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OVERALL PROCESS FLOW DIAGRAM 
LEHIGH CEMENT COMPANY 

CLOSED CKD PILE SITE 
METALINE FALLS, WASHINGTON DATE: May 2006 
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GROUNDWATER REMEDY COMPONENTS 
LEHIGH CEMENT COMPANY 

CLOSED CKD PILE SITE 
METALINE FALLS, WASHINGTON DATE: June 2006 
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! Approximate Rotasonic Boring Location (July 2003)

Î& Performance Monitoring Location

! Approximate Direct Push Boring Location (July 2003)

! Boring Location (Dames and Moore, 1992)

Î§ Former Groundwater Monitoring Well (Dames and Moore 1992)

Î§ Former Piezometer Location (Dames and Moore, 1992)
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South Rill

Sedimentation Basin

0 60 12030

Feet

Note:  Department of Ecology's summer 2004 investigation locations 
are not shown on this figure.
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EXHIBIT A-1 
SOIL PHYSICAL PROPERTY DATA 

LEHIGH CEMENT COMPANY CLOSED CKD PILE SITE 
METALINE FALLS, WASHINGTON 
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GRAIN SIZE DISTRIBUTION 

DIRECT SHEAR TEST 

LOCATION 
DEPTH 

(ft) SOIL TYPE 
ATTERBERG 

LIMITS 
GRAVEL 

(%) 
SAND 

(%) 
FINES 

(%) 

DRY 
DENSITY 

(pcf) 

MOISTURE 
CONTENT 

(%) 

POCKET 
PENETROMETER 

STRENGTH 
(tsf) 

NORMAL 
STRESS 

(psf) 

PEAK SHEAR 
STRESS 

(psf) 
PERMEABILITY(1) 

(ft/min) 

TOTAL 
POROSIT

Y 
(%) 

SPECIFIC 
GRAVITY 

SOURCE 

MW-4A 70 ML LL=27, PI=5 0 35 65 - - - - - 2.09 x 10-6 - - 1 
MW-5 4 ML Non-plastic 0.6 34.6 64.7 - - - - - 6.12 x 10-5 - - 1 

B-7 83 ML/SM - - - 65.6 46.7 88.8 - - - - - - 2 
B-7 85.5 ML/SM - - - - 63.3 59.0 0.7 - - - - - 2 
B-7 85.5 ML/SM - - - - 62 60.5 - 1000 1080 - - - 2 
B-7 85.5 ML/SM - - - - 65.3 55.9 - 2000 1980 - - - 2 
B-7 85.5 ML/SM - - - - 62.5 60.5 - 4000 3990 - - - 2 
B-9 78 ML/SM - - - - 41 110 1.8 - - - - - 2 
B-9 78 ML/SM - - - - 42 100.8 - 1000 900 - - - 2 
B-9 78 ML/SM - - - - 42.1 109.3 - 2000 1580 - - - 2 
B-9 78 ML/SM - - - - 39.1 119.9 - 4000 3150 - - - 2 

TH-7 7-9 - - - - - 116.7 5.7 - - - - 32.5 2.77 3 
TH-17 5.5-6.5 - - - - - 120.4 3.7 - - - - 30.4 2.77 3 
TH-17 7-7.5 ML - - - - - - - - - - - - 3 
TH-17 10.5-11.5 SM - - - - - - - - - - - - 3 
TH-19 8.5-9.5 SM - - - - - - - - - - - - 3 
TH-20 5-5.5 SC - - - - - - - - - - - - 3 
TH-20 5.5-6 ML/CL - - - - - - - - - - - - 3 
TH-20 4.5-5.5 - - - - - 77.8 46.5 - - - - 54.5 2.74 3 
TH-20 7-7.5 ML/CL - - - - 119 6.5 - - - - 35.4 2.75 3 

 
Notes:   
(1) Permeability also evaluated in situ using aquifer slug and pumping tests (See table A-2). 
tsf – tons per square foot 
pcf – pounds per cubic foot 
psf – pounds per square foot 
ft/min – feet per minute 
LL – Liquid limit: water content, in percent, of a soil at an arbitrary defined boundary between the liquid and plastic state (ASTM D-4318) 
PI – Plasticity index: range of water content over which a soil behaves plastically (ASTM D-4318) 
ML – Sandy silt 
SM – Silty sand 
CL – Inorganic clay 
Source 1: Preliminary Site Characterization Report, Dames and Moore, 1992. 
Source 2: Addendum – Preliminary Site Characetrization Report, Dames and Moore, 1993. 
Source 3: Draft Final Remedial Investigation Report, GeoSyntec Consultants, 2001. 



D R A F  T       GeoSyntec Consultants 
 

HR0996-03/MFW06-10_ApA_Exh2.doc     4 8 06  

EXHIBIT A-2 
HYDROGEOLOGIC DATA 

LEHIGH CEMENT COMPANY CLOSED CKD PILE SITE 
METALINE FALLS, WASHINGTON 

 

MONITORING 
WELL NUMBER 

VERTICAL 
HYDRAULIC 

CONDUCTIVITY 
(ft/min) 

HORIZONTAL 
HYDRAULIC 

CONDUCTIVITY 
(ft/min) 

AVERAGE 
HORIZONTAL 
HYDRAULIC 

CONDUCTIVITY 
(ft/min) 

SOURCE 

MW-1 Not Tested 1.30 x 10-3 to 9.50 x 10-4 (1) 1.10 x 10-3 (1) 1 
MW-2 Not Tested 2.60 x 10-3 to 1.20 x10-3 (1) 1.90 x 10-3 (1) 1 
MW-3 2.00 x 10-5 (3) 2.90 x10-1 to 3.30 x 10-2 (1) 1.60 x 10-1 (1) 1 
MW-4 3.00 x 10-4 (3) 1.20 x 10-3 to 5.60 x 10-4 (1) 8.80 x 10-4 (1) 1 
MW-5 Not Tested 9.00 x 10-3 (1) 9.00 x 10-3 (1) 1 
MW-6 Not Tested 1.50 x 10-3 to 8.70 x 10-4 (1) 1.20 x 10-3 (1) 1 
MW-7 Not Tested 1.67 x 10-2 (2) - 2 
MW-8 Not Tested 1.68 x 10-2 (2) - 2 

MW-11 Not Tested 1.10 x 10-4 (2) - 2 
PM-16 Not Tested 1.74 x 10-2 to 6.60 x 10-2 (4) 4.1 x 10-2 (4) 3 

Notes:  
(1) Hvorslev’s Method. 
(2) Determined by Bouwer and Rice Method. 
(3) Mechanical Constant Head Permeability Tests 
(4) Pumping Test with average pumping rate of 2.9 gallons per minute 
Source 1: Preliminary Site Characterization Report, Dames and Moore, 1992. 
Source 2: Addendum – Preliminary Site Characetrization Report, Dames and Moore, 1993. 
Source 3: Revised Draft Feasibility Study Technical Report, GeoSyntec Consultants, 2005. 
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EXHIBIT A-3
GROUNDWATER ELEVATION DATA (AUGUST 2002 - MARCH 2006)

LEHIGH CEMENT COMPANY CLOSED CKD PILE SITE
METALINE FALLS, WASHINGTON

Well ID 8/30/02 9/13/02 9/20/02 11/21/02 1/10/03 3/1/03 4/20/03 5/12/03 7/31/03 8/26/03 11/18/03 4/5/04 5/31/04 7/20/04 11/3/04 3/9/05 6/6/05 12/11/05 3/15/06
PM-1 2021.30 2021.42 2021.42 2021.95 2021.87 NM 2021.90 NM 2021.31 2021.23 2021.82 2021.88 2021.60 2021.20 2022.20 2021.78 2021.42 2021.23 2021.69
PM-2 2019.85 2023.33 2023.29 2023.91 2023.91 NM 2023.94 2023.70 2023.25 2023.23 2023.76 2023.89 2023.68 2023.30 2024.10 2023.85 2023.46 2023.44 2023.81
PM-3 2014.77 2021.09 2021.06 2021.44 2021.29 NM 2021.42 NM 2021.02 2023.00 2021.06 2021.77 2021.19 2020.95 2021.46 2021.25 2021.05 2020.80 2021.12
PM-4 2021.25 2021.32 2021.31 2021.67 2021.63 NM 2021.67 NM 2021.26 2021.18 2021.69 2021.63 2021.41 2021.15 2021.92 2021.51 2021.23 2021.10 2022.65
PM-5 2018.41 2021.76 2021.95 2022.44 2022.46 NM 2022.51 NM 2021.67 2021.62 2021.99 2022.08 2022.05 2021.56 2022.70 2022.33 2021.90 2021.53 2022.13
PM-6 2018.29 2023.74 2023.72 2024.69 2025.02 NM 2024.69 2024.81 2023.90 2023.77 2025.35 2025.25 2025.04 2023.97 2024.94 2025.14 2024.39 2024.23 2025.18
PM-7 2024.14 2024.15 2024.10 2025.33 2025.26 NM 2025.70 2025.03 2024.13 2024.07 2025.74 2025.89 2025.43 2024.24 2025.95 2025.52 2024.81 2024.52 2025.78
PM-8 2024.85 2024.92 2024.85 2025.44 2025.42 NM 2025.50 2025.15 2024.68 2024.54 2025.55 2025.50 2025.05 2024.53 2025.41 2025.16 2024.73 2024.38 2025.36
PM-9 2019.68 2022.03 2022.18 2022.50 2022.62 NM 2022.73 NM 2022.04 2021.87 2022.44 2022.27 2022.18 2021.83 2022.44 2022.28 2021.99 2021.67 2022.20
PM-10 NI NI NI 2028.72 2028.91 NM 2028.72 2029.42 2028.18 2028.03 2029.26 2029.66 2029.07 2028.43 2028.92 2029.47 2028.95 2028.43 2029.71
PM-11 NI NI NI 2028.49 2028.67 NM 2028.49 2029.16 2027.94 2027.79 2028.95 2029.54 2028.83 2028.22 2028.72 2029.20 2028.72 2028.21 2029.53
PM-12 NI NI NI 2028.48 2028.68 NM 2028.48 2029.13 2027.95 2027.80 2028.95 2029.50 2028.82 2028.21 2028.62 2029.22 2028.72 2028.20 2029.51
PM-13 NI NI NI 2028.50 2028.88 NM 2028.50 2029.15 2027.96 2027.76 2028.98 2029.65 2028.86 2028.22 2028.70 2029.23 2028.75 2028.25 2028.56
PM-14 NI NI NI 2028.42 2028.64 NM 2029.47 2028.97 2027.86 2027.72 2028.88 2029.32 2028.76 2028.10 2028.62 2029.11 2028.60 2028.15 2029.47
PM-15 NI NI NI 2020.20 2020.28 NM 2020.54 NM 2019.99 2018.82 2020.23 2020.29 2020.27 2020.12 2020.45 2020.39 2020.22 2020.08 2020.45
PM-16 NI NI NI NI NI NI NI NI 2026.59 2026.77 2027.55 2027.77 2024.44 2027.14 2027.57 2027.51 2027.25 NM 2027.63
PM-17 NI NI NI NI NI NI NI NI 2028.36 2028.20 2029.34 2029.37 2029.23 2028.61 2029.12 2029.61 2029.11 2028.66 2029.94
PM-18 NI NI NI NI NI NI NI NI 2021.14 2021.00 2021.14 2020.85 2021.23 2021.07 2021.20 2021.27 2021.21 2020.91 2021.52
PM-19 NI NI NI NI NI NI NI NI 2020.18 2019.96 2020.09 2021.04 2020.27 2020.09 2020.21 2020.31 2020.18 2019.78 2020.55
PM-20 NI NI NI NI NI NI NI NI 2020.46 2020.35 2020.72 2020.37 2020.78 2020.67 2020.77 2020.73 2021.78 2025.01 2020.82
PM-21 NI NI NI NI NI NI NI NI 2022.18 2022.14 2023.11 2023.36 2023.11 2022.35 2023.37 2023.31 2022.82 NM 2023.58
AVGW NI NI NI NM 2028.83 NM 2029.74 2029.31 2028.10 NM 2028.69 2029.23 2029.04 NM 2028.24 2028.84 2028.79 2028.26 2029.62
AVGM NI NI NI NM NM NM NM NM NM NM NM NM NM 2028.28 2029.06 2029.38 2028.79 2028.27 2029.64
AVGE NI NI NI NM 2028.82 NM 2029.70 2029.35 2028.09 NM 2028.65 2029.14 2029.02 NM 2031.13 2029.35 2028.79 2028.26 2029.62

