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BB&S Lumber Site Predesign Investigation 
Groundwater Flow/Transport Modeling & Treatability Study 

February 2007 
 
 
1.0 INTRODUCTION 
 
The BB&S Treated Lumber site is a 10-acre site that was used by the BB&S Treated Lumber 
Corporation from 1979 to April 1996 to manufacture pressure treated wood for the construction 
industry.  The site, located in a rural area in Speonk, NY, has a frame building where the wood 
treatment took place and a metal building for staging.  Currently, the site is occupied by the Best 
Building and Supply Corporation, a wholesale lumber distribution yard with no on-site wood 
treatment. 
 
Wood was pressure treated at the site by placing it in one of two 10,500-gallon, long horizontal 
cylinders which were closed off and filled with preservative (called CCA for chromate, copper and 
arsenate).  The concentrated CCA solution contained 17% arsenic pentoxide, 9.25% copper 
oxide and 24.75% chromic acid.  The cylinders were pressurized to 125-160 psi, forcing the 
preservative into the wood.   
 
The compounds in the preservatives entered the soil and groundwater through concrete sumps 
inside the process building which collected excess preservative from the treatment area and the 
drip area where the wood was stacked for drying.  A 330-gpm reverse osmosis system, installed 
and operated from 1987 to 1995 to treat contaminated groundwater, was not effective. 
 
A Remedial Investigation (RI) was completed in June 1998, and the Record of Decision was 
issued in February 2000.  The selected remedy calls for the ex-situ solidification and stabilization 
of contaminated soils, and the collection and treatment of groundwater.   A pre-design 
investigation (PDI) was initiated by Earth Tech in 2005, and this groundwater flow/transport 
modeling and treatability study was performed to aid in the design of a remedial system for 
groundwater.  
 
The objective of the groundwater modeling effort was to develop a better understanding of 
groundwater flow and contaminant transport, and to help optimize the plume containment design.  
A limited bench scale jar test is performed to evaluate the reduction and subsequent precipitation 
of hexavalent chromium in the aquifer and in an above ground treatment system. 
 
 
2.0 HYDROGEOLOGIC SYSTEM 
  
2.1 Regional Setting 
 
The BB&S site is located on an island, with an elevation of 60 feet above mean sea level (amsl).  
The region has two main aquifers. USGS maps (included in Appendix A) show the Upper Glacial 
aquifer to be around 50 to 150 feet thick and the lower Magothy aquifer is 800 to 1000 feet thick.  
In some places, the two aquifers are separated by Gardiner’s Clay, but this clay does not appear 
to be present in or around the site.  Geologic cross-sections from the USGS maps are replotted in  
Figure 1.  Both aquifers are permeable and productive, and made up mostly of sand and gravel.  
The Magothy is underlain by the Raritan formation.   
 
Groundwater mostly occurs relatively deep, while rivers and streams are above the groundwater 
table (around 40 feet depth at the site) and serve as a source of recharge.  Potentiometric surface 
is high in the center of the island and drops towards the ocean and bays. The USGS maps 
(Appendix A) show the groundwater table for the Upper Glacial aquifer in the vicinity of the site to 
be around 20’ amsl, which is confirmed by measurements (17.1’ to 21.5’ amsl) at site monitoring 
wells during the RI and the PDI (see groundwater contour plots in Appendix B that were 
developed using SURFER and field water level measurements in Table 1).   
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The flow pattern is similar in both aquifers. Groundwater flows away from the center of the island 
and towards the ocean and bays. The aquifers are very conductive and hydraulic gradients are 
low, around 0.0017 for the Upper Glacial unit and 0.0008 for the Magothy based on calculations 
using USGS groundwater contours shown on Figure 1A. 
 
Rivers start intersecting the groundwater table towards the ocean shore, where they serve as 
discharge locations.  Recharge through infiltration of precipitation and surface water is the only 
source of fresh water, and the whole system is like a giant freshwater lens on top of salt water.  In 
the center of the island, the Upper Glacial aquifer receives recharge from infiltration, and the 
Magothy receives flow from the Upper Glacial aquifer. Hydraulic head is significantly higher in the 
Upper Glacial aquifer than in the Magothy, creating a downward gradient. Farther down towards 
the discharge points along the shore line, the hydraulic gradient between the two aquifers 
diminishes. Close to the ocean, the hydraulic heads in both aquifers become very similar.  
 
The region sees high recharge in undeveloped areas because of mostly sandy soils, with values 
ranging between 0.5 ft/yr (0.0014 ft/day) and 2 ft/yr (0.0055 ft/day).  Several rivers and creeks 
flow from the high ground in the center of the island towards the ocean and the bay.   
 
2.2 Groundwater Utilization 
 
Groundwater is utilized throughout the region as the source of potable water.  The 1998 RI 
Report (Malcolm Pirnie) notes two community water suppliers in the area, one serving a small 
community (Speonk Mobile Home Park) located within 2,000 feet south of the site, and the other 
a Suffolk County Water Authority (SCWA) well field approximately one mile southwest of the site.  
However, according to the SCWA, the County has been operating only the Old County Road well 
field, located about a mile southeast of the site.  Recent information gathered by Earth Tech from 
the NYSDEC’s Region 1 office shows five wells at this location with three wells operating at any 
time except for 1998 when four wells were used.  The water supply wells appear to be screened 
in the Upper Glacial aquifer. Historical pumping data from the County well field is tabulated in 
Table 2 along with annual and five-year daily average pumping rates.  For the purpose of this 
groundwater modeling effort, a total daily average pumping rate of 500 gpm (based on rates 
between 1990 and 2005 in Table 2) is used. 
 
Also, there is a distribution of smaller residential wells around the region.  The capacities range 
from 500 to 700 gpm.  According to a USGS publication (included in Appendix A), individual wells 
in the Upper Glacial aquifer can yield as much a 1,700 gpm, while the Magothy formation yields 
as much as 2,200 gpm in a single well.   
 
 
3.0 GROUNDWATER FLOW MODEL  
 
3.1 Software – MODFLOW/MODPATH/MT3D/PEST 
 
MODFLOW is the USGS’s Modular Three-Dimensional Groundwater Flow Model. It is widely 
used because of its ability to simulate a wide variety of systems and its extensive publicly 
available documentation.  MODPATH is a 3-D particle-tracking model that computes the path a 
particle takes in a steady-state or transient flow field over a given period of time. MT3D is a 3-D 
contaminant transport model that can simulate advection, dispersion, sink/source mixing, and 
chemical reactions of dissolved constituents in groundwater flow systems.    VISUAL MODFLOW 
(version 4.2) developed by Waterloo Hydrogeologic is a professional version of 3D groundwater 
flow and contaminant transport modeling using MODFLOW-2000, MODPATH, MT3DMS AND 
RT3D (a 3-D multispecies reactive transport model). It also integrates WinPEST, a model-
independent parameter estimator using nonlinear methods. 
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3.2 Model Domain 
 
The model domain (see Figure 2) was selected such that the boundaries are far enough from the 
site to experience only negligible effects from stresses simulated at the site, like a pump and treat 
system.  The USGS topographic map (reproduced on Figure 1A) is included as a background on 
all model output screens. Geologic cross-sections for this region from the USGS reference in 
Appendix A are reproduced in Figures 2B through 2E.  The site appears to lie above the northern 
edge of the Gardiner’s clay.  Since no Gardiner’s Clay was found in core samples from the site 
during the investigations, only the two water bearing zones (Upper Glacial and Magothy) are 
modeled without the Gardiner’s Clay.  The bottom of the Magothy (or the top of the Raritan unit) 
is the bottom of the model.   
 
Groundwater in the study area flows south, from the water divide north of the site to the ocean.  
The north boundary is the location of the water divide in the Upper Glacial.  The divide, a no-flow 
boundary, is located approximately 6,000 ft from the site. In the Magothy, hydraulic heads are 
specified along the northern boundary based on the USGS regional potentiometric surface map 
(constant head boundary).  The south boundary in both aquifers is a line located approximately 
6,000 ft from the site. It is a constant head boundary for which heads are specified based on the 
USGS regional potentiometric map.   
 
The east and west boundaries are selected as flow lines, which go north-south. Flow lines are 
essentially identical in both aquifers. Flow lines selected as boundaries are located approximately 
4,000 ft from the site on either side. Flow lines are no-flow boundaries.   
 
3.3 Layering System and Finite-Difference Grid  
 
The groundwater plume (see plots for chromium concentrations from the site investigation in 
Appendix C) is located in the Upper Glacial aquifer which is modeled with a 100 feet thickness 
down from the groundwater table. The Upper Glacial aquifer is modeled as three layers in order 
to capture the vertical migration of the plume and three-dimensional effects of the aquifer 
boundaries. Layer thicknesses for the first, second and the third (top down) are set at 25’, 25’ and 
50’ respectively (see Figures 3A and 3B).  The Magothy is modeled as a single layer with a 
thickness of 900 feet (see Figure 3C). 
 
MODFLOW requires the model domain to be divided into a grid system (see Figures 4A and 4B), 
with a finer grid (smaller spacing of around 25’) in the vicinity of the plume and along the potential 
path of plume migration.  Beyond the plume boundary, the grid spacing is increased progressively 
(not more than 1.5 times the inner consecutive grid) towards the outer limits of the model domain 
(maximum 600’). 
 
3.4 Hydrogeologic Units and Boundary Conditions 
 
The model includes two water bearing geologic units – Upper Glacial and Magothy.  The Upper 
Glacial aquifer is modeled as Layers 1, 2 and 3. Boundary conditions are the same in all three 
layers: no-flow along the water divide and along north-south flow lines, and constant head at the 
southern boundary (head value of 10 ft, based on regional USGS map).   
 
The Magothy is modeled as one layer – Layer 4. The north boundary is specified along the line 
defining the water divide in the Upper Glacial aquifer. Because the location of the divide in the 
Magothy is somewhat different than in the Upper Glacial, this is not a no-flow boundary within 
Layer 4. Instead, it is modeled as a constant head boundary, where the heads are assigned 
based on the regional potentiometric surface maps. Heads along the north boundary are not 
uniform. The remaining boundaries in Layer 4 are the same as in the upper layers. 
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3.5 Cell Types 
 
Cells inside the model domain are defined as variable-head cells. Heads in these cells are 
obtained as a solution to the problem. Heads at constant head boundaries are fixed, and do not 
vary during the solution.   
 
Rivers (or streams) are modeled through the use of MODFLOW river cells. A river bottom, stage 
and conductance of river bed are specified. River cells exchange flow with the variable head cells 
according to a linear relationship, where the magnitude of flow is directly proportional to the 
differential between the river stage and the hydraulic head in the cell where the river section is 
located. The river bed conductance is the constant of proportionality. The flow direction – into the 
river from the model domain, or into the model domain from the river – is determined by the value 
of the head differential (river stage > head in the cell – flow out of the river, and vice versa). The 
magnitude of leakage from the river into the model domain is limited by the elevation of the river 
bed. Once the head in the variable cell containing the river segment falls below the river bed, the 
leakage reaches its maximum value and remains constant regardless of the head differential.  
 
Groundwater extraction from the aquifers is modeled by means of MODFLOW well cells. An 
extraction well cell extracts a specified amount of water from the aquifer, regardless of all other 
factors, like hydraulic head in the cell. Similarly, an injection well injects a specified amount of 
water into the model domain.    
 
3.6 Calibration 
 
3.6.1 Parameters For Calibration 
 
The parameters to be calibrated are the hydraulic conductivities of the aquifers (both vertical and 
horizontal) and recharge.  Flow rates are not available; therefore, both parameters cannot be 
calibrated – one has to be assumed.  For this site, recharge from precipitation and streams is 
assumed for each model calibration of the conductivities in the two aquifers.  No information 
about the special distribution of properties is available; therefore, single values are assumed for 
the hydraulic conductivities of each aquifer.    
 
Recharge is assumed (initially one value for the entire model area), and input into the model. The 
model is then calibrated for hydraulic conductivities. Initial calibration was performed by assigning 
conductivities manually to develop an understanding of the system’s response to changes in 
parameter values.  This is done for successive values of recharge from within the range 
determined to be realistic. The model calculated groundwater contour plots are compared visually 
against the USGS reference and values adjusted for subsequent runs.   
 
3.6.2. Water Level Data for Calibration 
 
The NYSDEC had requested that the model be calibrated against the SCWA’s Groundwater 
Model which was developed using Dynflow.  According to SCWA, the County model was 
calibrated using USGS water level data.  The Dynflow model input data could not be directly 
imported into MODFLOW.  So printed input data and output figures (included as Appendix D) 
were obtained from SWCA for possible use.  Horizontal conductivity values used in the County 
model range from 10 to 250 ft/day for the Upper Glacial unit, and 2 to 125 ft/day for the Magothy.  
A single precipitation recharge rate of 1 MGD/sq.mi. (or 0.0048) is used for the entire County 
model region.  The County model uses a relatively large grid spacing (4000’ to 5,000’) and covers 
the study area within 18 elements (the entire model has 1,143 elements). In comparison, the 
MODFLOW grid system (grid spacing of 25’ at the site to 600’ at the outer limits) in this modeling 
exercise uses a total of 35,866 cells to cover the model area including the site.  The groundwater 
divide shown in the USGS map on Figure 2A (north of the site) for the Upper Glacial unit is not 
apparent in the County’s model from the data provided.  Water levels predicted by the SCWA 
model for this study area (see maps in Appendix D) show a more pronounced eastern 
groundwater flow direction largely as a result of its suitability for use as a regional model and not 
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for localized applications.   The County’s groundwater model information is therefore used herein 
to make qualitative comparisons of values generated for the calibration parameters and predicted 
hydraulic heads.   
 
Water level data for the calibration runs was developed for the Upper Glacial and Magothy units 
by using the individual USGS contours shown on Figure 1A and AutoCAD to generate data points 
all across the model area.  The interpolated data was then imported into the Visual MODFLOW 
coordinate system.  A few points, denoted as observation wells in MODFLOW, were chosen 
around the model area for comparison of water levels.   
 
3.6.3 Manual Calibration 
 
Initial manual calibration runs were made by varying conductivities for the Upper Glacial and the 
Magothy units.  Groundwater contours from these runs were not similar in nature (heads and flow 
direction) to the USGS reference.  First, it was realized that the northwest model region was 
artificially skewing the heads, possibly due to the shape of the boundary in that corner as 
modeled.  So the model domain was revised as shown on Figure 5 (compare to Figure 3) to 
exclude this area.  The geologic layers and their thicknesses were kept the same as shown on 
Figure 1.   
 
The calibration runs were then repeated with varying conductivity values for the Upper Glacial 
and Magothy aquifers, and with and without the County supply wells (located southeast of the 
site) in operation.  A recharge rate of 0.006 (the upper end of the range reported in the USGS 
reference in Appendix A) was used to keep the values of the conductivities for the two aquifers 
and their relative ratios reasonable.  Groundwater contours from these runs are shown on Figure 
6.  The USGS contours on Figure 1A as well as site groundwater level measurements indicate a 
southerly groundwater flow direction. However, in Figure 6B, the model predicted drawdown by 
the supply wells skewed the groundwater contours such that the area west of the site had a 
southerly groundwater flow while the area east of the site had a southeasterly flow.  This is 
addressed below. 
 
In order to obtain groundwater contours similar to the USGS map, it became necessary to split 
the model region into three areas as shown on Figure 7 with different recharge rates.  More 
manual calibration runs were made, this time varying the conductivity values and recharge rates 
in the three areas.  Figures 8A through 8C show groundwater contours for the top layer (Layer 1) 
with the revised recharge rates applied.  The calculated heads at the pre-selected data points are 
plotted on Figure 8D against observed heads interpolated from USGS data.  The orientation of 
the model predicted groundwater contours more closely resembled the USGS contours on Figure 
1A with a lower recharge rate (0.004 ft/day) for the upper western section (Area 3) compared to 
the upper eastern (Area 2) or the lower half (Area 1) of the model area (0.0065 ft/day).  These 
recharge rates are within the range of reported values, and the resulting area weighted average 
recharge rate of 0.006 ft/day is slightly higher than the rate used in the SCWA groundwater 
model.  The slightly higher recharge rate is allowable to account for any reinjection of potable 
water from the community back into the aquifer.  At this time, it was deemed appropriate to use 
Visual MODFLOW’s PEST routine to further refine the conductivity values. 
 
3.6.4 PEST Calibration 
 
Final calibration was performed using the PEST utility – a program that optimizes parameter 
values by minimizing the difference between the model-generated hydraulic heads and observed 
heads.  Hydraulic conductivities obtained for different recharge values are then compared to the 
known regional values for each of the two aquifers. The most realistic combination is selected, 
taking into account both absolute values of the conductivities, and the relative values between the 
two aquifers.   
 
The groundwater contours generated by MODFLOW after refinement of the conductivity values 
by PEST are shown on Figures 9A through 9C along with the calibrated and assumed parameter 
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values.  The model generated contours are similar to the USGS reference, and the heads on the 
site appear to be close to the groundwater levels measured at the site.  The PEST refined 
conductivity values shown with the contour plots on Figure 9 are within the range of values 
reported in the literature as well as those listed in the SCWA’s groundwater model input data (see 
Appendix D).  The model calculated groundwater contours for Layer 1 on Figure 9A look nearly 
the same as those on Figure 8A because the horizontal conductivity values are very close in both 
figures.  PEST run logs and records from the last PEST calibration run are included as Appendix 
E.  Manual calculations (included as Appendix F) with site specific information were made to 
verify the model generated outputs. The comparison of calculated heads against observed heads 
(from USGS data) at pre-selected data points are shown on Figure 9D.   
 
Model generated zone (water) budgets for groundwater flow are summarized in Table 3.  Zone 2 
is designated as a row of cells running east-west along the width (480 feet) of the site through 
MW-5.  The model calculations show a recharge rate of 513,000 cf/day (or 0.0061 ft/day), and a 
total flux of 702,000 cf/day through the aquifer).  Of this total, approximately 20,000 cf/day (or 100 
gpm) is estimated to flow through a 480 feet width at the site. 
 
3.7 Flow Simulation 
 
Groundwater flow through the site was then simulated using the calibrated parameter values and 
taking into consideration groundwater extraction at the SCWA well field.  Besides using 
MODFLOW for head contours, MODPATH is used to predict groundwater flow paths as shown on 
Figure 10.  Particles inserted into the model domain within the plume are then tracked to their 
discharge point.  The model shows groundwater to flow essentially to the south, following the 
gradient seen in the USGS maps with discharge to the ocean.  The flow simulation on Figure 10 
indicates that the pumping influence (modeled at 500 gpm) of the Suffolk County water supply 
system (shown as Well Field on Figure 10A) does not extend to the groundwater flow path from 
the site.   
 
The model calculated flow paths in the east-west and north-south cross sectional views through 
the site (Figures 10B and 10C respectively) show that much of the flow in the Upper Glacial unit 
(upper three layers) occurs in the horizontal dimension, indicating that site contaminants did not 
migrate significantly downward into the Magothy. 
 
3.8 Contaminant Plume 
 
Contaminant (as hexavalent chromium) profiles were generated with the MT3DMS transport 
engine in Visual MODFLOW using the parameter values optimized from the PEST calibration.  
The model had to be used without the retardation factor since its use resulted in plume 
containment to the immediate vicinity of the source.  
 
The transport module was run with a constant contaminant loading to the groundwater at the 
source for an initial period, and then continuing the transport model run for an additional period to 
simulate the overall duration of operation of the wood treatment and subsequent investigation of 
the site.  Several variations were run to obtain concentrations within the site similar to values 
obtained during the RI.  During the RI, the three extraction wells at the site were found to contain 
chromium at up to 9.7 mg/L, copper at 1.9 mg/L, and arsenic at 0.6 mg/L, with pH ranging from 
5.2 to 6.6 and total dissolved solids from 72 to 160 mg/L.  Recent metals data from the PDI for 
the site groundwater are tabulated in Table 4.   
 
A groundwater pump and treat system was used in the 1990s, several years after the pressure 
treatment of wood began at the site.  The treatment system was subsequently discontinued.  This 
sequence of events seems responsible for the dual plume of chromium observed during the RI 
and the PDI (see Appendix C) – that is a relatively higher concentration plume near the source, 
and a diluted plume further downgradient from the site.  Note that the shallow soils in the wood 
processing area still show chromium contamination, and its continued release can affect the 
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plume dimensions. Model runs were made with and without this dual plume scenario, and with 
different values for porosity and dispersion coefficient. 
 
The profiles presented in Figures 11A through 11C are based on model runs for a period of 4000 
days (11 years), with a relatively high loading (equivalent to 0.1 lb/day of chromium) for the first 
2000 days (5.5 years), followed by another 2000 days (5.5 years) with and without a lower 
loading (0.01 lb/day).  The 11-year time frame was selected to simulate the operation of the 
pressure treatment process (mid to late 1980s) and subsequent remedial investigation work (late 
1990s).  The actual hexavalent chromium profile from 1997 (see also contour plots from the RI 
included in Appendix C) is shown in the background on these figures.  The well field pumping rate 
was kept the same (500 gpm) in these simulations.  
 
The MODFLOW predicted hexavalent chromium profiles indicate downgradient plume migration 
occurred in a southerly direction, and is not affected by the operation of the County well field 
located southeast of the site.  This is consistent with the particle tracking groundwater flow 
simulations on Figure 10.  To generate these profiles, the soil/water partition coefficient for 
hexavalent chromium was assumed to be zero (i.e. no retardation through soil adsorption).  
Model runs with non-zero values for the retardation factor for hexavalent chromium generated 
unrealistically short profiles with hexavalent chromium concentrated within one hundred feet from 
the source even with a newer version of the transport module (MT3DMS) in the Visual 
MODFLOW software package. 
 
As seen on Figure 11A, the tip of the plume (0.01 ppm contour) is at a northing of 5,900 ft in 365 
days, 5,300 ft in 1000 days and 4,400 ft in 2000 days.  This translates into an average rate of 
0.07 miles/year (or 3.6 years for every 0.25 miles) for the advancement of the plume.  The effect 
of porosity and longitudinal dispersivity are illustrated by the profiles on Figures 11B and 11C.  
The plume gets moderately extended with an increase in the dispersivity or a decrease in the 
effective porosity.  Figure 11D illustrates two scenarios.  In the first case, contaminant loading at 
the site stops after the first half of the simulation period, and in the other, the loading continues at 
a much reduced rate through the second half of the simulation.  The model predicted contaminant 
profile is used to develop a chart (Figure 11D) of contaminant concentration versus time at 
selected locations.  
 
