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Joi:> No. 
Ref. 

OBJECT'JVE 

Subject: Groundwater flow Evaluation 

OG3-349GA 6y: CJW 
Chk'd: 
Rev: 

cmm 
Ke,,,trel Pinewood LF, SC 

GHC 

Date 
Sheet 

Evaluate the potential for Groundwater flow into each Cell, based on the con,,,truct1on a!;-l:>uilt information and qroundwater level"' availal:>le. 

APPROACH 

I. Obtain the averaqe elevation of the top of the hner (pnmary or secondary if one wa5 l:>uilt) from con5truct1on/de51qn information ava1lal:>le. 
Obtain qroundwater elevat1on5 (v..e la5t 5 year5) from wel'5 5ereened (l:>elow each Cell) in the upper aquifer (T ran51t1onal Lanq Sme) or water 
l:>eannq unit (Opahne Clay) located near each Cell from the Groundwater Detention Momtonnq Report5. 

2. Use Darcy'5 Law of Flow to e5t1mate the quantity of qroundwater flow throuqh each Cell. 

GROUNDWATER INFORMATION 

See 5ummary of groundwater elevations on Groundwater Reference Tal:>les, sheet 5 of 5. 

w- i.-io from Uppennost 
w--....,z....(OCw 
w.t.:rT.i.t..Wdls) ~W-'-' 

w- i.-io"""" Jot "· .. the cell 
A<juller (MW - Tl5 wdl •) 

CALCUIATIONS 
The followinq calculation 1s an example of how Darcy's Law 1s used m this calculation pacl<aqe to e5t1mate qroundwater flow into the Cells and 
the time this may take. 

Darcy flow: k= 

O=kx1xA. 1= 

Q = rate of flow (cm3/sec) 

A= 

coefficient of permeal:>1hty of the hner "'ystem (see attached 
equivalent permeab1hty calculat1on). 

(h ,- h2)11.. where h 1 and h2 are the elevations of the GW from the aquifer and at 

the top of the Cell. 

flow Area (Cell area) 

The flow path L, m the equation al:>ove, '"' the th1cknes5 of the liner for that re5pect1ve Cell (either 3 or 5 feet). Water levels in the Opahne 
Clay are only ava1lal:>le around Section I , therefore Jt 1s as5umed that the water level5 in the TL5 well"' are representative of the water levels 
m the Opahne clay for Sections II and Ill 

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

For a 5 foot thick !mer (assume l!J. h = 3 feet), the following illustrates the calculat1on performed: 

Qflow= K•1°A = 

For I acre (435GO sq. ft.) 0"""= 

9.53E-~ cm/sec x 315 "A = 

0.71 ft3/day or 

5.72E-09 cm/sec•A 

4.94E-04 cm/day"A 

I .G2E-05 ft/day"A 

5.28 gallon5 per acre per day (gapd) 
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Calculatton tal:>le (5ectaon I Cells): 

I 
I 

Liner hydr. Conductivity k = 9.53E-09 cm/sec - see equiv. liner calculation for 5 foot thick liner 

L = Liner thickness = 5.00 ft 

Area= 43,5GO.OO sq. ft. Sump Elevation 15 approximately floor elevation minus O.G7 ft. I 
Cell Baee Min. Max. Min. GW Max. GW Referenced 

Cell ID(I) Elevation Groundwater Groundwater 

(av~) Elevabon(21 Elevatlonl2) flow Rate flow Rate GWWells 

I 
(It) (It) (It) (t"pd) (gapd) I 

IA, IP 89 95 105 10.G 28.2 OCJ3 

IA, 2P 139 94 104 8.8 2G.4 OCl2 

IA, 3P 89 94 104 8.8 2G.4 OCl2 I 
IA, 4P 89 93 103 7.0 24.G OC3 

IB, IP 89 98 103 15.0 23.8 OCl4 

IB, 2P 89 98 IOI 15.4 21 .G OCl4/0CI I I 
IB, 3P 89 98 100 15.8 19.4 OCI I 

IC, IP 89 108 I JO 32.G 37.0 OCl5 

IC, 2P 89 103 105 24.2 213.2 OCl5/0CI I I 
IC, 3P 89 98 100 15.8 19.4 OCI I 

ID, IP 88 108 I JO 34.3 38.7 OCJ5 

ID, 2P 88 103 105 2G.O 29.9 MWI 31T/OCI0 I 
ID, 3P 88 98 100 17.G 21.I OCIO 

IE, IP 88 103 111 2G.4 39.G OCIG 

IE, 2P 88 93 98 8.8 17.G OGG I 
IE, 3P 88 93 98 8.8 17.G OGG 

Calculatton tal>le (5ectaon 2A and 26, pnmary Cells): 