MW-7R 2028.97 2028.52 2029.96 2030.43 2030.25 2030.04 2030.17 NM 2029.58 2029.45 2030.47 2030.49 2029.69 2029.53 2030.37 2030.27 2030.27 2030.73 2030.51
MW-8 2028.88 2029.23 2029.26 2029.38 2029.77 2030.26 2030.76 NM 2028.85 2028.67 2029.34 2030.61 2029.76 2028.94 2029.28 2030.07 2030.07 2028.98 2030.48
MW-9 2028.37 2028.57 2028.68 2028.64 2028.64 2028.74 2028.74 NM 2027.87 NM 2028.99 2025.70 2028.80 2028.34 2028.70 2028.74 2028.74 2028.21 2028.94

MW-11 2060.32 NM NM 2059.86 NM 2060.89 2060.58 NM NM 2061.15 2061.15 2061.49 2060.45 2060.99 2060.41 2059.98 2059.98 2060.03 2060.44
MW-12 2022.11 2021.44 2021.48 2022.49 2022.22 2022.32 2022.37 NM 2022.05 2021.97 2022.33 2022.31 2022.24 2021.95 2022.40 2022.28 2022.28 2021.84 2022.20

Notes:
Groundwater elevations are expressed as feet above mean sea level.
TOC - Top of Casing
NM - Not Measured
NI - Monitoring location was not yet installed 
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DRAFT EXHIBIT A-4
GROUNDWATER ANALYTICAL DATA SUMMARY

LEHIGH CEMENT COMPANY CLOSED CKD PILE SITE
METALINE FALLS, WASHINGTON

(June 1999 to Jan 2006)

GeoSyntec Consultants

# Analysis # Detects FOD % Min Max # Analysis # Detects FOD % Max # Analysis # Detects FOD % Min Max
Alkalinity (expressed as CaCO3) mg/L 34 34 100% 178 452 35 35 100% 903 44 44 100% 1020 1520
Aluminum, Total mg/L 12 12 100% 0.731 4.25 8 8 100% n/a 2 2 100% 0.056 0.107
Ammonia (expressed as nitrogen) mg/L 12 8 67% <0.01 0.03 10 10 100% 8.1 10 10 100% 0.167 1.76
Anion Sum MEQ/L 26 26 100% 10.5 11.3 21 21 100% 75.7 24 24 100% 10.6 29.22
Arsenic, Dissolved mg/L 79 17 22% 0.001 0.011 84 84 100% 0.479 41 20 49% <0.001 0.0223
Arsenic, Total mg/L 119 43 36% <0.001 0.36 123 123 100% 0.752 49 31 63% <0.001 0.033
BOD mg/L 0 0 n/a n/a n/a 0 0 n/a n/a 8 7 88% <2 7
Arsenic(III) mg/L 2 0 0% <0.002 <0.002 2 2 100% 0.752 0 0 n/a n/a n/a
Arsenic(V) mg/L 2 2 100% 0.002 0.003 2 0 0% <0.002 0 0 n/a n/a n/a
Calcium, Dissolved mg/L 8 8 100% 103 109 7 7 100% 4.13 4 4 100% 130 165
Calcium, Total mg/L 28 28 100% 102 132 34 34 100% 5.71 32 32 100% 102 310
Cation Sum meg/L 28 28 100% 10 10.8 24 24 100% 99.6 20 20 100% 11.1 31.55
Cation-Anion Balance % 22 22 100% 0.37 8.49 16 16 100% 8.45 16 16 100% <0.06 3.97
Chloride, Total mg/L 30 30 100% 0.28 9.68 33 33 100% 63.9 32 32 100% 10.6 183
Chromium, Dissolved mg/L 77 23 30% 0.00025 0.003 76 47 62% <0.006 20 1 5% <0.001 0.009
Chromium, Total mg/L 130 65 50% <0.001 1.08 115 90 78% <0.025 20 10 50% <0.0003 0.019
Chromium (III) mg/L 0 0 n/a n/a n/a 1 0 0% <0.01 2 0 0% <0.01 <0.01
Chromium (VI) mg/L 0 0 n/a n/a n/a 1 0 0% <0.01 2 0 0% <0.01 <0.01
CO3 (expressed as CaCO3) mg/L 18 0 0% <1 <1 22 22 100% 949 24 1 4% <1 35.6
COD mg/L 12 10 83% 10.3 52.3 8 8 100% 398 8 6 75% 21.5 49
Conductivity µmhos/cm 7 7 100% 404 757 5 5 100% 23600 0 0 n/a n/a n/a
Dissolved Inorganic Carbon mg/L 20 20 100% 100 113 24 24 100% 99 34 34 100% 111 500
Dissolved Organic Carbon mg/L 20 20 100% 43.1 86 16 16 100% 217 0 0 n/a n/a n/a
Eh mV 115 115 100% 105 307 109 109 100% <449 46 46 100% 0.9 337
Iron (II) mg/L 2 1 50% 0.02 0.02 2 0 0% <0.02 0 0 n/a n/a n/a
Iron (III) mg/L 2 1 50% <0.02 0.09 2 2 100% 0.79 0 0 n/a n/a n/a
Fluoride mg/L 12 2 17% <0.01 0.12 8 8 100% 3.54 0 0 n/a n/a n/a
Fluoride, Total mg/L 10 9 90% 0.1 0.15 10 9 90% 2.86 8 0 0% <0.1 <0.1
Hardness mg/L 0 0 n/a n/a n/a 0 0 n/a n/a 4 4 100% 160 857
Bicarbonate (expressed as CaCO3) mg/L 18 18 100% 232 450 22 0 0% <1 24 24 100% 1020 1520
Hydroxide (expressed as CaCO3) mg/L 6 0 0% <1 <1 4 4 100% 2010 0 0 n/a n/a n/a
Iron, Dissolved mg/L 17 1 6% <0.02 0.023 15 15 100% 0.823 18 17 94% <0.02 56.3
Iron, Total mg/L 37 30 81% <0.02 12.2 37 37 100% 6.45 20 20 100% 0.141 94.7
Lead, Dissolved mg/L 81 2 2% <0.001 0.002 77 20 26% <0.06 20 2 10% <0.001 0.038
Lead, Total mg/L 114 35 31% <0.001 0.64 109 54 50% <0.06 20 12 60% <0.003 0.055
Magnesium, Dissolved mg/L 2 2 100% 31.2 44.6 6 0 0% <0.04 4 4 100% 10.3 43.5
Magnesium, Total mg/L 34 34 100% 16.1 49.3 35 20 57% 3.99 32 32 100% 10.1 49.8
Manganese, Dissolved mg/L 16 11 69% <0.002 0.0207 16 15 94% 0.0146 29 29 100% 0.454 7.54
Manganese, Total mg/L 34 33 97% 0.0025 0.593 32 32 100% 0.232 29 29 100% 0.49 10.2
Nitrate (expressed as nitrogen) mg/L 8 7 88% <0.05 0.564 6 1 17% 0.053 12 3 25% <0.05 0.145
Nitrite (expressed as nitrogen) mg/L 0 0 n/a n/a n/a 2 0 0% <0.5 0 0 n/a n/a n/a
Nitrate + Nitrite (expressed as nitrogen) mg/L 12 12 100% 0.05 0.49 8 8 100% 0.21 0 0 n/a n/a n/a
pH Stand. Units 115 115 100% 6.84 8.11 110 110 100% 12.91 46 46 100% 5.63 9.02
Phosphorus, Total mg/L 16 12 75% <0.05 0.353 13 13 100% 2.04 10 9 90% <0.01 0.611
Potassium, Dissolved mg/L 2 2 100% 2.2 8.9 5 5 100% 3830 28 28 100% n/a n/a
Potassium, Total mg/L 34 34 100% 12.7 12.8 34 34 100% 958 0 0 n/a 104 848