The model calculated profiles within the site boundary have the same general shape and relative 
distribution of contaminant concentrations as the chromium profile plotted from the 1997 RI 
groundwater data (Appendix C), and the relative concentrations at selected monitoring well 
locations also follow a pattern similar to actual observations.  However, the exact history of the 
hexavalent chromium profile could not be matched with the model simulation since factors other 
than effective porosity and longitudinal dispersivity appear to have dictated the way the 
contaminant plume has evolved from the site and migrated downgradient.  This includes the 
sequence of operations (including wood treatment and groundwater extraction and treatment) 
that have gone on at the plant site.  However, the model generated profiles do explain the 
movement of the plume through the site and downgradient, and the hydrogeological parameters 
developed through the model can be used to simulate groundwater extraction options and predict 
the resulting contaminant profiles.. 
 
 
4 HYDRAULIC CONTAINMENT OF THE PLUME 
 
4.1 Approach 
 
Hydraulic containment and capture of the plume within the limits of the BB&S site was modeled 
using the particle tracking feature of the Visual MODFLOW package.  One or more extraction 
wells are placed at appropriate locations in the plume, and particles are placed around the areas 
to be contained.  Effective containment or capture occurs when the particles terminate in the 
extraction wells and do not leave the source area. 
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4.2 Simulations 
 
Figures 12A through 12D show groundwater flow paths with one to two extraction wells and total 
extraction rates ranging from 12,000 ft3/day (or 60 gpm) to 50,000 ft3/day (or 260 gpm).  The 
lowest flow rate was chosen based on calculations (see Appendix F) using the simplified flow 
equation (Q= KiA) which results in a groundwater flux rate of 72,600 gallons per day (or 50 gpm) 
across the width (280’) of the plume in the Upper Glacial aquifer. The flow rate, number and well 
locations were adjusted to assess containment and capture options.   
 
4.3 Containment and Capture 
 
The widths of the actual chromium concentration profiles in Appendix C range from 150 ft to 280 
ft.  As shown on Figure 12A, the width of the capture zone calculated by the model is seen to be 
approximately 300 feet for an extraction well operated at 60 gpm.  It increases to over 600 ft at 
260 gpm.  Based on the results of the model, a single extraction well operating at 60 gpm could 
just about intercept the cross-sectional width of the contaminant plume.  Placement of the well at 
the downgradient site boundary with a higher flow rate (to account for variations in actual 
conditions from model assumptions) would fully intercept the plume and prevent further off-site 
contaminant migration.   
 
Based on the model simulations shown on Figure 12, two wells, spaced apart along the axis of 
the plume, are needed to contain and capture the plume within the limits of the site.  The 
extracted rate can be distributed equally between the multiple wells.    
 
4.4 Contaminant Removal 
 
MODFLOW simulation of groundwater extraction was performed to predict hexavalent chromium 
profiles within the site and the resulting contaminant removal.  To perform these simulations, 
chromium data from the October 2005 PDI groundwater monitoring event (see Table 4) was 
imported into MODFLOW, which then created an interpolated plume of chromium contamination 
within the site as the starting point.  The plume is bounded by MW-3 (north), MW-1 (east), MW-15 
(west) and MW-16 (south), and has the highest chromium concentrations between monitoring 
well locations MW-5 and MW-10.  The simulations assume no contaminant loading from the 
source area since the wood treatment operation does not exist and contaminated soils will be 
removed during site remediation.  It will thus allow the establishment of a baseline from which 
qualitative projections can be made on cleanup durations under changing site conditions. 
 
Model predicted groundwater contours for extraction rates of 120 and 240 gpm are shown on 
Figure 13A.  Contaminant profiles generated with one and two extraction wells operating at a total 
flow of 120 gpm are shown on Figures 13B and 13C.  Figure 13D shows simulated time plots of 
predicted chromium concentrations in the groundwater extracted at 60 to 260 gpm. 
 
The model predicts a cleanup duration of the order of three years (see Figure 13D) with one well 
operating at 60 gpm at the downgradient site boundary.  The continuing release of contaminants 
from the source area will extend the remediation time-frame.  The use of two wells (at the source 
area and at the downgradient site boundary, with a combined higher flow than the minimum flow 
predicted by the model for plume capture) will ensure full interception of the plume and accelerate 
the remediation by targeting highly contaminated groundwater from the two areas along the axis 
of groundwater flow.  Increasing the extraction rate to accelerate groundwater cleanup will entail 
higher capital expenditure but correspondingly reduced long-term operating costs. 
 
 
5.0 CHEMICAL SPECIATION MODELING 
 
Chemical speciation modeling was performed as part of this groundwater modeling and 
treatability study to render a better understanding of the redox reactions occurring between 
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chromium and iron in groundwater and their dependence on the relative concentrations of the two 
metals.  
 
5.1 Software – MINEQL 
 
MINEQL is a computerized chemical equilibrium modeling system that can be used to perform 
calculations on low temperature (0-50oC), low to moderate ionic strength (<0.5 M) aqueous 
systems. MINEQL is a data driven numerical program, and systems are created by selecting 
chemical components from a menu.  The program scans a thermodynamic database and makes 
the calculations. MINEQL also provides tools to take control of reaction data, create a personal 
thermodynamic database, perform synthetic titrations and automatically process multiple samples 
(such as field data).  MINEQL uses a thermodynamic database that contains the entire USEPA 
MINTEQA2 database plus data for chemical components that the EPA did not include; so all 
calculations produce results compatible with EPA specifications.   
 
5.2 MINEQL Setup 
 
Figure 14 shows the input screen for MINEQL with components (cations and anions) checked for 
groundwater at the site.  Component concentrations are converted from mass to molar basis for 
model setup.  
 
MINEQL develops a set of chemical species that are formed by a combination of the anions and 
cations like soluble complexes and insoluble precipitates (minerals included). The formation 
constants for these chemical species are extracted from the thermodynamic database that comes 
with the software.  The input data tables in Appendix G (Table G-1A without redox reactions and 
Table G-1B with redox reactions) show all the components and the species associated with the 
groundwater system at the site.   
 
The components (e.g. Na+, Fe+2, CrO4-2, SO4

- ) are referred to as Type 1.  Soluble complexes 
(e.g. FeOH+, HCrO4-1) are referred to as Type 2.  Chemicals that can precipitate are initially 
placed under Type 5 (e.g. Fe(OH)3, Cr(OH)3).  When MINEQL performs the equilibrium 
calculations, it checks the solution for saturation with respect to these Type 5 species, and if the 
solubility product is exceeded, the program precipitates the appropriate amount of the species 
and moves it into Type 4 (precipitated solids).  The concentration of any component can be kept 
fixed (e.g. pH) by moving it to Type 3 and assigning it the fixed value.  Components or species 
that are not to be considered in the computations are reassigned manually during the model 
setup.  For this MINEQL simulation, species that have little or no effect on the chemical 
distribution were moved to Type 6 to minimize the number of iterations and speed up the run 
times.   
 
5.3 Chemical Speciation  
 
For the site, MINEQL simulations were performed with and without redox reactions under varying 
pH values (from 1.5 to 11.5 s.u.).  For these runs, RI, PDI and Suffolk County water quality data 
were used to develop the list of chemical constituents.  The highest concentration of the 
contaminants of concern were used to determine chemical speciation, including precipitation of 
metal hydroxides and oxidation/reduction of constituents like chromium, iron and copper.   
 
Components like iron, chromium and copper exist in more than one valence state and can 
undergo oxidation/reduction reactions under appropriate conditions.  Groundwater, with a lack of 
oxygen, is typically in a reducing state.  Hence iron is commonly present as Fe+2 in groundwater.  
Chromium is added to the CCA preservative as chromate which is in a highly oxidative state.  
When the preservative enters the groundwater system, the chromate (Cr+6) is subject to reduction 
to Cr+3 by iron which in  turn gets oxidized to Fe+3.  The ferric iron is very insoluble in water while 
ferrous ion is relatively more soluble.  Trivalent chromium also has a low solubility depending on 
the pH of the solution.  The oxidation of iron and chromate reduction are generally slow (on the 
order of several years) processes under neutral pH conditions in the natural environment.  
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Chromate reduction is accelerated under acidic conditions.  These phenomena, which affect the 
migration of chemicals in the groundwater environment, are simulated by MINEQL with 
appropriate input and setup. 
 
Outputs from MINEQL are presented as tables in Appendix G.  They include the distribution of 
chemical species of Cr, Fe, Cu and As at pH 6.5 (Tables G-2A and G-2B), and other tables that 
show the variations (molar concentrations and percent of total concentrations) by pH.  The data is 
presented as concentrations in mg/L in Tables 5A (without redox) and 5B (with redox), and also 
graphically illustrated in Figures 15 and 16.   
 
Groundwater at the site has pH values in the range of 5.5 to 6.5.  Without redox reactions and in 
this pH range, MINEQL calculations show that all chromate, ferrous iron and arsenic should be in 
soluble forms at the range of concentrations observed for the site.  Any chromium that is reduced 
to the trivalent form and any iron that is oxidized to the ferric ion will precipitate and adsorb onto 
the soil.  While groundwater sampling and analysis for hexavalent chromium and ferrous iron can 
be reasonably accurate, the same cannot hold true for trivalent chromium or ferric iron.  Total 
chromium results will tend to be elevated in turbid samples that are analyzed without filtration 
because of chromium precipitation in the aquifer. 
 
When redox reactions are allowed, MINEQL calculations show all hexavalent chromium to be 
reduced to the trivalent form under all pH values, subject to the availability of a stoichiometric 
amount of ferrous iron.  It should be noted that MINEQL calculates the distribution of chemical 
species under equilibrium conditions, and does not take into account reaction kinetics.  Slow 
redox reactions will result in a distribution of species that is somewhat in between the 
concentrations shown in Tables 5A and 5B.  It indicates the propensity of the reactants to 
proceed in a particular direction.   
 
At the concentrations (less than 2 mg/L) observed in the groundwater, copper in either form is 
soluble at pH less 4 s.u. (see Table 5 and Figure 14B or 15B).  The cupric ion (Cu+2) remains 
more soluble than the cuprous ion (Cu+1) at pH between 4 and 7.5 s.u.  Above pH 7.5 s.u., both 
forms of copper will be precipitated in solution.  Arsenic is observed in groundwater at the site at 
concentrations less than 3 mg/L.  All of this arsenic will exist in solution with varying degrees of 
hydrolysis (see Table 5 and Figure 15B or 16B). 
 
 
6.0 GROUNDWATER TREATABILITY STUDY 
 
6.1 Field Testing 
 
Groundwater was sampled from the monitoring wells during the PDI and tested in the field with 
field test kits for the heavy metals of concern.  The data tabulated in Table 4 shows chromium 
ranging from less than 0.1 to 0.5 ppm.  Iron concentrations were significantly higher in the RW 
wells (as high as 9 ppm) than in the MW wells.   
 
6.2 Bench Scale Testing 
 
Limited bench scale testing was performed to assess if existing conditions in the groundwater (i.e. 
relative iron and chromium concentrations) facilitate the reduction and subsequent precipitation of 
chromium.  Besides iron, sodium bisulfite was also tested as an alternate for chromium reduction 
in the treatment process. Groundwater samples were obtained from three wells at the site based 
on the results of iron and chromium analysis during the PDI.   
 
Photos of the test samples are shown on Figure 17.  Samples were obtained from wells RW-1, 
RW-2, MW-5 and MW-10.  Based on the initial characterization (see Table 7), bench tests were 
performed on three of the four samples (excluding MW-5).   RW-2 represented a sample with 
high iron concentrations while MW-10 had the highest chromium concentration.  There were 
significant variations in iron concentrations between the field measurements and in the test 
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facility.  This is most likely due to iron oxidation over time under aerobic conditions encountered 
when the groundwater is pumped and transported, and the resulting precipitation of the oxidized 
iron. 
 
The groundwater samples were subject to redox reactions with sodium bisulfite and ferrous 
sulfate.  Sulfuric acid was used to lower pH and sodium hydroxide was used to raise it.  After 
mixing and final pH adjustment, an anionic polymer was added to each sample to facilitate 
flocculation of the precipitated solids (by mixing at a slow speed with jar test equipment) and then 
allowed to settle.  The settled supernatant was sampled for chromium and iron.   
 
The results are presented in Table 8.  In Test A, the samples were treated separately with sodium 
bisulfite at pH 2 s.u. followed by a precipitation step at pH 9.5 s.u.  This process is relatively more 
effective in chromium removal partly due to higher pH values needed for complete chromium 
precipitation.  Test B was performed with just ferrous sulfate addition to reduce hexavalent 
chromium followed by pH adjustment to 10 s.u. to precipitate trivalent chromium.  The 
stoichiometrically excess ferrous iron resulted in the removal of a greater percentage of 
chromium.  Test C repeated Test A with sodium bisulfite reduction at pH 2.5 s.u. followed by 
precipitation at pH 10.2 s.u., but was not nearly as effective as Test B. 
 
6.3 Treatment Alternatives 
 
MINEQL calculations of equilibrium conditions at varying pH values show that the complete 
reduction of chromium in groundwater with iron is thermodynamically feasible.  However, 
groundwater sampling and the treatability tests show the redox reaction to be rate limited by pH 
and the relative concentrations of iron and chromium.  For an on-site treatment system, ferrous 
sulfate addition may be required (depending on iron concentration in the groundwater) in order to 
maintain excess iron to maximize the efficiency of chromium reduction.  The excess iron will also 
coprecipitate copper (as shown by the MINEQL runs), and can remove arsenic from its soluble 
form through adsorption on to precipitated iron hydroxide. 
 
 
7.0 SUMMARY 
 
The following summarizes the results of this groundwater flow, transport and chemical equilibrium 
modeling.   
 
7.1 Groundwater Flow 
 
MODFLOW was used to simulate groundwater flow in a model domain extending 4,000 to 6,000 
feet beyond the site boundaries in all directions.  The model was calibrated to USGS heads and 
compared to the SCWA groundwater model.  Results of the modeling show that groundwater 
moves south towards the ocean, and the pumping influence of the Suffolk County well field 
(located about a mile southeast of the site) does not extend to the contaminant plume at the site.  
The groundwater flow path, and hence contaminant migration, is predominantly in the Upper 
Glacial aquifer as predicted by MODFLOW.  
 
7.2 Containment/Capture 
 
The contaminant plume is up to 280 feet wide at the site, and model calculations indicate an 
average plume advancement rate of 0.07 miles/year.  MODFLOW simulations using the transport 
engine MT3DMS (without retardation) indicate a radius of influence of around 300 ft for a well 
pumping at 60 gpm at the site.  Results of the modeling indicate that the placement of a well at 
the downgradient site boundary would just about intercept the plume and prevent further off-site 
contaminant migration.  The cleanup duration is predicted to be of the order of three years with 
one well.  A higher rate than 60 gpm is recommended to ensure full capture of the plume and to 
account for actual conditions that may vary from the model assumptions.  The remediation time 
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frame can be significantly reduced with another well placed near the source area with a combined 
flow rate of around 120 gpm. 
 
7.3 Groundwater Treatment  
 
Computations using the MINEQL chemical equilibrium model indicate two factors contributing to 
the speciation of chromium in the groundwater. One is the reduction of hexavalent chromium by 
ferrous iron, which is a slow process and requires excess iron to be effective.  Secondly, trivalent 
chromium, the reduced form, has a low solubility and tends to precipitate and adsorb onto soil 
soon thereafter.  Hexavalent chromium, with its relatively high solubility, is very mobile as seen 
from the extent of the plume.  Trivalent chromium becomes less mobile in its precipitated form.  
These redox and precipitation processes can be used to effectively treat contaminated 
groundwater at the site with the proper combination of reagent dosage and pH.  Ferrous sulfate is 
the recommended chemical for chromium reduction since it is relatively more effective in 
chromium removal.  Moreover, iron is already present in the groundwater at relatively high 
concentrations, and supplemental ferrous sulfate requirements may be minimal.  The iron can 
also enhance copper removal by coprecipitation, and arsenic by adsorption onto the precipitated 
hydroxide. 
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Section 2 
Model Development and Calibration 

 
 

 
 

Table 2-1 
 

Hydraulic Conductivities (ft/day) used for the Calibrated Updated Model 
 

Hydrogeologic Unit Hydraulic Conductivity 
Kh 40 Lloyd Sand Kv 4.0 
Kh 0.3-3.0 (1) Raritan Clay Kv 0.0001 – 0.02 (1) 
Kh 100 North Shore Aquifer Kv 10 
Kh 1.0 North Shore Confining Unit Kv 0.005 
Kh 10 – 125 (2) Magothy Aquifer Kv 0.1 – 2.0 (2) 
Kh 175.0 Jameco Gravel Kv 1.75 
Kh 1.0 (3) Gardiners 20-foot Clay Kv 0.01 (3) 
Kh 0.3 – 250 (4) Upper Glacial Aquifer Kv 0.0001 – 200 (4) 

(1) High values represent more permeable zone in the north-northeast section of the model 
area. 

(2) Higher Kh values represent the coarser sediments found in the basal zone of the Magothy  
     High Kv values represent a coarser Magothy    
     found in northern sections of the model. 
(3) The model layer represents a composite unit comprised of the Gardiners Clay, a  
     thin layer of sandy upper glacial material, and the ‘20-foot’ clay. 
(4)  Low values represent till and clay zones found in the northern sections of the  
     model domain.  Higher values represent upper glacial outwash.   
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APPENDIX E  
PEST/MODFLOW CALIBRATION LOG/RUN RECORD 

 



PEST LOG File: page 1

PEST Version 5.50. Watermark Numerical Computing.

PEST is running in Parameter Estimation mode.

PEST run record: case C:\0IEGPROJECTS\0BB&S SITE\GWMODEL\M14PEST1\M14PEST1

(See file C:\0IEGPROJECTS\0BB&S SITE\GWMODEL\M14PEST1\M14PEST1.REC for full details.)

Model command line:

"C:\vmodnt\dosmess.exe" 4195474 1101

Running model .....

   Sum of squared weighted residuals (ie phi) =   8.2340

OPTIMISATION ITERATION NO.        :    1

   Model calls so far             :    1

   Starting phi for this iteration:   8.2340

   Calculating Jacobian matrix: running model  4 times .....

       Lambda =   10.000     ----->

       running model .....

          Phi =   5.5349      (  0.672 of starting phi)

       Lambda =   5.0000     ----->

       running model .....

          Phi =   5.6535      (  0.687 of starting phi)

       Lambda =   20.000     ----->

       running model .....

          Phi =   5.7017      (  0.692 of starting phi)

   No more lambdas: phi rising

   Lowest phi this iteration:   5.5349

      Current parameter values                 Previous parameter values



PEST LOG File: page 2

      kx__1            157.900                 kx__1             180.000

      kz__1            14.8835                 kz__1             9.00000

      kx__2            45.4152                 kx__2             80.0000

      kz__2           0.121995                 kz__2            0.100000

   Maximum   factor change:  1.762     ["kx__2"]

   Maximum relative change: 0.6537     ["kz__1"]

OPTIMISATION ITERATION NO.        :    2

   Model calls so far             :    8

   Starting phi for this iteration:   5.5349

   Calculating Jacobian matrix: running model  4 times .....

       Lambda =   10.000     ----->

       running model .....

          Phi =   5.4493      (  0.985 of starting phi)

       Lambda =   5.0000     ----->

       running model .....

          Phi =   5.4634      (  0.987 of starting phi)

       Lambda =   20.000     ----->

       running model .....

          Phi =   5.4906      (  0.992 of starting phi)

   No more lambdas: phi rising

   Lowest phi this iteration:   5.4493

   Relative phi reduction between optimisation iterations less than 0.1000

   Switch to central derivatives calculation

      Current parameter values                 Previous parameter values

      kx__1            157.535                 kx__1             157.900

      kz__1            12.6684                 kz__1             14.8835

      kx__2            37.4350                 kx__2             45.4152

      kz__2           0.128696                 kz__2            0.121995
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   Maximum   factor change:  1.213     ["kx__2"]

   Maximum relative change: 0.1757     ["kx__2"]

OPTIMISATION ITERATION NO.        :    3

   Model calls so far             :   15

   Starting phi for this iteration:   5.4493

   Calculating Jacobian matrix: running model  8 times .....

       Lambda =   10.000     ----->

       running model .....

          Phi =   36.306      (  6.662 times starting phi)

       Lambda =   5.0000     ----->

       running model .....

          Phi =   42.544      (  7.807 times starting phi)

       Lambda =   20.000     ----->

       running model .....

          Phi =   29.539      (  5.421 times starting phi)

       Lambda =   40.000     ----->

       running model .....

          Phi =   19.644      (  3.605 times starting phi)

       Lambda =   80.000     ----->

       running model .....

          Phi =   6.0566      (  1.111 times starting phi)

       Lambda =   160.00     ----->

       running model .....

          Phi =   5.3592      (  0.983 of starting phi)

       Lambda =   320.00     ----->

       running model .....
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          Phi =   5.3600      (  0.984 of starting phi)

   No more lambdas: phi rising

   Lowest phi this iteration:   5.3592

      Current parameter values                 Previous parameter values

      kx__1            167.887                 kx__1             157.535

      kz__1            16.2271                 kz__1             12.6684

      kx__2            19.2731                 kx__2             37.4350

      kz__2           0.107406                 kz__2            0.128696

   Maximum   factor change:  1.942     ["kx__2"]

   Maximum relative change: 0.4852     ["kx__2"]

OPTIMISATION ITERATION NO.        :    4

   Model calls so far             :   30

   Starting phi for this iteration:   5.3592

   Calculating Jacobian matrix: running model  8 times .....

       Lambda =   160.00     ----->

       running model .....

          Phi =   5.2236      (  0.975 of starting phi)

       Lambda =   80.000     ----->

       running model .....

          Phi =   5.2005      (  0.970 of starting phi)

   No more lambdas: relative phi reduction between lambdas less than 0.0200

   Lowest phi this iteration:   5.2005

      Current parameter values                 Previous parameter values

      kx__1            168.546                 kx__1             167.887

      kz__1            17.1719                 kz__1             16.2271

      kx__2            18.7364                 kx__2             19.2731

      kz__2           9.194381E-02             kz__2            0.107406
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   Maximum   factor change:  1.168     ["kz__2"]

   Maximum relative change: 0.1440     ["kz__2"]

OPTIMISATION ITERATION NO.        :    5

   Model calls so far             :   40

   Starting phi for this iteration:   5.2005

   Calculating Jacobian matrix: running model  8 times .....