Liner hydr. Conductivity k = 4.29E-09 cm/sec - see equiv. hner calculation for 5 foot thick hner (i>ut adJ5t for 00 mil HDf'E) I 
L= 5.00 ft 

Area= 43,5GO.OO sq. ft. Sump Elevation 15 approximately floor elevation minus 4 ft. I 
Cell Baee Min. Max. 

Mtn.GW Max.GW Referenced 
Cell ID(I) Elevatton Groundwater Groundwater 

(avera'i!el Elevatlon(21 Elevabonl2) flow Rate flow Rate GWWells I 
(It) (It) (It) (epad) (gpad) 

llA, IP 94 89 105 NA 8.7 MWl9A I 
llA, 2P 95 89 100 NA 4.0 MW20A 

!IA, 3P 98 85 90 NA NA MW54l 

JIB, IP 94 91 I I I NA 13.5 MW501 I 
llB, 2P 95 89 100 NA 4.0 MW20A 

JIB, 3P 98 88 90 NA NA MW54T I 
I 
I 
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Calculation tal:>le (5ecl:!on 2C to 2G Secondary Cells): 

Lrner hydr. Conduct1V1ty k = 3.1 IE-09 cm/sec - see equiv. hner calculation for 3 ft thick !mer 

L= Liner thickness = 3.00 ft I 
Cell bottom Area = 43,5GO.OO sq. ft. Sump Elevation 1s approximately floor elevation minus 4 ft. 

I 
Cell Base Min. Marc. 

Mm.GW Max. GW 
Cell ID(I) Elevation Groundwater Groundwater Referenced GW Wells 

(av~) ElevatJonll1I EJevatronfl11 flow Rate flow Rate I 
(It) (It) (ft;) (9J"'d} (9J"'d} 

llC. IS 90 '37 108 G.7 16.8 MW48TR 

llC,2S 90 '35 101 4.3 10.8 MW48TRJ27BTR I 
llC, 35 '30 '32 95 1.9 4.8 MW27BTR 

llD.15 101 102 107 1.0 5.7 OCB 

llD.25 101 102 107 1.0 5.7 OC8 I 
llD,35 101 102 107 1.0 5.7 OC8 

llE,IS '35 90 '39 NA 3.4 OC8T/MW89T 

llE.2S 95 90 99 NA 3.4 OC8T/MW8'3T 

llE.3S 91 '30 '39 NA 7.2 OC8T/MW8'3T I 
!IF, IS 92 90 99 NA 6.2 OC8T/MW89T 

llF,25 92 90 99 NA 6.2 OC8T/MW8'3T 

llf,3S 88 90 99 1.9 10.1 OC8T/MW89T I 
llG.15 88 108 110 19.2 21.1 MW8JT 

llG,25 8'3 78 90 NA 1.0 MW89T 

llG,35 l'lb 78 90 NA 3.8 MW8'3T I 
Calculation tal:>le (5ecl:!on 3 Secondary Cells): 

Liner hydr. Conduct1v1ty k = 3.11 E-09 cm/sec - see equiv. hner calculation for 3 ft thick liner I 
l = Liner thickness = 3 ft 

Cell bottom Area = 43,5GO.OO sq. ft. Sump Elevation 1s approximately floor elevation minus 3 ft. I 
Cell Base Mm. Max. 

M1n.GW Max.GW Referenced 
Cell ID(I) Elevat!on Groundwater Groundwater 

(averB'36) ElevatJonll1I Elevabonll1I flow Rate flow Rate GWWells I 
(It) (It) (It) c_.o (epa<lJ 

lllA,JS 66 79 90 ) 2.4 23.0 MWIOJT 

lllA,25 b4 78 90 13.4 24.9 MWl'l'3T I 
lllA,35 70 78 '30 7.7 19.2 MW8'3T 

1115,JS 73 7'3 90 5.7 16.3 MWIOIT 

1115,2S 59 79 90 1'3.2 29.7 MWIOIT I 
1115X, 35 f,8 78 90 9.1 21.1 MWI Jf,T 

I 
lllC, JS 83 79 '30 G.7 MWIOIT 

lllC, 2S 70 7'3 90 8.f, 19.2 MWIOIT 

(I) Cell IDs follows the Cell where 1t 1s located. P des103nates a pnmary Cell and 5 des103nates a Secondary Cell 

I 
(2) Last 5 years minimum and maximum '3roundwater elevations near each specific Cell. 