PARAMETER UNITS

AVG-E, AVG-W, PM-11, PM-12
(3)  Post-Treatment Groundwater(1)  Background Groundwater Range (Non-CKD-Affected)

MW-07 and MW-11 MW-09 and PM-16
(2)  CKD-Affected Groundwater

HR0196/MFW06-10_ApA_Exh4.xls 1 of 2 8/4/2006



DRAFT EXHIBIT A-4
GROUNDWATER ANALYTICAL DATA SUMMARY

LEHIGH CEMENT COMPANY CLOSED CKD PILE SITE
METALINE FALLS, WASHINGTON

(June 1999 to Jan 2006)

GeoSyntec Consultants

# Analysis # Detects FOD % Min Max # Analysis # Detects FOD % Max # Analysis # Detects FOD % Min MaxPARAMETER UNITS

AVG-E, AVG-W, PM-11, PM-12
(3)  Post-Treatment Groundwater(1)  Background Groundwater Range (Non-CKD-Affected)

MW-07 and MW-11 MW-09 and PM-16
(2)  CKD-Affected Groundwater

Silica, Dissolved mg/L 8 8 100% 11.4 25.9 7 7 100% 97 14 14 100% 10 35.6
Silica, Total mg/L 14 14 100% 10.8 27.1 17 17 100% 95.9 12 12 100% 11.2 43.2
Silicon, Total mg/L 6 6 100% 14.2 17 10 10 100% 100 4 4 100% 21.4 130
Silicon, Dissolved mg/L 0 0 n/a n/a n/a 3 3 100% 68.3 8 8 100% 106 138
Sodium, Dissolved mg/L 4 4 100% 3.6 6.74 7 7 100% 72.4 0 0 n/a n/a n/a
Sodium, Total mg/L 32 32 100% 2.17 7.13 34 34 100% 98 28 28 100% n/a n/a
Spec. Cond., Total µmhos/cm 14 14 100% 16 13 81% 9900 6 6 100% 1700 3320
Sulfate mg/L 32 32 100% 16.5 115 35 35 100% 877 32 32 100% 12.9 662
Sulfide, Total mg/L 32 2 6% <0.5 0.6 34 34 100% 9.8 28 0 0% <1 <1
Sulfite mg/L 14 4 29% <0.5 0.8 11 11 100% 92 0 0 n/a n/a n/a
TDS, measured mg/L 20 20 100% 188 540 15 15 100% 8360 22 22 100% 1030 2270
Calculated TDS mg/L 22 22 100% 187 618 16 16 100% 7778.3 16 16 100% 1090 1970
TOC mg/L 0 0 n/a n/a n/a 0 0 n/a n/a 10 10 100% 14.4 14.4
TSS mg/L 0 0 n/a n/a n/a 0 0 n/a n/a 8 8 100% 10 100
Temperature C 16 16 100% 10.1 24.8 16 16 100% 9.5 0 0 n/a n/a n/a
Turbidity NTU 91 91 100% 0.12 8350 76 76 100% 7.93 26 26 100% 1.13 402

Notes:
This summary includes data from after 1 June 1999, when Site groundwater conditions reached an approximate steady state following closure of the CKD Pile.
%FOD: Frequency of Detection (%)
BOD: Biological Oxygen Demand
CaCO3: Calcium Carbonate
COD: Chemical Oxygen Demand
CO3: Carbonate
Eh: Redox Potential
HCO3: Bicarbonate
TDS: Total Dissolved Solids
TOC: Total Organic Carbon
TSS: Total Suspended Solids
NTU: Nephelometric Turbidity Units
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EXHIBIT A-5
SUMMARY OF SOIL INORGANIC CHEMISTRY DATA

LEHIGH CEMENT COMPANY CLOSED CKD PILE SITE
METALINE FALLS, WASHINGTON

Sample Name Sample Location
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B1-59 B-1 59 01-Jan-92 <5 5.89 NA 0.30 0.40 NA 29.7 NA 42.7 NA 27.1 NA NA NA NA 28 NA NA <5 NA NA NA 7 NA 160
B3-75.5 B-3 75.5 01-Jan-92 6 3.00 NA 0.20 <0.2 NA 15.2 NA 11.1 NA 11.8 NA NA NA NA 20 NA NA <5 NA NA NA 9 NA 44.3
B4-69.5 B-4 69.5 01-Jan-92 <6 2.70 NA 0.20 0.70 NA 29.3 NA 30.9 NA 10.5 NA NA NA NA 24 NA NA <6 NA NA NA 11 NA 80.7
B5-78 B-5 78 01-Jan-92 <6 2.80 NA 0.30 0.60 NA 27.5 NA 29.9 NA 25.8 NA NA NA NA 21 NA NA <6 NA NA NA <6 NA 94.8
B6-45 B-6 45 01-Jan-92 <6 5.16 NA 0.30 0.60 NA 31.0 NA 24.6 NA 16.3 NA NA NA NA 23 NA NA 6 NA NA NA 10 NA 98.1

FSP-06-5 FSP-6 5 15-Jul-03 NA 4.46 NA NA NA NA NA NA NA     18,900 NA  NA 470 NA NA NA NA  NA NA NA <0.01 NA NA NA NA
FSP-18-12 FSP-18 12 17-Jul-03 NA 3.00 NA NA NA NA NA NA NA     17,800 NA  NA 353 NA NA NA NA  NA NA NA <0.01 NA NA NA NA
FSP-19-8 FSP-19 8 17-Jul-03 NA 4.36 NA NA NA NA NA NA NA     20,100 NA  NA 419 NA NA NA NA  NA NA NA <0.01 NA NA NA NA
MW-1-74 MW-1 74 01-Jan-92 <33 3.00 NA <1 <1 NA 131.0 NA 27.0 NA 78.1 NA NA NA NA 18 NA NA <33 NA NA NA <33 NA 1430
MW-2-9.5 MW-2 9.5 01-Jan-92 <6 3.20 NA 0.30 0.40 NA 26.4 NA 18.2 NA 71.7 NA NA NA NA 21 NA NA <6 NA NA NA 7 NA 223
MW-3-9.5 MW-3 9.5 01-Jan-92 <6 2.90 NA 0.30 0.60 NA 24.9 NA 36.9 NA 16.6 NA NA NA NA 21 NA NA <6 NA NA NA <7 NA 76.3
MW-4-15 MW-4 15 01-Jan-92 <5 2.70 NA 0.30 <0.2 NA 27.2 NA 27.4 NA 10.1 NA NA NA NA 22 9 NA <5 NA NA NA <5 NA 67.3
MW-4-25 MW-4 25 01-Jan-92 <5 3.60 NA 0.20 0.60 NA 25.6 NA 24.8 NA 8.8 NA NA NA NA 21 NA NA <5 NA NA NA 11 NA 64.3
MW-4-55 MW-4 55 01-Jan-92 <5 4.30 NA 0.20 0.40 NA 24.2 NA 22.8 NA 7.1 NA NA NA NA 18 NA NA <5 NA NA NA 6 NA 55.5
MW-5-2.5 MW-5 2.5 01-Jan-92 <6 4.50 NA 0.20 0.40 NA 20.5 NA 18.2 NA 11.6 NA NA NA NA 17 NA NA <6 NA NA NA <6 NA 71.9

MW-6-39.5 MW-6 39.5 01-Jan-92 <6 4.90 NA 0.40 0.60 NA 27.7 NA 21.7 NA 1.2 NA NA NA NA 21 NA NA <6 NA NA NA <6 NA 95
MWX-4-15 MW-4 15 01-Jan-92 <5 2.40 NA 0.20 0.30 NA 25.9 NA 27.8 NA 10.0 NA NA NA NA 23 NA NA <5 NA NA NA 15 NA 70.5

SS-13 Background (South of MW-11) Surface 01-Jan-92 NA 5.30 NA 0.30 0.70 NA 27.7 NA 31.6 NA 59.0 NA NA NA NA 23 8.2 NA NA NA NA NA 12 NA 127
SS-14 Background (South of MW-11) Surface 01-Jan-92 NA 5.10 NA <1 5.00 NA 32.0 NA 40.0 NA 96.3 NA NA NA NA 21 7.7 NA NA NA NA NA 38 NA 3650

B-1(2'-3') TH-1 2 - 3 13-Sep-00 <0.75 2.23 70.5 <0.25 1.29 52,200 14.7 5.1 27.2 10,200 89.8 12,200 388 <0.0835 0.763 11.5 9.45 3,540 2.96 668 NA <0.25 <0.75 19.5 411
B-1(4'-5') TH-1 4 - 5 13-Sep-00 <0.75 <0.75 50 <0.25 <0.50 13,100 13.0 6.3 15.5 11,800 5.5 6,480 263 <0.0835 0.572 12.8 10.76 2,160 1.56 159 NA <0.25 <0.75 21.8 45.3
B-1(6') TH-1 6 13-Sep-00 <0.75 13.80 36.6 0.26 <0.50 2,720 2.1 2.24 15.2 2,640 2.6 702 23.7 <0.0835 <0.25 6.23 NA 651 <0.75 321 NA <0.25 <0.75 1.58 17.8

Notes:
Concentrations expressed in milligrams per kilogram
NA - Not Analyzed
"<" indicates that the analytes was not detected at or above the given reporting limit
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EXHIBIT A-6
SUMMARY OF SOIL ORGANIC CHEMISTRY DATA

LEHIGH CEMENT COMPANY CLOSED CKD PILE SITE
METALINE FALLS, WASHINGTON

Sample Name Sample Location
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MW-4-15 MW-4 15 01-Jan-92 <0.0012 <0.0057 <0.075 <0.075 <0.0057 <0.075 <0.075 <0.075 <0.075 <0.075 <0.075 <0.0012 <0.075 <0.0023 <0.075 <0.075 <0.075 <0.0012 <0.0012 <0.0023
MWX-4-15 MW-4 15 01-Jan-92 <0.0011 <0.0057 <0.073 <0.073 <0.0057 <0.073 <0.073 <0.073 <0.073 <0.073 <0.073 <0.0011 <0.073 <0.0023 <0.073 <0.073 <0.073 <0.0011 <0.0011 <0.0023

Notes:
Concentrations expressed in milligrams per kilogram
NA - Not Analyzed
"<" indicates that the analytes was not detected at or above the given reporting limit
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GEOSYNTEC CONSULTANTS 
EXHIBIT A-7 

PROJECT NO.: NPDES-ER 

Note: This map was downloaded 
from the United States Geological 
Survey’s records database for 
Station 12398000. 
 USGS STATION 12398000 LOCATION 

LEHIGH CEMENT COMPANY CLOSED CKD PILE SITE 
METALINE FALLS, WASHINGTON DATE: MARCH 2006 
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PEND OREILLE RIVER BASIN

12398000  SULLIVAN CREEK AT METALINE FALLS, WA
LOCATION.--Lat 48°51'37", long 117°21'47", in SW1⁄4SW1⁄4, sec.22, T.39 N., R.43 E., Pend Oreille County, Hydrologic Unit 17010216, on left pier of State 
highway bridge, 0.5 mi upstream from mouth, 0.5 mi east of Metaline Falls, and at mile 0.5. 