       Lambda =   40.000     ----->

       running model .....

          Phi =   5.1780      (  0.996 of starting phi)

       Lambda =   20.000     ----->

       running model .....

          Phi =   5.1907      (  0.998 of starting phi)

       Lambda =   80.000     ----->

       running model .....

          Phi =   5.1862      (  0.997 of starting phi)

   No more lambdas: phi rising

   Lowest phi this iteration:   5.1780

      Current parameter values                 Previous parameter values

      kx__1            172.967                 kx__1             168.546

      kz__1            21.1685                 kz__1             17.1719

      kx__2            18.8018                 kx__2             18.7364

      kz__2           7.624983E-02             kz__2            9.194381E-02

   Maximum   factor change:  1.233     ["kz__1"]

   Maximum relative change: 0.2327     ["kz__1"]

OPTIMISATION ITERATION NO.        :    6

   Model calls so far             :   51
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   Starting phi for this iteration:   5.1780

   Calculating Jacobian matrix: running model  8 times .....

       Lambda =   40.000     ----->

       running model .....

          Phi =   5.2201      (  1.008 times starting phi)

       Lambda =   20.000     ----->

       running model .....

          Phi =   5.3394      (  1.031 times starting phi)

       Lambda =   80.000     ----->

       running model .....

          Phi =   5.1832      (  1.001 times starting phi)

   No more lambdas: relative phi reduction between lambdas less than 0.0200

   Lowest phi this iteration:   5.1832

      Current parameter values                 Previous parameter values

      kx__1            170.223                 kx__1             172.967

      kz__1            21.5210                 kz__1             21.1685

      kx__2            18.1946                 kx__2             18.8018

      kz__2           7.960842E-02             kz__2            7.624983E-02

   Maximum   factor change:  1.044     ["kz__2"]

   Maximum relative change: 4.4047E-02 ["kz__2"]

   Optimisation complete: the  3 lowest phi's are within a relative distance

                          of eachother of 1.000E-02

   Total model calls:   62

Recording run statistics .....

See file C:\0IEGPROJECTS\0BB&S SITE\GWMODEL\M14PEST1\M14PEST1.REC for full run details.

See file C:\0IEGPROJECTS\0BB&S SITE\GWMODEL\M14PEST1\M14PEST1.SEN for parameter sensitivities.

See file C:\0IEGPROJECTS\0BB&S SITE\GWMODEL\M14PEST1\M14PEST1.SEO for observation sensitivities.



PEST LOG File: page 7

See file C:\0IEGPROJECTS\0BB&S SITE\GWMODEL\M14PEST1\M14PEST1.RES for residuals.
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EST RUN RECORD: CASE C:\0IEGPROJECTS\0BB&S SITE\GWMODEL\M14PEST1\M14PEST1

PEST run mode:-

   Parameter estimation mode

Case dimensions:-

   Number of parameters                 :    4

   Number of adjustable parameters      :    4

   Number of parameter groups           :    1

   Number of observations               :   16

   Number of prior estimates            :    0

Model command line(s):-

   "C:\vmodnt\dosmess.exe" 4195474 1101

Jacobian command line:-

   na

Model interface files:-

   Templates:

      M14PEST1.MF.TPL

   for model input files:

      M14PEST1.MF.PL

   (Parameter values written using single precision protocol.)

   (Decimal point always included.)

   Instruction files:

      M14PEST1.INH

   for reading model output files:

      M14PEST1.HOB

PEST-to-model message file:-

   na
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Derivatives calculation:-

Param        Increment   Increment   Increment   Forward or   Multiplier  Method

group        type                    low bound   central      (central)   (central)

cndct        relative    2.0000E-02   none        switch        2.000     parabolic

Parameter definitions:-

Name         Trans-            Change       Initial        Lower          Upper

             formation         limit        value          bound          bound

kx__1        log               factor      180.000       1.000000E-15   1.000000E+29

kz__1        log               factor      9.00000       1.000000E-15   1.000000E+29

kx__2        log               factor      80.0000       1.000000E-15   1.000000E+29

kz__2        log               factor     0.100000       1.000000E-15   1.000000E+29

Name         Group          Scale         Offset        Model command number

kx__1        cndct         1.00000        0.00000            1

kz__1        cndct         1.00000        0.00000            1

kx__2        cndct         1.00000        0.00000            1

kz__2        cndct         1.00000        0.00000            1

Prior information:-

   No prior information supplied

Observations:-

Observation name    Observation       Weight       Group

 of000063            20.0000          1.000       hds.u2      

 of000064            20.0000          1.000       hds.u2      

 of000065            20.0000          1.000       hds.u2      

 of000066            20.0000          1.000       hds.u2      

 of000067            22.0000          1.000       hds.u2      

 of000068            22.0000          1.000       hds.u2      

 of000069            15.4000          1.000       hds.u2      

 of000070            10.0000          1.000       hds.u2      

 of000071            10.0000          1.000       hds.u2      

 of000072            20.0000          1.000       hds.u2      

 of000073            17.7000          1.000       hds.u2      

 of000074            16.0000          1.000       hds.u2      

 of000075            15.6000          1.000       hds.u2      
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 of000076            13.6000          1.000       hds.u2      

 of000077            11.6000          1.000       hds.u2      

 of000078            10.0000          1.000       hds.u2      

Control settings:-

   Initial lambda                                               :  10.000    

   Lambda adjustment factor                                     :  2.0000    

   Sufficient new/old phi ratio per optimisation iteration      : 0.30000    

   Limiting relative phi reduction between lambdas              : 2.00000E-02

   Maximum trial lambdas per iteration                          :  10

   Maximum  factor  parameter change (factor-limited changes)   :  10.000

   Maximum relative parameter change (relative-limited changes) :   na

   Fraction of initial parameter values used in computing

   change limit for near-zero parameters                        : 1.00000E-03

   Relative phi reduction below which to begin use of

   central derivatives                                          : 0.10000     

   Relative phi reduction indicating convergence                : 0.10000E-01

   Number of phi values required within this range              :   3

   Maximum number of consecutive failures to lower phi          :   3

   Minimal relative parameter change indicating convergence     : 0.10000E-01

   Number of consecutive iterations with minimal param change   :   3

   Maximum number of optimisation iterations                    : 100

                            OPTIMISATION RECORD

INITIAL CONDITIONS: 

   Sum of squared weighted residuals (ie phi) =   8.2340    

      Current parameter values

      kx__1            180.000    

      kz__1            9.00000    

      kx__2            80.0000    

      kz__2           0.100000    

OPTIMISATION ITERATION NO.        :    1

   Model calls so far             :    1

   Starting phi for this iteration:   8.2340    
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       Lambda =   10.000     ----->

          Phi =   5.5349      (  0.672 of starting phi)

       Lambda =   5.0000     ----->

          Phi =   5.6535      (  0.687 of starting phi)

       Lambda =   20.000     ----->

          Phi =   5.7017      (  0.692 of starting phi)

   No more lambdas: phi rising

   Lowest phi this iteration:   5.5349    

      Current parameter values                 Previous parameter values

      kx__1            157.900                 kx__1             180.000    

      kz__1            14.8835                 kz__1             9.00000    

      kx__2            45.4152                 kx__2             80.0000    

      kz__2           0.121995                 kz__2            0.100000    

   Maximum   factor change:  1.762     ["kx__2"]

   Maximum relative change: 0.6537     ["kz__1"]

OPTIMISATION ITERATION NO.        :    2

   Model calls so far             :    8

   Starting phi for this iteration:   5.5349    

       Lambda =   10.000     ----->

          Phi =   5.4493      (  0.985 of starting phi)

       Lambda =   5.0000     ----->

          Phi =   5.4634      (  0.987 of starting phi)

       Lambda =   20.000     ----->

          Phi =   5.4906      (  0.992 of starting phi)

   No more lambdas: phi rising

   Lowest phi this iteration:   5.4493    

   Relative phi reduction between optimisation iterations less than 0.1000

   Switch to central derivatives calculation

      Current parameter values                 Previous parameter values

      kx__1            157.535                 kx__1             157.900    

      kz__1            12.6684                 kz__1             14.8835    

      kx__2            37.4350                 kx__2             45.4152    
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      kz__2           0.128696                 kz__2            0.121995    

   Maximum   factor change:  1.213     ["kx__2"]

   Maximum relative change: 0.1757     ["kx__2"]

OPTIMISATION ITERATION NO.        :    3

   Model calls so far             :   15

   Starting phi for this iteration:   5.4493    

       Lambda =   10.000     ----->

          Phi =   36.306      (  6.662 times starting phi)

       Lambda =   5.0000     ----->

          Phi =   42.544      (  7.807 times starting phi)

       Lambda =   20.000     ----->

          Phi =   29.539      (  5.421 times starting phi)

       Lambda =   40.000     ----->

          Phi =   19.644      (  3.605 times starting phi)

       Lambda =   80.000     ----->

          Phi =   6.0566      (  1.111 times starting phi)

       Lambda =   160.00     ----->

          Phi =   5.3592      (  0.983 of starting phi)

       Lambda =   320.00     ----->

          Phi =   5.3600      (  0.984 of starting phi)

   No more lambdas: phi rising

   Lowest phi this iteration:   5.3592    

      Current parameter values                 Previous parameter values

      kx__1            167.887                 kx__1             157.535    

      kz__1            16.2271                 kz__1             12.6684    

      kx__2            19.2731                 kx__2             37.4350    

      kz__2           0.107406                 kz__2            0.128696    

   Maximum   factor change:  1.942     ["kx__2"]

   Maximum relative change: 0.4852     ["kx__2"]

OPTIMISATION ITERATION NO.        :    4

   Model calls so far             :   30

   Starting phi for this iteration:   5.3592    
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       Lambda =   160.00     ----->

          Phi =   5.2236      (  0.975 of starting phi)

       Lambda =   80.000     ----->

          Phi =   5.2005      (  0.970 of starting phi)

   No more lambdas: relative phi reduction between lambdas less than 0.0200

   Lowest phi this iteration:   5.2005    

      Current parameter values                 Previous parameter values

      kx__1            168.546                 kx__1             167.887    

      kz__1            17.1719                 kz__1             16.2271    

      kx__2            18.7364                 kx__2             19.2731    

      kz__2           9.194381E-02             kz__2            0.107406    

   Maximum   factor change:  1.168     ["kz__2"]

   Maximum relative change: 0.1440     ["kz__2"]

OPTIMISATION ITERATION NO.        :    5

   Model calls so far             :   40

   Starting phi for this iteration:   5.2005    

       Lambda =   40.000     ----->

          Phi =   5.1780      (  0.996 of starting phi)

       Lambda =   20.000     ----->

          Phi =   5.1907      (  0.998 of starting phi)

       Lambda =   80.000     ----->

          Phi =   5.1862      (  0.997 of starting phi)

   No more lambdas: phi rising

   Lowest phi this iteration:   5.1780    

      Current parameter values                 Previous parameter values

      kx__1            172.967                 kx__1             168.546    

      kz__1            21.1685                 kz__1             17.1719    

      kx__2            18.8018                 kx__2             18.7364    

      kz__2           7.624983E-02             kz__2            9.194381E-02

   Maximum   factor change:  1.233     ["kz__1"]

   Maximum relative change: 0.2327     ["kz__1"]
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OPTIMISATION ITERATION NO.        :    6

   Model calls so far             :   51

   Starting phi for this iteration:   5.1780    

       Lambda =   40.000     ----->

          Phi =   5.2201      (  1.008 times starting phi)

       Lambda =   20.000     ----->

          Phi =   5.3394      (  1.031 times starting phi)

       Lambda =   80.000     ----->

          Phi =   5.1832      (  1.001 times starting phi)

   No more lambdas: relative phi reduction between lambdas less than 0.0200

   Lowest phi this iteration:   5.1832    

      Current parameter values                 Previous parameter values

      kx__1            170.223                 kx__1             172.967    

      kz__1            21.5210                 kz__1             21.1685    

      kx__2            18.1946                 kx__2             18.8018    

      kz__2           7.960842E-02             kz__2            7.624983E-02

   Maximum   factor change:  1.044     ["kz__2"]

   Maximum relative change: 4.4047E-02 ["kz__2"]

   Optimisation complete: the  3 lowest phi's are within a relative distance

                          of eachother of 1.000E-02

   Total model calls:   62

                            OPTIMISATION RESULTS

Parameters ----->

Parameter        Estimated         95% percent confidence limits

                 value             lower limit       upper limit

 kx__1           172.967            20.5265           1457.50    

 kz__1           21.1685           6.170383E-15      7.262216E+16

 kx__2           18.8018           6.266934E-04       564084.    

 kz__2          7.624983E-02       3.397548E-07       17112.4    

Note: confidence limits provide only an indication of parameter uncertainty.

      They rely on a linearity assumption which  may not extend as far in 

      parameter space as the confidence limits themselves - see PEST manual.
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See file C:\0IEGPROJECTS\0BB&S SITE\GWMODEL\M14PEST1\M14PEST1.SEN for parameter sensitivities.

Observations ----->

Observation      Measured       Calculated     Residual       Weight     Group

                 value          value

 of000063        20.0000        20.2352      -0.235240        1.000      hds.u2      

 of000064        20.0000        20.1920      -0.191960        1.000      hds.u2      

 of000065        20.0000        20.0005      -5.100000E-04    1.000      hds.u2      

 of000066        20.0000        19.7803       0.219730        1.000      hds.u2      

 of000067        22.0000        21.3386       0.661440        1.000      hds.u2      

 of000068        22.0000        21.5669       0.433060        1.000      hds.u2      

 of000069        15.4000        16.2522      -0.852210        1.000      hds.u2      

 of000070        10.0000        11.3583       -1.35831        1.000      hds.u2      

 of000071        10.0000        11.0767       -1.07671        1.000      hds.u2      

 of000072        20.0000        19.4141       0.585930        1.000      hds.u2      

 of000073        17.7000        17.5850       0.114960        1.000      hds.u2      

 of000074        16.0000        15.9248       7.515000E-02    1.000      hds.u2      

 of000075        15.6000        15.5396       6.041000E-02    1.000      hds.u2      

 of000076        13.6000        13.4364       0.163590        1.000      hds.u2      

 of000077        11.6000        11.8163      -0.216250        1.000      hds.u2      

 of000078        10.0000        10.4925      -0.492530        1.000      hds.u2      

See file C:\0IEGPROJECTS\0BB&S SITE\GWMODEL\M14PEST1\M14PEST1.RES for more details of residuals in graph-ready format.

See file C:\0IEGPROJECTS\0BB&S SITE\GWMODEL\M14PEST1\M14PEST1.SEO for composite observation sensitivities.

Objective function ----->

  Sum of squared weighted residuals (ie phi)                =   5.178    

Correlation Coefficient ----->

  Correlation coefficient                                   =  0.9954    

Analysis of residuals ----->

  All residuals:-

     Number of residuals with non-zero weight               =    16

     Mean value of non-zero weighted residuals              = -0.1318    

     Maximum weighted residual [observation "of000067"]     =  0.6614    

     Minimum weighted residual [observation "of000070"]     =  -1.358    
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     Standard variance of weighted residuals                =  0.4315    

     Standard error of weighted residuals                   =  0.6569    

     Note: the above variance was obtained by dividing the objective 

     function by the number of system degrees of freedom (ie. number of 

     observations with non-zero weight plus number of prior information 

     articles with non-zero weight minus the number of adjustable parameters.)

     If the degrees of freedom is negative the divisor becomes 

     the number of observations with non-zero weight plus the number of 

     prior information items with non-zero weight.

Parameter covariance matrix ----->

                kx__1        kz__1        kx__2        kz__2    

kx__1          0.1805       2.8783E-02  -0.8223       -1.031    

kz__1          2.8783E-02    50.83       -4.785       -2.663    

kx__2         -0.8223       -4.785        4.222        4.919    

kz__2          -1.031       -2.663        4.919        6.031    

Parameter correlation coefficient matrix ----->

                kx__1        kz__1        kx__2        kz__2    

kx__1           1.000       9.5035E-03  -0.9421      -0.9886    

kz__1          9.5035E-03    1.000      -0.3267      -0.1521    

kx__2         -0.9421      -0.3267        1.000       0.9748    

kz__2         -0.9886      -0.1521       0.9748        1.000    

Normalized eigenvectors of parameter covariance matrix ----->

              Vector_1     Vector_2     Vector_3     Vector_4   

kx__1          0.9896      -4.5267E-02  -0.1361      -3.6795E-03

kz__1          1.1050E-02  -4.1442E-02   0.1209      -0.9917    

kx__2          4.8402E-02  -0.7839       0.6096       0.1076    

kz__2          0.1347       0.6179       0.7715       6.9744E-02

Eigenvalues ----->

               2.3098E-04   4.4391E-02    9.682        51.54    
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GROUNDWATER FLOW MODELING 
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GRADIENT ACROSS SITE 
(data from USGS map with contours on Figure 1) 
 
Upper Glacial Unit:   

Gradient i =  10’ across 6000’ 
   =  10/6000  = 0.0017 ft/ft 

 
Magothy: 

  i =  10’ across 12000’ 
   =  10/12000  = 0.0008 ft/ft 
 

GROUNDWATER FLOW THROUGH SITE 
 
 Flow Q  =  KiA    =  KiWD 
 Where K=conductivity, i= gradient; A= area; W=width; D=depth 
 
Dimensions are from model area on Figure 4; conductivity from model calibration using PEST 
 
Upper Glacial Unit: 
 K = 170 1/day;  D=120’;  W=280’; i = 0.0017 
 
  Q = 170 /d x 120’ x 280’ x 0.0017   

= 9,700 cf/day  = 72,600 gpd  = 50 gpm 
 
Magothy: 
 K = 87 1/day;  W=280’; i = 0.0008;  

calculate for a depth of 100’ (actual depth is 900’ to 1000’) 
 
  Q = 18.2 /d x 100’ x 280’ x 0.0008 = 408 cf/day 
   = 3000 gpd    = 2 gpm  (for 100’ depth) 
 
VELOCITY THROUGH SITE 
 
 Velocity V = Ki / η;    Where η = effective porosity 
 
Upper Glacial Unit: 
  V = (170  x 0.0017) / 0.1 = 2.89 ft/day for η =0.1 
  V = (170  x 0.0017) / 0.25 = 1.16 ft/day for η =0.25 
Magothy: 
  V = (18.2  x 0.0008) / 0.1 = 0.15 ft/day for η =0.1 
  V = (18.2  x 0.0008) / 0.25 = 0.06 ft/day for η =0.25 
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PLUME 
 
Upper Glacial Unit:  Groundwater characterization data show a plume length of around 9000’, 
stretching from the source area inside the wood processing building.  The duration of travel can 
be calculated using the plume length and velocity 
 

Plume length   =  length / velocity 
   = 9000 / 2.89  = 3,300 days = 9 yrs (for η = 0.1)  
   = 9000 / 1.1  = 7,700 days = 21 yrs (for η = 0.25)  

 
RECHARGE 
 
Groundwater recharge occurs only from streams and rainfall in the model area because of the 
groundwater divide to the north.  The model could not be calibrated well with a single 
precipitation recharge rate for the entire model area.  The model area had to be spilt into three 
zones (see Figure 7 of the report) and recharge rates of 0.0065, 0.0065 and 0.004 ft/day for 
zones 1, 2 and 3 respectively provided with the best fit for the flow model along with appropriate 
assumptions for leakage from the streams.  USGS documents indicate a range of 0.002 to 
0.006 ft/day for the infiltration recharge rate, while the Suffolk County’s DYNFLOW Model uses 
a regional average recharge rate of 1 MGD/sq.mi., or 0.005 ft/day. 
 