I Pat:Je30f 5 
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5UMMARY!CONa.LJ510N5 

Section I· 

Groundwater levels used to estimate flows were obtained from hydro'.lraphs of wells screened on the Oplame Clay (Water Table) 
and on the T ransitoonal Lan'.l Syne Unit, which os the first confined aquifer under the Opahne Clay. It 1s noted that the water 
levels on the TL5 are reported to be ~nerally lower that those measured on the Opahne Clay (1.e. flow '.'JOes from the OC to the 
TL5), but hi'.'Jher than lowest elevations of all sumps (l.e flow '.loes from the TL5 and the OC onto the sumps). Therefore the 

actual flow conditions within the cells are qovemed by an effective hydrauhc head resultm'.'J from continuously chan'.l'"'.l water 
levels on the sumps, on the Opahne Clay and on the TLS. The flows estimated m this calculation packa'.le are approx1mat1ons of 

the hydro'.leoloq1c flow conditions that exist, and the intent of the calculation os to determine the hkehhood of '.lroundwater flow 
onto the cells based on known conditions. 

I) Groundwater wells used to estimate flows on Section I are shallow wells, screened m the Opahne Clay. 

2) The bottom of all Section I sumps are below the low and ho'.'Jh '.lroundwater levels m nearby OC wells, therefore assumonq no 
perched leachate conditions within the cells, an onward hydrauhc qradient exists (GW flows INTO cells - not out) onto the sumps 

and into most of the base of this Section. 

3) Based on the assumptions made, flow onto Section I 1s calculated to ran'.le from 8 to 40 '.lallons per acre per day. 

Section 11: 

I) Except of one well near Cell D of Section II, all '.lroundwater wells used to estimate flows on Section It are wells screened on the 
Transitional Lan'.l Syne Unit, which os conservative (water levels m the Oplaine Clay are usually h•'.'Jher). 

2) Groundwater levels m the TLS ranqe from below to above the LDS or the LCRS base qrades, therefore there os both mwward 

and outward hydrauhc '.lradoents actin'.l at the bottom of some cells 

3) All cells experience '.lroundwater inflow sometimes, except for Cells A3 and B3. 

4) Outflows are calculated to ranqe from I to I 0 '.'Jpad and inflows from 3.4 to 21 '.'!Pad. 

Section f 11 · 

1 ) Most of the LOS base '.lrades, are below the low and hi'.'Jh '.lroundwater levels in nearby '.lroundwater wells. Therefore assumm'.l 
no perched leachate conditions wothm the cells, an onward hydrauhc qradoent exists under the entire section. 

2) Based on '.lroundwater levels from the TL5, the calculated rate of flow into Section Ill ran'.les from G '.'Jpad to 30 '.'Jpad. 

P0¥4ol5 
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5ul:>ject: Groundwater flow Evaluation 

Joi> No. OG3-349GA 6y: CJW Date T/1 f/Z007 

Ref. 
Kee.trel Pinewood lf, SC 
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Rev: GHC 

Groundwater Reference Tal>les: I 
(l>ased on last 5 years GW data in apphed wells) 
Seci:lon I 

Well Min. GW Time@ Max. GW Time@ Near l>y Screened 

ID Elevation Mm. GW El. Elevation Max. GWEI. Sumps Elv. (ft) I 
WT32 118.00 Oct-05 120.2 Jul-03 IDI 

WT27 107.50 Dec-05 l 14.00 Apr-03 JAi 

OC9 99.50 Fel>-03 100.5 an-04/Apr-O~ lE3 85to 95 

OCG 93.00 Oct-02 98.0 Dec-03 IE3 79 to 84 I 
OC4 97.00 Oct-02 102.0 Jan-04 lD3/lE3 77 to82 