DRAINAGE AREA.--142 mi2. 

PERIOD OF RECORD.--October 1953 to November 1968, April 1994 to September 2003, July to September 2004. 

GAGE.--Water-stage recorder. Elevation of gage is 2,050 ft above NGVD of 1929, from topographic map. Aug. 24, 1956, to November 1968, water-stage 
recorder 100 ft downstream, at different datum. Prior to Aug. 24, 1956, staff gage at site 20 ft upstream at different datum. 

REMARKS.--No estimated daily discharges. Records fair except for those above 1,000 ft3/s, which are poor. Some regulation by storage in Sullivan Lake. 
Small diversions upstream from station for municipal water supply. 

AVERAGE DISCHARGE.--24 years (water years 1954-68, 1995-2003), 239 ft3/s, 172,800 acre-ft/yr. 

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge observed, 4,350 ft3/s, June 1, 1997, gage height, 4.38 ft; minimum discharge, 7.3 ft3/s, Jan. 
1, 1958, result of freezeup; minimum daily discharge, 27 ft3/s, Jan. 1, 1958. 

EXTREMES FOR CURRENT YEAR.--Maximum discharge for the period July to September, 132 ft3/s, July 3, gage height, 0.41 ft; minimum discharge, 71 
ft3/s, Aug. 9. 

   

DISCHARGE, CUBIC FEET PER SECOND 
WATER YEAR OCTOBER 2003 TO SEPTEMBER 2004

DAILY MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

1 --- --- --- --- --- --- --- --- --- 126 87 87
2 --- --- --- --- --- --- --- --- --- 124 87 87
3 --- --- --- --- --- --- --- --- --- 124 87 87
4 --- --- --- --- --- --- --- --- --- 126 87 87
5 --- --- --- --- --- --- --- --- --- 123 87 87

6 --- --- --- --- --- --- --- --- --- 120 87 87
7 --- --- --- --- --- --- --- --- --- 123 87 87
8 --- --- --- --- --- --- --- --- --- 124 76 87
9 --- --- --- --- --- --- --- --- --- 118 75 87

10 --- --- --- --- --- --- --- --- --- 115 86 87

11 --- --- --- --- --- --- --- --- --- 111 87 87
12 --- --- --- --- --- --- --- --- --- 109 87 87
13 --- --- --- --- --- --- --- --- --- 106 87 86
14 --- --- --- --- --- --- --- --- --- 104 87 86
15 --- --- --- --- --- --- --- --- --- 101 87 87

16 --- --- --- --- --- --- --- --- --- 98 87 87
17 --- --- --- --- --- --- --- --- --- 96 87 87
18 --- --- --- --- --- --- --- --- --- 94 87 89
19 --- --- --- --- --- --- --- --- --- 96 87 87
20 --- --- --- --- --- --- --- --- --- 101 87 84

21 --- --- --- --- --- --- --- --- --- 96 87 82
22 --- --- --- --- --- --- --- --- --- 90 87 82
23 --- --- --- --- --- --- --- --- --- 87 87 81
24 --- --- --- --- --- --- --- --- --- 83 87 82
25 --- --- --- --- --- --- --- --- --- 82 95 85

26 --- --- --- --- --- --- --- --- --- 80 111 86
27 --- --- --- --- --- --- --- --- --- 78 90 87
28 --- --- --- --- --- --- --- --- --- 77 81 87
29 --- --- --- --- --- --- --- --- --- 84 77 87
30 --- --- --- --- --- --- --- --- --- 87 77 86
31 --- --- --- --- --- --- --- --- --- 86 87 ---

TOTAL --- --- --- --- --- --- --- --- --- 3,169 2,682 2,582
MEAN --- --- --- --- --- --- --- --- --- 102 86.5 86.1
MAX --- --- --- --- --- --- --- --- --- 126 111 89
MIN --- --- --- --- --- --- --- --- --- 77 75 81
AC-FT --- --- --- --- --- --- --- --- --- 6,290 5,320 5,120
CFSM --- --- --- --- --- --- --- --- --- 0.72 0.61 0.61
IN. --- --- --- --- --- --- --- --- --- 0.83 0.70 0.68

STATISTICS OF MONTHLY MEAN DATA FOR WATER YEARS 1954 - 2004, BY WATER YEAR (WY)

MEAN 228 213 144 93.1 79.5 115 218 663 714 190 85.8 86.1
MAX 370 460 465 230 147 360 463 1,398 1,590 630 183 262
(WY) (1967) (1996) (1960) (1957) (1959) (1959) (1956) (1997) (1999) (1999) (1999) (1957)
MIN 55.4 52.7 44.6 40.8 35.6 42.2 65.9 266 189 92.5 54.3 43.0
(WY) (1959) (1957) (1958) (1958) (2001) (2001) (2001) (2001) (2001) (2001) (2001) (2001)
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12398000  SULLIVAN CREEK AT METALINE FALLS, WA—Continued
   

SUMMARY STATISTICS WATER YEARS 1954 - 2004

ANNUAL MEAN 239
HIGHEST ANNUAL MEAN 386        1997
LOWEST ANNUAL MEAN 121        2001
HIGHEST DAILY MEAN 4,020 Jun  1, 1997
LOWEST DAILY MEAN 27 Jan  1, 1958
ANNUAL SEVEN-DAY MINIMUM 30 Dec 31, 1957
ANNUAL RUNOFF (AC-FT) 172,800
ANNUAL RUNOFF (CFSM) 1.68
ANNUAL RUNOFF (INCHES) 22.82
10 PERCENT EXCEEDS 549
50 PERCENT EXCEEDS 114
90 PERCENT EXCEEDS 56
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12398000  SULLIVAN CREEK AT METALINE FALLS, WA
LOCATION.--Lat 48°51'37", long 117°21'47", in SW 1⁄4 SW 1⁄4 sec.22, T.39 N., R.43 E., Pend Oreille County, Hydrologic Unit 17010216, on left pier of State highway bridge, 0.5 
mi upstream from mouth, 0.5 mi east of Metaline Falls and at mile 0.5. 

DRAINAGE AREA.--142 mi2. 

PERIOD OF RECORD.--October 1953 to November 1968, April 1994 to current year. 

GAGE.--Water-stage recorder. Elevation of gage is 2,050 ft above NGVD of 1929, from topographic map. Aug. 24, 1956, to November 1968, water-stage recorder 100 ft downstream, 
at different datum. Prior to Aug. 24, 1956, staff gage at site 20 ft upstream at different datum. 

REMARKS.--No estimated daily discharges. Records fair except for those above 1,000 ft3/s, which are poor. Some regulation by storage in Sullivan Lake. Small diversions upstream 
from station for municipal water supply. 

AVERAGE DISCHARGE.--24 years (water years 1954-68, 1995-2003), 239 ft3/s, 172,800 acre-ft/yr. 

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge observed, 4,350 ft3/s June 1, 1997, gage height, 4.38 ft; minimum discharge, 7.3 ft3/s Jan. 1, 1958, result of freezeup; 
minimum daily discharge, 27 ft3/s Jan. 1, 1958. 

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 1,250 ft3/s May 31, gage height, 2.23 ft, minimum discharge, 50 ft3/s Dec. 9, Jan. 10, and Sept. 30. 

DISCHARGE, CUBIC FEET PER SECOND 
WATER YEAR OCTOBER 2002 TO SEPTEMBER 2003

DAILY MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

1 125 333 61 63 82 66 223 329 1,030 199 72 56
2 309 326 59 67 81 66 160 346 873 157 71 55
3 348 316 59 75 80 64 157 364 746 139 71 55
4 368 303 57 71 77 62 153 376 636 128 71 54
5 363 304 56 72 72 63 148 374 626 124 70 54

6 358 312 55 68 68 61 142 360 670 120 69 54
7 352 314 54 63 76 59 137 333 680 117 71 54
8 364 314 53 61 76 58 134 310 673 115 73 61
9 378 301 52 59 73 60 139 301 676 112 69 72

10 372 280 53 53 72 60 147 294 664 109 67 61

11 367 263 54 58 69 60 163 296 628 106 66 58
12 363 262 54 65 68 65 197 315 590 104 65 59
13 357 255 60 64 69 120 214 335 567 102 64 57
14 351 235 74 63 71 149 243 389 542 100 63 56
15 357 212 135 60 70 149 257 446 512 97 63 55

16 376 191 120 58 75 191 254 431 484 95 63 56
17 369 165 110 56 75 208 254 398 462 92 64 59
18 374 143 97 56 73 204 252 366 443 90 62 57
19 380 138 87 56 71 202 240 330 425 88 61 56
20 375 125 81 57 73 200 232 306 400 86 60 55