Recharge from precipitation  =  infiltration rate x area 
  

ZONE INFILTRATION 
RATE 

AREA  RECHARGE 

1 0.0065 ft/day 50,300,000 sf 327,000 cf/day 
2 0.0065 ft/day 20,900,000 sf 136,000 cf/day 
3 0.0040 ft/day 12,500,000 sf   50,000 cf/day 
TOTAL 0.0061 ft/day 83,700,000 sf 

(1,980 acres) 
513,000 cf/day 

     
From zone budget in the calibrated flow model for the area, 
Leakage from the river  = 89,000 cf/day 
 
Therefore, total groundwater recharge  =  (513,000 + 89,000)   = 602,000 cf/day 
 
The quantities are needed such that PEST is able to match the USGS based groundwater 
contours for the upper glacial and Magothy layers with conductivities that are within the rage 
reported in the literature.  
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RETARDATION FACTOR 
 
 R =  1 + Kd ρ / η ;   and Kd =  focKoc 
 where   Kd = adsorption (or distribution) coefficient of the chemical in soil/water;  
  ρ = bulk density; foc  = fraction organic carbon; and  
  Koc = organic carbon/water partition coefficient 
 
According to  Partition Coefficients for Metals in Surface Water, Soil and Waste, USEPA, 1999, 
Log Koc (in L/Kg) ranges from -0.7 to 4.8 for to Cr(VI), and 1 to 4.8 for Cr(III) .   
Thus, assuming ρ = 1.7 and foc  = 0.00005 (or a 50 ppm organic content ) 
 
 Log Koc      Koc R (for η = 0.25) R (for η = 0.1) 
Cr (VI) -0.7 to 3.3 0.2 to 2000     1 to 1.7  1 to 2.7 
Cr (III) 1 to 4.8 10 to 63000     1 to 22   1 to 55 
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   Jun 28, 2006  10:33   MINEQL+ Header file for B05SCP.mdo           
 
 
          $$$  INPUT DATA  $$$ 
ÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ 
OPTIONS:  IADS= 0 IONIT=-1 IONPH= 0 IPHFX= 0 IPHA=  0 
            IPHB= 0 ITITL= 0 IPCP=0 ICND=0 
ÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ 
                ELECTRONEUTRALITY NOT GUARANTEED 
               TEMPERATURE  =  25.0 CELSIUS 
                IONIC STRENGTH FIXED CONCENTRATION 
                NO SURFACE MODEL USED 
                      EPS =  1.0E-04 
   ID          X    LOGX           T     COMPONENTS 
    2   1.00D-20  -20.00   1.000E-18     H2O          
    3   1.00D-07   -7.00   1.000E-18     H(+)         
    9   3.89D-07   -6.41   3.900E-05     AsO3(3-)     
   16   7.24D-06   -5.14   7.200E-04     Ca(2+)       
   19   1.70D-05   -4.77   1.700E-03     Cl(-)        
   26   9.55D-07   -6.02   9.600E-05     CrO4(2-)     
   28   9.55D-07   -6.02   9.600E-05     Cr(OH)2(+)   
   30   2.00D-07   -6.70   2.000E-05     Cu(2+)       
   31   2.00D-07   -6.70   2.000E-05     Cu(+)        
   32   3.63D-05   -4.44   3.600E-03     Fe(2+)       
   33   3.63D-05   -4.44   3.600E-03     Fe(3+)       
   38   7.76D-07   -6.11   7.700E-05     K(+)         
   41   1.82D-06   -5.74   1.800E-04     Mg(2+)       
   45   1.10D-05   -4.96   1.100E-03     Na(+)        
   50   5.01D-06   -5.30   5.000E-04     NO3(-)       
   68   3.09D-06   -5.51   3.100E-04     SO4(2-)      
 
   ID    NAME                 LOGK      DELH      SPECIES:       TYPE I - COMPONENTS               
      2 H2O                     .000        .000     H2O        1.0 
      3 H(+)                    .000        .000     H(+)       1.0 
      9 AsO3(3-)                .000        .000     AsO3(3-)   1.0 
     16 Ca(2+)                  .000        .000     Ca(2+)     1.0 
     19 Cl(-)                   .000        .000     Cl(-)      1.0 
     26 CrO4(2-)                .000        .000     CrO4(2-)   1.0 
     28 Cr(OH)2(+)              .000        .000     Cr(OH)2(+  1.0 
     30 Cu(2+)                  .000        .000     Cu(2+)     1.0 
     31 Cu(+)                   .000        .000     Cu(+)      1.0 
     32 Fe(2+)                  .000        .000     Fe(2+)     1.0 
     33 Fe(3+)                  .000        .000     Fe(3+)     1.0 
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     38 K(+)                    .000        .000     K(+)       1.0 
     41 Mg(2+)                  .000        .000     Mg(2+)     1.0 
     45 Na(+)                   .000        .000     Na(+)      1.0 
     50 NO3(-)                  .000        .000     NO3(-)     1.0 
     68 SO4(2-)                 .000        .000     SO4(2-)    1.0 
 
   ID    NAME                 LOGK      DELH      SPECIES:       TYPE II - COMPLEXES               
   3800 OH-             (-1) -13.997      13.339     H2O        1.0   H(+)      -1.0 
  11200 Cr+3            (+3)   9.569     -30.980     H2O       -2.0   H(+)       2.0   Cr(OH)2(+  1.0 
  11300 Cr(OH)+2        (+2)   5.912     -18.621     H2O       -1.0   H(+)       1.0   Cr(OH)2(+  1.0 
  11500 Cr(OH)4-        (-1) -17.819        .000     H2O        2.0   H(+)      -2.0   Cr(OH)2(+  1.0 
  13200 Cu(OH)3-        (-1) -26.879        .000     H2O        3.0   H(+)      -3.0   Cu(2+)     1.0 
  13300 Cu(OH)4-2       (-2) -39.980        .000     H2O        4.0   H(+)      -4.0   Cu(2+)     1.0 
  13400 CuOH+           (+1)  -7.497       8.559     H2O        1.0   H(+)      -1.0   Cu(2+)     1.0 
  13500 Cu(OH)2 (aq)         -16.194        .000     H2O        2.0   H(+)      -2.0   Cu(2+)     1.0 
  13900 Fe(OH)3-        (-1) -28.991      30.218     H2O        3.0   H(+)      -3.0   Fe(2+)     1.0 
  14000 Fe(OH)2 (aq)         -20.494      28.590     H2O        2.0   H(+)      -2.0   Fe(2+)     1.0 
  14100 FeOH+           (+1)  -9.397      13.339     H2O        1.0   H(+)      -1.0   Fe(2+)     1.0 
  14300 FeOH+2          (+2)  -2.187       9.993     H2O        1.0   H(+)      -1.0   Fe(3+)     1.0 
  14400 Fe(OH)2+        (+1)  -4.594        .000     H2O        2.0   H(+)      -2.0   Fe(3+)     1.0 
  14500 Fe2(OH)2+4      (+4)  -2.854      13.771     H2O        2.0   H(+)      -2.0   Fe(3+)     2.0 
  14600 Fe(OH)3 (aq)         -12.560      24.809     H2O        3.0   H(+)      -3.0   Fe(3+)     1.0 
  14700 Fe(OH)4-        (-1) -21.588        .000     H2O        4.0   H(+)      -4.0   Fe(3+)     1.0 
  17900 MgOH+           (+1) -11.397      16.207     H2O        1.0   H(+)      -1.0   Mg(2+)     1.0 
  26600 HAsO3-2         (-2)  13.414      -6.051     H(+)       1.0   AsO3(3-)   1.0 
  26700 H3AsO3                34.744     -20.250     H(+)       3.0   AsO3(3-)   1.0 
  26800 H2AsO3-         (-1)  25.454     -13.699     H(+)       2.0   AsO3(3-)   1.0 
  26900 H4AsO3+         (+1)  34.439        .000     H(+)       4.0   AsO3(3-)   1.0 
  33600 HCrO4-          (-1)   6.510        .478     H(+)       1.0   CrO4(2-)   1.0 
  33700 H2CrO4 (aq)            6.419       9.321     H(+)       2.0   CrO4(2-)   1.0 
  33900 CrO2-           (-1) -17.746        .000     H(+)      -2.0   Cr(OH)2(+  1.0 
 
   ID    NAME                 LOGK      DELH      SPECIES:       TYPE III - FIXED SOLIDS (SPECIES) 
 196700 BRUCITE              -16.844      27.246     H2O        2.0   H(+)      -2.0   Mg(2+)     1.0 
   3801 H2O (Solution)          .000        .000     H2O        1.0 
 175310 pH              (+1)   1.500        .000     H(+)       1.0 
 
   ID    NAME                 LOGK      DELH      SPECIES:       TYPE V - DISSOLVED SOLIDS  (SUBJECT TO PRECIPITATION) 
 186700 LIME                 -32.699      46.346     H2O        1.0   H(+)      -2.0   Ca(2+)     1.0 
 191500 CrO3                   3.211       1.245     H2O       -1.0   H(+)       2.0   CrO4(2-)   1.0 
 191900 Cr2O3                  2.358      12.125     H2O       -1.0   H(+)      -2.0   Cr(OH)2(+  2.0 
 192100 Cr(OH)3               -1.335       7.115     H2O        1.0   H(+)      -1.0   Cr(OH)2(+  1.0 
 192500 Cu(OH)2               -8.674      13.485     H2O        2.0   H(+)      -2.0   Cu(2+)     1.0 
 193400 CUPRITE                1.406      29.642     H2O        1.0   H(+)      -2.0   Cu(+)      2.0 
 193700 Fe(OH)2              -13.564        .000     H2O        2.0   H(+)      -2.0   Fe(2+)     1.0 
 194500 FERRIHYDRITE          -3.191      17.537     H2O        3.0   H(+)      -3.0   Fe(3+)     1.0 
 196702 Mg(OH)2 (active)     -18.794        .000     H2O        2.0   H(+)      -2.0   Mg(2+)     1.0 
 
   ID    NAME                 LOGK      DELH      SPECIES:       TYPE VI - SPECIES NOT CONSIDERED  
   7300 CaOH+           (+1) -12.697      15.323     H2O        1.0   H(+)      -1.0   Ca(2+)     1.0 
   8400 CrO3Cl-         (-1)   7.309        .000     H2O       -1.0   H(+)       2.0   Cl(-)      1.0   CrO4(2-)   1.0 
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   8500 CrCl+2          (+2)   9.681     -24.766     H2O       -2.0   H(+)       2.0   Cl(-)      1.0   Cr(OH)2(+  1.0 
   8600 CrCl2+          (+1)   8.658      -9.374     H2O       -2.0   H(+)       2.0   Cl(-)      2.0   Cr(OH)2(+  1.0 
   8700 CrOHCl2 (aq)           2.963        .000     H2O       -1.0   H(+)       1.0   Cl(-)      2.0   Cr(OH)2(+  1.0 
  10800 Cr2O7-2         (-2)  14.560      -3.585     H2O       -1.0   H(+)       2.0   CrO4(2-)   2.0 
  11100 CrO3SO4-2       (-2)   8.994        .000     H2O       -1.0   H(+)       2.0   CrO4(2-)   1.0   SO4(2-)    1.0 
  11400 Cr(OH)3 (aq)          -8.422        .000     H2O        1.0   H(+)      -1.0   Cr(OH)2(+  1.0 
  12100 CrNO3+2         (+2)   8.209     -15.640     H2O       -2.0   H(+)       2.0   Cr(OH)2(+  1.0   NO3(-)     1.0 
  12300 Cr2(OH)2(SO4)2 (aq)   17.929        .000     H2O       -2.0   H(+)       2.0   Cr(OH)2(+  2.0   SO4(2-)    2.0 
  12400 Cr2(OH)2SO4+2   (+2)  16.155        .000     H2O       -2.0   H(+)       2.0   Cr(OH)2(+  2.0   SO4(2-)    1.0 
  12500 CrSO4+          (+1)  12.937     -23.571     H2O       -2.0   H(+)       2.0   Cr(OH)2(+  1.0   SO4(2-)    1.0 
  12700 CrOHSO4 (aq)           8.287        .000     H2O       -1.0   H(+)       1.0   Cr(OH)2(+  1.0   SO4(2-)    1.0 
  13100 Cu2(OH)2+2      (+2) -10.594      18.313     H2O        2.0   H(+)      -2.0   Cu(2+)     2.0 
  14800 Fe3(OH)4+5      (+5)  -6.288      15.593     H2O        4.0   H(+)      -4.0   Fe(3+)     3.0 
  71901 CaNO3+          (+1)    .500      -1.291     Ca(2+)     1.0   NO3(-)     1.0 
  72300 CaSO4 (aq)             2.360       1.697     Ca(2+)     1.0   SO4(2-)    1.0 
  89000 CuCl3-          (-1)  -2.290      13.690     Cl(-)      3.0   Cu(2+)     1.0 
  89100 CuCl2 (aq)             -.260      10.560     Cl(-)      2.0   Cu(2+)     1.0 
  89200 CuCl4-2    1    (-2)  -4.590       7.780     Cl(-)      4.0   Cu(2+)     1.0 
  89300 CuCl+           (+1)    .200       1.984     Cl(-)      1.0   Cu(2+)     1.0 
  89400 CuCl2-          (-1)   5.420       -.420     Cl(-)      2.0   Cu(+)      1.0 
  89401 CuCl (aq)              3.100        .000     Cl(-)      1.0   Cu(+)      1.0 
  89500 CuCl3-2         (-2)   4.750        .260     Cl(-)      3.0   Cu(+)      1.0 
  89600 FeCl            (+1)   -.200        .000     Cl(-)      1.0   Fe(2+)     1.0 
  89700 FeCl2+          (+1)   2.130        .000     Cl(-)      2.0   Fe(3+)     1.0 
  89800 FeCl3 (aq)             1.130        .000     Cl(-)      3.0   Fe(3+)     1.0 
  89900 FeCl+2          (+2)   1.480       5.497     Cl(-)      1.0   Fe(3+)     1.0 
 102500 KCrO4-          (-1)    .570        .000     CrO4(2-)   1.0   K(+)       1.0 
 102600 NaCrO4-         (-1)    .696        .000     CrO4(2-)   1.0   Na(+)      1.0 
 104203 Cu(NO3)2 (aq)          -.400        .000     Cu(2+)     1.0   NO3(-)     2.0 
 104204 CuNO3+          (+1)    .500       -.980     Cu(2+)     1.0   NO3(-)     1.0 
 104800 CuSO4 (aq)             2.360       2.079     Cu(2+)     1.0   SO4(2-)    1.0 
 114900 FeSO4 (aq)             2.390       1.912     Fe(2+)     1.0   SO4(2-)    1.0 
 119901 FeNO3+2         (+2)   1.000      -8.843     Fe(3+)     1.0   NO3(-)     1.0 
 120400 FeSO4+          (+1)   4.050       5.975     Fe(3+)     1.0   SO4(2-)    1.0 
 120500 Fe(SO4)2-       (-1)   5.380       4.589     Fe(3+)     1.0   SO4(2-)    2.0 
 129700 KSO4-           (-1)    .850        .980     K(+)       1.0   SO4(2-)    1.0 
 133400 MgSO4 (aq)             2.260       1.386     Mg(2+)     1.0   SO4(2-)    1.0 
 141100 NaSO4-          (-1)    .730        .239     Na(+)      1.0   SO4(2-)    1.0 
  43900 HSO4-           (-1)   1.990       5.258     H(+)       1.0   SO4(2-)    1.0 
 204000 ARSENOLITE           141.736     -95.330     H2O       -6.0   H(+)      12.0   AsO3(3-)   4.0 
 204100 CLAUDETITE           142.040     -94.290     H2O       -6.0   H(+)      12.0   AsO3(3-)   4.0 
 186800 PORTLANDITE          -22.804      30.741     H2O        2.0   H(+)      -2.0   Ca(2+)     1.0 
 189200 CrCl3                -15.114      28.939     H2O       -2.0   H(+)       2.0   Cl(-)      3.0   Cr(OH)2(+  1.0 
 189300 ATACAMITE             -7.391      22.330     H2O        3.0   H(+)      -3.0   Cl(-)      1.0   Cu(2+)     2.0 
 189400 Fe(OH)2.7Cl.3          3.040        .000     H2O        2.7   H(+)      -2.7   Cl(-)       .3   Fe(3+)     1.0 
 191600 K2Cr2O7               17.242     -19.300     H2O       -1.0   H(+)       2.0   CrO4(2-)   2.0   K(+)       2.0 
 191700 Na2Cr2O7               9.895      -5.305     H2O       -1.0   H(+)       2.0   CrO4(2-)   2.0   Na(+)      2.0 
 192000 Cr(OH)3 (am)            .750        .000     H2O        1.0   H(+)      -1.0   Cr(OH)2(+  1.0 
 192400 TENORITE              -7.644      15.504     H2O        1.0   H(+)      -2.0   Cu(2+)     1.0 
 192600 CUPRIC FERRITE        -5.988      50.241     H2O        4.0   H(+)      -8.0   Cu(2+)     1.0   Fe(3+)     2.0 
 193000 ANTLERITE             -8.788        .000     H2O        4.0   H(+)      -4.0   Cu(2+)     3.0   SO4(2-)    1.0 
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 192700 Cu2(OH)3NO3           -9.251      17.350     H2O        3.0   H(+)      -3.0   Cu(2+)     2.0   NO3(-)     1.0 
 193100 CuOCuSO4             -10.303      32.929     H2O        1.0   H(+)      -2.0   Cu(2+)     2.0   SO4(2-)    1.0 
 193200 BROCHANTITE          -15.222      48.485     H2O        6.0   H(+)      -6.0   Cu(2+)     4.0   SO4(2-)    1.0 
 193300 LANGITE              -17.489      39.567     H2O        7.0   H(+)      -6.0   Cu(2+)     4.0   SO4(2-)    1.0 
 193500 CUPROUS FERRITE        8.917       3.798     H2O        2.0   H(+)      -4.0   Cu(+)      1.0   Fe(3+)     1.0 
 193600 WUSTITE       -0.11) -11.688      24.842     H2O        1.0   H(+)      -2.0   Fe(2+)      .9 
 193800 MAGNETITE             -3.403      49.839     H2O        4.0   H(+)      -8.0   Fe(2+)     1.0   Fe(3+)     2.0 
 193900 Fe3(OH)8             -20.222        .000     H2O        8.0   H(+)      -8.0   Fe(2+)     1.0   Fe(3+)     2.0 
 194200 LEPIDOCROCITE         -1.371        .000     H2O        2.0   H(+)      -3.0   Fe(3+)     1.0 
 194300 GOETHITE               -.491      14.480     H2O        2.0   H(+)      -3.0   Fe(3+)     1.0 
 194400 HEMATITE               1.418      30.829     H2O        3.0   H(+)      -6.0   Fe(3+)     2.0 
 194600 MAGHEMITE             -6.386        .000     H2O        3.0   H(+)      -6.0   Fe(3+)     2.0 
 194700 K-JAROSITE            14.800      31.280     H2O        6.0   H(+)      -6.0   Fe(3+)     3.0   K(+)       1.0   SO4(2-)    2.0 
 194800 MAGNESIOFERRITE      -16.860      66.663     H2O        4.0   H(+)      -8.0   Fe(3+)     2.0   Mg(2+)     1.0 
 194900 Na-JAROSITE           11.200      36.180     H2O        6.0   H(+)      -6.0   Fe(3+)     3.0   Na(+)      1.0   SO4(2-)    2.0 
 195200 H-JAROSITE            12.100      55.150     H2O        7.0   H(+)      -5.0   Fe(3+)     3.0   SO4(2-)    2.0 
 196600 PERICLASE            -21.584      36.145     H2O        1.0   H(+)      -2.0   Mg(2+)     1.0 
 204700 GYPSUM                 4.610       -.239     H2O        2.0   Ca(2+)     1.0   SO4(2-)    1.0 
 206400 CHALCANTHITE           2.640      -1.440     H2O        5.0   Cu(2+)     1.0   SO4(2-)    1.0 
 206600 MELANTERITE            2.209      -4.900     H2O        7.0   Fe(2+)     1.0   SO4(2-)    1.0 
 207100 EPSOMITE               2.127      -2.763     H2O        7.0   Mg(2+)     1.0   SO4(2-)    1.0 
 207200 MIRABILITE             1.114     -18.987     H2O       10.0   Na(+)      2.0   SO4(2-)    1.0 
 211500 FeCr2O4               -7.200      33.556     H(+)      -4.0   Cr(OH)2(+  2.0   Fe(2+)     1.0 
 211600 MgCr2O4              -16.201      42.878     H(+)      -4.0   Cr(OH)2(+  2.0   Mg(2+)     1.0 
 219300 CaCrO4                 2.266       6.440     Ca(2+)     1.0   CrO4(2-)   1.0 
 219900 ANHYDRITE              4.360       1.721     Ca(2+)     1.0   SO4(2-)    1.0 
 221400 MELANOTHALLITE        -6.257      15.155     Cl(-)      2.0   Cu(2+)     1.0 
 221500 NANTOKITE              6.730     -10.197     Cl(-)      1.0   Cu(+)      1.0 
 221800 HALITE                -1.603       -.884     Cl(-)      1.0   Na(+)      1.0 
 225500 CuCrO4                 5.440        .000     CrO4(2-)   1.0   Cu(2+)     1.0 
 225700 K2CrO4                  .513      -4.367     CrO4(2-)   1.0   K(+)       2.0 
 225900 MgCrO4                -5.380      21.260     CrO4(2-)   1.0   Mg(2+)     1.0 
 226000 Na2CrO4               -2.930       4.692     CrO4(2-)   1.0   Na(+)      2.0 
 227000 CuSO4                 -2.939      17.457     Cu(2+)     1.0   SO4(2-)    1.0 
 227300 Cu2SO4                 1.950       4.560     Cu(+)      2.0   SO4(2-)    1.0 
 227700 Fe2(SO4)3              3.734      57.846     Fe(3+)     2.0   SO4(2-)    3.0 
 230200 THENARDITE             -.322       2.180     Na(+)      2.0   SO4(2-)    1.0 
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          $$$  INPUT DATA  $$$ 
ÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ 
OPTIONS:  IADS= 0 IONIT=-1 IONPH= 0 IPHFX= 0 IPHA=  0 
            IPHB= 0 ITITL= 0 IPCP=0 ICND=0 
ÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ 
                ELECTRONEUTRALITY NOT GUARANTEED 
               TEMPERATURE  =  25.0 CELSIUS 
                IONIC STRENGTH FIXED CONCENTRATION 
                NO SURFACE MODEL USED 
                      EPS =  1.0E-04 
   ID          X    LOGX           T     COMPONENTS 
    1   1.00D-20  -20.00   1.000E-18     e(-)         
    2   1.00D-20  -20.00   1.000E-18     H2O          
    3   1.00D-07   -7.00   1.000E-18     H(+)         
    9   3.89D-07   -6.41   3.900E-05     AsO3(3-)     
   16   7.24D-06   -5.14   7.200E-04     Ca(2+)       
   19   1.70D-05   -4.77   1.700E-03     Cl(-)        
   26   9.55D-07   -6.02   9.600E-05     CrO4(2-)     
   28   9.55D-07   -6.02   9.600E-05     Cr(OH)2(+)   
   30   2.00D-07   -6.70   2.000E-05     Cu(2+)       
   31   2.00D-07   -6.70   2.000E-05     Cu(+)        
   32   3.63D-05   -4.44   3.600E-03     Fe(2+)       
   33   3.63D-05   -4.44   3.600E-03     Fe(3+)       
   38   3.80D-07   -6.42   3.800E-05     K(+)         
   41   1.82D-06   -5.74   1.800E-04     Mg(2+)       
   45   1.10D-05   -4.96   1.100E-03     Na(+)        
   50   5.01D-06   -5.30   5.000E-04     NO3(-)       
   68   3.09D-06   -5.51   3.100E-04     SO4(2-)      
 
   ID    NAME                 LOGK      DELH      SPECIES:       TYPE I - COMPONENTS               
     68 SO4(2-)                 .000        .000     SO4(2-)    1.0 
      2 H2O                     .000        .000     H2O        1.0 
      3 H(+)                    .000        .000     H(+)       1.0 
      9 AsO3(3-)                .000        .000     AsO3(3-)   1.0 
     16 Ca(2+)                  .000        .000     Ca(2+)     1.0 
     19 Cl(-)                   .000        .000     Cl(-)      1.0 
     26 CrO4(2-)                .000        .000     CrO4(2-)   1.0 
     28 Cr(OH)2(+)              .000        .000     Cr(OH)2(+  1.0 
     30 Cu(2+)                  .000        .000     Cu(2+)     1.0 
     31 Cu(+)                   .000        .000     Cu(+)      1.0 
     32 Fe(2+)                  .000        .000     Fe(2+)     1.0 