OCIG 103.00 Jan-OG 110.5 May-03 I El 82 to92 

OCl5 107.50 Oct-05 110.0 Mar-03 ICI 78.5 to88 

OCl4 97.50 Jan-OG 102.50 May-03 161 74 to 83 

OCl3 95.00 Aug-05 105.00 Dec-03 IA! 82 to 92 I 
OCl2 99.50 Jul-05 104.0 Fel>-04 lA2/lA3 84 to 94 

OCI I 98.00 Sep-04 100.0 ec-03/Mar-O l63/IC3 77to87 

OCIO 98.00 ep-04/0ct-0 100.0 Dec-03 ID3 78 to 88 

MW9A N/A, GW l>elow pea gravel l>ase IC3 I 
MW73T 89.00 Jan-OG 95.0 Oct-01 16111 Cl 

MW5A 100.00 Jan-OG 102.5 Jul-03 lE3 

MW45T 9G.00 Jul-05 101.0 Oct-03 IA3/IA4 
MW43T 92.00 Jul-05/Jan-O~ 95.0 Apr-04 IA4 

MW42TR 89.00 'ec-02/Jan-O 92.0 Oct-03 163 
I 

MWJGTR 90.00 Apr-05 103.5 Oct-03 JAi 
MWJ34T 91.50 Jan-OG 98.0 Jul-03 I El 
MWl32T 102.00 ~pr-02/Jan-Oc 104.0 Jul-03 IE I 

MWl31T 101.00 Apr-02 103.0 Jul-03 !DI I 
Seci:lon II 

Well Mm.GW Time@ Max. GW Time@ Near l>y Screened 

ID Elevation Mm. GWEI. Elevation Max. GWEI. Sum PS Elv. (ft) 

OC8 102.00 Jan-02 107.0 Fel>-03 201/202 91to9G I 
MW89T 78.00 Jan-05 87.50 Jul-03 2G2/2G3 50 to 51 

MW81T 108.00 Apr-05 110.00 Oct-05 2Gl/2Cl G8 to 73 

MWGIT 100.50 Oct-02 102.5 Auq-03 2Dl 78 to 83 

MW5lT 92.00 Apr-05 l 10.0 Jun-03 2Al/261 I 
MW50T 91.00 Apr-05 111.0 Sep-03 261 G9 to 74 
MW49T 92.50 Apr-05 110.0 Auq-03 2Bl/2Cl 

MW48TR 97.00 Sep-05 107.5 Oct-03 2Cl 70 to 72 

MW29 94.00 Nov-0 I 98.0 Mar-03 2021203 
MW28A 92.50 Oct-02 97.0 Aug-03 203 80 to 85 

I 
MW276TR 92.00 Oct-02 95.0 Jul-03 2C3 80 to85 

MW2GATR 87.00 Aug-02 93.5 Apr-03 263/2C3 80 to 85 

MW24TR 84.50 Oct-02 88.5 Apr-03 2A3/263 
MW23ATR 84.50 Sep-02 89.0 Mar-03 2A3 7G to81 I 
MW22TR 85.00 Sep-02 89.0 Apr-03 2A3 
MW2l 8G.00 Jan-OG 89.0 Oct-03 2A2/2A3 

MW20A 89.00 Oct-05 100.0 Auq-03 2A2/262 72 to 75 

MWJ9A 88.50 Oct-05 105.0 Oct-03 2AI G8 to 73 I 
MWl27T 90.00 Oct-05 104.5 Oct-03 2Al/26 I 

I Section Ill 
Well Mm.GW Time@ Max. GW Time@ Near l>y Screened 

ID Elevation Mm. GWEI. Elevation Max. GWEI. Sumps Elv. (ft) 

MW89T 79.00 Jan-04 87.00 Jul-03 3A2/3A3 50 to 55 GW flue. Srgnmcantly 

MW81T 108.50 Apr-05 110.00 Oct-05 3C2 GW flue. 51gntficantly 

MW! !GT 77.50 Jan-04 90.0 Jun-05 363 GW flue. 51gnmcantly 
I 

MWIOIT 79.00 Dec-04 90.0 Apr-05 3Cl 47 to 57 GW flue. S1gnmcantly 

I P5DLI 94.00 Jan-OG 98.5 Oct-01 !A3/36 1 /362 
I 

I 
I 