21 368 116 76 55 74 203 242 290 394 84 59 55
22 360 108 76 56 72 266 279 291 386 83 59 54
23 359 100 73 57 64 326 321 334 387 82 60 54
24 363 88 70 57 58 324 359 456 358 80 59 53
25 356 79 68 57 63 307 421 874 342 79 58 53

26 345 76 68 72 67 300 420 1,040 315 78 57 52
27 337 71 67 92 68 287 394 911 295 77 57 52
28 344 67 65 84 67 270 363 912 280 76 57 52
29 343 66 65 77 --- 253 348 1,010 269 75 57 52
30 324 63 62 77 --- 243 329 938 245 74 56 51
31 323 --- 65 80 --- 247 --- 983 --- 73 56 ---

TOTAL 10,828 5,926 2,186 2,009 2,004 5,193 7,322 15,038 15,598 3,141 1,970 1,672
MEAN 349 198 70.5 64.8 71.6 168 244 485 520 101 63.5 55.7
MAX 380 333 135 92 82 326 421 1,040 1,030 199 73 72
MIN 125 63 52 53 58 58 134 290 245 73 56 51
AC-FT 21,480 11,750 4,340 3,980 3,970 10,300 14,520 29,830 30,940 6,230 3,910 3,320

STATISTICS OF MONTHLY MEAN DATA FOR WATER YEARS 1954 - 2003, BY WATER YEAR (WY)

MEAN 228 213 144 93.1 79.5 115 218 663 714 193 85.7 86.1
MAX 370 460 465 230 147 360 463 1,398 1,590 630 183 262
(WY) (1967) (1996) (1960) (1957) (1959) (1959) (1956) (1997) (1999) (1999) (1999) (1957)
MIN 55.4 52.7 44.6 40.8 35.6 42.2 65.9 266 189 92.5 54.3 43.0
(WY) (1959) (1957) (1958) (1958) (2001) (2001) (2001) (2001) (2001) (2001) (2001) (2001)

   

SUMMARY STATISTICS FOR 2002 CALENDAR YEAR FOR 2003 WATER YEAR WATER YEARS 1954 - 2003

ANNUAL TOTAL 85,497 72,887
ANNUAL MEAN 234 200 239
HIGHEST ANNUAL MEAN 386        1997
LOWEST ANNUAL MEAN 121        2001
HIGHEST DAILY MEAN 1,410 May 29 1,040 May 26 4,020 Jun  1, 1997
LOWEST DAILY MEAN 52 Jan  1 51 Sep 30 27 Jan  1, 1958
ANNUAL SEVEN-DAY MINIMUM 54 Dec  6 52 Sep 24 30 Dec 31, 1957
ANNUAL RUNOFF (AC-FT) 169,600 144,600 172,800
10 PERCENT EXCEEDS 534 388 549
50 PERCENT EXCEEDS 102 97 114
90 PERCENT EXCEEDS 61 56 56

   



1                                                    PEND OREILLE RIVER BASIN

                                         12398000  SULLIVAN CREEK AT METALINE FALLS, WA

LOCATION.--Lat 48°51'37", long 117°21'47", in SW 1⁄4 SW
1⁄4 sec.22, T.39 N., R.43 E., Pend Oreille County, Hydrologic Unit

   17010216, on left pier of State highway bridge, 0.5 mi upstream from mouth, 0.5 mi east of Metaline Falls and at mile 0.5.

DRAINAGE AREA.--142 mi2.

PERIOD OF RECORD.--October 1953 to November 1968, April 1994 to current year.

GAGE.--Water-stage recorder. Elevation of gage is 2,050 ft above NGVD of 1929, from topographic map. Aug. 24, 1956, to November
   1968, water-stage recorder 100 ft downstream, at different datum. Prior to Aug. 24, 1956, staff gage at site 20 ft upstream
   at different datum.

REMARKS.--Records fair except for those above 1,000 ft3/s, which are poor. Some regulation by storage in Sullivan Lake. Small
   diversions upstream from station for municipal water supply.

AVERAGE DISCHARGE.--23 years (water years 1954-68, 1995-2002), 240 ft3/s, 174,000 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge observed, 4,350 ft3/s June 1, 1997, gage height, 4.38 ft; minimum discharge,
   7.3 ft3/s Jan. 1, 1958, result of freezeup; minimum daily discharge, 27 ft3/s Jan. 1, 1958.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 1,670 ft3/s May 28, gage height, 2.21 ft, minimum discharge, 39 ft3/s Oct. 4, 5
   and 7.

                     DISCHARGE, CUBIC FEET PER SECOND, WATER YEAR OCTOBER 2001 TO SEPTEMBER 2002
                                                       DAILY MEAN VALUES

        DAY       OCT      NOV      DEC      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP

          1        41      256      178       52       85       86       93      302     1240      310       92       67
          2        41      248      159       57       84       83       90      360     1170      287       91       65
          3        40      246      148       59       81       86       87      424     1190      263       89       69
          4        40      243      137       57       80       86       88      430     1140      238       87       67
          5        39      262      128       55       79       86       91      404     1160      225       86       64

          6        39      286      124       57       79       83      100      372     1200      212       85       64
          7        39      283      119       75       81       81      112      331     1100      201       84       63
          8        40      296      110      171       81       79      110      300      988      271       82       62
          9        41      299      104      156       78       82      107      278      883      278       81       62
         10        42      295       94      140       78       87      119      261      739      244       80       61

         11        46      291       93      135       78       89      128      251      694      232       79       61
         12        45      287       85      137       69       90      151      252      728      218       77       60
         13        45      293       91      135       75       87      227      277      793      208       76       59
         14        47      324       95      128       72       85      481      361      894      202       75       59
         15        45      357       83      111       70       86      520      380      924      191       75       59

         16        43      380       86      107       72       87      418      375      913      174       73       59
         17        43      385       96      109       74       84      347      393      834      167       72       61
         18        42      368       79      101       72       82      310      439      831      161       71       64
         19        42      359       79      108       72       84      284      514      826      152       70       61
         20        42      353       74      110       72       83      267      836      711      142       70       59

         21        43      346       73      109       71       76      265      988      656      138       70       59
         22        72      342       70      102       81       83      285     1090      607      131       69       59
         23       141      327       61       98      102       83      275      943      602      112       69       59
         24       169      312       64       99       94       83      259      750      554      112       68       58
         25       204      296       61       93       74       84      250      649      486      109       68       57

         26       223      286       53       89       81       86      239      639      437      106       68       58
         27       223      273       53       84       86       87      225      736      399      103       68       58
         28       225      248       60       78       87       88      217     1150      372      100       67       57
         29       224      222       63       70      ---       87      220     1410      391       98       68       58
         30       233      196       61       81      ---       87      247     1340      343       97       71       64
         31       249      ---       59       85      ---       90      ---     1260      ---       95       68      ---

        TOTAL    2848     8959     2840     3048     2208     2630     6612    18495    23805     5577     2349     1833
        MEAN    91.87    298.6    91.61    98.32    78.86    84.84    220.4    596.6    793.5    179.9    75.77    61.10
        MAX       249      385      178      171      102       90      520     1410     1240      310       92       69
        MIN        39      196       53       52       69       76       87      251      343       95       67       57
        AC-FT    5650    17770     5630     6050     4380     5220    13110    36680    47220    11060     4660     3640

        STATISTICS OF MONTHLY MEAN DATA FOR WATER YEARS 1954 - 2002, BY WATER YEAR (WY)

        MEAN    223.2    213.5    147.3    94.37    79.86    112.3    216.5    670.1    721.6    197.0    86.65    87.39
        MAX       370      460      465      230      147      360      463     1398     1590      630      183      262
        (WY)     1967     1996     1960     1957     1959     1959     1956     1997     1999     1999     1999     1957
        MIN      55.4     52.7     44.6     40.8     35.6     42.2     65.9      266      189     92.5     54.3     43.0
        (WY)     1959     1957     1958     1958     2001     2001     2001     2001     2001     2001     2001     2001

        SUMMARY STATISTICS           FOR 2001 CALENDAR YEAR        FOR 2002 WATER YEAR         WATER YEARS 1954 - 2002

        ANNUAL TOTAL                       40053                      81204
        ANNUAL MEAN                          109.7                      222.5                      240.2
        HIGHEST ANNUAL MEAN                                                                        386            1997
        LOWEST ANNUAL MEAN                                                                         121            2001
        HIGHEST DAILY MEAN                   449     May 25            1410     May 29            4020     Jun  1 1997
        LOWEST DAILY MEAN                     30     Feb  7              39     Oct  5              27     Jan  1 1958
        ANNUAL SEVEN-DAY MINIMUM              31     Feb  5              40     Oct  2              30     Dec 31 1957
        ANNUAL RUNOFF (AC-FT)              79450                     161100                     174000
        10 PERCENT EXCEEDS                   273                        534                        557
        50 PERCENT EXCEEDS                    57                         96                        115
        90 PERCENT EXCEEDS                    38                         59                         56



1                                                    PEND OREILLE RIVER BASIN

                                         12398000  SULLIVAN CREEK AT METALINE FALLS, WA

LOCATION.--Lat 48°51'37", long 117°21'47", in SW 1⁄4 SW
1⁄4 sec.22, T.39 N., R.43 E., Pend Oreille County, Hydrologic Unit

   17010216, on left pier of State highway bridge, 0.5 mi upstream from mouth, 0.5 mi east of Metaline Falls and at mile 0.5.

DRAINAGE AREA.--142 mi2.

PERIOD OF RECORD.--October 1953 to November 1968, April 1994 to current year.

GAGE.--Water-stage recorder. Elevation of gage is 2,050 ft above sea level, from topographic map. Aug. 24, 1956, to November
   1968, water-stage recorder 100 ft downstream, at different datum. Prior to Aug. 24, 1956, staff gage at site 20 ft upstream
   at different datum.

REMARKS.--Records fair except for those above 1,000 ft3/s, which are poor. Some regulation by storage in Sullivan Lake. Small
   diversions upstream from station for municipal water supply.