TABLE G-1B 
INPUT DATA FOR MINEQL RUN #05 WITHOUT REDOX 

 

MINEQL Run #6 (Page 2 of 3) 

     33 Fe(3+)                  .000        .000     Fe(3+)     1.0 
     38 K(+)                    .000        .000     K(+)       1.0 
     41 Mg(2+)                  .000        .000     Mg(2+)     1.0 
     45 Na(+)                   .000        .000     Na(+)      1.0 
     50 NO3(-)                  .000        .000     NO3(-)     1.0 
 
 ID    NAME                 LOGK      DELH      SPECIES:       TYPE II - COMPLEXES               
  43900 HSO4-           (-1)   1.990       5.258     H(+)       1.0   SO4(2-)    1.0 
   3800 OH-             (-1) -13.997      13.339     H2O        1.0   H(+)      -1.0 
   7300 CaOH+           (+1) -12.697      15.323     H2O        1.0   H(+)      -1.0   Ca(2+)     1.0 
  11200 Cr+3            (+3)   9.569     -30.980     H2O       -2.0   H(+)       2.0   Cr(OH)2(+  1.0 
  11300 Cr(OH)+2        (+2)   5.912     -18.621     H2O       -1.0   H(+)       1.0   Cr(OH)2(+  1.0 
  11400 Cr(OH)3 (aq)          -8.422        .000     H2O        1.0   H(+)      -1.0   Cr(OH)2(+  1.0 
  13400 CuOH+           (+1)  -7.497       8.559     H2O        1.0   H(+)      -1.0   Cu(2+)     1.0 
  13500 Cu(OH)2 (aq)         -16.194        .000     H2O        2.0   H(+)      -2.0   Cu(2+)     1.0 
  13900 Fe(OH)3-        (-1) -28.991      30.218     H2O        3.0   H(+)      -3.0   Fe(2+)     1.0 
  14000 Fe(OH)2 (aq)         -20.494      28.590     H2O        2.0   H(+)      -2.0   Fe(2+)     1.0 
  14100 FeOH+           (+1)  -9.397      13.339     H2O        1.0   H(+)      -1.0   Fe(2+)     1.0 
  14300 FeOH+2          (+2)  -2.187       9.993     H2O        1.0   H(+)      -1.0   Fe(3+)     1.0 
  14400 Fe(OH)2+        (+1)  -4.594        .000     H2O        2.0   H(+)      -2.0   Fe(3+)     1.0 
  14700 Fe(OH)4-        (-1) -21.588        .000     H2O        4.0   H(+)      -4.0   Fe(3+)     1.0 
  17900 MgOH+           (+1) -11.397      16.207     H2O        1.0   H(+)      -1.0   Mg(2+)     1.0 
  26600 HAsO3-2         (-2)  13.414      -6.051     H(+)       1.0   AsO3(3-)   1.0 
  26700 H3AsO3                34.744     -20.250     H(+)       3.0   AsO3(3-)   1.0 
  26800 H2AsO3-         (-1)  25.454     -13.699     H(+)       2.0   AsO3(3-)   1.0 
  26900 H4AsO3+         (+1)  34.439        .000     H(+)       4.0   AsO3(3-)   1.0 
  33600 HCrO4-          (-1)   6.510        .478     H(+)       1.0   CrO4(2-)   1.0 
  33700 H2CrO4 (aq)            6.419       9.321     H(+)       2.0   CrO4(2-)   1.0 
  33900 CrO2-           (-1) -17.746        .000     H(+)      -2.0   Cr(OH)2(+  1.0 
 
   ID    NAME                 LOGK      DELH      SPECIES:       TYPE III - FIXED SOLIDS (Species) 
   1100 Cr(OH)2+/CrO4-2       67.376     -24.618     e(-)       3.0   H2O       -2.0   H(+)       6.0   CrO4(2-)   1.0   Cr(OH)2(+ -1.0 
   3400 Fe+2/Fe+3             13.032     -10.206     e(-)       1.0   Fe(2+)    -1.0   Fe(3+)     1.0 
   3300 Cu+1/Cu+2              2.690       1.649     e(-)       1.0   Cu(2+)     1.0   Cu(+)     -1.0 
   250001 pe              (-1)    .000        .000     e(-)       1.0 
   175310 pH              (+1)   1.500        .000     H(+)       1.0 
   3801 H2O (Solution)          .000        .000     H2O        1.0 
 
   ID    NAME                 LOGK      DELH      SPECIES:       TYPE V - DISSOLVED SOLIDS (Subject to precipitation) 
 196702 Mg(OH)2 (active)     -18.794        .000     H2O        2.0   H(+)      -2.0   Mg(2+)     1.0 
 186700 LIME                 -32.699      46.346     H2O        1.0   H(+)      -2.0   Ca(2+)     1.0 
 191500 CrO3                   3.210       1.245     H2O       -1.0   H(+)       2.0   CrO4(2-)   1.0 
 191900 Cr2O3                  2.358      12.125     H2O       -1.0   H(+)      -2.0   Cr(OH)2(+  2.0 
 192000 Cr(OH)3 (am)            .750        .000     H2O        1.0   H(+)      -1.0   Cr(OH)2(+  1.0 
 192100 Cr(OH)3               -1.336       7.115     H2O        1.0   H(+)      -1.0   Cr(OH)2(+  1.0 
 192500 Cu(OH)2               -8.674      13.485     H2O        2.0   H(+)      -2.0   Cu(2+)     1.0 
 193400 CUPRITE                1.406      29.642     H2O        1.0   H(+)      -2.0   Cu(+)      2.0 
 193700 Fe(OH)2              -13.564        .000     H2O        2.0   H(+)      -2.0   Fe(2+)     1.0 
 194500 FERRIHYDRITE          -3.191      17.537     H2O        3.0   H(+)      -3.0   Fe(3+)     1.0 
 
   ID    NAME                 LOGK      DELH      SPECIES:       TYPE VI - SPECIES NOT CONSIDERED  
      1 e(-)                    .000        .000     e(-)       1.0 
 180800 Cu metal               8.756     -17.130     e(-)       1.0   Cu(+)      1.0 



TABLE G-1B 
INPUT DATA FOR MINEQL RUN #05 WITHOUT REDOX 
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 174700 O2 (g)               -82.442     136.630     e(-)      -4.0   H2O        2.0   H(+)      -4.0 
 204000 ARSENOLITE           141.736     -95.330     H2O       -6.0   H(+)      12.0   AsO3(3-)   4.0 
 204100 CLAUDETITE           142.041     -94.290     H2O       -6.0   H(+)      12.0   AsO3(3-)   4.0 
 186800 PORTLANDITE          -22.804      30.741     H2O        2.0   H(+)      -2.0   Ca(2+)     1.0 
 189200 CrCl3                -15.114      28.939     H2O       -2.0   H(+)       2.0   Cl(-)      3.0   Cr(OH)2(+  1.0 
 189300 ATACAMITE             -7.391      22.330     H2O        3.0   H(+)      -3.0   Cl(-)      1.0   Cu(2+)     2.0 
 189400 Fe(OH)2.7Cl.3          3.040        .000     H2O        2.7   H(+)      -2.7   Cl(-)       .3   Fe(3+)     1.0 
 191600 K2Cr2O7               17.242     -19.300     H2O       -1.0   H(+)       2.0   CrO4(2-)   2.0   K(+)       2.0 
 191700 Na2Cr2O7               9.895      -5.305     H2O       -1.0   H(+)       2.0   CrO4(2-)   2.0   Na(+)      2.0 
 192400 TENORITE              -7.644      15.504     H2O        1.0   H(+)      -2.0   Cu(2+)     1.0 
 192600 CUPRIC FERRITE        -5.988      50.241     H2O        4.0   H(+)      -8.0   Cu(2+)     1.0   Fe(3+)     2.0 
 192700 Cu2(OH)3NO3           -9.251      17.350     H2O        3.0   H(+)      -3.0   Cu(2+)     2.0   NO3(-)     1.0 
 193000 ANTLERITE             -8.788        .000     H2O        4.0   H(+)      -4.0   Cu(2+)     3.0   SO4(2-)    1.0 
 193100 CuOCuSO4             -10.303      32.930     H2O        1.0   H(+)      -2.0   Cu(2+)     2.0   SO4(2-)    1.0 
 193200 BROCHANTITE          -15.222      48.485     H2O        6.0   H(+)      -6.0   Cu(2+)     4.0   SO4(2-)    1.0 
 193300 LANGITE              -17.489      39.567     H2O        7.0   H(+)      -6.0   Cu(2+)     4.0   SO4(2-)    1.0 
 193500 CUPROUS FERRITE        8.917       3.798     H2O        2.0   H(+)      -4.0   Cu(+)      1.0   Fe(3+)     1.0 
 193600 WUSTITE       -0.11) -11.688      24.842     H2O        1.0   H(+)      -2.0   Fe(2+)      .9 
 193800 MAGNETITE             -3.403      49.839     H2O        4.0   H(+)      -8.0   Fe(2+)     1.0   Fe(3+)     2.0 
 193900 Fe3(OH)8             -20.222        .000     H2O        8.0   H(+)      -8.0   Fe(2+)     1.0   Fe(3+)     2.0 
 194200 LEPIDOCROCITE         -1.371        .000     H2O        2.0   H(+)      -3.0   Fe(3+)     1.0 
 194300 GOETHITE               -.491      14.480     H2O        2.0   H(+)      -3.0   Fe(3+)     1.0 
 194400 HEMATITE               1.418      30.829     H2O        3.0   H(+)      -6.0   Fe(3+)     2.0 
 194600 MAGHEMITE             -6.386        .000     H2O        3.0   H(+)      -6.0   Fe(3+)     2.0 
 194700 K-JAROSITE            14.800      31.280     H2O        6.0   H(+)      -6.0   Fe(3+)     3.0   K(+)       1.0   SO4(2-)    2.0 
 194800 MAGNESIOFERRITE      -16.860      66.664     H2O        4.0   H(+)      -8.0   Fe(3+)     2.0   Mg(2+)     1.0 
 194900 Na-JAROSITE           11.200      36.180     H2O        6.0   H(+)      -6.0   Fe(3+)     3.0   Na(+)      1.0   SO4(2-)    2.0 
 195200 H-JAROSITE            12.100      55.150     H2O        7.0   H(+)      -5.0   Fe(3+)     3.0   SO4(2-)    2.0 
 196600 PERICLASE            -21.584      36.145     H2O        1.0   H(+)      -2.0   Mg(2+)     1.0 
 196700 BRUCITE              -16.844      27.246     H2O        2.0   H(+)      -2.0   Mg(2+)     1.0 
 204700 GYPSUM                 4.610       -.239     H2O        2.0   Ca(2+)     1.0   SO4(2-)    1.0 
 206400 CHALCANTHITE           2.640      -1.440     H2O        5.0   Cu(2+)     1.0   SO4(2-)    1.0 
 206600 MELANTERITE            2.209      -4.900     H2O        7.0   Fe(2+)     1.0   SO4(2-)    1.0 
 207100 EPSOMITE               2.126      -2.763     H2O        7.0   Mg(2+)     1.0   SO4(2-)    1.0 
 207200 MIRABILITE             1.114     -18.987     H2O       10.0   Na(+)      2.0   SO4(2-)    1.0 
 211500 FeCr2O4               -7.200      33.556     H(+)      -4.0   Cr(OH)2(+  2.0   Fe(2+)     1.0 
 211600 MgCr2O4              -16.201      42.878     H(+)      -4.0   Cr(OH)2(+  2.0   Mg(2+)     1.0 
 219300 CaCrO4                 2.266       6.440     Ca(2+)     1.0   CrO4(2-)   1.0 
 219900 ANHYDRITE              4.360       1.721     Ca(2+)     1.0   SO4(2-)    1.0 
 221400 MELANOTHALLITE        -6.257      15.155     Cl(-)      2.0   Cu(2+)     1.0 
 221500 NANTOKITE              6.730     -10.196     Cl(-)      1.0   Cu(+)      1.0 
 221800 HALITE                -1.602       -.884     Cl(-)      1.0   Na(+)      1.0 
 225500 CuCrO4                 5.440        .000     CrO4(2-)   1.0   Cu(2+)     1.0 
 225700 K2CrO4                  .513      -4.367     CrO4(2-)   1.0   K(+)       2.0 
 225900 MgCrO4                -5.380      21.260     CrO4(2-)   1.0   Mg(2+)     1.0 
 226000 Na2CrO4               -2.930       4.692     CrO4(2-)   1.0   Na(+)      2.0 
 227000 CuSO4                 -2.940      17.457     Cu(2+)     1.0   SO4(2-)    1.0 
 227300 Cu2SO4                 1.950       4.560     Cu(+)      2.0   SO4(2-)    1.0 
 227700 Fe2(SO4)3              3.734      57.846     Fe(3+)     2.0   SO4(2-)    3.0 
 230200 THENARDITE             -.322       2.180     Na(+)      2.0   SO4(2-)    1.0 



COMPONENTS Type CONCENTRATION
(moles/L)

AsO3(3-)  (as As) 1 3.90E-05
Ca(2+) 1 7.20E-04
Cl(-) 1 1.70E-03
CrO4(2-) 1 9.60E-05
Cr(OH)2(+) 1 9.60E-05
Cu(2+) 1 2.00E-05
Cu(+) 1 2.00E-05
Fe(2+) 1 3.60E-03
Fe(3+) 1 3.60E-03
K(+) 1 3.80E-05
Mg(2+) 1 1.80E-04
Na(+) 1 1.10E-03
NO3(-) 1 5.00E-04
SO4(2-) 1 3.10E-04

COMPONENTS/SPECIES Type CONCENTRATION LogK % of Total Matrix
(moles/L)

CrO4(2-) 1 0.0000574 0 59.8
HCrO4- 2 0.0000386 6.27 40.2
H2CrO4 (aq) 2 8.6E-12 6.05 0
CrO3 5 -- 2.85
TOTAL CrO4(2-) 0.000096 100 SOLUTION

Cr(OH)2(+) 1 2.41E-08 0 0
Cr+3 2 2.74E-11 9.93 0
Cr(OH)+2 2 9.48E-09 6.03 0
Cr(OH)4- 2 3.66E-13 -17.7 0
CrO2- 2 4.32E-13 -17.62 0
Cr(OH)3 5 -- -1.34
TOTAL Cr(OH)2(+) 3.36E-08 0
Cr2O3 4 0.000048 2.36 100 SOLUTION

Fe(3+) 1 1.74E-16 0 0
FeOH+2          (+2) 2 1.77E-12 -2.43 0
Fe(OH)2+        (+1) 2 1.44E-08 -4.96 0
Fe(OH)4-        (-1) 2 1.46E-12 -21.83 0
TOTAL Fe(3+) 1.48E-08 0 SOLUTION
FERRIHYDRITE 4 0.0036 -3.56 100 SOLID

TABLE G-2A

HEXAVALENT CHROMIUM

TRIVALENT CHROMIUM

FERRIC IRON (+3)

BB&S LUMBER SITE - PREDESIGN INVESTIGATION
CHEMICAL SPECIES DISTRIBUTION WITHOUT REDOX

MINEQL RUN #05 at pH = 6.5 s.u.



TABLE G-2A
BB&S LUMBER SITE - PREDESIGN INVESTIGATION

CHEMICAL SPECIES DISTRIBUTION WITHOUT REDOX
MINEQL RUN #05 at pH = 6.5 s.u.

Fe(2+) 1 0.0036 0 99.9
Fe(OH)3- 2 7.62E-13 -28.99 0
Fe(OH)2 (aq) 2 6.58E-11 -20.62 0
FeOH+ 2 0.00000299 -9.52 0
Fe(OH)2 5 -- -13.69
TOTAL Fe(2+) 7 0.0036 100 SOLUTION

Cu(2+) 1 0.0000188 0 93.8
CuOH+ 2 0.00000124 -7.62 6.2
Cu(OH)2 (aq) 2 6.84E-09 -16.32 0
Cu(OH)2 5 -8.8
TOTAL Cu(2+) 0.00002 100 SOLUTION

Cu(+) 1 7.21E-08 0 0
TOTAL Cu(+) 7.21E-08 0.4 SOLUTION
CUPRITE 4 0.00000996 1.41 99.6 SOLID

AsO3(3-) 1 7.85E-20 0 0
HAsO3-2 2 3.19E-13 13.05 0
H3AsO3 2 0.0000389 34.01 99.8
H2AsO3- 2 7.26E-08 24.84 0
H4AsO3+ 2 7.02E-12 33.71 0
TOTAL AsO3(3-) 0.000039 100 SOLUTION

NOTE:   Type 1 = component; Type 2 = dissolved complex; Type 3 = fixed concentration
            Type 4 = solids precipitated; Type 5 = subject to precipitation; Type 6 = not considered

FERROUS IRON (+2)

COPPER (+2)

COPPER (+1)

ARSENIC



COMPONENTS Type CONCENTRATION
(moles/L)

AsO3(3-)  (as As) 1 3.90E-05
Ca(2+) 1 7.20E-04
Cl(-) 1 1.70E-03
CrO4(2-) 1 9.60E-05
Cr(OH)2(+) 1 9.60E-05
Cu(2+) 1 2.00E-05
Cu(+) 1 2.00E-05
Fe(2+) 1 3.60E-03
Fe(3+) 1 3.60E-03
K(+) 1 3.80E-05
Mg(2+) 1 1.80E-04
Na(+) 1 1.10E-03
NO3(-) 1 5.00E-04
SO4(2-) 1 3.10E-04

COMPONENTS/SPECIES Type CONCENTRATION LogK % of Total Matrix
(moles/L)

CrO4(2-) 1 2.35E-36 0 59.8
HCrO4- 2 1.58E-36 6.27 40.2
H2CrO4 (aq) 2 3.52E-43 6.05 0
Cr(OH)2+/CrO4-2 3 -- 66.64
CrO3 5 -- 2.84
TOTAL CrO4(2-) 3.93E-36 100 SOLUTION

Cr(OH)2(+) 1 2.41E-08 0 0
Cr+3 2 2.74E-11 9.93 0
Cr(OH)+2 2 9.48E-09 6.03 0
Cr(OH)3 (aq) 2 2.51E-10 -8.42 0
CrO2- 2 4.32E-13 -17.62 0
Cr(OH)2+/CrO4-2 3 -- 66.64
Cr(OH)3 (am) 5 -- 0.75
Cr(OH)3 5 -- -1.34
TOTAL Cr(OH)2(+) 3.39E-08 0 SOLUTION
Cr2O3 4 0.000096 2.36 100 SOLID

Fe(3+) 1 1.74E-16 0 0
FeOH+2 2 1.77E-12 -2.43 0
Fe(OH)2+ 2 1.44E-08 -4.96 0
Fe(OH)4- 2 1.46E-12 -21.83 0
Fe+2/Fe+3 3 -- 12.67
TOTAL Fe(3+) 1.44E-08 0 SOLUTION
FERRIHYDRITE 4 0.00639 -3.56 100 SOLID

TABLE G-2B

HEXAVALENT CHROMIUM

TRIVALENT CHROMIUM

FERRIC IRON (+3)

BB&S LUMBER SITE - PREDESIGN INVESTIGATION
CHEMICAL SPECIES DISTRIBUTION WITHOUT REDOX

MINEQL RUN #06 at pH = 6.5 s.u.
(in moles/liter)



TABLE G-2B
BB&S LUMBER SITE - PREDESIGN INVESTIGATION

CHEMICAL SPECIES DISTRIBUTION WITHOUT REDOX
MINEQL RUN #06 at pH = 6.5 s.u.

