo.  OG3-349GA By W |Date P T20G7

Ref. Chkd: cmm Sheet
trel P d LF, SC
Kestrel Pinewoo . CHC

SUMMARY/CONCLUSIONS

Groundwater levels vsed to estimate flows were obtained from hydrographs of wells screened in the Oplane Clay (Water Table)
and n the Transitional Lang Syne Unit, which 15 the first confined aquifer under the Opaline Clay. It 1s noted that the water
levels m the TLS are reported to be generally lower that those measured in the Opaline Clay (1.e. flow goes from the OC to the
TLS), but mgher than lowest elevations of all sumps (1. flow goes from the TLS and the OC into the sumps). Therefore the
actual How conditions within the cells are governed by an effectve hydravlic head resulting from contintuously changing water
levels i the sumps, n the Opaline Clay and m the TLS. The flows estimated m this calculation package are approximations of
the hydrogeologic flow conditions that exist, and the intent of the calculation 1s to determine the likelhood of groundwater How
mto the cells based on known conditions.

Section 1

1) Groundwater wells used to estimate flows mn Section | are shallow wells, screened in the Opaline Clay.

2) The bottom of all Section | sumps are below the low and high groundwater levels in nearby OC wells, therefore assuming no
perched leachate conditions within the cells, an inward hydravhc gradient exists (GW flows INTO cells - not out) mnto the sumps
and into most of the base of this Section.

3) Based on the assimptions made, flow mto Section | is calculated to range from 8 to 40 gallons per acre per day.

Section 11,
1) Except of one well near Cell D of Section Hi, all groundwater wells used to estimate flows i Section It are wells screened i the
Transitional Lang Syne Unit, which 15 conservative (water levels in the Oplane Clay are usvally higher).

2) Groundwater levels m the TLS range from below to above the LDS or the LCRS base grades, therefore there 15 both mwward
and outward hydravhc gradients acting at the bottom of some cells
3) Al cells expenence groundwater mflow sometimes, except for Cells A3 and B3.

4) OutHlows are calculated to range from | to 10 gpad and wflows from 3.4 to 21 gpad.

Section 111;
1) Most of the LDS base grades, are below the low and high groundwater levels in nearby groundwater wells. Therefore assuming
no perched leachate conditions within the cells, an mward hydraulic gradient exists under the entire section.

2) Based on groundwater levels from the TLS, the calculated rate of flow nto Section Ill ranges from & gpad to 30 gpad.

aachats 1218 ) | and y_cm_jgn )18 page 4 of 5
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Subject: Groundwater flow Evaluation

Job No. 063-349GA By: [ Date /T 72007
Ref. Chid: cmm Sheet
Kestrel Pinewood LF, SC Rev: GHC
Groundwater Reference Tables:
{based on last 5 years GW data in apphed wells)
Section |
Well Min. GW Time @ Max. GW Time @ Near by Screened
1D Elevation Min. GW EI Elevation Max. GW El. Sumps Elv. (ft)
w132 1186.00 Oct-05 120.2 Jul-0O3 IDi
WrT 27 107.50 Dec-05 114.00 Apr-03 IA}
oco 99.50 Feb-03 100.5 an-O4/Apr-0Y 1E3 85to 95
oce 93.00 Oct-02 9286.0 Dec-03 IE3 79 to B4
oC4 97.00 Oct-02 102.0 Jan-04 ID3/I1E3 77 to &2
oCle 103.00 Jan-06 110.5 May-O3 PEl 82 to 92
oCl5 107.50 Oct-05 110.0 Mar-O3 ICi 78.5 to 68
oci4 97.50 Jan-06 102.50 May-03 1B) 74 to 83
oci3 95.00 Aug-05 105.00 Dec-03 LAl 82to 92
ocl2 99.50 Jul-05 104.0 Feb-04 IA2/1A3 84 to 94
oCl 1 98.00 Sep-04 100.0 ec-03Mar-0{ IB3/1C3 77 to 87
[o/e3} 0} 98.00 ep-04/0ct-O 100.0 Dec-03 1D3 78 to 886
MW3OA  IN/A, GW below pea gravel base 1C3
MW73T 89.00 Jan-06 95.0 Oct-Ol IBl/ICI
MWSA 100.00 Jan-06 102.5 Jul-03 IE3
Mw45T 26.00 Jul-05 101.0 Oct-03 1A3/1 A4
Mw43T 92.00 Uul-05/Jan-0G 95.0 Apr-04 I A4
MW42TR 89.00 pec-02/4an-04 92.0 Oct-03 B3
MWIGETR 90.00 Apr-05 103.5 Oct-03 FAL
MW | 34T 921.50 Jan-06 98.0 Jul-03 IE|
MWI32T 102.00 \pr02lJan—Od 104.0 Jui-03 IE)
MWI3IT 101.00 Apr-02 103.0 Jul-03 1D
Section i
Well Mm. GW Time @ Max. GW Time @ Near by Screened
1D Elevation Min. GW El. Elevation Max. GW El Sumps Elv. (ft)
ocs 102.00 Jan-02 107.0 Feb-03 2D1/2D2 21 to 26
MW89T 78.00 Jan-05 87.50 Jul-03 2G2/2G3 50to 51
MWSIT 108.00 Apr-05 110.00 Oct-05 2G1j2Ci c8to73
MWGIT 100.50 Oct-02 102.5 Aug-03 2D 78 to 83
MW5IT 92.00 Apr-05 110.0 Jun-03 2A1/2B1
MW50T 91.00 Apr-05 111.0 Sep-03 2B 69 to74
MW49T 92.50 Apr-05 110.0 Avug-03 2B1/2C1
MW48TR 97.00 Sep-05 107.5 Oct-03 2Ci 70to 72
Mw29 924.00 Nov-O't 98.0 Mar-03 2D2/2D3
MW26A 92.50 Oct-02 97.0 Aug-03 2D3 80 to 85
MW27BTR 92.00 Oct-02 95.0 Jul-03 2C3 80 to 85
MW2GATR 87.00 Aug-02 93.5 Apr-03 2B3/2C3 80 to 85
MW24TR 84.50 Oct-02 88.5 Apr-03 2A3/2B3
MW23ATR 84.50 Sep-02 &2.0 Mar-03 2A3 76 to 81
MW22TR 85.00 Sep-02 89.0 Apr-03 2A3
MW2i 86.00 Jan-06 89.0 Oct-03 2A2/2A3
MW20A 892.00 Oct-05 100.0 Aug-03 2A2/2B2 72t0 75
MW 19A 88.50 Oct-05 105.0 Oct-03 2A1 E8to73
MW | 27T 90.00 Oct-05 104.5 Oct-03 2A1/2BI
Section il
Well Min. GW Time @ Max. GW Time @ Near by Screened
1D Elevation Min. GW El. Elevation Max. GW EL. Sumps Elv. (f)
MW89T 79.00 Jan-04 87.00 Jul-03 3A2/3A3 50to 55 |GW fluc. Significantly
MW8BIT 108.50 Apr-05 110.00 Oct-05 3c2 GW fluc. Signihicantly
MWl leT 77.50 Jan-04 20.0 Jun-05 3B3 GW fiuc. Signihicantly
MWIOIT 79.00 Dec-04 90.0 Apr-05 3Ct 47 to 57 [GW fluc. Significantly
PSDLI 94.00 Jan-06 98.5 Oct-Ol  BA3/3Bi/3B2
1218 . and om_ignJas