AVERAGE DISCHARGE.--22 years (water years 1954-68, 1995-2001), 241 ft3/s, 174,600 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge observed, 4,350 ft3/s June 1, 1997, gage height, 4.38 ft; minimum discharge,
   7.3 ft3/s Jan. 1, 1958, result of freezeup; minimum daily discharge, 27 ft3/s Jan. 1, 1958.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 501 ft3/s May 24, gage height, 1.63 ft, minimum daily discharge, 30 ft3/s Feb.
   7-10.

                          DISCHARGE, CUBIC FEET PER SECOND, WATER YEAR OCTOBER 2000 TO SEPTEMBER 2001
                                                       DAILY MEAN VALUES

        DAY       OCT      NOV      DEC      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP

          1        67      284      159       58      e35       37       45      158      238      129       71       46
          2        73      279      155       57      e35       39       45      140      237      125       68       45
          3       152      276      151       57      e34       38       45      131      214      120       66       45
          4       223      276      147       56      e33       37       42      131      205      116       65       45
          5       263      272      142       57      e33       38       42      144      201      113       65       45

          6       264      264      142       56      e32       38       44      139      193      109       63       44
          7       261      259      138       51      e30       38       43      139      187      107       61       44
          8       257      256      134       51      e30       39       44      149      181      105       60       44
          9       254      250      130      e52      e30       42       44      171      190      100       58       43
         10       289      242      126      e50      e30       41       47      183      193       97       57       43

         11       343      233      114      e48      e32       39       45      193      188       94       56       43
         12       352      239      111      e47      e34       39       43      224      210       92       54       43
         13       351      233      109      e46      e38       40       44      316      202       90       54       42
         14       347      226      101      e44      e42       41       44      371      242       88       53       42
         15       342      221       98      e43       39       39       43      383      245       86       52       42

         16       341      219       91      e40       38       39       44      376      227       86       51       42
         17       346      213       90      e36       38       39       46      332      214       88       50       42
         18       339      210       85      e37       39       40       51      295      201       85       50       42
         19       336      206       81      e38       38       46       55      274      192       83       49       41
         20       334      199       74      e38       38       45       54      255      181       81       49       41

         21       349      196       72      e38       38       42       54      242      170       85       49       41
         22       332      192       72      e38       38       41       54      257      162       88       49       42
         23       325      187       70      e38       38       41       56      325      154       83       51       41
         24       320      189       70      e38       38       41       57      422      150       79       52       41
         25       315      183       68      e38       38       46       68      449      170       78       49       40

         26       310      180       65      e37       36       63       95      419      154       75       48       47
         27       307      177       64      e35       37       55      114      391      148       72       48       47
         28       306      169       62      e34       37       50      191      381      146       76       47       43
         29       303      167       60      e35      ---       46      205      330      139       86       47       42
         30       296      163       58      e35      ---       43      174      280      135       77       46       41
         31       290      ---       58      e35      ---       45      ---      252      ---       73       46      ---

        TOTAL    8987     6660     3097     1363      998     1307     1978     8252     5669     2866     1684     1289
        MEAN      290      222     99.9     44.0     35.6     42.2     65.9      266      189     92.5     54.3     43.0
        MAX       352      284      159       58       42       63      205      449      245      129       71       47
        MIN        67      163       58       34       30       37       42      131      135       72       46       40
        AC-FT   17830    13210     6140     2700     1980     2590     3920    16370    11240     5680     3340     2560

        STATISTICS OF MONTHLY MEAN DATA FOR WATER YEARS 1954 - 2001, BY WATER YEAR (WY)

        MEAN      229      210      150     94.2     79.9      114      216      673      718      198     87.1     88.5
        MAX       370      460      465      230      147      360      463     1398     1590      630      183      262
        (WY)     1967     1996     1960     1957     1959     1959     1956     1997     1999     1999     1999     1957
        MIN      55.4     52.7     44.6     40.8     35.6     42.2     65.9      266      189     92.5     54.3     43.0
        (WY)     1959     1957     1958     1958     2001     2001     2001     2001     2001     2001     2001     2001

        SUMMARY STATISTICS           FOR 2000 CALENDAR YEAR        FOR 2001 WATER YEAR           WATER YEARS 1954 - 2001

        ANNUAL TOTAL                       94431                      44150
        ANNUAL MEAN                          258                        121                        241
        HIGHEST ANNUAL MEAN                                                                        386              1997
        LOWEST ANNUAL MEAN                                                                         121              2001
        HIGHEST DAILY MEAN                  1260     Jun  7             449     May 25            4020       Jun  1 1997
        LOWEST DAILY MEAN                     58     Dec 30              30     Feb  7              27       Jan  1 1958
        ANNUAL SEVEN-DAY MINIMUM              62     Sep 24              31     Feb  5              30       Dec 31 1957
        ANNUAL RUNOFF (AC-FT)             187300                      87570                     174600
        10 PERCENT EXCEEDS                   672                        282                        555
        50 PERCENT EXCEEDS                   122                         68                        115
        90 PERCENT EXCEEDS                    69                         38                         56

        e  Estimated



1                                                    PEND OREILLE RIVER BASIN

                                         12398000  SULLIVAN CREEK AT METALINE FALLS, WA

LOCATION.--Lat 48 °51'37", long 117 °21'47", in SW 1⁄ 4 SW 1⁄ 4 sec.22, T.39 N., R.43 E., Pend Oreille County, Hydrologic Unit
   17010216, on left pier of State highway bridge, 0.5 mi upstream from mouth, 0.5 mi east of Metaline Falls and at mile 0.5.

DRAINAGE AREA.--142 mi 2.

PERIOD OF RECORD.--October 1953 to November 1968, April 1994 to current year.

GAGE.--Water-stage recorder. Elevation of gage is 2,050 ft above sea level, from topographic map. Aug. 24, 1956, to November
   1968, water-stage recorder 100 ft downstream, at different datum. Prior to Aug. 24, 1956, staff gage at site 20 ft upstream
   at different datum.

REMARKS.--No estimated daily discharges. Records fair except for those above 1,000 ft 3/s, which are poor. Some regulation by
   storage in Sullivan Lake. Small diversions upstream from station for municipal water supply.

AVERAGE DISCHARGE.--21 years (water years 1954-68, 1995-2000), 247 ft 3/s, 178,800 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge observed, 4,350 ft 3/s June 1, 1997, gage height, 4.38 ft; minimum discharge,
   7.3 ft 3/s Jan. 1, 1958, result of freezeup; minimum daily discharge, 27 ft 3/s Jan. 1, 1958.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 1,340 ft 3/s June 7, gage height, 2.15 ft, maximum gage height, 2.17 ft May 22;
   minimum discharge, 55 ft 3/s Jan. 31.

                          DISCHARGE, CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1999 TO SEPTEMBER 2000
                                                       DAILY MEAN VALUES

        DAY       OCT      NOV      DEC      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP

          1       401      253      213       88       78       84      121      582      741      388      103       66
          2       397      246      227       87       75       83      140      652      784      373      100       69
          3       391      240      233       84       72       85      154      761      808      339       99       80
          4       387      234      212       88       70      104      178      809      888      300       98       74
          5       382      228      211       86       71      110      204      724     1060      278       96       71

          6       371      227      206       83       70      109      203      657     1210      255       94       69
          7       367      225      194       84       70      108      184      605     1260      238       93       67
          8       372      218      175       85       77      105      174      572     1240      208       91       72
          9       386      215      167       84       84      104      178      565     1250      209       90       85
         10       361      231      155       75       77      103      203      556     1150      219       88       82

         11       354      243      148       78       74      105      241      514     1060      198       86       76
         12       355      309      143       78       75      105      286      483     1030      182       85       71
         13       343      407      136       78       73      103      332      468     1110      166       84       69
         14       337      380      125       79       72      108      368      461     1060      160       82       67
         15       333      349      128       77       75      105      380      462     1060      156       80       65

         16       325      323      129       77       72      106      404      499      955      151       79       65
         17       320      312      125       75       64      105      409      577      862      146       78       64
         18       314      295      127       68       69      105      415      713      826      142       77       63
         19       310      282      116       66       72      108      424      795      765      139       75       63
         20       304      276      108       67       69      103      466      844      648      134       77       62

         21       299      262      108       80       79      105      497      961      606      129       75       73
         22       294      247      106       80       79      105      546     1120      582      127       73       70
         23       287      241      106       75       87      117      573     1110      556      124       71       64
         24       283      237      101       67       84      115      534     1000      547      122       70       63
         25       280      231       94       69       80      115      495      926      520      118       70       63

         26       282      222       89       77       80      115      463      835      488      115       69       62
         27       269      212       93       73       82      113      443      789      464      113       69       61
         28       278      207       92       71       83      113      593      786      441      111       68       61
         29       279      202       86       70       83      116      613      748      422      108       68       60
         30       268      219       82       66      ---      115      586      708      400      106       68       63
         31       263      ---       85       65      ---      116      ---      714      ---      105       67      ---

        TOTAL   10192     7773     4320     2380     2196     3293    10807    21996    24793     5659     2523     2040
        MEAN      329      259      139     76.8     75.7      106      360      710      826      183     81.4     68.0
        MAX       401      407      233       88       87      117      613     1120     1260      388      103       85
        MIN       263      202       82       65       64       83      121      461      400      105       67       60
        AC-FT   20220    15420     8570     4720     4360     6530    21440    43630    49180    11220     5000     4050

        STATISTICS OF MONTHLY MEAN DATA FOR WATER YEARS 1954 - 2000, BY WATER YEAR (WY)

        MEAN      226      209      152     96.6     82.0      117      224      692      743      203     88.6     90.6
        MAX       370      460      465      230      147      360      463     1398     1590      630      183      262
        (WY)     1967     1996     1960     1957     1959     1959     1956     1997     1999     1999     1999     1957
        MIN      55.4     52.7     44.6     40.8     46.2     43.8     95.0      267      285      108     61.0     49.8
        (WY)     1959     1957     1958     1958     1964     1964     1968     1955     1958     1994     1958     1995