(in moles/liter)

Fe(2+) 1 0.000805 0 99.9
Fe(OH)3- 2 1.71E-13 -28.99 0
Fe(OH)2 (aq) 2 1.47E-11 -20.62 0
FeOH+) 2 0.00000067 -9.52 0
Fe+2/Fe+3 3 -- 12.67
Fe(OH)2 5 -- -13.69
TOTAL Fe(2+) 7 0.000806 100 SOLUTION

Cu(2+) 1 2.58E-10 0 93.8
CuOH+ 2 1.71E-11 -7.62 6.2
Cu(OH)2 (aq) 2 9.42E-14 -16.32 0
Cu+1/Cu+2 3 -- 2.45
Cu(OH)2 5 -- -8.8
TOTAL Cu(2+) 2.75E-10 100 SOLUTION

Cu(+) 1 7.21E-08 0 0
Cu+1/Cu+2 3 -- 2.45
TOTAL Cu(+) 7 7.21E-08 0.2 SOLUTION
CUPRITE 4 0.00002 1.41 99.8 SOLID

AsO3(3-) 1 7.85E-20 0 0
HAsO3-2 2 3.19E-13 13.05 0
H3AsO3 2 0.0000389 34.01 99.8
H2AsO3- 2 7.26E-08 24.84 0
H4AsO3+ 2 7.02E-12 33.71 0
TOTAL AsO3(3-) 0.000039 100 SOLUTION

NOTE:   Type 1 = component; Type 2 = dissolved complex; Type 3 = fixed concentration
            Type 4 = solids precipitated; Type 5 = subject to precipitation; Type 6 = not considered

FERROUS IRON (+2)

COPPER (+2)

COPPER (+1)

ARSENIC



COMPONENT/
SPECIES 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5

1:CrO4(2-) 1.4E-09 1.4E-08 1.4E-07 1.4E-06 1.2E-05 5.7E-05 9.0E-05 9.5E-05 9.6E-05 9.6E-05 9.6E-05
2:HCrO4- 9.4E-05 9.6E-05 9.6E-05 9.5E-05 8.4E-05 3.9E-05 6.0E-06 6.4E-07 6.4E-08 6.5E-09 6.5E-10

2:H2CrO4 (aq) 2.1E-06 2.1E-07 2.1E-08 2.1E-09 1.9E-10 8.6E-12 1.4E-13 1.4E-15 1.4E-17 1.4E-19 1.4E-21
TOTAL CrO4(2-) 9.6E-05 9.6E-05 9.6E-05 9.6E-05 9.6E-05 9.6E-05 9.6E-05 9.6E-05 9.6E-05 9.6E-05 9.6E-05

1.Cr(OH)2(+) 8.4E-12 8.2E-10 6.3E-08 1.9E-06 2.4E-07 2.4E-08 2.4E-09 2.4E-10 2.4E-11 2.4E-12 2.4E-13
2:Cr+3 9.6E-05 9.3E-05 7.1E-05 2.1E-05 2.7E-08 2.7E-11 2.7E-14 2.7E-17 2.7E-20 2.7E-23 2.7E-26

2:Cr(OH)+2 3.3E-07 3.2E-06 2.5E-05 7.3E-05 9.5E-07 9.5E-09 9.5E-11 9.5E-13 9.5E-15 9.5E-17 9.5E-19
S:Cr2O3 4.7E-05 4.8E-05 4.8E-05 4.8E-05 4.8E-05 4.8E-05 4.8E-05

TOTAL Cr(OH)2(+) 9.6E-05 9.6E-05 9.6E-05 9.6E-05 1.2E-06 3.4E-08 2.5E-09 3.2E-10 8.2E-10 8.0E-09 8.0E-08

1:Fe(3+) 3.2E-03 1.7E-04 1.7E-07 1.7E-10 1.7E-13 1.7E-16 1.7E-19 1.7E-22 1.7E-25 1.7E-28 1.7E-31
2:FeOH+2 3.3E-04 1.8E-04 1.8E-06 1.8E-08 1.8E-10 1.8E-12 1.8E-14 1.8E-16 1.8E-18 1.8E-20 1.8E-22

2:Fe(OH)2+ 2.7E-05 1.4E-04 1.4E-05 1.4E-06 1.4E-07 1.4E-08 1.4E-09 1.4E-10 1.4E-11 1.4E-12 1.4E-13
S:FERRIHYDRITE 3.1E-03 3.6E-03 3.6E-03 3.6E-03 3.6E-03 3.6E-03 3.6E-03 3.6E-03 3.6E-03 3.6E-03

TOTAL Fe(3+) 3.6E-03 5.0E-04 1.6E-05 1.5E-06 1.4E-07 1.5E-08 1.9E-09 7.2E-10 1.9E-09 1.5E-08 1.5E-07

1:Fe(2+) 3.6E-03 3.6E-03 3.6E-03 3.6E-03 3.6E-03 3.6E-03 3.6E-03 6.4E-04 6.4E-06 6.4E-08 6.4E-10
2:Fe(OH)3- 7.6E-28 7.6E-25 7.6E-22 7.6E-19 7.6E-16 7.6E-13 7.6E-10 1.4E-07 1.4E-06 1.4E-05 1.4E-04

2:FeOH+ 3.0E-11 3.0E-10 3.0E-09 3.0E-08 3.0E-07 3.0E-06 3.0E-05 5.3E-05 5.3E-06 5.3E-07 5.3E-08
S:Fe(OH)2 2.9E-03 3.6E-03 3.6E-03 3.5E-03

TOTAL Fe(2+) 3.6E-03 3.6E-03 3.6E-03 3.6E-03 3.6E-03 3.6E-03 3.6E-03 7.0E-04 1.3E-05 1.4E-05 1.4E-04

1:Cu(2+) 2.0E-05 2.0E-05 2.0E-05 2.0E-05 2.0E-05 1.9E-05 8.3E-07 8.3E-09 8.3E-11 8.3E-13 8.3E-15
2:Cu(OH)3- 5.5E-28 5.5E-25 5.5E-22 5.5E-19 5.5E-16 5.1E-13 2.3E-11 2.3E-10 2.3E-09 2.3E-08 2.3E-07

2:CuOH+ 1.3E-11 1.3E-10 1.3E-09 1.3E-08 1.3E-07 1.2E-06 5.5E-07 5.5E-08 5.5E-09 5.5E-10 5.5E-11
S:Cu(OH)2 1.9E-05 2.0E-05 2.0E-05 2.0E-05 2.0E-05

TOTAL Cu(2+) 2.0E-05 2.0E-05 2.0E-05 2.0E-05 2.0E-05 2.0E-05 1.4E-06 9.3E-08 3.8E-08 5.4E-08 2.7E-07

1:Cu(+) 2.0E-05 2.0E-05 2.0E-05 7.2E-06 7.2E-07 7.2E-08 7.2E-09 7.2E-10 7.2E-11 7.2E-12 7.2E-13
S:CUPRITE 6.4E-06 9.6E-06 1.0E-05 1.0E-05 1.0E-05 1.0E-05 1.0E-05 1.0E-05

TOTAL Cu(+) 2.0E-05 2.0E-05 2.0E-05 7.2E-06 7.2E-07 7.2E-08 7.2E-09 7.2E-10 7.2E-11 7.2E-12 7.2E-13

2:HAsO3-2 3.1E-23 3.2E-21 3.2E-19 3.2E-17 3.2E-15 3.2E-13 3.1E-11 2.7E-09 1.1E-07 1.6E-06 1.2E-05
2:H3AsO3 3.8E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.8E-05 3.3E-05 1.4E-05 1.9E-06 1.4E-07

2:H2AsO3- 7.2E-13 7.3E-12 7.3E-11 7.3E-10 7.3E-09 7.3E-08 7.1E-07 6.1E-06 2.5E-05 3.6E-05 2.7E-05
2:H4AsO3+ 6.9E-07 7.0E-08 7.0E-09 7.0E-10 7.0E-11 7.0E-12 6.9E-13 5.9E-14 2.5E-15 3.4E-17 2.6E-19

TOTAL AsO3(3-) 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05 3.9E-05

NOTE:   Type 1 = component; Type 2 = dissolved complex; Type S = solids phase

FERROUS IRON (+2)

COPPER (+2)

COPPER (+1)

ARSENIC

TABLE G-3A
BB&S LUMBER SITE - PREDESIGN INVESTIGATION

CHEMICAL SPECIES DISTRIBUTION WITHOUT REDOX
(MINEQL RUN #05;  concentration in moles/L)

HEXAVALENT CHROMIUM

TRIVALENT CHROMIUM

FERRIC IRON (+3)

pH (s.u.)



COMPONENT/
SPECIES 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5

1:CrO4(2-) 2E-69 2E-61 1E-53 2E-46 2E-41 2E-36 2E-31 2E-26 2E-21 2E-16 2E-11
2:HCrO4- 1E-64 1E-57 8E-51 2E-44 2E-40 2E-36 2E-32 2E-28 2E-24 2E-20 2E-16
2:H2CrO4 2E-66 2E-60 2E-54 4E-49 4E-46 4E-43 4E-40 4E-37 4E-34 4E-31 4E-28

TOTAL CrO4(2-) 1E-64 1E-57 8E-51 2E-44 2E-40 4E-36 3E-31 2E-26 2E-21 2E-16 2E-11

1:Cr(OH)2(+) 2E-11 2E-09 1E-07 2E-06 2E-07 2E-08 2E-09 2E-10 2E-11 2E-12 2E-13
2:Cr+3 0.0002 0.0002 0.0001 3E-05 3E-08 3E-11 3E-14 3E-17 3E-20 3E-23 3E-26

2:Cr(OH)+2 7E-07 6E-06 5E-05 9E-05 9E-07 9E-09 9E-11 9E-13 9E-15 9E-17 9E-19
S:Cr2O3 3E-05 1E-04 1E-04 1E-04 1E-04 1E-04 1E-04 1E-04

TOTAL Cr(OH)2(+) 0.0002 0.0002 0.0002 0.0001 1E-06 3E-08 3E-09 5E-10 7E-10 5E-09 4E-08

1:Fe(3+) 2E-15 2E-15 2E-15 2E-15 2E-15 2E-16 2E-19 2E-22 2E-25 2E-28 2E-31
2:FeOH+2 2E-16 2E-15 2E-14 2E-13 2E-12 2E-12 2E-14 2E-16 2E-18 2E-20 2E-22

2:Fe(OH)2+ 1E-17 1E-15 1E-13 1E-11 1E-09 1E-08 1E-09 1E-10 1E-11 1E-12 1E-13
S:FERRIHYDRITE 0.0064 0.0072 0.0072 0.0072 0.0072 0.0072

TOTAL Fe(3+) 2E-15 4E-15 1E-13 1E-11 1E-09 1E-08 1E-09 3E-10 1E-09 1E-08 1E-07

1:Fe(2+) 0.0072 0.0072 0.0072 0.0072 0.0072 0.0008 8E-07 8E-10 8E-13 8E-16 8E-19
2:Fe(OH)3- 6E-11 6E-10 6E-09 6E-08 6E-07 7E-07 7E-09 7E-11 7E-13 7E-15 7E-17

2:FeOH+ 1E-11 1E-09 1E-07 1E-05 0.0011 0.0139 0.002 0.0003 4E-05 6E-06 8E-07
TOTAL Fe(2+) 0.0072 0.0072 0.0072 0.0072 0.0072 0.0008 8E-07 9E-10 2E-12 2E-13 2E-13

1:Cu(2+) 1E-07 1E-07 1E-07 3E-08 3E-09 3E-10 3E-11 3E-12 3E-13 3E-14 3E-15
2:CuOH+ 9E-14 9E-13 9E-12 2E-11 2E-11 2E-11 2E-11 2E-11 2E-11 2E-11 2E-11

2:Cu(OH)2 (aq) 5E-21 5E-19 5E-17 9E-16 9E-15 9E-14 9E-13 9E-12 9E-11 9E-10 9E-09
TOTAL Cu(2+) 1E-07 1E-07 1E-07 3E-08 3E-09 3E-10 4E-11 3E-11 1E-10 1E-09 9E-09

1:Cu(+) 4E-05 4E-05 4E-05 7E-06 7E-07 7E-08 7E-09 7E-10 7E-11 7E-12 7E-13
S:CUPRITE 2E-05 2E-05 2E-05 2E-05 2E-05 2E-05 2E-05 2E-05

TOTAL Cu(+) 4E-05 4E-05 4E-05 7E-06 7E-07 7E-08 7E-09 7E-10 7E-11 7E-12 7E-13

2:HAsO3-2 3E-23 3E-21 3E-19 3E-17 3E-15 3E-13 3E-11 3E-09 1E-07 2E-06 1E-05
2:H3AsO3 4E-05 4E-05 4E-05 4E-05 4E-05 4E-05 4E-05 3E-05 1E-05 2E-06 1E-07

2:H2AsO3- 7E-13 7E-12 7E-11 7E-10 7E-09 7E-08 7E-07 6E-06 3E-05 4E-05 3E-05
TOTAL AsO3(3-) 4E-05 4E-05 4E-05 4E-05 4E-05 4E-05 4E-05 4E-05 4E-05 4E-05 4E-05

NOTE:   Type 1 = component; Type 2 = dissolved complex; Type S = solids phase

HEXAVALENT CHROMIUM

TRIVALENT CHROMIUM

FERRIC IRON (+3)

pH (s.u.)

TABLE G-3B
BB&S LUMBER SITE - PREDESIGN INVESTIGATION
CHEMICAL SPECIES DISTRIBUTION WITH REDOX

(MINEQL RUN #06;  concentration in moles/L)

FERROUS IRON (+2)

COPPER (+2)

COPPER (+1)

ARSENIC



COMPONENT/
SPECIES 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5

1:CrO4(2-) 0 0 0 1.5 13 59.8 93.7 99.3 99.9 100 100
2:HCrO4- 97.8 99.8 99.8 98.5 87 40.2 6.3 0 0 0 0
2:H2CrO4 2.2 0 0 0 0 0 0 0 0 0 0

TOTAL CrO4(2-) 100 100 100 100 100 100 100 100 100 100 100

1.Cr(OH)2(+) 0 0 0 1.9 0 0 0 0 0 0 0
2:Cr+3 99.7 96.7 74.3 22 0 0 0 0 0 0 0

2:Cr(OH)+2 0 3.3 25.7 76 0 0 0 0 0 0 0
S:Cr2O3 0 0 0 0 98.7 100 100 100 100 100 99.9

TOTAL Cr(OH)2(+) 100 100 100 100 1.3 0 0 0 0 0 0.1

1:Fe(3+) 89.5 4.8 0 0 0 0 0 0 0 0 0
2:FeOH+2 9.1 4.9 0 0 0 0 0 0 0 0 0

2:Fe(OH)2+ 0 4 0 0 0 0 0 0 0 0 0
S:FERRIHYDRITE 0 86.3 99.6 100 100 100 100 100 100 100 100

TOTAL Fe(3+) 100 14 0.5 0 0 0 0 0 0 0 0

1:Fe(2+) 100 100 100 100 100 99.9 99.2 17.8 0 0 0
2:Fe(OH)3- 0 0 0 0 0 0 0 0 0 0 3.8

2:FeOH+ 0 0 0 0 0 0 0 1.5 0 0 0
S:Fe(OH)2 0 0 0 0 0 0 0 80.7 99.6 99.6 96.2

TOTAL Fe(2+) 100 100 100 100 100 100 100 19.3 0.4 0.4 3.8

1:Cu(2+) 100 100 100 99.9 99.3 93.8 4.1 0 0 0 0
2:Cu(OH)3- 0 0 0 0 0 0 0 0 0 0 1.1

2:CuOH+ 0 0 0 0 0 6.2 2.7 0 0 0 0
S:Cu(OH)2 0 0 0 0 0 0 93 99.5 99.8 99.7 98.7

TOTAL Cu(2+) 100 100 100 100 100 100 7 0.5 0.2 0.3 1.3

1:Cu(+) 100 100 100 36 3.6 0 0 0 0 0 0
S:CUPRITE 0 0 0 64 96.4 99.6 100 100 100 100 100

TOTAL Cu(+) 100 100 100 36 3.6 0.4 0 0 0 0 0

2:HAsO3-2 0 0 0 0 0 0 0 0 0 4 30.2
2:H3AsO3 98.2 99.8 100 100 100 99.8 98.2 84.3 34.8 4.9 0

2:H2AsO3- 0 0 0 0 0 0 1.8 15.7 64.9 91.1 68.7
2:H4AsO3+ 1.8 0 0 0 0 0 0 0 0 0 0

TOTAL AsO3(3-) 100 100 100 100 100 100 100 100 100 100 100

NOTE:   Type 1 = component; Type 2 = dissolved complex; Type S = solids phase

HEXAVALENT CHROMIUM

TRIVALENT CHROMIUM

FERRIC IRON (+3)

pH (s.u.)

TABLE G-4A
BB&S LUMBER SITE - PREDESIGN INVESTIGATION

CHEMICAL SPECIES DISTRIBUTION WITHOUT REDOX
(MINEQL RUN #05;  concentration in moles/L)

FERROUS IRON (+2)

COPPER (+2)

COPPER (+1)

ARSENIC



COMPONENT/
SPECIES 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5

1:CrO4(2-) 0 0 0 2 13 60 94 99 100 100 100
2:HCrO4- 98 100 100 99 87 40 6 0 0 0 0
2:H2CrO4 2 0 0 0 0 0 0 0 0 0 0

TOTAL CrO4(2-) 100 100 100 100 100 100 100 100 100 100 100

1.Cr(OH)2(+) 0 0 0 1.3 0 0 0 0 0 0 0
2:Cr+3 99.7 96.7 74.3 14.3 0 0 0 0 0 0 0

2:Cr(OH)+2 0 3.3 25.7 49.4 0 0 0 0 0 0 0
S:Cr2O3 0 0 0 35.1 99.4 100 100 100 100 100 100

TOTAL Cr(OH)2(+) 100 100 100 64.9 0.6 0 0 0 0 0 0

1:Fe(3+) 90.1 35.1 1.1 0 0 0 0 0 0 0 0
2:FeOH+2 9.2 35.8 10.8 1.2 0 0 0 0 0 0 0

2:Fe(OH)2+ 0 29.1 88.1 98.8 99.9 0 0 0 0 0 0
S:FERRIHYDRITE 0 0 0 0 0 100 100 100 100 100 100

TOTAL Fe(3+) 100 100 100 100 100 0 0 0 0 0 0

1:Fe(2+) 100 100 100 100 100 99.9 99.2 92.3 48.5 0 0
2:Fe(OH)3- 0 0 0 0 0 0 0 0 10.3 95 99.9

2:FeOH+ 0 0 0 0 0 0 0 7.7 40.3 3.7 0
TOTAL Fe(2+) 100 100 100 100 100 100 100 100 100 100 100

1:Cu(2+) 100 100 100 99.9 99.3 93.8 58.9 8.9 0 0 0
2:CuOH+ 0 0 0 0 0 6.2 38.9 58.7 15.3 1.8 0

2:Cu(OH)2 (aq) 0 0 0 0 0 0 2.2 32.4 84.5 98.2 99.8
TOTAL Cu(2+) 100 100 100 100 100 100 100 100 100 100 100

1:Cu(+) 100 100 100 18 1.8 0 0 0 0 0 0
S:CUPRITE 0 0 0 82 98.2 99.8 100 100 100 100 100

TOTAL Cu(+) 100 100 100 18 1.8 0.2 0 0 0 0 0

2:HAsO3-2 0 0 0 0 0 0 0 0 0 4 30.2
2:H3AsO3 98.2 99.8 100 100 100 99.8 98.2 84.3 34.8 4.9 0

2:H2AsO3- 0 0 0 0 0 0 1.8 15.7 64.9 91.1 68.7
2:H4AsO3+ 1.8 0 0 0 0 0 0 0 0 0 0

7:TOTAL AsO3(3-) 100 100 100 100 100 100 100 100 100 100 100

NOTE:   Type 1 = component; Type 2 = dissolved complex; Type S = solids phase

FERROUS IRON (+2)

COPPER (+2)

COPPER (+1)

ARSENIC

TABLE G-4B
BB&S LUMBER SITE - PREDESIGN INVESTIGATION
CHEMICAL SPECIES DISTRIBUTION WITH REDOX

(MINEQL RUN #06;  concentration in moles/L)

HEXAVALENT CHROMIUM

TRIVALENT CHROMIUM

FERRIC IRON (+3)

pH (s.u.)



 
 

BB&S Lumber Site Predesign Investigation 
Groundwater Flow/Transport Modeling & Treatability Study 

 
 
 
 
 
 
 
 

 
 

TABLES 



Depth to 
GW (ft)

Groundwater 
Elev. (ft)

NORTHING (ft) EASTING (ft) NORTHING 
(ft) EASTING (ft) May-96 Aug-96 Feb-05 Aug-05 Oct-05 Nov-05

MW-1 226328.1 2360755.5 6080 8430 52.50

MW-2 227619.1 2360534.0 6420 8385

MW-3 226669.3 2360604.3 6415 8280 54.90 68.75 57.19 18.64 19.93 18.28 19.79 20.34 21.15

MW-4 226538.9 2360596.7 6290 8260 59.00 69.90 60.20 18.53 19.80 18.11 19.65 20.14 21.03 38.53 21.67

MW-5 226419.1 2360640.4 6180 8310 69.23 59.63 18.36 19.72 17.87 19.61 20.02 20.95 38.04 21.59

MW-6 226323.3 2360656.2 6070 8325 59.80 69.90 61.07 18.21 19.65 17.89 19.46 19.86 20.85

MW-7 226436.9 2360686.6 6200 8360 77.60

MW-8 226263.8 2360659.7 6015 8335 67.20

MW-9 226163.8 2360601.1 5915 8270 61.60 59.10 61.89 18.03 19.57 17.63 19.41 19.74 20.80 40.43 21.46

MW-10 226111.6 2360659.1 5870 8330 61.50 58.10 61.88 18.05 19.41 17.80 19.28 19.62 20.70 41.49 20.39

MW-11 225873.1 2360731.0 5630 8400 77.40

MW-12 225594.8 2360890.6 5350 8555 77.02

MW-13 225496.6 2360624.9 5250 8290 71.00 58.44 17.47 18.28 17.11 18.23 18.35 19.69 38.08 20.36

MW-14 225342.1 2360774.4 5095 8450 75.05

MW-15 226402.7 2360535.6 6160 8200 77.24

MW-16 226002.7 2360593.0 5750 8260 60.20 77.60 60.06 18.24 19.07 17.94 19.04 19.39 20.59

RW-1 226291.6 2360669.3 6045 8330 60.20 100.00 62.39 19.61 19.43 19.85

RW-2 226100.9 2360713.6 5855 8380 61.10 103.28 63.04 19.47 19.04 19.39 20.49 41.87 21.17

RW-3 225776.9 2360781.6 5530 8455 58.20 102.14 60.37 18.96 18.72 18.86 20.14 39.52 20.85

OW-GATE 224383.2 2360693.9 4140 8360 52.90 52.38 16.87 16.74 18.36 33.36 19.02

MWPD-1D 226101.5 2360723.6 5855 8400 60.80 63.34 19.38 21.47

MW-PD-2S 226099.2 2360762.2 5855 8425 60.70 63.53 19.42 20.50

MWPD-3S 226201.5 2360696.4 5955 8360 61.20 61.14 19.58 20.62
GWPD-1 225882.8 2360750.8 57.85

HP-10 226526.1 2360394.5

HP-13 226734.3 2360710.2

HP-7 226600.0 2360420.3

HP-8 226678.9 2360351.7

HP-9 226543.0 2360481.3

Note:  RW-3 and RW-1 measuring points are top of metal casing

ABANDONED

WELL DEPTH 
(from TOR)  (ft)

Measuring 
Point 

Elevation 
(TOR)  (ft 

amsl)

Well
ID

Feb-06

GROUNDWATER ELEVATION (ft amsl)
GROUND 

ELEVATION  
(ft amsl)

WORLD COORDINATES MODFLOW 
COORDINATES

TABLE 1
Summary of Well Parameters/Groundwater Elevation

BB&S LUMBER SITE



1985 1, 2, 3 140,302,000 384,389 267

1986 1, 2, 3 137,700,000 377,260 262 Years 1985 - 1990

1987 1, 2, 3 166,100,000 455,068 316

1988 1, 2, 3 155,104,000 424,942 295 270
1989 1, 2, 3 99,215,000 271,822 189 GPM

1990 1, 2, 3 153,994,000 421,901 293

1991 1, 2, 3 126,955,000 347,822 242

1992 1, 2, 3 141,966,000 388,948 270 Years 1991 - 1995

1993 1, 2, 3 90,677,000 248,430 173

1994 1, 2, 3 246,614,000 675,655 469 336
1995 1, 2, 3 277,867,000 761,279 529 GPM

1996 1, 2, 3 227,701,000 623,838 433

1997 1, 2, 3 310,419,000 850,463 591 Years 1996 - 2000

1998 1, 2, 3, 4 395,273,000 1,082,940 752

1999 1A, 1, 4 297,990,000 816,411 567 565
2000 1A, 1, 4 254,652,000 697,677 484 GPM

2001 1A, 1, 4 124,910,000 342,219 238

2002 1A, 1, 4 209,680,000 574,466 399 Years 2001 - 2005

2003 1A, 1, 4 205,510,000 563,041 391

2004 1A, 1, 4 320,300,000 877,534 609 404
2005 1A, 1, 4 202,494,000 554,778 385 GPM

ALL max 395,273,000 1,082,940 752

YEARS min 90,677,000 248,430 173

avg. 204,067,762 559,090 388

Well Total Depth (ft) Aquifer Capacity (gpm)
1A 185 ft Glacial 1000
1 76 Glacial 200
2 69 Glacial 225
3 161 Glacial 700
4 160 Glacial 1300