        SUMMARY STATISTICS           FOR 1999 CALENDAR YEAR        FOR 2000 WATER YEAR           WATER YEARS 1954 - 2000

        ANNUAL TOTAL                      137786                      97972
        ANNUAL MEAN                          377                        268                        247
        HIGHEST ANNUAL MEAN                                                                        386              1997
        LOWEST ANNUAL MEAN                                                                         161              1966
        HIGHEST DAILY MEAN                  2570     Jun 17            1260     Jun  7            4020       Jun  1 1997
        LOWEST DAILY MEAN                     69     Feb 20              60     Sep 29              27       Jan  1 1958
        ANNUAL SEVEN-DAY MINIMUM              71     Feb 15              62     Sep 24              30       Dec 31 1957
        ANNUAL RUNOFF (AC-FT)             273300                     194300                     178800
        10 PERCENT EXCEEDS                  1160                        672                        575
        50 PERCENT EXCEEDS                   207                        135                        117
        90 PERCENT EXCEEDS                    80                         70                         58
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EXHIBIT A-8
MONTHLY MEAN SULLIVAN CREEK FLOW DATA

LEHIGH CEMENT COMPANY CLOSED CKD PILE SITE
METALINE FALLS, WASHINGTON

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1953 109 105 107
1954 102 96 111 165 986 937 343 107 97.9 97 115 112
1955 107 109 108 144 267 1,404 394 115 95.1 95 90 100
1956 140 100 138 463 1,071 564 231 79.4 60.2 58.9 52.7 223
1957 230 65.5 63.9 183 885 391 138 80.9 262 271 79.8 44.6
1958 40.8 75.8 124 191 779 285 125 61 54.9 55.4 56.6 53.4
1959 64.1 147 360 254 481 865 142 78.9 94.9 126 118 465
1960 205 99.3 128 290 617 821 203 89.8 79.2 365 235 84.5
1961 58 57.8 57.9 143 931 987 129 83.5 72.3 164 57.1 284
1962 177 55.5 45.6 216 388 430 152 79.2 63.3 330 302 145
1963 87.5 97.4 69.5 128 484 366 167 80.6 62.8 334 233 84.5
1964 57.5 46.2 43.8 104 473 747 166 82.7 75.9 276 295 103
1965 64.4 56.2 64 202 531 618 134 91.9 206 323 152 67.7
1966 52.3 47.2 57.6 178 462 322 142 65.7 58 370 244 114
1967 85.6 84.2 88.5 132 462 979 163 73.5 58 336 254 74.1
1968 51.5 60.7 113 95 446 467 122 83.2 77.6
1994 531 357 108 61.5 53.6 228 304 58.4
1995 48 70.9 191 179 690 628 134 69.7 49.8 187 460 401
1996 120 142 161 404 814 858 195 83.7 63.1 184 262 177
1997 88.3 68 156 313 1,398 1,392 307 124 147 310 378 214
1998 91.3 91.4 148 320 1,055 499 147 93.8 64.1 201 341 144
1999 81.2 75.6 119 230 759 1,590 630 183 129 329 259 139
2000 76.8 75.7 106 360 710 826 183 81.4 68 290 222 99.9
2001 44 35.6 42.2 65.9 266 189 92.5 54.3 43 91.9 299 91.6
2002 98.3 78.9 84.8 220 597 794 180 75.8 61.1 349 198 70.5
2003 64.8 71.6 168 244 485 520 101 63.5 55.7
2004 102 86.5 86.1

Mean of
monthly

streamflows

Source:
Records from United States Geological Survey, Station 12398000

228 213 144

Monthly mean streamflow (cubic feet per second)

93.1 79.5 115 218 663 713 190 85.8 86.1

YEAR

HR0196-12/MFW06-10_ApA_Exh8-9.xls/Monthly-Streamflow 3:02 PM  8/4/2006
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EXHIBIT A-9
ANNUAL MEAN SULLIVAN CREEK FLOW DATA

LEHIGH CEMENT COMPANY CLOSED CKD PILE SITE
METALINE FALLS, WASHINGTON

1954 273
1955 252
1956 266
1957 226
1958 159
1959 267
1960 268
1961 253
1962 199
1963 183
1964 206
1965 209
1966 177
1967 232
1995 260
1996 288
1997 409
1998 267
1999 377
2000 258
2001 110
2002 234

Source:
Records from United States Geological Survey, Station 12398000

ANNUAL MEAN SULLIVAN 
CREEK FLOW

(cubic feet per second)
YEAR

HR0196-12/MFW06-10_ApA_Exh8-9.xls/Annual Mean Streamflow 3:02 PM  8/4/2006
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ESTIMATED GROUNDWATER FLOW  
CAPTURED BY THE FUNNEL-AND-GATE SYSTEM 
LEHIGH CEMENT COMPANY CLOSED CKD PILE 

METALINE FALLS, WASHINGTON 
 

Objective 
 
The preliminary calculations described in this document are intended to 

estimate flowrate of groundwater that will be captured by the funnel-and-gate system, 
which is part of the Remedy.  The approximated flowrate of groundwater captured by 
the Remedy can be estimated as the groundwater intercepted by the groundwater 
barriers walls and French drain.   

 
Calculation Approach 

 
The approach used for calculating the groundwater flow to the Remedy 

included: 
 
• Evaluate historical groundwater potentiometric surface maps to 

develop an understanding of the groundwater flow direction and 
gradient.  The November 2004 data, which are representative of Site 
conditions, were used in this analysis; 

 
• Evaluate the locations of nearby groundwater wells and boreholes 

with groundwater surface elevation data (November 2004) and 
aquitard elevation data (from borehole logs) that can be used to 
estimate groundwater flow; 

 
• Generate two cross-sections based on the information from the first 

two bullets that are approximately perpendicular to groundwater flow 
(see Attachment 1).  Two cross-sections were used to calculate 
separate flowrates for comparison purposes; and 

 
• Apply Darcy’s law for steady flow along a flow line (i.e., through the 

two cross-sections described in the previous bullet).  This flow line 
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represents an estimate of the groundwater that will be captured by the 
funnel-and-gate system for treatment by the Remedy.   

 
Analysis 

 
Cross-sections 1 and 2 are shown on Attachment 1.  Approximate 

characteristics of the two cross sections are: 
    
 Length, Ltotal = 750 ft 
 Nearby groundwater gradient, i = 0.036 ft/ft 
 

Each of the two cross-sections was drawn in the immediate vicinity of five 
existing groundwater wells.  The cross-sections were extended to the approximate 
lateral extant of the zone that will be captured by the funnel-and-gate system of the 
Remedy.  Sectional end points were assigned.  The distance between the groundwater 
surface elevation and aquitard elevation at each location was taken to be representative 
of the saturated thickness of the aquifer.  The saturated thicknesses were used in 
combination with the lengths of the cross-section to estimate the approximate flow area 
for each cross-section.  The flow area, cross-section length, and gradient were used to 
estimate the flowrate according to Darcy’s law, Equation 1.  

 
Q = K .A . i    (1) 

 
Where: 
Q = Groundwater volumetric flowrate 
K = horizontal hydraulic conductivity 
A = area normal to groundwater flow (flow area) 
i = nearby groundwater gradient 
 

Flow areas were calculated using available lithologic information from 
borings that were installed approximately along the cross-section alignment.  The total 
cross-section flow area was calculated by adding the flow areas between consecutive 
borings along the cross-section.  The flow area was calculated between consecutive data 
points using a trapezoidal area equation (Equation 2). 
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)(
2 jiij hhlA +=     (2) 

Where: 
Aij = flow area between consecutive data points 
l = distance between consecutive data points 
hi = saturated thickness at i 
hj = saturated thickness at j 
 

The tables below summarize the calculation procedure. 
 
Cross-section 1: 

Point Water Level 
(ft AMSL) 

Aquitard Elevation 
 (ft AMSL) 

hi 
 (ft) 

l 
(ft) 

Aij 
(ft2) 

End   7.40   
MW8 2029.28 2019.80 9.48 100 845 
PM14 2028.62 2017.57 11.05 130 1335 
MW9 2028.70 2015.34 13.36 70 855 
PM2 2024.10 2021.45 2.65 100 800 

PM18 2021.20 2013.82 7.38 210 1050 
End   13.00 140 1430 

    Total (A1) 6315 
 
Cross-section 2: 

Point Water Level 
(ft AMSL) 

Aquitard Elevation 
(ft AMSL) 

hi 
 (ft) 

l 
(ft) 

Aij 
 (ft2) 

End   15.70   
MW7 2030.37 2016.19 14.18 40 600 
PM8 2025.41 2020.45 4.96 250 2390 
PM6 2024.84 2020.74 4.10 100 455 

PM20 2020.77 2017.09 3.68 140 545 
PM19 2020.21 2009.13 11.08 180 1330 
End   12.72 40 480 

    Total (A2) 5800 
 
Existing horizontal hydraulic conductivity values from the immediate 

vicinity of cross-sections 1 and 2 are summarized below. 
 

KPM-16 = 1.74 x 10-2  ft/ min  to   6.60 x 10-2 ft / min    [GeoSyntec, 2005] 
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KMW-7 = 1.67 x 10-2 ft/ min   [Dames and Moore, 1993] 
KMW-8 = 1.68 x 10-2 ft/ min   [Dames and Moore, 1993] 

 
Results 

 
Using Equation 1, the ranges of estimated groundwater flow through Section 

1 and Section 2 were calculated according to the procedures described in this document.  
The results are summarized in tables below. 
 
Cross-Section 1 (A = 6,315 ft2) 

Range K (ft/min) Q (ft3/min) Q (gal/min) Q (ft3/s) 
High 6.60 x 10-2 15 110 0.25 
Low 1.67 x 10-2 3.9 28 0.07 

 
Cross-Section 2: (A = 5,800 ft2) 

Range K (ft/min) Q (ft3/min) Q (gal/min) Q (ft3/s) 
High 6.60 x 10-2 14 100 0.23 
Low 1.67 x 10-2 3.5 26 0.06 

 
Thus, according to the preliminary calculations shown in this document, the 

estimated groundwater flowrate that will be captured by the funnel-and-gate system is 
between 3.5 and 15 cubic feet per minute. 

 
Limitations  and Assumptions 

 
The approach presented in this document is an estimation procedure to 

calculate the groundwater flow that will be intercepted by the Remedy funnel-and-gate 
system.  The assumptions and limitations associated with the estimation procedure 
include: 

 
• Horizontal hydraulic conductivity is uniform throughout the entire 

cross-section.  The horizontal hydraulic conductivities used in this 
analysis were selected from groundwater wells in the vicinity of the 
cross-sections (see Appendix A of the Engineering Design Report).  
Additionally, boring logs indicate that subsurface materials are 
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similar throughout the cross-sectional alignment, consisting of 
interbedded silty gravels, poorly-graded gravels, and sandy silts; 

 
• The flow areas between consecutive data points were calculated 

assuming that the flow areas are trapezoidal.  This implies that the 
slope of the groundwater surface elevations and aquitard elevations 
between data points is linear;  

 
• Water flowing through the cross-sections will be intercepted by the 

French drain and groundwater cut off walls, and that no flow will 
bypass the funnel-and-gate system;  

 
• The analysis used here assumes that groundwater conditions (e.g., 

gradient, groundwater table elevation, etc.) will not be affected by 
the Remedy.  A more sophisticated analysis using a dynamic model 
may be used in future calculations to refine the estimated 
groundwater flowrate that will be captured by the funnel-and-gate 
system; and 

 
• The methodology described in this document is an estimation of the 

hydraulic conditions at the Site based on existing data.  The 
groundwater surface elevations used herein are from one point in 
time and likely fluctuate due to factors such as seasonality, 
infiltration, and year-to-year variability.  The results presented here 
are useful for evaluating basic feasibility considerations and Remedy 
sizing calculations. 
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APPENDIX B, ATTACHMENT 1 

ESTIMATED GROUNDWATER FLOW CAPTURED BY THE FUNNEL-AND-GATE SYSTEM 
LEHIGH CEMENT COMPANY CLOSED CKD PILE 

METALINE FALLS, WASHINGTON 

Cross-section 2

Cross-section 1

Length = 750 ft

Groundwater Gradient = 0.036 ft/ft
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PRELIMINARY ESTIMATED CARBON DIOXIDE TREATMENT NEEDS  
 LEHIGH CEMENT COMPANY CLOSED CKD PILE SITE 

METALINE FALLS, WASHINGTON 
 

Objective 
 
The preliminary calculations described in this document estimate the carbon 

dioxide treatment dosage that will be used to neutralize the groundwater captured by the 
Groundwater Remedy.   
 
Calculation Approach 

 
The approach used to calculate the carbon dioxide dosage and delivery 

requirements for the Remedy included: 
 
• Evaluate a recent groundwater pH contour map (November 2004) to 

evaluate the spatial distribution of groundwater pH concentrations in 
the immediate vicinity of the Remedy; 

 
• Generate a cross-section that is approximately perpendicular to 

groundwater flow (cross-section 1 from Estimated Groundwater 
Seepage Flow preliminary calculations); 

 
• Estimate the saturated thickness of the aquifer along the length of 

this cross-section by evaluating the data from the locations of nearby 
groundwater wells and boreholes.  The groundwater surface 
elevation data (November 2004) and aquitard elevation data (from 
borehole logs) were used to estimate the saturated thicknesses; 

 
• Calculate cross-sectional flow areas using the estimated saturated 

thickness results and the length of the cross-section.  Combine the 
cross-sectional flow area (i.e. saturated thickness) with the 
corresponding pH concentration to calculate a weighted average of 
flow at each particular pH interval, and repeat this along the length of 
the cross-section; and 
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• Approximate with geochemical modeling (Geochemist’s 
Workbench) the range of carbon dioxide dosages to treat 
groundwater of various pH.  Use the range of carbon dioxide dosages 
to estimate the mass of carbon dioxide to treat each pH interval.  The 
sum of the individual dosages represents an approximate carbon 
dioxide dosage that will treat the groundwater captured by the 
Remedy. 

 
Analysis – Carbon Dioxide Treatment Needs 

 
 The table below summarizes the calculation procedure for estimating the 
carbon dioxide dosage requirements (see Attachment 1): 
 

Area interval 
ID 

 pH 

Length of 
cross-section 
at given pH 

(ft) 

Slope of 
Saturated 
Thickness 

(ft/ft) 

Saturated 
thickness at 

start of 
given pH 

interval (ft) 

Saturated 
thickness at 

end of 
 given pH 

interval (ft) 

Area at 
given pH 

(ft2) 
End-MW8 8 100 0.021 7.40 9.48 845 

MW8-MW14 8 70 0.012 9.48 10.33 693 
MW8-MW14 9 60 0.012 10.33 11.05 641 
PM14-MW9 9 60 0.033 11.05 13.03 722 
PM14-MW9 11 10 0.033 13.03 13.36 132 
MW9-PM2 11 90 -0.107 13.36 3.72 769 
MW9-PM2 9 10 -0.107 3.72 2.65 32 
PM2-PM18 9 20 0.023 2.65 3.10 58 
PM2-PM18 8 60 0.023 3.10 4.45 227 
PM2-PM18 9 90 0.023 4.45 6.48 492 
PM2-PM18 11 40 0.023 6.48 7.38 277 
PM18-End 11 80 0.040 7.38 10.59 719 
PM18-End 13 60 0.040 10.59 13.00 708 

     TOTAL 6,315 
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The cross-sectional flow areas at each given pH were added to estimate the 
pH interval flow areas shown in the table below: 
 

pH Area (ft2) 
Percentage of total 

flow area (%) 
13 708 11.2% 
11 1897 30.0% 
9 1945 30.8% 
8 1765 28.0% 

 
The ranges of estimated groundwater flow calculated according to the 

procedures described in the Estimated Groundwater Seepage Flow preliminary 
calculations are summarized in table below: 
 

Range K (ft/min) Q (ft3/min) 
High 6.60 x 10-2 15 
Low 1.67 x 10-2 3.9 

 
Using the percentage distribution of pH according to total cross-sectional 

flow area, the total estimated groundwater at each pH interval can be calculated and is 
shown below:  
 

Range K (ft/min) QpH13 (ft3/min) QpH11 (ft3/min) QpH9(ft3/min) QpH8 (ft3/min) 
High 6.60 x 10-2 1.7 4.5 4.6 4.2 
Low 1.67 x 10-2 0.44 1.17 1.20 1.09 

 
 The Geochemist’s Workbench geochemical modeling package was used to 
estimate the mass of carbon dioxide needed to treat Site groundwater from a given pH 
to below pH of 7.5, which would meet the pH cleanup level for the Site (pH between 
6.5 and 8.5).  The carbon dioxide mass results are shown on the table below and the 
subsequent figure: 
 

Site groundwater pH 8 10 12.5 
Carbon Dioxide Dosage (lb/1000 gal) 0.18 0.74 29 
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From this graph, carbon dioxide loading rates (per 1000 gal of groundwater) 
can be estimated for specific pH values (note: some data points require interpolation or 
extrapolation).  Based on the information shown in the graph, the carbon dioxide 
dosages for the pH intervals considered previously are summarized in the following 
table: 
 

Site groundwater pH pH 13 pH 11 pH 9 pH 8 

lbs CO2/1000 gal H2O 44 4 0.4 0.2 
lbs CO2/ft3 H2O 0.3 0.03 0.003 0.001 

 
Results – Carbon Dioxide Treatment Needs 
  
 The estimated carbon dioxide dosages for each pH interval were added 
together to calculate a total estimated carbon dioxide dosage to treat the groundwater 
captured by the Remedy.  This calculation was performed using the anticipated high 
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and low range of total flow captured by the Remedy and is shown in the following 
tables: 
 
Individual dosage requirements according to pH interval: 

  pH 13 pH 11 pH 9 pH 8 
Range K (ft/min) Mco2(lb/min) Mco2(lb/min) Mco2(lb/min) Mco2(lb/min) 
High 6.60 x 10-2 0.55 0.135 0.013 0.006 
Low 1.67 x 10-2 0.14 0.035 0.003 0.001 

 
Total dosage requirements: 

  TOTAL 
Range K (ft/min) Mco2(lb/min) Mco2(lb/hr) Mco2(lb/day) 
High 6.60 x 10-2 0.70 42 1000 
Low 1.67 x 10-2 0.18 11 260 

 
Thus, according to the preliminary calculations shown in this document, the 

estimated carbon dioxide dosage that will be needed to treat the water captured by the 
Groundwater Remedy is between approximately 260 and 1,000 pounds per day. 

 
The pilot system carbon dioxide usage rate has varied from approximately 

30 lbs/day to 100 lbs/day during normal operation.  The pilot system treats a segment of 
the CKD-affected groundwater that is approximately 80 ft wide.  The preliminary 
estimated carbon dioxide treatment dosages calculated here are similar to the actual 
pilot system operating data.  The mass carbon dioxide usage rates calculated here are 
likely underestimates, as they estimate the amount of carbon dioxide that will neutralize 
a given pH and therefore do not account for treatment system inefficiencies.  

 
Limitations and Assumptions 

 
The approach presented in this document is an estimation procedure to 

calculate the carbon dioxide required to treat the affected groundwater at the Lehigh 
Cement Company Closed CKD Pile Site. The estimation procedures are subject to 
several limitations and assumptions, including: 

 
• The limitations and assumptions presented in the Estimated 

Groundwater Seepage Flow document; 
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• The carbon dioxide treatment needs approximated using 
Geochemists Workbench are a relatively accurate approximation of 
the actual carbon dioxide treatment needs; and 

 
• The methodology described in this document is an estimation of the 

treatment needs for the Site groundwater based on existing data.  The 
results presented here are useful for evaluating basic feasibility 
considerations and Groundwater Remedy sizing calculations.  
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APPENDIX C, ATTACHMENT 1 

ESTIMATED GROUNDWATER pH INTERVALS 
LEHIGH CEMENT COMPANY CLOSED CKD PILE 

METALINE FALLS, WASHINGTON 

Cross-section 1

Length = 750 ft

60 ft
pH=13

120 ft
pH=11

90 ft
pH=9

60 ft
pH=8

30 ft
pH=9

100 ft
pH=11

120 ft
pH=9

170 ft
pH=8
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