Average GPM 
Pumped for 

Duration

TABLE 2

OLD COUNTRY RD WELL FIELD PUMPING RECORDS
BB&S Treated Lumber Site Rre-Design Investigation

I.D. of Wells 
Pumped

Total Annual 
Gallons Pumped

Average GPD 
Pumped for Year

Average GPM 
Pumped for YearYear

(1985 to 2005)



TABLE 3 
BB&S LUMBER PRE-DESIGN INVESTIGATION 

GROUNDWATER FLOW SIMULATION – ZONE BUDGETS 
 

PEST CALIBRATION RUN 14 
 
CONDUCTIVITIES (CALIBRATED) 
    Layers 1, 2 & 3:  Kxy = 170; Kz = 21.5 ft/day;  Layer 4: Kxy = 18.2; Kz = 0.08 ft/day 
 
RECHARGE (ASSUMED) 

Zone 1 = 0.0065 (ft/day); Zone 2 = 0.0065 (ft/day); Zone 3 = 0.0040 (ft/day) 
 
SCWA WELL FIELD (ASSUMED):  500 GPM 
 

ZONE 1 

INFLOW 
 
Storage = 0.00 ft^3/day 
Constant Head =  80312.00  ft^3/day 
Wells = 0.00 ft^3/day 
Drains =  0.00  ft^3/day 
Recharge =  512830.00 ft^3/day 
ET = 0.00  ft^3/day 
River Leakage = 88944.00 ft^3/day 
Stream Leakage = 0.00  ft^3/day 
Surface Leakage = 0.00  ft^3/day 
General-Head = 0.00 ft^3/day 
Zone 2 to 1 = 19670.00 ft^3/day 
 
Total IN = 701750.00 ft^3/day 

OUTFLOW 
 
Storage = 0.00 ft^3/day 
Constant Head =  579500.00  ft^3/day 
Wells = 96000.00 ft^3/day 
Drains =  0.00  ft^3/day 
Recharge =  0.00 ft^3/day 
ET = 0.00  ft^3/day 
River Leakage = 8454.80 ft^3/day 
Stream Leakage = 0.00  ft^3/day 
Surface Leakage = 0.00  ft^3/day 
General-Head = 0.00 ft^3/day 
Zone 1 to 2 = 19374.00 ft^3/day 
 
Total OUT =  703330.00 ft^3/day 
 

ZONE 2 

INFLOW 
 
Storage = 0.00 ft^3/day 
Constant Head =  0.00  ft^3/day 
Wells = 0.00 ft^3/day 
Drains =  0.00  ft^3/day 
Recharge =  95.35 ft^3/day 
ET = 0.00  ft^3/day 
River Leakage = 200.00 ft^3/day 
Stream Leakage = 0.00  ft^3/day 
Surface Leakage = 0.00  ft^3/day 
General-Head = 0.00 ft^3/day 
Zone 1 to 2 = 19374.00 ft^3/day 
 
Total IN = 19669.00 ft^3/day 

OUTFLOW 
 
Storage = 0.00 ft^3/day 
Constant Head =  0.00  ft^3/day 
Wells = 0.00 ft^3/day 
Drains =  0.00  ft^3/day 
Recharge =  0.00 ft^3/day 
ET = 0.00  ft^3/day 
River Leakage = 0.00 ft^3/day 
Stream Leakage = 0.00  ft^3/day 
Surface Leakage = 0.00  ft^3/day 
General-Head = 0.00 ft^3/day 
Zone 2 to 1 = 19670.00 ft^3/day 
 
Total OUT =  19670.00 ft^3/day 
 

 



TABLE 4
Groundwater Analytical Results - October 2005

total %Diss total %Diss total %Diss total %Diss
MWPD-2S 3.1 0% nd nd nd 337 0% nd 11.8 0% nd nd nd
MWPD-3S 478 86% 410 34.5 26% 9 860 3% 29.2 207 100% 208 0.24 96% 0.23
MWPD-1D 3.6 0% nd nd nd 5120 0% nd 23.2 0% nd nd nd

MW-3 nd nd nd nd nd nd nd 0% nd nd nd
MW-4 30 69% 20.7 2.6 81% 2.1 139 33% 46 42.5 85% 36.1 0.04 75% 0.03
MW-5 4.1 100% 4.1 nd nd 411 41% 170 567 106% 601 0.76 96% 0.73
MW-6 nd nd 35.6 99% 35.2 nd nd 401 103% 413 0.43 102% 0.44
MW-9 2.8 0% nd 3.5 66% 2.3 49.6 0% nd 83.5 89% 74.7 0.08 0% nd

MW-10 nd nd nd nd 119 0% nd 549 98% 538 0.61 0% nd
MW-13 2.8 100% 2.8 1.1 0% nd 41 46% 18.7 11 96% 10.6 nd nd

MW-16 -*- 2.8 179% 5 nd nd nd >>> 1910 16.7 189% 31.5 0.04 200% 0.08
RW-2 2.8 100% 2.8 49.9 0% nd 28600 61% 17500 765 0% nd nd nd
X-1 nd nd 56.8 0% nd 31300 48% 15100 978 0% nd nd nd

RW-3 nd nd nd nd 93200 85% 78900 46.7 0% nd nd nd
OW-GATE nd nd 2.9 76% 2.2 127 0% nd nd 0% nd nd nd
GWPD-1 nd  - -  - -  - -  - -  - - 389  - - nd  - -

SBPD-158-GW1 437  - - 386  - - 35200  - - 771  - - nd  - -
DUP-4 412  - - 383  - - 33300  - - 732  - - nd  - -

Arsenic Copper Iron Total CR Hex CR

Total 
(mg/kg)

%      
Extracted

SPLP 
(ug/L)

Total 
(mg/kg)

SPLP 
(ug/L)

Total 
(mg/kg)

SPLP 
(ug/L)

Total 
(mg/kg)

SPLP 
(ug/L)

Total 
(mg/kg)

SPLP 
(mg/L)

SBPD-158(23-24) 233 94% 11000 463 111% 25600 330 1% 197 25 61% 757 NA 0.22

SBPD-158(30-34) 43.8 64% 1400 110 98% 5410 601 3% 760 12.1 47% 286 NA 0.01

DUP-3 41.1 62% 1270 95.5 103% 4930 451 3% 713 10.2 52% 263 NA 0.01

SBPD-158(38-39) 44.7 48% 1080 265 96% 12700 544 3% 897 8.9 33% 146 NA 0.01

NOTE:  %extracted assumes 50 gms of soil mixed with 1000 ml of SPLP leachate

GWS* 25ppb GWS* 200ppb

dissolved dissolved

Sample I.D.
Arsenic Copper Iron

dissolved total dissolveddissolved

Total Chromium Hexavalent Chromium
GWS* 300ppb GWS* 0.05ppmGWS* 50ppb

T4-GW&SPLP Soil data.xlsWell profiles (2) 1 of 1



COMPONENT/
SPECIES 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5

1:CrO4(2-) 0.0 0.0 0.0 0.1 0.6 3.0 4.7 5.0 5.0 5.0 5.0
2:HCrO4- 4.9 5.0 5.0 4.9 4.3 2.0 0.3 0.0 0.0 0.0 0.0
2:H2CrO4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TOTAL CrO4(2-) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

1:Cr(OH)2(+) 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2:Cr+3 5.0 4.8 3.7 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2:Cr(OH)+2 0.0 0.2 1.3 3.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S:Cr2O3 0.0 0.0 0.0 0.0 2.5 2.5 2.5 2.5 2.5 2.5 2.5

TOTAL Cr(OH)2(+) 5.0 5.0 5.0 5.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0

1:Fe(3+) 179.7 9.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2:FeOH+2 18.4 9.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2:Fe(OH)2+ 1.5 8.0 0.8 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL Fe(3+) 200.9 28.0 0.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

S:FERRIHYDRITE 0.0 172.4 199.8 200.9 200.9 200.9 200.9 200.9 200.9 200.9 200.9

1:Fe(2+) 200.9 200.9 200.9 200.9 200.9 200.9 199.2 35.8 0.4 0.0 0.0
2:Fe(OH)3- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.8 7.6

2:FeOH+ 0.0 0.0 0.0 0.0 0.0 0.2 1.7 3.0 0.3 0.0 0.0
TOTAL Fe(2+) 200.9 200.9 200.9 200.9 200.9 200.9 200.9 38.8 0.7 0.8 7.6

S:Fe(OH)2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 161.8 200.3 200.3 193.1

1:Cu(2+) 1.3 1.3 1.3 1.3 1.3 1.2 0.1 0.0 0.0 0.0 0.0
2:Cu(OH)3- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2:CuOH+ 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
TOTAL Cu(2+) 1.3 1.3 1.3 1.3 1.3 1.3 0.1 0.0 0.0 0.0 0.0

S:Cu(OH)2 0.0 0.0 0.0 0.0 0.0 0.0 1.2 1.3 1.3 1.3 1.3

1:Cu(+) 1.3 1.3 1.3 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL Cu(+) 1.3 1.3 1.3 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

S:CUPRITE 0.0 0.0 0.0 0.4 0.6 0.6 0.6 0.6 0.6 0.6 0.6

2:HAsO3-2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.9
2:H3AsO3 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.5 1.0 0.1 0.0

2:H2AsO3- 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.5 1.9 2.7 2.0
2:H4AsO3+ 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TOTAL AsO3(3-) 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9

NOTE:   Type 1 = component; Type 2 = dissolved complex; Type S = solids phase

FERROUS IRON (+2)  (Initial 200 mg/L)

COPPER (+2)  (Initial 1.3 mg/L)

COPPER (+1)  (Initial 1.3 mg/L)

ARSENIC  (Initial 2.9 mg/L)

TABLE 5A
BB&S LUMBER SITE - PREDESIGN INVESTIGATION

CHEMICAL SPECIES DISTRIBUTION WITHOUT REDOX
(MINEQL RUN #06;  concentration in mg/L)

HEXAVALENT CHROMIUM (Initial 5 mg/L)

TRIVALENT CHROMIUM (Initial 5 mg/L)

FERRIC IRON (+3) (Initial 200 mg/L)

pH (s.u.)



COMPONENT/
SPECIES 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5

1:CrO4(2-) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2:HCrO4- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2:H2CrO4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TOTAL CrO4(2-) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1:Cr(OH)2(+) 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2:Cr+3 9.9 9.7 7.4 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2:Cr(OH)+2 0.0 0.3 2.6 4.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL Cr(OH)2(+) 10.0 10.0 10.0 6.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0

S:Cr2O3 0.0 0.0 0.0 1.8 5.0 5.0 5.0 5.0 5.0 5.0 5.0

1:Fe(3+) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2:FeOH+2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2:Fe(OH)2+ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL Fe(3+) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

S:FERRIHYDRITE 0.0 0.0 0.0 0.0 0.0 356.6 401.8 401.8 401.8 401.8 401.8

1:Fe(2+) 401.8 401.8 401.8 401.8 401.8 44.9 0.0 0.0 0.0 0.0 0.0
2:Fe(OH)3- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2:FeOH+ 0.0 0.0 0.0 0.6 61.9 775.6 109.4 15.4 2.2 0.3 0.0
TOTAL Fe(2+) 401.8 401.8 401.8 401.8 401.8 45.0 0.0 0.0 0.0 0.0 0.0

1:Cu(2+) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2:CuOH+ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2:Cu(OH)2 (aq) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL Cu(2+) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1:Cu(+) 2.5 2.5 2.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL Cu(+) 2.5 2.5 2.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

S:CUPRITE 0.0 0.0 0.0 1.0 1.2 1.3 1.3 1.3 1.3 1.3 1.3

2:HAsO3-2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.9
2:H3AsO3 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.5 1.0 0.1 0.0

2:H2AsO3- 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.5 1.9 2.7 2.0
TOTAL AsO3(3-) 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9

NOTE:   Type 1 = component; Type 2 = dissolved complex; Type S = solids phase

HEXAVALENT CHROMIUM (Initial 5 mg/L)

TRIVALENT CHROMIUM (Initial 5 mg/L)

FERRIC IRON (+3) (Initial 200 mg/L)

pH (s.u.)

TABLE 5B
BB&S LUMBER SITE - PREDESIGN INVESTIGATION
CHEMICAL SPECIES DISTRIBUTION WITH REDOX

(MINEQL RUN #06;  concentration in mg/L)

FERROUS IRON (+2)  (Initial 200 mg/L)

COPPER (+2)  (Initial 1.3 mg/L)

COPPER (+1)  (Initial 1.3 mg/L)

ARSENIC  (Initial 2.9 mg/L)



SAMPLE MW-3 MW-6 MW-10 MW PD-1D RW-2 MW-2S MW-16 MWPD-3S RW-3 OW GATE MW-13 MW-4

ph strip 7.0 6.5 6.0 6.0 6.0 5.5 6.5 6.5 6.5 5.0 6.0 5.5

Chromium strip 0.50 0.25 0.50 <0.1 0.25 <0.1 0.01 0.50 0.50 0.25 0.50 0.25

Ferrous 0.0 <0.5 0.0 0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0

Ferric 0.0 <0.5 0.0 <0.5 4.0 0.5 1.0 4.0 > Range 1.0 <0.5 0.0

3645 Chromium 0.00 0.45 0.10 0.04 0.10 0.05 0.03 0.03 0 .01 / 0.03 0.00 0.02 0.13

3668 FE 0.29 0.12 0.28 > Range > Range  0.83 / 1.20 1.60 8.89 > Range 0.61 0.05 0.36

3640 CU 0.09 0.04 0.07 0.08  0.39 / 0.62 0.07 0.07 0.03 2.06 0.04 0.01 0.02

3646 CU 0.00 0.01 0.00 0.00 0.52 0.03 0.00 0.02 0.74 0.00 0.27 0.10

Arsenic <0.005 <0.005 <0.005 0.005 <0.005 0.005 0.01 0.1 0.005 0.005 0.005 0.1

Wednesday -------------------------> Thursday ---------------------- >

NOTES: 
1) All concentrations are in mg/L; pH is in standard units.

3) Distilled water tested and recorded as 0.12 ppm
4) Second test Performed

6) Chromium strip pad, right out from sealed packaging with an off-white ivory tint.  No strip produced a pronounced coloring.
7) Chromium 3645 Conversion - 2.23x to ppm Chremate, 3.12x to ppm Sodium Chromate
8) Sample RW-3 diluted 3:1 for ferrous and 5:1 for ferric.
9) Testing Done - Tuesday (PM) to Thursday, 18, 19, and 20, October 2005

5) Arsenic samples were run after attempts made to raise sample temperatures to 77F, from 50 - 55 F, (i.e. placing in direct sunshine and placing 
inside clothing.)

TABLE 6
BB&S SITE PRE-DESIGN STUDY

SITE TESTING OF WELLS

2) Colorimeter was powered by generator which was moved to each well location, interrupting testing process.  Also, could only be powered by 
110 volt adapter as battery would not take a charge.  During testing generator hesitated several times.



WELL WATER 
LEVEL

SAMPLE 
DEPTH

ORP Ph TDS T SP Fe+2 Fe+3

RW-2 41.87 50 0.053 5.8 116 12.4 242 4 4

RW-1  -- 80 0 6.3 72 11.4 130 12 28

MW-5 41.49 53 151 5.7 169 9.3 334 <0.5 2

MW-10 154 5.73 83 12.4 164

%

20

38

50

20

0.25

WELL WATER SAMPLE TDS Cr+6 CrT Fe+2 FeT pH To C
LEVEL DEPTH (ppb) (ppb) (ppb) (ppb)

RW-2 41.87 50 42 130 410 4500 7700 6.1 16.3

MW-10  --  -- 125 290 600 ND ND 5.86 16.7

RW-1  --  -- 55 100 200 ND ND 6.3 17.9

C. Characterization in the Test Facility

B. Chemicals

CHEMICALS

FeS04

NaHSO3

NaOH

H2SO4

Polymer Anionic

A. Characterization in the Field

TABLE 7

GROUNDWATER TREATABILITY TESTING
BB&S SITE PRE-DESIGN STUDY



WELL WATER SAMPLE pH 5% H2SO4 pH 1% NaHSO3 5% NaOH pH Cr+6 CrT FeT

LEVEL DEPTH (ml) (ml) (ml) (s.u.) (ppb) (ppb) (ppb)

RW-1  --  -- 7.3 2 1 3.6 9.5 140 620 110

RW-2 41.87 50 5.2 3 2.5

6 2.2

8 2 1 3.5 9.5 170 940 4830

MW-10 3 2.5

6 2.2

 --  -- 5.8 8.5 2 1 3.7 9.5 260 3300 340

WELL WATER SAMPLE pH NaOH pH 1% FeSO4 5% NaOH pH Cr+6 Cr+ Fe

LEVEL DEPTH (ml) (ml) (s.u.) (ppb) (ppb) (ppb)

RW-1 6.5 0.3 7.5 1 0.5 9.5 120 800 1110

RW-2 41.87 50 5.2 0.4 7.5 1 0.5 9.5 160 350 690

MW-10  --  -- 6.7 0.4 7.5 3 0.7 9.5 130 830 2620

WELL WATER SAMPLE pH 1% FeSO4 pH 5% NaOH pH Cr+6 CrT Fe

LEVEL DEPTH (s.u.) (ml) (s.u.) (ml) (s.u.) (ppb) (ppb) (ppb)

RW-1  --  -- 6.3 10 6.3 1.5 10 90 40 1720

RW-2 41.87 50 6.1 20 6.26 1.25 10 120 90 280

MW-10  --  -- 5.86 30 6.45 10 40 70 1170

WELL WATER SAMPLE pH 5% H2SO4 pH 1% NaHSO3 5% NaOH pH Fe Cr+6 CrT

LEVEL DEPTH (s.u.) (ml) (s.u.) (ml) (ml) (s.u.) (ppb) (ppb) (ppb)

RW-1  --  -- 6.7 2.5 2.5 2 1.5 10.2 670 80 80

RW-2 41.87 50 5.81 2 2.5 2 1.5 10.1 113 120 110

MW-10  --  -- 5.71 2.5 2.5 2 1.5 10.1 170 120 330

Test B

Test C

Test A

TABLE 8

GROUNDWATER TREATABILITY TESTING - RESULTS
BB&S SITE PRE-DESIGN STUDY



IEG

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                         

 FIGURE   9B
BB&S - MODFLOW SCREENS 

GROUNDWATER CONTOURS FROM PEST CALIBRATION RUN 15  
LAYER 3 

SITE 

Model Calculated 
GROUNDWATER CONTOURS 
for Layer 3 

CONDUCTIVITIES (CALIBRATED) 
    Layers 1, 2 & 3: 

Kxy = 170; Kz = 21.5 ft/day 
    Layer 4: 
 Kxy = 18.2; Kz = 0.08 ft/day 
RECHARGE (ASSUMED) 

Zone 1 = 0.0065 (ft/day) 
Zone 2 = 0.0065 (ft/day) 
Zone 3 = 0.0040 (ft/day) 

SCWA WELL FIELD (ASSUMED) 
500 GPM 
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 FIGURE   9C
BB&S - MODFLOW SCREENS 

GROUNDWATER CONTOURS FROM PEST CALIBRATION RUN 15  
LAYER 4 

SITE 

Model Calculated 
GROUNDWATER CONTOURS 
for Layer 4 

CONDUCTIVITIES (CALIBRATED) 
    Layers 1, 2 & 3: 

Kxy = 170; Kz = 21.5 ft/day 
    Layer 4: 
 Kxy = 18.2; Kz = 0.08 ft/day 
RECHARGE (ASSUMED) 

Zone 1 = 0.0065 (ft/day) 
Zone 2 = 0.0065 (ft/day) 
Zone 3 = 0.0040 (ft/day) 

SCWA WELL FIELD (ASSUMED) 
500 GPM 
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 FIGURE   9D
BB&S - MODFLOW SCREENS 

COMPARISION OF CALCULATED VS OBSERVED HEADS 
PEST CALIBRATION RUN 15 

CONDUCTIVITIES (CALIBRATED) 
    Layers 1, 2 & 3: 

Kxy = 170; Kz = 21.5 ft/day 
    Layer 4: 
 Kxy = 18.2; Kz = 0.08 ft/day 
RECHARGE (ASSUMED) 

Zone 1 = 0.0065 (ft/day) 
Zone 2 = 0.0065 (ft/day) 
Zone 3 = 0.0040 (ft/day) 

SCWA WELL FIELD (ASSUMED) 
500 GPM 
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 FIGURE   10A
BB&S - MODFLOW SCREENS 

MODEL CALCULATED GROUNDWATER FLOW PATH 
PLAN VIEW – LAYER 1 

SITE 

MODEL 
CALCULATED 
GROUNDWATER 
FLOW PATHS 

SITE 

CONDUCTIVITIES (CALIBRATED) 
    Layers 1, 2 & 3: 

Kxy = 170; Kz = 21.5 ft/day 
    Layer 4: 
 Kxy = 18.2; Kz = 0.08 ft/day 
RECHARGE (ASSUMED) 

Zone 1 = 0.0065 (ft/day) 
Zone 2 = 0.0065 (ft/day) 
Zone 3 = 0.0040 (ft/day) 

SCWA WELL FIELD (ASSUMED) 
500 GPM 

GROUNDWATER 
FLOW VECTORS 



FIGURE   10B
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BB&S - MODFLOW SCREENS 
MODEL CALCULATED GROUNDWATER FLOW PATH 

EAST-WEST CROSS SECTION 

CONDUCTIVITIES (CALIBRATED)
    Layers 1, 2 & 3: 

Kxy = 170; Kz = 21.5 ft/day 
    Layer 4: 
 Kxy = 18.2; Kz = 0.08 ft/day 
RECHARGE (ASSUMED) 

Zone 1 = 0.0065 (ft/day) 
Zone 2 = 0.0065 (ft/day) 
Zone 3 = 0.0040 (ft/day) 

SCWA WELL FIELD (ASSUMED) 
500 GPM 

LOCATION OF CROSS SECTION 
at Model Row 53; Northing 6414 

MODEL CALCULATED 
FLOW PATH 
 

Layer 1 

Layer 3 

Layer 2

Layer 4 

EAST-WEST
CROSS SECTION 

PLAN VIEW 



FIGURE   10C
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BB&S - MODFLOW SCREENS 
MODEL CALCULATED GROUNDWATER FLOW PATH 

NORTH-SOUTH CROSS-SECTION 

CONDUCTIVITIES (CALIBRATED)
    Layers 1, 2 & 3: 

Kxy = 170; Kz = 21.5 ft/day 
    Layer 4: 
 Kxy = 18.2; Kz = 0.08 ft/day 
RECHARGE (ASSUMED) 

Zone 1 = 0.0065 (ft/day) 
Zone 2 = 0.0065 (ft/day) 
Zone 3 = 0.0040 (ft/day) 

SCWA WELL FIELD (ASSUMED) 
500 GPM 

LOCATION OF CROSS SECTION 
at Model Column 116; Easting 8342 

MODEL 
CALCULATED 
FLOW PATH 

Layer 1 

Layer 3 
Layer 2

Layer 4 

PLAN VIEW 

NORTH-SOUTH 
CROSS SECTION 
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 FIGURE   11ABB&S - MODFLOW SCREENS 
MODEL PREDICTED CONTAMINANT PROFILE  

(SIMULATION RUN 29A)

SOURCE  

ACTUAL 1997 
CONTOUR FOR 
HEXAVALENT 
CHROMIUM 

MODFLOW  
PREDICTED 
CONTOUR 
FOR 
HEXAVALENT 
CHROMIUM 

EFFECTIVE POROSITY = 0.30; LONGITUDINAL DISPERSIVITY = 15; SCWA WELL FIELD AT 500 GPM 
SOURCE: 0.1 LB/DAY FOR FIRST 2000 DAYS; TOTAL SIMULATION = 4000 DAYS 

AT 365 DAYS AT 1000 DAYS AT 2000 DAYS AT 2500 DAYS 
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 FIGURE   11BBB&S - MODFLOW SCREENS 
MODEL PREDICTED CONTAMINANT PROFILE  

(SIMULATION RUN 30)

SOURCE  

ACTUAL 1997 
CONTOUR  
FOR 
HEXAVALENT 
CHROMIUM 

MODFLOW  
PREDICTED 
CONTOUR 
FOR 
HEXAVALENT 
CHROMIUM 

EFFECTIVE POROSITY = 0.30; LONGITUDINAL DISPERSIVITY = 25 FT; SCWA WELL FIELD AT 500 GPM 
SOURCE: 0.1 LB/DAY FOR FIRST 2000 DAYS; TOTAL SIMULATION = 4000 DAYS 

AT 365 DAYS AT 1000 DAYS AT 2000 DAYS 



IEG

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                         

 FIGURE   11CBB&S - MODFLOW SCREENS 
MODEL PREDICTED CONTAMINANT PROFILE  

(SIMULATION RUN 31)

SOURCE  

ACTUAL 1997 
CONTOUR  
FOR 
HEXAVALENT 
CHROMIUM 

MODFLOW  
PREDICTED 
CONTOUR 
FOR 
HEXAVALENT 
CHROMIUM 

EFFECTIVE POROSITY = 0.15; LONGITUDINAL DISPERSIVITY = 10 FT; SCWA WELL FIELD AT 500 GPM 
SOURCE: 0.1 LB/DAY FOR FIRST 2000 DAYS;  TOTAL SIMULATION = 4000 DAYS 

AT 365 DAYS AT 1000 DAYS AT 2000 DAYS 
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 FIGURE   11DBB&S - MODFLOW SCREENS 
MODEL PREDICTED CONTAMINANT PROFILE  

(SIMULATION RUNS 29A&B)

SOURCE  

ACTUAL 1996 
CONTOUR FOR 
HEXAVALENT 
CHROMIUM 

MODFLOW  
PREDICTED 
CONTOUR 
FOR 
HEXAVALENT 
CHROMIUM 

EFFECTIVE POROSITY = 0.30; LONGITUDINAL DISPERSIVITY = 15; SCWA WELL FIELD AT 500 GPM 
SOURCE LOADING VARIES; TOTAL SIMULATION = 4000 DAYS 

AT 3500 DAYS;  
0.1 LB/DAY FOR FIRST 2000 DAYS 

NO LOADING FOR SECOND 2000 DAYS

AT 3500 DAYS;  
0.1 LB/DAY FOR FIRST 2000 DAYS 

0.01  LB/DAY FOR SECOND 2000 DAYS



FIGURE 11E
IEG

MODEL PREDICTED CONTAMINANT PROFILE
NORMALIZED CONCENTRATION AT SELECTED LOCATIONS

(Expressed as Percent of Maximum Predicted Concentration at Source)
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 FIGURE   12AGROUNDWATER FLOW PATHS WITH EXTRACTION  
EXTRACTION WELL NEAR SOURCE 

SOURCE  

SINGLE 
EXTRACTION 
WELL 
(NEAR SOURCE) 

FLOW PATH 
FOR 
GROUNDWATER 

EXTRACTION RATE:  12,000 FT3/DAY (or 60 GPM) EXTRACTION RATE:  25,000 FT3/DAY (or 120 GPM) 

Actual Chromium 
Concentration 
Profile from 1997 
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 FIGURE   12BGROUNDWATER FLOW PATHS WITH EXTRACTION  
EXTRACTION WELL AT DOWNGRADIENT BOUNDARY 

SOURCE  

SINGLE EXTRACTION 
WELL 
(SOUTH OF SOURCE) 

FLOW PATH 
FOR 
GROUNDWATER 

EXTRACTION RATE 
25,000 FT3/DAY (or 120 GPM) 

Actual Chromium 
Concentration 
Profile from 1996 
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 FIGURE   12CGROUNDWATER FLOW PATHS WITH EXTRACTION  
TWO EXTRACTION WELLS NEAR SOURCE 

SOURCE  

TWO 
EXTRACTION 
WELLS  

FLOW PATH 
FOR 
GROUNDWATER 

TOTAL EXTRACTION RATE:  50,000 FT3/DAY (or 260 GPM) TOTAL EXTRACTION RATE:  50,000 FT3/DAY (or 260 GPM) 

Actual Chromium 
Concentration 
Profile from 1997 
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 FIGURE   12DGROUNDWATER FLOW PATHS WITH EXTRACTION  
TWO EXTRACTION WELLS NEAR SOURCE AND DOWNGRADIENT 

SOURCE  

TWO 
EXTRACTION 
WELLS  

FLOW PATH 
FOR 
GROUNDWATER 

TOTAL EXTRACTION RATE:  50,000 FT3/DAY (or 260 GPM) TOTAL EXTRACTION RATE:  25,000 FT3/DAY (or 120 GPM) 

Actual Chromium 
Concentration 
Profile from 1997 
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NOTE: SEE FIGURE 10A FOR VALUES OF CONDUCTIVITIES, RECHARGE AND SCWA WELL FIELD PUMPING RATE

TWO EXTRACTION WELLS ON SITE (RUN 38) 
TOTAL 50,000 FT3/DAY (240 GPM) 

TWO EXTRACTION WELLS ON SITE (RUN 38) 
TOTAL 25,000 FT3/DAY (120 GPM) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                         

 FIGURE   13AMODEL PREDICTIONS WITH EXTRACTION WELLS 
GROUNDWATER CONTOURS IN LAYER 1  

SITE 

Model 
Calculated 
GROUNDWATER 
CONTOURS 
for Layer 1 
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 FIGURE   13BMODEL PREDICTIONS WITH EXTRACTION WELLS 
CONTAMINANT PROFILE WITH ONE WELL AT 120 GPM 

EXTRACTION 
WELL 

MODFLOW  
PREDICTED 
CONTOUR 
FOR 
HEXAVALENT 
CHROMIUM 

AT 100 DAYS AT 300 DAYS AT 500 DAYS 



IEG

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                         

 FIGURE   13CMODEL PREDICTIONS WITH EXTRACTION WELLS 
CONTAMINANT PROFILE WITH TWO WELLS AT 120 GPM 

EXTRACTION 
WELLS 

MODFLOW  
PREDICTED 
CONTOUR 
FOR 
HEXAVALENT 
CHROMIUM 

AT 100 DAYS AT 300 DAYS AT 500 DAYS 
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MODEL PREDICTIONS WITH EXTRACTION WELLS
CHROMIUM CONCENTRATION IN EXTRACTION WELLS

ONE EXTRACTION WELL; 60 gpm
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FIGURE  14 
BB&S LUMBER SITE 

MINEQL CHEMICAL SPECIATION MODEL 
INPUT SCREEN FOR COMPONENTS 

 



FIGURE 15A
BB&S LUMBER SITE - PREDESIGN INVESTIGATION

CHEMICAL SPECIES DISTRIBUTION WITHOUT REDOX
(MINEQL #RUN 05)
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FIGURE 15B
BB&S LUMBER SITE - PREDESIGN INVESTIGATION

CHEMICAL SPECIES DISTRIBUTION WITHOUT REDOX
(MINEQL RUN #05)
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FIGURE 16A
BB&S LUMBER SITE - PREDESIGN INVESTIGATION
CHEMICAL SPECIES DISTRIBUTION WITH REDOX

(MINEQL RUN #06)
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FIGURE 16B
BB&S LUMBER SITE - PREDESIGN INVESTIGATION
CHEMICAL SPECIES DISTRIBUTION WITH REDOX

(MINEQL RUN #06)
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FIGURE   17
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BB&S LUMBER SITE PRE-DESIGN STUDY 
GROUNDWATER TREATABILITY TEST PHOTOS 

Mixed with Reagents for Redox 

Goundwater Samples 
 

Samples in Jars for Testing 

Precipitation/Flocculation Step 

Settling Step After Settling 



 
 

BB&S Lumber Site Predesign Investigation 
Groundwater Flow/Transport Modeling & Treatability Study 
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 FIGURE   2BB&S - MODFLOW SCREENS 
GROUNDWATER CONTOUR/INITIAL MODEL LIMITS  

SITE 

SOURCE:  
BASE MAP 
CONTOUR LINES 
FROM USGS

LIMITS OF 
GROUNDWATER 
MODELING 
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 FIGURE   3ABB&S - MODFLOW SCREENS 
INITIAL MODEL AREA SHOWING LAYER 1 

SITE 

MODEL CONTOUR LINES 
BOTTOM OF LAYER 1 

Note:  See Figure 1 for details on 
USGS base map and contour lines for 
geologic units and groundwater 
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 FIGURE   3BBB&S - MODFLOW SCREENS 
INITIAL MODEL AREA SHOWING LAYER 3 

SITE 

CONTOUR LINES 
BOTTOM OF LAYER 2 
OR TOP OF LAYER 3 

CONTOUR LINES 
BOTTOM OF LAYER 3 

CONSTANT HEAD  
BOUNDARY FOR  
LAYERS 1, 2, 3 AND 4 
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 FIGURE   3CBB&S - MODFLOW SCREENS 
INITIAL MODEL AREA SHOWING LAYER 4 

SITE 

CONTOUR 
BOTTOM OF LAYER 2 
OR TOP OF LAYER 3 

CONTOUR 
BOTTOM OF LAYER 4 

CONSTANT HEAD  
BOUNDARY FOR  
LAYERS 1, 2 AND 3 
(NOT FOR LAYER 4) 

CONSTANT HEAD  
BOUNDARY FOR  
LAYERS 1, 2, 3 AND 4 
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 FIGURE   4ABB&S - MODFLOW SCREENS 
GRID SPACING AROUND SITE 

SITE 
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 FIGURE   4BBB&S - MODFLOW SCREENS 
GRID SPACING FOR ENTIRE MODEL AREA 

SITE 

NOTE:  
GRID SPACING STARTS AT 25 FT  
WITHIN THE SITE AND GRADUALLY 
INCREASES TO 600 FT AT THE 
MODEL BOUNDARIES 
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 FIGURE   5BB&S - MODFLOW SCREENS 
REVISED MODEL AREA FOR CALIBRATION 

SITE 
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 FIGURE   6A
BB&S - MODFLOW SCREENS 

GROUNDWATER CONTOURS FROM MANUAL CALIBRATION RUN 6  
(LAYER 1) 

SITE 

Model Calculated 
GROUNDWATER CONTOURS 
for Layer 1 

CONDUCTIVITIES 
    Layers 1, 2 & 3: 

Kxy = 100; Kz = 10 ft/day 
    Layer 4: 
 Kxy = 20; Kz = 2 ft/day 
RECHARGE 

0.006 ft/day (all zones) 
SCWA WELL FIELD 

0 GPM 

NOTE:  GROUNDWATER CONTOURS FOR 
LAYERS 2 AND 3 ARE SIMILAR TO LAYER 1 
EXCEPT FOR RIVER/STREAM EFFECT 
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 FIGURE   6ABB&S - MODFLOW SCREENS 
GROUNDWATER CONTOURS FROM MANUAL CALIBRATION RUN 6  

(LAYER 4) 

SITE 

Model Calculated 
GROUNDWATER CONTOURS 
for Layer 4 

CONDUCTIVITIES 
    Layers 1, 2 & 3: 

Kxy = 100; Kz = 10 ft/day 
    Layer 4: 
 Kxy = 20; Kz = 2 ft/day 
RECHARGE 

0.006 ft/day (all zones) 
SCWA WELL FIELD 

0 GPM
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 FIGURE   6B
BB&S - MODFLOW SCREENS 

GROUNDWATER CONTOURS FROM MANUAL CALIBRATION RUN 7  
(LAYER 1) 

SITE 

Model Calculated 
GROUNDWATER CONTOURS 
for Layer 1 

CONDUCTIVITIES 
    Layers 1, 2 & 3: 

Kxy = 100; Kz = 10 ft/day 
    Layer 4: 
 Kxy = 20; Kz = 2 ft/day 
RECHARGE 

0.006 ft/day (all zones) 
SCWA WELL FIELD 

500 GPM 

NOTE:  GROUNDWATER CONTOURS FOR 
LAYERS 2 AND 3 ARE SIMILAR TO LAYER 1 
EXCEPT FOR RIVER/STREAM EFFECT 
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 FIGURE   6B
BB&S - MODFLOW SCREENS 

GROUNDWATER CONTOURS FROM MANUAL CALIBRATION RUN 7  
(LAYER 4) 

SITE 

Model Calculated 
GROUNDWATER CONTOURS 
for Layer 4 

CONDUCTIVITIES 
    Layers 1, 2 & 3: 

Kxy = 100; Kz = 10 ft/day 
    Layer 4: 
 Kxy = 20; Kz = 2 ft/day 
RECHARGE 

0.006 ft/day (all zones) 
SCWA WELL FIELD 

500 GPM 

NOTE:  GROUNDWATER CONTOURS FOR 
LAYERS 2 AND 3 ARE SIMILAR TO LAYER 1 
EXCEPT FOR RIVER/STREAM EFFECT 
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 FIGURE   6C
BB&S - MODFLOW SCREENS 

GROUNDWATER CONTOURS FROM MANUAL CALIBRATION RUN 8  
(LAYER 4) 

SITE 

Model Calculated 
GROUNDWATER CONTOURS 
for Layer 4 

CONDUCTIVITIES 
    Layers 1, 2 & 3: 

Kxy = 300; Kz =30 ft/day 
    Layer 4: 
 Kxy = 100; Kz = 10 ft/day 
RECHARGE 

0.006 ft/day (all zones) 
SCWA WELL FIELD 

0 GPM 

NOTE:  GROUNDWATER CONTOURS FOR 
LAYERS 2 AND 3 ARE SIMILAR TO LAYER 1 
EXCEPT FOR RIVER/STREAM EFFECT 
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 FIGURE   6C
BB&S - MODFLOW SCREENS 

GROUNDWATER CONTOURS FROM MANUAL CALIBRATION RUN 8  
(LAYER 4) 

SITE 

Model Calculated 
GROUNDWATER CONTOURS 
for Layer 4 

CONDUCTIVITIES 
    Layers 1, 2 & 3: 

Kxy = 300; Kz =30 ft/day 
    Layer 4: 
 Kxy = 100; Kz = 10 ft/day 
RECHARGE 

0.006 ft/day (all zones) 
SCWA WELL FIELD 

0 GPM 

NOTE:  GROUNDWATER CONTOURS FOR 
LAYERS 2 AND 3 ARE SIMILAR TO LAYER 1 
EXCEPT FOR RIVER/STREAM EFFECT 



IEG

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                         

 FIGURE   6D
BB&S - MODFLOW SCREENS 

GROUNDWATER CONTOURS FROM MANUAL CALIBRATION RUN 9  
(LAYER 1) 

SITE 

Model Calculated 
GROUNDWATER CONTOURS 
for Layer 1 

CONDUCTIVITIES 
    Layers 1, 2 & 3: 

Kxy = 300; Kz =320 ft/day 
    Layer 4: 
 Kxy = 100; Kz = 10 ft/day 
RECHARGE 

0.006 ft/day (all zones) 
SCWA WELL FIELD 

500 GPM 

NOTE:  GROUNDWATER CONTOURS FOR 
LAYERS 2 AND 3 ARE SIMILAR TO LAYER 1 
EXCEPT FOR RIVER/STREAM EFFECT 
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 FIGURE   6D
BB&S - MODFLOW SCREENS 

GROUNDWATER CONTOURS FROM MANUAL CALIBRATION RUN 9  
(LAYER 4) 

SITE 

Model Calculated 
GROUNDWATER CONTOURS 
for Layer 4 

CONDUCTIVITIES 
    Layers 1, 2 & 3: 

Kxy = 300; Kz =30 ft/day 
    Layer 4: 
 Kxy = 100; Kz = 10 ft/day 
RECHARGE 

0.006 ft/day (all zones) 
SCWA WELL FIELD 

500 GPM 

NOTE:  GROUNDWATER CONTOURS FOR 
LAYERS 2 AND 3 ARE SIMILAR TO LAYER 1 
EXCEPT FOR RIVER/STREAM EFFECT 
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 FIGURE   7BB&S - MODFLOW SCREENS 
MODEL AREAS FOR RECHARGE RATES 

SITE 

AREA 3 
 
 
 
 
AREA 2 
 
 
 
 
 
 
AREA 1 
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 FIGURE   8A
BB&S - MODFLOW SCREENS 

GROUNDWATER CONTOURS FROM MANUAL CALIBRATION 
RUN 16 

SITE 

Model Calculated 
GROUNDWATER CONTOURS 
for Layer 1 

CONDUCTIVITIES 
    Layers 1, 2 & 3: 

Kxy = 200; Kz = 20 ft/day 
    Layer 4: 
 Kxy = 30; Kz = 0.3 ft/day 
RECHARGE (ft/day) 

Zone 1 = 0.0065 
Zone 2 = 0.0065 
Zone 3 = 0.0040 

SCWA WELL FIELD 
500 GPM 

NOTE:  GROUNDWATER CONTOURS FOR 
LAYERS 2 AND 3 ARE SIMILAR TO LAYER 1 
EXCEPT FOR RIVER/STREAM EFFECT 
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 FIGURE   8B
BB&S - MODFLOW SCREENS 

GROUNDWATER CONTOURS FROM MANUAL CALIBRATION 
RUN 18 

SITE 

Model Calculated 
GROUNDWATER CONTOURS 
for Layer 1 

CONDUCTIVITIES 
    Layers 1, 2 & 3: 

Kxy = 182; Kz = 8.7 ft/day 
    Layer 4: 
 Kxy = 30; Kz = 0.1 ft/day 
RECHARGE (ft/day) 

Zone 1 = 0.0065 
Zone 2 = 0.0070 
Zone 3 = 0.0055 

SCWA WELL FIELD 
500 GPM 

NOTE:  GROUNDWATER CONTOURS FOR 
LAYERS 2 AND 3 ARE SIMILAR TO LAYER 1 
EXCEPT FOR RIVER/STREAM EFFECT 
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 FIGURE   8C
BB&S - MODFLOW SCREENS 

GROUNDWATER CONTOURS FROM MANUAL CALIBRATION 
RUN 20 

SITE 

Model Calculated 
GROUNDWATER CONTOURS 
for Layer 1 

CONDUCTIVITIES 
    Layers 1, 2 & 3: 

Kxy = 187; Kz = 15 ft/day 
    Layer 4: 
 Kxy = 30; Kz = 0.1 ft/day 
RECHARGE (ft/day) 

Zone 1 = 0.0065 
Zone 2 = 0.0070 
Zone 3 = 0.0040 

SCWA WELL FIELD 
500 GPM 

NOTE:  GROUNDWATER CONTOURS FOR 
LAYERS 2 AND 3 ARE SIMILAR TO LAYER 1 
EXCEPT FOR RIVER/STREAM EFFECT 
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 FIGURE   8D
BB&S - MODFLOW SCREENS 

COMPARISION OF CALCULATED VS OBSERVED HEADS 
MANUAL CALIBRATION RUN 20 

CONDUCTIVITIES 
    Layers 1, 2 & 3: 

Kxy = 187; Kz = 15 ft/day 
    Layer 4: 
 Kxy = 30; Kz = 0.1 ft/day 
RECHARGE (ft/day) 

Zone 1 = 0.0065 
Zone 2 = 0.0070 
Zone 3 = 0.0040 

SCWA WELL FIELD 
500 GPM 
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 FIGURE   9A
BB&S - MODFLOW SCREENS 

GROUNDWATER CONTOURS FROM PEST CALIBRATION RUN 15  
LAYER 1 

SITE 

Model Calculated 
GROUNDWATER CONTOURS 
for Layer 1 

CONDUCTIVITIES (CALIBRATED) 
    Layers 1, 2 & 3: 

Kxy = 170; Kz = 21.5 ft/day 
    Layer 4: 
 Kxy = 18.2; Kz = 0.08 ft/day 
RECHARGE (ASSUMED) 

Zone 1 = 0.0065 (ft/day) 
Zone 2 = 0.0065 (ft/day) 
Zone 3 = 0.0040 (ft/day) 

SCWA WELL FIELD (ASSUMED) 
500 GPM 
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